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CHAPTER 1

Specialty Requirements and Organizational
Assignments

MAINTAINING Air Force property is a very important job.
Just as your home will deteriorate if you don't keep it
properly maintained and repaired, so will Air Force
buildings and structures.

The Air Force owns a vast amount of real estate.
Consider the size of your base in comparison to several of
the largest industries in your area; then think of how many
bases the Air Force operates. It's hard to comprehend, isn't
it? But you can see that Air Force holdings, in keeping with
its mission, are tremendous.

Equally tremendous is the cost of operating, maintaining,
and replacing Air Force property. Yet, Government funds,
like your personal funds, are limited; and the costs of
materials and equipment go up every year. As a result, it's
vital that you use Air Force resources wisely and carefully.
Don't waste time or materials, learn your job well so you
can operate more efficiently, and cooperate with other
workers where you're assigned. When we all work together
towards common goals, we make Air Force money work
harder for America's defense and its taxpayers.

In this chapter, we'll discuss the base civil engineering
organizational structure, its mission, and your duties and
responsibilities as a pest manager.

1-1. Base Civil Engineering Organizational
Structure

The base civil engineering organization is commanded
by the base civil engineer (BCE). This person is responsible
for all the work performed by civil engineering (CE). The
job includes getting maximum efficiency for each dollar
spent while attaining planned objectives. This means that
human resources, material resources, and financial
resources must be used as effectively as possible to meet the
organization's goals.

Civil engineering is a large, complex organization with
many jobs going i at the same time. The BCE uses tnniy
managers to h iO ti ..)ne of these
ne sanitatl rintendei. mis person is in charge of
the 56 Cart 3e1d of which you are a part. Your job as a
pest manab--, specialist is extremely important as the
health of base personnel depends to a large extent on how
well you do your job. Buildings can be eaten, infested, and
become unusable if you aren't there to control pests such as
termites, rats, fleas, roaches, and stored-products pests.

Before getting an indepth look at your job tasks, let's
look at the mission of a civil engineering organization.

001. Identify activities relative to the mission of a civil
engineering organization.

Base Civil Engineering Mission. The mission of Civil

Engineering is to provide the necessary assets and skilled
personnel to prepare and sustain global installations as
stationary platforms for projecting aerospace power in
peace and war.

The dual mission of war readiness and a sustenance is
accomplished with ,tri integrated military and civilian work
force capable of rapid transition between missions.

Civil Engineering supports the mission and each
installation by working to accomplish the following vital
tasks:

(1) Insure readiness.
(2) Provide real property.
(3) Sustain real property.
(4) Provide utility services.
(5) Establish the physical environment.
(6) Provide fire protection.
(7) Provide nonreal property.
(8) Provide technical and management services.

There are many duties involved in accomplishing the CE
mission. Just a few of them are to:

a. Manage Air Force real property.
b. Provide utilities.
c. Maintain and repair structures and equipment.
d. Provide custodial, sanitation, and pest management

services.
e. Provide fire protection and rescue services.
f. Recover from damage to facilities from any cause

inducting decontamination due to chemical, biological , or
radiological incidents or attacks.

k. Manage the Prime Base Engineer Emergency Forces
(Prime BEEF) Program as required.

h. Accomplish disaster preparedness actions and provide
assistance in disasters according to the AF 355 series of
directives .

i. Report through the Air Force Operational Reporting
Sys- al (AFP -11 1 ,amage, assistance, and

n rt j rcco.ci air bases.
)vide environmental protection.

, _onserve natural resources.
I. Construct and alter structures.

Even though CE must provide utilities to all base
facilities and then keep these utilities in good repair, CE
doesn't operate everything on the base. For example, CE
doesn't operate clubs, dining halls, aircraft, missiles, etc.

Exercises (001):
Look at the following activities and place CE to the left of
each item that directly applies to the CE mission.

1. Fueling aircraft.

1 3



2. Managing Air Force real property._ 3. Managing the Prime BEEF Program._ 4. Operating the NCO Club._ 5. Accomplishing disaster preparedness actions._ 6. Building structures._ 7. Repairing roofs on aircraft hangars._ 8. Providing custodial services._ 9. Providing environmental protection._ 10. Operating dining hnlls

002. Indicate to what command block various CE units
belong.

Civil Engineering Organizational Chart. Figure 1-1
shows the structure of CE. Study the chart in order to learn
the levels of command throughout the organization. At the
very top of the chain of command is the base civil engineer.
He or she is ultimately responsible for anything that goes
wrong in CE.

As President Truman said, "The buck stops here."
Passing the buck in CE will eventually stop at the BCE.
You well know that an Air Force person should go through
the chain of command. If you skip a link in the chain, things
start to go wrong. As another saying goes, a chain is no
stronger than its weakest link. The lines on the chart in
figure 1-1 represent the chain in the CE structure. The
blocks represent an office, shop, or unit in which a manager
or supervisor is in control. Spot the pest management block
on the chart. Notice that it is the same level as pavements,
protective coating, and heat systems blocks. The chain of
command line for pest management and environmental
support goes through the sanitation block. As you will see
later in the career field chart, the sanitation superintendent
is in control of all the units below him. The protective
coating and plumbing blocks are under the command of
structures as is masonry and metalworking.

As you follow the command line upwards, you see that
the next command in the chain is r)-Jerat; ,,,s. Th Jiie1 0
operations is sc, ,eLJ- it. Fro

Verntior 11.%. 1rnrn. ' tie goe, up the chain to the civil
- can see from figure 1-1, the BCE holds

the Lilt ot ,,perations responsible for all the CE shops.
Work control is not in a direct command line to the shops. It
works in a staff function to help the operations chief. From
this example, you should be able to trace the command line
through the various units. See if you can.

Exercises (002));

1. Refer to figure 1-1 and answer the following questions
for each of the CE units listed. What is the command
block immediately above the lisLed unit?

CE Units Command Block Above Unit

(1) Heat systems.
(2) Custodial services.
(3) Planning.
(4) Mechanical

4 2
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CE Units Command Block Above Unit

(5) Equipment operations.
(6) Fire protection.
(7) Real estate cost accounting.
(8) Squadron section (Sq Sec).
(9) Masonry.

(10) Structural

003. Identify functions and responsibilities of CE units.

The base civil engineer needs a number of CE units to
help perform his or her mission and responsibilities. The
job entails even more than that of a mayor or city manager
in a large city. Although the mayor is responsible for
providing the city with fire prevention equipment, police
protection, garbage and refuse collection and disposal, and
furnishing utility services, the BCE must do all these thing
plus:

a. Maintain real property facilities in a condition for
normal use.

b. Conserve natural resources and control environmental
pollution.

c. Furnish insect and rodent control services.
d. Construct and alter facilities to support mission

changes.
e. Provide management and professional engineering

services to insure effective and economical operation of all
activities.

These activities are broad in scope. Let's look at the CE
units which help the BCE perform this mission and also
break down these broad areas into narrower areas of
activities.

Functions and Responsibilities of CE Units. As we
look into these individual sections, refer to f; vhre 1 1 to
help you understand their mutual relatu,

Squadron and adminivtration. handles the
adminishative and personnel wc. )1 CE. The
administrative section receive, , distributt_ and dispatches
all communications for _,E; prepares reports and
correspondence; maintains - irrespondencf.: files; maintains
the CE library; conducts special programs, such as fund
drives and awards, and maintains the records.

The squadron section takes personnel actions delegated
by the squadron commander. Some of these duties include
counseling, maintaining duty rosters, conducting general
military training and commander's call, and enforcing
discipline.

Industrial engineering (lE). This unit provides
consulting services aimed at increasing productivity and
improving use of Ce resources. It does this not only for the
BCE but for all levels of management and labor as well,
acting as a problem solver. Subject areas for IE studies
include bench stock, the BCE taxi syst inservice work
plans (IWP), supply expenditures anu uiscipline, service
calls, and vehicles.

There are other areas of IE responsibility that apply more g
directly to your job as a pest manager. If your organization
has an automated management system, IE implements it;
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this type of work are repairing a screen door on MFH.
replacing cracked floor tiles in a building.. and repairine a
leaky cold water faucet in a latrine.

Service calls. The service call method of requesting
work is used for emergency and urgent job orders.
Examples of emereeneies are:

a. Loss of steam in a steam-heated building.
b. Water flooding the floor in a kitchen.
c. Water pressure failure in military family housing.
d. Electrical power failun in a facility.
e. Cloeged plumbing in a latrine.
f. Leak in a natural gas line.
g. A window knocked out in subzero weather.

When situat';ons similar to the above occur, the service
call is used to correct them. Under the service call concept.
BCE uses two ways to meet emergency needs: the do-it-
now (DIN) service call and the shop referred service call.

Do-it-now (DIN) service calls. If you must call the
service call specialist (SCS) in CE regarding an emergency
situation, such as a stuck latrine valve, the service call
specialist will notify a DIN plumber by two-way radio and
dispatch him or her to your location. The DIN plumber. like
other shop workers, has a DIN vehicle stocked with parts.
tools, and equipment needed to perform service call work.

The goal of service call management is to get the job
done right the first time and every time. You should expect
the DIN plumber to unstick the latrine valve and perform
maintenance on it so that it will not stick again. CE expects
DIN workers to complete the job on the first trip to the job

6

site. To do this, the SCS must eet all the information
necessary to clearly describe the job to the worker. The SCS
must be courteous but must find out if a danger exists: what
the problem consists of: when, where, and how it happened;
make. type, size. or color; urgency of need, and any time
restrictions. Although there is not a time established for
DIN calls, it is essential that the DIN capability be kept as
mobile as possible.

Shop referred service calls. A service call can he
referred to a shop only with coordination through the PCC.
A service call would be referred to a shop for completion if
it meets ai least one of the following ecoditions:

a. If the work appears to be beyond the DIN capability.
b. If the DIN craftsman is unable to complete the work.
c. If the work would require more thar. a .easonable time

to he completed by the DIN craftsman. (Aot limited to one
hour but should not be tied up for several hours.)

For any service call referred to the shop. the service call
specialist prepares an AF Form 1879, BCE Job Order
Record (fig. 2-3).

Exercises (CIO):

For each of the following written requests for work,
indicat t.. whether it should be submitted on AF Form 332 or
AF Form 1135. Write the correct form number in the
appropriate blank.

1 Request BCE to repair floor tile in MFH
quarters.

FACILITY NO. ACTiVITY OR STREET ADDRESS DATE ITIME JOB OROER'NO.
NAME AND GRADE OF REQUESTOR PHONE NO./ALTERNATE COLLECTION WORK ORDER NO.

SERVICE REQUIRED ZONE
NO.

TYPE OF SERVICE

EMERGENCY SM ART

URGENT M FH

ROUTINE MC

WORK ID CODE ESTIMATED TOTAL TIME

REQUIRED COMPLETION DATE ESTIMATED COMPLETION DATE CREW SIZE ACTUAL TOTAL TIME

AREA/FACILITY WHERE JOB IS LOCATED REMARKS (Toots. equip, materials. special
craftsman multi-shop notes, etc.)

DANGEROUS CONDITIONS EXISTING (f illy)

RESTRICTIONS (time, entry, security)

MAKE OF EQUIPMENT TYPE/SIZE OF ITEM COLOR OF ITEM

ASSIGNED TO DATE TIME COMPLETED By DATE TIME INITIALS LUC 1 2 LUC

REFERRED
TO

DATE TIME COMPLEYEO BY

I

DATE TIME INITIALS LUC 12 LUC

DEFERRED
TO

DATE TIME DISPOSITION AUTHORIZED

AF FORM PREVIOUS EDITION IS OBSOLETE.

Figure 2-3. AF Form 1879.
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BCE MULTI-CRAFT JOB ORDER
JOB ORDER NO.

COST CENTER COLLEC.:10N WORK ORDER NO. FACILITY NO. DA RRRRR PARED

NAME OF INSPECTOR USING AGENCY INDIVIDUAL TO CONTACT (Name ond Phone No.

WORK DESCRIPTION

MATERIALS
WORK

IV
CODE

PA/MR
EST.

INCOM-
CRAFT PLETE

WORK
LOCATION ITEM "TY

AF :2:74 1219 PREVIOUS EDITION OF MAY 78 WILL EIC USED.

Figure 2-5. AF Form 1219.
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QUALITY CONTROL EVALUATION JO ORDER/WORK ORDER HUME R

Th is questionnaire is designed to impro L.oe Cluil ,:gincerinc ceruice to you. Answer all Questions and place in bale distributiOn.
ITO: BAst COMMANOER

BASE CIVIL ENGINEER
In Turn

FROP. (Bosv Address. include 1:11dg/Qtre No.) DATE SERVICE
COM

ser,vIce r rs.IUT,T7:0

DUTY St- ''ION OF WORmER WORKER'S SIGNATURE

QUESTIONNAIRE (Explain all no answers) YES NO
I. SIAM( CIVIL ENGINEER PERSONNEL WERE COURTEOUS.
2. ASE clv:L. ENGINEER RESPONSE WAS TIMELY.
3. RECEIVED ADEQUATE NOTIFICATION AS TO WHEN THE WORKER WOULD ARRIVE. (Il applicable)

WORKiR UTILIZED TIME EFFICIENTLY.
S. JOU WAS CCM .

IF NOT. WERE YOU GIVEN AN ESTIMATED COMPLETION DATE fOR THE JOIll
7. WORK WAS PERFORMED SATISFACTORILY.
S. JO SITE WAS CI.EANED cIP AFTER COMPLETION.
REM ARI4S

-
CUSTOMER'S SIDNATURE DATE

AFFORM
NOV a 125- PREVIOUS EDITION WILL E USED. *U.S. OsHIT/upent hinting ONIH. I ea I 140.719/SII

Figure 2-6. AF Form 1255.

012. Given necessary information, make appropriate
entries on AF Form 1255, Quality Control Evaluation.

Monitoring Customer Satisfaction. What is the first
thing you should do when you arrive at a new job site?
Pump up your sprayer? Survey the area? Actually, you
should give your customer an AF Form 1255, Quality
Control Evaluation (fig. 2-6).

The purpose of this form is simple. It's to motivate you to
give timely and quality service to BCE customers It's also
a management tool used to improve customer relations and
your productivity. This form says to your customers that
you care about your work and so does the BCE. By giving
your customer this form at the beginning of die job, he or
she knows on what to evaluate you as you do ,he work.

There are some entries you should make on this form
before you hand it over, none of them having to do with the
worker's good iooks and charm. Specifically, you should
include:

a. Job or work order number.
b. Description of the service requested.
c. Facility number.
d. Your name.
e. Your duty section.

8

After your customer completes the form send it to the
base commander and then the BCE. Each month, IE gives
the BCE statistics for all CE shops regarding notable
evaluations (both good and bad). Operations
superintendents and supervisors also get the results through
the chief of operations.

Exercises (012):

1. Use figure 2-6 to complete this exercise. Use the
following information to complete the parts of AF
Form 1255 you are responsible for as a worker.
Job order number: 5826.
Customer name: SSgt Hipsley.
Building number: 1927.

Work requested: control rodents in basement.
Action taken: placed glue traps in basement.

22
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Unit of
Date Rqn

AIR FORCE 1AF1 FORMS
Tit /a

Cons(
Pk":

,NFII 0-9 30 July 1982

Funt Priiscrilang
Code Directive

606 Feb74 LA ADPE Tape Identifn:ation SH/18 2310 AFR 300-6

607 Ian 80 TG Weapons Systems Pouch Tag TG 4710 AFR 182-2

608 Ion 71 ST Nickname Assignment/Change/Cancellation Re4uest ST 5020 AER 205-1

1 010 Nov 78 CD Change of Address Correspomfents/Publishers CD 710 (MI 182-1
611 Nov 77 CS Average Training Cost Per Graduate CS 2140 AFR 173-7

612 Nov 77 CS Variable Training Cost Per Graduate CS 2140 AFR 173-7

613 Nov 77 CS SAP TiainingCost Per Student CS 2140 AFR 173.7

614 Oct 71 CD Charge Out Record CD 4730 AFM 12-20

614a May 71 CD Charge Out Record (8- x 5-1/4-) CD 4730 AFM 12.20

615 Aug 80 CS Unit Watercraft Operations and cacst SuillMacy Repot I 43U(1 Al'R 75.58

616 Aug 81 CS Request and Authority to Cite Funds CS I 800 AFR 177-101

617 Aug 80 CS Unit Watercraft Maintenance Summary Report CS 4300 A FR 75-58

B 618 Mar 79 ST Medical Board Report ST 54/10 AFR 1118-4

I 620 Ian 82 CS Colonel Resume (:S 1110 ARR 36-23

621 Dec 54 CS Report of Annual Financial Plan (LRA1 CS 2110 AFM 172-152

1 623 May 76 FL On-The-lob Training Record FL 5010 AFM 50-23

623a Mar 79 CS On-The-Job Training RecordContinuation Sheet CS 5010 AFM 50-23

I G24 Dec 79 Base/Unit Locator and PSC Directory CD 4700 Alit 11.24
625 Apr 77 CS Analysis of Unobligated Balances (Used by AFI.0 and AFSC on(y) CS '2110 AFM 172-1

(LRA)
626 Oct 80 CS fland Receipt for Lending Closet Items C:S 1200 AFR 211-24

627 Jan 72 ST Application for Registration or Certification of Official Mail CF/050 4730 AFR 187.2

628 Dec 81 ST Diet Instruction Evaluation Checklist and Authorization ST 54113 APR 168-4

629 Nov 1 CD Small Arms Hand Receipt S11/5 5050 AFR 125-37

630b Dec 62 CS Material Procurement Rogram Control Mtn (LRA) CS 4100 AFP 401-1

631 Nov 68 ST Report of Separation from United States Air Force Academy (S&I ST 5622 AFR 53-3
HQ USAPMPPA. Wash DC 20330)

633 Aug 80 CS Managerial Potential Assessment IMPA) CS 0960 AFR 40-110V1

634 Feb 82 CS USAF Fraud, Waste, and Abuse Data Collection CS 4900 AFR 123-2

4 635 May 82 USAF Fraud, Waste, and Abuse Disclosure CS 4900 AFR 123-2

636 Dec 71 GS 03500 Systems Change Release (IRA) C:8 2360 AFM 171-110V7

637 Jul 80 CS BCE lob Order Log CS 3900 AFR 85-1

638 Mar 68 CS Refrigeration Unit Standard Temperature Chart CS 3600 AFR 145-1

639 Nov 64 CS Averate Unit Operating Cost Worksheet (For use only by Industri-
ally Funded Laundry & Dry Cleaning Operations & MAJCOMs
having (urisdiction.)

CS 1700 AFR 170-16
4000

640 May 60 CS Base Civil Ergineer Schedule of Costs CS 1700 AFM 170-27

641-4 May 63 ST Position Survey ST 0940 AFR 40-511

642 Sep 81 ST Air Force Achievement Medal and Air Force Commendation Medal
lustificat ion

ST 0710 AFR 900-48

643 Nov 81 CD Audio Visual Equipment Control and Use Record 2510 AFR 95-25'3

B 644 Sep Ho CS Record of Dental Attendance CS 545(1 AFR 162-1

646 Jul 79 CS US Air Force Pest Management Program Review (LRA C:S 3930 Mgt 91-21

B 647 I)ec 69 CD Donation of Body Parts for Transplantation Purposes CD 5400 AFR 16(1-12

648 Aug 70 CS Certifk:ate of Cost Incurred (LRA( CS 1700 AFM 17027

644 Jul 75 CS Verification of Long Distance Telephone Calls CS 4510 AFM 100-22

650 Jan 75 CS Health Benefits Control Register By Enrollment Code)(LK A) CS 1813 AFR 177-1a4

I 651 Aug 78 CS Hazardous Air Traffic Report (MATH) CS -19110 AFR 127-3

652 Oct /10 ST Request for Loan of Master Personnel Record (S&L HQ ST 1150 AFR 31-4
AFMPCMPCDOP. Randolph AFH TX 78150)

I 653 Jul 76 CD Flight Currency Record (Aero ClubI(PA) CD 1240 AFR 215-12

I 654 Ion 76 CD PIF/SafetyrAnnual Currency Record (Aero Club)(PA) CD 1240 AFR 215-12

I 655 Oct 79 ST Clothing Request and ReceiptFemale ST 4240 AVM 67-1 VI

I 656 Oct 79 ST Clothing Request and ReceiptMale ST 4240 /VW 67-1V1

'I 656 Oct 79 CS Clothing Request and ReceiptMale (S&U, AFROT(:, Maxwell) CF 4240 AFM 67-1

I 657 Mar 78 CS Personal Clothing Record -Ft-tioule Airmen (Air Force Reserve and CS 4230 AFM 67-1 V 1

Air National Guard)
I 658 Mar 78 CS Personal Clothing RecordMale Airmen (Air Force! Reserve and CS 4230 AFM 67-1 V I

Air National Guard
S 659 Dec 70 CS Personal Clothing Claim CS 42.10 :WM 67-1

659PA Sep 75 CS Personal Clothing Claim (IRA' CS 4230 AVM 67-1

660 Jun 07 CD Daily Labor Titne Card 11X 2000 1700 AFM 170-27

662 Jul 81 CS Food Service Production Log CS 31,00 AFR 146-7

663 Nov 76 CS Record of Daily Sales CS 42:10 AF5167-1V1

666 Jan 74 CS Certification of Charge Sales Accepted hy the Finance Off !ter (:S 4230 AFM 67-1V1

667 Dec 64 CS Inventory Report CS 4220 AFM 07-1

Figure 3-3. Sample page from AFR 0-9.
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43

BEG -554

9



(PRESS HARD WHEN USING EIALL POINT PEN)
SHORT TITLE AND DATE

AF Form 646
UNIT OF RQN

CS

CLASS SYMBOL REQUISITION REQUIREMENT

TO:
P00 1234A
B1 dg 117

FROM:
900 IV
B1 dg 192? , Stop 43

FOR FORMS USE ONLY
MONTHLY USAGE1ON HAND

25 5
IREMARK!:

EMERGENCY ONE TIME
Pe RESPONSE

FOLLOW UP/TRACER
MISSED SHORT ID
REQUIREMENT:
OTHER (Specify)

DATE PREPARED 17 Apr 85
SIGNATURE AND TITLE

AF FORM 764a, PREVIOUS EDITION WILL BE USED.DEC 83

Figure 3-4. Sample, AF Form 764a.

possible intelligence value to the enemies of our country;
but many US citizens do just that, merely by talking too
much. So, never discuss your duties, the place where you
work, or the equipment you operate.

029. Specify basic facts about the operational security
(OPSEC) program and its relationship to other security
programs.

Defiaition and Purpose of OPSEC. OPSEC is a
program that surveys and identifies items of information
and physical security that are of intelligence value to an
enemy. Items of information include unclassified small bits
of information that lend themselves to revealing
information concerning the what and how of actions to take
place. Breaks in regular routines and new routines are
examples. The types of information that should be
protected are subjects such as:

Objective of the mission.
Location of operations.
Date and time of the actions.
Types and number of forces involved.
Amounts and types of weapon systems and equipment
used.
Limitations of resources.
Method of employment of troops and equipment.

The purpose of OPSEC is to prevent the disclosure of all
information, including bits of information, that contain
intelligence value, which can be used by the enemy to
reduce the effectiveness of an operation. We must protect
knowledge of our plans concerning a mission so that our
side will have the advantage of surprise.

Relationship of OPSEC to Other Security Programs.
Operations security, communication security, information

10

RON AND ROMT REQUEST

security, and physical security are closely related to each
other. Each of these four programs supports the others.
However. OPSEC has broade: applications in that it seeks
to protect bits of unclassified information as well as that
which is classified. It makes little sense to protect an
operation by classifying some parts of it or to expand
COMSEC resources protecting information about it when
unclassified conversations, stereotyped procedures, and
other readily available data could provide an enemy with
the intelligence needed to predict an operation. An effective
OPSEC program will eliminate or control many of the
sources of intelligence.

Exercises (029):

I. What does OPSEC do?

2. List three types of information that should be protected
under the OPSEC concept.

3. What is the main difference between OPSEC and other
security programs?

44
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QUALITY CONTROL EVALUATION
MN ER/OS ORDER/y/0RK ()OE NUMB

This Que. liOnnaire I. desiend to orrip.o,e Civil t;i1pricering service fri you Answer all queslion and place in base ilisrrtburion

TO BASE COMMANDER
BASE CIVIL ENGINEER
In Turn

FROM: (Base Adcless. include Bldo/Q(e. No.l DATE SERVICE
Com

SERVICE REQUESTED
6 anrto / rode 7-_,. in bojc; in e...44 7" 6 c., s' /d I. nj / TA 7

DUTY SECTIQN oF WORKER

( Your eivr1 ss .....--r- I. Oit)
(Explain

WORKER S SIGNATURE

(
all no answers)

i 71 r
QUESTIONNAIRE YES NO

I Ast CI vIL ENGINEER ERSONNIEL WERE COURTEOUS.

2. IIIASE CIVIL. ENGINEER RESPONSE WAS TIMELY
2 RECEIVED ADEQUATE NOTIFICATION AS TO WHEN THE WORKER WOULD ARRIvE. (I/applicable)

WORKER UTILIZED TI6412 EVFICI
0 JON WAS Com
4 IF NOT. vvERE YOU GIVEN AN ESTIMATED COMPLETION DATE FOR THE 10/21

'I WORK INAS PERFORMED SATISFACTORILY
4 JOE, SITE W AS CLE ARE.", Ur CDMLETION.

REMARKS

..--...,
CUSTOMER'S SIGNATURE

....

DATE

A F ,::;),711. 1255 REVIDUS EDITION WILL SE USED.

1-igure A-1. Objective 012. exercise I.

III A I I I 4

421 I
(.11 5
141 2
t51

2 Your completed AF Form 561. Part I only. should look like
this.

OLE& 0...RErrErt ORIRISIS ORME: 19111 $40 4751011

BASE CIVIL ENGINEER WEEKLY WORK SCHEDULE ( PART I )
1 WEEK ENDING 1 COST CENTER [ APPROVED

LINE
NO.

DESCRIPTION

SAI011
UM.

PAM

B

BUM ALLICA11810

Inv
MOS.

C

NON TOES WIS TOW FRI SAT SUM..----,

SCRIP ACT SCSI &CT RCM ACT SCOIS ACT SCORN AC1 IMO ACT RCM ACT

I ASSIGNED a 280 SE, .-Si2 S6 ,5-6 S6
2 SORROWED t40 1 ir s R ir

3 OVERTIME 38

4 TOTAL AVAILABLE vim a Ian mai : I M 3a0 04 04 6L Y 641 1

5 SUPERVISION 31 26. Li
-

q q
i TRAINING 32

7 LEAVE 33 iq g V
I ALL OTNER 34

II LOANED LAIOR 31

P 10 TOTAL INDIRECT Pow el los 1 mins% 1 I ..,.',. 141i IX 17-
.

1 X,
*

11 AVAILABLE 101 WORK ROI I MIN ass NI Mil 276 .37.1 . SX 1 5.2. 60

Figure A-2. Objective 013. exercise 6.
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014 I To provide a uniform reporting system and to identify direct
labor cost against work orders.

014 2 ATA and ETA
(114 3 AF Form 1734.
014 4. Handprinted on AF Form 1734 below the first group of names.

015 - 1 BCE.
015 2. Plc director of base medical services.
015 3 The inator command.
015 4. They must be currently licensed and certified personnel.
015 5 Certufwil Air Force personnel.
015 6. Environment.

016 I

()I 7 - I Jor temporary custody of an item.
017 2 24 hours.

(118 - 1 To make a visual cheek (o see if property i,sted on paper is
actually there.

(118 Obeying set of rules necessary h.: conserve and protect Air
Force equipment and supplies.

018 3 (I) AF equipment must be operational.
121 Adequate .;upplies in good condition mu.:it be on hand.
t 3 L'se equipment and supplies only for their intended

purposes.
I 4 1 Safeguard equipment and supplies.

Keep accurate records.
018 - 4 a. 4.

h 3

k. 1

d 1 .ind 2

X
It's the 1.1hIc ol allowances.

X

X.
TAs do this

020 1 The haL:k ot the form and AFR 67-23.
020 2 Any two of the following apply: to inctease or decrease

equipment authorization. to order ncw equipment items. Oi to
turn in or teplace old equipment.

020 - A Nomenclature, unit of issue. and the number ordered.
()NI 3 li's used by the planning section to order materials needed to

complete work orders.

021 1 Materiel control.
021 - 2 The NSN.
02 t 3 The item was made in Turkey.
021 4 Tool kit, general mechanic's. 5180-00-177-7033.

48
12

022 I . AFR 19-1.
022 2. National Environmental Policy Act.
022 3. HQ USAF. each major command, and each base.
022 4. Air Force policy is to comply with the nature and spirit of

national policy and support and assist Federal. State, and iocal
agencies in preventive pollution control.

023 I.
023 2.
023 3.
023 4.
023 - 5.
023 6.
023 - 7.
023 - 8.
023 - 9.
023 10.

False. Buy returnable bottles.
False. Don't buy unnecessaly electrical devices.
True.
True.
True.
True.
True.
False. Dark walls absorb light.
False. A small engine uses less fuel.
True.

CHAPTER 3
024 - I . b.
024 2. d.
024 3. c.
024 - 4. a.
024 5. a.

- I. It states policies, responsibilities, and procedures for pest
management at AP installations.

025 2. A telephone maintenance truck.
025 3. All personnel engaged in mixing and applying pesticides.
025 4. When ground pest management measures fail, are not practical.

or not possible.
025 5. AFR 91-22.

026 I. Mobile Airfield Marking Team.
026 - 2. Military Entomology Operational Handbook.
026 3. Maintenance and Repair of Roofs.
026 4. AFM 91-19.
026 - 5. AFR 91-30.
026 6. AFR 91-38.

027 I. a. Average Training Cost Pei Graduate.
b. BCE Job Order Log.
c. Small Arms Hand Receipt.
d. AF Fomi 614.
e. AF Fomi 640.
f. AF Form 657 .
May 1976.
AFR 123-2.

027 2.
027 3.

028 - I. Short title and date of the form needed. unit of requisition, how
many you normally use each month, how many are on hand.
and how many you want to requisition.

028 2. a. July 79 is written in the same block as AF Form 646.
b. Place the number 4 under REQUISITION.

029 I. It is used to survey and identify items of information and
physical security that are of intelligence value to the enemy.

029 - 2. Any three of the following apply: mission objectives, location
operations, date and time of the actions, and types and

numbers of forces involved.
029 - 3. OPSEC has broader applications in that it seeks to protect bits

of unclassified information as well as that which is classified.
030 I. All spaces should be marked with an X.

17



CHANGES FOR THE TEXT: VOLUME 2

Pen-and-Ink Changes:

Page-Col

3L

5R

Sub.ject Lines) Correction

13 fr bot Change "order" to "orders."

Fig. 1-1 Add "(Reproduced coui z.:sy of Harvest Publishing
Company, Cleveland, Ohio)."
Change "024" to "204."

7L 25 Change "distrubed" to "disturbed.

7 fr bot Change "many" to "Many.

7R Fig. 1-3 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."

8L 13 Change "Inset" to ' 'Insect."

16 Add "*" after "Insect body." At bottom of column add
footnote "* Adapted from Scientific Guide to Pest Control
Operations, 3rd ed., by Lee C. Truman, Ph.D. et al. 1976,
c. Harvest Publishing Company, pp. 15-19. Reprinted by
permission of the publisher."

9L 15 fr bot Change "that" to "which."

IOL Fig. 1-6 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."

12R 22 fr bot Change "MALLOPHAGE" to "MALLOPHAGA."

13 Fig. 1-13 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."

14 Fig. 1-14 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."

I4L 4 Change "flis" to "flies."

15 Fig. 1-15 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."

16L 26 Change "sheath, wing" to "sheath-wing."

18L. 206 - Lb Change "glattened" to "flattened."

22L 12 Change "The" to "According to the Scientific Guide to
Pest Control Operations, the."

24L 209 - 1 Change Column B entries to read as follows:
"a. Trachea.
b. Ganglion.
c. Spiracles.
d. Proventriculus.
e. Malpighian tubules.
f. Ostia."

209 - I (3) Change "nerv" to "nerve."

2.7R 6 fr bot Change "communicable disease center" to "Communi-
cable Disease Center."

36R 12 After "are" change ", , and" to "1, 2, 3, 4 and 5."

39R 29 Change "card,board" to "cardboard."

13
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Puge-Col Subject Line( s) Correction

44R 29 Before "Pheromones" add "*." At bottom of column add
footnote "* Passage on pheromones adapted from Pest
Control Magazine, February 1982, "Pheromones," by
David K. Mueller. Reprinted by permission of the
publisher."

46R 1 1 Change -summary- to -management.-
16 Change "1532(en I " to "1532-1."

;SR 221 I .c Chang,e "Tpopography'' rm "Topography.'
51L 22 fr hot Delete "Bl."

27 :r oot Change "aerosols" to "they."
28 fr bot After "insects" add a comma.

51R 20 fr bot Change "has" to "have."
52L 6 Delete "susceptible."
53R 20 Change "systematic" to "systemic."
64L 16 After "$30." add sentence "Labor cost; were $227.00."
64R 22-23 Delete "in conducting surveys."
71 Fig. 2-29 Col 39 Change "N" to "S."
73L 5 Change "w" to "2."
80R 2 fr bot Delete "(see fig. 3-1)."
86L 22 Change "Matach" to "Match."
87R 23 Change "a" to "if."

7 fr bot Change "fo" to "of."
88R 26 Change "of" to "or."
94R 13 Before "Surplus" add "*." At bottom of column add

footnote "* Adapted from Scientific Guide to Pest Control
Operations. 3rd ed., by Lee C. Truman, Ph.D., et al. 1976,
c. Harvest Publishing Company, p. 72. Reprinted by
permission of the publisher."

98L 15 fr bot Change "provides" to "provided."
102R 251 - 1 (3) Change "unevaported" to "unevaporated."
106L 19 Change "herbicide" to "herbicides."
121L 228 5 3 After "Installation" change "Bryan" to "Bayou."

229 - 5 1 Change "AVID30" to "AVDJ0."
11 Change "SNOP20" to "SNOP20."
13 Delete "on."
26 Change "1" to "0" and "0" to "4."

Page Changes:

Remove Pages Insert Pages
57-60 57-60

14



When requesting initial certification for an individual,
the body of the letter should contain the following
inforniation:

a. Category of certification requested.
b. Name of an individual, rank/grade, and social security

numbe r.
c. Training accomplishments and length of time

performed in the career field.

This letter should be signed by the base civil engineer,
and copies of recent training certificate related to pest
management received by the individual should be
forwarded as attachments with the letter.

Recertification ef individuals who presently hold a
certificate of competency is required every 3 years if
performing in either of the capacities outlined.

Requests for recertification are prepared and processed in
the same manners as for certification, with only the
contents of the letter body .:hanged to provide the following
information:

( I ) Category of certification requested.
(2) Name of individual (lastfirst namemiddle

initial).
(3) Rank.
(4) Social security number.
(5) Present certification number and expiration date.
(6) Recent career field training accomplishments.

Upon receipt of certification or recertification request,
the major command pest management professional will
approve or disapprove the request. If the request is
approved on its own merits, a certificate of competency will
bc forwarded to the individual; however, if the certifying
official needs further justification, instructions identifying
additional actions to be taken will be forwarded.

When certification is approved, the person being
certified will receive DD Form 1826 and DD Form 1826-1,
a "pocket copy" of the diploma. The individual must keep
this small card with him or her at all times when pest
management operations are being conducted.

A roster listing each certified individual, certification
number, and expiration date must be maintained within
civil engineering to act as a reminder and to identify
certified individuals to other concerned individuals.

Exercises (226):

I. What individuals must possess DD Form 1826,
Certificate of Competency?

2. How often must individuals who disperse pesticides be
recertified?

3. What is the purpose of DD Form 1826?

4. When an individual is thought to be properly prepared
for certification, what is the first action to he taken?

5. List the information that must bc provided to request
initial certification.

227. Cite the purpose, use, and disposition of DD Form
1532-1, Pest Management Maintenance Record, and
make necessary entries on the form based on a given
situation.

DD Form 1532-1, Pest Management Maintenance
Record. Air Force Regulation 91-21 requires you to
maintain this form (fig. 2-25A and 2-25B) for each facility
and area you treat to control pests. The main purpose of this
card is to help you maintain a complete record of all pest
problems and the procedures used to deal with those
problems, whether you use chemical or other control
techniques. In effect, it gives you a pest management
history of the area or facility. This, in turn, helps you make
adjustments to your control program as needed.
Additionally, the form lets you identify people who
previously worked at the location and saves you the trouble
of producing local forms or logbooks, which serve the same
purpose. Workers should take the cards with them and
make necessary entries after control measures are
conducted.

Filling out the card is very simple, but there is one
"glitch." When you indicate the amount of pesticide, it
must be recorded in dry ounces of active ingredient rounded
off to the nearest whole number (for a large area, you can
list it in dry pounds). Refer to table 2-1 to see how to
convert pesticide amounts to dry ounces.

When you've compieted both sides of this form, start a
new one by transcribing the information from the top four
blocks of the old form to the new one. You can plan on the
old cards being around for a long time on most buildings
since you must keep them until 2 years after the treated
building is destroyed.

Exercises (227):

1. What is the main purpose of DD Form 1532-1?

2. When should entries be made on the form'?

3. When can completed cards be destroyed'?

57 15

2 0



BUILDINGAREA

Lima

lorttol

MI egef

: L 01, relliafj1.3eitc

e

Ei umol

...s.

.ti MS F

SIZE

.........,..,
TYPE OF WO

CONSTRUCTION

1P4101:1), (A rec.). col'd

USE DESIGNATION Onfrarl
II NW& to NW labor

IW4

Applicata

IllAthA

' Dab
ing
PIII

Control

Cyan*

Res . v AI

1101 EC

EPA kag

10- Lit13

%Coo knount

to A r, 4 i tn..G.11 ....Q

,.........-----

DO FORM 1532.1
Si JAN

MEASUREMENT UNITS

WV IX blvvl

10, UM 01Ac

1.0Lauttait

AC {asol

PEST MANAGEMENT MAINTENANCE RECORD

ORIGIN OF WORK

tvi wowed wort

Wil Mora want

IC Ionics co *AM tail

A AM% inifockn

TYPE OF CONSTRUCTION

CO Cacrots WO Wood

k Mod 07 ON(

IV Ind wow

IT %al, too avol

Figure 2-25A, DD Form 1532-1 (Front),



.m...............,

D. UMI

Sarticil

VIM

Origin

UM 04

Yam

Terget

Pest

Com4

°moon

.............,......
II PulIckk II Utocl

.1=.1=1.1.
taw

11110

Appouto,

1Ifttail
CPA Rig N Ccoc kw(

mg
MI
III
REMARKS

II.r . , . , i Tr , ve, r d1 , . ,. 4 1 0 r ,S. I L rio 1Pc

Figure 2-25B, DD Form 1532-1 (Back).

22

(Attach ock Nom( card to continue word)



TABLE 2-1
CONVERTING LIQUID PESTICIDE AMOUNTS TO DRY OUNCES

Situation: You're working with a pesticidal concentrate containing
4 pounds active ingredient (A1) per gallon. You dilute
it to field strength by adding 2.5 ounces of concentrate
to one gallon of water.

Other Necessary Facts: There are 128 fluid ounces
15 dry ounces in a pound.

Working the Problem: Since the concentrate has 4 pounds AI per gallon:

in a gallon of water. There are

Step 1 16 dry ounces x 4 lbs 1 gal = 64 dry ounces *per 128
fluid ounces.

Step 2

Step 3

Step 4

* "per" always means "divide", therefore:

64 dry ounces divided by 128 fluid ounces= .5 dry ounces
per fluid ounce.

Since you added 2.5 fluid ounces of concentrate to the
water:

2.5 fluid ounces x .5 dry ounces per fluid ounce = 1.25
dry ounces..

Round off to the nearest whole ounce LO dry ounces entered
on DD Form 1532-1.

4. Refer to figure 2-25A and make further entries on the
form using the following information:
On 22 March 84. you receive a call from MSgt Michael M. Kelley in
the administration section in Building 1624. Since you treated all the
other rooms, his area was invaded with cockrotches and be wants
them contwIled. You returned to the building the next day and, as
you surveyed the section, you noticed a coffee pot area that was
poorly maintained and workers routinely kept candy and other
foodstuffs in their desks. After you explained the need for higher
sanitation standards, you used two gallons (3 dry ounces) of
Diazinon EC. Your total labor time wu 1 hour. (Check your entries
with those in the answer section.)

228. State the purpose, use, and disposition of DD Form
1070 and determine necessary entries on the form based
on a given situation.

DD Form 1070, Termite and Wood Decay Inspection.
A DD Form 1070 must be maintained for each facility that
is constructed completely or partially of wood on all
Federal installations. This includes virtually all facilities,
regardless of preventive measures used in the construction.

Purpose. Each facility that is constructed completely or
partly of wood must be inspected for signs indicating the
presence of stmctural pests and conditions within and
around the facility that would be conducive to structural
pests. These inspections must be accomplished no less often
than annually for each facility and should be inspected at
least semiannually. This form serves as a record of these
inspections and provides information pertaining to building
conditions and actions taken.

18 60

MOTs

Completion procedures. The DD Form 1070 is shown in
figure 2-26 with entries provided to illustrate its use. This
form is not difficult to fill out, but you must insure that the
entries made on the form indicate true conditions found
during the inspection of the facility. You must also insure
that recommendations are annotated correctly, and when
recommendations or other actions have been accomplished,
the form must be annotated to reflect these actions.

Looking at figure 2-26, you will notice that the top
portion is used to identify the number, type, and location of
the facility; the date of the inspection; and the inspector's
name. If you happen to be the inspector, you are
responsible for the information entered or not entered on
this form; therefore, the true conditions found inside,
outside, and beneath a facility must be accurately and
completely recorded.

Part I is used to indicate conditions within and around the
facility that are conducive to structural pests' infestations.
As an example, Xs have been placed in this part to identify
the conditions found during an inspection conducted on a
facility, and an additional comment has been entered in the
block identified as "other."

Part II is used to identify the location where structural
pests are actually found during the time of the inspection. If
you will observe, no Xs have been placed in any of the
blocks in this part, which indicates there were no structural
pests present at tb -ime the inspection was conducted.

Parts III and A V are used to identify the type of termite
and fungi, respectively,, found during the inspection. Since
there were no termites or fungi observed, no entries were
made in any of the blocks in either of these parts.

3



CHANGES FOR THE TEXT: VOLUME 3

Pen-and-Ink Changes:

Page-Col

6L

9R

1OL

1OR

I IL

11R

121.

13L

I4L

I4R

15L

15R

Subject

411 - 1 (1)

Line(s) Correction

26 fr bot After "However," add "if."

26 fr bot Change "earthy" to "earthly."

12 fr bot Change "insect" to "insects."

14 After "applications" add "are."

15 Delete the first "of" and change "arc" to "per."

After "Vapona" add "(R)."

34 After "Cygon" add "(R)."

43 After "Dibrom" add "(R)."

4 After "Dipterex" add "(R)."

14 After "Abate" add "(R)."

19 fr bot After "Dursban" add "(R)."

9 fr bot Change "culex" to "Culex."

7 fr bot Change "Aedes vexans" to "Aedes vexans."

2 fr bot Change "aedes" to "Aedes."

12 After "Safrotin" add "(R)."

27 After "Sevin" add "(R)."

29 fr bot Change "dogs," to "dogs and."

17 fr bot After "Baygon" add "(R)."

2 fr bot After "Ficam" add "(R)."

23 After "Kepone" add "(R)."

3 Change "vikane" to "Vikane (R)."

26 Change "cleaning a freight car of" to "clearing a freight
car or."

4 After "lesson." add "*." At bottom of column add
footnote "" Information on Pyrethrum, Resmethrin, and
Silica aerogel adapted from Scientific Guide to Pest Control
Operations, 3rd ed. Reprinted by permission of the
publisher."

19 fr bot After "Altosid" and "Precor" add "(R)."

17 fr bot Change "culex" to "Culex."

8 fr bot Change "Amdro" to "Amdro (R)" and "amdro" to

2 fr bot Chalige "amdro" to "Amdro."

17-18 Change "Psorophora, Aedes, Anopheles, Culex, Culiseta"
to "Psorophora, Aedes, Anopheles, Culex, Culiseta" and
"lepidoptera" to "Lepidoptera."

21 After "Teknar" add "(R)."

22 After "Bactimos" add "(R)."
Change "culex" to "Culex."

15 fr bot After "Warfacide" add "(R)."
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Page-Col Subject Line(s) Correction

I5R 14. fr bot After "bait." add "*." At bottom of column add footnote
"* Information on Warfarin adapted from Scientific Guide
to Pest Control Operatwns, 3rd ed. Reprinted by
permission of the publisher."

16L 18 Afte r "RoZol" add "(R)."
25 After "gloves." add "*." At bottom of column add

footnote "* Chlorophacinone information adapted from
Scientific Guide to Pest Control Operations, 3rd ed.
Reprinted by permission of the publisher."

i 6R 12 fr bot After "Takm" add "(R)."
11 fr bot Change "control, Maki" to "Contrac (R), Maki (R)."

I 8L 3 Delete "pithin."
14 After "Starlicide" add "(R)."

I9R 2 fr bot Change "duron" to "diuron."
NIL 27 Change "condition" to "conditions."
2IR 7 fr bot Change "garlic wild, prostate" to "wild gar" .c, prostrate."
22R 24 fr bot After "Roundup" add "(R)."

17 fr bot After "Hyvar X" and "XL" add "(R)."
23L 4 After "Treflan" add "(R)."
23R 7 fr bot After "Benlate" and "Tersan 1991" add "(R)."
24L 8 After "Ansi" and "Tersan SP" add "(R)."

15 After "Manzeb" and "Tersan LSA" add "(R)."
19 After "Arbotect S" add "(R)."
28 After "Bayleton" add "(R)."
35 After "Tersan 75" add "(R)."

25R 5 Change "Dessicants" to "Desiccants."
16 Change "dessication" to "desiccation."

26L 13 After "B-1956" add "(R)."
26R 26 fr bot Change "icides" to "Pesticides."
27L 12 After "are" add "not."
28L 29 Change "you're" to "unless you're."
34L 5 fr bot After "crack" add "and."
34R 4 fr bot Insert comma after "gas" and delete the parenthesis marks.
42L 6 fr bot After "pump" and "bulb" add "(R)."
44L 5 After "Glue boards" add "*." At bottom of column add

footnote ""' Glue boord information adapted from Scientific
Guide to Pest Control Operations, 3rd ed. Reprinted by
permission of the publisher."

47L 2 fr bot Change "sprayer, stand" to "liquid formulation,
withstand."

48L 13 fr bot After "Accessories" add "*." At bottom of column add
footnote "* Lesson adapted from Scientific Guide to Pest
Control Operations, 3rd ed. Reprinted by permission of the
publisher."

48 Fig. 3-29 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."
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Page-Col Subject Line(s) Correction

561_ 441 - 4 Change exercise to read "How should you hold the plunger
duster to produce 1.eavy dust patterns?"

57R 26 After "sprayer" add "*." At bottom of column add
footnote "* High-pressure pesticide information adapted
from The Silver Skunk (Owner's Manual, Model
PRO-5 38). Reprinted by permission of the publisher."

58L 13 Change "Rotor hammer' to "Roto Hammer (R)."

58R 442 - 1 (6) 2 Change "rpm" to 'gprn."
61L 5 Change "pc: .orm" to "performing."

70L 441 - 4 Change answer to re:1d So that the delivery tube is beneath
the dust."

Page Changes:

Remove Pages Insert Pages
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Preface

THIS THIRD VOLUME of CDC 56650, Pest Management Specialist, contains information
on pesticides in the environment; pesticide classification, characteristics, and diluting; and
pest management equipment.

In Chapter 1, Pesticides in the Environment, you'll learn about the impact pesticides have on
our environmelit, how you can work to reduce this impact, and pest resistance and tolerance
to pesticides.

Chapter 2, Pesticide Classification, Characteristics, and Diluting, discusses a wide vari-Lty
of pesticides. The list includes insecticides, rodenticides, herbicides, and fungicides for plant
diseases.

In Chapter 3, Pesticide Dispersal Equipment, we'll discuss types and uses of equipment,
its operation, and maintenance and calibration.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial product, commodity, or service in the

publication is for information purposes only and does not imply indorsement by the Air
Force.

This volume is rated at 33 hours (11 points).
,laterial in this volume is technically accurate, adequate, and current as of April 1984.
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CHANGES FOR THE TEXT: VOLUME 4

Pen-and-Ink Changes:

Page-Col Subject Line( s ) Corre clion

iv 5 Change "differently" to "different.'

IR 23 Change "disease" to "diseases."

25 Change "vertebrates" to "vertebrate

3R 4 Change "CD" to "CE."

2 fr bot Change "as" to "such as."

5R 23 fr bot After "out add "of water."

19 fr bot Change "edes" to 'Aedes."

6L I fr bot After "in" add "a."

9L 7 fr bot Change "1-6" to "1-5."

3 fr bot After "called" and "the."

9R 4 fr bot After "of" add "the."

14L 21 fr bot Change "coast" to "Coast."

14R 3 After "in" add "the."

16R 27 Change "pipien" to "pipiens."

18L 12 Enclose "gallinipper" in quotation marks.

Change "cilita" to "ciliata."

15 fr bot Change "gulf coast" to "Gulf Coast."

12 fr bot Change "Eastern" to "eastern."

19L I fr bot Change "tarsails" to "tarsalis."

19R 2 fr bot Change "nigromaculitis" to "nigromaculatis."

21L 1 Change "Annopheles" to "Anopheles."

10 Change "carb" to "crab."

21R 11 Change "of" to "or."

24L 21 Change "Aedes albopictus" to "Aedes albopictus."

30 Fig. 2-3 Add "(Reproduced courtesy of Pest Control Technology,
Cleveland, Ohio)."

32R 613 - 9 Delete.

33L 23 fr bot Change "Muscina" to "Muscina."

11 fr bot Change "like foods," to "foods like."

8 fr bot Change "Muscina" to "Muscina."

7 fr bot Change "Ophyra" to "Ophyra."

34L 12 Change "Calliphoridea" to "Calliphoridae."

34R 22 fr bot Change "files" to "flies."

36R 9 Change "Alternata" to "alternata."
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Pao-Col SuNcer Line(s) Correction

37L 8 Change "anaphylastic" to "anaphylactic."
37R 5 fr bot Change "Chrysops discalis" to "Chrysops diccalis."
38R 6 I 7 - 1 (10) Delete.
40R 9 fr hot After "water" add a comma.
43L 6 Change 'electrocured" to "electrocuted.''
43R 6 After "Sprays" add "*." At bottom of column add

footnote "* Lesson adapted from Scientific Guide to Pest
Control Operations, 3rd ed. Reprinted by permission of the
publisher."

47R 26 Change "coast" to "Coast."

Change "south" to "South."
40 Change "central" to "Central."
45 After "having" add "an."
47 Change "temperature" to "temperate."

49L
1 Change "and as" to "as it is."

50L 21 Change "area" to "areas."
51 Bottom margin Add footnote "Table adapted from Pest Control

Technology, July 1982. Reprinted by permission of the
publisher."

57L 14 fr bot Change "corrective" to."Corrective."
57R 30 Delete "5."
58R 9 fr bot After "vectors" add "of."

65R

635 - 1 (1)

66L

66R

28

3 fr bot After "years." add sentences "Their bodies have a
roughened, warty appearance, with tiny protuberances
called "mammillae." The hypostome has well-developed
teeth."

1 Change "0. hermsi" to "0. hermsi."

Delete the parentheses after "wait" and "host."
9 fr bot Insert _ (6) aligned under _ (5) and delete " l'108u'

1.

4 fr bot Change "(6)" to "(7)."
2 Change "(7)" to "(8)."
8 Change "(8)" to "(9)."
13 Change "(9)" to "(10)."
16 After "Controls" add "*. At bottom of column add

footnote "* Control information adapted from Pest
Control, March 1982. Reprinted by permission of the
publisher."

23 Change "carbary" "carbaryl, and." After "dust"
add a comma.
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Page-Col

68L

68R

69L

69R

70R

Subject

Fig. 4-7

Linefsl

21 fr bot

16 fr bot

1 fr bot

10 fr bot

legend

6 fr bot

Correction

Change "rickettsailpox" to "rickettsialpox."

Change "DDermatophagoides" to "Dermatophagoides."

Change "nymphae" to "nymphs."

Change "venter" to "miter."

Change "Mite" to "Tick."

Change "numphochrysalis" to "nymphochrysalis."

71L 6 Change "gulf coast" to "Gulf Coast."

71R 9 Change "sparrow" to "sparrows."

Fig. 4-12 Change "CHELICERA" to "CHELICERAE."

72R 14 Change "specie" to "species."

4 fr bot Change "form" to "from."

76L 603 6 Change "T" to "F."

76R 606 - 2 Add "and Culex pipiens."

607 - 1 Change "ciliatea' to "ciliata."

77L 617 I Delete "(10) g."

78R 638 2 Change "Acrina" to "Acarina."

641 - 1 Change "Environmental" to "Cultural."

641 - 6 Change "mosquito" to "chiggers."

Page Changes:

Remove Pages Insert Pages

55-56 55-56

73-74 73-74
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Figure 4-1. Species of lice.

629. Identify given statements pertaining to louse
characteristks as applying to the head louse, body
louse, or both.

Head and Body Lice. The body louse (Pediculus
hurnanus human, -) and head louse (Pediculus lzumanus
capitis) are very similar to each other physiologically,
but they differ morphologically in size, proportion, and
color. They also differ biologically in habits, one form
living on the head and neck and the other on the body.

Adult identification. The adult body louse is to
millimetcts long, greyish white in coloi , and is generally
10 to 20 percent larger than the head louse. The head
louse is I to 2 millimeters long and is greyish white with
dark marg ins ,

Habitat. Adults and nymphs of head lice are found in
the hair and on the scalp; they tend to be most prevalent
on the back of the neck and behind the ears. They arens
known to infest eyebrows or eyelashes.

Although as many as 1,000 body lice have been
removed from the undergarments of one person, it is
more typical to find less than 10 lice per person. Most of
the lice are on the inner surface of the clothing, next to
the skin. Females tend to congregate along seams for egg
laying. Some adults may migrate away from the skin to
the outer garments and to other people. Head and body
lice can move fairly rapidly and will pass from host to
host, or from host to bedding, by simple contact.

It is difficult to find human lice and crab lice away
from humans. Beds occupied every night by unsanitary
individuals have a greater chance of being infested. If
unoccupied for several nights, they tend to be free of
lice. Head and body lice may be acquired by personal
contact and by putting on infested garments. Head lice
may be acquired by contact with upholstered chairs and
by using infested brushes and combs. Hairs with eggs
attached may be blown about. Lice tend to leave a
feverish patient and seek other hosts.

Habits. These lice depend upon human blood as a
means of life. They suck blood for long periods of time,
but they' don't ordinarily become engorged. Some
individual lice feed too avidly. causing rupture of their
digustive system, and succumb because of their greed.
During feeding, dark red feces may be deposited on the
skin.

\Vhen ready to feed, the louse anchors its mouth to the
skin. stabs an opening through the skin, pours saliva into
the wound, and pumps blood from the injury into the
digestive system by means of the pharyneal pump.

The body louse renlains attached to clothing fibers and
bends over to feed while the head louse simply remaMs
attached to body hairs.

Entomologists may disagree with one another on a
number of issues but one in which there is no
disagreement is that lice, including pubic lice, do not
jump or fly

The question of whether head lice can jump or fly may
have arisen because static electricity generated by
combing the hair can cause them to be suddenly repelled
from the comb. It is essential to dispel the notion that
lice can jump or fly in order to focus attention on the fact
that lice are transmitted principally through contacts
with an infested person or to a lesser extent with fomites
(infested objects).

The possibility exists that lice could be blown about
by wind, but this is remote. There are also rare instances
where lice front humans were found on insects, but
insects as a means of transferring lice from person to
person cannot be realistically regarded as any more than
a very infrequent possibility.

(Lice habits information adapted from Scientific
Guide to Pest Control Operations. 3rd cd. Reprinted by
permission of the publisher.)

Egg laying. Mating occurs frequently and at any time
in the adult's life, from thc first 10 hours to old age.
Eggs arc laid 24 to 48 hours later, depending upon
temperature conditions. Eggs are cemented on head ha:rs
by head lice or on the underclothing by body lice. If the
human is relatively nude, as in some tropical a' .as, lice

FEMALE MALE

Figure 4-2. Life cycle of a head louse.
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may infest beads and necklaces. Body lice may deposit 9
or 10 eggs per day and a total of 270 to 300 eggs in a
lifetime. Head lice are less prolific, depositing about 4
eggs per day for a total of about 88 days in a lifetime.
The hatching of eggs is greatly reduced or completely
prevented by exposure to temperatures about 100° F. or
lower than 75° F.

Nymph development. After emerging from the egg,
the louse nymph molts three times before becoming a
sexually mature adult. Therefore, there are three
nymphal instars, differing from each other by the
increased length of the abdomen as development
progresses. The nymphal stages require 8 to 9 days for
lice remaining in contact with the human body, but may
take 2 to 4 weeks when the clothing is removed at night.
If the clothes aren't worn for several days, all lice will
usually succumb. The total life cycle of head and body
lice may be completed in about 18 days.

Exercises (629):

I. Match columns A and B. Column B items are used
more than once.

Column A

( I ) Thri adult louse is about 2
to 4 millimeters long and
greyish white.

("t 1 The adult louse is I to 2
millimeters long and is
greyish white with dark
margins._ (3) Are not known to infect
eyebrows or eyelashes._ (4) Can move fairly rapidly
from host to host by sim-
ple contact.

(5) May be acquired by put-
ting on infected garments.

(6) Female lays eggs along
clothing seams.

(7) Tend to leave feverish
patients and seek other
tiosts.

(8) May deposit 9 or 10 eggs
per day.

(9) May deposit 4 eggs per
day.

(10) The nymphal stage
requires 8 or 9 days when
remaining in contact with
the human body.

Column B

a. Head lice.
b. Body lice.
c. Both.

630. Cite information regarding the basic
characteristics of crab lice.

Characteristics of Crab Lice. Crab lice (Pthirus
pubis) are small (0.8 to 1.0 mm), greyish-white insects
with a short abdomen bearing hairy lateral tufts and large
second and third pairs of legs that give them a crablike
appearance (fig. 4-1).

These insects are most commonly found on hairs in
the pubic areas, but they may be found on hairy areas of
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the chest and armpits. Infestations of the eyebrows and
eyelashes are frequently reported. Crab lice on the
eyebrows feed in a very localized area and cause
hemorrhages in the skin which result in a bluish pigment
directly above the eyebrows.

The life cycle of the crab louse is similar to that of the
head and body lice. The eggs are glued to hairs but are
smaller than the body louse eggs.

There are three nymphal stages. In a few specimen
that were carefully studied, it took 13 to 17 days for
them to become adults. Adult life lasts less than a
month. All stages are more sedentary than those of head
or body lice. They tend to settle down at one spot,
grasping hairs with the legs of both sides of the body,
inserting the mouthparts, and taking blood intermittently
for many hours at a time. The legs are adapted for
grasping large hairs, and, in the position adopted, the
adult prefers hairs widely spaced (compared with the
dense hairs of the head). This may partly explain the
distribution of the crab louse, which is found most
commonly on the hair in the pubic and anal areas. This
insect survives only a short time away from the host.

Crab lice are spread chiefly by sexual contact, but
they may be acquired by other means, such as infested
toilet seats and beds (rare), and by close personal
contact. Many authorities believe that there has been a
resurgence in the number of cases of crab louse
infestations related to the present worldwide climate of
cultural permissiveness.

Exercises (630):

I . On what body parts are crab lice most commonly
found?

2. Where are crab louse eggs found?

3. How are crab lice chiefly spread?

631. Specify details related to controls for lice.

Controlling Lice. (Adapted from Pest Control,
February 1982. Reprinted by permission of the pub-
lisher.) The first thing you need to understand about con-
trolling head, body, or crab lice is that, as a pest
manager, there's generally not much you can or should
do. Medical personnel are responsible for taking any
direct personal action to control lice. If your shop gets
contacted,

56
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c. Placing the live host animals in cages that have wire or
hardware cloth bottoms so that any mites that drop off after
engorging wnl fan into a pan of water put under the cage.
(This procedure is often usind to collect chiggers from
snakes, turtles, or small rodents.)

d. Placing a dead host animal in a glass jar containing
water and a detergent. The jar is shaken thoroughly to
separate ectoparasites from the animal. The liquid is then
poured into a funnel containing filter paper. Any mites will
be strained out on the paper.

Exercises (640):

I. Mite survey methods vary with the habits of the
species

2. Black glass plates or cardboard rectangles are used to
survey areas.

3. Berlese funnels are frequently used to collect
and mites.

641. Given selected techniques, determine the type of
control being used, the mite to be controlled, and
complete given statements regarding chemical controls
for mites.

Mite Control. Mites can be controlled through
environmental methods, including sanitation, mechanical,
and construction and maintenance controls, as well as by
chemical methods. The method used depends on the mites
to be controlled and the circumstances.

Cultural methods. Rat and house mouse mites can be
controlled by:

a. Trapping or poisoning rats and mice to eliminate the
the source of the blood meal essential for nourishment and
reproduction of mites.

b. Starving out rodents by storing garbage and food in
ratproof containers, rooms, or buildings.

c. Keeping rodents out of buildings by rodent stoppage.

Bird mites can be controlled by:
a. Modifying buildings so a, birds cannot enter or nest.

(Give special attention to louvers, gables, eaves and
atticseven though the work calls for screening, carpentry,
or masonry.)

b. Trapping or poisoning birds to eliminate the source of
blood meals for the mites.

Clover mites can be controlled by:
a. Removing vegetation near houses and pruning shrubs

so that they are at least a yard from buildings.
b. Maintaining a strip of bare ground 2 to 3 feet wide

around buildings.

Chigger control depends on modifying the environment
to permit sunlight and air to circulate freely, thus drying the
usual damp habitat of the chigger. These modifications
consist of:

a. Keeping lawns and gardens closely cut and edged,
and keeping flower beds free of weeds.

b. Eliminating tall weeds and shrubs, particularly
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blackberry and raspberry bushes, which furnish food and
shelter for the bird and rodent hosts of chiggers.

c. Using (in scrub typhus areas) mechanical equipment.
such as bulldozers and flarnethrowersthus reducing
human contact with the mitesto clear campsites, and
using rodent control to eliminate chigger hosts.

Grain and flour mites can usually be controlled by:
a. Rotating food materials to remove the oldest items

first (to prevent buildup of infestations).
b. Ventilating to prevent the accumulation of moisture

(mites thrive on foods that have a moisture content of 20
percent or more).

c. Eliminating foci or infestations (by vacuum cleaning
entire warehouses, with attention to horizontal surfaces
such as beams and window ledges).

Chemical methods. Sprays or dusts are used for residual
treatment indoors and are frequently used as spot treatments
in trouble areasaround windows and doors, at the tops of
foundations, around plates and at the ends of joists, on
baseboards, and at the edges of floors. Dusts are usually
applied at higher concentrations than are sprays. They are
placed in voids, in louvers near bird nests, in rodent
runways, where the mites will, and children will not,
normally come into contact with the insecticide.

Residual treatment outdoors has been used for the control
of clover mites and chiggers especially, but less commonly
on the outside of buildings for control of bird and rat mites.

Fumigation control of flour and grain mites is difficult
and should be carried out only by a certified pest control
operator. All fumigants are very poisonous and should be
used only by qualified operators and only according to the
directions on the fumigant container's label.

Sulfur has long been used as a chigger repellent.
Although the results are variable, it has often given control
when dusted into socks, underwear, and outer clothing.
Children at summer camps often prefer sulfur to some of the
new repellents that have a disagreeable odor.

Many mosquito repellents, such as Indalone, ethyl
hexanediol, and dirnethyl phthalate will, when applied to
the skin, also repel chiggers for 2 'o 4 hours. One of the best
of the newer repellents is diethylb

Most of the good mosquito rupellents are also effect ive
when used to treat clothing. The most ,,urable treatrwnt
recommended at this time is benzyl benzoate, which w ill
withstand two or three washings. Resmethrin, which
contains 30 percent benzyl benzoate, withstands one or two
washings.

Persons who have been in an area infested with chiggers
can kill most or all mites that have attached themselves by
using a thick lather in a hot bath or shower as soon as
possible after exposure. After the bath, an alcohol rubdown
will help, particularly on the welts. For temporary relief
from itching, compounds such as calomine lotion are
available at most drug stores.

Much progress has been made in the treatment of mite
infestations on humans and animals. Sulfur ointment, long
used in the treatment of scabies, is no longer recommended
because it can cause a dermatitis as severe as that caused by
the mites. Best results are obtained by taking a hot, soapy
bath first, drying the skin thoroughly, and then applying
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one of the three following remedies to all the body below
the neck.

(1) Kwell cream, or a lotion containing 1 percent gamma
isomer of benzene hexachloride orlindane:

(2) Eurax, a salve incorporating 10 percent N-ethy1-0-
erotontoluide in vanishing cream.

(3) Twelve percent benzyl benzolate.

The next day take a bath and change to clean clothing, night
clothes, and bedding. Itching may persist for several days
and is not a sign of superinfection. It is important that this
be understood; overtreatment is common. In perhaps 5
percent of the cases a second course of treatment is
necessary after an interval of I to 2 weeks.

In treating scabies, thoroughness is essential. Launder
every piece of clothing and bedding that may have come
into contact with the infested person. If one member of a
family or group of persons has scabies, all close contacts
should get treatment.

Exercises (641):

Given some techniques for controlling mites, state whether
the type of control is cultural or chf.rnical, and name the
mite(s) that it would control.

I . Starving out rodents by sto, arbage and food in
ratproof containers, rooms, or ouildings.

2. Using diethyltoluamide.

3. Maintaining a strip of bare ground 2 to 3 feet wide
around buildings.

4. Rotating food materials to remove the oldest items
first .
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5. Keeping lawns and gardens closely cut and edged and
keeping flower beds free of weeds.

6 Treating clothing with benzyl benzoate.

7 Trapping or poisoning birds to eliminate the source of
blood meals for the mites.

Complete the following statements:

8 Persons who have been in an area infested with
chiggers can kill most of the mites that have attached
themselves by using a in a

or as soon as possible
after exposure.

9. Fumigation control of and mites
is different and should be carried out only by a

pest control operator.

C, Forcontrolling mites indoors and outdoors, you should
apply sprays and/or dusts around and

, at the tops of , around plates at
the end of , on , at the edges of
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CHANGES FOR THE TEXT: VOLUME 5

Pen-and-Ink Changes:
Page-Col Su Neer

1 R

Line( N COn eetton

14 (hanee "Mouritanicus' to "mauritanieus.''
3L FiL,. 1-2 Add "(Reproduced courtesy of Harvest Publishing

Company, Cleveland, Ohio)."
3R 20 Change "it becomes' to "they become."
5L Before "The" add At bottom of column add footnote

Adapted from Scientific Guide to Pest Control
Operations. 3rd ed. Reprinted by permission of the
publisher.

7L 27 Change "straited" to "striated.'
IOL 1 After "Measures" add "*." At bottom of column add

footnote "* Lesson adapted from Scientific Guide to Pest
Control Operations, 3rd ed., and Pest Control, February
1982. Reprinted by permission of the publishers."

16 Table 1-3. 4 Change "INITA1TED" to "INITIATED."
Block 12

17L 7 After "Fabric Pests" add "*." At bottom of column add
footnote " Lessons 809-812 adapted from Scientific
Guide to Pest Control Operations, 3rd ed. Reprinted by
permission of the publisher."

19L Fig. 1-9 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."

21L Fig. 1-10 Add "(Reproduced courtesy of Harvest Publishing
Company, Cleveland, Ohio)."

25L 14 After "Termites" add "." At bottom of column add
footnote " Lessons 813-821 adapted from Scientific
Guide to Pest Control Operations, 3rd ed. Reprinted by
permission of the publisher."

28 Fig. 2-2 Add "(Reprinted courtesy of Pest Control Technology,
(April, 1982), Cleveland, Ohio)."

29L 14 After "Formosan termite." add "*." At bottom of column
add footnote "* Information on Formosan termites adapted
from Pest Control Technology, April, 1982. Reprinted by
permission of the publisher."

33 Fig. 2-3 Add "(Reprinted courtesy of Harvest Publishing Company,
Cleveland, Ohio)."

34-39 Figs. 2-4, 2-5, Add "(Ibid.)" after each figure.
2-6, 2-7, 2-8,
and 2-10

40R 7 Change "2-8" to 2-2."
52R 3 fr bot Delete "a single, toothed hooker."
59R 19 fr bot Delete the two commas.
60R 21 Delete "There may be."
62R 10 fr bot Change "Testacelliadae" to "Testacellidae."

8 fr bot Capitalize "testacella."
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Page-Col Subject Line(s) Correction

65R 10 fr bot After "Diseases" add "*." At bottom of column add
footnote "* Information in lessons 846-848 adapted from
Twf Manager's Handbook. Reprinted with permission of
Harcourt Brace Jovanovich Publications, copyright 1979."

71L 15 fr bot Change "ar" to "are."

73L 9 fr bot Change "Tebuthiuron" to "Thiabendazole."
76L 1 Change "Severel" to "Several."
78R 808 - 10 In the last column, change "10" to

808 - 13 In the last column, change "9" to "10."
80R 832 - 4 Change "Arborvital" to "Arborvitae."
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CHANGES FOR THE TEXT: VOLUME 6

Pen-and-Ink Changes:
Page-coi

IL

2L

Sub.ject Line(s) Correction

5-6 Delete "This chapter covers . . . bats and birds."

10 Change "here" to "where."

7L Fig. 1-3 Add "(Reprinted courtesy of Harvest Publishing Company,
Cleveland, Ohio)."

IOL 7 fr bot Change "technique" "techniques."
6 fr bot After "Rodents" add "*." At bottom of column add

footnote "* Lessons A05 and A06 adapted from
information in Scientific Guide to Pest Control Operations,
3rd ed., Pest Control (August, 1981) and Pest Control
Technology (September, 1982). Reprinted by permission of
the publishers."

12 Fig. 1-7 Add "(Reprinted courtesy of Harvest Publishing Compan) ,
Cleveland, Ohio)."

16L 17 Chai: 4poisions" to "poisons."
16R II fr bot Delete "rats."
17L 4 fr bot Change "maforttributes" to "major attributes."
19R 23 Change "Cactis" to "Cacti."

21R 7 fr bot Change "western" to "Western."

22L 9 fr bot Change "species" to genus."
23L 9 After "Gophers" add "*." At bottom of column add

footnote "* Lesson adapted from Pest Control, September,
1981. Reprinted by permission of the publisher."

14 fr bot Change "Thermerica" to "America."
23R 25 fr bot Change "till" to "still."

21 fr bot Change "mount" to "mound."
11 fr bot Change ''little" to '' some."

25R Add exercise "7. What poison and bait combinations work
best for controlling pocket gophers?"

27L 21 ft- bot Change "nap" to "nape."
27R 1 After the second comma, add "or."
32R 23 Change "any where" to "anywhere."
35L 4 fr bot Before "Match" insert "A17."
35R 1 Change "and rock doves" to "(rock doves)."

36L A17 Col B, Change "Sartling" "Starling."
item f

37R 10 After "reactions" add "problems."
40R 5 Change "to" to "help."
41L 4 fr bot Change "seat" to "seal."
45L 28 Change "n" to "in."

11 fr bot Change "areas" to "acres."
45R 14 fr bot Change "airburst" to "airbursts."
46L 29 fr bot After the second "and" add "kill."
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Pa.ge-Col Subject Lincist Correction

46R 31 & 47 Change "australian" to "Australian."
33 After "small" add "area."

47L 25 Change "Releast" to "Release."
9 fr bot Change "trappig" to "trapping."

48R 9 fr bot After "unused" add "bait."

19R 2 fr bot Change "for" to "as a."

50R 6 Change "reple" to "repel."
17 Change "42-5" to "42S."

51L 1 fr bot Change "mexican" to "Mexican."

51R 3 Change "lb" to "lbs."
24 Change "rnexican" to "Mexican."
35 Change "they are insects" to "of their insectivorous diet."

53L 1 After "noise" add "of."

15 Change "large" to "big."

54L 2 fr bot Change "mexican" to 'Mexican."

55L 11 Change "mexican" to "Mexican."

56R 6 Change "can" to "are."
7 Change "are" to "can."

57L 10 fr bot After "Characteristics" add "*." At bottom of column add
footnote " Lessons A27 and A28 are adapted from
Scientific Guide to Pest Control Operations, 3rd ed., and
Pest Control Technology. December, 1982. Reprinted by
permission of the publishers."

58L 12 fr bot Change "A pound or two' to "Also, a pound or two of."

9-10 fr bot Change "; this" to "will."

58R 9 Change "orjust" to "or just."
5 fr bot Change "afater" to "after."
2 fr bot Change "get" to "set."

59L 7 After "roots" add "while."

65R Al 5 - 7 Change ", starlings, pigeons, etc." to "and starlings."

66R A28 3 3 Delete "no."

A28 7 2 Change "tube" to "tub."
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CHANGES FOR THE TEXT: VOLUME 7

Pen-and-Ink Changes:

Page-Cot Subject Linc( s) Correction

3L Fig. 1-2 Add "(Reprinted courtesy of Harvest PublPihing Comriny,
Cleveland, Ohio)."

3R 13 After "Characteristics" add "*." At bottom of column add
footnote "* Lessons CO2006 adapted from Scientific
Guide to Pest Control Operations, 3rd ed. Reprinted by
permission of the publisher."

Fig. 1-3 Add "(Reprinted counesy of Harvest Publishing Company,
Cleveland, Ohio)."

6 fr hot Change "attach to" to "feed on."

I4R C05 Col B. item c Change "Pharoah" to "Pnaraoh."

12R 13 Change the second "the" to "this."

19 fr bot Change "Pharoah" to "Pharaoh" in both places.

16L 25 After "entrenched" add "*." At bottom of column add
footnote "* Information on pharaoh ant c itrol adapted
from Pest Control Technology, August, 198. Reprinted by
permission of the publisher."

16R 2 fr bot Change "Pharoah" to "Pharaoh."

19R 4 Change "temperature" to "temperate."

21R Fig. 1-8 Add "(Reprinted courtesy of Harvest Publishing Company,
Cleveland, Ohio)."

30L 6 After "venom" add "that."

4 fr bot Change "Latrodectus mactans" to "Lat, odectus
mactans."

32L 6 fr bot After "Spiders" add "*." At bottom of colun add
footnote '¼ Adapted in part from Scientific Guide to Pest
Control Operations, 3td ed. Reprinted by permission of the
publisher."

33R 14 Change "Androctonus" to "Androctonus."

34R 21 fr bot After "best" add "physical."

37L 11 fr bot Delete "greyish."

41L 8 Change "tree" to "(tree."

54R 13 Change "bladdewort" to "bladderwort."

61R C52 - 4, 11 Change "acquatic" to "aquatic."

64L C19 - 1 (2) Change "e." to "b, e."

AU GAFS, AL (854180) 4n0
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Preface

THIS VOLUME of CDC 56650, Pest Management Specialist, provides you with general
knowledge about the base civil engineer organizational structure, career progression,
specialty duties and responsibilities; managing activities and resources; publications,
forms, and security; and ground ;:afety.

Successful completion of this course will help you perform your duties as a pest
management specialist. The exercises are designed to help you master the contents of the
course. That, along with practical experience on the job, earns you success, prestige, and
promotions.

In latter volumes of this CDC, you'll study many aspects of pest management,
including principles of integrated pest management (IPM), chemicals and equipment,
safety and identification, and survey and control of pests of health and economic
importance. Study each lesson carefully in order to solve specific management situations
in succeeding lessons.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial product, commodity, or service in

this publication is for information purposes only and does not imply indorsement by the
Air Force.

Call the author at AUTOVON (736-6559) between 0700 and 1600 CST, Monday
through Fr;day, to get an immediate response to subject matter questions which come up
while you're studying this course. Or you may write the author at 3770 TCHTG/TTGIC.
Sending subject matter questions to ECI only slows the response time. You should also
tell the author about subject matter and technical errors (except minor printing errors) that
you find in the text, the volume review exercises, or the course examination. This will
help the author keep up with changes that must be made when the course is revised.

Consult your education officer, training officer, or NCO if you have questions on
course enrollment or administration, Your Key to a Successful Course, and irregularities
(possible scoring errors, printing errors, etc.) on the volume review exercises and course
examination. Send questions these people can't answer to EC1, Gunter AFS AL 36118,
on EC1 Form 17, Student Request for Assistance. NOTE: Do not use the Suggestion
Program to submit corrections for printing or typographical errors.

This volume is valued ast 12 hours (4 points).
Material in this volume is technically accurate, adequate, and current as of November

1983.
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CHAPTER 1

Specialty Requirements and Organizational
Assignments

MAINTAINING Air Force property is a very important job.
Just as your home will deteriorate if you don't keep it
properly maintained and repaired. so will Air Force
buildings and structures.

The Air Force owns a vast amount of real estate.
Consider the size of your base in comparison to several ot'
the largest industries in your area; then think of how many
bases the Air Force operates. It's hard to comprehend, isn't
it? But you can see that Air Force holdings. in keeping with
its mission. are tremendous.

Equally tremendous is the cost of operating, maintaining,
and replacing Air FOrce property. Yet. Government funds.
like your personal funds. are limited; and the costs of
materials and equipment go up every year. As a result, it's
vital that you use Air Force resources wis:4 and carefully.
Don't waste time or materials. learn your job well so you
can operate more efficiently, and cooperate with oth.n-
workers where ./ou're assigned. When we all work together
towards common goals, we make Air Force money work
harder for America's defense and its taxpayers.

In this chapter, we'll discuss the base civil engineering
organizational Ntructure, its mission. and your duties and
responsibiliites as a pest manager.

1-1. Base Civil Engineering Organizational
Structure

The base civil engineering organization is commanded
by the base civil engineer (BCE). This person is responsible
for all the work performed by civil engineering (CE). The
job includes getting maximum efficiency for each dollar
spent while attaining planned objectives. This means that
human resources, material resources, and financial
resources must be used as effectively as posible to meet the
organization's goals.

Civil engineering is a large, complex organization with
many jobs going on at the same time. The BCE uses many
managers to help do these jobs. One of these managers is
the sanitation superintendent. This person is in charge of the
56 career field of which y011 are a part. Your job as a pest
management specialist is extremely important as the health
of base personnel depends to a large extent on how well you
do your job. Buildings can be eaten, infested, and become

unusable if vou aren't there to control pests such as
termites. rats, fleas, roaches, and stored-products pests.

Before getting an indepth look at your job tasks, let's
look at the mission of a civil engineerinLr organization.

001. Identify activities relative to the mission of a civil
engineering organization.

Base Civil Engineering Mission. The primary mission
of eivli eng;neering activities is to acquire. construct,
maintain. .int.1 operate real estate property facilities and to
provide ielaied management. engineering, and other
support work and services. Examples of the mission
include:

Acquiring land for construction
Construcing forms for concrete.
Modifying and repairing buildings.
Operating and maintaining heating plants.
Providing water and electricity to base facilities.
Controlling plant and animal pests.

Although CE provides utilities to base facilities and
performs maintenance on them, it doesn't operate most
facilities on the base. These functions belong to other Air
Force units. For example. CE does not operate aircraft,
missiles. clubs. or dining halls.

Exercises (0011:

. Place a checkmark to the left of each activity that
directly relates to the mission of the BCE. Leave the
other activities blank.

4 6

Fuel aircraft.
Acquire land.
Paint aircraft hangar.
Maintain missiles.
Poison sod for termites.
Provide natural gas.
Engineer air conditioning fur facility.



. (8) Operate dining hall
(t)) Manage Air Force ical estate property.
th Repair roof on ;11R:ran hangar.

. ( I I ( )per:de NC() club.
Apply toxic pesticides.

002. Indicate to what command block various C,E units
belong.

Civil Engineering Organizational Chart. Figure 1- 1
shows the structure of CF. Study the chart in order to learn
the levels of command throughout the organization. At the
very top of the chain of command is the base civil engineer.
lie or she is ultimately responsible for anything that goes
%vrong in CE.

As President Truman said, "The buck stops here.
Passing the buck in CE will eventually stop at the BCE.
You well know that an Air Force person should go through
the chain of command. IV you skip a link in the chain, things
start to go wrong. As another sa_ ing goes. a chain is no
stronger than its weakest link. The lines on the chart in
figure 1- 1 represent the chain in the CE structure. The
blocks represent an office, shop. or unit in which a manager
or supervisor is in control. Spotthe pest management block
on the chart. Notice that it is at the same level as
pa\ ements, protective coating, and heat systems blocks.
The chain of command line for pest management and
environmental support goes through the sanitation block.
As von will see later in the career field chart, the sanitation
superintendent is in control of all the units below him. The
protective coating and plumbing blocks are under the
conmiand of structures as is masonry and metalworking.

s you I ollow the command !Me upwards, You see that
the next command in the chain is operations. The chief of
operations is the boss of tge sanitation superintendent.
Erom operations the command line goes up the chain to the
civil engineer. As on can see from figure 1 - 1 , the BCE

dic Lhicr of operations responsible for all the CE
shops. Work control is got in a direct command line to the
shops. It works in a staff function to help the operations
duet.. From this example, you should be able to trace the
coannand line through the various units. See it' you can.

Exercises (0(P2):

1. Refer to figure I -1 and answer the following questions
for each of the CE units listed. What is the command
block immediately above the listed unit?

I I mi Cimfrintattil Blot .1bot ()tit
t Hoot .,tt..111.

21 ti,toittal

I I SIct.11.1111,..11

CE Units Command Block Above Unit

( Sit 111111,111CW 111),1,11,11.,

II1(11 tit' to
151 Sql1,1Iltm .
Ott Nia \t,111.

t I Stitt, till itt

003. Identify functic:,s awl responsibilities of CE units.

The base civil eiTincer needs a number of CE units to
help perform his or her mis,.ion and responsibilities. The
job entails even more than that of a iii Ivor or city manager
in a large city. Although the mayor i, responsible for
providing the city with fire prevention eq,upment, police
protection. garbage and refuse collection and disposal, and
furnishing utility services. the BCE must do all these things
phis:

a. Maintain real property facilities in a condition for
normal use.

b. Conserve natural resources and control environmental
pollution.

c. Furnish insect au I rodent control services.
d. Construk:t and alter facilities to support mission

changes.
e. Provide management and professional engineering

services to insure effective and economical operation of al
activities.

These activities are broad in scope. Let's look at the CE
units which help the I3CE perform this mission and also
break down these broad areas into narrower areas of
activities.

Functions and Responsibilitie.s of CE Units. As we
look into these individual sections. refer to figure 1-1 to
help ou understand their mutual relationships.

Squadron and administration. This unit handles the
administrative and personnel work of CF. The
administrative section reeeives, distributes, and dispatches
all eommunications for CI:, prepares reports and
correspondence. maintains correspondence files, maintains
the CE library: conducts special programs. such as fund
drives and awards. and maintains the records.

The squadron sect u in takes personnel actions delegated
by the squadron commander. Some of these duties include
counschug. maintaining duty rosters, conducting general
military training and commander's call. and enforcing
discipline.

Industrial engineering This unit provides
consulting serviees aimed at increasing productivity and
impros ing use of ( 'E. resources, It does this not only fur the
13(1: but for all levels of management and labor as wen
acting as a problem sok er. Subject areas for IE studies
include bench stock. the BCE taxi sx stem, inservice work
plans IMP). supply expenditures and discipline, service
calls. and hicles.

There are other areas of 1E responsibility that apply more
directly to your job as a pest manager. If your organization

plements it:has an automated management system. 1E im

17



f IRAN IP)

AIANA

Base Civil Engineer Organization Chart

........m.]CLV LIRLLKILA

EA61,L;RINn

ANAl AY)

KAI ES1A11

5055 ACM

111.1,mmOill....11

losom......lems.
Pt 500U
KOIRRIK A TS

DrIoDucNoN

CONIR1L

PLANNINCL

ArANiSS AND

I ORISK5

PAM ME NIS

0411(4;01PM;

1,0411,41Ni,,

uthml

Lig

SIPUCTUREG

SIAIJ tuAtt

Noir [1M
LoAtiNG

NIECH PLIGAl

M1.1..=m1M1Mo.m.

RCPRAAPAILOti

APIG AIR COW

0.=.
SLY KAI

ra..1
LN1114A1P

I I(: WA)

:11_141UP

irliKAL

AMIL HousING

NAN/LUNN

HOUSING

ROOM; AMARAL

PRMRAFIVING APiS

5111015

so y
AND DAAN

LIIlk0.1..111

(NAES LA). OA()

(NooPAIEN IA) Pt ARMING

INCAS filli'4

GORIRPC1 YANACA 41 N1

kik NAAS MAL AND

CONTRAGI PL ANNING

P

.,411,1",1.111.1.1.1

SW'

!JP.

J.,' .

1.1;

:),

A4I A.

.10111=m11

ISICTiR.PNP
PDODUCDON

PL AN

oPf P41101,

0E1'041 R

VAININAlt

kJ ARK

cv

4\041,0Y

PA

kiAN

A1/4D;cpr,:,

PJ1s,,:krNk

SE PLO. ( 5

alo

IA)
AWL ' W.P.SING

'.1AIN'f NANCE

Figure 1-1 , Base Civil Engineering Organization Chart.

CA-46

49



monitors and interprets the results of reports. such as
quarterl pest management reports; and uses the
information to advise the BCE. It also carries out the I3CE
quality control program and reports to the BCE on customer
evaluations of" your work and the work of other sections
under the chief" of operat ions.

Operations. This unit directs, coordinates, and controls
all work approved and authorized to be done by the CF.
work force. This section also serves as consultant during the
design of new or alteration of old facilities.

The resources and requirements section serves as a staff
activity to operations. This section assigns priorities and
schedules work to appropriate shops. It also operates the
service call system and controls vehicles assigned to CE.

The main work areas under operations are pavements and
grounds. structures, mechanical, electrical, electric power
production, and sanitation. Each of these areas may contain
se\ eral shops: for instance. the structures area has
structural, protective coating. plumbing. masonry, and
metalworking shops. Sometimes there are variations in the
number of shops when there is no need for a particular
activity.

Fire protection. This unit takes care of fire prevention
activities on base. It performs fire control services. inspects
and tests fire protection and fire alarm systems, and services
ground-type portable fire extinguishers.

Financial management. This section is responsible for
financial plans. budgets. and annual and long-range work
plans. It also approves work requests and buys materials for
the approved work.

Engineering and environmental planning. The
architectural and professional engineering services for CE
arc handled through this section. Problems that are beyond
thc capability of operations and maintenance people are
referred to the professional engineers of this unit. This unit
also 2view s and develops technical provisions of contracts
for rt..' property facilities.

As atLlitional duties, this section takes care of the
art:hitt:chiral and engineering aspects of the base master
plan by preparing architectural and engineering drawings
and maps: and it manages the environmental impact
analysis process. In addition. personnel of this section
monitor all real properly facilities and systems to develop
improvements and to update systems or equipment. They
also make technical inspections of all maintenance. repair.
construction, and service work done by contract to assure
quality work and contract compliance.

Family housing management. This unit manages
activities in these functional areas.

a. Use of military family housing including inquiries.
interview s, assignments. term inat ions, and related
administrati e VA)11:.

b. Planning. programming. and budgeting for
maintenance. repair. alteration, and new construction
applicable to military family housing (MEM.

r. Change of occupancy inspection.
d. I lousing referral service.

ENcickes (003):

I Match each BCE min in column 13 ith the function in

column A
than o(1ce.

( ,P.,111

Some column B items may be used

I

ot
12.1 Chc, I, th:

(.111.1111s d!

(1pcidtcs c

calls
I ills dun! R.111,1.)

in .1.1,11.ilt

,11-Cct,

Fills
e

In" Appitt cs

( 71 Inspect. milital
lonnl housinl:

(5) I n.pcos inhousc

('It In.pccts
,onstrucin,n \\
performed b
Ct1111ract.

I WI Rt.:1110\ C,
t1.0111 ,Ct.11011 01

IlCildt.111:111C1.1

111111d1111;

(

.ind
,nlininisn.tin.n

I, Indust! iii cnc.inccilne
()pcianons

d MR! inotcciion
c inan.n.2.cmcni

cuLuonnicul,il yd.untit;clild
I 11!2.111C I Wt.`

I .1,1111 \ 11011,11112

111,111.q!l:111C11(

004. State what the letters in BEEF stand for; and from
statements of BEEF objectives, identify five that apply
to the Prime BEEF program.

Project Prime BEEF. "When the whistle blows, are we
reads. to go".r' This was the question asked by the Director
of CI. Operations. HQ USAF. in December 1063. The
answer was "No'' until the base engineer emergency force
BFEH came into existence. NOV, under project Prime
BEEF the answer is "Yes.- Project Prime IWEF creates
within Air Force civil engineering the ability to respond to
emergencies. The emergencies may result from acts of
aggression or disasters.

The role of civil engineering has changed considerably
since World War II. Civil engineering now has a direct
combat support role. If You are selected to be a member of
Prime BEEF contingency joree-2 (CF-2f team, you must
train to become more involved in limited \\ operations,
You, as a pest management specialist. must know how to
treat temporary field facilities. such as mess halls, showers,
and latrines. You must be able to control various types of
pests in a hurry. And. in addition, you roust have the
knowledge and ability to protect the facilities from enemy
acts.

Prime BEEF contingenc\ forces are made up of selected
airmen and officers at both CONUS and oversca bases. In
the event of an enemy attack. a natural disaster, or an
emergency workload. a BEEE team can be sent to help the
work force at the affected location. There are a number of
Prime BELE contingency force teams. Now . 11(1Wever, you
should learn the five main objectives of the Prime BEEI
program.

Objectives of' Prime BEEF'. According to AER
Air Force civil higinecriin; Prime Ba.se Engnicer

4
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Emergency Force (BEEF) Program, the five primary
obtectives of the Prime BEEF program are to:

( ) Align the CF. military force to give direct combat
support to help carry out the Air Force mission.

(2) Develop and maintain a highly skilled, mobile
military response for contingency operations worldwide.

(31 Develop and maintain a highly skilled, inplace
military engineer lorce for direct combat support of
CONIIS and theater forces directly tasked in operations
plans.

(4) Provide supplementary training to make sure that
military personnel are capable of performing direct combat
tasks.

(5) Develop and maintain Air National Guard (ANG) and
United States Air Force Reserve ( USAFR) civil engineering
forces to complement active duty forces for direct combat
support.

Exercises (004):

What do the letters BEEF stand for in the Prime BEEF
program?

2. Identify the fk e short statements of objectives that
apply to the Prime BEEF program by placing a
checkmark in the appropriate spaces.

Direct combat support to the Air
Force mission.
I. nsk il led personnel tabbed
training in an emergency.
Mobile military response
worldwide contingenc operatioiti(s).r
Balanced militarv-civilian mix
Direct combat support of CONUS
forces tasked in operations plans.
Supplementary training for
performance of cornbat tasks.
Trained military personnel for
permanent overseas duty.
1(se. of ANG and USAFR forces to
complement active duty forces.

for

1-2. Career Progression

In Your career field 456) there are only two ladders: the
pest management ladder and the environmental support
ladder. In your career work. however, you work Nery
closely with CF. people in the 55 career field. This section
of the text covers the career field charts of both the 55 and
56 career fields. You will also get a brief summary of the
tasks in each specialty in each career field,

005. Given airmail 55 and 56 career field charts, trace

5

airmen progression; and list the grade spread for
Vari011ti

Progression in the Career Field. I low would you like
to be the superintendent of sanitation before you have 20
years in the Air Force? You !night say I would have to be
extremely luck% . ( most an-men wlm don't make E-8
or E-9 by the time they have been in 20 years. you might
say "I didn't know the right people.- The fact is. you can
progress to a high rank if You are willing to follow four
simple rules. These roles ork. They rarely fail. Ask an
E-8 or E--9. Ile or she will verify that statement. The four
rules for sueLess in any field are ( I work hard. (2) studs'
effectively. (3) cooperate with other workers. and (4) listen
to and respond positively to the desires of your leader.

The chart in figure 1-2 is the Airman Sanitation Career
Field Chao. Figure 1-3 is the Airman Structural/Pavements
Career Field Chart, These charts are graphic representations
of the 56 and 55 career fields. Refer to the appropriate chart
during the discussion.

To trace progress in the career field, start at the bottom of
the chart and work upward. For example. at the bottom of
both charts is a basic airman. AFSC 99000. The first step up
thi ladder is helper. In the 56 career field. he or she is a pest
management helper. AFSC 56610. tit the 55 career field,
the AFSC varies with the ladder. A construction equipment
helper is 55111.a carpentry helper 55210. plumbing helper
55215. etc. The grade of the step is on the left side of the
chart. A basic airman is E-1. helper E-2. and
apprenticeyour position nowE-3. Notice on the chart
that an airman helper may upgrade to the apprentice level
by graduating from a basic course. Another method ol
upgrading is by completing the 3-level CDC along with on-
the-job training.

To progress to the specialist level, the position you are
working toward now . you complete the 5-level CDC' alone
with on-the-job performance training. In your case you will
become a pest management specialist. AFSC 56650. Your
erade for this position can range from E-3 through E.-5.
With this amount of information you should have no
trouble tracing airmen progression through any career
ladder.

Exercises (005):

Trace the progression of an airinin through various career
ladders using figures 1-2 and i -3. You may trace them
mentally or with a pencil. After you have done thi,. answer
the follow ing questions.

1. What is the first step up the ladder from basic airman
in the illammry ladder?

2. What course is desirable when progressing from pest
management lir -Iper to apprentice pest management
specialist'?
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3. What is the grade for an apprentice pest management
specialist'

What k \I amd graue spread for the following
positions'?

a. Plumbing speci;dist.

N. Pavements maintcnanc

c. Sanitation superintendent.

What is the title and highest grade that can be attained
by pnigre,:sing up the carpentry ladder?

6. the c specialists that can progress up the top
of the ladder in the 552XX AF$Cs.

What is tile title of the 553XX ladder?

006. identify tasks of the 55 and 56 career fields with
their specific specialty.

VIission of the 55 Career Field. The Airman
Sit uctural Pavements Career Field has a mission of

,nst riming and maintainins base buildings and
pavements. It also includes maintaining railroads and soil
bases. pelf omiing erosion control, and operating heavy
equipment. Using figure ! -3 as a guide and working from
left to right, here is a summary of the duties of each career
ladder at the 5-level AFSC.

Pavement maintenance specialist (AFSC 55150). This
specrIlist constructs, maintains, and repairs airfield
pa\ eil,:nts. streets, walks, parking areas, and associated
drainage. The specialist also inspects, maintains, and
repairs railroad beds and tracks. The specialist operates
concrete and asphalt hatch plants and rock crushing
installations. The position calls for sampling and testing
soils. gravels, and concrete.

Construction equipment operator (AFSC 55151). The
equipment operators holding this position operate and
maintain equipment such as dozers, front-end loaders,
sweepers. gradeis. cranes. Lte. They use this equipment to
level, grade. and fill surfaces. They lift and move objects

8

such as sand and gra el. Ilk speeialty calls for e\cavating
ditches. .1:thin/Mg and ctinp;Ictiillg_ soil. and removing
snow and ice from sin I ice

( 'rt,pi,i1; eiuIit 55250). summary ot [his
job includes int out e. intl preparing materials Int'

e011,1111(1111!!. 101 1t1 1n '. and repairint_t buildings;
assembling and el ale tvelahricated or portahle
strueture!:: tu1ime,ciuue ill,1 repairing interior facilities;
..,,n.dructing packing ad.: shipping_ containel s. maintaining
woodworkin tool,. ,111.;, ling and repairing building
hardv. ire: and pentry perst much .

liasoriiy specialist ( IFS(' 55251). Notice in figure 1-3
dull as thy carp,Ht r\ tt1.1

:limb the carect ladder, they bon, become ,arnetnral
techincians at the 7 les ei ii iii' ' 'WA .pecialist aikkes
the carpentry specialist in placement and building of forms.
They construct concrete footings. foundat Hns, and floor
slabs and lay briek building blocks . st0;:.. and tile. In
addition. the plaster the interior and e\ terim of buildings.

Metal fabricating specialist (..11...ST.' 'rhis
specialist fabricates_ repairs. installs. and maintains sheet
metal articles, parts, and assemblies. slich as heating and
ventilating ducts, metal roofing. gutters. and \lowsispouts,
shower stalls, sink tops, steamtahles, and metal buildings.

Protective coating specialist (,.11...S(' 55254). .Fhis
specialist applies coatings such as paint to structural
surfaces. Prior to applying the coating. he or she must
prepare the surface hy eliminating or neutrali;.ing surface
films. The specialist makes surface repairs or patches
cracks or holes in wood, metal masonry. or concrete

Isorra.,, with tillers or ..;calank. Ako. or she applies
airfield pavement and traffic markings.

Plumbing specialist (AFS(' 55255). Personnel holding
this position read and interpret hlueprints of phinibing
installations. They select types of materials used for
plumbing systems. Th...v install and maintain lint and cold
water systems and sew ..12e s.i stems and plumbing iisdures.
such as heat in,2 device. sink.s, toilets. showets. \t'iter
heaters, radiators, sterill/erS. and laundr machinery.

Engineering assistant specialist (.11:S(' 55350). These
individuals perform constru:tion materials t:stst prepare
eneineering draw ings: perform plane surve ing: assist
professional engineers on project design: and perform other
general engineering tasks.

Real estate and cost accomaing specialist (AIS('
55450). Personnel who work in this position maintain
records and accoums for real estate cost-management
analHs activities; prepare summaries of statistical, cost
accounting, and management data reflecting ii:tual versus
planned performance of base civil engineer activities;
,..oniparc ziecoriplishments with objectives: and ascertain
vat iations from work plans.

Praduction control technician (.-1,1"SC 55570). In this
arca of Ch. there is no 5 skill level. The 55530 is either
semiskilled or an apprentice. Note from figure 1-3 that
input to this career ladder is any 5-level AFSC from the 54.
55. Or 56 ;:areer fields. The technician for this AFSC
identifies, plans. monitors. and supervises work
requirements for maintenance repair. and minor
construction work performed by ci il engineering work



forces and/or contract and supervises programs and work
control activities.

Mission of the 56 Career Feld. The Airman Sanitat;pn
Career Field includes operating and maintaining water
processing and waste processing plants, systems, and
equipment. It also includes planning, directing, and
conducting pest management opttrations. There are only
two specialties in this career field: pest management and
environmental support. A brief description of these
specialties follows. In the next section. your specialty
description is covered in detail.

Pest management specialist (AFSC 56650). This
specialist plans and develops pest management programs.
conducts corrective and preventive pest management
operations, operates and calibrates pesticide dispersal
equipment, ensures proper use of safety equipment,
maintains tools and equipment, and supervises pest
management personnel.

Environnzental support specialist (AFSC 56651). This
worker operates. maintains, and repairs potable water
treatment and distribution systems: field water treatment
equipment, and waste processing plants. The specialist
analyzes raw and treated water and applies chemicals as
required. He or she monitors sewage and other waste
roduct disposal to avoid polluting the environment.

As you work with people in the 55 and 56 career areas,
assume a cooperative attitude. This of course applies to all
people with whom you work. It will help CE to get the jobs
done lipier and bezter, which is a major objective of base
civil engineering.

Exercises (006):

I. Match the career field specialties in column B with the
appropriate tasks in colunth A. !terns in column B
may be used more than once.

(ollunn A Colwnn B

1) Plans xx ork for
minor
construction.

'1 Surveys a
location
construct
building .

(3) Levels the
construction
site.

t 41 Constructs the
concrete floor
slab.

(5) Erects the frame
of the building.

(6) Bricks building
exterior.

(71 Places hot and
cold pipes
inside building.

(5) Installs gypsum
boards for
inside walls.

a. Pacemcats maintenance.
h. Equipment operatnr.
c. Carpentry.
d. Masonry.
c. Protective coating.
I. Plumbing.
g. Engineering assistant.
h. Resources managment.
i. Production control.
j. Pest management.

k. Environmental support.

9

Column A

_19) Paints interior
walls and
ceilings

10) Keeps re :. ords
of of
but Win,:

(11 ) Construus
park in,: .irea
and oalks (or
building.

(12) Operates v.

plant.
. (1.11 Poisons rat!:

(14) Monitors
disposal of
trash.

(15) Sprays
mosquitoes.

1-3. Specialty Duties and Responsibilities

If your job wasn't important to the Air Force, it wouldn't
exist. Without your work, buildings would deteriorate,
morale would suffer, and even airfield safety might be
compromised. Also, consider the results if there were no
control of pests, such as termites, mosquitoes, and birds,
and you'll realize just how important you are.

Of course. there are several other vital aspects of your
job. In this lel.son, we'd dig deeper than in the previous one
to fully identify your duties and responsibilities as a pest
management specialist or technician.

007. Identify responsibilities of a pest management
specialist or technician.

Duties and Responsibilities. AFR 39-1, A irman
Classification Regulation. is the official document that
shows your duties and responsibilities as a pest
management specialist. A summary of those duties includes
performing procedures for implementing, conducting. and
evaluating pest management programs to achieve safe,
effective, and economical control and prevention of plant
and animal pests. Read the material in figure 1-4 to get a
more detailed explanation of your duties and
responsibilities.

Pest Management Specialist, AFSC 56630/50. Notice
that the document in figure 1-4 covers both AFSC 56630
and 56650. As you learned earlier, the 56630 is an
apprentice pest manager: the 56650 is the pest management
specialist. Both use the same job description, but the
apprentice is semiskilled in the listed duties. As you work
on the job with experienced people and as you study this
CDC, you will 171,.come more knowledgeable and skilled in
your job. In a short time you will move up the ladder to
become a full-fledged pest management specialist.

You should read your duties and responsibilities a
number of times so that you know exactly what your job
entails. Later, in this CDC, y6a will study the specifics of
your jobthe actual pests, tasks, and procedures for
applying control measures and toxic pesticides.
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Pest Nlanagement Technician AFSC 56670. Since you
will probably work for a technicHn supervisor and you will
work toward being one, you should have some idea (it the
duties of that job. Re ler to hgure 1-5, and read it carefully
helOre sou complete the lollowing exercise. Since the 7-
level technician has progressed through the 5-level
position. naturally he or she is able to perform those tasks in
addition to those perlOnned at the 7 level.

Exercises (007):

. king figures 1-4 and 1-5, mark those duties
portaining to the pest management specialist with a 5.
and those pertaining to the technician with a 7. Some
duties may appl to both skill levels.

11 Develops prod( ;lures and evaluates
effectiveness.

....121 Conducts pest management surveys.

..(31 Researches historical data.
(4) Ensures and enforces personal protection of

perstumel.
_t 51 Selects and applies pesticides.

_ (61 Analyzes pest management problems.
(7) Maintains records of pesticide use.
181 pplies integrated control procedures.
191 Determines efficiency of pest management

procedures.
_1101 Maintains recor(Is of applied preventive actions.
_ 111 Identifies conditions conducive to pest

infestations.
12) Maintains records to account for costs.
I 3) Prepares schedules and makes work

issignments.
t 141 Solves complex pest n-mageinent problems.

_ 15) knsures proper use of personal protection
equipment .

1() Nlaintains securit y and control of hazardous

! 'oilducts
18i Nlaintains tools tud equipment .

1-4. Field Evaluation of Formal School Graduates

Ccitainl for von to perform your job properly, you have
to be elfectivelv trained. Likewise. for us to give you
accurate training, we need feedback from peoph. in the
lield. In this lessons we'll discuss the graduate evaluation
program. its purpose. and how it's conducted.

008. State the purpose of the graduate evaluation
program and the reasons for completing AF Form 1284,
Training Quality Report (TQR).

Evaluation of Craduates. For A.FC to determine the
effectiveness of formal schools and Career Development
Courses (CI WI, it makes an evaluation of recent graduates

l I

to find out how well former students are doing on the job.
This intoi is then used to make adjustments io
training, and possibly in die VeCiiill triti iitmmg st;nuliird
(MS). Thew evaluations are llWd to deb. rwine the:

a. Ahihty of ret'ent ).!1 aduates to perform their assigned
tasks to the It: vel proficiency indicated in the STN.

. Ystent to which !he :tcquired skills are used.
I'Atent w WI know ledge attained is retained.

d. Need to re ise the STS. formal conrWs. or CDC's in
order to improve training effectiveness and responsiveness,
to OK equirements of the using commands.

e. Need for further evaluation of training problem areas
by this evaluation of graduates.

We get this information train field evaluatiel Sistts.
direct correspondence questionaires. and ,job performance
c,Auation reports.

in field evaluations. personnel from limning activities
visit the using agencies to evaluate graduates who have
been assigned within 6 months. Eva luation data conic Frani
discussions with the graduate, immediate supervisms, or
others who know aim wt the graduate's performance. Using
an S-I'S as a reference. the graduate is evaluated on the
frequency of use and ability to perform the tasks for w Inch
trained.

Direct correspondence questionnaires are st_nt to recent
graduates and their supervisor. These questionnaires pertain
to the graduate's qualification in terms of the skill and
proficiency levels reflected in the approved STS.

Job performance evaluations re made by the immediate
supervisor The supervisor fills out an AF Form I 284 (fig.
1-6) when:

a. A student does not meet the proficiency level
specified (or a task or knowledge listed in an approved STS.
To be objective. the supervisor considers the elapsed time
between graduation and operational perk)rmanee as well as
the difference between training equipment and operational
equipment.

b. The graduate is not required to Nrkirm tasks listed in
the STS while working in the assigned AES.

r. The STS code levels or tasks exceed the requirements
of the graduate's .AFSC.

'There are instructions on the hack of the form regarding
its completion .

The CD(' is evaluated bv means of a short questiondire
( II questions) contained in the VRE for the last volume of
the course. Inforniation from these questions is then used
along with other data to revise the course needed.

Exercises (008):

I. What is the purpose of the gsaduate evaluation
prograin?

r-
c.)
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AIRMAN AIR FORCE SPECIAL) Y

PEST MANAGEMENT -iECHNICIAN

I. SPECIALTY SUMMARY

A30-' 6
AFSC 56670

Verforlos and stipervisvs procedures tor implementing, conducting. and evaluatino olimageowiit III 0,11,1op, to
achieve safe, eff,ctive, pconnoncal control and preventi(,n of !dant and animal Ho/ate(' D(')/) Occnpational
Subgroup:720.

2. DUTIES AND RESPONSIBILITIES

a. Provides advice on the solution Of pmblents associated
with pest IlldlIdgenlent. Advises subordinates. superinrs.
end other concerned personnel in planning and managing
pest management programs. Solves complex pest man-
ageinent problems and accomplishes tasks beyond the
technical capabilities of Pest Management Specialists.
M.-.kes appropriate reconunendations to other agencies
when probleim, require action beyond the scope of pest
management capabilities. Develops procedures for yrob-
leins nnt covered by precedent and evaluatCS

b. Performs technical pest management (unctions. Plans.
develops. supervises. and evaluates pest management
pri,c..rams; supervises pest management operations. pre
ventive programs, and operation and caliration of
pesticide dispersal equipment. Ensures and enforces per-
sonal protection of pest management persnnliel. Selects
and applies peste-ides and maintains tonls and equipment.

c. Manages pest managionent activities. Inspects build-
ings. materials, snpplies. equipment. shops. and grounds.
Determines efficienc. of pest management procedures
for prevention and control of arthropods. vertebrate
pests. vegetation, and fungi. Supervises and insp, ut5
technical pest management opetai;ons to ensure comp-
liance with pertinent regulations. Enstires that all applica-
tions of toxic substances cnniply woh iii-Anictions minted
on Environmental Pion4 lion Agency legisteled

3. SPECIALTY

a. Knowledge. Knowledge of biological principles ielat-
ing to plant and animal classification. life cycles, habitat.
identification, disease transmission, and economic impor-
tance; orinciples employed in surveying kir, identifying.
and ernitrolling topulations of plant and animal pests:
classification, characteristics, and hazards of pesticides.
including formulation, applicatirm and disposal techni-
ques and labeling interpretations; pesticide handling.
storage, and disposal procedures; intevated control tech-
niquet: -.4ivironmental protection techniques; safety pre-
cautions and first-aid techniques: selection, use. and
maintenance of equipment and tools; and pertinent
regulations is mandatory. Possession of mandatory
knowledge will be determined according to AFR 35-1.

b. Experience. Qualification as a Pest Nlanagement

labels. Ensures safe storage, handling. and tran,p,,rtation
of toxic substances. Ensures timely maniten.,:,,,y and
secure .storage of tools and equipment. the
enviomment is not threatened by pesticide misuse Per-
forms contintious surveillance of facilities arid opetations
to cuisine r.arly detection of safety hazards. Monitors peq
management operations closely to ensure 11W,NIII1l1111 COSI
effectiveness. Maintains records to account fin costs. tn
compile historical data, and to ensure effectiveness of the

tiest management program. Reviews results of
nperatirmal data in an effort to improve the pest manage-
ment program.

d. Supervises pest management personnel. Observes
workers during performance of duties, to ensure comp-
liance with applicable regulations and prescribed pro-
cedures. Ensures that workers creliply with El'A
registered labeling instructions when formulating, apply-
ing. and disposing of toxic substances. Takes immediate
action to correct unsafe practices, imprnpel!y functioning
equipment. and other deviations from prescribed pro-
cedures. Prepares schedules, makes work assignments
and follows up to ensure compliance with work schedules
and assignments. Maintains iecords on assigned person-
nel and performs required per,odic performance evalua-
hints. Orients new personnel, conducts on-the-job train-
ing. and ensures adhererwe to all applicable pin simnel
directives.

QUALIFICATIONS

Specialist is mandatory. t addition, expelience in per-
forming or supervising flan-time5 such as testing, controll-
ing, and preventing insects and other arthropods. vertebr-
ate pests. vegetation an(h fungi: or inspectino, troub-
leshooting. mid operating spraying. dusting. and hunigat-
mg equipment is mandatory.

c. Training:
(1) Owupletion of an advanced pest management

course is desirable.
(2) Completion of prescribed 7-level management

course is mandatory.
d. Other. Nn history of entomophobia. claustrophobia

or hypersensitivity to pesticidal chemicals or arthropod
Ve1111111s is mandatory fc- award and retention of this
AFSC.

88- 60

Figure 1-5. Pest managentent technician dwies and respon.ibilitics.
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SSgt Doe was unfamiliar with flight plan and
control information; required extensive OJT co
meet the "26. standard.

Mot familiar with clearance Unita, airway
structures, clearance. from center.

Mot sufficiently trained on applying %eparation
radar Or nnnrnder co progrest satist-acto,ily to
higher skill levels. Repeated OJT required co
meet minimum requirements.

individual could not operate precision radar;
totally unfamiliar with procedures. SSgt Doe
stated he did not her covering the subject
matter during tech school.

4,1-3:xxxggeg summer.

Figure 1-6. Sample, AF Form 1284.

2. List three requirements for the supervisor to complete
AV Form I 284.

13

3. Personnel from training activities visit usinl..! agencies
within how many months after the graduates are
assigned'?

BEST COPY AVAILABLE



CHAPTER 2

Managing Activities and Resources

IMF MANAGEMENT philosophy of the Air Force
includes getting tuaximutn efficiency for each dollar spent
while reaching planned objectives. 'Hits means you must
use human, material, and financial resources as effe,:tively
as possible to meet the organization's goals. As you
supervise or work with people. ask and answer these two
questions: "Is the job being done well?" and "Is there a
better way to do it?'

The key to improving work isn't necessarily an attempt to
speed it up hy prodding people. Substandard work may be
brought up to standard by planning projects better,
improving material support. eliminating delays, and
coordinating with other people. So plan your projects well
with activities and resources in mind.

2-1. Managing Activities

The Air Force owns a tremendous amount of property
that niust be operated. maintained. and managed properly.
To do this, the Air Force uses a program concept that is
planned in advance. The program includes allotting
materials and labor hours for work and services done by CE
troops. Various management techniques and forms ti.e used

personnel, and information is maintained in a
computer. Printouts from the computer give data that helps
CE managers make effective decisions.

009. Specify characteristics of the civil engineering
management system.

Civil Engineering Management System. Have you
ever heard tlie phrase "prior planning prevents poor
performance? Well, its true, particularly when its applied
to civil engineering. Satisfactory job performance is
possible Yhen good planning or good management--is
exercised. Let's look into what the CE management system
is like and how it works to meet the variety of base
engineering needs.

Production control center. Althoth/h you won't find it
on the BCE organizational chart, production control
cemer (PCC) is the nerve center of CE operations. It
includes a variety of people. generally in one main locaion.
who oiroct CE work activities. Personnel in the PCC

include the chief to; operations. chief of Icsourecs and
requirements. programmers. schedulers, ctwtrollcrs and
superintendents. There is also the serviee can ro,)in and the
customer service unit (CS111.

The PCC's motto could easily be "proper planning to
ensure professional performance. I lelping the BCi'.
the responsibilities of effectively maintaining base facilities
doesn't just happen. however. The PCC uses a variety of
techniques to make sure work needs arc identified and
satisfied.

Facility survey. This is one of the main tools used by the
PCC tv identify work needed on base facilities. hicility
surveys are made periodically on pavements, buildings,
grounds. and utility sy.items to identify major work
requirements.

The chief of planning usually picks surveyors who arc
familiar with tlie faci:ities and types of work involved. 'Fite
surveyor records work requirements on Al; Form 1135.
BCE Real Property Maintenance Request. al(trig with r lug h
work-hour estimates by shop for each work request on the
form.

After tlie form has been processed. the CSU review. it
and prepares the apr...)priate work authocizat ion documents
(we'll discuss these later in this chapter).

Recurring work. Of course, not all the w oil: done by Ck
needs to be reported in a facility survey. When there is a
series of jobs consisting of operations. recurrin-
maintenance, service work, and other work for which the
scope and level are known without an earlier visit to the job
site, we call it recurring work. Recurring work includes
such jobs as snow removal, pest management services.
cleaning pavements, and cutting grass. Basically. this
program encompasses all work of a normally recurring
nature except utilit, operations and contracted services.

NOTE: You want to be careful about adding pe.t
management operations to the recurring w irk program.
There are many factors that can affect tegular pest
management schedules, such as the .weather. the season:
pest populations. the presence of nontarget animals, etc. In
Volume 2. you'll learn about conducting pest management
surveys and documenting your findings. Use these findings
to determine if certain pest management futxtions in your
shop should be included in the recurring work schedule.

14 61



For services and operations, the shop supervisor reports
recurring work requirements on AF Form 1841,
Maintenance Action Sheet. This fon-n then sent to the
section superintendent for approval. . le hours workers
spend on recurring work are authori.; .1 on AF Form 561,
Base Civil Engineering Weekly Wor chedul,.-. Controller
assignments are made and controlled either by daily or
weeldy work packages. The worker keeps the job
completion cards together for each package until he or she
reports that the jobs are completed. When the work is done,
the worker calls the controller to report the completion time
wd the actual amount of time it took to do the work.

Inservice Work Plats (1WP). You've probably heard of
IWPs, and there is much we could discuss about them.
Their impact on you, however, is minimal. Briefly, 1WPs
are used to time phase work done by the shops and to make
and kccp commitments to BCE customers. It allots work
hours to repairs, maintenance, operations, services, and
CE-initiated minor construction work. The IWP
programmer uses the report to ensure that workloads are
adequate to keep all shops productively employed.

Base engineer automated management system. In civil
engineering it is necessary to keep an enormous amount or
records. These records include the amount and types of
pesticides dispersed on base; amount of refuse disposed;
labor hours required to operate water plants; and size,
shape. condition, and cost of each facility. Many other
records are required by law to be kept. Even your name and
employee number are part of the records. When
information of this sort is needed, civil engineering merely
asks the computer in symbols it understands to furnish this
information. In matter of seconds the computer replies
with up-to-date answers.

The name used to identify the automated data processing
system k I3EAMS. This abbreviation stands for base
engineer automated management system. The computer
used is thc Burroughs B-3500. BEAMS Fovides a means
of automating a large number of civil engineering records
and files. These files arc maintained with ease and
efficiency. It is important that they provide information for
a groat ariety of computer products that are available to
inanagers on demand. These products are used by managers
to make many important decisions. Actions of most all
personnel within civil engineering affect the information
within the computer files and records and. ultimately,
influence the content of the management products. These
mlbences are either direct, as are the actions of peNonnel
who maintain cost. real property. work control, and
programming record files; or indirect by the action; of
personnel who report the labor hours and materials used to
finish an assigned job. It is of utmost importance that all
civil engineering people know that theft actions directly or
indirectly influence the accuracy of the information
contained in the automated system and, consequently, the
management products that the system produces. The
reliability of their contribution builds their own faith in
BEAMS and the decisions of those who use it.

Exercises (009):

Identify each true statement and correct the ones that are
falw.

6? 's

1 The customer service unit is the nerve center of
CE operations.

A facility survey is periodically made for each
facility on base to identify major work
requirements.

The fac i it y surveyor identifies work
requirements on AF Form 561, Base Civil
Engineer Weekly Work Schedule.

4 Work I'm which the scope and level is known
without an earlier visit to the job site is called
inservice work.

5 Recurring work requirements are reported by
the section superintendent and approved by the
chief of operations.

6 Controller assignments for recurring work are
made by either daily or weekly work packages.

7 As each work item is completed. the worker
informs the controller as to completion time,
actual time requirements. and materials used.

8 Work heurs for maintenance. operations,
services. and CE-initiated minor construction
work are allocated in the inservice work plan.

9 The base engineer automated managtftnent
system (BEAMS) is used to process civil
encineering records.

010. Identify Air Force forms used for requesting given
work orders.

Requesting Work. The requests for work to be done on
an Air Force base far exceed the CE resources available.
Resources for essential construction, openit ion.
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Figure 2-1. Sample. AF Form 332.

maintenance, repair, and services must. be given first
priority. If. tor example, you want 150 feet of concrete
sidewalk constructed near your shop, you would request
this work on an AF Form 332, BCE Work Request (fig 2-
1). Because of the large number of work requests, you must
explain why the work is needed. You must also include an
impact statement--that is, a justification concerning your
organization and its missithi if the work is not done. The
approving authorities will use this justification to decide
which work should be approved. Since the mission comes
first, it is obvious that those requests that have the greatest
impact on the mission have the best chance of being
approved.

BCE Work Request (AF Form 332). There are a number
of ways people may request work or services from civil
engineering. One way is to use AF Form 332. This form
may he used as a request for work and as a work approval or
disapproval document.

Since you may desire to submit an AF Form 332 to
-quest work. you should know the types of work that apply
the form. The 332 is used to request:
a. Inservice construction or minor construction work.
b. Maintenance and repair work done by contract.
e. Work on leased facilities, except minor repairs.

Nt SITS it Clort

ci. Self-help work.
e. Locally manufactured supply or equipment items.
f. Minor construction work costing less than $2000 for

base facilities or $100 for military family housing.

You should have no trouble preparing the work request
since instructions are on the back of the form. Figure 2-1 is
a completed copy of the front of the form. The description
of the work requested (block 9) should be supported where
possible by sketches, plans, diagrams, specifications,
photographs. drawings or any other information that will
provide a clear. complete description of the work you
request.

Notice item 23 of figure 2-1. It is the BCE's
recommendation. The approving authorities use this
recommendation and other data on the form to deci(l.' its
action or approval. If, for instance, the base civil engineer
recommends disapproval because required resources are not
available, it is highly probable that the board will
disapprove the work request.

BCE Real Property Maintenance Request, AF Form
1135. Building custodians and facility survey inspectors
use AF Form 1135 (fig. 2-2) to identify for CE routine
maintenance and repair needs for the facilit;es. Examples of

16 6 3



..'........'"".se
BCE REAL PROPERTY MAINTENANCE REQUEST

maintenance or repair requirements that are not
In emergency of urgent In nature. Propene end forward original and one,.
copy to BCE for each (minty on which work is requested. Item the
lart cOPY for your file.

TO: Base Civil Engineering FROM: (Name. Grade. and Organizatiun)Ts,r 6-04,tir
77:3 cEs

RETURN TO: (Oltire Symbol)

DEH P
I. FACILITY NO. OR MF.J STREET ADDRESS

____________2S_S.2____________.
2. PHONE NUMBVR(S)

6,7.3y l e;A3,,r
3. DESCRIPTION OF WORK REQUIREMENTS (A thorough descriptkin of maintenance requitement/SI wilt Mini"
mite the need for CE personnel to visit thelob rite to determine **at work is requested and what took equipment.
4,ed materigis are needed, thereby completing the work on the first attempt. Answer these questions: What '
1171ere? How ntany? Type/site? Color? Rate? Urgency? Time restrictions?)

FOR CE USE ONLY
a. DATE RECEIVED

. REPA/R PRalc. NORDWARE 012 exrERIew
10. ACTION

Doog n E _of DvIca21376-

2 . REPL&E Of90 A kn n B on inT ER OA not, If_
OF 4 pont ai

4. DATE OF FiErayEST $

/ 7 Marr-4 S-3
SIGNATURE elECI ESTOR

6. REVIEW/ACT1ON BY
CUSTOMER SERVICE

DATE siGNATURE

S. REVIEW/ACTION BY CHIEF
PRODUCTION CONTROL

DATE sIGNATURE

7. ASSIGNED FOR ACTION A. FUNCTION/INDIVIDUAL B. ACTION REQUIRED

S. CUSTOMER NOTIFIED DATE SIGNATURE

AF "mu 1135MAR 70 ININIVIOUS EDITION WILL. SE USED.

Figure 2-2. Sample, AF Form 1 135.
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this type of work arc repairing a screen door On MEI!,
replacing cracked floor tiles in a building, and repairing a
leaky cold water faucet in a latrine.

Service calls. The service call method of requesting
work is used tbr emergency and urgent job orders.
Examples of emergencies are:

a. Loss of steam in a steam-heated building.
b. Water flooding the floor in a kitchen.
e. Water pressure failure in military family housing.
d. Electrical power failure in a facility.
e. Clogged plumbing in a latrine.

Leak in a natural gas line.
g. A window knocked out in subzero weather.

When situations similar to the above occur, the service
call is used to correct them. Under the service call concept,
BCE uses two ways to meet emergency needs: the do-it-
now (DIN) service call and the shop referred service call.

Do-it-now (DIN) service calls. lf you mu:t call the
service call specialist (SCS) in CE regarding an emergency
situation, such as a stuck latrine valve, the service call
specialist will notify a DIN plumber by two-way radio and
dispatch him or her to your location. The DIN plumber, like
other shop workers, has a DIN vehicle stocked with parts,
tools, and equipment needed to perform service call work.

The goal of service call management is to get the job
done right the first time and every time. You should expect
the DIN plumber to unstick the latrine valve and perform
maintenance on it so that it will not stick again. CE expects
DIN workers to complete the job on the first trip to the job

site. To do this, the SC'S must get all the information
necessary to clearly describe the job to the worker. The SCS A
must be courteous but must find out if a danger exists; what I
the problem consists of; when, where, and how it happened;
make, type, size, or color; urgency of need; and any time
restrictions. Although there is not a time established for
DIN calls, it is essential that the DIN capability be kept as
mobile as possible.

Shop referred service calls. A service call can be
referred to a shop only with coordination through the PCC.
A service call would be referred to a shop for completion if
it meets at least one of the following conditions:

a. If the work appears to be beyond the DIN capability.
b. If the DIN craftsman is unable to complete the work.
c. If the work would require more than a reasonable time

to be completed by the DIN craftsman. (Not limited to one
hour but should not be tied up for several hours.)

For any service call referred to the shop, the service call
specialist prepares an AF Form 1879, BCE Job Order
Record (fig. 2-3).

Exercises (010):

For each of the following written requests for work,
indicate whether it should be submitted on AF Form 332 or
AF Form 1135. Write the correct form number in the
appropriate blank.

1 Request BCE to repair floor tile in MFH
quarters.

FACIUTY NO. CTIVITY OR 5-TREE r ADDRESS DATE IME JOB ORDERNO.
NAME AND GRADE OF REQUESTOR PHONE NO/ALTERNATE COLLECTION WORK ORDER NO.

SERVICE REQUIRED
ZONE
NO.

TYPE OF SERVICE

EMERGENCY SMART

URGENT M FH

ROUTINE MC

WORK ID CODE ESTIMATED TOTAL TIME

REQUIRED COMPLETION DATE ESTIMATED COMPLETION DATE CREW SIZE ACTUAL TOTAL TIME

AREA/FACIUTY WHERE.MDD 15 LOCATED REMARKS (Tools, equip. matertais, special
craftsman multi.shop notes, etc.)

DANGEROUS CONDITIONS EXISTING (if any)

RESTRICTIONS (time. entry, security)

MAKE OF EQUIPIWT.NT TYPE/SIZE OF ITEM COLOR OF ITEM

ASSIGNED TO DATE TIME COMPLETED BY DATE TIME INITIALS C I 2 LUC

REFERRED
TO

DATE TIME COMPLETED BY DATE TIME INITIALS LUC 12 LUC

DEFERRED
TO

DATE TIME DISPOSITION AUTHORIZED

AF FORM PREVIOUS EDITION IS OBSOLETE.

Figure 2-3. AF Form 1879.
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. Request 13CE to erect a new wall in an existing

3. Request BCE approval for you to paint your
shop office and locker room using BCE-
supplied paint and materials.

4 Request BCE to repair door hardware on an
exterior metal door.

5. Request BCE to construct an equipment storage
shelf for your shop.

Identify these statements as being true (T) or
false (F). Correct the false statements.

6. Replacing two damaged roof shingles in an
MFI-1 should be requested through service cull.

7 You should call service call if the backdoor of
your shop won't lock at quitting time.

8 Service calls are used only for urgent and
routine work.

9. If a DIN worker can't complete an emergency
job, it will be referred to a shop.

10. If your MFH tub is stopped up, you should
report it to service call.

011. Cite the work authorization form needed to
perform various work actions.

Work Authorization Documents. All CE work must be
authorized on official work documents; but AF Forms 1135
and 332 are not work authorizing forms in the strict sense of
the word; they're work request documents. Even when
they're approved, they are not the types of forms needed to
spend Air Force resources.

You will come in contact with three Air Force Forms that
authorize spending resources (materials or labor hours).
They are BCE Job Order Record, AF Form 1879; Base
Civil Engineer Work Order, AF Form 327; and BCE multi-
Craft Job Order, AF Form 1219.

19

BCE Job Order Record, AF Form 1879. The liCF job
order record is probably the one you see the most fig. 2-3).
It's used to authorize work that doesn't need detailed
planning. special costing. close coordination between
shops. or lots of materials. In addition to emergency and
urgent service call vpe jobs, AF Form 1879 also
authorizes:

a. Routine work work that should he done within 30
calendar days but docs11.1 qualify as emergency OF urgent
work.

b. Structural maintenance and repair team (SN1ART)
work--read on. we'll dkcuss this hor.

c. MFII work --minor work costing less than $ IOU.
d. Minor construction workwork (not in MFH) costing

less than $2000.

Base Civil Engineer Work Order, AF Form 327. This
form is used to authorize work needing detailed planning,
special costing, close coordination between shops, or large
bills of material (fig. 2-4). Work authorized by this form
isn't likely to directly affect you as a pest manager. but an
AF Form 1879 may be submitted that calls for pest
management work to support a larger operation covered by
AF Form 327.

BCE Multi-Craft Job Order Record, AF Form 1219.
This form is used to authorize structural maintenance and
repair team (SMART) work and multiple family housing
(MFH) renovation jobs (lig. 2-5). The SMART team has
workers with various AFSCs who perform routine minor
maintenance and repair work in high-use facilities such as
MFH and dormitories. As you read earlier, AF Form 1879
can also be used to authorize SMART jobs. Here's the
difference: The AF Form 1219 is the primary form for this
type of work. But after it's approved by the PCC chief, if
new SMART team work is needed in addition to what's
listed on AF Form 1219, this new work can be authorized
simply and quickly on AF Form 1879.

Exercises (01 1):

Indicate which form (AF Form 1879, 327, or 1219) should
be used to authorize the following work actions. Write the
correct form number in the given blank.

I Apply pesticide to base headquarters for
cockroach control.
Replace tile, paint walls, and repair bathtub
plumbing in vacant MFH.

3 Apply new tile caulking to MR-1 bathroom.
4 Construct new parking lot next to control tower.

Apply soil sterilant before pouring concrete.
5 Replace dryer receptacle, replace safety strips,

and install new doorknob in dormitory laundry
room.

6 Install three partitions, 10' x 20 x 8' each,
with security wire from top of partition to
ceiling
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BCE MULTI-CRAFT JOB ORDER ow oNOLA

COST COLLECTION WORM NO. FACILITY NO, 0 TIE

NAME OP' IP:SECTOR USING AGENCY INOITIOUAL TO CONTACT (NO/FIC d Plwru Ne,

WORK DESCRIPTION LOCATION MATERIALS
ITEM ONTV UA4

M/HR CRAFT
EST.

MEW.
PLE TE
WORK

A F PZ1S 1219 REVIOUS tOITION IS OSOLETE.

Figure 2-5. AF Form 1219.
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.w.....
QUALITY CONTROL EVALUATION

JOS ORDER/WORK ORDER NUMBER

mi. (I ,,estionnaire is designed to improve Civil Engineering service to %ou nswer all questions cmd ploc.. irt base distributIon

TO:
BASE COMMANDCR
BASE CIVIL ENGINEER
In Turn

FROM: (Base Address, include Bldg/Qtrs. No ) DATE SERVICE
COMPLETED

SERVICE REQUESTED

OUTV SECTION OF WORKER WORKER'S SIGNATURE

QUESTIONNAIRE ,E.Api,m, oii n,., un.....,.) ,. ES N

I. BASE CIVIL ENGINE.ER PERSONNEL WERE COURTEOUS
2. BASE CIVIL ENGINEER RESPONSE WAS TIME:. Y.
I. RECEIVED ADEQUATE NOTIFICATION AS TO WHEN THE WORKER WOULD ARRIVE (If apphcable)
4. WORKER UTILIZED TIME EFFICIENTLY.
I. JOB WAS COMPLETED
E. IF NOT. WERE VOU GIVEN AN ESTIMATED COMPLETION DATE FOR THE JOB?
7 WORK WAS PERFORMED SATISFACTORILY.
I. JOB SITE WAS CLEANED UP AFTER COMPLETION
REMARKS

rm.
CUSTOMER'S SIGNATURE DATE

AF :4-gr:. 1255 REVIOUS EDITION WILL ME USEP.

Figure AF Ferm 1255.

012. Given necessary information. make appropriate
entries on AF Form 1255, Quality Control F aluation.

Monitoring Customer Satisfaction. What is the first
thing you should do when you arrive at a new job site?
Pump up your sprayer? Survey the area? A,:tually. you
should give your customer an AF Form 1255. Quality
Control Evaluation (fig. 2-6).

'Me purpose of this form is simple. It's to motivate you to
give timely and quality service to BCE customers. It's also
a management tool used to improve customer relations and
your productivity. This form says to your customers that
you care about your work and so does the BCE. By giving
your customer this form at the beginning of the job. he or
she knows on what to evaluate you as you do the work.

There are some entries you should make on this form
before you hand it over. nore of them having to do with th-
worker's good looks and .:harm. Specifically. you shouki
include:

a. Job or work order number.
b. Description of the service requested.
c. Facility number.
d. Your name.
e. Your duty section.

21
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After \ 'our customer completes !he foi in end it to the
base commander and then the I3CE. Each month, IE gives
the BCE ..tatistics for aH CE shops regarding notable
evaluatior.. (both good and bad). Operations
superintc,:ients and supervisors also get the ivsults through
the chief of operations.

Exercises (012):

I . Usc figure 2-6 to complete this exercise. Use the
following information to complete the parts of AF
Form 1255 you are responsible for as a worker.
Job order number: 5826.
Customer name: SSgt Hipsley.
Building number: 1927.
Work requested: control rodents in basement.
Action taken: placed glue traps in basement.



013. Given necessary information determine
appropriate entries on AF Form 561, part L

Preparing Work Schedules. For recurring work to be
scheduled, it must first be identified. To do this, the shop
supervisor uses AF Form 1841, Maintenance Action Sheet
(MAS). This is filled out for each shop having services or
operations antt serves to identify the nature, scope, and
location of the\ work to be done. All of this should be
completely accurate since it covers a whole month. The
completed MAS is then reviewed and approved by the
appropriate section superintendent.

At this point, all recurring work requirements arc ready
to be scheduled. This is done on AF Form 561, Base Civil
Engineering Weekly Work Schedule (fig. 2-7). The
scheduler and supervisor work together to complete this
form, the supervisor being primarily responsible for Part I
of the form. This gives the scheduler an estimate of the total
work hours available in that shop. Later, at the CE weekly
scheduling meeting, the scheduler and supervisor
consolidate required maintenance actions by area and
facility to help minimize travel and setup times. Then as the
work is done, the scheduler completes Part II of the AF
Form 561.

Now that you have an idea of how scheduling is done,
look at the kind of information you put on AF Form 561,
Part I. Refer to figure 2-7 as you continue the lesson.

Column A is a description of where your labor force
comes from and what it spends time doing. Column C
describes the number of hours people in your shop will
spend on each type of work. For example, if you have six
people assigned to your shop, each working an 8-hour day
and 5-day week, you would enter "240" in line 1, column
C (6 x 8 x 5 = 240). If you were experiencing lots of
termites this season, you may have borrowed two workers
from other shops for that week. Then you would enter
"80 on line 2, Column C (2 x x 5 80). After you
come up with the total work hours available for that week,
you would then space them out for the coming week as your
work load dictated.

Get the idea'? Find out by using the information you just
Icarned to complete the following exercises.

Exercises (013):

I. Indicate the correct order in which the following steps
are clone by entering 1 through 5 in the appropriate
space.

_ ___(1) Scheduler and supervisor consolidate required
maintenance actions.

(1) Shop supervisor completes AF Form 1841.
MAS.

(3) As work is done, scheduler completes Part 11 of
AF Form 561.

(4) Section superintendent reviews and approves
completed MAS.

(5) Shop supervisor completes AF Form 561, part I.
or gives the scheduler necessary information.

23
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2. Use the following information to complete appropriate
parts of AI: l'oun 561, Base ('ivil Engineering Weel\ly
Work Schedule in figure 2-8. Assume you :ire the shop
supervisor.

( 1 ) You have six other people assigned to your
shop (don't forget yourself).

(2) For the coming week, you're borrowing tme
person from pavements and grounds for
herbieiding operations.

(3) You'll spend 20 hours next week on
supervision.

(4) One airman will be on ieave for 3 (lays.
MondayWednesday.

On figure 2-8. enter the appropriate work
hours in Column C* for each category. Then
enter your estimated schedule for the hours
available in each category for the coming
week.

014. State the purposes of labor-hour accounting, the
two methods of time accounting, and the correct
procedure to record labor hours expended.

Labor-Hour Accounting. A labor-hour accounting
system is designed to provide a uniform method of
maximum accuracy with minimum effort and cost. Labor-
hour accounting provides CE management and base
accounting and finance with direct labor costs against work
order numbers. It also helps CE management direct and
control manpower resources. There are two methods of
time accounting, the actual time accounting (ATA) system
and the exception time accounting (ETA) method. Each
BCE uses one method or the other to report labor.

Actual time accounting (ATA). Cost centers of BCE
using ATA report the total number of direct hours expended
against each work order number by labor utilization code
(LUC) and the total number of indirect hours charged to
another LUC. An AF Form 1734. BCE Daily Work
Schedule, is used by ATA cost centers to record labor hours
daily. An AF Form 1734 is shown in figure 2-9.

The back of the form is used to record the indirect hours.
such as leaves. etc.. and to compute the total direct and
indirect hours for the day. The hack of the form is not
shown in the figure.
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BASE CIVIL ENGINEER WEEKLY WORK SCHEDULE ( PART I ) WEEK ENDING COST CENTER APPROVED 1

LINE
NO. DESCRIPTION

LABOR
UM

CODE

ItUC)

B

NANIIIIII AILICATIIINS

NAN.'
NRS

C

MON TUES
-

WED THU FRI SAT SUN

SCNTD ACT SCHID ACT SCITED ACT SOTO ACT SCHID ACT ACHED ACT SCALD ACT

1 ASSIGNED

2 BORROWED
t,UA

3 OVERTIME 38
:4 TOTAL AVAILABLE lIsIsIgI Rum 12.11131

5 SUPERVISION 31
6 TRAINING 32 1

7 LEAVE 33
8 ALL OTHER 34
9 LOANED LABOR 39

'''''r-'77:k.,..:,:--
10 TOTAL INDIRECT list" si Ress S tkosit Si
11 AVAILABLE FOR WORK INAM 4 hes Ns NI

Figure 2-8. AF Form 561, Part I (oti ective for 013, exercise 6).

This form will allow a maximum of 44 individuals'
names to be printed on each page. It is desirable to have no
more than 44 individuals assigned to any cost center or
subcost center. The cost center foreman (CCF) coordinates
with the appropriate controller who enters the following
information on AF Form 1734.

a. The date labor is performed is entered at the top of the
form in the space provided.

b. Names of individuals being borrowed from another
cost center and those assigned to that cost center but not
listed on the AF Form 1734 are handprinted on the form.
The should be shown below the first group of names
(military personnel) if they are military and below the
second group (civilian personnel) if they are civilians.

c. If an individual is being lo:.med to another cost center,
the control center code and cost center ccde of the gaining
cost center are entered on the form.

d. Note that if an individual is borrowed from another
cost center, the leading control center code and cost center
code :Irc not entered on the form. The individual will be
reported as loaned by the CCF.

e. Personnel being loaned and/or borrowed between
stibcost centers within the same cost center are not reported
as loaned or borrowed. Their names will be charged to the
work order number against which it was expended.

.f. Borrowed and loaned labor will always be reported
when a change of cost center is involved.

If an individual is assigned to a cost center or subcost
center but does not appear on the appropriate AF Form
1734. the administration section is contacted to make
corrections of the situation.

Exception time accounting (ETA). Exception time
accounting cost centers use an optional form to report
exceptions from their anticipated work schedule. Those
personnel assigned to cost centers whose duty is related to
only a single BCE cost account code report their time on an
exception basis only. Hence, normal duty will not be
reported. All labor is assumed to be direct, under the LUC
column, until reported otherwise.

25

Exercises (014):

I. What are the two purposes of labor-hour accounting?

2. What are the two methods of time accounting?

3. What form is used to record labor hours daily'?

4. I-low and where would the entry be made For Sgt Joe
A. Foyt who is borrowed from another cost center'?

015. Specify requirements concerning pest management
contracts.

Pest Management Contracts. As a pest manager, you
are responsible for monitoring pest management contracts.
These contracts may be entered into if it is in the best
interest of the Government and in accordance with existing
regulations.

The statement of work (SOW) for the contract is prepared
by the base civil engineer, coordinated wit'i the director of
base medical services, then forwri-ded to the major
command for approval before he'lg, submitted to
procurement for bidding from commerci:il sources.

Causes that may require a pest contract to be initiated arc
lack of personnel or equipment to handle the situation
adequately or the installation may be of a size that would
not justify the manning of the AFSC.
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If it is in the best interest of the Air Force to use a pest
management contract, a certified and competent pest
manager will help the BCE prepare the contract. Your
assistance is needed to make sure that the contractor is
going to use only chemicals and equipment approved by the
Air Force and chemicals that are registered by the EPA. It is
necessary to ensure that contractor supervisory personnel
employed are currently licensed as certified applicators.

Pest managers must supply certified Air Force personn2I
to monitor contractor services to ensure that the eo7dractor
is in compliance with safety standards and application
procedures, while being cautious not to damage the
environment.

Exercises (015):

I . The statement of work for a pest management contract
is prepared by the

2. Who coordinates with the preparer of the pest
management contract?

3. Who must approve a pest contract before bidding?

4. What requirements must contractor supervisory
personnel meet for the Air Force?

5. Who monitors pest contract services!

6. The contractor is monitored for safe practices and
being cautious not to damage the

2-2. Managing Resources

In order to get the job done, resources such as tools,
materials, and equipment must be used. If proper
management is not exercised, Government property may
become lost, stolen, or abused. Since you work for the Air
Force. it is just as important that you keep a protective eye
on Air Force property as you do on your own. If you cwn a
new sports car with a tape player and CB, you certainly
know how to protect it. You should protect a Government
vehicle or a test meter with the same diligence.

It is important that you understand your responsibility for
Government property because there may come a time when
the Air Force will ask you to pay for a piece of equipment

7 4
27

that is damaged or lost. Your knowledge of the rules may
make you conscious of your responsibility.for its damage or
loss.

016. Identify liability forms and concepts to various
forms or to specific instances of property accountability
and responsibility.

Accountability and Responsibility for Property. The
organizational commander is rLiponsible and accountable
for all property issued to his or her organization, whether he
or she signs for it or not. But because the duties of the
commander make it very difficult to exercise personal
supervision of the supply functions, a commander
designates a person to act as supply officer. The
commander or the supply officermay then designate other
representatives to receive and sign to:- property. But
delegation of duty does not make the commander exempt
from financial liability for loss, damage, or destruction of
property. Property responsibility is the obligation of each
individual for the proper care of property belonging to the
Air Force, whether or not such property has been issued to
the person or to his or her unit. Such responsibility includes
pecuniary liability.

When you buy an article from a store, the moment the
sales clerk completes the transaction, the store drops its
accountability. It then becomes your property, and you are
accountable and responsible for whatever use you make of
it. Similarly, when a stock clerk issues an Air Force item to
you, accountability is dropped insofar as the issuing
authority is concerned. However, you do not become the
owner of the item; instead, the Air Force retains ownership:
and you assume responsibility for the care and protection of
the item.

Supervisory responsibility. Supervisory responsibility
applies to any person who exercises supervision ovel
property received, in use. in transit, in storage, or
undergoing modification or repair. The supervisor is
responsible for selecting qualified personnel to perform the
duties under his or her control and for properly directing or
training them. The supervisor inqructs them in supply
procedures to insure compliance with Air Force regulations
governing property. The supervisor is also responsible for
indoctrinating his or her people in supply discipline
principles.

Custodial responsibility. Any individual who has
possession of Government property has custodial
responsibility for it. He or she is personally responsible for
such property if it is for his or her official or personal use,
whether or not this person has signed a receipt for it. The
individual is also personally responsible for :iny property
under his or her direct control for storage, use. custody, or
safeguarding.

"Finders, keepers** may apply in some circumstances
but not to Government property. If you find Government
property that has apparently been lost. stolen. or
abandoned, you must assume custodial responsibility for it
and must protect or care for it until it can be returned to the
proper authorities. Personnel may be relieved of
responsibility for a particular piece of property in a number
of ways, depending upon the circumstances. For example.



property may be turned back to the base supply office as
being excess to the unit's needs. Other items may be
transferred from the responsibility of one person or
organization to that of another. If you have custody of items
that are damaged or lost through your carelessness, you
may be held liable and may have to pay for them by
deductions from your paycheck.

Pecuniary liability. The word "pecuniary" means
nmney. Personnel having property responsibility also have
pecuniary liability to make good property lost, destroyed,
or damaged due to their negligence. Pecuniary liability may
be shared by persons having command, supervisory, or
custodial responsibility. If a person pays for an item of
Government property, tne property remains the possession
of the Government. This keeps the supply system from
becoming a source of supply for individual personnel.

Cash Collection Voucher. When pecuniary liability is
admitted, the least troublesome way to settle a monetary
obligation is to pay in cash. DD Form 1131, Cash
Collection Voucher, is used for this purpose.

Statement of Charges. If airmen or civilian employees
admit liability but do not have the money to pay cash for
property damaged or lost, DD Form 362, Statement of
Charges for Government Property Lost, Damaged, or
Destroyed, is used. When either the Cash Collection
Voucher or the Statement of Charges is used, the amounts
involved must be less than $250. If $250 or more, then the
Report of Sitrvey is used.

Report of Survey. When an individual will not admit
pecuniary liability or when the amount involved is $250 or
more, an AF Form 198, Report of Survey for Air Force
Property, must be prepared. Two officers are directly
concerned in preparing a Report of Survey: the appointing
authority and the investigating officer. The appointing
authority is the commander or other officer with jurisdiction
over the individual responsible filr the property. The
appointing authority appoints a survey officer (the
investigating officer) whose duty it is to make a detailed
and impartial investigation (survey) of the circumstances
connected with the loss, damage, 'or destruction of the
property. A survey officer is not necessary in every
instance. In some cases, the appointing authority may make
reconunendations and forward the Report of Survey to the
base commander for review and approval.

As a result of the findings, the person responsible for the
property may or may not be required to pay for it. If the
authorities decide from the evidence that the responsible
individual is negligent in caring for the property involved,
then he or she has to reimburse the Government by paying
in cash (the Cash Collection Voucher) or authorizing a pay
deduction (Statement of Charges).

Exercises (016):

I. Match the items in column A with the applicable
responsibility or liability form in column B.

Cohrinn A Column B

(11 Make good
the loss of
property.

a. Supervisory responsibility.
b. Custodial responsibility.
c. Cash Collection Voucher.

Column ,4

_121 Luss ol
property in
excess ot
S250.

(3) DD Form
1131.

(4) Admit
liability
PaY

and
for

property
(5) indoctrination

in supply
procedures.

(6) Detailed
investigation
concerning
loss of
property. .

(7) Admit
liability but
does not have
the money to
pay for the
loss.

(8) Less than
$250 involved
in the loss.

(9) Least
troublesome
way to settle
for loss.

(10) Take care of
property you
find.

(11) Means
money.

(1') DD Form
362.

Column 13

d. Statement of C'harges.
e. Report of Survey.
1. Pecuniary responsibility.

017. State the correct use of AF Form 1297, Temporary
Issue Receipt, and its period of use.

Pi85

Temporary issue Receipt. Figure 2-10 shows AF Form
1297, Temporary Issue Receipt (custody receipt), for items
issued on a temporary basis (normally, 24 hours). Once
done, however, this receipt can remain in force until
surrendered by the unit supply officer. The form is
sometimes called a custody receipt, or a hand receipt,

Exercises (017):

I. For what purpose is AF Form 1297 used?

2. Normally. how long is the AF Form 1297 used for
items on a temporary basis?

018. State the purpose for inventorying Air Force
property and identify rules of supply discipline.

Inventory of Air Force Property. Inventory of supplies
and equipment is an important task in managing resources.



I acknowledge rnceipt of and responsibility IAW AFR 67-10 for the items described below and will return them by the return date indicated.
ISSUED TO: SIGNATURE DUTY PHONE ISSUED GY

ISSUED TO: NAME. GRACIE. ORGN (Type or print) ORGN ACCT No. DATE OF ISSUE RETURN DATE

STOCK NUMBER DESCRIPTION OF ITEMS U/I ONTY

FORMssp sz 1297 PREVIOUS FOITION WILL. DE USED n us GOVERNMENT PRINTING OFF,CE 1982 -380-979/ 264 TEMPORARY ISSUE RECEIPT

Figure 2-10. AF Forrn 1297.

An inventory is an actual on-the-spot check with your own
eyes to sec whether or not specific signed-for items of
property are actually there. It also includes a check of
expendable items (such as pesticide concentrate) to verify
an amount on hand sufficient to perform the mission for a
given period of time. The results of not checking can be
seen in this hypothetical situation. Sergeant Brown was
given the job of inventorying equipment. Without actually
seeing all the property, he signed papers stating that the
equipment shown on the records was on hand. Five days
later when a C-14 I cargo plane landed to pick up
equipment for delivery to a hostile area, the portable water
purification unit was missing. This equipment was urgently
needed to provide drinking water for frontline troops. A
court-martial investigation proved that Sergeant Brown
could not possibly have seen the unit because it had been
mistakenly shipped by an airman to another base. No need
to stress that Sergeant Brown was in trouble. The point is
that you are asking for trouble if you make such an
inventory or falsify official papers. Certainly you wouldn't
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deliberately hurt anyone. but a false inventory can cause
serious difficulties, and the one you hurt most may be
yourself.

During an inventory. if you detect errors in description of
property, in amount, capacity. measurement. or condition.
make a note of it and take steps to correct the records. Most
deficiencies arc the result of minor human errors. They can
be solved easily by coordinating with othcr people and by
using common sense. Can you imagine the embarrassment
to your supervisor if the Inspector General reports that your
shop should have 12 cases of a restricted-use pesticide but
only 2 are on the premises?

Many deficienr-s in inventory records are caused by
simple errors of iition or posting. An example of such
error of addition can be seen in this hypothetical situation.
Suppose that it takes 500 pounds of wettable powder
herbicides each month to control weeds around runway
lighting and that it takes 4 weeks minimum to get the
herbicide when it is ordered. A specialist adding an
inventory list added the following numbers.



375
125 lbs.

herbicide A
herbicide 13

5000 total lbs. het bieide

Actually, only 500 pounds of herbicides are on hand. If
this error is not discovered, a very serious situation will
develop because in 25 days there will be no epoxy for the
runway. This situation could even cause embarrassment
when the base commander requests emergency funds and
emergency deliveries from higher headquarters.

Supply Discipline. Supply discipline simply means
obeying a set of rules necessary to conserve and protect Air
Force equipment and supplies. To state it in another way
"Play the game according to Air Force rules, not according
to personal desires." To protect our country from our
enemies. the Air Force must be ready to act at a moment's
notice. The following rules will assure this state of
readiness.

Rule I. Air Force equipment must be operational. If it is
broken down, you can't use it. Proper maintenance must be
provided to keep equipment in a like-new state.

Rule 2. Adequate supplies must be on hand and in good
condition. Do not hoard or requisition more supplies than
you actually need. This practice results in shortages in some
areas and overages in others. Overstocking and hoarding to
meet unforeseeable needs places a wasteful demand on
procurement funds by generating false requirements.

Inadequate stocking of supplies and equipment can be
equally damaging. This concon may result from failure to
maintain ad;quate records and from failure to correlate past
experiences with present needs.

Rule 3. Use equipment and supplies for their intended
purposes. Do not take them for personai use.

Rule 4. Safeguard equipment and supplies, Millions of
dollars of Air Force supplies and equipment have been lost.
stolen. or damaged in the past. This conditiou benefits the
enemy. not the Air Force.

Rule 5. Keep accurate. current records of resources
required. received. consumed, and on hand. Accurate
:R.ounting and records result in an even flow of resources
to meet Air Force needs.

Exercises (018):

I . Briefly state the purpose for an inventory of Air Force
property.

2. Define supply discipline.

3. List five rules of supply discipline.

4. For each of the following situations, determine which
rule(s) is/are being violated by entering the rale
number in the space provided. Some rules may be
used more than once or not at all.

a The snut!! equipnlent storage room is left
unseciired.

h While working on a large piece of
equipment. Sergeant Campbell uses a
large wrench as a hammer.

c. Sergeant Wheeler doesn't complete a
herbiciding operation because a fan belt
breaks on the hydraulic sprayer.

d A mist/dust blower engine needs oil, but
Airman Lee doesn't add any because they
ran out. As a result the engine throws a rod
while the airman is applying insecticides.

019. Identify correct characteristics of the equipment
authorizatio . system.

Before starting work on a job, you must have the proper
tools and equipment. The equipment authorized to your
work center is based on two interrelated factors: the unit
mission :And the number of people. If the mission requires
authorization for certain vehicles or similar major items,
operator personnel must be authorized; as more personnel
are autho..- 1. quantities of other types of equipment are
affected.

Equipment Authorization. Bases obtain supplies and
equipment and issue them to units according to an
authorization system. Although there are a variety of
authorization documents, the most common one is the table
of allowance (TA). Such tables are published to prescribe
the exact items and quantities that each base or unit may
draw (procure). The TA lists equipment on the basis of the
needs of average Air Force uuits. The exact composition
and mission of the unit, the number of facilities belonging
to the Jnit. its geographic location, and many other factors
affect the types and amounts of items a unit requires.

The master equipment management index (MEMI) is
used in connection with the TAs. The MEMI (TA-001) is a
consolidated listing of equipment items in accordance with
the latest USAF Federal Supply Catalog. The items are
cross-referenced to TA numbers for the particular
equipment needs.

Suppose you need to find out how many desks a newly
organized Air Force unit is outhorized. First look up the
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item by name (desk) in the latest Federal Supply Catalog.
This will give you the class number, 7110, in the
descriptive portion, which will let you choose the desk
suitable for your organization. At this point, you will find
the complete stock number and the correct nomenclature
(description) for the desk you want. Now iook up the stock
number in the MEMI, which lists stock numbers in
numerical order. This will refer you to thr: correct TA
number. This TA will tell you how many desIzs your unit is
authorized. The table of allowance takes into consideration
not only the kind of unit to be equipped but also the total
labor force employed.

Exercises (019):

I . Identify the following statements that arc correct by
placing an "X in the blank provided. Correct those
that are wrong.

(1) The unit mission and the number of people
assigned are equipment authorization criteria.

(2) The equipment authorization document is the AF
Form 1297.

(3) The nomenclature of an authorized equipment
item is found in thc MEM1.

(4) The TA is based on average Air Force units.

(5) 'FA-001 is the MEMI.

(6) The MEM1 and TA are cross-referenced.

(7) The TA lists equiplent authorized for a base.

(8) The MEMI indicates the number of items of
equipment a unit csn
accomplishment.

brocure for mission

7831

020. Cite facts regarding how to request equipment and
supplies.

Requesting Equipment. As a supervisor or equipment
custodian, you'll probahly need to order equipment for your
shop. To do this, use AF Form 601, Equipwent Action
Request (fig. 2-11). nis form is used to increas e. or reduce
equipment authorilation to order new equipment items,
and to turn in or replace old equipment.

Completing the form is simple because all the
instructions are on the back. If you need more details than
this, you would refer to AFR 67-23, Standard Base Supply
Customer' s Guide.

When equipment is received, the equipment custodian
must sign for the item on thc form. If an item is being
turned in, the supply representative making the pickup
gives you a signed copy of the form verifying receipt by
base supply.

Ordering Materials. Materials are ordered by the
planning section of BCE for all work orders requiring
materials. Materiel control prepares the requisition when
materials are required by service calls and job orders.

Figure 2-12 shows a completed AF Form 1445, Materials
and Equipment List, which is used to order materiak. There
may be times that you will be told by your shop foreman to
pick up work order or job order materials from the BCE
holding arca. When you go, you should take the AF Form
1445 with you and compare the materials you are picking
up against the items listed on the form. Check thc
nomenclature to ensure that the item you are to pick up is
the same as the one described on the form. Also, cheek thc
unit of issue to ensure that they agree: most important. you
should ensurc that the quantity you are to pick up agrees
with that shown on the AF Form 1445. If these items do not
agree, do not sign or accept any of the items. You should
immediately notify your shop foreman so that hc or she can
take appropriate action.

Exercises (020):

I. What two sources provide information on completing
AF Form 601?

2. What arc two uses of AF Form 601?

3. What information on AF Form 1445 should be
checked against the actual materials?

4. What is the purpose of AF Form 1445?
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021. State facts regarding BCE supply; and given a GSA
catalog excerpt-, determine an item name and stock
number.

BCE Supply. Materiel control is the focal point in CE
for all items of supply. This section is operated by supply
personnel assigned to CE. They are the authority on
procedures relating to getting supplies.

Materiel control is also responsible, jointly with base
supply. for the establishment and restocking of all bench
stocks, sliops supplies, and rolling stock. Items on bench
stock are limited to those used frequently and those that
must be available in thc immediate work area.

Before materiel control can order the materials you need
to do a job, they must know exactly what you want. The
best way to communicate with supply personnel is to attach
a supply number to the item you want. Sometimes it is very
easy to get a stock number: at other times it requires a joint
effort between you and materiel control to determine a
suitable stock number.

National stock numbers (NSN). The Air Force uses a
system of 13 digits (numbers) to identify any item of supply
in the Government's inventory. In thc past. Federal stock
numbers with 11 digits were used. The two additional digits
are added in the fifth- and sixth-digit spaces. The new name
'national- stock numbers, as the name suggests, refers to a
national or geographical area. For example,
7110-M-273-8791 is furniture, office, chair, rotary,
typist, steel, without arms. The 00 represents the United
States as does 01. Other nations' double-digit numbers, for
example. arc 12 Germany. 14 France, 15 Italy, 21 Canada,
23 Greece. 27 Turkey, etc.

Numbers are used as a code to identify items. Some
number ean be used to identify what an item is. Others can
ht.' used to indicate its weight, size, shape, color, and even
when or how it is to be used. Just as cost accounting
personnel can communicate with tli . computer through the
use of numbers and letters in specified positions on a
keyboard. supply people can decode national stock
nunthers. The Government stocks millions of items of
supply and equipment. Supply people can tell exactly what
iteni I I loin the stock number. You no doubt w ill see many
puhlicatims that still use Federal stock numbers. Do not let
this concern you as they will be updated when the
publications arc tvpublished.

Supply manuals and catalogs. Supply manuals and
catalogs are use1 ul in finding information related to
equipment and supplies the Government purchases and
keeps in inventory. Like a city phone book or a mail order
c:aalog. instructions on their use are given in thc
information section. The supply publication that you will
use more than any other are the General Services
Administration (OSA) supply catalogs (see fig. 2-13).
These catalogs contain items that are common to most
organizations such as furniture, cleaning supplies,
handtools, laboratory equipment, office machines, paint,
and sports equipment.

Exercises (021):

I. What unit in CE is the contact point for ordering
supplies?

2. What is the most important information you can
furnish supply people if you want a laboratory flask?

3. What does the 27 mean in national stock
number 7210.- '7-211- 0351?

4. Refer to fitzure 2-13. What is thc name and stock
number of the item shown in the illustration?

022. Specify directives and organizations responsible for
pollution control and environmental protection.

Pollution Control. Concern for the env, ironment has
evolved at the Federal level over a period of years. Some of
the laws passed by the Congress of the United States related
to pollution control and environmental protection are:

a. Rivers and Harbors Act.
b. Federal Water Pollution Control Act,
c. Clean Air Act.
d. Solid Waste Disposal Act.
e. Resource Recovery Act.
J.. National Environmental Policy Act.

These acts are not static but are updated according to the
changing needs of the environment and the public good
under the National Environmental Policy Act.

National Environmental Policy Act. This act declares a
national policy that will:

a. Encourage product ive and enjoyable harnionv
between people and their environment.

b. Promote efforts that will prevent or eliminate damage
to the environment and biosphere and stimulate the health
and welfare of man.

c. Enrich the understanding of the ecological systems
and natural resources important to the nation.

d. Establish a council on environmental quality.

Air Force environmental protection committees arc
established at Headquarters USAF. each major ;.ommand.
and at each base.

Meaning of environmental pollution. All: 1Q- 1.
PollutUm Abatement awl Em-iramnental Quality. complies
not only with the letter of the National Environmental
Policy Act but with the spirit as well. This regulation
explains env ironmental pollution as the presence of
physical, chemical, and biological elements or agents that
adversely affect human health or welfare.

Air Force Pollution Control AFR 19-1 states
the Air Fec.c policy you are expected to uphold. The Air
Force act,cly supports environmental quality programs. As
a means of enhancing the environment. Air Force activities
are not only required to comply with Air Force directives
but with criteria and standards of the Environmental
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BEST COPY AVAILABLE

5180-Tools
Tool Kit, Crosscut Saw
Reconditioning
4 piece Consists of jointer raker tooth gage
setting block set gage GGGiT 551

SE 5180-00-596-1488

Tool Kit, Diesel Injector
Repair
Cleaning kit for use on N-type General Motors
Detroit Diesel injectors on Dodge and Interna
tionat Harvester motor trucks Bechar ach lestru
ment P/N 66 510:!

EA 5180-00-112-9431

4-ploce. Tool roll Kit consists of two brushes
one reamer, and one stone

SE 5180-00-596-1586

7-plece. Composed ol special tools for repair
and maintenance of fuel injector tubes on Gen.
eral Motors series 71 diesel engines Kent Moore
P/N J-22525

SE 5180-00-596-8541

2-P4Ce. Steel toot box Kit cops,sts of body.
pilot flaring die tube tip refinish er reamers, pilot
reamer

LA 5180-00-116-7463

151 Wee. Steel tool case Kit consists of timing
gages. spray tip reamer. bushing cleaner iniec
tor cleaner. socket wrenches. deburring tool
brushes, sharpening stone, music wire

EA 5180-00-499-3495

Tool Kit, Electrician's
3-plece. Kit contains Pocket krfire iinernans
pliers and leather two pocket too', carrier Parts
list or packing list included

EA 5180-00-408-1859
&piece- Use to malnialh electrical Aire connet-.
tions on wheeled and traclt.ed tes Witr
case Includes stripper and cutler removers
terminal hand crimping tool

EA 5180-00-876-9336
18-plece. Cotton duck roel bag 18" Iong 9 .."
closed heig,ir K:t com-sts of hacksaw blade
drol; I ha:.,saw frame hammer He handle
iiiie voltage indicator insulation tape socket
head screw kuy pocket knife. pliers rale
screwdrisers wren( hes Dated patts
luded MIL T 3837

EA 5180-00-545-8845

22-plece. Metal loot cose Kit rt,y)sislt., l .riel-
ets handles. exter ',ions. SCrewdr.ve-
,sremhes

5180-00-505-5923

24-plece. Canvas toot roil Kit consists of e-.leri
sion blade, screwdriver handles nutdt vet
blades pliers, tapered reamers t,ctewdrivet
blades, adjustable wrench

EA 5180-00-650-7821
46-plece. Metal box Contains inserts name
plate instruction sheets contents chart extra
strirado areas instaliing.removal tooi rem-iv&
tools extra tip for removal tool. instali.ng
universal position head. positioner crimPto9
tool frames, turret heads, service inspection
gage hex wrench Daniels PlN DMC 87

EA 5180-00-178-0029

350

90-plece. Tool cheS1 Dated pate; fel
Kit contains auger br t

soldering torch xil ratc hi tii.s
drill, brace bit crier Srrr r

frame hammers re har ..
ale . pocket knife indicatot so, i.e. '-e70.r.
key Set pliers (love p !c,C,1-,1
cessones multiple saw,.
fiat tip screwdrivers noneler.P 'o ',
sharpening ...!Ilf10 1:

measuring tape wreriChes `,(X.kot f
soOlet wrench !let case h.Irril Ole( , 1
bender

5180-00-313-3045

Tool Kit, Electrical Repair
Kit consists of bag belt hacksaw-biade and
frame chisel g,nves hammer indicator taro'
lantern matting pliers pullet screwdrivers
stripper twine wrench GGG B 60

EA 5180-00-391-1087

Tool Kit, Electronic
System Maintenance
Consists Of 13 components soldering iron
desoldering head piiers screwdrivers Cooper
P/N 100K

FA 5180-00-009-1970

Tool Kit, Engine Repair
6-plece. Includes spacer msla iir remover
support block driver handle orr,ne; rig rod
holder

FA 5180-00-116-7467

7

Kit, Gauge
As. tr. pressure shert

1'; rai.o ta,I
a.m.'s to," p e

Valve -Ina

5180-00-873-3753

Tool Kit, General
Mechanic's

K.t L onsists :it pry Liai pa el r.,,,s1 ho.e, hahri
file flastilig`t: gage hammer ke. set pocket
knife pliers pJriches sore.AO' .e shears
socket wrenches portable too' bc

EA 5180-00-177-7033

Rail and marine diesel eng,,e Tool box
cludes pry bar hacksaw blii le pa r-1
scratch brusn chisel lip I re I
Sets socket nead screw Lt O.InChes 010C,
cornpor ents

EA 5180-00-529-9783

Tool Kit, Groundsman's
Equipment
3 piece Kit t notains rOe II r,alet rim! rOt
er gloves ar-1

CA 5180-00-408-1242

Figure 2-13. Sampk pa00 from GSA i.-ata1012
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Protection Agency (EPA) and State and local pollution
abatement agencies in the area. Standards apply to
buildings, installations, structures, public work.,
equipment, aircraft, and vehicles used by the Air Force.

Designs for buildings, facilities, weapon systems, etc.,
will include pollution controls. Corrective measures needed
to prevent, control, or abate environmental pollution must
be adopted on an accelerated basis. Air Force personnel
should support and assist development of local community
pollution abatement programs, If Air Force operations
generate environmental pollution, action should be taken to
control or eliminate the pollutants, Preventive pollution
control can be provided by reducing or eliminating waste,
selecting chemicals and other materials of low pollution
potential, and including pollution abatement in
specifications.

The discharge or disposition of pollutants must be done
so that they will not expos,; people to substances hazardous
to health; cause substantial harm to animals, fish, shellfish,
or wildlife; cause economic loss by damaging plants or
crops; or cause groundwater contamination. Waste disposal
contracts must comply with local, State, or Federal
standards. Municipal or regional waste disposal systems are
preferred for disposing of waste from Air Force facilities.
When Air Force waste systems must be installed, laboratory
and other supporting facilities wiil be provided. Air Force
pollution control facilities must be operated only by trained
people capable of meeting operator certification
requirements of the State. If no State requirements exist,
operators must meet Air Force standards.

All materials. such as solid fuels, ashes, petroleum
products. and chemical agents, must be stored, handled,
and used to minimize water and air pollution. Engineering
safeguards, such as dikes, catchment basins, and relief
vessels necessary to prevent water pollution by accidental
leakage of stored fuels, solvents, oil- . and other rthemicals,
are required. Any discharge of radioactivity must meet
Atomic Energy Commission and EPA regulations and
requirements.

The environmental consequences of a proposed action
must be assessed early in the planning process. Programs
and aoions are to be planned and carried out to avoid as
much adverse effects on the environment as possible.
Oversea installations must conform to the same pollution
abatement policies as prescribed for domestic installations.
Environmental protection matters are to be coordinated
with all concerned agencies to avoid duplication and to
insure timely solutions to mutual problems.

The base environmental protection committee operates
under detailed instructions issued by the major command.
The committee reviews environmental impact assessments
and statements to insure that the intent of the National
Environmental Policy Act and Executive Orders are carried
out.

Exercises (022):

I. What Air Force document deals with pollution
abatement and environmental control?

2. What congressional act deals with the national policy
of productive and enjoyable harmony between people
and their environmciic?

3. Where are Air Force environmental protection
committees established?

4. State Air Force policy on cooperation with federal,
State, and local agencies to control pollution.

023. Identify correct individual responsibilities for
conserving resources and improving the environment.

Individual Responsibilities for Conserving Resources
and Improving the Environment. There are many things
you can do as an individual to conserv e resources and
improve the environment. A positive and helpful attitude is
most important. Remember, what you do today will not
only benefit you now but will be appreciated by those who
are here when you are gone.

The following tips are useful things you can do to make
your base, your community, and your Nation a better place
in which to live. In our lifetime, we can truly have
"America the Beautiful." These tips are general in nature.
Local rules and commonsense, however, take precedence
in each situation.

(I) Conserve all types of resources. This means don't
waste materials, money. or time.

(2) Save newspapers for the Scouts or other collection
groups.

(3) Buy returnable bottles. Throw-aways waste
materials.

(4) Don't buy unnecessary electrical devices. They waste
money and energy.

(5) Use your time wkely, on the job and at home. During
slow periods, use the time for study rather than for goofing
off.

(6) Requisition and store only the amount of materials
required for :,e present and immediate future. An excess is
a waste of resources.

(7) When possible, use recycling containers to dispose of
cans, bottles, and paper.

(8) Cut down on the use of paper products. For instance,
why use two paper towels to dry your hands when one will
do? Reuse paper v,hen practical. Write on both sides.

(9) Keep streams clean. Don't throw or discharge any
waste into our water systems.

(10) Help keep the noise level down, especially at night.
(11) Soap eventually finds its way into streams; so use

low-phosphate detergent soap.
(12) Use the smallest amounts of soap necessary for

washers. Try one-half of the recommended amount. Often,
it cleans as well as the full amount.
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(13) Operate your washcrs only for a full load. Partial
loads waste fuel and water.

(14) a' a shower instead of a bath. On the average,
you use three times more water for a bath than for a shower.

(15) urn faucets off tightly and repair leaky faucets.
liach leak wastes a barrel or more of water per day.

(16) When watering the lawn, do not waste water by
allowing it to run down the street.

(17) Use white rather than colored toilet paper. The dye
in the paper may he harmful to you or to the stream it
reaches.

(18) Do not pour substances in the sink such as poisons,
drugs. greases, paints, and solvents. Instead, seal them in a
container and place them in the refuse for burial.

(19) \ void buying products wrapped with plastic made
of polyvinyl chloride. It pollutes the air if burned and will
not decompose if buried.

(20) Keep the air clean. A!oid hydrocarbon activated
spray products. Use finger pump spray instead.

(21) Do not burn grass, leaves, or tree limbs. Make a
compost pile and use it to improve the soil.

(22) Plant trees, shrubs, and grass. They filter dust from
the air and consume unneeded carbon dioxide to produce
needed oxygen.

(23) Walk or use a bicycle when traveling less than half a
mile. The exercise w;11 improve your health. Short drives in
the car are harmful to the engine, as a cold engine produces
and retains harmful acids. Also, the gasoline you burn is
costly and adds pollution to the air.

(24) Use a litter bag in your car. To litter degrades not
only the environment but also the person who litters.

(25) Use a small-engine car rather than a large one. The
more horses you have, the more hay they eat.

(26) If you keep your car in a reasonable condition of
maintenance, it saves you gas and lowers the pollution
level.

(27) Combine your car trips so as to make less of them.
(28) Lead poisons the air. If possible, use lead-free gas

and nonlead paints.
(29) Don't idle your car for long periods of time. Turn off

thc ignition when waiting.
(30) Conserve energy. In the summer, set the thermostat

at 78°. In the winter, set it at 68'; then adjust your clothing
to become comfortable, not your thermostat.

(31) When you leave an area, turn off the lights, radio,
TV. air conditioner. or heater.

(32) Remove snow and ice with a shovel. Salt is harmful
to streams, trees, grass, and the underside of your car,

(33) Remove clothes needing ironing from dryer while
they are still slightly damp. There's no point in wasting
energy to dry them thoroughly if they'll only have to be
dampened again for ironing.

(34) Get the most lighting from the electricity you use.
Paint walls white or light colored, and keep lamps and light
fixtures clean. Dark walls and dirt absorb light.
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(35) Re luce paperwork. If a formal reply is not required,
use the phone or an informal note.

(36) filters for air conditioners, heaters, clothes
dryers. etc. To so increases the efficiency of the units.

(37) Follow thL manufacturer's instructions on operation
and maintenance. 'Filings will last longer and operate better.

Exercises (023):

Place a T for true in the following blanks that represent
good individual Kactices for conserving resources and
improving the environment. Correct any false statements.

( I ) Buy throw away soft drink bottles.

(2) Buy electrical devices such as pencil sharpeners,
knives, golf carts, etc.

(3) Use white rather than colored disposable paper
products.

(1) Use finger pump spray products rather than
hydrocarbon activated sprays.

(5) Set your themostat at 68° in the winter and 78° in
the summer.

(6) Short drives in your car can be harmful to the
engine.

(7) Littering is a sign of immaturity.

(8) Paint walls a dark color to save electricity.

(9) A large engine uses less gasoline than a small
engine in a car.

(10) Follow the manufacturer's recommendations on
machine lubrication.



CHAPTER 3

Publications, Forms, and Security

YOUR JOB is of a critical nature and is highly dependent
on tilt., latest Government publications. This is especially
true ith regulations tlealing with the impact of your work
on the environment. Since Air Force forms are used to
document the work you do and you use them to order
supphs and equipment. they are important. Enemy agents
continually try to get an insight into our operations
Security is denying the enemy this valuable data.
Therefore. in this chapter we deal with pubhcations. forms.
and security.

3-1. Publications

I lave you in,er botq.!.ht a bicycle or stereo unassembled? If
you C. did you follow the instructions and sketches that
were included in the package: or did you start out
haphaiardlv to assemble the unit by trial and error'.' If you
did not follow the manufacturer's instructions. the chances
are that you had it tough time gettinu the pieces together
correctly or that it did not Operate accordingly to your
expectations.

Instructiow. from the manufacturer pertaining to
assembly. operation. and maintenance are called by variou,,
names such as assembly instructions. operator's manual.
maintenance clieckhst. and other names. The Air Force has

stem ol publications that furnishes you with the
information Noll need tt lo your job.

Your job in the Air Force is complex. You can
understand this more fully as you study your job specialty
descriptim. To do this job. you must be able to perform
many tasks in a proficient manner. Also. you must keep
aheird of new developments in the technical and
administnuive helds.

No One is expected to retain all of the details of a job as
complcx as yours. so Air Force publications are tivailable to
you ior this information. 'Me two main types of
pubh,:ations available to Air Force personnel are standard
publications and Air Force technical orders.

024. Identify the Air Force standard publication with
the specifk t3,pe ef information contained in that
publication.

Standard Publications. There are numerous types of
standard publications. They are used to announce policies,
assign responsibilities, prescribe procedures. issue

instructions, and give information. Standard publications
are in the tOrm of regulations. manuals . supplements . tind
operating instructions . all of which zu-c directive.
Pamphlets. %'isual vids. bulletins, and statt di$2ests are
standard publications that are nondirective and are intended
for information or instructional purposes. In this text. we
will only cover those publications that you conic in contact
with most frequently: regulations. manuak. supplements.
and pamphlets.

Regulations. Air Force regulations (AFR) arc the
primary' ildministrative directives that are used for
governing Air Force activities. 'Fhey set the standanls of
management and control official business of the Air Force.
Regulations also announce policies; assign responsibilities;
direct actions: and, when necessary. prescrthe brief
procedural detaik. The policies outlined in regulations are
usually permanent in nature. This means that the purpose ur
intent of the regulation will remain in effect until it major
change in mission or objective has been established.

Manuals. Air Force manuals (AFM) contain permaneit
and detailed instructions. procedures, and techniques
telling people how to do their jobs. A manual may he
general and deal with principles or doctrine. It may be a
eonthination of material related to an entire function. lt may
ako be a step-by-step directive telling how to do a speei
task or operahon. Nlanuals may include policies or assign
responsibilities when they do not repeat material in another
Air Force publication. Manuals arc often identical w ith
regulations. The Air Force is in the process of phasing out
manuals and republishing them as regulations. Mimy years
may be requited t complete this process.

Supplements. Webster defines a supplement as
something that completeN OU makes an addition. a part
added 'o the publication. For example. a higher
hcidquarters issues a publication for all units under its
,..:ommand. A lower headquarters can issue an uxiliary
publication deahng ith the same subject but going into
more detail. For instance, an Air Force publication dealing
with storage of water makes general policy statements on
the subject. A command in Florida and one in Alaska may
supplement the regulation. Obviously the protection
required against freezin?, will be different. With the use of
supp:.,uents. a commander ensures efficient local
application of directives issueu by higher headquarters.

Pamphlets. Air Force pamphlets (AFP) usually contain
information rather than directive material. They arc
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normally issued as a booklet or brochure and may be written
in an informal style. For instance, if you are being assigned
overseas, you may receive a pamphlet concerning the
customs. religions. and history of the country in which you
will be stationed.

Exercises (024):

Match the type of pubheation in column B with the type Of
information in column A. Sonie items in column B maybe
used more than Once.

Column A

Type of Information

Column

Type of Mthlicalion

_ t Permanent and detailed a. Regulations.
procedures for pertOrming h. Manuals,
unties. C. Supplements,

____ (2) Customs ol a country. d. Pamphlets.
(3) Major command adds

inlOrroatkm to a directive.
4 Sets standards of

management.
_ (5) Ann,mnee policies and

assigns :. sponsibilities.

025. From an excerpt shown in an Air Force standard
publication, locate specific information pertaining to
that publication.

An Excerpt from a Standard Publication. Air Force
Regulation 91-21. Pest Management Program. contains
much important information that affects every pest
management job you do. Figure 1-1. which shows pages
hom this regulation. is representative of the types of
information found in Air Force regulations. Refer to this
liguic as you complete the following exercises.

Exercises (025):

1. What is :he purpose of AFR 91-21'?

.2. What type of vehicle is recommended for pest
management operations?

3. For whom must protective clothing and equipment be
provided?

4. I. w hat conditions may the aerial application of
pesticides be authorized?

8 7

What Al' regulation governs aerial application of
pesticides'?

026. Using an etract from a numerical and subjective
index, locate the number or title of standard
publicat ions.

Indexes to Standard Publications. Suppose you were
interested in buying a tent and had a mail order catalog.
Would you pa.le idly through the book until you happened
to find tents, or would you go to the index and then turn
directly to the indicated pages? From the standpoint of
efficiency and time saved, the answer is Obvious.

The situation is similar with Air Force standard
publications. Much time would be lost and inefficiency
would result if you had to search through all the existing
publications to find a particular subject you need.

You are aware by now that the Air Force has a
tremendous number of publications of various types with
many and diverse uses. Naturally there must be a system for
cataloging these directives. To identify them. the Air Force
has adopted the following system.

Numerical and subject matter index. Air Force
Regulation 0-2. Numerical Index of Standard and
Recurring Air Force Publication. is a booklet about 80
pages long. The actual publications in the index reference
may require a number of Ws:Lary-type cabinets to contain
them. Your base ha, d publications reference library. More
than likely therc is a library of Air Force publications in the
administrative section of CE. The library is there for your
useso learn how to use it.

The index lists about 100 subjects that are identified by
series numbers.

Standard publications numbering system. As you
learned in the last section. AFM 91-16 is a standard
publication. The first number (91) before the dash (-) is the
series number of the subject (Real Property Operation and
Maintenance) of the publication. The first sei ies number in
the book is zero (0). The subject of 0 is indexes, 5 is
publications management. 15 is military personnel. 85 is
civil engineering general. 127 is ground safety. 1t)1 is
aerospace medicine. and 205 is security. Each of the
hundred subjects is further identified by adding a dash
number to the basic series number: for example. R 35-3.
Sertkes Dates (aid lhacv Ranks (of militar personnel).
and R I 6 . (.'ontrol Vector-1;0,7w niseaseN.

The major series of publications that concern work in CF.
range from the 85 to 93 series.

.1-he series of these publications are titled as follows:

85 CA il EINincerinR Generol
86 ,a.fngincering ProKrumming
87 Real Prolier6 Abonigcment
88 Eth'ilitV neAjKli and PlamilaK
89 Facility Constra. huh
90 ("mud% Hou.sing

Re'll ProperlY Operall,n nod Maimellance
92 Civil Engineerint: t vi 1'ruge,11,0
93 Specio/ Engmeerme
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Number
M 91-12

Changes
1MC

M 91-13

nn

nn

Changes
91-14
91-15
91-18
Changes
91-17
111-18
91-19
91-20
91-21
91-22
91-24
91-25

R 91-27
R 91-28

AFR 0-2 1 October 1982
Date Title

19 Ang 71 Policies, Procedures and Criteria for the Management and
Conservation of Utilities

1

78-1
18 Sep 70 Maintenance of Permanently Installed Storage and Disp, nsing

Systems for Unconventional Fuels

22 Dec 80
17 Dec 81

Dec 71

2 Mar 72
29 Aug 72

Aug 70
7 Mar 72
6 Mar 81

26 Apr 76
29 May 81
19 May 59

29 Ian 131
26 Oct 72

!MC
R 91-29 10 May 71

R 91-3() 2 Sop 81
1MC

M 91-31 30 Ian 74
M 9 -32 Ian 82

NI

91-33
91-'34
91-38
111-37
91-38

Ian 74
Jun 78

:3 Sep 80
Oct 81

25 May 82

1 2

Mobile Airfield Marking Team
Snow and Ice Removal and Control
Military Entomology Operational Handbook

I 2

ElectricalInterior Facilities
Standard Maintenance and Installation of Appliance Connections
Herbicide Manual for Noncropland Weeds
Gas SupPly and Distribution
Pest Management Program
Aerial Dispersal of Pesticides
Energy Management and Control Systems (EMCSs)
Examining and Licensing Program for Electrical Power Generating

and Heating Plant Operators
Corrosion Contro'
Permanently Installed Storage and Dispensing Systems for

Petroleum and Uncom,entional Fuels
78-1 82-1

Operating & Maintaining Installations Jointly or Solely Occupied
by the Air National Guard

Custodial Service
82-1

Maintimance and Repair of Roofs
Operation and Maintenance of Domestic and Industrial Wastewater

Systems
Maintenance of Trackage
Maintenance of Waterfront Facilities
Built-up Roof Management Program
Maintenance of Fire Protection Systems
Civil Engineering Consultant Program

92CIVII. ENGINEERINGFIRE PROTECTION
R 92-1 19 Nov 81 Fire Proiectioe Program

IMC 82-1

Figure 3-2. Sample page from AFR

The key to using a library is learning to find the
publication you need. AFR 0-2 is that key. A typical page
from AFR 0-2 is shown in figure 3-2. The series
designations of standard publications in this figure are 90,
91. and 92. Notice on the left side of the figure the entries
R and M. R means that the publication is an Air Force
regulation, MAir Force manual, and P (not shown)Air
Force pamphlet. Now for an example.

R 91-21 6 March 1981
R = Air Force Regulation

Real Property Operation and M:lintenance
-21 Pest Management Prog:ani
6 March 198I = Date of Publication

89

0111?

'ESC/DEMM

'ESC/DEMM

'ESC/DEMP
'ESC/DEM
'ESC/DEVN

1)istr

F

'ESC/DEMM F
'ESC/DEMM F
'ESCIDEVN F
"ES( :/DEMM
'ESC/DEVN F
'ESC/DEV F
'ESC/DEMM F
'ESC/DEMM F

*ESC/DEMM
*ESC/DEMM

LEEP

'ESC/DEMG

'ESC/DEMM
'ESC/DEMM

'ESC/DEMM
ESC/DEM M

'ESC/DEMM
*ESC/DEMM
'ESC/DEMM

F

F

F

F

F

F

*ESC/DEF F
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Exercises (026):

Refer to figure 3-2 and co iplete either number or title of
the following standard publications.

Number Title

I. APR 91-14.
2. AFR 91-16.
3. AFM 91-31.
4. Herbicide Manual ler

Noncropland VWeed.s.
5 Custodial .'irrtice.
6. Civil Engineering Conmakini

Program.



3-2. Forms

Someone once said of a squadron of fighter aircraft, "We
can't get them off the ground until the paperwork is
completed." Much of what we do in the Air Force must be
placed on forms. Forms are used to requisition equipment
and supplies. They are used to keep records of resources
ordered, used, on hand, and projected for future use. Your
training record is kept on a form. Your evaluation of
workers is recorded on a form. Forms are used as official
documentation of our activities in our jobs. They help us to
remember what we have done so that we can do our future
jobs even better.

027. Using an extract front AFR 0-9, Numerical Index of
Departmental Forms, locate form number. title, date,
and prescribing directive of given forms.

Index of Departmental Forms. Air Force regulation
0-9 may be very useful when completinc forms. This index
covers AF Forms, AFTO (Air Force technical order) forms,
DD (Department of Defense) forms, and others. The
regulation is published every 4 months. It gives you the
department, form number, date of form, title, and
prescribing directive.

Figure 3-3. a typical page from AFR 0-9, is a model of
what the complete index is like. Let's assume you have to
complete an AF Form 646. Go down thc left column until
you see 646. The black dot before the title means this form
is new since the last index publication. The form's title is
LIS Air Force Pest Management Program Review, and the
prescribing directive is AFR 91-21 (how convenient). This
regulation will descr how the form is used.

Exercises (027):

Refer to figure 3-3 and complete either the title or
number of these AF forms.

\with.

a AI' I .1111161 I
I, NI- I orm 637

At I orm 029

Title

Charge Out Record.
Base Civil Engineer Schedule
ot Costs.
Clothing Request and Receipt--
Female.

2. What is the current date of AF Form 623?

2. What is the prescribing directive for AF Form 635?

028. Cite necessary inforntati on needed to complete Al"
Form 764a, Requisition an(I Requirement Request, and
indicate appropriate entries for the form.

How to 0..der Forms. Ordering forms is a simple
matter of completing yet another form. Figure 3-4.
Requisition and Reqnire:iit Request (AI: Form 764a) . is

the form to use. On it. ou put the following information.
a. Short title and date d' the form needed.
h. Unit of requisition.
c. I low many you normally use each month.
d. How many you ha% c on hand.
C. Flow many' you want to requisition.

For data on how to use it . refer to the previous section on
the use of AFR 0-9. The prescribing dilective that applies
to a particular form is listed in the right column.

Exercises (028):

I . What information is typically entered on AF Form
764a?

2. Refer to figure 3-4 to complete the following.

a. What is the date of the form You're ordering and
where is it written on AF Form 764a in figure 3-
4'?

b. 1-low would you order four cases of the forni for
the coming Year'?

3-3. Security

Picture in your mind for a moment an enemy agent sent
to your base to secure intelligence information. You
probably see a M.: looking individual who looks like a
typical spy on television. Unfortunay. that is not what an
enemy aeent looks like. He or she would more than likely
look and act like one of your coworkers or a neiehbor. We
know you wouldn't thflik of deliberately disclosing secret
information to an enemy. But do you know that you can
unintentionally disclose information that can become of
possible intelligence value? For example, suppose you sec
a number of B-52 aircraft on the runway during your work.
As far as you know this information is unclassified;
however, the enemy can use bits of information to gain an
insight into a classified plan. Your best bet is to cool it
that is, don't mer.tion this information to the folks around
you; for believe it or not, one of those "nice folks" can be
an enemy agent. We repeat it, is not suggested here that
you or any other Air Force men aer would knowingly ever
consider giving classified information or information of
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(PRESS YARD WHEN USING BALL POINT PEN)
!SHORT TITLE AND DA

AF Form ,J4
TO:

POO 12 3 AA.
Ble:g 117

REMAR

UNIT OF R(..IN CLASS SYMBOL 11-1LQUI_:ITION

FROM: 900 IV
Bldg 1927, S top 43

REQUIREMENT

i FORMS USE ONLY
MONTriLy USAGE

2 5
ON HNND

1 EMERGENCY ONE TIME
PO RESPONSE

FOLLOW UP/TRACER
I MISSED SHORT ID

REQUIREMENT:
OTHER (Specify)

DATC PREPARED3 0 S-p 83
SIGNATURE AND TITLE

AF FORM 764a PREVIOUS EDITION WILL BE USED.ncr 82
Figure 3-4. Sample. AI' Form 764:1.

possible intelligence value to the enemies of our country;
but many US citizens do just that, merely by talking too
much. So, never discuss your duties, the place where you
work, or the equipment you operate.

029. Specify basic facts about the operational security
(OPSEC) program and its relationship to other security
programs.

Definition and Purpose of OPSEC. OPSEC is a
program that surveys and identities items of information
and physical security that are of intelligence value to an
enemy. Items of information include unclassified small bits
of information that lend themselves to revealing
information concerning the what and how of actions to take
place. Breaks in regular routines and new routines are
examples. The types of information that should be
protected are subjects such as:

Objective of the mission.
Location of operations.
Date and time of the actions.
. pes and number of forces involved.
Amounts and types of weapon systems and equipment
used.
I .im itations of resources.
Method of employment of troops and equipment.

'Hie purpose of OPSEC is to prevent the disclosure of all
information. including bits of information, that contain
intelligence value, which ean be used by the z:ne.rny to
reduce the effectiveness of an operation. We must protect
knowledge of our plans concerning a mission so that our
side will have the advantage of surprise.

Relationship of OPSEC to Other Security Programs.
Operations security, communication security, information

44

-^1 AND ROMT REQUEST

security, and physical security arc closely related to each
other. Each of these four programs supports the others.
However, OPSEC has broader applications in that it seeks
to protect bits of unclassified information as well as that
which is classified. It makes little sense to protect an
operation by classifying some parts of it or to expand
COMSEC resources protecting information about it when
unclassified conversations, stereotyped procedures. and
other readily available data could provide an enemx with
the intelligence needed to predict an operation. An effective
OPSEC program will eliminate or control many of the
sources of intelligence.

Exercises (029):

I. What does OPSEC do?

2. List three types of information that should be protected
under the OPSEC concept.

3. What is th main difference between OPSEC and other
securit! programs?

92



030. Identify OPSEC vulnerabilities from a given list of
situations.

Common OPSEC Vulnerabilities. The following is a
list of intelligence indicators that may give insight into an
ope,ation. They are items of possible intelligence value and
arc operation security vulnerable. In one sense, vulnerable
means open to attack.

a. Stereotyped sequence of events comprising various
phases k f the operation.

b. Coordination with other units that do not have proper
safeguards for sensitive information.

c. Submission of unclassified redorts at specific intervals
to specific units of command.

d. Public information releases.
e. Posting of operational plan information in unsecure

areas.
.1'. Posting of rosxrs, transportation schedules, and

dining hall schedules in unsecure areas.
g. Distinctive emblems or paint on vehicles, buildings,

or aircraft.
h. Markings on supplies that could reveal the location or

starting date of the operations. such as nicknames, delivery
deadlines, etc.

i. Logistics buildup or positioning of support materials
and facilities.

j. Special briefings, meetings, or religious services.
k. The use of nicknames is particularly hazardous since

these provide an easily recognizable flag for identification
of an operation.

I. Exercising or testing portions of a plan.
tn. Plain language communications associated with a

planned operation and conducted during the planning,
preparatory, and execution phases.

n. Use of unchanging or infrequently changing call signs
and/or radiofrequencies.

o. Stereotyped message characteristics that are
indicative of particular types of military activity.

p. A significant increase or decrease in message traffic
volume.

q. Aetivit;,.s of new communications facilities in support
of an operations plan.

Operations security is not limited to major combat
operations hut is important for any operation, including
-peacetime maneuvers.

Specific Vulnerabilities. In your job as a pest
management specialist, you probably don't feel that you
will have any information or be exposed to situations that
would be vulnerable to OPSEC violations. Granted your job
is not one that will continually expose you to cla sificd
information or equipment: however, you see and hear much
that can be called intelligence indicators.

There will be occasions when you arc required to enter
areas that have classified equipment and materials. When in
these areas, you may overhear conversations pertaining to
this material. Whatever you hear or see, whether classified
or not, could be of intelligence value to the enemy. If you

work with Prime BEEF, you may have to 'use l-ierbii.des to
destroy plant growth in jungle areas. This inrormation may
be critical for a planned mission. You should never tell a
person without a need to know what you hear, see, or do on
your job.

Another example of specific vulnerability is the location
of herbicides and pcqicides. Wouldn't that be a vod place
for enemy infiltrators to strike'? They could duLip these
poisonous chemicals into the water supply. This is a way to
put the base out of commission without firing a shot. Loose
talk could give a trained agent a mental blueprint of your
shop and a poison-laden water supply could be the result.

Knowing the exact location of components in your shop
and the waterplant, duty schedules, anj the number of
personnel on duty could be very helpful to an enemy. Your
job is extremely important and vulnerable so practice
keeping your mouth closed about your job, particularly
when you are not working.

Exercises (030):

Place an "X" in the provided space for each of the
following situations that may result in a compromise of the
OPSEC program.

I A friendly stranger is very curious about your job.

1 While working in a restricted area, you:

a See a new equipment item being installed
on an aircraft.

b Overhear flight crews discussing a training
program.

c See equipment and materials being
stockpiled.

d Notice an increase in physical security
amund an area.

3. You are assigned duties on a missile site.



Answers for Exercises
CliAPTER 1 007 I.

Reference:
.

You should have placed a checkniark beside (2). (3). (5), (6),
(7). (9). (10). (and (12.

002 1. (I) Mechanical.
(2) Sanitation.
(3) Resources and requirements.
(4) Operations.
(5) Pavements and gr,,ands.
r 6) Civil engineer.
(7) Industrial eng.neering.
(8) Civil engineer.
(0) Structures.

(10) Structures.

004 - I Base engineer emergency force.
004 - 2. You should have placed a checkmark beside (1). (3). (5). (6)

and (8).

005-I. AFSC 55211.
005 2. Basic Disease Vector Control Course
005 3.
005 4. AFSC 5525S, E-3, E-4. E-5.

o. AFSC 55170, E-5. E-6. E-7.
c. Al-SC 56699. E-7, E-8. E-9.

005 - 5. Structural Superintendent, E-9.
005 0 Carpentry. masonry, metal fabrication, protective coating, and

plumbing.
005 7. Engineering assist tnt.

000 I MI
121g.
(3) h.
i4) d
(5) e.
(0) d.
17)
(Si c.
(9)e.
HI) h

(111 a.
1121k.
( 13) j.
(14)k.
(15)

46

1117
(2) 5.
(3) 5.
(4)7.
(5)5,7.
(6) 5
(7) 5.
(515.
(9) 7.

(10) 5
(11) 5
(12) 7
((3) t.
(14) 7.
(15) 5
( IC» 5
(17)7.
(18) 5.

008 I. To determine the effectiveness of formal schools and Career
Development Courses.

008 2. When the graduate can't meet the proficiency requirements of
the STS. when the STS lists tasks not performed in that AFS,
and when the STS code levels are toe high.

008 3. Within 6 months.

CHAPTER 2

009 1. False. It is the production control center.
009 2. True.
009 3. False. Work requirement. are identified on AI' Form 1135.

BCE Real Property Maintenance Request.
009 4. False. It is called recurring work.
009 5. False. They are reported by the shop supervisor and approved

by the section superintendent.
009 0. True.
009 7. False The worker does not report materials used.
009 8. True.
009 9. True.

010 1 . 1135.
010 2. 331.
010 3. 331.

4 1135.
MO 5. 331.

0. F. 7 I. Form I I ;5
010 7.
010 8. F. Emergency ssork also.
010 9. T.
mo 10. T.

011 I. 1879.
011 2. 1219.
011 3. 1879.
OIl 4. 317
011 5. 1210
011 0. 327.
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014 I. h provide a uniform reporting system and to identify direct
labor cost against work orders. ,

014 2. ATA and ETA.
014 - 3. Al: Form 1734.
014 4. Handprinted on A F Form 1734 below the first group of names.

015 I. BCE.
015 2. The director of base medical services.
015 3. The major command.
015 4. They must be currently licensed and certified personnel.
015 5. Certified Air Force personnel.
015 6. Environment.

016 I . e.
016 2. c.
016 3. c.
016 4. c.
016 5. a.
016 6. e.

016 7. d.
016 8. d.
016 9. c.
016 10. b.
016 H. 1.
016 12. d.

017 1. For temporary custody of an item.
017 2. 24 hours.

(118 I. To make a visual check to see if property listed on paper is
actually there.

018 2. Obeying a set of rules necessary to conserve and protect Air
Force equipment and supplies.

018 3. AF equipment must be operational.
(2) Adequate supplies in good condition must be on hand.
(3) Use equipment and supplies only for their intended

purposes.
(4) Safeguard equipment and supplies.
(5) Keep accurate records.

018 4 a. 4.
b 3.
c.
d. 1 and 2

019 1 X.
019 It's the table of allowances.
1119 3.

WV 4. X.
019 5 X.
019 6. X.
1119 7 X.

S FA% di this.

x.

(IN)
(120 2

020 -
4

The back of the form and AFK 67-23.
Any two of the following apply: to increase or decrease
equipment authorization. to order new equipment items, or to
turn in or replace old equipment.
Nomenclature, unit of issue, and the number ordered.
It's used by the planning section to order materials needed to
complete work orders.

Materiel control.
The NSN.
The item was n:ade in Turkey.
Tool kit, general mechanic's. 5180-00-177-7033.

AU GAFS. AL. (841727)800

022 I. AIR 19-1.
022 2. National Environmental l'olicy Act.
022 3. HQ USAF, each major comm,ind, and each base.
022 4. Air Force policy is to comply with the nature and spirit of

national pnlicy and support and assist Federal. State, and local
agencies in preventive pollution control.

023 I. False. 13uy returnable 1,ottles.
023 2. False. Don't buy unnecessary eleurical devices.
023 3. True.
023 4. True.
023 5. True.
023 6. True.
023 7. True..
023 8. False. Dark walls absorb light.
023 9. False. A small engine uses less fuel.
023 10. True.

024 1

024 2.
024 3

024 4
024 5.

b.
d.
c.
a.
a.

CHAPTER 3

025 1. It states policies, responsibilities, and procedures for pest
management at A F installations

025 2. A telephone maintenance truck.
025 3. All personnel engaged in mixing a.... applying pesticides.
025 4. When ground pest management measures fail, are not practical,

or not possible.
025 5. AFK 91-22.

026 I. Mobile Airfield Marking Team.
026 2. Military Emomology Operational Handbook.
026 3. Maintenance and Repair of Roofs.
026 4. AFM 91-19.
026 5. AFR 91-30.
026 6. AFR 91-38.

027 I. a. Average Training Cost Per Graduate.
b. BCE Job Order Log.
c. Small Arms Hand Receipt.
d. AF Form 614.
e. AI; Form 640.
f. AFR 123-2.

027 2. May 1976.
027 3. AFR 123-2.

028 1. Short title and date of the form needed unit of requisition. how
many you normally use each month, how many are on hic.d,
and how many ou want to requisition.

028 2. a. July 79 is written in the same AF Form 646.
b. Place the number 4 unuer REQUISITION.

029 I. It is used to survey ard identify items of information and
physical security that are of intelligence value to the enemy.

029 2. Any three of the i011owing apply: niission obju:tives. location
of operations, date and time of the acfions, and types uid
numbers of forces involved.

029 3. OPSEC has broader applications in that it seeks to protect bits
of unclassified information as well as that which is classifi:d.

030 1. All spaces should be marked with an X

9 6
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k. - I. MATCH ANSWER SHEE1 THIS EXERCISE NUMBER.
2. l'SE NUMBER 2 PENCIL ONLY.

EXTENSION COURSE INSTITUTE
VOLUME REVIEW EXERCISE

56650 01 27

INTRODUCTION TO CIVIL ENGINEERING

.arefull read the following:

t 'heck the "course:* olume... and "form numbers from the answer sheet address tab against the
\ R answ LA- sheet identification number" in the righthand column of the shipping list. If numbers do

ii,)t match. let urn the answer sheet and the shipping list to ECI inmiediately with a note of explanation.
\Ilk' that item numbers on answer sheet are sequential in each column.
I se medium sharp #2 black lead pencil for marking answer sheet .

tic the eH tect an ....Cr in the margin at the left of the item. (When you review for the course
L\ Wu can cover your answers with a strip of paper and then check your review answers

Iimi % out ti iginal choices.) Alter You are sure of your answers. transfer them to the answer sheet. If
\ I, it It' chat e an answer oa the answer sheet, be sure that the eiasure is complete. Use a dean
..iasci Rut it% to avoid any erasure on the answer sheet if at all possibk

- lake ,ichon ieturn entire answer sheet to EC!.
\ ohmic R4,.%lev, I..xeickc booklet for re% iew and reference.

Ii op.;,/,/.«o(d. emolled student, process questions or continents through your unit trainer or Oil'
supet% ,r It 1,,h(ww.ily enrolled student, send questions or comments to ECI on E('I Form 17.

/10.\ '/%;

)on't use answer sheets other than one furnished specifically for each review exercise.
' Ion't iii k on the answer sheet except to fill in marking blocks. Double marks or excessivo markings

w 111,1, o. cmilocc marking blocks will register as errors.
I )011.i told. spindle. staple. tape. or mutilate the answer sheet.
1)on't use ink oi anv ni;irk ing other than a #2 black lead pencil.

\ MT: t MBERED I.EARNING OBJECTIVE REFERENCES ARE USED ON THE VOLUME
RE \ [EN\ EXERCISE. In pawmhesis after each item number on the VRE is the Learning

..lov \amber where the answer to thlat item can bs. located. When answering the items on the
\ RI . ietei to the I.corning ONective.c indicated by these Numbery. The VRE results will be sent to
NM1 on a poste:mil which w ill list the actual VRE neut.\ ymi Clo to the VRE booklet and

IlL the / ar,(ing (lInceave ,Vumberv for the item. missed. Go to the text and carefully review the
meted hy these references. Review the entire VRE again before you take the closed-book
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MULTIPL (11010E

acut (.(insider all dioiccs carefull and select the hem answert, each question.

!Ott In can L. mg out its rrimary mission. what acti.ities are performed by the Base Civil Enginer (BCE)
icaiLling real estate property?

Aegaisit loll. ,:onstruction. and controlling.
h .Acquisu construLlion. and maintenance.

(.(instruction. maintenance. .,ind controlling.
d 'Olistruct ion maintenance_ and utilifation.

ilIlif ) Which of these Junctions is not a responsibility of civil engineering'?

a Um land to huifd militar\ lamil housing.
( 'onstruct and maintain pavements.

IlIe electricit to the base.
d Thciate dining halls.

1(11).,I \\ hilt ol the follow ing sections is next in the chain of command above pest managenlent?

Theianons. c. Structures.
d. Environmental support.

I inft'l In the (1.. structure . w hich command block is responsible to the BCE for all the CE shops?

.1 Resources and requirements. c. Squadron section.
h Indlistrial engineering. LI. Operations.

WU \\, hit:h ol the following correctly depicts the functions of the operations section'?

a I )1rect. coordinate and control all cost accounting and real estate activities.
h I )ircLf coordinate. and control all work authorized to be done by the CE work force.

an on an industrial engineering and financial manageinent activities.
upci ise all actions and programs of the engineering and environmental planning section.

oftl ;1 \\Inch Ncction would von contact for information regarding long-range work plans :And approving work
'

s'IN.Nloms management. . Industrial engineering.
Rcsouices and requirements. U. Financial management.

II \A hich ot the tollow ing activities gives ('E the abilit . to pro.-, ide direct combat supoort to the AF mission'?

.1 RH ) RSL. e. Industrial engineering.
h Ii tilte IIi.b. d. Readiness and logistics.

". At L hat grade can you e pect to become a pest management speeialist?

.1 I I

h

C. E-3.

\\ Incli section woukl oil contact to plaster holes in huiklings as a method of rodent control'?

Cal pent!. section C. Pest management section.
h \Limint ct;tiotl. d. Metal fabricating section.
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III (HI 1 lilt InIlk 111,.; tint \ liii \\111Cn 1he 111'Cli1111 l P1,1/ ICpi,111111C.)

.t ttittitt, I int! 111311:1I./el1ient e) N.

h pesticide use lecords.
\l,iiiitiim IIiit. ti tubs .1111 et.11.11p111C111.

t.1 N1.11.111_.; assininients

'99 hich tit the follow ing is a pest management specialist respnnsible for, as compared to a pest
min.n'enient technician?

Nlainiaming pestkide reit Irtb.
Sith iF comPle Pcq management prohlems.
Nlaintaming records to account for costs.
'onductini- WT.

1nnsi ,upci-v1,01- miLsI complete and submit an AF Form 1284. Fiiinic Qualit Report. for all of tht..!:,..
ex«-pf when

.1 the gladuate doesn't perhirm all the tasks listed in AFR 39-1 lor his.her AI'S( .

h the graduate is not required to perform tasks listed in the STS.
a student doesn't meet the proficienc:,.,- level specit ied tor a task or knowledge listed in the sTs.

d the STS code levels or tasks e \ceed the requirements of the graduate's AFSC.

9091 Which ni the InlInwing includes CE personnel such as superintendents and controllers. and acts as a nerve
, clue! liii CE activilies?

lnsciA ICC ork plan section. c. Production control center.
h Rcsalamce. and requirements section. d. Customer service unit.

it /991 1 he shop supervisor uses IF Enrm 1841. Maintenance Action Sheet_ to report requirements for which
t pc lo the superintendent?

a Reclining work. C. Emergency and urgent joh orders.
Ii Insci icc ork d. Work indicated hy facditv surveys.

s 19n91 ck. the Base Engineer Automated Nlanagement Sstemn (BEAMS) is used tn

Jiltinnate w (Irk planning Illelhod.
iinh:Css. LI\ 11 engineering reids.

c. evaluate ),.'rsonnel assignments.
d develop the inserv ice ork plan.

le, 101111 \\ 111,11 t11 111eC III iii ii /-1 iii cnniplete to request ni

\I I ,Int, ;27 and .132. c. Al- Forms 332 and 1849.
I I I 1.15. d. Forins 327 and 1879.

111111i 111e111.111 I ul k)rk w mild he requested on Al: En: in 1135. B( E Real Propert Maintenance Request?

Routine repair needs. c. Emergenc repair needs.
1, 1 1:1C1111Cp:111. needs. d. ol the ahnve.

1 1111111 \\ 11C11 Is .1 shop-referred service call used?

.1 111 .11111i:NI all Ciller:lent-A Situation:,
\\ hen nn special equipments is required.
\\ hen kk ink would take more than an hour.

hen the winkk is beyond the DIN capability.
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0111i Which ot these torms is used to authorize work w hich
1.1

.1 \I. Ftlim 2.7 . \Vork Order.
h \ I I i ii Ii work Request.

\ Form 1135. BCE Real Propert Maintenance Request.
d \ I Foini 187Q. BCE Joh Order Record.

c_li es uct require detailed plan n ing or special

1(1111 \\ hieh of these torms is u.ed to authorize accoinplishing se% eral small johs in high-use Facilities?

.1 . \I Form I 879. B( E Job Order Record.
h \I Vorm 1211). 11( 'F. Multi-Craft Joh Order.

Al- Form ;27. BCE; Work urder.
\1 Form 332. 13( 'F. Work Request.

t()t Which the tot lowing is not a purpose ot AI; Form 1255. Quality Control Evaluation?

.ustomer relations.
IN e worker productivitY

Von\ ate timely and quality ser\ ice to BCE customers
d lilt-ICaC management participation in setting Nillop standards.

1111 '1 Which 01 these entries is made hv the worker on .AF Form 1255. Quality Control Evaluation?

.1 I )cscription of service requested. c. Flow worker utilized thne.
IN \\ oil-xi...duty section. d Joh or work order number.

1(i1 \\ huh ol these lorms is used to schedule work on a weekly basis?

.t 1)1) I oini 5( 1.
IN 1)1) I iii m 150

c. AI; Form 5(i 1.
d. AU:Form 156.

(01 I Which ot these forms is used to record labor-hours expended daily hy. Actual Time Accounting (NIA)?

\I. 1 'lint -Not
\ I Foon I

c. AF Form 1842.
d. AU' Form 1879.

'III I I I Iii 1- a pcii,olt 5. mliii, at sin an AI Fom 17 k1 11(1 1.).mil Work StI*...thilc. !Rim imslitu !Limo i
.!.,11

au dr, ,.)11 the from the torm.
In the hack ol the form.

a against a person on leave.
m it against indirect labor.

It)! \ reason that would justity a pest manatf.ement contract is that

II is the tic ls preferenk..e .
ihe hasc has a minor pest problem.
Mc has ,. is too si11:111 to justif.y manning the AU:SC.

,4 lack of intk.Nrest in pest management at the Iacility.

till \\ hen \ monitor a pest management contractor. you should ensure all of the following c.veept

iit eel tilied workcrs. c. compliance ith safety standards.
it ,Ipproved equipment . d. usc of EPA-registered chemicals.

4
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Ss itt lb' \t, hat is the super\ !Nor's responsibility for Air Force equipment ;Ind materiar.)

materials in his her unit.
\ lit thini.. not signed tot ,()IiiehlItk. eke.
\ I (.1.11111,111cm mulct management's control
Pci sonnet indoLinnizinpri NtippI" diNcIplinc

I \\ hill \ItI INNIIL, match l;hl ()II I- I.01 in I '97. \ \\ hal I, the nonnal time period loi

I lit)Ill,
I, 2 I 111,111,

c. 3 days
d. 30 day s

I) OWN' II a het bieide .1PrliCattOn it completed due to a broken hose, tt ha snpply discipline rule is violated

Keep adequate supplies on hand.
se equipment toi intended purposes

Make sure equipment is operational.
Saleguatd equipment and supplies.

1111:11 tide oi supply \ Rtlateil if a ...hop Ntlpci 1.,01
pit.1h lled '

.t.' rl.11'pott2!.
\ .11cl:ital.! supplies and equilInient
Keit]) adequate supplies on hand.

tI Is.sitip at ciliate lecor(ls.

101"i \\, hat is the purpose ol Me I able ol ;MCC I I

and their numbers a unit can have.
I0 \pc, Wes ihe number of petistmnel authori/ed.

;Iv. the cost of anint,Iiiied
ities the amount d bench stock required.

\\ hut pui,11,:atIon Is 1iw,.1 m conjunction vitn ot Allow ant_ics

\toL k catalo:2.

`.111`Itl ill alt )12

iloes no/ keep up with the amount eu

L. Nlaster Equipment Management Index.
d. Master Personnel and Equipment Index.

lb '1)1 tt hen king up inati2rials ordered on AP Foi'm 1445, Nlaterials and hquipment List, you should cheek
I n eittcri the

4)1

!` 11111 tll It)1 C.A.
purchase funding. cotle.

d. numbet ordered.

I \\ !OHM \ handle, ft)I.

I.Ilet iii ,ttiiIttul li(T.s111)1)1>
'.1 I t;uI ii. \Vork control.

10'1 II it ne....d an equipment item but iirrimot locate a ii.tock number tor it, tt hat should yOU JO?

t I ,,tk nil .1 stibst mite equipment nem for winch you have a stock number
b 1 iii imother pest management shop to see if they hate ii .

material control and requi:ist their help.
1,1 RCICI NilpPk

BEST COPY AVAILABLE
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:))

)11' I \ui I .1It C nonmental protecnon committee. :ire e.tabh.hed at :III of the following levek e.kcepr

.1 iN

Ii
L \1.\.1('L 1\1
LI 1 ly LS \I

i" \\ Ii. II \ i 11'))1CC plIIIIIC1111,1111:0\ I-1411110RM

.1 K I ,1 L. AI It
d AIR ')I-1

100;1 \\ Inch ol the Iollow /to/ con.tdercLI a method ot con.er\ :Mow'

.1 I '`,111),.! [ICC .).2am1III1C.

Pl.w11112 itee...hoib.. and eta..
I ;) 1111. haths.

ii litiumng 111-.1. Icavc,.. and tree limb..

NI lit' II 1\ IV kit .tandard publication would iu look. to lind detailed technique. on ho. to perform

Itcgulation.
h tippleinent

c. 'Manual.
l'amphIL-

I I )I I( .1 ,11c the priniar\ adinira.trati\ e direct? \ ;.1,...tik

.1

I',111;phICK
L.. Nlantial.

Stirpiemeni..

otild (iti tiiiiI the tunction tI 1 iCtlIIdtitiil 11.IL.LI!

Ii \ I It 11-2. Numerical hide \ iii Stand:irLI tnLI Itectirriml I.orLL Publication.
h Iii \ i). Nuillerlal hide\ ol 1)e1artmentai Form.

\ iiel OIL. iegulation.. tolc
.1 tiiiiiieiI.iteI ttiIIti ing the hible ol content..

II) Nb. \\ 11.11 I. the iegulation number of the Numerical ol St:indord and RecuiTing .Air Force Publication.'"

.1 \ I 1: (I )

\ I. II 7

L. .\ 0-s
LI. \1:It 0-1)

URIC .hould >ma icier to it ou need to kno\\ tlic tide in A1-1: I (I I - I

L \I-It 0-4
ti AI:k 0-2

\\ lii Ii iilliL\ \ 011 I)) LICICI*111111e the 1111 AF FOr111 65().!

\I '1 L \I 1: 0 4
\I It d 1: 0-1

\\ 111,11 \ p oi clitr\ applopriate for entcring on ..\1 I.oim Requi.ition and 1:einiiienient Reques,r!

11111111C10,111k)Ii lot IICV). 1i i1111.

thl' intnithl
ItIntelt

needed iCtit

")1 \\ liii piograili doe. thc itL' it) Pre \ LIIclo.ure iii ill fp.... 01 information of 1io..1hle
.1nIc!

.1 I P\1S1

h 11

c. SEC
1. ()I'SI (

102
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ts ist'9i What is the main thiference between OPSEC and other security programs'?

)1'SlA. Is broader iv scope.
)I'SIA' i nuwe narrow in Scopc .

applies only to enhsted personnel.
LI inandatc(.l at lower echelons of command.

(:);(1, hi support ol operatiunN Necurity you can discuss problems regarding pesticide storage with
miyoue_

b Anvonc senior in rank .
c. your commander only.
d. onl ,. people having a need to know .

Which of tile following is OPSEC-vulnerable information'?

uvratt loading s;:hedule. c. Location of pesticide storage arca.
Prime 111..1:1: personnel roster d. All of the above.

END OF EXERCISE
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Preface

THIS SECOND volume of CDC 56650 was written to give you knowledge on these subjects: introduction to
entomology; pest management planning and coordination; and safety, protective equipment, and first aid.
To become certified as a pest management specialist, you must know these subjects as well as those you'll
cover in later volumes.

In Chapter 1, you'll learn about several aspects of pest biology; such as pest taxonomy (how pests are
classified), morphology (their form and structure), and physiology (their internal functions).

Chapter 2 will discuss several general aspects of pest management; such as, surveying, collecting,
identifying, and preserving pests; integrated pest management; and records and reports. All of this will be a
foundation on which you can build a more complete knowledge as you progress in the course.

Chapter 3 will give you information on how to protect yourselfboth physically and legallyfrom the
dangers inherent with your position. You'll learn about Federal, State, and local statutes and their impact on
your work; how to handle pesticides safely; protective equipment; pesticide poisoning symptoms; and
finally, first aid.

Appendix A is bound in the back of this volume. Use it as the text directs.
Code numbers appearing on figures are for preparing agency identification only.
This volume is rated at 33 hours (11 points).
Material in this volume is technically accurate, adequate, and current as of February 1984.



Ackn, wledgement

CAEPARATION OF this volume was aided through the cooperation and courtesy of
Harcourt Brace Jovanovich Publications, publishers of the Scientific Guide to Pest
Control Operations, 3rd edition, and Pest Control magazine. Information from these
publications helped in developing text regarding pheromones used in insect management
programs; crack and crevice treatment methodology; insect development, classification
and identification; and entomological principles. Permission to use these materials from
Harcourt Brace Jovanovich is gratefully acknowledged.

In accordance with the copyright agreement, distribution of this volume is limited to
DOD personnel.



Contents
Page

Preface

Acknowledgment iv

Chapter

1 Introduction to Entomology 1

2 Pest Management Planning and Coordination 26

3 Safety, Protective Equipment, and First Aid 77

Bibliography 108

Appendix 109

Ans,yers for Exercises 119



Introduction to Entomology

PEOPLE HAVE BEEN in contact with differeat types of
insects and pests during the human race's entire existence.
These insects and pests exceed 2 million known species.
and scientists are constantly discovering new ones during
their scientific studies and explorations. The results of these
studies and explorations indicate that when all insects are
known, their number will exceed 7 million species.

Today, as we frequently come in contact with insects,
most of us look upon them as pests, but not as either
harmful or beneficial. We seldom stop to consider the many
insect-borne diseases or the many insect-produced products
on the market. Do you know that honey, silk, lacquer, and
many other commercial products come from insects? You
may not like the thought, but some insects are edible. In
contrast, many species of insects, rodents, and related pests
seriously affect man. They affect military operations by
spreading disease, reducing efficiency of personnel, or
destroying property.

You might ask, "Why do people know so much about
insects?" Well, insects have pestered people so long that
we were forced to study their habits to find ways to control
them. The knowledge we gained soon became a factor in
our fight for health and survival. To adequately control an
insect, humans need to know its characteristics and
breeding habits. So began the study that is known as
entomology.

Entomology is the science that deals with insects, which
make up the majority of our economic pests. These insects
and pests are of many species and varieties and live
practically everywhere except on the open sea. They live
and breed in most of the materials used by people: soil,
water, and air. The factors determining their survival are
the variations of climate and the lack or surplus of food,
water, and shelter; however, many insects can adapt
amazingly to change in environment.

The science of entomology is divided into two major
categories: economic and medical. The economic category
has been subdivided into five branches which group insects
according to their destructive activities. The medical
category (to be discussed later) establishes the insect-borne
diseases and the insects responsible for them.

For the present, these are the five major groups of the
economic category:

(1) Agricultural. The agricultural branch deals with the
growing of field and truck crops. This area includes many
types of insecticides which cause death to insects from
eating, direct contact, or breathing

(2) Horticultural. This branch deals with the wooded
plants which are attacked by insects.

CHAPTER 1

(3) Veterinary. Veterinary entomology is closely
associated with medical entomology and deals with the
control of insects that attack domestic animals. This branch
is divided into two areas. One area deals with insects that
infest the animal internally, and the other deals with those
that bite, sting, or otherwise irritate the animal.

(4) Stored-product pests. This field is concerned with the
control of insects that attack foodstuffs, and the method by
which the food may be guarded and the insects eradicated.

(5) Household pests. These pests are the same as the
stored-product group and can be controlled by the same
methods.

In addition to entotnological functions, you will be
concerned with activities pertaining to botany (the science
of plants) and zoology (the science that deals with animals).
Therefore, this CDC will give You an understanding of the
fundamental principles and procedures involved in the
identification, control, and eradication of arthropod,
vertebrate, and vegetative pests. In this chapter we discuss
systematic biology, the animal kingdom, orders of common
insects, and the arthropods.

Remember, you will be working with apprentice pest
managers and other specialists and technicians to
accomplish the functions mentioned above. The procedures
used for a job to be done are established by the civil
engineer or your supervisor as we have already discussed.

1-1. Arthropod Taxonomy

It is impossible to determine the scientific name of an
insect without the aid of an orderly arrangement or
classification of species.

This section deals with the procedures in which the
naming of living organisms occurred. The word
"taxonomy" is defined simply as the science of
classification.

As pest managers we must have a knowledge of the
system used in naming or classifying living organisms and
the method used in writing and recognizing these names.
Believe it or not, at one time there was no recognized
standard system of classification. Imagine how confusing
this must have been, havirg no recognizable name.

200, Define systematic biology and state why the
binomial system of nomenclature evolved.

Systematic Biology. Systematic biology is the
arrangement of living things into groups having similar
characteristics. Our discussion here should help you



understand (1) the beginning of systematic biology, (2) the
binomial system of nomenclature, and (3) the animal
kingdom.

Even from the early beginning, people have attempted to
harness nature and its resources, but they found that it was
only through the knowledge of things (animal and plant)
that people could satisfy their needs and subsist in their
environment. People also learned that once the identity of a
living thing (plant or animal) was established, they could
further describe it, learn more about it, and use this
knowledge to obtain their own ends. Animals needed
standardized and universally accepted names so people
would know which animal they were talking about. The
identity of the animal became the key .o all knowledge
pertaining to it.

Because of the large numbers of living things, people
discovered it was impossible to identify them without an
orderly system of classification; therefore, the systematic
biology system of identification and arrangement began.

In 350 BC, Aristotle, a Greek philosopher, suggested a
classification of plants and animals. This was accepted
throughout the Middle Ages. In the first attempts to
describe and relate living animals, only generalized body
structure and habits were considered. With increased
knowledge and the rapid discovery of new species, a better
system of classification was evolvedthe binomial system
of nomenclature.

Exercises (200):

1. Define systematic biology.

2. The manner that provides an orderly system of
classification is called what?

3. As knowledge increased and humans discovered new
species, what system evolved?

201. Define the binomial system of nomenclature and
identify the genus and species in examples provided.

Binomial System of Nomenclature. The binomial
system of nomenclature was proposed in 1758 by Carl
Vonlinne, a Swedish naturalist, when he published the first
practical and extensive book on animal nomenclature. It
was a systematic means of applying two names to an
organism and became the foundation of modem systematic
biology. This publication named and described 4379
species of animals. Our present system of nomenclature is
based on the 10th edition of this publication, and all
scientific names listed have been accepted to the present
day.

Now you know the term "binomial system of
nomenclature" means applying two names to an organism,
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you must know what two names are used, the method by
which it is written, and how it can be recognized in other
publications, remembering that this is a standard procedure
and is universally recognized. The two words used, genus
and species (which we will discuss later in this section),
constitute a scientific name. When the scientific name is
written, the first name refeN to the genus and always begins
with a capital letter. The second name refers to the species
and begins with a small letter. The genus usually is the noun
and the species is the adjective, which is a common
occurrence in Latin. The scientific name can be recognized
in publications by being printed in italics, with the first
letter of the genus being capitalized and the first letter of the
species being a small letter. When the scientific name is
written without being italicised, both names are underlined
along with the first letter of the genus being capitalized and
the first 1etter of the species being a small letter, so as to
appear in this manner: Anopheles quadrimaculatus.

Although it is very important to know what constitutes a
scientific name and how to recognize it, this course deals
primarily with common names.

A common name is a name in English of an undefined
number of words, usually descriptive of the animal's
structure, coloring, or habits. Common American arthropod
pests have been assigned standardized names by the
American Association of Economic Entomologists; these
names are published by this organization for interested
persons.

NOTE: Most arthropod pests and vector studies in this
CDC have correct and standardized common names. Only
in a few cases will you be responsible for their scientific
name, for example, Anopheles. Culex, etc. Colloquial
names (those used in certain areas of the country) are
actually considered unsuitable in systematic biology and (if
seen in this volume) are included only to identify types of
insects that you have seen before. These colloquial names,
if used, will be enclosed in quotes ("popping bugs,"
"daddy longlegs," "devil horses," etc.).

Exercises (201):

I . Define binomial system of nomenclature.

2. Identify the genus in the following example by circling
the appropriate word. Culex irritans

3. Identify the species in the following example by
circling the appropriate word. Musca domestica

4. Combining the two names, genus and species,
constitute a
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202. Identify the classification divisions of the animal
kingdom.

Divisions of the Animal Kingdom. All living things are
classified according to their sexually mature structure and
are divided into the plant and animal kingdoms; however,
there are some living things (viruses, rickettsiae, and
spirochaetes) which cannot be assigned definitely to either
kingdom and are recognized as members of the undefined
k'lgdom. The animal kingdom is made up of a number of
major divisions, or PHYLA (singular, PHYLUM). The
phylum Chordata contains all the animals with a backbone.
including humans and other mammals, birds, reptiles, and
fish. The phylum Arthropoda contains about 86 percent of
all described animal species. Members of this phylum have
segmented bodies, jointed appendages, and an exoskeleton.
The arthropods are divided into CLASSES including class
Hexapodainsects; class Arachnidaticks, mites, spiders,
scorpions, and others; class Crustacaecrabs, shrimp,
copepods, and others; class Chilopodacentipedes; and
class Diplopodamillipedes. Each class is comprised of a
number major groupings called ORDERS, such as the
order Diptera, or true flies, Each order is made up of
FAMILIES, such as the family Culicidae, or mosquitoes.
Each family has one or more GENERA, such as the genus
Culex, and each genus has one or more SPECIES, such aF
pipiens. the house mosquito, which has sevei al
SUBSPECIES, such as Cidex pipiens pipiens, the northern
house mosquito.

Understanding the classification divisions is simplified if
you compare them to a pyramid, because beginning at the
top there are only a few divisions, and as you descent the
scale the divisions get much broader. The following
paragraphs will reiterate these divisions of the animal
kingdom beginning at the top.

The animal kingdom is divided into universally
recognized groups of closely related animals. This
kingdom is one of three basic groups of natural objects that
comprise all living and extinct animals. The animal
kingdom contains several phyla.

Phylum. Phylum is the first major taxonomic unit
comprised of organisms sharing a fundamental pattern or
organization and presumably a common descent. This is the
largest group of animals and contains many classes.

Class. 1 here are many classes involved in a single
phylum, and within each class there are many orders.

Order. Classes are divided into major groups identified
as order. Living things which have common major
characteristics are placed into a specific order. Features
which are generally used for placement into a specific order
are presence or absence of wings, number of wings, type of
wings, type of mouthparts, and typc of metamorphosis. We
will discuss this in more detail later in "arthropod
morphology."

Family. Family is still a further breakdown in the animal
kingdom. Within each order there may be numerous family
groups of which there will be basic similar characteristics
which place it in a particular family. Family names can
most often be recognized and distinguished from other
divisions by the word ending with "idae."
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Genus. Genus is the next step in classification, and at
this point, identification is almost complete.
Familiarization with this nomenclature division is very
essential for you to identify a specific organism.

Species. Species is the last major division in the
classification system. This final (in most cases)
identification process is most important, since habits and
habitats of various species of the same genus may vary
greatly, thus affecting the type of control measure you wish
to use. This is a distinct group of animals that have well-
defined characteristics in common with each other and are
capable of producting offspring with the same
characteristics.

Subspecies. When individual species vary from their
normal form in structure, coloration, habits, et . they are
often referred to as subspecies, strain, or race.

Exercises (202):

1. The factor with most bearing on how all living things
are classified is

2. The first step in classification is placing an organism
into the proper

3. A group that is comprised entirely of orders within the
classification division is identified as a

4. The group that is entirely made up of species is called a

5. Arthropoda represents a in the animal
kingdom.

1-2. Arthropod Morphology

Morphology is a branch of biology that deals with the
from and structure of animals and plants. Morphology
defined is a study of the forms, relations, metamorphosis,
and phylogenetic development of organs apart from their
functions.

This section will enable you to understand more fully the
principles discussed in the previous section on taxonomy
and will identify characteristics that place an organism into
a particular group. We will be primarily concerned with the
animal kingdom; especially the phylum Arthropoda,
because the greatest majority of pests that we are concerned
with are within this group.

203. State the prerequisites for clasifying an organism as
an animal and identify differences of specific phyla or
orders.

Physical Comparison Between Insects and Higher
Animals. Everyone knows that we, as humans, are
different from insects, and we also know that we are
classified as the highest animal form; but many do not know
what constitutes the difference in the physical structure.
Like it or not, insects are placed in the same kingdom as we
are (animal kingdom), but at this point there are many
differences; thus, a separation begins within the
classification system. Table I-I illustrates the divisions by
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TABLE 1-1
CLASSIFIC ATION COMPARISON OF MOSQUITOES AND HUN:ANS

1

Name of Category

KINGDOM

PHYLUM

CLASS

ORDER

FAMILY
(Note family
names end in
idae in zoology)

GENUS

SPECIES

SUBSPECIES

AUTHORITY

Mo s quito s Humans

ANIMAL--capable of motion;
no chlorophyll.

ARTHROPODA--jointed append-
ages; exoskeleton; dorsal heart;
ventral nerve cord; cold blood.

HEXA PODA- -three pairs
of legs; one pair of antennae;
wings usually present.

DIPTERA--two wings; second
pair of wings modified into.
halters or balancers; sucking
mouthparts; complete
metamorphosis.

Culicidae--The true mosqui-
toes. Adult with scales on
wings, elongate proboscis,
wings usually longer than
abdomen

Culex (Latin for mosquito)
(note that the generic name
of any animal is capitalized
and written in italics)

pipiens (note that the species
name is always written in
small letters and in italics).
This species name refers to
the piping or whining sound
of the flying mosquito.

latigans

Wiedemann, 1828

ANIMAL--capable of motion;
no chlorophyll.

CHORDATA--jointed append-
ages; endoskeleton; ventral
heart; dorsal nerve cord

MAMMALIAmammary glands
for suckling young; hair;
four-chambered heart; warm
blood.

PRIMATESLimbs elongate,
"hands" and "feet" enlarged,
often with a thumb, each of
five digits with flattened or
cupped nails.

HominidaeThe family of
man.

Homo (Latin for man)

sapiens (Latin for learned)

sapiens

Linnaeus, 1758
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comparison of man and mosquito, which is an insect. Both
man and mosquito are classified as animal because both are
capable of motion and neither has chlorophyll, which is a
prerequisite for placement in the animal kingdom. Using
the binomial system of nomenclature, man is identified as
Homo sapiens (which is Latin for learned man). Looking at
table 1-1, the mosquito discussed is scientifically named
Cu lex pipiens (which is Latin for whining mosquito).
Notice the characteristics which lead to the final
classification. In each case, both are classified according to
a specific characteristic using Latin words for these
characteristics. In almost every case , Latin words are used
in the scientific naming process.

People and insects, as you have already seen, are within
the same kingdom; but from this point on, there are many
differences, and the further we move down the
classification system the broader the differences become.
Phylum is the next step in the classification system that
we'll discuss. The mosquito is placed in the phylum
Arthropoda because it has jointed appendages and
exoskeleton (skeleton on outside). Humans are placed in the
phylum Chordata which has jointed appendages and
endoskeletons (skeleton on inside). Even though humans
and insects are in different phyla, they are still closely
related, with exception to the type of skeletal system each
one has (comparison shown in fig 1-1). Class is the next
major division of the classification system, and here the
mosquito is placed in the class Hexapoda. This class
includes all animals that have three body regions; three
pairs of walking legs, one pair of antennae, and usually
wings. Humans are in the class Mammalia, which means
that they must have mammary glands and hair; of course,
there are other qualifications that must be met, such as
having a four-chambered heart and warm blood. But
remember, we are only concerned with the physical
structure in this section. The order is the last comparison
that we will make between the mosquito and man, because
the basic differences should be fully realized and
understood before we go on with the breakdown.

The mosquito is in the order Diptera which means having
two wings with a second pair of wings modified into
halteres or balancers, sucking mouthparts, and complete
metamorphosis (development process).

Humans come under the order of Primates because they
have long limbs, enlarged hands and feet, often have
thumbs, and each of the five digits has flattened or cupped
nails.

Exercises (203):

1. Referring to table 1-1, what are the prerequisites for an
organism to be classified as an animal?

2. What is the primary difference in the physical structure
between the phyla Arthropoda and Chordata?
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Figure 1-1. Exoskeleton and endoskeleton.

3. What are the characteristics of the order Diptera?

024. Cite characteristics of arthropods and identify body
parts of each class.

The Phylum Arthropoda. An arthropod, as you have
learned, is an animal that has jointed appendages and an
exoskeleton. In addition to these features, it also has a
segmented body, meaning his body is divided into two or
more sections. There are more animals in the phylum
Arthropoda than in any other phylum. Arthropods can be
found everywhere, and they can live in water, on ground, in
the ground, or in the air. From the standpoint of human
suffering and economic loss, the phylum Arthropoda
presents the most concern to humans.

This phylum is generally divided into five classes:
Crustacea, Chilopoda, Diplopoda, Arachnida, and
Hexapoda. Many arthropods help people by providing food
and materials, but many compete with us for food; destroy
lawns, shrubbery, and homes; and transmit diseases.
Throughout this course you will be concerned primarily
with the classes Hexapoda and Archnida; the remaining
classes, Chilopoda, Diplopoda, and Crustacea are less
important.

In the next few paragraphs we'll look at the physical
structures of come classes of arthropods. We'll explain the
characteristics of each to help you understand the basis for
placing an organism in a particular class.

The class Arachnica (scorpions, spiders, ticks, and
mites). The arachnids are common wherever insects occur
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and are often mistaken for insects. They may be
distinguished easily by the fact that they have no antennae
and bear four pairs of walking legs in their adult stages.
Figure 1-2, the spider, illustrates the fact that the first two
body regions (head and thorax) are fused to form a
cephalothorax. Some arachnids, such as mites and ticks,
have only one body division. They breathe by means of
booklungs, or tubular tracheae, or by both types of
respiratory systems. Their reproductive organs open near
the front of the abdomen.

This class ranges in size from microscopic (mites) to 3 or
4 inches (scorpions and spiders). Its habits are highly
variable; there are aquatic and terrestrial, parasitic,

predaceous, and vegetarian forms. Some are highly active
and some remain in one place through life. Some produce
living young (scorpions) and some lay eggs (ticks, mites,
and spiders). With most arachnids, the young resembie the
adults. The class Arachnida is the second most important
class of this phylum to humans. It contains serious human
disease vectors (ticks and mites) and venomous species
(scorpions and the black widow spider). Many varieties are
parasitic on birds, animals, and humans (ticks). Many are
predaceous or harmful and destructive insects (scorpions
and spiders).

The class Chilopoda (centipedes). Centipedes (fig. 1-2)
are know as hundred leggers, although most species have

Insects
Class Flexapoda

ô legs in 3 pairs
3 body regions, called head, thorax, and abdomen
1 or 2 pairs of wings (sometimes absent)
1 pair of antennae
mostly terrestrial or freshwater, some marine

Millipedes
Class Diplopoda

many legs, 2 pairs on most body segments
wormhke cylindrical body with many segments
I pair of antennae
terrestrial

)ftliteesivolia,

Spiders, Scorpions, Mites, Ticks
Class Arachnida

8 legs in 4 pairs
1 or 2 body regions; if 2, the front is called the
cephalothorax (head & chest), and the back, the abdomen
no antennae
terrestrial, some freshwater

Centipedes
Class Chilopoda

many legs, 1 pair on most body segments
wormlike flattened body with many segments
1 pair of antennae
terrestrial

Sowbugs, Crayfish, Lobsters, Crabs, Barnacles
Class Crustacea

10 or more legs in pairs
2 body regions, called cephalothorax and abdomen
2 pairs of antennae
mostly marine, some freshwater and terrestrial

Figure 1-2. Five classes of arthropods.
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fewer than this number of legs. The centipede has a head
with one pair of antennae and a group of similar segments
called a trunk. Each trunk segment has one pair of legs.

Centipedes range in size from small specimens less than
1 inch long to specimens in the tropics reaching 10 inches.
They are fast, nocturnal, secretive predaceous, and
terrestrial. Most species lay eggs. The young closely
resemble the Alu lts but sometimes have fewer leg pairs.
They are beneficial to humans because they feed on many
harmful insects. However, some species are capable of
inflicting painful bites with their paired poison claws
(modified first kg pair), but no dangerous species are found
in the United States.

The class Diplopoda (millipedes). Millipedes (fig. 1-2)
have one pair of antennae and two body regions, the head
and trunk. They differ from centipedes in that each apparent
trunk segment has two pairs of legs. Millipedes usually do
not hurt people but may damage some plant crops.

Millipedes range in size from less than 1 to 5 or 6 inches.
They are slow moving, despite numerous legs, and are
nocturnal, secretive, vegetarian, and terrestrial. They lay
eggs, and the young resemble the adults but have fewer
abdominal segments and only three pairs of walking legs.
They may be accidental parasites of humans, inhabiting the
intestinal and urinary tracts. When distrubed, some produce
offensive fluids from paired glands located in the abdomen
and have been known to produce a dermatitis in humans.

The class Crustacea (crabs, shrimp, lobsters, sowbugs,
and copepods). Crustaceans (fig. 1-2) differ from insects in
having five or more pairs of walking legs, two pairs of
antennae in typical forms, two body regions (cephalothorax
and abdomen), no wings, reproductive organs opening at
the base of the walking legs, no trachae, and great
variations in shape.

This class is the least related to the insects of any of the
other related classes in this phylum. It ranges in size from
microscopic forms, such as the copepods, to crabs more
than 3 feet long. The animals in this class are relatively
active, diurnal, predaceous, parasistic, and vegetarian.
They are usually aquatic or semiaquatic, and many are both
diurnal and nocturnal. Egg.: are usually carried in sacs
inside or outside the body. The immature stages may look
like the adults (crayfish) but may look very different from
the adults (copepod). Many are beneficial to humans as
food (crabs, lobsters, shrimp, etc.). Some are intermediate
hosts of parasites, attaching tapeworms, flukes, and guinea
worms. Some are marine boring organisms such as the
gribble (Limnoria sp). Pillbugs and sowbugs are
occasionally greenhouse pests.

The class Hexapoda (true insects). The insects are the
most important members of the phylum Arthropoda.
Typical adult insects have one pair of antennae, three pairs
of walking legs, and three body regions: head, thorax, and
abdomen (fig. 1-3). many insects, but not all of them, have
wings. None of the other classes of arthropods have wings.
The reproductive organs open at the posterior end of the
abdomen.

We'll discuss the specific habits and life histories of the
insects of importance to people in later paragraphs. Learn
the identifying characteristics of each class of the phylum

7

HEAD

ABDOMEN

cro -132

Figure 1-3. The three main parts of an insect's body (paper wasp).

Arthropoda, for these features will help you understand the
individual insect species and their habits.

Exercises (204):

I. For an arthropod to be placed in the class Hexapoda it
must have wings. (rue/False)

2. From the standpoint of human suffering and economic
loss, which phylum is of the most concern to people?

3. The most important classes of arthropods discussed in
this lesson are represented by which two groups?

4. Which class is least related to insects but is still in the
same phylum?

5. latch each class of arthropods in 31umn B with its
proper description in column A.

Column A
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) Have one pair of antennae, two body
segments (head and trunk), and two
pairs of walking legs on each trunk
segment.

(2) The adult stage has no antennae or
wings, has four pairs of legs, and may
have one or two body regions.

a.
b.
c.
d.
e.

Column B

Arachnida.
Crustacea.
Chilopoda.
Diplopoda.
Hexapoda.



Column Column II

(3)

(4)

(5)

Have five or inore pairs of walking
legs, two pairs of antennae, two body
regions, and no wings.
Have one pair of antennae, three pairs
of legs. three body regions. and may
Or may not have wings.
Have one pair of antennae. two body
regions (head and trunk), and one pair
of legs on each trunk segment.

205. !,fentify structural features and developmental
procc es of the class Hexapoda.

Inset Structure. You need a basic knowledge of insect
stnicture to correctly identify insects. This is the first step
we'll take in our study of insect biology or control.

Insect body. The insect body is generally a more or less
elongated tube with appendages, such as legs, wings, or
antennae on either side. Each side is like the other. This
arrangement is referred to as bilateral symmetry. The body
is segmented, or jointed, with segments being grouped into
the head, thorax, and abdomen.

In adult insects the eyes, antennae, and mouthparts are on
the head. Legs and wings are attached to the thorax. The
appendages on the abdomen, when any are present, are
usually on the last segment only. Abdominal appendages
are usually sex organs, or hairs, or bristlelike extensions
known as cerci. Most appendages on the insect body are
segmented.

The skeleton of the insect is on the outside, rather than on
the inside as with man and other mammals, thus serving not
only as an outer covering of the body but also as the firm
portion of the body to which muscles are attached. Such
muscle attachment makes it possible for an insect to have
overall strength out of all proportion to its size.

The body wall is composed of two principal layers, a
cellular epidermis. or outer skin, and a nonliving cuticle.
The cells of the epidermis produce a hard outer layer called
the cuticle. In addition, certain specialized cells produce
surface hairs and glandular secretions that are also found on
the surface of the insect body.

The cuticle itself is made up of three principal layers (see
fig. 1-4). The endocuticle and exocuticle contain the
material chitin and sclerotin which are typical of the insect
skeleton and contain any coloring matter that may be
present. The epicuticle is a very thin, waxy layer that
protects the insect body so that moisture does not evaporate
from it. This layer is important to the pest control specialist
because insecticides that work through the body wall must
be able either to penetrate or to dry up this layer in order to
be effective.

The body wall completely covers the insect. In some
portions, it is hardened to form plates or sclerites; in others
it is soft and flexible forming membranous sutures between
the sclerites. This body wall is always in one piece with
hard and soft portions being merely variations in the same
structure. For example, the usual insect abdomen is quite
firm because of its segmented rings, or sclerites, which
extend around it; it is also flexible and expandable because
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of the flexible sutures that connect these sclerites to each
other and join the parts of each sclerite to the other parts.

Head. The typical insect head is a hollow capsule made
up of a number of segments which have been solidly fused
together and which cannot easily be distinguished. The
head is usually quite hard.

Sense organs. The antennae are appendages of the head,
and they are nearly always made of many segments. The
shape, number, and relative size of the segments are
characteristics frequently used to identify an insect.
Antennae are sense organs having the functions of touch,
smell, and in some cases, nearing. There are many difterent
kinds of antennae, a few of which are listffl below (see fig.
1-5).

Filiformthreadlike (cockroach).
Setaceoustapering (dragonfly).
Moniliformbeadlike (some bark beetles).
Serratesawlike (drugstore beetle).
Clavateclubbed (ladybird beetle).
Capitatehaving a head (some powder-post beetles).
Lamellatelealike (June beetle).
Pectinatecomblike (pyrochroid beetle).

Most adult insects have a pair of relatively large
compound eyes located on the head. The surface of these
eyes is made up of many small lenses, each of which is the
lens to a single portion of the compound eye. In addition,
most insects also have simple eyes located on the upper part
of the head between the compound eyes. Some insects have
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Figure 1-4. Lateral view of an insect's body wall.
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Figure 1-5. Some typical insect antennae.
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no simple eyes in the adult stage, but among those that do,
the number may be one, two, or three depending upon the
kind of insect. In many adult insects, simple eyes function
as supplementary light-perception organs. They do not
perceive images.

An insect does not get as clear an image of objects as do
humans and other vertebrates, and its ability to distinguish
form is not very well developed. However, it is usually very
set sitive to motion. As far as color perception is concerned,
insects see farther into the ultraviolet wan humans, but they
do not see as far into the red part of the spectrum.

Mauthparts. An insect's mouthparts are made up of
extensions of the original head segments and are located,
usually, on the bottom of the head although on some insects
the head is held so the mouthparts extend forward.
Variations in insect mouthparts are characteristics that are
frequently used in the identification of insects. The type of
mouthparts also serves to tell something of the food habits
of the insect and may well make it possible to tell where to
find the insect by looking for a suitable source of food.

The structures that make up the mouthparts of insects
vary greatly in shape and function. In many insects they are
formed for biting off and chewing solid foods, such as
leaves, wood, fabrics, or kernels of grain. In others they are
formed for piercing the skin oi animals or the epidermis of
plants and sucking up blood or plant sap from beneath the
surface. In still others they are formed so the insect can feed
on exposed liquids such as water and nectar.

Based on the form of their food and the method by which
they obtain it, the mouth parts of adults may be divided into
6 principal types or kinds: Chewing, rasping-sucking,
piercing-sucking, sponging, siphoning, and chewing-
lapping.

Chewing type. This is the most primitive and therefore
the most basic type; it is found in insects such as
cockroaches, termites, beetles, and chewing lice which
feed on solid food. In this type, the mouthparts are made up
of 7 well-defined structures, most of which are found in
insects with other types of mouthparts, but they are usually
greatly modified in form (see fig. 1-6).

Structures found in the chewing type of mouthparts are as
follows:

a. Upper lip (labrum). This is a simple flap which covers
the upper jaws, much as our upper lip covers the upper
teeth.

b. Upper jaws (mandibles). There are two upper jaws,
each of that is a solid structure which has toothlike
projections on the inner side. The jaws move from side to
side, or transversely, and are used to tear or bite off the food
and chew it.

c. Tongue (hypopharynx). This is a fleshy organ found
inside the mouth.

c. Lower jaws (maxillae). There are a pair of these, each
of which is made up of several parts. Attached to the
outside of each is an antennalike structure called a
maxillary palpus which may contain organs of taste, touch,
and smell. The lower jaws move from side to side as do the
upper jaws.

e. Lower lip (labium). The lower lip is made up of
several parts and bears a labial pulpus on either side which
has the same functions as the maxillary palpi.
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Rasping-sucking type. Insects that possess this type of
mouthpert laccrate or rasp the epidermis of plants with three
needlelike organs, the stylets, until the sap flows out. They
then retract these stylets and suck up the exposed sap. The
only insects that possess this type of mouthparts are the
thrips.

Piercing-sucking type. In this type, the parts have been
modified so the insect can pierce the skin of animals or thc
epiderm;s of plants and suck up the blood or plant sap from
beneath the surface.

There are many varieties or sub-types of the piercing-
sucking type. Basically, there is a proboscis, or snout,
which is a slender, tubular beak. Within the snout are
enclosed four long, slender stylets. These stylets are used to
pierce the tissue and suck up the liquid food. Although this
is the general arrangement found in the various insects with
piercing-sucking mouthparts, there are numerous
modifications of it in mosquitoes, biting flies, fleas, and
lice (fig. 1-7).

Sponging type. Some flies, such as house flies, blow flies
and fruit flies, are unable to pierce the skin of animals or the
epidermis of plants and, therefore, must feed on exposed
liquids. In these flies, the lower lip is elongated to form the
outer covering of the beak. Within this beak are two slender
structures that form a salivary duct and a food channel (fie.
1-8). The tip of the lower lip is enlarged into a sponging
organ which has a series of grooves radiating from the
center. When the fly dips the end of its beak into liquids,
the liquid flows up these grooves until it comes in contact
with the food channel. The food is then sucked up through
this channel into the esophagus.

Siphoning type. In moths and butterflies a part of each
lower jaw is elongated. The parts are interlocked to form a
long, slender tube through which exposed liquids, such as
nectar and water, are sucked. This tube or "tongue" is
coiled up like a watch spring when it is not being used.

Chewing-lapping type. In some bees and wasps the
mouthparts are formed both for the chewing of solids and
the sucking up of exposed liquids, especially nectar. The
upper lip and the upper jaws are of the same form as the
chewing-type mouthparts. The lower jaws and the lower lip
are elongated to form a "tongue" with which the insect can
suck or lap up liquids.

Mouthparts of immature insects. Some immature forms
of insects have the same type of mouthparts as their parents,
while others do not. In insects that develop without
metamorphosis (for example, silverfish) or with gradual
metamorphosis (cockroaches) Or incomplete
metamorphosis (dragon-flies), the immature forms have the
same type mouthparts as their rarents. That is, if the adult
has piercing-sucking moutlivirts, as in the case of some
lice, the immature forms will also have piercing-sucking
mouthparts.

Larvae, the growing stage of insects with complete
metamorphosis (butterflies). may or may not have the same
kind of mouthparts as their parents. The larvae of beetles,
moths, and butterfLe 'ILA) or may not have the same kind
of mouthparts as their parents. In addition, the larvae of
beetles, moths, butterflies, and some of the bees have
typical chewing mouthparts although the various parts may
be reduced. The larvae of fleas and some flies, such as
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Figure 1-6. Typical chewing mouthparts of a cockroach.
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Figure 1-7. Piercing-sucking mouthparts of a mosquito.

mosquitoes, deer flies, and black flies, also have chewing
mouthparts, but they are not as well developed as in the
above insects.

The head of the larval form of flies, such as house flies,
blow flies, and fruit flies, is greatly reduced and withdrawn
into the thorax. Their food has to be in liquid form.
Although the immature stages of some flies have no true
jaws, there are usually two mouth hooks present which
enable the larvae to lacerate tissue.

Mouthparts of the larvae of bees, ants, and wasps are
much reduced. In general they are of the chewing type.
However, the larvae of many of the ants and bees are fed
liquids.

COMPOUND EYE .--

ANTENNA
I.

11M/
MAXILLARY
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LABRUM__-PROBOSCIS --LABIUM

LABELLUM
CAPILLARY
GROOVES

Figure 1-8. Sponging mouthparts of a housefly.

Thorax. The middle region of an insect body is known as
the thorax. It is made up of three segments to which the legs
and wings are attach.xl, whenever they are present (fig. 1-
9). The segments of the thorax are usually quite hard and
are frequently fused solidly together to provide a firm base
for the many muscles necessary to operate the wings and the
legs. The thorax is connected to the head by a membraneous
neck region called the cervix.

Legs. An insect leg is always jointed and consists of 6
parts: coxa, trochanter, femur, tibia, tarsus, and pretarsus.

The coxa and trochanter are the two parts that connect the
insect leg to the body, with the trochanter being between
the coxa and the femur. The femur corresponds more or less
to the thigh of a human, and the tibia to the lower leg. The
tarsus is composed of several joints and corresponds to the
foot. The last tarsal segment usually bears a pair of claws
and freq ,ently pads or lobes between the claws. These
claws alio pads together form the pretarsus.

Variations in the size and shape of the leg segments are
characteristics by which a pest control specialist can tell a
great many things. The legs are modified for running,
jumping, grasping, digging, and in many other ways that
give a good insight into the habits of the insect (fig. 1-10).
Variations in the leg are also used in identification.

Wings. Insect wings are an outgrowth of the body wall on
the last two segments of the thorax (fig. 1-11).

Most adult insects have two pairs of wings but some have
only one pair and a few have none. Most insect wings
consist of a thin membrane; in some insects, however, the
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Figure 1-9. Insect thorax.
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Figure 1-10. Insect legs.
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front pair of wings are thickened and leathery or hard. The
variation in the number of wings, their size, shape, texture,
arrangement of veins, and rest position are also
identification characteristics.

Abdomen. The insect abdomen is composed of 11
segments, although the last segment is usually so reduced in
size, or so modified, that only 10 segments are easily
visible (fig. 1-12). In some insects several segments may
be fused together so there appear to be fewer than 10. A
small holelike opening is on either side of each of the first 7
or 8 abdominal segments when 10 are present. Here, the
spiracles open into the internal respiratory system. Various
appendages may appear on the last segment of the
abdomen. Of these appendages, the most noticeable on
many insects are the cerci, which extend from the last
abdominal segment. Genital appendages may be lacking
but, when present, the most conspicuous organs are the
claspers of the male and ovipositor of the female. These
genital organs may be present externally or may be totally
enclosed within the abdomen so that they are not visible.
All of the appendages on the last abdominal segment
perform sensory functions, primarily in the reproductive
process.

Insect Development. The life cycle begins with the
fertilization of the egg and is completed when the adult
stage is reached. The term "lifesrqn" refers to the entire
length of life of the insect. Some insects, such as tropical
termite queens, may live 15 or 20 years; and the periodical
cicada lives for 14 to 17 years. Mayflies may live only a
few days as adults, although they may spend 2 or 3 years in
the developing immature stages.

Small animals have relatively greater surface areas in
proportion to their body weight and volume than large ones.
This results in increased evaporation of water vapor from
the body and requires the development of complex
waterproof body coverings. The hard plates in the cuticle
also serve as protective armor, as well as oody support, and
as the framework for muscles of locomotion.

The development of this armorlike exoskeleton and
wings has complicated the growth of insects. The molting
process is a means by which an immature insect may shed
this protective skeleton, the linings of the respiratory
system and of the foregut and hindgut. A molting fluid is
produced between the old exoskeleton and the new soft
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cuticle of the insect. Air or water is swallowed until the
body swells, bursting the old cuticle on the dorsal surface in
most cases. The insect gradually extracts itself; and a new
cuticle hardens on its expanded body, thus accomplishing a
stage of growth. The number of molts is small and constant
in most species, such as the three molts of the housefly; or it
may be large and variable as in the 12 or more molts of the
American cockroach. For a period varying from a few hours
to a day after molting, the body of an insect may be soft and
pale colored, leading some laymen to refer to it as an
"albino." However, during the first day after molting,
there is a progressi ve hardening and coloring of the
integument, ar I for this reason, most entomologists allow
newly emerged adult insects to remain in rearing containers
for 12 to 24 hours before killing and pinning them. For
example, if mosquitoes are killed soon after they emerge,
their abdomens will shrivel before the integument becomes
hardened, making it difficult to identify them.

Metamorphosis refers to changes in form or structure of
an insect during its development. A few primitive insects
develop without metamorphosis (fig. 1-13). The young
possess all of the obvious structures of the adult and differ
from them merely in size, color, and sexual maturity. The
springtails (Collembola) and silverfish (Thysanura) develop
without metamorphosis. Both are small wingless insects.
Thysanura grow and molt throughout life so that there is no
distinct adult stage.

Insects with gradual or incomplete metamorphosis pass
through three stages during their life: egg, nymph, and
adult, as illustrated in figure 1-14. Insects in this group
change gradually while going through a succession of molts
to become adults. The young resemble the adult insect
except for their smaller size and for the absence of wings in
wingbearing species. The young, or nymphs, are immature
sexually and may bear wing pads in the latter stages of their
development. Some important orders with gradual
metamorphosis are:

DICTYOPTERA
ANOPLURA
MALLOPHAGE
HEMIPTERA
DERMAPTERA
PSOCOPTERA

cockroaches, walking sticks, and praying mantids.
sucking lice, including the crab and body lice.
biting lice.
true bugs including the bedbug and kissing bug.
earwigs.
book lice and psocids.

Insects with complete metamorphosis have four stages:
egg, larva, pupa, and adult as illustrated in figure 1-15.
Insects with this type of life history are greatly different in
the immature and adult stages. Typical larvae are the
wigglers of mosquitoes, the maggots of flies, or the
caterpillars of butterflies and moths. The pupal stage is an
important evolutionary development during which the
simple larva undergoes many external and internal changes
to become the complete adult.

Most of the insects with complete metamorphosis have
wings as adults, but some species, such as the fleas, are
completely wingless. Normally the wing buds first appear
in the pupal stage. When the young adult first emerges from
the pupal shell, the wings are crumpled and useless.
Hydrostatic pressure of the blood within the insect body
forces the saclike wings outward, and the two membranes
collapse against each other to form the single membranous
structure.
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Figure 1-12. Insect abdomen.
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Figure 1-13. No metamorphosis.
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egg \\
Gradual Metamorphosis
Dictyoptera Zoraptera
Orthoptera Thysanoptera
Isoptera Mallophaga
Dermaptera Anoplura
Psocoptera Hemiptera
Homoptera

adult

Figure 1-14. Gradual or incomplete metamorphosis.

There are many orders of insects having complete
metamorphosis. Five of these orders of most importance to
pest managers are listed below:

DIPTERA flis, mosquitoes, midges, and punkies.
SIPHONAPTERA fleas.
LEPIDOPTERA moths, butterflies, and skippers.
HYMENOPTERA ants, bees, and wasps.
COLEPTERA beetles, and weevils.

Exercises (205):

1. What are the three main regions of an insect's body?

2. On which main body region are each of these parts
located?

a. Reproductive organs

14

b. Legs

c. Antennae

d. Spiracles

e. Wings

3. Hardened plates on an insect's body are called
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Figure 1-15. Complete metamorphosis.
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larvae

4. Soft, flexible parts between these plates are called 7. How many pairs of wings do most insects have?

8. When a change of form or structure occurs during an
5. What are the functions of an insect's antennae? insect's development, what is it called?

6. Name the six types of insect mouthparts and give an
example of an insect with each type.

Mouthparts Insect

(1)
(2)
(3)
(4)
(5)
(6)

9. Insects that pass through three stages in their
development are known as having

10. Insects that t;':perience four stages in their
development are known as having
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206. Identify distinguishing characteristics of various
orders of insects.

Important Orders of insects (Part I). The class
Hexapoda is divided into 20 to 40 major groups or orders by
different authorities. Members of each order have certain
features in common that distinguish them from all other
insects; primarily, the type of mouthparts, the number of
pairs and types of wings, and the kind of metapmorphosis.

You will not be expected to learn the genera or species of
all insects with which you come in contact, but you should
learn whether they are flies, beetles, or moths. These words
are used loosely by many people, and reports will come in
stating that a quarters is infested with "flies" when it is
really infested with cereal moths or "beetles." The main
orders of common insects and a brief description of their
characteristics are given in the following paragraphs.

Order Anoplura (unarmed tail). The sucking lice (fig.
1-16) are small, wingless, flattened insects that are
bloodsucking parasites of man and other mammals. The
species most important to public health are the body louse,
the head louse, and the crab louse. Their mouthparts, which
are usually retracted within the head, are modified for
piercing and sucking. Their eggs, or nits, are attached to the
body hairs or (in humans) to the undergarments.
Development is by gradual metamorphosis.

Order Coleoptera (sheath, wingbeetles and weevils).
In the adult stage, the beetles and weevils (fig. 1-17) have
four wings. The front pair are heavy and shell-like and
serve as wing covers, called elytra, which protect the
hindwings and the abdomen. The hindwings are
membranous or cellophanelike and fold underneath the
forewings. The mouthparts are extended into a snout.
(These are the true weevils.) Beetles have complete
metamorphosis.

Order Dermaptera (skin wingearwigs). Earwigs (fig.
1-18) are rather small, dark-colored insects with a long,
narrow body and a prominent pair of cerci, or forceps, at
the posterior end. The head bears chewing-type mouthparts
and relatively sort antennae. The forewings are short,
leathery structures which protect the delicate semicircular
hindwings that are pleated like a fan. Earwigs are primarily
vegetarians but will invade houses by the thousands, and if
crushed, they give off an offensive rIclor and can be severe
household pests. Despite their nan,,, "earwigs" are not

CFA -059

Figure 1-16. Order Anoplura, a body ' mse.
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Figure 1-17. Order Coleoptera. a grain weevil.

gailty of entering the human ear and stinging a person to
death, as related in some old wives' tales.

Order Diptera (two-winged--flies and mosquitoes). The
flies (fig. 1-19), mosquitoes, gnats, midges, and punkies
make up this large order of two-winged insects. A pair of
knobs, or halteres, occurs in place of the second pair of
wings. Dome forms, such as the "sheep tick," or ked, lack
both wings and halteres. Mouthparts are fitted for sucking
or lapping. These insects undergo complete
metamorphosis, and the larvae are called maggots, or
wigglers, depending upon the species. Some diptera are
beneficial; many are neutral to man, and many are serious
pests and vectors of disease.

Order Hemiptera (half-wingedtrue bugs). This large
order comprises the true bugs (fig. 1-20), the only insects
properly called by that name. The young, or nymphs, go
through a series of molts before reaching the adult stage,
and thus develop by gradual metamorphosis. The adults
generally have two pairs of wings. The forewings of these
bugs are diagonally divided into two parts, the forepart and
the hindpart. The forepart is thickened and the hindpart is
membranous. Not all of these insects have wings but may
have rudimentary (partial) wings. The bedbug is an
example of this. Bugs have a scutellum, a triangular body
area between the bases of the overlapping forewings. The
mouthparts are modified into a beak for piercing and
sucking.

Order Homoptera (same wingaphids and scale
insects). This name is not a very good guide, because some
have no wings (the nonreproductive generations) and others
have dissimilar wings (leaf hoppers). The Homoptera (fig.
1-21) share certain characteristics with the Hemiptera
(half-wings) with which they were once grouped. They
have pierc.rig, sucking mouthparts which are like jointed
tubes. They have incomplete metamorphosis.

Order Hymenoptera (membrane wingedants, bees,
and wasps). Hymenoptera (fig. 1-22) are distinguished
from most other insects by their four small membranous
wings with few veins. The hindwings are smaller than the
forewings. The mouthparts are suited for chewing or
lapping. Many species have the apparent first segment of
the abdomen reduced to a slender waist, as in the ants. The
abdomen joins onto the thorax by a narrow waist, or
"petiole" (PEE-tee-ole) from which we get the expression
"wasp-waisted." The common ant is an immature,
wingless female called a worker. However, the mature
male and some female ants do have wings. Some wasps do
not have wings (the so-called velvet ants, or cow killers) but
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Figure 1-18. Order Dermaptera, an earwig.

Figure 1-19. Order Diptera, a housefly.

Figure 1-20. Order Hemiptera, a bedbug.
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Figure 1-21. Order homoptera, an aphid.

Figure 1-22. Order Hymenoptera, a wasp.

are hairy and have infinitely painful stings. Wasps,
hornets, mud daubers, and bees are all relatives in their
order. However, only the immature female worker, the
queen ant or queen bee, the female of the mud dauber, and
the carpenter and solitary bees can sting. This is made
possible by modification of the egg-laying apparatus which
forms the stinger. The Hymenoptera are the most beneficial
of all insects, only a few being harmful. They furnish food
for human and pollination for fruit and grain products.

Order Isoptera (equal wingedtermites). Termites (fig.
1-23) in the immature or work stages or in the soldier caste
do not have wings, but the mature male and female have
identical wings. When wings are present, there are two
pairs which are membranous with reduced venation, and
both pairs are the sam- size and shape They have
mouthparts adapted for chewing and undergo gradual
metamorphosis.



Exercises (206):

1. Match the distinguishing characteristics in column B
with the order of insects they describe in column A

Column A

( I ) Anoplura.
(2) Coleoptera.
(3) Dermaptera.
(4) Diptera.
(5) Hemiptera.
(6) Homoptera.
(7) Hymenoptera.
(8) Isoptera.

Column B

a. This order has piercing-sucking
mouthparts which are similar to
jointed tubes. Some insects in
this order have no wings while
others have dissimilar wings.

b. Small, wingless, glattened
insects with mouthparts usually
retracted within the head and
modified for piercing and suck-
ing.

c. Insects in this order are wing-
less in the adult stage and have
chewing mouthpans. Adults
spend their entity life on animal
hosts.

d. Two-winged insects with hal-
tcres which replace the second
pair of wings, and mouthparts
adapted for sucking or lapping.

e. This order of insects has chew-
ing mouthparts that may be
extended into a snout. The front
pair of wings are heavy and
shell-like, and the hindwings
are membraneous or cello-
phanelike and fold underneath
the forewings.

f. As adults, insects in this order
have two pairs of membraneous
wings which are identical in
length. The mouthparts are
adapted for chewing.
These are small dark-colored
insects with long, narrow
bodies and a prominent pair of
cerci at the posterior end. They
have chewing mouthparts and
relatively short antennae.

h. Distinguished from other
insects by having four small
membraneous wings with few
veins. Hindwings are smaller
than forewings. Mouthparts
are adapted for chewing and
lapping and in many species the
apparent first abdomenal seg-
ment is reduced to a slender
waist.

i. This order includes adult
insects, generally with two
pairs of wings. The forewings
are diagonally divided into two
parts; the forepart being thick-
ened, the hindpart, membrane-
ous. This order has a scutellum
and mouthparts modified into a
beak for piercing and sucking.

g.

207. Identify various orders of insects.

Important Orders of Insects (Part II). The lesson
continues.

Order Lepidoptera (scale wingedbutterflies and
moths). Moths (fig. 1-24) and butterflies are distinguished
from all other insects by their large, showy wings. The
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Figure 1-23. Order Isoptera, a termite.

wings are usually completely covered with very small
colored scales which rub off as a fine powder when the
specimens are handled. Mouthparts are of the sucking type,
resembling a coiled watch spring beneath the head. The
larvae are caterpillars, and metamorphosis is complete.

Order Mallophaga (wood eaterchewing lice). Biting
lice (fig. 1-25) are external parasites, chiefly on birds
(hence one name, bird lice) although a few live on
mammals. They are wingless and have chewing mouthparts
for feeding on scales, feathers, hair, or oily secretions from
the skin. The eggs are glued to feathers or hairs, and the
young lice, called nymphs, and the adults spend their entire
lives on the host animal. Development is by gradual
metamorphosis.

Order Dictyoptera (straight wingedcockroaches). The
cockroaches (fig. 1-26), walking sticks, praying mantids,
and other species belong to this order and have chewing
mouthparts. When wings are present, the forewings are
thickened and leathery and have a net venation, while the
hindwings are folded beneath the forewings like a fan.
Cockroaches have long antennas and legs modified for
running. Their bodies are flattened from top to bottom, an
adaptation that enables them to hide easily in cracks or
under furniture. These primitive insects develop through a
series of nymphal stages by gradual metamorphosis.

Order Psocoptera (small wingedpsocids). Psocids
(fig. 1-27) are very small, soft-bodied insects which may or
may not have wings. When wings are present they may be
long or short, depending upon specie, and normally there
are two pairs. The forewings are a little larger than the
hindwings. When this insect is in a resting position, the
wings are folded back in a rooflike fashion over the
abdomen. Psocids have chewing mouthparts and the
metamorphosis is complete.

Ord:r Siphonaptera (tube and winglessfleas). Fleas
(fig. 1-28) are wingless bloodsucking parasites on birds and
mammals. They are very small, and their bodies are
compressed laterally so that they are quite narrow from side
to side. The head bears piercing-sucking mouthparts and
antennas, and it may, or may not, bear a pair of eyes. The
legs are well developed and fitted for jumping. Many
species have black combs, or ctenidia, on the thorax and
head. Fleas go through complete metamorphosis, with four
life stages: the egg, a wormlike larva, the pupa in a silken
cocoon, and the adult.
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Figure 1-24. Order Lepidoptera, a grain moth
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Figure 1-25. Order mallophaga, a biting louse.
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Figure 1-26. Order Dictyoptera, a cockroach.

Order Thysanoptera (fringe wingthrips). Thrips (fig.
1-29) have piercing-sucking mouthparts which are cone
shaped. The wings when present are very hairy, which give
them their feathery appearance; there are two pairs. The
metamorphosis is somewhat complicated in that their
development is intermediate between gradual and
complete.
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Figure 1-27. Order Psocoptera, a psocid.

Figure 1-28. Order Siphonaptera, a flea.

CFA 074A

Figure 1-29. Order Thysanoptera, a thrips.

Order Thysanura. Silverfish (fig. 1-30) and firebrats
have chewing mouthparts, scales on their bodies, and three
long appendages at the posterior end of the body. The
young possess the obvious structures of the adults and differ
from them chiefly in size, color, and sexual maturity.
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Figure 1-30. Order Thysanura, a silverfish.

The order of insects just described do not represent all of
the insect orders, only the orders of the more common
insects. The probability of your coming in contact with
these insects makes it important that you learn to identify
them individually as well as by order.

Exercises (207):

For each of the following statements, specify which order
and types of insects are described.

I. Insects in this order are very small, wingless, and
parasites of birds and mammals. They have piercing-
sucking mouthparts, their bodies are compressed
laterally, and their legs are adapted for jumping.

2. This order of insects, described as being very small
and soft-bodied, may or may not have wings. When
present, the two pairs of wings are folded back in
rooflike fashion over the abdomen when in a resting
position. Mouthparts are adapted for chewing.

3. This order of insects has chewing mouthparts with
bodies flattened dorso-ventrally and legs adapted for
running. If wings are present, the forewings are thick
and leathery and have a leaf venation; the hingwings
are folded beneath the forewings like a fan.

4. This order includes insects with cone-shaped,
piercing-sucking mouthparts. When wings are present,
they are very hairy and seem to be feathery.

5. These insects have chewing mouthparts, scales on
their bodies, and three long appendages on the
posterior end.

20

6. This order contains insects that are wingless in the
adult stage and have chewing rnouthparts. Adults
spend their entire lives on host animals.

7. This order can be distinguished from all other orders
by its large, showy wings which are usually covered
with very small colored scales. The rnouthparts are
adapted for sucking and are coiled beneath the head.

208. Classify distinguishing characteristics of orders
within the class Arachnida.

Important Orders of Arachnids. Although there are
several orders in the class Arachnida, we are interested in
only three: Scorpionida (scorpions), Araneida (spiders),
and Acarina (ticks and mites).

Order Scorpionida (scorpions). Scorpions (fig. 1-31) are
arachnids with the segmented abdomen broadly joined to
the cephalothorax and ending in a stinger. The long, slender
tip of the abdomen bears a stinger, enclosing a venomous
gland, which is used to paralyze prey and as a defensive
weapon. The large pincerlike palps used to catch and hold
prey are borne in front of the first pair of legs.

Order Araneida (spiders). Spiders (fig. 1-32) differ from
Other arachnids in having the cephalothorax joined to the
abdomen by a slender waist, known technically as a
pedicel, and having the abdominal segmentation either
indistinct or absent. Spiders are generally harmless and
serve a useful purpose in destroying flies, mosquitoes, and
other insects. However, some species of Widow spiders,
which have an hourglass marking on the underside of the
abdomen (genus Latrodectus), have a very venomous bite
that is known to kill people. The bites of spiders in the
genus Loxosceles in the Americas can cause skin gangrene
and sometimes death.

Order Acarina (ticks and mites). Ticks and mites (fig.
1-33) have the head, thorax, and abdomen combined into a
single body region, and are often saclike in form. Most

Figure 1-31. Order Scorpionida, a scorpion.
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Figure 1-32. Order Araneida, a spider.

ticks bear a hypostome provided with recurved teeth, which
is used as a holdfast organ after the mouthparts, called
ehelicerae, have made an incision into the flesh of most
raammals, birds, reptiles, and amphibians in order to obtain
blood. Mites are usually much smaller than ticks, and the
hypostome, if present, is not armed with teeth. Ticks and
mites have three pairs of legs in the first or larval stage, but
typical nymphs and adults have four pairs of legs. Next to
the insects, ticks and mites are the most important
arthropod vectors of human diseases.

Exercises (208):

1. Match the proper order in column A wit adult
characteristics of the class Arachnida in column A.

Column A

_____ (1) The head, thorax, and
abdomen are combined to
form a single body region.

(2) The abdomen is segmented
and broadly joined to the
cephalothorax and ends
with a stinger.

(3) The cephalothorax is joined
to the abdomen by a
slender waist.

a.
b.
c.

Column B

Scorpionida.
Araneida.
Acarina.

1-3. Arthropod Physiology

Physiology is the branch of biology that deals with the
functions of living organisms and their parts, such as cells,
organs, and tissues.

Why should you study insect physiology? For starters,
because life processes and sensory abilities in insects are
different from those in higher animals. Also, today there are
many more methods of pest management than we used just
a few years agomethods that attack a variety of the pest's
internal systems. By being mindful of these systems and
processes, you can design better control programs and get
better results.

209. Identify the internal structures and life processes of
insects and state the functional characteristics of their
main body systems.

Internal Structures and Systems of Insects. bisects
have all the major body systems that are found in higher
animals. Insects and humans differ not only in their skeletal
system but also in the arrangement of their major internal

21

1 31.

organ systems. The positions of the "heart," or chief
circulatory organ, and the nervous system are the exact
opposite in the insect and in man. In the insect the "heart"
is on the dorsal, or upper side, and the central nerve cord is
on the central, or underside. In man, by contrast, the heart
is on the central side and the main nerve cord is encased in
the spinal cord on the back, or dorsal side.

The circulatory system. The insect circulatory system is
an "open" one in the sense that the blood is not enclosed in
blood vessels but circulated freely through the body. The
blood seeps into the heart or dorsal blood vessel through
valves (ostia) and is pumped into the head region through
the anterior part called the aorta (fig. 1-34). From the head
region the blood flows backwards, bathing the various
tissues. In the legs and antenna, small pulsating organs help
circulate the blood. Typically, the blood is colorless or
greenish yellow. In only a few insects, such as the
bloodworm midge larvae (Chironomus), does the blood
have a reddish color due to hemoglobin. The blood does not
bear oxygen and carry off carbon dioxide and serve as a part
of the respiratory system as in the higher animals. One of its
main functions is to remove waste products from body cells
and carry them to the malpighian tubules. Insect blood
contains phygocytes that perform the usual function of
destroying foreign matter and plugging wounds in the body
wall.

The nervous system. The insect nervous system (fig. 1-
35) contains nerve tissues and organs much like those found
in the higher animals. The brain lies in the head above the
esophagus and is connected to the subesophageal ganglion
by two nerve cords encircling the esophagus. A double
nerve cord extends backward along the ventral surface of
the body cavity. In primitive insects each segment of the
thorax has a nerve center or thoracic ganglion. They also
have a ganglion (plural, ganglia) in each abdominal
sgment, but these have been reduced in most of the higher
insects.

The respiratory system. Air enters the insect body
through gpiracles, or external openings on the body wall,
into lar&z: tracheal trunks which usually extend the length of
the body. Many tracheae branch off these in trunks nd
carry air to the tissue through their linely branch .1:1
tracheoles (flg . 1-36).

FUSED BODY-
REGIONS

Figure 1-33. Order Acarina, a tick.
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Figure 1-34. Insect circulatory system (diagrammatic).
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Figure 1-35. Insect nervous system (diagrammatic).

Respiratory movements of the insect body alternately
compress and expand the large tracheal trunks, thereby
ventilating the main branches of the respiratory system.
Some insects are able to regulate the flow of air, taking it in
through anterior spiracles and expelling it through posterior
spiracles. Mosquito larvae breathe air through two
openings, at the tip of the air tube in culicinc or on a
spiracular plate in aneopheline larvae.

Oxygen is carried to all parts of the insect body by these
tracheal tubes. This same system also acts to carry waste
carbon dioxide from the body tissues.

The respiratory system is important to the pest control
specialist because of the fact that some dry dusts, which are
otherwise nontoxic, can clog up the spiracles and thus
deprive the insect of necessary oxygen. Many insecticides,
particularly those used as fumigants, are also actually
diffused into the insect body through the spiracles,
permitting internal penetration thro2gh the tracheae and
tracheoles.

The digcstive sys,em. Insects feed on a variety of foods,
such as blood, animal tissue, stored foods, green grass,
plant juices, and wood. the mouthparts and digestive
system are adapted to changing these complex foods into
simple carbohydrates, fats, a- in' at will nourish
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the body cells. The digestive system consists of an
alimentary canal, which is basically a tube running from the
mouth to the anus. It is divided into a foregut, midgut, and
hindgut corresponding to its embryological origin (fig. 1-
37). The food taken into the mouth passes through the
esophagus to the crop, which is an enlarged portion of the
foregut that is used for food storage. Some insects have a
proventriculus, or gizzard, where food may be ground into
finer particles. The food then passes into the stomach, or
midgut, where digestion takes place. The undigested food
then passes out through the intestine and anus as feces.
Most insects have salivary glands and gastric caeca to
provide enzymes for food digestion.

The excretory system. An arthropod's undigested food is
expelled from the body as feces; whereas the excretions of
true body wastes, the byproducts of growth and
metabolism, are carried by the blood and the malpighian
tubules and discharged into the intestine near the junction of
the midgut and the hindgut (fig. 1-37).

The reproductive system. Most insects have two sexes,
which must mate before eggs are produced. An insect
usually produces large numbers of eggs, although some
species produce very few eggs and other may produce
living larvae. Insects laying eggs are said to be oviparous,



while those species depositing larvae are said to be
larviparous. The Tsetse fly, for example, gives birth to
larvae already full grown and ready to pupate.

A few insects have only one sex, the female, which can
produce young without fertilization by a male, as in the
Surinam cockroach. This type of reproduction is called
parthenogenesis, or virgin birth. These insects are not
hermaphrodites, since no male organs are present.

The male reproductive system. This system (fig. 1-38)
consists of a pair of testes in which sperm cells are
developed and ducts, or vas deferens, leading to the penis
or ejaculatory organ. The seminal vesicle serves as a
reservoir for storing sperm cells until mating occurs. The
accessory glands secrete a liquid substance to serve as a
vehicle for the sperm cells.

The female reproductive system. This system (fig. 1-39)
consists of a pair of ovaries, which produce eggs (ovum),
and the oviduct through which the eggs pass into the
vagina, where they may be fertilized by male sperm cells
stored in the spermatheca (or spermathecae). Some species
have accessory glands that secrete an adhesive coating for
the eggs. A single copulation usually supplies the female
with enough sperm to fertilize a large number of eggs,
whether she lays them all at one time or at intervals over a
long period.

Thoracic Air Sac

Cephalic Trachea Lateral

Thoracic Spirac

The skeletal system. We have mentioned the skeletal
system in previous sections dealing with classification; but
at this point, we need to find out just what the skeletal
system is composed of. Because of the role it plays along
with the muscle system, it warrants further discussion.

The insect's exoskeleton (fig. I-I) is the supporting
framework for the outside body. The exoskeleton actually
surrounds the body of an insect. This exoskeleton is
composed of protein-carbohydrate material known as chitin
(pronounced KIT-en), which is secreted by the cells of the
epidermis or skin. The chitin is first a liquid when secreted
and then becomes hardened, which forms the exoskeleton.
It will not bend or stretch after it hardens upon secretion.
The adult insect body is only capable of movement because
of soft, flexible tissues (intersegmental membranes)
between the body segments.

The muscular system. The insect's muscular system is
the companion of the skeletal system. It allows movement
and is an important characteristic of animal life. The
muscular system is supported by and attached to the
exoskeleton and serves to move the appendages of the body
and operates the organs of the body which carry on the life
processes, such as the heart, spiracles, and intestines.

Tracheal Trunk

Abdominal Air Sarzs
.4

e*

Dorsal Tracheal Trunk
IS /101144W--44.4-,,,Amer

-,.
./

Ventral Tracheal
Trunk

Abdominal Spiracles

Figure 1-36. Insect respiratory system (diagrammatic).

FOREGUT MIDGUT HINDGUT

CFA -043

SALIVARY GLAND

G AST R I C CAECUM

MALPIGHIAN
TUBULE

Figure 1-37. Insect digestive and excretory syst ern (diagrammatic).
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Figure 1-38. Male insect reproductive system (diagrammatic).
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Figure 1-39. Female insect reproductive system (diagrammatic).

Exercises (209):

I. Match the organs in column B by placing the
appropriate letter beside each function in column A.

Column A

An insect organ that helps
removebody waste.
This organ allows air to enter
the body. .
The insect's nerv center.
The organ that transfers air
throughout the insect's body.
An organ possessed by some
insects to help in digesting
food.

Column B

Trachea.
a. Ganglion.
b. Spiracles.
c. Proventriculus.
d. Malpinghian

tubules.
e. Ostia.
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2. Describe the type of circulatory system insects have.

3. What other body system is the muscular system most
dependent upon?

4. Insects that reproduce by laying eggs are called what?

5. What is the term for the type of reproduction by insects
where only one sex is involved?

210. Cite characteristics of the various insect senses.

The Senses of Insects. Insects have the same senses that
are associated with man. There are the five primary senses
of touch, taste, smell, hearing, and sight and other auxiliary
senses such as the sense of balance and, possibly, a sense or
orientation.

Touch. Because of its hardened cuticle, the insect's skin
is not sensitive to contact. The sense of touch is, therefore,
served by sensory hairs occurring over most regions of the
body. Figure 1-40 compares the sensory hair with an
ordinary hair, illustrating the nerve which is stimulated if
hairs are bent or distored.

The antennae, or feelers, are important organs of touch.
The tarsi and cerci are important organs of touch. The tarsi
and cerci are also sensitive to contact, and insects react very
quickly to pressure on these organs.

Taste and smell. Chemical stimuli resulting from the
presence of odors and substances with a taste are usually
perceived by small rodlike organs projecting from the body
surface. Taste is usually perceived by the mouth, the
mouthparts, the palps, or the front feet. The sense of smell
is localized mainly in the antennae, although palps also bear
olfactory organs. The sense of smell is highly developed in
insects. It is used to locate food, to find a mate, and to
locate suitable places for depositing the eggs.

liearing. The sense organs and degree of sound
preception are different among insect groups. Insects do not
generally respond to miscellaneous sounds but only to
specific noises, such as sounds made by the opposite sex.
This may be due to discrimination by the insect rather than
to the lack of sound perception. Sound waves may be
picked up by fine sensory hairs or by special organs such as
the auditory drum that appears on the side of the abdomen
or the lower part of the front legs. Flies and mosquitoes are
believed to hear by means of a cuplike organ on the second
antennal segment which responds to sound waves picked up
by the rest of the antennae.

Sight. The principal organs of sight are the compound
eyes and ocelli. Fly maggots do not have eyes but are able
to detect the presence of light by means of sensitive tissue
underlying the cuticle. This sense is of value to the mature
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Figure 1-40. Insect ordinary and sensory hairs.

behavior arises front responses to simpi: stimuli such as
light, heat, gavity. hunger, and smell.

The only animals that can fly are birds, bats, and insects.
The ability to fly enables insects to escape many of their
enemies, to locate their food, to find their mates, and to
populate the earth. Insects such as the grasshopper have
extremely strong muscles devoted to flight. The flight
muscles of the housefly comprise 10 percent of the body
weight. They activate the wings indirectly by distortion of
the body wall. Housefly wings often vibrate at the rate of
about 200 strokes per second. In one cycle they beat
downward and forward and then turn vertically with edge
uppermost and move backward. Some insects are able to
hover and even fly backward.

Exercises (210):

I. Insect antennae give some sense of touch, but the main
sense they give is that of

2. Special hairs on most regions of the insect body
provide the sense of and
also aid in the sense of

maggot when it leaves its feeding site and burrows into the
ground to pupate. 3. Insects can rotate and focus their eyes. (True/False)

The compound eyes and facets are provided with nerves
which transmit stimuli to the brain. Insects can perceive
movements very readily, and visual powers usually vary
according to the demands made on them by the habits of the 4. Insect skin provides for their sense of touch.
insect. Laboratory tests have proved that insects are able to (True/False)
distinguish colors, whereas some of the higher animals,
such as rats, are color blind. The insect can neither move its
eye nor focus them. However, the praying mantid can rotate
its head 1800 and is thought to have a good sense of vision. 5. Small rodlike organs that project from the body surface

There is some speculation that insects are able to reason. provide the sense of
Although there is no proof that can substantiate this, many
of their complex instinctive actions simulate the results of
reasoning. For example, a wasp deposits an egg upon a
spider that has been paralyzed by a deft sting in one of the 6. Smelling in insects is used to locate food, find a mate,
main nerve centers. The spider is then buried in a small and also to find suitable places for
cavity in the ground and covered with earth where the egg
incubates. The wasp then uses a large grain of sand as a
hammer to tramp the earth over her nest.

Insect behavior appears to be a series of reflex actions or
automatic responses to certain stimuli. Most insects feel 7. Unlike people. insects can readi ly perceive
secure if their feet are touching the ground or some solid movements with their
object. Some bugs and beetles turned over on their backs
will struggle violently to regain their feet; but their
struggles cease if they are given a small object to hold. The
honeybee is able to return to its hive by orienting its flight 8. It is believed that virtually all insect behavior arises
according to the declination of the sun. It performs a dance from responses to
in the hive which indicates to other worker bees the location
of flowers with nectar in relation to the declination of the
sun and the distance from the hive. Despite these complex
instinctive actions, it is believed that virtually all insect
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CHAPTER 2

Pest Management Pianning and Coordination

AS AN AIR FORCE pest rnanager, you must understand
how to plan and coordinate effective pest management
programs. Planning effective programs involves many
aspects most people don't consider. Pest management
programs must be effective, practical, and safe. This
chapter will explain the procedures you can use to plan
effective and safe pest management programs and will
identify organizations and agencies that may be involved in
pest management with whom you should coordinate.

2-1. Surveying and Collecting Pests

The first step in the pest management planning phase is to
conduct pest surveys. These are necessary to detect actual
or potential breeding sources of pests so you can prepare
recommendations for the prevention or elimination of such
sources. Such surveillance involves operating light traps;
locating and mapping breeding sources; and making biting
and landing counts, resting station collections, population
estimates, and sanitary inspections. The proper handling,
packaging, and submitting of specimens to designated
laboratories, in a condition which will allow identification
and isolation of disease agents, is often required. This is
particularly important in the detection of vector agents that
might be used in biological warfare attack.

In this section, you will learn the types of surveys, when
and how the surveys are conducted, information gained
from conducting surveys, and pes: collection methods and
equipment.

211. List the types of pest surveys, state the purposes for
surveying, and select methods of surveying for given
pests.

Pest Surveys. After you complete this objective you'll
understand why pest surveys are important, and you'll
know the types of surveys you use and what you should
look for in them.

Why survey? Even though getting out and looking for
flies, rodents, and other pests may not be your idea of a
good time, there are some sound reasons for conducting and
recording results of surveys. You can detect population
shifts more easily and thereby concentrate your
management efforts in areas where they're needed the
most. Nonchemical controls can be applied more
effectively because you have more precise knowledge of
what problems exist and where they're located. And, of
course, chemical controls work better for the same reasons.

Have you ever encountered somebody who thought that
"spraying" was the answer for every pe. 'rom ants *9
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skunks? If you haven't, you will. If you have, then you can
readily appreciate how good survey records can help you
educate people and gain support from higher base officials
and residents.

Sooner or later, most pest n Anagers run into a very
complex pest problem and must consult with a command
pest management professional or others on how to handle
the situation. Coming to a solution can be much easier and
quicker if you've collected and documented all the
information relevent to the problem.

Finally, you can use survey information to plan ahead
determine schedules and order necessary pesticides and
snppliesin anticipation of seasonal problems.

Types of surveys. Them are two basic types of surveys,
each determined mainly by when you conduct it.

Basic survey. The basic survey is the first one you make
before you plan your pest management program. It's the
only thing you're doing at that time. The scope cf a basic
survey can vary. You may be making your first detailed
tour of a new base, or you might be concentrating on
specific areas you've surveyed before. Either way, it's still
a basic survey.

Of course, you need some srcific goals in mind as you
perform your basic surveys. Ask yourself these questions as
you go along:

(1) Is there a prevalence of beneficial or detrimental
plants and/or animals in the area?

(2) What are these beneficial or detrimental features?
(3) What conditions are helping nests establish

themselves in the area?
(4) If there is no current pest problem, what condition

could result in future pest infestations?

After you've answered these questions sufficiently,
analyze the information to decide what type of pest
management program you should start. What preventive
measures can you take? What corrective controls are the
safest and most effective? Do you have the resources
needed to do the job?

Operational survey. If a basic survey is preparatory in
nature, then logically, an operational survey is one you use
as your control program is being conducted. Operational
surveys are vital to the safety and efficiency of your
program. They can help you:

(1) Obtain new information about the questions you
asked during the basic survey.

(2) Identify unsafe or improper conditions that could
prevent you from taking control measures.

(3) Make sure you adequately treat the facility or area
during your operations.
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(4) Identify any undesirable side effects of your program.
(5) Determil e if your program met its objective at the

end of your opc rations.

If your program didn't do the job adequately, or if it had
side effects, study the situation more carefully and consider
getting help from other sources.

Survey methods. You can conduct pest surveys in many
ways, depending upon the pest you want to survey for and
the information you want to get. Here are six basic pest
survey methods.

Visual inspection. Visual inspections are useful for
checking conditions that exist on base and areas close to
base property. You can check for sanitary conditions; low-
lying areas that retain water; rodent runways, gnawings,
and droppings; artificial containers that hold water; interior
walls for cockroach and fly fecal material; structures for
termites, fungi, and wood borers; and ornamental shrubs,
trees, and grasses for unusual coloring or damage.

Trapping. Trapping is a survey method that is used
principally for collecting mosquitoes, omamental and turf
pests, and rodents. Use trapping to collect live specimens to
determine if they are carrying diseases, or to collect
specimens simply for determining identity and prevalence
of certain pests.

Dipping. Dipping is used to conduct mosquito larval
surveys. Since all mosquitoes develop in water, bodies of
watersmall or largecan be dipped near the edges to
locate breeding areas before mosquitoes become adults.

Skimming. Skimming is another survey method used for
certain mosquito larvae. This me.thod is used for detecting
mosquito species that lie parallel to the water surface.

Biting and landing counts. Biting and landing count
surveys are used for sampling populations of flies and
mosquitoes. When performing these surveys, conduct them
at the same time of day, for the same period of time, and
using the same subject. The subject may be human or other
animal, and in the case of nonbiting flies, dead baits may be
used.

Probing. Probing is used to detect damage caused by
structural pests such as termites, fungi, and wood borers.
This method can also be used for taking random samples of
packaged stored foods for the detection of stored food pests.

Remember, these are not all of the pest survey methods,
but these are the methods used most often. Other survey
methods will be discussed later, along with discussions
concerning specific pests.

Exercises (211):

1. What advantages are offered by conducting and
maintaining records of pest surveys.

2. What are the two main types of surveys?

3. State two reasoh., for conducting basic survev.

4. What are three reasons for conducting operational
surveys?

5. What type of survey is used for taking random samples
of stored foods to detect stored food pests?

6. To detect inosquito larvae lying parallel to the water
surface, which survey method should you use?

7. Which survey method helps you determine the identify
and prevalence of ornamental and turf pests?

212. State the purposes for collecting pests and list
collection methods and equipment required for
collecting identified pests.

Pest Collection. Pest collection and survey methods are
most generally accomplished together, but your purpose
and methods may be somewhat different.

Why collect pests Specific information of medically
important pests is often very useful, and in many cases,
most essential in determining the management technique
you should use in their control. Since there are many
different species, exact determination of a specimen
frequently requires a specialist. The collection and
proc,;ssing techniques you use will depend upon whether
your purpose is to monitor and identify vectors or to detect
and identify disease agents. In the latter case, live samples
must be forwarded, after special processing, to an
appropriate detection and identification laboratory. Bear in
mind, living specimens can't always br.! sent in the mail.

How to collect pests. You can collect pests in many
ways, and there is a variety of equipment you may use;
however, this text will only discuss the most common
methods and equipment.

Trapping. Trapping is an effective way to collect adult
insects such as mosquitoes, flies, and ornamental and turf
pests; and for collecting cockroaches, rodents, predatory
animals, and birds. Traps may be used for collecting
specimens that must be kept alive for research or for
collecting specimens simply for identification, determining
the quantity present within an area, or for preservation.
Trapping can be done by using various types of light traps,
such as the communicable disease center miniature light
trap (fig. 2-1), black light trap (fig. 2-2), and the American
light trap (figs. 2-3 and 2-4). These traps are mainly used at
night so the light will attract certain night-flying insects,
such as most species of mosquitoes and many ornamental
and turf pests.



Figure 2-1. Communicable disease center miniature light trap.

Cage traps of various sizes are used for collecting live
specimens such as flies, mosquitoes, rodents, predatory
animals, and birds. Most generally, cage traps are baited
with decaying matter, live animals, or carbon dioxide to
attract desired specimens. Cage traps are especially
beneficial for collecting specimens that must be kept alive
for research and collecting ecotoparasite hosts. Figures 2-5,
2-6, 2-7, and 2-8 illustrate the various types of cage traps.

Use open-mouthed jar traps to collect crawling pests such
as cockroaches and pests of lawns. These traps are usually
baited to attract pests. Once the pests have entered the jar,
exit is prevented by an oil coating which you should apply
around the inner surface of the jar lid. Jar traps used in
lawns should be buried with the jar lip level with the
surface.

Dipping and skimming. Dipping and skimming are two
methods used to collect mosquito larvae. This is done with
a standard dipper. To help you identify types of larvae, the
dipper should be white porcelain, and it should have an
extension handle. Figure 2-9 illustrates the dipper with an
extension handle.

Biting and resting station collections. Biting and resting
station collection methods are conducted by using
aspirators and killing tubes. An aspirator is constructed
from a section of plastic or glass tubing about 12 inches
long with an inside diameter of about 3/8 inch. One end of
the tube is covered with a fine wire screen and then inserted
into a piece of rubber tubing 2 to 3 feet long. The aspirator
is illustrated in figure 2-10. The aspirator is used for
collecting small flying insects (as they are biting or resting)
by placing the end of the rubber tubing in your mouth and

placing the end of the glass tubing over the insect and
sucking in a quick breath. Once the insect has been sucked
into the glass tube, remove the glass tube and place your
finger over the end. The specimen can now be emptied into
a killing tube and later transferred into a pillbox. Killing
tubes (fig. 2-11) are constructed from glass vials about 6
inches long and 1/2 inch in diameter. The bottom of the vial
is filled with chopped rubberbands I inch deep. Then a
perforated plastic disc is placed into the vial directly on top
of the shredded rubber. Cotton is then placed on top of the
disc, and a second perforated disc slightly larger than the
vial diameter is placed on top of the cotton. The vial is
charged by pouring chloroform into the vial level with the
top of the rubber. The vial is stoppered with a cork. Insects
are collected by removing the stopper and placing the open
end over the specimen as it is biting or restirm. Hold the vial
over the specimen until the specimen relaxes and falls into
the tube, then stopper. The specimen can later be
transferred to pill boxes.

Cloth drags. Cloth drags (fig. 2-12) are used to collect
ticks. A piece of white flannel cloth, 1 yard wide and 11/2
yards long, is attached to a rod, 1 yard long, and dragged
along trails for a few yards. The cloth is then inspected, and
ticks that have become attached to the cloth are removed
with tweezers and placed in vials of 70 percent alcohol.

Combing, brushing, swirling, and picking. Combing,
brushing, swirling, and picking are effective methods of
collecting ectoparasites (fleas, lice, ticks, and mites) from
rodents, predatory animals, and domestic animals.

CAUTION: Always wear laboratory gloves while using
this collection method.
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Figure 2-2. Black light trap.

Ectoparasite hosts must be trapped in cage traps so they
don't die. If the host dies, ectoparasites will leave as soon
as the host body temperature cools. Once the host is trapped
it's removed and anesthetized (temporarily put to sleep) or
killed. If combing or brushing methods are to be used,
immediately pick the animal up by the tail and hold it over a
pan and begin brushing or combing with downward strokes.

NOTE: The ectoparasites will not jump or crawl out of
the pan because they are anesthetized too. Once the
ectoparasites have been removed, they are transferred from
the pan, using a small art brush or applicator stick, to vials
of alcohol. This collection method is illustrated in figures
2-13 and 2-14.

Pick ectoparasites from anesthetized hosts (fig. 2-15) by
using tweezers and drop ectoparasites into vials of alcohol.
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This is the only method that can he used for removing. ticks
and sticktight fleas.

Collecting ectoparasites by swirling is accomplished 1)5/
placing the anesthetized host into a jar or tub that contains a
warm soap-water solution and swirling through the
solution. After this has been accomplished, remove the host
and slowly pour the solution through filtering paper. Then
transfer ectoparasites from the filter to vials of alcohol.
Figures 2-16 and 2-17 illustrate the swirling method of
collection.

Digging. Digging is used mainly to collect ornamental
and turf pest's larvac and fly larvae. This is done by digging
the soil in suspected greas. Embed the entire length of the
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Figure 2-3. American light trap.
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Figure 2-4. American light trap (exploded view).
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Figure 2-5. Carbon dioxide trap.

shovel blade into the soli several times to form a circle and
remove the loosened clod. Pull the clod apart (as though
looking for earthworms) and inspect for grubs (beetle
larvae) or maggots (fly larvae).

Exercises (Z12):

I . State two reasons given in the text for collecting pests.
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2. State the primary purpose for using live collection
methods.

3. Using information in the text, list the method or
methods and equipment used to collect identified
pests.

Collection Collection
Pest Method Equipment

a. Mosquitoes (adult). ( I) (a)
(b)

(2) (a)
b. Ticks. ( I) (a)

(2) (a)
c. Flies (adult). ( I ) (a)
d. Mosquitoes (larvae). ( 1) (a)

(2) (a)
e. Fleas. (1) (a)

(2) (a)
(3) (a)
(4) (a)

1,4 0
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Figure 2-6. Fly cone trap.

Figure 2-7. Live animal trap.

2-2.1dentifying and Preserving Pests

In reading Chapter 1 you learned that insects belong in
the animal kingdom and that they are divided into major
groups. Obviously, there are many characteristics used to
place arthropods into a particular class and order, but it
doesn't stop here. You must be able to take a specimen and
classify it as to family, genus, and species.

To fully understand this section, you must be very
familiar with the illustrations provided in Chapter 1,
Section 1-2 (Arthropod Morphology), so you will be able to
recognize terminology applied to the various regiens of the
anatomy and appendages of arthropods.

General appearance, spot characters, and identification
keys are the three general methods used in identifying
arthropods.

The process of identification using the general
appearance method simply means knowing a specimen by
sight. This requires extreme knowledge and practice.

When using the spot character approach, you recognize
certain characteristics that are common to a particular
species; however, this method is not very reliable because
other species may be very similar. This approach may be
used in placing a specimen in its order.

This section describes the types of keys used in the
process of identification, use of identification keys, use and
maintenance of microscopes, and methods for preserving
and maintaining specimens.

213. Identify the two types of identification keys and use
keys to list the steps followed in identifying specified
pests.

Identification Keys. You can accurately identify pests
only if specimens have been collected carefully and
undamaged; in addition, you must thoroughly know
arthropod structures and you must have complete sets of
identification keys. This objective is devoted to making you
aware of common types of identification keys, explaining
then use, and enabling you to use them properly.

In most situations, identification with family, genus, and
species requires the use of a microscope (discussed later), a
good set of keys. and a specimen that is properly mounted
and in very good condition.

Figure 2-8. V-drop bird trap.
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Figure 2-9. Dipper for collecting mosquito larvae.

CF-037

Figure 2-10. Aspirator for collecting adult mosquitoes.
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Figure 2-11. Killing tube

Figure 2-12. Tick drag.
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Figure 2-13. Combing for extoparasites.

Figure 2-14. Transferring extoparasites.

CF-033
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Figure 2-15. Picking ectoparasitcs.

CF-038

Figure 2-16. Swirling for ectoparasites.

After you have had experience in identification, you will
most likely establish a preference as to the type of key most
suitable for your use. There are two basic types of keys
commonly used (dichotomous, or couplet, and pictorial),
and each has its own merits. Identification keys work by
using a process of elimination in which the number of
possibilities is gradually reduced. When making
identificatior you should keep in mind that a key does not
positively prove anything; it only suggest possibilities.



Figure 2-17. Filtering of ectoparasites.

Dichotomous or couplet keys. Dichotomous or couplet
keys are so named because they provide two alternatives
from which to choose. Using dichotomous or couplet keys
(both are same type), you must begin with couplet 1, which
will give you two choices as illustrated in example I. In this
example you must make a choice between the number and
type of wings the specimen has.

Example I : Couplet 1
1. Two pairs of membranous wings 2

Only one pair of membranous wings, the other pair being either
hardened into wing cases, or absent -29

In this situation, assume that your specimen has two pairs
of membranous wings, so couplet 1 tells you to proceed to
couplet 2. If the second choice had been correct then you
would have proceeded to couplet 29, skipping couplets 2
through 28.

To continue the identification process using dichotomous
keys, another example is given using couplet 2. Observe
example 2, couplet 2, and study its relation to example 1,
couplet 1.

Example 2: Couplet 2
2. Forewings and hindwings alike 3

Forewings and hindwings different 18

Continuing the case situation, assume that your specimen
has forewings and hindwings alike. From information
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contained in example 2, couplet 2, you now know that you
should proceed to couplet 3, since your specimen does not
have different forewings and hindwings. This same process
of elimination between two choices continues until you
reach the final identification.

To recognize when identification is complete, another
example is provided. Up to this point, you have identified
your specimen fiom couplets 1 and 2 as having two pairs of
membranous wings and both pairs of wings arc alike.
Referring to your case situation, assume that after reading
couplet 3, it was determined that you must proceed to
couplet 35. Finding couplet 35, illustrated in example 3,
you have a different situation.

Example 3: Couplet 35
35. Abdomen with foreceps Earwig

Abdomen without foreceps Beetle

Assuming that your specimen has an abdomen with
foreceps, you realize that it is an earwig. Identification is
now complete. However, if your specimen had an abdomen
without foreceps it would have been identified as being a
beetle according to the example. Naturally, there arc many
beetle species, so you would have to obtain identification
keys that pertain to the appropriate order, which is
Coleoptera,

Now that you have seen how dichotomous keys are used,
take a look at another type of identification key.

Pictorial keys. These are keys that give illustrations
showing specific points of interest and comparisons of
various pests. This type of key is preferred by many
individuals and is probably more simple to use by the less
experienced person.

At the top of each pictorial key there are two or more
statements with accompanying illustrations that show
exactly what the statements are referring to; of course, only
one of the statements will apply to the specimen being
identified. A typical pictorial key is illustrated in figure 2-
18; however, this key has been modified with the addition
of capital letters at the top and small letters on the left side
to reflect a grid situation. This modification is designed to
better illustrate its use.

Before you begin to utilize the pictorial key provided in
figure 2-18, read case situation 2-1. This case situation
provides you background information, and it describes the
specimen to be identified.

Case Situation 2-1

1 he specimen you are identifying has already been identified with its order,
and it has been determined that the specimen is a fly. The next step is to
determine the genus and specie of the fly. Your specimen has a dull thorax
and a shiny abdomen as observed through the microscope.

In order to identify your fly specimen, refer to figure 2-
18 and read each of the three statements provided across the
top directly above each of the three files. When you have
found the statement that describes your specimen, the
identification of your specimen should be complete because
square B-a identifies your specimen as to genus and specie.

Now, using case situation 2-2 and figure 2-18 test your
skill in using the pictorial key once more.
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A

a

thorax dull, abdomen dull

ssmallb(1/5 inch long)
4 thoracic stripes. indistinct

thorax dull, abdomen shiny

Calliphora spp. and
Cynomyopsis spp.
BLUE BOTTLE FLIES

thorax shiny, abdomen shiny

mediumsize (abought 1/4 inch longl
4 thoracic stripes, often indistinct

Fannia spp
LESSER HOUSE FLIES

thoracic stripes distinct
sides of abdomen pale

erect when resting
thorax without pale spots

large (usually over 1/3 inch long)
3 distinct thoracic strips

abdomen with red tip

1
thoracic stripus indistinct
sides of abdomen dark

Sarcophaga spp.
FLESH FLIES

"squats" when resting erect when resting
pale spot behind head pale spot on scut Ilum

Musca domestica
HOUSE FLY1

Stomoxys calcitrans
STABLE FLY 1

;ler

Muscina spp.
FALSE STABLE FLIE

color black
mediumsize (1/4 inch long)

Ophyra spp.
DUMP FLIES

3 thoracic stripes

color dark blue
large (1/3 inch long)

Phormia regina
BLACK BLOW -FLY

11
color green

color green to bronze

without thoracic stripes

Cochliomyia macellaria
SECONDARY j
SCREW WORM FLY

Phoenicia sericata
GREEN
BOTTLE FLY

color bronze
without thoracic stripes

.s

tit
%,

Phoenicia cuprina
BRONZE
BOTTLE FLY

CFA 078

Figure 2-18. Typical pictorial key.
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Case Situation 2-2

. in case situation 2-1 your specimen is a fly and, as you view through
the microscope. you see that it has the following characteristics: dull thorax
and dull abdomen; medium size (about one-fourth inch long) four distinct
thoracic stripes: sides of abdomen pale, erect when resting, thorax without
pale spots.

To identify the specimen as described in casc situation 2-2 and using the
pictoral key illustrated in figure 2-IL you should begin at the top. Reading
across the top, the fly and statement you select should be square A-a
because your specimen has a dull thorax and a dull abdomen.

Now, as you can see, there is a line extending down and across from
square A-a which means identification is not complete and you have three
more choices to select from.

Reading the statements and viewing the illustrations across row b you
find that square B-b best matches your specimen because it is medium size
(about one-fourth inch long) and has four distinct thoracic stripes. Now,
you may say wait a minute: square B-b describes the specimen as having
four thoracic stripes that are often indistinct, but my specimen has four
distinct thoracic stripes! You are correct, but in comparing your specimen
with the other two choices you will find that it matches square B-b better
because it is not a small fly with four indistinct stripes and it is not a large
fly with only three distinct thoracic stripes.

Again, there is a line that extends down from square B-b and across to
the left and right. As you can sec, there are three more choices to select
from.

You shouid follow the same procedures as before by reading the
statements and viewing the illustrations provided in row c of figure 2-18.
Square A-c describes your specimen perfectly: so, identification is
complete and you now know that it is a Musca domestica (scientific name),
or housefly (common name). If you will notice, there are no lines
extending down from either of the three choices in row c, so your specimen
would have had to have been une of the three, or it would have indicated
that you had made an error previously.

In specimen identification, people commonly make one of two mistakes,
the first being overly cautious (taking every word literally), and the second
is refusing to go on if the specimen does not agree with the choice made.
Remember, insects and other arthropods have their individualities just as
people do.

If you happen to arrive at a point where you can't decide which of the
altematives is correct, don't give up! First, consider if it is neither: for
instance, if the alternatives describe wing structures and your specimen has
no wings, you have probably arrived at a wrong point in the key, or else the
specimen is one that is not provided for by the key. Second, if there is
more than one alternative which could be considered correct, try each
alternative until ou have made your decision. By using this process, you
can normally get 1)4,A on the right track.

Dichotomous and pictorial keys of important arthropods are provided in
Appendix A of this volume.

Exercises (213):

1. The two types of identification keys commonly used
are and

2. An identification key that provides two statements
from which to choose is the key..

3. An identification key that illustrates certain identifying
characteristics and provides two or more choices is a

key.
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4. Using Appendix A, "Arthropods of Public Health
Importance: Key To Common Classes and Orders,"
and information contained in this lesson, identify each
of the arthropods described below with its order and
common name; list each step consecutively that is used
in the identification process as per example.

Exercise Example: An arthropod that is described as having three pairs of
walking legs, wings present and well developed, one pair of membranous
wings without scales is identified to:
(1) The Order Diptera.
(2) With the common name offly.
(3) The steps used in identification are and .
a. An arthropod described as having three pairs of walking legs,

chewing mouthparts. two pairs of well-developcd wings with the front
pair of wings being leathery with distinct veins and serving as covers
for the second pair is identified to:
(1) The Order
(2) With the common name of
(3) The steps used in identification are
and .

b. An arthropod described as having four pairs of walking legs, a well-
developed abdomen that is not distinctly separated, body with very
little or no hair, and hailers organ is identified to:
(1) The Order
(2) With the common name of
(3) The steps used in identification are , ,

, and

214. Given problem situations regarding microscope
use, identify the proper corrective action and state
methods of maintaining microscopes.

Using and Maintaining a Microscope. Most arthropods
cannot be identified to genus and specie without the aid of a
microscope. Each pest management section should have a
microscope to identify pests common to the area and to
monitor possible disease vectors and economic pests
collected. Microscopes are also essential in calibrating
certain types of pesticide dispersal equipment and
conducting on-the-job training for pest identification.
However, microscopes are of no use unless you know how
to use and maintain them properly, which is the basis for
this objective.

Focusing. Microscope focusing methods will vary with
the type of microscope used and the manufacturer. For this
reason, a specific type must be identified so that focusing
techniques can be discussed. The microscope discussed in
this objective is one that is authorized for pest management
sections and is Federally stock listed. This microscope is a
binocular type with zoom focusing ability which is most
suitable for viewing solid objects such as arthropod
specimens. Figure 2-19 illustrates the binocular zoom-
focusing microscope with identified external parts.

To focus the binocular zoom microscope follow these
procedures:

(1) Place the object to be viewed on the stage plate and
insert a pair of eyepieces in the eyepiece adapters.

NOTE: If you wear glasses, wear them while using the
microscope.

(2) Direct light on the subject being viewed by adjusting
the mirror beneath the stage plate or by using other
illumination devices which are available as accessories.
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Eyepiece Focusing ning

Magniflcation Knob

Power Pod

Focusing
Knob

Eyepieces

yepiece Adapter

Lock Lever

Base
Stage Plate

4
^

Mirror
Axle

Trans-illumination Base

Figure 2-19. Binocular microscope (identified external parts).

(3) Adjust the eyepiece adapters to the proper width for
your eyes so both fields are viewed as one. Proper width can
be checked by closing one eye and then the other, with both
fields being visible separately without moving the head.

(4) Set the magnification knob to the highest power.
(5) Using only the right eye and right eyepiece, focus on

a flat-surfaced object that is centered on the stage and adjust
the focusing knob until the image is sharp.

(6) Now, reset the magnification knob to the lowest
power.

(7) Using the left eye and left eyepiece, adjust the
eyepiece focusing ring clockwise or counterclockwise until
the image is sharp.

I 1 4
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NOTE: You should do this without disturbing the
focusing knob.

If these microscope focusing procedures are carefully
followed, the magnification may be set at any value within
its range without having to refocus . When changing
specimens, only slight readjustments of the focusing knob
are needed to maintain sharp image focus.

NOTE: Always make sure the microscope is focused to
suit the right eye first and then focused to th- left eye using
the eyepiece adjusting ring.

The magnification knob, located on top of the
microscope, lets you change the power to give the best
magnification for each specimen at lower power and to



concentrate on a particular detail of the specimen by
increasing the power.

Microscope mrintenance. Maintaining a microscope is a
simple process if you remember one basic point. Always
cover the microscope when not in use. Since cleaning is
practically all that is required in maintaining microscopes,
cleaning techniques will be discussed first.

a. Clean external surfaces of eyepieces and bottom
surface of the pod by flowing with a syringe, or with a moist
cotton swab on a stick.

b. Keep eyepieces in place at all times to prevent dust
settling on the eyepiece dust shields. If the eyepiece dust
shields do require cleaning, clean them in the same manner
as the external surfaces of the eyepieces.

c. Use a cotton swab moistened with a soap or detergent
solution to remove body oil smears from external surfaces
of eyepiece lenses or glass stage plate, and dry with a cotton
swab.

d. Clean the focusing slide occasionally with a solvent
such as xylol or alcohol.

e. Clean rack teeth occasionally with a small stiff brush.
f. Lubrication is required only after the focusing slide

has been cleaned. Lubricate the focusing slide by applying
a light coating of petroleum jelly.

g. Adjusting the tension of the focusing mechanism is
the only time mechanical maintenance should be performed
on the microscope unless you are an experienced
microscope repairman.

A microscope is effective only if you know how to use
and maintain it properly. When carrying it, always use both
hands and handle it with care because it is fragile and very
(pensive.

Exercises (214):

1. While viewing an object through t microscope, it
appears as a double vision. Ident :y the corrective
action to be taken.

2. While viewing an object through a microscope, it
appears clear and sharp, indicating good focus. You
then change objects and the vision is blurred. Identify
the action you have failed to take.

3. Identify the action to be taken before making
microscope adjustments other than adjusting the
eyepiece adapters.

4. The microscope is always focused to suit which eye
first?
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5. State the action required to remove grease smears from
external surfaces of eyepiece lenses.

6. To remove dust from external surfaces of eyepieces
you would use a detergent solution. (True/False)

215. Specify techniques, materials, and equipment
needed to pri.Nerve dry specimens.

Preserving Dry Specimens. To maintain a display of
pests common to the area, there are certain techniques you
should learn. Pest specimen displays should be prepared in
a manner that you will be very proud to display. These
displays are kept in pest management to let interested
people become familiar with pests common to the area, and
they are often used for display in base open-house
ceremonies, Boy and Girl Scout tours, student tours, and
country fairs.

There are four basic methods used in displaying pest
specimens and each method requires certain techniques,
supplies, and equipment. Each of the four methods will be
discussed individually.

Preserving specimens dry is probably the most common
method of preservation and is generally the most useful for
insects that have strongly chitinized exoskeletons because
they can be dried naturally without offensive decay and
discoloration.

Specimens preserved dry should be pinned while they are
still fresh to allow easy manipulation of various
appendages, thus reducing the chance of breakage.
Specimens that have become dried are very hard and brittle
and should never ' ... touched other than by handling the
mount.

To delay hardening, specimens can be placed in
containers of ethyl acetate or laurel leaf vapors. You may
find this is not always advisable because over time it may
cause discoloration or a mushy effect. Other methods for
keeping the specimens soft include keeping them in a tin
container with green leaves or moistened blotting paper, but
this may lead to the specimens' becoming molded.

If you want to dry-preserve specimens that have a large
amount of body fluids, drain the fluid from the abdomen
immediately after the specimen has died. The best way to
do this is to cut off the abdomen at the base, lay it on a flat
surface, and squeeze the fluid out by rolling a small round
object from abdomen tip toward the cutoff portion. This
must be done with great care to prevent damage to the
abdomen section. Removing the abdomen from specimens
that are bulky is not required at all times. The fluids from
some specimens may be extracted simply by gently rolling
a round object over the abdomen, beginning at the base and
rolling toward the tIp.

Cleaning the specimens is required at time, especially the
bulky ones that have been drained of body fluids; however,
it is best to avoid cleaning whenever possible because this
may cause discoloration. Remove dust by using a small
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camel's-hair brush; but remember to use gentle strokes to
avoid scratches and breaking. Clean specimens that are
very fragile or dry and rigid by immersing them in a
synthetic detergent and water solution. Specimens which
become greasy from fatty material that has oozed out can be
cleaned by using an organic solvent such as ethyl acetate,
benzene, or ether.

Bulky and fleshy specimens you have drained must be
returned to the original shape. Do this by blowing air into
them, using a small pipette; or if it is a large area, it can be
stuffed with cotton wool that has been moistened with ethyl
acetate or phenol. After this, mend the specimen with
mending cement. This will involve reattaching the inflated
or stuffed abdomen if it was removed for draining.

Now that you have your specimen soft, clean, and
repaired, it is ready for setting. Setting a specimen correctly
is probably the most difficult and rewarding part in
preparing your specimen displays. It must be set so that it is
appealing to the eye and so important appendages can be
easily seen. Once you have arranged it in the poAtion you
want, let it dry. Setting specimens requires the use of
setting boards. These boards are designed to allow
adjustment of the sides to increase or decrease the width of
the groove, depending upon the thickness of the specimen
abdomen. The sides of the board should be covered with a
layer of cork or balsa wood to allow easy pinning. A typical
setting board is illustrated in figure 2-20.

If you desire to dry-preserve specimens that are soft
bodied without draining the body fluids, this can be done by
preserving them in a solid state. This technique is much
slower than the conventional way because each phase
requires a certain amount of time; however, it is a very good
technique to use for larvae. Dry preserving in the solid state
is done by placing fresh larvae into a solution that contains
95 percent alcohol. The larvae must remain in this solution
for at least I week; the larger the specimen the more time
required. Following the week's (minimum) stay in the first
solution, the larvae are then transferred to a pure alcohol
solution and must remain in this solution for 24 hours. The
larvae are then transferred to a fresh solution of pure alcohol
two more times for a period of 24 hours each. After these
phases have been completed, the larvae tissue!. should be
completely dehydrated; however, preservation is not
complete.

Figure 2-20. Typical setting board.

Reabsorption of moisture must be prevented. This is
done by putting the larvae into a solution containing one
part of xylor to 2 parts of pure alcohol for I day, then
transferred again to a solution of 2 parts of xylol to I part of
pure alcohol for I day. The larvae are then transferred to
pure zylol, kept there I day, and removed and blotted dry.
The specimens are now ready to be pinned.

Larvae that have become hardened or dry can also be dry
preserved in a solid state, but they must be resoftened first.
To do this, place specimens in a solution of 2 percent
caustic potash or a strong solution of synthetic detergent for
2 days. Then transfer larvae successfully to solutions for at
least I week in each solution. After this, the larvae must be
treated to prevent reabsorption of moisture in the same way
as previously explained for fresh larvae.

Pinning dry-preserved specimens can be done in four
ways. Direct pinning is a method used for specimens that
have tough cuticles or integruments and are not very small.
Pins that are used for direct pinning are called continental
pins and are generally long, thin, and sharp. Staging is a
method that involves pinning a relatively small specimen to
polyporous. The polyporous serves as the stage and is
supported by "English pins." However, the pins used for
attaching the specimens to the stages are "points." Points
are very thin and short and may be used by inserting the pin
through the specimen and into the polyporous stage or by
gumming the specimen to the blunt end. Carding is a term
used when specimens are gummed directly to a piece of
stiff, white card ,board rectangular in shape, and supported
by English pins. This method is quite adequate for
displaying small beetles. Pointing is the best method for
mounting the very small dry-preserved specimens. Points
are made from thin, white cardboard and are cut into small
triangular pieces. These pieces may be pointed or blunt,
depending upon the specimen being mounted and your
preference. Points can even be turned up or down at the tip
and the specimen gummed to the side, if you desire.

Now that you have your dry-preserved specimen pinned,
it is time to discuss specimen labeling.

Specimen labeling is very important because each
specimen should be labeled as to where, when, and how the
collection was made, the collector's name, the scientific
name of the specimen, the name of the scientist who first
described the species, and the date determination of the
species was made.

Labels are made from thin, white cardboard material
such as index cards, and every label should be a rectangular
shape and have almost the same dimensions. Each dry-
preserved specimen should have two labels pinned beneath
the specimen. The lower label should rest on top of the
surface to which the specimen is pinned and should contain
the scientific name of the specimen, the name of the
scientist (or author), and the date it was first described. The
second label should be spaced in the middle between the
specimen and the lower label and should contain
information as to where, when, and how the specimen was
collected, and the name of the collector. Labeling
techniques are illustrated in figure 2-21. Be as specific as
possible when describing the location where the specimen
was collected. It is not advisable to use initials because they
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Figure 2-21. Labeling technique for dry specimen.

can lead to confusion. Print information on labels using
pencil or India ink.

Storage of dry-preserved specimens is important in
preventing specimen damage and enhancing displays.
Specimens can be stored in almost anything from cigar
boxes to specially designed specimen trays. However,
specimens should be separated into specific orders,
protected from pests that attack preserved specimens, and
arranged for easy viewing. Storage boxes should be
durable, lined with cork on the bottom for ease in pinning,
and capable of holding paradichlorobenzene or napthalene
to ward off pests that feed on specimens. Store your
specimens in an area with low humidity when possible.

Exercises (215):

I . What is the primary purpose for collecting, preserving,
and maintaining pest specimens within a pest
management section?

2. The most common method used in preserving
specimens for display is the method.
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3. Specimens that have become hardened can be
resoftened by using a solution of
or a strong stolution of

4. State the best method for draining body fluids from
specimens that are being preserved dry.

5. Dust can be removed from dry specimens by using a

6. List three organic solvents that can be used for
cleaning greasy specimens.

7. List the four methods used in pinning dry specimens.

8. List the information that is provided by the lower label
contained on dry specimens.

9. Dry-preserved specimens can be protected in storage
from pests that attack preserved specimens by using

or

216. Specify the suitability, techniques and materials for
preserving specimens in spirits.

Preserving Specimens in Spirits. This method is
probably considered to be the best for preserving specimens
that are soft bodied, such as larvae, nymphs, and some
adult species. You can preserve specimens in ethyl alcohol,
Pampel's fluid, and chloral hydrate. You should then sort
them in small laboratory test tubes with rounded bottoms.
Several small specimens of the same species that are
collected at the same place and time can be stored in the
same tube, but large specimens may require individual
tubes for storage. Make labels for spirit-preserved
specimens by cutting long, thin strips of white cardboard
material. Card strips should be about 1 inch shorter than the
length of the tube and should be wide enough to allow
sufficient bend in the card when you place it inside the tube.
You only need one strip, but it should contain the same type
of information as the two labels in the dry preservation
method. Print labels in pencil because ink will tend to
smear when placed in spirits. Once you put specimens and
labels in the spirits, seal the tube with a spirit-resistant
rubber stopper. Then, store them in specially designed
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double-layered trays that have small round holes cut out of
the top layer for inserting the tube, or store them in a glass
jar to allow easy vi,wing. Store these specimens in a cool,
dark arca away from all sources of heat to prevent
accidental fires and evaporation. After all, wouldn't you
hate to have to tell the fire inspector that it all started when
you dropped your grub collection beside the gas heater?

Exercises (216):

I. Preserving specimens in spirits is considered to be the
best preserving method for specimens.

2. What spirits are generally used in preserving
specimens?

3. State the storage precautions that must be observed for
spirit-preserved specimens.

4. Information provided on labels to be used in spirits is
printed in pencil to prevent

217. Describe techniques and materials needed to
preserve specimens in plastic.

Preserving Specimens in Plastic. This method of
preserving specimens is a relatively new concept and is very
appropriate for large, bulky specimens. When you do it
properly, this preservation method makes very attractive
displays, and they can be handled without damage to the
specimen; however, care must be taken to avoid dropping
because the block can break. There are several techniques
you can use to preserve specimens in plastic, depending
upon how the specimen was originally preserved. The
techniques discussed here are based upon the specimen
being fresh or originally dry preserved. A specimen being
preserved in plastic should be presoaked in uncatalyzed
resin for about 24 hours tc remove air bubbles from the
surface and insides of the specimen. Make sure the
specimen is completely immersed (weighted down if
necessary) and the container is covered. After the specimen
has soaked long enough, get a glass or smooth metal
container that is big cnough for your specimen. After you
have your mold, determine the amount of liquid ounces
required to fill the container to a level just below the top.
Now convert the liquid ounces into cubic centimeters
because you will be working with very small amounts.
Once you have converted the ounces into cubic centimeters,
divide this amount by 3, because the plastic block is
constructed in three equal layers. (Fluid oz x 1.8 = cubic
inches. Cubic inches x 16.4 = cubic centimeters.)
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Apply a mold release compound to the entire inner
portion of the container to prevent the resin from sticking
and to provide easy release.

Now that you have determined the cubic centimeters or
resin required for the first layer and you have prepared your
mold, pour the resin into a disposable container and add
catalyst to the resin at a ratio of 4 drops of catalyst to 5
cubic centimeters of resin. Stir this tnixture smoothly and
thoroughly for about 1 minute (being very cautious not to
create bubbles in the mixture), pour into the mold, and
cover in a tentlike fashion to prevent dust from settling on
the resin and allowing volatile fumes to evaporate. Let this
mixture set for at least 2 hours, and it should set until the
mixture is just to the point of being a tacky gel.

The first layer is now prepared to support the specimen.
Remove with tweezers the specimen from the resin in which
it has been soaking and let the excess resin drain off. Place
the specimen in the center of the mold upside down and
allow it to set for a couple of hours under a tent cover. This
will prevent the specimen from floating when the second
layer of resin is poured. Mix catalyst with enough resin to
make up the second layer and slowly pour the mixture into
the mold from one end. This will allow the fluid to push all
air away from the specimen. Let this layer dry under a tent
to the point of being tacky, and then mix and pour the third
layer. Allow to dry under a tent cover for about 12 hours at
room temperature and then place the mold in a "light bulb
oven." The mold should cure for about 4 hours at 140°
Fahrenheit. After the mold has cured for the recommended
time, turn off the light bulb and let the mold stay in the oven
until it returns to room temperature. The plastic-preserved
specimen is now ready to be removed from the mold;
however, it is not in a finished condition.

The plastic block must be ground and polished for it to be
in a display condition. To grind the block, iay a sheet of
coarse emery paper (180 grit) on a moistened smooth
surface with the grit up. Pour a small puddle of water in the
center of the paper and grind the six sides of the block,
using back and forth motions in the water. After you have
ground the six sides of the block using the coarse grit paper,
follow the same procedure using an intermediate grit, and
then use a fine grit paper. After you have completed the
grinding process, place a very small amount of liquid
abrasive on a felt polishing board and rub all six sides of the
block in the abrasive, using back and forth motions. At this
point the block should be becoming much more smooth and
transparent.

Next, place a very small amount of liquid polish on
another felt board and follow the same procedures that were
used with the liquid abrasive. Your plastic preserved
specimen is now complete and ready for display.

Exer ..ases (217):

I. What is the purpose for presoaking specimens in
uncatalyzed resin?
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2. The ratio of catalyst to resin is dinps of
catalyst to cubic centimeters of resin.

3. When grinding the plastic block for finishing, what
type of motion is used?

4. List the procedures for determining the cubic
centimeters of resin required for each layer when
twasured ia ounces.

b.

c.

218. Slate the suitability, techniques, and materials for
preserving specimens on slides.

Preserving Specimens on Slides. The preservation of
specimens oil slides is an ideal method to use when very
small specimens are to be viewed. This method is very
difficult, and you need a lot of experience to get
professional results. Althourh you may not be experienced
at preparing slides, you can still prepare appealing slides by
following these procedures.

Before you mount a specimen on a slide, you must first
prepare it. The specimen must be soft to prevent breakage,
and it must be cleared of internal body tissues to make it
transparent. To do this, place it in a cold solution of 10
percent caustic potash in water for about 12 hours. Remove
the potash solution by using an eyedropper (being careful
not to lose the specimen) and replace the potash solution
with plain tap water still using the eyedropper. Repeat the
rinse several times to insure that all of the potash solution
has been cleared from the specimen. Now, examine the
specimen under a microscope to make sure all internal
tissues have been completely dissolved. If the tissues have
not dissolved, return the specimen to the potash solution
and allow it to soak again (it may be necessary to boil the
solution for about 5 minutes if the specimen is large),
following the procedures previously mentioned.

After the specimen is rendered free of all internal tissues
and thoroughly rinsed, it is ready to be dehydrated and
cleared. Select two small dishes that have wide bottoms and
pour a small amount of glacial acetic acid (dehydrating
fluid) in one and a small amount of clove oil (cleaning
fluid) in the other. Keep the fluids covered tightly at all
times except when it is necessary to open them for
transferring the specimen. If the specimen appears to be too
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dark to be transparent, it should be bleached by immersing
it in a weak bleach solution along with a couple of drops of
glacial acetic acid for about 5 minutes before you begin the
normal dehydration and clearing process.

Now place the specimen in the glacial acetic acid. If the
specimen is too transparent it can be darkened by adding a
few drops of solution containing acide fuchsin and 20
percent alcohol to the glacial (acetic acid) and leaving it
there for 5 minutes. Use foreceps to remove the specimen
from the acetic acid and place it on blotting paper; then pick
it up and place it in the clove oil. Let the specimen remain
in the clove oil for 5 minutes and remove it.

Reexamine the specimen under a microscope to check for
cloudy blotches. If blotches appear, this indicates that all
the water has not been removed and you must return the
specimen to the acetic acid and again to the clove oil.
However, if there are no blotches, the specimen is now
ready for mounting on the slide.

Place the specimen on the slide and arrange it in the way
you want to display it. Blot the excess clove oil off the
specimen and slide with a piece of blotting paper and then
drop a very small amount of Canada balsam on the
specimen; add a drop or two of zylol and let it dissolve
naturally. After you've applied the balsam to the specimen,
cover them both immediately with a cover slip that's large
enough for the specimen. Place the cover slip on the slide
one side at a time; be very gentle. Don't drop the cover slip
on the specimen because you'll trap air bubbles.

Once the specimen is mounted on the slide, handle it with
care and keep it in :t horizontal position for several weeks.
It takes this long for the balsam to dry. Before you put it
away to dry, prepare two labels with the required
information previously discussed and place one label on
each end of the slide as illustrated in figure 2-22.

Exercises (218):

I. To soften a specimen being prepared for mounting on a
slide, the specimen is placed in a cold solution of

for a period of

2. A weak bleach solution is used to
that are to be mounted on slides.

specimens

3. What fluid is used for cleaning internal tissues of
specimens being mounted on slides?

4. To darken a specimen that is to be mounted on a slide,
a few drops of solution containing

and 20 percent alcohol are added to the
glacial.
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Figure 2-22. Labeling technique for slide-mounted specimen.

5. Upon reexamining a specimen under a microscope, the
appearance of blotches indicates that all the

has not been removed.

6. Glacial acetic acid is used to specimens
for slide mounting.

7. To dissolve the internal tissues of specimens to be
mounted on slides, a solution containing 10 percent

is used.

2-3. Integrated Pest Management

For many centuries, human settlementsboth
agricultural and urbanhave had to contend with many
unwanted or harmful insects, weeds, microorganisms,
rodents, and other organismscollectively, "pests." In the
past, the only tools people could use to control these pests
were plowing, planting, burning, and watering schedules
and primitive repellants such as smoke. Toward the turn of
the century, the first pesticides, such as sulfur and arsenic
compounds, came into use. In the last 40 years, chemical
pesticide use became the primary method people used to
contlo! these pests; as a result, pesticide production
increased from less than 500,000 pounds in 1951 to about
1.4 billion pounds in 1977.

In the late 196G's, there was a rising public concern over
pesticide buildups in the environment, with resulting
adverse impacts on fish, wildlife, and people. Largely as a
result of this concern, there was an increased national and
international interest in integrated pest management (IPM)
as an economically efficient, environmentally preferable
approach to pest control.

This renewed interest focused mainly on the agricultural
aspects of IPM, but there were other important uses of this
approach, such as IPM for disease vectors. Today, new
techniques of IPM continue to develop, so now we have
many new ways to control a wide variety of pests in all
types of situations.

1 5 3

219. Define the categories of integrated pest
management (IPM) and specify to which category
specific techniques belong.

Categories and Techniques of IPM. Have you ever
been diagnosed as having a bad cold? Chances are the
doctor told you to go to bed, drink lots of juices and other
liquids, and take medicine to reduce your symptoms. If you
think of that cold as a "pest," you can see that the doctor
employed integrated pest management to help you get rid to
it; by going to bed, you conserved energy your body needed
to fight the virus, drinking lots of fluids increased your
resistance and prevented dehydration, and the medicine was
a type of chemical control.

Integrated Pest Management is defined as a combination
of control techniques designed to prevent, eliminate, or
suppress pests. Its objective is to reduce our dependence on
pesticide and keep their use to a minimum. We will discuss
five different categories of IPM. These are:

Cultural controls.
Mechanical/physical controls.
Biological controls.
Autocidal controls.
Chemical controls.

Cultural controls. We can define cultural control as the
deliberate manipulation of the environment to reduce a
pest's access to food, water, and shelter or making it more
favorable to natural enemies. The key word here is
sanitation and it's the most important aspect of your
program. When high levels of sanitation are applied,
elements essential to the pest's survival are eliminated or
substantially reduced. This will have one of three effects on
that pest: it will die, it will have to go elsewhere to get its
life requirements, or its life will have more stress, so it has
to take more risks in order to meet its needs; as a result, it
may be exposed to other elements in your integrated
program. Cultural controls are often all that's needed in a
preventive control program, because the number of
attractions are kept at a minimum. In a corrective control
program, however, you can't generally expect 100 percent
elimination since the pests are already established in the
area.

Cultural controls can be applied in an area as small as a
one-room building or as large as an airfield. Techniques
include:

Basic good housekeeping to control cockroaches,
mice, rats, silverfish, and other household pests.
Storing food in insect-proof containers at home or in
food warehouses.
Improving water drainage in areas where mosquitoes
are breeding.
Promoting healthier grass growth where hazardous or
pest birds feed on weed seeds.
Promoting healthier grass growth just to get rid of the
weeds.

Mechanicallphysical controls. These are direct or
indirect nonchemical measures used to destroy pests
outright or to make the environment unsuitable for their
entry, dispersal, survival, or reproduction. Like cultural
controls, they exploit weak links in the pest's life cycle or
specific behavioral patterns. These controls are mostly



corrective in nature because you're using equipment that
makes a direct physical impact on the pest involved.
Because of this equipment, and the time spent maintaining
it, mechanical/physical controls are often more expensive
than other categories of IPM. Examples of
mechanical/physical controls are:

Rattraps and mousetraps (snap, cage, or sticky traps).
Sealing off cracks and crevices where cockroaches
arty harbor.
Removing and destroying wasp nests from building
eaves.
Applying polyethylene over areas where no vegetation
is wanted.
Using screens to keep adult mosquitoes out of
buildings.
Controlling moisture under buildings to prevent the
growth of wood-destroying fungi.

Biologiccl controls. Biological controls are those that
involve the regulation of pest organism by their natural
enemies. With insects, for example, there is a growing
number of parasites, pathogens, and predators we can use to
control a given pest population. When these actions occur
in nature with no human assistance, it's called natural
control, but there are differences. People can use native
specieF to control a pest population; this is basically how it
happens in nature. But people can also introduce new
"control" species from other parts of the world, an action
which isn't likely to happen naturally. We can also
introduce much higher numbers of the control species than
what would normally be produced in nature.

In recent years, biological controls have improved to the
extent that they can be easily used, are highly effective, and
environmentally safe because the control organisms are
very "species-specific." This means they attack only the
organism for which control is needed without impacting
desirable animals or vegetation. Examples of biological
controls are:

Using predatory fish, such as Gambusia affinis, to
feed on mosquito larvae.
Using falcons or other predatory birds to scare smaller
birds away from airfields.
Releasing flea beetles to feed on alligatorweed, which
clogs waterways in the southern U.S.

Autocidal controls. Autocidal control involves rearing
and releasing insects that are sterile or are altered
genetically in order to suppress members of their own
species that are causing pest problems. Two similar
methods are being used and developed: the sterile-male
method and genetic control.

Sterile-male method. The sterile-male method involves
artificially sterilizing large numbers of insects by irradiation
or chemical sterilants so that after being released into an
area inhabited by a wild population, the sterile males mate
with wild females. If the wild population is flooded with
large numbers of sterile males and they outcompete the wild
fertile males, the wild females produce substantially fewer
offspring than they normally would. Repeating this
procedure for szveral consecutive generations may
eventually annihilate the wild population. This is one of the
most ingenious pest control methods yet developed; it has
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been widely publicized, primarily because of its successful
application against the screwworrn fly.

Application of the sterile-male method necessitates
procedures for economically rearing and liberating large
numbers. To be effective, the released insects must readily
mate with the wild members and disperse throughout the
area inhabited by the wild target population.

The possibil;tv that the sterile-male method can literally
eradicate an et, re pest population from an area, thus
providing a permanent solution to the particular pest
population under consideration, has attracted a great deal of
interest. However, the high cost and difficulties with
rearing, sterilizing, and liberating the sterile insects are
currently prohibitive except against a few insect pests.

Genetic controls. Like the sterile-male method, genetic
control involves release of reared insects for mating with
wild populations. However, whereas sterile males produce
inactive or inviable sperm, genetic control involves
genetically altered insects whose sperm is active, carrying
genes that make the wild populations less vigorous, less
prolific, or genetically sterile as a consequence of
hybridism. At this time, genetic control has no practical
application in urban control programs.

Chemical controls. It's easy for us to think of chemical
connol as using pesticides to kill pests. This, of course, is
largely true, but now we have chemical weapons which
serve to trap insects, confuse them, repel them, and
regulate their growth.

Pheromones. Pheromones are chemical substances
insects secrete as part of their communication process. Each
insect has a complete repertoire of these chemical signals.
Pheromones cue mating, aggression, mass attack, fear, and
serve as territorial boundary markers for the insect world.

The female insect secretes very small amounts of sex-
attractant pheromone during her mating periods. Male
insects up to a mile away can detect this scent and tiavel to
her. These species-specific scents are now being isolated
and commercially developed for many of our moze
economical pests.

There are three main ways we can use pheromones to
control insect populations. The first way is to monitor insect
activity in food warehouses. Extremely small amounts are
placed on a sticky board, attracting the male which then
becomes permanently stuck. When pest populations
increase to a certain point, we can take necessary control
actions.

The second way is to use pheromones in mass traps with
much larger amounts of the attractant. This way,
tremendous numbers of insects are caught and die, reducing
the population to a less harmful level.

The third way we can use pheromones is by what's called
the confusion method. Here, small amounts of pheromone
are scattered around a warehouse (or forest, depending on
your needs) to confuse the male insect so he cannot find a
female. As a result, successful mating is highly unlikely
and birth control of the given insect population is achieved.

Repellents. Repellents are chemicals used to prevent
damage to plants, animals, ourselves, and materials such as
fabrics and lumber to render them unattractive, unpalatable,
or offensive to pests. These chemicals include a wide range
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of natural and synthetic materials for personal, household,
industrial, and other uses.

Some repellents are effective against bloodsucking and
nuisance pests like mosquitoes, ticks, chiggers, and gnats.
Skin repellents were used in the South Pacific during World
War II as a chief component in the military's antimalaria
program.

Insect-susceptible packaging materials for some food
products are treated on the outer surface to prevent insect
penetration. Repellents are also frequently used on kraft
paper multiwall bags; they will give protection against
insect attack for up to 1 year.

Growth regulators. Chemical growth regulators, used
extensively against weeds, are now being developed for
insect control.

Many organic herbicides act as plant regulators or
synthetic hormones. These are generally used at
concentrations that inhibit weed growth but have little or no
effect on the crop plant, thus performing as selective
herbicides.

A major problem in weed management is the extreme
persistence of most weed species resulting from the
longevity of propagules (seeds, dormant buds, or other
dormant plant parts). Some seeds may survive in a dormant
condition for 80 years. Dormancy, germination, and other
related plant functions are controlled by hormones.
Germination inhibitors to prevent propagule development
could provide very effective weed control. Conversely, a
germination stimulant to break dormancy in all propagules
could be used for weed control during the noncropping
season. In either case, a significant link in the life cycle of
weeds could be broken to provide a new approach to weed
management.

Growth and development in insects are regulated by two
types of hormones,: juvenile hormones which maintain
immature status, and ecdysones, which regulate molting; a
number of both types have been identified for insects and
also for plants. Synthetic hormones have been evaluated for
use against insect pests. Methoprene has been approved by
EPA for control of mosquitoes, fleas, and other insect
pests.

Unlike insecticides, hormone chemicals are not
conventional toxicants; rather, they interrupt normal
processes associated with growth. As a result, their impact
on the environment is extremely small, if at all.

As the name implies, IPM involves a mixture of control
techniques from different categories so pest management
programs will have the desired impact on the pest
population. Before you begin a management program, work
to "integrate" a variety of techniques and principles to get
both maximum results and environmental protection. As a
result, your prr grams will have greater sophistication and
potency than ever before.

Exercises (219):

1. Define each of the following IPM categories:

a. Cultural control:

b. Mechanical/physical control:

c. Biological control:

d. Autocidal control:

e. Chemical control:

2. For each of the following techniques of pest
management, indicate the category to which it applies:

a. Repairing holes in walls where rodents can enter a
building.
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b. Applying a residual dust to cracks and crevices
for cockroach control.

c. Removing old lumber from under a building to
eliminate a food source for termites.

d. Pruning trees to reduce uird perching and nesting
opportunities.

e. Putting a cat in a warehouse to kill rats.

f. Spraying a sex attractant material to forest areas
to reduce mem breeding.

g. Placing traps in rodent burrows.

h. Releasing thousands of sterile-male fruit flies to
reduce future populations.

i. Releasing parasitic wasps to prey on defoliating
caterpillars.



j. Installing net curtains to keep birds out of
hangers.

220. Specify sources of information available in
determining pcst management program requirements
and describe the uses for each source.

Determining Pest Management Requirements. One
often-used method for determining pest management needs
is an after-the-fact situation. This is nothing more than
starting a management program after the pests have become
established. Clearly, this is not the best approach. Pest
management requirements can most often be determined
long before the pests become established. Being capable of
predicting a problem and establishing preventive measures
to ward off the problem is the sign of a professional pest
manager. This objective describes the methods used in
predicting pest problems.

Local data and records. There are many sources
available, on and off base, that will give you enough
information to make reliable predictions as to the type of
pests that may cause problems, areas that may require
special attention, and the time of year that problems will
most likely exist.

The U.S. Air Force meteorological office and the
National Weather Service. These are sources of
information on rainfall, temperatures, wind speed, and
wind directions.

These agencies can give you data that depicts the average
rainfall and temperature for each month of the year based
upon many years of recordkeeping. This data alone will
give you a good ;tea as to the types of pests most likely to
be prevalent wit,n the area and when the problems will
most likely occur. These agencies can also give you
information about the average wind direction and speed
during certain times of the year. You can use this
information to recognize when pests may be blown in from
areas surrounding the base, where they're known to be or
suspected of being prevalent, and which direction to travel
when space spraying for mosqui,oes.

Now, you may be asking yourself, how am I to know
what pests are prevalent off base? This question may be
answered by the following.

County extension office. The county extension office
maintains and distributes pamphlets and bulletins
concerning agricultural and other pests in the area. It also
has experts who can tell you about pest population trends
and movement patterns.

County health office. The county health office is
normally responsible for managing health-related pests and
can give you information about medically important pests
in the area. This office can also give you information as to
the terrain conditions in areas near your base where disease
vectors may be breeding.

Pest management program review. Of course, there are
several good source:: of information within your
organization you can use to determine pest management
requirements, such as past pest management program
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reviews. We'll discuss their completion later in this
chapter, but their uses include:

Identifying specific pest management projects for the
following year.
Identifying why a program is required.
Indicating when, where, and how the work will be
done.

You can also use past copies of this report to give you
support when you make predictions regarding future pest
problems.

Pest summary report. Use DD Form 1532, Pest
Management Report, to get facts on pests that have been
controlled most often in the past, and how much time and
material was used in the process.

Pest management maintenance record. DD Form
1532(enl , Pest Management Maintenance Record, can be
used similarly to the pest summary report, but it applies to
individual areas and buildings instead of the entire
installation.

Basic survey. Last, but certainly not least, is the basic
survey you learned about in objective 211. Review that
lesson before you complete the following exercises.

Exercises (220):

1. You've been on base for 2 months and must prepare
your mosquito control plan for the coming year. What
are five information sources you can use to determine
program requirements?

(1)

(2)

(3)

(4)

(5)

2. What types of information would you expect to get
from each of the following for your mosquito control
program?

a. National Weather Service.

b. County extension office.



c. County health office.

d. Past pest management program review.

e. Basic survey.

221. Match the process of selecting pest management
procedures with the factors to be considered in each
process.

Basis for Selecting IPM Procedures. Selecting pest
management procedures is not an easy task and you
certainly can't do it without considering many aspects. We
will thoroughly discuss and analyze these aspects in this
objective .

Pest to be controlled. The first step you must take in each
situation is to identify the pest. In most cases pests must be
identified to species because many pests within the same
genera have different habitats and habits, thus requiring
different control techniques.

After you've identified the pest, consider another point:
is the pest more detrimental than beneficial? This question
may raise another question: how can a pest be beneficial?
To help you in understanding this let's define the word pest.
A pest can be any undesirable plant or animal. This depends
largely on the animal's location. A plant or animal can also
be very beneficial, but in a particular place and at a
particular time, the same beneficial plant or animal can be a
pest.

If the pest is more beneficial than detrimental, then try to
use management techniques other than killing as much as
possible.

Location of pests. After you have identified the pests,
you must consider the pests' location. The location of the
problem is very important because this determines the
urgency, materials, equipment, and personnel required for
managing the pests.

An example of this would be honeybees in the wheel well
of an alert aircraft. In this situation, the bees must be
removed quickly with pesticides. However, if the same
honeybees had located in an abandoned automobile they
could have been removed by gathering the queen bee and
transporting her to another area, causing the others to
follow.

If the pests are located on vegetation you must use
control measures that won't be detrimental to the
vegetation. Oil solutions must certainly be avoided in this
instance.

Managing pests that are located in aquatic areas is still
another problem you must handle with great care,
especially if this aquatic area happens to be a stream, pond,
or lake. During the planning stab,. for developing pest
management programs related to all aquatic pests make sure

you know Federal and State laws governing environmental
protection. There are certain aquatic pest management
procedures you can't use; for instance, some states will not
allow chemical treatment of aquatic areas in controlling
aquatic breeding pests and aquatic vegetation. With this in
mind, you must know other control measures you may use
to deal with the problem.

NOTE: Types of controls and control measures will be
discussed separately within this section.

Take a look at another situation where pest location
determines the management procedure even when dealing
with the same pest species. To manage German
cockroaches in a base dining facility, you can only apply
pesticides to cracks and crevices, but if these same
cockroaches were located in a billeting facility you could
apply a pesticide residual to baseboards, walls, and
ceilings.

Taking this example a little further, assume that these
same cockroaches are located in an electrical panel box in a
base billeting facility. In this situation, base policy requires
two people for the job when entering billeting facilities. In
addition, it would require a pesticidal dust formulation to
reduce fire and electrical hazards.

Here is another example that will illustrate the
importance of the pests' locations that involves a different
type of pest. A base facility is heavily infested with dry-
wood termites and if not treated very soon, the damage will
spread to such a degree that the facility will be unsafe.
Knowing this you must treat it at once. Having knowledge
of dry-,vood termites, you also know that they must be
managed by performing fumigation operations which
require a fumigant, specialized equipment and materials,
and at least two people. In this example, you have seen the
job was urgent to preclude further damage and spread of
infestation, and you also noticed that it dictated the
materials, equipment, and personnel required to perform
the operations.

Environmental conditions. Environmental conditions
play a major role when you choose pest management
procedures. In some situations, winds predict the time,
place, and type of control you use. Generally, outdoor
spraying operations will not be performed when wind
speeds of over 8 mph create drift hazards. You should never
do outdoor ultralow-volume dispersal operations if wind
speeds exceed 8 mph because chemicals would be blown
away, wasting materials, time, and effort and increasing
environmental hazards.

Moderate winds can be quite helpful when you treat areas
such as ponds and tall trees that you otherwise can't treat
with normal pesticide dispersal equipment.

Rain can wash away residual sprays you've applied to
trees, shrubs, and grasses and make reaccomplishment
necessary. In view of this, residual spraying operations
outdoors should not be done if you suspect rainfall. Rains
will sometimes necessitate your redoing mosquito larvicide
operations in some cases. In other cases the rain may act as
a natural control by causing an overflow of water holding
areas that contain mosquito larvae, thus eliminating the
need for applied controls.
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Rains can also bring problems with pests you don't
normally encounter during dry weather. During continuous
rainy conditions there seems to be an overabundance of
mosquitoes, snails and slugs, flies, cockrolches, earwigs,
crickets, and rats and mice, along with ., ay other pests
causing unusual concern to building occu.- ,nts during rainy
periods. At the same time, fungi cat= s great concern
because they thrive on mo'sture.

Considering environmental conditions as a basis for
selecting pest management procedures involves much more
than just the wind and rain. You must consider all aspects of
the environment. The terrain and presence of all beneficial
plants and animals must be considered at all times to
prevent contamination of water sources and damage to
nontarget organisms.

Need for permanent or temporary controls. You must
give consideration to the long-range plans for your
installation when you decide whether permanent or
temporary controls will be emphasized. If there are long-
range plans for the base or installation to be in existence,
permanent controls should be emphasized.

Initially, permanent controls may be more expensive
than temporary controls but most often will be less
expensive in terms of repcated use of materials, equipment,
and work-hours spent on temporary controls. Permanent
control measures can often be coordinated with other base
activities. For instance, if an area is being excavated,
arrangements can be made to use the earth to fill mosquito
breeding areas as long as it doesn't violate environmental
protection policies within the area.

Temporary controls must be considered on the basis of
merit. These controls offer no long-term benefits, but they
are normally less expensive at first. Temporary controls are
required in situations such as reacting to emergency pest
problems and operating on an austere budget. When
temporary controls are used understand that they only offer
immediate relief, and you should be thinking of permanent
controls that would prevent reoccurrences of the same
problem.

When selecting permanent or temporary pest
management procedures, consider the following elements:

Urgency of the problem.
Environmental protection laws.
Available resources such as personnel, ,:me,
materials, and equipment.

Although permanent control programs are generally
difficult to sell to higher management, they are the best and
least expensive in the long range. Stress this, but keep in
mind, selling this program to the higher levels of
management requires strong justification and is entirely
dependent upon your ability to present all the facts.

Available resources. Your selection of pest management
procedures is partially based upon the resources available to
you. Sone pest management programs you would like to
start may be impossible if you can't get the right equipment
or materials. Other barriers that might be in your way are a
shortage of personnel and funds.

When confronted with these problems, it is your
responsibility to get the resources you need to select and
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develop an alternative pest management program that will
be safe and effective.

Safety and effectiveness. The safety and effectiveness of
pest management procedures are the two most important
aspects you must consider, and all phases of pest
management planning must be based upon them.

Safety is the first and most important aspect to consider.
If you think a program can't be done safely, then it should
be abolished and an alternative method used, even though it
may be less effective.

There are many programs you can use effectively to
manage pests, but when selecting a program that is safe and
still effective, it may reduce your choices considerably.

Exercises (221):

1. Match the factors to be considered by placing the
appropriate letter or letters in Column B beside the
applicable numbered statement in Column A. More
than one factor may be considered for each statement.

Column A Column B

_ (1 ) Pests to be controlled.
- (2) Location of pests.
_ (3) Environmental

conditions.
(4) Permanent or temporary

controls.
(5) Available resources.
(6) Safety and

effectiveness.

a. Beneficial or detrimental
aspects of pests.

b. Availability of funds.
c. Tpopography of the arca.
d. All phases of the program.
e. Material and equipment

requirements.
Wind speed and direction.
Types of pests causing thc
problem.

h. Personnel requirements.
i. Other plants and animals in

the arca.
Future base plans.

f.
g.

J.

222. Specify which organizations you should coordinate
with when completing certain IPM activities.

Pest Management Coordination. One of the basic facts
about IPM is that no one person or section is responsible for
conducting all phases of a pest management program--you
can't possibly carry out all of the steps involved on your
own even in the simplest programs. Because of this, not
only must you maintain close coordination with other civil
engineer (CE) shops and activities, you must also
communicate effectively with other organizations and
building occupants to get control of household and other
pests. And don't forget off-base activities; keep in mind the
material you learned in lesson 220 when you're planning or
conducting your programs, and use it when you need.

The quantity and quality of support by various activities
will be greatly dependent on your knowledge of their
responsibilities and capabilities, and also your ability to be
tactful and efficient. Now let's look at what these activities
are and how they can help you.

Base and command activities and responsibilities. There
are many activities within your own organization that can
render immense support, upon approval, in pest
management from the very beginning (planning stage) to
the -,.nd (pests being managed).
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The financial management section becomes involved in
every pest management program; this involvement depends
on the scope of each pest management program. If pest
management can be accomplished with a service call, this
section may only need to record the expenditures, location,
and type of treatment performed; however, if it requires
work order accomplishment, then they become much more
involved. With your help, financial management section
must then develop a program to identify the location and
urgency of the job, type of work to be performed, materials
and equipment required, other sections to be involved, and
sequence of events. Based upon this information, they
estimate the total cost of your program, get the materials
and equipment you need, schedule the sequence of events,
and monitor all phases of the program.

The sections within your own career ladder that can offer
support are the refuse collection and disposal and
environmental support sections. The refuse collection and
disposal section can make your job much easier by
exercising proper techniques in collecting and disposing of
base refuse. This way breeding matter, food sources, and
harborages for pests are eliminated, thereby reducing
conditions which promote pest infestations.

The environmental support section can often help you in
maintaining pumps on pesticide dispersal equipment. In
doing this, maintenance expenses are reduced and your
efficiency is increased. While on the subject of equipment
maintenance, take a look at the other sections within your
own organization that can offer assistance.

Power Production can be very instrumental in performing
maintenance on many four-cylinder engines on some
equipment items; whereas Pavements and Grounds can help
maintain two-cylinder engines. Protective coating can help
recondition your equipment by removing corrosion and
deteriorated paint and applying new paint. Metal
fabrication can straighten and repair most metals associated
with powered pesticide dispersal equipment and fabricating
certain metal items used for equipment modifications. In
addition, this section can fabricate bait stations and shields
to be used in pest proofing base facilities.

The carpentry and masonry sections within CE play a
very important role in many pest management programs.
They are responsible for removing portions of structures
when necessary to help you get to the source of pest
problems; then, they will :eplace or repair portions
removed or damaged. These sections can also help pest
proof base facilities by repairing or replacing doors,
windows, and screens and by filling in or covering up
cracks and crevices in walls and ceilings and around pipes
that enter the building.

The plumbing and heat systems sections are important in
identifying the location of water, steam, and fire-
extinguishing lines in all areas of the base. This often
1,,.comes necessary when you're treating for subterranean

m ites.
The interior electric section is an invaluable source for

:ng information about the location of electrical wiring
land boxes. Many pest management situations require
lectrical power to facilities be shut off before you can

your work. When fogging or aer9soling indoors,

electrical power must be shut off to reduce explosion and
fire hazards.

The equipment section, along with pavements and
grounds, becomes involved when pest management
programs include excavating or filling to eliminate
mosquito breeding areas and to give an appropriate grade
allowing water to drain away from buildings to resolve
conditions that would be conducive to decay, fungi, and
termites.

As you have seen, almost all sections within your own
organization have a hand in pest management every now
and then to make your job easier and more professional; but
there are even more helpful activities on base.

Environmental health personnel are responsible for
conducting surveys for health-related pests on base and for
making recommendations as to the management programs
to be implemented against medically related pests. They
also monitor the types of pesticides used on base and the
management techniques employed. This section monitors
industrial-related health hazards and performs physicals on
individuals who work in areas that have been identified as
hazardous or in food-serving facilities.

As a pest manager, you must have occupational physicals
performed periodically by these individuals to test your
hearing and to determi-e the levels of toxic chemicals
within your body.

The base veterinary section insures that base facilities are
kept clean at all times, especially base dining and food
service facilities. Through the combined efforts of you and
the base veterinarian, many pests can be managed
effectively and safely by identifying unsanitary conditions
and taking actions to correct them. The base veterinary
services also helps detect stored-product pests and identify
diseases transmitted by dogs, cats, skunks, and other
animals on base.

The ground safety office can help you get safety items to
help protect you during pest management operations. This
office also performs periodic inspections to detect unsafe
working practices and conditions. If your shop is not
adequate for storing and mixing pesticides or if it is not
properly lighted, the ground safety office is the place to go
if you can't get support within your own organization.

The Traffic Management Branch becomes involved
when you must clear railcars fumigated with Phostoxin.
The freight section must notify you upon the arrival of a
fumigated railcar, and they must conduct the actual removal
of the securing seal.

Other branches such as Traffic Management and Vehicle
Maintenance can support you in obtaining additional
transportation when you need it. They will maintain the
vehicle assigned to your section, with the exception of
performing operator maintenance, which is your
responsibility.

Of course, there are many more activities on base that
you will need to coordinate with from time to time such as
the base information office and field maintenance
organization; but, the ones that have been discussed are the
activities you will coordinate with most often.

Coordinating with major commands is generally
restricted to problems that cannot be accomplished at base
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level concerning pest management and to
certification/recertification of pest managers. If you have
questions concerning any pest management situation that
you feel has not been answered adequately from sources on
base, then you should request assistance from the command
pest management professional or representative of that
function using the proper chain of command.

Coordination with the major command is required
anytime you think that pesticides must be applied by
aircraft. There are many pest management programs and
pesticides that must be approved at major command level
prior to their use. Be sure that the programs you plan are
safe and approved before you implement them.

The U.S. Public Health Service has funds that are
available for controlling malaria, typhus, and other diseases
that appear on private property adjacent to Air Force bases.
If these disease-carrying pests constitute a menace to the
health of Air Force personnel, the base commander may
request, through proper Air Force command, that the Public
Health Service make a survey of the surrounding area. If the
survey shows the existence of a dangerous condition, the
agency will perform the work at its own expense.

Many of the management procedures now used to combat
pests have been developed by the Bureau of Entomology
and Plant Quarantine of the U.S. Department of
Agriculture. Personnel from this department may assist the
civil engineer in the control of termites, Japanese beetles,
grasshoppers, etc. However, the request for assistance
must be sent directly to the Department of Agriculture.

The Fish and Wildlife Service of the U.S. Department of
Interior may give, upon request, technical aid in controlling
rats, mice, ground squirrels, other rodent pests, and
coyotes.

State, county, , and city control agencies are very
important to the Air Force, because they carry on active
mosquito control operations and cooperate in keeping down
the occurrence of rats, flies, an-I other pests off base. On the
other nand, it is the responsibility 01 the base civil engineer
to eliminate base conditions which may adversely affect the
surrounding community. Close cooperation, both on and
off base, is essential if effective results are to be obtained in
the war against pests.

Exercises (222):

I. Match the activity or activities in column B with the
problem situation in column A by placing the
appropriate letter of letters beside the applicable
number.

Column A Column B

_ (1) A pump on the powered a.
dispersal equipment needs
repairing. b._ (2) The location of panel c.
boxes and wiring needs to el.

be identified inside a facil- e.
ity before you perform f.
pest management opera- 8-
tions. h._ (3) An additional vehicle is i.
required to accomplish a
specific type of pest j.
management operation.

Base Information
Office.
Environmental Health.
Environmental Support.
Ground Safety.
Interior Electric.
Major Command.
Power Production.
Traffic Management.
U.S. Dept of Agriciul-
ture.
U.S. Department of the
Interior.
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Column A

_ (4) A pest problem exists on
base and the only way it
can be brought under con-
trol is by aerial dispersal
of pesticides._ (5) Assistance is required
from sources off base to
control Japanese beetles._ (6) Assistance is required in
overhauling a four-
cylinder engine on a mist-
dust blower._ (7) Surveys are needed to
determine the presence of
medically important pests._ (8) Additional information is
needed concerning the
safety aspect of a particu-
lar pest management pro-
gram._ (9) A basewide pest manage-
ment program is to be
started, and all base per-
sonnel must be advised as
to when the program will
be conducted and the
actions they must take.

_ (10) Technical assistance is
required for controlling
coyotes that have become
established on base.

-- (11) Support is needed in
demanding that unsanitary
conditions indoors be
corrected.

Column B

k. Base Veterinary Ser-
vices.

I. Exterior Electric.
m. Protective Coating.
n. U.S. Public Health Ser-

vices.

2-4. Methods of Applied Pest Management

Now that you understand the principles and background
of IPM, we need to carry our classification process one step
further and study the various methods involved in just one
IPM categorychemical controls. We'll begin by
reviewing basic pesticide dispersal methods and then
explore various chemical treatment methods for arthropods
and vegetation.

223. Specify the best pesticide dispersal method for
given situations.

Pesticide Dispersal Methods. Although v:e have several
basic methods for dispersing pesticides, one method is
usually better for a specific control situation than any other.
Your ability to select the best method requires a thorough
understanding of the basic principles involved. The basic
principles of chemical control methods most commonly
used are described below.

Fumigating. Fumigation involves using gaseous poisons
(fumigants) to kill plant and animal pests. The lethal
(deadly) activity of fumigants depends on their being drawn
into the body through the respiratory system. Because of
their extremely small particle size you must use fumigants
in airtight or nearly airtight spaces. This is necessary to
prevent dissipation before an adequate exposure period
elapses.
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Fumigation includes using vacuum chambers at major
supply depots, calcium cyanide for fumigating rodent
burrows, paradichlorobenzene (PDB) or naphthalene for
protecting clothing, and the limited use of methyl bromide
in atmospheric fumigation bags and chambers.

Hydrogen phosphide fumigation is used by the Armed
Forces using aluminum phosphide fumigant This is very
beneficial for intransit fumigation of stored foods to rid the
commodities of stored-food pests and has taken the place of
many fumigants in inplace fumigation.

Although structural fumigation is most often
accomplished by contract, you should be aware that methyl
bromide and sulfuryl flouride are two fumigants that are
commonly used.

Aerosoling. Aerosols (including ultralow-volume
dispersal) may be defined as assemblages of solid or liquid
particles suspended in air. Based on the mode of
production, there are two main types of aerosols, cold and
thermal. Cold aerosols are usually produced by combining
an insecticidal agent with a very low-boiling liquid and
discharging it by its vapor pressure through a small orifice.
Thermal aerosols are produced by atomizing a liquid
insecticide solution with either hot gases or superheated
steam. This insecticide dispersal method is called fogging.

The advantage of ultralow-volume dispersal is the
capability of dispensing small volumes of concentrated
pesticides, as an aerosol, over large areas rather than the
conventional diluted formulations.

When pesticides are dispersed as aerosols, the size of the
particles range from 0.1 to 50 microns with 80 percent of
the particles being less than 30 microns.

Aerosols are generally used indoors for controlling flying
insects with exception to the ultralow-volume (ULV)
application method and when aerosols are used for the
purpose of flushing pests from their harborages.

The aerosols are used frequently in the disinsection of
aircraft to prevent introduction of pests uncommon to
various regions of the world.

BI Misting. Mists are dispersed pesticides with
intermediate size particles ranging in size from 50 to 100
microns. They are effective methods for outside space
treatment. With care, they can be used to considerable
advantage for indoor treatment and, because of the large
particle sizes, can be used under a wider range of weather
conditions than aerosols. Penetration of dense vegetation is
less satisfactory with mists than aerosols; however, mists
give more residual effect than aerosols.

Mists can be used quite effectively for treating small
ponds, lakes, and marshy areas in adulticiding operations
because the particles will carry much farther in the wind
than spray particles.

Spraying. Spraying is defined as the application of liquid
pesticides. Howev er, with the appearance of the new
methods of application (aerosoling and misting), sp:aying is
now confined to the application of liquids atomized into
droplets of 100 microns in diameter. Because of the larger
sizes, spray particles "fall out" more rapidly than mist
particles; as a consequence, sprays are principally used for
insecticide application to body surfaces or surfaces that
pests will contact or ingest at some later date.

Sprays are used in treating food-handling facilities to
apply residuals to cracks and crevices and can also be used
to apply residuals to interior and exterior surfaces of other
base facilities.

Sprays are used extensively in termite treatment
operations such as sub-slab injection, soil poisoning,
trenching, and for applying herbicides to terrestrial and
aquatic vegetative pests.

In addition to the uses already mentioned, sprays can be
used for treating sewage-trickling filter beds and for
applying residuals to vegetation for controlling pests of
vegetation.

Brushing. Using a paint brush or another bristle brush is
becoming an increasingly popular method for applying
liquid pesticides. Brushing puts the pesticide only where
you want it to go. Spraying, by comparison, doesn't always
put down a uniform band of chemical and there may be
spattering or dripping.

Dusting. Dusting is the dispersal of pesticides in the form
of solid particles. Generally, the sizes of dust particles are
practically the same as liquid particles. Dusts are very
effective against crawling insects, particularly those
confined to limited areas. If properly applied, dusts are less
hazardous to domestic plants and animals than gaseous and
liquid pesticides because they are less readily absorbed. If
not disturbed, dusts retain their effectiveness longer than
liquid applications. For contact killing, dusts take longer to
act than volatile liquid materials; they do not adhere well to
surfaces; and they do not form a continuous layer over
surfaces as liquid applications do.

You should always apply dusts to areas that present
electrical hazards such as electrical panel boxes, outlets,
and motorized equipment.

Dusts can be applied to indoor and outdoor areas; but if
you use them indoors, generally put them in areas where
they cannot be seen due to the unsightly appearance. In
outdoor areas, dusts are very effective in controlling pests
of vegetation and ectoparasites.

Granulating. Granules or pellets impregnated with the
desired pesticide has certain advantages over dusts or
liquids. You can use them to pencil ate heavy vegetative
cover. The granular material is designed to liberate the
pesticide slowly for longer lasting effectiveness. Granules
have been used successfully to release larvicides and
herbicides below the water surface for control of mo3quito
larvae and weeds. This places the pesticide where the
greatest benefit will be obtained and avoids loss of the
materials by wind action when dust is applied on the water
surface.

Granules can also be used to control grubs and many
other pest larvae that develop below the earth surface
because of the slow dissipation rate. In addition, granules
are often used for controlling vegetation in many areas.

Baiting. You can prepare baits as solids or liquids or, as
is most commonly done, purchase premixed baits which are
generally used in rodent control programs. Baits are
prepared by mixing toxicants with many types of food
substances, depending upon the substance preferred by the
pests you desire to control.
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In addition to the use of baits for controlling rodents,
baits are increasingly being used for controlling
cockroaches, ants, flies and snails.

When baits are used they must be checked and
replenished frequently and should he placed in out-of-the
way susceptible areas.

Exercises (223):

I. What pesticide dispersal method would probably be
most appropriate for treating small lakes and ponds to
control adult mosquitoes?

2. Which method should you use to treat a large outdoor
area to control crawling insects, without harming
vegetation?

3. To kill stored-products pests within food commodities,
what would the best dispersal method be?

4. What dispersal method would you pr.4er to flush many
types of insect pests from their harborages to conduct a
survey or to get a more rapid kill?

5. What dispersal method is used to treat rodent burrows
and get a quick kill'?

6. Which dispersal method gives the best penetration of
heavily vegetated areas?

224. Identify characteristics of the two arthropod
treatment categories.

Treatments for Managing Arthropods. The type of
treatment you can use to manage arthropods is a major
determining factor for selecting equipment (see Volume 3)
and getting optimum control of insect pests. The types of
treatments fall into two broad categoriesresidual and
space treatments. Each of these types includes several
pesticide dispersal methods.

Residual treatment. This term refers to applying
pesticides that can remain effective for several days, weeks,
or months on surfaces where pests may feed, rest, or merely
crawl. As a result, the pests don't have to be present when
you apply the chemical since they'll be killed after having
contacted treated surfaces. (Additionally, you don't have to
lay eyes on every bug you kill.)
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The length of time a residual treatment remains effective
depends on several factors, Including:

Type of pesticide.
Type of surface.
Exposure to weather.
Effects of cleaning operation.
Dosage rate.

You can Apply residuals as solutions, emulsions,
technical grade pesticides, suspensions, dusts or granules
by any dispersal method deAgned to handle your desired
formulation. Another advantage is that residuals can be
used in both preventive and corrective control programs.

The equipment you pick for residual treatment will
depend on where you apply the pesticiue, the size of the
area you treat, the type of formulation you use, and your
method of application. For example, you wouldn't choose a
manually operated piece of equipment to treat two outdoor
acres, nor would you use a large equipment item to treat
small indoor areas. Furthermore, you can't use some
formulations in certain equipment items because damage
may result or the equipment may not be able to handle the
mixture. As an example, since suspensions are often
corrosive and gritty, some pesticide pumps may be
damaged or strainers, lines, and nozzles may become
clogged.

Space treatment. This term applies to dispersing
pesticides into the air, either indoors or outdoors. Space
treatments kill pests that are present at the time of treatment
or shortly after the treatment.

You can use emulsions or solutions for space treatments,
which usually involve aerosols. Solutions are preferred
most of the time since the solvent oil helps give a quicker
knockdown of flying insects.

Here are some advantages, of using space treatments:
GO Immediate knockdown and kill.

Rapid applications to large areas.
Relatively small amount of chemical needed.

Space treatments are more effective indoors since there is
much less air movement; this lets the fine spray particle
remain suspended in the air for a longer time than outside
treatments. On the other hand, a major disadvantage of
space treatments in general is that there is no residual
effect, so your efforts are only corrective in nature, not
preventive. Finally, only the pests present at the time of
treatment are affected.

As you learned earlier in this lesson, residual and space
treatments are the two main categories of chemical control
measures. These have further breakdowns, however, and
we'll spend the rest of this lesson discussing them.

Crack and crevice treatment. This term applies to
treatments where you apply small amounts of pesticides
into cracks and crevices where insects hide, or through
which they may enter buildings. It's used primarily in
food-handling facilities where food is received, prepared,
stored, and served, except in the dining area where the food
is under the control of the person eating it. Openings where
you apply the chemical include:

Expansion joints.
Between different elements of construction.
Between equipment and floors.
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Inside hollow walls.
Equipment legs and bases.
Conduits.
Motor housings.
Junction or switch boxes.

Crack and crevice treatments have some very important
advantages over other spraying or dusting techniques.
Possible contamination of food, utensi1s, serving lines, and
dining crew is greatly reduced. Less chemical is used.
Assuming you do a proper job, you get better control
because you're putting the pesticide where it can do the
most goodwhere the insects live and breed. Finally, your
residual lasts longer because the chemical is away from
contact by cleaning operations.

You can use solutions, emulsions, or dusts for crack and
crevice treatments, but don't stop there; also use aerosols to
flush or speed up the kill of pests living in these areas.

Baseboard :reatment. This term applies to using liquid
residual pesticides on baseboards, door facings, and room
corners in a facility. It's a very common treatment, and you
possibly use it more than any other type of indoor
treatment, other than where food is prepared and served.
However, since crack and crevice treatments have so many
benefits, think twice before you conduct baseboard
treatments. Ideally, you should use baseboard treatments
only where the pests' habits and other factors warrant them.

Spot treatment. This term can apply to both crack and
crevice and the baseboard applications or any other residua !
treatment that is not a complete treatment of an entire area.
The spot treatment term is probably more often referred to
when speaking of an incomplete treatment of a facility to
manage cockroaches, termites, ants, and wasps.

Vaporization. This term more often refers to the use of
dicholorvos impregnated pellets, tablets, and resin strips for
space treatment of warehouses and retrograde cargo. This
vaporization type treatment is a form of the fumigation
treatment and provides the same results.

Larviciding. This term usually refers to the application
of chemicals to water for the control of mosquito larvae but
may also refer to any such treatment designed to kill larvae
of other insects. Equipment that produces either a fine mist
or a coarse spray may be used, depending upon whether a
heavy, longlasting residual treatment, or a light application,
which will kill only the mosquito larvae, is desired.
Larvicides may be applied as liquids or dusts from the
ground or air or may be added to the water by other means,
such as drip applicators, pellets, or granules.

Soil poisoning. The soil in which certain insects live
during all or part of the life cycle is sometimes poisoned in
attempts to control damage to plant roots or to prevent
emergence of the adults. A surface treatment with a water
emulsion may be suitable for insects living just under the
soil or lawn surface. Deeper penetration is often difficult to
btain in some soils and may not be satisfactory. Termite
oil poisoning requires great thoroughness in application,

and several types of equipment have been devised for this
purpose. Large quantities of dilute formulations applied as
coarse sprays are normally used in soil poisoning.

(1) Sub-slab injection. This term is often used to denote
the type of treatment employed in poisoning the soil

beneath buildings that have concrete flooring that rests
directly on the soil surface.

(2) Rodding. This tenni also applies to soil poisoning and
is often used in reference to the insertion of perforated
jointed pipe tubings directly beneath flooring and above the
soil surface io treat the soil beneath buildings as preventive
or corrective control measures for termites.

Baiting. The use of poison baits is one of the oldest
methods of pest control. The treatment of foliage, upon
which insects feed, with chemicals that kill by stomach-
poison action is another old and common method of
treatment. Success with this method depends upon
thorough coverage of the leaves with the insecticide. Dilute
formulations, containing spreaders and stickers, applied as
coarse sprays were used originally, but in recent years there
has been a very great increase in application of concentrated
formulations as mists with many types and sizes of mist
blowers.

Systemic poisoning. The most recent development in the
control of plant feeders is the systematic poison. That is, a
chemical is taken up by the plant and distributed throughout
the plant tissues. This is particularly effective against
sucking insects that do not feed on the leaf surfaces. The
same principle has been applied to the control of
ectoparasites on animals by feeding chemicals that are
harmless to the host but kill the bloodsucking parasites.

Exercises (224):

1. Match the proper treatment in column B with the
characteristics in column A.

Column A

No value
control.
Provides preventative and
corrective chemical control.
Effectiveness dependent upon
type of surface.
Normally dispersed as an aero-
sol.
Rapid application and immedi-
ate control.
Equipment used dependent
upon area of application.
Use of small amounts of chemi-
cals.
Insects do not have to be present
at time of application to be
effective.
Baseboard treatment.
Spot treatment.
Larviciding.
Soil poisoning.
Baiting.
Systemic.
Vaporization.

Column B

as preventative a. Residual treatment.
b. Space treatment.

225. Identify the types of treatment used to control pest
vegetation.

Treatments for Controlling Vegetation. You can
chemically control many types of pest vegetation,
depending on the types and locations of the plants. As with
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arthropod control measures, the types of treatment you use
will influence the type of equipment you select.

Foliage treatment. You can use this method to control
existing vegetation by applying the chemical directly to top
growth as contact sprays. This causes a burning of plant
tissues or affects hormones that control plant growth.

Basal-bark treatment. This is making herbicide
applications to the base of tree trunks that are 6 inches or
less in diameter. The spray, usually oil-based, is applied to
a height of 2 or 3 feet on the trunk. This treatment is well
suited for uncut brush and regrowth from cut brush or trees,
particularly for selective control .

Stump treatment. Use this treatment on freshly cut trees
to prevent regrowth. You can either saturate the stump on
top and all sides to the ground line, or drill holes in the
stump and put the herbicide in them.

Cut-surface treatment. This type of treatment includes
the application of herbicides to frills, girdles, cups, or
notches that have been made to individual trees.

Treatments to frills and girdles should be accomplished
by using a liquid herbicide formulation; however, when
treatments are to be made to cups and notches, the herbicide
formulation should be crystalline.

Soil treatment. This type of treatment is used to apply
herbicides around the base of grasses, trees, and brush when
it is desired that the chemical be absorbed through the roots.
This type of treatment can be selective or nonselective in
form and can be accomplished as a preemergence or
postemergence treatment.

a. Selective treatment. This term is used when
herbicides are applied to control specific types of vegetation
without harming other vegetation that may be mixed in with
or within the immediate vicinity of the vegetation to be
controlled. This type of treatment is commonly uscd to
control undesirable vegetation that exists in established turf
grasses, such as lawns, golf courses, and parade grounds.

b. Nonselective treatment. This term is used to denote
the application of herbicides to kill all vegetation within a
specific -irea. This type of treatment is commonly used to
control vegetation along roads, railroads, and fence rows;
beneath utility lines; and around storm drains, culverts,
utility poles. and sign posts.

c.. Preemergence treatment. As the term implies, this
type of treatment is performed to prevent seed germination,
thereby preventing the establishment of vegetation.

d. Postemergence treatment. This term is used when
herbicides are applied to control vegetation that has already
become established.

Ditchbank treatment. This term is often used to
distinguish the type of applications being made to irrigation
and drainage systems. This. as the term implies. means that
herbicides are only being applied to the sloped sides and not
in the bottom of the irrigation and drainage systems.

Ditchbottom treatment. This method is used to control
aquatic vegetation in ditchbottoms. Soil sterilants are
usually used. Before you use this control method, you
should insure dry conditions for at least 10 days.
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Ex ,rcises (225):

I . Match the types of treatment in column
proper descriptions in column A.

B with the

Column A Column B

Preemergence application to prevent seed
germination.
Applied to freshly cut stumps.
Applied to drainage systems.
Crystalline formulation applied
notches.
Applied to base of trunk.
Used to control aquatic vegetation in
ditches.
Applied to existing vegetation.

a. Foliage.
b. Basal-bark.
c. Stump.
d. Cut-surface.

to e. Soil.
f. Ditchbank.
g. Ditchbottom.

2-5. Records and Reports

Th P. success and continuity of a sound pest management
program is determined by the availability of accurate
operational records and reports. Timeliness of control
measures. justifiable estimates of funds and personnel
needs, and concise requirements for supplies and equipment
can only be available by regularly maintaining a ,uate
records. Work accomplished and results achieved r ,lso
be uniformly measured and periodically cor .td to
provide a sound basis of support for the value of -ventive
control actions.

This section is devoted to identifying records and reports
directly related to operational pest management programs
you must maintain; it also provides maintenance
instructions for each .

226. Specify the purpose and use of DD Ferm 1826,
Certificate of Competency, and state information
needed to obtain the form.

DD Form 1826, Certificate of Competency. As
outlined in DOD Directive 4150.7 and AFR 91-21, Pest
Management Program. all personnel engaged in direct field
supervision of pest management operations or those who
operate independently of direct supervision must be
tecl,nically competent and thoroughly familiar with all
phases of pest management being performed.

Purpose. The purpose for DD Form 1826 (fig. 2-23) is to
certify individuals who have proven they are competent to
handle pesticides in accordance with Federal laws and to
insure they are aware and knowledgeable of current policies
relating to all phases of pest management.

There are eleven categories in which you may be
certified, depending on your experience and test results.
These categories and their description are shown in figure
2-24. Testing is required for all individuals coming under
the Federal Environmental Pesticide Control Act (FEPCA)
of 1972.

Obtaining DD Form 1826. When you or one of your
workers has demonstrated technical knowledge and ability
and been proved competent in pest management operation,
a letter iequesting certification or recertification is
forwarded through proper channels to the designated
certifying official.
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CERTIFICATION CATEGORIES*

Category Category
Number Name Includes

1. Agricultural Pest Control a. Plant: Using, or supervising the use of. pesticides on grasslands
and noncropland weeds.

b. Animal: Using, or supervising the use of, pesticides on animals
and on places on or in which animals are confined.

2. Forest Pest Control Using, or supervising the use of. pesticides in forests, forest nur-
series, and forest seed producing areas.

3. Ornamental and Turf Pest Control Using, or supervising the use of, pesticides to control pests of
ornamental trees, shrubs, flowers, and turf.

4. Seed Treatment Using, or supervising the use of, pesticides or repellants on seeds.

5. Aquatic Pest Control Using, or supervising the use of, any herbicides purposefully
applied to standing or running water.

6. Right-Of-Way Pest Control Using, or supervising the use of, pesticides in the maintenance of
roads, electric powerlines, pipelines, railway rights-of-way, or
other similar areas.

7. Industrial, Institutional, Structural, Using, or supervising the use of, pesticides in, on, or around food
and Health Related Pest Control handling facilities; human dwellings; institutions such as schools

and hospitals, industrial establishments, including warehouses,
and any other stnictures and adjacent areas; and for the protection
of stored, processed, or manufactured products.

8. Public Health Pest Control Using, or supervising the use of, pesticides in public health pro-
grams for the management and control of pests having medical
importance.

9. Regulatory Pest Control Using, or supervising the use of, restricted pesticides to prevent
the movement of pests into or out of quarantine areas.

10. Demonstration and Research Pest (I) Individuals who demonstrate to the public, the proper use and
Control techniques of applying pesticides or supervising such demonstra-

tion.
(2) Persons conducting field research with pesticides, and in
doing so, using or supervising the use of pesticides.

Aerial Application Pest Control Using, or supervising the use of, pesticides dispersed by aircraft.

According to 40 CFR 171.3 and DOD Plan for Certification of Pesticide Applicators.
CF-074

Figure 2-24.
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When requesting initial certification for an individual,
the body of the letter should contain the following
information:

a. Category of certification requested.
b. Name of an individual, rank/grade, and social security

number.
c. Training accomplishments and length of time

performed in the career field.

This letter should be signed by the base civil engineer,
and copies of recent training certificates related to pest
management received by the individual should be
forwarded as attachments with the letter.

Recertification of individuals who presently hold a
certificate of competency is required every 3 years if
performing in either of the capacities outlined.

Requests for recertification are prepared and processed in
the same manners as for certification, with only the
contents of the letter body changed to provide the following
information:

(1) Category of certification requested.
(2) Name of individual (lastfirst namemiddle

initial).
(3) Rank.
(4) Social security number.
(5) Present certification number and expiration date.
(6) Recent career field training accomplishments.

Upon receipt of certification or recertification request,
the major command pest management professional will
approve or disapprove the request. If the request is
approved on its own merits, a certificate of competency will
be forwarded to the individual; however, if the certifying
official needs further justification, instructions identifying
additional actions to be taken will be forwarded.

When certification is approved, the person being
certified will receive DD Form 1826 and DD Form 1826-1,
a "pocket copy" of the diploma. The individual must keep
this small card with him or her at all times when pest
management operations are being conducted.

A roster listing each certified individual, certification
number, and expiration date must be maintained within
civil engineering to act as a reminder and to identify
certified individuals to other concerned individuals.

Exercises (226):

1. What individuals must possess DD Form 1826,
Certificate of Competency?

2. How often. must individuals who disperse pesticides be
recertified?

3. What is the purpose of DD Form 1826?
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4. When an individual is thought to be properly prepared
for certification, what is the first action to be taken?

5. List the information that must be provided to request
initial certification.

227. Cite the purpose, use, and disposition of DD Form
1532-1, Pest Management Maintenance Record, and
make necessary entries on the form based on a given
situation.

DD Form 1532-1, Pest Management Maintenance
Record. Air Force Regulation 91-21 requires you to
maintain this form (fig. 2-25A and 2-25B) for each facility
and area you treat to control pests. The main purpose of this
card is to help you maintain a complete record of all pest
problems and the procedures used to deal with those
problems, whether you use chemical or other control
techniques. In effect, it gives you a pest management
history of the area or facility. This, in turn, helps you make
adjustments to your control program as needed.
Additionally, the form lets you identify people who
previously worked at the location and saves you the trouble
of producing local forms or logbooks, which serve the same
purpose. Workers should take the cards with them and
make necessary entries after control measures are
conducted.

Filling out the card is very simple, but there is one
"glitch." When you indicate the amount of pesticide, it
must be recorded in dry ounces of active ingredient rounded
off to the nearest whole number (for a large area, you can
list it in dry pounds). Refer to table 2-1 to see how to
convert pesticide amounts to dry ounces.

When you've completed both sides of this form, start a
new one by transcribing the information from the top four
blocks of the old form to the new one. You can plan on the
old cards being around for a long time on most buildings
since you must keep them until 2 years after the treated
building is destroyed.

Exercises (227):

I. What is the main purpose of DD Form 1532-1?

2. When should entries be made on the form?

3. When can compieted cards be destroyed?
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TABLE 2-1
CONVERTING LIQUID PESTICIDE AMOUNTS TO DRY OUNCES

Situation: You're working with a pesticidal concentrate containing
4 pounds active ingredient (AI) per gallon. You dilute
it to field strength by adding 2.5 ounces of concentrate
to one gallon of water.

Other Necessary Facts: There are 128 fluid ounces in a gallon of water. There are
16 dry ounces in a pound.

Working the Problem: Since tne concentrate has 4 pounds AI per gallon:

Step 1

Step 2

Step 3

Step. 4

16 dry ounces x 4 lbs 1 gal = 64 dry ounces *per 128
fluid t nces.

* "per" always means "divide", therefore:

64 dry ounces divided by 128 fluid ounces= .5 dry ounces
per fluid ounce.

Since you added 2.5 fluid ounces of concentrate to the
water:

2.5 fluid ounces x .5 dry ounces per fluid ounce = 1.25
drY ounces.

Round off to the nearest whole ounce 1.0 dry ounces entered
on DD Form 1532-1.

4. Refer to figure 2-25A and make further entries on the
form using the following information:
On 22 March 84, you receive a call from MSgt Michael M. Kelley in
the administration section in Building 1624. Since you treated all the
other rooms, his area was invaded with cockroaches and he wanti
them controlled. You returned to the building the next day and, as
you surveyed the section, you noticed a coffee pot area that was
poorly maintained and workers routinely kept candy and otheF
foodstuffs in their desks. After you explained the need for higher
sanitation standards, you used two gallons (3 dry ounces) of
Diazinon EC. Your total labor time was 1 hour. (Check your entries
with those in the answer section.)

228. State the purpose, use, and disposition of DD Form
1070 and determine necessary entries en the form based
on a given situation.

DD Form 1070, Termite and Wood Decay Inspection.
A DD Form 1070 must be maintained for each facility that
is constructed completely or partially of wood on all
Federal installations. This includes virtually all facilities,
regardless of preventive measures used in the construction.

Purpose. Each facility that is constructed completely or
partly of wood must be inspected for signs indicating the
presence of structural pests and conditions within and
around the facility that would be conducive to structural
pests. These inspections must be accomplished no less often
than annually for each facility and should be inspected at
least semiannually. This form serves as a record of these
inspections and provides information pertaining to building
conditions and actions taken.
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Completion procedures. The DD Form 1070 is shown in
figure 2-26 with entries provided to illustrate its use. This
form is not difficult to fill out, but you must insure that the
entries made on the form indicate true conditions found
during the inspection of the facility. You must also insure
that kecommendations are annotated correctly, and when
recommendations or other actions have been accomplished,
the form must be annotated to reflect these actions.

Looking at figure 2-26, you will notice that the top
portion is used to identify the number, type, and location of
the facility; the date of the inspection; and the inspector's
name. If you happen to be the inspector, you are
responsible for the information entered or not entered on
this form; therefore, the true conditions found inside,
outside, and beneath a facility must be accurately and
completely recorded.

Part I is used to indicate conditions within and around the
facility that are conducive to structural pests' infestations.
As an example, X. have been placed in this part to identify
the conditions found during an inspection conducted on a
facility, and an additional comment has been entered in the
block identified as "other."

Part II is used to identify the location where structural
pests are actually found during the iime of the inspection. If
you will observe, no Xs have been placed in any of the
blocks in this part, which indicates there were no structural
pests present at the time the inspection was conducted.

Parts III and IV are used to identify the type of termite
and fungi, respectively, found during the inspection. Since
there were no termites or fungi observed, no entries were
made in any of the blocks in either of these parts.
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If termites or fungi has been observed, then part V would
have been used to identify the type of damage incurred by
the pests and the estimated cost of the damage.

Part VI is used to reflect repair and treatment
recommendations and the actual accomplishment of
recommendations. Still looking at figure 2-26, observe the
entries in part VI and compare them with the entries in part
I. Note that part VI should reflect recommendations to
correct the conditions annotated in part I in all possible
situations, as has been done in the illustration provided. It
is the inspector's responsibility to initiate action to
accomplish service calls and/or job orders as applicable.

As you can see, an asterisk has been placed in tilt- portion
identified as "Other" to denote that additional
recommendations are identified elsewhere on the form (in
this case, on the bottom) due to the lack of sufficient space.
These additional recommendations are used to further
support the finds identified in part I. Note footnote number
3. This was added as a recommendativn to correct the
situation identified in part I in reference to "no shields on
foundation." Since it would be almost impossible and very
impractical to install termite shields after the building has
already been constructed, the most practical thing to do is
treat the soil on both sides of the foundation, if not
previously accomplished, which applies in this situation.

Upon completion of each recommended action, the form
must be annotated in part VI to reflect the actual
accomplishment of recommended actions.

Part VII is used to identify the type, quantity, and method
of chemical control implemented to manage termites and/or
fungi, and it is also used to identify measures taken to
correct damaged portions of the facility.

As you have probably noticed in viewing figure 2-26,
entries have been made to indicate that soil poisoning was
accomplished and that chlordane was applied to a trench 1
foot in depth and 900 linear feet.

Part VIII is used to identify the cost of accomplishing
recommended actions. Entries are made to reflect the cost

of materials, labor, and other possible expenditures as
shown in the illustration.

Part IX is used to identify the date that chemical
hvatment was accomplished and the person who was
responsible for the treatment..

This information is entered in the bottom blocks as
shown in figure 2-26. The remaining blocks in this part are
used for inspections accomplished to record treatment
effectiveness.

Disposition. As outlined in AFM 12-50, Disposition of
Air Force Documentation, Table 91-5, DD Forms 1070 for
each type of facility previously described must be
maintained indefinitely and must not be destroyed unless
the building is disposed of or installation is inactivated and
dropped from real property accounts.

Exercises (228):

1. What facilities require that a DD Form 1070 be
maintained?

2. How often must facilities be inspected?

3. What is the purpose of DD Form 1070?

4. When can a completed DD Form 1070 be destroyed?

5. Using the illustrated DD Form 1070 provided in figure
2-27, properly complete the form by entering the
appropriate information provided below in the
applicable spaces on the form.
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On 17 January 1984, Building 302 at Bayou AFB was
inspected for termite and wood decay by SSgt Thomas
T. Tony. This building happens to be a permanent
building but is several years old.

The inspection revealed superficial damage to the rafters
caused by dry-wood termites that had entered through
deteriorated screens over the attic vents. There were
no other conditions favoring termite or fungi
infestation.

After a thorough inspection and extreme consideration, it
was determined that the screens for the vent.s must be
replaced and the rafters injected with
pentachlorophenol to arrest further damage.

The total cost of corrective measures was $330. The
screen and chemical cost $73, and a special item of
equipment to do the job cost $30.

After the treatment was performed it was reinspected on
20 January 1984 by SSgt Thomas T. Tony, who is the
section supervisor.

229. State completion procedures and the purpose for
AF Form 290, Transcript for Pest Report, and complete
the provided form.

AF Form 290, Transcript for Pest Report. As outlined
in AFR 91-21, this report is to be prepared on a daily basis
by pest management personnel.

Purpose. The AF Form 290 (fig. 2-28) is used to record
daily pest management activities and is the source
document for creating a pest file, which is used to provide a
complete record of all preventive and corrective pest
management programs.

Completion procedures. Preparation of the AF form 290
is accomplished by transcribing longhand information
pertaining to pest management activities into codes and
abbreviations on a daily basis to provide keypunch
capability.

For installations that use the B3500 computer system,
which includes most installations, instructions for
completing the AF Form 290 are found in AFR 91-21, Pest
Management Program, AFM 171-200, The Base Engineer
Automated Management System., and AFM 300-4, Data
Elements and Codes. Codes and specific instructions are
contained in AFM 300-4, Vo;ur: !:s.s IV, VI, and XII and
AFIvi 171-200, Part 10.

The information you enter on this farm mist reflect all
pest management activities whe n:. p4.;ides are used.
Individual activities are rtcordec: on DD Fcrm (532-2: then
at the end of the day these activities c categoricully
separated and compiled. This ....ompRet: inforamiion is then
transcribed onto the AF Form 29C

Since the information conte:ned or tim, form is used for
keypunch operations, the information must be coded and
separated into three sections which idcntify the information
as pertaining to Pest Control Operatioos, Pest Surveys, or
Herbicide Control.

This coded information is then keypunched onto cards
identified as Pest detail cards (1/80, 2/80, and 3/80). The
Pest detail card 1/80 is the Pest control operation card that
contains all the information pertaining to arthropod pest
control operations except for the hours spent on surveys.
The Pest detail card 2/80 is the Pest survey card which
reflects the hours expended conducting surveys during a
day's time. The Pest detail card 3/80, herbicide control
card, contains all information pertaining to herbicide
control operations with the exception of the hours expended
on sureys.

To see how information concerning daily pest
management activities is transcribed and entered on a
typical AF Form 290, refer to the following case situation
and illustrations of the handscribed information for the
situation.

Case Situation 2-1

On 14 May 1984, you and another pest manager conducted an aduhiciding
operation to control mosquitoes in a 300-acre arca. You used 1/2 gallon of
chorpyrifos, an organophosphate solution concentrate containing 6 pounds
of active ingredient per gallon. Two man-hours were spent preparing for
the job and 12 man-hours doing the job for a total of 14 man-hours in
conduting surveys.

Refer to figure 2-28 and study it carefully, because this
illustration of the completed AF Form 290 will be used
throughout this lesson. Note the manner in which the form
is separated into data elements to identify the information
(pest name, pest control operation, etc.) that is entered in
the columns.

Since parts of the information in this situation must be
coded, codes are provided to you in tables 2-2 through 2-5.

Looking at figure 2-28, you can see that the first data
element to be entered on this form is the Pest Name. The
pest that was identified in the case situation was adult
mosquitoes; therefore, referring to table 2-2, you can see
that adult mosquitoes are identified by the data code
DVMS1. This code is entered in columns 1 through 5 on
the form.

The next data element is the Pest Control Operation,
which was identified as an ultralow-volume operation to
control adult mosquitoes. Scanning over the pest control
operation data codes provided in table 2-3, you will see
there's no specific code for ULV operations, so the code
used is ADZZ. This code is entered in columns 6 through 9
on the form.

The data element Area Treated contains eight columns
for entering the total number of square feet or acres treated.
Although there are eight columns provided for this data
element, you don't have to use all of them. Since this data
element requires the entry of a number or numbers, you
would only use the columns needed to enter the total
number of digits that appear in the number of square feet or
acres treated.

NOTE: The number of acres or square feet entered for
this data element must be whole numbers. Parts of acres or
square feet cannot be entered.

Referring to the case situation, you will find that 300
acres were treated. Therefore. this number would be
entered in columns 15-17, as illustrated in figure 2-28.
(NO TE: All zeros must be slashed in order to seperate zeros
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TABLE 2-2
PEST NAME DATA CODES

Data Codes Data Items and Explanations: Data Item Name
Attacking Vegetation Pests

AVBBO Bark Beetles BARKBEETS
41 V BRO Borers BORERS
AVDJO Defoliators and Juice-Sucking DEFOLJUSU
A VSFIO Soil and Root Infesting SOIL-ROOT
AVTS0 Twig and Stem Girdlers TWIG-STEM

Disease Vector Pests
Bugs

DVBG1 Bedbugs BEDBUGS
DVBG2 Cockroaches COCKROACH
DVBG3 Fleas FLEAS
DVBG4 Lice LICE
DVBG5 Mites MITES
DVBG6 Ticks TICKS

Flies-Biting
DVFB1 Black BLACK-FLY
DVFB2 Culicoides CULICOIDE
DVFB3 Phlebotomus PHLEBOTOM
DVFB4 Stable STABLEFLY
DVFB5 Tabanid TABANID

Flies-Nonbiting
DVFN1 Blow BLOW-FLY
DVFN2 House-Adult H-ADULT
DVFN3 House-Larval H-LARVAL
DVFN4 Midges and GNATS MIDGEGNAT
DVFN5 Psychodid PSYCHODID

Mosquitoes
DVMS1 Adult MOSADULT
DVMS2 Larvae MOSLARVA
DVZZO Other Disease Vector Pests ODSVCPEST

Miscellaneous Pests
MPBDO Birds BIRDS
MPNTO Nematr+des NEMATODES

Rodents
MPRD1 Mice MICE
MPRD2 Rats RATS
MPRD3 Other OTHRODENT
pApss0 Snails and Slugs SNAILSLUG
MPZ7,0 Other OMISCPEST

Nuisance Pests
NPANO Ants ANTS
NPCKO Crickets CRICKETS
NPEWO Earwigs EARWIGS
NPFS0 Firebrats and Silverfish FIBRSILFH
NPZZO Other

Stored Products Insects
SPFAO Pests of Food of Animal Origin FODANIORI
SPFF0 Pests of Fibers and Fabrics of Animal Origin FIBFABANI
SPFVO Pests of Legumes, Dried Fruits, and

Vegetables LEGFRUVEG
SPGC0 Pests of Grains and Cereal Products GRAINCEAL

Str uctur al Pests
Marine Borers

STMB1 Crustaceans CRUSTACEA
STMB2 Molluscs MOLLUSCS
sTawii Other Wood Destroying Insects OWDINSECT
STPBO Powder Post Beetles PDPTBEETS
STPPO Powder Post Borers PDPTBORER

Termites
STTM1 Dampwood DAMPWOOD
STTM2 Drywood DRYWOOD
STTM3 Subterranean SUBTTERRAN
STWDO Wood Destroying Fungi WDESFUNGI

Venomous Arthropods
VACP0 Centipedes CENTIPEDE
VASCO Scorpions SCORPIONS
VASPO Spiders SPIDERS
VAUCO Urticating URTICATIN
VAW130 Wasps and Bees WASP/BEES

Weed Pests
WPATO Aquatic AQUATIC
WPBLO Broadleaf BROADLEAF
WPGS0 Grassy GRASSY
WPMXO Mixed MIXED
WPWDO Woody WOODY

CF-0437
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Data Codes

ADDS
ADFG
ADMS
ADZ Z

AVAT
AVTS

BTBD
BT1N
BTRD

DNDT
DNLF

DSLM
DSPL

FMA T
FMVA

ISHH

ITPI
ITPL
1TST

LVDS
LVGR
LVMS
LVZZ

PTP1
PTPL
PTWL

RTDG
RTSP

SPRT
SPST

STFM
STSF
STST
STTR

TABLE 2-3
PEST CONTROL OPERATION DATA CODES

Data Items and Explanations: Data Item Name
Adulticiding

Dust ADULTICID-DUST
Fog ADULTICID-FOG
Mist ADULTICID-MIST
Other ADULTICID-OTHER

Insects Attacking Vegetation Operation
Area Treatment (Including Shrubs) AREA-TREATMENT
Trees Sprayed or Treated TREES-SPRAYED

Baiting
For Birds
For Insects
For Rodents

Disease Vector and Nuisance Pests
Ditching (New and Maintenance)
Land Fill LAND-F1LL

Dip-Soak Treatments
Lumber
Pallets

Fumigation
Atmospheric ATMOSPFERIC
Vacuum VAC UUM

Inter-Space Treatment
Mist, Gas, Other: Not to include household aerosol
dispensers 1NTER-SPACE-TRT

In-Place Treatments
Pilings
Poles
Structural

Larviciding
Dust
Granules
Mist
Other

Pressure Treated (Preserved) Components Installed
Piling
Poles
Wood and Lumber

Residual Treatments
Dust or Granules
Sprays

Stored Products
Residual Treatments
Space Treatment

Structural
Fumigation
Surface
Soil Treatment
Trench

BAITING- BIRDS
BA ITING- INSECTS
BAlTING-RODEN

DITCHING

LUMBER
PALLETS

PILING-IN-PLACE
POLES-1N-PLACE
STRUCTURAL

LA R VIC ID- DUST
LA R VIC ID- GRANS
LARVICID-MIST
LA R VIC ID- OTHER

PILING-PRS-TRTD
POLES-PRS-TRTD
WOOD-LUMBER

RES1DUAL-DUSTS
RESIDUAL -SPRA YS

RES1DUAL-TREAT
SPACE-TREATMENT

FUMIGATION
SURFACE
SOIL-TREAThIENT
TRENCH

CF-066

from the letter "0"; therefore, the letter "0" should never
be slashed.)

The fourth data element on the AF Form 290 is the Unit
of Measure. The unit of measure must be entered as SF
(square feet) for all indoor treatments or AC (acres) for all
outdoor treatments. "AC" has been entered in columns 18
and 19, respectively (fig. 2-28), to reflect that acres were
treated in the case situation provided.

The data element appearing on the AF Form 290 as
Building Terrain is used for identifying where the treatment
was performed. The number "1" or "2" must be entered
in column 20. Since the treatment performed in this
situation occurred outdoors, the number "2" has been
entered in column 20 of the form. (NOTE: When "AC" is
entered in columns 18 and 19, the number "2" must be
entered in column 20. If "SF" has been entered in columns
18 and 19, thc number "1" must be entered in column 20.)

The data element Pesticide Name is used to identify the
pesticide used in treatment. The name of the pesticide must
be coded (pesticide name data code provided in table 2-4),
and the data code must be entered in columns 21 through

26, as shown in figure 2-28. As you can see by the
information provided in table 2-4, a data code for
chlorpyrifos doesn't exist, so the code SNOP99 for other
organophosphate is used. (Notice the different uses of 0 and
"0" in this example).

Referring again to case situation 2-1, the pesticide form
used in the treatment for adult mosquitoes was a solution.
In table 2-5, you will find a solution is identified with the
data code SOLU. The pesticide form data code rrIst be
entered in columns 27 through 30, as illustrated in figure 2-
28, which identifies the data element Pesticide Form.

In the data element identified as Pesticide Quantity
(columns 31 through 36), you must enter the total pounds of
active ingredient contained in the total amount of pesticide
formulation dispersed. This information must be in whole
numbers (complete pounds) because the computer will not
accept portions of a pound; or in other words, you cannot
use ounces. Since you used 1/2 gallon of a concentrate
containing 6 pounds active ingredient per gallon, simply
divide by 2 to find the total pounds of active ingredient
used; 3 pounds is entered in columns 36-38. (The Unit of

1677



Data Codes

CHGCOO

CHGRIO
CHGR20
CHGR30

CHGSIO
CHGS20

CnssiO
CHSS20
CHSS30
CHS846
CHSS50
CHSS60
CHSS70
CHZZ00

FMAPO
FMCBOO
FMHA00
FMMBOO
FMPE00
FMSLOO
FMS100
FMZ7.00

INARIO
INAR20
INAR30
INAR99

INMSIO
neds20
nims.30
INMS99

INSLIO
INSL20

MSATO
MSFGOO
MSMIN
MSZZOO

NAALOO
NAcs00

NAOLIO

WIPEIO
UHPE20

UHSLIO
UHSL20
UHSL30

UHSSIO
UHSS20
UliSS30
UHSS40
UHSS50
UHZ2,60

TABLE 2-4
PESTICIDE NAME DATA CODES

Data Items and Explanations:
Combination Herbicides

Growth Regulators-Contact
Arsenicals, Organic-2, 4-D

Growth Regulators
Dalapon-Silvex
Da1apon-2, 4, 5-T
2, 4-D, 2, 4, 5-T

Growth Regulators-Soil
Amitrole-Simazine
Borate-2, 4-D

Soil Sterilants
Borate-Monuron
Bromacil-Borate
Bromacil-Borate-Chlorate
Chlorate-Borate
Chlorate-Borate-Monuron
Fenuron-TCA
Monuron-TCA

Other Combination Herbicides
Fumigants

Aluminum Phosphide
Carboxide
Hydrocyanic Acid
Methyl Bromide
Paradichlorobenzene
Soil Fumigants
Sulfuryl Fluoride
Other Fumigants

Inorganic Insecticides
Arsenicals

Lead Arsenate
Paris Green
Sodium Arsenite
Other Arsenical Compounds

Miscellaneous Inorgabic Insecticides
Copper Naphtenate
Copper Sulfate Formulations
Silica Aerogels
Other Miscellaneous Inorganic lizecticides

Sulfur
Dusting and Wettable Sulfur
Lime Sulfur

Miscellaneous Chemical Compounds
Attractants
Fungicides
Mollescic ides
Other Chemical Compounds

Natural Organic Insecticides
Allethrin
Creosote
Oils

Dormant
Pre-Emergence

Benefin
Simazine

Soil
Fenac
TBA
TCA

Soil Sterilant
Bromacil
Diuron
Fenuron
Monuron
Sodium Chlorate

Other Uncombined Herbicides
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Data Item Name

ARSORG24D

DALSILVEX
DALAP245T
24D245T

AMISIMAZI
BORATE24D

B ORM UN URO
BRMCILBOR
BRMBORCHL
CHLBORATE
CHLBORMON
F UNUROTCA
MONUROTCA
OCOMBHERB

ALPHOS
CARBO-ADE
HYDRCCYAN
MEBROMIDE
PARADICHL
SOILFUMIG
SULFURYFL
OFUMIGANT

LDARSENAT
PRISGREEN
SODARSENT
OARSENCMP

COPPERNA P
COPERSULF
SILICAERO
OINORGANI

DUSWETSUL
LIMESULFU

ATTRACTS
FUNGICIDE
MOLCIDES
OCHEMCOMP

ALLETHRIN
CREOSOTE

DORMANT

BENEFIN
SIMAZINE

FENAC
TBA
TCA

BROMACIL
DIURON
FENURON
MOURON
SODIUMCHL
OUNCMHERB

CF-065



TABLE 2-4 (contd)
PESTICIDE NAME DATA CODES

Data Codes Data Items an 1 r. xpl ana t folLa : Data Item Name

NAOL26 Summer SUMMER
NA P Y66 Pyrethrum PYRETHRYM
NA 22.00 Other Natural Organic Insecticides ONATORGIN

Rodenticides
RDACOO Anticoagulants ANTICOAGU
RDCC00 Calcium Cyanide CALCYANDE
RE6m00 Sodium Monofluoracetate SOINIONOFD
RDSNO6 Strychnine STRYCHIN
RDZ POO Zinc Prosphide ZNPHOSPDE
RDZZ.00 Other Rodenticides ORODENTID

Repellants
RPALOO AU Types of Repellants ALLREPELL

Synthetic Organic
Carbamates

SNCB16 Baygon BAYGON
SNCB26 Sevin SEVIN

Chlorinated Hydrocarbons
SNCH16 Aldrin A LDRIN
SNCH26 Chlordane CHLORDANE
SNCH311 DDT DDT
sricH40 Dieldrin DIELDRIN
sricH50 Heptachlor HEPTACHLO
SNCH60 Kepone (include Mirex) KEPONE
SNCH76 Lindane LINDANE
SNCH86 Pentachlorophenol PENTACHLO
SNCH99 Other Chlorinated Hydrocarbons OCHLORHYD

Organic Phosphates
sNOPIO DDVP DDVP
SNOP20 Diazinon DIA ZINON
SNOP36 Dibrom (Dialed) DIBRC191
SN0P40 Fenthion FENTHION
SNOP56 Malathion MALATHION
5N0P99 Other Organic Phosphates OORGPHOSP
SNOS60 Other Sulfur Compounds ORGSULFUR
CW)T011 Organic Thiocyanates ORGTHIOCY

Uncombined Herbicides
Aquatic

UHAT1- Copper Sulfate COP-SULFA
UHAT26 Diquat DIQUAT

Contact
UHCTIO Ammonium Sulfamate AM-SULFAM
UHCT26 Arsenicals, Organic ABSEN-ORG
UHCT36 Arsenite, Sodium ABSTE-501
UHCT40 Dinitro Compounds DINITRO
UHCT56 Oils, Herbicidal OILSHERBI
UHCT86 Paraquat PARAQUAT
UHCT76 Pentachlorophenol PENTACHLO

Growth Regulators
UHGR16 Amitrole AMITROLE
UHGR26 Atrazine A TRAZINE
UHGR36 Dalapon DALAPON
UHGR46 Maleic Hydrazide MALHYDRAZ
UHGR56 Silvex SIL VEX
UHGR86 2, 4-D 24D
UHGR76 2, 4, 5-T 245T

CF-069

TABLE 2-
PESTICIDE FORM DATA CODES

Data Codes Data Items and Explanations:
Pesticide Forms
Dry

LUST Dusts
GRAN Granules
SFUM Solid Fumigant
BAIT Bait (Ready to Use)
OTHD Other

Liquid
SOLU Solution
EMUL Emulsion
AERO Aerosol
SUSP Suspensions
OTHL Other

69
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Measure data element for pesticide quantity must reflect
"LB" in columns 37 and 38, respectively, to identify the
fact that the information entered in the previous data
element was recorded as pounds.)

The Supply Source data element (column 39) must
reflect either an "N" if the pesticide used was a
nonstandard stock item or an "S" if the pesticide was a
standard stock item, as illustrated in figure 2-28.

The Man-Hours Labor data element (columns 40 through
45) is used for the purpose of reflecting only the combined
man-hours actually expended while applying pesticides,
including supervisory time (see figure 2-28, columns 44
and 45).

As you can see, a total of 14 hours was entercd under this
data element to correspond with the information provided in
case situation 2-1.

NOTE: Only whole numbers will be entered under this
data element, which means that no part of an hour can be
shown.

The purpose for the next data element identified as Man-
Hours Survey is for recording only the hours spent in
conducting surveys for a specific job. Information
pertaining to man-hours expended on surveys has to be
keypunched onto a separate Pest detail card, which would
be the Pest detail card 2180, as previously stated. Therefore,
this information cannot appear on the same line that is used
for recording pest control operations to be keypunched onto
the Pest detail card 1/80. To explain this further, figure 2-29
is provided to illustrate how the survey hours are recorded
on a typical AF Form 290.

Notice that the illustrated AF Form 290 in figure 2-29 has
the lines numbered in the left margin. ThiF is to allow quick
reference to the comments that remain concerning the
completion of this form.

In comparing figure 2-28 with figure 2-29 you will find
that line 1 in figure 2-29 provides the same information that
figure 2-28 does. This information pertains strictly to pest
control operations and is keypunched only on the Pest detail
card 1/80. Line 7 in figure 2-29 represents the information
keypunched onto the Pest detail card 2/80 (Pest Survey),
and line 14 represents the information pertaining to
herbicide control operations that is keypunched onto the
Pest detail card 3/80.

Continuing the discussion concerning data element
Man-Hours Survey, 3 hours expended on surveys for the
pest control operation are entered in column 51 on line 7, as
illustrated in figure 2-29, which explains why it was not
entered in the same column on line 1. If you will notice,
entries have been made to only two data elements on line 7
prior to this one, because this is the only information that
can be entered on the Pest Survey Card (2/80) up to this
point.

Continuing with the remaining data elements on the AF
Form 290, the Reserved data element (columns 52 through
73) requires no entry. This space is always left blank.

The Irstallation data element is used to identify the
installation submitting the report. This code must be
entered in columns 74 through 77 for each Pest detail card,
as has been done in figure 2-29 . It is recommended that you
obtain the proper data element code from the CE accounting
section; therefore, these codes are not provided in this text.

70

The Month data element is used to identify the month in
which the form was prepared. This data element code must
be a two-digit number. If the month happens to be
December, then the number 12 would be entered in
columns 78 and 79. Case situation 2-1 states that this job
was accomplished in May, so figuies 2-28 and 2-29 reflect
an 05, which is the proper way to enter the number that
represents the month of May.

The last data element that remains on the AF Form 290 is
Card Code. Column 80 is used for identifying the
information entered on individual lines to the applicable
Pest detail card. Notice that a "1" has been entered in
column 80 on line 1 in figures 2-28 and 2-29 to identify that
all the ;nformation on that likie is to be keypunched onto a
Pest Control Operation Card (1/80). In figure 2-29 you will
note that a "2" was entered on line 7 to indicate that this
information must be keypunched onto a Pest Survey Card
(2/80) and a "3" entered on line 14, which means that all
the information on this line must be keypunched onto a
Herbicide Control Card (3/80).

Look on line 14 in figure 2-29 and observe the entries for
the various data elements. This is an example of the
complete information that is entered on the AF Form 290
for herbicide control. All blank data elements appearing on
this illustrated form must remain blank because the
computer will not accept any additional information and
cannot be keypunched onto the Herbicide Control Card
(3/80).

NOTE: For herbicide control operations, "AC" must be
entered in columns 18 and 19, respectively, and a "2" must
be entered in column 20 for the data element Building
Terrain for all herbicide operations, just as it appears on
line 14 in figure 2-29.

Disposition. Once the AF Form 290 is completed, it is
forwarded to the Cost Accounting Section, and the
information is keypunched onto the Pest detail cards. The
AF Form 290s can be destroyed after a corrected copy of
the Pest Summary Report has been prepared.

Exercises (229):

I . The AF Form 290 must be prepared in
accordance with

2. What is the primary purpose of the AF Form 290?

3. The three publications that provide instructions for
completing an AF Form 290 for use with the B3500
computer system are

, and

4. Data codes used in the completion of the AF Form 290
are found in
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On 11 April 1984 the basc parade grounds, which is 1 acre, was
treated for chinch bugs. Sincc chinch bugs arc vegetative juicc-
sucking pests and 1 acre is being treated, 200 gallons of a 0.5-
percent emulsion finished spray is recommended. Thc finished spray
was prepared from w gallons of a 47.5-percent diazinon emulsifiable
concentrate, which contains 4 pounds of active ingredient per gallon
and is a standard stock itcm.

Before the job was started. 1 hour (not considered man-hours of
labor for this problem) was used conducting a survey. Thcn, it took
two people 4 hours to mix and apply thc pesticide. Thc supervisor
observed the cntirc mixing and application operation to insure that
the job was progressing smoothly and to observe the performance of
the individuals.

NOTE: No entry is required tor the installation data clement in this
exercise.

230. State the difference in use between AF Form 290
and DD Form 1532; indicate necessary entries for DD
Form 1532, Pest Management Report, based on given
information.

DD Form 1532, Pest Management Report. When
you're keeping track of what pest management functions
you conduct each day, you have more to do than complete
DD Form 1532-1 and AF Form 290. You must also
complete DD Form 1532, Pest Management Report (fig.2-
31).

Purpose. At first, you may think this is just another
pain-in-the-neck form to report pesticide use. This is true to
an extent; you can see many similarities between this and
AF Form 290. They're both used to identify pests
controlled, types of operations you conducted, and types
and amounts of pesticide used. There are, however, some
important differences. Unlike AF Form 290, you can use
the Pest Management Report to report both chemical and
nonchemical control measures. Also, since this form is
Federally mandated, if EPA officials should inspect your
control operations, this is the form they would want to see.

Given its broader use than AF Form 290, this report can
be an important tool in monitoring safety and effectiveness
of your operations, and help you document actions you take
that help protect the environment.

Completion procedures. To a degree, you can directly
transcribe information from the Pest Management
Maintenance Record since both of these forms use plain
language. Nonetheless, we'll review DD Form 1532 in
detail since there are differences in format between the two
forms. Refer to figure 2-31 as you continue.

Before you enter pest management data on the form, you
must put identification and address in the heading. In the
top right corner, you'll see spaces for a C.D. code and U1C.
Leave these spaces blank. In blocks 9 and 10, enter the last
two digits of the calender year. In blocks 11 and 12, en'er
the numerical designation for the month. The second line of
the form is self-explanatory.

Each line of DD Form i 532 can be used to report a
complete pest management operation, as illustrated in
figure 2-31. If only a single pesticide was used, you can
easily enter the information. If two or more pesticides were
used, or pesticidal forms were different, report each one as
a separate operation. Then, for the work-hours spent.
simply divide them equally for ePiii pesticide.

73

The form is divided into specific fields and olumns.
We'll describe them in order as they appear on the form.
Those small spaces and numbers under each column refer to
data card entries sometimes used by other services and
don't apply to this discussion.

Column A, pest name: Obtained from DD 1532-1.
Column B, operation name: Obtained from DD 1532-1.
Column C, total units treated: Obtained from DD

1532-1, units serviced.
Column D, unit: Use ''SF" for square feet treated or

"AC" for acres treated.
Column E, site: Enter "IN" for indoor treatment, or

"OUT" for outdoor treatments. (NOTE: In column D, you
must always use SF for indoor treatments and AC for
outdoor treatments.)

Column F, pesticide name: Obtained from DD 1532-1.

NOTE I: Use the chemical name instead of the pro1uct
name as much as possible. For example, if you used
"Roundup" herbicide for a je'i. you should record
"Glyphosate" on DD 1532.

NOTE 2: You will complete Columns F through M only
if you used a pesticide in the treatment.

Column G, pesticide form: Use pesticide form data codes
from AFM 300-4; for example, SOW for solutions, and
SFUM for solid fumigants.

Columns H and I, pesticide amount and unit: The unit
must be in whole pounds. If you entered dry ounces on DO
1532-1, convert them to pounds by dividing by 16, and
round off your answer to the nearest whole pound.

Column J, final concentrate percentage: Sel f-
explanatory . Leave this column blank if you complete the
next two columns

Column K and L, rate per area unit: Use these columns
only if the pesticide label directs you to apply the material
in pounds per acre. In the percent column indicate the
percentage of active ingredient identified on the product
label, not the diluted percentage. These columns are
particularly useful for identifying the amount of pesticide
used in ultralow-volume (ULV) operations.

Column M, pesticide supply source: Indicate the supply
source for the pesticide by entering one of the following
codes:

Standard stock pesticides or materials
procured from the Defense Logistics
Ag!mcy.

N Nor: standard materials procured through
open pu,thase.

G Pest:cides obtained from the General
St .vices Administration.

C Materials supplied by a contractor who
also performed the wo7k.

Column N, time: Indicate the hours devoted to all aspects
of the operation, including inspections, prena:ation, travel
time, application, clean-up, and supervision. If you
conduct surveys independently of control operatior- -.g.,
termite inspections report them as separate operations.
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Exercises (230):

1. In what way can you use DD form 1532 that differs
with how AF form 290 is used?

2. Indicate the information to be entered on DD form
1532 based on the following information:
Two workers are assigned early morning responsibilities using a
ULV generator to treat for adult mosquitoes. They use a 95.0
percent malathion solution applied at 0.5 pounds per acre, which was
locally purchased. They work an 8-hour shift and treat 125 acres,
using a total of 6 pounds of active ingredient.

What are the entries for each of the following columns?
(Refer to figure 2-31 as needed.)

a.
b.
C.

d.
e.
f.
g.
h.

J.
k.
1.

m.
n.

231. Cite the purpose of AF Form 646, Pest
Management Program Review; correlate various types
of information entered on the form with sources for that
information.

AF Form 646, Pest Management Program Review. As
a pest manager, you may have to prepare this annual plan
(fig. 2-32). It's purpose is to set pf,, management goals
and identify methods and resources you'll use in the coming
year to meet those goals. As described in AFR 91-21, an
AF Form 646 must be completed for each pest management
project you expect to accomplish in the coming year. What
is a project? It's a single chemical control method taken to
control a single pest, for example:

Diazinon for cockroach control.
Baygon for cockroach control.
Baygon for fly control.

Completion procedures. Fortunately, you don't have to
be psychic to complete this review form, since you will
largely determine future pest management activities based
on past work and by considering what products you used.

Before you start preparing these reports, there are some
materials you should collect to help you in this process.
These items include:

186 "

An adequate supply of AF Forms 646. You'll have to
determine the amount based on the size of your
installation, the number of pest species in the area,
and the pesticides you use.
Product labels for all the pesticides you plan to use in
the coming year.
DD Forms 1532-1 and 1070 on file.
Quarterly pest management summary reports from the
previous year.
A comprehensive base map depicting lakes, ponds,
ditches, etc.
Past copies of AF Forms 1841, Maintenance Action
Sheet, to identify past recurring work.
Any correspondence where future programs are
out' ined .

Once you've gathered these materials, preparing the
forms should be almost as easy as pushing a pencil. Refer to
figure 2-32 to see how these materials benefit you as you
continue this lesson.

Block 1 . Refer to past quarterly reports for pest names.
Also consider any plans (correspondence) to manage pests
that are new to the area or didn't previously need control
Consider why the pest should be managed; e.g., for health,
morale, protection of resources, base beautification, etc.

Block 2 . Refer to quarterly reports and product labels for
necessary information. Don't forget the rule of completing
a new form each time you use a different chemical.

Block 3 . Refer to the pesticide label.
Blocks 4 and 5. Self-explanatory.
Block 6. You'll have to do some digging for this one.

Look at DD Forms 1532-1 and 1070 for projects affecting
future control efforts. What buildings do you expect to treat
for termites, how big are they, and how many are there?
How big are outside areas where the indicated pest will be
managed?

Block 7. Refer to any AF Form 1841, Maintenance
Action Sheet, to help determine months when controls will
be used.

Block 8. Use the product label and base map to determine
sensiti ve locations, both on and around the installation, if
possible. Are you going to treat these locations with caution
or avoid them completely?

Block 9. You're on your own here. Ask yourself
questions such as:

What special precautions are indicated on the label?
What personal protective clothing and equipment will
be needed?
Does the program warrant coordination with higher
base or civilian officials?

Exercises (231):

1. What is the purpose of AF form 646?
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Figure 2-32. Sample, AF Form 646.

2. What constitutes a project?

3. Match the sources of information in column B with the
correct block in column A. (Refer to figure 2-32 as
needed). Items in column B may be used more than
once or not at all.
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Column A

(1) Block 1.
(2) Block 2.
(3) Block 3.
(4) Block 4.
(5) Block 5.
(6) Block 6.
(7) Block 7.
(8) Block 8.
(9) Bleck 9.
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Column B

a. Pesticide labels.
b. DD Form 1532-1 or 1070.
c. Quarterly reports.
d. Base map.
e. AF Forms 1841.
f. Correspondence affecting programs.
g. Other source.
h. No source needed.



CHAPTER 3

Safety, Protective Equipment, and First Aid

PESTICIDES ARE only as safe as you are, because
pesticides don't cause accidents; people do! Accidents
involving pesticides can be eliminated just as all other
accidents can, if everyone will be aware of accident
prevention and adhere to all preventive measures without
deviations .

This chapter will identity the requirements and
guidelines for handling pesticides safely. And, since people
will make mistakes and pesticide poisonings do occur, this
chapter will discuss the common causes of these poisonings
and the actions to be taken when they occur.

3-1. Federal Statutes and Regulations

Without pesticides, we would not have the food, fiber,
and landscape plants we need. But because pesticides can
be dangerous, Congress has passed laws regarding pesticide
use. These laws try to balance the need for pesticides
against the need to protect people and the environment from
their misuse.

The intent within this section is to identify the federal
agencies that establish and enforce laws governing all
phases of pesticide handling.

232. Cite the purpose and characteristics of the FIFRA.

Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA). This act was first established by Congress in
1947 and was administered by the United States
Department of Agriculture (USDA), Agricultural Research
Service, Pesticides Regulation Division.

Purpose. This act was established to provide laws
pertaining to the certification of the usefulness of chemicals
used in agriculture, specified requirements for safety
precautions in handling and applying agricultural
chemicals, and specified requirements for the registration
of such chemicals every 5 years.

Scope. There have been five amendments to this act
since the basic act was established. The first amendment
occurred in 1959 to include nematodes, plant growth
regulators, desiccants, and defoliants; and then in 1963, it
was amended again to require labels of economic poisons to
provide the statement "Keep Out of Reach of Children"
and to eliminate claims snch as "Safe," "Nonpoisonous,"
"Nontoxic," "Noninjurious," and "Harmless" from
economic poison labels.

Then, on 12 May 1964, there were two amendments to
the FIFRA passed by Congress. The first of these was
Public Law 201, which eliminated the protest registration
clause of the basic act. The second amendment enacted on

11 May 1964 was Fublic Law 305, which established the
requirement for each pesticide label to show a registration
number when the pesticide has been approved by the USDA
for registration.

Exercises (232):

I. State the three purposes identified in the text for
establishing the FIFRA by listing them in the order
given.

(I)

(2)

(3)

2. The amendment to the FIFRA that was enacted in 1963
required all cconomic poison labels to provide what
statement?

3. The FIFRA was first amended to include
, and

233. Specify the relationship of the FIFRA and the
FEPCA and identify the purpose and requirements
outlined in the FEPCA.

Federal Environmental Pestidde Control Act
(FEPCA). The FEPCA was amendment number 5 to the
FIFRA passed by Congress and became Public Law
92-516, which is most often identified as "FIFRA, as
amended."

Purpose. The FEPCA became law on 21 October 1972 to
extend federal registration and regulation to all pesticides,
including those distributed or used within a single state.

Scope. The FEPCP requires that you properly apply
pesticides to insure greater protection to people and the
environment. I. prohibits asing any registered pesticide in a
manner incensistent with labeling instructions, and it also
specifies that pesticides most be classified as either general
or restricted.

Under the provisions of the FEPCA, every commercial
Lnd private applicator must be certified as competent to use
any of the pesticides that are classified as restricted. FEPCA
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also provides penalties such as fines and jail terms for
people who do not obey this law.

As a pest management specialist, you are governed by
this act since you're classified as a commercial applicator of
pesticides. As a result of this, you will be required to be
certified to apply restricted-use pesticides, and you are
subject to ,ne penalties prescribed if you do not adhere to
the law.

To be certified, you must prove that you know the safe
and correct way to apply restricted use pesticides. To do
this, you take .1 written examination. Therefore, the more
:DU study this CDC the more knowledgeable you will be
when test time comes.

The civil penalties that you are subject to if you violate
the FIFRA may be a fine of up to $5,000 for eah offense,
and the criminal penalties may be as much as $25,000 or 1
year in prison, or both.

Exercises (233):

I. The relationship of the FEPCA to the F1FRA is that the
FEPCA is actually an to the

2. What is the purpose of the FEPCA?

3. Identify the requirements that were outlined in the
FEPCA which had not been outlined previously in the
F1FRA by placing an X in the space beside each
statement that applies.

a Requiring certification of the usefulness of
chemicals employed in agriculture.

b Requiring the inclusion of nematodes, plant
growth regulators, desiccants, and defoliants.

c Included provisions for penalties in case of
pesticide misuse.

d Requiring the clagsification of pesticides as
being restricted or general.

e Requiring the statement "Keep Out of Reach
of Children" be printed on the pesticide label.

f Requiring each commercial and private
applicator of pesticides to be certified
competent.

g Requiring the registration of each pesticide by
the USDA.

234. Specify the purpose and scope of the Resources
Conservation and Recovery Act (RCRA) of 1976.

Resources Conservation and Recovery Act of 1976
(RCRA). This act was previously known as the Solid Waste
Disposal Act (PL 94-580).

Purpose. This law recognizes the need for careful
planning and management of solid or hazardous waste to
prevent endangering human health and the environment.

The Act was designed to help give assistance for developing
management plans and facilities. Plans developed under
this act address issues such as:

Recovering energy and other resources from solid
waste.
Guidelines for safely disposing of hazardous wastes.
Regulating hazardous waste management.

Scope. In recent years, the media has given increasing
attention to problems caused by illegal hazardous waste
dumps. Problems caused by these dumps have forced the
government to devote much time and money to how these
areas can be cleaned up and to how people can be protectee
This may suggest to you that the problems are created only
on a very large scale, but this is not the case; some states
estimate having virtually hundreds of unregistered, illegal
toxic waste disposal sites of all sizes.

To help combat this problem, the RCRA has many
environmental protection objectives. One objective, which
directly affects you, regulates the treatment, storage,
transportation, and disposal of hazardous wastes.

Under the RCRA, it is a criminal action to knowingly
treat, store, or dispose of any hazardous waste without a
permit. If you should violate this law, you may be subject
to a fine of up to $25,000 for each day of the violation,
imprisonment for up to 1 year, or both.

Exercises (234):

I. What was the RCRA designed to help prevent?

2. What four areas of handling hazardous wastes are
covered by the RCRA?

235. State the purpose for creating the EPA and identify
the scope of its functions.

Environmental Protection Agency (EPA). The EPA is
the prime regulatory, research, and educational agency with
the knowledge and capability to control all environmental
pollutants. This agency includes organizations concerned
with pesticides, or their effect on the environment, which
were previously parts of the Council on Environmental
Quality, the Atomic Energy Commission, and the
Departments of Agriculture, Interior, and Health,
Education, and Welfare.

Purpose. The EPA was created in 1970 by Congress as a
result of the continuing pressure to limit the use of
pesticides and to combine all activities of the Federal
Government concerned with pesticides and their effects on
the environment into a single agency.

Scope. This agency has responsibility for researching,
developing, and enforcing standards prescribed by law for
emissions and effluents; evaluating and registering
pesticides and developing new pest management
procedures; controlling toxic and poisonous substances;
developing new methods in pollution control; nd insuring
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that adequate technical personnel requirements are
developed.

As a result of combining all the organizations identified
above into a single agency, the EPA now has the
responsibility for enforcing the FIFRA, as amended
(FEPCA). These responsibilities include, but are not
limited to, registering each and every pesticide, classifying
pesticides, prosecuting individuals for misuse of pesticides,
and insuring that minimum standards for certification are
established and obeyed.

Exercises (235):

t . What was the purpose for creating the EPA?

2. Of the statements provided, identify the ones that
pertain to the functions of the EPA by placing an X
beside rpplicable statements.

_ a Approves and registers all pesticides for their
uses.

b Enacts laws pertaining to pesticides.
c Enforces the FEPCA.
d Responsible for developing new pest

management procedures.
e Certifies all personnel as being competent to

apply pesticides.

236. Identify the governing department for the OSHA
and its purpose; state the scope of the OSHA pertaining
to its functional responsibilities.

Occupational Safety and Health Administration
(OSHA). OS1-11. is an organization that operates under the
U.S. Department of Labor (USDL) with regional offices
established throughout the United States.

Purpose. The purpose of the OSHA is to make sure all
employees have safe and healthy working conditions. As
you will see in section 3-2 of this chapter, there are many
requirements established by the OSHA to insure safe pest
management operations.

Scope. The OSHA has autho.ity to develop and publish
occupational safety standards; inspect work areas to insure
that standards are met; issue citations for noncompliance
with its regulations; and maintain education, training, and
information programs to promote safe practices.

This administration is a very valuable source to obtain
assistance in establishing safe working conditions for you
and your fellow workers.

Exercises (236):

I . What is the governing department for OSHA?

2. State the purpose for OSHA.

3. List the functional responsibilities of OSHA.

a.

b.

c.

d.

237. Identify the governing department and purpose for
the NIOSH and list the functions and responsibilities
within its scope.

National Institute for Occupational Safety and Health
(NIOSH). The NIGSH is an organization that operates
under the U.S. Department of Health and Human Services
(USDHHS).

Purpose. The NIOSH prepares new or improved
occupational safety and health standards and provides
qualified personnel to enfo,-ce these standards.

Scope. This organization develops new or improved
occupational safety and health standards and conducts
educational programs to provide an adequate supply of
qualified personnel to carry out these standards.

The NlOSH also has responsibility for testing and
approving many items of personal safety protective
equipment required in pest management operations that
formerly was the responsibility of the U.S. Bureau of
Mines. This will be brought to your attention in section 3-2
of this chapter when respiratory protective devices are
discussed.

Exercises (237):

I . The NIOSH is an activity that is controlled by what
department?

2. The NIOSH was formed to (enforce occupational and
health standards) or to (formulate improved
occupational and health standards). Underline the
correct purpose.

3. Name a responsibility of the NIOSH identified in the
text that is directed toward you as a pest management
specialist.
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238. Describe how statutes and regulations of the EPA
and OSHA relate to state and local control over Air
Force pest management programs.

State and Local Statutes and Regulations. Although
the EPA establishes the minimum Federal requirements for
environmental protection and the OSHA establishes the
minimum Federal requirements for safe working
conditions, State and local governments have the
perogative of establishing more stringent requirements for
environmental protection and safe working conditions.

As an Air Force pest manager you must be very
knowledgeable of the laws established within the State and
community to which you are assigned. You must perform
all pest management functions within the laws established
by the State and local government, if their laws are more
stringent than Federal laws.

Exercises (238):

I. When can the State and local governments override
Federal statutes and regulations established by the
EPA and the OSHA in regard to protecting the
environment and employees?

2. Based upon the information contained in this lesson,
you, as an Air Force pest manager, must adhere to
which requirements?

3-2. Handling Pesticides Safely

As a pest management specialist, it is your responsibility
to take every precaution available during all phases of
pesticide handling to protect yourself, fellow workers, and
others and to prevent accidental destruction of property
through negligence.

Since all pesticides are toxic to some form of life and
many are explosive and flammable, they present many
hazards to the environment in one way or another or a
combination of ways. These hazards can be reduced to
almost nonexistent if you and everyone else will follow the
basic precautionary rules for handling pesticides.

This section will identify and explain pesticide labels and
wil; identify the facility requirements for entomology
sections and the safety requirements to be adhered to during
all phases of pesticide handling.

239. Specify necessary functional areas for pest
management facilities and describe requirements for
those areas.

Safety Requirements for Pest Management Shops.
Having a proper pest management facility is often just as
important as using protective equipment when you apply
chemicals. But getting a safe facility isn't always easy, due
to financial constraints. Luckily, in the past few years,
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regulations have been "beefed up" to improve
opportunities for upgrading pest management facilities.

There are three basic aspects you need to consider to
determine if your shop complies with Federal and Air Force
standards. These are the facility location, its layout, and
general requirements.

NOTE: There are several references in this lesson to
requirements your shop must meet and items that are
essential. More information on these requirements can be
found in guidance from EPA Codes of Federal Regulations
(CFRs) and Air Force Regulations.

Facility location. Pest management shops should always
be isolated from congested base areas to reduce
environmental hazards in the event of a fire or pesticide
spill. If your base is building a new facility, this is a firm
requirement. The most compelling of reasons for this is fire
safety. If your shop is located in a building complex and
catches fire, much more time would be needed to
decontaminate nearby areas of toxic vapors, smoke, liquid,
and particles. This condition is confined to the facility itself
and nearby unoCcupied areas when the shop is isolated.

Also, sharing a pest management building with other CE
shops is strongly discouraged. In addition to increased
environmental hazards, shop security is compromised.
When you think about all the toxic materials you useand
must storeit's easy to see that "cohabitation" of your
shop with other sections reduces security and safety, and it
exposes many more people to fire, spills, and other hazards.

Facility layout and design. Your shop should be divided
into clean areas and chemical-handling areas. The clean
areas include office space, personnel break rooms, and
utilities. Chemical-handling areas include pesticide storage
and mixing rooms. There should be a dressing room to be a
transitional area between the other two areas. It has room
for lockers and storage for personal safety equipment. Your
change room should not be used as an eating space at
lunchtime, since some pesticide particles from clothing
enter the room. If workers eat lunch at the shop, they should
do it in the office, outside, or in another suitable clean area.

Office. Office space with a desk, bookcase, file cabinet,
and telephone is essential. You should also have a table
with one chair per worker for completing necessary
paperwork, safety meetings, etc. There should not be any
direct access between the office and chemical-mixing area.
The office and other clean areas must be adequately sealed
or separated to ..xclude pesticide vapors and dusts.

Change room, lavatory, and shower areas. Personnel
locker space is essential, and each worker should have two
lockers; one for street clothing, the other for work clothing
and protective equipment (safety equipment must always be
stored separately from pesticides).

Adequate toilet facilities (one water closet per 15
employees) are essential and must be located in the cleanup
area. A hot-water shower must be provided for personal
decontamination at day's end.

As you previously learned, change rooms serve as
transition areas. These rooms should have direct access to
the office, lavatory and shower, and the pesticide mixing
area (see fig. 3-1). The change rooms should be designed
to accommodate both male and female employees.
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45° /
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(TYPICAL)

2 COMPARTMENT
SCULLERY SINK

Figure 3-1. Mixing rooin sink and ventilation system.

Since you must wash contaminated and uncontaminated
clothes in separate loads, your shop must have a washer and
dryer. You can install them in the change or utility rooms,
but never in chemical mixing or storing areas.

Pesticide mixing room. A work area for diluting
pesticidal concentrates is essential. Since this is a high-
hazard area where you're exposed to concentrated
pesticides, there are several important requirements:

A deep sink is essential to mix pesticides and wash
small equipment.
The sink area must have a ventilation system designed
to draw air away from the worker's position at the rate
of at least six air changes per hour (fig. 3-1).
A deluge shower and eyewash lavage is essential in
case someone is contaminated with pesticides. These
items must be readily accessible to workers mixing
pesticides indoors or outdoors.
Doors leading to this and the pesticide storage room
should be self-closing and self-locking.
Walls and partitions should be coated with a
nonabsorbent finish to help cleanup efforts if
pesticides are spilled or splashed.
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A spill kit should be available. See table 3-1 (shown later
in this section).

Pesticide storage roomy. Pesticide storage facilities are
essential if you are to safely pro% 7t and store toxic
materials. The room should te versatile because pesticides
come in several different sizes and types of containers. All
pesticidal containers must be stored inside and off the floor
so all labels are clearly visible, and there must be lanes to
give workers easy access to inspect and use pesticides. If
possible, keep phenoxy herbicides separate from
insecticides.

The floors of pesticide storage rooms must be constructed
of concrete or another impervious material to ease cleanup
operations, and must have a nonslip surface. This floor
should also be covered with a nonskid epoxy sealer and
have a continuous curb at least 5 inches high. Thew should
be no floor drains where yr or mix) pesticides. Thc
pesticide storage area n, provided at least two air
changes per hour.

Equipment storcge and maintenance. In addition to all
the aspects of storing and handling pesticides, there are also
some important requirements fc,r storing and maintaining



equipment. Always keep in mind that, from the first time 3. What two areas should the layout of your shop
you use any pesticide dispersal item, parts of it will be include?
contaminated with chemicals; handle that item with care.

Depending on your shop's arrangement or your needs,
you can incorporate equipment and pesticide areas. If you
do this, however, make sure that the area you use meets all 4. What rooms comprise clean areas?
necessary requirements for both areas.

Here are three requirements for the equipment storage
and maintenance area:

(1) An indoor area for storing and maintaining small 5. What rooms comprise chemical-handling areas?
equipment must be provided.

(2) A covered or enclosed area for large equipment must
be located next to the pesticide mixing and storage building
to aid workers who handle and prepare pesticides, and to 6. What room acts as a transitional area and what should
protect equipment from the weather. it include?

(3) An area paved or lined with impervious material must
be located next to your shop for washing pesticide dispersal
equipment. This area must be curbed to prevent
contamination from spills. Closable drains to the sanitary 7. Briefly describe ventilation requirements for the
sewer are recommended, pesticide mixing room.

General construction requirements. There are some
other general requirements and considerations for your shop
with which you should be familiar. These have to do with
such items as security, signs, ventilation, plumbing, and 8. Where should the deluge shower and eyewash be
electrical systems. However, since you're being trained as a located?
pest manager and not an architect, we'll discuss only those
items important in your everyday duties.

a. A climb-resistant fence must completely enclose the
pest management facility. If your shop is located within the 9. How should pesticides be stored?
CE compound and the compound is sufficiently fenced, this
is satisfactory.

b. Identification signs such as DANGER, POISON, and
PESTICIDE STORAGE must be placed on appropriate
rooms, buildings, and fences to advise personnel of the
contents and the hazardous nature of the area.

c. A list of types of pesticides stored must be posted
outside the chemical storage rooms(s).

d. Ventilation systems in chemical storage and mixing
areas should provide 100 percent outside air.

e. Pesticide storage areas must contain water and other
materials used to fight fires.

f. You can avoid having explosion-proof fixtures,
equipment, etc., by only using pesticides that have flash
points of 100° F or more.

Exercises (239):

1. What three aspects should you consider in determining
if y lur shop meets Federal and Air Force standards?

10. List three features the pesticide mixing room floor
must or should have.

11. Briefly state the three requirements the pesticide
storage area must meet.

(1)

(2)

(3)

2. Where should pest management shops be located? 12. How can you avoid having explosionproof fixtures and
Why? equipment in your shop?
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240. State the purpose and uses of pesticide labels,
identify parts of a label, and interpret signal words that
may appear on labels.

Pesticide Labels. Each and every pesticide is required to
be registered by the EPA, and each pesticide container must
be labeled.

The EPA has established strict regulations requiring a
minimum of information to be furnished by the
manufacturer and printed on each pesticide container label
before it can be registered.

You have probably already noticed the frequency in
which the pt,'icide label has been referred to in the
previous portions of this text, and it will be referred to over
and over again in the remaining portions because the
pesticide label is ihe most important and informative source
for pesticide uses and the safe-handling precautions.

Purpose of pesticide labels. The pesticide label serves
the same purpose as an Air Force regulation and you must
strictly adhere to it. Any deviation that would be to a lesser
degree than the information provided by the pesticide label
subjects you to the same punishments as the disobeyance of
an Air Force regulation would. In addition, you will be
subject to a fine, imprisonment, or both under Federal laws
governing the use of pesticides. However, you are
encouraged to take more precautionary measures than
stated on the pesticide label. In fact, more such
precautionary measures are sometimes required by other
regulations.

Remember that the EPA has only established minimum
standards you must follow when handling pesticides, and
other agencies can establish and enforce stricter standards.

Using pesticide labels. The pesticide label is used as a
guideline for the safe storage, mixing, uses, application and
disposal of that specific pesticide and its container. These
guidelines must be recognized as the very minimum
standard that must be met, but the standard can be
increased. The specific recommendations for the uses and
actual mixing and application rates that are provided on the
pesticide label must not be deviated from under any
circumstance. All other recommendations -%ertaining to
pesticide use, formulation, and applicatiofl luch as the
pesticide use recommendations in AFM 91-16, and in AFM
91-19, must be recognized as being only general
recommendations that may be obsolete and no longer
applicable.

When you find contradictory information between the
recommendation provided on the pesticide label and
pesticide recommendations provided in the CDC, AFM
91-16, Military Entomology and Operational Handbook,
and AFM 91-19, Herbicide Manual for Noncropland
Weeds, always follow the recommendations on the label.

Remember that pesticide manufacturers expend much
time, effort, and money in conducting research on their
products, and they are the authoritative source!

Parts of the label. As previously stated, EPA requires
that certain information concerning each pesticide be
provided on every pesticide container label.

To help you recognize and identify the type of
information given on a typical pesticide container label, a
specimen label and explanations concerning the parts of a

typical pesticide label are provided below. (NOTE: figure
3-2 is provided for your reference throughout the discussion
concerning the parts of a typical pesticide container label.)

a. Brand name. Each company has brand names for its
products and this is the most identifiable name. This name
is the one that appears in ads and is identified vividly on
each pesticide label, as shown beside the number 4 in figure
3-2.

b. Common name. Many pesticides have complex
chemical names. Some have been given another name to
make them easier to identify. These are called common
names. For instance, carbaryl is the common name of
1napthyl Nmethylcarbamate. A chemical mode by more
than one company will be sold under several brand names,
but you may find the same common name or chemi..7a1 name
on all of them. There is no common name for the pesticide
on the illustrated pesticide label, but the chemical name is
identified directly beneath the active ingredient beside the
number 7.

c. Ingredient statement. Every pesticide label must list
what is in the product. The list is written so you can quickly
see what the active ingredients are. The amount of each
active ingredient is given as a percentage by weight or as
pounds per gallon of concentrate. It can be listed by either
the chemical name or the common name. The inert
ingredients need not be named, but the label must show
what percent of the contents they make up. This statement
is identified beside the number 7 in figure 3-2.

d. Net contents. The net contents number tells you how
much product is in the container. This quantity may be
expressed in gallons, pints, pounds, quarts, or other units of
measure. The net contents line is identified beside the
number 8. If the label was actual, there would be a quantity
entered on the line.

e. Name and address of manufacturer. The law requires
the producer or distributor of a product to put the name and
address of the company on the label. This is so you will
know who made or sold the product. This information is
beside the number 9.

f. Registration and establishment number. A registration
number must be on every pesticide label. It shows that the
product has been registered with the Federal Government. It
usually is found on the front panel of the label and will be
written as "EPA Registration No. 000." The establishment
number tells what factory made the chemical. This number
does not have to be on the label, but will be somewhere on
each container. The EPA registration and establishment
numbers are identified beside the numbers 10 and 11,
respectively, in figure 3-2.

g. Directions for use. The instructions on how to use the
pesticides are an important part of the label to you. This is
thF: best way you can find out the right way to apply the
product. The use instructions will tell you:

The pests the product is registered to control. (Labels
use common names for pests. Knowing these names
will help you choose the proper pesticide and find
control information.)
The crop, animal, or othe; item on which the product
can be used.
Whether the product is for general or restrictel use.
In what form the product shoald be applied.
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1 DIRECTIONS FOR USE

Avitrol is a pesticide for the control of certain species
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imprepated with an active bird management chemical.
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Prefeeding with untreated feedr of the same compost.
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servation of bird habits should be made to establish

proper feeding locations and to determioe that to de .
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How much to use.
Where the material should be applied.
When the material should be applied.

This information is identified beside the numbers 1 and 5
in figure 3-2.

The misuse statement is to remind you that it is a
violation of Federal law to use a product in a manner
inconsistent with its labeling. Do not use a product on a
crop or for a pest not listed on the label. Do not use it at
more than the recommended rate. Before the product could
be registered, EPA required the manufacturer to conduct
many tests to be sure the label directions were correct. By
following them exactly, you will:

Get the best results the product can give.
Avoid breaking the law.

This information is identified beside the number 3 in
figure 3-2.

A reentry statement, if required for the product, will tell
you how much time must pass before an area treated with
the pesticide is safe for reentry by a person without
protective clothing. Consult an authoritative source for
special rules that may apply. The specimen label shown in
figure 3-2 does not have a reentry statement because it is not
applicable.

The category of applicator, if required for the product,
will limit use to certain categories of commercial
applicators. Although this information is not readily
identifiable, it is included beside the number

Storage and disposal directions must be provided on each
pesticide container label to tell you how to store and dispose
of the product and empty containers.

This information is identified on the specimen label
beside the number 17.

h. Signal words and symbols. In order to do their job,
most pesticides must control the target pest. By their
nature, they are toxic. Therefore, some may be hazardous
to people. You can tell the toxicity of a product by reading
the signal word and looking at the symbol on the label.

The signal word is one of the most important parts of the
label. It tells you approximately how toxic the pesticide is
to humans. The signal words, as shown in figure 3-2, are
established by law, and each manufacturer is required to use
the current one on each and every label. In addition to the
signal word, the statement "Keep Out of Reach of
Children" must be included on every label.

The signal word along with the statement is identified
beside the number 12, in figure 3-2.

Note in figure 3-2 the signal word CAUTION is
contained on the specimen label. This product has a low
toxicity or is comparatively free from danger to humans.

The symbol is one of the best ways to catch a person's
eye, and this is why a skull and crossbones symbol is used
on all highly toxic pesticides along with the signal word
DANGER and the word POISON.

The specimen label provided in figure 3-2 does not have
a skull and crossbones because the product is not highly
toxic.

i. Types of formulation. Different types of pesticide
formulations (such as liquids, wettable powders, and dusts)

require different methods of handling. The label will tell
you what type of formulation the packagc contains. The
same pesticide may be available in more than one
formulation. Although this information is not readily
identifiable on the specimen label provided, it can be seen
beside the number 2.

j. Precautionary statement. The precautionary statement
will provide you with information concerning the hazards to
humans and domestic animals, environmental hazards, and
physical and chemical hazards. This information will be
included on the pesticide label if applicable to the product.

The hazards to humans and domestic animals statement
will tell you the way in which the product may be poisonous
to humans and animals. It also will tell you of any special
steps you should take to avoid poisoning, such as the kit-A
of protective equipment needed. If the product is highly
toxic, this section will inform physicians of the proper
treatment for poisoning. This type of information is
identified beside the number 13 in figure 3-2.

The environmental hazards statement is included on
pesticide labels to assist you in avoiding wrong or careless
use of the product to prevent environmental damage.
Examples of this type of information are as follows:

"This product is highly toxic to bees exposed to direct
treatment or to residues on crops."
"Do not contaminate water when cleaning equipment
or when disposing of wastes."
"Do not apply where runoff is likely to occur."

Labels may contain broader warnings against harming
birds, fish, and wildlife. This information is identified
beside the number 15 on the specimen label.

The physical and chemical hazards statement will warn
you of any special fire, explosion, or chemical hazards that
may be presented by the product. This information has not
been included on the specimen label.

k. Statement of practical treatment. If swallowing or
inhaling the product or getting it in your eyes or on your
skin would be harmful, the label will specify emergency
first aid measures. It also will describe the types of
exposure that require medical attention.

The pesticide label is the most important information you
can take to the physician when you think someone has been
poisoned. The statement of practical treatment is identified
beside the number 14 on the sample label.

1. Statement of classification. Once EPA has finished the
process of classifying all pesticides as being in either the
general use or restricted use category, all manufacturers of
pesticides will be required by law to identify each of their
products by providing this information on each of their
product labels. EPA is classifying pesticides into the
categories on the basis of:

The hazard of poisoning.
The way the pesticide is used.
Its effect on the environment.

The general use category is for pesticides that present
very little or no hazard to the applicator or the environment
when used exactly as identified by the information on the
label. The label on the general use pesticides will read
"General Classification."
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The restricted use category is for pesticides that could
cause some human injury or environmental damage even
when used as directed on the label. The label on these
products will state: "Restricted use pesticide for retail sale
to and application only by ce:tified applicators or persons
under their direct supervision." The restricted use
statement must be at the top of the front panel of the label.
The specimen label that is illustrated in figure 3-2 does not
contain the information pertaining to its category of use
because it has not been developed.

As you have seen, the pesticide label contains much
information, although some of it is not readily depicted.
You must train yourself to always read the pesticide
container label and follow all instnictions provided on this
document to protect all environmental elements as much as
possible.

Exercises (240):

1. What is the purpose of pesticide labels?

2. The pesticide label is used as a guideline for what?

3. A skull and crossbones is used on what type of
pesticides?

4. Matach each subject in column B with its
identification in column A.

Column A Column B

(1) EPA Reg. No. a. Brand name._
1169-1. b. Common name.

(7) 99.5 percent inert. c. Ingredient statement._
(3) If swallowed induce d. Net content._

vomiting and call a
physician.

e. Name, address of manufac-
turer.

(4) DANGER. f. Registration and establish-_
(5) Avitrol. ment number._
(6) Restricted use pesti- g. Directions for use._

cide for retail sale to h. Signal words and symbols.
and application only I. Precautionary statement.
by certifiea applica- j. Type of formulation.
tors. k. Statement of practical :mat-

(7) Avitrol. Tulsa. ment._
Oklahoma. I. Statement of classificatio.i.

(81 HaAdle with protec-
tive gloves.

(9) Carbaryl.
(10) Pellet form.
(11) 3 pounds.
(12) When it should be

applied.

241. Specify :,elected pesticide storage precautions and
requirements.

Precautions for Storing Pesticides. To reduce or
prevent explosion and fire hazards and to protect yourself
and others from pesticide poisoning while pesticides and
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equipment are being stored, the following precautions must
be taken:

(1) Pesticides must be stored in accordance with label
recommendations.

(2) All pesticide and pesticide dispersal equipment
storage areas must be kept locked when not in use.

(3) Pesticides must be stored out of reach of children.
(4) Exhaust ventilation must be turned on prior to

entering storage areas.
(5) The "no-smoking, eating, or drinking rule" must be

observed while in storage areas.
(6) Unlike pesticide substances must be stored

separately.
(7) Excess, illegal, and expired shelf-life pesticides must

be segregated and stored separately according to the method
of disposal.

(8) Each storage area must be properly identified as to the
type of substance it contains and the appropriate sign placed
outside the door.

(9) Warning signs that read "WarningPesticide
Storage" or other similar signs must be posted on each
visible side of the storage area.

(10) A list of chemicals within the storage areas must be
posted on the outer surface of each door.

(11) Names, addresses, and phone numbers of
individuals to contact in case of emergency must be posted
on the outer surface of each door.

(12) Fire protection procedures must be posted on outer
wall near the door.

(13) Cleanup procedures for pesticide spills and for the
disposal of contaminated items must be posted.

(14) Pesticides must be continually stored in containers
that are sound.

(15) All pesticide containers must be labeled and plainly
visible.

(16) Combustible materials must be labeled as such.
(17) Pesticide containers must be inspected frequently for

deteriorated conditions.
(18) If pesticides are transferred from deteriorated

containers to sound containers or from one container to
another, utilize the same type of container and be sure to
label it with the same information that was on the previous
one.

(19) Pesticides must not be stored in empty food or drink
containers .

(20) All pesticide containers must be kept sealed during
storage.

(21) Pesticide containers must be str . to permit
clear visibility of labels and easy acces.

(22) Containers that are 5 gallons or larger must be stored
at very low levels.

(23) All glass containers must be stored at low levels in
unbreakable encasements.

(24) Pesticides with the least shelf life remaining should
be used first.

(25) Pesticide dispersal equipment must be labeled
"Contaminated with Pesticides."

(26) Absorptive clay, hydrated lime, or detergents must
be available for emergency cleanup of pesticide spills.

(27) Appropriate fire extinguishers must be readily
available.
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(28) The medical department must be notified, in
writing, of the types of pesticides being stored and of their
hazards.

(29) The fire department must be provided with a floor
plan of each storage area identifying the types and location
of the various pesticides.

(30) The fire chief must be provided the home and
business telephone numbers of storage custodians, EPA
regional administrator, and the Pesticide Safety Team
Network of the National Agricultural Chemical
Association.

If these general storage precautions are observed at all
tiraes, hazards presented by pesticides to the environment,
yourself, and others will be reduced greatly.

Exercises (241):
t a list of chemicals contained within the

area be posted?

2. What are the requirements for storing excess, illegal,
and expired shelf-life pesticides?

3. When must exhaust ventilation be turned on?

4. Pesticides must continually be stored in containers that

5.

6.

(4) Mix pesticides in a well-ventilated area.
(5) Adhere to the "no-smoking, eating, or drinking rule"

while mixing pesticides.
(6) Mix pesticides in a well-lighted area.
(7) Mix pesticides in an area that is capable of preventing

spilled pesticides from contaminating other areas.
Cal Insure that showers and washing facilities are

available within the immediate area of mixing for personal
decontamination in case of pesticide spills or splashes.

(9) Know the first aid measures to be taken for the
pesticide being mixed.

(10) Use the buddy system when possible.
(11) Open bagged pesticide containers with a sharp knife

instead of tearing.
(12) Close all containers immediately after use and place

tnem back in proper storage.
(13) Keep pesticide containers below eye level during

mixing to prevent splashes to the face.
(14) Mix only the amount of formulation needed.
(15) Avoid electrical and fire hazards.
(16) Clean all equipment used during the mixing

operation that is not revired to be used during the
application and hang for drying, a necessary.

These precautions that have been identified are the basic
precautions to be taken in protecting yourself and others and
to prevent property and environmental damage. There are
others that you will probably think of, which is good,
because the more precautions you take the safer the
operation will be.

Exercises (242):

are I. Mix pesticides in a
area.

well and

Pesticide containers must be stored in rows to permit
visibility of labels and 2. Know the measures to be taken for the

access. pesticide being mixed.

What items of equipment must be readily available in
storage areas in case of fire?

3. Mix only the fo formulation needed.

4. Keep pesticides below
avoid splashes e

level during mixing to

24", precautions and requirements.

phase of pesticide handling is
vel} import, you because it is the phase in which you
are most apt to be contaminated with the most toxic form of
the pesticide. To reduce or prel, ent possibilities of being
contaminated, the following precautions must be observed:

(1) Read the pesticidF: label and follow the prescribed
mixing instructions.

(2) Wear required safety protective equipment (discussed
later in this chapter).

(3) Keep children and other unauthorized persons out of
the mixing area.
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5. Adhering to mixing precautions is very important
because this phase of pesticide handling is the phase in
which you are most apt to be with the most

form of the pesti:ide.



243. Specify selected pesticide application precautions
and requirements.

Precautions for Applying Pesticides. It is in this phase
of pesticide handling that most possibilities of
contaminating the environment, yourself, and others with
pesticide formulations exist. This phase also presents the
most possibilities of vehicular and pedestrian accidents.

As though these are not enough hazards presented during
the pesticide application phase, there are others, such as fire
and electrical hazards; contamination of food and beverages
through direct or indirect methods; and causing damage to
facilities, facility furnishing, and wearing apparel.

Because of the varied situations that are involved in this
phase of pesticide handling, the precautions to be taken will
be separated into general, outdoor, and indoor application
precautions.

General application precautions. The general
application precautions that must be taken are as follows:

(1) Select a pesticide registered for your specific
problem.

(2) Read and follow all instructions provided by the
pesticide label.

(3) Inspect all protective equipment you use and make
necessary corrections.

(4) Wear all appropriate protective equipment while
handling or applying pesticides.

(5) Adhere to the "No smoking, eating, or drinking
rule" while applying pesticides.

(6) Know the hazards that may be presented to the
environment.

(7) Make sure all pesticide spills are promptly cleaned
up.

(8) Plan the actions to take in case of accidental
poisoning or other accidents.

(9) Know first aid measures and antidotes for the
pesticide selected to be used.

(10) Know emergency telephone numbers of medical and
fire departments.

(11) Keep a suitable fire extinguisher readily available
for the type of pesticide formulation you're using.

(12) Make sure you have a suitable decontamination kit
and a change of clothinz, readily available.

(13) Select the safest and most effective equipment
available for the job.

(14) Perform a preoperational inspection on equipment to
be used to insure that it is or tional and does not leak.

(15) hiure that eqiIir is ibrated for th.
ratc ,,. ,ication rcy

(16) insure that t equipment is properly secured
with safety chains and

(17) Insure there are no obstructions to visibility while
applying pesticides. If there are, stop operations, and
arrange for escort or assistance.

(18) Use the buddy system when performing operations
that require towing dispersal equipment and the use of
highly toxic pesticides.

(19) Apply pesticides only after all hazardous aspects
have been analyzed and it has been determined that all
foreseeable hazards have been eliminated.
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(20) Release all pressure from pesticide dispersal
equipment following application.

(21) Clean all equipment that has been used.
(22) Always wash yourself following application.
(23) Bathe and change clothes at the end of each duty

day.
Outdoor application precautions. The following outdoor

application precautions must be taken in addition to the
general application precautions previously identified:

(1) Know the type of terrain to avoid contamination of
underground water sources, streams, ponds, rivers, and
lakes.

(2) Observe windspeed and direction and keep upwind
from the direction of pesticide drifts to reduce e -ifts as
much as possible.

(3) Avoid contaminating nontarget areas.
(4) Inform workers of pesticides used, poisoning signs

and symptoms, and the precautions they can take when
pesticides are being applied.

(5) If the program is to be conducted basewide, notify all
personnel by using the official bulletin and/or base
newspaper.

(6) Avoid direct application of pesticides to power lines,
transformers, and transformer banks.

(7) Avoid traveling over terrain that could damage
vehicles of equipment.

(8) Avoid direct application of pesticides to vehicles,
pets, pedestrians, and other people outdoors.

(9) Make sure vehicle and towed equipment lights are
operable and on, including emergency flashers, while
applying pesticides from roadways.

(10) Don't exceed 5 mph while applying pesticides from
vehicles.

If you observe these precautions, along with the general
precautions, outdoor application operations will be much
more safe and effective.

Indoor application precautions. The following indoor
application precautions must bc taken in addition to the
general application precautions previously identified:

(1) Before you apply pesticides indoors, conduct a survey
to determine the type and location of pests, degree of
infestation, potential hazardous conditions that exist, and
the actions you must take before you do the work.

(2) Make appointments with responsible building
occupants as to the date and time treatment A 11 be done.
Inform them o Lae typ- elwa, lent, ics m the pesticide
to ....,Lions and actions that must be

the :h as building preparations, safe reentry
times, and cic p instructions.

(3) Make sure all dishes, utensils, food containers, food,
beverages, stored products, tobaccos, and smoking
equipment are removed or covered.

(4) Don't apply liquid pesticides to electrical panel
boxes, outlets, or switches.

(5) Make sure all electricity and heat sources are turned
off at the building's primary source when you use fumigants
or other volatile formulations.

(6) Never apply pesticides to interior portions of
refrigerators and ovens, because toxic vapors of pesticides
can be transferred to foods.



(7) Don't apply pesticides to closets and drawers unless
all items have been removed.

(8) Don't apply residual sprays or dusts to floors and
baseboards in areas where small children sleep and play.

(9) Don't use pesticidal baits in areas that are accessible
to children and pets.

(10) Avoid applying pesticides directly overhead by
keeping the spray nozzle extended away from and in fro
of you.

(11) Make sure fish aquariumc and covered
or removed. Aquatic animals are tile most sensitive forms
of life to pesticides.

(12) Make sure indoor plants are removed or covered
when you use volatile formulations.

These application precautions are only the basic
precautions you must follow and are not intended to be a
complete list of precautions you must take. It is to your
benefit and others that all of these precautionsalong with
the ones that you think of and the special ones that are
identified on each pesticide containerbe observed. It is
not only to your benefit but also your responsibility to
follow all precautions possible when applying pesticides.

Exercises (243):
1. When applying pesticides, make sure all pesticide

are promptly cleaned up.

2. Make sure the equipment is properly for
the rate of application required.

3. In addition to presenting the most possibilities of
contaminating the environment, yourself, and others,
the application phase of pesticide handling presents the
most possibilities of and

accidents .

tore -bticides indoors, you should
to determine the to be

taken in case of accidental poisoning or other accidents
that may be involved.

5. The most appropriate general application precaution
that offers the best protection against ingestion of
msticides by the operator is also referred to as a rule.
What is the rule that is being referenced?

6. If a pest management program is to be conducted
basewide, all personnel should be notified. How can
this notification be accomplished?

244. ( selected pesticide transporting precautions and
requirei..ents.

Transporting Precautions. Pesticides can present many
hazards to the environment, yourself, and others if they are
transported without the knowledge of how to do it safely
and without adhering to the basic safety precautions.

The vehicle and the dispersal equipment used in
transporting pesticides are important in this phase of
handling pesticides, because if the wrong type vehicle and
delapidated equipment are used, many hazards are
presented.

Each vehicle used for transporting pesticides must be
assigned directly to the pest management section and is not
to be lent to other units, because this vehicle has become
contaminated with pesticides and will present unnecessary
and unwarranted hazards to others.

The vehicle must be the type that contains numerous
locked storage compartments for storing various types of
pesticides, supplies, equipment, and tools during transport
and for conducting pest management operations throughout
the base area. Such locked compartments prevent access to
any of these items by children and other unauthorized
people while unattended by pest managers.

To prevent undue exposure to toxic vapors and splashes
to driver and passengers, the vehicle must be designed so
that these storage compartments are not within the same
enclosure that is occupied by the driver and passengers.

In addition to these requirements, the vehicle must have
good visibility in all directions and be able to maw;
equipment over almost all types of terrain. G000
is necessary to prev.-ot vehicular ana pedestrian nts
and 'N monitor the operation of powered di rsal
equ.*. ment being towed.

Pesticide dispersal equipment used t. transport pesticides
must be in good repair to prevent dripping and splashing of
pesticides during the travel, thus reducing contamination of
the environment and hazards to children and others.

Tne following precautions must be observed during the
transport phase of pesticide handling:

(1) Read the pesticide label and follow special
instructions for transporting pesticides when given.

(2) Wear required safety protective equipment while
loading and unloading pesticide equipment.

(3) Keep children and other authorized people away from
vehicle and equipment.

(4) Label pesticide dispersal equipment as heing
contaminated with pesticides. Use signs that Pi asy
visibility and one that can be understood by everyone.

(5) Keep all storage compartments locked at all times.
(6) Drive slowly and avoid quick, short turns to prevent

pesticide spills.
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(7) Know the first aid procedures to be taken for
pesticides being transported and know where assistance can
be obtained, if necessary.

(8) Make sure emergency procedures and telephone
numbers are available in the vehicle in case of pesticide
spills and traffic accidents.

(9) Make sure a CO, fire extinguisher is available and
secure on the vehicle used to transport pesticides.

(10) Make sure vehicles and equipment are in safe
operational condition.

(11) A container of water should be available on the
vehicle for emergency decontamination of eyes and skin in
the event of pesticide spills and splashes to the body.

(12) Transport all pesticides in unbreakable containers.
(13) Make sure all pesticide containers being transported,

except for equipment, have a complete EPA-registered
label.

(14) Make sure safety chains and locking pins are in
place before you tow dispersal equipment.

There have been many cases of accidental poisonings
that have occurred due to unsafe transporting of pesticides.
Most of these poisonings occur to children while the vehicle
being used is left uno-tended with no safe way to secure
pesticides. Remember, you have the responsibility to insure
that every precaution available is taken to transport
pesticides safely because you are the one who is
knowledgeable of the hazards that are presented by
pesticides.

Exercises (244):

1. The transporting vehicle must contain numerous
compartments for storing pesticides.

2. Keep and other unauthorized
away from transporting vehicle and equipment.

3. Pesticide dispersal equipment used in transporting
pesticides must be in good to prevent
dripping and splashing of pesticides.

4. Vehicles used for pest management operations must be
assigned directly to the
section.

5. To identify pesticide dispersal equipment as being
contaminated with pesticides, a must be
placed on the equipment.

6. Keep all compartments at all times.
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245. State the purpose, frequency, and method for
conducting pestkide inventories.

Pesticide Inventories. You should conduct a complete
inventory of all pesticides that you are responsible for at
least once a month. This inventory should be documented
and maintained as an operational shop record. Of course,
more frequent inventories are desirable, but these interval
inventories don't necessarily have to be recorded.
Inventories serve as a good management tool for all
supplies and equipment. They provide:

(1) An additional security measure.
(2) The capability of detecting early signs of pesticide

container deterioration.
(3) An additional means for insuring that pesticides are

properly stored.

When pesticide inventories are not conducted regularly,
a laxity in control often develops, and personnel within the
section begin to give pesticides to their friends and others
(who are untrained in proper pesticide use) for use within
and around their homes.

Pesticides, especially those that are restricted use
pesticides, should never be provided to friends or anyone
else, because they do not know the proper way to apply or
store them. Therefore, you are responsible for any accidents
that may occur through ignorance and negligence on the
part of the individuals to whom you gave the pesticide.

There are many times that deteriorated conditions of
pesticide containers are detected while conducting
inventories. If the inventory had not been conducted, the
container could have deteriorated to the point of allowing a
major spillage of the pesticide, which would hal,
immensely increased potential hazards. However, with
early detection of deterioration, you can transfer the
pesticide to an approved substitute container and relabel it
to reassure safe and proper storage.

In order to maintain an accurate inventory of pesticides
you must record all pesticides received between each
inventory and the ones that have been withdrawn from the
inventory. When the inventory has been completed you
should compare the withdrawals with the materials received
to insure that the pesticides on hand match the total of the
two transactions.

If you have less pesticide on hand than the records
indicate, you should conduct another inventory
immediately and recheck pesticides withdrawn and
received records to determine if a mistake was made. If no
mistake is found, then you should expend all efforts to
determine why the pesticide cannot be accounted for,
especially when the pesticide is very toxic or if the quantity
is significant.

Exercises (245):

I. What are three reasons for conducting pesticide
inventories?
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2. When should extreme effort be expended to locate
pesticides that cannot be accounted for?

3. Should you ever provide pesticides to your friends?
Why?

4. When should pesticide inventories be conducted?

5. Explain how to maintain adequate pesticide inventory
records.

246. Specify principles, procedures, glad techniques
involved in managing pesticide spills.

Handling Pesticide Spills. Regardless of how well
supervisors plan shop work or train their subordinates,
pesticide spills still occasionally happen. Typical spills
range from a 1-gallon can of chemical falling from a truck
o several 55-gallon cans being punctured by a forklift. The

worst case of a spill would be exploding containers in a fire.
Spill emergency procedures. When a pesticide spill

occurs, specific procedures should be followed for
providing first aid, notifying proper authorities, and
cleaning up and decontaminating the spill area. Personnel
working with pesticides or in areas containing pesticide
chemicals should be adequately trained for quick
evacuation and proper spill prevention and emergency
procedures as follows:

(1) Identify the chemical. If possible, determine the
pesticide involved in the spill incident. Information such as
for-lulation, percent active ingredient, and manufacturer's
n ..e and address should be obtained.

(2) Personal safety and first aid. It must be emphasized
that when managing any spill the most immediate concern
is for the health and well being of persons in and around the
immediate spill area.

First aid kits should be maintained at pest control shops
and storage areas and carried on pest control vehicles. In
addition, the telephone numbers of the local medical unit
and poison control center should be posted in visible
locations and carried by pest control personnel at all times
when on the job.

(3) Site security. Secure the spill site from entry by
unauthorized personnel by roping off the area and posting
warning signs. If necessary, obtain assistance from the
activity's police or security unit.

Containment and control. Spilled pesticides must be
contained at the original site of the spill. You must prevent
the pesticide from entering storm drains, wells, water
systems, and navigable waterways by following these
procedures:
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(1) Don appropriate protective eqtiipment from a spill kit
or the pest control shop. Refer to table 3-1 for a list of
recommended spill kit contents.

(2) Prevent further leakage by repositioning the pesticide
container.

(3) Prevent the spill from spreading by trenching or
encircling the area with a dike of sand, absorbent material,
or, as a last resort, soil or rags.

(4) Cover the spill. If the spill is liquid, use an absorbent
material; if dry material, use a polyethylene or plastic
tarpaulin. (NOTE: Use absorbent materials sparingly
because they also must be disposed of as hazardous wastes.

Cleanup. Adequate cleanup of spilled pesticides is
essential in order to remove any health or environmental
hazards. When cleaning up pesticide spills, it is advisable
NOT TO WORK ALONE and to make sure the area is
properly ventilated and that appropriate protective
equipment is used by all personnel.

(1) Dry spills (dusts, wettable powders, granular
formulations) should be picked up in the following manner.
Immediately cover powders, dusts, or granular materials to
prevent them from becoming airborne. This can be done by
placing a polyethylene or plastic tarpaulin over the spilled
material. Weight the ends of the tarp, especially the end
facing into the wind. Begin cleanup operations by
systematically rolling up the tarp while simultaneously
sweeping up the spilled pesticide using a 1-room, shovel, or
dust pan. While sweeping, avoid brisk movements in order
to keep the dry pesticide from becoming airborne. If
indoors, a cover may not be necessary. When practical,
light sprinkling with water may be used instead of a cover.

Collect the pesticide and place it in heavy-duty plastic
bags. Properly secure and label the bags, identifying the
pesticide and possible hazards. Set the bags aside for later
disposal.

(2) Liquid spills should be cleaned up by placing an
appropriate absorbent material (floor-sweeping compound,
sawdust, sand, etc.) over the spilled pesticide. Work the
absorbent into the spill using a broom or other tool to force
the absorbent into close contact with the spilled pesticide.
Collect all spent absorbent material and place into a
properly labeled leakproof container.

(3) Contaminated soil should be removed to a depth of at
least 3 inches below the wet surface line and placed in
properly labeled leakproof drums for disposal.

Decontamination. Decontamination solutions can be
used for decontaminating surfaces and materials where
spills of dust, granular, wettable powder, or liquid
pesticides have occurred. However, the bulk of the spilled
pesticide should be cleaned up or removed before you apply
any decontaminant. After cleaning up the bulk material,
apply the appropriate decontamination solution and allow 1
to 6 hours of reaction time before using an absorbent
material.

Depending on the location of the spill and the pesticide
spilled, chlorine bleach, caustic soda (lye. sodium
hydroxide) or lime can be used to effectively decontaminate
most spill areas. Many pesticides, especially the organic
phosphate pesticides, decompose when treated with lye or
lime. Fewer pesticides are decomposed by bleach (sodium
hypochlorite).
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TABLE 3-1
RECOMMENDED SPILL KIT CONTENTS

Proper handling of pesticide spills requires prior preparation of a spill kit
containing directions for use in case a spill incident should occur. The kits
should be labeled and designated for use in handling pesticide spills only, and
should be strategically placed where spills are most likely to occur. The label
should list the contents, and the kit should be sealed to discourage pilferage.

Spill kits may be assembled by procuring items through the Federal Supply System,
or from commercial sources. Additional suppliers may be obtained by contacting
the EFD Applied Biologist or Command Entomologist.

The following is a list of equipment required for shop and vehicle spill kits:

Shop Kit

1 55-gallon open-head drum
I set of instructions
4 pairs of neoprene gloves
2 pairs of unvented goggles
2 respirators and pesticide cartridges
2 aprons (chemical resistant)
2 pairs of rubber boots
2 pairs of 100% cotton coveralls
1 dustpan
I shop brush
1 square-point "D" handle shovel
1 dozen polyethylene bags w/ties

(heavy ply)
1 18" pushbroom, synthetic fibers
1 gallon liquid detergent
3 gallons household bleach
80 lbs absorbent material
1 bung wrench
1 drum spigot
1 1-3/8" open-end wrench
1 1 drum pump (manual)
30 ft. 1/2" polyethylene tubing

or 1 2fr-ft. garden hose
1 bung 2-1/2"
1 bung 3/4"

blank labels
I first aid kit

Vehicle Kits

1 instruction sheet
1 5-gallon open-head drum
2 pairs of neoprene gloves
1 pair of unvented goggles
1 respirator and cartridge
1 pair of coveralls
1 dustpan
1 shop brush
10-30 lbs absorbent material
1 pint liquid detergent
6 polyethylene bags w/ties

(heavy ply)
1 portable eyewash
blank labels

I first aid kit
1 pr rubber boots
1 apron

Most equipment and materials needed for spill emergency response and for
maintaining spill kits can be obtained through the GSA Federal Supply System or
local manufacturing companies.

Dry decontaminants should be spread thinly and evenly
over the s' 'II area. Then, using a water can, lightly sprinkle
the area ..th water to activate the decontaminant. Liquid
decontaminants should be applied in amounts no greater
than specified in table 3-2.

The preceding pronedures must be repeated until all the
spilled pesticide is removed. Clean all equipment used for
spill cleanup with detergent and appropriate
decontaminants. Collect all spent decontaminants and rinse
water and place them in labeled leakproof containers.
Clothing and gloves that cannot be decontaminated must be
placed in leakproof containers for proper disposal.
Depending on the particular surface, the following
additional procedures may need to be done as specified.

Nonporous surfaces should be washed with detergent and
water. The appropriate decontamination solution should be
thoroughly worked into the surface using a long-handled
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broom, scrub brush, or other equipment as needed. Then
the decontamination solution is soaked up using absorbent
material. The spent absorbent material is then placed into a
labeled leakproof container for disposal.

If pesticide containers have leaked or if pesticides have
been spilled on a soil surface, all soil should be removed to
at least a depth of 3 inches below the wet surface line and
placed in drums for disposal.

Porous materials such as wood may not be adequately
decontaminated. If contamination is great enough to
wan-ant, they must be removed and replaced with
comparable new materials.

Tools, vehicles, equipment and any contaminated metal
or other nonporous objects can be readily decontaminated
using detergent and the appropriate decontamination
solution (table 3-2). However, smaller quantities of the
decontamination solution may be required.
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TABLE 3-2
PESTICIDE. DECONTAMINA

Depending on the particular pesticide, chlori nleach, caustic soda (lye, sodium
hydroxide) or lime :an be used to effectively deLx 'lminate most spills. Many
pesticides, especially the organophosphate pesticide, Aoeompose when treated with
lye or lime. Fewer pesticides are decompc hy b1J, (sodium hypechlorite).
Ott-- pesticides cannot be effectively dec, lin,ited and should only be treated

,tergent and water to assist in removal. ome examples of common pesticides
k t can h. decontaminated Are listed below:

llsc Use Chlorine Do not use any decontamination
1..i.:-.3 Bleach for: Chemicals for those pesticides:

ft ,li ,,c Calcium cyanamide Alachlor
Calcium Cyanide Chloramben

:-..aptan Chlorpyrifos Chlordane and other
Carharyl Fonophos Chlorinated hydrocarbons
Diazinon Merphos Diuron
Naled Lethane 2,4-0
2,4,5,-T Maneb
Malathion Methoxchlor
Acephate Pentac"orophenol
T.:A Picloram
Rotenone Toxaphene
Dalapon Trifulralin
Dichlorvos
Dimethoate

USE

A practical guide for applying decontaminants is as follows:

Perrent Active Ingredient Amount of Decontaminant needed

1-10 Use an amount of decontaminant equal
to the quantity of pesticide spilled

1-79 Use an amount of decontaminant equal
to 1.5 times the quantity of pesticide
spilled.

80-100 The amount of decontaminant used should
be equal to twice the quantity of
spilled pesticide.

WARNING: There is a slight potential for creating toxic by-products when using
these procedures. In critical situations, samples of affected components (soil,
sediment, water, etc.) should be taken and sent to a laboratory Fcr analysis in
order to determine if decontamination was successful.

Lye er Lime

Pesticides susceptible to lye or lime may be decontaminated when mixed with
an excess quantity of either of these materials. These materials can be used in
either the dry form or in sjlution. A 10% solution of lye or lime can be made as
follows:

Mixing directions: Mix 0.75 pounds of lye or lime in 3.5 quarts of water to
make 1 gallon ef 10% solution.

Caution: CaLstic soda (lye) can cause severe eye damage to persons not
properly protected. Protect against contact by wearing unventilated goggles,
long-sleeved work clothes with coveralls, neoprene gloves, and chemical-resistant
apron. An approved respirator should also be worn. Do not use lye on aluminum
surfaces.

Bleach Treatment. Certain pesticides can be degraded by treatment with bleach
(sodium hypochlorite). In general, one gallon of hoosehold bleach, which contains
approximately 5 percent sodium hypochlorite, should be used per pound or gallon
of pesticide spilled. If bleaching powder is used, first mix it with water (one
gallon of water per pound of bleach) and add a small amount of liquid detergent.
For safety purposes, a preliminary test must be run usil) small amounts of bleach
and the spilled pesticide. The reaction resulting from this test must be observed
to make sure reaction is not too vigorous Do not store in close proximity to, or
mix chlorine bleach with, amine-containing pesticides. Co-mingling of these
materials can cause a violent reaction resulting in fire. Calcium hypochlorite is
not recommended as a decontaminating agent because of the fire hazard.
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The decontamination solution can be applied to
contaminated equipment by soaking the equipment in a pail
filled with solution or by using a scrub brush. All tools and
surfaces must be thoroughly rinsed with sparing amounts of
clean water. All rinse water and spent decontamination
solution should be collected in drip pans or other suitable
containers and transferred to a properly labeled leakproof
drum for disposal.

Disposal. All contaminated materials, including cloth,
soil, wood, etc., that cannot be effectively decontaminated
as described in this guide must be removed and placed in a
sealed leakproof druffi. All drums must be properly labeled
as to the types of chemicals in them; all must be disposed of
in a hazardous waste diTosal facility (incinerator, landfill
site, etc.) under current EPA or state permit.

Exercises (246):

1 . What should be your immediate concern in the event
of a pesticide spill?

2. What actions should be taken to secure the site of a
pesticide spill?

3. List the four steps to be taken to contain a pesticide
spill.

(1)

(2)

(3)

(4)

4. What actions can you take to prevent an outdoor dry
spill from spreading?

5. How should contaminated soil be handled after a liquid
pesticide is contained?

6. When should a decontamination solution be applied?

7. What are three decontamination solutions you can use?

8. What decontaminates work best for organophosphate
pesticide spills?

9. To which class of pesticides should you not apply any
decontaminates?

10. List the three actions you should take in disposing of
materials that cannot be effectively decontaminated.

(1)

(2)

(3)

247. Specify the safety methods and precautions you
must take when disposing of surplus pesticides and their
containers.

Disposal Methods and Precautions. Surplus pesticides
must be disposed of in a manner that will not permit harm to
people or animals, will not contaminate the air or the water
supply, and will not harm the environment.

When cleaning pesticide application equipment, such as
sprayers and dusters, do not let the cleaning solution run
down the sink because this will lead to direct contamination
of the sewage water. If a suitable open land area, such as a
field or cinder or gravel driveway, is available, moderate
amounts of wash water can be sprayed or poured on the
surface so the pesticide will be broken down by the action
of air and sunlight. Care must be taken to be sure there is no
possibility of contamination of ground water under the
disposal area, and the disposal area must be located so there
is no possibility of runoff into a sewer, stream, or any other
place where contamination could occur.

Federal regulations recommend these ways to dispose of
organic pesticides.

(1). Burn them in a pesticide incinerator at the specified
temperature/dwell time combination.

(2) If appropriate incineration facilities are not available,
organic pesticides may be buried in a specifically
designated landfill. Records should be kept for locating the
buried pesticides in the landfill site.

The regulations also set up three categories of containers
and recommend ways to dispose of each kind.

( I) Group I containers: Combustible containers that
formerly contained organic or metallo-organic pesticides,
except organic mercury, lead, cadmium, or arsenic
compounds, should be disposed of in a pesticide
incinerator, or buried in a specially designated landfill;
except that small quantities of such containers may be
burned in open fields by the user of the pesticide when such
open burning is permitted by state and local regulations, or
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buried singly by the user in open fields with due regard for
protection of surface and subsurface water.

(2) Group 11 containers: Noncombustible containers that
formerly contained organic or metallo-organic pesticides,
except organic mercury, lead, cadmium, or arsenic
compounds, should first be triple-rinsed. Containers in
good condition may then be returned to the pesticide
manufacturer or formulator. Drums may be reconditioned
for reuse with the same chemical class of pesticide
previously contained, providing such reuse is legal. Any
other rinsed metal container should be punctured to keep
others from using it before you take it to a facility for
recycling or disposal. All rinsed containers may be crushed
and disposed of by burial in a sanitary landfill, in
conformance with State and local standards, or buried in the
field by the user of the pesticide. Unrinsed containers
should be disposed of in a specially designated landfill, or
subjected to incineration in a pesticide incinerator.

Group Ill containers. Both combustible and
noncombustible containers that formerly contained organic
mercury, lead, cadmium, or arsenic or inorganic
pesticidesthat have been triple-rinsed and punctured to
facilitate drainagemay be disposed of in a sanitary
landfill. Such containers that are not rinsed should be buried
in a specially designated landfill.

Group 1V----residue disposal: Residues and rinsed liquids
should be added to spray mixtures in the field. If not, they
should be disposed of in the manner prescribed for each
specific type of pesticide.

The general disposal precautions for extended shelf-life
pesticides and deteriorated pesticide containers are as
follows:

(1) Dispose of pesticides and pesticide containers in a
specially designated landfill and in accordance with state
and local standards.

(2) Provide a list of the pesticides and quantity of each to
landfill personnel .

(3) Rinse all pesticide containers, other than paper
containers, at least three times before disposal.

(4) Destroy all containers, other than aerosol cans,
beyond reuse prior to disposal.

(5) Keep all pesticides and pesticide containers properly
stored until you can dispose of them.

Excess stocks of pesticides will be processed in
coordination with the local chief of Supply or the defense
property disposal office in accordance with procedures
outlined in AFRm 67-1, Volume 6, Excess and Persona:
Property.

Now that the safety precautions for storing, mixing,
transporting, applying, and disposing of pesticides have
been identified, you can see that you have a great
responsibility. Not only must you know how to protect
yourself but also how to protect the environment, property,
and others.

Remember, these precautions are only general guidelines
and do not cover all aspects of pesticide handling;
therefore, you must follow all instructions provided on each
pesticide container label pertaining to special situations.

Exercises (247):

. In what n must you dispose of surplus
pesticides?

2. When cleaning pesticide dispersal equipment, why
should you prevent waste water from going down the
drain?

3. How should you get rid of moderate amounts of
contaminated waste water? Why?

4. What actions must you take with noncombustible
pesticide containers before you dispose of them'?

5. What disposal method can be used for all types of
pesticide containers?

248. Specify the types, uses, and maintenance of safety
protective equipment.

All personnel who handle pesticides are definitely
exposed to the hazards of contamination through inhalation,
ingestion, and absorption of pesticide vapors, mists, and
dusts.

As a pest management specialist, it is your responsibility
to make sure you and your fellow workers wear all required
safety protective equipment during all phases of pesticide
handling.

Safety Gear for Handling Pesticides and it's
Maintenance. There are many items of various designs
which you can use to protect your body from pesticides, and
the more protection you use, the less chance you will have
of becoming a victim of pesticide poisoning.

Knowing what item of equipment to wear, and wearing
it, is not the only important aspect of personal protection,
because you may be wearing the proper required equipment
and still be poisoned if the equipment has not been fitted
and maintained properly. Therefore, it is essential that you
know each item of protective equipment you need to wear,
the purpose of the equipment, and how to maintain it.

Coveralls. When you mix and apply pesticides, you
should wear coveralls that cover your entire body to protect
your skin from contamination. Coveralls are authorized for
pest management personnel to be worn only while on the
job. You cannot use them as P replacement for the normal
military or civiran dress, which means they are nct to be
worn to dining facilities, snack bars, base exchange
facilities, commissaries, movies, or any other base facility
except whiie pertaining job duties. Worn coveralls must
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be washed separateiy crorn other clothing in soap and water
on a daily basis. To prevent contamination of other
clothing, washing machines and dryers are authorized in
your shop so you can maintain your own coveralls in a clean
condition at all times.

Another aspect of maintaining coveralls is frequent
inspections to detect holes, tears. and thinning of the
material. If any of these conditions are detected, you should
replace them through the supply system.

Waterproof rainsuits. If you suspect that coveralls will
become wet while you're mixing or applying pesticides,
you should wear a waterproof rainsuit. You can ilormally
get rainsuits within the supply systcin and they are called
foul weather gear. This type of protective clothing is very
appropriate when handling the more dermally toxic
pesticides or if you will be applying liquid pesticidal
formulations for a long time.

Maintenance of these rainsuits involves washing with
soap and water and hanging up to dry. The rainsuits should
be inspected frequently for holes and tears and replaced if
these discrepancies are noted.

Aprons. Wear a rubber apron when you're mixing
pesticides, especially when large quantities of liquid
pesticides are being handled. The apron serves as an
additional precaution to prevent body contamination of the
pubic region with pesticide. This is very important because
this region of the body is the most susceptible area for
pesticide absorption.

To maintain the apron, simply wash with soap and water
and inspect it frequently for tears or holes. Lubricate it
periodically with vegetable oil to prevent cracking.

Boots, Rubber or neoprene boots should be worn when
mixing or applying liquid pesticides, especially if you'ie
working on large-scale operations; leather or canvas boots
will absorb liquid pesticides, so don't use them alone.
Boots should be worn with the tops beneath the legs of the
coveralls or rainsuit.

Boots can be obtained through the supply system as part
of the foul weather gear and are maintained by washing
with soap and water frequently, inside and out, to remove
pesticide contaminant. Rubber boots should also be
periodically lubricated with vegetable oil to prevent drying
and cracking.

Gloves. You must wear gloves during all phases of
pesticide handling and when you clean dispersal and
protective equipment to prevent skin contamination. There
are several types of gloves that can be worn, but leather or
cotton gloves are not among these types to be worn while
handling pesticides. The gloves used must be unlined and
I iquidproof.

N!--r.rene gloves are probably the most commonly used
pest management operations, but some fumigants

a. :cadily absorbed by neoprene, so be sure to read the
label on the pesticide container.

Another type of glove that is popular for use with
pesticides is the medical examination glove because it is
extremely flexible and is disposable. This glove is not to be
used when heavy ork is involved because it is very thin
and tears easily.
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Gloves should fit the hand snugly and should be long
enough to extend well above the wrist so ,ou can wear them
under the sleeves on coveralls or rainsuits.

Gloves cf all types can be obtained through the normal
supply system and are maintained by washing with soap and
water, inside and out, and inspecting for holes and tears.
To inspect for small pinholes and slits, simply fill each
glove with water and gently squeeze while holding the top
of the glove closed with one hand. If damage is dei.ected,
shred the gloves so no one else can use them and get rid of
them.

Gloves must be periodically lubricated with vegetable oil
to prevent drying and crackino.

NOTE: When you use disposable gloves, they should be
shredded and disposed of also. Never dispose of gloves
used with pesticides until they have been destroyed beyond
the point of reuse

Hats, A wide-brimmed liquidproof hat should be worn
when you apply liquid pesticides to protect your head and
offer additional protection to the neck, eyes, mouth, and
face. The hat should not have a cloth or leather sweatband
in it because these sweatbands absorb pesticides and are
very hard to clean.

The hat is used to protect the head, which is the second
most susceptible external region of the body for pesticide
absorption. This is due to the large amount of natural body
oil that is contained in the hair, and the oil speeds the
absorption rate.

The type of hat used by construction workers (plastic
hardhat with plastic sweatband) is very good for protecting
the he.Ad and is available through the supply system. This
hat can be maintained easily by frequently washing it with
soap and water, inside and out.

Goggles or faceshields. Goggles or a faceshield must be
worn while mixing and applying pesticides to protect the
eyes. There are times when a faceshield will be more
adequate than goggles and vice versa. Just remember to
offer your eyes as much protection as possible in each and
every circumstance.

Goggles and faceshields are available through the normal
supply system and are authorized for pest managers. There
are many types of goggles that are available, but when you
order them, try to get the type that completely enclose the
eyes This type has a tendency to fog over but excludes all
possibility of mists and dusts from entering.

To maintain goggles and faceshields, wash them with
soap and water after each operation. The elastic headbands
will absorb pesticides and stretch, so they should be
replaced frequently. If goggles are rubber, they should be
periodically lubricated with vegetable oil to prevent drying
and cracking.

Ear protectors. Ear protective devices such as earplugs
or ear muffs must be worn while operating noisy equipment
and while working in areas that present noise hazards.

Maintenance of earplugs amounts to nothing more than
keeping them clean by washing with soap and warm water.
The ear muffs should be inspected periodically to detect
hardening of the rubber pads. These pads must be replaced
when hardening is detected.
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Respirators and gas masks. There are many types of
respirators and gas masks for you to choose from, so be
aware that the only ones authorized for use are those
approved by either N1OSH (National Institute for
Occupational Safety and Health) or MESA (Mining
Enforcement and Safety Administration).

Always be sure that the cartridges and canisters you use
are designed to protect you against the specific pesticide
you're using. Also be sure they fit the specific respirators
ar 1 gas masks your shop has. Otherwise, your respiratory
protection will be useless, and your health may be in
danger.

You should wear a chemical cartridge respirator (fig. 3-
3) when you are only intermittently exposed to toxic
pesticides. Air is inhaled through both a filter pad and a
cartridge designed to absorb pesticide vapors, gases, and
particles.

A chemical canister respirator (gas mask, fig. 3-4) should
be worn when you are exposed to a continuous
cc.icentration of a toxic pesticide. The canister has longer
lasting absorbing material and filters than the cartridge and
protects the face better. Neither the canisier nor cartridge
type can be used when the oxygen supply is low.

A supplied-air respirator (gas mask, fig. 3-5) is used
when you're mixing or applying pesticides:

When the oxygen supply is low.
When you are exposed to high concentrations of
highly toxic pesticides in enclosed areas, as in
fumigation.
When your work can be done close to a supply of
clean air. Clean air is pumped through a hose to the
face mask.

A self-contained breathing apparatus (fig. 3-6) is worn
under the same conditions as the supplied-air respirator. It
does about the same thing. The difference is that you carry
cylinders of oxygen with you, usually on your back. This
lets you move more freely and over a wider area than you
can with a supplied-air respirator.

CF-075

Figure 3-3. Cartridge respirator.
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CF- 076

Figure 3-4. Chemical canister respirator.

C F-077

Figure 3-5. Supplied-air respirator.

CF-076

Figure 3-6. Self-contained breathing apparatus.



The chemical cartridge and the chemical canister 5. When mixing laree quantities of liquid pesticides you
respirators are the two most common types of respirators should wear an
used in Air Force pest management operations. Although
all types are available through normal Air Force supply
systems, the cartridge and canister types are more easily
obtained. The supplied-air respirator and the self-contained 6. The most susceptible external region of the body for
breathing apparatus can be obtained with proper pesticide absorption is the region.
justification, but if they are only needed once in awhile,
you can borrow them from the fire department or
environmental support on AF Form 1297, Temporary Issue
Rece ipt. 7. How should boots be worn?

To maintain respiratory protection devices, wash all
rubber surfaces and plastic faceshields with soap and water
after use. Ltforicate rubber surfaces with vegetable oil
periodically to prevent the rubber from drying and 8. When must gloves be worn?
cracking.

Cartridges and canisters must be discarded when odors
are detected in them or once it becomes unusually difficult
to breath through them. Also, keep track of the expiration 9. A wide-brimmed liquidproof hat should be worn while
date on cartridges and canisters to insure that the expiration applying pesticides.
date isn't exceeded.

Each person assigned to a pest management section
should be issued coveralls, boots, gloves, goggles,
respirator, and a hat to be maintained separately from 10. What is worn to protect the eyes when mixing or
uncontaminated equipment and clothing in personal applying pesticides?
lockers. These items of protective equipment are to be
maintained by each individual.

Rubberized protective equipment should be stored in a
cool dark area if storage is to be prolonged. 11. When working in areas where noise may be hazardous

Items of safety equipment required to be worn are you must wear
dependent upon the type of pesticide being hanGled, the
phase in which it is being handled, and the method in which
it is being applied. There are no safety recommendations
that can cover all situations; therefore, it is your 12. The only gas mask or respirators authorized for use are
responsibility to read and follow the instructions provides approved by or
on each pesticide container label and use common sense in
wearing more protection as the hazards increase for
handling pesjcides.

13. Cartridges and canisters must be discarded whenExercises (248): are detected or it becomes difficult to
I. What restrictions apply to wearing coveralls? through them.

2. What pieces of equipment are authorized in pest
management sections to maintain your coveralls in a
clean condition at all times?

3. What item of protective clothing would be worn if it is
su,pected that coveralls will become saturated with
pesticide?

14. To maintain respiratory protective devices, wash all
rubber surfaces and plastic faceshields with

and

15. Rubber surfaces should be lubricated with
oil to prevent the rubber from and

4. If you are applying liquid pesticidal formulation for
long periods at a time you should wear a 3-3. Pesticide Poisoning Symptoms and First Aid

From the previous exercise you can readily see that
pesticides are toxic and present hazards to people in many
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ways, either directiy or indirectly, through ignorance which
leads to negligence.

Negligence leads to many problems. These problems
may I e minor or major, but in any event, you must be
knowledgevble enough to render assistance in overcoming
this problem.

The problem which we are referring to is accidental
pesticide poisoning. As you have already learned, a person
may become poisoned through ingestion, absorption, and
inhalation .

This section is devoted to the recognition of signs and
symptoms of various types of pesticide poisoning and the
first aid procedures you must take based upon the type of
pesticide and the method of entry.

249. Identify basic facts about peAicide modes of action.

Pesticide Modes of Action. The methods in which
pesticides affect living organisms are called modes of
action. The modes of action of many pesticides in use today
are either unknown or, in some instances, only partially
understood. However, medical research does give
sufficient information to permit certain generalizations.

Information regarding ways pesticides affect humans and
other mammals are given for the following compounds.

Organophosphates. These pesticides attach themselves
to cholinesterase, an enzyme in the blood, which is
normally present and required for proper nerve function.
Since the action of organophosphorus pesticides restrain the
enzyme chotinesterase, they are referred to as
cholinesterase inhibitors or anticholineasterase compounds.

Carbamates. These compounds are very similar to the
organophosphorus compounds with regard to the modes of
action. Carbamates also inhibit the enzyme cholinesterase;
however, they differ in action in that the effect on
cholinesterase is very brief because the carbamates are
quickly broken down in the body. Carbamates are referred
to as rapidly reversing inhibitors because the reversal is so
rapid that, unless special precautions are taken, samples of
blood cholinesterase of mammals that have been exposed to
carbamates will commonly be inaccurate, appearing to be
normal.

Organochlorines (chlorinated hydrocarbons). The exact
modes of action of these compounds is not known;
however, they do act on the central nervous system, and
repeated doses can cause liver and kidney damage in
animals.

Botanicals. The botanical compounds mu3t be divided
because the modes of action vary greatly based upon
chemical structure and toxicity to humans.

a. Pyrethrum. Pyrethrum is one of the least toxic
pesticides available. The extent of injury to humans usually
results in minor skin allergies, sneezing, and runny or stuffy
nose.

b. Strychnine. This chemical is known to affect the
nervous system and in some instances causes extreme
nervousness. The exact Mode of action is still not
completely understood.

Petroleums. Pettoleums such as kerosene and No. 2 fuel
oil have been used as mosquito larvicides for many years.
Research indicates these_ oils have a toxic fraction with a

low boiling point and high volatility, which penetrates the
tracheae of larvae and pupae and produces an anaesthetic
effect; and also have a less volatile fraction, which acts
more slowly and generally does not have any direct toxic
action, but suffocates by mechanicll interference with
breathing.

Petroleums may be absorbed orally or through the
respiratory tract but are only slightly absorbed dermally.
When sufficient quantities are ingested or inhaled by
humans it can cause severe aspiration and occlusion of the
respiratory system and may cause pneumonia or death.

Fumigants. Thc modes of acticn of furnigents arc varied;
therefore, the fumigants that are commonly used within the
Air Force will be discussed individually.

a. Methyl bromide. This compound is among the most
hazardous of the chemical compounds. It affects the protein
molecules within certain cells of the body and causes severe
kidney damage.

b. Hydrogen phosphide. Hydrogen phosphide is highly
toxic to all forms of animal life, and the mode of action is
the result of interference or inhibition of important cellular
enzyme systems vital to the oxygen t- ansport mechanisms
of the body.

c. Hydrogen cyanide (calcium cyanide). Hydrogen
cyanide can be inhaled or ingested and can increase
excretion of thiocyanate in the urine which can result in a
severe loss of oxygen in body cells.

Anticoagulants. These compounds cause capillary
damage and inhibit the formation of prothrombin, which
prevents the clotting of blood. This causes internal bleeding
after repeated dosages have been consumed.

Exercises (249):

1. What compounds inhibit the formation of
prothrombin, which prevents the blood clotting
process?

2. Name the botanical compound that is considered to be
one of the least toxic pesticides.

3. Two compounds that inhibit or restrain the enzyme
cholinesterase are and

4. What compound affects the protein molecules within
certain cells of the body and causes severe kidney
damage?

250. Determine what types of pesticides are indicated in
various pesticide poisoning incidents.

Signs and Symptoms of Pesticide Poisoning. You
should know what kinds of sickness are caused by the

99

2 1



pesticides you use. You also should know the conditions
under which each one may make you sick.

There are two kinds of clues of pesticide poisoning.
Some are feelings that only the person who has been
poisoned can noticesuch as nausea or headache. These
are symptoms. Others, like vomiting, also can be noticed
by someone else. These are signs. So you should know:

What your own feelings might mean.
What signs of poisoning to look for in your coworkers
and others who may have been exposed.

All pesticides in the same chemical group cause the same
kind of sickness. This sickness may be mild or severe,
depending on the pesticide and the amount absorbed. But
the pattern of illness cat. ,ed by one type of pesticide is
always the same. Having some of the signs and symptoms
does not always mean you have been poisoned. Other kinds
of sickness may cause similar signs and symptoms.
Headache and a feeling of being unwell, for example, may
signal the start of many kinds of illness. It is the pattern of
symptoms that makes it possible to tell one kind of sickness
from another, which is the subject of this topic as we
discuss various chemical compounds.

Organophosphates. These pesticides injure the nervous
system. The signs and symptoms go through stages. They
normally occur in this order:

(1) Mild poisoning.
Fatigue.
Headache.
Dizziness.
Blurred vision.
Too much sweating and salivation.
Nausea and vomiting.
Stomach cramps or diarrhea.

(2) Moderate poisoning.
Unable to walk.
Weakness.
Chest discomfort.
Muscle twitches.
Constriction of pupil of the eye.
Earlier symptoms become more severe.

(3) Severe poisoning .

Severe constriction of pupil of eye.
Muscle twitches.
Secretions from mouth and nose.
Breathing difficulty.
Unconsciousness.
Death if not treated.

Illness may be delayed a few hours. But if signs or
symptoms start more than 12 hours after you were exposed
to the pesticide, you probably have some other illness.
Check with a doctor to be sure.

Carbamates. The only carbamates likely to make you ill
on the job act almost like organophosphates. They produce
the same signs and symptoms if you are poisoned by them.
But the injury they cause can be corrected more easily by a
physician. For this reason, most carbamates are safer than
organophosphates. The label will warn you of the danger.

Organochlorines. Not many organochlorines
(chlorinated hydrocarbons) have poisoned applicators.

Early signs and symptoms of poisoning include:
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Headache.
Nausea.
Vomiting.
General discomfort.
Dizziness.

The person may also be unusually excited or irritable.
With more severe poisoning, cenvulsions follow. They may
even appear without the warning . symptoms. Coma may
follow the convulsions.

Botanicals. Botanicals are pesticides made from plants,
and some are very toxic anEt cause different reactions
depending on the type of chemical.

a. Pyrethrum. The signs and symptoms of this poison in
early stages usually result in:

Skin irritation.
Sneezing.
Runny nose.

More severe poisoning symptoms may include
headaches, tremors, and convulsions.

b. Strychnine. Signs and symptoms of this type
poisoning include:

Nervousness.
Stiffness of face and leg muscles.

0 Cold sweat.
Falling asleep.

A victim may undergo as many as 10 of these attacks
before either recovering or dying. Usually a victim will
succumb if medizal aid is not obtained before five of these
convulsions occur. If a victim withstands the first 5 to 6
hours, chances of recovery are good.

Petroleums. Too much exposure to these compounds
may make a person seem drunk. The signs and symptoms
are:

Poor coordination.
Slurring words.
Confusion.
Sleepiness.

Repeated exposure to these compounds can cause
permanent internal injury.

Fumigants. The compounds may present the same signs
to humans as the petroleums. The signs and symptoms for
common fumigants are provided below.

a. Methyl Bromide. This compound may make a person
seem drunk. The signs and symptoms are:

Poor coordination.
Slurring words.
Confusion.
Sleepiness.

Repeated exposure to the fumigant methyl bromide has
caused permanent internal injury without early signs or
symptoms of poisoning. You can absorb a fatal dose of it
before symptoms appear.

b. Hydrogen Phosphide. The early symptoms of
hydrogen phosphide poisoning are acute, obvious, and
readily reversible. Overexposure of hydrogen phosphide
results in:

Tightness in the chest and diaphragm.
Vomiting.
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Diarrhea.
Numbness.
Anxiety.
Dry coughs.

In cases of severe poisoning, victims may experience
cyanosis, muscular spasms, and cardiac insufficiency.

c. Hydrogen Cyanide. The signs and symptoms for this
fumigant are as follows:

Headac he .
Weakness.
Nausea.
Vomiting.
Increased rate of respiration.
Depression.
Rapid but weak pulse.

In cases of severe poisoning, victims may experience
cyanosis and convulsions, which may result in death.

Anticoagulants. Anticoagulant poisoning may be
recognized by experiencing pain to the back and abdominal
area. Vomiting and nosebleeding usually occur because
anticoagulants are designed to induce vomiting and prevent
the blood from clotting. Victims may have a skin rash
appear in the form of red patches along with unexplainable
bruises around the elbows and knees.

Now that you are aware of the effects of some chemical
compounds, keep in mind that everyone is subject to
various diseases and sicknesses. Therefore, individuals who
work with pesticides may not actually be poisoned even
though they may appear to have some of the signs and
symptoms. However, we must be alert.

Get medical advice quickly if you or any of your fellow
workers have unusual or unexplained symptoms starting at
work or later the same day. If you suspect a person has been
poisoned, do not leave him alone. Do not let yourself or
anyone else get dangerously sick .before calling your
physician or going to a hospital. It is better to be cautious
than too late. Take the container (or the label) of the
pesticide to the physician. Do not carry the pesticide
container in the passenger space of a car or truck.

Exercises (250):

For each of the foliowing situations, determine what type(s)
of pesticide is indicated as being the poisoning source.

1. After treating a small attic for wasps, Staff Sergeant
Lee complains of a runny nose, sneezing, and irritated
skin.

2. Airman Pyle returns from a herbiciding job acting
mildly confused, sleepy, and acts as if she has been
drinking on the job.

3. Sergeant Russ has been experiencing frequent
nosebleeds and has difficulty working because of
stomach cramps.

4. A headache, weakness, and a weak, rapid pulse
characterize Senior Airman Lowry's condition after
treating feral rodent burrows.

5. After spending several hours treating for flying
insects, Sergeant Major is experiencing a headache,
blurred vision, and his eye pupils are constricted.

251. Identify various types of accidental poisoning by
matching the type with preventive measures that would
nelp reduce poisoning dangers.

How People are Accidently Poisoned and How to
Prevent It. As humans we are considered to be the most
intelligent of all animal forms, so it seems that no one
should be dumb enough to become poisoned by pesticides.
However, there are many cases of human pesticide
poisonings reported each year, and there are many more
that are not reported because they have not been severe
enough to cause recognition by individuals.

Most all pesticide poisonings occur accidentally through
actions on the part of supposeCy intelligent human beings.
If we are so intelligent why and how do pesticide poisoning
accidents occur? This question can be answered by two
words, ignorance and negligence.

It has already been pointed out that pesticides can poison
people through ingestion, absorption, and inhalation, but
the methods by which these pesticides are accidentally
ingested, absorbed, and inhaled have not been pointed out.
The purpose of this lesson, therefore, is to identify the
methods by which these poisons are accidentally taken into
the body and to identify measures that can be taken to
prevent these accidents.

Poisoning by ingestion. Accidental ingestion of
pesticides occurs through the following ways:

(1) Sprays and dusts enter the mouth during application.
(2) Pesticides are consumed from unlabeled or

contaminated containers, such as beverage and milk
containers.

(3) Siphoning pesticides by the mouth in transferring
from one coatainer to another.

(4) Eating or drinking items that have been contaminated
with pesticides.

Preventing accidental ingestion. You can take the
following measures to prevent accidental ingestion of
pesticides:

(5) Be certain the area being treated is vacated by other
personnel during application.

(6) Make sure respirators or masks are worn by operators.
(7) Insure that all containers used for storing pesticides

are clearly and properly labekd at all times.
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(8) Store all pesticides in a secure area and out of reach of
children.

(9) Make sure all consumable products and wares are
removed or properly covered when you're applying
pesticides in the area.

(10) Make certain that the no-smoking, eating, or
drinking rule is followed during all phases of pesticide
handling.

( I I) Never use your _mouth to siphon pesticides.
Poisoning by absorption. Accidental pesticides

absorption occurs through these ways:
(12) Pc Lcides settle on the skin during application and

are absorued.
(13) Workers spill or splash pesticides on clothing and

skIn during mixing, transporting, and/or application.
(14) People enter treated areas too soon after application

and come in contact with recently applied pesticides.
(14) Pesticide containers (empty or with contents) are left

unsecured or aren't disposed of properly, permitting reuse
or use as play objects for children.

(16) Contaminated pesticide equipment isn't cleaned
properly.

Preventing accidental absorption. These measures can
be taken to prevent accidental absorption of pesticides:

(1) Make sure the area being treated is vacated by other
personnel during application.

(2) Store all pesticides in a secure area.
(3) Insure that coveralls, gloves, boots, goggles. and hats

are worn during application and aprons are worn in addition
while mixing.

(4) Mix, transport, and apply pesticides carefully to
avoid spills and drips.

(5) Clean up pesticide spills immediately.
(6) Observe the no-smoking, eating, or drinking rule

while handling pesticides.
(7) Allow enough time for pesticide residuals to dry

before reentry is allowed.
(8) Properly discard or secure empty pesticide containers.
(9) Secure partial or full pesticide containers so

unauthorized personnel can't get to them.
Poisoning through inhalation. Accidental inhalation of

pesticidal vapors occurs through the following methods:
( I ) During storage, mixing, and application.
(2) Unsecured or occupied areas being treated.
(3) Smoking.

Preventing accidental inhalation. The following
measures can be taken to prevent inhalation of pesticides:

( l) Store pesticides in a well-ventilated area.
(2) Store all pesticides in a secure area.
(3) Inspect containers for deterioration.
(4) Mix pesticides in a well-ventilated area.
(5) Observe the no-smoking. eating, or drinking rule

while handling and applying pesticides.
(6) Wear approved gas masks or respirators while mixing

or applying pesticides.
(7) Temporarily vacate and secure areas that are being

treated.
(8) Properly identify areas being fumigated.
(9) Discard or secure pesticide containers.
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Exercises (251):

I . Match the appropriate preventive measures in column
B with the method of poisoning in column A.

?lumn A Column B

( I ) Pesticides are drunk a Prevent' reentry into treated
from beverage con- areas until residuals are dry.
tainers. b. Insure that areas where pesti-

(') Pesticides are ingested cides are kept are properly
while applying sprays ventilated.
and dusts. c. Always wear appropriate

(3) Pesficides are absorbed respirators for jobs being
by children through acr.mplished.
contact with uneva- d. Adhere to the no-smoking,
ported residuals, drinking, or eating rule.

(4) Pesticides are inhaled e. insure that pesticides are
within the stoi.-..ge area. stored only in their proper

(5) Pesticides are ingested container at all times.
by the operator during
application even though
all required protert:ve
equipment was being
worn at the time.

2. What are the two basic causes of all accidental
pesticide poisonings?

3. List the two preventive measures that appear in each of
the three groups of preventive measures.

252. List the steps to follow in giving first aid to
poisoning victims and specify responsibilities and basic
guidelines for giving first akl.

First Aid for Poisoning Victims. As a pest management
specialist, you must anticipate possibilities of accidental
pesticide poisoning and establish actions to be taken in the
event poisoning does occur.

If you are alone in the field with an individual who
becomes sick, or if you become sick while applying
pesticides, cease operations immediately and proceed to
obtain the nearest professional medical assistance.

In the event you are alone with an individual who has
become acutely poisoned with pesticides in the field and a
vehicle is available, transport the victim immediately to a
facility that has a telepnone or professional medical
assistance, depending upon the condition of the victim and
proximity of the facilities.

Each and every individual is obligated to do whatever
can be done to save a human life when called upon to render
first aid. Your first responsibility in rendering first aid is to
keep the victim alive; and the second is to seek professional
medical assistance as soon as possible.

Being a pest manager, you must know the first aid
procedures for pesticide poisoning, because it's possible
that you may arrive at a scene of pesticide poisoning and
will need to give first aid to the victim. Or you could even
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be the victim of accidental pesticide poisoning yourself. In
either case, you must know what to do and how to respond
to the situation. Remember that first aid is only a measure
to save a victim until professional medical assistance can be
obtained and is not to be substituted for professional
medical assistance.

The primary purpose of first aid is to prevent further
absorption of a poison, which means that aid must be given
immediately. The intent of this lesson is to describe steps
you can take in circumstances involving pesticide
poisonings that occur through absoiption, inhalation, and
ingestion, if you happen to be the victim or alone with a
victim.

First aid procedures if you are the victim. Prior to using
any pesticide, it is important to read the directions in the
"Statement of Practical Treatment" on each pesticide
container label. These instructions can save your life and
the lives of your fellow workers.

Self first aid for absothed pesticides. If you get a
pesticide on your skin:

( I ) Remove the pestiLide as quickly as possible. (NOTE:
This may require you to jump immediately into a shower or
waterhole, clothes and all.)

(2) Remove all contaminated clothing and wash your
entire body thoroughly to include the hair, eyes, ears, and
under the fingernails.

(3) Obtain medical attention for examination and to alert
the staff for possible side effects.

Self first aid for inhaled pesticides. If you accidentally
inhale pesticides:

( I ) Vacate the area and get to fresh air immediately.
(2) Obtain medical attention for examination and to alert

the staff for possible side effects.
Self first aid for ingested pesticides. If you accidentally

ingest pesticides:
( I ) Rinse your mouth with plenty of water.
(2) If the "statement of practical treatment" on the

pesticide label recommends a general antidote, administer
at once.

(3) Obtain medical attention immediately.
First aid procedures if you are alone with a victim. As a

general rule, from the safety standpoint, you should never
apply the more toxic pesticides alone. You should always
operate under the "buddy system" just as it is suggested
when hiking or swimming, because you never know when
an accident may occur. If an accidental pesticide poisoning
does occur to a fellow worker, you should know the first aid
procedures and follow them step by step. There are many
circumstances that may be involved in accidental
poisonings, such as the victim being poisoned through
absorption, inhalation, and/or ingestion and being
conscious or unconscious with or without readily available
medical assistance. Therefore, recognition of these
circumstances and your speed and accuracy in reaction to
them is your responsibility and could mean the difference in
life or death to your fellow worker and a clean conscience
for yourself.

When pesticide poisoning by skin absorption is
suspectr..-d. If the victim is unconscious and medical
assistance is not readily available by telephone, follow
these steps:

(1) Don gloves and remove the victim from the
contaminated area by carrying, using extreme caution to
avoid self-contamination.

(2) Determine if the victim is breathing; if not,
administered back pressure-armlift artificial respiration
immediately; and if breathing (or once the victim's
breathing has been restored), decontaminate the victim by
drenching the entire body, clothes and all, with a shower,
hose, or waterhole.

(3) Treat the victim for shock.
(4) Determine the type of pesticide absorbed if possible.
(5) Obtain medical assistance as rapidly as possible

pertaining to the victim's condition, the first aid measures
rendered, and the type of pesticide absorbed or suspected to
have been absorbed.

NOTE: If the victim is unconscious and medical
assistance is readily available by telephone, follow these
procedures:

( I ) Don gloves and remove the victim from the
contaminated area by carrying, using extreme caution to
avoid self-contamination.

(2) Determine if the victim is breathing; if not,
administer back pressure-armlift artificial respiration
immediately; and if the victim is breathing (or once
breathing has been restored), decontaminate the entire body
in the same manner as previously described.

(3) Treat the victim for shock.
(4) Call for medical assistance and provide all details

possible at this time concerning the incident.
(5) Determine the type of pesticide responsible for the

poisoning and remain by the victim to monitor conditions
and to provide information to the medic.

NOTE: If the victim is conscious and medical assistance
is not readily available by telephone, follow these steps:

( I) Don gloves and remove the victim from the
contaminated area by carrying, using extreme caution to
avoid self-contamination.

(2) Decontaminate the victim by drenching the entire
body.

(3) Treat the victim for shock.
(4) Determine the type of pesticide absorbed if possible.
(5) Obtain medical assistance as rapidly as possible and

provide the medic with all information possible pertaining
to the victim's condition, the first aid measures rendered,
and the type of pesticide absorbed or suspected to have been
absorbed.

NOTE: If the victim is conscious and medical assistance
is readily available by telephone, follow these steps:

(I) Don gloves and remove the victim from contaminated
area by carrying, using extreme caution to avoid self-
ctami nat ion.

(2) Decontaminate the victim by drenching the entire
body.

(3) Treat the victim for 0)ock.
(4) Call for r aical assistance and provide all

information possible at this time pertaining to the incident.
(5) Determine the type of pesticide responsible for the

poisoning, if not already known, and remain by the victim
to monitor conditions and to provide additional information
to the medic.
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When pesticide poisoning by inhalation is suspected. If
the victim is unconscious and medical assistance is not
readily available by telephone follow these steps:

(I) Don air-supplied respirator and remove victim to
fresh air, if in an enclosed area.

(2) Loosen all tight clothing.
(3) Determine if victim is breathing; if not, administer

back pressure-armlift artificial respiration immediately.
(4) If victim is breathing, or once breathing has been

restored, treat for shock.
(5) Determine the type of pesticide involved in the

incident if possible.
(6) Obtain medical assistance as rapidly as possible,

keeping the victim quiet and warm and monitoring the
victim's condition.

NOTE: If the victim is unconscious and medical
assistance is readily available by telephone, follow these
steps:

(1) Don air-supplied respirator and remove victim to
fresh air, if in an enclosed area.

(2) Loosen all tight clothing.
(3) Determine if victim is breathing; if not, administer

back pressure-armlift artificial respiration immediately.
(4) If victim is breathing, or once breathing has been

restored, call for medical assistance.
(5) Treat the victim for shock.
(6) Determine the type of pesticide involved in the

incident if possibizt.
(7) Remain with victim to monitor the victim's condition

and to provide information to the medics pertaining to the
incident.

NOTE: If the victim is conscious and medical assistance
is not readily available by telephone, follow these steps:

(1) Don air-supplied respirator and remove victim to
fresh air, if in an enclosed area.

(2) Loosen all tight clothing.
(3) Treat the victim for shock.
(4) Determine the type of pesticide involved in the

incident if possible.
(5) Obtain medical assistance as rapidly as possible while

monitoring the victim's condition.
NOTE: If the victim is conscious and medical assistance

is readily available by telephone, follow these steps:
(1) Don air-supplied respirator and remove victim to

fresh air, if in an enclosed area.
(2) Loosen all tight clothing.
(3) Call for medical assistance.
(4) Treat the victim for shock.
(5) Remain with victim to monitor the victim's condition

and to provide information to the medics pertaining to the
incident.

c. When pesticide poisoning by ingestion is suspected.
If the victim is unconscious and medical assistance is not

readily available by telephone, follow these steps:
(1) Determine if the victim is breathing; if not,

administer back pressure-armlift artificial respiration.
(2) Obtain medical assistance as rapidly as possible if

victim is breathing or once breathing has been restored.
(3) During transport to, or while waiting for medical

assistance, treat the victim for shock and monitor the
victim's condition at all times.
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If the victim is unconscious and medical assistance is
readily available by telephone, follow these steps:

(1) Call for medical assistance.
(2) Determine if victim is breathing; if not, administer

back pressure-armlift artificial respiration.
(3) Treat the victim for shock.
(4) Determine the type of poison ingested if possible and

remain with the victim until medical assistance arrives.
(5) Once medical assistance has arrived, provide all the

information possible pertaining to the type of poison
ingested and first aid measures that have been administered.

NOTE: If the victim is conscious and medical assistance
is not readily available by telephone, follow these steps:

(1) Obtain medical assistance as rapidly as possible by
transporting to a hospital or physician.

(2) During the process of obtaining medical assistance,
monitor the victim closely.

(3) If victim loses consciousness, check breathing; and if
not, administer back pressure-al mlift artificial respiration.

(4) Once victim's breathing has been restored, proceed
for medical assistance and provide the medics with all
information possible pertaining to the incident.

NOTE: If victim is conscious and medical assistance is
readily available by telephone, follow these steps:

(1) Call for medical assistance.
(2) Determine the type of pesticide ingested if possible.
(3) Administer the recommended antidote if there is one

and if it is available.
It is recognized that the first aid procedures outlined in

this objective do not cover all pesticide poisoning situations
and that they are not absolute. However, they do provide
you with a basis for rendering first aid to a poisoned victim.
There are many circumstances in which you may be
required to react on your own common knowledge of first
aid and the circumstances involved at that time.

Exercises (252):

1. A victim suspected of being poisoned with a fumigant
is unconscious and breathing, and medical assistance
is not readily available. The first aid procedures to be
taken are the following.

(1)

(2)

(3)

(4)

(5)

2. A victim suspected of being poisoned by absorbing
pesticides is conscious, and medical assistance is
readily available: Tbe first aid procedures to be taken
are as follows:

(1)

(2)

(3)
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(4)

(5)

3. A victim suspected i being poisoned by the ingestion
of a pesticide is unconscious and not breathing;
medical assistance is not readily available by
telephone. The first aid procedures to be taken are as
follows:

(1)

(2)

(3)

4. If you happen to spill pesticides on your body, what is
the first step that you should take in rendering first aid
to yourself?

5. Why should medical attention be obtained even though
poisoning is not expected to be severe?

6. What is the most important source for obtaining first
aid instructions for each pesticide?

7. What responsibility rests upon you as a pest
management specialist prior to applying any pesticide?

8.
(a) What is your first responsibility in rendering

first aid?

(b) What is your second responsibility?

9. First aid is not to be substituted for

10. Recognizing the fact that all pesticide poisoning
situations cannot be predicted and the first aid
procedures to be applied in any given situation are not
absolute, how may you be required to react?

11. The first aid procedures to be taken for accidental
pesticide poisoning depend upon the
involved at the time.

12. The type of artificial respiration to be administered to a
victim of pesticide poisoning is the

type.

253. Identify the types of antidotes to be administered
for specific pesticides and the precautions to be taken for
pesticide poisoning situations.

Antidotes for Poisoning Victims. Many antidotes have
already been discussed in previous objectives because an
antidote is defined as a remedy used to counteract effects of
a poison or to prevent or relieve poisoning. Therefore, the
safety precautions for storing, mixing, transporting, and
applying pesticides and a knowledge of first aid may be
considered antidotes because they can prevent or elieve
poisoning.

This objective provides special warnings in the use of
antidotes for certain types of poisons and in certain
situations; it also identifies antidotes that are given orally or
intravenously for common pesticides.

Special warnings for oral antidotes. In situations
involving certain types of poisons, oral antidotes must not
be given to a victim of accidental poisoning because they

obably would cause more damage to the victim. You
must know when and when not to administer an antidote for
specific types of poisoning. Special warnings for
administering antidotes are as follows:

a. Most toxic chemical labels provide first aid
instructions ("Statement of Practical Treatment" on
pesticide labels) for that particular chemical. Therefore, if
the container for the poisen known to be responsible for the
accidental poisoning is readily available, it is imperative
that you read these instructions prior to administering
anything orally.

b. Never give anything orally to an unconscious victim.
c. Never induce vomiting if the victim is unconscious or

is in convulsions.
d. Never induce vomiting if the victim has swallowed

petroleum products such as kerosene, gasoline, and diesel
fuel, or has swallowed corrosive poi3ons such as lye, acids,
and lysol.

e. Do induce vomiting when noncorrosive substances
have been swallowed, if the victim is conscious and not
convulsive.

Antidotes for common pesticide compounds. There are
several household items normally found within the home
that can be used as antidotes for poisons, and the item that
should be used depends upon whether or not vomiting is to
be induced. The antidotes given at home or on the job are
only temporary measures, and their effects on the victim of
accidental pesticide poisoning is dependent upon the speed
in which they are given. Antidotes that have been given at
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home or on the job are not to be substituted for professional 2. You must never administer anything orally to an
medical treatrneno. victim.

Some household items and their uses as antidotes for
poisons are as follows:

Clean water can be used as a diluent.
Salt water car be used as a diluent and emetic. 3. For what two circumstances can vonliting he induced?
Milk can ly! used as a diluent or neutralizer of acid or (1)alkali poisons.
Milk of magnesia can be used as a neutralizer of acid (2)
poisons.

NOTE: Before any of these items are used as antidotes
remember the "special warnings" that were given at the 4. In what two circumstances should vonliting not be
beginning of this objective. induced'?

The universal antidote is used for a wider variety of
commonly used pesticides than any other antidote. This
antidote is given orally in cases of poisoning by the
following pesticide compounds:

Organochlorines (chlordane, Dieldrin, lindane, etc.).
Phenoxy herbicide.
Hydrogen cyanide (calcium cyanide).
Pentachlorophenol.

The universal antidote can be prepared by a pharmacist
by mixing 2 parts activated charcoal, 1 part magnesium, 1
part oxide, and 1 part tannic acid. This mixture is then
administered as 1/2 ounce per 1/2 glass of warm water.

NOTE: A homemade universal antidote can be prepared
by using 4 tablespoons of crumbled, burned black toast; 2
tablespoons of strong tea, and 2 tablespoons of milk of
magnesia.

Atropine is the specific antidote for organophosphate
pesticides such as diazinon and malathion, and the
carbamate pesticides such as carbaryl and propoxur.
Atropine can be administered intravenously or orally.

An antidote that is frequently used in conjunction with
atropine to counteract organophate poisoning is 2PAM.
However, it must not be used for carbamate poisoning.

Vitamin K is the antidote to be used in counteracting
anticoagulant poisons such as warfarin, Diaphacin and
Pival. This antidote must be administered by a physician.

BAL is a specific antidote to be used for arsenical
poisons. This antidote can be obtained from a pharmacist
but must be injected by a physicia7

Now that you are aware of the requirements for handling
pesticides safely at all times and guidelines have been
furnished in the prevention of pesticidal accidents, you
should be capable of avoiding the unwarranted destruction
of property, contamination of the environment, and human
poisoning.

In the event that poisoning does occur to humans by
pesticides, you now have the basic knowledge for keeping
victims alive until professional medical assistance is
obtained.

(1)

(2)

5. Antidotes that are given in the home or on the job are
only measures and should never be
substituted for
treatment.

6. The degree of results in administering proper antidotes
is dependent upon the in which they are
given.

7 . List two common household items that are identified
in the text that can be used as neutralizers for some
pesticide poisonings.

8. The specific antidote for organophosphate poisoning is
, and this antidote can be used as an

antidote for carbamate poisoning.

9. List the ingredients and the amount of each required in
preparing the homemade universal antidote.

Exercises (253):

1. An antidote for pesticide poisoning should never be 10. The pharmaceutical universal antidote is given orally
administered until the type of responsible to counteract what pesticidal compounds?
for the poisoning is known.
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11. What antidote can be used for organophosphates but 13. Vitamin K is the antidote that must be administered by
not for carbamates? a physician to counteract poisoning.

12. Name the antidote that can be obtained from a 14. Based upon what you have read in previous
pharmacist but must be administered by a phyician for discussions of pesticide characteristics, what is the
arsenical poisoning. function of Vitamin K?
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Cont'd)

1. Three or 4 pairs of walking legs (Fig. 1 A & 8)
2

Five or more pairs of walking legs (Fig. 1 C & D)
33

Three pairs of walking legs (Fig. 2 A)
3

Four pairs of walking legs (Fig.

Fig. 2 A

2 13)
25

Ns
3. Wings present, well developed (Fig. 3 A)

Fig. 2

--mouthparts

4

Wings absent or rudimentary (Fig. 3 13 & C) 13

Fig. 3 A

4 With our pair of membranous wings (Fig. 4 A). ORDER D1PTERN

Wits two pairs of wings (Fig. 4 8 & C)

41c 0 re

.4t17=1;;;)

aci
ow
,

Fig. 4 A

-

Fig. 3 C

5

6

Fig. 4 b
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Coned)

5. Wings with scales (Fig. 5 A). FAMILY CULICIDAE

Wings without scalcs (Fig. 5 It).

tig. ')

_

DIPTERA OTHER THAN MOSQUITOES

MOSQUITO

FLY

Fig. 5 B

6. Mouthparts adapt,d :or su::.ing, with elongate proboscis (Fig. 6 A) 7

Mouthparts adapted tor chewing, without elongate proboscis (Fig. 6 B) 9

*

0 I' (
r

Fig. 6 A

7. Wings densely covered with scales; proboscis coiled (Fig. 1 A). ORDER LEPIDOPTERA
MOTH OR

Wings not covered with scales; proboscis not coiled (Fig. 7 B)

BUTTERFLY

8

Fig. 7 B

8. Wing with fringe of long hair (Fig. 8 A). ORDER THYSANOPTERA THRIPS

Wing without long hair (Fig. 8 B). ORDER HEMIPTERA KISSING BUG

I I I
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Coned)

9. Both pair of wings membranous and similar in structure (Fig. 9 A) 10

Front pair of wings shell-like or leather7 serving as cpvers fur the second pair (Fig. B) 11

-10,VA

;1St

Fig. 9 A tA Fig. 9 B

10. Both pairs of wings 1:1,,,ilar in size (Fig. 10 A). ORDER ISOPTERA TERMITE

Hind wing ^Inch smaIlnr than front wing (Fig. 10 B). ORDER HYMENOPTERA
BEE, HORNET, WASP, YELLOW JACKEf. OR ANT

Fig. 10 A

11. Front_ wings horny or leathery, without distinct veins (Fig. 11 A) 12

Front wings leathery or paper-like, with distinct veins

Fig. 11 A

(Fig. 11 B). ORDER DICTYOPTERA _COCKROACH

12. Abdomen with promirwnt cerci; wings shorter than abdomen (Fig. 12 A). ORDER DERII,W1ER%

Abdomen without prominLnt ceeci; wings covering abdomen (Fig. 12 B). ORDER COLEOFFiR\

112
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Cont'd)

13. Mouthparts with jaws for chewing (Fig. 13 A) 14

Mouthparts with a long beak or stylets for sucking up food (Fig. 13 R) 21

14. With thr k. t,pg terminal tails (Fig. 14 A). ORDEN THYSANURA AtYLRFISH AND FIREBRAT

Without three ion!: terminal tails (Fig. 14 B) 15

Fig. 14 A
Fig. 14 R

15. Abdomen with prominent pa.r of cervi (Fig. 15 A). ORDER DERMAPTEPA EARWIG

Abdomen without prominent pair of cerei (Fig. 1-", 11) 16

ins GM
Fig. 15 A Fig. 15 11

16. With narrow waist (Fig. 16 A). ORDER HYMENOPTERA ANT

Without narrow waist (Fig. 16 11)

Fig. 16 A

17
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Cont'd)

17. Antenna with fewer than 8 segments (Fig. 17 A) 18

Antenna with more than 8 segments (Fig. 17 B) 19

Fig. 17 A Fig. 17 B

18. Abdomen with 6 or fewer segments (Fig. 18 A). ORDER COLLEMBOLA SPRINGTAIL

Abdomen with more than 6 segments (Fig. 18 B). ORDER MALLOPHACA CHEWING LOUSE

Fig. 18 A
Fig. 18 B

19. Tarsus with 4-5 segments (Fig. 19 A) 20

Tarsus with 1-3 segments (fig. 19 8). ORDER PSOCOPTERA BOOK LOUSE OR PSOC.D

20. Pronotum narrower than head, never covering head (Fig. 20 A). ORDER ISOPTERA TERMITE
Pronotum broader than head, often covering head (Fig. 20 8). ORDER ORTHOPTERA COCKROACH

Fig. 20 A
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Cont'd)

21. Flattened laterally (Fig. 21 A). ORDER SIPHONATERA FLEA

Flattened dorso-ventrally (Fig. 21 B)
22

A.

Fig. 21 A

22. Foot terminating in protrusible bladder (Fig. 22 A). ORDER THYSANOPTERA THRIPS

Foot not terminating in protrusible bladder (Fig. 22 B)

Fig. 22 A

23. Beak jointed (Fig. 23 A). ORDER HEMIPTERA BEDBUG

Beak not jointed (Fig. 23 B)
24

Fig. 22 B

23

24. Mouthparts retracted into head (Fig. 24 A). ORDER ANOPLURA SUCKING LOUSE

Mouthparts not retracted into head (Fig. 24 B). ORDER DIPTERA KED OR LOUSE FLY

00^

Fig. 24 A

22 7 115

Fig. 24 B
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Cont'd)

25. Abdomen well-developed (Fig. 25 A). CLASS ARACHNIDA 26

Abdomen peg-like (Fig. 25 B). CLASS PYCNOGONIDA SEA SPIDER

26. Abdomen distinctly segmented (Fig. 26 A)

27.

Abdomen not distinctly segmen

Abdomen

2.6 /I)

lengthened to form a long tail (Fig. 27 A)

Abdomen not lengthened to form

Fig. 26 B

27

31

28

a long tail (Fig. 27 B)

28. Tail with stinger (Fig.

Fig. 27 B

28 A). ORDER SCORPIONIDA . SCORPION

Tail without stinger (Fig. 28 B). ORDER PEDIPALP/DA WHIP SCORPION
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Cont'd)

29. With large pincer-like claws (Fig. 29 A). ORDER PSEUDOSCORPIONIDA PSEUDOSCORPION

Without large pincer-like claws (Fig. 29 B) 30

30. Legs not longer than body (Fig. 30 A). ORDER SOLPUGIDA SUN SPIDER

Legs much longer than body (Fig. 30 B). ORDER FHALANGIDA DADDY LONG-LEG SPIDER

Fig. 30 A

31. Abdomen constricted to form a narrow waist (Fig. 31 A). ORDER ARANEIDA SPIDER

Abdomen not constricted (Fig. 31 B) 32

Fig. 31 B

32. Body with long hair; Haller's organ absent (Fig. 32 A). ORDER ACARINA MITE

Body without hair or short hair; Haller's organ present (Fig. 32 B).
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APPENDIX
ARTHROPODS OF PUBLIC HEALTH IMPORTANCE: KEY TO COMMON CLASSES AND ORDERS (Cont'd)

33. Five to 7 pairs of walking legs (Fig. 33 A). CLASS CRUSTACEA 34

More than 14 pairs of walking legs (Fig. 33 B) 36

34. Abdomen without appendages (Fig. 34 A). ORDER COPEPODA COPEPOD

Abdumvn with appendages (Fig. 14 B) 35

35. Thorax covered with a fused plate; eyes, when present, on movable stalks (Fig. 35 A & B)
ORDER DECAPODA LOBSTER, CRAB, CRAYFISH, SHRIMP, ETC.

Thorax not covered with a fused plate; eyes, when present, not on movable stalks (Fig. 35 C & D)...
ORDER ISOPODA SOWBUG, PILLBUG

Fig. 35 D
36. Om pair of legs per body segment (Fig. 36 A). CLASS CHILOPODA CENTIPEDE

rwo pairs of legs per body segment (Fig. 36 B). CLASS DIFLOPODA MILLIPEDE
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Answers for Exercises

CHAPTER I

Reference:

200 - I. Systematic biology is the arrangement of living things into
groups having similar characteristics.

200 - 2. Systematic biology.
200 3. The binomial system of nomenclature.

201 - I.
201 - 2.
201 - 3.
201 4.

202 - 1.
202 2.
202 3.
202 4.
202 5.

Applying two names to an organism.
Culex.
Domenico.
Scientific name.

Structure.
Kingdom.
Class.
Genus.
Phylum.

203 - I. It must be capable of motion and have no chlorophyll.
203 2. The primary difference is the type of skeleton each phylum has.

The phylum Chordata has an internal skeleton (endoskeleton),
and the phylum Arthropoda has an external skeleton
(exoskeleton).

203 3. Two wings with a second pair modified into halteres or
balances, sucking mouthparts, and complete metamorphosis.

204 - 1.
204 - 2.
204 3.
204 4.
204 - 5.

False.
Arthropoda.
Hexapoda and Arachnida.
Crustacea.
(I) d.
(2) a.
(3) b.
(4) e.
(5) c.

205 - I. Head, thorax, and abdomen.
205 2. a. Abdomen.

b. Thorax.
c. Head.
d. Abdomen.
e. Thorax.

205 - 3. Sclerites.
205 4. Membraneous sutures.
205 5. They are as organs of touch, smell, and sometimes. hearing.
205 6. Mouthparts Insect (any one of

the following)
( I) Chewing. Cockroaches, ter-

mites, chewing
lice.

(2) Rasping-
sucking.
(3) Piercing-
sucking.
(4) Sponging.

(5) Siphoning.

Trips.

(6) Chewing-
lapping.

205 7. Two pairs.
205 - 8. Metamorphosis.
205 - 9. Gradual or incomplete metamorphosis.
205 10. Complete metamorphosis.

Biting
mosquitoes.
Houseflies, blow
flies, fruit flies.
Moths and
Butterflies.
Bees and wasps.

206 I. (1)h.
(2) c.
(3) g.
(4) d.
(5) i.
(6) a.
(7) h.
(8) f.

207 I . Mallophaga: chewing lice.
207 2. Psocoptera: psocids.
207 3. Dictyoptera: cockroaches, praying mantids. walking sticks.
207 4. Thysanoptera: thrips.
207 - 5. Thysanura: firebrats and silverfish.
207 6. Mallophaga: chewing lice.
207 7. Lepidoptera: butterflies and moths.
208 I . c.

(2) a.
(3) b.

209 I. Mc.
(2) C.
(3) b.
(4) a.
(5)d.

209 2. They have an open circulatory system. Thc blood isn't enclosed
in vessels but is circulated freely through thc hody.

209 3. The skeletal system.
209 - 4. Oviparous.
209 5. Parthenogenesis.

210 I .

210 2.
210 3.
210 4.
210 5.
210 - 6.
210 7.
210 - 8.

Smell.
Touch: hearing.
False.
False.
Smell.
Depositing thc eggs.
Compound eyes.
Simple stimuli.

CHAPTER 2

211 1. Population shifts can be detected: you can concentrate control
efforts in areas where they're most needed: and select control
methods more effectively. Problem awareness by others is
increased, as needed: consultations are made easier: and you
can plan ahead logistically.

211 2. Basic and operational.
211 - 3. Your reasons may include:

(1) To determine the prevalence of beneficial or detrimental
plants or animals.

(2) To identify beneficial or detrimental features.
(3) To determine why pests are established in the area.
(4) To see what conditions could result in future infestations.

211 4. Your reasons may include:
( I) To get new information for basic survey questions.
(2) To identify conditions that could prevent your taking control

measures.
(3) To ensure adequate treatment.
(4) To identify undesirable side effects.
(5) To determine if the program met its objectives.

211 5. Probing.
211 - 6. Skimming.
211 7. Trapping.
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212 I. Surveillance and identification.
212 2. Live collections must be conducted when specimens are to be

used for research.
212 3. a. ( 1) Trapping: (a) light traps. (b) cage traps.

(2) Biting and resting: (a) aspirators.
b. (1) Cloth drags: (a) flannel cloth drag.

(2) Pick;ng: (a) twcezers.
c. (1) Trapping: (a) cage traps.
d. (1) Dipping: (a) dipper.

(2) Skimming: (a) dipper.
e. (I) Combing: (a) comb.

(2) Brushing: (a) brush.
(3) Swirling: (a) swirling ;ar.
(4) Picking: (a) tweezers.

213 - I. Pictorial; dichotomous.
213 - 2. Dichotomous.
213 3. Pictorial.
213 4. a. ( I) Dictyoptera.

(2) Cockroach.
(3)1, 2, 3, 4, 6, 9 (and) 11.

b. (1) Acarina.
(2) Tick.
(3) I. 2. 25. 26. 31 (and) 32.

214 I. Adjust the width of the eyepiece adapter.
214 - 2. To adjust the magnification.
214 - 3. Properly illuminate thc specimen.
214 - 4. Right eye.
214 - 5. Clean with a cotton swab that has been moistened with a soap or

detergent solution and dry with a cotton swab.
214 6. False.

215 I. To allow interested persons to become familiar with pests
common to the area.

215 2. Dry preservation.
215 - 3. 2 percent caustic potash; synthetic detergent.
215 - 4. Cut off the abdomen at the base, lay it on a flat surface, and

squeeze the fluid out by rolling a small round object from
abdomen tip toward the cutoff portion.

215 - 5. Camel's-hair brush.
215 - 6. Ethyl acetate. benzene, and ether.
215 - 7. Direct, staging. carding. and pointing.
215 8. Scientific name of specimen. the scientist who described the

specimen, and the date originally described.
215 - 9. Paradichlorobenzene; naphthalene.

216 - 1. Soft-bodied.
216 - 2. Ethyl alcohol. Pampel's fluid, and chloral hydrate.
216 - 3. Spirit-preserved specimens should be stored in a cool, dark area

ar.d away from all sources of heat.
216 - 4. Smearing.

217 I. Remove air bubbles.
217 2. 4; 5.
217 3. Back and forth motion.
217 4. a. Determine the number of liquid ounces required to fin the

container.
Convert the ounces into cubic centimeters.
Divide the total cubic centimeters by 3.

b.
C.

218 I. 10 percent caustic potr.sh; 12 hours.
218 2. Lighten.
218 - 3. Acetic acid.
218 - 4. Acid fuchsin.
218 - 5. Water.
218 - 6. Dehydrate.
218 - 7. Caustic potash.

Involves reducing a pest's access to food. shelter, and
water: or making the environment more favorable to natural
enemies.
Using direct or indirect nonchemical methods to dcstroy
pests, or making the environment unsuitable for their entry.
dispersal. survival, or reproduction.
The regulation of pest organisms by their natural enemies.
such as pathogens. predators, and parasites.

120

d. Controls that involve tearing and releasing insects which
are sterile or altered genetically in order to suppress
members of their own species.

e. The use of materials which kill, repel, trap, confuse, or
regulate the growth of pests.

219 2. a. Mechanical.
b. Chemical.
c. Cultural.
d. Cultural.
2. Biological.
f. Chemical.

Mechanical.
Autocidal.
Biological.
Mechanical.

S.
h.

220 1 .

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

220 2. a.

b.
c.

d.

e.

Your sources may include:
USAF meteorological office.
National Weather Service.
County extention office.
County health office.
Past pest management program reviews.
Pest summary reports.
Pest management maintenance records.
Basic survey.
Information on rainfall, temperatures. wind speed, and
wind directions.
Pest population trends and movement patterns.
Information on managing health-related pests, local pests
of medical importance, areas near your base wherc pests
may be breeding.
Why pest management programs are needed; when. where,
and how the work could be done.
What conditions are allowing the pests to become
established in an area. beneficial or detrimental features of
the area.

221 I. (I) a. g.
(2) e, h.
(3) c. f. i.
(4) b. j.
(5) b. e. h.
(6) d.

222 I. (I) c.
(2) e.
(3) h.
(4) f.
(5) i.
(6) g.
(7) b.
(8) d.
(9) a.
(10) j.
(II) k.

223 I.
223 2.

3.
223 4.
223 5.
223 6.

Misting.
Dusting.
Fumigation.
Aerosoling.
Fumigation
Granulating.

224 1. (I)b.
(2) a.
(3) a.
(4) b.
(5) b.
(6) a.
(7) b.
(8) a.
(9) a.
(10)a.
(I1)a.
(12) a.
(13) a.



(14) a.
(15) b.

225 I. (I)e.
(2)c.
(3) 1.
(4) d.
(5) b.
(6) g
(7) a.

226 I. All personnel engaged in direct field supervision of pest
management operations, or those wilt) operate independently of
direct supervision.

226 2. Every 3 years.
226 3. To identify individuals who have proved they are competent in

handling pesticides and to insure they are aware and
knowledgeable of current policies related to all phases of pest
management.

226 4. A letter requesting certification or recertification is forwarded
through proper channels to the designated certifying official.

226 5. a. Category of certification requested.
b. Individual's name, rank, and social security number.
c. Training accomplishments within the career field.

227 I. To maintain a complete record of all pest problems and the
procedures used to deal with those problems.

227 2. Each time control measures are taken.
227 3. Two years after a treated building is destroyed.
227 4. Date: 23 March 1984.

Units Serviced: Bottom floor, admin. section.
Work Origin: WR.
Unit of Measure: .2 MSF.
Pest: cockroaches.
Operation: Residual Spray.
Name: Diazinon EC
Percent Concentrate: .5 percent.
Amount: 3 oz.
Labor Time: 1 hr.
(Your initials.)

228 I. Facilities that are constructed comp!et.tly or partially of wood.
228 - 2. They must be inspected annually, but should be inspected

semiannually.
228 3. To record inspection, provide information pertaining to building

condition, and to record action taken.
228 4. After building has been disposed of or if the instailation is

inactivated or dropped from real property accounts.
228 - 5. Date Inspected - 17 January 1984.

Building Number - 302.
Installation - Bryan AFB.
Type Building - "Permanent" block should show an
Inspector: SSgt Thomas Tony.
Block I: Other (Specify) - "Deteriorated attic vent screens."
Block II: Other (Specify) - "Termites in rafters."
Block Ill: An X should appear in block beside
"Nonsubterranean."
Block IV: No entry made.
Block V: An X should appear in block beside "Superficial."
Block VI: Other (Specify) - "Replace screens over attic vent:::
inject rafter with pentachlorophenol."
Block VII: The Yes block should have a X in the Wood
Injection for Dry-wood Termite space. To the right of that in
Chemical Used space the word "pentachlorophenol" thould
appera.
BlOCK VIII: Labor $227.00
Material - $73.00
Other - $30.00
Total - $330.00
Block IX: Date - 20 Janaury 1984.
Title of individual - Section Supervisor.
Signature - Name of SSgt Thomas T. Tony.

229 - I. Daily: AFR 91-21.
229 2. It's used to record daily pest management activities and is the

source document for creating a pest file.

219 3. AFR 91-21. AFM 300---I (and) AFM 171-2(8).
2_9 4. AFM MX: -4.
229 5. Data element code AVDJO should be entered in columas 1

through 5 on lines I and 7.
Data element code AVAT should be entered in columns 6
through 9 on line I only.
A "1" should be entered in column 17 on lie I for Area
Treated.
An "A" and a "C" should be entered in columns 18 and 19.
respectively, on line 1 for Unit of Measures.
A "2" should be entered in column 20 on lines 1 and 7 for
Budding Tet fain.
Data element code 5N0P20 should be cnVered in columns 21
through 26 on line I only.
The abbreviation on EMUL should be entered in columns 27
through 30 on line 1 for Pesticide Form.
An "8" should bc entered in column 36 on line 1 for Pesticide
Quantity (2 gallons of concentrate x 4 pounds per gallon.)
An "L" and a "B" should be entered in columns 37 and 38,
respectively. on :ine 1 for Ulit of Measure.
An "S" should be entered in column 39 on line 1 for Supply
Source.
A "1" and a "2" should be entered in columns 44 and 45.
respectively, on line 1 for Man-Hours Labor (8 hours mixing
and applying the pesticide and 4 hours supervision).
A " I" should be entered in column 51 on line 7 for Man-Hours
Survey.
A " i" and a "0" should be entered in column, 8 and 79,
respectively, on lines 1 and 7 for Month.
A " should be entered in column 80 on line I a "2" should
be entered in column 80 on line 7 for Card Code.

230 I. Unlike AF Form 290. you can use DD Form 1532 to report both
chemical and nonchemical contr31s.

230 2. a. Ad. Mosquitoes.
Ls. ULV Spraying.
c. 125. j. (leave bLnk),
d. AC. k. 0.5.
e. OUT. 1. 95.0.
f. Malathion. m. N.
g. Solu. n. 16.

231 I . To set pest management goals and identify methods and
resources you'll use in the coming year to meet those goals.

231 2. A single chemical control measure taken to control a single
pest.

231 3. (1)c. f.
(2) a. c.
(3) a.
(4) g.
(5)g.
(6)13, g.
(7) e.
(8)a, d.
(9) g.

CHAPTER 3

232 I . I ) To provide taws pertaining to the certification of the
usefulness of chemicals used in agriculture.

(2) To provide specified requirements for safety precautions in
handling and applying agricultural chemicals.

(3) To provide specified requirements for registering
agricultural chemicak every 5 years.

232 2. Keep out of Reach of Children.
232 - 3. Nemoticides, plant growth regulators. desiccants and

defoliants.

233 I. Amendment: FIFRA.
233 2. To extend Federal regisnation and regulation to all pesticides.
233 1 You should have placed n X beside c, d, and f.

234 - I . It was designed to help prevent endangering human health and
the environment.

234 2. Treatment, storage. transportation, and disposal.



235 I . It was created because of continuing pressure to limit the use of
pesticides. It combines all activities of the Federal Government
concerned with pesticides and their ects on the ironment
into a single agency.

235 2. You should have placed an X beside a, c, and d.

236 I . U.S. Department of Labor.
236 2. To insure that all employees have safe and healthy working

cond itions.
236 3. a. Develop and publish occupational safety standards.

b. Inspect work areas to insure that standards are met.
c. Issue eitatio.,.. for noncompliance with its regulations.
d. Maintain cducation, training, and information programs to

promote safe practices.

237 I . U.S. Department of Health and Human Services.
237 2. Formulate improved occupational and health standards.
237 3. Tcsting and approving many items of personal safety protective

equipment.

238 - I . When the State and local requirements are more s singent.
238 - 2. The more stringent requirements, whether th.ey be Federal,

State, or local requirements.

239 I . Facility location, its layout, and general requirements.
239 2. Shops should always be isolated from congested base areas.

This reduces environmental hazards ia the event of a fire or
pesticide spill.

239 - 3. Clean areas and chemical-handling areas.
239 4. Office space, personnel break rooms, and utilities.
239 5. Pesticide storage and mixing rooms.
239 - 6. The dressing room, which includes lockers and storage for

personal safety equipment.
239 7. There must be a sink area ventilation system which pulls air

away from the worker's position at the rate of 1'1 least six air
changes per hour.

239 8. They must be readily accessible to workers mixing pesticides
indoors or outdoors.

239 9. They must be stored inside and off the floor so labels are clearly
visible and access by workers is convenient.

239 10. Any three of these should be on your list:
(1 ) Must be constructed of concretc or another impervious

material.
(2) Must have a nonskid surface.
(3) Should be covered with an epoxy sealer.
(4) Should have a continuous curb at least five inches high.
(5) Should have no floor drains.

239 1 I .( I ) Indoor area for small equipment.
(2) Covered or enclosed area for large equipmen,
(3) Paved, curbed area for washing equipmen:.

239 _. By using only pesticides that have flash points of 100° F or
more.

240 I. The pesticide label serves the same purpose as an Air Force
regulation.

240 - 2. The safe storage, mixing, uses, and application of that specific
pesticide.

240 - 3. Highly toxic ?esticides.
240 4. I. f.

2. c
3. k.
4. h.
5. a.
6. I.
7. e.
8. i.
9. b.
10. j.
I I . d.
12. g.

241 I . On the outer surfacc of each door.
241 2. They must be segregated and stored separately according to the

method of disposal.
241 - 3. Prior to entenng the room.
24 I - 4. Sound.
241 - 5. Clear; easy.

122

241 6. Appropriate fire extingukhers.

242 I .

242 2.
242 - 3.
242 4.
242 5.

Ventilated; lighted.
First aid.
Amount.
Eye; face.
Contaminated; toxic.

243 - I. Spills.
243 2. Calibrated.
243 - 3. Vehicular; pedestrian.
243 - 4. Plan ahead; action.
243 5. No smoking, eating, or drinking while handling pesticides.
243 - 6. Official bulletin and/or base newspaper.

244 I.
244 - 2.
244 3.
244 4.
244 - 5.
244 - 6.

Locked.
Children; people.
Repair.
Pest Management.
Label.
Storage; locked.

245 I. ( I) As an additional security measure.
(2) To help detect early signs of container deterioration.
(3) To help insure proper pesticide storage.

245 2. When the pesticide is very toxic or when the quantity is
significant.

245 - 3. No. They do not know how to apply pesticides or the proper
way to store them.

245 - 4. At least once a month, but more often if desired.
245 - 5. You must record all pesticides that hr ve been received and

withdrawn from the time of the last inventory until the present
inventory.

246 I . Minimize contamination of personnel.
246 - 2. Rope off the area and post warning signs. If necessary, post

guards.
246 3. ( I) Don appropriate protective equipment.

(2) Prevent further pesticide leakage.
(3) Prevent the spill from spreading.
(4) Cover the spill.

246 - 4. Cover it with a tarpulin, or if appropriate, sprinkle the area
lightly with ..vater.

246 - 5. Remove a layer of soil at least 3 inches below the wet surface
line.

246 - 6. After most of the pesticide has been cleaned up or removed.
246 - 7. Chlorine bleach, caustic soda, or lime.
246 - g. Caustic soda or lime.
246 - 9. Chlorinated hydrocarbons.
246 - 10.(1) Remove the materials and place in a sealed leakproof drum.

(2) Properly label the drum as to the types of chemicals and
materials in it.

(3) Dispose of the drum in a hazardous waste disposal facility
under current EPA or State permit.

247 I. Dispose of surplus pesticides in a manner that will not permit
harm to people or animals, will not contaminate the air cr water,
and will not harm the environment.

247 2. Because this will cause direct contamination of the sewage
water.

247 - 3. By spreading it over a suitable land area such as a gravel
driveway or a field. Sunlight and air will help break down the
pesticide as a result.

247 - 4. They must be triple-rinsed and rendered unusable.
247 5. They can be buried in an approved sanitary landfill.

248 - I. They are not to be worn to dining facilities, snack bars, and
base exchange facilities except while performing actual pest
management duties.

248 - 2. A washing machine and dryer.
248 - 3. A rainsuit.
248 - 4. Waterproof rainsuit.
248 - 5. Apron.
248 6. Pubic.
248 - 7. With the tops beneath the legs of the coveralls or rainsuit.
248 8. During all phases of pesticide handling.
248 - 9. Liquid.

2 14



24t, 10.
248 I I .
248 12.
248 - 13.
248 - 14.
248 15.

249 1.

249 2.
249 - 3.
249 - 4.

250 I.
250 2.
250 3.
250 4.
250 5.
251 - I.

251 - 2.
251 3.

252 I.

252 2.

252 3.

Goggles or a faceshield.
Earplugs.
NIOSH; MESA.
Odors; breathe.
Soap; water.
Vegetable; drying; cracking.

Anticoagulants.
Pyrethrum.
Organophosphates; carbimates.
Methyl bromide.

Pyrethrum.
Methyl bromide or petroleums.
Anticoagulants.
Hydrogen cyanide.
Organophosphates or carbamates.
(1)e.
(2) e.
(3) a.
(4) b.
(s
Ignoi,.. _ c and negligence.
Store all pesticides in a secure area; observe the no-smoking,
eating, or drinking rule.

(1) Don air-supplied respirator and move victim to fresh air.
(2) Loosen tight clothing.
(3) Treat the victim for shock.
(4) Determine type of pesticide involved, if possible.
(5) Obtain medical asqistance as rapidly as possible.
(1) Don gloves and remove the victim from contaminated area.
(2) Decontaminate the victim by drenching the entire body.
(3) Treat the victim for shock.
(4) Call for medical assistance and provide all information

possible at the time.
(5) Try to determine the type of pesticide responsible for the

poisoning and remain by the victim.
( 1 ) Administer back pressure-armlift artificial respiration.

252
252

252

252

252

252
252

252
252

253
253
253

253

253
253
253
253
253

253

253
253
253
253

(2) Obtain medical assistance as rapidly as possible.
(3) Treat the victim for shock and monitor the

condition at all times.
4. Remove the pesticide as quickly as possible.
5. Because the severity is not actually known and to alert medical

staff for possible side effects.
6. The statement of practical treatment found on the pesticide

label.
7. To anticipate possibilities of pesticide poisoning and to establish

actions to be taken in the event of pesticide poisoning.
8. (a) To keep the victim alive.

(b) To obtain medical assistance.
9. Professional medical assistance.
10. On your own common knowledge of first aid and the

circumstances involved at the time.
- I I. Circumstances.

12. Back pressure-armlift.

I. Pesticide.
- 2. Unconscious.

3. If it has been determined that the victim has swallowed a
noncorrossive substance and if the victim is conscious and not
convulsive.

- 4. a. If the victim has swallowed petroleum products.
b. If the victim is unconscious or convulsive.

5. Temporary; professional medical.
- 6. Speed.

7. Milk and milk of magnesia.
- 8. Atropine.

9. Four tablespoons of crumbled, burned black toast, 2

tablespoons of strong tea, and 2 tablespoons of milk of
magnesia.

- 10. Organochlorines, phenoxys, hydrogen cyanide, and
pentachlorophenol.

- 11. 2-PAM.
12. BAL.

- 13. Anticoagulant.
- 14. To clot the blox1 in humans.

1984-746-037/2199 AUGAFSAL(843313)600
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S I 0 P - I. NIATCII ANSWER SIIEET TO 'Fills EXERCISE NUMBER.
2. USE NUMBER 2 PENCIL ONLY.

EXTENSION COURSE INSTITUTE
VOI.UNIE REVIEW EXERCISE

56650 02 22

INTRODUCTION TO PEST MANAGEMENT

l'arernll read the foll(ming:

I Check the "course." "volume. and "form numbers from the answer sheet address tab against the
VR F. answer sheet identification number'' in the righthand column of the dupping list. If numhers do

not match. return the answer shL.t and the shipping list to ECI immediately with a note of explanation.
' Note that item numbers on answer sheet are sequential in each column.
;. t Ise .1 medium sharp #2 black lead pencil for marking answer sheet.

Write the correct answer in the margin at the left of the item. (When you re \ iew fur the course
examination. Vou can cover your answers with a sirip of paper and then check our review answers
a:lanist vour original choices. ) After you are sure of your answers. transfer them to the answer sheet. II
\ ui have to change an answer on the answer sheet. be sure that the erasure is complete. t Ise a clean
erasci. But tr to avoid any erasure on the answer sheet if at all possible.
lake action to return entire answer sheet to ECI.
keep Volume Review Exercise booklet for review and reference.
11 mandatorilv enrolled student, process questions or comments through your unit trainer or Off
super\ isor. Ii 1.o/tom:ray enrolled student, send questions or comments to EC'l on F(l Form 17.

)on't use answer sheets other than one furnished specifically for each review exercise.
, Ain't mark on the answer sheet except to fill in marking blocks. Double marks or excessive markings

which o\ crflow marking blocks 'yin register as errors.
; I )on't fold, spindle. staple. tape. or mutilate the answer sheet.

)0n't use ink or any marking other than a #2 black lead pencil.

\VIE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON 'FIIE VOLUME
REVIEW EXERCISE. In parenthesis after each item number on the VRE is the Learning
Objeciire .Vumber where the answer to that item can be located. When answering the items on the
VRE, refer to the Learning Objectives indicated bv these Number.v. The VRE results will be sent to
on on a postcard which will list the actual VRE items you inisei I. Go to the VRE booklet and

locate the Learning ()Ijeeiiie Nninlwrs for the items missed. Go to the text and carefully review the
areas covered by these references. Review the entire VRE again before you take the closed-book
(..mirse \amination.
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I\ III!, Hp! ('IU)I(I.

\i i \htarrit all choices carelull \ and select the brw ans\\ et t IIi question

I (.!otfi Y.; \ stcniatic biologx classifies liiii 1..! thtiq...s into

a ;_qiitips \ ing iI11il,iI characteristics.
animal 01 \ egetal)le groups.
1.111(1 01 \\ ;11L'I

LI Ail home (r land groups.

CU") \\." "ematic l'i""gY developed?
a. I" pa \ tribute to Aristotle.
h 1 o pro\ idc a foundation for further description.
l" I ident 11. generali/ed body structures and habits.
d I o pro\ ide a standardi/ed and universally accepted method ot classification ttl hi \ animak.

; (201 What is meant by the 'binomial system Of nomenclature'

I 'sing tw cla- ification sy.tenis.
Ft Appl \ ing two names to an organism.

(lassit ing plants and animals separately.
tI ( Ong plants and animals b) a name and a number.

I t !ft \\inch ol these scientific names is pmperly written?

h.
1 t* 't I Id( I ri I IS .

/1110c't I ,It .11ICA irt 1.

. Murmur.% vulgariA.
d. allophelcA Chuldrinurculotio.

t :le_ I \\inch ol the following correctly depicts the major divisions of the animal kingdom in descending order?

t. lass. ph\ hunt. family. order.
It Order. ph lum. class. Family.

Phylum. class. order. family.
LI M.% him. order. class. genus.

\Vhich ot these terms represents the greatest degree tit .imenclature hreakdow n in the animal kingdom?

11.61 .

11. 1.amilx.

I .2 ; 1 I hull:ups and insects are in the same

.1. oulei.
h class

c. Genus.
d. Species.

c. family.
d. kingdoni.

:!t1.;) Arthropods are distinguished from humans in that the arthropods have

iointed appendages. three pairs of legs. and two wings.
1t . one pair ol antennae, a dorsal heart, and three pairs of legs.
c. cold blood. dorsal heart. and an exoskeleton.

one pair ol antennae, a ventral nerve cord, and complete metamorphosis.

9 37
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1.'.() 1 \VhiCh 01 these elaSseS are 01 primury concern to it

a I le \ aptIda and Diplopoda.
h I le apoda and Arachnida.

c. atilt (111101)0(1o.

LI, Arachnid:I and 1)1111,1)11(1a.

.!(1-1) \\111d1 the following characteristics does /1, apply to the class I le \ apoda?

( )ne pair 01 :intennae.
h hint). pairs of legs.
C. 1'41)Ft/dill:live organs at the posterior end of the abdomen.
ii Three body regions.

I I ( 105) An insect 'N antennae may serve as sense organs tOr all of the I( i!lowing cxcept

seLing.
h hearing.

C.

LI. t(luching.

' (210) In complete met(morphosis. what stages doeS an insect go through:

1..gg. nit. pupa. adtdt.
I) kgg. kir\ a. Itylllt)11. adult.

C. Lgg. nymph larva. adult.
LI. hIgg. larva. pima, adult.

I 2061 Wlitch ol these insect orders is considered the m(1st beneficial to hunums?

a. 1 l mcnoptera. e, 1)ermaptera.
I). 1 101110pter1. Anoplura.

( 2t 0 k\ Ilk-h order do misLinitos belong?

A1101'1111.11-

h C'oleoptera.

( ) 'aterpillars arc the larval stage 0i which order?

rhysanoptera.
I). iii s. !tura.

c. Dermal
d. )ipterzt.

c. I )ielyoptera.
d. Lepidoptera.

I h I .'.() 7 ) ( .ockloaclies develop through what type of metamorphosis?

a No metamorphosis,
I). ( metamtn-phosis.

.011111Ieie metamorphosis.
d. Any 01 these. depending on the species.

( 20ti).lo V. Inch class do spiders and scot-pions belong?

a Arthrnpoda. C. 1 leLapoila.

h. Arachnida. LI. Chilopoda.

(.2(lti) Which oi tIle following is characteristic of arthropo(ts within the order Araneida (spiders)?

a. The ahdomen has a stinger and is hroadly joined to the cephalothorax.
h. The head. thorn , and abdomen are fused into a single body region.
c. .1.1w ceplialothorax is joined to the abdoen h,. a slender waist.
LI. The moutliparts have a hypostome for piercing the skin to obtain blood.

56(5() ()-)
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1.111,911 )nL th,111,11,1 rffim,05 No,1 insect..., st,",

wino aste products from body cells.
carrx O\\ gen to Other body systems.
transport carbon dioxide out of body cells.
maintain an dequate level of moisture xvitInn the inscet.

2o9) nTans Inch transfer air through an insect's both ;lie

a. ganglia.
h. II:It:Ilea.

r, 10

c. nqia.
d. nialpighean tubules.

(=it th \\Inch 01.1.2al15 provide the sense ol touch in inNeCts?

:1. ( III ide and antennae. c. I lairs and antennak..

h ( 'meeke and ICL'I 1. I lafts and fedi.

2101 Insect behavior is influenced by all or the following stimuli eAc.,./4

a. hCal.
I) gravitx

c.
d. memory.

I I Which ol the following is Hot a reason for conducting a basic survey'?

1.1) dele1.111111e Why pests tire established in an area.

b. .10 determine if a prevalence of beneficial or detrimental species exists.
c. lo determine if a control program met its goats.
d. To determine what conditions could cause future pest problems.

2.1 ( 21 I probing survey is used to determine the

a prescnce of pests in hard-to-reach places.
h llamage !row past treatments for pests.
c presence of potential pest breeding places .
d damage from termites. fungi. and wood borers.

t I 2) What pests are usually collected with a cloth drag'?

a I icks.
h Mites.

c. Mosquitos.
d. I.ice.

( 21 2' What pie\ents ectoparasites from heing lost when they are brushed from an anestheti/ed animal?

a. rhey can't crawl up die sides of the collection pan.
h. Ihcx are also anestheti/ed.
c. l'hev are stunned by the brushinu .
kl the are killed by the brushing.

2 1 2 I it What Process do you use with a key to identify pests?

a. ( )rdering.
h. Ilimination.

c. Structuring.
d. Reduction.

:I. ki When working to identify an insect, you should first determine its

a. order.
1. Lund

c. genus.
d. species.

239
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a

I 1)11 \\ CM. glasses. what should you do when using a microseope?

Fake our glasses off while
Ft lake \ (Mr 111:1,,,es oil v hilt: adjusting the locus.
c (\lake adjustments with glasses 0 vie\\ with glasses Ott

all adjusting and viewing with glas.,es on.

I I) I ltt do you dcteminc the proper idth of a inicroseope eyepiece?

a Vie" "ilh one eve at a time until the field is visiNc without moving your head.
b Measure between the centers of your eyes: adjust the same distance to the center of the eyepieces.

MoY c the eyepieces while viewing: adjust until you see two d,suikt imags.
d Move the eyepieces while viewing: adjust until you we a single image.

1 1 21 .4)) 1 10 should you clean si)ccimens that are Y'ery fra0c or dry and rigid?

a. With a small camels hair brush.
b. By immersing in water and detergent.
c. By immersing in alcohol or formaldehyde.
d. With a moistened cotton swab.

\Vhich method of pinning is best to use for mounting small. dry-preserYed specimens?

a. Cortling.
I). Staging.

L... Pointing.
d. Direct pininng.

2 1()) What type of specimens are best preserved in spirits?

Soh-hodied specimens. L. Very large specimens.
II. Very small specimens. d. Hard. cruty Tecimens.

! h i I low shinild spirit-preserved specimens be stored?

a ventilated jar or other container.
1). In a well-lighted. warm area .

t . hi a cool dark area away from heat sources.
t! Anywhere as long as they are in an airtight container.

( 2 I 7 ) 1 Im shimld voll prepare a mold before filling it with plastic re,,in?

(.oal the interior or the mold with uncatalyzed resin.
ft pply a mold release compound inside the mold.
e. Wash the mold and dry it in a light bulb oven.
d. Wash the iwld in synthetic detergent and leave it wet?

;1) . 2.1 1) What precautions should you take when stirring a resin and catalyst mixture?

a. I )0 not create any bubbles in the mixture.
I) Ilse a plastic stirring rod.
e. .\ Him bubbles to float to the top and skim off.
d. Stir until the mixture begins to thicken.

5 5b(i5B 02 22
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\Vhat ipe ol specimens arc best suited for slide preservation ?

a. Anv specimen which can be made transparent.
Ver\ small. soft specimens.

c. Specimens no larger than the slide.
Paris (11 large specimens.

ssS 121 I I lok% :11-c spit:lint:11s cleared of internal body tissues prior to slide inounting?

a. !iv soaking in alcohol and squeezing the abdomen.
h !iv draw ing body fluids out with a hypodermic needle.

soakinv in caustic potash solution for 12 hours.
liv placing in a vacuum chamber for 12 hours.

( 219 the introduction of pathogens, piedators. or parasites to omtrol a pest species is what type of control?

a. Atuocidal control. c. Clwmical control.
h Itioloeical omtrol. d. Disease control.

lo ( 'Ith Which of the following is an example of cultural control'?

a. Placing sticky traps in rodent burrows.
b. Releasing parasitic wasps to prey on caterpillars.
c. I 'sing Flasic plod housekeeping practices.
(I. Applying polothelene to prevent growth of vegetation.

Il (21()) Which ol the following is mn an example of chemical control.?

I king %.t.:\ attractants to confuse stored products pests.
h 11.'61:2 tracking patches to monitor rodent movements.
c lking repellents on yollr skin to prevent insect bites.
(I t ising growth regulators on turf to reduce grass cutting requirements.

I.!. 1220) Which information source would you use to find out about areas near \ our base where disease vectors are
breeding'?

a. County health office.
(.01MIY estension I/MCC.

c. Anilial damage control department.
(1. Pest management maintenance record.

1; (221h Which information source would yin! use to learn about pest population treink and movement patterns'?

a. l'est stmunary report.
h. USAF meteorological office.

c. County extension office.
d. ( 'ounty health office.

H. I 221) What is the first step you should take when selecting pest management plocedures?

a. I >etermine equipment and material availability.
h. I )etcrnune the personnel available.
c. Identity pest locations.
(I identify the pest.



,Is 2 2 I i AII phases ol pest management planning should he hosed priMarily on

cconom ahd safety.
I). el leo iveness and economy.
c safety and et fectiveness.

responsibility nd iffithority.

lq

SO

S I

\\inch 017.he ronow nt. sections eon he tir help to volt in repairing two-evlindcr ehrmes7

a. Power pioduction. c. Pavements nd gromikk.
Lquipinclit section. d. knyironmental sUpport.

i.?2...". \\lit) ould you contact if you needed a special vehicle to do a special type of pest management work'?

a. ( .onstruction maintenance.
I. Inlormation office .

l'Aterior electric.
d Traffic managenient.

( 22 ;) Which pesticide dispersal method gives you maximum control over where liquid pesticide particles go?

a. Aerosoling
!) 13 rush in e

c. Spraying.
I. 13aiting.

2 2.; I When nu use an ultra-low volume generator. what pesticide dispersal method are you using?

a. .\erosoling.
b. Misting.

c. Spraying.
d. Dusting.

(2.2.3) \\,..'hich pesticide dispersal method would you use to treat a large outdoor area to Control crawling insects
!thou( harming vegetation?

a. Sprit\ ii
h. IThsting.

c. Dusting.
d. 13rushing.

2."I I Which residual gives the best control with a reduction in the amount ol pesticide applied?

a. (*rack and crevice treatment.
h. ',asehoard treatment.

:sy a treatment.
d. Vapoi i/ation.

.)_21 I I loW are space treatments normally dispersed?

a. With nom\ ettable dusts.
It. With granular pesticide.

s mists or sprays.
As ;lei-omits.

(.125) I low does foliage treatment l tect plants'?

a I )ecreases nitrogen food supply.
h 'tits oil o \ygen Supply to the plant.
c Burns tissue or affects plant growth.
d Stimulates desirable plants which choke out undesirahle plants.

7 S(5t)U.2 "
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I Wh iCh it treatment slops vegetation growth by preventing seed germination.?

a. Postemergence. c. Nonselective.
b. Preemergence. U. Selective.

5-; (22()) I DD Ftwm 1826 used?

a. To identify certifiable personnel.
b. lu eltpktin the purpose of certification.
C V() e plain hOW to obtain certification.
tl. To certify competence in pest management.

How 'Alen must certified personnel be recertified'?

a. Lvery year. c. Every three years.
b. i'.very two) years. U. livery four years.

57 (227) I low is DD Form 1532_ used?

a. As a pest management maintenance record maintained for each facility and irea where pest management IN

conducted.
b. As a pest management historical recoR1 indicating only chemical applications made in base structures and

areas.
c. As a quahtv control lOrm used to review the performance of the pest management section on a monthly

basis.
d. As a request for pest nmnagement services.

58. (227) When can you destroy a DD Form I532-1?

a. When the last entry on the form is at least I year ago.
h. When the last entry on the form is at least 3 years ago.
c. Not until two years after the buikling involved has been destroyed.
d. Not until two years after the base is dosed.

SO) ( 2.28) What type of facilities require a DI) Form 1070. Termite and Wood Decay Inspection.?

a. All wood facilities.
b. All wood or partial wood facilities.
c. All wood facilities which had no preventive measures taken during construction.
d All wood or partial wood facilities which had no preventive measures taken during construction.

( 328) I iase facilities requiring wood pest inspections should be inspected at least

a. scmianm.ally: preferably monthly.
b, quarterly preferably monthly.
c annually: prelembly semiannually.
d. biannually: preferably annually.

bl (229) I low often is the AF Form 290. Transcript for Pest Report. prepared.?

a. Daily.
I). Weekly.

C. Nionthly.
d. Quarterly.

2 4 3
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(12 t ..".1)) In completing the Al: Form 290. the first coded data element entered on the (orm is the

61

a pest name.
I). pest corm ol operatikm.

c. pest survev .
d. herbicide.

13( )) I lo k 1 )1) Form 1532 used in a way different from Al; hirm 290?

a. 1)1) FOrin 1532 is used to report only nonchenncal contnils.
h. AI; Form 290 is used to report only nonehemical control.
c. I)I) Form 1532 can he used to report both chemical and nonchemical controls.
kl. Al; Form 290 can he used to report both chemical nd nonchemieal controls.

(2.;t1) When ou enter the pesticide amount and unit on DI) Form 1532. he sure to list the units in

a. dry o(inces.
I). p(itinils.

C. gallons.
d. liqu(d ounces.

(0 I 23 I 1 What is the purpose of Al; Form 646, Pest Management Program Review?

a. Eliminate wasteful programs.
h. Set pest management goals.
C . I )etermine pest management financial needs.
d. Identify procedural improvement requirements.

66. (2.11) In identif ing reas to be voided iii a control program to what information should you refer'?

a. rhe product label and a base map.
h. The product label and DI) Form 1532-1.
e. Quarterly reports and a base map.
d. Quarterly reports and other correspondence.

67. (232) What important amendment was made to the Federal Insecticide. kingicide. and Rodenticide Act in

l'Wh11)111011 IOU agricultural use.
b. hohihit ion for commercial sale.
C. Requirement lOr labels to state the certification of use.
d. Requirement for labels to state "Keep out of reach of children...

(IS I 23.11 I \V arc you as a pest management specialist affected by the Federal Environmental Pesticide Control Act

a. Y(ln ilre prohibited from using restricted pesticides.
h. You 11111,4 have pest management certification before using restricted pesticides

You must have formal training in the use of restricted pesticides.
d. is an Air Force pest management specialist you arc not .subject to FEPCA restrictions.

( 23-1) What areas of hafardous waste handling are covered by the Resources Conservation and Recovery Act'?

a. Treatment. detoxification and disposal.
h. 1)etoxification. transportation. and disp.)sal.
c. Storage. treatment. transportation. and disposal.
kl. Transportation. detoxification. storage. and disposal.

9
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7() I A.", I HU: l.ii ironinental Protection Agency ( ) was created in I 97() ith w hat lesponsihilities icld of
envitonmental iaillutants?

a Regulation, research, and education.
h Research and development .

c loerning certification of commercial pesticide applicators.
Identification of toxic dump sites and prosecute offenders.

71 (2;6) What is the purpose of the Occupational Safety and I lealth Adminisftation tOSI )?

a. To ensure aH employees have a safe and healthy work environment.
h. To plan and manage the disposal of hazardous waste.
c. To enlorce the safety codes established hy the Federal Fnvironmental PestiHde Control Act.
d. ro ensure and enforce safety standards for the use and storage of hazardous chemicals.

72 ( 2.;61 Which of the following is iv)/ a functional responsibility of OSI IA?

develop and puhlish occupational and health standards.
h hi inspect work areas to ensure that standards are met.
c Ft) test and approve personal safety protective equipment.
d ft) issue citations for noncompliance with its regulations.

7 A 12.17 ) What agency is responsible for developing new or improved occorational safety and health standards?

a. ( )1 hie ol keupational Safety and I lealth Administration .

h. t LS, litireau of Mines.
c. National Institute for Occupational Safety and IIealth.
d. Bureau of Labor Statistics.

(2;Si w hat conditions may state and local governnient rules override those developed hy the IPA and
1)51IA?

a. \Viten there is not sufficient funding to comply with federal guidelines.
h. When a state or locale disagrees with federal guidelines,
c. When the state or local laws are more stringent than federal laws
d. When the state or local laws are less stringent than federal laws.

( 2 ;`) I What t o areas should the layout of your shop include?

a. Clean areas and contaminated areas.
h. Clean areas and chemical-handling areas.
c. Pest ienle areas and equipment areas.
d. Free-access areas and limited-access area.

23()) I low many air changes per hour must he provided by the ventilation system in the pesticide mixing rouni?

a. 2. e.
h. 1. d. 8.

77, (210) When you find a conflict in information in a publication or di recfi ve and information on a pesticide label
w hat should xou do?

a. Follow the label.
h. Follow the regulation.
c. 'let a clarif ication from EP\ .
d. let a clarification from OSI IA.

245
ID 5665(i (i)

41



78 i.'11/i What is the purpose of the reentry statement on the pesticide label?

Npet.:11 ie., the requirements for re-registration.
h. Indicates the strength Uf time the pesticide will remain toxic.
c. Indicates the approximate time of pesticide effectiveness.
d. Npecilies the iimount of time that must elapse hefore a person \\ ithout protective clothes can safek entet an

area.

2-11h Which part of a pesticide lahel is considered one of the inoNt important?

Nignal Word.
h 1\1isuse Statement.
c Storage and Disposal Instruction.
ii Registration and establishment Numher.

(211 Which of the following precautions must you take hetore you enter a pesticide storage area?

lurn on the exhaust ventilation fan.
U. Pnt on protective clothing.
(. Notify the fire department.
I) Notify the medical service.

81 12.11 I What is the purpose of having absorptive clav. hydrated lime, or detergents. available in a pesticide
storage area?

a. To absorb pesticide vapors.
To clean up pesticide spills.

c. To neutralize pesticide on the skin.
d. To neutralize different vapor to prevent explosions.

). 12-12 WIltell statement best describes the reason the mixing phase of pesticide handling is so very important?

a. You must work alone.
b. Pesticides are unpredictable .
c. t Imuixed pesticides are flammable.
d. You are working with the most toxic form of the pesticide.

(2-131 After pesticide application. wha' should you do hefore transporting the equipment?

a. Install warning signs on the equipment.
b. Request an escort .

i. Drain the equipment.
d. Release all pressure.

1 When You apply pesticides in homes or work reas. you should inform the occupants about ll of the
ccipt

a. pesticides to be used.
b. advance precautions to be taken.
c. when the area will need retreatment.
d. when the area will he safe for reentry.

5(t6501)1 12
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( 21 I In eludes. how re pest management personnel protected from e posure to pesticide
splashes?

:I Pt:P..011nel Wear protective clothing and equipment
I) Pesticides are hauled in trailers.
L. pesticides equipment are sealed before transporting.
d The passenger compartment is separate from the storage compartment.

So. (211 I Why is a container of water carried on pest managenient vehicles'?

a. For emergency fire protection.
I) loi iise in miXing pesti;:ides.
c. 1 or chicle decontamination.
d. For decontamination of skin and eyes in the event ol a spill.

SI ( 24.'1) I low oltell should you inventory pesticides'?

a. I )aily.
I) Weekly.

c. N10ntlily.
d. Quarterly.

SS (2I:li Pe-ticide entories are taken to determine all of the following conditions eAcept

a. proper Ilse.
b. sectli. v.

C. container deterioration.
d. proper stiwage.

SQ. (2-lot In the e ent of a pesticide spill you should identify the chemical and then

a. put (In protective equipment.
I). contain the spill with rags or a tarp.
e. prevent lurther pesticide leakage.
(I. minimize contamination of personnel.

tio (2.16) Which ol the following is not used as a pesticide decontamination agent'?

a. :\l'orPtive clilY c. Chlorine bleach.
b. ( 'aust lc soda. d. Lime.

/) What is the /wk../ convenient source of instructions for pesticide disposal'?

a. The pesticide label.
h. File base medical service.
c. 'Your shop chief.
(I. Sanitati(n engineering.

( /17) I low mav you dispose of nioderate amounts of contaminated w aste water?

By pouring it down the drain.
By spraying it over a suitable open area.
By. pouring it in an evaporation tank.
By turning it in to the base disposzll office.

(.218) When are pest management personnel authorized to wear coveralls?

a. Anytime.
When applying pesticides,

. When inking pesticides.
d. When liming or applying pesticides.

2 427
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I \Vliat maintenance l reLpilred on rubber 1)001.7

0-)

WO Sealing.
h. Scaling nd lubricating.
c. I fihricat Mg. ankl patching..
d. \Vashing ankl lubricating.

12181 \\1111.11" gloves is recommended for Pesticide iranining.-'

a. Lined leathei . c. t minted cotton.
b 1 Inlined neoprene. d. I ine neoprene.

00 (2-1)i \Vhieli of these Compounds affects the protvin molecule. within certain celis of the hody and cau.e.
kidney damage?

a. tYlethyl bromide. c. iIvdruien cyanide.
h. I Iydrogen phosphide. d. Carhamate.

97. (2 PIt Which remit_ ide compounds cause capillary damage und inhibit the blood's ability to clot?

Peirolcimis.
h

C. Botanicals.
d. Carbamates.

( 7)0, \"lat pe ol pesticide poisoning would you sty-Teel if worker had a runny nose. irritated skin. and was
.nce/ing?

a Pyrethrum. c. Carbamates.
h Sti chunk.. d. Petroleums.

\\'hat pe of poisoling would cause

.1 ( omb:mime.
l) Fumigant.

worker to ex-leri ence back and ahdominal pain. a skin rash. and

C. t\mticougulant.
d. Organochlorine.

.2' I \Vhich 111 the following measures helps to prevent accidental iiige.tion of pc.tic ides?

;I. Remove or cover food and utensils.
h. IIIUre adequate ventilation.
C. Wear protective clothing.
d. Avoid smoking while lipplying pesticides.

1(11 (252) What is the /irk( thing you should do if you get an ah.orbed pe.ticide On your .kin?

a. Remove the pesticide L!N quickly as possible.
b. Remove all your clothing.
c Seek medical aid.
d ,.\k ii snot of possible side effects.

102 (252) \Vlien you re alone with a conscious victim of pesticide poi.oning. what i. the fin thing you mil.t
determine'?

a. Method ol treatment.
I). I )i.tance to the hospital.
C. Severity of Ilk' poisoning.

_rvieduhl iii poisoning: ingestioIt . abmwpiion or inhalant m.

I 3

24 8



Which folklwim.I &tips is the specific ;iiititlote lor organopliosphatc pL%ticitle poimming"

a. myl nitrate.
h. Atropine.

c.
d. Vitainin K .

(.',2) Which of thc followiag antidotes is normally tied for arsenical poisons'

\'itainin K.
h. BAL.

c. Atropine.
d. 2-l'A M.

END OF FILE
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Preface

THIS THIRD VOLUME of CDC 56650, Pest Management Specialist, contains information
on pesticides in the environment; pecticide classification, characteristics, and diluting; and
pest management equipment.

In Chapter 1, Pesticides in the E- imnment, you'll learn about the impact pesticides have on
our environment, how you can w c to redue this impact, and pest msistance and tolerance
to pesticides.

Chapter 2, Pesticide Classification, Characteristics, and Diluting, discusses a wide variety
of pesticides. The list includes insecticides, nxienticides, herbicid, and fimgicides for plant
diseases.

In Chapter 3, Pesticide Dispersal Equipment, we'll discuss types and uses of equipment,
its operation, and maintenance and calibration.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial product, commodity, or service in the

publication is for information purposes only and does not imply indorsement by the Air
Force.

This volume is rated at 33 hours (11 points).
Material in this volume is technically accurate, adequate, and current as of April 1984.
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Pesticides in the Environment

IN YOUR WORK AS a pest management specialist you must
always be careful to avoid environmental contamination.
Remember, the environment includes all of our surroundings
and its many forms of life. Soil, air, and water are all parts of
the environment as well as plants and animals. Pesticides put
in the wrong place, on the wrong plant, or where the wrong
animal can eat them are pollutants and can cause serious
harm.

In this chapter, you will learn about the impact pesticides
have on the environment, and ways we can reduce pesticide
hazards in our environment.

1-1. impact of Pesticides in the Environment
Our surroundings, and its many living and nonliving

components, make up our environment. Every plant and animal
is affected by other plants and animals in the environment.
Rain, temperature, and wind are other parts of our surroundings,
but we can't control them. We can, however, control the use of
pesticides we put in the environment.

400. Define ecology and cite the role and hnportance of
identified environmental elements and the ways they interact.

Ecology. Ecology is the study of the relationship between
living things and their environment. The environment may
be called a household or a place to live, so a pond would be the
environment for fish, aquatic vegetation, and other living
elements that live in or on the water. Likewise, you live
onand are supported bythe land, and you interact with
other people around you. The land, air, water, and other ani-
mals you come in contact with are parts of your environment.

Given human primacy among living creatures, you can
readily see that we play a significant role in the ecology of
other animals around us. As a pest manager, your role is even
more pronounced. Because your actions can increase or
decrease environmental hazards, you must understand the
importance of each element within the environment. Manage
pests as safely, effectively, and economically as possible so
you don't adversely affect the environment, and choose pest
management methods that will minimize environmental
hazards.

Life on our planet is limited to a very thin layer of the
atmosphere. We call this layer the biosphere. It is made up of
biotic (living) and abiotic (nonliving) elements. As these two

1
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groups of elements interact and recycle in the biosphere, we
call this an ecosystem.

Abiotic elements. Abiotic elements are required for the
growth and development of the biotic elements. The abionc
elements in ecosystems are grouped into cycles we call
natural cycles. There are several natural cycles, but we will
limit this discussion to on17 three: (1) the carbon cycle, (2)
the nitrogen cycle, and (3) the oxygen cycle.

The carbon cycle. The most basic cycle in the ecosystem is
the carbon cycle. Most of the carbon in biotic elements
occurs in the form of carbon dioxide (CO2). Photosynthetic
plants (those essential for producing oxygen) use carbon
dioxide along with other elements to produce food. In the
next part of the cycle, these plants are eaten by herbivores,
which transform, or synthesize, the carbon compounds into
other compound forms. In turn, the herbivores are consumed
by carnivores that redigest and synthesize the carbon into yet
more compounds. Some of the carbon is released back into
the atmosphere as carbon dioxide, while most of it is returned
to the soil as excretory waste and carrion. Bacteria and fungi
feed on this organic matter and reduce it to simple elements
again. At this point, most of the organic carbon is released
back into the air as carbon dioxide and t.he rest is drawn into
the earth and eventually transformed into coal.

The nitrogen cycle. This cycle also aids plant growth.
Plants get nitrogen directly from the soil with the help of
nitrogen-fixing bacteria, which convert the gaseous nitrogen
into a form usable by the plant. Nitrogen is returned to the soil
as the result of plant death and decay, denitrifying bacteria,
erosion, and lightning. This cycle is continuous, as is the
carbon cycle.

The oxygen cycle. This is the last cycle we will consider.
Keep in mind, oxygen is a by-product of photosynthesis.
Oxygen is found in air and water, and it is vital in the
respiration process of both plants and animals. Animals take
in oxygen fiom the atmosphere and water, and transform it
into carbon dioxide. The carbon dioxide is expelled and then
taken in by green piants that transform it back into oxygen,
continuing the cycle.

Biotic elements. Green plants are the prime living
elements in each ecosystem because they alone can make
food from sunlight and inorganic matter. As a result, they
provide an essential link in the natural food chain by storing
the sun's energy and passing it through the ecosystem by the
processes of eating and being eaten. Finally, they are vital in
the respiration process as you learned in the discussion on the
oxygen cycle.
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Just like green plants, their consumers are also vital in the
respiration process. Again this is explained in the oxygen
cycle. Consumers of green plants include (but are rot limited
to) animals, insects, bacteria, and fungi; and they too provide
another important link in the food thain.

Up to this point, you have studied the importance of
abiotic and biotic elements within the ecosystem and have
realized their relationship in the respiration process, but
more discussion should be devoted to their relationship and
dependency within the food chain. This relationship and
dependency can be better understood by using the following
example.

The abiotic elements are required to provide food for
green plants, which are considered to be the basic food
element within the ecosystem. Green plants then provide
food for the herbivores (plant-eaters, such as rabbits) and
omnivores (plant and meat-eaters, such as man). Herbivores
such as rabbits are then eaten by the carnivores (meat-eaters,
for example coyotes) and again the omnivores. Other
carnivores such as bears, hawks, and vultures kill and eat the
coyotes and each other. Then comes man, who kills various
carnivores for food and sport, and in turn, man dies. With the
death of plants, herbivores, carnivores, and omnivores
comes the food source for the decomposers (bacteria, fungi,
and protozoa). As the decomposers feed, they return
essential organic matter to the soil to support plant growth,
thus completing the food chain.

Discussion about phytcplanktons has been reserved for
last because they consist of both green plants and consumers
of green plant matter. Phytoplanktons are very minute
organisms that float about in various bodies of water and are
the principal producers of photosynthesis. It is estimated that
they produce 70 percent of the Earth's photosynthesis
required for oxygen renewal in the atmosphere.

Based upon this information, it is understandable that each
cycle and element is dePendent upon the others, and the
interaction between them is required to support each
ecosystem. The biosphere is constantly undergoing changes
and each change affects an ecosystem; thus, it is your
responsibility to insure that you do not present hazards that
could adversely affect the environment.

Exercises (400):
1. Define ecology.

2. What is the biosphere?

3. Describe the role played by the abiotic elements in the
biosphere.

4. Describe the interdependence of green plants and
animals in the respiration process.

2

5. What is comidered to be the primary biotic element?
Why?

6. Describe phytoplanktons.

7. State the role of importance played by bacteria, fungi,
and protozoa within the. food chain.

401. Specify beneficial and detrimental effects of
pesticides as a result of pest management operations.

Beneficial and Detrimental Effects of Pesticides. For you
to understand the impact pesticides have on our environment,
you must consider both their beneficial and detrimental aspects.

Our pesticides may be helpful or harmful, sometime
simultaneously, depending on how we use them. Although
this may sound contradictory, you will understand it better as
we continue.

Beneficial aspects of pesticides. We need pesticides to
manage pests that are important both medically and
economically. If farmers couldn't use insecticides and
herbicides, they would be unable to grow enough food to feed
the world's population; these crops would be badly damaged
by the spread of unwanted plants and crop-eating insects.
Many buildings would be much more vulnerable to many
fungi and insects that attack wood. As a result, these
buildings could be rendered unsafe and unusable because we
couldn't chemically protect them from these pests. Diseases
that were greatly feared a few decades ago would still have a
considerable impact on our health if we didn't have the
chemicals to control the pests that transmit them.

Because of pesticides, however, American farmers
produce far more food than this nation needs, buildings
both old and neware still useful and structurally sound, and
diseases that used to be universally feared are known only in
name to many of us.

There are many vertebrate and invertebrate animals that
are disease transmitters, venomous, or simply nuisances that
interfere with our activities. For these and other reasons, you
can readily see how pesticides help us maintain a healthy,
prosperous nation; as a result, pesticides are genuinely
beneficial to our environment.

Detrimental aspects of pesticides. Pesticides present
many hazards to our envimnment because they can affect
many biotic elements. If we used pesticides constantly,
without the proper concern for their hazards, the damaging
effects could become severe and permanent. You may think
that your singular activities would never cause such an impact,
but when your work is combined with the work of others amund
you or you're working on large-scale operations, the results
could be significant.

The major problem with pesticides is the impact they may
have on nontarget organisms (plants and animals we don't
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want to affect). Regardless of hol, carefully you apply
pesticides, there is always this possibility, either as a direct or
indirect result of your actions. Directly destroying nontarget
organisms usually results when you apply pesticides to kill
target pests, and nontarget plants or animals are in the same
area. This is a good example of how pesticides can be
beneficial and detrimental at the same time. Indirectly
destroying nontarget organisms usually happens when our
pesticides are moved off target because of natural
environmental activities like wind, rain, and soil erosion.
Indirect poisoning can also result when animals (such as
birds) feed on insects killed by pesticides (secondary
poisoning).

When you apply pesticides outdoors, chemical particles
(dusts or liquids) are carried off target by the wind and moved
to areas up to several miles away. As they drift, some
particles are caught on trees, others may settle to the ground,
and the rest are left suspended in the air. Using aircraft to
apply pesticides presents the greatest drift hazard, followed
by fogging for mosquito control and applying residual
pesticides to trees and ornamentals.

The soil is contaminated with pesticides in many ways
other than drifting chemical particles settling to the ground.
Suspended particles in the air may be released to the ground
as rains cleanse the air of many suspended particles. The rain
will also wash pesticide particles from buildings, trees,
shrubs, and grasses, thus contaminating the soil. Once
pesticides are in the soil, they may move about by leaching or
erosion.

Almost all pesticide particles eventually end up in the
water regardless of how carefully you apply them. As the
particles drift through the air, they fall on plants, the soil, and
water. Rain increases the amount of pesticides in water by
washing chemical particles off of other surfaces and out of the
soil by leaching. From hen , the chemicals may wash into sur-
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face waters either directly or indirectly through circulating
ground waters (fig. 1- i).

Persistent pesticides probably cause more environmental
hamds than any other product because they don't break down
very easily or quickly. They can stay stable for several months
or even years in the air, soil, and water. Furthermore, some can
be transformed into more toxic substances than they were
originally in a process called potentiation.

Our largest concern with using persistent pesticides is the
effect they can have on the food chain. This chain can be
severely jeopardized under a variety of conditions. Consider
this possibility: you treat an area with a persistent pesticide to
control grubs that are destroying the grass. From a nearby
area, moles comc in to feed on the grubs. Some may die,
others may live, but now they have the pesticide stored in
their bodies. The toxicity level can increase within their
bodies, so if they get eaten by other animals, these predators
may be killed. This process can continue throughout the food
chain and eventually affect us. aaces of many pesticides can
be found in almost any product from eggs to breast milk, and
the worst part of it is that these persistent chemicals can be
stored and transferred through a continuous cycle.

Exerdses (401):
1. List the beneficial aspects of pesticides from the

economic standpoint.

2. What are the beneficial aspects of pesticides from the
medical standpoint?
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Figure 1-1. The Hydrologic Cycle: Pesticide can enter the water at any point in this cycle.
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3. What is the major problem with pesticides?

4. When could the detrimental elects of pesticides become
severe and permanent?

5. Describe how the rain can contaminate the soil with
pesticides?

6. Whr is potentiation?

1-2. Pesticide Resistance and Tolerance
We can carry the thought of how pesticides impact our

environment one step further by considering how insects
react to pesticides. TWo terms are of key importance to pest
managers: pesticide resistance and pesticide tolerance.
These terms are frequently used in discussion about pests and
how they affect our control measures. Understandably, they
generate much concern about how we can most effectively
manage pests.

For example, in some New England states, German
cockroaches have developed a degree of resistance that
renders ineffective both previously experienced pesticides
and even totally new ones. During your career as a pest
management specialist or technician, you'll undoubtedly
hear about or become involved in issues like this, so your
understanding of pesticide resistance and tolerance is very
important.

402. Define and cite facts regarding pesticide resistance.

Pesticide Resistance. Pesticide resistance can be defined
as the ability of a pest population to withstand pesticide
treatments that were generally lethal to earlier populations. It
is often stated that insects develop resistance, but this
statement is inaccurate. Resistance is a trait that is inherited
through a complicated genetic process by a few individuals
within a reasonably large population. There is a tendency for
this hereditary trait to be passed from parent to offspring.
However, where a very few resistant specimens exist in a
large population, probability dictates that only a very few
resistant-breeding combinations will occur, thus insuring
that the trait will not develop throughout the population.
Population alterations begin to occur, however, when the
natural process of checks and balances is interrupted by the
introduction of pesticides into the population. In the initial
stages of the use of a particubr pesticide to control a pest
population, it can generally be said that a majority of the
individuals are not resistant. The susceptible individuals,
upon exposure to the pesticide, die, while any resistant
individuals survive (the weak perish; the strong survive).

This process progresses to the point where the resistant
su-ain, through its ability to survive, achieves a position of
dominance in population reproduction. Continued use of the
pesticide involved simply reinforces this dominance by the
resistant individuals until finally, virtually all reproduction is
being done by resistant individuals, thereby producing a
resistant population. Once this occurs, further use of the
pesticide will not produce satiJactory result . The matter
can be further complicated by cross-resistancea process
whereby exposure to one pesticide can produce populations
that are also resistant to one or more other pesticides. This
resistance to pesticides occurs in two forms, physiological
and behavioristic.

Physiological resistance. Physiological resistance is the
ability of an organism to physically negate the effects of the
pesticide. Many facet; of physiological resistance are not
clearly understood. However, the following types of
physiological resistan, have been determined to exist:

a. Slow absorption rate. Some members of a population
absorb the poison too slowly to receive a lethal dose from a
normal exposure.

b. Storage. Some members of a population have the ability
to store the poison in nonsensitive body tissues before it can
kill.

c. Excretion. Some members of a population ble to
excrete the poison before it can kill.

d. Detoxification. Some members of a popu' ii are able
to detoxify the poison before it can kill. This de,ixification is
known to be the result of enzyme action. The harmless
detoxification products are stored, excreted, or metabolized.

e. Substituting biochemical systems. Death by pesticide
poisoning, as from any other means, occurs as a result of
blockage of vital life functions. This blockage is usually done
by the destruction or paralysis of vital organs. Some
members of a population are able to substitute a blocked
function with other body systems until normal biop!-ysical
balance is restored.

Behavioristic resistance. Behavioristic resistance occurs
in the following forms:

a. Habitat. A few members of a population may occupy a
habitat different from that of the normal population. As a
result, they are not exposed to routine pesticide applications.

b. Avoidance. Some members of a population may be
particularly sensitive to the pesticide. As a consequence, they
will avoid contact with it.

Resistant members of a population, regardless of the type
of resistance, tend to survive the pesticide application and
rebuild a resistant population.

As the foregoing discussion illustrates, insects do not
truly develop resistance to pesticides. The emergence of
resistant populations occurs as a result of manmade
alterations of the breeding population that allows resistant
strains to become dominant, thus permitting massive
reproduction of the resistant strains.

Exercises (402):
1. Define pesticide resistance.



2. Compare physiological and behavioristic resistance.

3. Describe the types of physiological resistance listed
below.
a. Slow absorption rate.

b. Substituting biochemical systems.

403. Define pesticide tolerance, compare it with resistance,
and cite ways of reducing both.

Pesticide iblerance. Pesticide tolerance can be defined
as the ability of one or more pests within a pest population to
withstand pesticide treatments that are lethal to others within
the population.

Tolerance is another means by which certain members of
a pest population may survive pesticide applications.
Tolerance is acquired, whereas resistance is inherited. When
an individual is exposed to one or more sublethal doses of
pesticide, the body tends to develop a tolerance to that
particular pesticide, making it possible for the individual to
survive a future lethal dose. This tolerance, however, is not
passed on to the offspring. iblerance usually occurs in two
different forms, physiological and behavioristic.

Physiological tolerance. Physiological tolerance is the
result of adjustments by body systems that prevent the normal
harmful action of the pesticide.

Behavioristic tolerance. Behavioristic tolerance is the
behavioral adjustment the pest makes as a result of having
undergone an unpleasant experience due to contact wits a
sublethal dose of the pesticide. This unpleasant experience
causes the pest to recognize and tend to avoid the pesticide.

Reducing chances of resistance and tolerance. Now that
the problems of resistance and tolerance have been
discussed, the question arises, "How can these problems be
prevented or minimized?" One of the most effective
solutions is to apply integrated pest management (1PM) to the
fullest possible extent. Don't depend on just one control
technique for a given problem. This approach can be as
simple as using both traps and baits to control rodents or as
detailed as using water management, predatory fish, insect
growth regulators, and adulticides in a wide-scale mosquito
management problem.

In many situations, however, by the time a pest problem is
reported to your shop, chemical control is the only practical
method available. You'll see this happen frequently in
military family housing and in dormitories; when it does,
there are still several practical ways you can help prevent
resistwice or tolerance.

(1) Make sure residents have applied all the standard
nonchemical measures; in a word, insure proper sanitation.

(2) Use the pesticides only as directed on the label.
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(3) Place the pesticides where pests will be forced to come
in contact with them, such as in cracks and crevices for
cockroach control.

Exercises (403):
1. Define pesticide tolerance.

2. What is the primary difference between pesticide
resistance and tolerance?

3. What are four ways you can help prevent pesticide
resistance and tolerance?

1-3. Reducing Pesticide Hazards in the Environment
As you can easily appreciate, chemical pesticides

areand will continue to beof considerable importance
economically in forest management, food production, and
public health. However, with the resulting possible adverse
effect on some fish and wildlife populations, it's essential that
you take every possible precaution to protect the environment
as you carry out your pest management programs. In this
lesson, therefore, we'll review some of the more basic aspects
of reducing environmental hazards caused by pesticides.

404. Specify methods for reducing pesticide hazards in
the environment.

Methods of Reducing Pesticide Hazards in the
Environment. Environmental damage by pesticides virtually
can be eliminated by simply adhering to some fundamental
pest management principles. Foremost of these principles is
the accurate assessment of the pest problem to determine if a
pest management operation is really necessary. Then, if a
valid requirement actually exists, select and execute
measures that will provide maximum pest management
results while causing minimal environmental damage (using
pesticides as a last resort).

Carefully determine pest management program require-
ments. You can accurately determine pest management needs
only after you've surveyed the area concerned to confirm the
existence of pest populations and you've identified environ-
mental conditions conducive to the existence and propagation
of these pest populations. An ongoing pest surveillance
prop is very effective not only in helping you detect existing
problems, but is also an invaluable tool in identifying potential
pest problems so timely preventive measures can preclude the
need for drastic eradication measures in the future. As a general
rule, environmental sanitation techniques, such as eliminating
harborage and breeding areas, will prevent buildups of pest
populations without causing significant damage to populations



of desirable species. Occasionally, use of biological
methods, such as the introduction of predarious minnows to
impounded water to feed on mosquito larvae, will provide
very satisfactory control of some mosquito populations. In
other instances, mechanical devices or structural nwdifications
to buildings may give good results. In any ca. e, only use
pesticides when there is a substantial need to immediately
reduce a pest population and no other feasible technique will
do the job.

The following hypothetical situation is an example of
problems requiring a certain amount of value judgment as
well as expertise in maintaining a high degree of target
specificity in applying pesticides. The problem involves a
close association between wasps and honeybees in a housing
area. The wasps have established several large nests under
the eaves of a number of houses in the housing area. This is a
matter of considerable consternation among the housing
occupants since the wasps, if disturbed, will readily attack
and sting people. It is a well-established fact that wasp stings
are painful in all cases, and in the case of hypersensitive
people, will usually cause dangerous (sometimes fatal)
allergic reactions.

In selecting a means of eradicating the wasps, you must
consider the fate of a large number of honeybees that work in
the flowerbeds around the houses. Honeybees produce food
(honey) and are extremely important crop pollinators (some
crops can reasonably be expected to fail in the absence of
honeybees); hence, they are considered to be highly
beneficial insects. Also, honeybees, when away from the
hive, are not prone to attack and sting people. The matter of
whether or not to apply pesticides for control of the wasps at
the risk of killing a number of honeybees requires a value
judgment on your part. In this instance, the human health
factor outweighs the beneficial factor associated with the
honeybees, and the operator will be justified in using
pesticides to kill wasps. However, you're a skilled operator
and are reasonably concerned with the preservation of
beneficial life forms, you'll minimize damage to the
honeybees by selecting a nonpersistent insecticide and apply
it with equipment that can direct the chemical directly at the
wasp nesti This will confine most of the pesticide to the
target area. Any pesticide that drifts to the flowers will
quickly degrade and pose little or no threat to the honeybees
(and to yourself). Also, you could apply the pesticide at night
or in the early morning when both the honeybees and the
wasps are inactive. Evening applications of pesticides to
wasp nests are especially desirable because all the wasps are
on the nests at night and the entire colony can be killed with
one application. Also, since wasps are not aCtive at night, this
technique will virtually eliminate the possibility of your
getting stung by irate wasps.

As discussed in Volume 2, there are two fundamental
types of pest control, natural and applied. livo examples of
natural controls am unfavorable weather conditions and
predation. Natural controls occur without help from people.
Applied controls are those in which human effort is ditected
toward the control of pests and inchides a wide variety of IPM
techniques. In the foregoing problem, natural controls could
not be relied upon since wasps are not severely affected by
predation and since unfavorable weather conditions do not
normally occur until the arrival of winter. In a situation like
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this, it is necessary to resort to applied controls, such as the
use of a pesticide to kill the adult wasps and mechanical
destruction of the nests to prevent new populations of wasps
from hatching.

Implement nonchemical controls when possible. Pest
management programs should only be started if nature
cannot manage the pests adequately and quickly enough for
the situation. If applied controls are requ;red, either
preventive or corrective, your controls should be conducted
whenever and wherever possible.

Preventive measures are normally preferred because they
are designed to forestall the buildup of pest populations.
Also, they are almost always more effective and more
economical in the long run. Preventive controls consist of
good sanitation, construction design and maintenance to
exclude pests, and drainage or management of impounded
water. Legal controls, such as quarantine measures, are
effective in preventing the introduction of alien pests into an
uninfested area. Occasionally, preventive controls may also
serve as corrective measures.

Routine programming of corrective controls is the least
desirable technique because the control measures are
intended to cope with pest populations after they have grown
to intolerable levels. Such controls do not provide for
elimination of pest problems. They simply reduce the
problem, temporarily, to tolerable levels. Since these
measures seldom produce permanent results, they must be
repeated frequently and, as a consequence, are very
expensive in the long run. Also, since corrective measures
usually require frequent repeated applications of pesticides,
they pose a significantly greater threat to the environment.
As a rule, use corrective controls, particularly pesticides,
only when there is a need to effect an immediate reduction of
a pest population to avert an impending medical problem or
economic loss. In the previously discussed wasp problem,
the use of chemical corrective measures was justified
because of a need to immediately eliminate a human health
hazard. The mechanical destruction of the nests was a
preventive measure of sorts in that it was designed to prevent
reestablishment of the colonies.

Use chemical controls as a last resort. Timely and
sustained use of nonchemical techniques will significantly
reduce the need to resort to the use of pesticides. When,
however, as a result of inadequate or improper nonchemical
measures or as a result of natural (oi manmade) disasters and
migrating pest invasions, it becomes necessary to effect an
immediate reduction of pest populations by chemical means,
you should select the chemical and method of application that
will give maximum results in terms of both pest eradication
and environmental protection.

In order for pesticides to be used safely and effectively,
they must be selected on the basis of the type of pests and their
location. You must be knowledgeable of their development,
habitats, and feeding habits. In many situations, it is more
effective and safe to control pests in the larval stage because
they are more susceptible to chemicals, which requires less
chemical to control them. If you know the habitats of pests,
you can direct control efforts to specific areas instead of
having to treat an entire are just to insure the pests are
affected, therefore, reducing hazards to nontarget organisms.

How pests feed is important in the selection of pesticides
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to be used in management programs. For chewing pests, 2. What is one way to accurately determine pest management
stomach poisons applied to their food source would probably requirements?
be more effective and less hazardous to other organisms in
the area, especially those that are not chewing organisms;
thus, you reduce the hazards to nontarget organisms. Contact
poisons are very useful, and in many cases, are required, but 3. When should you start applied pest management
they do present more hazard to nontarget organisms than the programs?
stomach poisons.

Now that the common bases for pesticide selection have
been established, further environmental protection steps 4. If pcst managcmcnt programs arc needed, what controlsmust be considered. These steps are diluting and applying should you consider first?pesticides. Manufacturers conduct extensive research at an
enormous expense to determine the proper formulation
strength application rates for pesticides. This data, along
with a great deal of other important information, as a matter 5. Can preventive controls also serve as corrective
of law, must be registered by the Environmental Protection measures?
Agency (EPA) before the product can be marketed. The
diluting and applying procedures, as well as all use
restrictions, are binding on all users of the product (including
Government agencies). It is most important, therefore, that 6. Why are preventive controls normally preferred over
you strictly follow label instructions. This practice will corrective controls?
insure maximum effectiveness of pesticide applications and
minimum damage to the environment. Overdoses of
pesticides rarely provide an increased kill of pests. They do
tend to needlessly contaminate the environment, waste 7. Why may you have to begin chemical control programs?
materials, and cause development of pest populations that are
resistant to the chemical involved.

Exercises (404):
1 . List steps you can take to reduce pesticide hazards in the

environment.

7

8. How can you achieve maximum effectiveness with
minimum environmental hazards when you use
pesticides?
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CHAPTER 2

Pesticide Classification, Characteristics, and
Diluthig

THE WORD "pesticide" has been the subject of many
discussions for many years and has really been brought to thc
attention of the public in recent years through almost all
categories of news media. This concern for pesticides is
justifiable because most are very toxic, and if not handled
properly, they can cause severe damage to the environment;
however, if they are handled responsibly, they are a great
asset to the environment.

In this chapter, commonly used pesticides will be
thoroughly described and you will become knowledgeable of
how pesticides are classified and diluted.

2-1. Classifying Pesticides
For you to select the most suitable pesticide for the pest

you're managing, and to do it properly and safely, a
knowledge of pesticides is required. This section will present
information regarding how pesticides are classified and will
discuss the characteristics of commonly used pesticides.

405. Classify pesticides in terms of pests to be managed.
how they enter the body, and the stage of the pest
affected.

Pesticide Classification Methods. Pesticides are generally
classified according to the type of pest to be managed, the
mode in which it enters the body (or the mode of action of
pesticides used to manage plants), and the stage of the pest to
be acted upon.

Pest to be managed. The first step taken in classifying a
pesticide is to determine what pests it controls. Until now,
almost all discussion pertaining to chemicals has been
devoted to the term "pesticide," but beginning here, we will
be more technical by classifying a pesticide according to the
pest to be controlled.

As you already know, a pesticide is a chemical designed to
kill pests; but if the pests happen to be insects, then the
pesticide is classified as an insecticide. Arach .;cides are used
to manage Arachnids such as spiders, scorpions, ticks, and
mites. Pesticides used to control plants am classified as
herbicides, and those used to control fungi are fungicides.
Notice the manner in which most of the pesticides used for
managing each type of pest begins with the pest type and ends
with "cide," wh:ch means "kill," as in rodenticide, a
pesticide used to kill rodents.

8

Stage of pest acted upon. The second step in classifying a
pesticide involves the pest stage to be controlled. The stages
are the developmental process of certain insects and are
referred to as egg, larva, pupa, and adult. Controls are
seldom directed toward the egg stage because it's very hard
to iocate; furthermore, eggs are hard to penetrate. The pupal
stage is also not normally controlled because it's dormant in
most cases. The larvae and adult stages are the ones most
often controlled because these are the most damaging and
they are easier to control.

Using this information, you can understand that
insecticides are identified as ov ic ides, larvicides, or adultic ides ,

depending upon the intended use. For example, ifthe insecticide
is to be used for contmlling the larval stage, the insecticide
would be further classified as a larvicide.

Along this same order, herbicides can be further classified
as being preemergence or postemergence herbicides. Preemer-
gence herbicides aie those designed to kill seeds and immature
stages of plants before they break the soil. The postemergence
herbicides are designed to kill ground after the plant has bmken
the surface.

Mode of entry or action. The final step in classifying
pesticides is traditionally done according to the method in
which it kills.

Pesticides that are designed to kill pests when taken into
the digestive system are classified as stomach poisons.
Stomach poisons are applied directly to the natural food of
pests, mixed into bail material, or sprinkled over runways.
These poisons are very effective against certain pests that
chew, suck, and have protective shields; they are generally
very toxic to humans and other vertebrate animals.

Contact poisons are pesticides that are designed to kill
pests through absorption. These poisons am applied directly
to the pests or to surfaces the pests will crawl over. Contact
poisons are probably used more than any other type of
pesticide.

Respiratory poisons are most often referred to as
fumigants. These poisons are volatile chemicals that kill an
organism by entering through its respiratory system and are
very useful in controlling pests that are difficult to manage by
other methods.

Exercises (405):
1. A pesticide that is used to manage vegetation is classified

as a
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2. A pesticide that is used to control the eggs of an insect is
classified as an

3. A pesticide that kills an organism when it is applied
directly to the organism or when the organism crawls
into it is classified as a

4. A pesticide designed to control rats ariL nice is a

5. The complete classification of a pesticide that is
designed op kill adult mosquitoes when they fly into it is
as follows: and poison.

6. A pesticide designed to kill a plant before it breaks the
ground surface is a

7. A pesticide that kills by ingestion would be classified as a
poison.

406. Distinguish between pesticide toxicity and hazard, state
how LD50 is expressed, and define acute oral and dermal
LD5O.

Pesticide Tbxicity and Hazard. Federal law requires that
all manufacturers of pesticides place accurate and complete
dilution and application instructions on their container
labels. This and other information on the labels must be based
ui,. n very extensive research, which in turn must be
reviewed and approved by the Environmental Protection
Agency before the label is registered for use. During this
research, the manufacturer must also establish toxicity levels
for the pesticide being tested. This is the main topic of our
discussion.

Comparing toxicity and hazard. A number of people tend
to use the terms "toxicity" and "hazards" synonymously
when discussing pesticides. This practice is erroneous since
toxicity implies the ability of a compound to cause death or
injury, whereas hazard implies the likelihood that the
compound will cause death or injury in a given situation.
"'Toxicity," therefore, represents a fixed quantity, and
"hazard" represents a variable quantity. For example,
consider sodium monofkuroacetate (Compound 1080). This
is an extremely deadly rodenticide tTiat is capable of causing
death in warm-blooded mammals when ingested in rather
minute quantities. It is an extremely toxic compound whether
locked in a steel vault or placed on a kitchen table where small
children are present. The toxicity of the compound does not
vary, regardless of its location. However, when the
compound is left on a kitchen table in the presence of small
children, it presents an infinitely greater hazard than when
locked in a steel vault. In addition to the hazard to human
beings, the hazard to other desirable animal and plant forms
must be considered when selecting and applying pesticides.
This can be a complicated process because many pesticides
with a low-mammalian toxicity are extremely toxic to
cold-blooded animals and vice versa. All these hazards can
be minimized or eliminated by adhering to label instructions
and practicing safety when handling or applying pesticides.

Determining aral expressing LD50 values. Toxicity of
pesticides is based principally upon the results of laboratory
tests wherein rats, mice, and rabbits are exposed to carefully

measured doses of pesticides. These animals are used
because their bodies function much in the same way as human
bodies. Test animals in the laboratory environment are
carefully examined before the test to insure that all body
functions are normal and that they are healthy animals. The
ultimate objective of these tests is to determine the amount of
pesticide that is lethal to 50 percent of the test group of
animals. The figure is expressed as milligrams of toxicant
necessary to kill 1 kilogram of body weight (mg/kg/).

Relationship of LD50 values and pesticide classification.
LD50 values are useful in classifying pesticides into groups
according to their relative toxicities as follows: Highly toxic = 0
to 50 mg/kg , moderately toxic = 50 to 500 mg/kg, slightly toxic
= 500 to 5,000 mg/kg and relatively nontoxic = 5,000
+ mg/kg.

As you can see, the lower the numbers, the more toxic a
pesticide is. This is because a lower number indicates that a
smaller amount of toxicant is required to cause death.

Toxicity is usually expressed in terms of exposure routes.
The two common terms are "oral toxicity," which relates to
ingestion of the toxicant by mouth and "dennal toxicity,"
which relates to absorption of the toxicant through the skin.
Dermal toxicity values are based upon the quantity of
toxicant that will kill 50 percent of the test animals when
absorbed through the unabraded skin. Oral and dermal
toxicities of a given toxicant are rarely identical. Usually,
dermal exposure is less hazardous than oral exposure.
However, some chemicals are almost as dangerous when left
in contact with the skin as they are when ingested, and in no
case should any toxicant be left in contact with the skin,
especially if the toxicant is in its concentrated form.

It is apparent that the traditional practice of environmental
exploitation must now be modified. From the beginning of
time until very recently, humans have pursued socioeconomic
endeavors on the premise that the Earth's natural resources
wete inexhaustible and that the earthy environment was
indestructible and, in fact, inalterable at their hands. Now,
largely due to the burgeoning world population and rapidly
advancing industrialization, we have been compelled to face
the stark reality of natural resourx depletion and
increasingly harmful environmental pollution.

This text has discussed the interdependence of all
elements, living and nonliving, in our environment. Human
beings are an integral part of this environment and are just as
dependent on the other elements of the environment as any
other organism. Therefore, in order to insure our own
continued existence and state of well-being, we must not
commit acts that could ultimately result in the destruction of
any essential element of our environment.

We, as pest managers, have a great responsibility resting
on our shoulders. As you have seen, pesticides are an
essential tool in the control of medically and economically
important pests, and will remain so for the foreseeable
future. We also demonstrated, on the other hand, that the
improper and indiscriminate use of pesticides can exert a
very destructive influence on our environment. It is our
responsibility to use pesticides only to the extent necessary
and to insure that we use them in such a way as to prevent
unnecessary deleterious effects on the environment. We
must make the greatest possible use of nonchcmical methods
to manage pest populations.
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Exercises (406):
1. Define hazard.

2. Define toxicity.

3. Explain what the term "LD50" means.

4. How is LD50 expressed?

5. What is the main difference between oral and dermal
toxicity? Which is more toxic?

2-2. Pesticides for Controlling Arthropods
This is the first of several lessons you'll study to learn

about classes of pesticides and how they are used. In later
sections, you'll read about rodenticides, :,vicides (pesticides
for controlling birds), herbicides, and turf fungicides.

In this section, you'll learn about maay of the classes of
pesticides used to control arthropods. These classes include
organophosphates, organic sulfers (carbarnates), organo-
chlorines (chlorinated hydrocarbons), insecticidal fumigants,
biological pesticides, and various other insecticides.

407. Specify characteristics of organophosphate com-
pounds, and identify various organophosphate compounds
with their appropriate uses.

Organophosphates. These compounds are synthetically
produced, basically derived from phosphoric acid, and are
characterized by their similar structure and mode of action.
All of them work as inhibitors of the enzyme cholinesterase.

In the early 1970s, the organophosphate insecticides
played much the same role in controlling arthropods of
medical importance as did the chlorinated hydrocarbons
(organochlorines) from the middle 1940s to the middle
1960s. The organophosphates have almost completely
replaced the chlorinated hydrocarbons as the pesticides of
choice, because they are effective against insect resistant to
the organochlorine compounds and they are biodegradable;
therefore, they do not contaminate the environment for very
long and have less long-lasting effects on nontarget
organisms.

The greatest disadvantage of organochlorine compounds
from the medical standpoint is that they are accumulative in
the body of humans. These compounds will not dissipate
through the functions of the normal body system after a short
time as compared to other pesticide groups.

Malathion. Malathion is one of the safest and most useful
of insecticides, being a far less active cholinesterase inhibitor

than most other conmion organic phosphates. It has less
adverse effect upon the natural habitat than more persistent
insecticides and, in general, has replaced DDT as the most
commonly used chemical for killing adult mosquitoes,
bedbugs, and human lice.

Technical grade malathion is a dear amber fluid that can
be incorporated into solutions, emulsifiable concentrates,
dusts, and wettable powders. The odor-causing impurities
have largely been removed in present-day, premium grade
materials. Malathion is registered for the control of more
than 100 species of insects and is a standard stock item within
the Air Force inventory.

Residual application of malathion to surfaces at a rate of
100 to 200 milligrams per square foot (standard applications
of 1 to 2 gallons of 2.5 to 5 percent sprays are 1,000 square
feet) has effectively killed mosquitoes for 3 to 5 months.
When used as a mist in space spraying, excellent mosquito
kills have been obtained. Ultralow volume space application
of malathion with ground or aerial equipment has resulted in
spectacular control of mosquitoes in many areas.

Dichlorvos. Dichlorvos (DDVP or Vapona) was synthe-
sized and tested by msearch workers at the Center for Disease
Control. It differs from most other insecticides in that it can
be incorporated into resin strips or pellets, to give off toxic
vapors for up to 4 months, and be used as a residual
fumigant. DDVP resin strips, a standard stock item, are sold
commercially and used by the general public to control
cockroaches, ants, spiders, clothes moths, silverfish, and
many other household insects. The Air Force uses these
strips for inclusion into retrograde cargo.

Dichlorvos emulsions can be used as residual sprays or as
space sprays for controlling pests such as bedbugs, biting
midges, mosquitoes, and stored products pests.

Dimethoate. Dimethoate (Cygon) has been proven
effective as a space spray and larvicide in controlling flies.
As a residual spray, it is effective in controlling most
common fly species except the housefly, although it is
recommended for controlling housefly larvae. Other uses of
Dimethoate allowed by the Air Force are for controlling
spider mites and scale insects. This compound is a
nonstandard stock item and must be obtained through local
purchase.

Naled. This chemical (Dibrom) is closely related to
DDVP in terms of its molecular structure. It is a contact and
stomach poison. This material is generally used in space
sprays for control of adult mosquitoes and flies at application
rates of from 0.02 to 0.1 pound per acre, significantly lower
dosages than ate used with malathion for mosquito control.
Naled aerial applications are reported to provide better
adult fly control than malathion, a factor of some importance
in vector control in disaster or flooded areas. Naled is
approved for aerial ultralow volume (ULV) application and
has provided excellent control of flies and mosquitoes in
many areas. It is also used as a bait or spot treatment for
houseflies out-of-doors. It is sometimes irritating to people,
causing them to cough and sneeze, thus limiting its usefulness
in populated areas. Naled can cause corrosion of insecticidal
equipment, and requires special cleaning precautions or the
use of special materials such as stainless steel, plastic, or
fiberglass.

Naled must be used with care to avoid hazards to fish and
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wildlife, although it breaks down chemically within a few
days after application. It has moderate toxicity to humans.
You can obtain naled as a standard stock item.

Thichlorfon. llichlorfon (Dipterex) is approved for use
by the Air Force only in the treatment for white grubs on golf
courses, parks, ornamental turf, and cemeteries; however, it
is a nonstandard stock item and must be ordered through local
purchase.

When used with normal precautions, trichlorfon creates a
very low toxic hazard to insect controllers and the public. It
should not be mixed with malathion, because the resultant
mixture is more toxic to mammals than either of the chemicals
used separately.

Abate. Abate is very effective as a mosquito larvicide but
not as an adulticide. Its extremel:, low toxicity to mammals,
birds, and fish, plus its high toxicity to mosquito larvae make
it very effective for mosquito control. Abate may be applied
by ground or aerial equipment.

The 1-percent Abate sand formulation has been used in
Aedes aegypti eradication programs at the rate of one-tenth
teaspoonful per gallon of water, or approximately one part
per million of actual toxicant. Look at this rate for the
treatment of birdbaths, animal drinking containers, and
drums of rainwater. Because rainwater is often used for
drinking or cooking in Puerto Rico and the Virgin Islands, a
careful evaluation of Abate was made for 4 weeks without
clinical symptoms or side effects attributable to Abate and
without detectable effect on red blood cell or plasma
cholinesterase .

Diazinon. Diazinon is authorized and widely used by Air
Force personnel in controlling cockroaches, silverfish, fleas,
spiders, and many other household pests. It is more toxic to
humans than malathion; therefore, only the 0.5-percent
spray and 1-percent dust are used. Pyrethrins or dichlorvos
may be added to diazinon sprays to provide a rapid
knockdown or a flushing of cockroaches, thus producing a
more effective kill.

Dilute spray solutions not more than 24 hours before use.
The solvent used in formulations may stain certain plastic,
rubber, and asphalt materials such as tiles and floor
coverings. Use dust applications to supplement spray
applications for more complete coverage.

Chlorilyafos. Chlorpyrifos (Dursban) acts as a contact
insecticide and stomach poison with some fumigant action in
field formulations. It has proved effective in controlling a
wide variety of arthropod pests. The 0.5-percent spray of
chlorpyrifos has given longer periods of control of
cockroaches in some experiments than either diazinon or
propoxur.

In mosquito control, it has shown promise as a larvicide
and adulticide. It is highly toxic to mosquito larvae, with an
LD95 value of 4.5 parts per billion against Aedes aegypti.
Dursban is effective against culex larvae in polluted waters.
It has also been used as a prehatch treatment to control
temporary pool mosquito larvae. For example, Aedes vexans
larvae were controlled in Minnesota where it was effective
for periods of more than 60 days. Although Dursban was not
labeled for ULV application with ground or aerial equipment
as of February 1973, experimental work with backpack ULV
sprayers in Minnesota gave a good reduction of aedes
mosquitoes.

Since Dursban is slow acting against many insects,
dichlorvos or pyrethrins may be added to sprays to give a
rapid knockdown. Mixtures of 0.5 percent Dursban with 0.5
percent pyrethrins or 0.5 percent DDVP produced rapid
knockdown of cockroaches ark, 100 percent mortality in
laboratory tests. It is less expensive to use 0.5 percent
dichlorvos than the higher concentration of Dursban.

Dursban is moderately toxic to warm-blooded animals.
Heavy application of 0.5 percent emulsions and suspensions
in Aedes aegypti larviciding has decreased the plasma
cholinesterase level in applicators.

Propaamphos. Propetamphos (Safrotin) is a moderately
toxic contact insecticide with some stomach activity. You
can use it to control several insect pests such as cockroaches,
ants, crickets, firebrats, silverfish, carpet beetles, pantry
pests, and others. Permitted application areas include homes,
stores, warehouses, schools, hospitals, industrial buildings,
trucks, and other areas. You can't, however, apply it in
restaurants, dining halls, and other areas where food is
processed or prepared. In household kitchens, apply
propetamphos only as a crack and crevice or spot treatment.
Don't use it as a space spray.

In recommended dilutions, propetamphos is a low-odor
insecticide, is nonstaining, and won't harm or cause damage
to fabrics, plastics, paints, or other surfaces that can't be
damaged by the carrier (water or oil). It's available as an
emulsifiable concentrate or wettable powder.
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Exercises (407):
1. From what material are organophosphates derived, and

how do they work?

2. What two advantages do organophosphate compounds
have over chlorinated hydrocarbons?

3. Match the organophosphate compounds in column B
with their described uses in column A.

Column et
Very effective as a mosquito larvi-
cide, but not as an adulticide.
Widely used by AF personnel to
manage cockroaches.
Authorized for AF use to control
spider mites and scale insects, if
the label so states.
Widely used to control mosquitoes
using ultralow volume equipment.
A moderately toxic contact and
stomach pesticide labeled for use
in many aztas except food-handling
areas for cockroach and other pest
control.
AF approved for controlling white
grubs on airfields; it should not be
mixed with malathion because of
increased mammalion toxicity.

_(7) Acts as a contact and stomach
poison with some ftzmigant action
in field formulations.

Column B
a. Malatmon.
b. Dichlorvos.
c. Dimethoate.
d. Naled.
e.
f. Abate.
g. Diazinon.
h. Chlorpyrifos.
i. Propetamphos.



Colkmn A
(8) Can be used as a residual fumigant

in resin strips or pellets to control
flying insects for up to 4 months.
A contact and stomach poison
offering better adult fly control
than malathion, and requiring
lower application rates.

408. Specify characteristics of and safety precautions for
various carbamate compounds, and identify them with
their appropriate uses.

Organic Sulfurs (Carbamates). Partly because of in-
creased environmental awareness, organic sulfur compounds
are being used more often due to their rapid breakdown
within the environment. Common organic sulfur compounds
used on Air Force installations are carbaryl, propoxur,
SMDC and bendiocarb.

The carbamates are derivatives of carbamic 7.id. Typical
carbamates contain nitrogen, but differ from the chlorinated
hydrocarbons and organophosphate insecticides in their lack
of chlorine and phosphorus. Most carbamates are contact
insecticides, lowering the cholinesterase level and acting as
nerve poisons in much the same manner as organophosphate
insecticides. A number of carbamates, such as cFsbaryl,
produce a rapid knockdown of insects similar to the action of
py rethrum.

Carbaryl. Carbaryl (Sevin) is widely used in Air Force
pest management programs to control a variety of pests. It
has a low-mammalian toxicity but is highly toxic to honey
bees. Carbaryl dusts are used at 2 to 5 percent concentrations
to kill fleas on dogs, cats (except kittens, and puppies under 4
weeks of age). Since the restrictions on the use of DDT in the
United States, carbiryl dust has been one of the insecticides
of choice to kill the Oriental rat flea in murine typhus control
programs and wild rodent fleas in rural plague control
programs. Carbaryl sprays and dusts have been used to
control adult mosquitoes. Very finely powdered carbaryl
combined with other insecticidal dusts have been used
effectively in aircraft disinsection. This compound is prob-
ably most often used in controlling ornamental and turf pests
and can be mixed with a variety of non-alkaline turf, fungi-
cides, such as maneb, thiram, ziram, zineb, and mancozeb.

Propoxur. Propoxur (Baygon) acts both as a stomach
poison and contact insecticide. In cockroach control, the
2-percent bait acts as a stomach poison, while the 1-percent
spray acts as a long-lasting residual contact insecticide.
Propoxur differs from many other insecticides in having a
"flushing action," or irritating quality that forces insects out
from hiding places to make greater contact with sprayed
surfaces. It also has a rapid knockdown action. In some
areas, staining and odor problems have been noted following
applications. Pmpoxur is also used in controlling mosquitoes,
flies, sand flies, ants, earwigs, and many other arthropods. In
residual applications, it is effective in controlling the brown
dog tick, but propoxur should not be used in mating animals
themselves. Propoxur is a cholinesterase inhibitor and must
be used with care despite its moderate toxicity to mammals.

Bendiocarb. Bendiocarb (Ficann) is a ready-to-use
inst ';.cidal product that gives effective control of several
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indoor and outdoor pests. The lists of pests controlled
includes cockroaches, wood-destroying pests, venomous
pests, stored-product pests, fleas, ticks, and fire ants. It's
formulated as a 76 percent wettable powder for dilution in
water to give a .25-percent or .50-percent suspension, as a
1-percent ready-to-use dust, as a wettable powder including
synergized pyrethrins, and as a 25-percent oil suspension for
ULV application.

Bendiocarb shares some characteristics with propetamphos
in that it is low in odor anti doesn't harm surfaces that aren't
damaged by water.

Store this product in a cool, dry location away from
pesticides with strong odors that may be absorbed. Keep it
away from heat sources, since bendiocarb gives off methyl
isocyanate fumes when heated.

The acute oral toxicity of carbamates is high, but the acute
dermal toxicity is low; however, as in all cases, when
handling any pesticide, you must wear protective clothing
and equipment and observe the rule of no smoking, eating, or
drinking while handling these compounds.

NOTE: SMDC is a carbamate used as a fumigant;
therefore, it will be discussed later within this section along
with other fumigant compounds.

Exercises (408):
1. Why are carbamates being used more extensively?

2. In what ways are carbamate insecticides similar to the
organophosphates?

3. What are the oral and dermal toxicity characteristics of
carbamates?

4. What safety precautions must you take when handling
carbamates?

5. Match the carbamate compounds in column B wAh theit
appropriate descriptions in column A. Items in column B
may be used more than once.

Column A
--(1) May cause staining and

problems in some areas.
Compatable with several fungi-
cides.
Should never be stored near pesti-
cides with strong odors.
Has replaced DDT in core. ro-
grams for fleas that transn..1 dis-
eases.

____(5) Diluted in water, it's applied as a
.25-percent or .50-percent suspen-
sion.
Has a flushing action and rapid
knockdown action.

Column B
odor a. Carearyl.

b. Propoxur.
c. Bendiocarb.
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409. Cite characteristics, uses, and safety precautions for
various organochlorine compounds.

Organochlorines (Chlorinated Hydrocarbons). Organo-
chlorines are organic synthetically produced compounds that
contain chlorine, hydrogen, and carbon elements, with ,-;ome
containing other elements such as oxygen and sulfur. These
compounds are very persistent and contributed immensely to
the concern over pesticide use you learned about earlier.
Becalise of this, most organochlorine formulations have been
classified as rcstricted use pesticides, which means that they
can only be used in specific situations and by certified per-
sonnel or personnel under their direct supervision.

There are three organochlorine compounds commonly
used by Air Force personnel: chlordane, chlordecone, and
pentachlorophenol.

Chlordane. Chlordane is a pale amber, oily fluid that can
be dissolved in many solventsbut not in waterto produce
oil solutions or emulsifiable concentrates. Chlordane acts as
a stomach poison, contact insecticide, and fumigant. Because
of its volatility, and other potentially hazardous characteristics,
chlordane can be used only under buildings for treatment of
termites.

Chlordecone. Chlordecone (Kepone) is a chlorinated
polycyclic ketone compound. It is used as a stomach poison
to control ants and cockroaches and is prepared in bait
material such as peanut butter.

This poison bait must not be used in places that are
accessible to children and pets, since it is very toxic to
mammals. Always handle with rubber glewes or equivalent
type and avoid contamination of ottrc,i- food and water
nurces. Adhere to e a no smoking, eating, and drinking

pesticide rule while handling chlordecone.
Pentachlorophenol. Pentachlorophenol is a highly toxic

chemical used to protect wood from attack by termites, fungi,
and lyctus beetles. It's highly irritating to the skin and eyes
and must be handled with care. It's available es an oil solution
and as creamy emulsion paste that releases the preservative
into the wood slowly, thus providing good penetration. It's
also available as a water soluble salt, sodium pentachloro-
phenate .

Exercises (409):
1. Why are most organochlorine pesticides for restricted

use only?

2. For what purpose may you use chlordane?

3. What modes of action does chlordane have?

4. What personal safety precautions must you observe
when using chlordecone?

5. How is chlordecone used?

6. How is pentachlorophenol used?

7. In what formulations is pentachlorophenol available?

410. Identify various insecticidal fumigants with their
described characteristics and uses.

Insecticidal Fumigants. Fumigants are gases designed to
kill cells and tissues of plant and animal matter by penetrating
the dermal wall and respiratory process. These gases are
dispersed in molecular form, which provides thorough and
rapid penetration. Fumigants may be obtained in solid,
liquid, and gaseous forms. Regardless of what form the
fumigant is obtained in, the end result will be in gaseous form
once it is released.

All modern fumigants that produce effective control of
pests are also toxic to man. Therefore, every fumigator must
receive thorough training, must be provided with proper
equipment, and must understand the hazards associated with
the fumigants he or she uses.

Naphthalene. This common household fumigant is
obtained by the distilling of coal tar. The product is marketed
as mothballs or flakes and is used by the Air Force in
controlling bats. Naphthalene has proven to be an excellent
repellent for squirrels, skunks, and rats in inclosed spaces.
It's also effective in small spaces for repelling clothes moths,
but odors last a long time. It has therefore been replaced, to a
large extent, by paradichlorobenzene, a fumigant that has a
more pleasant odor.

Paradichlorobenzene (PDB). This is a crystalline solid
commonly used in deodorant cakes and mothballs, and is
used primarily for cting woolens, furs, and insect
collections from insect aizack, and as a masking deodorant in
such places as public restrooms. The odor of PDB is not as
persistent as that of napthalene, so it is more suitable 'or use
wher storing clothing.

Methyl bromide. This is a heavy (heavier than air),
odorless, and nonflammable gas fumigant. It is used for
fumigating structures in treating for dry-wood termites.
Other methyl bromide uses include fumigating for clothes
moths and carpet beetles and also as a herbicidal fumigant.

As a herbicidal fumigant, it is used as a preplant herbicide
to kill seeds and -an be used to control nematodes and soil
fungi. It is especially good as a herbicidal fumigant because
of its heavy properties that allow it to remain on the ground
instead of rising.

Since methyl bromide is odorless, chloropicrin is added to
provide a warning agent.

Dichlorvos. This compound was previously discussed in
this section under the subject of organophosphates. It does
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serve as a fumigant and is authorized for use by the Air Force
when placed within retrograde cargo.

Sulfuryl fluoride. This fumigant (vikane) is used in
fumigating structures for dry-wood termites. This is a liquid
compound that is stable, odorless, nonflammable,
nonexplosive, noncorrosive, and shows rapid penetration
and may eventually replace methyl bromide since it is more
toxic to dry-wood termites.

Aluminum phosphide. This is one of the newest
compounds used as a fumigant. The fumigant is actually
hydrogen phosphide, which is a gas released by aluminum
phosphide. It is used primarily for intransit freight car
fumigation to rid processed nonperishable subsistence items
of stored-products pests. This compound can be obtained in
pellet, tablet, and powdered forms and h L.uthorized for use
by military personnel in fumigating foi stoled-products
pests, which is done 1.)y the inplace atmosphere fumigation
method.

putumnum pnosphide has a very rapid molecular action,
is corrosive to gold, and, in its pure state, is highly explosive
when exposed to the atmosphere; but commercial forms have
been developed with a cooling agent and protective layer to
retard rapid decomposition caused by exposure to air.

Although this compound is considered to be the safest
fumigant available, protective clothing and equipment still
must be worn when entering or cleaning a freight car of stack
that is under fumigation. The advantages of this fumigant is
the intransit fumigation ability and the fact that stocks can be
fumigated under cover within a building that is occupied by
other personnel.

All fumigants are toxic to all forms of life, and you must
use them with extreme caution. Always wear protective
Clothing and equipment. Gas masks with appropriate
cannisters for the type of fumigant being used must be worn
and precautions must be taken to avoid explosions and fires.
The area being fumigated must be adequately and readily
identified by posting warning signs, and in most cases the
areas must be sealed off to keep individuals away.

Exercise (410):
1. Match the fumigant in column B with the appropriate

characteristic or use in column A.

Column A
Crystalline solid commonly used
in deodorant cakes and mothballs.
Very safe fumigant usable in occu-
pied buildings for stack fumigation
of stored foods.
Effective in small spaces for ,-;:-
pelling clothes moths, but Aizm

lasts a long time.
Used for fumigating buiklings tot
dry-wood termites, is m.ne toxic to
them than methyl bromide.
This ncnflammable gal may be
used as a herbicidal fumigant.
This chemical is approved ror
Force use in fumigating retro-
grade cargo.

Column B
a. Napthalene.
b. PDB.
c. Methyl bromide.
d . Dichlorvc s .

Sulfuryl fluoride
f. Aluminum phosphide.

411. Differentiate between various miscellaneous pesti-
cides and their characteristics.
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Miscellaneous Pesticides. In addition to the classes of
pesticides you've learned about, there are other important
chemicals of which you should be aware. These pesticides, in
a variety of chemical classes, are the subject of this lesson.

Pyrethrum. Pyrethrum is a pyrethroid derivative of a
flower that is one of the chrysanthemums. As an extract, it is
a dark syrupy liquid that must be purified and standardized
for insecticidal use. It is available in a variety of concentra-
tions: as a concentrate in both oil solutions and emulsifiable
concentrates and also as a dust. It is actually a mixture of four
toxic chemicals. On insecticide labels, these are grouped and
referred to collectively as pyrethrins. The pyrethrins com-
prise a chemically unstable group that accounts for their
short residual effectiveness. Pyrethrum is frequently com-
bined with other chemicals that act as synergists to increase
its effectiveness. Pyrethrum is quick acting and thus an
excellent knockdown insecticide, but it does not always kill
all of the insects it knocks down. Its action is very irritat-
ing to insects and it is frequently used by the pest control
specialist to flush out insects in hidden cracks and crevices.
The acute oral LD50 of pyrethrins is 1,800 mg/kg, a rela-
tively safe group of compounds.

Resmethrin. Resmethrin (SBP-1382) is a synthetic pyre-
throid. The knockdown action of resmethrin is slightly
slower than pyrethrum, but all insects knocked down usually
die. In dark areas such as cracks and crevices it has some
residual action. Commercial preparations are available that
contain an ultraviolet-light-screening agent, which prevents
the resmethrin from breaking down rapidly and thus provides
some residual action. These preparations cannorbe used in
food processing areas. The toxicity of resmethrin is less than
that of pyrethrum, having an acute oral DL50 of more than
4,000 mg/kg.

Boric acid. This chemical is a slightly toxic, white,
free-flowing powder used for cockroach control. It is slow
acting, requiring 7 to 10 days to control roach populations,
but offers long-lasting control when it's properly applied in
walls, voids, and other small spaces. As with other
pesticides, you can only use it in cracks and crevices of
food-handling facilities, and you should always take care to
avoid depositing the powder onto exposed surfaces or in the
air.

Methoprene (Altosid, Precor). This insecticide is an
insect growth regulator (IGR) that is used in commercial
products for controlling culex mosquitoes, and dog and cat
fleas in buildings. This amber liquid is formulated as 4
percent briquettes, a 10-percent slow ielease formulation,
and as a 5-percent active ingredient fogger for indoor use.
Unlike ordinary insecticides, methoprene prevents larval
and pupal insect stages from maturing to the adult stage
instead of having a dimet toxic impact on the pest. As a result,
it is highly selective to a few insect species and extremely low
in toxicity to fish and mammals.

Amdro. Like methoprene, amdro is a biodegradable
insect growth regulator tined to obtain long-term control of
imported fire ants. It's available as a soybean oil and corn grit
bait and works by sterilizing the queen, the colony's only egg
layer. Since the workers have a short life span and provide for
the queen, when they die off, the queen also soon dies. As a
result, amdro works slowly, requiring several applications
over 4 to 6 months to eliminate large colonies. This chemical
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is toxic to fish, so it must be kept out of lakes, ponds, and
streams.

Silica aerogel. This is a very finely ground dust composed
of precipitated silicic acid. This material is thought to kill
insects by inducing excessive water loss through physical dis-
ruption of the waxy layer of the epicuticle. Regular silica gels
are very light and fluffy and are very difficult to keep confined
to the treatment areas. For this reason, commercial formula-
tions are usually impregnated with another insecticide, such
as pyrethrins, in order to increase the weight of the powder
and keep it from drifting away from the area being treated.
Silica gels are not poisonous to humans, but they should not
be breathed into the lungs.

Bacillus thuringiensis, var. israelensis (By). This is a
biological pesticide containing bacterial spores and crystalline
endotoxin. It's a specific insecticide for controlling several
genera of mosquito larvae, including Psorophora, Aedes,
Anopheles, Culex, Culiseta, and others as well as lepidoptera
larvae. It's environmentally safe, being harmless to humans,
animals, and useful insects. BTi is available as a water dis-
persible concentrate (Teknar) or as a high-potency wettable
powder, granular and briquette product (Bactimos).

Exercise (411):
1. Match each pesticide in column B with its appropriate

description in column A.

_(7)

Column A
An insect growth regulator for
selective control of culex mosqui-
toes, and dog and cat fleas.
A botanical insecticide frequently
used as a flushing agent.
A synthetic pyrethroid used for
flying insect control, but with
lower toxicity and slower knock-
down action than pyrethrum.
An environmentally safe biologi-
cal pesticide for selective control
of mosquito larvae.
An extremely light, nontoxic dust
usually mixed with pyrethrum
powder; it possibly kills insects
through abrasion of the body wall
and loss of body fluids.
This slightly toxic pesticidal dust
gives slow but long-lasting control
of cockroaches when properly
applied in walls, voids, and other
small spaces.
A biodegradable insecticide for
controlling imported fire ants; it
works slowly to eliminate a colony.

Column B
a. Pyrethrum.
b. Resmethrim.
c. Boric acid.
d. Methoprene.
e. Amdro.
f. Silica aerogel.
g. BTi.

2-3. RodentIckles
Rodenticides have evolved into a variety of products over

the years. Until about 30 yc:ars ago, most were "one shot"
poisons, those generally requiring only one feeding. Then in
the 1950's, anticoagulants made their debut. These
multiple-dose chemicals controlled rodents over a number of
days and required more than one feeding. Today, in the face
of growing rodent resistance to some of these products,
we're seeing the emergency of a new class of rodenticides
single-dose anticoagulants- -which combine the best features

of the earlier two, plus some other advantages.
In this section, you'll learn about many of the most

commonly used rodenticides. Also, you'll learn about some
fumigants that can be used in rodent control programs.

412. Cite general characteristics of anticoagulants and
identify descriptive statements with various multiple-
dose rodenticides.

Multipk-Dose Rodcnticides. All of the multiple-dose
rodenticides are anticoagulants. These synthetic organic
compounds are used mostly s rodenticides, although at least
one of these compounds is used in the medical treatment of
humans in the prevention of blood clots.

Anticoagulant rodenticides act to reduce the clotting
ability of the blood, resulting in internal and external
hemorrhage and eventual death. An important characteristic
is that relatively low dosages of anticoagulants ingested daily
for about 7 days are fatal to rodents when the same total
amount of a single-dose chemical may produce no significant
damage or symptoms. The low concentrations at which the
anticoagulant rodenticides are effective almost eliminates the
hazard of acute toxicity to humans and greatly reduces this
hazard to domestic animals. Also, the meal baits in which
they are used are not generally attractive to children and pets.

The anticoagulants kill in a radLally different manner
from the older single-dose poisons. Most single-dose poisons
kill rats within hours ( t's hour to 48 hours) after ingestion.
Anticoagulants must be ingested in small amounts for several
days before they become effective. Even when weakened,
rats apparently do not associate their loss of strength with
their food supply. They return to feed on anticoagulant
treated baits again and again. Thus, the problem of bait
shyness commonly associated with "one shot" poisons is
largely overcome. Nonfatal doses of single-dose poisons are
painful; whereas, anticoagulants apparently cause no pain.

Warfarin. Warfarin is an anticoagulant with an acute oral
LD50 of 50 to 232 n.g/kg. It is a cumulative poison usually
requiring several repeated feedings over a period of several
days for best results. It is effective against all kinds of rats and
mice, and bait shyness does not develop on repeated
feedings, but in some areas, rats are developing resistance to
it. Warfarin is used as a dry powder with solid baits, but is
also available under the name Warfacide to be used as a liquid
bait.

Pival. Pival is a fluffy, yellow powder with a slightly
moldy, acrid odor suggestive of marigolds or tobacco. It is
essentially insoluble in water but soluble in organic solvents.
The sodium salt derivative, though soluble in water up to 0.1
percent, nevertheless settles out sufficiently from water to be
observed grossly by rodents and to cause concern with
diminished efficiency. To eliminate this drawback, a
stabilizing agent, versene (regular), can be added to the water
to make a 0.1-percent solution from which the product will
not precipitate.

Pival is available as a 0.5 percent concentrate in
cornstarch. The manufacturer recommends a 1:19 dilution
by weight in bait. The sodium salt (Pivalyn) is available as
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packaged units sufficient to poison 1 quart of water. Each
packet has versene added to the Pivalyn.

You can use Pival in most situations for controlling both
rats and mice. It appears to be about equal to warfarin in its
rodenticidal effectiveness. Pival has been found to inhibit
mold formation and the development of insects infesting
grain.

Diphacinone. Diphacinone is one of the newer
anticoagulant chemicals made available in the fall of 1957
and is widely used to control both rats and mice. This product
is available as a 0.1 percent concentrate, which is mixed with
1 to 19 pounds of bait, and in a ready-to-use dry bait
formulation containing a 0.005-percent concentration of the
active ingredient. It generally requires fewer successive
feedings to kill than older anticoagulants and resists insects
and mold. Methods of application for rodent control are
simila- to those used for other anticoagulants in food baits.

Chlorophacinone. This product (RoZol) is an anticoagulant
soluble in oil and thus suitable for use in oily baits. It is
effective against Norway rats and house mice. It is a
cumulative poison usually requiring repeated feedings over a
period of several days for best results. Rats and mice do not
develop bait shyness on repeated feedings of this material.
Chlorophacinone can be absorbed through the unbroken
skin, so it should be handled with rubber gloves.

Exercises (412):
1. How do anticoagulants kill rodents?

2. What advantages do anticoagulants have for people and
nontarget animals as compared to single-dose poisons?

3. Match the rodenticide in column B with the appropriate
descriptive statement in column A.

Column A Column B
A stabilizing agent such as a. Warfarin.
versene should be added when us- b. Pival.
ing this product in water. c. Diphacinone.
This rodenticide is widely used in d. Chlorophacinone.
the Air Force for both rat and
mouse control.
In some areas, rats are developing
resistance to this rodenticide.
This rodenticide is soluble in oil,
making it suitable for use in oily
baits.

413. Specify characteristics and safety precautions for
various single-dose rodenticides.

Single-Dose Rodenticides. In this lesson, you'll learn
about some older rodenticides still in use as single-dose
mdenticides. Additionally, you'll learn about some of the
newest rodenticides referred to as single-dose anticoagulants.

Zinc phosphide. Zinc phosphide, a synthetic inorganic
compound, is a heavy, dark-gray powder that is chemically
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stable and insoluble in water. It has a faint odor of
phosphorus due to the slow release of phosphine (PH3). Both
the powder and gas are very toxic. You should weigh and mix
zinc phosphide out-of-doors, or in a well-ventilated mum, to
avoid inhalation of gas or dust. Wear gloves when mixing or
distributing baits.

This rodenticide has been used for many years and is
effective against all species of rats and mice. Though highly
toxic to all animal life, some animals will not eat baits
prepared with it because of its objectionable odor and taste.
Most species of rats and mice will ace pt attractive zinc
phosphide baits. Zinc phosphide is used l J trength of about
1 percent by weight in blended or mixed its. The baits must
be thoroughly mixed because of the small amount of toxicant
required.

Zinc phosphide reacts with dilute acids to release
phosphine; therefore, bait materials containing organic acids
may be unsuitable because they cause this poison to
deteriorate too rapidly. However, bait mater:als that cause
slow deterioration may be desirable as a safety factor.

As a safety factor, add tartar emetic (antimony potassium
tartrate) to the poison before mixing with bait in the
proportion by weight: zinc phosphide-8 parts, tartar
emetic-3 parts, even though acceptability of such baits is
thereby reduced. Oils and fats used as a binder also increase
absorption of poison into a rat's body.

Sirychnine. This is the only bWanical compound used by
the Air Force as a rodenticide at the present time. Strychnine
is a white powder, practically insoluble in water, but is
readily soluble in chloroform and certain other organic
solvents. It can be obtained as a premixed bait and tracking
powder. Some products are approved for controlling moles
and prairie dogs.

Strychnine is highly toxic if ingested; therefore, you must
take every precaution available to avoid contamination of all
food and water sources and to prevent children and animals
from coming into contact with it.

Brodifacoum and bromadiolone. These chemicals are
among the "third generation" rodenticides used to control
rats that are resistant to other products. They act as
single-dose anticoagulants for controlling Norway rats, roof
rats, and house mice in industrial and residential buildings
and in urban outdoor areas.

Brodifacoum (Talon) has an acute oral LD50 of 0.26
mg/kg for rats, and Bromadiolone (control, Maki) has an
acute oral LD50 of 1.125 mg/kg.

As with other rodenticides, keep these products away
from children, domestic animals and w ildlife, and wash after
handling baits. After treatment, remove and bury uneaten
bait and rodent bodies.

Exercises (413):
1. Why should zinc phosphide be mixed outdoors when

possible?

2. At what concentration are food baits made with zinc
phosphide?
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3. Describe the safety precautions you should take when
placing strychnine poisons.

4. In what form is strychnine available?

5. What characteristics set bromadiolone and brodifacoum
apart from other anticoagulants?

6. What precautions should you take following a treatment
program with rodenticides?

414. State characteristics and safety precautions for
rodenticidal fumigants.

Rodenticidal Fumigants. There are two products you
can use as fumigants in rodent burrows. These are calcium
cyanide and aluminum phosphide.

Calcium cyanide. This compound is for gassing rodent
burrows outdoors. It should never be used near a building
occupied by people. It is a grayish-white compound available
in either granular or powdered form that produces
hydrocyanic acid gas upon exposure to moist air. Both the
dust and the gas liberated will kill any animal, including
insects and man. In rat control it is used to treat burrows and
under certain circumstances, small inclosed spaces or
harborages. An advantage of this gas over poisons is that it
kills the flea and mite parasites as well, a factor of
considerable importance in controlling the spread of diseases
such as plague and murine typhus.

Calcium cyanide is extremely hazardous to humans and
should be used only by well-trained personnel. Personnel
should stand upwind while applying this fumigant and must
have appropriate gas masks and canisters available for use.

Aluminum phosphide. You have already learned about
using this product as an insecticidal fumigant. With proper
labeling you can also use it outdoors to control ttese rodents
in their burmws:

Woodchucks.
Marmots.
Prairie dogs.
Norway and roof rats.
House mice.
Ground squirrels.
Moles, voles, gophers, and chipmunks.

As with other fumigants; there are some important
environmental haza.ds and use limitations for aluminum
phosphide. You can't use it within 15 feet of inhabited
structures or place it in burrows that may open into or under
occupied buildings. Also, some important considerations
regarding endangered species are listed on the label, along

with special local restrictions in some states. Assuming you
follow these and other label directions properly, aluminum
phosphide can be a very safe, effective treatment for rodents
in burrows.

Exercises (414):
1. How can you use calcium cyanide as a rodent fumigant?
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2. What advantages does calcium cyanide have in a disease
vector control program?

3. List the safety precautions you should always observe
when using calcium cyanide.

4. Under what conditions should you not use aluminum
phosphide to control rodents in burrows?

2-4. Avicides
Avicides are pesticides used to control birds (class Ayes).

In this section, you'll learn about three chemicals that may be
used hi a bird management program, although one of them
isn't an avicide in the true sense of the word, but a type of
sterilant for pigeon birth control.

If you have a bird problem ai your installation, you're
strongly encouraged to study bird management in Volume 7
before you resort to any type of chemical control. This is
because you have many more options using IPM in bird
management than in some other areas of 'our job. Also,
chemical control of birds is more likely to create a public
relations problem than are nonchemical controls.

415. Relate given avicides to specific characteristics about
each.

Avitrol (R). Avitrol is a highly toxic bird control
chemical used to treat bait. When treated bait is mixed with
untreated bait in low concentrations, it can be used as a
psychological repellent. In higher concentrations, it is used
as a poison.

This product is EPA labeled for controlling crows,
pigeons, grackles, starlings, sparrows, cowbirds, gulls, and
blackbirds in and around structures and agricultural ateas.

Avitrol can be used as a poison for Domestic Pigeons and
House Sparrows in situations where rapid results are
required, nontarget species are not present, and the
occurrence of dead birds in the surrounding area is not likely
to cause an adverse public reaction.

Ornitrol (R). Ornitrol is not a toxicant in the true sense of
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the word, but is a chemosterilant registered for pigeon
control. Instead of poisoning birds, Ornitrol inhibits the
embryo from developing within pithin pigeon eggs and
sterilizing results with no direct harm to the birds. This effect
lasts for about 6 months.

Ornitrol is available as a 0.1-percent whole kernel corn
bait in 30-pound bags. It's very safe since a toxic dose is
practically impossible, and it has a very bitter taste for
people.

DRC-1339. This chemical was tested as a bird poison by
the Denver Wildlife Research Center of the U.S. Fish and
Wildlife Service. The commercially available product, sold
only to professionals, consists of feed pellets treated with the
poison. "Starlicide" is the registered trademark of this
product, and the 0.1-percent mixture is called "Starlicide
Complete."

This poison is registered for use only on Starlings and
blackbirds at livestock and poultry feedlots. If feedlots near
an air base are attracting birds that are creating a strike hazard
or if a large proportion of a roosting flock is feeding at a
particular feedlot, this control method may be appropriate.

Starlicide is less toxic to mammals than Avitrol. It is less
toxic to light-colored birds than to dark birds (such as
Starlings), so the danger to many protected species is reduced.

There is always some danger that protected species may
be affected. Poisoning birds is unpopular and may cause an
adverse public reaction, especially since the slow-acting
poison will not take effect until birds have moved to another,
perhaps more populated, location.

Be sure to wear gloves when handling treated bait and
destroy excess bait and dead birds by incineration. Place the
bait where it is inaccessible to poultry or livestock, and
follow label instructions carefully.

Restrictions on Use. Consult U.S. Fish and Wildlife
Service personnel before starting a management program
using any toxicant. Permits are required in some localities.
Never use toxicants where protected species may be affected.

Exercise (415):
1. Match the avicide listed in column B to the appropriate

description in column A. Items in column B may be used
more than once.

Column A Column B
Works an a chemosterilant instead a. Avitrol.
of a toxicant in pigeon control b. Ornitrol.
programs. c. DRC-1339.
Available as feed pellets for star-
ling and blackbird control.
Less toxic to light-colored birds
than to dark-colored birds.
May be used to conttol a variety of
pest birds in and mound structures.
A toxic dose is almost impossible
and it has a very bitter taste.
May be used in low concentrations
as a repellent.

2-5. Herbicides
In this section, you'll study several different classes and

specific types of herbicides. These classes include arsenicals,

phenoxys, phenylureas, triazines, dinitros, benzoic acids,
and alaphatic acids. There is also a final lesson on some other
herbicides that are not in any of these classes, but have various
uses.

Frequently, herbicides in the same class will have the
same general use. As you continue, think about the weed
problems you have on your base and look for classes or
specific types of herbicides you could use. If you already nave
a weed control program, think about the herbicide(s) you're
using and ask yourself what characteristics make your chem-
ical suitable for your needs. Then compare your mental notes
with what you learn in this section and see if you can come up
with a better alternative.
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416. Specify characteristics, uses, and safety precautions
for arsenical compounds.

Arsenical compounds used as pesticides are divided into
two groupsinorganic and organ,c.

Inorganic Arsenicals. These compounds are derived
from mineral elements, and due to their persistence (ability to
remain stable for long periods of time) they arc commercially
unavailable.

Organic Arsenicals. These compounds are derived from
plant and animal matter and are much less persistent than
inorganic arsenicals. The more common compounds used
within the Air Force as herbicides are DSMA, MSMA, and
AMA.

DSMA. DSMA (disodium monomethylarsonate) is a post-
emergence herbicide that is soluble in water, nonvolatile,
and nonflammable. It is formulated as water-soluble powders
containing 50 to 100 percent hexahydrate, and as dry mixtures
with vermiculite containing 2.5 to 4 percent hexahydrate.
Total water-soluble arsenic in the 50- and 100-percent pow-
ders is 12.8 and 25.86 percent, respectively. DSMA is com-
patible with the salts and esters of 2,4-D.

MSMA. MSMA (monosodium methanearsonate) is used
as a selective, contact, postemergence herbicide. It is formu-
lated as a water-soluble powder and is very similar to DSMA
in action, although it is more phytotoxic and more effective in
high temperatures.

AMA. AMA (ammonium methanearsonate) i. a selective
postemergence herbicide formulated as a water-soluble
liquid. This compound is often added to silvex in controlling
certain vegetation.

These organic arsenical compounds are considered to be
moderately toxic upon ingestion and moderately to relatively
nontoxic through absorption; however, protective clothing
and equipment must be worn, and there must not be any
smoking, eating, or drinking during the handling of these
compounds. Always insure that these compounds do not
contaminate any water source during or after application.

Exercises (416):
1. Comparing the characteristics of organic arsenicals and

inorganic arsenicals, you will find that organic arsenicals
are derived 1.rom and matter;
whereas inorganic arsenicals are derived from
elements.
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2. Which arsenical compound is used as a herbicide'?

3. A common use characteristic of DSMA, MSMA, and
AM k is that all three are used as herbicides.

4. Wr...t safety precaution applies to environmental protec-
tion when using arsenical herbicides?

417. Specify characteristics and uses of phenoxy com-
pounds.

Phenoxys. The phenoxy compounds we'll discuss are
2,4-D and MCPA. In the acid form, these herbicides are only
slightly soluble in water. For commercial use, they are
formulated as esters, which form milky emulsions with water
and also dissolve in light oils, or as water-soluble salts. The
amines are the most wid1y used salts. They are easily soluble
in water and are commonly sold in liquid form. There are also
sodium and ammonium salt formulations that are sold as
water-soluble powders, but they are not so effective as are the
amine salts on hard-to-kill species or on weeds that are in bud
stage and beyond. All of the salts are practically nonvolatile.
Itvo general kinds of esters are commercially available:
relatively high-vci.atile esters and relatively low-volatile
esters. Although the low-volatile esters ,,aporize less
rapidly, both types are volatile at high temperatures. Drift
can occur with any of the formulations if the spray is in very
fine droplets or mist and there is a wind.

The phenoxy formulations are moderately toxic. The
hazard to livestock and wildlife is negligible on treated
vegetation, but toxic amounts could be eaten if animals had
access to undiluted concentrates or large amounts of spray
mixtures. As ordinarily handled, these materials are not
likely to cause irritation to skin or eyes. They are not
absorbed through the skin to any appreciable extent and, in
the amounts likely to be inhaled, are not hazardous. Neither
is the ingestion of harmful amounts likely. As dosages used for
weed control, they may harm fish in still, shallow water.
They are noncormsive and nonflammable.

2,4-D. 2,4-D is formulated as water-soluble sodium,
ammonium, or amine salts and volatile or low-volatile esters.
A new formulation is the diamine sal'.. It is an oil-soluble
amine that has the weed-killing properties of an ester and the
nonvolatile features of amine salts. It is formulated in a
concentrate containing 2 pounds acid equivalent per gallon.

2,4-D is used for the control of herbaceous broadleaf
weeds. It can be applied at extremely low concentrations
compared with the inorganic herbicides, such as borates and
chlorates. It is absorbed thmugh leaves and is readily
tran located in the plant, but it is also absorbed by plant roots.
It i- -ommonly used as a selective herbicide rather than soil
ste ,ant. (ts effect, when applied to the soil, is temporary
ex:s.z.pt under very dry conditions or cool weather. 2,4-D is
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used on many perennial broad-Icaved weeds, since it is
translocated to the roots and underground storage organs. It
is carried with the sugars as th._y move out of the leaves. It is,
therefore, most effective on warm sunny days when
photosynthesis is active. It is a very useful herbicide to kill
annual nongrass weeds that frequently reinfest an area
treated with a soil sterilant after it has leached below the
surface layer. It is also an inexpensive and convenient
chemical to kill certain weeds that are tolerant to a soil
sterilant. On roadsides and similar areas where grasses are
desirable for erosion control and in turf, 2,4-D can be used
selectively to kill broad-leaved plants in sod. 2,4-1) is also
effective on certain broad-leaved aquatic plants. It is also
used for control c woody plants. The salt formulations are
practically nonvolatile, but, with the possibie exception of
the diamine salt, are less effective than the esters on
hard-to-kill species. The low-volatile esters are equally as
effective as the volatile esters and in some instances are
better. Some woody species are tolerant to 2,4-D.

MCPA. MCPA contains several isomers, but the
2-methy1-4-ci,loro isomer is the most effective for killing
weeds. Therefore, the better formulations contain a high
proportion of this isomer. The most widely used
formulations are the sodium and amine salts. MCPA is very
similar in use to 2,4-D because it, too, is used in controlling
broad-leaved weeds; however it is more expensive than
2,4-D. Depending on the. weeds being controlled, it may be
more or less effective than 2,4-D.
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Exercises (417):
I . Into what toxicity range do the phenoxy compounds fall?

2. List the personal safety , dvantages phenoxy compounds
offer when you apply them at the recommended rate and
strength?

3. How is 2,4-D used?

4. Under what conditions is 2,4-D most effective?

In terms of control results, how does MCPA compare
with 2,4-D?

418. Cite general characteristics for phenylurea com-
pounds and identify uses of specific compounds with the
herbicide they describe.

Phenylureas. Tl_ese compounds are used for soil
sterilants and include monuron, duron, siduron and
tebuthiuron. They are only slightly soluble in water, have a



low volatility, are noncorrosive, and nonflammable. They
are formulated as water-dispersible powders and granular
products. With the exception of the granular materials, all
forms are applied as suspensions in relatively large volumes
of water and require agitation in the spray tank.

Although these chemicals do not move far laterally in the
soil, they may be washed down the surface slopes to kill
vegetation below and they leach deeply enough to reach the
roots of trees, shrubs, and the deep-rooted plants growing
under the treated area. All these chemicals can irritate your
eyes, nose, throat, and skin.

Monuron. Monuron is formulated as a water-dispersible
powder containing 80 percent active ingredient. It is also
formulated as a granular material.

The effects of monuron on all weeds are slow to appear.
Monuron is more effective in light, sandy soils than in heavy
types at equivalent rates and is more active in mineral soils
than those high in organic-mitter content. It is much more
soluble in watcr than diuron, so it is better adapted to areas of
less than 25 inches of rainfall a year, except along irrigation
and drainage ditches. It is also preferred to diuron for soils
containing considerable amounts of clay, especially
bentonite, or of organic matter. At high rates, it leaches
readily from sandy soils and moves downward twice as last
as diumn in both clay and sandy soils. It is somewhat more
effective on grasses than nongrasses. Heavy rainfall and
standing or running water; condition favoring microbial
activity such as warm soils of high organic-matter content
and moisture; and soil cultivation shorten its persistence in
the soil. Sterility of the soil may last 1 to 3 years; this depends
on rates applied, soil type, and rainfall.

Diuron. Diuron is even less soluble in water than
monuron. It is formulated as a water-dispe-sible poweltw
containing 80 percent active ingredient. There is also a liquid
suspension, containing 2.8 pounds per gallon, active
ingredient.

The effects of diuron oa all weeds are slow to appear.
Diuron is more effective than monuron where rainfall is over
25 inches a year and especially on sandy soils. It is not
recommended for areas of low rainfall, especially to control
deep-rooted plants. Larger amounts of diuron than monuron
are absorbed by all soils; consequently, it is more persistent.

Siduron. Siduron is a slightly toxic herbicide used for
preemergence control of a variety of annual grasses in
established cool-season turf. Controlled grasses include
crabgrass, foxtail, and barnyard grass. You can apply
siduron in newly seeded or established plantings of
bluegrass, fescue, redtop, and other cool-season turfs. It's
available as a 50-percent wettable powder under the trade
name "Thpersan."

7ebuthiuron. This is a highly active preemergence and
postemergence herbicide for total vegetation control in
noncropland areas, including trees and shrubs. It's
formulated as an 80-percent wettable powder. Depending on
the vegetation you want to control, it can be applied at rates of
2.5 to 20 pounds per acre. In areas where rainfall is at least 25
inches per 3/Par, an application rate of 3.0 lbs/acre should
generally be used. If the average annual rainfall is less than
15 inches per year, apply it just before rainfall reaches its
seasonal peak. At least 1 to 1.5 inches of rainfall is needed to
activate tebuthiuron.
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Given the broad spectrum characteristics of tebuthiuron,
it's very important that you don't contaminate bodies of
water, because aquatic vegetation could be injured or killed.
Also, never contaminate water when you clean application
equipment or dispose of wasts

Exercises (418):
I. How are phenylurea compounds used?

2. What are the basic chemical characteristics or
phenylureas?

3. In what forms are phenylureas commonly available?

4. Describe how phenylurea compounds are moved
through the soil.

5. Match the statements in column
each describes in column B.

A with the herbicide

Column A Column E
Highly active against all types of a. Monuron.
vegetation, including trees and b. Diuron.
shrubs. c. Siduron.
Most effective as a soil sterilant cf. Thbuthiuron.
where rainfall is over 25 inches
per year, especially in sandy soils.
Used for preemergence control of
annual grasses in established cool-
season turf.
Most effective as a soil sterilant
where rainfall is less than 25
inches per year.

419. Specify characteristics, uses, and safety precautions
for triazine compounds.

'friazines. Thazine compounds include simazine and
atrazine. These are soil sterilants when applied at high rates.
They are noncorrosive, nonflammable, and present no elec-
trical or conductivity problem around utilities, powerplants,
transformers, signal blocks, or other electrical installations.

Simazine. Sima..ine is practically insoluble in water. It is
formulated as an 80-percent water-dispersible powder and as
a 4-percent granular product. Both formulations are used for
the nonselective control of vegetation on areas where any
plant growth is undesirable. The granular product is also
effective against rooted aquatic plants such as coontail,
fanwort, horned pond-weed, and water milfoil.

Simazine is absorbed by soil colloids. High cation-
exchange capacity, high organic-matter content and, to a less
extent, high clay content of soils reduce its toxicity to plants.
It is probably also deactivated by soil micro-organisms.
Simazine has little or no contact action on foliage, so there is
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no drift hazard. It cannot penetrate an unbroken leaf cuticle
and is absorbed only through the roots. Simazine is ineffec-
tive until water carries it to the root zone, and its action is
slow. It is easily removed from equipment by washing. It
forms a suspension in water that requires agitation to keep the
chemical from separating out.

Atruzine. This product is formulated as an 80 percent
water-dispersible powder and a 4-percent granular product.
It is more soluble than simazine, so it is more effective in dry
awas. Weeds that ait better controlled with atrazine than
simazine are horsetail, Indian hemp, prickly lettuce, yellow
nutgrass, rush, sedge, and Canada thistle.

Atrazine, unlike simazine, is absorbed through plant
leaves; hence, there is a drift hazard. It is slightly more toxic
than simazine to mammals and remains toxic in the soil for a
slightly shorter time.

Exercises (419):
1. When applied at high rates, triazine compeunds are used

as
2. The triazine compound that has little or no contact action

on foliage and does not penetrate unbroken leaf cuticles
but is absorbed only through the roots is

3. The triazine compound that presents a drift hazard is

4. Based upon the text, would be the safest
compound to use.

I 420. Cite characteristics of dinitro compounds and the
hazards they present humans.

Dinitros. These are contact herbicides used alone and to
fortify oils. The parent compouads do not dissolve in water
but are soluble in oil. Sodium, ammonium, or amine salt
formulations are water soluble.

The three parent compounds are designated by the Weed
Society of America (WSA) as DNAP, DNBP, and DNC.

All three compounds are yellow dyes that stain skin, hair,
and clothing. They are highly poisonous if swallowed, if
absorbed through the skin, or if any appreciable amount of
spray mist is inhaled. Although they are not irritating, they
are readily absorbed through the skin. They should be kept
away from heat and open flame.

The parent compounds P*1.1 used nonselectively for top-
kills of vegetation. The sodium, ammonium, and amine salts
are used selectively. The parent compounds are very effec-
tive contact herbicides that control a wide range of herbaceous
plants, including many oil-resistant plants. They require
large amounts of water, and their effectiveness as weed
killers varies widely with the temperature.

The dinitros are not economical to use on perennial
grasses and on coarse, vigorous, annual grasses. Repeated
applications are required for control in areas of long seasons
and high rainfall.

D1NBP is the most effective form, DNC the least effective,
and DNAP intermediate.

DNBP. DNBP commercial formulations contain 5

pounds DNBP per gallon plus 87.9 percent oil or an
alkanolamine salt containing 3 pounds DNBP per gallon.
Ammonium salts of DNBP contain 1 pound per gallon.

DNC. Commercial formulations contain 30 percent
sodium salt of DNC. The effectiveness of DNC can be
increased by adding ammonium sulfate, aluminum sulfate,
or sodium bisulfate.

Exercises (420):
1. Name the parent compounds of the dinitros and their

physical characteristics.

2. What hazards do the compounds present to humans?

3. How are dinitro parent compounds used?

4. What plants do the compounds effectively control?

421. State characteristics, uses, and safety precautions of
benzoic acid compounds.

Benzoic Aci6.. These compounds are readily trans-
located in the plant. They kill through both root and foliage
absorption. They are good temporary soil sterilants for both
perennial and annual weeds.

2,3,6-TBA. This product is formulated as the dimethy-
lamine salt of trichlorobenzoic acid, containing 2 pounds per
gallon acid equivalent. It is nonvolatile, noncorrosive, and
nonflammable. It is a mild skin irritant and is compatible with
2,4-D amine, dalapon, diuron, and monuron.

PBA. This is a mixture of a small amount of
2,3,6-1hchlorobenzoic acid and a higher proportion of
several other polychlorobenzoic acid derivatives. It is
formulated as the dimethylamine salts of polychlorobenzoic
acids, containing 4 pounds per gallon, acid equivalent. It is
nonvolatile, noncorrosive, and nonflammable. It is a mild
skin irritant and is also compatible with 2,4-D amine,
dalapon, diuron, and monuron.

Dicamba. Dicamba is formulated as the dimethylamine
salt of 2-methoxy-3, 6-dichlorobenzoic acid in water,
containing 4 pounds acid equivalent per gallon.

It is very effective on several hard-to-kill broad-leaved
weeds such as buckwheat, tartary, garlic wild, prostate
knotweed, Russian thistle, green smart-weed, sowthistle,
Canada thistle, and wild buckwheat.

When handling these compounds, wear protective
equipment and clothing. Avoid drifts so that desired
vegetation will not be affected and water sources will not be
contaminated.



Exercises (421):
1. How do benzoic acids act on affected vegetation?

2. Which benzoic acid compound is very effective against
hard-to-kill weeds such as buckwheat and knotweed?

3. What should you do to avoid personal contamination?

422. Cite characteristics and uses of aliphatic acids, and
list the safety precautions to be observed with them.

Aliphatic Acids. These compounds are relatively strong
acids and are primarily used as herbicides. They are derived
from sodium salt and are usually obtained in powder or pellet
forms. They are water soluble and are used principally as
selective, translocative, preemergence, and postemergence
herbicides. The two most common aliphatic acids used in the
Air Force are Dalapon and TCA.

Dalapon. Dalapon (2,2-Dichloropropionic acid) is
formulated as the sodium salt of dichloropropionic acid. It is
a water-soluble powder applied as a solution for foliage
spray. A typical commercial product contains 85 percent of
the salt or 74 percent of the acid equivalent. The acute oral
toxicity is low. It is not absorbed through unbroken skin.
Undiluted, it may cause skin irritation after prolonged
contact, but spray concentrations are not irritating. The
powder or concentrate solutions can cause painful irritation
of the eyes. Dalapon is used principally to control grasses,
but it is also effective against cattails, jack pine, phragmites,
rushes, and white-cedar. It is a growth-regulator type of
herbicide that is translocated from leaves to roots and
rhizomes of perennial grasses. It is more effective in foliar
applications than TCA, hut it is also absorbed by the roots.
For general weed control, it is mixed with a broad-leaved
weedkiller such as 2,4-D amitrole, or silvex. Dalapon
disappears from the soil me t rapidly in warm and humid
regions. It persists longer in dry, cool soils where microbial
activity is low.

TCA. TCA ('flichloroacetate acid) is very similar to
Dalapon, but a typical commercial product colitains a higher
percentage of sodium salt; therefore, it is basically used as a
temporary soil sterilant.

Do not apply these compounds near desired vegetation or
irrigation water or when heavy rains are expected, because
these compounds have a tendency to leach out of top soil.

Wear protective clothing and equipment, avoid drift, and
wash spray equipment immediately following use because
these compounds are very corrosive.

Exercises (422):
1. Aliphatic acids are derived from what source?

2. How are aliphatic acids used?

3. What aliphatic acid compound is used basically as a
temporary soil sterilant?

4. Daiapon is primarily used to control

5. List the environmental safety precautions that must he
observed when using aliphatic acids.
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6. Equipment that has been used to apply aliphatic acid
compounds should be immediately because
these compounds are

423. Identify miscellaneous herbicides with their
descriptions.

Miscellaneous Herbicides. There are many other classes
of herbicides in addition to the ones you've studied up to now,
but it's easier for you to study them as individual chemicals
than to describe them by group. In this lesson, you'll learn
about some herbicides in various classes and ihaving several
different uses. These products include glyphosate, bromacil,
trifluraline, diquat, endothall, and paraquat.

Glyphosate. Glyphosate (Roundup) is a moderately toxic
nonselective, postemergence herbicide. You can use it to
control many annual and perennial grasses, broadleaf weeds
and woody brush species in the spring, summer, or fall using
a wide variety of equipment. Glyphosate is a foliar-applied,
translocated herbicide and is available as a 41-percent
water-soluble concentrate.

Bromacil. Bromacil (Hyvar X; XL) is slightly toxic as a
dry formulation and moderately toxic as a water-soluble
liquid. You can use it as a preemergence and postemergence
herbicide or as a nonselective soil sterilant. It is slow-acting,
noncorrosive and nonvolatile. A small amount of rainfall,
about one-half inch is enough to activate it.

Applied at a rate of 2 to 8 pounds per acre, it controls a
wide variety of grasses, including:

Cr.bgrass.
Cheatgrass.
Ragweed.
Pigweed.
Quackgrass.
Dandelion.
Bermuda grass.

Use higher ..tes for soil high in organic matter.
Bromacil works best when you apply it just before or
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during the weed's most active growing period. If you use it,
do not use the same equipment to apply other pesticides, and
don't use equipment that uses air agitation.

lhflumline. Thfluraline (fteflan) is a toluidine compound
used as a selective, preemergence herbicide. It's available
as an emulsifiable concentrate with 4 pounds active ingredient
per gallon or as 5 percent granuals. This slightly toxic product
can be used to contml many different grasses plus some bmad-
leafs such as lambsquarters, pigweed, Russian thistle, sanbur,
and others. It's applied at .5 to 1.5 lbs active ingredient per
acre; lower rates are used on sandy soils.

Thfluraline works best when it's incorporated 2 to 4
inches into the soil. Rainfall isn't needed to acti., ate it. It's
very resistant to leaching, with little, if any, lateral
movement in the soil.

Diquat. This is a nonvolatile, nonflammable contact
compound you can use as an aquatic or general use herbicide.
It controls practically all types of annual plants, but annual
grasses are less susceptible than broadleaf plants. It generally
acts by local absorption but may be translocated. Diquat is
rapidly and completely inactivated by contact with the soil,
so it doesn't cause residual buildup.

Pamquat. Paraquat is a foliage spray with rapid absorption,
thus it is not affected by rain. Also, action on the plant is very
rapid, since wilting may start within 30 minutes. Use of an
appropriate surfactant is essential. It will contml young grass,
broadleaf weeds, and will kill the tops of some perennial
grasses, including Kentucky bluegrass. It may be used to kill
small weeds a day or two before seeding grass , and may be used
in nurseries and under shade trees. It is also used to kill weeds
in noncrop areas, along fence lines, railroads, and tank areas.
There is some evidence that it may N.- used on aquatic weeds
such as alligator weed and southern water grass. It is completely
soluble in water, nonflammable, and virtually noncorrosive.

Paraquat has a high-oral toxicity, and you should take care
to avoid contact with skin, eyes, and nose. It is toxic to
wildlife, so birds and other wildlife may be harmed in treated
areas. Avoid drift to valuable plants. Like Diquat, it is
inactivated upon contact with the soil.

Endothall. Endothall cousists of three isomers, of which
the exo-cis isomer shows the greatest biological activity. Its
acute oral toxicity to mammals is high; therefore, endothall
must be handled with care.

Endothall is selective; but, combined with 2,4-D, it
provides control of many grasses and broadleaf weeds. It
breaks down rapidly in the soil so that residual toxicity is
short, especially in the humid areas. It is absorbed by plant
roots, but it may be translocated in some plants.

Both liquid and granular formulations are used for
aquatic-weed control. A typical liquid formulation is a water
solution containing 19.2 percent disodium endothall. A
granular formulation contains 5 percent disodium endothall
on an inert clay carrier. Potassium ana amine formulations
are also used for aquatic weeds. In most cases, the
concentration of amine salt needed to kill the weeds is fatal to
fish (amine salt is toxic to fish at 0.3 parts per million (ppm)
or higher). Concentrations of 10 ppm of sodium and
potassium salts are harmless to fish. Either may be fatal if
swallowed, and both are irritating to skin, nose, and throat.

Both formulations are contact herbicides effective on
burreed, coontail, horned pondweed, watermilfoil, and

pondweeds (Potamogeton spp.). In northern areas, Pitho-
phora, Cladophora, and Spimgyra algae appear susceptible
at the 2 to 5 ppm rate. Because of endothall's short residual
life, treated areas that have conditions favorable for algae
development may be subject to regrowth within the season.
At rates of 1 to 2 ppm of the sodium or potassium salt, there is
a wide margin of safety for fish.
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Exercise (423):
1. Match each herbicide in column B with the statement

that best describes it in column A.

Column A
_(1) A moderately toxic. postemer-

gence herbicide for nonselective
control of vegetation. May be
applied in th spring, summer, or
fall.

____(2) An aquatic and general use
herbicide that's nonvolatile, non-
flammable, and nonselective.
This selective aquatic herl icide
can be used to control many
grasses and broadleafs when it's
combined with 2,4-D.
A selective, preemergence herbi-
cide for controlling several dif-
femnt grasses and some broadleaf
plants. Works best when incorpo-
rated 2 to 4 inches into the soil.
A compound used as a preemer-
gence and postemergence herbi-
cide or as a nonselective soil
sterilant. Applied just before or
during the weed's most active
growth pei iod.
A foliage spray with rapid absorp-
tion; plant wilting may start within
30 minutes.

Column B
a. GI ypnosate.
b. Brornacil.
c.
d.
e. Paraquat.
f. Endothall.

2-6. Fungicides
As the role of pest managers expands in the area of turf

management, you may get involved in controlling turf
diseases. This section has been added to familiarize you with
some of the turf fungicides you may use for this purpose.
Some of these products are carbamates; some are chlorinated
hydrocarbons. Most are slightly toxic and systemic in action.
All of them should be used only in conjunction with proper
turf management practices. (You'll learn about these in detail
in Volume 5, along wit;1 various diseases mentioned in this
section.)

424. Outline various characteristics and uses for turf
fungicides.

Benomyl. Benomy! (Benlate, Tersan 1991) is a slightly
toxic carbamate compound used as a systemic foliar and soil
fungicide. It is available as a dust or a 50-percent wettable
powder. You can use it on a wide variety of plant diseases,
including:

Powdery mildew.
Black rot.



Fusarium patch.
Brown patch.
Dollar spot.
Anthracnose and others.

Benomyl is not phytotoxic (toxic to higher plants) when
used as directed. It has excellent residual characteristics both
as a preventive and eradicant fungicide.

Chloroneb. Chloroneb (Ansi, Tersan SP) is a slightly
toxic fungicide formulated as a 65-percent wettable powder.
It is used as a supplemental seed treatment and preemergence
fungicide for various crops. In turfgrass, it controls snow
mold and pythium blight.

Chloponeb is a chlorinated hydrocarbon and you should
avoid contact with skin and ciothing.

Maneb. Maneb (Manzeb, Tersan LSA) is a carbamate
compound used as a foliar fungicide. It's used to control leaf
spots, rust, and brown rot. It is formulated as an 80-percent
wettable powder and is labeled as a slightly to. ic pesticide.

Thiabendazole. Thiabendazole (Arbotect S) is a systemic
fungicide that provides preventive and therapeutic control of
Dutch elm disease and sycamore anthracnose. It's a slightly
toxic fungicide, but may irritate skin and eyes. It comes as a
liquid concentrate containing 1.3 percent active ingredient
and mixed with a 1:1 ratio (one part water to one part
thiabendazole concentrate). This diluted mixture is then
injected into the tree in various amounts, depending on the
type of treatment and the size of the tree.

Bayleton. This systemic fungicide .s formulated as a
25-percent wettable powder and is moderately toxic. It
controls several diseases on flowers, turf, trees, and other
foliage. On turf, you can use it as a preventive control of a
variety of diseases. For corrective control, it is used to treat
dollar spot, brown patch, copper spot, powdery mildew, red
thread, and rusts.

Thiram. This chemical (lersan 75) is an organk.:
systemic fungicide. It can also be used as a seed treatment and
as a repellent to protect shrubs and ornan.entals from rabbit
ar deer depredation. As a turf fungicide, it gives preventive
and corrective control of damping off, seedling blights,
brown patch, dol:-r spot, snow mold, and others.

Thiram is a slightly toxic fungicide and is available as a
dust, wettable powder, and a water suspension.

Exercise (424):
1. For each of the fungicides listed here, identify :he

characteristics specified. As an example, number one
has been done for you.

(1) Benomyl
a. lype of fungicideSystemic foliar fungicide and soil

fungicide.

b. Toxicity characteristicsSlightly toxic, not toxic to
higher plants.

c. Residual characteristicsExcellent, both as a preven-
tive and eradicant fungicide.

d. Diseases controlled (list 4)Any four of the following:
powdery mildew, black rot, fusarium patch, brown
patch, dollar spot, and anthracnose.

(2) Chloroneb
a. Chemical classification.

b. Thrf diseases controlled.

c. Toxicity characteristic.

(3) Maneb
a. Chemical classification.

b. Thrf diseases controlled.

c. Toxicity characteristic.

(4) Thiabendazole
a. 1j/pe of fungicide.

b. Diseases controlled.

c. Toxicity characteristic.

(5) Bayleton
a. lype of fungicide.

b. Recommenoed uses

c. Toxicity characteristic.



(6) Thiram
a. Recommended uses.

b. Diseases controlled (list 3).

c. Toxicity characteristic.

d. Repellent uses.

2-7. Diluting Pesticides
In most cases, pesticides are received in concentrated

form to reduce shipping expenses. Therefore, you as a pest
manager will be required to prepare safe and effective
pesticidal formulations. To do this, you must know what type
of materials you can use to prepare certain products. In
addition to this, you must be able to dilute pesticidal
concentrates according to label instruction and calculate the
correct amount of finished product to do the job according to
recommendations provided on the pesticide label.

In this section we discuss identifying supplementary
materials used in conjunction with pesticides, the compo-
nents of common pesticide formulations, and a method for
diluting pesticidal concentrates.

425. Differentiate between supplementary materials and
the:r uses.

Supplementary Materials and Their Uses. The
materials discussed in this section are those that help
pesticides work more efficiently and economically by acting
as solvents, emulsifiers, spreading and wetting agents,
adhesives or stickers, perfumes and masking agents,
synergists, and carriers or diluents. It is generally not
economical to apply pesticides as technical grade material or
in concentrated form. A wide variety of chemicals have
been found useful in formulating sprays and dusts.

Repellents. These are substances that keep pests away
from plants or animals by emitting odors that are offensive or
by presenting an appearance or taste that is undesirable.
Diethyl toluamide, a repellent, is applied to exposed skin
surfaces and clothing to prevent attack by mosquitoes and
other arthropods. Moths are repelled by clothing treated with
naphthalene. Repellents do not necessarily kill arthmpods,
but they do protect people and materials from arthropod
attack.

Attractants..These are substances that attract arthropods
by sensory stimulation. They are used to lure arthropods into
traps or away from certain areas. They are also used to
enhance poison baits so that an arthropod will eat it. An
example of attraction is the response of insects to odors from

foods, opposite sex, prey, or from sites suitable for the
dcposit of eggs. A few attempts have been made to use the
principle of attraction to induce pests to eat poison baits or to
lure thcm into various types of traps.

Dessicants. Very finely powdered silka gels and silica
aerogels have been tested for the control of cockroaches,
fleas, kissing bugs, dry-wood termites, and such ectoparasites
of domestic animals as ticks, lice, and mites. Silica
aerogels and diatomaceous earths are also used tv protect
stored grains from the attacks of beetles and moths in many
countries. These compounds kill arthropods by damaging the
outer, waterproof layer of the arthropod exoskeleton, the
cpicuticle, either by absorbing the fatty or waxy material, or
by abrasion. The arthropods lose liquid rapidly, sometirnes
becoming incapacitated in an hour's titne, and die by
dessication. These materials are reported to be nontoxic to
human and to warm-blooded animals. Sorptive dusts are
uncrystallized and it is possible that arthropods ,11 not
become resistant to them. The real pmbleni in using this tyPe
of control is to keep the fine powder in areas where
arthropods will come in contact with it.

Solvents. A solvent dissolves a pesticide so that the
molecules of a pesticide are evenly dispersed throughout the
resultant solution. The solvent acts both as a carrier for the
pesticide and as a diluent, reducing the concentration of the
insecticide to the most economical peiventage. Solne
solvents, such as petroleum products, also add to the
insect-killing powers of the formulation. Many pesticides are
dissolved in solvents such as fuel oil, kerosene, or xylene in
the preparation of field spray solutions or emulsifiable
concentrates. The selection of a solvent depends on its ability
to hold the pesticide in solution, its toxicity to animal and
plant life, its odor and staining characteristics, and its fire
hazard.

INvo general types of solvents are commonly used: (1)
volatile liquids, such as xylene, which evaporate after
spraying and leave only a residual deposit of the pesticide,
and (2) nonvolatile or semivolatile liquids, such as petnaleum
oil, which leave the surface coated with a solution of the
toxicant. Fuel oil and kerosene do not dissolve the high
concentrations of pesticides needed to make emulsifiable
concentrates, so other compounds are often used as auxiliary
solvents. The flashpoint must be considered when selecting a
pesticidal solvent for fogging operations. Materials with a
low flashpoint increase the fire hazard of an insecticide;
therefore, solvents with flashpoints over 200° F are
preferred.

Emulsifiers. An emulsifier is a surface active agent
(detergent) that stabilizes a mixture of a liquid within a liquid.
Milk, for example, is an emutsio: witn tiny globules of
butterfat and other ingredients suspended in water. A
technical grade insecticide may be dissolved in xylene and an
emulsifier added to produce an emulsifiable concentrate of
low bulk that may be stored and moved with ease, rather than
storing or shipping large amounts of more dilute materials.
At the time of use, the concentrate is diluted with water, the
most universal and economical carrier, to produce an
inexpensive and effective emulsion.

The emulsifier forms a thin film atound each minute
droplet of oil, resisting the tendency of the droplets to
coalesce and separate into continuous layers of oil and water.
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In the familiar oil-in-water insecticidal emulsions, the many
finely divided oil droplets form the dispersed phase and the
water comprises the continuous phase.

The early emulsifiers were soaps, but modern usage
requires more effective synthetic detergents such as the
'fritons, Spans, and 'flveens. Substances that lower the
surface tension of water tend to stabilize a water emulsion.

Spreading and wetting agents. Many of the synthetic
emulsifiers and detergents are also used as wetting and
spreading agents. These agents are rather difficult to define,
except according to the manner in which they are used.
Detergents are developed primarily for their cleaning ability.
Spreading agents, such as Hercules 'friton 13-1956, may be
added to oil larvicides to decrease the surface in which the
larvae live. Wetting agents promote the formation of a
continuous film of pesticide en water-repellent surfaces or
increase the rate with which the pesticide soaks into or wets
other materials. Sulfonated oils, the higher sodium alkyl
sulfates, and other surface-active dispersants may be added
to pesticidal dusts to produce wettable pesticide powders
(also known as water-dispersible powders) that form
suspensions when added to water.

Adhesives or stickers. Adhesives are substances added to
liquid sprays to improve the adhesive quality of the
insecticidal deposit, especially to avoid leaching by the rain.
Protective materials such as gelatin, glue, rosin, and other
gums are valuable adhesives.

Masking agents. Perfumes or masking agents are
agreeable scents, like oil of wintergreen, that are added to
household insecticides to mask unpleasant odors (such as
those of kerosene, pyrethrum, or cyclohexanone). There are
many proprietary perfumes and masking agents now
available.

Synergists. Synergisi (from the Greek, meaning
"working together") is said to occur when two materials
give greater physiological action when applied together than
separately. Certain compounds added to pesticidal mixtures
do increase their toxicity; therefore, the amount of the basic
pesticide in the formulation may be greatly reduced. For
example, the addition of the relatively inexpensive synergist
piperonyl butoxide to fly and mosquito sprays makes it
possible to reduce the amount of the more expensive
pyrethrum insecticide and still obtain effecti , control with
substantial savings in the final formulation. These synergists
may ulso be used to counteract the resistance of insects to
certain chemicals. A synergist apparently brings about an
alteration in the insect's physiological reaction to an
insecticide, making the poison more effective. A synergist
applied as much as a day before the pesticide may still
produce an activating effect. However, a synergist applied
after the pesticide is of no value. The most practicable
procedure is to mix the synergist with the insecticide; then,
only one application is required.

Some of the activators, or synergists, are piperonyl
butoxide, sesamex, sulfoxide, propylisome, and MGK-264.

Carriers and diluents. Most pesticidal dusts are
purchased "ready for use," but may be diluted for special
purposes. Some of the generally available carriers include
attapulgite, bentonite, calcite, diatomite, gypsum, hydrated
lime, kaolin clay, pyrophyllite, and talc. Dust carriers should
be relatively low in cost, and must have greater absorptive
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capacity when they are used to absorb liquid pesticides such
as malathion. These carriers must not produce any
breakdown of the pesticidal chemical. Dusts are usually
mixed in a ballmill or other type of blending machine. They
must be extremely fine particles and of low density in order
that they may be airborne for a considerable distance when
applied.

Exercise (425):
1. Match each of the supplementary materials in column B

with its purpose of use in column A. Some column B
items may be used more than once.

Cohunn A
Adhe.ives/stickers.
Attractants.
Carriers/diluents,
Dessicants.
Emulsifiers.
Masking agents.
Repellents.
Solvents.
Spreading and wetting agents.
Synergists.

Column B
a. Peanut butter, apples,

and sugar.
b. Xylene, fuel oil, and

kemsene.
c. Oil of wintergreen and

shaving lotion.
d. Bentonite, verniculite,

and talc.
e. Gelatin and resin.
f. Silica gels.
g. Naphthalene and para-

dichlorobenzene.
h. Synthetic detergents.
i. Piperonyl butoxide and

sesamex.

426. Identify pesticide formulations with their compo-
nents.

Pesticide Formulations and Their Components.
icides are produced from natural or synthetic chemicals
that kill insects readily, but will not cause undue hazards to
man, animals, and plants when formulated and applied
correctly. Precise formulation and application are essential
in all pesticidal programs. Some toxicants are applied as
technical grade pesticides, such as malathion in ultralow
volume (ULV) applications. Most pesticides, however, are
made into proper strength dusts, granules, suspensions,
solutions, or emulsions before application. Dusts are often
diluted tc lower concentrations with talc or pyrophyllite.
Wettable powders are mixed with water to form suspensions
of desired concentration. Liquid sprays are often purchased
as concentrated solutions or emulsifiable concentrates.
Concentrated solutions may be diluted with oils, and
emulsifiable cuncentrates with water, to prepare field
strength solutions or emulsionf...

Technical grade pesticide. This is the basic toxic agent in
its purest commercial form. It is rarely chemically pure.
Some technical grade pesticides are liquids; others occur in
solid form. Technical grade malathion is a clear, amber
liquid, whereas chlorpyrifos (Dursban) is a white, granular,
crystalline material. Some undiluted technical grade
pesticides are used in ultralow volume space applications.
However, in most cases, technical grade pesticidesare mixed
with a carrier before use, formirm a dust, granule,
suspension, solution, or emulsion, as 'own in figures 2-1

282
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WATER SUSPENSION

CFN -006

Figure 2-1. Components of basically Jry IM-mulations.

and 2-2. Refer to these figures as we discuss the following
liquid and dry formulation.

Pesticidal dust. A pesticidal dust in its simplest form is
merely finely pulverized insecticide (such as sulfur dust used
to repel chiggers). Most pesticidal dusts, however, consist of
the technical grade pesticide and an inert carrier such as talc
or pyrophyllite with each minute particle of the carrier coated
with the chemical toxic to insects. Dusts may be applied by
hand, by simple dust guns, by large power dusters, or by
airplanes. These materials are usually low in cost, easy to
apply, nonstaining, and nontoxic to vegetation.

Pesticides in dust form are generally absorbed through the
skin, but may be dangerous if inhaled into the respiratory
tract. Dusts do not adhere well to vertical surfaces and are
easily removed by rain and wind. They are unsightly in the
home and have been replaced, by the most part, by sprays and
aerosols.

Pesticidal grannie. These are basically the same as the
dust formulation shown in figure 2-1, except the carrier
particles are larger. Vermiculite is used as the inert carrier
instead of talc or pyrophyllite in most granular formulations.
Since granules are heavier than dusts, they do not adhere to
leaves; therefore, they will penetrate dense foliage, which
are real advantages when you want the pesticide to reach the
water surface for mosquito control in vegetated swamps, or
to get to the ground surface through trees and shrubs for
chigger or fire ant control. Other advantages of using
granules are that they provide longer lasting effects and they
are not as apt to dutt away from the target areas.

Wettable powder. This formulation consists of the
technical grade pesticide , an inert carrier, and a wetting
agent (usually a synthetic detergent) that helps mix it with
water. You can see this in figure 2-1. Many wettable powders
have an anticaking agent that prevents lumping while in
storage, and a dispersant that helps keep the particles in
3uspensions from settling out too quickly. Wettable powders
may have a technical grade chemical content ranging from 15
to 90 percent. The insecticide is coated (absorbed) onto a fine
inert dust, such as talc or pyrophyllite. Wettable powders
have advantages over other concentrates. They do not
require the addition of solvents, which can cause injury to
plants; they lack a solvent odor; and they do not have a
tendency to irritate the skin of the operators or to be absorbed
through the skin.

Suspension. This formulation is obtair.ed when wettable
powders are added to water. A great advantage of a
suspension is the tendency of the pesticide to be deposited on
the porous surface of the structure sprayed. When porous
materials such as concrete, plaster, adobe, or unpainted
wood are sprayed with a suspension, the water penetrates,
leaving the carrier and the maximum amount of the pesticide
on the surface availablf; to kill pests. By contrast, when
solutions or emulsions are sprayed, they penetrate porous
materials so that less of the pesticide remains on the surface.
When using suspensions, be sure to agitate them
continuously to prevent settling of the solid pesticiie
particles.

Suspensions tend to clog the strainers and nozzles of

+ SOLVENT = SOLUTION

TECHNICAL
GRADE + SOLVENT EMULSIFIER EMULSIFIABLE

PESTICIDE CONCENTRATE

+ SOLVENT EMULSIFIER WATER EMULSION

Figure 2-2. Components of liquid formulations.
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sprayers, especially when the wettable powder is store( for
long periods in humid areas, wzlich causes a clumping 3:
particles, or when it is applied in high concentration. TI.ou'Ae
is experienced when usinp so ie municipal water supplies.
Some waters produce foaming while others requim L e
addition of more v. citing agent.

Solution. Tnis formulation consists of the technical grail .

pesticide dissolve i in a solvent such as kerosene, diesel oi ,

or xylene. Solutk s are nvailable as ready-to-use formui-,-
tions (e.g., ordinary household fly and mosquito sprays witl, a
low percentage of pesticide) and as solution concentrates.
Solution concentrates contain a high percentage of
insecticide and must ordinarily be diluted in oil, water, or
other suitable solvent and diluent indicated on the label
before use. Some concentrates are used without dilution in
ultralow volume (ULV) applications. In residual spraying,
the solvent evaporates from the treated surfaces, leaving a
deposit of the pesticide. DDT and some other insecticides
cause a "blooming" of fine crystals that are readily picked
up by the feet and bodies of insects. Some other pesticides,
sucl. cs chlordane and malathion, do not crystallize, but form
a thin film of insecticide on treated surfaces.

Solution concentrates have the advantage of low volume,
which reduces bulk, weight, and shipment costs. They are
diluted at the destination, often in the field, making their
portability a real advantage. The diluted mixture is called a
field sP-ength solution. Oil solutions are used outdoors
extensively in fog applicators, but aren't used for most dilute
spray applications because of their toxicity to plants (you're
using them for vegetation control).

Emulsifiable concentrate. Emulsifiable concentrates
consist of the technical grade pesticide, a solvent, and an
emulsifying agent, usually a synthetic detergent. Emulsifi-
able concentrates have the same advantages as the solution
concentrates, plus the benefits of a low ,-..ost and a readily
available diluent water.

Emulsion. When the emulsifiable concentrate is added to
water and agitated, an emulsion is formed, and the
concentration of pesticide is reduced to the desired field
strength. Pesticidal sOlutions and emulsifiable concentrates
usually are clear, whereas emulsions have an appearance
similar to milk, the most common natural emulsion. Unlike
solutions, most emulsions require periodic agitation to
prevent the concentrate from separating out of the water.
Emulsions or solutions, diluted to field strength, are called
finished sprays.

Emulsions are widely used for the residual treatment of
solid surfaces. Pests that rest on these treated surfaces are
killed by the residue of pesticide. Some emulsions remain
effective for a longer time on masonite and bare or painted
wood than on glazed tile or shiny metal. This is an important
consideration in determining the time interval between
residual applications. Emulsions with a high percentage of
the pesticide (and solvent) may burn plants. Therefore, any
emulsions sprayed on plants should have a low percentage of
pesticide and solvent and a high percentage of water.
Mosquito larvicidal treatments with emulsions are usually
confined to shallow bodies of water and to treatment of water
containers, where excessive dilution will not take place. Oil
solutions are more suitable for deep bodies of water.
Mosquito larvicidal treatments with emulsions are usually in

a thin film that kills the larvae when they come to the sprayed
surface to breathe atmospheric air. Emulsions may damage
aluminum, varnish, and painted surfaces, due to the action of
solvents such as xylene. Emulsions are often corrosive to
metal sprayers and their fittings. Sprayers used to dispense
emulsions should be made of stainless steel, aluminum,
fiberglass, or other noncorrosive materials. After use, the
sprayers are easily cleaned by a water rinse.

Invert emulsion. These formulations are water-in-oil
mixtures in which every droplet is surrounded by oil instead
of water. This results in a viscous material that is difficult to
apply but is less likely to drift. This type of formulation is
rarely usee in the Air Force, uut it does have certain merits in
he;.bicidal applications.

Exercise (426):
1. Match the formulation components in column A with the

appropriate pesticidal formulation in column B.

Column A
Technical grade pesticide and
vermiculite.
Technical grade pesticide, talc,
and synthetic detergent.
Technical grade pesticide, xylene,
synthetic detergent, and water.
Purest commercial toxicant.
Technical grade pesticide, pyro-
phyllite, synthetic detergent, and
water.
Technical grade pesticide and
kerosene.
Thchnical grade insecticide, kero-
sene, and water.
Technical grade pesticide and
pyrophyllite.
Technical grade pcsticide, xylene,
and synthetic detergent.

Column B
a. Emukifiable concen-

trates.
b. Inver: emulsions.
c. Pesticidal dusts.
d. Emulsions.
e. Granules.
f. Solutions.
g. Suspensions.
h. Technical grade pesti-

cide.
i. Wettable powders.

427. Solve given pesticide dilution problems based on
area size.

Determining Pesticide Amounts by Area. In recent
years, EPA label requirements have made it much easier for
you to quickly and accurately dilute and apply pesticides.
Specific instructions for preparing diluted products are a part
of every label. If you have some chemicals that are so old that
they don't have these instructions, or the label is unreadable,
you can't legally use them. Hence, the purpose of this lesson
is to show youin one quick, easy operationhow to
determine how much pesticide you need to complete a given
area. It doesn't matter if you're using liquids, solids, or both;
the formula is the same, and it has only four steps.

Step . Find the product rate on the label. An example of
this is "20 pounds per acre." When you've found this,
you're de-e with stcp 1.

Step 2. Find out the si of the w..ea you have to treat. The
industrial engineering section in CE ii tell you this for large
outdoor areas or individual buildins. If you want to figure
this out for yourself, refer to table 2 1. For example, if you
have to treat an area that measures 400 by 750 feet, then 400
x 750 = 300,000 square feet you must treat.
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TABLE 2-1
CALCULATIONS

1. Conversions of units of measures:

a. To convert square yards to square feet multiply by "9".

b. To convert qluare feet to square yards divide by

c. To convert the area to be treated to match the application
units on the product label, divide the application units
(5e) into the total area (5b). This gives the aeee in
BLOCK units.

d. To convert acres to square feet multiply by 43,560.

e. To convert square feet to acres multiply by .000023,
-r multiply by 23 and move the decimal to the left
six places in your answer.

f. Common conversion equivalents:

1 oz.

1 fl.

1 lb.

1 gal

1 qt.

30 grams

30 milliliters

. 16 ounces

128 fluid ounces

32 fluid ounces

1 Kyr. . 2 2 pounds 1000 grams

1 mi. . 5,380 linear feet 1,760 linear yards

1 Ac. 43,560 square feet

1 cup 8 fluid ounces 16 Tablespoons

1 dry cup 4 ounces

2. Area calculations:

a. Length X Width Rectangle

b. (3.14) X Radius 2 Circle

C. 1/2 Base X Point Height Triangle

3. Perimeter measurement:

a. (Length + Width) X 2 Rectangle

b. (3.14) X Radius X 2 Circle

C. Sum of all the sides Triangle

. Volume calculations:

a. Length X Width X Depth Volume

b. Surface Acres (L X W) X Average Depth in Feet Acre/Ft.

5. Computing total product:

a. Find product rate on the label

b. Find area

C. Convert area units in "b" to match area units on product
label (follow "le").

d. Multiply "C" times *A" Total product

6. Computing total active ingredient (A.I.) for AF Form 290:

a. Compute total product

b. Use formula 41 when computing pounds A.I. for dry chemicals:
U48 formula 42 when computing pounds A.I. for liquid
chemicals.

Formula 41 Dry

Total produce X %A.I. Pounds A.I.

Formula 42 Liquid

Total produce X lbs. A.I. or A.E. per gal. Pounds A.I.
8,040

Step 3. Convert the area ur..its in step 2 to match the area
unit in step 1. Look back and you'll see that in step 2, the unit
was square feetin step 1, acres. Now refer to table 24 and
use the formula for converting square feet to acres. This is
how the above pmblem would work out:

300,000 sq. ft. X 23 = 6,900,000.

Move the decimal point over 6 places to get 6.9 acres.
There is one more step sometimes involved here. If, for

example, you must apply 1 gallon of a product to each 10
acres and you have 50 acres to treat, you'd have to figure olo.-
how many "groups of 10 acres" you have. To do this, simply
divide the unit area into the total size of the area to be treated:

50 10 = 5 "groups of 10 acres."

Step 4. Multiply the answers in steps 1 and 3. For the
above probkm, it would work out like this:

20 lbs/acre x 6.9 acres = 138 pounds of concentrate.

Refer to the following case situations to see how this
formula works for other problems.

Case Situation #1: You're going to apply Tebuthiuron
herbicide to a field at the rate of 2 pounds per acre. The area is
500 by 3,500 feet.

Step 1. The product rate is 2 pounds per acre.
Step 2. The area size is 500 by 3,500 feet.
Step 3. Convert the area units in step 2 to match the area
unit in step 1.

Since the product refers to acres, you must first determine the
total number of square feet and then convert it to acres:

500' x 3,500' = 1,750,000 square feet.

Then:

1,750,000 x 23 = 40,250,000. After moving the decimal point six
places to the left, you get 40.25 acres you'll treat.

Step 4. Multiply the answers in steps 1 and 3. Since you
have 40.25 acres and will apply 2 pounds per acre, then:

40.25 x 2 = 80.5 pounds of product needed.

Case Situation #2. You must apply Maneb fungicide to a
yard measuring 110' by 40' in the front and back and 30' by
20' on each side. Label instructions say to apply the
concentrate at 3 ounces per 1,000 square feet.

Step 1. The product rate is 3 ounces per 1,000 square
feet.
Step 2. You must figure the size in square feet for 4
yard sections, the front, back, and 2 sides:

a. 110' x 40' x 2 sections = 8,800 square feet
b. 30' x 20' x 2 sections = 1,200 square feet

ibtal: 10,000 square feet

Step 3. Both units in steps 1 and 2 are in square feet, but
you must find out %ow many "groups of 1,000" you
have:

10,000 4- 1,000 = 10 "groups of 1,000"

Step 4. Multiply the answers in steps 1 and 3:

302 x 10 = 30 ounces of concentrate needed.

By now you should understand the formula. The following
exercises give you a chance to test your skills.
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TABLE 2-1 (Con'd)

RECTANGLE:

Area -LXWPerimetnr = (L + W) X2

Example: Find area of rectangle with
length of 18 ft and width
of 12 ft

Area =LXW
= 18 X 12
= 216 sq ft

Example: Find the perimeter of the
same rectangle.

Perimeter = (L + W) X 2
= (18 + 12) X 2
= (30) X 2
= 60 ft

Remember, a square is a rectangle where the length and .width arethe same.

CIRCLE:

Area =11-X r 2
(r x r) where

= 3.14

Example: Find area of circle with
radius of 10 feet.

Area = Tr x 10 X 10
= 3.14 X 10 X 10
= 3.14 X 100
= 314 square feet

Circumference = Tr X r X 2

Example: Find circumference of the
above circle.

Circumference = Tr X r X 2
= 3.14 X 10 X 2
= 3.14 X 20
= 62.8 feet

Remember, the diameter of a circle is twice the length of theradius.

TRIANGLE:

Area = 1/2XbXh
Perimeter =b+s+ s

Example: Find area of a triangle
with base of 46 feet and
height of 20 feet.

Area = 1/2 X 46 X 20
= 1/2 X 920
= 460 sq ft.

Example: Find perimeter of triangle
with base of 46 feet and
sides of 42 feet.

Perimeter =b+s+ s
= 46 + 42 + 42
= 130 feet

ur-com
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Exercises (427):
1. How many gallons of a concentrate containing 6 pounds

per gallon would you use to treat 20 acres of land if the
rate of application on the label is 1 gallon concentrate per
100 gallons of water applied to 5 acres?

2. A glyphosate label says to apply 1 quart of concentrate
per acre to control annual weeds. You'll apply this along
a perimeter fence that is 2.5 miles long, spraying I foot
out from each side of the fence. How many quarts of
concentrate will you need?
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CHAPTER 3

Pesticide Dispersal Equipment

SINC t?. 1940, insect control has been revolutionized by two
outstanding developments; first, the production of
phenomenally effective pesticides such as the chlorinated
hydrocarbons, organophosphates, and carbamates; and
second, the parallel development of new types of pesticide
application equipment. Ultralow volume insecticide
generators, for example, became available only a few years
ago and have a considerable impact on the efficiency and
effectiveness of many pest management programs.

Hundreds of different kinds of sprayers, dusters, aerosol
generators, and other devices have been designed,
manufactured, and marketed. Your selection of the best
equipment for a pest management program is of great
importance since pesticide application problems may
seriously affect a program. Safely and efficiently applying
pesticides to control insects and other arthropods requires a
knowledge of pesticide application equipment and training in
the method of applying these pesticides.

alis chapter identifies and describes the uses of
equipment commonly used by Air Force pest managers;
outlines operational and maintenance responsibilities and
procedures; and describes the methods used for regulating
dispersal rates and calibrating pesticide dispersal equipment.

3-1. Types and Uses of Equipment
You can use some equipment items in several different

types of pest management programs. However, there is
usually one piece of equipment that is safer and more efficient
for a particular program than other types of equipment. The
purpose of this section is to give you a basis for selecting
pesticide dispersal equipment and help you identify some of
the types and uses of pesticide dispersal equipment
commonly used in Air Force pest management programs.

428. Identify factors involved in selecting pest management
equipment.

Basis for Selecting Equipment. Before the actual selection
of pest management equipment, you must consider all the
factors outlined in Volume 2 and Chapter 2 of this volume.

After reviewing these lessons, you can see that there are
many factors to consider in selecting equipment; and yet,
there are more.

The remaining factors that are used as basis for selecting
equipment are dependent upon:
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Availability.
Effect iveness .
Safeness.
Cost.
Durability of the equipment.

Availability. When selecting equipment to be used for a
particular pest management situation, bo se your selection on
the equipment that is presently available, providing it will do
the job effectively and safely. However, there may be some
pest management situations that will require special
equipment. In this case, check the table of allowance (TA
489, Part C) to see if the equipment you want is listed and
authorized for your section. Whether the equipment is
authorized or not, you must prepare and submit sufficient
justification as to why this equipment is required.

Effectiveness. This is one of the primary factors you must
consider when you select equipment. The equipment you
choose must be the most effective for doing the job.

In the following lesson, you'll learn more about equip;nent
effectiveness in regards to the pesticide particle size it creates.

Safety. This the most important factor for you to consider
when selecting shop equipment. Regardless of how effective
the equipment might be for a pest management situation, if it
is unsafe, you can't use it.

Cost. With today's austere operational budget, it is essential
that you strongly consider equipment costs. Ideally the equip-
ment you select should be low in initial cost and inexpensive to
maintain.

Durability. Consider durability when you contemplate
the total cost of the equipment. The item may :lave a low
purchase price, which would be low in cost initially, but if
it isn't durable, the overall cost may be great due to maintenance
and, possibly, replacement costs.

Remember, the effective use of pesticides depends upon
your having efficient and durable equipment. When you
select equipment, do it on the basis of its being the safest and
most effective for the work you do.

Exercises (428):
1. Why is the identification of the type of pest important in

selecting control equipment?

2. The equipment you select must be the most
for doing the job.
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3. Your selection should be based on that which is presently
and provided that it will do the job

and

4. The most important factor to consider in selecting
equipment is that the equipment must be

5. The equipment you select shr be low in
initially and to maintain.

6. If the equipment is not , the overall cost may
be great.

429. Identify pesticide particle sizes with the type of
application each describes, and specify facts about how
pesticide particle size affects performance.

Pesticide Application and Particle Size. The effectiveness
of an equipment item and the pesticide it disperses is greatly
influenced by the size of the droplets of pesticide generated.
For example, in residual applications, a spray is desirable in
order to wet the surface and leave a long-lasting deposit. In
space spraying, where you want to kill mosquitoes and flies
on the wing, use a mist or fog so the pesticide will remain
suspended in the air for a long time to kill the insects exposed
to the droplets. Pesticides may be applied as liquid or dusts.

Liquid sprays. Liquid sprays range from rainlike drops
delivered by orchard sprayers to mists and fogs produced by
mist, fog, or aerosol generators. It is impossible to break up a
liquid into entirely uniform droplets, although the range of
droplet size may be considerably restricted. There are always
some fine droplets among the others, even when the spray is
rather coarse. The usual practice is to refer to the mass
mcdian diameter (MMD) of the spray, which is the droplet
diameter that divides the volume or mass of the spray into two
equal portions, respectively, more finely and more coarsely
atomized. The unit of measurement is the micron, 1/1,000 of
a millimeter or about 1/25,000 of an inch. The average
diameter of a human hair is about 100 microns.

Coarse sprays contain droplets 400 microns or mc_e in
diameter which are produced with coarse disc nozzles or
solid-stream gun nozzles.

Fine sprays have droplets ranging from 100 to 400
microns, produced with high pressure through hollowcone
and fan-spray nozzles.

Mists range in droplet size from 50 to 100 microns in
diameter. They are produced by high-pressure pumps,
high-speed mechanical rotors, and atomizers.

Aerosols, smokes, and fogs. Aerosols, smokes, and fogs
may be defined as assemblages of solid particles or liquid
droplets suspended in air and ranging in size from 0.1 to 50

microns. Pesticidal aerosols and fogs may be produced by
spraying insecticides into a blast of hot air as with a thermal
aerosol generator, or by mixing them with a liquified gas,
which is then released through small orifices, as with the
household "bug bomb." They can also be produced by
atomization from very fine nozzles, or by being thrown off
the rim of high-speed rotors.

Fumigants. This includes fumes, vapors, and gases and
consists of particles in the range of 0.001 to 0.1 microns in
diameter. These are common in the release of fumigant
compounds within the atmosphere.

Dusts and granules. Pesticidal dusts occur in three sizes:
Coarse dusts have a particle size about 175 microns or
larger, which include granules.
Medium dusts range from 45 to 175 microns.
Fine dusts have a particle size of 44 microns or less.
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Fine dust particles will pass through a 325-mesh screen;
i.e., one with 325 wires to the inch. A coarse dust is used
where excessive drift must be avoided, as in aerial
application .

During the past few years, increasing concern has been
expressed about the effects of pesticides on nontarget
organisms, particularly from the buildup of pesticides in the
environment following repeated applications. Therefore,
there has been great interest in recent research indicating that
very effective control of insects could be obtained by
dispensing very small amounts of pesticide (such as 0.5
ounce of naled or 3 ounces of malathion per acre) in the form
of millions of tiny droplets evenly dispersed over large areas.

Today we know that the effectiver ess of a pesticide
increases with an increase of its exposed surface. For
droplets of different diamews, the volumes are to each other
as the cubes of the diameters, while th t. surfaces are to each
other as the squaws of the diameters. Thus, for equal
volumes of one aerosol dispersed as droplet. of 50 microns in
diameter and another as droplets of 5 microns in diameter,
there would be 10 x 10 x 10, or 1,000 times, as riany of the
smaller droplets, while the surface area of he smaller droplets
would be 10 x 10, or 100 times, as great as the total surface area
of the larger droplets.

Exercises (429):
1. Match each pesticide particle size range in column B

with the type of appiication in column A.

Column A Column B
Aerosols and fogs. a. 0.001 to 0.1.

(2 ) Fine sprays. b. 0.1 to 50.
) Fumigants. c. 50 to 100.

Medium dusts. d. 45 to 75.
Mists. e. 100 to400.

2. The average diameter of a human hair is about
microns.

3. The effectiveness of a pesticide is greatly influenced by
the of the particles when applied.

4. If you were applying pesticide particles that range in size
from 0.1 to 50 microns as opposed to particles that range
in size from 50 to 100 microns, the effectiveness of the
pesticide would



430. Differentiate between listed items of manual spray
applicators and their described uses.

Types and Uses of Manual Sprayers. Now that you
know the factors you must consider when selecting
equipment, you must know the types and uses of manual
sprayers that you can use to carry out safe and effective pest
management programs.

Generally speaking, there are three manually operated
sprayers that are commonly used in Air Force pest
management programs: compressed air sprayers, aemsol
dispensers, and pressurized cylinders.

Compressed air sprayers. This item of equipment (fig.
3-1) is the mainstay of most pest management programs. It is
used particularly to apply residual sprays for mosquito, fly,
and flea control; larvicides for mosquito and fly contml; spot
treatments and crack crevice treatments for cockroaches,
ants, ticks, and inany other types of househould insects; and
small area treatments outside to contml fleas, ticks, and other
pest species. (NOTE: Be cautious in selecting high-quality
equipment.)

CF051
Figure 3-1. Compressed air sprayer.

Aemsol dispensers. The aerosol dispenser "bug bomb"
is more widely used by the general public than any other type
of pesticide applicator.

This is a small low-pressure, disposable dispenser (fig.
3-2) that is used in the average household for flying insect
control. Depending on the insecticidal formulation, it may
also be used to control crawling insects. You will probably
frequently hear of people who use the wrong type of product
for their purposes as a result of this fact.

For pest managers, aerosol dispensers are often used as
inspection tools to flush indoor pests from cracks, crevices,
and other harborage areas.

One of the most common types of aerosol dispensers for
flies and mosquitoes contains pyrethrum, allethrin, or
synthetic pyrethrum for quick knockdown, a synergist such
as pipemnyl butoxide, and a synthetic insecticide such as
methoxychlor for the kill. Other aemsol dispensers contain
different chemicals to kill cockroaches, ants, and other
household insects. One bomb, manufactured to throw a fine
stream for 10 to 20 feet, is used to spray nests of stinging
insects such as wasps and hornets from a safe distance.

Pressurized cylinders. Another type of spray system you
can use is the pressurized cylinder (fig. 3-3). This is
especially designed for ULV application of liquid pesticides
The cylinder, typically having a 15-pound capacity, is
pressurized as is the more typical aerosol dispenser;
however, it differs in that the only solvent in the tank is the
propellent gas (which together with the pesticide) is the entire
contents of the tank. The cylinder is equipped with an
extension hose and tube you can use to inject the fine
pesticide particles into cracks and wall voids.
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ULV, Fogging or
Crack & Crevice

Items

Figure 3-3. Pressurized cylinder.

Exercise (430):
1. Match the equipment uses in column A with the

applicator you should use in column B. Some column B
items may be used more than once.

Column A
(1) Most frequently used for space

applications in homes and offices.
(2) Used to inject pesticide particles

into cracks and wall voids.

Colunm B
a. Compressed air sprayer.
b. Aerosol dispe7,,
c. Pressim-ed cylinder.

tigure 3-4. Hand shaker.

CF-059

Column A

(3) Used to apply residual sprays in
buildings and to small outside
areas to control crawling insects.

(4) Used as an inspection tool for
flushing insects from cracks and
crevices.

431. Identify types of manual dusters with their described
uses.

Types and Uses of Manual Dusters. There are several
types and variations of manual dusters; eight will be
described in this lesson. You must be able to recognize these
items of equipment and kn_Ak t uses since they are
frequently discussed in day-to-day Air Force pest management
programs and li`zrature.

Hand shaker. The hand shaker (fig. 3-4) is ideal for
pi.lcing pesticides on high or hard-to-reach areas. You can
use a large shaker which holds 9 pounds of insecticidal dust to
dust exposed rat runs along the base of walls and foundations
to kill rat ectoparasites like oriental rat fleas which transmits
sev, .al disease organism. Small 1- or 2-pound shakers may
be used for dusting rat runs you can't get with the large
shaker.

Hand bellows. This duster (fig. 3-5) is used where careful
placement and neatness are essential, dusting crevices where
cockroaches and silverfish hide, or placing a small amount of
anticoagulant dust in voids for mouse control.

Bulb duster. The bulb duster (fig. 3-6) is also designed for
careful indoor dusting operations. Its uses are basically the
same as the hand beliows, but some operators prefer the bulb
duster over the hand bellows.

Plunger duster. The plunger duster (fig. 3-7) is suitable
for applying patches of malathion and carbaryl dust outdoors
or in outbuildings for rodent ectoparasite control. You may
also se this duster to apply pesticides to control many other
types pests such as chiggers, mitec and ticks.
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Figure 3-5. Hand bellows.



Figure 3-6. Bulb duster.

Figure 3-7. Plunger duster.

aizat fre/

Figure 3-8. Rotary duster.

'41441.55,
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Figure 3-9. Foot pump duster.

Figure 3-10. Compressed air duster.
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Rotary duster. The rotary duster (fig. 3-8) is used
effectively for applying pesticides for controlling fleas,
ticks, and other ectoparasites around buildings, and for
applying dusts as mosquito larvicides. Most rotary hand
dusters are sold with a fan-shaped tip to give a broad band of
dust for mosquito larviciding or for area treatment in flea,
tick, or chigger control.

Foot pump duster. The foot pump duster (fig. 3-9) is

designed to apply calcium cyanide to rat burrows to kill rats
and their ectoparasites. It is also useful for applying dust to
rodent burrows and other inclosed harborages.

Compressed-air duster. The compressed-air duster (fig.
3-10) is similar to the compressed-air sprayer, except it is
adapted for applying dusts. However, instead of having a
hand pump attached, you must charge the tank at a source of
compressed air aftm- you've put dust in the tank. You can then
apply dust by compressing a lever mounted over the tank.
This duster discharges large amounts of dust very rapidly and
is mainly used to dust large confined areas such as crawl
spaces under buildings.

Granular spreader. There are two basic types of
spreaders commonly used in Air Foice pest management
programs; one is Known as the granu/ar spreader (fig. 3-11),

and the other is a push-type fertilizer spreader. Both types
ran be used effectively in applying pesticide granules over

"ill outdoor areas to control many insect larvae and pests of
vegetation.

Exercise (431):
1. Match the use of dusters in column A with the type of

manual dusters in column B.

Column A Column B
Used effectively in controlling a. Hand shakers.
fleas and ticks around buildings b. Hand bellows.
and applying larvicides. c. Bulb dusters.
Ideal for placing pesticides on d. Plunger dusters.
high or hard-to-reach areas. e. Rotary dusters.
Used outdoors to distribute pesti- f. Foot pump dusters.
cides to control insect larvae and g. Compressed-air duster.
pest vegetation. h. Granular spreaders.
Used where careful placement and
neatness are essential.
Discharges large amounts of dust
very rapidly.
Used to apply calcium cyanide to
rat burmws.
Suitable for applying patches of
malathion and carbaryl dust out-
doors or in outbuildings.
Designed for careful indoor dusting
operation.

432. Identify items of portable powered equipment with
their recommended uses and characteristics.

lypes and Uses of Portable Powered Equipment.
Portable powered equipment has improved pest management
programs tremendously. It gives you access to areas you
couldn't otherwise reach with larger equipment items and at
the same time, reduces time requirements for treatment.
You'll learn about these items of equipment, along with their

INT.Tar /tie -AMU-

Figure 3-11. Granular spreader.
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common uses, in this lesson. For text purposes, the term
"portable" applies to items of equipment that can be carried
easily from one place to another by one or two people.

Backpack mist-dust blower. The backpack mist-dust
blower (fig. 3-12) is very light in weight and one person can
carry it. You can use most models to apply liquids, dusts, or
granules. This item of equipment is very useful in applying
pesticides to small outdoor areas and areas you can't reach
with a larger mist-dust blower. This equipment can be used to
apply residuals to trees, shrubs, and grasses for controlling
pests of vegetation, ants, earwigs, and ectoparasites such as
fleas, lice, ticks, and mites. The backpack mist-dust blower
is also used in larviciding programs for mosquitoes, flies,
and beetles. It can also be used to treat exterior surfaces of
buildings to control flying insects and spiders.

Hand-carried ultralow volume (ULV) generator. The
hand-carried ultralov volume generator (fig. 3-13) is

primarily designed to disperse technical grade or very highly
concentrated pesticide formulations. You can also use it for
space and residual treatments of indoor and small outdoor
areas. Its principal use outdoors is for mosquito adulticiding
programs and its principal use indoors is for controlling
household pests.

High-pressure pesticide sprayer. This portable unit
(fig. 3-14) is designed to precisely mix a pesticide concentrate
with water as you work. This eliminates the need for a large,
cumbersome spray tank, and also insures that you use only
what you need for any given job. It also saves you the time
and trouble of mixing liquid pesticides with water before you
go on a job. A typical unit weighs 54 pounds, has a 1/2-
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Figure 3-12. Backpack mist-dust blower.

horsepower electric motor, which operates a 3-gallon-per-
minute capacity pump, connectors for a garden hose and
pesticide tank, and various dials and gauges for adjusting the
sprayer. To use it, you need a separate grounded power
source, and a water source. Around buildings, this can be
a standard water spigot since the sprayer has built-in backflow
preventors to keep pesticide from entering a main water source.

this sprayer injects emuisiilaole concentrate pesticide
directly into a high-pressure waterflow. This lets you switch
quickly from one pesticide to another and still comply with
EPA regulations regarding professional pesticide applications.
It also makes it easy for you to keep accurate records of how
much chemical you use for each job. The injection rate is
adjustable from OFF to 6.76 ounces of concentrate per gallon

Figure 3-13. Hand-carried ULV generator.

of water. As a result, you must use pesticides which, when
properly diluted for the job you're doing, do not exceed the
6.76-oz/gallon limit. For example, if you wanted to control
lawn pests with an insecticide that called for dilution at 8
oz/gal, you'd have to use a different type of sprayer.
However, if the insecticide is diluted at 6 oz/gallon, then you
could use this sprayer.

You can use the sprayer in any outdoor situation where
you have access to a water and electricity source.
Attachments are available that make it useful for lawn
applications and all types of termite treatment work.

Frrune-mounted hydraulic sprayer. This unit (fig. 3-15)
is designed to disperse emulsion and solution formulations as
sprays, but it isn't efficient for dispersing suspension
formulations since it doesn't have an adequate agitator for
suspensions. Since this sprayer is operated by a gasoline
engine, it's suitable for doing the same jobs as the
high-pressure pesticide sprayer, but in areas where there is
no electrical source. Use it for soil -poisoning operations to
control termites; to apply residuals to trees, shrubs, and
grasses to control pests of vegetation and ectoparasites; to
apply residuals to exterior surfaces of buildings and beneath
them to control disease vectors and venomous arthropods;
and to apply herbicides and larvicides to soil and water areas
to control beetle, fly, and mosquito larvae.
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Exercises (432):
1. Match the types of equipment in column J3 with their

appropriate uses and characteristics in column A.
Colum B items may be used more than once.

Column A
_(1) Electrically powered unit used to

apply liquid pesticides outdoors.
Useful for applying mists, dust,
and granules.

_(3) Designed to disperse technical
grade or highly concentrated
pesticides.

____(4) Lightweight unit for dispersing
larvicidal dusts.

_(5) Suitable for outdoor spraying jobs
where no electrical source is
available.

_(6) Used for space and residual
treatments in small indoor or
outdoor areas.

_(7) Designed to disperse emulsions
and suspensions.

_(8) Doesn't require prior mixing of
liquid concentrates with water.

Column B
a. Backvackmist-dustblow-

er.
b. Hand-carried ULV gen-

erator.
c. High-pressure pesticide

sprayer.
d. Frame-mounted

hydraulic sprayer.

433. Identify items of nonportable powered equipment
with their recommended uses.

Types and Uses of Nonportable Powered Equipment.
Nonportable powered equipment as described in this text
is equipment that you must transport with a vehicle due to
its weight or awkwaidaess. The types of nonportable
powered equipment are as varied as the portable powered
equipment. Although the designed uses for each type are

294



RED POINTER HANDLE DIAL

PERCENTAGE OF PESTICIDE
IN CONCENTRATE

BLUE POINTER HANDLE DIAL

PERCENTAGE OF PESTICIDE
IN FINISHED SPRAY

Figure 3-14. High-pressure pesticide sprayer.



Figiv'm 3-15. Frame-mounted hydraulic sprayer.

basically me same, the nonportable equipment is
&signed for treating larger areas in a much shorter time.

Nonportable mist-dust blower. This equipment item is
manufactured in many forms for different pest management
programs. Some are designed to be mounted on trailers and
others for trucks of arious sizes; some are designed to rotate
on a rail base, and others are mounted on a fixed base.

It can disperse liquid, dust, and granule tormulations and
you can use it to treat large outdoor areas by applying
pesticidal mists and dusts to trees, shrubs, and grasses to
control pests that attack vegetation and the ones that harbor in
vegetation. The nonportable mist-dust blower (fig. 3-16) is
alsc used for applying residual mist to exterior surfaces of
buildings for controlling adult flying insects, and venomous
arthropods, and tor applying larvicides to turf and water for
controlling beetle, fly, and mosquito larvae.

nailer-mounted hydraulic sprayer. The trailer mounted

..cletWEF

Figure 3-16. Nonportable mist-dust blower.

hydraulic sprayer is used to apply all types of liquid
formulations as sprays. There are two basic types of this
sprayer. One is the boomless sprayer and the other is the
boom sprayer; however, some are designed to be used either
way, as illustrated in figure 3-17.

Boom less hydraulic sprayer. The boomless hydraulic
sprayer is designed to disperse pesticides through a single
nozzle and is used to apply residual sprays to trees, shrubs,
vegetation, and buildings. You may also use the boomless
hydraulic sprayer to apply herbicides in ditchbank, irrigation

Figure 3-17. nailer-mounted hydraulic sprayer.
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and drainage systems; and in basal-bark, stump, and
fence-row treatments.

Boom hydraulic sprayer. The boom hydraulic sprayer is
designed to disperse pesticides through several nozzles that
are contained in the boom. This way you can apply the
pesticide at an even rate over a wide area of soil and turf in a
single swath. This type of hydraulic sprayer is used in soil
applications to prevent termite infestations and secd
germination. It is also used to apply pesticides over turf ar
grass areas to control larval and adult r _Lion, L..,
larvae, weeds, and to control turf ,

Nonportable MY generator. In recent years, there has
been a rapid increase in the use of undiluted insecticides
applied at extremely low dosage to control insects of medical
and economical importance using a nonportable ULV
generator.

The nonportable ultralow volume generator (fig. 3-48)
has almost completely replaced the thermal and cold fog
generators since it is much more efficient, cost effective, and
safe. This is because they do not produce dense fogsas do
thermal fogsthat constitute a traffic hazard, which might
result in deaths of children running or bicycling in the fog or
cars driving in it. The nonportable ULV generator is
relatively small. Its insecticide tank is usually of the 5- to
10-gallon size, and it is usually mounted on a small vehicle
such as a 1/2-ton pickup truck.

In some areas, car spotting, or damage to automobile
finishes, has occurred because of the cormsive properties of
some of the insecticides, but generally only when large
droplets (greater than 100 microns, the diameter of a human
hair) are present in the spray. As a result, you must take great
care in handling the concentrated or technical insecticides
used in the ULV method because of increased degree of
exposure to toxic concentrations of the chemical, particularly
by spillage during loading operations.

Figure 3-18. Nonportable ULV generatcr.

Another type of ULV dispersal equipment, similar to the
one illustrated in figure 3-19, cart-mounted generator, is
authorized for use in large warehouses and storage areas to
control stored-products pests.

Exercise (433):
1. M-tch the types of equipment in column B to theu

chu. teristics and uses in column A.
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Column A
Used to apply liquid pesticide
over a wide area at an even rate.
Used to apply undiluted insect-
icides at extremely low rates.
Used to apply mists and dusts to
trees, shrubs, and plants.
Used to apply liquid formulations
through a single nozzle.

Column B
a. Nonportable mist-dust

blower.
b. Boom less hydraulic

sprayer.
c. Boom hydraulic

sprayer.
d. Nonportable ULV

generator.

434. Specify the types of fumigation equipment and
supplies and their uses and requirements.

Types and Uses of Fumigation Equipment and
Supplies. There ate many items of equipment and supplies
you need for fumigation programs. However, the items that
are required will dcpend upon the type of fumigation
operation that is to be implemented.

In this lesson, you'll learn about the types and uses of
equipment and supplies that are commonly required for
inplace fumigating.

Fumigant. As you learned in objective 410, there are
many fumigant compounds you may use in your pest
management progral as. The uses of these compounds were
also discussed within the same objective. Therefore, they
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will not be discussed in this section so you may want to
review them before you continue this objective.

Covering material. For all inplace stack and structural
fumigation operations, you need an airtight cover to place
over the stack or building to contain the fumigant. Use a thick
heavy material such as a 10-mil polyethylene or canvas cover
for all fumigation operations except when you use hydrogen
phosphide. To perform inplace stack fumigation using
aluminum phosphide, use a light, thin (2 to 6 mil)
polyethylene sheet.

Mpe. Use wide masking tape to reinforce the covering
material at corners and wherever there are protrusions in the
stacks or buildings. The wide cloth or cellophane tape can
a"..io be used to make temporary repairs to the covering in the
event it becomes torn.

Sand snakes. This term applies to the plastic, sand-filled
tubing you use to seal the bottom edges of the cover on an
inplace stack, structural, and soil fumigation operations to
the floor or ground. You prepare sand snakes by filling tubes
(6 feet long and 5 inches wide) formed from 10 mil
polyethyene, nylon, or canvas material with sand.

You must apply fumigants at a certain rate wihin a specific
amount of space based on label instructions; therefore, you
need a tape measure to determine how much space you'll
treat before the operation.

Fans. Sparkproof electric fans are required when you
conduct inplace stack and structural fumigation operations
with methyl bromide to keep the fumigant circulating.
Without the fans, methyl bromide would settle to the floor or
ground, causing a very hazardous situation.

Fumigant trays. To conduct aluminum phosphide inptace
stack fumigation, loosely scatter the pellets and tablets in a
single layer in an aluminum tray and place it under the stack
covering. This keeps the tablets or pellets from corning in
contact with foods and materials that could create fire and
explosion hazards. Disposal of the residue of the tablets or
pellets is also easier when you're done.

Gas detection and metering devices. To perform
fumigation operations effectively and safely, you need
detection and metering devices. Fumigants must be applied
ut a certain rate per cubic foot of space being treated, which
means that there must be so many parts per million of
fumigant concentrate contained within the space over a
specified amount of time. For this to be done, you must
monitor these concentrates by taking air samples from the
area being fumigated with the detection and metering devices
as frequently as is specified on the fumigant label. If the
concentrate level is higher or lower than the level that is
recommended to be maintained, you must make the proper
adjustments. Remember, if the concentrate is lower than
recommended, your operation may fail, and if the
concentrate is higher, this presents a potentially hazardous
situation.

There are many types of gas detection and metering
devices available for use with fumigants. The Drager bellows
pump, (fig. 3-20) and the Auer bulb detection apparatus and
detection tubes (fig. 3-21) are available for use with
hydrogen phosphide. These or other similar detection and
metering devices are available for use with other types of
fumigants and will give you the ppm of fumigants contained
within a treated area.

10 inches

Figure 3-20. Drager bellows pump.

0.1 Oa

NO1E: To obtain an accurate reading of the amount of
fumigant contained in an area, you must have the right
detection apparatus for the fumigant you're using, and the
detection tube must be specifically designed to match the
apparatus being used.

Other available devices for detecting the presence of gases
other than oxygen and carbon dioxide within the air are
Halide gas detectors, fumiscopes, and explosimeters. These
devices are only designed to detect contaminant and
explosive properties within the atmosphere and will not
identify the type of fumigant exposed.

Thermometers. Atmospheric and commodity temperatures
are very important contributing factors in the effectiveness
and safety of most fumigation programs. For instancr
methyl bromide can be used effectively in areas where
temperatures may be 39° F or lower, whereas hydrogen
phosphide is not to be used in areas where the temperature is
below 40° F.

In almost all cases, each fumigant will have an optimum
temperature at which it works best, and the optimum
temperature will vary with each fumigant; thus, the gas
concentration and time of required exposure will vary as the
temperatures vary. For this reason you need a thermometer
in fumigation operations.

Moisture permeable envelopes. For railcar fumigation
with aluminum phosphide pellets or tablets, special moisture
permeable envelopes are required for containing the pellets
or tablets.

42
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Figure 3-21 Auer bulb.
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Warning signs. Regardless of the type of fumigation
operation that is to be conducted, warning signs that specify
the type of fumigant being used, precautions to be taken, and
emergency phone numbers of responsible individuals must
be conspicuously posted at every visible approach to the area
where fumigation is to occur.

Safety pmtective equipment. As previously di cussed in
Volume 2, coveralls, gloves, and a hat must be worn during
all phases of fumigant handling and monitoring. An approved
full-face respiratory device designed to protect against the
fumigant compound must be worn during all phases of handling
and monitoring all types of fumigants except for paradichlom-
benzene, naphthalene, and aluminum phosphide.

You don't need to wear a respiratory protective device
while applying aluminum phosphide tablets, pellets, or bags
as long as the application can becompleted within 20 minutes;
however, an approved respiratory protective device and
canister must be nearby if you need it.

Exercises (,..34):
1. When performing inplace stack fumigation with

hydrogen phosphide, a light, thin sheet is
used.

2. To prevent tears in the covering materials, projections
or sharp edges are padded with

3. What is the tubing used to seal the bottom edges of
covering material called?

4. To keep the fumigant circulating, sparkproof electric
are used.

Ouminum phosphide pellets and tablets are loosely
scattered in a single layer in

To perform fumigation operations effectively and
safely, gas det-ction and devices are
required.

7. Where are aluminum phosphide pellets or tablets placed
when used to fumigate railcars?

435. Identify trapping devices with the animals they are
mainly used to trap.

'Papping Devices. Some of the trapping devices used in
managing pests were identified and discussed in Volume 2.
The trapping devices previously identified are used not only
for collecting pests in surveys, but they are also very
beneficial and often the most practical for controlling pests in
many situations.

Light trap. The types of light traps illustrated in Volume 2
kill many nocturnal flying insects that would not be killed
otherwise. You can use these traps near patio or camping
areas to attract mosquitoes and nuisance pests away from the
areas you want to enjoy. There are other types of light traps
specially designed with an electrical grid used to attract and
kill flying insects amund outdoor entertainment areas.

Baited jar trap. These traps are very useful for controlling
many types of crawling pests. This type of trap is often the
safest to use in controlling cockroaches in child care centers
where pesticides would be unsafe. You can also use them to
some degree as a personal protective measure by placing the
legs of beds in jars to prevent scorp"mis, centipedes, and
millipedes from crawling into bed with you. Jar traps are also
effective in attracting certain flying insects such as flies,
bees, and wasps.

Rodent cage tn2p. Cage traps of the types previously
identified in Volume 2 are very effective in controlling
almost all domestic and field rodents. Cage traps are useful in
cold storage areas to trap rodents where glue traps and snap
traps are unsuitable.

Snap traps. Snap traps such as the one illustrated in figure
3-22 are used for controlling vertebrate animal pests when
injury or death to the animal is net of concern. These types of
traps are most often used within the Air Force for controlling
domestic and field rodents. The small wood-base snap traps
are used primarily for controlling mice indoors, although
they are sometimes used to control field mice outdoors. The
larger wood-base snap traps are most often used to control

8. An approved protective device and canister
must be readily available when applying fumigants.

Large - 7 inches
Small- 3 1/2 inches

Figure 3-22. Wooden snap traps.
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rats indoors and outdoors and to control field rodents and
other pest mammals. Steel and wood-base snap traps may be
used baited or unbaited, depending upon where they are to be
used and for what they are to be used.

Glue boards. Another effective means of mouse and rat
control particularly important in situations in which toxic
materials should not be used is the glue board (fig. 3-23). Rat
and mouse glues are very sticky materials available
commercily from a number of sources. These adhesive.
materials are spread over cardboard or wooden squares and
then placed on floors across rodent runways. As the animals
attempt to cross the boards their feet become entangled and
they are unable to free themselves. This technique is also
effective against rats but, being larger and more powerful
animals, they are more likely to pull themselves free from the
glue than are mice. If a rat gets more than two of its feet
entangled, it is rather unlikely to escape. Glue boards should
be at least 12 inches by 12 inches, although smaller boards
can be useful for mice. Since a very tacky glue is involved,
they can be very messy to handle, install and service.
However, where baits and traps cannot be used because of
children, pets or food, glue boards may be useful.

Pigeon trap. A pigeon trap consists of a screened
enclosure with an entrance through which birds are lured by
bait and live decoys. The entrance door is made of
lightweight rods that only swing inward, thus preventing the
birds from leaving the enclosure.

li-apping reduces the numbers of pigeons feeding,
roosting, or nesting around buildings. You can construct
pigeon traps with wood or meshed wire, with entrance bobs
made of aluminum or steel wire or wooden dowels. Figure
3-24 illustrates a low-profile trap. Preconstructed individual
bobs or bobs in a frame can be obtained from commercial
sources, as can completely assembled traps of various styles.

Modified Australian crow trap. This type of trap also is
known as the center-drop trap. The modified Australian crow
trap captures birds unharmed by luring them with bait and
live decoys. The principle is that birds drop through an
opening at the bottom on the V-shaped top of the trap to take
the bait as shown in figure 3-25. When attempting to leave,
they go up into the ends of the V" instead of back through
the entrance slots.

This trap is an effective means of capturing starlings,
house sparrows, blackbirds, and other problem birds in an
area of limited size. The design illustrated in figure 3-25 was

CFI on
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Figure 3-23. Glue board.

developed for starling control in orchards, but it has many
other applications. It's very successful when used around
buildings and other structures and gives you a good way to
capture protected songbirds.

The modified Australian crow trap is probably the best
live trap yet devised, simple and effective. Protected species
usually can be released unharmed while nonprotected species
can be killed or transported and released. Trapping large
populations of starlings or other birds is impractical. It may
be necessary to capture decoy birds by other means. The
traps are large and may require disassembly before moving
or storage.

Nest-box Imp. This trap looks like a bird house. When a
bird enters the box to investigate, its weight tips a device that
drops it into a bag attached to the bottom of the trap. The trap
is then automatically reset for another capture.

You may use nest-box traps to reduce local numbers of
starlings or nouse sparrows during their breeding season.
Nest-box traps come in several different designs. Plans for a
trap designed to capture house sparrows are shown in figure
3-26. For starlings, make the opening 2 inches instead of the
11/2 inches used for house sparrows. When constructing the
trap, put the front wall on last and fasten it by screws instead
of nails to make repair easier. Glue pieces of hay and feathers
to the back of the chamber. Use a tightly woven sack to
receive the birds as they are captured. Place the trap on the
side of a building or on a pole where the sack can hang freely
and be easily reached with the use of a ladder. The
elimination of existing nesting sites by means of exclusion
may increase the effectiveness of the traps.

Raptor traps. A number of trap designs are available to
capture raptors (hawks or owls). elkvo of the common designs
are the Verbail pole trap and the Bal-Chatri. The Verbail
snares birds of prey by the feet when they perch atop a pole.
The Bal-Chatri uses nooses to entangle the feet of raptors that
are attracted by live bait in a cage.

Exercise (435):
1. Match each trap listed in column B with its

recommended uses in column A. Some uses may apply
to more than one trap.

Column A
(I) Consists of a screened enclosure

with an entrance through which
birds are lured by bait and live
decoys.

_(2) Snares birds of prey by their feet
when they perch atop a pole.

(3) Used :o control crawling insects
where it is unsafe to use pesticides.

(4) Controls vertebrate pests where
injury or death to the pest is not of
concern.

_(5) Effective for controlling starlings,
house sparrows, and others in an
area of limited size.
Used to kill nocturnal flying insects.

.(7) Used to trap rodents in areas
where baits and snap traps may be
hazardous.
Useful in cold storage areas to trap
rodents where glue traps and snap
traps are unsuitable.
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Column B
a. Light trap.
b. Baited jar trap.
c. Rodent cage trap.
d. Snap trap.
c. Glue boards.
f. Pigeon trap.
g. Modified Australian crow

trap.
h. Verbail pole trap.
i. Bal-Chatri trap.
j. Nest-box trap.
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Figure 3-24. Low-profile pigeon llap.
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Column A
Uses nooses to entangle a raptor's
feet when the bird is attracted by
live bait in a cage.
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Figure 3-25. Modified Australian crow trap.

436. Identify specific characteristics of pesticidal pumps.

Twes and Uses of Pesticidal Pumps. There are several
types of pumps you can use to apply pesticides, and each type
has its own characteristics. When ordering equipment, also
specify the type of pump you want, because in most cases, a
sprayer can be equipped with several types of pumps.
Therefore, if the type of pump desired is not specified, you
are apt to mceive an equipment item you can't use or one that
you will have very little use for.

When selecting pumps, you must consider the type of
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Front panel
Rear panel (omit door)
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pesticide, the pesticide formulation you'll use most often,
and how much pressure and volume you'll need to disperse
the pesticide formulation.

The pump you choose must be adequate for all spraying
pressures you're going to use, and it must give enough flow
to:

Supply all nozzles.
Allow for hydraulic agitation when needed.
Leave a reserve to allow for loss of flow due to wear.

Pumps should resist corrosion and abrasion. The capacity
of the pump should be at least twice the nozzle delivery rate to
provide for an overflow that is bypassed back to the tank for
spray agitation. The most commonly used pumps are
discussed in the following paragraphs.

Centnfugal pump. A centrifugal pump (fig. 3-27) is a
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Figure 3-26. Nest-box trap.

single-rotating impeller type. It pumps a large volume of
spray but does not develop a high pressure-40 to 70 psi. It
can handle all spray materials with minimum wear. It is not
self-priming, so you must mount it lower than the tank.
Unlike most pumps, it pushes the liquid in one direction only.

Piston pump. A piston pump (fig. 3-28) is designed for
large quantities of spray and moderate to high pressuresup
to 1,000 psi. It has one or more plungers connected to a
crankshaft. The piston pump can be used for any type of
sprayer, stand rough treatment, and is long lasting but
expensive.

Figure 3-27. Centrifugal pump.

Diaphragm pump. A diaphragm pump is similar to a
piston pump, except that one side of the chamber is made of a
flexible fabric that creates a vacuum. This pump handles
abrasives well, but the fabric does not always last long under
the pressure normally required for spraying. The diaphragm,
however, can be replaced easily and economically.

Remember, centrifugal pumps provide high volume at
low pressure. They are not self-priming. Piston and
diaphragm pumps provide moderate to high volumes at high
pressure. 'They are self-priming. If you need pressures about
75 psi, piston pumps are more likely to provide them over a
longer period of time.

You will damage a pump if you operate it dry or with a
restricted inlet. Follow the manufacturer's recommenda-
tions for pump operation. Keep all shields in place.

Exercises (436):
1. a. When ordering equipment you must specify the

desired.
b. When selecting pumps, you must consider the type of
pesticide and

3 in

Figure 3-28. Piston pump.



c. The pump selected must be adequate for all spraying
you are going to use.

d. Pumps should resist and
e. You will damage a pump if you operate it
or with a inlet.

2. Match the pump types in column B with their
appropriate description in column A. Some descriptions
may apply to more than one pump.

Column A
Used for pressures over 75 psi.

___.(2) Not self-priraing.
Self-priming.

_(4) Provide high volume at low
pressure.
Pmvide moderate to high volumes
at high pressure.

Column B
a. Centrifugal.
b. Piston.
c. Diaphragm.

437. Specify uses and characteristics of various sprayer
accessories.

Types and Uses of Sprayer Accessories. If you're a
"computer buff," you know that you can't do much with just
a computer terminal. Depending on your needs, you must
also have a variety of accessories and software programs to
make that computer perform the way you want.

The same is true of our spray equipment; a tank and pump
just isn't enough. Depending on the work you do, a sprayer
needs several accessories such as agitators, pressure
regulators, a suitable type of tank, strainers, pressure
gauges, nozzles, valves and hoses.

The purpose of this lesson, therefore, is to familiarize you
with the uses and characteristics of these sprayer
components. As you study this section, refer to figure 3-29.

pressure gauge
pressure pop-off

Agitators. When using power-driven equipment, it is
frequently necessary to maintain an active agitation of the
liquid in the tank in order to keep it thoroughly and evenly
mixed. If emulsion-type materials are being used, a simple
return bypass as found on most power sprayers is sufficient to
keep the emulsion in suspension. However, where wettable
powders are used, it is necessary to have a more positive and
violent method of agitating the solution. In using a power rig
that places compressed air over the surface of the chemical in
the tank, the air jet itself becomes Gle agitator. This agitation
is adequate for emulsions, but is not sufficiently violent for
wettable powders.

Wettable powder suspens;ons must be agitated by a
mechanical agitator operated by the power source on the
spray rig. Mechanical agitators provide excellent mixing of
the chemical. They must, however, have a liquid-tight
bearing where the:f pass through the tank, and this bearing
must be maintained in this liquid-tight condition to avoid
leakage of the spray chemical from the tank.

All bypass agitators divert spray mat4rial from the spray
line, thus reducing the amount of material available at the
spray nozzle. Be sure your pump has adequate capacity to
supply both the agitator and the nozzle.

Pressure regulators. In all power pump-operated
equipment, it is necessary to have a pressure regulator
located in the line between the pump and the discharge valve
to the nozzle. The pressure regulator is set at the desired
pressure for spraying and, when the pressure in the line
exceeds this pressure, the regulator opens. This permits
some of the chemical to return to the tank through a bypass
line, thus lowering the pressure at this point. With the usual
pressure regulator, the pump and its power source are
operating against this ..-t pressure at all times whether the
spray nozzle is in use or not.

agitator
bypass

presssure
regulator

surge tank

mechanical agitator

agitator (Jet venturl)
strainer

Figure 3-29. Sprayer accessories.
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The power unloader is a modification of the regular
pressure regulator. With this device, no spray liquid is
returned to the tank as long as the spray nozzl,! is in operation.
When the spray nozzle is closed, however, the full pressure
from the pump is thrown on the unloader, which then builds
up to a pressure of 150 to 200 pounds and then opens
completely so all material being put through the pump is
returned to the tank through an open line. This relieves the
workload on the pump and its power source and results in less
wear or both the pump and the power source. If you use a
power unloader, make sure you use a hose with a breaking
strength in excess of the maximum pressure necessary to
operate the unloader, and be sure the hose is attached to its
couplings tightly enough to withstand this same pressure.
Otherwise, the hose will burst or will come loose from the
couplings with the sudden surge of pressure before the
unloader opens.

Spray tanks. Sprayer tanks may be made of many
different materials. It is advisable for you to use the strongest
and most durable of these materials you can get. However,
where weight is a factor it may be necessary to use lighter
materials.

Tanks are made of steel, stainless steel, glass, fiberglass,
and plastic. Glass tanks are suitable only for use in small
sprayers in which pressure is not put into the tank. Plastic
tanks have good chen.ic...`. resistance, are light in weight, but
are usually not strong enough for much pressure in the tank
itself, thus limiting them to use in small hand sprayers.
Ordinary imn tanks are suitable for use in pest control
operations; however, they rust quite readily and thus create a
problem of dirt in the spray lines and cause nozzle clogging.

The most suitable tanks tor use in pest control operations
are stainless steel and fiberglass. Stainless steel of course is
quite durable and will last for a long time, will not rust, and is
easily cleaned. Such tanks are, however, somewhat heavier
than some specialists like to use and they are expensive.
Fiberglass tanks are light in weight and have most of the other
advantages of stainless steel tanks. They do not break or
crack easily, but if struck with a small object, they can be easily
punctured. Still, their light weight, and comparatively low
cost make them very suitable for large tank operations in pest
control.

Strainers. A strainer is necessary in all sprayers to
prevent damage to pumps and to prevent clogged nozzles. In
large power equipment, a strainer is placed between the tank
and the pump to prevent coarse particles from reaching the
pump and damaging it. This strainer is usually a coarse one
with openings large enough to permit materials such as
wettable powders to pass through, but small enough to hold
back pebbles, twigs, and other such debris. A strainer is also
frequently placed either ahead of the shutoff valve to the
nozzle or in the nozzle itself. This strainer must be fine
enough to hold back any particles large enough to block the
nozzle tip.

Pressure gauges. Every pressurized spray tank should
have a pressure gauge on it to give an accurate representat;on
of the amount of pressure in it. In high-pressure tanks, a
pressure gauge is absolutely necessary to prevent putting too
much pressure into the tank as well as to help you set the
pressure regulator or power unloader properly. In small
tanks, it is necessary in order to maintain the proper spray
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pressure so the nozzle performs properly.
On some pressurized tanks it is also necessary to install a

popoff valve. This device is preset to the maximum pressure
that is to be put into the tank and will open and release the
pressure automatically if this pressure is exceeded. Test the
popoff valve regularly to see that it is in proper operating
condition.

Nozzles. The nozzle is the most important part of the
sprayer, it determines how the pesticide will be sprayedas a
solid stream, flat fan, hollow cone, solid cone, or broadcast.
It also determines the rate of spray output at a given pressure.
Nozzles are available in many types and styles, each designed
with a particular purpose in mind. They may be mounted in
many ways. If two or more nozzles are placed at the end of a
wand, the spray gun is referred to as a spray boom. . he
orchard spray gun has a single nozzle that can be adjusted to
produce spray patterns varying from a solid stream to a fine
mist by reducing the size of the whorl chamber. Many
compressed-air sprayers have adjustable nozzles that are
very beneficial for indoor work, where you need a variety of
spray patterns.

The pesticide distribution rate and pattern of nozzles is
dependent upon:

The nozzle design or type.
Its operating pressure.
The size of the opening.
Its discharge angle.
Its distance from the target:

Nozzles are designed so the stream of pesticide can be in
the pattern the specialist desires. The primary function of a
nozzle is to obtain uniform distribution and particle size of
pesticides, whether the material is placed on a surface or is
dispersed into the air. Common patterns used in the pest:
control industry are the fan, pin stream, solid cone, hollow
cone, flooding, and broadcast.

Flat fan nozzles put out a flat spray that strikes the surface
being sprayed in a straight line (fig. 3-30). It is particularly
good in situations where it is necessary to apply an even
coating of pesticide to a flat surface such as a wall, and may
also be used to apply pesticide into a crack wherever there is
mom enougl- for such application. Liquid dispersed in the
flat fan pattern usually will not penetrate as deeply into a
crack as it will when applied as a pin stream.

A pin stream nozzle (fig. 3-31) pmjects pesticide in a
straight stream. Pest managers most often use a relatively
fine pin stream for spraying into small cracks. This type
nozzle, when used properly, will force pesticide farther into
cracks and crevices than will any other. When using the pin
stream nozzle keep the pressure quite low, not over 20
pounds. If your sprayer does not have a pressure gauge, judge
the pressure that you have by the distance the pin stream of
pesticide pmjects from the nozzle. It should pmject not more
than 12 to 18 inches. This low pressure causes a great deal
less splash and contamination of surfaces you don't want to
treat. It requires you to keep the nozzle closer to the crack
while making the application so you will inject your pesticide
into the crack more uniformly. This task is simplified if you
use a nozzle wih an extended plastic tip designed for crack
and =vice injection.

Solid cone nozzles spray a round pattern more or less
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Figure 3-30. Flat fan nozzle.
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Figure 3-31. Pin stream nozzle.
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Figure 3-32. Solid cone nozzle.

evenly over the entire pattern (flg. 3-32). They're mostly
used for spraying low foliage or turf areas.

Hollow cone nozzles spray a circular pattern 'with very
little spray striking the center (flg. 3-33). These are also used
for spraying foliage and turf.

A flooding nozzle makes a wide-angle flat spray pattern,
(flg. 3-34). It works better at low pressures than other flat fan
nozzles. Its pattern is fairly uniform across its width. It's
used for broadcast spraying.

The broadcast nozzle is used like a flooding nozzle (flg.
3-35). It's advantage is that it gives a boomless sprayer a
swath width similar to boom sprayers when you have to spray
a large outdoor area.

When using a fan, solid cone, or a hollow cone nozzle it is
necessary to use a higher pressure than when using the pin
stream nozzle. The pressure required is usually between 35
to 45 pounds per square inch (psi). It is only at these higher
pressures that the nozzles spray evenly and exhibit the
characteristics for which they were designed.

Adjustable nozzles that let you change the form of the
spray pattern to suit the conditions under which you're
spraying are available. Some adjustable nozzles can be
changed from a pin stream to a hollow cone merely by
rotatirg the tip. Others have several different tips on one
plate and these tips can be rotated to the one desired.

Atomizing nozzles such as those used on paint sprayers
are not suitable for use in pest control work because they
produce a wet spray together with a flne mist, which drifts
extensively and could easily cause damage.

The large majority of spray nozzle tips are made of brass,
which is a quite satisfactory material for general use when
using clear oil or emulsion sprays. If, however, it is desired
to use wettable powders, brass tips are not at all satisfactory
as the abrasive in the wettable powders will wear them out too
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Figure 3-33. Hollow cone nozzle.

rapidly. In pest management operations, the longest use will
be obtained from nozzles made of stainless steel or carbide
because these nozzles will retain the desired spray
characteristics for which they have been designed for a much
longer period of time than will brass.

Valves. Every continuous flow sprayer must have a
method of turning on and shutting off the flow of material to
the nozzle. This is done by a valve of some type placed in the
line. There are many different kinds of valves; some are
turned, some are squeezed, and some are bent to cause them
to operate. A quick-acting valve is usually preferred because
it shuts off immediately when the handle is released, and thus
prevents leakage from the nozzle, especially when the valve
is located close to the nozzle. It also gives you optimum contml
over where a pesticide is applied.

Slow-acting valves are ordinarily closed by rotating the
valve stem, resulting in a slow but positive shutoff. This type
valve is frequently used in the lines of heavy-duty power
sprayers, although a quick-acting valve should be used at the
nozzle end of the line . Spray guns usually have a quick-acting

CF-083

Figure 3-34. Flooding nozzle.

Figure 3-35. Broadcast nozzle.

valve in them, although some orchard spray guns use a
rotating handle for a shutoff.

Rotating valves that have some advantages in the pest
control industry are available. These valves consist of a metal
ball with a hole through it, which is seated in some resilient
material inside the valve body. When the ball is turned so the
hole is open, material flows through the valve in a full stream
rather than in the rtstricted stream, which is possible through
most valves. Where high-flow rates are desirable this type
valve is indicated and is particularly useful on termite soil
treatment equipment.

It is necessary when using chemicals containing oils or
solvents to be certain that the seat in which the ball is seated is
not a material that will be affected by the chemical. These
seats are available in neoprene and in teflon, which are not
affected by most chemicals used in pest control work.

In all power equipment, shutoff valves should be included
between the tank and the hose so pressure can be shut off from
the hose without shutting down the gasoline engine or the
electric motor driving the spray rig. If there is not a valve in
this position, then each time it is necessary to replace hose,
clean a strainer or replace a spray tip, the entire rig will have
to be shut down to do it.

Hose. The hose used in various pest control equipment is
of utmost importance to the pest control specialist. It is
necessary to use hoses that will not suddenly burst while on
the job since this will cause splashing of chemicals,
unnecessary loss of time , and perhaps serious personal injury
and damage to property. The hose on any sprayer should be
long enough for the purpose intended, should be of sufficient
diameter to carry an adequate flow of chemicals, should be
made of materials that will not be deteriorated by the
pesticides and solvent being used, and should have a burst
strength greater than the peak-operating pressures of the
sprayer.

Hose is now being made of many different materials such
as neoprene, thiokol, hycar, and other synthetic rubbers, as
well as of plastics such as polyethylene nylon and tygon.
Neoprene is tough and is far better suited for the outer
covering of hose, while the other synthetics usually make
better liners. Polyethylene nylon and tygon are both flexible
plastics, but will not withstand very high pressures and must
be supported by a stronger outer covering or an inner
reinforcing layer where pressures are too great.

Hose with an inside diameter of 'A " to 'A " will usually be
adequate for hand-operated equipment, while " to 1/2" may
be necessary for moderate size power equipment. Only large
high-volume and high-pressure equipment usually requires
3/4 " to 1" hose. Remember, when you're choosing a hose
size, the smallest opening in the spray line will determine the
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actual capacity for delivery regardless of the outer size of the
hose. Thus, if 1/2" inside-diameter hoce is used with
couplings that have an inside diameter of 'A ", the delivery
rate of the hose will only be that of 'A " hose. When choosing
the hose size you will use be sure that the couplings you use to
join pieces of the hose together have adequate inside
openings to deliver the volume of material you require.

Where high pressure spraying is to be done, it is necessary
to use heavy-duty hose that will withstand high pressure.
These hoses however are quite stiff and heavy and need not be
used if lower pressure will do the work satisfactorily. In
many instances spray applications require low pressure only,
and in this case even hose such as ordinary plastic garden
hose can be used quite satisfactorily with water-based
pesticides. Incidentally, the use of this lightweight hose in a
spray operation where you are dragging and carrying hose all
day can result in lifting and carrying several tons less weight
in 1 day's work.

Exercises (437):
1. What type of agitator is suitable for

a. emulsion-type pesticides?

b. wettable powders?

2. Where is a pressure regulator located? What are two
purposes it serves?

3. What advantages and disadvantages are offered by the
use of stainless steel pesticide tanks?
a. Advantages:

b. Disadvantages:

4. What are two advantages of using fiberglass tanks for
large spraying operations?

5. What two purposes does a strainer serve?

6. What purposes do pressure devices serve on high-pressure
tanks? On small tanks?
a. High-pressure tanks:

b. Small tanks:
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7. What is the primary function of a nozzle?

8. What are six commonly used types of nozzles?

9. Identify which type of nozzle you can use in each of the
following situations:
a. Spraying into small cracks.

b. Spraying large outdoor areas with a boomless sprayer.

c. Applying pesticides at low pressures to turf and foliage.

d. Applying an even coating to walls and other flat
surfaces.

10. What type of valve should your sprayer have close to the
nozzle? Why?

11. List four qualities a sprayer hose should have.

438. Differentiate between typical numbers that may
appear on nozzles and their appropriate meaning.

Interpreting Information on Nozzles. Nozzles supplied
with older, 2-gallon compressed-air sprayers often have a
nozzle disc with a simple steel plate with a hole in the center
instead of the more elaborate tip. These discs often have
numbers stamped on them ranging from 1 to 10, representing
64th of an inch; thus, a No. 7 disc would have an aperture
of %4 inch in diameter, and would produce larger droplets
suitable for heavy applications. A No. 1 disc would produce
a very fine spray. Disc nozzles are commonly used for large
power sprayers that operate at high pressures, producing a
very fine mist. They are also satisfactory for applying pesticide
suspensions with the compressed air sprayers.

Several manufacturers have developed nozzle systems in
which carefully calibrated nozzles are designated by number.

Teejet nozzles are rated according to the angle at which
the spray leaves the nozzle and to the output in tenths of a gallon
per minute (gpm) at a pressure of 40 psi. Thus, an 8002 nozzle
used in residual spraying of emulsions on ordinary surfaces
produces a flat fan spray at an 80 ° angle with a rate of 0.2 gpm
at a pressure of 40 psi. The third number, a "0" in these
numbers is undm indicate a decimal point. Similarly, a 5004
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nozzle used in residual spraying of suspensions on porous
surfaces produces a flat fan spray with a 500 angle with a rate
of 0.4 gprn at a pressure of 40 psi; and a 0001 nozzle used
to apply emulsions or solutions to cracks and crevices for
cockroach control produce a solid stream at 0.1 gpm with a
pressun: of 40 psi. Many pest control operators in buildings
wish to change the spray pattern from time to time as they
work through a building. Therefore, they use a Multeejet
nozzle with four openings, two (50015 and 730039) to produce
fan-type sprays, and two (000021 and 0001) to produce solid
stream sprays.

Exercise (438):
1. Match the nozzle number in column A with its meaning in

column B.

Column A Co lunui B
._(1) 0001. a. Produces a flat fan spray at an 800 angle with a

6. rate of 0.2 gpm.
___(3) 5004. b. ,164.
..._(4) 8002. c. Applies emulsions and solutions to cracks for

cockroach control.
(1. Produces a flat fan spray at a 500 angle with a

rate of 0.4 gpm.

3-2. Operating Equipment
Operating equipment properly is just as important in the

safe and effective application of pesticides as is selecting the
right equipment for the formulation and type of treatment.
You can have the right equipment for the formulation and
type of treatment, and you can have the right equipment for
the formulation t-., be dispersed and the type of treatment to be
implemented; but the pest management program can still be
ineffective and unsafe if you operate the equipment
improperly.

Another aspect you must consider in operating equipment
is that it must be operated properly to prevent damage. If
equipment is operated improperly, it is most certain that
damage will occur, sooner or later, and the efficiency and
safety of the equipment will be reduced.

Proper operation and maintenance of equipment is best
done by using the commercial or Government publications
that outline operational, maintenance, and safety procedures
for a specific item of equipment. As a matter of fact, you are
required to follow the operational, maintenance, and safety
procedures that are outlined in these publications, provided
there is a publication written for the equipment you are to use.

Regardless of the type of publication that is available for
operating and maintaining equipment, it must be adhered to
and regarded in the same manner as though it were an Air
Force regulation.

For equipment items that have any of these types of
publications, the equipment must not be operated or
maintained unless the publication is being used by the
operator or mechanic during the actual operation or
maintenance.

439. State the purpose and frequency for conducting
preoperational inspections.

Preoperational Inspections. Before operating any item
of equipment, you must perform a preoperational inspection
on the equipment. Preoperational inspections must be done
before each use, regardless of when the equipment was last
used. If there is a publication that outlines preoperational
procedures for the equipment to be operated, it must be used
during the inspection.

Preoperati3.1a1 inspections are done on equipment to
make sure it can be safely operated at its optimum efficiency.
These inspections must be performed on each item of
equipment, regardless of the type, whether it is a mouse trap
or the Government vehicle that you drive, and even if there
are no written guides pertaining to the equipment.

Besides being required, preoperational inspections are
performed to reflect a true professional pest manager,
because you are only as good as your equipment. It can be
very embarrassing for you and the section when you have a
filled compressed-air sprayer ready at the job site to apply the
pesticide, and the sprayer doesn't operate or it leaks
profusely from the pump handle, simply because you
neg!ected to perform the preoperational inspection on the
equipment.

Exercises (439):
1. What is the purpose of conducting a preoperational

inspection?

2. How often should you perform preoperational inspections?

3. What are preoperational inspections on equipment
designed to insure?

4. Besides being required, preoperational inspections are
performed for what reason(s)?

440. Cite correct operational procedures of manual
sprayers.

Operating Manual Sprayers. In order to obtain the best
operational efficiency of spray equipment, or any other
equipmer,,, it must be properly prepared for operation, and
then you must operate it in accordance with the appropriate
operational guide. Because there are usually several
variations for operating each type of spray equipment,
discussion in this lesson is restricted to generally common
procedures. We will also identify safety precautions you
must take while handling the equipment.

Compressed-air sprayer. The compressed-air sprayer has
a small 1/2- to 3-gallon tank with an air pump, hose, spray
gun, and other components necessary for applying liquid
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insecticides. An exploded View (with identified components)
of a typical compressed-air sprayer is illustrated in figure
3-36. The tank should be filled 2A to full and air compressed
into the remaining space. This compressed air exerts
pressure on the liquid and forces it through the lines and to the
nozzle. As the liquid leaves the nozzle, the spray pattern will
depend on the air pressure maintained in the sprayer and the
type of nozzle used. The air should be compressed to 40 psi,
after which spraying may continue until pressure drops to
approximately 30 psi.

lb help you perform a preoperational inspection on the
compressed-air sprayer, typical procedures are provided.
Refer to ;es 3-36, 3-37, and 3-38.

a. If C.,: sprayer is unopened, turn the pump assembly
counterclockwise very slowly to make sure all pressure is let
out of the tank. If the pump assembly is opened faster than the
air is allowed to escape, you might damage the threading at
the top of the tank and within the pump assembly; plus, it can
cause serious injury to you since the pump assembly could be
ejected upward by pressure in the tank.

b. Check the threading on the tank and within the pump
assembly to make sure the threads haven't worn out or
broken off.

c. Make sure the pressure release opening is clear to allow
the release cf pressure when the pump assembly is
unscrewed. This pressure release opening is located on the
outer top portion of the pump assembly.

d. Make sure the pump rod is straight to prevent excess
wear to the pump bonnet.

e. Insure the pump gasket is in place, it straight, and is not
brittle or deteriorated.

HOSE-
STRAINER

SHUTOFF
VALVE

AIR PUMP

COMPRESSED
AIR

OUTLET
PIPE

LIQUID
FORMULATION

CF-064

Figure 3-36. Compressed-air sprayer (exploded view).
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Figure 3-37. Pump assembly (exploded view).
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J. Check the pump cylinder to insure that it isn't dented or
cracked. Clean the inner portion frequently with a large
bottle brush to prevent caking of formulations and to remove
any corrosive substances.

g. Use steel wool to clean the check valve. Then, inspect
the check valve to be sure it's in place, is not deteriorated, and
is not lodged open by debris and metal filings. With water,
frequently flush the area between the check valve and the
pump cylinder to remove debris and metal filings.

h. Inspect the piston cup to make sure it's firm, but pliable.
Lubricate the cup periodically with vegetable oil to prevent it
from getting dry.

i. Check the outlet pipe to insure that it is securely attached
and free of debris.

j. Check the formulation tank for cracks and holes that may
be in the tank or around solder joints.

k. Make sure all hose and wand fittings and couplings are
tight.

1. Inspect the hose to insure that it has not become brittle
and to be sure there are no cracks or holes.

m. Be sure the cutoff valve is functioning properly.
n. Inspect the spray gun assembly periodically to I.:sure

that strainers are unclogged and to insure that 0-rings and
seats are in good condition and free of debris.

Once you've inspected the sprayer components, pour plain
water into the tank, insert the pump assembly and secure it,
pressurize the tank, and inspect for leaks r...nd test the shutoff
valve. If there are no leaks and the shvwff valve functions
properly, the sprayer is ready for use.

Always be sure the pressure is released after each use and
never transport the sprayer with pressure applied. Pesticide
formulations should not remain in the sprayer for an
extended period of time. (Usually no more than 24 hours, but
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sometimes less, depending on the pesticide and formulation
used.)

Aerosol dispenser. The small, low-pressure aerosol
dispenser consists of a can with a discharge valve and nozzle
at the top, and a tube extending from the valve to the bottom
of the can. The insecticide, a concentrated oil solution, is
mixed with a propellant (usually a nontoxic gas) and placed in
the can when assembled. When the discharge valve is
pressed, propellant gas within the can forces the
insecticide-propellant mixture through the nozzle and it is
atomized into spray.

Pressurized cylinder. Before you begin using a
pressurized cylinder, make sure it's properly charged and the
nozzle is clear. If either of this is a problem, the unit won't
work properly or may not work at all. If you must clean the
nozzle, do it as gently as possible. Use warm running water at
first. If this doesn't work you may use a fine straight pin, but
be careful not to alter the size and shape of the nozzle opening
since it will increase the droplet size, reducing the aerosol's
effectiveness. If the unit wasn't properly charged with
propellent at the factory, dispose of the can in an appropriate
manner, but never in an incinerator or the can may explode
when heated. These cylinders have a much heavier
constructed tank, extended nozzle, and shutoff valve you
turn to regulate the rate of discharge.

A preoperational inspection on this item of equipment
consists of checking the container, valve, and nozzle to
insure that these items are not corroded or damaged.

To test for leaks, first turn on the cylinder valve. Purge
any air from inside the hose. Then place the ULV jet or
injection gun in water and watch for bubbles. If a hose
connection or the gun leaks, retighten and/or retape and
retighten the fittings. If you can't correct any leaks by this
method, refer to the manufacturer's instruction for further
information.

Exercises (440):
1. What is the ideal pressure for operating a compressed-

air sprayer?

2. What are two reasons for releasing the pump assembly
slowly when there is pressure in the tank?

3. What items on the compressed-air sprayer should you
check to insure proper flexibility?

4. Before you use an aerosol bomb, what should you
check?

5. List the steps involved in checking a pressurized
cylinder for leaks.

441. Specify preoperational inspections and operational
procedures for manual dusters.

Operating Manual Dusters. Proper operation of manual
dusters requires you to know preoperational and operational
procedures; therefore, this lesson will identify these
procedures and applicable safety precautions.

Hand shaker. This shaker is rectangular with a handle
attached to one side. The detachable lid has a screen end to
sift the insecticide dust when the duster is shaken. You may
attach a long handle to the duster to treat overhead beams and
rafters. If the shaker is fitted with a 16- to 20-mesh screen, or
a perforated lid, a baffle isn't needed to keep the dust from
being dispensed in too great quantities.

Be careful when applying dust to high areas to prevent
dumping dust on yourself. To prevent electrical shorts and
possibly fires, do not use this shaker in areas that contain
electrical wiring.

Hand bellows. This is a rubber cylinder about 3 inches tall
with a metal top and bottom. The top is open and fitted with a
cork. The bottom has a metal extension tube. A large coil
spring touching the top and bottom supports the device inside.
Dust is placed inside the cylinder from the top, the cork is
inserted, and dust is blown out through the extension tube by
hand pressure on the top and bottom.

A preoperational inspection involves nothing more than
checking the rubber cylinder for cracking and splitting, and
insuring that the spring has proper tension and the extension
tube is not clogged.

Bulb duster. The bulb duster is normally a 4-inch rubber
bulb fitted with a screw cap containing a dust nozzle. After the
bulb is filled with dust and the cap replaced, hand pressure on
the bulb disperses the dust.

Before operating the bulb duster, make sure the bulb is not
cracked and the nozzle fits tightly and is not clogged.

Plunger duster. This item has an air pump with a metal
reservoir into which the air blast is directed to disperse the
insecticide as a fine cloud or as a more or less solid blast. If
the duster is turned so the delivery tube is beneath the dust,
very heavy dust patterns will be produced.

To perform a preoperational inspection on this item of
equipment, follow these procedures:

(1) Check the dust bin and pump cylinder for
deterioration .

(2) Make sure the gasket beneath the filler cap is in
position and is not deteriorated.

(3) Insure the plunger cup is firm but pliable.
(4) Make sure that the nozzle and siphon tube are not

damaged and are free of debris.

Rotary duster. This duster has a 5- to 10-pound capacity
hopper from which dust is fed by a mechanism into a fan case.
When the cr-ank is turned, the fan blows the dust through a
long tube. Most dusters may be adjusted to deliver from 5 to
20 pounds of dust per acre under normal conditions.

To perform a preoper onal inspection on a rotary hand
duster, check the crank to be sure it's operable and straps are
not frayed to the extent of possible breakage.

When operating this equipment outdoors, keep the wind
to your back and lt.t the dust blow downwind from you.



Foot pump duster. The foot pump duster is a
hand-operated plunger-type blower with a container for
rodenticide dust or fumigant. A stirrup is provided so that the
pump can be held down with one foot while you pump air and
rodenticide into the buriow through a short length of hose.
The 1- and 5-pound capacity foot pumps are most commonly
used for fumigating rodent burrows.

A preoperational inspection for this item of equipment
includes checking the pump assembly in the same manner as
for the hand plunger duster and insuring that the air-selector
valve is operable. Check the hose to make sure it is not
cracked and is tightly secured to the duster frame.

You should wear a gas mask, long-sleeved shirt, and
rubber gloves when using calcium cyanide in a foot pump
duster. Always stand upwind from the point where the hose is
inserted into the burrow to avoid breathing in dust or cyanide
gas.

Granular spreader. The type of granular spreader
illustrated in figure 3-11 has a rotary slinger plate operated by
gears and a hand crank, and a cylindrical metal hopper or
cloth bag granule holder. There is a possibility when this
equipment is being used in tall grass and cat tails the gears and
rotating plate may get clogged with vegetation, which then
causes breakdowns. A protective sheet of metal can be
mounted parallel to and below the slinger plate and ahead of
the latter to divert the vegetation a vay from the moving
parts.

Before operating this equipment, make sure there are no
obstacles that would prevent the rotating plate from turning,
check that the crank handle is securely attached, and inspect
the grease fitting for dryness or excessive grease.

Operate this equipment with the wind to your back,
making one complete revolution of the crank handle per
normal walking step taken, and wear appropriate safety
equipment.

Exercises (441):
1. Why are hand shakers equipped with a long handle?

2. What is one action you zake in the preoperational
inspection of hand bellows?

3. Before operating the bulb duster, what should you do?

4. The preoperational inspection of the hand plunger duster
is the same as which other assembly?

5. What should you do when operating the rotary hand
duster outdoors?

6. What is a foot pump duster often used for?

7. What preoperational checks should you make before
operating the granular spreader?

442. Identify correct statements relative to operating
portable powered equipment with the appropriate
equipment item.

Operating Portable Powered Equipment. Although the
proper operation of portable powered equipment is no more
important than that of the other types of equipment, it is more
essential in reducing hazards to the operator and in reducing
maintenance costs.

Frame-mounted hydraulic sprayer. This sprayer is
generally designed to disperse pesticidal sprays at pressures
from 150 to 300 psi at 2 to 4 gpm. Operating pressures of over
300 psi will damage the pump. It is provided with handles for
carrying by two people, a suztion hose with a strainer for
insertion into a separate formulation tank, a return hose, and
a discharge hose.

A preoperational inspection includes a check of the
following items:

Fuel level.
Fuel tank for cracks and holes.
Engine oil level.
Engine cylinder head for foreign debris.
Pump piston for required oil.
Unsealed lubrication points for dryness or excessive
grease.
Starter rope for excessive fraying.
Engine air filter for cleanliness.
Suction, return, and discharge hoses for cracks and
holes.
Spray gun for operability.
Nozzles for foreign debris.
Couplings and fittings for tightness.
Screws, nuts, and bolts for tightness.
Drive belt for excessive fraying and proper tension;
drive pulleys for tightness and alignment.
Shutoff and regulating valves to insure they are
operative.

Before performing the operational test on this (or any
other) equipment, remove all jewelry and wear form-fitting
prote;tive clothing along with the required safety protective
equipment. Make sure the discharge hose is capable of
withstanding piessures in excess of the prersure that is
capable of being produced by the pump to prevent hose
rupture. Don't operzte this unit dry; always make sure liquid
is in the pump before you start or stop it.

To conduct the operational test, place the suction hose in a
sufficient amount of water, place the pressure regulator
control lever in the release position, and close off the
discharge hose. Then start the engine and allow it to warm for
2 or 3 minutes. While waiting for the engine to warm,
reinspect the equipment for leaks, pulley alignment, and
other malfunctions. If no discrepancies are noted, adjust the

56

3 2



pressure regulator to the desired operational pressure and
open the discharge hose while holding it firmly. Nall systems
are functioning properly, the equipment is ready for use; if
not, don't use it until all problems are corrected.

Backpack mist-dust blower. As the name implies, this
unit is carried on the back of an operator. These blowers have
a tank capacity of 2 to 4 gallons and are powered by a small
air-cooled gasoline engine. They can disperse liquids, dusts,
or granules. They're extremely useful in dispersing
adulticides or larvicides over terrain where wheeled vehicles
cannot travel. In general, the effective swath is reported as 30
to 80 feet.

In performing a preoperational inspection on this
equipment check the following items:

Formulation tank and return line for cracks.
Formulation tank cap gasket to be sure it's in place and
in good condition.
Harness straps to make sure that they an not frayed to
the extent of possible breakage and to see that all
buckles are intact and operable.
Dust and liquid formulation dispersal hoses to insure
they aren't cracked or don't have holes and to insure all
couplings are in their proper place and ere secure.
Dust control valve and lever to insure they work
properly.
Liquid control valves to insure they work.
Liquid nozzle to make sure it is free of debi is .

Thrbine blower oil level.
4, Fuel level.

Fuel cap to insure that the gasket is in place and has not
deteriorated.
Thrbine blower filter for cleanliness.
Air filter for cleanliness.
Starter pull rope to insure it's operative and is not
excessively frayed.
All screws, nuts, and bolts to be sure they are tight.
The proper type of gasoline (regular) and oil
(nondetergent SAE-30) is used.
Insure that the proper mixture of gas and oil fuel is
being used (1 ounce of oil to 16 ounces of gasoline).

The safety precautions you must observe when using the
backpack mist-dust blower are as follows:

Do not operate the equipment beyond the recom-
mended engine rpm.
Do not overfill the fuel tank or oil reservoir.
Do not temove the fuel tank cap when the tank is full
and the engine is warm.
Start the engine before placing the equipment on your
back to prevent the possibility of gas spilling on you
and the engine while trying to start it.
Keep the equipment as level as possible on your back
and avoid excessive shaking to prevent spillage of
pesticide and gasoline on you and the engine.
Operate the engine at low rpms for a short time before
turning it off.

Hand-carried ULY generator. Most hand-carried ULV
generators use a small engine similar to the one used with the
backpack mist-dust blower. The units weigh 15 to 25 pounds
and have a dispersal rate of 1/2 to 2 ounces per minute.

A preoperational inspection includes a check of the follow-
ing items:

Fuel level.
Oil level in the supercharger.
Starter pull rope for fraying.
Carburetor and supercharger air filters for cleanliness.
Carburetor sediment bowl for cleanliness.
Fuel and pesticide tanks for holes and cracks.
Dispersal hose for crack and holes.
Nozzle fins for foreign debris.
Couplings and fittings for tightness.
Screws, nuts, and bolts for tightness.
Pesticide tank cap gasket for firmness and pliability.
Regulating and control valves to insure they are
operative.

The hand-carried ULV generator uses a gas and oil fuel
mixture. Therefore, you must be sure to use the proper
mixture as prescribed by the operational raanual for your
particular unit. Generally, the gas and oil fuel mixture will be
5 ounces of outboard motor oil to 1 gallon of regular gasoline.
Prepare this mixture in a clean container and mix thon aghly
before putting it into the tank.

The engine must be operated at full rpm, and a pressure of
3 to 4 psi should be maintained in the air manifold and
pesticide tank to be most effective.

High-pressure pesticide sprayer. As you learned earlier,
you need an electric source and a water source to use this unit.
Before you begin using it, make sure it's in a secure location
so pets and children won't tamper with it while you work.
Make sure your water source is clear and cold or you may
damage the unit or prevent its effective performance. Make
sure you have a waterflow of at least 3 gpm. To determine
this, use a 1-gallon container and make sure it's filled in no
more than 20 seconds.

Here are preoperational procedures for the high-pressure
pesticide sprayer.

Attach garden hose to the on/off adapter, which is
connected to the water inlet.
Connect the high-pressure spray hose to the outlet side
of the unit.
Don't turn on the unit, but start the water and spray for
a short time to clear air from the lines.
Connect a grounded extension cord to the electrical
inlet.
Based on pesticide label instructions, determine what
percentage of finished spray you need. Set the blue
pointer handle (fig. 3-14) to this percentage. Be
precise.
Refer to the label and find out the percent of active
ingredient in the concentrate. Set the r!cl pointer handle
to this percentage. If the label indicates more than one
pesticide, set the handle to the highest percentage
listed.
11.1rn the power switch to the pump position. Make sure
the pump is getting water to avoid burning out the
pump. Do not attach the siphon tube yet. Start spraying
without the pesticide.
Adjust the pressure regulator so the pressure gauge
indicates 125 psi.
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Attach the pesticide concentrate container to the side of
the unit with tiedown straps.
Connect the siphon tube to the unit at the concentrate
siphon tube connector. Be sure to wear neoprene
gloves when you handle the concentrate.
Place the riphon tube in the concentrate container,
insuring the tube and filter screen drop to the bottom of
the can.
Before you start spraying, record the setting on the
digital gallonage meter on top of the sprayer. This will
make it easy for you to find the number of gallons of
finished spray used on each operation.

Rotor hammer. This is a large industrial drill with a
hammering mechanism. In pest management, it's used to
drill holes through masonry for sub-slab injection of
termiticides. (Demolition experts also use it to drill holes into
which explosives are placed. However, this isn't a
recommended pest management method, no matter how
desperatt. you get.) A spring-action stop bracket holds the
drill bit hi place and shifts easily for fast tool changes; no
hand turning of bits is needed. An adjustable hex rod helps
you drill holes to a uniform depth and a pipe handle on either
side to ease operation and handling. This handle must be used
when you're using rotating bits.

Follow these preoperational procedures before you use a
roto hammer. Refer to figure 3-39 as needed.

Oil the hammer by putting 3 squirts of SAE lOW
turbine oil into the nose and in the oil reservoir for the
automatic oiler.
Make sure the shank of the bit is clean before you
install it.
Make sure the drill is properly grounded before you
use it.

OIL
HERE FILTERS

OIL LEVEL
WINDOW

AUTOMATIC
OILER

RETAINER

FILLER PLUG
(FILTER)

OIL
HERE

CF-091

Figure 3-39. Roto hammer.

Adjust the clutch as needed to be sure the hammer
won't spin at full torque if the bit binds. This is an
important safety factor with the drill.
If the clutch slips too often, tighten it one-half turn at a
time until the bit drills efficiently with clutch slippage.
If the clutch doesn't slip when the bit binds, loosen it
one-half turn at a time.

As you operate the roto hammer, you only need to app!y
as much pressure as is needed to keep the bit in the desired
position. Keep the pipe handle against a bended knee to reduce
your chances for injury if the bit binds. Hold the hammer :n
line with the I 3le you're drilling horizontally, and apply enough
pressure to keep the bit firmly seated.

Exercise (442):
1. Match the operational statements in column B with the

applicable equipment in column A. Column B items may
be used more than once.

Column A
The gas-oil mixture is 5 ounces
outboard motor oil to 1 gallon
regular gasoline.
Lubricate by adding SAE IOW
turbine oil to the oil reservoir
and nose.
Before operating, remove all
jewelry and wear form-fating
clothing aiong with other re-
quired safety equipment.
The effective swath width is 30
to 80 feet.
If the clutch is too tight or loose,
adjust it one-half turn at a time.
Insure a waterflow of at least 3
rpm before us:rig this equippient.
Operate at full rpm and a
pressure of 3 to 4 psi in the
manifold and pesticide tank.
The pressure regulator must be
adjusted to provide 125 psi.
Use this to apply adulticides or
larvicides over terrain where
wheeled vehicles can't travel.
With this item, the maximum psi
should never exceed 300 and the
unit should never be operated
without liquid in the pump.

Column B
a. Backpack mist-dust

blower.
b. Hand-carried ULV

generator.
c. Frame-mounted hy-

draulic sprayer.
d. High-pressure pesti-

cide sprayer.
e. Roto hammer.

443. Cite operational characteristics, inspection
requirements, and safety precautions regarding non-
portable mist-dust blowers.

Operating a Nonportable Mist-Dust Blower. This type
of equipment has a four-cylinder gasoline engine, a fan, a
hopper to hold pesticide dusts or granules, and a tank to hold
liquid pesticides. The high-velocity fan forces air through the
large air discharge boom and blows the pesticide up to
several hundred feet into the control area. The liquid
pesticide is forced through special small nozzles into the
large air discharge boom and blown from the machine as a
spray or mist.
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Check the following items when you do a preoperational
inspection on the unit.

Fuel level.
Engine oil level.
Battery water level.
Battery terminals and cables.
Gasoline sediment bowl, blower fan, air booka, and
nozzles for foreign debris.
Fuel pump for leaks.
Fuel and pesticide tanks for cracks and hoies.
Pesticide hopper for cracks and f
Hopper agitator for security.
Fuel and liquid pesticide lines for cracks and holes.
Couplings and fittings for tightness.
Screws, nuts, and bolts for tightness.
Unsealed lubrication points for dryness or excessive
grease.
Drive pulleys for tightness.
Drive belts for fraying and proper tension.
Hopper drive chain and boom-steering chain for weak
links and lubrication.
Shutoff and regulating valves for operability.

Again, before perfc ling the final phase in the
preoperational inspection on this equipment (operational test
using water or talc), make sure all jewelry is removed and put
on form-fitting pnnective clothing. Excessively loose-fitting
clothing and jewelry have a tendency to be caught in drive
belts and pulleys (and other protruding objects) and can cause
serious injuries. You must also be sure no one is standing in
front of the air boom or beside the air fan, because these items
create extreme suction and air velocity. The air boom should
be pointed upward before you start this unit.

After you have completed the first step in the
preoperational inspection and have taken the prestarting
precautions, start and operate the equipment to be sure there
are no leaks and all parts are operational.

Most models of this equipment are not designed to
produce high pressures, because they rely on the air velocity
to disperse the pesticide; therefore, you must not operate the
equipment with pressures exceeding the recommendations
set forth in the operation manual for your particular unit.

Exercises (443):
1. The high-velocity fan forces air through the large air

discharge
2. The liquid pesticide is forced through small nozzles into

the large air discharge boom and blown from the
machine as a or

3. What parts of the electrical system should you check?
4. The fuel pump should be checked for
5. An operational check should be performed using

or
6. Whcn operating this equipment, you should remove all

and wear protective
clothing.

446. Cite characteristics and operational features of
trailer-mounted hydraulic sprayers.

Operating a nailer-Mounted Hydraulic Sprayer.
With this type of unit the liquid pesticide is pressurized by
means of a power-driven hydraulic pump with regulators that
maintain the desired pressure. Pressures range from 20 to
800 psi. The spray pattern is determined by the pressure and
the type of nozzle used, varying from a solid stream to a fine
mist. The power sprayer has a tank of 50- to 600-gallons
capacity, with a rotating agitator to keep pesticides in
suspension. A gasoline motor or power takeoff operates a
piston or diaphragm pump. The power sprayers most used in
Air Force pest management operations are small outfits of
not more than 200-gallon capacity mounted on trailers.
These sprayers deliver a maximum of 1 to 10 gallons of spray
per minute and have pressure regulators so the r..tcommended
pressure is maintained.

The pressure regulator is typically a large, steel ball
bearing forced against a valve seat by a spring. A nut, thumb
screw, or lever adjusts the spring tension to provide high or
low pressure. When pressure exceeds that which is desired,
the ball bearing is displaced and the surplus spray
recirculates through the pump or is forced back into the spray
tank. The power sprayer has one or more hose leads to which
you attach spray guns similar to those used with the small
compressed-air sprayers. You can also use these sprayers
with the orchard gun ordinarily purchased with the sprayer.
The orchard gun is adjustable to provide any pattern from a
solid stream to a fine-cone spray. The orchard gun, or a spray
boom with several nozzles, may be used to treat fields or
other areas requiring heavy applications.

Most engines used on this type of equipment are designed
to be operated at a minimum of1,800 rpm and a maximum of
2,800 rpm; but refer to the operator's manual and operate the
engine according to recommendations.

Pumps should not be regulated to exceed the maximum
pressure prescribed in the operator's manual. Pressures
usually don't exceed 400 psi for Air Force pest management
operations.

Check the following items when performing a
preoperational inspection on the trailer-mnunted hydraulic
sprayer;

Fuel level.
Oil level.
Carburetor air filter for cleanliness.
Starting rope for excessive fraying.
Engine cylinder head for foreign debris.
Fuel and pesticide tanks for cracks and holes.
Hoses for cracks and holes.
Couplings and fittings for tightness.
Screws, nuts, and bolts for tightness.
Drive belts for fraying and proper tension.
Drive pulleys for tightness.
Unsealed lubrication points for dryness and excessive
grease.
Agitator for paddle condition and security.
Shutoff and regulating valves for operability.
Nozzles for foreign debris.

Before performing the operational test with water,
remove all jewelry and be dressed in form-fitting protective
clothing. Be sure the pesticide dispersal hose and return hose
are designed and capable of withstanding pressures well
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above the prcssure range of the pump to prevent them from
bursting. Make sure the spray gun and/or boom are shut off.
If the sprayer contains an airdome that must be precharged,
you should charge it with the amount of air specified in the
operator's manual.

Exercises (444):
1. What is the range of pressures in the hydraulic sprayer

and hov- 'ire they controlled?

2. What is the power sprayer tank capacity?

3. How are pesticides kept in suspension?

4. These sprayers deliver from to
gallons of spray per minuie.

5. Which source is best to refer to when operating
hydraulic sprayers?

6. Pumps should not be regulated to exceed the
pressure prescribed in the operator's manual.

445. Specify characteristics and operational features of
nonportable ultralow volume generators.

Operating a Nonportable ULV Generator. This
equipment item is relatively small in comparison with the
other types of nonportable equipment. The insecticide tank is
generally a 5- to 16-gallon capacity tank and the equipment is
usually mounted on a small half-ton pickup. The nozzles used
on it must be capable of pmducing droplets in the 5- to
27-micron range. The average droplet size should not exceed
12 microns in diameter.

To perform a preoperational inspection on this item of
equipment, check the following:

Fuel level.
Engine oil level.
Air pump oil level.
Battery water level.
Battery terminals and cables for tightness and
corrosion.
Air intake filter pad for cleanliness.
Formulation filter for cleanliness.
Pop safety valve for operability.
Drive belts for excessive fraying and proper tension.

Drive pulleys for tightness and alignment.
Nozzles for foreign debris.
Gasoline and insecticide tanks for cracks and holes.
Gasoline and insecticide hoses for cracks and holes.
Couplings and fittings for tightness.
Screws, nuts, and belts for tightness.
Engine cylinder head for foreign debris.
Carburetor filter for cleanliness.
Shutoff and regulating vaives for operability.

Before performing the operational test on the ULV
generator, remove all jewelry and put on form-fitting protective
clothing along with other required safety pmtective equipment.
Make sure no one is in front of the nozzle and keep the nozzle
pointed away from individuals.

Once the preoperational inspection is complete and all
safety precautions have been observed, you're ready to do
the operational test.

Start the engine and allow it to warm to the point of the
aluminum separator being hot enough to sizzle a drop of
water. While waiting for the engine to warm, reinspect the
equipment for leaks, excessive vibrations, and pulley
alignment.

After the engine has warmed, turn on the caemical flow
switch and monitor the air-pressure gauge. Maintain the air
pressure to the air tip between 75 to 85 psi, and the air
pressure to the formulation tank between 12 to 17 psi. These
pressures are regulated and maintained by the engine and
pump rpm. The engine should normally be operated at 2,500
rpm and the pump operated at approximately 900 rpm.
Leaking couplings, fittings and hoses, and improper drive
belt tension can cause a drop in pressure, which would
necessitate an increase in the engine and pump rpm.

This is just one More reason for performing the
preoperational inspection and operational test on this
equipment before taking it out on a job. If everything checks
out okay, then the equipment is ready for use; however, if
malfunctions or discrepancies are detected the item should be
corrected before you use it.

Exercises (445):
1. How is a nonportable ULV generator usually mounted?

2. What is the micron range for pesticide particles from the
nozzles for this unit?

3. What is the average pesticide droplet size?

4. What action should you take before you turn on the
chemical flow switch and monitor the air-pressure
gauge?

5. What is the pressure within the formulation tank?

60

316



6. What three conditions may cause a drop in pressure and
require you to increase engine and pump rpm?

3-3. Maintaining Equipment
Besides liaving to select the right equipment for the job to

be done, perform preoperational and operational inspections,
and having to operate equipment properly, you must also
maintain your equipment in peak-operating condition to help
you to ,..onduct effective and safe pest management
pmgrams.

This section will identify organizational maintenance
tasks you must conduct as part of your responsibility in
maintaining pesticide dispersal equipment.

446. Define organizational maintenance and list tasks
related to it.

Organ:zational Maintenance Responsibilities. Organi-
zational maintenance is maintenance performed by personnel
within the squadron; this includes operator maintenance.
Organizational maintenance consists of performing all
maintenance within the capability of the section. It is your
responsibility; therefore, you must be knowledgeable of the
common tasks that you will be required to perform. These
tasks include cleaning, servicing, adjusting, repairing,
replacing, and calibrating dispersal equipment and/or
equipment components. Remember that all maintenance
must be done in accordance with appropriate publications
that identify the tasks and frequency of tasks to be performed.

Exercises (446):
I. Define organizational maintenance.

2. List the tasks that are included in organizational
maintenance, dispersal equipment and components.

3. All maintenance must be done in accordance with

447. List the purposes for cleaning pesticide dispersal
equipment and specify the cleaning methods to be used on
identified types of dispersal equipment.

Cleaning Equipment. lb prolong the life of the equipment,
you must clean each item after you use it, because dirt and
pesticidal formulations can damage protective coatings and
interml parts of the equipment. Another purpose for frequent
cleaning is to reduce contamination hazards. The cleaning

methods you use to clean pesticidal equipment will depend
upon the type of equipment you're cleaning. These cleaning
methods, along with the types of equipment that can be cleaned
by each method, will be discussed.

Rushing. Any equipment item designed to disperse liquid
pesticidal formulations must be flushed after each day's use
or chemical change.

Flushing applies to cleaning the entire inner portions of
the pesticide dispersal system to remove dirt and pesticides
from the tank, pump, hoses, and nozzles.

Flushing this system is very important because many
pesticides are corrosive, and if left inside the system they can
be very damaging.

Flush equipment used to disperse oil solutions with a
solvent such as kemsene or No.4grade fuel oil and never with
water. Equipment used to disperse emulsion and suspension-
type formulations must be flushed with watcr and never with
a solvent. For those items of equipment designed to disperse
solutions, emulsions, and suspensions, regular flushing with
water is most practical; however, an occasional flushing with
a solvent may be required, especially if you're preparing the
equipment for extended storage.

Washing. All items of nonportable powered equipment,
along with the compressed-air sprayer, and the frame-
mounted hydraulic sprayer, can be washed with a detergent
and water solution. Wash all exterior surfaces of the
equipment after each day 's use to remove damaging dirt and
pesticide particles. Take care to avoid applying water to
engine components. Wash the inner portions of dust hoppers
and give plenty of drying time after you're done. If possible,
force-Mr dry these areas. Rinse thoroughly and wipe the item
dry to remove any remaining cormsive substances.

Thple rinsing. The triple-rinse method of cleaning
equipment is flushing the liquid pesticide dispersal system
three times; the first two times using separate solutions of
detergent and water, and the third time using water only. This
method must be used to flush an equipment item designed for
applying solutions, emulsions, and/or suspensions before
it's used to apply a type of pesticide different from the tipe just
previously used.

Vacuuming. For items of equipment designed strictly for
applying dusts and/or granules, clear by vacuuming. Hoppers
on other equipment parts used strictly for dusts and granules
should also be cleaned by vacuuming.

Wiping. Wiping with a damp or dry cloth is the method
you use to clean engines and equipment where water would
be damaging and would cause the equipment to be inoperable
for a period of time.

Steam cleaning. The steam cleaning method is primarily
restricted to removing heavy deposits of oil and grease from
nonelectrical poweted equipment.

Waxing. Wax all items of nonportable powered
equipment periodically to further help remove dirt and
pesticide particles and to give protection to painted surfaces.

Exercises (447):
1. List the two purposes for cleaning pesticide dispersal

equipment.
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2. Why should you flush items of equipment?

3. How do you flush equipment used to apply oil solution
formulations?

4. Equipment used to apply emulsion- and suspcnsion-typc
formulations must be flushed with and never
with

5. When washing equipment, take care to avoid applying
water to

6. The third rinse of the triple-rinse process uses
only.

7. Clean equipment designed for applying dust or granules
by

8. You should clean engines by wiping with a or
cloth.

9. What type of cleaning is used to remove heavy deposits
of grease and oil?

10. To provide added protection, you should
equipment periodically.

448. Indicate whether given statt ,ents reflect the
correct practices and procedures for servicing equipment.

Servicing Equipment. Proper servicing is vital to the
operation and maintenance of equipment, because improper
servicing may cause equipment not to operate, or if it does
operate, you could damage equipment components and
present hazards to yourself and others.

Fuel. Use the pmper type and quantity of fuel for powered
equipment. For some items you need a gasoline and oil
mixture to operate the equipment. However, most equipment
only requires regular gasoline. Do not overfill fuel tanks,
especially those that are pressurized. If fuel tanks are
overfilled, spillage will result due to the expansion of the fuel
and moving the equipment.

Lubricant. There are many types of lubricants used to

maintain pesticidal equipment. The type of lubricant used
depends on the type of equipment and where you use it. For
this reason, always refer to the equipment manual before
lubricating.

For most items of powered dispersal equipment, SAE
30W detergent oil is normally used in the engine block. The
type of oil normally used in gearboxes of equipment is SAE
90W nondetergent oil. Regardless '3 f the type of oil used or
where it is used, it requires changing periodically and must
be changed according to manufacturer's recommendations.

General-purpose grease is normally used for lubricating
shaft bew.ings and other movable parts that are provided
with unsealed grease fittings. These items must be maintained
with the proper amount and type of grease. Grease these fittings
just to the point before the grease begins to ooze. Sealed gmase
fittings require less frequent lubrication. You must never over-
lubricate these fittings, because this will cause the seal to
break and damage the bearings.

Water. Not many items of dispersal equipment are
equipped with radiators, but if they are, make sure the proper
water level is maintained at all times. If the water level in the
radiator is very low, it will cause the equipment to overheat
and damage the engine.

Unsealed batteries on equipment must be filled to the
proper level with water and maintained at this level at all
times. Use distilled water when possible.

Air. Some hydraulic sprayers (those with pressure domes)
and the compressed-air duster require precharging before
operation.

Vehicle tires must be inflated and maintained with the
proper air pressure to prevent uneven wear and blowouts.

NOTE: Use extreme caution at all times when servicing
equipment with air, and always service equipment according
to the information provided in the appropriate publication.

Exercises (448):
Identify the statements below as true (T) or false (F). Make
corrections to any false statements.

1. Improper servicing may cause equipment not
to operate.

2. If not properly serviced, the equipment wili not
c -,Jerate .

3. The type of fuel used in equipment is not
important as long as it runs.

4. Overfilling tanks is hazardous.

5. The type of lubricant used depends on the
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6. The type of oil used in gearboxes is SAE 30W
detergent.

7. When greasing equipment, apply the grease until
it begins to ooze.

8. Water is not required in diversal equipment
engines.

9. Service batteries with distilled water when
possible.

10. Vehicle tires are the only components requiring
air on dispersal equipment.

449. Point out reasons and requirements for making
adjustments to equipment components?

Adjusting equipment. Many items of powered dispersal
equipment, especially the items of equipment that are
nonportable, have several components that require periodic
adjusting. Proper adjustments must be made in order for the
equipment to operate effectively and safely. All adjustments
must be made in the manner specified by the appropriate
equipment operation publication.

Spark plugs. Most manufacturer's operation manuals
specify the frequency for inspecting, cleaning, and replacing
spark plugs. However, you can inspect plugs more frequently
for proper gap settings. Before installing new spark plugs
into equipment, adjust the spark gap by gently spreading or
squeezing the ground electmde away from the center electrode
or toward the center electmde, as directed by the manufacturer's
specifications.

NOTE: When removing or installing spark plugs, use a
spark plug socket wrench and apply straight and even
pressure on the wrench as you turn it to avoid breaking the
porcelain that surrounds the plug. Tighten the plug snugly
into the block but don't overtighten it.

Points. Points must be adjusted according to the equipment
manufacturer's specifications. Points requhe periodic inspec-
tions to determine their condition. Burned point contacts can
and most often will cause the engine to run very rough, or
may keep it frem nmning at all. Points that are being installed
must be adjusted after they have been placed inside the
distributor by using a point gauge and a screwdriver. Make
sure the ignition switch is off or the battery is disconnected
before you begin working with points.

Carburetor. Many items of powered dispersal equipment
come with a preset governor to control the engine rpm. The
governor should never be tampered with; however, idle
screws and fuel/air-mixture screws on the carburetor do
require minor adjustments from time to time. These
adjustments must be in accordance with the manufacturer's
recommendations and can be done with a small screwdriver
or open-end wrench.

Contrvl valves. Contml valves require frequent adjustments
that are determined by the amount of flow desired or engine
rpm you want.

Drive pulleys. Pulleys must be properly aligned en pulley
shafts to prevent excessive wear to drive belts and pulley shafts.
Extreme vibrations and poor pump operation in equipment
can also be caused by improperly aligned pulleys. Pulleys
must be adjusted to the proper distance between pulleys to
provide proper tension on drive belts. As a general rule,
allow inch of sag for each foot of distance between pulley
centers when you apply thumb pressure to the belt.

Exercises (449):
1. Why are proper equipment adjustments necessary?

2. What actions should you periodically take regarding
spark plugs? How often?

3. Why must points be periodically inspected, adjusted or
replaced?

4. What setting on a carburetor can you adjust? Not
adjust?

5. For what reasons are control valves adjusted"

6. What impact may improperly aligned pulleys have on an
equipment item?

7. What rule should you follow to obtain proper pulley
adjustment?

450. Indicate whether given statements correctly reflect
policies and procedures in repairing pesticide dispersal
equipment.
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equipment can be a very challenging and interesting task,
especially if you happen to be mechanically inclined. There
are many repairs that are simple to do, but others mav be
more difficult; for example, replacing a plunger cup on a
compressed-air sprayer is a very simple repair task, but
freeing a sticking valve in an engine can be very difficult.

Most repairs are done by either replacing parts of a
component or replacing the entire component. Naturally, it is
less expen, ,,e to replace parts than to replace the component;
therefon you should repair equipment by replacing parts
rather than the entire component when possible.

An adequate supply of parts and comptAtents that require
frequent replacement should be maintained within the section
at all times to speed up repairs to equipment. Most
manufacturers of equipment provide a complete parts list in
the equipment operations manual for that item of equipment
to assist you in ordering replacement items. The tanufactumr
is the best source for obtaining parts and information pertaining
to the equipment. In many cases, the manufacturer is the only
source for obtaining certain parts for the equipment.

Control valves, pumps, and spray guns are equipment
components that normally require frequent repairs.
Generally, repairing these components requires replacing
certain parts such as valve seats, 0-rings, packing, gaskets,
springs, gears, bearings, and pistons.

Inoperative or damaged indicator gauges, shaft bearings,
hoses, and drive belts are components that should always be
replaced instead of repaired. When pump and control valve
housings are cracked, replacement of these components is
normally required.

Replacing parts in a carburetor can be very tedious and
should not be attempted by an unskilled individual or without
specific instructions. Repairing carburetors requires exactness.

Exercises (450):
Identify the following statements as true (T) or false (F) and
correct any false statements.

1. Most repairs are done by replacing parts or
complete components.

2. Equipment repairs are done by replacing
components when possible.

3. A parts supply is not maintained within the
section.

4. The manufacturer's manual usually contains a
parts list.

5. Control valves, pumps, and spray guns do not
usually require frequent repairs.

6. Replacing carburetor parts requires a skilled
technician.

3-4. Calibrating Equipment
The final step in preparing your equipment for effective

and safe application of pesticides is calibrating the
equipment.

You can select the right equipment for the job, have it in
proper operating condition, adhere to safety precautions, and
operate the equipment properly, and still not be able to do the
job effectively and safely without calibrating it.

Calibration is simply adjusting your equipment to apply
the desired rate of pesticide. You need to do this so that you
can be sure you are using each pesticide as directed on the
label. lbo much pesticide is dangerous; too little will not do
a good job. Only by calibrating correctly can you safely get
the best results.

After you have completed this section, you will understand
the procedures used for calibrating equipment, which is a
must for pest managers.

451. Specify procedures used for calibrating pesticide
dispersal equipment.

There ate many ways to calibrate equipment. The
preferred methods differ according to the type of equipment
that is to be used.

Calibrating Sprayers. To apply a pesticide evenly and
accurately, your sprayer must move at a constant speed. It
must also operate at a constant pressure. Each nozzle must be
clean, at the right height and of the correct type and size for
the job. All nozzles in the system must deliver its rated
amount of pesticide.

First, choose the speed, pumping pressure, and nozzle or
nozzles that you want to use. Fill the spray tank with water
and operate the sprayer in place to fill the plumbing. Ibp off
the tank and spray a measured area as if you were applying the
pesticide. Measure the amount of water needed to refill your
tank. This is the application rate per unit of area. If it takes 8
gallons to refill the tank after spraying 1 acre, you are spraying
at the rate of 8 gallons per acre. If your sprayer has a tank of
more than 100 gallons capacity, you should spray an area
large enough to use at least 10 percent of the tank capacity.

If your sprayer is delivering more or less spray than the
label directs, you can change the rate three ways:

(1) You can change the pressure. Lower pressure means
less siray delivered; higher pressure means more spray
delivered. This is NOT a good method, however, because a
pressure change may change the nozzle pattern and droplet
size. Pressure must be increased four times to double the
output.

(2) You can change the speed of your sprayer. Slower
speed means more spray delivered; faster speed means less
spray delivered. This method is practical for small changes
in delivery rate. If you drive half as fast. you double the
delivery rate.

(3) You can change the nozzle tips to change the amount
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delivered. The larger the hole in the tip, the more spray
delivered. This is the best method of making major changes
in the delivery rate of sprayers. Always select nozzles for the
job you want done. Use the manufacturer's performance
charts to make your selection.

After making a change, recalibrate your sprayer to make
sure the rate is correct.

You have adjusted your sprayers, and you know how
many gallons of spray per unit of area your equipment will
apply. Next, you must find out how much pesticide to put in
the tank to apply the correct dosage of pesticide. lb do this
you need to know two more facts:

(1) How much your sprayer tank holds.
(2) The amount of formulation to be used per unit of area.

This will be given on the label.

Suppose your tank holds 50 gallons of spray. The
directions say to apply 1 pint of formulation on each acre. In
our example, you found that your sprayer applies 8 gallons
per acre. First, find the number of acres one tank load will
spray. Divide 50 gallons by 8.

50 gallons per tankful
6 IA acres per tankful

8 gallons per acre

To find the amount of formulation, you must add to your
tank so you can spray 6 'A acres with 1 pint per acre, and
multiply I pint by 6 'A .

1 pint per acre x 6 IA acres per tankful = 6IA pints per tankful.

Suppose the formulation of a pesticide is a 50-percent
wettable powder and you want to apply 1/2 pound of active
ingredient per acre. In our example, your tank will cover 6 'A
acres.

Find how many pounds of formulation are needed to apply
1/2 pound of active ingredient per acre. There is ½ pound of
active ingiedient in 1 pound of 50-percent wettable powder
formulation. So you need to use 1 pound of formulation for
each acre your sprayer will cover.

1 pound per acre x 6IA acres per tankful = 61A pounds per tankful.

You should add the 6 'A pounds of wettable powder to a
small amount of water in a clean bucket. Stir until it is mixed
well, and then add this mixture (called a slurry) to the partly
filled tank. Remember to operate the sprayer's agitator while
adding the slurry and filling the tank.

Even after your sprayer is calibrated, recheck it often. Be
sure you are spraying the same size area for each tankful you
figured on. If you are spraying more or less acres than you
planned, stop spraying and recalibrate. If you have figured
wrong or your sprayer changes its delivery rate, you will be
able to catch it before you make a major mistake.

Calibrating Dusters and Granular Applicators. These
items of equipment are calibrated as follows:

a. Read the manufacturer's operator's manual. Follow
these instructions to set the gate openings for the product you
are going to use.

CAUTION: Always set the openings from the same
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direction, such as from closed to open. This will minimize
variations in settings.

b. Fill each hopper to an easily determined level,
typically 25 percent of capacity.

c. Operate the equipment over a measured area or
distance at your normal working speed. The area should be
large enough to use most of the hopper contents.

d. Refill the hopper to the same level, weighing the
amount of pesticide needed to replace what was used.

e. The amount of pesticide it takes to refill the hopper is
the amount applied to the measured area. If the amount applied
does not fall within 5 percent of the recommended dosage
per unit of area, reset the gate opening and repeat the previous
three steps.

f. Keep a record of the area treated with each filling of the
hopper. This will let you see any slight change in rate of
application and make the necessary adjustments.

Calibrating ULV dispensers. In this method, allow the
machine to run until the air pressure in the insecticide tank
builds up to normal. Then shut off the engine and retain air
pressure in the insecticide tank. With the adjustable
insecticide discharge nozzle set in a horizontal position, the
insecticide flow from the nozzle can be directed into and
contained in the beaker or measuring container because it
emerges in the form of a gentle, solid stream. Since the
engine is stopped and no air is being pumped through the
nor-le, the fluid output from the nozzle is not aerosolized and
of course there is also no air blast to interfere. The solenoid
valve functions to turn the insecticide flow on and off, just as
in normal operation. The engine on-off switch must be in the
ON position. The flow rate can be adjusted by the flowmeier
control valve and monitored by the flowmeter reading, just as
in normal operation.

Be sure to return engine switch to "OFF" position, after
using this procedures.
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Exercises (451):
1. What is required to apply a pesticide evenly and

accurately?

2. If your sprayer has a tank capacity of 100 gallons or
more, you should spray an area large enough to use how
much of the tank capacity?

3. What is the best method of changing the delivery rate?

4. What percentage of a hopper capacity should you fill
when calibrating a duster or granular spreader?



5 In calibrating a ULV generator, how long do you run the 6. How is the flow rate adjusted and monitored on the ULV
engine? generator?
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Answers for Exercises

CHAPTER 1

References:
400 - I. The study of the relationship between living things and their

environment.
400 - 2. The thin layer of the atmosphere where life exists.
400 - 3. Abiotic elements are required for the growth and development

of the biotic elements.
400 - 4. Green plants transpose carbon dioxide into oxygen, which is

needed by animals. Then the animals ex..iel carbon dioxide,
which plants need for photosynthesis.

400 - 5. Green plants. Because only they can make food from sunlight
and inorganic matter.

400 - 6. Minute green plants and consumers of green plant matter. They
produce 70 percent of the Earth's oxygen.

400 - 7. These act as decomposers of dead plants and animals. They
return essential organic matter to the soil, supporting more
plant, and thus, animal, growth.

401 - I. In food production and property protection.
401 - 2. Reduces insect-related diseases and populations of venomous

pests.
401 - 3. The effect they may have on nontarget organisms.
401 - 4 . If we used pesticides consistently without regard for their

hazards.
Soil contamination can result when the rain cleanses the
atmosphere, trees, shrubs, grasses, and structures of chemical
particles.
The process of a chemical compound being transformed into
one more toxic than the original substance.

401 - 5.

401 - 6.

402 - I. The ability of a pest population tc withstand pesticide
treatments that were generally lethal to earlier populations.

402 - 2. Physiological resistance is the ability sf an organism to
physically negate the effects of the pesticide. Behavioristic
resistance refers to their ability to move to a new habitat or to
avoid contact with pesticides.

402 - 3. a. Poison is absorbed too slowly by some pests for them to
receive a lethal dose.

b. The ability of some pests to transfer body system func-
tions from damaged body systems to undamaged ones.

403 I. The ability of one or more pests within a population to
withstand pesticide treatments that are lethal to other pests
within the population.

403 - 2. The main difference is that pesticide resistance can be
inherited, while tolerance is acquired.

403 - 3. a. Use IPM to the fullest possible extent.
b. Insure proper sanitation.
c. Use pesticides in accordance with label : Aructions.
d. Place pesticides in locations where pests will be foiced

into contact with them.

404 - 1. a. Carefully determine pest management program require-
ments.

b. Implement nonchemical control when possible.
c. Use chemical controls as a last resort.

404 - 2. Survey the concerned area.

404 3. Only after you have determined that natural contro s aren't
adequate.

404 - 4. Nonchemical controls.
404 - 5. Yes.
404 - 6. Because they are designed to forestall buildups of pest

populations, and they are almost always more effective and
economical in the long run.

404 - 7. Because mechanical and other nonchemical controls may be
inadequate, or because of natural disasters and migrating pest
populations.

404 - 8. By mixing and applying pesticides in accordance with the
pesticide label.

405 - I.
405 - 2.
405 - 3.
405 - 4.
405 - 5.
405 - 6.
405 - 7.
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CHAPTER 2

Herbicide.
Ovicide.
Contact poison.
Rodenticide.
Adulticide, insecticide, contact.
Preemergence herbicide.
Stomach.

406 - I. The likelihood that a compound will cause death or injury in a
given situation.

406 - 2. The ability of compound to cause death or injury when used in a
particular way.

406 - 3. It's the lethal dose of a toxicant necessary to kill 50 percent of
the test animals.

406 - 4. Milligrams toxicant necessary to kill 1 kilogram of body
weight.

406 - 5. The exposure routes. Oral exposure.

407 - I. They are derived from phosphoric acid, and t...) work as
cholinesterase inhibitors.

407 - 2. They are biodegradable and don't accumulate in human tissue.
407 - 3. (1) f.

(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

8.
c.
a.

e.
h.
b.
d.

408 - I. Because they break down rapidly within the environment.
408 - 2. They inhibit pmduction of the enzyme cholinesterase and

attack the nervous system.
408 - 3. The acute oral toxicity is high, but the acute dermal toxicity is

low.
408 - 4. Wear protective clothing and equipment, and don't smoke, eat,

or drink when handling carbamates.
408 - (I) b.

(2) a.
(3) c.



(4) a.
(5) c.
(6) b.

409 - I. Because they are very persistent in the environment.
409 - 2. Only under buildings for termite treatment.
409 - 3. It acts as a stomach and contact poison, and as a fumigant.
409 - 4. Always wear gloves to handle it, avoid contamination of food

and water sources, and no smoking, eating, or drinking when
handling it.
As a bait for cockroach and ant control.
lb protect wood from attack by termites, fungi, and lyctus
beetles.
As an oil solution or a creamy emulsion paste.

409 - 5.
409 6.

409 - 7.

410 -1. (1)
(2)
(3)
(4)
(5)
(6)

b.
f.
a.
e.
c.
d.

d.
a.
b.
g.
f.
c.
e.

412 - 1 They reduce the blood's ability to clot. n-cillting in internal
bleeding and eventual death.

412 - 2. Their low effective concentrations alm tate the hazard
of acute toxicity to people and great ce hazards to
domestic animals.

412 - 3. (1)
(2)
(3)
(4)

b.
c.
a.
d.

413 - 1. Because it's highly toxic and slowly releases phosphine gas.
413 - 2. One percent.
413 - 3. You must take every precaution to avoid food and water

contamination, and to prevent children and animals from
coining in contact with it.

413 - 4. As a premixed bait and tracking powder.
413 - 5. They act as single-dose anticoagulants instead of multiple-dose,

and they control resistant rodents.
413 - 6. Remove and bury rodent bodies and uneaten bait.

414 - 1. For gassing rodent burrows outdoors.
414 - 2. It kills both the rodent and disease-vectoring fleas and mites.
414 - 3. a. Never use it near a building occupied by people.

b. Only allow well-trained people to use it.
c. Stand upwind when you use it.
d. Use appropriate gas masks and canisters.

414 - 4. a. When burrows are within 15 feet of a building.
b. If burrows possibly open into or under a building.
c. When restrictions apply regarding endangered species.
d. When special local restrictions apply.

415 - 1. (1)
(2)
(3)
(4)
(5)
(6)

b.
c.
c.
a.
b.
a.

416 - 1. z-lant; animal; mineral.
416 - 2. Organic.
416 - 3. Postemergence.
416 - 4. Insure that these compounds don't contaminate any water

source during or after applicatio

417 - I. They are moderately toxic herbicides.
417 - 2. a. They won't likely irritate skin or eyes.

b. They aren't readily absorbed through the skin.
c. Amounts likely to be inhaled aren't hazardous.
d. Ingestion of harmful amounts isn't likely.

417 - 3. lb control herbaceous broadleaf weeds.
417 - 4. On warm, sunny days when photosynthesis is active.
417 - 5. Depending on the weeds being controlled, it may be more or

less effective than 2,4-D.

418 - 1. As noil sterilants.
418 - 2. They are only slightly soluble in water, have a low volatility,

are noncorrosive and nonflammable.
418 - 3. As water-dispersible poN.ders and granular products.
418 - 4. They don't move far laterally, but may be washed down slopes

to kill vegetation below, and they leach deeply to affect
vegetation with deep roots.

418 - 5. (1) d.
(2) b.
(3) c.
(4) a.

419 - 1.
419 -2.
419 - 3.
419 -4.

Soil sterilants.
Simazine.
ntrazine.
Simazine.

420 - 1. DNAP, DNBP and DNC; they are yellow dyes and are not
soluble in water, but are in oil.

420 - 2. They are highly poisonous if swallowed, absorbed through the
skin or inhaled.

420 - 3. As nonselective, contact herbicides.
420 - 4. Herbaceous.

421 - 1. They are translocated and kill through both root and foliage
absorption. -421 - 2. Dicamba.

421 - 3. Wear protective equipment and clothing.

422 - 1. Sodium salt.
422 - 2. As selective translocative, preemergence, and postemergence

herbicides.
422 - 3. TCA.
422 - 4. Grasses.
422 - 5. a. Don't apply war desired vegetation.

b. Don't apply near irrigation water.
c. Don't apply when heavy rains are expected.

422 - 6. Washed, corrosive.

423 - 1.

424 - 1.

(1)
(2)
(3)
(4)
(5)
(6)
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a.
d.
f.
c.
b.
e.

See exercise No. 1 in text.
a. Chlorinated hydrocarbon.
b. Snow mold and pythium blight.
c. Slightly toxic.
a. Carbamate.
b. Leaf spot, rust, and brown patch.
c. Slightly toxic.
a. Systemic fungicide.
b. Dutch elm disease, sycamore anthracnose.
c. Slightly toxic.
a. Systemic fungicide.
b. Use to control diseases on flowers, turf, tree, and other

foliage.
c. Moderately toxic.
a. Fungicide, seed protectant, animal repellent.
b. Any three of the following: damping off, seedling

blights, brown patch, dollar spot, and snow mold.
c. Slightly toxic.



425 - 1.

d. Protects shrubs and ornamentals from rabbit and deer 432 - 1.
depredation.

(1) e.
(2) a.
(3) d.
(4) f.
(5) h.
(6) c.
(7) g.
(8) b.
(9) h.
(10) I.

433 1.

(1) c.
(2) a.
(3) h.
(4) a.
(5) d.
(6) b.
(7) d.
(8) c.

426 - I. (1) c. 434 I. Polyethylene.
(2) i. 434 - 2. Masking tape.
(3) d. 434 - 3. Sand snakes.
(4) h. 434 - 4. Fans.
(5) g. 434 - 5. Aluminum trays.
(6) f. 434 - 6. Metering.
(7) b. 434 - 7. In moisture-permeable envelopes.
(8) c. 434 - 8. Respiratory.
(9) a.

427 - 1. Step 1: 1 gallon per 5 acres.
Step 2: 20 acres.
Step 3: 20 ± 5 = 4 "groups of 5 acres."
Step 4: 4 X 1 = 4 gallons of concentrate.

427 - 2. Step 1: 1 quart per acre.
Step 2: First convert miles to feet:
2.5 X 5,280 = 13,200 feet
Step 2: Second, find total square feet:
13,200 (length) x 2 (width) = 26,400 square feet
Step 3: Convert square feet to acres:
26,400 x 23 = 607,200.0
Move decimal place 6 places to get .607200, and round off
to .6 acre.
Step 4: 1 quart x .6 acre = .6 quart. Since there are 32 ounces
in a quart, multiply .6 x 32 to get 19.2 fluid ounces concentrate.

435 - I.

436 - 1.

(1) f, g.
(2) h.
(3) b.
(4) d.
(5) f.j.
(6) a.
(7) e.
(8) c.
(9) I.

a. Type of pump.
b. Pesticide formulation.
c. Pressures.
d. Corrosion, abrasion.
e. Dry, restricted.

436 - 2. (1) b.
(2) a.
(3) b, c.

CHAPTER 3 (4) a.
(5) b, c.

428 - 1. Because different pests require different controls and therefore
require different types of equipment. 437 - 1. a. Bypass.

428 - 2. Effective. b. Mechanical.
428 - 3. Available; effectively; safely. 437 - 2. In the line between the pump and discharge valve. It serves to
428 - 4. Safe.
428 - 5. Cost; inexpensive,

prevent wear on other spmyer parts and to provide for bypass

428 - 6. Durable.
agitation.

437 - 3. a. Durable, long lasting, and they don't rust.
b. Heavy to use and expensive.

429 - 1. (1) b. 437 - 4. They are light in weight and comparatively low in cost.
(2) e. 437 - 5. Prevent pump damage and prevent clogged nozzles.
(3) a. 437 - 6. a. lb prevent putting too much pressure into the tank and to
(4) d. help you set the pressure regulator or power unloader
(5) c. properly.

429 - 2. 100. b. lb help maintain the proper spray pressure so the nozzle

429 - 3. Size, performs properly.
429 - 4. Increase. 437 - 7. lb obtain uniform distribution and particle size of pesticide

whether the material is placed on a surface or in the air.

430 - 1. (1) b. 437 - 8. Fan, pin stream, solid cone, hollow cone, flooding, and
(2) c. broadcast.
(3) a. 437 - 9. a. Pin stream.
(4) b. b. Broadcast.

c. Flooding.
431 - 1. (1) e. d. Flat fan.

(2) a. 437 10. A quick-acting valve. lb prevent leakage and to give optimum
(3) h. contml over where a pesticide is applied.
(4) b. 437 11. a. Should be long enough for your intended purpose.
(5) g. b. Should be of sufficient diameter to carry en adequate
(6) f. chemal flow.
(7) d. c. Shnuld be made of materials that won't be deteriorated by

(8) c. the chemical you use.
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438 I .

d. Should have a burst strength greater than the peak-
operating pressure of the sprayer.

(1) c.
(2) b.
(3) d.
(4) a.

439 I . lb determine if the equipment is operational.
439 2. Before each use.
439 - 3. That the equipment can be operated correctly and safely.
439 - 4. lb reflect a true professional pest manager.

440 - 1. 40 Psi.
440 - 2. lb prevent damage to the sprayer and possible injury to

yourself.
440 3. The pump gasket, check valve, piston cup, and hose.
440 - 4. Make sure it's properly charged and the nozzle is clear.
440 - 5. a. 'limn on the cylinder valve.

b. Purge air from the hose.
c. Place the ULV jet or injection gun in water and watch for

bubbles.

441 - 1. lb help treat overhead beams and rafters.
441 - 2. Check the rubber cylinder for cracking and splitting.
441 - 3. Insure the bulb is not cracked and the nozzle is fitted tightly and

is not clogged.
441 - 4. Siphon atomizer pump assembly.
441 - 5. Keep the wind to your back and let the dust blow downwind

from you.
441 - 6. Fumigating rodent burrows.
441 - 7. Check for obstacles that would prevent the rotating plate from

turning, check the crank handle for service attachment, and
inspect the grease fitting for dryness or exessive grease.

442 - 1. (1) b.
(2) e.
(3) c.
(4) a.
(5) e.
(6) d.
(7) b.
(8) d.
(9) a.

(10) c.

443 - 1. Boom.
443 - 2. Spray, mist.
443 - 3. The battery water level, terminals, and cables.
443 - 4. Leaks.
443 - 5. Water, talc.
443 - 6. Jewelry, form-fitting.

444 - 1. 20 to 800 psi end are controlled by regulators.
444 - 2. 50 to 600 gallons.
444 - 3. By a rotating agitator.
444 - 4. One, ten.
444 - 5. Operator's manual.
444 - 6. Maximum.

445 - 1.
445 - 2.
445 - 3.
445 - 4.
445 - 5.
445 - 6.

On a small, half-ton pickup truck.
Five to 27 microns.
About 12 microns.
Let the engine warm up.
12 to 17 psi.
a. Leaking couplings.
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446 I .

446 - 2.

446 3.

447 - I .

b. Fitting and hose leaks.
e. Improper drive belt tension.

Maintenance performed by personnel within the squadron,
including operator maintenance.
Cleaning, servicing, adjusting, repairing, replacing, and
calibrating.
Appropriate publications.

a. Prevent damage to protective coatings and internal parts.
b. Reduce contamination hazards.

447 - 2. To remove dirt and pesticides from the tank, pump, hoses, and
nozzles.

447 3. With a solvent such as kerosene or No. 4 fuel oil.
447 - 4. Water; solvent.
447 - 5. Engine components.
447 - 6. Water.
447 - 7. Vacuuming.
447 - 8. Damp, dry.
447 - 9. Steam.
447 -10. Wax.

448 - 1. T.
448 - 2. F. The equipment may operate but could be damaged.
448 - 3. F. Some equipment needs special fuel or a mixture of gasoline

and oil.
448 - 4. T.
448 - 5. T.
448 - 6. F. SAE 90W nondetergent for gearboxes; SAE 30W detergent

for crankcases.
448 - 7. F. Only on unsealed fittings.
448 - 8. F. Some engines are liquid cuoled and water levels must be

maintained.
448 - 9. T.
448 -10. F. Some hydraulic sprayers and the compre..ed air duster

require air.

449 - 1. So equipment operates efficiently and sately.
449 - 2. Inspect, clean, and replace them. At least so often as is

specified in the manufacturer's instructions.
449 - 3. Because burned contacts or points will cause the engine to run

very rough, or may keep it from running at all.
449 - 4. You can adjust idle screws and fuel/air-mixture screws. The

governor should never be adjusted.
449 - 5. lb adjust the amount of pesticide flow or to regulate engine rpm.
449 - 6. There may be excessive wear to drive belts and pulley shafts,

the engine may vibrate heavily, and the pump may operate
poorly.

449 - 7. Allow 34 inch of sag for each foot of distance between pulley
centers when you apply thumb pressure to the belt.

450 - 1. T.
450 - 2. F. Parts should be replaced when possible since it's cheaper.
450 - 3. F. Parts should be kept on hand to speed up repairs.
450 - 4. T.
450 - 5. F. These items usually do need frequent repairs.
450 - 6. T.

451 - 1. Moving your sprayer at a constant speed.
451 - 2. At least 10 percent.
451 - 3.
451 - 4.

Change the nozzle tips.
25.

451 - 5. Until the air pressure in the insecticide tank builds up to
normal.

451 - 6. By adjusting the flowmeter control valve and is monitored by
the flowmeter.
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NIZ.11:11PLE (-HORT.

( 'onsider ali clmices careful) and select the bc.w answ er to each question

( I()()) Hie stud\ of the relationship hetween living things and their environment is called

L.. enthliii01(T%
h . (.1. C11% 11O11111entOlOg .

( I() i The haiard from pesticide drift is greatest during

a. togging application. e. aerial application.
h (hist appheation. d. flooding or rainine.

1(().) Hie ability of a pest population to withstand pesticide treatments \\inch were ;:eneralk lethal to earlier
populations del hies

;1. 11C11C1lie 111111111116. L.. posticide negation.
h. pesticide iesistance. Li. pestieiLle tolerance.

(11).;) Which ol the following methods is not recommended ur preventing pesticiLle resistance or tolerance?

'se pesticides only when ahsoluteiy necessary.
h I Ise pesticides according to label instructions.
c 1 'se the strongest possihle dosage of pesticide.
d 'se integrated controls as much as possible.

I 10 11 11011k1 he used only When

a no other technique will do the job.
h the area is overpopulate(.l with pests.
c mechanical devices are not effective.
d hiological methods Ilre not available.

1 111'11 Which ot these s stems is attacked hv fumigants?

)igestive.
h Nere

c. Respiratory.
d. Circulatory,

rIth-o pesticide which I:ills by ingestion is classified as a

a. lunar:int. C. contact pois(u11 .
h. stomach poison. LI. rodent icide.

It)h) What terms are W.ed to express the exposure routes of toxicity?

)ual and dermal. C. Mouth and skin.
h. I wigs and .1..6). d. Intravenous and digestive.

1(17) Which ot (he following insecticides is incorporated into resin strips w hich give off toxic vapors for a long

l)iinethoate.
h. \lalathion. LI. Propetamphos.
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It) t11)7 hieh ol these organophosphate insecticides is \\ del \ used for oltra low \ online spraying for adult
mosquitoes'.'

a I )ichlorvos.
h. Nlalathion.

e. Propetamphos.
d. 1)imethoate.

1 1 107) Which olganophosphate insecticide is low in odor. generally nonstaining. nd can be used in severi11 areas
except w here lood k processed or prepared'?

a I )urshan.
b. I )ia/inon.

e. Propetamphos.
d. Nlalathion.

1
Which 01 Ilk' following earbomate insecticides should rtevcr be Ntored with other pesticides havinr a

stiong odor?

a. Bendiocarb.
b. ( 'arbarvl.

c. Propoxur.
d. SMOC.

1 ; t109, Which organochlorine may be mixed with peanut butter or other materials for use as a cockroach and ant
bait?

a. thlordane. c. Lindane.
b. ( 'hlordecone. d. Methoxychlor.

I 1 t U)'I) The organochlorine pesticide used to preserve ;:nd protect wood from termites. fungi. and lyous beetles is

a. pentachloroplienol . c. chlordecone.
1i . methoxychlor. d. chlordane.

If It)) the insecticidal fumigant which is nonflammable and noncorrosive. and iti used fin fumigating buildings
\\ ith drv wood termites k

:1 aluminum phosphide. c. sufuryl fluoride.
b methyl bromide. d. dichlorovos.

1(1 tb 10) Which of these insecticidal fumigants is nonflammable. heavier than air and has chloropicrin added as a
\\ at nitie agent?

a. Paradichlorobeniene. c. Sulfuryl fluoride.
II. Aluminum phosphide. d. Methyl bromide.

I (AI I ) Which ol these pesticides is highly eective but slow acting against fire ant colonies'?

a. Amilio.
liorie acid.

c. Methoprene.
d. Siiica aerogel.

(111);\ powdery. light pestickle which causes a los:, of body fluids in insects is

a. pyrethrum.
b. resmethrin.

(-II 2) I low do anticoagulant rodentickles work'?

a. It \ reducing the rodents ability' to digest food.
h U \ reducing the blood's clotting ability.

causing heart paralysis.
1. causing the rodent's body to dehydrate.

c. boric acid.
d. silica iierogel.
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.`11 I 12) \VInch in these rode- It:id(.'s requires a stahili/ing agent to be added lor making water hans*.'

!min.
I) 1.timarin.

Diphacinonc.
d pi vat.

II 1 Which in the following rodentieides is capable of acting as a single-dose :inticoagulant?

a. Thallium sulfate.
I). /riik. pliosphiLle.

c. Brodifacoum.
d. Diphacinone.

1 I Because of its toxic vapors, which rodenticide should be handled outdoors or in well-ventilated areas?

a /int: phosphide.
1) Ili:Cilium sulfate.

c. Strychnine.
d. Pk al.

s. I 1 I 11 Which ill the following products are used as fumigants in rodent burrow s?

a. Metliv 1 hromide and chloropicri,i .

canide and aluminum phosphide
Aluminum phosphide and methyl bromide.

ti Chloropicrin and calcium cyanide.

.! I I 11.1) \\ hat condition trirgers the release of gas in rodenticidal fumigants?

a. Very dr> ground conditions. L . !Moisture in the air.
I). Contact with body hairs. d. TemNrat ores over O5

( 1 11 I Aluminum phoTnide should not be used within how many feet of an occupied structure?

a. 15. c. '5.
d. 30.

I 11.S I W h 1)1 these avicides can be used as a repellant at low concentrations?

)rintrol.
\ itiol

c. DRC-
d. BCR- I 80.

1151 chenncal which results in Acrility in pigeons is

a. StarlieiLle.
1) I I .1.0).

2N. 1110I Arsenical comi,ounds should not he used as

a. owl:ilk: he! hicides .
h terrestrial herbicides.

.19
I I I 7) fhe phenosv formulations are

ItIttderatek toxic.
h. corrosive

LI Ni Phenx lureas are Used as

herbicides.
I) select IL e herbicides.

c. Ornitrol.
d. Avitrol.

c. postemergence herbicide.,
d. turf herbicides.

c. highly toxic.
d. nontoxic .

c. growth votardants.
d. soil sterilants.
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I I IS1 \Vliat t\ ic of soil is ht..\1 suited for the application of ilionuroll?

;I. S;11Ill 1011S ith high organic content.
II Sandy souls \% lii high mineral content.
t I irlit soils \%itli high mineral content.
tl I ight cla soils with high organic content.

fI t Inkier w hat conditions is a sima/ine most desirable to use s a sod sferilatc

a. \\lien \ ou do not want to kill aquatic plants.
b. When selected plants are to he killed.
C. Where the soil has a high clay content.
d . Where ali \ plaid growth is undesirable.

\II ,/ine is wore effective in dry areas than Sifnaiine bccatho Atratine is

a. less soluble. c. more soluble .
h. more penetrating. d. less penetrating.

112.th Iow are dinitro compounds generally used?

a. As sod sterilants and preemergenee herbicides.
h. As coniact herbici(les 111(1 to follify
c. Onl \ as soil sterilants.
d I )111\ l5 contact iktrhicides.

(12..th .A.Cti11110 heltliCideS. (Intim) compounds are highly effective against what h....pe ol vegetation'?

a I 'our season grasses. c. \Voody ornamentals.
h. Warni-,eason grasses. d. Herbaceous plants.

() 1 121 / ufl the follow ing pests is controlled hy the use of hen/oie acid compounds?

ft)

a Spiders and nines.
l). losquitoes and Hies.

c. Perennial and annual weeds.
d. Cockroaches and bedhugs.

LI !I What precautions must be taken when using ben/oic acid solutions'?

lie ;deft lor lire and explosi(in.
I). I )ti not use on bloat! leaf plants.

ppl on windy days to insure good coverage.
Wear protective clothing and avoid drifts.

I.`.` \Vhat are die mov conmionly used forms of alaphatic

a. Pow der tit emulsifiable concentrates.
h. Pellets tit-emulsifiable concentrates.

ii
C.

PtM der Or pellets.

l 1 2 2 Since TCA has a higher percentage of sodium salt than Dalapon. now is it more commonly used?

V. a contact herbicide.
Ii \s a temporary soil sterilant.

\ :1 and fungicide.
\ a hingicide inI nelnatieide.

5 5665003
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10 I I. t i \\inch 01 the hll ing cheinkals iN a iumvulatile. nonl laminable. and nonselecti c ;iquatic herhicide7

1)iquat c. Glyphosate.
d. Trilluraline.

1.7;1 \\inch ol them: herhicidc,, is nonselective and can be applied in the spring. sunnner. Or fall ftn ciopland or
nonkiopland eed control?

a 1)01m:dine.
h fly phosate.

c. Endothall.
d. Bromacil.

12 (-1.7.1i \\loch ol the follcm mg is a chlorinated hydrocarbon fungicide used to control snow mold and pythium
bhght2

\ thioplumate.
11. IlnahendaIole.

C.

d. Chloroneb.

;. 17'Ni A substance that produces sensory stimulation is called

a :in attractant. e. a solvent .
h. a dessicant. d. an emulsifier.

Stilton:lied oils are used as a

a sticking agent. C. wetting agent.
h masking agent. d. synergist agent.

1261 Solution concentrates that are diluted at their destination are called

a. em11111,,Ill:lhle c. :mticaking solutions.
I wit 1 sum ength solutions. d. wettable powder.

1.7(o 1.mnIsiliable concentrates consist of a

a. I meld sfiength solution. wettable powders and an emulsifying fq.:ent.
). technical grade pesticide. an inert carrier. and a solvent.

c technical grade pesticide. a solvent. and an emukirving agent.
eitalde powder. '. Ater. and a solvent.

17 1126i 1.1i111l51ons or solutUms diluted to field strength are called

:t. emulsifiable concentrates.
h. pesticide solution.

c. finished sprays .
d. inert carrier.

IN LI 771 You are to treat a 3600-square-loot area %vith a wettable powder tort fungicide containing 2.5 pounds
act ke ingredient per bag. The application rate is .5 pound per 1000 square feet. I lo manv pounds of active
nigh:them w ill you use?

1.8 pounds. c. 5.4 pounds.
h. ; pounds. d. 7.2 pounds.

I 12 /i 11 an insecticide label states an application rate of 5 pounds per acre and the product contains -4 pounds of
:IC! I \ e ingredient per gallon. lmw many pounds are needed to treat an area 3 miles long and 150 lect wide?

18 1 pminds.
h pound,.

6

e. 515.0 pounds.
d. 546.5 pounds.
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sti LIN) \\lien ou are selecting special equipment to be used for a particular pest management situation, y011
leiC1- It) !he

a I ahle ill Insects.
h I ;INC tit ;MCC.

! he ellecnveness of pesOcide

a decre;Ises ith iii increase of its exposed surface .
Ii

. klecreases w,th a decrease of its exposed surface .

c increases w Oh a decrease of its exposed surface .
d. increases with an increase of its exposed surface.

C. Table of Equipment.
(I. cosi vs Life

.."" Ft ;in Which manual sprayer is best suited for Bushing insects from cracks and crevices?

( 'ompressed-air sprayer. e. Aerosol dispenser.
l'ressuri/ed cylinder. d. Siphon atomircr.

;. LI ;0) \\Mich spray system is be.st suited for injecting fine pesticide panicles into cracks and wall voids?

sf%

a. Siphon ;noun/cr.
h. Pressuri/ed cylinder.

e. Aerosol dispenser.
d. Compressed-air sprayer.

. ;0) Which of the ft Bowing pieces of spray equipinent is mos/ widely used by pest managers'?

Compressed air sprayer.
)isposahle :ierosol dispenser.

c. Refillable aerosol dispenser.
d. Siphon atonlirer.

I I When neatness and careful placement of insecticidal dust are required. which duster should he used?

a. Hand bellows;. c. !land plunger duster.
h. Hand sliukem ii. Rotary hand duster.

t I;l1W hat IN pe pesticide equipment is hest suited kw apply ing pesticide over sinal I outdoor ground areas?

a Hand shakers
h I laud hellow

c. Foot pump dusters.
d. Cinumlar spreaders.

hich of the following pieces of portable powered equyment are primarify designed to apply highly
conccimaied pesticide formulations?

a Fr:ma-mounted hydraulic sprayers.
h Backpack niist-dust blowers.
u. I land-carried thermal fog generators.

laud-earried ultra-low volume generators.

.sN 1 I I Which of the following pieces of nonportable powered equipment are designed to disperse liquid. dust,
and lormulations?

a. I) ailer-mountecl hydraulic sprayers.
b. Nleclvanicld aerosol generators.
c. rho mal fog genefators.
d dust blowers.

7 56650 03 22
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-0) Inch ill these equipment items can yon use to apply undiluted pesticides at extreincl low rates?

Nonpormble ITV generator. L... Room hdraulic spraer.
h drotdic ...prayer. d. Mist-dust blow er.

ilkit \\'hat is a primary requirement lor inplace stock and structural fumigation operations?

\II openings must he taped.
\ II pesticides used must he nontoxic to humans.

c. \ cover over the stack or building.
I. air-light cover over the stack or huilding.

h t I I \vilat i.. the purpose of a sand snake in tlw proce...,"

the corners of stack or buildings.
I o seal the air-tight cover at the floor or ground.
o act ;is a weight for covers at roof edges.

lo act as a weight for door and win(' \ ledges.

I I \\ hieh ol the .O..ow.n g. traps are beNt suited for crawling pests where the 1.14.e of pesticides would he
tinsale?

liaited jar traps.
li. I ight traps.

e. Cage traps.
d. Snap traps.

I ;--i \Vhich IS pc iii nident trap is 112C0111111CilliCti for trapping rodents ill areas where haits
he hahaidoils?

I I hi tap.
( due board.

e. Baited jot nap.
d. l3al-Chalri trap.

o :(i) \Vhich in the lollmving pumps provides a large volume at a moderate pressure?

les

.1 RolltlY gear.
II I'14.1011.

c. Centrifugal.
d. Diaphragm.

and ...amp traps would

ht Which ol the folkiwing pumps is sititahle for high pressure, stands abrasives well, and is eas nd
liensiSc to repair?

a. I naphragils. c. NvIon-roller.
h. PI,,ton. d. Rubbyr-inipellar.

hh I 7 ) hat ty pc of sprayer tank is bew for large pest control operations?

h

a I therlos,
h Stainless steel.

Steel.
d. Plastic.

I I 11 I Ilk' most suitahle tanks for use in pest control operations are

a. plastic and iron. c. ITherglass and stainless steel .

h. iron and stainless d. riberglass and plastic.

(Is I.;St What is indicated hy the numher 9 on a disc no/hie'?

a. Hie output ls .9 gal per minute .

outpilt is rated at 90 psi .

U. the spra angle
it I he thsc has a 9.6-1 opening.

8
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tI Select the Teejet noiile you should use to spray an emulsion On an ordinar\ surface at an angle ot (10' with
tate ot (1.3 2;illon5 per minute at 4() psi.

\ t(1116

\ ;MS no/ile.
c. A ()NO 110//1e.
d. .An 8003 no//le.

70 11;01 rat loll jilVeCI ion should be performed on your equipment before

eety opet at ion.
h. the Iirst operation of the day.
e. the lit's; operation of the week.
d. the Iirst operation in the morning and afternoon.

110i What is the //iia/ step in the preoperational inspection of a compressed air sprayer?

a. Place the pressurtied tank under water to cheek for leaks.
b. pre,,,,nriie ithout liquid to see if it will hold.

w Oh pesticide and start spraying.
Test with plain water.

ill I Which l the following precautions is standard for operating m(yt manual dustecs?

a Insure proper lubrication and adiustments.
K. )perate them with the wind at your back.

ke an inert dust for preoperational inspection.
d 1)o not tr% to carry them hv yourself.

; 1.1.`.) What is the Tin(1/ step in the operating procedures for the backpack mist-dust blower'?

a Shin oft pesticide before stopping engine to clear chamber.
h Shin off luel to engine to stop it.

)perate the engine at low rpm prior to shutdown.
d I se all pesticide in unit before stopping.

I1 When operating a hilTh-pressure pesticide sprayer. the pressure regulator should be set at

a. 2.00 PSI . c . 150 PSI.
h. 175 PSI. d. I 25 PSI.

Rehire ott start the nonportable mist-dust blower, you should make ,ure that the boom is

a. ienim ed c. pointed downward .
h. pointed upw aid. d. in a horiiontal position.

I) What materials are recommended for conducting the operational test on a nonportable mist-dust blower'?

a. Ent..lsion or granules. c. Emulsion or talc.
i. So.ation or granules. d. \Vater or talc.

Ile! you have started the nonportable mist-dust blower. what should your Iluo/ check ensure'?

a. hoper pesticide flow and air velocity.
h. No leaks and all pails are operational.

'orrect pesticilal formulation and clean water.
U. Propel air velocity and throttle operation.

9
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1 1 1)1.ot the Itailer-inotintetl sprayer. you should not generally allo pinup pressure to e \Cecil

;1 00 INI c. 400 PSI.
h ;(III lNl d. 500 1)SI.

11111 \Vital ;ire the minimum ;Ind ina Munn rotations per minute (Rprvi) 1.01. moues 011 tcailer-1110unted

;t .111) Ict 1500. C. 18110 lo 2500.
h. 15(111 to .2800. d. 1800 to 2800.

tio 1151 II die engine of nonportahle ultra-low volume generator is operating ;it 2500 rpm and proper pressure
M1101 Mi1it11:1111ed, n::?Al likely the

C1011t2 Vaillt1111 is IOW.
h. dric hell lePSion

Iscosity of pesticide is too high.
:ire clogged \kith pestickle residue.

NI (115) Alter you have started the nonportahle tJl V generator, you should cheek all of the following except

leaks C. pulley alignment .

h. escessive vihiation. d. pesticide level.

LI 1h) \Vhich or the following types of maintenance is not considered organizational maintenance?

t. l'quipillent repair.
h I 'ompollent replacement.

I'quipmeni overhaul.
-alihration and djustment of controls.

N; 1.17) 10 triple rinse equipment. you should use

two rinses with detergent and water. and one rinse w ith clear water.
one rinse w Oh detergent and water. and two rinses with clear water.
three separate rinses with detergent and water.
three separate rinses with plain water.

S 1

NCI

117i 1.quipment designed for applying dusts and/or granules is beNt cleaned h

actumling.
h ashing.

C. Hushing.
d. rinsing.

WI" or oil is generally used in the engine Hock of mo.st powered dispersal equipment'?

NAF ,)0\1 nondetergent. C. SAE 30W detergent oil.
h SAL nondetergent oil. d. SAE 10-40W detergent oil.

(1.1()) Hie kc reasons for adjusting equipment properly are

u. efficiency and cost effectiveness.
h. safety and durahdity.

c. cost effectiveness and safety.
d. efficiency and safety.

N7 I VP)) Whai actions should you periodically take regarding contact points on an engine'?

a. kcpair and adjust. C. Inspect. at-kill and replace.
h. Repair. adiust, and replace. d. Adjust, repair. and inspect.

10 560500i 11
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SS \\inch ol the Following components is normally repaired rather than replaced'?

a 'Worn dm e hefts. c. Inoperative indicator g.;.utgcs.
h )aniaged \hart hearing,. d. Spray guns.

Ni) 17.1111 Which ill Ow lontming ctImptmevit is, normally replaced mm .,!ad or repaired'?

pt ay et- pumps.
h Col hinetors.

e, Spray guns.
d. Gauges.

h I In L.alihrating sprayers. what original choices musl you make'?

a. Speed. pump preL.sure. and noz/les to use.
h. Sim at speed. and pump pressue.

NOI/Ic to use, silk: or area, and speed.
d. Pump pressure. no//les to use. and size or area.

END OF EXERCISE

I I
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Preface

VOLUME 4 OF CDC 56650 gives you knowledge on a wide variety of pests which
vector, or transmit, disease to humans.

You'll begin Chapter 1, Mosquitoes, with some background information on methods
and cycles of disease transmission. Then you'll learn about mosquito development and
habits; important mosquito species; and survey and control methods.

In Chapter 2, you'll study flies: why they're important to people, general
characteristics, important fly species, and survey and control methods. This general
pattern will prevail in Chapters 3 and 4, as you learn about fleas, lice, ticks, and mites.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial product, commodity, or service in

this publication is for information purposes only and does not imply indorsement by the
Air Force.

This volume is rated at 30 hours (10 points).
Material in this volume is technically accurate, adequate, and current as of March

1984.

iii
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Mosquitoes

MOSQUITOES have probably caused more human disease
and suffering than any other group of insects. Diseases like
malaria and yellow fever kill thousands of people each year
in some parts of the world. Mosquitoes are very important
in the epidemiology of many diseases. Epidemiology is the
study of feetors that determine the occurrence of disease in
populations. More simply, it's the study t;"; the history of
diseases. For this reason, the Air Force is vitally interested
in the mosquito and its control. After reading this chapter
you should know (1) the methods and cycles of disease.
transmission, (2) the significance and characteristics of
important mosquito species, (3) the development and habits
of mosquitoes, and (4) the techniques of surveying,
collecting, and controlling mosquitoes.

1-1. Methods and Cycles of Disease Transmission

It has been estimated that in the aftermath of a nuclear
war (heaven forbid), more people would be killed by
epidemics of arthropod-borne diseases than by the war
itself. Of course, this is an extreme example of why you
need a basic knowledge of disease cycles; but given the
right circumstances, vector-borne disease can occur almost
any place at any time.

Hopefully, you'll never need to apply the information
included in this section. But if you do, you'll be in a better
position to discuss problems associated with disease
transmission and vector control.

Diseases can be transmitted mechanically or biologically
by an arthropod. Within these two methods, there are two
cycles by which an arthropod can infect humans and
animals; the host-parasite cycle and the host-parasite-vector
cycle.

600. Identify elements and cycles of disease transmission
and Indicate how diseases may be transmitted.

Host-Parasite Cycle. A host is a living animal or plant
which provides subsistence, and often, lodging to a
parasite. A parasite is a small organism or virus living in or
on, and at the expense of a larger organism. The host-
parasite cycle of disease transmission involves these two
factors, as illustrated in figure 1-1. The two-factor diseases
are transferred from human to human without the assistance
of any other living organism.

Some common diseases transmitted through the host-
parasite cycle are measles, pneumonic plague, cholera,
typhoid fever, gonorrhea, and syphilis.
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As a pest manager, you cannot play a role in controlling
them because there is no arthropod involved in their
transinission. These must he controlled by medical service
personnel with immunization, innoculation, quarantine,
and decontamination programs.

Host-Parasite-Vector Cycle. The host-parasite-vector
cycle of disease transmission involves three primary living
factors. Note the presence of a third factor, the vector. This
is an organism which acts as a living transporter and
transmitter of disease agents. This disease transmission
cycle can be separated into two categories: a human as the
principal or only host and a human as the incidental host.

Diseases involving humans as the principal or only
kost. These diseases include filariasis, dengue, malaria,
yellow fever, dysentery, and epidemic typhus (fig. 1-2).
Although in the broadest sense, vector-borne diseases may
include those transmitted from human to human, general
usage in the United States restricts the term "vector-borne
disease" to those transmitted to humans by arthropods or
nonhuman vertebrates.

Diseases involving humans as the incidental host. These
diseases include rabies, plague, tularemia, spotted fever,
murine typhus, and encephalitls (fig. 1-3). These disease
are transmitted from animals to humans and are usually
called zoonoses. In this cycle, nonhuman vertebrates
arthropods act as the vectors and are the normal hosts for
the disease while humans and domestic animals are the
incidental hosts. The incidental hosts are nonessential and
at times are dead ends in this chain of disease transmission.

In this cycle of disease transmission, you can direct
control programs toward the vector, because in most cases
the vector is the most susceptible link in the chain.

Mechanical Disease Transmission. Mechanical disease
transmission occurs when an arthropod transports
microorganisms, such as dysentery, typhoid, or cholera
bacteria, on its feet, body hairs, or other surfaces to human
food or to the human.

In mechanical transmission, the parasite neither changes
nor multiplies significantly within the vector. The
arthropod is simply a vehicle that transports the parasite.
Some examples are:
(1) Houseflies and
cockroaches.

(2) Stable flies.

(3) Deerflies.

- The typhoid fever bacillus is carried
on the feet and body hairs, or Lie
bacillus, which causes dysentery
passes through the digestive canal with
feces or through regurgitation.
The anthrax bacillus is carried on the
mouthparts.
The tularemia bacillus is carried on the
mouthparts.
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Figure 1-1. Host-parasite cycle.

The housefly, Musca dornestica, is probably the most
loathsome mechanical transmitter of disease. Throughout
much of the world, people commonly see flk:s which have
recently bred or fed in filth, crawling over human food and
dishes and even on people's faces. Scientific studies have
shown a close relationship between the incidence of
bacillary dysentery and the abundance of flies in a
community. Flies may also can:, the virus of trachoma from
one person to another. Cockroaches and vinegar gnats are
known to visit sewers or decaying food and later feed on
human food in houses.

Biological Transmission Methods. Biological
transmission of disease occurs when the arthropod not only
transmits the microorganisms from one host to another host,
but is essential to the life history of the parasite.

When the parasite multiplies, changes in form, or passes
through part of its life cycle in the arthropod vector, which
serves as an essential host, the transmission is termed
"biological". There are three basic types of biological
transmission.

Propagative. The parasites multiply within the vector but
undergo no change in form. Examples are: mosquitoes with
encephalitis or yellow fever viruses that multiply in the
cells of the gut and the salivary glands, ticks with spotted

Disease cycle with three primary living factors
in which man is the principal or only host

MostParasiteVector).

Figure 1-2. Host-parasite-vector cycle.
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fever rickettsiae in various tissues, and fleas with plague
bacteria in the gut cavity.

Cyclo-developmental. The parasites undergo changes in
form within the vector but do not multiply. An example is
the filarial worm in a vector mosquito.

Cyclo-propagative. The parasites undergo change in
form and also multiply within the vector. Examples are:
malarial parasites in an anopheline mosquito and
trypanosomes (which causes Chagas' disease) in a
triatontine kissing (

Exercises (600):

1. What is a host?

2. What is a parasite?

3. What is a vector?

4. When working in a disease control program, which
element of disease transmission should you attack?

5. How may flies and cockroaches transmit typhoid
fever?

6. What happens to the parasite when a disease is
transmitted biologically?

Disease cycle with three primary living factors
in which men is an incidental host

(HostPrarsite--Vector).

Rabies
Encephalitis

Murine T4phus
Spotted Fever

Tularemia
Plague (oth-er than
Pneumonic)

iteIncidental Paras Vector ParasiteHost Host

Figure 1-3. Disease cycles withhumans as incidental hosts.
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601. Associate certain mosquito species with diseases
they transmit.

Mosquitoes and Their Significance. As we said earlier,
mosquitoes are the most important group of arthropods that
transmit disease to humans. Because numerous species are
involved, there are marked differences in their breeding
habits, behavior, and dispersal. Three genera are of
particular concern as carriers of disease: Anopheles, Aedes,
and Cu lex. These genera are shown in figure 1-4.

Little was known of the mosquito's role in the
transmission of disease until 1877, when it was discovered
that a filarial worm was transmitted by a mosquito. The
transmittal of the worm was proven in 1897 by a scientist
named Sir Roland Ross. In 1900, after years of extensive
experimentation, Dr. Carlos Finlay and Walter Reed
proved that Aedes aegypti was the vector (carrier) of yellow
fever.

Malaria. The various types of malaria are acute or
chronic diseases caused by parasites, which are transmitted
from person to person by the bite of Anopheles mosquitoes.
Although there are 15 Anopheles species in the United
Sr9.tes, only 2 seem to be particularly important in malaria
transmission: Anopheles quadrimaculatus east of the
Rockies, and Anopheles freeborni west of the Rockies.

Yellow fever. This viral disease may be acute and fatal or
so mild that infections are not apparent. The two
epidemiological types, urban and jungle yellow fever, are
caused by the same virus, and protection is given by the
same vaccine, but the mosquito vectors and vertebrate hosts
are quite different.

Urban yellow fever. This disease is transmitted by the
yeliow fever mosquito, Aedes aegypti. Althot gh no
epidemics have occurred in the United States since the
outbreak at New Orleans in 1905 and no major epidemic
has occurred in the Americas since 1942, epidemics were
once reported for most of the large seaports in southern
United States, and sometimes as far north as Philadelphia,
New York, and Boston.

Jungle yellow fever. This disease, also called sylvan or
sylvatic yellow fever, is normally a disease of monkeys and
some other wild animals. The occasional human cases are
contracted when people in the forest are bitten by infected
mosquitoes.

Dengue. Dengue, also known as breakbone fever, is an
acute, rarely fatal disease caused by a virus. It is
characterized by sudden onset, high fever, severe
headache, backache, joint pain, and a rash appearing the
3rd or 4th day, particularly on the hands and feet.

Dengue fever is transmitted from person to person by the
yellow fever mosquito, Aedes aegypti. The cycle,
therefore, is similar to 'hat of urban yellow fever. Aedes
albopictus is an important vector in Hawaii, the
Philippines, and Southeast Asia. Mosquitoes obtain the
virus from the blood of infected persons. The virus
multiplies in the mosquito, which becomes infective in
from 8 to 14 days after the infected blood meal. Under
favorable temperature conditions, the mosquitoes remain
infective for the rest of their lives, which may be 1 or 2
months or more.

Encephalitis. A number of arthropod-borne viral
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(arbovirus) diseases affect the central nervous system,
causing an encephalitis, or inflammation of the brain
(encephalon). Eastern (EE), Western (WE), St. Louis
(SLE), California (CD), are the types of encephalitis
occurring in the United States; each is caused by different
viruses.

Human cases of the arthropod-borne encephalitides
(plural of encephalitis) vary from mild, inapparent
infections to very severe illnesses with permanent damage
to the the nervous system, or even death. Horses may have
similar mild or severe infections with EE and WE, whereas
the SLE virus causes only inapparcnt infections. Birds may
die from encephalitis, particularly red-winged blackbirds,
house sparrows, and pheasants infected with EE virus. The
basic transmission cycle from bird to bird is maintained by
mosquitoes with the human and horse cases considered as
accidents and dead end hosts in the chain of infection.

Eastern encephalitis. This form is one of the most serious
arbovirus disease with 50 to 75 percent of the human cases
ending fatally. This disease is found along the Atlantic and
gulf coasts and inland in the Mississippi River Valley in
limited areas. It occurs commonly in horses and in game
farLs pheasants. Aedes sollicitans, Aedes vexans, and
Mansonia perturbans are suspected vectors of this disease
in the bird to human cycle.

Western encephalitis. This disease is found in all of the
states west of the Mississippi river as well as in Wisconsin
and Illinois. WE virus has been found in limited areas in the
eastern United St2tes in birds and mosquitoes. More
encephalitis was reported in 1965 than at any times since a
1941 epidemic, 172 reported human cases occurring
primarily in five states. Western encephalitis is generally a
milder disease than Eastern encephalitis, with human
deaths reported in 2 to 5 percent of the ccrses.

Culex tarsalis is the most important mosquito vector of
Western encephalitis, particularly west of the Mississippi.
Isolations of WE virus have been made from many species
of mosquitoes and birds throughout the United States.
However, the rarity or absence of Culex tarsalis in the
Eastern United States may help to explain the small number
of cases of Western encephalitis east of the Mississippi
river.

St. Louis encephalitis. This disease has been found in all
of the states west of the Missis7!ppi river, in the Ohio River
Valley, in Florida, and ii the Camden, New Jersey
Philadelphia, Pennsylvania area.

Birds are considered to be the main reservior of St. Louis
encephalitis virus, particularly house sparrows, house
fmches, and domestic pigeons. St. Louis encephalitis is
considered to be a more serious disease than Western
encephalitis, but less so than Eastern encephalitis. The
majority of cases occur in older people. Mortality rates vary
from about 5 percent to as high as 33 percent, particularly in
people over 60 years of zge. Members of the Culex
pipiens-quinquefasciatus complex are the chief urban
vectors. Culex tarsalis is the chief vector in rural areas in
Western States. Culex nigripalpus is the vector in the
Tampa Bay area, Florida.

St Louis encephalitis is the one type of this disease
abundant enough in densely populated areas, as Houston
and Dallas, to justify mosquito control as a method of
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encephalitis control. Cases of the three other types in the
United States, Eastern, Western, and California, on the
other hand, occur generally in small numbers over wide
areas, with lower human populations per square nillr ,
making it difficult to obtain funds to operate effective
encephalitis programs by mosquito control.

California encephalitis (CE). This virus was first isolated
from Aedes melanimon (originally identified as dorsalis)
and Cu lex tarsalis in California in 1943 and 1944. Most
cases of this disease are reported for the Midwestern States,
such as Ohio, Indiana, and Wisconsin.

The CE virus differs from Western, Eastern, and St.
Louis encephalitis because mammals rather than birds act
as reservoirs. This virus, or antibodies against the virus, has
been found in a number of small- and medium-sized
mammals, such as snowshoe hares, cottontails, tree
squirrels, and ground squirrels. Aedes triseriatus, Aedes
canadensis, and Aedes trivittatus are suspected vectors of
this virus since these species are forest- or woodland-
dwelling mosquitoes and most of the human cases have
occurred in rural, forested areas where the manunal
reservoirs live.

Filariasis. This disease as occurs in humans is caused by
nematodes. These nematodes may live in various parts of
the lymphatic system and people may harbor them with no
apparent symptoms, or the filarial worms may cause
inflammation and other complications. Prolonged or
repeated infections may cause extreme enlargement of
external genitalia, breasts, or legs in some people, and is
often referred to as elephantiasis.

Filariasis is widespread in many tropical and subtropical
regions throughout the world. In the Western Hemisphere it
occurs in the West Indies, Colombia, Venezuela, Panama,
and the coastal portions of the Guianas and Brazil.

A small endemic center existed for many years near
Charleston, South Carolina, but it has now disappeared. In
many parts of the United States, Puerto Ricans and other
people who have recently left the Tropics may have the
microfilariae circulating in their blood. However, the
disease is not now known to be naturally acquired in the
United States. Many species of mosquitoes are known to be
capable of transmitting filariasis, though these may not all
be important in nature. Some important known vectors are
Cu lex quinquefasciatus, Cu lex pipiens, Aedes
polynesiensis, and Anopheles gambiae, and mosquitoes in
the genus Mansonia.

Exercises (601):

1. Match the mosquito species in column
statement describing it in column B.

Column A

(1) Aedes aegypti.
(2) Anopheles quadrima-

culatus .
(3) Anopheles freeborni.
(4) Aedes soUicitans.
(5) Culex tarsalls.
(6) Culex nigripalpus.
(7) Culex quinquefasci-

atus.

a.
b.

C.
d.

C.

A with the

Column B

Carrier of yellow fever.
Transmits malaria west of
the Rockies.
Filariasis vector.
Transmits malaria east of
the Rockies.
Suspected veccr of Eastern
Die ' Aids.
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Column B

f. Vector of St. Louis
Encephalitis around Tampa,
Florida.
Most important vector of
Western encephalitis.

s.

1-2. Mosquito Development and Habits

For you to control mosquito populations effectively, you
need to know how mosquitoes develop from eggs to adults
as well as how they behave as adults.

602. Identify the stages of the development process of
mosquitoes.

Mosquitoes have four distinct stages in their life history:
the egg, larva, pupa, and adult (see fig. 1-4). The first three
stages occur in water, but the adult is an active, flying
insect that feeds on the blood of man and animals or upon
plant juices.

Eggs. Eggs are white when first deposited but become
dark within an hour or two. In general, mosquito eggs fall
into three distinct groups: (1) those laid singly on the water
surface; (2) those laid together to form rafts which float on
the water surface; and (3) those laid singly out of the water.
These differences are reflected in the structure of the egg.

Anopheline eggs are laid singly on the water surface.
They are elongate oval, usually pointed at one end and have
a pair of lateral floats (fig. 1-4). They average about one-
half millimeter in length. Hatching usually takes place
within 2 or days. The eggs of Toxorhynchites are also laid
singly on the water surface and kept afloat by means of air
bubbles that form among the spines of the eggshell.

The eggs of Culex, and Mansonia are laid side by side to
form a raft and often contains 100 or more eggs. They
remain afloat on the surface of the water until hatching
occurs, usually only a few days.

Eggs that are laid out must be placed so that the larvae
can readily reach the water or they must be able to survive
long periods of drying until such time as they may be
flooded. Thc eggs of Aedes aegypti, Aedes triseriatus, and
edes orthopoclomyia Pre on the sides of containers or
tree holes just above the water level so that when the water
rises, the eggs hatch. Other species of Aedes and all species
of PsoropAora lay their eggs on the ground where they
remain until flooding occurs. Some species may survive in
the egg stage for 3 to 5 years if flooding does not occur. In
some cases, hatching occurs as soon as the eggs are
flooded; thus, several generations per year may occur. This
is typical of the Psorophora group and of Aedes vexans and
Aedes sollicitans. Others must be subjected to freezing
before they will develop; thus, there is only a single
generation per year. Many species of Aedes belong in this
group, including Aedes stimulans and Aedes abserratus.

Larvae. The larvae of all mosquitoes live in water: in
permanent ponds end marshes, in temporary flood waters or
woodland pools, in water contained in tree holes, leaves of
plants, or artificial containers. Mosquitoes have adapted
themselves to almost all kinds of aquatic situations except
flowing streams and the open waters of large streams,
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lakes, and seas. Although mosquito larvae get their food
from the water where they live, they must come to the
surface for air or, as in the case of Mansonia, obtain air
from the underwater portions of plants.

The larval period includes four developmental i ars
which usually require 4 to 10 days for completion. Ai the
end of each instar the larva sheds its skin, or molt The
fourth instar is the mature larva and with the fourth r It the
pupa appears.

Mosquito larvae move about in two ways: by jerks of the
body and by propulsion with the mouth brushes.
Movements of anopheline larvae at the surface are
generally of the first type. The "crawling" movements of
L :Heine larvae over the bottom and the slow movement at
the water surface are probably due to propulsive action of
the mouth brushes. Mosquito larvae assume characteristic
positions in the water. Anopheline larvae lie parallel to the
surface, while most other groups hang head down with only
the tip of the air tube penetrating the surface film. Although
larvae are heavier than water, they can rest just beneath the
surface without effort. Certain nonwetting structures, such
as the air tube in the culicines and the spiracular plate and
palmate hairs in the anophelines, serve to suspend them
from the surface film.

Many physical, chemical, and biological characteristics
of water affect mosquito larvae. These characteristics
include temperature, light, movement, dissolved gases and
salts, and other living organisms present. Vegetation is
important as protection for the larvae. Predators, such as
fish and insects, destroy great numbers of mosquito larvae.

The three body regions of the larva, head, thorax, and
abdomen, are distinct. The head bears the antennae, eyes,
and mouthparts. The antennae are located on each side
toward the front. Behind the antenna near the hind margin
of the head are the eyes. The mouthparts are at the
underside of the head near the front. They consist of a series
of brushes in addition to the grinding and grasping
structures. Thus, the larvae is able to strain out small
aquatic organisms and particles of plant and animal material
present in the water. A few predaceous species have
mouthparts adapted for grasping and swallowing theirprey.

The thorax is broader than the head or abdomen and is
somewhat flattened. It has several groups of hairs which are
useful in identification of species.

The abdomen is long and subcylindrical, consisting of
nine well-defined segments. The first seven segments are
similar, but the eight and ninth are considerably modified.
The eighth segment bears the respiratory apparatus. In the
anophelines this apparatus consists of paired spiracuiar
openings, while in the other groups a prominent air tube is
present. The ninth segment is out of line with the other
segments and bears two to four membranous tapering
appendages commonly known as anal gills. These anal gills
seem to serve more for the regulation of osmotic pressure
than for respiration.

Pupae. The mosquito pupa also lives in water and is very
active. It does not feed, but it must come to the surface for
air, except in the case of Mansonia species (spp.). The pupa
differs greatly from the larva in shape and appearance, the
front part, consisting of the head and thorax, being greatly
enlarged and enclosed in sheath. On the upper surface is a
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pair of respiratory trumpets. The abdomen consists of eight
freely movable segments with a pair of paddles at the tip.

Mosquito pupae are undoubtedly the most active of all
insect pupae. Most species are lighter than water, because
of an air space between the wing cases near the combined
head and thorax. By vigorous movement of the abdomen,
the pupae move about with considerable speed, rising
directly to the surface when movement stops.

The pupal stage lasts from 1 day to a few weeks, no
species being known to pass the winter as pupae. At the end
of the pupal stage, the pupal skin is broken and the adult
works its way out, crawls onto the surface of the water, and
is soon ready to fly away.

Adults. The adult mosquito (fig. 1-5) is a small fragile
insect with a slender abdomen, one pair of narrow wings,
and three pairs of long, slender legs. It varies in length from
slightly over 1/16 inch to about 1/2 inch. The three body
regions, head, thorax, and abdomen, are well defined.

The head of a mosquito is almost spherical and is joined
to the thorax by a narrow membranous connection. It bears
a pair of large compound eyes, a pair of antennae, a pair of
palpi and the proboscis. The antennae arise on the front of
the head between the eyes. They are long, slender structures
with 15 segments, only 14 of which are ordinarily visible.
Each of the last segments bears a whorl of hairs that are
short and sparse in the females but long and bushy in the
males. Entomologists believe the antennae serve as organs
of hearing and smell. The palpi are five-segmented
structures originating at the lower front margin of the head
near the proboscis. In anophelines, the palpi of the female
are about az long as the proboscis, while those of the male
arc enlarged at the tip. In culicines the palpi of the females
are short, while those of the male are usually long, densely
haired, and pointed. The proboscis projects downward and
forward from the lower front margin of the head. It consists
of a labium or sheathlike structure enclosing a group of six
stylets. The labium serves as a protective sheath for the
stylets, but does not enter the wound when the mosquito is
biting. The stylets serve to penetrate the skin of the host
animal and also form a small duct through which saliva is
injected into the wound, as well as a canal through which
liquid food is drawn. The mouthparts of the male aren't
strong enough to pierce human or animal skin, so they feed
on plant juices instead of blood.

The thorax or middle region of the body bears the wings
and legs. The upper surface of the thorax or mesonotum is
covered with coarse hairs or scales and bears several groups
of hairs or bristles used for identification purposes. The
long slender legs arise from the lower sides of the thorax.
Each leg consists of a short conical coxa, a small hingelike
trochaneer, a stout femur, a long slender tibia, and a five-
segmenttul tarsus. The first segment of the tarsus is the
longest and is often equal to the tibia in length. The fifth
tarsal segment bears a pair of small claws. The legs are
covered with scales of varying colors, forming patterns
which are often useful in separation of species. The wings
are long and narrow with venation. The veins are covered
with scales, often of varying colors which may form
deftnite patterns. The hind margin of the wing also has a
close-set row of long, slender, fringe scales. A pair of small
knobbed structures known as haheres is found behind and
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Figure 1-5. Adult female mosquito.

slightly below the wings. They vibrate rapidly when the 2. Anopheline eggs are laid on the
mosquito is in flight and serve as organs of equilibrium. surface.

The elongate abdomen is nearly cylindrical and has 10

segments, only 8 of which are readily visible. The 9th and
10th segments are greatly me4ified for reproductive
functions. North American species of Anopheles have no
scales on the upper surface of the abdomen. In the
cullicines, the abdomen is covered with scales which often
form characteristic markings. In Aedes and Psorophora, the
female abdomen is tapered, with the eight segment
withdrawn into the seventh. In other genera in the United
States the abdomen is bluntly rounded at the apex. The
terminal segments of the male abdomen are greatly
modified for mating. These structures are often of value in

ification of the species.

3. Eggs which are laid out of the water must be placed so
the larvae can

4. Some species may survive in the egg stage for how
many years and under what conditions?

5. The eggs of some species must be subjected to
^Ises (602): before they will develop.

osquitoes have distinct stages in their
c history; the

and
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6. The larvae of all mosquitoes live in 603. Identify the general habits of adult mosquitoes.

General Habits of Adult Mosquitoes. About equal
numbers of male and female mosquitoes are produced.7. Mosquitoes have adapted themselves to almost all Males usually emerge first and remain near the breedingkinds of aquatic situations except places, mating with the females soon after their emergence.and Only the females bite and most (but not all) species require
a blood meal before they can lay fertile eggs. Females tend
to travel further and live longer than males.

Flight habits vary considerably. Aedes aegypti, probably8. What are the water characteristics that affect mosquito the most domesticated of all mosquitoes, breeds mainly inlarvae? and around human habitations and flies short distances,
usually a "block" or about 100 yards. Most anophelines
have a maximum flight range of about 1 mile. However,
other species, such as Aedes vexans and Aedes sollicitans

9. Mosquito larvae have three distinct body regions, list can fly 10 to 20 miles or more.them.
Mosquitoes also differ greatly as to their preferred hosts,

some species feeding on cattle, horses, or other domestic
animals, while others prefer humans. A few species feed
only on cold-blooded animals and some subsists entirely on10. The head bears the , and nectar or plant juices. Some are active during the daytime
and others only at night.

The female mosquito needs 2 days or more to digest the
blood meal she has ingested, lay a batch of eggs, and then
seek another blood meal. This cycle of feeding, laying11. The thorax is broader than the Or eggs, and feeding again may be repeated four or five timesand is somewhat or more in the time between the first blood meal and the
later one (10 to 14 days afterward) when the mosquito is
infective and can pass on parasites which have developed in
her body.

12. The abdomen is long and subcylindrical, consisting of Our understanding of the lifespan of adult mosquitoes iswell-defined poor. Some species apparently live 1 or 2 months during the
summer, although under unfavorable conditions this time
may be greatly reduced. Adults that hibernate may live for
6 months or more.13. The mosquito ppa lives and is

14. How long does the pupal stage last?

15. Describe the adult mosquito.

Exercises (603):

Place the letter "T" in front of the correct statements.
Correct any false statements.

_ 1 There are more female than male mosquitoes.

2 Males ordinarily emerge first.

16. The head of a mosquito is almost and is _ 3 Males usually leave the breeding places soon after
joined to the thorax by a narrow connection. emergence.

17. The thorax, or middle region of the body, bears the 4 Males mate with females soon after emergence.and

8

_ 5 Only females bite.
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6 All species require a blood meal before they can lay
fertile eggs.

_ 7 Flight habits vary considerably and distances range
from several feet to as much as 20 miles.

_ 8 Mosquitoes show no preference as to their host.

_ 9 The female mosquito requires 2 days or more to
digest a blood meal, lay a batch of eggs, and seek
another blood meal.

_ 10. Hibernating mosquitoes may live as long a 6
months or more.

1-3. Important Mosquito Species

As you should know by now, the most important species
of mosquitoes are in the genera Anopheles, Aedes, and
Culex. We can also add to these genera Masonia, and
Coquilletidia. Your knowledge of several genera of these
species is important if you are to effectively manage them
for medical r.r nuisance reasons. As you progress, you'll
come to recognize the importance of properly surveying
and identifying mosquitoes so your controls will meet your
needs as safely and effectively as possible.

604. List the general features you should iook at to
identify various genera of mosquitoes, and solve
problems on mosquito identification based on given
information.

Important Aedes Mqpquitoes. The genus Aedes
contains more than 500 species scattered from the polar
regions to the Tropics. Almost half of all North American
mosquitoes belong to this genus, which includes many of
the major pest species as well as important disease vectors.
There are some 60 species of Aedes known from the United
States, of which, about 40 may be rather common, at least
in certain regions. In general, the Aedes mosquitoes assume
greater importance as one goes from the Tropics northward.
In the northern United States, as well as in Canada and
Alaska, many species of Aedes occur and are often present
in huge numbers. Refer to figure 1-6 during the following
discussion. Also, tables 1-1, 1-2, and 1-3 are included here
to help you study and compare the various mosquitoes
discussed in this and the next three lessons.

Aedes aegypti. This mosquito is commonly called yellow
fever mosquito. It is a small, dark species that you can
recognize by the lyre-shaped silvery-white lines on the

9

thorax and by the white bands on the tarsal segments. It
vectors urban yellow fever and dengue. It is a pest of some
significance when it occurs in large numbers.

This species has a limited distribution within the United
States. It occurs in the Southeastern and Southern States,
extending northward to North Carolina, Tennessee, and
Arkansas.

Aedes aegypti is semidomesticated, breeding almost
exclusively in artifical containers in and around human
habitations. The eggs are laid singly on the sides of the
container at or above the waterline, or, less commonly, on
the water surface. They are able to withstand drying for
several months and hatch quickly when the container is
again filled with water. Hatching may take place in 2 or 3
days if temperatures are high. Typical breeding places are
flower vases, tin cans, jars, discarded automobile tires,
unused water closets, cisterns, rain barrels, and sagging
roof gutters. Aedes aegypti breed also in tree holes, their
traditional breeding site. Under favorable conditions, the
larvae complete their development in about 6 to 10 days, or
in much longer periods in cool weather. The pupal period is
normally about 2 days. The life cycle may be completed in
10 days, although it may vary up to 3 weeks or more. It
breeds throughout the year in the Tropics with generations
succeeding each other rapidly. In the Southern United
States, the reproduction rate slows down during the winter,
and the eggs may remain dormant for several weeks or
months. This species is very susceptible to cold and does
not survive the winter except in the Southern United States.

The adults apparently prefer the blood of humans to that
of other animals. It readily enters homes, even those that
are well screened. Aedes aegypti bites mainly in the
morning and late afternoon. It attacks quietly, preferring to
bite around the ankles, under coat slee ,es, or at the back of
the neck, often becoming a troublesome pest. The adults
appear to be rather long-lived as they live 4 months or more
in the laboratory. Their flight range is normally about 100
feet to 100 yards, but long distances nave been recorded.

Aedes canadensis. This dark mosquito has the tarsi
banded with white at both ends of the segments. It's widely
distributed in the U.S., being particularly common in the
Northern States. It is often a serious pest in woodland
situations but rarely migrates far from its breeding places.
California encephalitis has been found in this species.

Aedes canadensis is one of the first mosquitoes to appear
in early spring. The larvae breed in woodland pools filled
with melting snows or by spring rains. This mosquito
prefers pools with a bottom of dead and decaying leaves,
although it may also be found in roadside puddles, sink
holes, and wooded swamps. There may be more than one
generation per year and the adults live for several months.

Aedes dorsalis. This mosquito is medium sized and
varies in color from dark brown to a whitish straw color.
The upper surface of the abdomen is marked with a
longitudinal stripe of pale scales and the hind tarsi are
banded with yellowish scales at both ends of the segments.
Aedes dorsalis is a severe pest of humans and cattle
throughout the arid and semiarid regions of Western United
States. It occurs over most of the country, but it is rare and
unimportant in the Eastern and Southern States. Aedes
melanimon is very similar to Ae dorsalis in the West.
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Figure 1-6. Equipment for mosquito surveys.

The larvae develop in the salt marshes of the Pacific
Coast and in irrigation and flood waters of the interior. It
commonly breeds in irrigated pastures and waste water
pools. Several broods are produced each year in irrigated
areas, a brood following each flooding.

The females of Aedes dorsalis are vicious biters. They
attack day or night, being particularly active in the evening

10

or on calm, cloudy days. They are strong fliers and
occasionally migrate in large broods. They are commonly
found 10 miles from their breeding places; a flight of 22
miles has been recorded in Utah. The females, and at times,
the males, may be taken in great numbers in light traps.
Overwintering takes place in the egg stage, moreover the
eggs may remain viable for several years.



TABLE 1-1

impoRTANT AEDES MOSQUITOES

SCIENTIFIC/COMMON

NAMES

MAIN FEATURES

;ADULT)

REGIONS

OCCUPIED

BREEDING

AREAS

DEVELOPMENT TIME
FLIGHT

RANGE

(TYPICAL)

OTHER

EGG LARVA PUPA

Aedes aegypti Lyre-shaped silver

markings on thorax.

white bands on

tarsal segments.

Southern and

Southeastern

U.S.

Tree holes.

Artifical

Containers,

2-3

days

6-10

days

2

days

100-300

feet

Adults

prefer

human

blood.

Yellow fever

mosquito

Aedes canadensis Tarsi are banded

with white at both

ends of segments.

Widely distrib-

uted, mainly in

northern U.S.

Woodland poole

with melting

snow or spring

rains.

Over

winters

in this

stage.

Limited

One of

the first

mosq. to

appear in

early

spring

Aedes dorsalis Upper surface of

abdome marked with

longitudinal stripe.

Hind tarsi banded.

Aird and semi-

arad regions of

western U.S.

Salt marshes

of the Pacific

coast.

Over-

winters

in this

stage.

100 or Severe

pest of

adults and

cattle.

Aedes sollicitans Golden color on

upper thorax.

White-yellow

stripe on abdomen.

Atlantic and

Gulf coastal

plains from

Maine to Texas

Where brackish

waters are

available

2-14

days,

Hatch

quickly

when wet.

...Net, to

ten (ays

5-10

miles or

more

Fierce

biters,

attack

even in

daylight

Salt marsh

mosquito

Aeies Taeniorhynchys White crossbands on

abdomen. White rings

on tarsi and

proboscis.

Coastal plains

from Massach-

usetts to Texas

and S. California

Fresh-water

pools near

salt marshes.

4 miles Strong

fliers,

biters.

Black salt marsh

mosquito

Aedes Triseriatus Blue-black with

Silvery-white

scales on thorcx

and sibs.

Most of

eastern U.S.

Old tree holes,

artifical

containers.

Nearly )ne month .5-1.0 Painful

bites.Tree-hole

Aedes Trivittatus Upper surface of

thorax marked with

two conspicuous

whitish stripes.

Widely distri-

buted in North-

ern U.S. from

Main to Idaho.

Flood-water

pools and

temporary rain

pools.

Unknown Eight days. Limited Fierce

biters.

Aedes nigromaculis Yellowish-white

longitudinal stripe

on upper abdomen.

White banded tarsi.

Throughout the

western plains,

from Minnesota

and Texas

to Calif.

Open sunlit

pools of waste

irrigation,

other intermit

tent water.

2-6 days

upon

flooding

2-5

miles

Rapidly

replacing

Worsalis

in open,sunlit

pools.

CR441



TABLE 1-2

IMPORTANT ANOPHELES AND CULEX MOSQUITOES

SCIENTIFIC/COKE

NAMES

MAIN FEATiii-1

(ADULT)

REGIONS

OCCUPIED

BREEDING

AREAS

DEVELOPMENT TIM FLIGHT

RANGE

(TYPICAL)

---------

OTHER

EGG LARVA PUPA

Anopheles Pairly large with

4 dark spots near

center of each

wing,

Eastern half of

U.S.

Clean, partially

shaded water

with sole

vegetation.

30 to 35 days. 0.5 to 1.0

mile.

Most impor-

tant vector

of malaria

in U.S.

quadrimaculatus

Common malaria

mosquito

Anopheles Similar to

above

Most of the

area west of

Continental

Divide.

Clean, clear,

slightly alkaline

waters, partially

exposed to RIO.

1-2

miles
freeborn;

Western malaria

mosquito

Culex pipent . Brown with white

crossbands on

abdomen. Medium

in size.

Throughout the

northern U.S.

as far South as

Oklahoma and

Georgia.

Practically all

types of artifi-

cial containers,

plus storm sewer

catch.

1-2

days

8 to 10 days Limited,

except

whet

lar -
mb are

.ved.

not a

severe pest

to people;

"sings".

northern house

mosquito

Culex quinumfascia- Similar to above,

difficult to distin-

guish between the

Ivo.

All southern

states coast-

to-coast, plus

Nebraska, Iowa,

Ohio and

Illinois.

Basins, poorly

draines street

gutter, etc.

1-2

days

II

8 to 13

warm weataer

days Same as

above

Severe

pest to

people;

"sings."

tus

Southern house

_--
Culex Tarsalis Dark with white

bands at each

end of tarsal

segments.

Widely distrib-

uted west of

the Mississippi

River.

Water flowing

from ceaapools,

high in organic

waste.

Less

than

2 days

kvelop rapidly 1 mile Large no.'s

caught in

light traps

Birds are

preferred

hosts.

CM-142
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TABLE 1-3

MISCELLANEOUS MOSQUITO SPECIES

SCIENTIFIC/COMMON

NAMES

MAIN FEATURES

(ADULTS)

REGIONS

OCCUPIED

BREEDING

AREAS

DEVELOPMENT TIME

porophora.

confinnio

Glades mosquito

(MOW

Medium to large,

narrow white ring

near apex of the

hind femur.

Throughout the

southern U.S.,

and northward to

Nebraska, Iowa

and New York

Temporary rain

pools, irriga-

tion waters,

and seepage

pools.

psorophork Large, yellowish-

brown with shaggy

legs.

Through the

eastern U.S.

Temporary pools

often in associa

tion with P.

confinnis and

Ae. venue.

ECG LARVA

Overwin- 4-5

ters in days

this

stage

PUPA

FLIGHT

RANGE

(TYPICAL)

OTHER

Very

1-2
Alys.

Up to
10 miles

Eggs laid

on ground,

subject to

flooding.

3hort Severe day-

time and

night tine

pest in

large no.'s

,Cequillettidia

perturbans

Mansonia

Titillans

Large, speckled

with pale band on

outer third of hind

femur and tibia.

Similar to

above.

Most of eastern

U.S., and some

Pacific States.

Florida and

Smith Texas.

Marshes, ponds,

and lakes with

thick aquatic

vegetation.

Similar to

above.

Several

months.

5-6

days

1-2

miles.

I. gener-

ation per

year.

Adults

emerge in

spring &

summer

1-5

miles.

01.013
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Aedes sollicitans. The salt-marsh mosquito, Aedes
sollicitans, is the most important of the salt-marsh species
and one of the most severe mosquito pests known. It occurs
along the Atlantic and Gulf Coastal Plains from Maine to
Texas and has been reported from many inland areas where
brackish waters are available. Such inland records include
New York, Indiana, Kentucky, Illinois, Oklahoma,
Arkansas, and New Mexico. You can recognize the adults
by the golden color of the upper side of the thorax and a
longitudinal stripe of white or yellowish-white scales on the
abdomen. The proboscis and tarsi also have wide pale
bands. The eggs of this species are laid on the mud of
marshes and remain until flooded by high tides or rains.
Breeding generally occurs on the parts of the marsh not
covered by daily tides; usually potholes and depressions of
various sizes are used, but sometimes they occur over
extensive level areas. The eggs must remain dry for at least
24 hours before they will hatch. After having been dry for a
week or two, they hatch within a few minutes when covered
with water. Development of the larval and pupal stages
requires 7 to 10 days during warm weather. Several
generatic is can be produced each year.

The adults of Aedes sollicitans are strong fliers and often
migrate in large swarms from the marshes to cities and
towns many miles away. They very commonly fly 5 to 10
miles and may travel up to 40 miles or more. The migratory
flights begin just before dark and may include huge
numbers of mosquitoes. During the day they rest among the
grasses, though they will readily attack anyone who
disturbs them, even in full sunlight. They are fierce biters
and may literally drive a person from the marsh areas.
Fortunately, they don't often come indoors. They have been
a very severe deterrent to the development of some of the
coastal resort areas. They are often collected in light traps
in great numbers.

Aedes taeniorhynchus. The black salt-marsh mosquito
has crossbands of white scales on the upper side of the
abdomen and white rings on the proboscis and tarsi. This
mosquito is found on the coastal plains from Massachusetts
to Texas and on the Pacific coast in southern California. It
has also been reported from certain inland areas around salt
pools in oil fields. It is the most abundant and troublesome
salt-marsh species along the south Florida coasts and may
be a severe pest as far north as New Jersey.

The breeding habits are similar to those of Aedes
sollicitans, though it also breeds in freshwater pools near
the salt marshes. The adults are strong fliers az.d fierce
biters. They are active mainly at night and are suspected
vectors of California encephalitis. They may be very
annoying in the shade during the day, but are less likely
than Aedes sollicitans to attack in bright sunlight. The flight
range for most females is about 4 miles.

Aedes trisertatus. The tree-hole mosquito is blue-black
in appearance with silvery-white scales at the sides of the
thorax. It's found throughout most of eastern United States.
It breeds principally in tree holes, old tires, tin cases,
barrels, and other artificial containers. Because the bite is
painful, this species can be troublesome in the woods. It is
suspected of carrying California encephalitis. Adults
apparently don't wander far from their breeding places.

Larval development is rather slow, as nearly a month is
required to reach maturity.

Aedes trivittatus. This species is widely distributed in
Northern United States from Maine to Idaho. It has been
taken as far South as Georgia, Louisiana, and Arizona. It is
a fierce biter and an extremely annoying pest in some of the
Northern States. It is a suspected vector of California
encephalitis. The upper surface of the thorax has two
conspicuous whitish stripes.

The larvae are mostly found in flood-water pools and
temporary rain pools. The young larvae feed at the surface
of the water, but the later instars spend most of their time
concealed in the vegetation at the bottom of the pool. This
is possibly why larvae are seldom found even though adults
may be present in large numbers. Emergence of adults
begins about 8 days after the eggs hatch. The adults rest
among grasses and other vegetation during the day. They
will bite when disnirbed, but are especially active in the
evening. They apparently don't migrate far.

Aedes nigromaculis. This medium-sized dark mosquito
has a longitudinal line of yellowish-white scales on the
upper surface of the abdomen. It has bands of white scales
at the base of the tarsal segments but not at the apex. This
species is an important pest mosquito throughout the
western plains, extending from Minnesota west to
Washington and south to Texaa and Mexico. During recent
years it has assumed great prominence in the irrigated
pastures of the West, especially in the Central Valley of
California. The remarkable spread of this species is
indicated by the fact that it was not known from California
until 1937. It now occurs over most of the State at the lower
elevations and is rapidly replacing Ae. dorsalis in open
sunlit pools of waste irrigation and other intermittent water.

This species has proved to be extremely well adapted to
pasture irrigation. The eggs will hatch within 2 to 6 days
after they are deposited, if flooding occurs. It is able to
produce a brood following each irrigation, which is usually
at intervals of 8 to 12 days in the Central Valley of
California. Under favorable conditions, a brood may be
produced within 5 days, and as many as 20 broods can be
produced in one season. In most areas of the San Joaquin
Valley, Ae. nigromaculis is now the number one pest
problem, and is present in huge numbers. For example, a
light-trap operating for 3 nights near an irrigated pastare
collected almost a gallon of mosquitoes, predominantly Ae.
nigromaculis. As many as 20 million eggs of this species
may be found in a single acre of irrigated pasture.

The adult is a severe pest of man and animals, it attacks
readily and inflicts a painful bite. It will bite during the
daytime but is most active during the evening hours. It is a
strong flier and may migrate several miles from its breeding
ground. The winter is passed in the egg stage.

Exercises (604):

1. Based on species descriptions in the text, what general
features should you inspect to determine the genus of
an adult mosquito?
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2. What mosquito species would you expect to find if you
encountered the following situations?

a. At a southern California base, mosquitoes are
greatly aggravating base personnel and appear to
be coming from freshwater pools about 3 miles
from the base.

b. At a Southern U.S. base, mosquitoes breeding in
tree holes just off base tur inflicting painful bites
to base residents.

c. After spring rains at a Northern U.S. base,
populations of mosquitoes are increasing rapidly.

d. Base residents at an east coast base complain of
being bitten by mosquitoes even during daylight
hours.

e. At a western base surrounded by irrigated
pastures, residents are reporting severe mosquito
bites both in the daytime and at night.

605. Given specific characteristics, differentiate
between species of Anopheles quadrimaculatus and
Anopheles freeborni.

Important Anopheks Mosquitoes. Anopheles
mosquitoes are distributed throughout the United States,
one or more species being present in every state. Most have
spotted wings. The females are easily distinguished from
other genera in that they have palpi about the same length as
the proboscis. With Aedes and Culex mosquitoes, the palps
are shorter than the proboscis. Anopheles mosquitoes can
usually be distinguished also by their resting position. They
rest with the head, thorax, and abdomen in a straight line
normally at an angle of from 40° to 900 while other genera
rest nearly parallel to the surface.

Anopheles quadrimgculatus. This fairly large, dark-
brown mosquito has four dark spots near the center of each
wing. The palpi and tarsi are entirely dark.

This is the most important vector of malaria in the United
States. It's frequently found in houses, and is more likely to
attack humans than any other anopheline of the United
States, with the possible exception of Anopheles freebornf.
Studies have shown that about 5 percent of the meals are
human blood. Anopheles quadrimaculatus has probably
been responsible for vectoring almost all human malaria
east of the Rocky Mountains. The bites are less painful than

those of many other species of mosquitoes and often
unnoticed.

This species is found from the southeastern U.S.
northward to southern Quebec and Ontario and westward to
the Dakotas, central Nebraska, Kansas, Oklahoma, and
Texas. It has been of greatest importance in the South
Atlantic and Gulf Coastal Plains and The lower Mississippi
River Valley. It may also be abundant at times in areas as
far north as Minnesota, Michigan, New York, and New
England.

Anopheles quadrimaculatus breeds chiefly in permanent
freshwater pools, ponds, and swamps with aquatic
vegetation or floating debris. It's most abundant in shallow
waters. In some areas it appears to favor open, sunlit waters
while in others it is found in densely shaded swamps. This
species shows a preference for clear, quiet waters neutral to
alkaline (it does not usually occur where the pH is lower
than six).

Anopheles quadrimaculatus larvae can withstand rather
low temperatures, but they do not complete their
development at temperatures below 500 to 55° F. and no
appreciable development takes place until the water
temperature reaches 65° to 70° F. Even at these
temperatures, from 30 to 35 days may be needed for the
aquatic stages to develop. The most favorable temperature
for the development of Anopheles quadrimaculatus is
between 85° to 90° F. at which only about 8 to 14 days are
required.

The males emerge first, remaining near the breeding
places and mating with females soon after their emergence.
This often happens during their first day, either before or
after the first blood meal. A female may mate repeatedly,
although one mating is sufficient to insure the production of
fertile eggs during her entire life. Egg laying begins about 2
or 3 days after the first blood meal. A single female may lay
as many as 12 batches of eggs and a total of over 3,000
eggs.

During the daytime adults remain inactive. They rest in
cool, damp, dark shelters, such as buildings, caves, and
under bridges. Feeding and other activity occurs almost
entirely at night. They enter houses readily to feed on
human blood, but they feed more frequently on other
warm-blooded animals, such as cows, horses, mules, pigs,
and chickens. Most adults fly less than one-half mile from
their breeding place and only a few fly farther than 1 mile.
Anopheles quadrimaculatus in not usually caught in light
traps in great numbers.

In the most southern part of the country, Anopheles
quadrimaculatus breeds continuously through the year.
Over most of its range, however, it speeds the winters as
fertilized adult females in caves, hellow trees, basements,
and other protected places. In all but the most northern
areas it may emerge from hibernation, move about and take
blood meals on warm days during the winter. In the spring,
the females emerge, take a blood meal and deposit their
eggs. There may be as many as 9 or 10 generations each
season. Populations often reach a peak during July or
August and decline rapidly in September and October.
Hibernating females may survive for 4 to 5 months.

Anopheles freeborni. The western malaria mosquito is
similar in appearance to Anopheles quadrimaculatus. It is
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the most important vector of malari- Ae western U.S. It
readily enters homes and bites avidly at dusk and dawn.
Th's species occurs over most of the area west of the
Continental Divide, from southern British Columbia to
Lower California and may occur eastward to West Texas.

Anopheles freeborni breeds in permanent or
semipermanent waters at least partially exposed to the
sunlight with vegetation or floating debris. It prefers clear,
clean slightly alkaline water. Larvae may also be found in
slightly brackish water near the ocean or in desert pools. It
normally avoids water polluted with sewage or other
organic materials. Breeding may take place in habitatsvery
similar to those where Anopheles quadrimaculatus is found,
but for the most part it has adapted itself to seepage areas,
borrow pits, hoof prints, improperly irrigated fields, and the
edges of streams and irrigation canals. Rice fields are a
particularly favorable breeding place for this species. This
mosquito is well adapted to the semiarid region in which it
occurs.

In California, Anopheles freeborni leave their
hibernating places in February, get a blood meal, and lay
eggs for the first generation. Because of the abundance of
breeding places at this time of year and the scarcity of
predators, large broods develop. Succeeding generations
are greatly reduced in range and size by the recession of
waters, except where irrigation waters maintain their
breeding places. In late fall at the end of the dry season,
females migrate long distances, sometimes 10 to 12 miles
to look for shelter in outbuildings, homes, and cellars. In
the winter they go into a state of semihibernation from
which they emerge on warm days and nights for feeding.
Some people refer to the winter biting as "nibbling." They
move about nervously, often attack the ankles and seldom
feed until they're full. These winter feedings don't usually
result in development of eggs. They may, however, result
in malaria transmission.

The midseason flight range of Anopheles freeborni is
generally restricted to a 1-mile radius. In cases of very
heavy production in rice fields, longer flights up to 21/2
miles have been noted. Males are seldom found more than
1/4 mile from their breeding places.

Exercises (605):

In the space provided, determine if the following statements
apply to An. quadrimaculatus, (AQ) or An. freeborni, (AF)
mosquitoes.

1. Most important vector of malaria in the U.S._ 2 Bites aren't very painful and may go unnoticed._ 3 Enters homes and shelters, bites avidly at dust and
dawn._ 4 Most abundant in shallow water._ 5 Prefers clear, quiet waters where pH is neutral to
alkaline.

_ 6 Found over most of the area west of the
Continental Divide.

_ 7. Prefers clear, clean, slightly alkaline water._ 8 Water must be 65° to 70° F. for development to
Occur.

_ 9 Well adapted for semiarid regions.
_ In. Breeds continuously throughout the year.

606. Given specific characteristics or situations,
differentiate them as being applicable to the species
Culex pipiens, C. quinquefasciatus, or C. tarsalis.

Important Culex Mosquitoes. The genus Culex
includes about 300 species. Most of these occur in the
tropical and subtropical regions of the world. Although
some 26 species have been reported in the United States,
only 12 of these are at all common. The group includes
several important pest species and disease vectors.

Culex pipiens and Cukx quinquefasciatus. The
northern and southern house mosquitoes are closely related
and difficult to separate. They are medium-sized, brown
mosquitoes with crossbands of white scales on the
abdominal segments but no other prominent markings.
Culex pipiens, the northern house mosquito, is found
throughout the Northern U.S. and extends as far south as
Georgia and Oklahoma. Culex pipiens quinquefasciatus,
the southern house mosquito, is in all the Southern States
from coast to coast and extends northward to Nebraska,
Iowa, Illinois, and Ohio. One or both of these mosquito
species can be found in every state.

The house mosquitoes are the most common species in
many of our urban communities and rural premises. They
often enter houses where their habit of "singing" is very
annoying. Culex quinquefasciatus is a severe pest and
Culex pipiens may also feed on people. Members of the
Culex pipien quinquefasciatus complex are important
vectors in urban epidemics of St. Louis encephalitis,
particularly in the Midwest.

Culex pipiens and quinquefasciatus breed heavily in rain
barrels, tanks, tin cans, and practically all types of artificial
containers. Other important sources of these mosquitoes are
storm-sewer catch basins, poorly drained street gutters,
polluted ground pools, cesspools, open septic tanks, and
effluent drains from sewage disposal plants. A heavy
production of house mosquitoes is often associated with
unsanitary conditions.

These mosquitoes lay their eggs in clusters of 50 to 400
eggs; these clusters, called rafts, float on the surface of the
water. The eggs hatch within a day or two in warm weather.
From 8 to 10 days are required for them to complete the
larval and pupal stages. In somewhat cooler weather or
early spring or late fall these aquatic stages may take 2
weeks or more. Breeding continues throughout the warmer
months of the year. Some can survive and produce fertile
eggs without a blood meal.

These species don't migrate far except when great
numbers are produced. Ordinarily, when adults are present,
larvae will be found nearby. They are active only at night
and may be found resting during the day in and around
houses, outbuildings, and various shelters near their
breeding places. They are readily attracted to light traps.

Culex trysails. This is a dark, medium-sized, mosquito
with a broad, white band on the middle of the proboscis and
white bands at each end of the tarsal segments. It is a fairly
important pest species in some areas. It's active soon after
-tusk and may enter buildings in search of blood. Culex
tarsalis may carry both St. Louis and Western encephalitis
viruses. Laboratory experiments have also demonstrated its
ability to transmit both diseases. Epidemiological studies
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carried on in several Western States indicate that it is more
frequently infected with these viruses than are other
mosquitoes. The infection is apparently acquired from
feeding upon birds and later transmitting it to other birds, or
to horses or people. It's one of the most, lr possibley the
most important vector off encephalitis tc amans or horses
in the Western States.

Cu lex tarsalis is widely distributed west of the
Mississippi River including southern Canada and northern
Mexico. It is essentially a rural mosquito.

The larvae develop in a wide variety of aquatic
situations. Di arid and semiarid regions, they use almost all
types of water, but are mostly found in temporary to
semipermanent bodies of water associated with irrigation.
These areas include canals, ditches, borrow pits,
impoundments, ground pools, and hoof prints. They breed
in water flowing from cesspools and other waters
containing large quantities of organic material from human
wastes. They also breed in artificial containers such as cans,
jars, barrels, drinking troughs, ornamental ponds, and catch
basins. Females deposit at least two rafts of eggs, usually
having 100 to 150 eggs each. Hatching normally occurs
within 48 hours. The larval and pupal stages develop
rapidly and breeding continues from early spring until late
fall.

Adults are active mainly from dusk to dawn. During
daylight hours they rest in secluded spots. They can often
be found on porches, shaded sides of buildings, or under
bridges. Most, however, rest in grass and shrubs, or along
cut banks of streams. Culex tarsalis apparently must have a
blood meal to produce fertile eggs. It has a wide range of
hosts but shows some preference for birds, though it also
commonly feeds on cows, horses, and humans. Studies
show that Culex tarsalis will fly at least 11 miles, although
most probably remain within a mile of their breeding sites.
Large numbers of Cule.x tarsalis may be collected in light
traps and carbon dioxide traps.

Exercises (606):

1. In the space provided, determine whether the
following statements apply to Cule.x pipiens (CP), C.
quinquefasciatus (CQ), or C. tarsalis (CT). Some
statements may apply tc more than one species.

_ a You may expect to find these larvae in storm
sewers at a Southeastern U.S. base.

b Adults are medium in size with white
crossbands on the abdomen.

c Larvae rue commonly found in flowing water
high in organic wastes.

2. Which species would you expect to find in areas where
lots of people are complaining of "singing"
mosquitoes?

3. In areas where all the discussed Culex species are
found, which would you expect to find the most in
daily light-trap surveys?
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4. Which larval species would you most likely find in a
canal which carries off water from a sewage disposal
plant?

5. Why would you expect to find large numbers of both
larval and adult Culex pipiens and C. quinquefasciatus
in a poorly maintained garbage dump?

607. Determine the identity of various mosquitoes based
on given characteristics.

Miscellaneous Important Mosquitoes. Mosquitoes in
genera other than Aedes, Anopheles, and Culex are also
important in various parts of the country. In this section, we
discuss mosquitoes in the genera Psorophora,
Coquillettidia, and Mansonia.

Thirteen species of Psorophora are known from the
United States, 10 of which are rather widely distributed in
the Southern and Eastern States. These mosquitoes are not
known to be votztors of human disease in the United States
but some of the species are extremely severe pests. The
breeding habits of this group are similar to those of the
typical Aedes, to which they are closely related. The eggs
are laid on the ground and are adapted to withstand drying.
They may lie dormant for long periods. They hatch quickly
upon being flooded and development of the larvae is very
rapid.

Psorophora confinnis. The Psorophora confinnis is
known as the glades mosquito in Florida, and the dark rice
field mosquito in Arkansas and adjacent rice-producing
areas. It's a medium to large dark species with a narrow
ring of white scales near the apex of the hind femur.
Psorophora confinnis is the most widespread and important
species of Psorophora in the United States. It occurs
throughout southern United States, extending westward to
South California and northward to Nebraska, Iowa, and
New York. It reaches its greatest abundance in the Florida
Everglades and in the rice fields of Arkansas and
Mississippi. The females are fierce biters, attacking
anytime during the day or night. Great numbers of these
mosquitoes may occasionally kill livestock and can make it
almost unbearable for humans to remain in infested outdoor
areas.

Psorophora confinnis breeds in temporary rain pools,
irrigation waters, and seepage pools. Eggs are not laid on
water surfaces but on ground subject to flooding from
rainfall, overflow, or irrigation. Soil with low, rank
vegetation seems to be ideal for depositing eggs. Drained
rice fields are among the most favorable sites. Eggs will
hatch after 4 or 5 days if they are submerged at that time. If
they remain on the soil's surface for 2 or 3 weeks or longer
and are then flooded, hatching may begin within a few
minutes. Psorophora confinnis passes the winter in the egg
stage. The larval period for Psorophora confinnis is very
short. During midsummer in Arkansas, it may be completed
in as little as 4 days. The average time at a mean



temperature of 790 F. is slightly over 5 days. The pupal
stage is completed in 1 or 2 days. The number of
generations per season varies from one to many, depending
upon how often suitable hatching conditions occur. Areas
that dry up and are then flooded a few days later may
produce a brood with each flooding. Such conditions are
provided with certain types of irrigation, particularly rice
culture. Adults live 1 to 2 months. They have a flight range
of up to 10 miles.

Psorophora ciliata. The Psorophora ciliata is a very
large, yellowish-brown mosquito with shaggy legs, which
is commonly known as the gallinipper. It is a vicious biter
and because of its large size presents a terrifying
appearance. Psorophora ciliata is widespread through
Eastern United States from Mexico to Canada, being
abundant locally in the South and Middle West. When
present in numbers it is a severe pest, attacking readily
during the daytime as well as in the evening.

It is one of the few species whose larvae feed on other
aquatic insects including mosquito larvae. It breeds in
temporary pools, often in association with Psorophora
confinnis and Aedes vexans upon which it feeds. The fourth
instar larvae may consume three or four other larvae in 1
day. Psorophora cilita larvae are easily recognized in the
field as they are two or more times as long as most other
species. They hang almost straight down from the water
surface. The larval and pupal life is short as is characteristic
of this group of mosquitoes. The eggs are laid on the
surface of drying soil and hatch when flooded as with
Psorophora confinnis.

The closely related genera Coquilleuidia and Mansonia
include three species in the United States, one of which is
very widespread and common. They are troublesome biters
and severe pests in many areas. Mansonia eggs are laid in
rafts on marshes or lakes. After hatching, the larvae
descend below the surface of the water and insert their air
tubes into the stems or mots of aquatic plants. They remain
below the water surface throughout the larval and pupal
stages obtaining air from these plants. Because of this
unique habit, you can't control Mansonia and
Coquillettidia larvae by using ordinary surface larvicides.

Coquillettidia perturbans (previously Mansonia
perturbans). This mosquito is large, speckled, and brown
and white with a characteristic pale band at about the outer
third of the hind femur and tibia. It's found in the Southern
and Eastern States from the gulf coast to Canada. It is also
known from some of the Great Plains and Rocky Mountain
states and from the four Pacific Coast States. This species
has been found naturally infected with the virus of Eastern
encephalitis in Georgia. Its role in the epidemiology of this
disease has not been established.

Coquillettidia perturbans breeds in marshes, ponds, and
lakes having a thick growth of aquatic vegetation. Larval
development is unusually slow, requiring several months.
The larvae that hatch one season do not ordinarily complete
their development until the following spring. They remain
below the water surface throughout this period though they
may detach from their host plants and move about. The
pupae also have breathing tubes adapted for penetrating
plant tissues and they too attach to plants from which they
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get their air. The pupal stage takes 5 to 6 days. The adults
emerge in late spring or early summer. There appears to be
only one generation per year throughout most of the range
of this species. It is possible that a partial second brood may
be produced in Florida. Larvae have been found associated
with a number of plants. Some of the more important ones
are pickerel weed, cattail, water lettuce, arrowhead,
aquatic sedges, and swamp loosestrife.

The females will bite during the daytime in shady, humid
places, but are principally active in the evening part of the
night. They readily enter houses and bite vici-usly. These
strong fliers are frequently taken in light-trap collections.

Mansonia Winans. This tropical species is fairly
common in Florida and has also been reported from South
'rexas. It has been found in nature infected with Venezuelan
equine encephalitis virus. The adults are severe biters and
fairly important pests in Florida. The eggs of Mansonia
titillans are laid on the under surface of the leaves of water
lettuce. The larvae and pupae attach to the roots of this
plant, developing in the same manner as described for
Coquilleuidia perrurbans. The adults are frequently taken
in light traps.

Exercises (607):

Determine which mosquito(es) are described by the
following statements.

1. These larvae are predaceous on other mosquito larvae.

2. As adults, these are large and speckled with a pale
band on the outer third of the hind femur and tibia.

3. These adults are medium to large with a narrow white
ring near the apex of the hind femur.

1-4. Mosquito Surveys and Control Methods

Adult and larval mosquito surveys are essential for any
effective mosquito control program. Because the larval
stage of development is the most susceptible to control, you
should direct your efforts toward this stage whenever you
can. However, there will be times when you must control
adult mosquitoes by mechanical and chemical means. The
adult survey will help you know when such a control
program is necessary.

608. Complete given statements regarding the purpose
for conducting mosquito surveys, and specify which
survey techniques are suitable for various species of
adult mosquitoes.

Surveys are essential for planning, conducting, and
evaluating an effective mosquito control program, whether
for the prevention of mosquito-borne diseases or the
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lowering of populations of these biting insects to a levzl
permitting normal activities without undue discomfort.

Before you proceed with this lesson, you may want to
review Volume 2, objectives 211 and 212.

Reasons for Adult Mosquito Surveys. Adult surveys
help you evaluate the incidence of mosquitoes in a
community where they may bite people, and show you the
relative abundance of the various species present at any
time. Using this information and reference material on the
breeding sites and habits of mosquito species, you and other
specialists can determine the need for a management
programs and conduct a more effective search for larval
breeding places. Adult mosquito surveys provide data for
using space spraying equipment at the best time and place.
It is also used to determine the extent of the problem, ways
your superiors and the public can help, and results of your
control operations. Interpreting adult mosquito survey
reports and translating this information to action will save
work hours, materials, equipment, and give you
justification for the entire operation.

Equipment. The required equipment is simple and
inexpensive. It includes a collecting tube or aspirator, pill
boxes, cages (for live collections), field record forms or
notebook, pencil, flashlight, and map. (See fig. 1-6).

Collection Methods. The methods you use to cone&
mosquitoes depend upon the species to be collected.
Re 11 --nber, , mosquito species vary greatly in their habits.

biting collections. Collecting mosquitoes as they bite is
a convenient method of sampling populations. (Any
volunteers?) In making biting collections or counts, you (or
someone in need of a "9" on their next Airman
Performance Report) should expose part of your body by
rolling up your sleeves, trouser legs, or by removing your
shirt. Sit quietly for a designated period of time (usually 10
or 15 minutes). The mosquitoes are collected with an
aspirator or chloroform tube, either by the collector or a
coworker. In many parts of the Tropics it is customary to
make biting collections about sundown from a domestic
animal, such as a white horse. If you take collections at
night, you need a flashlight. Whether you take counts from
people or animals, you should remember that certain
individuals are more attractive to mosquitoes than others. It
is therefore desirable for the same person or animal to be
used throughout a given survey. Collections must be made
at regular intervals and at approximately the same time of
day so that biting rates at different stations may be
compared to show trends in mosquito populations.

With day-biting species, the index may be based upon the
number of mosquitoes that alight upon one's clothing in a
given time interval (the landing rate), rather than those
actually in biting position. This method is more practical
when populations are very high and is useful for a rapid
check of mosquito abundance before and after treatment.
The landing-rate method has been used especially with
certain species of Aedes or Psorophora found in salt
marshes, rice fields, or the arctic and subarctic tundras.

Carbon dioxide traps. Solidified carbon dioxide (dry ice)
will attract large numbers of some mosquito species. This
type of trap is generally baited with about 3 pounds of dry
ice and wrapped in newspaper. It is very effective in
collecting large numbers of Culex tarsails.

Insect nets. Insect nets are used to collect mosquitoes
from grass and other vegetation. This type of collection is
of value in helping determine the abundance of those
species that rest in these habitats during the daytime, such
as many Aedes mosquitoes.

Daytime resting stations. Adults of many species are
inactive during the day, resting quietly in dark, cool, humid
places. Careful inspection of daytime shelters will give you
an index to the population density of these mosquitoes. This
me.hod is especially useful for anopheline mosquitoes and
is commonly used for Anopheles quadrimaculatus and
Anopheles freeborni. It is also of value in estimating
populations of other species such as Culex
quinquefasciatus, and Culex tarsalis. Mosquito resting
stations may be divided into two general types: natural and
artificial.

Natural resting stations are places normally present in an
area, such as houses, stables, culverts, bridges, caves,
hollow trees, and overhanging banks along streams. With
experience you can evaluate the suitability of shelters by
casual inspection. Dwellings, especially when unscreened,
are often satisfactory resting stations, being especially
important when mosquito-borne diseases are investigated.
Under such conditions they furnish an index to the number
of mosquitoes that may bite people and transmit
encephalitis or other diseases.

Suitable resting stations may not be available in
sufficient numbers to give a satisfactory evaluation of the
mosquito population. It may be necessary to construct
special shelters or to use boxes, barrels, kegs, etc., as
artificial resting stations. Many different types of artificial
shelters have been used. They should always be placed near
the suspected breeding places in shaded, humid locations.
Mosquitoes enter such shelters at dawn, probably in
response to changes in light inZensity ,and humidity and
ordinarily do not leave before dusk.

Light traps. Mosquito light traps attract adults from a
considerable area when they are placed in locations remote
from competing light sources.

The mosquito light trap is mounted on a post, or hung
from a tree, with the light 51/2 to 6 feet above the ground. It
should be located 30 or more feet from buildings in open
areas near trees and shrubs. It should not be placed near
other lights, in areas open to strong winds, or near industrial
plants giving off smoke or gas. The traps are operated on a
regular schedule from 1 to 7 nights per week. They are
turned on just before dark and turned off after daylight. You
can use an automatic time clock or photoelectric cell to start
and stop the trap, or you can turn the trap on and off by
hand. Remove the collection each morning and place it in a
properly labeled box until it can be sorted and identified.
Refer to figures 1-7 and 1-8 for examples of how to record
various types of survey results.

Wide differences have been noted in the reactions of
different species of mosquitoes to light. Therefore, light-
trap collections must be used in conjunction with other
methods of sampling mosquito populations. They have
proven very useful in measuring densities of some
mosquitoes, such as Aedes sollicitans, Aedes
nigromaculitis, Culex pipiens, and Coquillettidia
perturbans. Some anophelines are also readily taken in light
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Base

Collector

Date

Supervizor

LARVAL COLLECTIONS

Station
Number

Date of
Collection

No. of
Dips

No. of Larvae
Collected

Larvae
per Dip

Larval 1

Collections
Description

Collection Site

AOULT COLLECTIONS

Station
J

Number
bate of

Collection
Type of
Collectton

Females per
Trap Night

Landings per
Minute

No. of Females
(Resting Station)

,

Hp:: 1-7. Mosquito collection mord.

traps. The common mosquito, Anopheles quadrimaculatus,
however, is seldom taken in significant numbers.

Exe:cises (608):

I. Surveys are essential for , and
an effective mosquito control program.

2. Interpreting adult mosquito survey results and
translating this information to action will save

, and , and
give you for the operation.

3. Carbon dioxide traps are effective in collecting
mosquitoes.
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4. Mosquitoes usually enter sheiters at
probably in response to changes in

and

5. What survey techniques are suitable for each of the
following mosquitoes?

a. Aedes sollicitans.

b. Psorphora spp.

C. Culex tarsalis.



d. Annopheles quadrimaculatus.

e. Culex quinquefasciatus.

609. Identify the purpose for conducting larval mosquito
surveys and the equipment required, and cite survey
techniques for various genera of mosquito larvae.

Larval Mosquito Surveys. Mosquito larvae are found in
all types of aquatic habitats from warm, brackish, seaside
marshes to the pure, cold water of the melted snows. You
can find them in such diverse locations as rivers, lakes and
ponds, carb holes, pitcher plants, eaves, troughs, bottles,
cans, reservoirs, tree holes, old tires, and vases.

You must assume that mosquitoes have adapted
themselves to almost every conceivable type of aquatic
situation. You must have information regarding the general
breeding habits of the species known or suspected to be
present in the area before you begin larval surveys. An
experienced person may be able to spot the probable
mosquito breeding places in specific areas by means of a
rapid reconnaissance survey. These places should be
carefully numbered and marked on a map such as the one in
figure 1-9.

Purpose. Larval surveys help you determine the specific
breeding sites and establish permanent F.ampling shaions.

Base

Determi ned .by

Larval surveys show the exact areas in which mosquitoes
breed and their relative abundance. For this reason they are
of special value in control operations.

Equipment. A white enamel dipper about 4 inches in
diameter is used most for collecting mosquito larvae. You
can extend the handle of such a dipper to a convenient
length by inserting a suitable piece of cane or wood. Many
special dippers are used for specific purposes so that their
capacity can be related directly to the water surface area
examined. Thus, you can compute the number of larvae per
square foot of square meter with reasonable accuracy.

To inspect small artificial containers or cisterns, you may
need a flashlight or a mins,r to reflect light into the breeding
place. You can use large bulb pipettes or siphons made of
nibber tubing to remove water from small obscure areas,
such as tree holes. The water may then be put in a dipper or
pan where the larvae are counted and collected.
Widemouthed pipettes (eye droppers) are used for removing
larvae from the dipper or pan; small vials, preferably with
screwcaps, serve to hold the larvae until they can be
identified or mounted on slides. Screened-bottom spoors
may be substituted for pipettes if the larvae are to be
transferred to widernouthed bottles. Alcohol of 95 percent
strength is a most satisfactory preservative but 70 percent
alcohol is in common use.

Collection methods. You'll usually find mosquito larvae
where surface vegetation or debris is present. Thus, in
larger ponds or lakes, larvae are ordinarily confined to the
marginal areas. Proceed slowly and carefully in searching
for mosquito larvae, as disturbing the water or casting
shadows may cause the larvae to dive to the bottom.

Date Received

Date

Station
Number

Date of
Collection

Type of
Collection Mosquito Species

No. of
Larvae

No. of
Males

,

No. of
Females

GM

Figure 1-8. Mosquito identification record.

21

366

CFA -1545



CLEAR
LAKE

PROTECTED AREA

/MILL
POND

CHAPEL

MINNOW
PIT

LIMITS OF
POPULATED AREA

CONTROL LIMITS

ADULT STATIONS
LARVAL STATIONS

LIGHT TRAPS

SCALE IN NILES

Figure 1-9. Schematic map showing mosquito sampling stations.

Anopheline larvae are collected by a skimming movement
of the dipper with one side pressed just below the surface.
The stroke is ended just before the dipper is full, since
larvae will be lost if the dipper if filled riic ooint that it
runs over. Where clumps of vegetation ere present, press
the dipper into the clumps with one env.: depressed so that
the water flows from the vegetation into the nipper. So .Y.e
larvae, such as Aedes vexans, or taeniorhynchus
or the species of Psorophora, require c quicKtr clipping
motion because they are moro likely to dive eleivi the
surface when disturbed.

Always record the number of dips made =id the nualber
of larvae found. Transfer the larvae to small vials with a
widemouth pipette and preserve them ii a:zolri.)1 fot later
identification. You can then get a rough ides. of thc
breeding rates by computing the number ot larvae of each
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species per dip. The number of dips required depends on the
size of the area, but for convenience they should be made in
multiples of ten. You should make your inspections at
intervals of 1 to 2 weeks during the breeding season because
areas entirely negative at one time may be found breeding
heavily at other times.

Variations in the procedure described above are called
for when you're inspecting for certain species. For
example, Mansonia and Coquillettidia larvae remain below
the water surface throughout their development. You can
find these larvae by pulling up aquatic plants (cattail,
sedges, pickerelweed, etc.) and washing them in a pan of
water. A search of the bottom muck and trash from the area
where the host plants have been uprooted may be
productive. Scoop this material and examine it in pans of
clear water.



Inspection for Aedes aegypti involves a careful search for
artificial containers where these domestic mosquitoes
breed. Such inspections are usually made on a premises-
by-premises basis where bottles, tin cans, vases,
automobile tires, and all other containers of water are
examined. You can find the Aedes aegypti index by
dividing the total number of premises inspected into the
number in which breeding found. Collection of the
larvae may require a dipper but is more frequently
accomplished directly by means of a widemouthed pipette.

Inspection for Aedes triseriatus and Aedes aegypti
involves searching for tree holes and artificial containers in
which these species breed. These are often too small to
admit an ordinary dipper, but water may be siphoned into a
dipper or pan where you can see the larvae.

Exercises (609):

1. Larval surveys help you determine
and establish permanent

2. You should always record the number of
made and the number of found.

3. Inspections shoLid be made at intervals of
weeks.

4. What are the suitable survey techniques for the
following mosquito genera? (Refer to previous lessons
as needed.)

a. Anopheles

b. Aedes.

c. Cu lex.

d. MansonialCoquillettidia.

610. Describe the categlories of IPM applicable to adult
and larval mosquito control, and develop a control
program for mosquitoes based on a given situation.

Cultural Controls for Mosquitoes. As you learned
earlier, cultural control involves manipulating the
environment to r..ike it less favorable for pests: disrupt their
reproductive c:, cies, eliminate their food sources, and

increase numbers of predators. With mosquitoes, as with
several other pests, this boils down to a sound program of
habitat modification.

Good area mosquito control begins when you work to get
better water management both on and around the base. This
is easily the most permanent measure and, likewise, the
most desirable approach. This is because in the long run,
you get better control, save money, and reduce chemical
hazards in the environment. Some water management
p:actices include:

(1) Ditching and cleaning stagnant streams to maintain
adequate waterflow and to get rid of vegetation and debris
that reduce waterflow and give mosquitoes breeding
opportunities.

(2) Using herbicides tc eliminate or prevent plant growth
in breeding areas or potential breeding areas.

(3) Draining or filling back-water pools and swamps
where stagnant water accumulates.

OK, all of this looks good on paper but at this point, you
might be thinking that except for the herbiciding, this type
of work isn't your job. This is true, but you can still play a
role in bringing about needed cultural controls on your
base. First, of course, is surveying to specifically identify
problem areas, and then, increasing awareness of these
problems to your bosses to get action taken on the situation.

Mechanical/Physical Controls. This category includes
measures to destroy pests outright or make the environment
unsuitable for their enny, dispersal, survival, or
reproduction. Like the cultural controls you just learned
about, M/P controls exploit weak links in a mosquito's life
cycle or behavioral patterns. Unlike cultural mosquito
controls, however, M/P controls apply to mosquito adults,
not the aquatic stages.

The bottom line in M/P control iskeep them from
getting to where you are! Adequate screening of all
occupied structures is a must. Bed nets should be used
under field conditions when screening of structures isn't
possible or practical.

Screening. Screens are made of galvanized iron, copper,
bronze, aluminuir, , or plastic. Near the ocean, iron and
copper screens are not recommended because of the
corrosive action of salt sprays. Plastic screens have given
years of good service in these areas. Screens must be of the
proper mesh, must fit tightly and be kept in good repair.
Screening with 16 mesh to the inch will keep out most of
the bloodsuckers, but 18 mesh may be needed to keep out
some small species, such as Aedes aegypti and Aedes
taeniorhynchus. Frequently, mosquitoes follow people into
buildings or enter on the human host. For this reason,
screen doors should open outward and have automatic
closing devices. Residual insecticide applications on and
around screen doors give added protection. Xylene
emulsions of insecticides often affect the galvanizing on
ordinary iron screens, with subsequent rust problems, and
may affect some plastic screens. Therefore, kerosene
solutions are preferable for such residual sprays.

Bed I tea. The bed nets, or mosquito bar, is a useful item
in temporary camps and in the Tropics. Mosquito netting is
a cotton or nylon cloth with 23 to 26 meshes per inch.
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White netting is best, as mosquitoes accidentally admitted
into the net are e asily seen and killed. Most bed nets are
rectangular in shape and large enough to permit a person to
sit up in bed. The net is suspended over the bed and tucked
in under the mattress. An aerosol bomb may be used to kill
mosquitoes in the net before the person retires, or they can
be killed by hand.

Biological Controls. Classical biological control
involves our deliberate introduction of natural enemies
which reduce pest populations. In larval mosquito control
programs, biological control actions you can take include
using predatory fish and commercially available pathogens,
such as BTi (refer to Volume 3).

Mosquito-eating fish offer a good opportunity in
biological control for some areas. Many mosquito
abatement districts raise and distribute top minnows (such
as Gambusia) and other small fish to control mosquitoes in
cisterns, water tanks, garden pools, and marshes.

In Hawaii and the South Pacific, not-too-successful
control has been attempted using the larvae of
7'oxorhynchites to devour the larvae of Aedes aegypti and
Aedes albopictus. In Canada and Alaska, careful
observations have been made of the predaceous larvae of
Chaoborus, Machlonyx, and Eucorethra in the biological
control of Aedes larvae.

BTi is the most common microbial mosquito larvicide in
use today. This spore-forming pathogen produces
endospores that help it live in a dormant state in an
unfavorable environment for a limited time. When a larva
eats the spores, it remains alive for several days, but its gut
becomes paralyzed and it cannot eat.

Chemicals Controls. Pesticides of various types lend
themselves to both larval and adult control programs.

Larval insecticides. Larval control is of primary
importance in areas where you need immediate control of
pest or disease-carrying mosquitoes, particularly in cases of
extensive flooding following natural disasters, such as
hurricanes, or long rainy seasons.

You can apply synthetic organic insecticides as dusts,
pellets or granular formulations, wettable powders,
solutions, emulGions or technical grade material. Dusts
have been widely used as mosquito larvicides, but they are
light, subject to air currents and spotty applications, and
may stick to leaves. Pellets or granular formulations have a
larger particle size, permitting them to slip through leaves
or dense vegetation reaching the water surface to kill
mosquito larvae. Wettable powders are fi quently used in
the prehatch treatment of areas for the control of mosquito
larvae. These wettable powders may be applied on snow
and ice or on earth in dried-up mosquito breeding areas
seeded with eggs of temporary pool mosquitoes. Oil
solutions may be sprayed on water surfaces to kill both
anopheline and culicine larvae and pupae, particularly in
waters with high organic content. Most mosquito control
organizations continue to use some petroleum oil to kill
mosquito larvae that are resistant to the organic
insecticides. Emulsions have been employed extensively in
treating irrigated waters, such as rice fields, where oil
solutions would be toxic to cultivated plants. The water in
the emulsion serves as a carrier for the minute oil droplets
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containing insecticides, facilitating treatment of large areas
with hydraulic equipment. The emulsion breaks almost
immediately after the spraying operation, producing an oil
film upon the surface of the breeding area. Technical grade
insecticides are used particularly with the ultralow volume
(ULV) method of control, often from airplanes.

Petroleum oils were the first of the larvicides to be widely
used, following the pioneer research of L.O. Howard in
1892, on the use of kerosene to kill mosquito larvae.
Petroleum oils are toxic to the eggs, larvae, and pupae of
both anopheline and culicine mosquitoes. There are two
lethal fractions in petroleum oils used for mosquito control:
a toxic fraction, with low boiling range and high volatility,
which penetrates the tracheae of larvae and pupae and
produces an anesthetic effect; and a lasting fraction which
acts much slower and generally does not have any direct
toxic action, but suffocates by mechanical interference with
breathing.

NOTE: It is recommended that the larvicide be a
different chemical from that used for adult control. For
example, it may be desirable to use fuel oil with a spreading
agent as a larvicide, and malathion as an adulticide. Prior to
implementing any type of control program, insure that the
program is one that has been approved by appropriate
agencies.

Methoprene offers the newest approach in larval
mosquito control. It's a type of insect growth regulator that
acts as a selective chemical control agent. Applied during
the 2nd, 3rd, or 4th larval instar, methoprene prevents
development beyond the pupal stage. It's effective against
all genera of mosquitoes discussed except Coquillettidia
and Mansonia. (These species develop well below the water
surface, but methoprene tends to stay near the water
surface, so know what you're controllingsurvey--before
you use methoprene.)

Adult mosquito control. You can effectively control
adult mosquitoes by applying chemicals as aerosols, mists,
fogs, dusts, and residuals.

Aerosol bombs are used to kill mosquitoes in homes,
temporary lodging facilities, and field tents. A few seconds'
release of the aerosol will kill all species of mosquitoes (and
flies, midges, and gnats) in an ordinary-sized room, tent, or
trailer. It is not hazardous to humans if used as directed on
the container.

Ultralow volume aerosoling operations are conducted
during the late afternoon and early evening, at night, or in
the early morning when the air is calm, or winds vary from
1 to 6 miles an hour. If winds are excei,tionally strong,
droplets are dispersed so swiftly that eftectiveness is
reduced.

Space spraying is the chief activity of many organized
mosquito abatement districts and is (wrongly) the only
method used by an even larger number of communities that
attempt to reduce mosquito annoyance.

Control of adult mosquitoes by space spraying gives only
temporary control. If mosquito populations are high, and
the species are strong fliers, such as pest mosquitoes in the
genera Aedes, Culex, Mansonia, and Psorophora.
migration back into the area may occur following treatment
making daily applications necessary.



Exercises (610):

1. What major categories of 1PM are applicable to larval
mosquito control?

2. What major categories of 1PM are applicable to adult
mosquito control?

Questions 3 through 5 are based on this situation:

At a Southeastern U.S. base, you've been getting high
counts of Aedes aegypti and Anopheles
quadrimaculatus in your surveys. The area involved is
an old base housing area with many large trees. On one
side it's surrounded by trees and fields; on another side
is a periodically stocked pond with slow-moving water
and patches of tall aquatic vegetation.

3. What actions would you take regarding the pond?
a. Cultural control.

b. Biological control.

c. Chemical control.

4. What actions would you encourage from housing
-esidents?

a.

b.

c.

5. What chemical controls would you use in the housing
area?
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CHAPTER 2

Flies

FLIES ARE PESTS both indoors and out. More important,
many flies breed in excrement and filth from which they
carry disease-causing organisms to food, drinking water, or
directly to the human body. Throughout the world, flies
serve as mechanical and biological carriers of organisms
that cause some of the most common and important
diseases, such as typhoid fever, diarrhea, dysentery, and
cholera. Larvae of some fly species infest man or animals
and cause serious sickness or even death, while other
species attack and destroy crops. Today, we know that
reducing fly populations is essential to human well-being
and reducing many serious and widespread diseases.

You can control flies most effectively if you can identify
each species, know the life cycle and habits of problem
species, and understand the dynamics of fly populations.
Present fly control methods are only partially effective;
ready answers cannot be given to every fly problem.
However, recognized techniques, judiciously employed,
can often reduce the numbers of flies and decrease the
transmission of flyuorne diseases. Improved environmental
sanitation, the primary control measure, reduces the
prevalence of many fly species and furnishes dividends in
better living conditions for people.

2-1. The Importance of Flies to People

Flies are important to us because of their annoying habits
and ability to spread diseases and destroy agricultural
products.

611. List the ways flies are important to people and
name diseases certain flies carry or create.

Annoy. Domestic flies can affect individual efficiency
and productivity because of the amount of time expended
swatting and driving them away. Domestic flies can affect
morale of individuals because of disruptions to picnics and
other outdoor recreational activities.

Bite. Not all flies bite, but those that do may cause
serious trouble. Biting flies do not have venom in the usual
sense. Instead, the effects of their bites result from the
human reaction to saliva poured into the bite wound to
prevent clotting of the blood during feeding. Frequently,
biting flies, such as blackflies, punkies, horseflies, and
deerflies, seriously interfere with such activities as farming,
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hiking, camping, and outdoor sports, particularly in coastal
areas or in the northern part of the United States. For
susceptible people, bites may produce severe lesions, hard
knots beneath the skin, secondary infections, high fever,
and general disability. The stable fiy is common around
human habitations and its bite can be quite severe.
Blackflies bite viciously, sometimes attacking in such
numbers that they kill the victim. In the Balkans in 1923,
over 16,000 domestic animals were killed by blackfly
attack. Eye gnats do not bite, but their rasping mouthparts
damage the delicate membranes of the eye.

Transmit Diseases. Flies transmit disease both
mechanically and biologically. Miny flies, particularly the
housefly and other domestic flies, have filthy habits that
make them efficient vectors of disease. Flies spread
pathogens (disease-causing organisms) in five ways: (1) on
their mouthparts, (2) through their vomitus, (3) on their
body hairs, (4) on the sticky pads of their feet, and (5)
through the intestinal tract by means of fly feces. The
housefly is considered by many authorities to be the most
widely distributed as well as the mnst dangerous insect
closely associated with humans.

Mechanical vectors. Under optimum conditions, flies
can be as effective in spreading enteric infectious as are
fingers, dirty eating utensils, and contaminated food. As a
typical example, a housefly feeds on human feces in a privy
used by a person suffering from diarrhea and later alights on
food being prepared in a kitchen. The fly inoculates the
food with pathogenic bacteria, such as the diarrhea bacteria
(Shigella) or the typhoid bacillus (Salmonella typhi), which
multiply rapidly in the food. When, hours later, the food is
eaten, the people become infected and develop diarrhea.

Domestic flies (particularly the housefly) mechanically
transmit organisms causing bacillary dysentery, infantile
diarrhea, typhoid fever, paratyphoid fever, cholera,
amoebic dysentery, giardiasis, and pinworm, roundworm,
and tapeworm infections.

Flies with rasping mouthparts, such a eye gnats, are
reported to carry the organisms that cause trachoma,
epidemic pinkeye or conjunctivitis, and yaws. There is also
evidence that the organisms that cause tularemia and
anthrax are transmitted mechanically on the mouthparts of
deerflies and horseflies from an infected animal to a healthy
one.

Biological vectors. Many species of bloodsucking flies
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serve both as vectors and as intermediate hosts of
pathogens, particularly of protozoa and helminths causing
human diseases. This phenomemon is known as the
biological transmission of disease-causing organisms.
Examples include the tsetse flies of Africa, which transmit
the trypanosomes causing African sleeping sickness of
humans and nagana of animals, the blackflies which
transmit the worms causing onchocerciasis (blinding
fdaeasis) in Africa and Latin America, and the sandflies
which transmit protozoa causing many forms of
leishmaniases in Europe, Asia, Africa, and Central and
South America. Other diseases having this type of
epidemiology include loasie (African eye worm disease),
bartonellosis (oroya fever) of South America, and sandfly
fever of the Mediterranean region.

Cause of My lasis. Many species of flies lay their eggs or
larvae on the flesh of mammals, including man. The larvae
then invade the flesh of the host animal, producing a
condition known as myiasis. Cattle and sheep are
commonly afflicted, as are many wild animals, such as
rabbits and deer. Typical examples of this type of myiasis
are the screwworm maggots in cattle and the botfly larvae
in horses. In addition, people may eat food infested with
fly larvae. If the larvae survive the gastric juices and live in
the alimentary canal, intestinal myiasis manifested by
queasiness and diarrhea frequently results. Typical
examples of intestinal myiasis are caused by eating such
foods as fish, meat, or cheese infested with flesh fly larvae
or cheese skippers, or by drinking water containing rat-
tailed maggots.

Destre:, Agricultural Products. Many species of flies,
such as the Hesshan fly, cabbage maggot, onion maggot,
apple maggot, clover seed midge, and seed corn maggot,
attack and damage :dants directly. Some flies transmit
organisms causing plant disease, such as bacterial soft rot of
vegetables; fire blight of apple, pear, and quince; ergot of
rye and wheat; olive knot; and bacterial rot of apple. In
addition, flies suck blood and annoy cattle to such an extent
as to decrease milk and meat production, cause myiasis in
many domestic animals, and transmit diseases such as
anthrax.

Exercises (611):

1. What are the ways flies affect humans?

2. In what five ways do flies spread pathogens?

3. List six diseases that domestic flies can transmit
mechanically.

4. What disease can occur if people eat food infested with
fly larvae and the larvae survive the gastric juices?

2-2. General Characteristics of Files

There are certain anatomical and life cycle characteristics
common to most flies. Flies are insects belonging to the
order Diptera.

612. Indicate the general characteristics of flies.

Anatomy. Adult Diptera are distinguished from all other
insects by the following two characters: (1) two wings (the
scientific name is derived from Di = two; pteron = wing),
whereas most other adult insects have four wings; and (2)
two halteres, the tiny knoblike structures located behind the
wings that remsent the rudimentary second pair of wings.
The relatively few wingless adult flies always have
halteres.

Adult flies have three distinct body regions: head, thorax,
and abdomen. The head bears a pair of very large
compound eyes which often comprise most of the head, one
pair of antennae and the mouthparts, which are adapted for
piercing and sucking, rasping, or sponging, depending on
the species. The thorax consists of three segments called
the prothorax, mesothorax, and metathorax, each of which
bears a pair or legs. Each leg is composed of a basal, coxa,
short trochanter, relatively strout femur, slender tibia, and a
five-segmented tarsus. The single pair of wings is fastened
to the mesothorax and the halteres to the mesothorax, each
of which bears a pair of legs. The long veins which reach
the wing margin in domestic flies are termed Sc (for
subcosta), then 1, 2, 3, 4, 5, 6. The shape of the vein 4
(straight, curved, or angled) is used in identification (figs.
2-1 and 2-2). The abdomen is composed of from four to
nine segments and the genital organs.

Life Cycle. Flies have four stages in their life cycle: egg,
larva, pupa, and adullt. They develop by complete
metamorphosis (fig. 2-s). A few species, such as some
flesh flies, retain the eggs within the body of the female
until hatching and give birth to larvae. In general, the larvae
feed differently and occupy a different habitat from that of
the adult. Larvae of most ffies are commonly called
maggots. The pupae of many flies are enclosed in a tough
skin known as a puparlum and do not move very much. The
time required for development from egg to the adult varies
greatly, from a few days to more than a year, depending on
the species of fly, and environmental conditions,
particularly the temperature and humidity.

Exercises (612):

Place the letter "T" in front of the correct statements.
Correct any false statements._ 1 Flies belong to the order Diptera and have two

wings.

_ 2 All flies have mouthparts that are adapted for
piercing and sucking, rasping, and sponging.
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4 thoracic stripes, indis. nct

1
Fannie Mt-,
LESSER HOVSE FLIES

thorax dull, abdomen shiny

Calliphoro spp. end
eynomyopsis spp.
BLUE BOTTLE FLIES

medium-size (ebought 1/4 inch long)
4 thoracic stripes, often indistinct

thoracic stripes distinct
sides of abdomen pale

erect when resting
thorax without pale spots

thorax shiny, abdomen shiny

large (usually over 1/3 inch long)
I' distinct thoracic strips
abdomen with red tip

I II

thoracic stripes indistinct
sides of abdomen dark

"wets" when resting erect when resting
pale spot behind heed pale spot on scut Ilum

Sarcophagi spp.
FLESH FLIES

Muses domestics
HOUSE FLY

Stomosys calcitrans
STABLE FLY 1

color black
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1
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DUMP FLIES

.1.

color dark blue
large (1/3 inch long)

II
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1 BLACK BLOW.FLY

.L

Muscina spp.
FALSE STABLE FLIES
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SCREW WORM FLY
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BOTTLE FLY

Figure 2-1. Pictoral key to Lommon domestic flies.
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Feeding habits of flies differ,
depending on the type of mouth
parts they have 1) Sponging type
feed on liquids or solids, which
have been pre-dissolved with
saliva; 2) Piercing type pierce or
penetrate the skin to suck blood.
Mosquitoes have piercing mouth
parts.
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Egg Stage

Most fly species lay eggs in decaying
vegetable matter manure and other
warm damp areas.

Pupa Stage

During the pupa stage the larva
changes into an adult. The pupa has a
hard shell.

Larva Stage

Fly larvae or maggots hatch from the
eggs in a few days and feed on
microscopic organisms. Many farmers
have learned to control the fly at this
stage.

CFA-I4 4

Figure 2-3. Fly life cycle.

_ 3 Each section of the thorax has a pair of legs.

_ 4 The abdomen is used for identification.

_ 5 Flies have five stages in their life cycle: egg, larva,
pupa, maggot, and adult.

_ 6 Some female flies give birth to larvae.

_ 7 The larvae of most flies
maggots.

are commonly called
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2-3. Important Fly Specles

There are many fly species with which you should be
familiar. First, you will read about the housefly, one of the
most common around humans.

613. Cite identification features and biological
characteristics of houseflies.

Houseflies. The housefly (Musca domestica), (fig. 2-4)
is a small species, 6 to 9 millimeters (mm) long with a dull
thorax and abdomen. The thorax has four longitudinal dark
stripes, the sides of the abdomen are usually pale and the
fourth wing vein is sharply angled, ending before the wing
tip.

The housefly and its relatives are often termed domestic
species because of their close association with people.
Adult flies feed on human foods (which is what makes them
pests in the first place), and the larvae are often most
abundant in human wastes such as excrement, garbage, and
open dumps.

You can find the housefly throughout the United States
and it is usually the most abundant species found in homes
and restraurants.



Figure 2-4. Housefly (Musca dornestica).

Because of the housefly's close association with people
and their food, its habit of breeding in human excrement
and other filth, its abundance, and its ability to transmit
germs, it is considered to be a greater threat to human
welfare than any other species of flies.

Life cycle. The development stages of the housefly take 8
to 20 days under average summer conditions. The female
begins egg laying 4 to 20 days after she emerges as an adult.
The small, white, oval eggs about 1 millimeter long are
deposited in batches of 75 to 150. Five or six batches are
laid during the lifetime of the average female, for a total of
about 500 eggs per female. Eggs are usually pla -ed in
cracks and crevices in the breeding material away trom
direct light. Hatching occurs in 12 to 24 hours during the
summer months. The active young larva burrows at once
into the breeding media, using its two mouth hooks for
tearing and loosening food particles and Par working its way
along. The three larval instars last 3 to 24 more days. The
usual time during warm weather is 4 to 7 days. Larvae
regulate their temperature by moving to various levels in
the breeding material. Studies indicate that feeding larvae
choose temperatures from 86° to 95° F.; those ready to
pupate prefer lower temperatures. The distribution of larvae
in the breeding media under natural conditions is believed
to depend chiefly on temperature and moisture and, to a
lesser extent, upon odors. When growth is completed,
larvae migrate to drier portions of the media or leave it
entirely to burrow into soil or under debris to pupate.

The mature larva is about 12 mm long and creamy white
in color. It is conical and has two dark mouth hooks at the
anterior (front) end and two oval spiracular plates at the
broad posterior end. It is easily distinguished from other fly
?Irvae by the three sinuous slits in each spiracular plate.

When ready to pupate, the larva contracts until the skin
k. ms a capsulelike case about 6 mm long. This case (the
puparium) enclo-es the true pupa that is immobile and takes
no food. The pupal stage ordinarily lasts 4 to 5 days, but
may be as short as 3 days at temperatures around 95° F., or
up to several weeks at low temperatures. When the pupal
perioC, is complete, the fly breaks open the end of the
pup-,ium by the expansion of a bladderlike organ, the
r.Alinum, located on the front of the head. The fly then

works its way out of the puparium and up to the surface of
the soil. Here the wings unfold and the body expands, dries,
and hardens. This change takes about 1 hour under summer
conditions. Adulthood is reached in about 15 hours. Mating
may then take place.

Breeding media. Almost any type of warm moist organic
material contains suitable nourishment for housefly larvae.
Animal manure is an excellent breeding medium,
accounting for as many as 95 percent of the houseflies in
some rural areas. Fresh horse manure may pioduce as many
as 1200 larvae per pound. Manure of other animals (cows,
pigs, rabbits, fowl, etc.) is also very suitable. Human
excrement, often loaded with organisms pathogenic to
humans, is a dangerous source of fly breeding. Breeding
occurs in privies, in exposed feces, and in incompletely
digested sludge from sewage treatment plants. Garbage and
pet manure are almost always the most important source of
houseflies in urban communities. Fly breeding may be a
problem if garbage is dumped indiscriminately on the
premises or if it is stored in inadequate containers. Open
garbage dumps produce large numbers of flies.

Adult food. The adult housefly is very active, moving
about busily from one attractant to another throughout most
of the daylight hours. It is strongly attracted to feces and
other types of decaying organic material, as well as to milk
and foods intended for human consumption. Under natural
conditions, houseflies seek a wide variety of food
substances and thereby obtain a balanced diet. Because of
the nature of the houseflies' mouthparts, their food must be
in liquid form or must be readily soluable in their salivary
and crop secretions. The liquid food is sucked up through
the spongy labellum at the tip of the proboscis. Water is
essential, and houseflies will not ordinarily live more than
48 hours without it. Sugar or starch is necessary for long
life, and protein is required for egg production. Common
sources of food are milk, sugar, blood, meat broth, and
many other foods found commonly in and around human
habitations. Two or three feedings a day are necessary. As
the housefly moves about over various items, it periodically
regurgitates liquid from the crop and tests the surface with
its proboscis, pzoducing light, straw-colored spots known as
vomit spots. Darker spots which may be observed are fecal
spots, which you may find on glass, walls, ceilings, light
strings, electric wires, and on other surfaces where flies
rest. Accumulations of fly specks are good indicators of
habitual resting places of flies.

Resting piaces. Flies rest much of the time and show a
strong preference for edges. They rest indoors on light
strings and electric wires, walls, ceilings, and other places.
They itsc outdoors on fences, electric wires, edges of
buildings, weeds and vegetation, particularly branches.
Flies are essentially inactive at night and their nighttime
resting places are usually protested from the wind.

Flight. Housefly populations can disperse rapidly into
new areas by flight. Although houseflies cruise at only
about 4 miles per hour and wander somewhat aimlessly,
they travel as far as 6 miles (as the crow flies) within 24
hours, and eventually, as far as 20 miles.

Longevity. Adult lifespan depends mainly on the
availability of food and water, and upon temperature.
Observatiolis during midsummer in Texas indicate that
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when well fed, flies live 2 to 4 weeks. In another test, adult
flies survived 70 days under experimental conditions. In
hibernation, flies may live over winter, oftcn from October
to April.

Temperature. Flies are inactive at temperatures below
45° F. and are killed by temperatures slightly below 32° F.
Flight begins when air temperature is about 53° F. and
compkte activity occurs when it reaches about 70° F.
Maximum activity is reached at 90° F. with a rapid decline
at higher temperatures until 112° F. which produces
paralysis and death. (This is proof that there is at least one
advantage to living in a hot spot like Texas.)

Humidity. The effects of humidity are closely related to
those of temperature, and it is difficult to assess one without
considering the other. Lethal effects of both high and low
temperatures are more marked when humidity is high.
Above 60° F., flies live longest at a relative humidity of 42
to 55 percent. Below 68° F., they are active and long-lived.
Flies reach a physiological optimum at high temperatures
and low humidities. This characteristic correlates with their
great abundance in desert areas.

Light. Flies are phototropic; that is they generally move
toward light. The success of the ordinary fly trap depends
upon this trait. The bait attracts flies to the lower part of the
trap, and they are captured when they leave the bait and
move around toward the light. Hies are inactive at night,
but they will resume activity under artificial illumination.
The effects of light on fly activity are closely correlated
with those of temperature and humidity.

Wind. Flies are sensitive to strong air currents and are not
likely to venture out on extremely windy days. However,
some are caught and carried great distances by high winds
(such as hurricanes). Houseflies, probably windborne, have
been collected over the ocean more than 100 miles from
shore. At lower velocities, flies may travel with the wind or
against it. They will move upwind against moderately
strong winds toward an attractive odor, but downwind on
light breezes not bearing attractive odors.

Natural enemies. Organisms in its environment are of
great anportance to the housefly. Most of these organisms
do no harm, but sorie are parasites or predators. Natural
enemies of flies include fungi, bacteria, protozoa,
roundworms, other arthropods, amphibians, reptiles, birds,
and certain mammals, especially people.

Exercises (613):

1. Cite the general identification features of houseflies
for each of the following:

a. Length.

b. Thorax.

c. Abdomen.
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d. Fourth wing vein.

2. Under summer conditions, how long is the
developmental period for houseflies?

3. Where does the female housefly usually lay her eggs?

4. List the types of breeding media commonly used by
houseflies.

5. What four basic food elements do houseflies need?

6. How often must houseflies feed?

7 . At what temperatures do houseflies

a. become inactive?

b. begin flight?

c. die?

8. In general, how does humidity affect the lethal effects
of high and low temperatures?

9. In general, how does humidity affe.: the lethal effects
of high and low temperatures?

614. Associate variovs c.hars 3eristics Of domestic flies
with the fly described.

Little Houseflies (Fannia upp.). Little houseflies are
small flies seldom more than / mm long. They resemble
houseflies in having a dull thorax and abdomen, but differ
in having only three relatively inconspicuous earic
longitudinal stripes on the thorax and the fourth wing vein is
etraight (fi-g 2-1). Also unlike the housefly, the little



housefly can be found throughout a house, seldom on a
spread table. The adults are frequently seen hovering in
midair outdoors or less commonly in the middle of a room.
Little houseflies lay their eggs particularly in the excremera
of humans, horses, cows, and poultry, or sometimes in piles
of decaying grasses piled up on lawm. The eggs hatch in
about a day and the flattened, spiny larvae complete their
development in a week or two depending on temperature.
Fannia are of less importance as household pests or disease
vectors than the housefly. However, there are numerous
records of larvae of this genus causing myiasis in man.

Stable Fly (Stomoxys calcitrans). The stable fly is
distinguished from all other common domestic flies by its
piercing proboscis, which protrudes bayonetlike in front of
the head (fig. 2-i). This species is 5 to 7 mm long, has a
dull thorax with four dark longitudinal stripes, a pale spot
behind the head, and a dull abdomen with dark spots. The
fourth wing vein is gently curved and ends near the wing
tip. Both males and females are vicious biters, attacking
people and a variety of animals. The female lays her eggs in
plant waste more often than in manure. She may lay eggs in
old strawstacks, piles of fermenting weeds, grass, peanut
hay, or stable manure well mixed with straw or hay. The
stable fly is a major pest along the seashore, particularly on
the gulf coast, where it is known as the dog fly. It lays its
eggs in piles of marine weeds on the beaches and is a
serious pest in late summer and early fall. Larval
development takes 8 to 30 days or more, depending on
temperature. The stable fly is not considered an important
agent in mechanical transmis;ion of organisms causing
intestinal diseases. It does not breed in human excrement
and is not commonly attracted to feces or garbage. It is
therefore, less likely to pick up germs of diarrhea and other
intestinal diseases.

Because of its bloodsucking habits, the stable fly has
been suspected of transmitting a number of diseases,
especially anthrax. Stable fly larvae have been reported as
causing myiasis in humans and domestic animals.

False Stable Flies (Muscina spp.). False stable flies are
slightly larger and have heavier bodies than house flies,
averaging about 8 mm long. These insects have a dull
thorax and abdomen, with blackish markings, like the
housefly, but differ in having a pale tip of the scuttellum
and the fourth wing vein gently curves and ends at about the
wing tip (fig. 2-1).

False stable flies breed in decaying animal and vegetable
matter and are commonly found in scattered garbage. The
larvae become carnivorous as they near maturity and
destroy other fly larvae they encounter. Larval development
averages 15 to 25 days. The adult fly enters houses
frequently and is attracted to like foods, meat, fruit, and
vegetables. It vectors disease organisms, and there are
reports of human intestinal myiasis that probably resulted
from ingesting foods containing eggs of Muscina.

Dump Flies (Ophyra spp.). Dump flies are shiny black
flies, smaller than the housefly, with the fourth wing vein
straight (fig. 2-1). They're widely distributed throughout
the United States and are often abundant in cities. You may
often find them in fly trap collections, particularly those set
near garbage disposal sites, hence their common name.
Some researchers report that the larvae develop in human

and animal excrement, kitchen wasies, and animal
carcasses. Second and third stage larvae are predaceous on
other fly larvae and may help reduce populations of
housefly larvae.

Exercises (614):

I. Match the domestic flies in column B with their
characteristics in column A. Column B items may be
used only once.

Column A Column B

( I) These flies are of less impor-
tance than houseflies as house-
hold pes'.s or disease vectors.

(2) Second- and third-stage larvae
are predaceous on other fly lar-
vae and may help reduce
housefly populations.

(3) Both males and females are
vicious biters, attacking people
and many other animals.

(4) These breed in decaying
animal and vegetable matter
and are commonly found in
decaying garbage.

a. False stable
flies.

b. Dump flies.
c. Little house

flies.
d. Stable flies.

615. Specify the identification and characteristics of
flesh flies.

Identification and Biology of Flesh Flies (Family
Sarcophagidae). Flesh flies resemble the housefly in
general appearance, but usually are larger (up to 2 or 3
times larger) and differ in having three dark longitudinal
stripes on the thorax, a checkerboard pattern of grayish and
dark spots on the abdomen, and the tip of the abdomen is
usually reddish brown. The fourth wing vein is sharply
angled and ends before the wing tip (fig. 2-1). There are
hundreds of species of flesh flies in the family
Sarcophagidae. They're commonly called flesh flies
because the larvae of most species are found in meat,
cheese, fish, and other foods left exposed. Flesh flies are
unusual in that the females deposit living larvae rather than
eggs. Some species breed prolifically in animal excreta,
especially in dog stools, and may be very abundant in urban
communities. They don't enter homes nearly as often as
houseflies. When they do, they are often found in kitchens
and bathrooms. The females are strongly attracted by the
scent of food, such as fish and meat, and to the odor of
human excrement. They have been observed depositing
larvae in containers with fecal samples in laboratories,
which led to false reports of human intestinal myiasis.
Some species of flesh flies in the genus Wohlfahrtia cause
cutaneous myiasis in humans.

Exercises (615):

1. Give the general characteristics of flesh flies as regards
to:
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a. Size.



b. Thorax.

c. Abdomen.

d. Fourth wing vein.

2. In what materials do flesh flies commonly breed?

3. How do flesh fly breeding habits differ from those of
other flies?

4. Within homes, where are flesh flies most commonly
found?

616. Identify various bottle flies and blowflies with
statements regarding their characteristics.

Bottle Flies and Blowflie-. Bottle flies and blowflies
(family Calliphoridea) lay their eggs upon animal carcasses
and meat products, causing them to swell, "bottle," or
"blow" with maggots. Many of the adult flies have a shiny
blue or green color. They are common in most urban areas
and are often abundant about garbage dumps and meat
processing plants. They have long flight ranges and a keen
sense of smell that guides them to dead animals and other
attractants, even when located in remote areas. They enter
houses much less frequently than houseflies. Although
these flies usually deposit their eggs upon meat, they will
oviposit upon a wide range of fresh and decaying plant
refuse if meat isn't available. Eggs may be deposited on
living animals, although clean, healthy animals are rarely
attacked. Upon emerging from the egg, the larvae feed for a
short time upon the surface of the food near the egg mass,
then bore into the less putrid material within. When fully
developed, they leave the breeding material and burrow
into the ground. The puparium is formed within a few days
and emergence occurs from 3 to 20 days after pupation.
Calliphoridae serve as mechanical vectors of disease
organisms just as do houseflies. They have similar
nonpiercing mouthparts and feed in much the same way.
However, since they enter homes and food preparation
facilities less frequently than houseflies, they appear to
have less opportunity for disseminating disease organisms
to food. The larvae of many species cause animal and
human myiasis.
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Bluebottle flies (Cynomyposis cadaveina and
Calliphora spp.). Bluebottle flies are medium to large
species, 10 to 15 mm lorg or more, with a dull thorax and
shiny metallic blue, green, or purplish abdomen (fig. 2-1).
They frequently enter buildings to hibernate during the
winter and emerge when buildings are heated, or on warm
winter days, causing annoyance as they fly around with a
loud, buzzing sound. Bluebottle flies take 15 to 20 days or
more to develop from egg to adult. The adult flies areattracted to flowers, feces, overripe fruits, and other
decaying vegetable matter as well as to sores of living
animals. Bluebottle fly larvae may cause intestinal myiasis.

Greenboteelbronzebottle flies (Phaenicia spp. and
others). See figure 2-1. Greenbottle and bronzebottle flies
include many species in the genera Phaenicia, Lucilia,
Burolucilia and other less common genera. These insects
are found throughout the world. Two of the species most
commonly associated with people in the U.S. are the
greenbottle fly (Phaenicia sericta), which has a shiny
greenish thorax and abdomen, often with reddish or
coppery reflections, and the bronzebottle fly (Phaenicia
pallescens), which has a shiny thorax and abdomen, usually
with coppery or bronzy reflections predominating over the
greenish color. The life cycle is normally completed in 9 to
21 days with four to eight generations per year. The eggs
are deposited on decomposing animal matter or in garbage
containing mixtures of animal matter. Females are strongly
attracted to flesh, and oviposition begins within few hours
after an animal dies. Fresh meat is often attacked within a
few minutes after exposure. They also deposit eggs on
wounds and occasionally cause intestinal myiasis. The
average number of eggs produced at one time is about 180,
although single females have been reported to deposit over
2,000. The optimum temperature for egg development is
about 94° F. and they hatch in about 8 hours at this
temperature.

The larvae complete their development in 2 to 10 days
and then move away from the breeding medium and burrow
in the soil. The larval stage may be greatly prolonged if
temperatures are low. These files normally overwinter as
full-grown larvae in the soil. Pupation occurs within 3 days
if temperatures are favorable, the pupal stage lasting 3 to 6
days under warm conditions. The adults may successfully
emerge through several inches of earth (half of the flies
emerging from puparia buried under 3 feet of loose soil
reached the surface in experiments). Adults mate and
deposit eggs 5 to 9 days after emergence. The greenbottle
flies are most active on warm, sunny days. They are
attracted to garbage (particularly where it contains mixtures
of meat and fruit), plant juices, and nectar. They are often
seen in large numbers on shrubbery, leaVes of cucumbersand other melons, and on other plants. At times,
particularly in the spring and fall, Ley enter homes and
restaurants where they usually attract attention because of
their buzzing flight. They may fly 10 miles from their
breeding places within a few days. Favored nighttime
resting places include trees, bushes, and sides of buildings.

Black blowfly (Phormia regina). The black blowfly has a
shiny black thorax and abdomen with a metallic blue-green
luster. The setae on the top of the thorax are noticeably
shorter than in other calliphorid flies and ti mesothoracic
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Figure 2-5. Cluster fly (Pollenia rudis).

spiracle (on the side of the mesothorax behind the head) is
brick red (fig. 2-1). It's found throughout the U.S. and is
most abundant in the early spring. In the Southern United
States it may be uncommon in summer, but is active on
warm days throughout the winter. It is a mechanical carrier
of organisms causing diarrhea and dysentery. The life cycle
takes 10 to 25 days or mcie and is generally similar to that
of the greenbottle flies. The eggs are laid in masses in
animal carcasses or in the edges of wounds in living
animals. Larvae may occur in great numbers in animal
carcasses or in paunch contents of slaughtered animals.
They also breed abundantly in garbage. The larval stage
takes 4 to 15 days and the pupal stage 3 to 13 days. The
adults can deposit eggs 7 to 17 days after emergence. The
adults are strong fliers and have an effective flight range of
6 to 10 miles. In the North they overwinter as full-grown
larvae, but in the South as adults.

Cluster fly (Pollenia rudis). The cluster fly (fig. 2-5) is
slightly larger than the housefly and the abdomen often has
a slightly metallic reflection beneath a dusty checkerboard
pattern. It is easily recognized by the thick, yellowish-to-
brassy crinkled hair between the black setae on the top of
the thorax and the tufts of yellowish hairs on the sides of the
thorax. The cluster fly is distributed throughout the
Northern Hemisphere and is very common in the northern
United States. The eggs are deposited in the soil and hatch
in about 3 days. This species is most unusual in that the
larvae are parasites of earthworms, within which they feed
and grow for about 2 weeks. They then leave the earthworm
and pupate in the soil for about 2 weeks. Newl7 emerged
adults are often most abundant after rainfall, sugu,sting that
the adults can burrow Emm their puparia to the surface
easier when the soil is soft and moist. There are probably
four generations or more a year in the U.S.

Cluster flies derive their names from the fact that the
adults enter buildings in the fall to hibernate and gaLher in
clusters, in closets, attics, and unused rooms. They may be
concentrated in open ceilings or walls, or may crawl behind
window casings, moldings, loose wallpaper, pictures, or
furniture. During mild winter weather or early spring, or if
a cold building, such as a church, is heated occasionally,
they move about sluggishly, often with a loud buzzing

noise, thus attracting attention to their presence. They
aren't of direct public health importance, but they may be a
nuisance in buildings where they hibernate. In hospitals in
the Northern U.S., there have been many complaints, for
example, of cluster flies in operating rooms. The flies
apparently entered these rooms through small openings
around air ducts or eectrir fixtures from the cold attic
above.

Exercises (616):

1. Match the bottle flies and blowflies in column A with
their identifying characteristics in column B. Column
B items may be used only once.

Column A Column B

_ (1) Bwebottle flies.
- (2) Greenbottle flies.
- (3) Black blowflies.

(4) Cluster flies.

Derives its name from the
fact that it accumulates in
closets, attics, and unused
rooms to hibernate.
They are 10 to 15 mm long
or more, with a dull thorax
and shiny metallic blue,
green, or purplish
abdomen.
The optimum temperature
for development of eggs is
about 94° F.
In the North they
overwinter as full-grown
larvae, but in the South, as
adults.

617. Identify various flies of moderate importance with
their descriptions and characteristics.

There are several flies that are important to us (but to a
lesser degree) than those we have already discussed because
of their limited association with people.

Midges (Families Chaoboridae and Chkonomidae).
Midges are tiny flies, usually 1 to 4 millimeter long, which
breed in water or damp soil. Adult midges don't bite, but
they may occur by ale millions and Le most annoying. It's
sometimes difficult to keep them out of people's eyes and
nostrils, particularly when the midges are attracted to
lights. The Clear Lake gnat, a species of Chaoborid midge,
is a serious pest in parts of California.

Adult midges cause trouble by getting into fresh paint,
getting into paper factories and ruining sheets of paper, and
staining the sides of painted buildings. Chironomid midge
larvae are sometimes found in water reservoirs and are
carried throughout the distribution system.

Eye Gnats (Family Chloropidae). Eye gnats are tin7,
shiny black flies with reduced wing venation. The
important genus Hippolates has a curved, blackish spine on
the hind tibia (fig. 2-6). Eye gnats are often very abundant
in the Southern U.S. They swarm about the face and eyes
and rasp the eye membranes with their mouthparts. In the
Southern U.S. and the Coachella Valley in California, eye
gnats transmit organisms causing epidemic pinkeye, or
conjunctivitis. Sometimes so many children are affected
that the schools are actually closed for a week or more. The
larvae of eye gnats breed in loose soil, frequently over vast
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Figure 2-6. Eye gnat (Hippelates spp.).

areas or rich agricultural land, which makes control very
difficult. The life cycle is completed in 2 to 4 weeks.

Biting Gnats, Punkies, No-See-Ums (Family
Ceratopogonidae). Some of the ceratopogonid midges in
the genera Culicoides and Leptoconops are vicious biters.
Culicoides are tiny flies, about the size of the head of a pin,
generally with spotted wings and reduced wing venation
(fig. 2-7). Their bites often cause intense pain, for many
people worse than that of a mosquito. Several species of
Culicoides, called punkies, no-see-ums, or sandflies, are so
small they can crawl through the ordinary 16-mesh windolf
screen and be serious pests at summer camps, shore
restaurants, and beaches.

Sandflies, Filter Flies and Moth Flies (Family'
Psychodidae). The family Psychodidae c..artains small
fuzzy flies with hairy wings divided into two distinct
groups: the filter and moth flies in the subfamily
Psychodidae, whose females are not bloodsuckers, whose
wings are held rooflike over the body, and whose larvae are
cchamonly aquatic; and the sandflies in the subfamily
Phlebotominae (fig. 2-8), whose females are bloodsuckers,

Figure 2-7. The biting midge.
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Figure 2-8. Sandfly (Phlebotomus spp.).

whose wiLigs are not held rooflike over the body, and whose
larvae are typically terrestrial. The filter and moth fly group
is widely distributed and abundant in most parts of the U.S.
Adult moth and filter flies are often found on bathroom and
kitchen windows . Some common sources of domestic
infestations are dirty garbage containers, water traps in
plumbing fixtures, and accumulated gelatinous debris
around the edge of sinks and wash basins built into counter
tops. A common American moth fly is Psychoda Alternata.
Outdoors the larvae may be found in collections of dirty
water and in decomposing organic materials, such as grass,
plant litter, sewage, and garbage. Filter flies (Psychoda
spp.) are a serious problem at many sewage treatment plants
and some larvae cause myiasis in man. In the Near and Far
East, North Africa, and Central and South America,
sandflies in the genera Phlebotomus and Lutzomyia may
bite humans and transmit organisms causing sandfly fever,
several types of leishmaniases and bartonellosis.
Bloodsucking sandflies are comparatively rare and aren't
known to transmit human diseases in the U.S. The adults
have been found most often in hollow trees or in rodent
burrows, and their immature stages may breed there.

Blackflies (Family Shnulilidae). Blackflies (fig. 2-9)
are nearly worldwide in distribution and second only to
mosquitoes as bloodsucking pests of people. They are
small, 2 to 5 millimeters long, stout-bodied flies with short
antennae, wings with well-developed anterior veins and a
humped thorax which has given them the common name
buffalo gnats. Both sexes suck neciar from flowers and
most females ed on blood. The eggs are laid in or near
flowing water and the larvae pupau are found attached
to submerged rocks, sti.:ks, or vegetation. The adult
zmerges from the pupae in a submerged cocoon and floats
to the surface of the water in a bubble of air. Many species
mate soon after emergence.
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Figure 2-9. Blackfly, or buffalo g-at.

Blackfly bites are painless at first, but later become
swollen, hard, and painful, sometimes infected from
scratching. Females of some species attack people while
others confine themselves to mammals or birds. They
swarm around exposed parts of the body, particularly the
head, and get into the nose, eyes, ears, and mouth. Heavy
attacks may be fatal to humans, cattle, horses, and poultry,
possibly from toxemia, anaphylastic shock, or suffocation
brought about by inhalation of large numbers of swarming
insects. Several species transmit tularemia in North
America, human onchocerciasis (blinding filariasis) in
Africa and Central America and bovine onchocerciasis in
Europe and Austrilia.

Crane Flies (Family Tipulidae). Crane flies, which
resemble mosquitoes superficially, are slender flies with
long legs. They differ in having a V-shaped suture on the
thorax and no scales on the wings. They breed in water,
moist soil, and damp, rotting vegetation. Many species, 12
to 25 mm or more long, are attracted to lights and enter
homes, thus causing complaints about invasion by "giant
mosquitoes" even though they can't bite people.

Hover or Flower Flies (Family Syrphidae). Hover or
flower flies are small to large flies resembling bees or
wasps. Many of them are conspicuously marked with
yellow and black. The distinguishing family characteristic
is a pigmented line, called a spurious vein, on the wing.
The larvae of some species breed in highly polluted water
and have long breathing tubes which Nave caused them to
be called rat-tailed maggots. Sometimes these are very
abundant at sewage treatment plants. Species of Eristallis
and Helophilus occasionally cause human myiasis.

Horseflies and Deerflies (Fam1y Tabanidae).
Horseflies and deerflies rival mosquitoes and blackflies cis
annoying pests of people and animals. Many are vicious
biters and can inflict painful wounds that itch for days. Only
the females suck blood; the males feed on plant nectar. In
most parts of the United States deerflies (Chrysops) are
more serious pests of man than horseflies (Tabanus and
Hybomitra), which are major pests of cattle and horses.
However, along the Atlantic coast, the salt-marsh
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Figure 2-10. Horsefly.

greenheads (Tabanus nigrovittatus) are vicious pests of
people, particularly at beaches. Other species of horseflies
may be serious bloodsucking pests elsewhere. Many
species deposit their eggs on vegetation near water, and
their larvae develop in damp soil or water but some develop
in dry pasturelands. In general, most species have one
generation a year, but some of the larger species such as the
black horsefly (Tabanus atratus. fig. 2-10) may take 2 or 3
years for development.

The family Tabanidae contains small to very la-ge flies,
6 to 33 mm long, generally recognized by the five posterior
cells on the wing and the 3-segmented antenna. Horseflies
are usually larger than deerflies and lack spurs on the hind
tibiae.

Deerflies average G to 12 mm long, generally have
spotted wings, and have two spurs on the hind tibia (fig. 2-
I I).

Tabanidae are vectors of several diseases to people and
animals caused by viruses, bacteria, rickettseae or
rickettsia-like organisms, trypanosomes, and filarial
worms. In the United States deerflies, particularly
Chrysops discalis, are important in the mechanical
transmission of tularemia in the West, where it's sometimes
known as deerfly fever. Both deerflies and horseflies may
serve as mechanical carriers of anthrax bacteria from
domestic animals to man, particularly in the Southern U.S.
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Figure 2-11. Deerfly.



Cheese Maggots and Related Forms (Family
PiophiHdae). The cheese skipper or maggot (Piophila
casae) is about the size of a housefly. The larvae are slender
and pointed toward the head. At one stage the larvae are
able to skip as much as 10 inches horizontally and 6 inches
vertically by curving their bodies into rings, fastening their
mouth hooks onto their abdomens, suddenly releasing their
holds, and throwing themselves into the air. The life cycle
takes 12 days or more. The adult deposits 140 to 500 eggs
on cheese or hams. The adults transmit disease agents
mechanically, and the larvae cause intestinal myiasis in
humans.

Vinegar and Fruit Flies (Family Drosophilidae).
Vinegar and fruit flies breed in decaying fruit and may
suddenly become numerous in a house. The usual sources
in the home are overripe fruit and dirty garbage containers.
The fruit fly (Drosophila melanogaster) belongs in this
family. Much of the knowledge of the science of genetics is
based upon studies with this insect. Some species of
Drosophila cause intestinal myiasis in humans.

Exercises (617):

1. Match characteristics in coiumn A with the name of
flies in column B. Column B items may be used only
once.

( I )

- (10)

Column A

They have a "humped"
thozoax, earning them the
common name buffalo
gnats.
They rm.. smit organ-
isms caustb,6 pinkeye or
conjunctivitis.
Sometimes called giant
mosquitoes even though
they can't bit people.
Breed in decaying fruit
and may suddenly become
numerous in a house.
Tiny flies, usually 1 to e.
mm long, which breed in
water or damp soil.
By curving their bodies.
they can throw themselves
6 to 10 inches.
They rival mosquitoes and
blackflies as the most
annoying pest to people.
So small they can crawl
through ordinary 16-mesh
screen.
Often found in bathrooms
and kitchen windows,
these flies are widely dis-
tributed and abundant in
most parts of the. U.S.
Larvae are sometimes
called rat-tailed maggots.

Column B

a. Midges.
b. Eye gnats.
c. Biting gnats, punkies.
d. Sand, filter, and moth

flies.
e. Blackflies.
f. Crane flies.
g. Hover or flower flies.
h. Horse and deerflies.
i. Cheese maggots and

related forms.
j. Vinegar and fruit flies.
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_ (10) Larvae are some-
times called rat-
tailed maggots.

2-4. Survey Methods and Controls Measures

Fly surveys reveal what species of flies are present and
furnish an index as to fly abundance in an area. By
comparing your successive surveys, you can evaluate
control effectiveness. Since it is not possible to determine
the precise number of flies, surveys are designed to give an
index of the population. A good survey will also show
relative numbers of the various species. The method you
use must be reliable enough that successive surveys can be
compared. Reliability is limited by your skill, the errors
inherent in the methods, and the fluctuations of fly
population in response to environmental conditions.

The control measures we'll cover in this section include
several categories of IPMincluding natural, cultural, and
mechanical controls. You'll also study some controls as
they relate to some of the more troublesome fly species.
First, though, let's examine some methods for conducting
surveys.

618. Identify and describe facts regarding fly survey
methods, and determine suitable survey locations for
various flies based on their habits.

Methods for Conducting Surveys. In determining fly
populations and the need for control, adult surveys are
usually more practical and reliable than larval surveys.
Consequently, all commonly employed techniques are
related to adult populations. The most often used methods
are the insect net surveys, fly trap surveys, and fly grill
surveys. The insect net and fly trap surveys are used to
determine the types of flies present in an area, whereas the
fly grill surveys provide an index to the relative numbers of
the various species in the fly population. None of these
surveys gives an absolute count of the fly population
present in an area.

Insect net surveys. The standard sweep net is often used
to make a quick survey for adult flies, panicularly at open
dumps, cattle feed lots, or in epidemic or disaster areas
where there are large amounts of decaying vegetables and
fruits, dead animals, garbage, or refuse. You can then kill
the specimens with a chloroform or cyanide killing tube,
determine, count, and record the species you found.

Fly trap surveys. Trap surveys have the advantages of
giving you a reasonable cross section of the population for
careful identification, making an approximate count of the
relative numbers of the various species, and trapping live
flies for laboratory study. The two commonly used fly trap
survey techniques are the baited trap and the cone trap (see
figs. 2-12 and 2-13 respectively). Bait traps are useful when
you want to determine the species present and, roughly, the
relative numbers of the various species. A good bait trap
must be durable, attractive, easily used, and should have
some device for fastening it to the ground. Attach a suitable
sign, such as "Do Not Touch, Conducting Fly Survey."
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Figure 2-12. Baited fly trap.

Place an attractant in the pan under the trap. After the flies
feed or deposit eggs on the bait, they move toward the light
and enter the trap through a stwill opening in the cone.
Since they don't generally fly downward to escape, and
since the cone opening is difficult to find, few escape.
Because not all flies respond to the same attractant, use an
all-purpose bait; fish heads, chicken entrails, vegetables,
and fruit. Place traps in different sections and in different
types of locations (housing areas, dining halls, industrial
areas, and other buildings, etc.). Kill the flies in chloroform
jars, then identify and count them. You can then store
collections in boxes, such as ice cream cartons. Label each
collection with the date, location, method of collection, and
your name. In extensive surveys a special form may be
designed for recording data.

Fly cones are used primarily to collect live flies for
bacteriological and virological study. The fly cone trap,
made of screen wire, is placed over a natural attractant
(garbage, manure, etc.), trapping flies beneath it. A dark
cloth is thrown around the cone and the apparatus is
carefully agitated. Attempting to escape, the flies move
upward toward the light and enter the cage; then, the sliding
door of the cage is closed and the collection is labeled. Flies
may be taken to the laboratory for bacteriological and
virological study.

Fly grill surveys. Fly grills (fig. 2-14) are used widely in
modern evaluation of fly populations. Fly grill surveys are

faster than baited trap or fly cone surveys and give a valid
picture of the fly situation. The fly grill depends upon the
tendency of flies to rest on edges; it presents many
attractive resting sites. Place the grill over natural
attractants (garbage, manure, etc.) and then tabulate the
number of flies landing on the grill during a 30-second
interval. You can record necessary information on a form
similar to the one in figure 2-15. When the grill is put
down, the flies are disturbed from the attractant and fly
upward for a short distance. When all is again quiet, they
come back down, alighting on the grill instead of the
attractant. If fly counts are so high that total counts become
impracticable, you can divide the grill into halves, quarters,
or sixths, with painted markings. You must count at least
one-sixth of the grill. Make a minimum of 10 counts in each
block sampled, and record the five highest counts.

Reconnaissance surveys. Reconnaissance surveys are
ordinarily used as a supplement to fly grill surveys. You
take them in a vehicle or on foot zo observe the abundance
of flies in favored resting plr.ces and then record densities as
estimated grill readings. These surveys give you
information to guide control operations in areas lacking
grill coverage, to facilitate rapid control in times of
epidemic or disease, to serve as posttreatment evaluations
of space spray applications, and to serve as preventive
maintenance inspections during times of low fly density.
Reconnaissance surveyors should be very familiar with fly
grill survey methods.
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Figure 2-13. Fly cone trap.
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Using Survey Information. The success of fly control
programs depends largely on close coordination of pest
management surveillance and control activities. Bycomparing data from survey to survey you can more easily
find Problem areas and concentrate your control efforts tocl: ..:aate the most important breeding sites of flies. Give
primary emphasis to environmental sanitation rather than
insecticidal application. One of the best uses of survey data
is in reports and publicity programs to make key officials
and other base personnel more aware of program activities
and get their support.

Exercises (618):

1. What are the three most commonly used methods of
conducting fly surveys?

2. What are the two main uses of bait traps?

3. Of what fly characteristic do fly traps take advantage?

4. How are fly cones primarily used?
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S. What two advantages do fly grills offer in comparison
to the other survey methods?

6. Of what fly characteristic does the fly grill take
advantage?

7. How are reconnaisance surveys used? Conducted?
Recorded?

8. Under what four conditions arc reconnaissance surveys
appropriate?

9. Based on their habits and other information, where
would you conduct adult surveys for the following
flies?

a. Little houseflies.

b. Stable flies.

c. Bottle and blowflies.

d. Midges.

e. Moth and filter flies.

619. Specify natural action which control flies.

Natural Fly Control Actions. There ore several
environmental factors which limit the density of fly
populations. These include:

(1) Availability of food, water shelter, and suitable
breeding media.

(2) Parasitism by viruses, rickettsiae, spirochetes,
bacteria, fungi, protozoa, and roundworms.

(3) Preeation by centipedes, mites, spiders,
pseudoscorpions, other insects, amphib; iles, birds,
and mammals.

(4) Competition of one fly with anot.1L Jr the berefits of
the environment.
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INSTALLATION AREA DATE: HOUR:

GRILL
READINGS

Tabulate the five highest counts
1 2 3 4 5 6 7 8 9 10

ATTRACTANTS TOTALS

HOUSE FLY
Musca domestics

FLESH FLIES
Sarcophage spp.

LESSER HOUSE FLIES
Fannia spp.

ISTABLE FLY
Stomoxys calcitrans

I _

FALSE STABLE FLIES
Muscina spp.

BLUE BOTTLE FLIES
Calliphora & Cynomyopsis spp.

DUMP FLIES
Ophyra spp.

SECONDARY SCREW WORM FLY
Cocbhomyia macellaria

BLACK BLOW FLY
Phormia regina

GREEN BOTTLE FLY
Phormia regina

BRONZE BOTTLE FLY
Phaemeia cuprina

OTHERS

_..

TOTALS

AREA AVERAGE HIGH COUNT: INSPECTOR:

HIGH COUNT: The highest count of
the five high grill
readings.

BLOCK AVERAGE: Total the five high
grill readings and
divide by five.

ATTRACTANTS:

A. Garbage (mixed) G.

B. Excrement H.

C. Fruits I.

D. Vegetables J.

E. Dishwater K.

F. Dead anaimals L.

Figure 2-15. Fly grill record.
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Fly populations are modified by reproduction, which is
often tremendous; mortality, which is also enormous; and
migration, which varies with the degree of environmental
pressure. Many more flies are born than can survive. The
numbers of flies an area can support is limited by the
physical and biological environment. Excess flies must
either migrate or die.

Example: Block A has an environment capable of
supporting 1,000 houseflies and of producing 125,000
additional flies every 2 weeks. The newly developed flies
face severe competition for food, water, and shelter. They
are killed by disease and predation. Some migrate and
compete with neighboring fly populations. The small
surviving percentage mate, and the females compete for
suitable media in which to lay their eggs. Another 125,000
eggs hatch and the great struggle begins anew.

Many parasites and predators decrease domestic fly
production and are normal inhabitants of manure. The
protozoan, Octosporea muscaedomesticae, may be an
important factor in controlling the housefly and several
other domestic flies. Some species of mites prey upon flies.
The larvae of a number of domestic flies, such as Ophyra
and Muscina, feed on other species of fly larvae and may
help control housefly pupulations.

Exercises (619):

1. The numbers of flies an area can support is
by the nature of the and

environment.

2. The biological aspects that modifies fly populations
are , and migration.

3. The three most important physical environment factors
that limit the density of fly ;iopulations is the
availability of and

620. Identify particular aspects of nonchemical fly
control.

Cultural Control. Modern fly control programs are
highly dependent on both refuse management and
environmental sanitation efforts that combine to reduce
breeding opportunities for flies. One of the most favorable
aspects of cultural fly control is that it's carried out by many
people as a basic aspect of base maintenance and
beautification programs. Some examples of the most
effective approaches to cultural fly control include:

Breeding source reduction.
Steam cleaning dumpsters and other trash recepticles.

* Manure removal.
Soil and water management.
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Regularly scheduled garbage removal.
Landscape management.

Good sanitation is the most fundamental step in a fly
control program. Whenever possible, food and materials on
which flies can lay their eggs must be removed, destroyed
as a breeding medium, or isolated from the egg-laying
adult. Killing adult flies will reduce any infestation, but
elimination of breeding areas is necessary for good control.
Where flies are a problem in buildings, the occupants can
do this work; your job is to seek out the breeding places and
determing how more detailed work should be done. This
step often requires positive corrective action on your part.

The houseflies and many flesh flies, bottle flies and
blowflies breed in similar substances such as decaying
organic materials, garbage, animal excrement, or polluted
ground. Removal of these from the vicinity of infested
premises will frequently give control sufficient to make
other measures unnecessary. The importance of twice-
weekly garbage removal does not seem to be a necessity for
fly contzol when the length of the life cycle required by the
immature stages is kept in mind. The important thing to
remember here is that the final larval instar leaves the larval
food medium and wanders for considerable distances before
pupation; so it is the length of time from egg laying to the
molt of the last larval instar that's important and which
necessitates twice-weekly pickups

Any sanitation program in fly control must be tailored to
fit each specific situation. Basically, it should include any
steps that help eliminate or prevent the establishment of any
medium in which fly larvae can develop or which will be
attractive to adult flies. Don't overlook the importance of
moisture in fly-breeding media. Simple drainage will often
aid control. Although it may not always be possible or
economically feasible to practice all the sanitary measures
that would contribute to fly control, simple and practical
sanitation will frequently make the difference between
satisfactory and unsatisfactory fly control. Sometimes,
striking results can be obtained through sanitation alone.

Mechanical Control. Controlling flies by means of
mechanical measures includes the use of screens, fly traps,
electrocution devices, and electric fans.

Screening. Screening buildings is the most widely used
fly exclusion technique. Although costly, and not
detrimental to the fly populations, this method can keep
buildings relatively free of flies and will therefore be
continued as long as major insect problems remain
unsolved. Screens should be made of copper, aluminum,
plastic, or some other noncorrodible material . They should
be mounted in durable frames and should not detract from
the appearance of a building. The screen size should be
about 16 mesh (16 strands to the inch) in order to give the
greatest protection without undue loss of light or air
circulation. The screens should fit tightly in the window or
doorframes so that the flies and other insects can't enter
around the edges.

Electrocution. Electrocution has proven effective under
certain situations. Two common techniques are used. In the
first, a fly trap is electrified. In the second, electrification of
window and door screens is accomplished by using house
current transformed to low amperage and high voltage
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(3,500 to 4,000 volts is desirable). When the flies alight on
the screens, they are immediately killed, yet these screens
will not harm a human being or other large animal. Since
Electrocution units with ultraviolet lights have gained in
popularity in recent years the ultraviolet light is attractive to
flies and other insects, which are electrocured by a screen
surrounding the light. While these units are benefical in
some situations, keep in mind that they will attract insects
only if they choose to be attracted to the units instead of to
something else. Think of it this way: if you were a fly which
had just entered a dining hall serving line area with one
these units mounted nearby, which would you most likely
be attracted to, the light or the food? Installation of electric
screening is very expensive, it should only be used to
supplement other control measures when a fly problem is
acme.

Electric fans. Fans mounted over all doorways leading to
food service establishments will keep out a significant
percentage of flies. Large buildings sometimes have air
barriers or doors, to keep out dust, smoke, and insects, but
which are hardly noticeable to persons passing in and out.
Air velocities should be greater than 1,500 feet per minute
at a 3-foot level to obtain a reasonable degree of efficiency.

Exercises (620):

Place the letter "T' in front of the correct statements.
Correct any false statements._ 1 Landscape management is one of the cultural

controls which can help reduce fly populations.

_ 2 Modem fly control programs highly depend on both
chemical controls and environmental sanitation.

_ 3 The need for twice-weekl:( h-ash pickups is due
since, in the last larval instar, fly maggots will
leave the breeding media and travel quite a distance
before pupation.

_ 4 Effective sanitation programs rarely have more
than a minor role in reduCing fly populations.

_ 5 If food-handling facilities are equipped with air
curtains, they only need to be installed over doors
between food preparation rreas and the garbage
disposal area.

_ 6 Electrocution can be a useful form of mechanical
fly control but only as a supplement to other control
measures.
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_ 7 Electrocution units with ultraviolet lights may be
useful only if there aren't other stronger attractants
in the area.

621. Relate given statements with the appropriate
chemical control measures for flies.

Residual Sprays. Pest managers are most frequently
called on to control adult flies. Where the breeding areas
cannot be eliminated or treated, chemical control of adults
may be the last resort you have.

House fly resistance to the ehlminated hydrocarbon
insecticides is so widespr-ad, you're not advised to use
these chemicals to Conti.), est. They can still be used
with success in situations where the problem species are
blowflies or flesh flies. Organic phosphate insecticides are
still generally effective, but locally resistant populations
may be a problem with some of these chemicals.
Adulticides currently recommended are 1 percent diazinon,
3 percent malathion, 1 percent Ronnel, and 1 percent
Dibrom. These are applied most effectively as coarse, wet
sprays to surfaces on which flies prefer to rest such as walls,
overhead areas and vegetation. For outdoor applications,
you may add some sugar to help increase effectiveness.
Sun-exposed surfaces on outside walls should be give
special attention.

Fly Baits. Baits of DDVP, diazinon, Dibrom, malathion,
or Ronnel on either sugar or mixed with sugar and water can
be used effectively in some situations. Such baits are
particularly effective when placed around garbage areas and
outside doorways. Inside they can be scattered on floors or
used more heavily near windows. In all cases, baits should
be scattered thinly and according to directions on the
container so as not to be unsightly or create a hazard to
people or pets.

By using permanent bait stations in safe locations, you
can reduce the time and effort needed and keep constant
insecticidal pressure on the Dy populations. These bait
stations include simple plywood trays covered with
hardware cloth for dry baits and chicken-watering fountains
with a cellulose sponge in the trough to prewmt clogging
with dead flies for liquid baits. If the emulsifiable
concentrate of the organophosphate insecticide is not
readily available, you can place a piece of dichlorvos resin
strip in the sugar water in the chicken-watering device.
These are sometimes used to provide fly control in
backyards near barbecue grills. People using fly baits
should check regulations befoie applying them. Data from
studies in Georgia and Florida indicate that flies resistant to
residual sprays were killed by baits containing these same
organophosphate insecticides.

Space Sprays. Space sprays are based on the concept of
actually hitting the insects with a lethal particle of the
insecticide. They do not provide a residual deposit of the
toxicant and must be repeated periodically, sometimes
before each meal in food-handling establishments.

Fly larvae may be controlled in breeding media by the
application of chemicals to the medium. This method



shOuld only be considered when sanitation cannot be
employed to do the job, since beneficial predators and
parasites are often susceptible to common larvicides. As a
result of using larvicides, fly populations may increase
when the insecticide has lost its residue and natural control
organisms do not return as rapidly as do the flies.
Larvicides currently recommended include 2 percent
malathion and 1 percent Ronnel.

You can get temporary fly control indoors by the use of
contact sprays. These should contain synergized pyrethrins,
DDVP or Resmethrin, and should be dispensed as very fine
mists or aerosols. These can be applied with any of the
fogging, aerosol or misting equipment. Before making such
an application, food, food-handling equipment and utensils
should be covered completely so no spray will fall on them.

Fly Cords and Resin Strips. The installation of
insecticide-impregnated cotton cords at a rate of 30 linear
feet of cord pc1 4 ) feet of floor space has provided
good fly control ,t;i. tor periods varying from 6 weeks
to an entire season. i dies rest on the cords and absorb a
lethal dose of insecticide through their feet. Research has
shown that better fly control occurs when the cords are hung
vertically (as 15 pieces of cord 2 feet long, or 10 pieces of
cord 3 feet long, per 100 square feet of floor space) rather
than horizontally (as 30 feet of cord parallel to the floors,.
Dichlorvos-resin strips have been used as residual
fumigants in fly control, giving off a lethal dose of
dichlorvos vapor for periods as long as 3 to 4 months when
used at a rate of one unit per 1,000 cubic feet. In Georgia,
dichlorvos-resin strips gave 95 percent reduction of all flies
trapped from garbage pits (with a diameter of about 30
inches and 72 inches deep) in a recreational area when
installed at a rate of one-half to one unit per pit.
Dichlorvos-resin strips have also given effective control of
flies indoors with minimal ventilation when used at a rate of
one unit per 1,000 cubic feet. They should not be used in
rooms where infants, sick or aged people stay, or where
food is prepared or served.

Exercises (621):
1. Match the chemical .:,or ol measures for flies in

column B with the dec. fir- an in column A. Column B
items may be -astd oti}

Column A

- (1) Installing
insecticide-
impregnated cotton
lines at 30 feet/100
square feet for fly
control in stables.

_ (2) Chlorinated hydro-
carbons and some
organophosphates are
often useless in this
form due to fly resis-
tance problems.

- (3) Use of these must be
frequent since there is
no residual action.

(4) These can be used in
permanent locations
to keep a constant
insecticide pressure
on the fly population.

Column B

a. Residual sprays.
b. Fly baits.
c. Space sprays.
d. Fly cords/Resin strips.
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622. Determine appropriate control measures for a
given fly control situation.

Applying IPM to Control Flies. Integrated fly control
takes the principle of environmental sanitation and
supplements it with the use of both nonchemical methods
and careful well-planned chemical controls.

Since most fly control requires the cooperation of the
entire base, education is the number one requirement of a
good program. It begins with a realization of the problem
by responsible individuals, extends to gaining official
support, and reaches its peak when all people on the base
are made aware of the problem. 1y surveys, to determine
the extent of the problem and to guide the control
operations, must be made. Then, efficient and effective
control measures must be taken. Additional surveys are
used to evaluate the results of the effort and point out where
more control measures are nececsary

Once a high degree of fly as been achieved, a
continuing program is nec . antain the gain. Yet,
it is in this area that fly control programs most often fail
When flies are no longer a serious problem, group interest
lags, other problems take away the attention of officials,
and the flies begin a gradual but certain return. Organized
fly control should be incorporated into the regular program
of every pest management section.

Of course, all this isn't to say that IPM only applies in a
major fly control program on your base; you should seek to
apply 1PM in every situation you encounter. In addition to
all the reason you've already studied, there are two more
you should keep in mind:

(1) Most of your fly control jobs will be small, limited to
one building or less, so you increase the number of
opportunities you have to apply effective nonchemical
controls.

(2) Especially where flies are invGlved, integrated
controls will almost always have a greater impact than will
chemicals alone.

As you complete the following exercise, keep in mind all
you've learned about IPM, flies, and work responsibilities.
All of these factors apply in determining fly :ontrol needs.

Exercises (622):

This Exercise is based on the following situation: You get a
work order from the base hospital to control a sudden and
extremely bad fly problem. During your building survey,
you discover a broken garbage disposal pipe that is
dumping raw food in the crawl space under the building.
There are thousands of maggots in the garbage.

I. What should the four main parts of your control
program have (include efforts by both you and other
sections)?
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Fleas

FLEAS CARRY DISEASE in many parts of the world.
They carry the organisms of bubonic plague and fleaborne
typhus from rats to humans. In addition, they make
insidious attacks on humans and domestic animals. After
studying this chapter, you should know the names,
characteristics, and controls of important flea species.

3-1. Characteristics and Habits

Since fleas differ in their host preferences, vector ability,
and degree of association with people, you need to know
which species are prevalent in order to judge the possible
disease significance and to plan suitable control methods.
This section covers the identifying characteristics and the
habitats of the important flea species. But first let's study
the general characteristics and habits of fleas during each of
their developmental stages.

623. Distinguish between statements regarding flea
habits and characteristics.

Adults. Fleas are small, wingless insects varying from 1
to 9 millimeters in length, averaging 2 to 4 millimeters. The
name of the flea order, Siphonaptera, refers ,o their method
of feeding through a siphon or tube and to their lack of
wings. The flea (fig. 3-1) is compressed laterally with
spines directed to the posterior, features which adapt it for
moving about between the hairs and feathers of mammals
and birds. Most species move about a great deal and remain
upon the host only part of the time to get a blood meal. The
mouthparts consist chiefly of three stylets that are used to
penetrate the skin of the host and form a tube for sucking
blood. The paired maxillae, acting as cutting organs, enter
the skin with the epipharynx. On reaching a small blood
vessel, the tip of the epipharynx enters the human while the
maxillae (which form the salivary canals) remain outside
emiting saliva from time to time. Thus, fleas may be
characterized as capillary feedersa fact of importance in
transmission of pathogens. Both sexes feed upon blood, and
the femal: must have a blood meal before producing eggs.
The long, powerful legs of some species are adapted for
jumping 7 to 8 inches vertically and 14 to 16 inches
horizontally.

Most species infest the smaller mammals, such as
rodents, rabbits, moles, and bats. Fewer species are
parasitic upon larger animals and birds. Most fleas are
specific in their host preference, feeding on only one type of
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CHAPTER 3

host (or closely related species in tne same genus), while
others have developed an ability to feed upon various hosts.
Fleas are very sensitive to extremes of temperatures and
humidity. This explains the relative abundance of fleas
infesting animals that live in burrows and sheltered nests
and the light infestations of fleas on mammals or birds that
have no permanent abode or live in nests exposed to the
elements. Nests furnish an abundance of organic food for
flea larvae leading to a high rate of survival. Fleas infesting
burrowing or nocturnal animals tend to have poorly
developed eyes, or eyes may be absent. Those infesting
animals, active during the day are more likely to have
well-developed eyes. Some fleas feed at frequent
intervalsonce a day or more often. They are easily
disturbed and seldom complete a meal at one feeding. The
human flea continues feeding after the digestive tract is
gorged, causing the passage of undigested blood from the
anus.

Adults are usually ready to feed in 24 hours after
emergence from the coccoon. Mating usually follows the
initial blood meal and usually occurs on the host animal.
Fleas have a complete metamorphosis as shown in figure
3-2.

Eggs. Eggs are usually deposited among the hairs or
feathers of the host or in the nest. They are smooth,
spherical to oval, light colored, and large enough to be seen
with the naked eye. since they are not sticky or attached to
the host, the eggs drop onto the ground or into the nest or
bedding of the host, a factor important in explaining the
later high concentration of adult fleas in dog or cat boxes or
kennels, and on certain rugs or in portions of a building. A
flea doesn't lay her full quota of eggs at one time, but after
blood meals, which are necessary for egg thvelopment.
Successive matings are not necessary for the fertilization of
future eggs, as the se:errn cells from the initial mating are
stored in the spermatheca of the female and are used as
required. The eggs hatch in 2 days to several weeks,
depending upon temperature and humidity.

Larvae. Larvae are small, 13-segmented, wormlike
creatures without legs but with chewing mouthparts. The
blind, active, whitish flea larvae are often found in the
house in floor cracks and rugs, or in kennels, stables,
animal burrows, and nests. The larvae feed on all types of
organic debris or flea feces, which are composed of more or
less digested blood The three larval stages may be
completed in a week to several months.
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Figure 3-1. Flea diagram.

Figure 3-2. Flea life cycle.
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Pupae. Pupae are usually enclosed in cocoons of finely
spun silk encrusted with granules of sand or various types of
debris. The pupal stage is usually completed quickly, but
the newly formed adult may remain resting within the
cocoon from which it emerges on stimulus, depending onthe species. Cat fleas emerge in response either tovibrations or carrJon dioxide which would indicate
proximity to a host. This factor may help explain the large
number of hungry cat fleas that attack people returning
home after an absence of several weeks. Certain wild rodent
fleas emerge in response to an increase in humidity which
may occur only once a year in some

Most of the important charactetisucs at adult fleas are
shown and labeled in figure 3-1.

Genal Comb. The presence or absence of a genal comb
is a quick way to identify certain flea species. This is your
first reference point in identifying a flea species, along with
checking for the pronotal comb. If a genal comb is present,the number of teeth contained on the genal comb and theposition of the comb are other significant identifying
characteristics.

Pronotal Comb. The presence or absence of a pronotalcomb is an important identifying characteristic of certain
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flea species. Some flea species are identified by the
presence of the genal comb and the absence oc the pronotal
comb, or vice versa, and some may have neither or both.

Other Characteristics. The shape of the head, length of
the labial palpi, position of the ocular bristle, number and
position of the plantar bristles, and shape of the
spermatheca in female specimen are also used extensively
in the identification of flea species.

Exercises (623):

For each of the following, identify it as being true (T) or
false (F). Correct any false statements.

1 The average length of a flea is 5 to 7 mm.

2. Most flea species move very little, remaliiing with
one host for a long time.

3 Only female fleas feed on blciod.

_ 4 Most flea species are specific in their host
preference, feeding on only one type of host, or
closely related species.

_ 5 Fleas are very sensitive to extremes in temperature
and humidity.

6 Fleas experience incomplete metamorphosis: egg,
nymph, and adult.

_ 7. Flea larvae are small wormlike creatures with
short legs and chewing mouthparts.

Pupae arc usually enclosed in cocoons of finely
',Ilk encrusted with grains of sand and other

9. When working to identify a flea species, you
should first check for presence or absence of genal
and pronotal combs.

10. The shape of the spermatheca can be used to help
identify both male and female fleas.

624. Identify flea species with their physical
charactelistics, and determine the species of fleas you
would expect to find in given situations.

Oriental Rat Flea. The oriental rat flea (Xenopsylla
cheopis) is the chief vector of bubonic plague and feaborne
typhus. This insect was first collected in the Nile Valley;
hence, the species name "cheopis" for Cheops, the
Pharaoh who constructed the Great Pyramid at Giza. The
oriental rat flea has been introduced into all sections of the
world with Norway and roof rats. The flea is established
throughout most of this country, being one of the most
abundant rat fleas in the South and in Southern California.

The oriental rat fleas do not have a genal or pronotal
comb, the ocular bristle is in front of the eye, and the
mesopleuron has a vertical rodlike thickening (fig. 3-3).
You can easily recognize the females by their darkly
pigmented spermatheca; this feature is often of great value
in making a quick identification of survey material
collected in alcohol or saline water without making a slide
preparation of the specimen. The life cycle varies, being
completed in as few as 4 to 8 weeks. Adult oriental rat fleas
may live for 2 to 4 weeks, depending on the temperature
and relative humidity.

Human Flea. The human flea (Pulex irritans) is found
throughout the warmer parts of the world. It is the most
important species attacking humans on the Pacific coast and
is often _esponsible for a dermatitis or allergy due to flea
bites. It also causes severe annoyance in the Middle West
and south, particularly in homes and surrounding premises.
The human flea attacks a wide variety of hosts including
hogs, dogs, coyotes, prairie dogs, ground squirrels, and
burrowing owls often in areas remote from people. The
human flea has been experimentally infected with plague
and shown to be capable of transmitting the bacteria in the
laboratory. You can distinguish the human flea from other
common fleas by the absence of the pronotal and genal
combs, the ocular bristle being inserted beneath the eye,
and the absence of the internal, rodlike thickening on the
mesopleui-on (fig. 3-3). A second species of Pulex (Pulex
simulans) occurs in the central and Southwestern United
States and in Central and South America.

Northern Rat Flea. The northern rat flea (Nosopsyllus
fasciatus) is commonly found on domestic rats and house
mice throughout North America and Europe, but it's not
abundant in areas having extremely warm climate. It does
not readily bite humans and is most commonly found in
temperar tegions, where plague is not a severe problem.
It is Pit ,tdominanr rat flea in the northern 1 Tnited States
and v.e-,11 .:tablisaect in Canada. This species may be of
importance in transmission of plague organisms from rat to
rat. It has been taken from wild rodents on a few occasions.
In 1971, specimens of the northern rat flea were found
infected with plague bacteria in the Tacoma area of
Washington.

Dog and Cat Fleas. The dog flea (Ctenocephalides
canis) and cat flea (Ctenocephalides felts) probably occur
throughout the U.S. although they are less common in the
Rocky Mountain States. The cat fleas seems to be more
abundant and widely distributed than the dog flea.
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FLEAS: PICTORIAL KEY TO SOME COMMON SPECIES IN THE UNITED STATES
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The head is about twice as long and as high in the cat
flea, while it is only about as long as high in the dog flea. In
addition, the front margins of the heads of these two species
have different shapes. The angle is more acute in the cat
flea than in the dog flea. In most cat fleas the first and
second teeth of the genal comb are approximately equal in
length, while in typical dog fleas the first tooth is shorter
than the second (fig. 3-3). The dog flea has two stout
bristles between the long postmedian and apical 'sae on
the hind margin of the hind tih; cat f .as only
one bristle in this positic--

Both species arc ,:ommonly found in and under homes, or
in yards. They pre -er locations where dust and organic
debris accumulate. These fleas attack cats, dogs, and a
wide variety of other mammals, such as foxes, racoons, and
rats. They are serious pests of humans, especially in the
summer, causing severe bites. Under favorable conditions,
a generation of the cat flea takes about 2 to 4 days for the
eggs, 8 to 24 days for the larvae, and 5 to 7 days for the
pupae to develop.

Sticktight Flea. The sticktight flea (Echidnophage
gallinacea) is a small species that has no genal or pronotal
combs but the front margin of the head is angular. As an
adult, it attaches firmly to its host, often forming ulcers on
the head and neck of domestic fowl. The eggs are deposited
in these ulcers and, after hatching, the larvae crawl out and
drop to the ground to feed upon organic matter. All stages
may be found in poultry yards and adjacent buildings. This
flea attacks rats, cats, dogs, rabbits, ground squirrels,
horses, fowl, and many other animals, including humans.
This flea has been found infected with plague and can be
infected with fleaborne typhus rickettsia. This flea plays a
minor role in disease transmission because the females
remain permanently fastened to one host by means of their
serrated mandibles.

Exercises (624):

1. Match the fleas in column
in column A. Column B it
once.

Column A

(I) The head of t. lea

B with their characteristics
ems may be used more than

lerna'e has
. ...ted mandibles
used to attach
permanently to a
host.

- (3) There is no genal or
pronotal comb, the
ocular bristle is in
front of the eye, and
there is a vertical
rodlike thickening in
the mesopluron.

_ (4) A pronotal comb is
present and the fifth
segment of the hind
tarsus has 5 pairs of
plantar bristles.

_ (5) Genal and pronotal
combs are absent and
the ocular bristle is
underneath the eye.

Column 3

a le"
nazi

c. Northern :at flea.
d. Dog flea.
e. Cat flea.
f. Sticktight flea.
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Column A

(6) Genal and pronotal
combs are present
and the first spine of
the genal comb is
distinctly shorter than
the second spine.

(7) What flea would you
expect to find
commonly in homes
in areas where dust
and debris collect?

(8) At a California base,
some residents are
c wnplaining about
"bugs" which cause
dermatitis and
allergies. What flea
would you expect?

(9) In a base housing
area, fleas are greatly
irritating to both
residents and house
pets. They often seem
to stay attached to
their victims.

3-2. Flea Survey and Control Measures

Surveys are an essential part of programs for reducing
fleas and their disease-transmitting potential. In this
section, you'll learn about two types of flea surveys you can
perform: pest flea surveys and surveys for fleas under
disease control situations. Similarly, you'll learn about
control measures on the same basis.

625. Develop a basic outline depicting the steps involved
in conducting pest flea surveys.

Pest Flea Surveys. Surveying is absolutely neer-miry if
you want effective flea control. In doing tl",- t
most basic action is for you to locate 1) hosts.
This isn't difficult since almost al, iestic flea
in;estations are associated with house pets. .nce you've
done this, you can begin de alining the pet's habits.
What's the cat's favorite spot Lpi the couch? Is there a dog
bed in the den? Once you have answers on these or similar
questions, you'll have a good idea of where flea "hot spots'
exist. Then, you can check these areas for evidence of fleas.
Look at pet bedding, carpets, throw rugs, furniture, near
heating units, baseboards, and outdoor areas based on what
you learned earlier in the survey.

Make sure you look for larvae, pupae, and adults since
this can make an impact on when you might need to retreat
the building or area. (Of course, other factors will be what
pesticide you use, it's form, and where you apply it.) To do
this, you may walk through an area wearing white socks
pulled over your shoes, or lay a piece of white cloth on the
floor to help you spot fleas. Another way i vacuum the
area, treat the bag contents with a contact ticide, and
then sample the contents. (This is especially good if you
want to collect fleas fo l. slide mounting, and it sure beats
trying to hand pick them from a pet.)
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Exercises (625):

Use the information you learned in this lesson to develop
the fohowinQ outline on conducting flea surveys.

I. Step 1:

2. Step 2:

3. Step 3:

4. Areas
a.

b.

C.

d.

5. Step 4:

Methods
a.

b.

C.

626. Verify statements regarding flea control.

Flea Control For Disease Prevention. Controlling
rodent fleas for disease prevention may be divided into two
main categories: control in urban areas and control in rural
area. Thoroughness is essential in controlling rodent fleas.

Controlling Rodent Fleas in Urban Areas. Fleas are
the most important vectois of plague and fleaborne typhus.
Outbreaks of both diseases have been controlled in the past
by controlling rats, ratproofing, and improving sanitation,
but real progress in controlling these diseases was not
achieved until the mid forties with the advent of DDT and
the anticoagulant rodenticides. In early campaigns, control
measures started outside the infested area and worked
towards the suspected center of infection. Today, control
operations are started at the suspected focal point and work
outwards.

To control an epidemic of plague or fleaborne typhus, the
following sequence of control operation% has worked in a
number of areas:

( I; Applying residual insecticides such as malatmon,
diazinon, or carbaryl to kill the infected fleas, particularly
the oriental rat flea.

(2) Using multiple-dose rodenticides to reduce host
populations, or fumigating burrows.

(3) Improving general sanitation to keep rouent
populations at the lowest possible level, paying particular
attention to refuse storage, collection and disposal, and
harborage elimination.

(4) Rodent stoppage or ratproofing.
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(5) Followup surveys and maintenance to prevent buildup
of disease potentials.

Under the current concept of urban control, emphasis is
placed on residual insecticides and anticoagulant
rodenticides, plus rat trapping, rodentproofing, and
improved sanitation.

Applying residual insecticides at the suspected center of
infestation when you start control activities places emphasis
on killing the infected fleas as quickly as possible. The
anticoagulant rodenticides are also distributed on the first
day, because these compounds do not kill rodents until they
have eaten these materials for several consecutive days. It is
wisest to wait at least 2 or 3 days before rat trapping or area
poisoning with single-dose rodenticides so the rodents
wandering about treated areas can pick up the insecticide on
their feet or fur and carry it into their burrows to kill the
greatest number of fleas in these breeding places. More
important, as the rodents are trapped or are killed by
rodenticides, any fleas still on the rodents will be killed by
the "blanket" of insecticide before they can bite other
animals, including people. This decreases the disease
hazard.

Apply the insecticide dust to rat burrows, holes in floors
and walls, and enclosed spaces that may harbor rats. It is
especially important to treat spaces between double walls
and floors and under merchandise where there are rat
entries, because the danger of disease spreading from
rodents to people is most severe in buildings. Apply the
dust so there is no contamination of food with the
insecticide, particularly during application or by Plowing or
tracking.

Dust patches consist of a layer of insecticide dust around
a rat hole, entryway, burrow, or along a rat run th
use. The thickness of the patch should depend upon the
amount of rat travel evidenced by the presence of rat
droppings and footprints. It may vary from a thin film to a
patch 1/4 to 3/8 inch thick. Rat entries should be dusted
thoroughly and an area 6 to 8 inches long placed on the
narrowest part of the runway. Patches on stairways should
completely cover two adjacent stair treads. When parasites
of roof rats are to be controlled, dust alternate spaces
between rafters on overhead "swings." Rat swing marks
are usually detected by their dark and glossy appearance,
because the rat rubs oil from its fur while swinging beneath
rafters or traveling along a plate. Place dust patches near
feeding, watering, and harboring areas and other locations
frequented by rodents.

Personal Protection. You can protect yourself from
attack when going into a heavily infested area by treating
ankles and trouser legs with dimethyl phthalate. This will
give protection for several hours against cat and dog fleas.
Clothing may be impregnated in benzyl benzoate to prevent
flea atu. Also, diethyltoluamide, sold commercially as
OFF or DEET, has shown great promise as a flea repellent.
After an area has been dusted, these materials are no longer
necessary. Insecticide dusts prevent biting almost
immediately, although 3 to 4 hours may be required for
complete mortality of dusted fleas.

Sanitation. General sanitation should be improved as
quickly as flea control is achieved. Workers in the area
should be vaccinated against plague or murine typhus and
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wear fleaproof c.Uhing that has been treated with

repellents. The more time-consuming work of rodent
stoppage should not be started until the danger of
contracting these diseases is reduced.

Exercises (626):
Identify the following statements as being true (T) or false
(F). Correct any false statements._ 1 In a disease reduction program, emphasis should be

placed on flea control.

____ 2 You can prevent personal flea attack by treating
legs and ankles with ronnel before entering a
heavily infested area.

3. In efforts to treat for both fleas and rodents at the
same time, single-dose rodenticides should be
used.

_ 4 Insecticidal dusts should be placed in burrows,
holes, floors, walls, and any other enclosed spaces
which harbor rodents.

_ 5. General sanitation should be improved before flea
control is achieved.

627. Specify basic facts regarding pest flea control, and
determine control measures for a given situation.

Controlling Pest Fleas. Pest flea control may be divided
into two main categories: control of pest fleas on pets;
primarily cats and dogs, and control of pest fleas on
premises, including indoor and outdoor areas. The principal
approach to control is through insecticides. Insecticides for
controlling fleas on pets or inside buildings are usually iess
toxic and are used at lower concentrations than those
applied outdoors.

With cat and dog fleas, reinfestation will occur within a
short period of time unless you conduct very thorough
controls. Simultaneous treatment of both hosts and
premises gives a much better chance for economical and
quick control than either alone. Thus, if a cat or dog is
treated to kill a flea infestation, it will soon become heavily
infested again unless all nearby flea breeding sites are
treated. A treatment of the infested animal plus a complete
coverage of all breeding sites is much more effective than
weekly treatments of the animal alone.

NOTE This isn't to suggest that you should treat the pets
yourself; this is a "hands-off ' area for pest managers.
Insteaci., make sure the pet(s) is treated by a veterinarian or
the owner at the same time you're treating the premises.

For the most effective flea control, there are some
preliminary actions the occupant should take before you
apply pesticides. Encourage the occupant to:

Thoroughly vacuum the premises, with special effort
where fleas may be found (resting areas, carpet, etc.)
Launder or destroy pet bedding if the problem
warrants.
Be prepared to have pets treated while you're treating
the premises.

Sanitation alone, however, can't do an adequate job.
You'll need to treat the premises with a residual insecticide.
This is usually done at the rate of about 1 gallon per 1,000
square feet. Refer to table 3-1 for a list of insecticides
labeled for flea control. Give special attention to carpets,
floors, over-stuffed furniture, pet resting areas, baseboards,
and any other likely harborages as you work. Use a light fan
spray to gently wet all surfaces.

Dogs and cats often spend a lot of time outdoors, so don't
neglect these areas. Apply an appropriate insecticide to
lawns, flower beds, crawl spaces, garbage areas, or dog
pens. Especially in the southern and western parts of the
U.S., yard infestations are a real problem. For treating
these areas, use dusts, suspensions, or granules to help give
long-term protection. Atter your initial treatment,
encourage residents to periodically apply commercially
available lawn insecticides to keep flea populations down.

For treating lawns and yards, using emulsions or
solutions isn't advisable. Wettab' e powders and dusts are
safe on shrubbery and grass and have a long residual action,
but they leave a light-colored deposit. The dusts are
frequently twice as strong as the sprays. Emulsions
containing these insecticides may be used in yards if you're
sure the emulsions being used will not harm the plants.
Some of the auxiliary solvents used in preparing emulsion
concentrates will "burn" foliage or grass. Using solutions
on vegetation is even more dangerous since many of the
petroleum solvents are known to be phytotoxic. Take care
not to release sprays at high pressure close to foliage since
this may also damage vegetation.
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Exercises (627):

1. What are the two main categories of pest flea control?

2. What approach gives the best chance for quick and
economical flea control?

3. What role should you play regarding treating pets for
fleas?

4. What two measures should precede chemical treatment
of a home with fleas?



TABLE3-1

INSECTICIDES FOR FLEA CONTROL

Insecticide
Insecticide Formulation Indoor

Baygon
Propoxur

Emulsifiable concentrate

Wettable powder

Aerosol

Aerosol with DAV?

Diazinon
Diazinon

Emulsifiable concentrate X

Granules

FICAM41
Bendiocarb Wettable powder X

Dust X

Dursban
Calorpyrifos

Emulsifiable concentrate X

Dursban LO

Wathion Mslmthion Dust X

Emulsifiable liquid X

Spray

Pyrethrins Pyrethrins and Spray X
and

Piperonyl butoxide Aerosol X
piperonyl butoxide

Dust with Baygou X

Pyrethrins Pyrethrins Dust X

SBF -1382 Resmethrin Spray X

Fogs X

Emulsifiable concentrate X

Sevin Carbaryl Dust

Wettable powder

Safrotin propetamphos Emulsifiable concentrate X

Frecor nethoprene Fogs X

Emulsifiable concentrate X

9 k

Outdoor Pets

X

X

X

X

X

X

K

X

X

I

X

X



Questions 5 and 6 are based on the following situation:
You've received a work order from a base housing
occupant who just returned from a 3-wc.ek vacation
(some people h all the luck). Their house is "full of
fleas" even though they had their dog dipped for fleas
before they left.
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5. What action should you take?

6. What action should ttle occupants take?



CHAPTER 4

Lice, Ticks, and Mites

LICE, TICKS, AND MITES have been with us for
centuries. Infestations with lice occur today in the United
States and many other countries despite great efforts to
maintain high standards of health. Pest management and
health personnel are often called upon if infestations
include or expose large groups of people, particularly in
those areas such as schools, dormitories, hospitals, and
child care centers.

Ticks, vicious bloodsucking pests, are important to the
Air Force because they can disrupt a mission if they are
allowed to contaminate areas and infest people and
domestic animals. Low morale, sickness, and sometimes
death are the result of increaed population of these pests.

Mites often infest foods, stuffed furniture, and
mattresses. Some of the larger infestations in buildings
result from invasions by rodent mites, bird mites, and
clover mites. A number of the mites discussed in this
chapter are vectors of organisms that cause diseases which
affect people and their animals; others cause dermatitis and
allergic reactions in humans.

4-1. Lice

The three sucking lice that infest humans are the body
louse, the head louse, and the crab louse. The body louse is
the species involved in epidemics of louseborne typhus,
trench fever, and relapsing fever, but all three cause
pediculosis. This section discusses the medical importance,
biology, and control of these lice.

628. Identify the general characteristics of lice.

Identification and Classification. Sucking lice belong
to the order Anoplura. These wingless insects are flattened
dorsoventrally (fig. 4-1) from top to bottom like a pancake.
Adult lice have mouthparts consisting of three stylets
modified for piercing and sucking; the stylets are retracted
within the head when not in use. Their legs are short and
stout, with a large claw on one or more of the three pair of
legs for grasping and holding onto hairs. The eggs of lice
differ from those of most other insects because they are
attached by cement and have a distinct cap or operculum.
Females are usually larger than males and the tip of the
abdomen is notched. Males have the tip of the abdomen
rounded with somewhat cigar-shaped genitalia that is often
visible through the body wall.
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Development. Lice have three immature (nymphal)
stages which resemble the adult stage. Most nymphs differ
from adults in having fewer hairs on their bodies, fewer
sclerotized plates, and in being sexually undifferentiated.
Lice are, therefore, good examples of insects with gradual
metamorphosis, that is, insects with three stages of life:
egg, nymph, and adult (fig. 4-2).

Hosts. Most sucking lice spend their entire life as
ectoparasites on mammals. The body louse is a conspicuous
and important exception because it rests on c;othing except
when feeding. Sucking lice occur only on mammals, never
on birds, reptiles, or amphibia. Each species of louse
generally feeds upon only one species of host animal, one
genus, or, more rarely, one group of mammals. In general,
closely related groups of mammals appear to be infested by
closely related species of lice.

Exercises (628):

Place the !etter "T" in front of the correct statements.
Correct any false statements.

_ 1 The crab louse is the species involved in the
epidemics of louseborne typhus and relapsing
fever.

_ 2 All three types of sucking lice cause pediculosis.

_ 3 Adult lice have mouthparts consisting of three
stylets modified for piercing and sucking.

_ 4 The eggs of lice are smooth, spherical, and are not
sticky.

_ 5 Most sucking lice spend their entire life on
mammals.
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Figure 4-1. Species of lice.

629. Identify given statements pertaining to louse
characteristics as applying to the head louse, body louse,
or both.

Head and Body Lice. The body louse (Pediculus
humanus humanus) and head louse (Pediculus humanus
capitis) are very similar to each other physiologically, but
they differ morphologically in size, proportion, and color.
They also differ biologically in habits, one form living on
the head and neck and the other on the body.

Adult identification. The adult body louse is 2 to 4
millimeters long, greyish white in color, and is generally 10
to 20 percent larger than the head louse. The head louse is 1
to 2 millimeters long and is greyish white with dark
margins.

Habitat. Adults and nymphs of head lice are found in the
hair and on the scalp; they tend to be most prevalent on the
back of the neck and behind the ears. They aren't known to
infest eyebrows or eyelashes.

Although as many as 1,000 body lice have been removed
from the undergarments of one person, it is more typical to
find less than 10 lice per person. Most of the lice are on the
inner surface of the clothing, next to the skin. Females tend
to congregate along seams for egg laying. Some adults may
migrate away from the skin to the outer garments and to
other people. Head and body lice can move fairly rapidly
and will pass from host to host, or from host to bedding, by
simple contact.

It is difficult to find human lice and crab lice away from
humans. Beds occupied every night by unsanitary
individuals have a greater chance of being infested. If
unoccupied for several nights, they tend to be free of lice.
Head and body lice may be acquired by personal contact
and by putting on infested garments. Head lice may be
acquired by contact with upholstered chairs and by using

infested brushes and combs. Hairs with eggs attached may
be blown about. Lice tend to leave a feverish patient and
seek oth,r hosts.

Ha& these lice depend upon human blood as a means
of life. They suck blood for long periods of time, but they
don't ordinarily become engorged. Some individual lice
feed too avidly, causing rupture of their digestive system,
and succumb because of their greed. During feeding, dark
red feces may be deposited on the skin.

When ready to feed, the louse anchors its mouth to the
skin, stabs an opening through the skin, pours saliva into
the wound, and pumps blood from the injury into the
digestive system by means of the pharyneal pump.

The body louse remains attached to clothing fibers and
bends over to feed while the head louse simply remains
attached to body hairs.

Entomologists may disagree with one another on a
number of issues but one in which there is no disagreement
is that lice, including pubic lice, do not jump or fly.

The question of whether head lice can jump or fly may
have arisen because static electricity generated by combing
the hair can cause them to be suddenly repelled from the
comb. It is essential to dispel the notion that lice can jump
or fly in order to focus attention on the fact that lice are
transmitted principally through contacts with an infested
person or to a lesser extent with fomites (infested objects).

The possibility exists that lice could be blown about by
wind, but this is remote. There are also rare instances where
lice from humans were fottod on insects, but insects as a
means of transferring lice from person to person cannot be
realistically regarded as any more than a vety infrequent
possibility.

Egg laying. Mating occurs frequently and at any time in
the adult's life, from the first 10 hours to old age. Eggs are
laid 24 to 48 hours later, depending upon temperature
conditions. Eggs are cemented on head hairs by head lice or
on the underclothing by body lice. If the human is relatively
nude, as in some tropical areas, lice may infest beads and
necklaces. Body lice may deposit 9 or 10 eggs per day and a
total of 270 to 300 eggs in a lifetime. Head lice are less
prolific, depositing about 4 eggs per day for a total of about
88 days in a lifetime. The hatching of eggs is greatly
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Figure 4-2. Life cycle of a head louse.



reduced or completely prevented by exposure to
temperatures above 100° F. or lower than 75° F.

Nymph development. After emerging from the egg, the
louse nymph molts three times before becoming a sexually
mature adult. Therefore, there are three nymphal instars,
differing from each other by the increased length of the
abdomen as development progresses. The nymphal stages
require 8 to 9 days for lice remaining in contact with the
human body, but may take 2 to 4 weeks when the clothing
is removed at night. If the clothes aren't worn for several
days, all lice will usually succomb. The total life cycle of
head and body lice may be completed in about 18 days.

Exercises (629):

1. Match characteristics in column A with head and body
lice or both in column B. Column B items are used
more than once.

_ (1) The adult louse is about 2 to 4 millimeters
long and greyish white.

_ (2) The adult louse is 1 to 2 millimeters long and
is greyish white with dark margins.

_ (3) Are not known to infect eyebrows or
eyelashes.

(4) Can move fairly rapidly from host to host by
simple contact.

_ (5) May be acquired by putting on infe.cted
garments.

_ (6) Female lays eggs along clothing seams.

(7) Tend to leave feverish patients and seek
other hosts.

_ (8) May deposit 9 or 10 eggs per day.

_ (9) May deposit 4 eggs per day.

(10)The nymphal stage requires 8 to 10 days
when remaining in contact with human

630. Cite information regarding the basic
characteristics of crab lice.

Characteristics of Crab Lice. Crab lice (Pthirus pubis)
are small (0.8 to 1.0 mm), greyish-white insects with a
short abdomen bearing hairy lateral tufts and large second
and third pairs of legs that give them a crablike appearance
(fig. 4-1).

These insects are most commonly found on hairs in the
pubic areas, but they may be found on hairy areas of the
chest and armpits. Infestations of the eyebrows and
eyelashes are frequently reported. Crab lice on the
eyebrows feed in a very localized area and cause
hemorrhages in the skin which result in a bluish pigment
directly above the eyebrows,

The :ife cycle of the crab louse is similar to that of the
head and body lice. The eggs are glued to hairs but are
smaller than the body louse eggs.

There are three nymphal stages. In a few specimen that
were carefully studied, it took 13 to 17 days for them to
become adults. Adult life lasts less than a month. All stages
are more sedentary than thwe of head or body lice. They
tend to settle down at one spot, grasping hairs with the legs
of both sides of the body, inserting the mouthparts, and
taking blood intermittenly for many hours at a time. The
legs are adapted for grasping large hairs, and, in the
position adopted, the adult prefers nairs widely spaced
(compared with the dense hairs of the head). This may
partly explain the distribution of the crab louse, which is
found most commonly on thc hair in the pubic and anal
areas. This insect survives only a short time away from the
host.

Crab lice are spread chiefly by sexual contact, but they
may be acquired by other means, such as infested toilet
seats and beds (rare), and by close personal contact. Many
authorities believe that there has been a resurgence in the
number of cases of crab louse infestations related to the
present worldwide climate of cultural permissiveness.
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Exercises (630):

I. On what body parts are crab lice most commonly
found?

2. Where are crab louse eggs found?

3. How are crab lice chiefly spread?

631. Specify details related to controls for lice.

Controlling Lice. The first thing you need to understand
about controlling head, body, or crab lice is that, as a pest
manager, there's generally not much you can or should do.
Medical personnel are responsible for taking any direct
personal action to control lice. If your shop gets contacted,



it's usually to treat the quarters of a person who's been
identified by a doctor as having lice. Another typical
situation is your being contacted by a first sergeant who is
working to prevent a severe round of "louse-a-phobia" in a
dormitory where one or two people have developed
pediculosis.

Your role in a louse control program, however, isn't
normally in the realm of control, but of education. Many
people associate pediculosis with the lack of sanitation and
feel greatly stigmatized when informed that the members of
their family or others around them have lice. But as you will
see, the relationship between uncleanliness and pediculosis
is not that of cause and effect.

Anyone can acquire licehead, body, or pubic lice
regardless of his or her level of cleanliness, and once a
person is infected, ordinary levels of cleanliness such as
bathing and frequent changes of clothing can be expected to
eliminate body louse infestAtions. This is because the body
louse lives in clothing, an,. laundering or storage of clothing
will result in the death of lice and nits (eggs).

A person wearing the same clothes and not bathing can
do so indefinitely without becoming lousy. During a typhus
epidemic, for example, an entire population may be treated
with a pediculicidal dust to kill body lice without
necessarily providing either bathing or laundering facilities.
When all the lice are killed, the epidemic is halted but the
sanitation level remains low.

However, once an infestation starts, continued neglect of
sanitary measures will lead to a rapid increase in the louse
population, and crowded conditions will allow the lice to
spread to other persons.

Supportive louse control measures. Although complete
control is almost impossible without treating the host, there
are some supportive measures which can be of value in
preventing lice from spreading to groups of people who
must closely associate with either other.

You can treat places like dormitories, gymnasiums, and
school lockers with residual insecticides so any louse that
may fall or be knocked from an infested person may be
killed before it gets on another person. Treating the inner
surfaces of lockers can be beneficial in body louse control
since they can crawl from one clothing item to anothel. If
lousy garments are left in a locker overnight, exposure to a
toxicant may keep the problem from spreading. Of course,
the extent of this kind of treatment will depend on how
widespread the problem is, where it exists, and the potential
for spreading to other people.

corrective louse control measures. Body lice eggs are
laid on the cloth, attached to the ffaers; wool cloth is much
preferred to other kinds. In looking for infestations,
examine the clothing along the seams and folds, especially
on the inside of the underwear.

Ordinary laundering with hot water will destroy all stages
of lice on clothing and bedding. Dry cleaning may be used
to destroy lice on wool garments. The solvent used in
cleaning is toxic to lice, and the steam used in pressing
makes certain that control is complete. Pressing woolens at
home is also satisfactory, but special attention must be
given to the seams.

Head lice spread rapidly through a family and may be
transmitted to people throughout a community. They are
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most abundant in children. In some countries, girls tend to
be more heavily infested by both head and body lice than
boys.

The eggs, often called nits, are the easiest stage to
discover when inspecting for head lice. They are most
commonly attached to the hair, close to the scalp behind the
ear.

A medical application of 1 percent lindane or 1 percent
malathion dust in pyrophyllite or talc is effective, although
it is unsightly. The dust should remain on the scalp 24 hours
in order to produce a complete kill. A second treatment 7 to
10 days later will kill all lice that have hatched since the
Erst treatment.

The safest and best materials medical personnel may use
for head louse control are emulsions containing 0.2 percent
pyrethrins, 1 percent lindane (Kwell sh-impoo), or
insecticide dusts containing 1 percent lindane or 1 percent
malathion. The following procedure for using emulsions is
safe and easy tc follow for the distressed victim.

(1) Shampoo and dry the hair thoroughly.
(2) Seat person in chair with head tilted backward and

eyes covered with towel.
(3) Apply the emulsion liberally to the hair and scalp with

brush and swab. Work against the nap of the hair and touch
all hair and the whole scalp.

(4) Comb the hair in the usual manner.
(5) After 10 minutes with the pyrethrin emulsion, or after

24 hours with the lindane emulsion, shampoo the hair.
(6) Dry, , comb, and brush hair to remove dead lice and

loosened eggs. 5
As with head and body lice, a simple treatment for crab

louse control is shaving or cutting the infested hair to
remove adults, immature stages, and eggs glued to hairs.

People are very sensitive about infestations of crab lice.
A rumor or an infestation in a large office building or
dormitory can do much to disrupt normal operations and
cause distress. If these problems are dealt with quickly and
firmly, they will soon be forgotten.

Lice are highly dependent upon their hosts for warmth,
food, and shelter. Most lice live on their human hosts but
some can be found in beds, on furniture, clothing, and
possibly on the rugs and floors. In the case of head lice,
they may also be found on combs, hairbrushes, headgear,
and scarves.

After an individual hus been successfully treated, the
major source of lice will have been eliminated. Clothing
and linen washed or dry cleaned would eliminate further
possible sources, leaving rugs, furniture, and floors and the
remaining possibilities.

The vacuum cleaner is probably the best tool to use on
rugs, floors, and furniture. Lice, if present for any length of
time, are usually weakened from lack of food or cold or
injured by the comb passing through the hair (in the case of
head lice). There is no reason to believe the presence of
rugs in a room would be a significant factor in maintaining
lice.

Fumigation of a room or building will undoubtedly
hasten the demise of any lice or eggs present; but its cost is
very high, the results are transitory, and the returns are
meager. Fumigation is not recommended under any
reasonable circumstances.



When you're encouraged (or ordered) to spray infested
objects (fomites) you should limit it to special situations.
There are presently two sprays available for this purpose
R&C & C spray and Li-Ban. The effectiveness of the spray
is greater when the insecticide contacts the louse directly,
less so if the louse contacts the treated surface. The
effectiveness of the spray is short, probably less than a day.

The caution appearing on the label, "Not for use on
humans or animals," should be carefully observed. As with
many sprays, the carrier for the insecticide may affect
certain synthetic materials. (CAUTION: Test on a small
area in an inconspicuous spot first before proceeding with
the application.)

Exercises (631):

1. Who is responsible for treating lice on a person's head
or body?

2. ln a louse control program, what is your primary
responsibility?

3. Under what condition will poor sanitation promote
louse infestations?

4. How may treating lockers in dormitories, etc. help
keep body lice from spreading?

5. What's the most effective means of controlling lice on
rugs, furniture, or floors?

4-2. Ticks

The material in this section introduces the tick and
reviews the characteristics, distribution, and control of the
tick. The material also covers methods of personal
protection and treating infested areas

632. Relate information regarding diseases spresd by
ticks.

Tickborne Diseases. Ticks are known to spread four
groups of deadly diseases to people:

(1) Rickettsialspotted fever and Q fever.
(2) Bacterialtuleremia.
(3) Spirochetalrelapsing fever.
(4) ViralColorado tick fever.
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As you can see, ticks can cause great discomfort to humans.
See table 4-1 for the following discussions.

Rocky Mountain spotted fever. This is a febrile disease
caused by Rickettsia rickPttsii. In the west, the Rocky
Mountain wood tick (Dennacentor andersoni) and the
rabbit tick (Haemaphysalis leporispalustris) spread the
disease from animal to animal. Dermacentor andersoni is
the most important western vector and both male and
female of thc species arc ii,:ectious. The American dog tick
(Dermacentor vanabilis) is the most important vector in the
East. Another species, the lone star tick (Ambiyomma
americanum) is probably a vector in parts of the eastern
United States and Texas, Oklahoma, and Arkansas.

Dermacentor ticks are well suited as vectors of spotted
fever because their larvae and nymphs feed on rodents, and
the adults attack man and other large animals. However,
fever transmission doesn't occur unless the tick remains
attached for more than 2 hours.

Spotted fever has been reported throughout the
Continental U.S., but not Alaska or Hawaii. The greatest
number of cases have been reported from the South Atlantic
States, particularly Virginia, Maryland, and North
Carolina. Great differences in the virulence of the disease
have been reported. The western strain is considered more
deadly than the eastern, but the fatality rate for spotted
fever is about as high in the East as it is in the West.

Tularemia. Tularemia or rabbit fever, is a plaguelike
disease transmitted to humans from rabbits or rodents. This
disease has caused heavy losses in sheep. The disease
bacteria infects a wide variety of hosts, but is especially
prevalent in rabbits. Tularemia is transmitted to these hosts
by ticks of the general Dennacentor, Amblyomma, and
Haemaphy, which may transmit the diseare organisms to
their offspring in the egg and from one stage to another
(cyclo-propogative transmission). People can get the
disease by contact with infected rabbits or other animals,
the feces of infected ticks, or by tick bites.

Relapsing fevers. There are two distinct diseases known
as relapsing fever, one tickbome, the other louseborne.
They show only minor clinical variations and are
distinguishable by differences in mode of transmission and
geographic distribution. These diseases occur on every
continent with the possible exception of Australia and are
caused by spirochetes in the genus Borrelia. The
epidemic, louseborne type is most frequently due to
Borrelia recurrentis and the endemic, tickborne type, is
caused by a number of species of Borrelia. Louseborne
relapsing fever is not known to occur in the United States at
this time.

In the U.S. relapsing fever spirochetes are transmitted by
soft ticks of the genus Ornithodoros in limited areas of 13
Western States. There are four species which are proven
vectors relapsing fever spirochetes: Ornithodoros hermis;
in California, Nevada, Idaho, Oregon, Washington, and
Colorado; Ornithodoros turicata and Ornithodoros talaje in
the United States from Florida to California and northward
to Kansas, Colorado, and Utah; and Ornithodoros parkari
in northwestern United States. Ticks remain infective for
life and pass the spirochetes to their offspring. Both ticks
and their rodent hosts may serve as reservoirs for the
disease. Infections of humans are believed to take place by
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TABLE 4-1

TICKBORNE DISEASES IN THE UNITED STATES

Name of

Disease

Disease

Organism

Type

Organism Tick Vector

Rocky Mountain

Spotted fever

Rickettsia rickettsii rickettsia Dermacentor Variabilis

D. Andersoni

D. Occidentalis ***

Amblyomma americanum

Haemaphysalis lepurispalustris *

Tularemia Pasteurella tularensis bacterium D. variabilis

D. ande rsoni

H. leporispalustris *

Amblyomma amer'.canum

Relapsing Fevers Borrelia spp, Spirochete Ornithodoros hermsi 0 talaje

0 Parkeri 0. turicate

Colorado Fever Birus Virus D. andersoni

Q fever Coxiella burnetti rickettsia D. andersoni

A. americanum

Otobius Megnini ***

Tick paralysis

.M.11

----no organism, toxic secretion ---- D. variabilis

Anaplasmosis ** Anaplasma spp. protozoan Many tick species

Cattle tick fever Babesia bigemina protozoan Boophilus annulatus, B. microplus

Bu Ilis fever Unknown rickettsia Amblyomma americanum ( ?)

CFA.139

* Transmits disease among rabbits,

** Disease of cattle.

***Found infected in nature but transmission to man has not been reported,
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contamination of the wound or skin by tick secretions in
some species. Ornithodoros turicata, Ornithodoros
parkeri, and Ornitiwdoros hermsi definitely infect by the
bite.

Colorado tick fever. Colcrado tick fever is a viral disease
of short duration and low mortality, characterized by
sudden onset, leukopenia (reduction of white corpuscles in
the blood), and absence of the rash usually associated with
rickettsia! diseases. Human cases occur in western Canada
and in Washington, Oregon, Idaho, Montana, California,
Nevada, Utah, Wyoming, Colorado, and South Dakota in
an area correlating well with the range of Dermacentor
andersoni. The virus has been isolated from the Rocky
Mountain wood tick and a number of small rodents,
particularly ground squirrels. The disease is most common
in men, but also occurs in women and children.

Tick bite paralysis. Tick bite paralysis, produced by the
engorging female hard tick, is probably caused by a
neurotoxic substance in tlie tick saliva, possibly a foreign
protein such as partially digested blood. The symptoms
develop about 6 days after the tick becomes attached and
while engorgement is well under way. There is a rapid
upward progression of paralysis starting with the feet and
legs and extending to the face, tongue, and pharynx,
sometimes ending with respiratory failure and death. Tick
paralysis is most frequently observed in children under 7
years of age and has a high fatality rate. In the United States
in 1950, 12 deaths occurred among 94 cases for a 12.7-
percent mortality rate. In another study in the Pacific
Northwest of the United States, 27 deaths occurred in 238
cases, an 11-percent fatality rate. In North America the
wood tick and the American dog tick are the two species
that most commonly cause tick paralysis. This disease is
most frequently observed in tne Northwestern and
Southeastern States. The usual site of tick attachment is the
scalp, particularly the back of the head. Persons camping
and hiking should prevent tick attachment by thorough
inspection of the body and garments and the use of tick
repellents and protective clothing. Small girls are the most
subject to tick paralysis, their long hair can conceal the
ticks on the back of the neck. Grown persons are rarely
paralyzed. Recovery of patients is rapid following simple
removal of the engorging tick and application of a suitable
antiseptic. Tick paralysis also occurs in dogs and cattle.

Q fever. Q fever (Query fever) is a rickettsial disease
which has also been known as nine mile fever. The
causative organism, Coxiella burneti, has caused outbreaks
among stockyard workers in Australia and the United
States, in laboratory workers, veterinarians, and farmers.
The disease has been reported from all continents and in
ever-widening localities. The Rocky Mountain wood tick,
lone star tick, spinose ear tick, and many other species have
been found infected. Tick tissue and feces become
massively infected with this rickettsial agent. It is suspected
that humans may inhale the disease organisms with dust and
droplets contaminated with material from infected animals.

Exercises (632):

1. The four groups of deadly diseases transmitted to
people by ticks are (a) , spotted and Q fever;
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(b) , tularemia; (c) , relapsing
fever; (d) and Colorado tick fever.

2. Dermacentor ticks are well suited as vectors of
because their larvae and nymphs

feed on rodents, and the adults attach to people.

3. Tularemia ot is a pllguelike
disease tansmitted to humans from rabbits or rodents.

4. Colorado tick fever is a disease of short
duratioa and low mortality.

5. Tick bite paralysis is probably caused by a neurotoxic
substance in the eck

633. Identify tick characteristics and habits.

General Tick Characteristics. Ticks have three
characteristics which distinguish them from ;.he insects: the
liead, thorax, and abdomen are fused into one body region;
they have no antennae; and in the nymph and adult stages
they have four pairs of legs (larvae have three pairs). In true
insects, on the other hand, the body is divided into three
regions known as head, thorax, and abdomen; they possess
a single pair of antennae; and when fully grown they have
three pairs of legs.

The order Acarina (ticks and mites) usually differs from
other arachnids in that the body is not segmented; the
eephalothorax and abdomen are fused to form one body
region.

Ticks belong to the suborder Ixodides of the order
Acarina. They can be distinguished from other Acarina by
two characteristics: the tarsus of the first leg has a
conspicuous sensory pore known as Haller's organ, and
most species have a prominent, toothed hypostome not
found in mites or chiggers.

There are two main groups of ticks: the hard ticks (family
Ixodidae) and the soft ticks (family Argasidae). The hard
tick is distinguished by a dorsal shield or scutum (fig. 4-3)
immediately behind the capitulum (false head). The dorsal
shield is small in the female, but in the male it covers the
entire dorsal surface. The soft tick has no dorsal shield.
Hard ticks also are tapered anteriorly while most soft ticks
are blunt.

In the United States, hard ticks are much more abundant
than soft ticks, cause greater annoyance, and are far more
important in the transmission of disease to humans and their
animals. An identification key to some common tick
species is shown in figure 4-4 for your use.



Habitats. Hard ticks ordinarily spend much of their life
on the ground or on vegetation awaiting hosts. They are
most abundant in shrubby areas, especially along paths, and
are scarce in deep woodland. Boophilus species pass most
of their time on animals, being one-host parasites.
Generally, hard ticks feed upon three hosts; frequently, but
not always, the larvae and nymphs feed on small mammals
or birds and the adults feed on large mammals.
Derrnacentor albipictus, a one-host hard tick, is an
exeption. The soft ticks feed upon a host only a short time
and may be called plural-host ticks.

Climatic factors. Temperature is an iinportant climatic
factor affecting tick development. Unfed hard ticks can
endure the frigid winter weather in their sheltered retreats,
but engorged ticks and eggs are less resistant. The spring
and summer heat induces greater tick activity. Hard ticks
can endure long submergence in water and are not injured
by humid weather. They usually die quickly in a dry
situation, whereas soft ticks generally exist in much drier
situations.

Longevity. Many hard ticks require a year or two to
complete their life cycle, but may take longer under
unfavorable conditions. Under optimal laboratory
conditions, the normal 2-year life cycle of Dermacentor
andersoni and Amblyomma americanum can be reduced to
2.5 to 3.5 months. Some ticks are long lived. Specimens of
Ornithodoros turicata have been kept under observation for
more than 12 years. Ornithodoros tholozani, an Old World
species, is known to have a lifespan of 20 to 25 years. Ticks
are not easily starved out by rotation of cattle pasturage and
other cultural measures.

Feeding. Most ticks parasitize a wide range of host
animals. Only a few species show a marked preference for
feeding upon one animal species. Ticks feed upon
.nammals, birds, reptiles, and some amphibians. When
feeding, the tick inserts the barbed hypostome (fig. 4-5)
into an incision made by its chelicerae. Most species cause
no pain to the host, and the unsuspecting human host may
be completely surprised when he finds a tick attached on his
body. However, some tick species, such as the lone star
tick, cause a painful bite. Only females of the hard ticks
become greatly distended. Ornithodoros hermsi become
engorged in 15 to 20 minutes while the American dog tick
and most other hard ticks require several days.

Transmission of pathogens. Ticks serve both as
mechanical and biological carriers of pathogenic
organisms. The mouthparts of ticks feeding on infected
animals may become contaminated with pathogens, which
are inoculated into healthy animals when the tick moves
from one animal to another. This mechanical type of
transmission is often called infection through interrupted
feeding. In addition, ticks serve as reservoirs of viruses,
rickettsiae, bacteria, and protozoa, with transmission of the
various pathogens from infected adults through the egg
the following larval, nymphal, and adult stages. This
method is often termed "transovarial" or "transstadial"
transmission of pathogens. Epidemiologically, this last
mechanism is of great importance in maintaining the
disease-causing organisms in an area during periods of
adverse weather conditions, such as cold winters or hot, dry
summers; in establishing endemic foci of such diseases as
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Colorado tick fever, spotted fever, relapsing fever,
tularemia, cattle tick fever, and anaplasmosis; and in
maintaining areas with virulent strains of a pathogen.
Infected ticks may require several hours of feeding before
sufficient parasites are passed into a susceptible host to
cause infection. Therefore, campers and people who work
in tick-infested areas should check themselves periodically
for ticks and remove any they find as soon as possible. The
feces of infected ticks often contain pathogenic organisms.
Some authorities consider that inhalation of dust,
containing the minute fragments of tick feces loaded with Q
fever organisms, is an important method of contracting this
disease.

Mouthparts. Ticks don't have a true head, but have a
capitulum (fig. 44) that consist of a basal portion, the basis
capituli, to which the hypostome, chelicerae, and palps are
attached. The hypostome typically bears many rows or
recurved barbs which anchor the tick to the skin of its host.
The chelicerae serve as cutting organs to permit insertion of
the hypostome. The palps have four segments or articles,
with the fourth segment very small in the hard ticks and
approximately equal to the other segments in the soft ticks.
The palps do not penetrate the skin of the host. In the hard
ticks the mouthparts project from the anterior end of Me
body, while in the soft ticks they project on the ventral side,
hidden dorsally by the body.

Exercises (633):
Identify the following as being true (T) or false (F. Correct
any false statements._ 1 Ticks have head, thorax, and abdomen fused into

one body region.

2 The hard ticks have no dorsal shield.

_ 3 There are two main groups of ticks: hard and soft.

Figure 4-3. Hard tick diagram.



TICKS: PICTORIAL KEY TO S3ME COMMON SPECIES

copitulum visible from abov,
acurom prsnt, family Issodido,

HARD TICKS

copitulum not assibl from obov,
scutum obsnt, family Argosido

SOFT TICKS

sutural lin presnt

Argos persocus
FOWL TICK

dorsal
1

sutural lone obsnt

Orosthodoros
RELAPSING FEvER TICK

mouthpart. %hart, about at long
as bosis capitols

mouthports, bo as $ copitulum

scutum with whit markings, basis
capitols with parallel ssdes

1

mouthoorts much longr than basis copstuls
...shire spot on tip of %town of female

mouthperts basis copitulom

Drmocntor voricibilis ond a. and...sons
AMERICAN DDG TICK AND wODD TICK

Amblyommo americanom
LONE STAR TICK

scutues without whit markings, basis
copituli producd laterally to form on angle

Scutum

phipicoholus songuinus
DROWN DOG TICK

Figure 4-4. Pictoral key to common tick species.
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Figure 4-5. Tick rnouthparts diagram.

_ 4 Hard ticks ordinarily spend most of their life on the
ground or on vegetation, awaiting hosts.

_ 5 Engorged ticks can endure frigid weather better
than unfed hard ticks.

_ 6 Soft ticks gen( ,ally exist in much drier situations
than hard ticks.

7 Many hard ticks require a year or two to complete
their life cycle.

_ 8 Only the male of the hard tick becomes distended
when engorged.

9. Transstadial transmission of pathogens is
accomplished by transmitting from the adult to the
egg and through the larval, nymphal, and adult
stage.

10. One method of contracting diseases is by the
inhalation of dusts containing minute fragments of
tick fe.ces.

634. Cite details regarding the
processes of ticks.

Ticks have four stages of
nymph, and adult (fig. 4-6).

developmental stages and

development: egg, larva,

LARVA

EGG MASS

MALE

Figure 4-6. Life cycle of an American dog tick.
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Egg Stage. Mating of hard ticks usually occurs while the
ticks are on the host animal. Afterwards the female drops to
the ground and deposits eggs on or near the earth. Several
days are required for development of the eggs. The female
hard tick feeds once and lays one large batch of eggs,
sometimes nuiribering in the thousands, and dies after
oviposition. Most of the soft tick; engorge several times
and deposit 20 to 50 eggs in a batch after each blood meal.
Eggs hatch in 2 weeks to several months, depending upon
temperature, humidity, and other environmental factors.

Larval Stage. The larvae, or "seed ticks" possess only
six legs and are not distinguishable as to sex. Because their
chance of attaching to a host is not good, sometime
prolonged fasts are obligatory.

Despite tolerance tn ciarvation, a very high percentage of
larvae fail tr, survive. Some climb on vegetation, waiting
for a small rodent to pass within reach. Others actively seek
a vertebrate host, being guided by the scent of the animal.
After a blood meal, the engorged larvae usually drop to the
soil, shed their skins, and emerge as eight-legged nymphs.
The larvae of one-host ticks remain on the host to molt.

Nymphal Stage. The nymph has eight legs like the adult
but has no genital opening. This stage also must undergo a
critical waiting period for a suitable host. After
engorgement, the nymph drops from the host, molts, and
becomes an adult. Nymphs may rest for long periods of
time before becoming adults. Although the life cycle of
some species of hard ticks may ae completed in less than I
year, it may require 2 to 3 years, or longer. Each time a tick
leaves its host it risks its survival on the chance that it will
find aiother host. Some species have the advantage of
molting on the host. For example, the cattle tick is a one-
host tick. Multiple-host ticks are able to live because of
their very great reproductive capaci,y arid their ability to
survive for long periods without food.

The hard ticks have only one nymphal instar, the nymph
becoming an adult after molting. Soft ticks may have
several nymphal instars.

Adult Stage. Typically, the nymph molts after
engorgement and becomes an adult. Sex then is
distinguishable for the first time as the female hard tick
differs from the male in having a small scutum. The sex of
soft ticks may be determined by the shape of the genital
opening located between the second pair of legs. In male
soft ticks the genital opening is almost circular, while it is
oval, definitely broader than long, in female specimens.
Unlike mosquitoes, both male and female hard ticks are
bloodsuckers and both require several days feeding before
copulation. After the male hard tick becomes engorged, he
usually copulates with one or more females and then dies.
Following copulation, the female tick drops to the ground.
The eggs require several days to develop. Then she begins
oviposition. After a few more days, her life's mission
accomplished, the spent female hard tick also dies. The
female soft tick may lay several small batches of eggs but
she requires a blood meal before each episode of
oviposition.

Exercises (634):

1. What are the four developmental stages of ticks?
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2. Where do female hard ticks deposit their eggs to
develop?

3. What two factors help multiple-host ticks live for a
long time?

4. How do egg-laying habits differ between female hard
and soft ticks?

635. Associate listed characteristics of ticks with the tick
species desc

Hard Ticks. The scutum of the hard ticks is one of the
chief characters that differentiates them from the soft ticks,
which have none (fig. 4-3). In addition, this feature
provides a means of immediately differentiating between
male and female hard ticks. In the male the scutum is large,
completely covering the dorsal surface, while in the female
it covers only a part of the dorsal surface and is almost
obscured when she becomes engorged. The capitulum of
hard ticks extends forward from the anterior end of the
body, bearing some resemblence to a true head, while in
soft ticks it is found on the under side and is not usually
visible from a dorsal view. The spirexles lie behind the
fourth pair of coxae, or basal segments of the leg.

Hard ticks typically take one blood meal in each of the
three developmental stagesthe larval, the nymphal, and
the adult stages. Both sexes are blood feeders, but only the
female becomes greatly distended during engorgement.
Most species feed on a different host during each stage, but
there are some one-host and two-host species.

Lone star ticks. The lone star tick, Amblyomma
americanum, is a vector of spotted fever, tularemia, and
possible Q fever. Female specimens are easily recognized
by the conspicuous silvery-white spot at the tip of the
scutum (fig. 4-4), hence the name "speck-back" in Ozark
Mountain region and the common name "lone star tick" for
the Lone Star State of Texas. The pale markings are diffuse
on the male specimens. In the southern states east of Texas
this species will bite man readily in the larval, nymphal,
and adult stages. Its bite is quite painful and may itch for a
long time. Common hosts are livestock, dogs, deer, birds,
and man.

Gulf Coast ticks. The Gulf Coast tick, Amblyomma
maculatum, is found particularly along the Gulf Coast and
South Atlantic coastline. It has spurs on the second, third,
and fourth pairs of legs and more diffuse pale markings on
the female that, does the lone star tick. When it is present in
an area, the ears of cattle will often be found infested.
Screwworm flies are often attracted by the smell of fresh
blood in these wounds and lay eggs in them. Later
screwworm larvae may feed voraciously, cause festering
sores, and even kill cattle. Common hosts include
livestock, deer, dogs, and man.
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American dog ticks. The American dog tick,
Dermacentor variabilis (fig. 4-4), is widely distributed east
of the Rocky Mountains and also occurs on the Pacific
Coast, and in parts of northern Idaho and eastern
Washington. This tick will be discussed in detail as a
representative of the hard ticks.

The adult males and females are frequently encountered
by sportsmen and people who work out-of-doors. The males
and females have pale whitish or yellowish markings on the
scutum. Males may be only 1/8 inch long, whole engcrged
females may be as much as 1/2 inch in length.

The dog is the preferred host of adult D. variabilis,
although it feeds readily on many large mammals and man.
The adult ticks are commonly found in the spring in their
"waiting position" on grass and other low vegetation. The
third pair of legs is used to cling to the grass while the
others are waved about ready to grasp any host that comes
by. The male remains on the host for an indefinite time,
alternately feeding and mating. The female feeds, mates,
becomes engorged, and drops off to lay several thousand
eggs.

Larval activity begins in March or April in
Massachusetts, ceasing in September or October. Larvae
seek the host actively, and do not assume the waiting
position typical of the adults. They are not captured by
means of drags. Meadow mice, wWf--footed mice, and
pine mice are important hosts of larvae.

Rocky Mountain wood ticks. The Rocky Mountain wood
tick, Dermacentor anders3ni (fig. 4-4), is found in the
Rocky Mountain States and in southwestern Canada. The
life cycle of this three-host tick requires 2 to 3 years for
completion. The larvae and nymphs attack small mammals
and the adults obtain their blood meals from large mammals
including man. The range of this tick coincides with the
area in which cases of Colorado tick fever are contracted. It
is rather similar to the American dog tick discussed
previously, but adults of the wood tick in general have more
pale coloring, and larger goblets on the spiracular plates,
than does the American dog tick.

Soft ticks. The sexes are similar in appearance in soft
ticks, there being no dorsal plate (scutum) to distinguish the
sexes as in hard ticks. The capitulum (which bears the
mouthparts) is located beneath the anterior margin of the
body. The spiracles or respiratory openings lie on the sides
of the body above the third and fourth pairs of legs.
Although some species of soft ticks feed upon humans, they
are more common on birds, and occasionally are found on
bats and other small mammals. The sexes can be
distinguished by the shape of the genital opening, which in
males is circular or crescent-shaped, and in females is a
transverse slit wider than it is long.

Soft ticks are typically intermittent feeders and can
survive long periods without food. Some species resemble
bed bugs in their habits of feeding at night and hiding in
cracks and crevices during the day.

Relapsing fever ticks. The relapsing fever ticks,
Ornithodoros species, are seldom seen by the average
person since they are primarily "aest ticks" that can
survive starvation for months or even years. Humans are
occasionally bitten by these hungry ticks and contract cases
of relapsing fever in mountain cabins, caves, or near wild
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animal burrows. For example, 0. hermsi is found at high
elevations in the West, particularly Idaho, Oregon,
Washington, California, Nevada, and Colorado, where its
parasitizes small mammals, such as the we:lern chipmunk
or tree squirrels. Occasionally, people sleeping in
mountain cabins come in contact with infected ticks and
contract relansing fever. 0. parkeri is a large species,
which attacks human and rodents, and is found in nine
western states. It is an efficient vector of relapsing fever and
can transmit Rocky Mountain spotted fever. 0. turicata,
also a large tick, is found in the southern and western
United States. It is found in caves, holes made by
burrowing animals , and at camp sites. Its host include
rodents, snakes, terrapins, and various domestic animals, as
well as people. Even after long starvation it too, is an
efficient vector of relapsing fever. Both 0. turicata and 0.
parkeri transmit the spirochete of this disease to their
offspring, the latter species as far as the fourth generation.
0. talaje occurs in southern United States.

Exercises (635):

Match the characteristics in column with the species
in colunm B. Column B items are used more than
once.

Column A

(1) These adult ticks
commonly wait (for
a suitable host) on
grass and low
vegetation.

(2) Females of this
species have a

conspicuous
silvery-white spot at
the tip of the
scutum.

(3) This tick has spurs
on the second, 3id,
and 4th pairs of legs
and pale markings
which are more
difuse than on the
female lone star
tick.

(;) These ticks have a
roughned, warty
appearance, and a
hypostome with
well-developed
teeth.

(5) in all but the egg
stage, this species
will readily bite
people, as well as
livestock, dogs,
deer, and birds.
l'108u' I Male am
female adults have
pale whitish or
yellowish markings
on the scutum.

(6) This is a three-host
tick with a life cycle
reqdring 2 to 3
years to complete.

a.
b.

d.
e.

Column B

Lone star ti
Gulf Ccr tick .
American dog tick.
Rocky Mountain wood tick.
Relapsing fever tick.



Column A

(7) These are primarily
"nest ticks" and
can survive
starvation for
months or even
years.

(P' Screw worm flies
are often attracted to
wounds in cattle
caused by these
ticks

(9) This is similar in
appearance to the
American d. ,g tick.
but has more pale
coloring and larger
goblets on the
spiracular plates.

636. Specify methods and principles involved in
surveying for and controlling ticks, and determine
necessary actions to control a given tick control
sftuation.

Tick Survey Methods. From tick surveys, you can
determine the species present, the degree of tick infestation,
whether control is needed, and the results obtained from
your control efforts.

To determine the infested host and the degree of
infestation, you can pick the ticks from the host animals for
analysis. To determine the infestation of vegetated areas,
use the tick drag method. To conduct this survey with the
tick drag, slowly drag it over low vegetation beside roads
and paths. After dragging a specified distance, say 50 feet,
pick the ticks from the cloth and put them into vials
containing 70 to 80 percent alcohol. From this collection,
you can adequately determine the species and calculate the
approximate degree of infestation.

You can get some degree of protection against ticks by
keeping your clothing buttoned, your trouser legs tucked
into the tops of your socks, and your shirttail into your
trousers. Avoid sitting on the ground or on logs in brush
areas, and at intervals inspect your clothing and body for
ticks. If you find and remove them before they become
attached to your body you will protect yourself from
exposure to tick paralysis and tickborne disease. Clearing
and burning brush along paths will reduce the likelihood of
tick infestation In residential areas, closely cut lawns and
well-kept yards 'aelp control ticks and their small rodent
hosts.

If ticks become attached, remove them with a steady pull
towards the head so that you don't break off their
mouthparts and leave them in the wound. There is no
certain way to make ticks detach their mouthparts, but a
drop of chloroform, carbon tetrachloride, ether, benzene,
vaseline, or fingernail polish helps remove them. Always
apply art antiseptic to tick bites. If your hands touch the
tick, thoroughly wash them with soap and water.

Tick Repellents. Many repellents have been tested
against ticks, but no general chemical is known. The
application of a repellent to exposed skin provides little
protection against ticks since they crawl underneath
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clothing and attack untreated portions of the body. For this
reason, treating clothes with repellents is suggested instead
of treating the skin. Indalone, diethyltoluamide, dimethly
carbate, dimethly phthalate, and benzyl benzoate provide
up to 90 percent protection. Saturate clothing with a
solution or emulsion of the repellent. A 5-percent solution
or emulsion will give a deposit of about 2 grams a square
foot on denim, ordirwry cotton khaki, or light wool. To wet
a complete uniform including socks, shirt and trousers
thoroughly, about 3 pints are required. After you have
saturated your clothing, hang it outdoors to dry. Properly
treated clothing will provide good protection against ticks,
chiggers, and mosquitoes for several days. You shoulii
wasl. and retreat clothing thoroughly at weekly interval,: or
before infrequent outdoor excursions.

Indoor Tick Controls. Indoor control aims primarily at
the brown dog tick, which is often difficult to control
because of its many possible hiding places. Since tick eggs
may hatch over a period of 5 months, more than one
insecticide application to infested areas might be necessary
to completely eliminate the problem. Insecticides available
for indoor use include; promtur, Diazinon, pyrethrins,
carbaryas a spray or dust chlorpyrifos, and bendiocarb.
Residual sprays and dusts should be applied to areas of the
house frequented by the pet, particularly its sleeping
quarters, around baseboards, window and doorframes, wall
cracks, local areas of floors, floor coverings, and similar
places where the ticks might conceal themselves.

If wall-to-wall carpeting is present, treat the edges as best
as possible without lifting the carpet. Furniture, especially
overstuffed chairs, may need treatment. Remove the
cushions and treat all crevices and seams. In animal
quarters, remove bedding before treatment. It may be
helpful to turn up the heat following treatment, because the
higher temperature stimulates the ticks to move and contact
the insecticide treatment. If the pet requires insecticidal
treatment, a veterinarian should be consulted; he or she may
have dipping vats for treating tick-infested dogs. You
should never treat an infested pet; this is the owner's
responsibil ity.

Outdoor Controls. Outdoor control aims primarily at
the American dog tick and other wood ticks and not the
brown dog tick which rarely infests outdoor areas. Since
ticks do not favor direct sunlight, the first step in control is
to keep overgrown and heavy vegetation cleared and cut in
tick infested areas. Vegetation maintenance, such AS
removal and cutting is very effective at times for controllir.g
ticks, and should be accomplished before establishing field
encampments.

Chemical control comes from applying residual
insecticides, such as diazinon, chlorpyrifos, malathion, or
dichlorvos, as liquids or granular treatments on grass and
under shrubbery and trees, especially near houses.

Ticks will congregate in many parks and recreational
areas where chemical application may be restricted to a few
feet along roads, walks, and trails. Special effort should be
made to treat areas where dogs frequent. Dichlorvos,
carbaryl, malathion, and pyrethrins can be used to treat
outside pet runways, window sills, and ledges of kennels,
crawl spaces, dog houses, and other weas accessible to
pets. Be careful not to contaminate food or water.
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Control by Host Removal. In cases where buildings are
severly infested with brown dog ticks which show
resistance to insecticides , remove the pet and thoroughly
treat the building with an approved insecticide. Have the,
pet dipped, dusted, or sprayed with a recommended
insecticide. Other hosts of different tick species are field
rodents. You can control these pest hosts by poisoned bait
(warfarin, pival, zinc phosphide, ^trychnine, etc.),
trapping, or rodentproofing with masonry, sheet metal, etc.

Exercises (636):

1. What method is most often used to survey for ticks in
outdoor areas?

2. In wooded areas, what mechanical controls can be
applied to reduce the likelihood of tick infestations?

3. If ticks become attached to a person or animal, how
should they be removed?

4. What action should you take if a person's pet requires
insecticidal treatment to control ticks?

5. What types of pesticidal formulations should you use
for indoor tick treatments?

6. What areas should you give the most attention when
controlling ticks in a home?

7. What is the first step to be taken to control American
dog ticks in outdoor areas?

Quest-Ions 8 through 11 are based on the following
situation: A base housing resident calls saying she has
ticks in her backyard. When you arrive, you see that
the has two large dogs which are kept in a fenced,
shady area with grass that's about 6 to 8 inches tall.
She wants you to spray the yard and dogs "with the
strongest stuff you've got."

8. Based on this situation, what type of ticks would you
expect to find?
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9. What actions would you advise the woman to take
regarding the dogs?

10. What initial chemical corrective action should you
take?

11. What advice should you give the woman regaruing the
yard?

4-3. Mites

Most species of mites are so small that they are barely
visible to the naked eye. Their life cycles are often short, 2
to 3 weeks; thus, mites increase their numbers very rapidly
under favorable conditions.

637. Identify statements regarding diseases mites
transmit as being true or false and correct any false
statements.

Mites as Medical Peats. Mites are important to humans
because they cause or are involved in:

(1) Scabies or mangelike conditions, produced primarily
by mange, itch, and follicle mites.

(2) Dermatitis, produced primarily by direct attack of
chiggers, bird and rat mites, straw-itch mites, and cheese
and flour mites.

(3) Infestation of the 1...ings, intestine, or urinary passages
(by lung mites or certain cheese and flour mite).

(4) Tapeworm infestations of domestic animals and man
(beetle mites serve as intermediate hosts for certain
tapeworms).

(5) Allergic reactions to mites (entire or fragments
thereof) and their excreta may pr-Kluce conditions similar to
asthma in some people.

(6) Transmission of organisms that cause diseases,
primarily those organisms that cause four groups of
diseases:

Viralas encephalitis (transmitted by certain bird
mites).
Rickettsialas rickettsialpox (transmitted by the
house mouse mite), scrub typhus (transmitted by the
house mouse mite).
Bacterialas tularemia (transmitted by the tropical
rat mite in the laboratory) and epidemic hemorrhagic
septicimia (transmitted by the snake mite).
Filarialas in the cotton rat (transmitted by the
tropical rat mite)

Scabies and related mangelike conditions. Scabies is the
most important disease caused by mites. It occurs
throughout the world and is caused by the scabies mite, itch
mite, and mange mite. Sometimes the mites cause only a
mild rash, but often they cause serious skin irritations that



lead to secondary infections that produce either conditions
similar to impetigo, or severe allergic reactions that prevent
persons from sleeping at night. The scabies mites burrow
under the skin, leaving open sores or linear burrows
containing the mites and their eggs. The first symptom of
scabies is itching, especially at night and frequently over
much of the body. The signs of scabies are often obscured
by scratching, secondary infections, or impetigo.

Itch mites found on domestic animals are almost
indistinguishable from human scabies mites. Cases of
mange in humans which probably originated from animal
infestations are usually of short duration. Mange mites from
animals can live on humans, but are not able to reproduce
and establish infestations.

Scrub typhus and hemorrhagic fever. From the
viewpoint of disease transmission, chiggers are probably
the most important group of mites, because they transmit
the rickettsiae that cause scrub typhus (also known as
tsutsugamushi disease, Japanese river bottom fever, and
Mossman fever). This disease is not found in the United
States. However, it has been a disease of importance to
American military personnel that have been stationed in the
Orient since 1941. Scrub typhus occurs from India, through
Southeast Asia, to Japan and Korea. Scrub typhus is
transmitted by several species of chiggers.

Chiggers are also suspected of transmitting epidemic
hemorrhagic fever. This is a disease, probably caused by a
virus that American troops encountered in Korea. It causes
fever and kidney damage and is fatal in about 5 percent of
the cases.

Rickettsialpox. In 1946 an outbreak of "atypical
chickenpox" in some New York City adults led to the
discovery of a previously unimown rickettsial disease,
which was named rickettsialpox and transmitted to humans
by the house mouse mite from house mice, which were the
reservoir for the disease. Rickettsailpox has also been
reported from Boston, Massachusetts; Philadelphia,
Pennsylvania; and Cleveland, Ohio.

The tropical rat mite, (Ornithonyssus bacoti), which is
far more abundant than the house mouse mite, has been
shown capable of transmitting rickettsailpox in the
laboratory.

Encephalitis. Encephalitis virus has been found in the
chicken mite (Dermanyssus sylviamum) and the tropical
fowl mite (Ornithonyssus bursa). The role of these mites in
vectoring this disease to humans has not been confirmed but
it is believed that it is minor if it exists at all.

Dermatitis. Skin inflammations (dermatitis) are caused
by several types of mites, primarily chiggers, rodent and
bird mites, straw-itch mites, and grain or cheese mites.
Probably no creatures on Earth can cause more torment for
their size than chiggers (redbugs). They are found
throughout the Tropics and subtropics. Although they are a
little less common in the Northeastern United States, they
are quite common in the southern half, in the Mississippi
Valley, and the Central Valley of California. They are most
abundant in wooded areas, swamps, along roadsides, and
particularly where food and shelter for wild rodents and
birds are found, as in patches of raspberry and blackberry
bushes. The chiggers attach most often in areas where the
clothing fits tightly, as at the top of the stockings, the waist
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area where belts or underwear constrict, and in the armpit
area.

Chiggers do not suck blood. The reddish color that is
characteristic of some specieshence the name redbugis
due to pigments in the mite's tissue, not to blood. Chiggers
inject saliva into the host's skin. The reaction of the saliva
and host's flesh forms a feeding tube (stylostome). This
feeding tube is filled with lymph and partially digested
tissue that the mite sucks up as food. In some specimens the
stylostome is twice the length of the engorged chigger.
Severe cases of chigger dermatitis can itch for a week or
longer and be as irritating as acute cases of poison ivy or
poison sumac.

Bird mites also cause irritation and annoyance. Chicken
mites often feed on people who work either in chicken
houses or in live poultry markets. Chicken and bird mites
may swarm from pigeon, starling, and English sparrow
nests in the eaves or attics along the outside of buildings and
crawl through doors or windows, or through openings into
the upper portion of buildings, and bite people.

Tropical rat mites (Ornithonyssus bacoti) also bite
humans. Very often, though not always, persons are bitten
when the usual host, the rat, is not available to the mites.
Frequently such attacks are associated with death of the rat
as the result of trapping, poisoning. or disease; the
destruction of rat harborage; or keeping rats out of premises
by rat stoppage.

The straw-itch mite (Pyemotes ventricosus) is normally a
parasite of the larvae of a number of borers. Outbreaks of
straw-itch mite derr.atitis are usually associated with
infested straw and are most common in the Midwestern
United States. Two of the largest of these outbreaks
occurred at the State fairs in Indianapolis, Indiana, among
farmers, visitors, and attendants, particularly 4-H students
who had show animals bedded on infested straw. The grain
and cheese mites are frequently found in tremendous
numbers in flour, grain, dried fruits, and cheese,
particularly when humidity and temperatures are high.
Some of these mites cause dermititis among persons who
handle the infested foods.

Allergic reactions. In recent years, research workers
studying the relationship between asthma and house dust
have discovered several species of house dust mites (genus
Dermatophagoides) in dust from houses. The two most
important species in the United States seem to be
DDermatophagoides farinae and pteronyssinus. They are
abundant in dust from mattresses and bedroom floors, but
are also found in smaller numbers in other parts of houses.

Annoyance. Many species of mites invade houses and
are annoying simply by being there; they do not bite man or
transmit diseases. The clover mites (Bryobia praetiosa)
frequently infest houses in great numbers and annoy
householders, partic,ilarly in the northern half of the United
States. They do not bite man, transmit disease, or damage
foodstuffs, but their presence is disturbing. They often
swarm by the thousands over outer walls of buildings,
particularly those with a sunny exposure, and make their
way indoors through cracks and crevices about doors,
windows, foundations, and elsewhere. They swarm into
houses in the fall, seeking, as do box elder bugs or cluster
flies, a place to hibernate. The following spring, they

412



become active again, seeking a way out of the house and
back to the growing plants on which they feed. Most clover
mite complaints come from new residential areas with
well-fertilized lawns or shrubbery next to buildings, where
the mites have opportunity to build up large populations.
They migrate into homes as cold weather approaches.
Usually householders report myriads of "tiny bugs"
literally coating the walls as they attempt to swarm into or
out of a home. When crushed in linens, curtains, walls, or
woodwork, they produce a reddish stain.

Exercises (637):
Identify these statements as being true (T) or false (F).
Correct any false statements.

1 Scabies is the most important disease caused by
mites.

_ 2 The first symptom of scabies is a high fever.

_ 3 Although not found in the U.S., scrub typhus is of
importance to American troops in the Orient.

_ 4 Because of the diseases they transmit, chiggers are
probably the most important species of mites.

5 Rickettsia !pox is transmitted to people by the
tropical foul mite.

638. Specify the appropriate term for phrases regarding
mites and their suborders.

Mites differ so greatly from one species to another that a
short, general description cannot apply to all species.
Therefore, our first descriptions are based on various
suborders of mites.

General Classification and Description. Mites are
members of the class Arachnida and the order Acarina. A
typical female mite is usually less than 0.5 mm long with a
sac-like body that is often membranous or membranous
with hard plates. There is no well-defined segmentation of
the body. The head region, known as the capitulum or
gnathosome, has cutting structures known as chelicerae
which bear two scissorlike blades, called chelae, that are
used for biting. Mites undergo four stages of
development---egg, larva, nymph, and adult. Six-legged
larvae hatch from the eggs, molt, become eight-legged
nymphae, and develop i.ito adults.
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Description of Mite Suborders. There are thr?e
suborders of mites that will be described in this text and
each of these suborders contain several important mites.

Suborder Mesostigmata. These mites have a single par:
of spiracles lateral to the legsusually associated with an
elongated peritreme (if there is no peritreme, the mite is
usually a highly specialized parasite of the respiratory tract
of vertebrates). Haller's organ is absent (fig. 4-7); the
hypostome is neither toothed nor developed for piercing.
Representatives include such species as the house mouse
mite (Liponyssoides sanguineus), chicken mite
(Dermanyssus gallinae), tropical rat mite (Ornithonyssus
bacon), tropical fowl mite (Ornithonyssus bursa), and
northern fowl mite (Ornithonyssus sylviarum).

Suborder Trornbafformes. Mites of this suborder h.r.,e a
pair of spiracles on or near the head region (the
gnathosome). The chelicerae are usually modified for
piercing; the palpi are usually free and highly developed.
Haller's organ is absent. The coxas seldom form
conspicuous internal projections beneath skin. There are no
anal suckers.

Representatives include chiggers (Trombicula and allies
in the family Trombiculidae), gall mites (family
Eriophyiidae), follicle mites (Demodex spp.), straw-itch
mites (Pyemotes ventricosus), water mites (Nydracarina
spp.), spider mites (Tetranychus spp. and allies), clover
mites (Bryobia praetiosa), and other mites (Myobia,
Cheyletus, Cheyletiella, and other genera).

Suborder Sareoptiformes. These mites have no
spiracles; a few have a system of tracheae that open through
stigmata and porose areas on various parts of the body.
There is no Haller's organ. The coxae form conspicuous
internal projections beneath the skin of the venter of the
body. The mouthparts are usually for chewing; they have
strong chelae. The palpi are simple. Anal suckers are often
present.

Some representatives are the mange and itch mites
(Sarcoptes, Noroedres, Psoroptes spp.), house dust mites
(Dermatophagoides spp.), cheese mites (Tyrophagus,
Caloglphyus, Glycyphagus supp.), feather mites (family
Analgesidae), and hair mites (Listrophoridae, Myocoptes of
mice).

Figure 4-7. Mite diagram depicting Haller's organ.



Figure 4-8. Itch mac.

Exercises (638):

Give the appropriate term of the following mites and their
subordinates.

I . Mite class.

2. Mite order.

3. Head region of mites.

4. Scissorlike blades used for biting.

5. Four stages of mite development.

6. Representatives of this suborder include the house
mouse mite and chicken mite.

7. Representatives include chiggers and water mites.

8. Representatives include the house dust mites, cheese
mites, and feather mites.
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639. Associate a given list of mites with their
appropriate descriptive statements.

Itch Mites. The itch mite (fig. 4-8) is a very tiny mite.
The females average 0.2 to 0.4 mm in length. The males
are somewhat smaller. Each mite is oval and saclike; the
body surface is finely wrinkled. The mouthparts contain
paired palps and chelicerae, and are located at the anterior
end. The anus is located at the posterior end. The dorsal
surface has a number of conspicuous blunt spines and many
backward-pointing triangular scales. The legs are short and
stocky, the two anterior pairs being well separated from the
two rosterior pairs.

'1 he female burrows beneath the outer layer of skin and
lays her eggs in the sinuous tunnels that she excavates. The
eggs hatch into larvae that have six legs. The larvae become
nymphs (with eight legs), and finally the nymphs become
adults. The adults live about a month. Scabies mites occur
most commonly in tiny papules, particularly in the webbing
between the fingers and in the folds of the skin at the wrists.
Positive identification is made by excising a tiny bit of
flesh, treating it with 10 percent sodium hydroxode or
potassium hydroxide solution, and examining the tissue on
a slide with a microscope that has a magnification of 100
diameters or more. The short, stubby legs, the triangular
scales, and the peglike spines on the back are easily seen in
good preparations.

Chiggers. Chiggers (fig. 4-9) feed on people and other
vertebrates only in the larval stage. They have the following
developmental stages: egg deutovum, larva,
numphochrysalis, nymph, imagochrysalis, and adult. On
humans they attach in those areas of the body where
clothing fits tightly, as at the ankles, waistline, and armpits.
As a rule, the larva feeds only once, sucking lymph and
partially digested skin tissue (not blood) through its
stylostome. The nymphs and adults feed on the eggs or
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Figure 4-9. Chigger mite.



Figure 4-10. House mouse mite.

young of various arthropods, such as mosquitoes and
springtails, not on humans. Under optimum conditions, the
life cycle can be completed in about 50 days. In most of the
United States, there are one to three generations a year,
depending on latitude. But breeding may be continuous on
the gulf coast and in Florida. Chiggers feed on a wide
variety of snakes, turtles, birds, and small mammals as well
as on humans.

House Mouse Mites. These mites (fig. 4-10) have been
found from Utah and Arizona to Boston and Washington.
They have been collected by the thousands in apartment
houses where house mice were abundant. A few have been
collected on rats. The females can be distinguished from
most other bloodsucking mites by the presence of two
dorsal shields, a large anterior plate and a small posterior
plate. The protonymphs, deutonymphs, and adults suck
blood. The house mouse mite is a proven vector of
rickettsialpox in Massachusetts, Connecticut, New York,
Pennsylvania, and Ohio.

Tropkal Rat Mites. The tropical rat mite (fig. 4-11) is
often responsible for severe "rat-mite dermatitis" all over
the world. Females are usually recognized by their
scissorlike chelicerae, the narrow, tapering dorsal ;and
genito-ventral plates and the egg-shaped anal plate. The
protonymphs and females suck blood and are often
tremendously distended after feeding. This characteristic is

so pronounced that laboratory workers who identify rat
ectoparasites often sort the swollen tropical rat mite from
among other species without optical aid, and then confirm
identification with a microscope.

Chicken Mites. This mite (fig. 4-12) is found throughout
most of the world on domestic fowl, pigeons, English
sparrows, starlings, and many other birds. The large dorsal
and anal plates, short sternal plate, and needlelike
chelicerae are important characters for identifying this
species. The chicken mite is one of the most common
species that cause human dermatitis in houses, on chicken
ranches, and in markets where chickens are sold.
Infestations of this mite are often first noticed as the mites
crawl about on chicken eggs. Chicken mites are intermittent
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Figure 4-11. Tropical rate mite.

eaters. To feed, they crawl onto the birds at night or when
the birds are in their nest. In the daytime, they hide in
cracks and crevices in chicken houses, or in floors, walls,
and ceilings of buildings in which birds nest.

Northern Fowl Mites. The northern fowl mite is similar
to the tropical rat mite, but it has a much shorter sternal
plate. This plate has only four setae; the setae on the dorsal
plate are quite short. This species is common on domestic
fowl, pigeons, sparrow, and starlings. It readily bites
people.

Northern fowl mites overwinter in bird nests (as those of
barn swallows and pheobes) and in cracks in buildings.
There are several generations each year; the buildup in
populations is very rapid. In poultry houses, these mites
prefer to stay on birds most of the time, but they have been
found on eggs and in litter. On birds, they are often
abundant about the vent, tail, and neck; there they suck
blood and may form scabs.

Figure 4-12. Chicken mite.



Straw-itch mites. This mite (fig. 4-13) is normally a
parasite of insects that bore into grain or wood. It
sometimes, however, severly bites humans. Unfed females
of the species are very small, but after mating, the female
becomes greatly enlarged. They are then easil, visible to
the naked eye, resembling a tiny pearl because of the
swelling of the body behind the last piir of legs. The first
and second pairs of legs are widely separated from the third
and fourth pairs. The club-shaped hair between the base of
the first and second pairs of legs is an important
characteristic in the identification of this mite. A single
female may produce 200 to 300 eggs, which are retained
within the body until the offspring have passed through all
stages of development. The young, males and females, are
produced vivaparously and are sexually mature at birth.
Mating takes place soon after.

Grain and Flour Mites. The grain and flour mites
(families Acaridae and Tyroglyphidae) are tiny, and pale
gray or yellowish white. They have ,..onspicuous, long
hairs. The anterior two pairs of legs are widely separated
from the third and fourth pair of legs. These mites feed on a
wide variety of organic material and are sometimes very
abundant in leaf mold, flour, hair mattresses, and similar
substances. They cause grocers' itch and copra itch.

Exercises (639):

I. Match the name of the mites in column B with their
correct description in column A. Column B items may
be used only once.

Column A

(1) The large dorsal and
anal plate, short ster-
nal plate, and needle-
like chelicerae are
important characters
for identifying this
specie.

(2) This is a very tiny
mite. The females
average 0.2 to 0.4
mm in length. The
males are somewhat
smaller.

(3) This mite is similar to
the tropical rat mite,
but has a much
shorter sternal plate.

(4) These mites are tiny,
and pale gray or yel-
lowish white. They
have conspicuous,
long hairs. The ante-
rior two pairs of legs
are widely separated
from the third and
fourth pair of legs.

(5) These mites have the
following develop-
mental stages: egg,
deutovum, larva,
nymphochrysalis,
nymph, imago-
chrysalis, and adult.

Column B

a. Itch mites.
b. Chiggers,
c. House mouse mite.
d. Tropical rat mite.
e. Chicken mite.
f. Northern fowl mite.
g. Straw-itch mite.
h. Grain and flour mites.
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Column A

(6) The females can be
distinguished from
most othcr blood-
sucking mites by the
presence of two dor-
sal shields, a large
anterior plate and a
small posterior plate.

(7) This mite is normally
a parasite of insects
that bore into a grain
of wc,od. Unfed
females of the specie
are very small, but
after mating, the
female becomes
greatly enlarged.

(8) This mite is often
responsible for severe
' 'rat-mite dermatitis"
all over the world.

640. Identify the methods used to conduct mite surveys.

Mite Survey Methods. Survey methods vary with the
habits of the species being investigated. In chigger-infested
areas use black glass plates or cardboard rectangles. Place
these vertically and make counts at definite intervals. If
chiggers are present, they will climb to the upper edges and
congregate there. Test about a dozen spots to locate trouble
areas. Use a repellent before you start the survey
otherwise, the chiggers may find you before you find them.

Berlese funnels are frequently used to collect flour and
grain mites and other free-ranging species, such as bird
mites in nesting material.

Estimates of chigger, bird, and rodent mite population
densities can be based on data gathered by:

a. Stunning or killing animal ectoparasites (with ether or
chloroform) on dead or trapped animals, and combing (or
beating) the parasites form the animal into a white,
enameled pan.

b. Picking the mites off with fine forceps, particularly in
the case of chiggers that have fastened to an animal.

Figure 4-13. Straw-itch mite.



c. Placing the live host animals in cages that have wire or
hardware cloth bottoms so that any mites that drop off after
engorging will fall into a pan of water put under the cage.
(This procedure is often used to collect chiggers from
snakes, turtles, or small rodents.)

d. Placing a dead host animal in a glass jar containing
water and a detergent. The jar is shaken thoroughly to
separate ectoparasites from the animal. The liquid is then
poured into a funnel containing filter paper. Any mites will
be strained out on the paper.

Exercises (640):

1. Mite survey methods vary with the habits of the
speices

2. Black glass plates or cardboard rectangles are used to
survey areas.

3. Berlese funnels are frequently used to collect
and mites.

641. Given selected techniques, determine the type of
control being used, the mite to be controlled, and
complete given statements regarding chemical controls
for mites.

Mite Control. Mites can be controlled through
environmental methods, including sanitation, mechanical,
and construction and maintenance controls, as well as by
chemical methods. The method used depends on the mites
to be controlled and the circumstances.

Cultural methods. Rat and house mouse mites can be
controlled by:

a. Trapping or poisoning rats and mice to eliminate the
the source of the blood meal essential for nourishment and
reproduction of mites.

b. Starving out rodents by storing garbage and food in
ratproof containers, rooms, or buildings.

c. Keeping rodents out of buildings by rodent stoppage.

Bird mites can be controlled by:
a. Modifying buildings so that birds cannot enter or nest.

(Give special attention to louvers, gables, eaves and
atticseven though the work calls for screening, carpentry,
or masonry.)

b. Trapping or poisoning birds to eliminate the source of
blood meals for the mites.

Clover mites can be controlled by:
a. Removing vegetation near houses and pruning shrubs

so that they are at least a yard from buildings.
b. Maintaining a strip of bare ground 2 to 3 fe-et wide

around buildings.

Chigger control depends on modifying the environment
to permit sunlight and air to circulate freely, thus drying the
usual damp habitat of the chigger. These modifications
consist of:

a. Keeping lawns and gardens closely cut and edged,
and keeping flower beds free of weeds.

b. Eliminating tall weeds and shrubs, particularly
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blackberry and raspberry bushes, which furnish food and
shelter for the bird and rodent hosts of chiggers.

C. Using (in scrub typhus areas) mechanical equipment,
such as bulldozers and flamethrowersthus reducing
human contact with the mitesto clear campsites, and
using rodent control to eliminate chigger hosts.

Grain and flour mites can usually be controlled by:
a. Rotating food materials to remove the oldest items

first (to prevent buildup of infestations).
b. Ventilating to prevent the accumulation of moisture

(mites thrive on foods that have a moisture content of 20
percent or more).

c. Eliminating foci or infestations (by vacuum cleaning
entire warehouses, with attention to horizontal surfaces
such as beams and window ledges).

Chemical methods. Sprays or dusts are used for residual
treatment indoors and are frequently used as spot treatments
in trouble areasaround windows and doors, at the tops of
foundations, around plates and at the ends of joists, on
baseboards, and at the edges of floors. Dusts are usually
applied at higher concentrations than are sprays. They are
placed in voids, in louvers near bird nests, in rodent
runways, where the mites will, and children will not,
normally come into contact with the insecticide.

Residual treatment outdoors has been used for the control
of clover mites and chiggers especially, but less commonly
on the outside of buildings for control of bird and rat mites.

Fumigation control of flour and grain mites is difficult
and should be carried out only by a certified pest control
operator. All fumigants are very poisonous and should be
used only by qualified operators and only according to the
directions on the fumigant container's label.

Sulfur has long been used as a chigger repellent.
Although the results are variable, it has often given control
when dusted into socks, underwear, and outer clothing.
Children at summer camps often prefer sulfur to sont:: of the
new repellents that have a disagreeable odor.

Many mosquito repellents, such as Indalone, ethyl
hexanediol, and dimethyl phthalate will, when applied to
the skin, also repel chiggers for 2 to 4 hours. One of the best
of the newer repellents is diethyltoluamide.

Most of the good mosquito repellents are alco effective
when used to treat clothing. The most durable treatment
recommended at this time is benzyl benzoate, which will
withstand two or three washings. Resmethrin, which
contains 30 percent benzyl benzoate, withstands one or two
washings.

Persons who have been in an area infested with chiggers
can kill most or all mites that have attached themselves by
using a thick lather in a hot bath or shower as soon as
possible after exposure. After the bath, an alcohol rubdown
will help, particularly on the welts. For temporary relief
from itching, compounds such as calomine lotion are
available at most drug stores.

Much progress has been made in the treatment of mite
infestations on humans and animals. Sulfur ointment, long
used in the treatment of scabies, is no longer recommended
because it can cause a dermatitis as severe as that caused by
the mites. Best results are obtained by taking a hot, soapy
bath first, drying the skin thoroughly, and then applying



one of the three following remedies to all the body below
the neck.

(1) Kwell cream, or a lotion containing 1 percent gamma
isomer of benzene hexachloride or lindane:

(2) Eurax, a salve incorporating 10 percent N-ethy1-0-
crotontoluide in vanishing cream.

(3) Twelve percent benzyl benzolate.

The next day take a bath and change to clean clothing, night
clothes, and bedding. Itching may persist for several days
and is not a sign of superinfection. It is important that this
be understood; overtreatment is common. In perhaps 5
percent of the cases a second course of treatment is
necessary after an interval of 1 to 2 weeks.

In treating scabies, thoroughness is essential. Launder
every piece of clothing and bedding that may have come
into contact with the infested person. If one member of a
family or group of persons has scabies, all close contacts
should get treatment.

Exercises (641):

Given some techniques for controlling mites, state whether
the type of control is cultural or chemical, and name the
mite(s) that it would control.

Starving out rodents by. storing garbage and food in
ratproof containers, rooms, or buildings.

1. Using diethyltcluamide.

2. Maintaining a strop of bare ground 2 to 3 feet wide
around buildings.

3. Rotating food materials to remove the oldest items
first.
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4. Keeping lawns and gardens closely cut and edged and
keeping flower beds free of weeds.

5. Treating clothing with benzyl benzoate.

6. Trapping or poisoning birds to eliminate the sourcc of
blood meals for the mites.

Complete the following statements:

7. Persons who have been in an area infested with
chiggers can kill most of all mites that have attached
themselves by using a in a

Or as soon as possible
after exposure.

8. Fumigation control of and mites
is different and should be carried out only by a

pest control operator.

9. for controlling mites indoors and outdoors, you should
apply sprays and/or dusts around and

, at the tops of , around plates at
the end of , on , at the edges of

4 d
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Answers for Exercises
CHAPTER 1

Reference:

600 - I. Any living animal or plant which gives subsistence, and often,
lodging to a parasite.

600 - 2. A small organism or vims living in or on, and at the expense of
a larger one.

600 - 3. A living transporter and transmitter of disease agents.
600 - 4. The vector.
600 - 5. The typhoid fever bacillus is carried on the feet and body hairs,

or may pass through the digestive tract.
600 6. The parasite multiplies, changes in form, or passes through part

of its life cycle within the arthropod vector.
CO; - I. (I) a.

(2) d.
(3) b.
(4) e.
(5) g.
(6) f.
(7) c.

602 - I . Four; egg, larva, pupa, adult.
602 2. Singly; water.
602 3. Readily reach water.
602 4. Three to five, if flooding doesn't occur
602 - 5. Freezing.
602 6. Water.
602 - 7. Flowing streams (and) open waters.
602 - 8. Temperature, light, movement, (1 ; r-ices and salts, and

other living organisms.
602 9. Head. thorax, and abdomen.
602 - 10. Antenna, eyes, and mouthparts.
602 - 11. Head or abdomen; flattened.
602 - 12. Nine; segments.
602 - 13. In water; very active.
602 14. From one day to a few weeks.
602 15. Its is a small, fragil insect with a slender abdomen, one pair of

narrow wings and three pairs of long, slender legs.
602 16. Spherical; membraneous.
602 - 17. Wings; legs.
603 I . F. About equal numbers are produced.
603 2. T.
603 3. F. They remain near the breeding places.
603 4. T.
603 - 5. T.
603 - 6. T. Most, but not all.
603 - 7. T.
603 - 8. F. They differ greatly as to their preferred host.
603 - 9. T.
603 - 10. T.
604 - I. Examples in the text include size, color, precence of tarsal

bands, markings on the thorax, and shape of abdomen tip.
604 2. a. Aedes taeniorhynchus, black salt-marsh mosquitoes.

b. Aedes triseriatus, tree hole mosquitoes.
C. Aedes canadensis.
d. Aedes sollicicans, salt-marsh mosquitoes.
e. Aedes nigromaculis.

605 - I.
605 2.
605 - 3.
605 4.
605 - 5.
605 6.
605 - 7.
605 - 8.
605 - 9.
605 - 10.
606 I .

AQ.
AQ.
AF.
AQ.
AQ.
AF.
AF.
AQ.
AF
AQ.
a. CQ.
b. CP, CQ.
C. CT.
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606 2. Culex quinquefasciatus.
606 3. Cutex tarsahs.
606 - 4. All three species discussed.
606 - 5. Because they breed prolifically in artificial containers, and

because adults don't normally migrate far from larval sites.
607 - I. Psorophora
607 - 2. Coquillettidia perturbans and mansonia607 - 3. Psorophora confinnis.
608 I. Planning, conducting, evaluating.
608 2. Work hours, materials, equipment, justification.608 - 3. Culex tarsalis.
608 4. Dawn, light intensity, humidity.
608 - 5. a. Biting collections, landing rates, insect nets.

b. Landing rate, biting collections.
c. Light traps, carbon dioxide traps.
d. Light traps not very effective; daytime resting stations.
e. Daytime resting stations, light traps.

609 - I. Specific breeding sites; sampling stations.
609 - 2. Dips; larvae.
609 3. One; two.
609 4. a. Skimming in partically shaded water with some vegetation.b. Dipping, collecting with a pipette in artificial containers.c. Same as Aedes.

d. Pulling up vegetation, rinsing and inspecting rinse water.
610 - I . Cultural, biological, and chemical controls.
610 2. Mechanical/physical and chemical controls.
610 - 3. a. Control aquatic vegetation to reduce breeding and resting

locations.
Stock the pond with fish which feed on larvae, or apply a
biological insecticide.
Apply a selective pesticide such as methoprene to prevent
danger to fish.
Get rid of artificial containers which trap water.
Make sure semen doors and windows are in place and in
good condition.
Use commercially available aerosols and fly swatters for
indoor control.
Use a ULV generator to treat for adults.
Apply larvicides to tree holes and other appropriate areas
using portable equipment.

b.

c.

610 - 4. a.
b.

c.

610 5. a.
b.

CHAPTER 2

611 I . Not only do flies annoy and bite humans, but they spread and
create disease and destroy agricultural products.

611 2. On their mouthparts, through their vomitus, on their body hairs,
on the sticky pads of their feet, and through the intestinal tractby means of fly feces.

611 3. Any six of the following: bacillary dysentery, infantile diarrhea,
typhoid fever, paratyphoid fever, cholera, amoebic dysentery,giardiasis, and pinworm, roundworm, and tapeworminfections.

611 4. Intestinal myiasis.
612 I . T.
612 2. F. Different species have mouthparts adapted for different

activities.
612 - 3. T.
612 - 4. F. The wings (straight, curved, or angled) are used in

identification-
612 5. F. Four stages (egg, larva, pupa, adult).612 - 6. T.
612 - 7. T.

613 - 1. a. 6 to 9 mm long.
b. Dull, with four dark longitudinal stripes.
c. Dull, with sides usually pale.
d. Sharply angled, ending before the wing tip.

613 - 2. 8 to 20 days.
613 - 3. In cracks and crevices within the breeding media away from

direct sunlight.
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613 4. Animal manure, human excrement, and garbage.
613 5. Water, sugar, starch, and protein.
613 6. Two to three times daily.
613 7. a. Below 45° F.

b. About 53° F.
c. Slightly under 32° F or over 112° F.

613 8. Lethal effects are more marked when the humidity is high.

614 I. (I)c.
(2) b.
(3) d.
(4) a.

615 I. a. Up to 2 to 3 times larger than the housefly.
b. Dull with three dark longitudinal stripes.
c. Checkerboard pattern with a reddish-brown tip.
d. Sharply angled and ending before the wing tip.

615 2. In meat, cheese, fish, other exposed foods, and animal excreta
615 3. The females deposit larvae rather than eggs.
615 4. In kitchen and bathrooms.

616 I. (I)b.
(2) c.
(3) d.
(4) a.

617 I. (I)e.
(2) b.
(3) f.
(4) j.
(5) a.
(6) i.
(7) h.
(8) c.
(9) d.
(10) g.

618 - I. Insect net, fly trap, and fly grill surveys.
618 - 2. To determine the species present, and roughly, the relative

numbers of the various species.
618 - 3. The tendency of flies to rise vertically when they take off.
618 - 4. To collect live flies for bacteriological or virological studies.
618 - 5. Fly grills are faster and give a valid picture of the situation.
618 6. The fly's tendency to rest on edges.
618 7. They're used to supplement fly rill surveys. They are taken in

a vehicle or on foot to observe the abundance of flies in favored
resting places. Finding densities are recorded as estimated grill
readings.

618 - 8. a. To provide data for areas lacking grill coverage.
b. To speed up cr ntrol measures in epidemics or other disease

conditions.
c. To serve as a posttreatment evaluation of space spray

applications.
d. To serve as preventive maintenance inspections during

times of low fly populations.
618 9. a. Around horse stables or barns, and around piles of

decaying grass.
b. Around plant waste and along seashores.
c. Around dead animal carcasses, at garbage dumps, around

meat processing plants, and near decaying vegetation.
d. Near water or damp soil, near well-lit areas, or right under

your nose.
e. Around bathroom and kitchen windows, dirty garbage

containers, water traps, and outside near decaying organic
materials and garbage.

619 I. Limited, physical, biological.
619 - 2. Reproduction, mortality.
619 3. Food, water, shelter.

620 - I. T.
620 - 2. F. Refuse management, not chemical controls.
620 - 3. T.
620 - 4. F. Sometimes you can get striking results through sanitation

alone.
620 5. F. They should be mounted over all the doors entering the

building.

620 6. T.
620 7. T.

621 - I. (I)d.
(2) a.
(3) c.
(4) b.

622 I. a.
b.
c.
d.

Take immediate chemical action to control adult flies.
Control the maggots with a space or residual spray.
Arrange to have the breeding material removed.
Have the plumbing shop repair the broken pipe.

CHAPTER 3

623 - I. F. 2 to 4 mm.
623 2. F. Most move about a lot and remain on the host only to get

needed blood meals
623 - 3. F. Both sexes are blood feeders.
623 - 4. T.
623 - 5. T.
623 6. F. Metamorphosis is complete; egg, larva, pupa, adult.
623 7. F. They have no legs.
623 - 8. T.
623 - 9. T.
623 - 10. F. Only females.

624 1. (I) e. (2)f. (3) n. (4) c. (5) b. (6) d. (7) d, e. (8) b. (9) f.
625 - I. Locate possible hosts.
625 - 2. Determine the pet's habits.
625 3. Check for flea "hot spots."
625 - 4. a. Pet bedding.

b. Carpets, rugs.
c. Flimiture, baseboards.
d. Outside areas.

625 - 5. Look for larvae, pupae, and adults.
a. Lay a white cloth on the floor.
b. Walk through the siva with white socks.
c. Vacuum the arr., and check bag contents.

626 - I. T.
626 - 2. F. Dimethyl phthalate.
626 3. F. Multiple-dose rodenticides.
626 - 4. T.
626 - 5. F. As soon as possible after flea control is achieved.

627 I. Flea control on pets and on premises.
627 2. Simultaneous treatment of both pets and premises.
627 - 3. Encourage the pet's owners to have the animal treated by a

veterinarian.
627 4. Pet bedding should be thoroughly cleaned or destroyed, and the

house vacuumed.
627 - 5. Survey to determine the degree of infestation, and make

appropriate recommendations to occupants regarding animal
dipping and sanitation requirements. Then treat the home and
outdoor areas as needed when all conditions are met.

627 6. Plan to have the animal treated, and carry out sanitation
requirements before you treat.

628 - I.
628 - 2.
628 - 3.
628 - 4.
628 - 5.
629 - I.
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CHAPTER 4

F. Change crab to body.
T.
T.
F. Lice eggs are attached by cement.
T.

(I)b.
(2) a.
(3) a.
(4) c.
(5) c.
(6) b.
(7) c.
(8) b.
(9) a.
(I0)e.



630 I.
630 2.
630 3.

On hairs in the pubic areas.
Glued to pubic hairs.
By sexual or othcr close personal contact.

631 I. Medical personnel only.
631 2. Educate the people involved.
631 3. After an infestation starts, continued poor sanitation will help

the problem spread.
631 4. If lousy garments are left in a locker overnight, exposure to a

toxicant may keep the problem from spreading.
631 5. Vacuuming.

632 1. (a) Rickettsia!, (b) bacterial, (c) spirochetal, (d) viral.
632 - 2. :4-,tted fever.
632 3. Rabbit fever.
632 4. Viral.
632 5. Saliva.

633 I.
633 2.
633 - 3.
633 4.
633 5.
633 - 6.
633 7.
633 8.
633 9.
633 10.

T.
F; Hard, not soft, ticks.
T.
T.
F. Unfed hard ticks endure better.
T.
T.
F. Only thefemak .
T.
T.

634 - I. Egg, larva, nymph, and adult.
634 2. On or near the ground.
634 - 3. Their great reproductive capacity and their resistance to

starvation.
634 4. The hard tick lays all her eggs at once and then dies. The soft

tick may lay her eggs in several small batches.

635 1. 0/c.
(2) a.
(3) b.
(4) e.
(5) a.
(6) c.
(7) d.
(8) e.
(9) b.
(10) d.

636 1. Using a tick cloth drag.
636 2. Clearing or burning brush along paths.
636 - 3. With a steady pull towards the tick's head.
636 4. Refer the owner to a veterinarian but don't treat the pet

Yourself.

1985-544-008/20375 AUGAFS,AL(854567)350

78

636 5. Residua! sprays and dusts.
636 6. Around dog sleeping areas, baseboaids, window and

dhoorfram.
es, wall cracks, and any other areas where ticks may

ide
636 7. Keep overgrown and heavy vegetation cleared and cut.
636 8. American dog ticks.
636 9. Take the dogs to a veterinarian for dipping or dip them hetself.
636 10. Apply a quick knockdown pesticide to get initial control of ticks

in the yard. Make sure you use an approved insecticide that
won't harm the dogs.

636 11. Cut the grass and maintain it at a proper height; keep dog
droppings cleaned up; take whatever action possible to let more
sunlight into the area.

637 1. T.
637 2. F. Itching.
637 3. T.
637 - 4. T.
637 5. F. By the house mouse mite.

638 - 1.
638 - 2.
638 3.
638 4.
638 - 5.
638 - 6.
638 - 7.
638 - 8.
639 1.

640 - I.
640 2.
640 - 3.

Arachnida.
Acrina.
Capitulum or gnathsome.
Chelae.
Egg, larva, nymph, and adult.
Mesostigmata.
Trombidiformes.
Sarcoptiformes.

(1) e.
(2) a.
(3) f.
(4) h.
(5) b.
(6) c.
(7) g.
(8) d.

Being investigated.
Chigger infested.
Flour, grain.

641 - 1. Environmental; rat and house mouse mite.
641 - 2. Chemical; repel chiggers.
641 - 3. Cultural; clover mite.
641 - 4. Cultural; grain and flour znites.
641 5. Cultural; chiggers.
641 6. Chemical; mosquito.
641 7. Cultural; bird mites.
641 8. Thick lather; hot bath; shower.
641 9. Flour, grain, certified.
641 O. Windows, doors; foundations; joists; baseboards; floors.
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MULTIPLL CI IOICE

'Vow (.'onsider all choices carefully and select the hes/ answer to e11 question.

i(00) Select thc hue statement regarding mechanical transmission of diseases.

a. During transmission. the parasite changes significantly.
b. During transmission. the parasite multiplies significantly.
c. As a Inechathcal transmitter, the arthropod is simply vehicle which transports the parasite.
d. A. a mechanical transmitter, the arthropod is essential in the lite history of the parasite.

. t(,00) Which of the following is 1101 a type of biological disease transmissnin?

a. Cyclo-developmental.
Cyclo-mechanical.

c. Cyelo-propagatiye.
d. Propagative.

;. (601 ) Which of the following is called the Yellow fever mosquito?

;I. Acde.%
b. ,100phele.% ifilailrimaculantS.

C. CuileX iii,f.;ript///)//..

.1. t(01 )("n/c. iorsa/is is the most important mosquito vectoring

a. \Vcstcrn encephalitis.
I). Yellow fever.

c. filariasis.
d. malaria.

5 (6011 Which of the following mosquitoes is a vector of filariasis'?

a. ( iarca/is. c. Act/es solliciion.c.
b. Aviles iwgypli. d. Cules.

h. (002) I low many distinct stages do mosquitoes have in their life history?

a. 2. c. 4.
d. 5.

(602) In which genus of mosquitoes are single eggs kept afloat on the water surface by air bubbles among the
spines of the eggshell'?

a. (.1de .

b. ilIumottio.
c. Psorophora .
d. To.vorhynchiles.

tb02) Concerning mosquitoes that do no/ lay eggs in water, how long may the egg stage of these mosquitoes
stir\ ivc tniasimum) if flooding doesn't occur?

a. Less than I year.
h. 1-3 years.

c. 3-5 years.
d. 5-7 years.

tb( 13) I tow niuch time does an adult female mosquito need to digest a blood meal. lay eggs. and seek another
blood ineal?

a. Two days or more.
Thret_ days or more.

c. Four days or more.
d. Five days or more.

10. (604") Which mosquito species is widely distributed in the northern United States, and has handed tarsi with
white hands at both ends of the segments"?

Act/c. jacttiorhynchtts.
h. Act/c.c1ri.veriams.

c. Act/c.c. Aid/h./jails.
d. Aedes camidensis.

4 ') 4
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I I hitt \Vhieh mosqutto is the

.led(')(1('.01)11
.ed(\ do, \(110,

most important salt marsh species and one o) the most severe mosqulto pests

L.. A(.(/(. ( 1111(141e111%

AC(I(' II(111\

(hal \\Inch (il the Iollow ing mosquitoes is known 0,, a fierce biter. even during do \ light hours!

Acd,.. .0///citonN.
h Ac(Ic

c edes
d. cile Canaden.\6.

I toft-i) What is thL most favortikile temperature for the Ile\ elopmeni of ,.,,,/,/,c/i..\

.15 1(I i. C. 85 -90. F.
h 55 ;it) F. d. 1)5 It)t)

I I hhh) \VIneh geniis of 0/ie.\ mosquitoes w mild yOU expect where tleople complain of bites hy

mosquitoes?

a. ( nji:riP"IP" .

. Li. C. ipiin(/nehlAcia///

15 (hi)t)) \\Inch specie.s of ( 'ray.% mosquitoes would von Lxpect to find in large numbers in light trap slit VeyN?

(.. .\(111..\.

(..
C. C ipalp11.\ .

1.1' C (Illi"(1110(0Ci(1110.

I(, too 7) Which of the following mosquito larvae are predaceous on other larvae'?

a. lii,orophoro C. A/al/Non/a t1l1/1a/1A.

h. /'.wroi)/..(uro Li. Coquillettidiri periirr1)(111.\.

I 7 ("17) Which musquito larvae c(mnot he controlled with ordinar. surface kirvicides?

a. kilophe/e.\.
(

C.

CH1e.v.

I (007) \VInch (il the IuIIiiit mosquitoes genertdly prodnces one generaticn pet- year?

s".\,),-n/dloro co/dim/is. c. Mallsonia
h. rmiro/i/toro (ilatto. d. (*()quillettnlin perffirhan.\

(li)7 Which genus of inosquito remains below the water surface thmughout the larval and pupal stages.

obtaining air through the stems of aquatic plants'?

a. ,le(/(.
b. ( 'te/et.

Atiophele.

ti.40.8) Which genus of mosquitoes: would most likely be detected hy usaig the landing-rate collecting method?

C. nophe/es.
LI. Cu/e.v,).

2 I (MS) Which of the following 111Llitt) si.ecies can he effectively trapped by carbon dioxide traps'?

C. Ode\ /(1r.,//i..
h .1i/ophr/e% . Li. (.111i."ehl W(10111110.

5(4)50 "
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ioti9) ale special dippers used to collect mosquito lat.\ ae?

To avoid liiSR1rhing the larvae.
h 1 enable a more iiccurate count per surface area of water.

to attract the larvae and entrap them.
1.0 avoid haniing the larvae.

ihtm) It an area is void of larvae (luring one collection, what should be done on Mum: cotleLtions?

a RN pass the area. c. Check the area again.
I. Search the area more thoroughly. d. Spray the area before taking a new sample.

ioltn In a base housing mosquito control program, which of the following actions would You not encourage
Irorn housing residcnts?

a. ( 'let rid ol containers which trap M.ater.
h. 1 Ise indoor aerosols and tl swatters.
c APPlY larvicides in water-holding tree cavities.
d. Make sure screening is installed and in good repair.

(hi( n Which niain categories of IPM are applicable to adult mosquito control programs?

Nlechanical and biological. c. Cultural and chemical.
b. Chemical and biological. LI. Mechanical and chemical.

20 to I tn Which 01 the following is an example of biological control of mosquitoes?

a 'ontrolling aquatic vegetation to reduce breeding and resting sites.
h Stocking a pond with fish that feed on mosquito larvae.

)isposing of containers that provide breeding sites.
Applying methoprene to breeding areas-

2 7. (hi 1 Which listed disease is not transmitted by flies?

a. Typhoid.
b. Cholera.

1 S HA 2) I luM, manv both: ,gions does n dult Ily have'?

C. )ysenterv
d. Plague

a. .2. c. 4.
h. ;. d. 5.

!t) 21 I low man\ stages are there in the life cycle of a fly.?

a. I. c. 3.

h 2. d. 4.

((it .;) Which choice correctly describes the thorax and bdomen of a housefly?

a. I II thorax, shiny abdomen.
b. I )it II thorax dull abdomen.

( hi 3 I I 10W (10 1.1V larvae regulate their temperature?

a. By lea viag the breeding place.
h. BY moving about in the breeding material.
c. By excreting a fluid which evaporates.
d. B a built-in temperature control system.

c. Shiny thoi.ax, shiny abdomen.
d. Shinv thorax, dull lxIonien.

4 56650114 11
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;(1

1 \\ Inch listed food substance is required in order tor holt...elites to produce eggs.'

(

I) I ihei
c. Slinerak.
(I. Protein.

tbl moles and lemales ul wh.ch listed flies are \ icious biters of people and aniniol.?

a l)unip
b Stable flies.

c. False stable flies.
I.ittle house flies

tO1.1) Which ol the following fly species help to control other Hy populations?

11,c tsetse fly and the stable flv.
h. The housefly and the dump fly.
c. I he dump tly and the fake stable
ii Hie fake stable fly and the housefly.

tot Which choice states a unique characteristic of the flesh fly?

a They breed in animal flesh .
h females deposit living larvae.

They eat animal flesh.
d They deposit their eggs in animal flesh.

(615) Witoin buildings, where are flesh flies etailmonly found'?

a Around heating and ;tir conditioning units.
I) Around animal bedding.
c In kitchens and hathrooms.
d In bathrooms and in babies' roc:os.

.; 1. him What hapi)ens to blowfly larvae after they leave the breeding mate

a. The\ burrow into the ground.
h They are ready to breed.
c. They bore deeper into the material.
d. 'limey lea e to start their own colony.

;s to I (0 'Which one of the following fly species is active on warm w inter days in the South, while i? overwinters in
the North as t till-grown larvae'?

a. The bluebottle Ily. c. The g.reen blowfly..
h. The bron/ehottle fly. d. The black blowfly.

(hi (0 Select the fly species that is a parasite of earthw orins.

a. The black blow fly. c. The green blow fly.
h. The screwworm li v. d. ilie cluster fly.

Au. (61 Why are ce gnats so difficult to control'?

I'llective insecticide are harmful to desirable plants and animals.
I) 'Hie\ breed in remote areas and are hard to reach.
c rhey are parasites 01 desirable zfflimals.
d limey breed in loose soil over vast areas of land.

5 56650 0-1 2 '
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tot \\licit: do !liter Hies create a %er\ serious olota,ni

\ wood s\% hunting pools
h In large eating. lilt:ilk:Ws.

\%;1.2C treatment plants.
d In Ys .iter treatment lacilitics.

(6171 \Vhich of these Hies is often called a giant mosquito... even though it can't bite people'?

a ( rane fly
I) Black fly

c. lover fly.
d. Eye

to IS) Which type al trap takes advantage of the habit of flies to rise vertical! \ when they take off'?

I.ight traps.
I). Sticky traps .

e. Fly grills.
d. Bait traps.

Is'. I I ,ow may I.: ,:.crent species of flies be ttracted to a bait trap?

a. By using a variety of baits.
h. By isolating the trap.
c. By lightiog the trap.
tl. By hanging the trap off the ground.

I . 1() IQ) il at the following conditions naturally affect fly populations

a reproduction.
b mortality

c. sterilization.
d. migration.

16. tbl9) Which one of the following would have the greatest effect in limiting a fly population'?

a. The chemical ctmtrols used.
h. The physical and biological environment.
c. The long-range weather conditions.
d Parasites and predators.

17 (6211) Which one of the follow ing procedures is not considered a cultural method at domestic fly control'?

a. Refuse c. Refuse collection.
h. Spray mg and fogging. d. Weed control.

I S 162 I V\ hy is it necessary to identify fly species /hfore applying chemical control measures'?

a. To know how nuich chemical to use.
b. To avoid killing desirable tiles.
c to determine whether or not (o s.ise a residual spray.
ii To know what to use, as sonic flies become resistant to certaio chemicals.

.1t) t(i.27 ) If n Lnvironmental sanitation program was not sufficient. which of the following woukl he useful in
reducing fly. population at horse stahle!.?

ii 1:1\- eords. C. Repellents.
h. Attractants. d. Space sprays.

6 56650 04 2.2
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\Vital should he Lourlirst Control measure in reducing a large scale rly proNem in a hase housing area.?

a Contact local health authorities.
h rducate residents to get their support.
L. Per lorm ;ILletailed survey or the ttrea.

11Q2111 applying s,tiace sprays on a daily basis.

to2, ;1 What is the Mail( (lbjet:CRIU to fleas'?

The\ tnno Llomestic animals.
h. fhe contribute to the biveding of other pests.
c. They are vectors of serious diseases.
d. They Zinimy humans.

s (62.;) What is required by a female flea hefore she can produce eggs'?

a. A blood meal. c. Plenty of organic food.
h. A temperature above 72' F. d. The absence of sunligh

; (621 Which ol these fleas has a vertical rodlike thickening in the mesopluron and no genal or pronotal comh?

a Human I a.
h Chigue rico.

c. Stiektight
d. Oriental rat flea.

:1 (02.1i \Vhat Ilea would you expect to find causing dermatitis and allergies in its victims at a western U.S. base?

a. 1)(111 Ilea.

I). Cat Ilea.
c. fiuman flea.
d. Sticktight flea.

(0251111e (ivy step in performing a pest flea survey is to

a locate Ilea hot spots.
I) locale all possible hosts .

c la a while cloth on the floor.
d hand pick fleas for later identification.

-)1). Which or the following is no/ a primary step in accomplishing a pest flea survey'?

I.ocate all possible hosts in the area.
h. (lied. lor flea hot spots.''
c. Walk through the area wearing white socks .

l)eterminc the habits of host animals.

*) 7. to..".hi In a Ileahorne disease prevention progrinn, the primary emphasis should be

Sti

sanitation.
b. flea control.

c. rodent control.
d. personal immuni/ation.

(626i Insecticidal dust patches around rodent burrows should be how thick i a fleaborne disease control
prorani?

a. I ti c. 3/8 to I 2".
h. I -1 to 3 d. I 2 to 3 4".

7
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(n2 W Ineh tme thc I lowing pesticide formulations is most elf. tive tor outdoor treatment for tleas.'

a. 1)usts.
h. Solutions.

c. Emulsions.
d. Sprays.

00 (628) W1hu type of metamorplmsis, if any. do lice go through?

a. Complete.
h. Incomplete.

ol t(28) Most lice spend most of their lives on

a. hirds .

h. mammals.

c. Gradual.
d. None.

c. reptiles.
d. amphibians.

(12. (620)11ead and body lice are primarily dependent upon

a. (.11.T blood.

h. bird hlood .
c. skunk Wood.
d. human blood.

h;. th291The total life cycle of head and body lice is usually completed in about

a. h days.
b. 12 days.

c. 18 days.
d. 24 days.

h1 (630) Which statement presents a characteristic of crab lice?

a. They lay eggs along thick clothing seams.
h. They arc often found on dogs and eats.
c. They survive briefly away from the host.
d. They hibernate during the winter months.

h5 ((OW Crab and body lice are chiefly spread by

a. humans .
h. rodents.

c. birds.
d. dogs and cats.

In a louse contnd program, what is .,'our primary responsibi..ty?

a. Ethicate the people involved.
b. Take corrective sanitary actions.
e. Send infested people to a doctor.
d. Treat mattresses, baseboards, and toilets.

h7 i(13 ii What is the best treatment for lice in rugs and furniture?

a. Residual sprays and dusts.
h Thoroughly vacuum these items.
c. Ilse an upholstery shampoo with lindane.
d. Reduce room temperature to 55" F for 8 hours.

(18 t(.;2) Eor a tick to transmit spotted fever, it must remain attached for inure than

a. one hour.
h. two hours.

c. three hours.
d. four hours.

8 56650 04 22
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ott (6;2) \\Atm treatment is required kir tick hite paralysis?

1.1..move the tick nd administer suitable antibiotics.
h Immediate Inedieal attention by a doctor.

Remove the tick and apply a suitable antiseptic.
Remo\ c the tick and apply suction to remove enom.

RI 1(1 I Which one ot the following locations is Ietr.st likely to contain large numbers of hard ticks'?

a. The ground around small vegetation.
h. Shrohlw areas.
e. Areas along paths.
d. I )eep UO(111111(15.

(6.3 ; I What is meant hv infection through interrupted feeding'?

a. Biological transmission from infected ticks to healthy animals.
I). Mechanical transmission of disease by a tick feeding on an infected animal and then feeding on a healthy

C. Biological transmission of disease by a tick feeding on an infected animal and then a healthy animal.
d. Niechanieal transmission from an infected tick to a healthy animal.

7 1 (( 4) \Vhich choice correctly states the developmental stages of ticks'?

a. I lark a. pupa. adult. e. Egg. pupa . adult .
I) larva. nymph. adult. d. Egg. nymph. adult.

16;1 I I low manv legs does the seed tick have'?

a. 2.
h.

c. 6.
d. 8.

(( ) Which ot the following adult ticks cling to low vegetation waiting for a host to come along?

a. American dog ticks. c. Relapsing fever ticks.
h. Rock Mountain wood ticks. d. Gulf Coast ticks.

7.-;. (6;s-it Which listed tick has roughened. warty ppearance nd a hypostome with well-developed teeth'?

a. American dog tick. c. Relapsing fever tick.
h. Rocky Mountain wood tick. d. Gulf Coast tick.

16. (6.4o For a tick survey. a tick drag should be dragged for a distance of about

a. 25 Icel.
h 50 feet.

c. 75 feet.
d. BM feet.

77 163()) )ne method of determining the degree ()nick infestation is to

a. check with the hospital .
h. spray and collect the dead ticks .
c. use a tick-attracting trap.
d. pick the ticks from the host animal.

7S tb lb) I I iw mud: tick repellent is needed to wet a complete uniform'?

a . I pint.
I). 2 pints.

4 31
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(6 +() What categtwies of ll)1\1 lend thetnselves to eontrolling ticks in outdoor situations?

a Cultural and chemical.
h ()Mut al and mechanical.
e Cultural. chemical. nd mechanical.
d Cultural. chemical and biological.

s() (( 7) Select the intermediate hosus) (4o:rutin tapeworms.

a. Beetle mite. e. Bird and chicken !Ines.
h. I hnise dust mite. d. Grain and cheese mites.

s I ((37) Which mite(s) transmius) riekettsialpox to humans?

a. Bird and chicken mites.
Ii I hiuse mouse mite.

C;rain and cheese mites.
d. Straw-itch lune.

t( +7) Which mile does not bite man. transmit diseas. . or damage foodstuffs?

a. House mouse mite. c. Straw-itch mite.
h. Bird and chicken mites. d. Clover mite.

S 163N) Which choice correctly presents the stages of mite development?

I:gg. kir\ a. nymph. adult. c. Egg. nymph. adult.
h. I :.gg larva. pupa. dult. d. Larva, pupa. adult.

S I. (63S ) Chiggers. follicle mites. and spider nhtes are examples of mites in which suborder?

lIt'10.%// ¶.;///lIta.
h Trombiallorme.v.

Soreoptiformes.
d. OrnitInOrmes.

((i .()) Which of the following mites can be identified by large dorsal and anal plates. short sternal plate. and
chelicerae?

a. Chicken mites. c. Grain and flour mites.
h. Straw-iteh mites. d. Tropical rat mites.

S6 (639) Which mites are tiny. pale gray or yellowish-white. and have conspieious, long hairs'?

a Cirain and Hour mites. c. Itch mites.
b !louse mouse mites. d. Northern fowl mites.

87 (6110 Black glass plates or cardboard rectangles are used in surveying areas infested w ith

a. house moose mites. c, chiggers.
b. hird iiiites. d. Hour and grain mites.

88 (6.1( 1) Burk:se funnels car. be used to survey for mh I of these mites except

a. chigger mites.
h. grain mites.

c. flour inites.
d. bird mites.

10 56659 04 1'
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No /(.11) \\inch 01 the I I ull measures would he lcitAt like! \

tipra in12 ith ethyl hexanediol.
h 1.limmatim..i. ecds.
d. 1.1;ippine rodents.
d Keepime lawns closely cut.

used to reduce the Lini,..!;.2ci population in \

I 1.1Cd Li1:M.0:a! lt"tell It) l'elIlltje IttttL pt11)111:1,11t).1,.

W1,401011.
Nriot treatment.
sprayiny entr points.

END OF EXERCISE

I I
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Preface
THIS FIFTH VOLUME of CDC 56650 will teach you about many of the pests which have a

ttii, Air Force.
Chapter 1 discusses stored-pmduct pests such as those which attack stored foods and

fabrics. These pests are grouped according to the types of products they attack; so, instead
of beetles and moths separately, you'll see that both are mingled together throughout the
chapter.

In Chapter 2, you'll study economic pests which attack stryctures. This includes
subterranean and nonsubterranean termites, wood-destroying fungi, and wood-boring
insects.

Ornamental and turf pests are discussed in Chapter 3. Many of these pests are arranged
according to how they attack various types of vegetation (e.g., skeletonizinp, defoliators,
mining defoliators, or pests which attack grass and stems). You may want to prepare an
outline of the subject headings to help you categorize each pest according to the way it
works. Included in this chapter are mostly fungal plant diseases; these fungi will be very
different from those you study as wood-destroying pests.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial product, commodity, or service in

this publication is for information purposes only and does not imply indorsement by the Air
Force.

This volume :s rated at 39 hours (13 points).
Material in this volume is technically accurate, adequate, and current as of May 1984.
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Pests of Stored Products

THERE ARE MANY insects important as stored-product
pests to the civilian community and to thc Air Force. The
majority of them are in either the order Coleoptera, the
beetles, or the order Lepidoptera, the moths. These pests fall
into two groups according to the type of product they
generally infest: pests that infest facs and those that infest
foods.

Insects steal our food, infest our dwellings, and damage
our property. Through the centuries, an increasing number
of insects have adapted to indoor life, preferring buildings
because of the moderate temperatum, plentiful food and
water, and abundant harborage. Economically, the second
most costly pests at military installations are the
stored-product pests. These pests destroy a variety of
products composed of, or derived from, materials of plant or
animal origin. Damage may occur at the point of origin, in
transit, or in storage. This chapter covers the more important
pests within each group with physical descriptions and
important information about their habits and life cycles. It
also gives the survey and contml procedures.

1-1. Pests of Stored Foods
Stored food pests rob U.S. citizens of about $1 billion

worth of stored food each year, and this cost doesn't even
count their damage to crops in the field or the human and
domestic animal diseases they cause. Stored food pests fall
into five groups based on their feeding habits: those that
attack whole grains, attack broken grains, attack beans and
peas, attack meats and cheese, and are general feeders. You
will learn about the habits, habitats, and control of these pests
in this section.

800. Verify or correct given statements about the physical
descriptions and habits of whole grain pests.

Whole Grain Pests. The pests discussed this lesson are
those that principally infest whole grain. The rice weevil
(Sitophilus oryza) is worldwide in distribution and is
probably the most important grain pest. This small,
reddish-brown-to-black snout beetle (fig. 1-1) is from 3.1 to
4.2 mm long and has small, round pits on the thorax and two
reddish or yellowish spots on each wing cover. The larva is
short, fat, and whitish. The adult is a strong flier. The larva
and pupa develop within a single grain of rice or kernel of
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corn, from which the adult weevil emerges about 30 days
after the egg is laid. The adult female lives 4 to 5 months,
depositing 300 to 400 eggs in small openings bored into
grain. The rice weevil feeds on corn, rice, wheat, barley, and
other grains. This weevil is a major pest in the South.

The granary weevil (Sitophilus granarius) is similar to the
rice weevil in appearance, but it has oval pi' s on the thorax
and the wing covers are uniformly dark brown. This insect
has become thoroughly domesticated, losing its power of
flight and forsaking wild and cultivated grain fields for grain
storehouses. This snout beetle is slightly larger than the rice
weevil and lives 7 to 8 months. The granary weevil is mainly
a pest in the North.

The cadelle (Tenebroides Mauritanicus) is black beetle,
8.3 to 12.5 mm long, with the head and pronotum distinctly
separated from the forewings by a loose joint (fig. 1-1). The
large, whitish, fleshy larva is about 19 mm long when fully
grown, and you can recognize it by it's prominent black
head, the paired black spots on the three segments of the
thorax, and two short, dark hooks at the posterior end.
Larvae burrow into the woodwork of grain bins. A seemingly
clean bin may harbor thousands of larvae, pupae, and adults.
The life cycle takes 2 to 14 months, with many adults living
more than a year. The females lay about 1,000 eggs in
protected situations, such as in cracks near food. Cadelles
feed on grain and grain prodtxts and are especially injurious
in unclean mills.

The lessser grain borer (Rhyzopertha dominica) is a
brown or black, slender, cylindrical beetle with numerous
coarse elevations on the pronotum (fig. 1-1). It's about 3 mm
long and is most common in the Gulf States, but it may occur
anywhere in the country. Both larvae and adults attack and
destroy wheat kernels. The females lay up to 500 eggs each,
dropping them in the loose grain. In warm weather, the life
cycle takes about 1 month.

The Angownois grain moth (Sitotreoga cerealella) is a
light-grayish-brown or straw-colored moth with a satiny
luster and wing expanse of 12.5 to 16.6 mm. The hind wings
are fringed with long, dark setae and have a point at the tip
like a finger (fig. 1-2). This feature distinguishes the insect
from the clothes moth. The larva is white with a brown head.
It is only 5 mm long and lives within the individual grain of
wheat, corn, or other grain. It passes the winter in stored
grain. The adult emerges and infests cereal crops either in the
field or in storage and deposits about 40 eggs. The entire life
cycle may be passed in 5 weeks. The Angoumois grain moth
is second in importance to the rice and granary weevils as a
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Figure 1-2. Wing patterns of some common moth pests of stored products.
Right: the Indian meal moth; Center: the Mediternmean flour moth. Left:

the Angoumois grain moth.

pest of stored grain. It is of greatest importance in the South
and in the soft, red, winter wheat region of the Eastern and
Central States.

Exercises (800):
Mark each statement true (T) or false (F), and correct any that
are false.

1. The rice weevil is a small, reddish-brown-to-
black snout beetle with small, round pits on the
thorax and two reddish or yellowish spots on
each wing cover.

2. The adult rice weevil emerges six: lit 30 days
after the egg is laid.

3. The granary weevil is similar to the rice weevil in
appearance, but it has oval pits on the thorax and
the wing covers are uniformly dark brown.

4. The granary weevil often frequents the Southern
States.

5. The cadelle is a black beetle with its head and
pr9notum distinctly separated from its forewings
by a loose joint.

6. The lesser grain borer is a white or grey, slender,
cylindrical beetle with numerous coarse elevations
on the pronotum.

7. In warm weather, the lesser grain borer life cycle
is completed in about 1 month.
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8. The Angoumois grain moth is a light-grzyish-
brown or straw-colored moth with a satiny
luster.

9. The larvae of the Angoumois grain moth is black
with a brown head and lives within the individual
grain of wheat, corn, or other grain.

801. Verify or correct statements about the physical
appearance, importance, and development of important
broken grain pests.

Broken Grain Pests. These pests we discuss here
principally infest processed grains, such as cerea/, flour, and
corn meal. The confusedflour beetle (IHbolium confuswn) is
the worst insect pest of prepared cereals. It is a shiny,
reddish-brown beetle, 3.5 mm long with a flattened, oval
body. The head and the thorax are densely covered with
minute punctures, and the wing covers are ridged lengthwise
and are sparsely punctured between the ridges. Each antenna
gradually enlarges from head to tip. This beetle isn't known
to fly even though it has wings. The female lays her eggs on
the food surface with a sticky substance so that it becomes
covered with the product. They will hatch in 5 to 12 days.

The larva is somewhat cylindrical in shape and is about
1/4 inch long (fig. 1-3). It's a yellowish-white color except
for the darker mandibles and the pair of projections arising
from the last abdominal segment. The head is flattened so that
the mouth opening is forward.

The redflour beetle (Diboliwn casteneum) is very similar
to the confused flour beetle in its life history, habits, and
appearance. This similarity probably accounts for the
naming of the confused flour beetle. Even though they are
very similar, there are some morphological differences
between the two. For example, the last three segments of the
red flour beetle's antennae are abruptly enlarged, and the
sides of its thorax are curved instead of being somewhat
straightened, as with the confused flour beetle. In addition to
these differences, the red flour beetle does fly.

The Mediterranean flour moth (Anagasta kuhniella)
prefers cereal products, but it will attack a wide variety of
foods, including whole grain, bran, nuts, and dried fruits.
With this species, adults are quite difficult to distinguish
from a number of similar species. It has a wingspread of less
than 25 mm. The forewings are pale gray with transverse,
wavy, black markings (fig. 1-2). The hindwings are a
dirty-white color. The whitish larva (fig. 1-3) is about 12.5 mm
long with a brown head. It lives in a silken tube, and its
silk clogs machinery and tangles flour, nuts, chocolate, dried
fruit, and other foods.

The Indian meal moth (Plodia interpuctella) prefers
coarse grades of flour and milled products, but it will attack a
wide variety of dry food products. This moth has a
wingspread of about 19 mm and is easily recognized by the



A pictorial key to the larval stages of some of the more common insect pasts of stored grain and other foodproducts.
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distinctive markings on the forewings. These wings are
reAdish brown with a coppery luster on the outer two-thirds
and whitish gray on the upper third (see fig. 1-2). The tiny,
white, brown-headed larvae spin a silken thread that forms a
loose webbing you can readily detect in a heavy ,nfestation.

Thefiar grain beetle (Cryptolestes pusillus) is the smallest
of the grain-infesting insects. Adults are flattened, oblong,
reddish brown, and about 1/16 inch long. The antennae are
slender and are about two-thirds as long as the body. The
larva is a little less than 1/8 inch long. The abdominal
segments are about 11/2 times as wide as the thorax, and the
last segment of the abdomen bears a pair of distinctly
sclerotized, hooklike structures that are joined at the base.
These processes and the head are brown, while the rest of the
body is nearly white. The flat grain beetle is widespread and
is one of the most common pests of stored grain, but it can't
attack sound, uninjured kernels. For this reason, it is often
found in combination with other grain pests.

Exercises (801):
Mark each statement true (T) or false (F), and correct any
false ones.

1. The confused flour beetle attacks cereal
products and is the worst insect pest of
prepared cereals.

2. The confused flour beetle is shiny and reddish
brown, with a flattened, oval body.

3. Apparently, the confused flour bxt.:: does not
fly, even though it has wings.

4. The last three segments of the red flour beetle's
antennae are much smaller.

5. Apparently, the red flour beetle does not fly,
even though it has wings.

6. The Mediterranean flour moth prefers cereal
products, including whole grain, bran, nuts,
and dried fruit.

7. Mediterranean flour moths are pale grey, with
transverse, wavy, black markings. The
hindwings are a dirty-white color.
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8. Indian meal moths prefer fine grades of flour
and milled products.

9. The forewings of the Indian meal moth art
reddish brown with a coppery luster on the
outer two-thirds and whitish gray on the upper
third.

10. Flat grain beetles can only attack previously-
damaged grains, so are found mostly with other
grain pests.

802. Give details of the identification, life cycle, and
feeding habits of the bean weevil and the pea weevil.

Pests of Beans and Peas. Although several arthropods
attack beans and peas, only two are significant to you. Both
are weevils that are actually beetles (order Coleoptera) with
snouts. The bean weevil (Acanthoscelides obtectus) has a
short snout and feeds on stored beans and peas. The adult is
about 3 mm long with reddish legs and a light olive-brown
color, mottled with darker brown and gray. The body
narrows evenly toward the head. The tiny, legless larva and
pupa live within the bean, whereas the adult emerges from
the bean and feeds on other materials. The female deposits
eggs in beans, both in the field and in storage. Six or sev..-,n
generations may be completed in a year. As many as 28
weevils have been known to develop in one bean. The use of
tight sacks has been found to afford considerable protection.
Bean vines and other refuse should be burned in the field or
plowed under to prevent propagation of this insect. The
adults hibernate in fields and warehouses.

The pea weevil (Bruchus pisorum) is similar to the bean
weevil but is larger (5 mm long), brownish flecked with
white, and it has r ,iack-to-gray patches of scales. There is one
generation per year, the adults overwintering in peas in the
field or in storage. Egg deposition occurs only in the field.
House mice eat pea weevils by cracking open the infested
pea, eating the weevil, and discarding the pea.

Exercises (802)
1. What are the identifying characteristics of the bean

weevil?

2. Compare the feeding habits of adult and larval bean
weevils.



3. How many generations of bean weevils can be produced
in a year, and how many can develop within a bean?

4. Li Et the identifying characteristics of th -a weevil.

5. Where does the female pea weevil deposit her eggs?

803. Identify meat and cheese pests by physical
description, significance, and feeding habits.

Pests of Meat and Cheese. These pests principally infest
the products of animal origin. The larder beetle (Dermestes
lardarius) is about 8 mm long, dark brown, with a wide
yellow band across the front part of the wing cover. The larva
is brown, very hairy, tapering towards the ends of the body.
This insect is worldwide in distribution. The eggs are laid oa
or near animal products, such as feathers, horns, skins, hair,
ham, bacon, dried beef, and like products. The life cycle
requires 40 to 50 days. This insect may be found in dog
biscuits, cheese, museum specimens, dried fish, and stored
tobacco. It is also known to penetrate lead.

The red-legged ham beetle (Necrobia n2fipes) is a
shiny-blue-to-green beetle, 3.5 to 6.2 mm long, with reddish
legs (fig. 1-4). It is especially troublesome in the Middle
Atlantic States. The adults usually disperse by rapid running,
but they can fly. The mature larva is about 10 mm long,
purplish, with six short legs, and it tapers toward the head.
The life cycle usuolly takes 36 to 150 days. The female lays
400 to 1,000 eggs on exposed meat. Thus, hams must be
wrapped immediately after smoking. The larva can perforate
grease-soaked paper wrappings. This pest lives primarily on
dead and decaying animal matter, but it is sometimes
reported in groceries and warehouses in smoked ham, bacon,
garlic, bone meal, and other materials.

The cheese maggot is a fly (Piophila casei) about the size
of a housefly and is often called a cheese skipper (fig. 1-5).
The adult is black with a bronze tint on the thorax. It has
reddish-brown eyes and iridescent wings that lie flat over the
body. The larva is a slender maggot, pointed toward the head
end. The larva can skip as far as 10 inches horizontally and 6

Figure 1-4. Red-legged ham beetle.
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Figure 1-5. Cheese maggot.

inches vertically by curving oody into a ring, fastening its
mouth hooks onto the end of it.- abdomen, suddenly releasing
its hold, and throwing itself into the air. The life cycle of the
insect is completed in 12 days under favorable conditions.
The adult deposits 140 to 500 eggs over a period of 3 to 4
days. This insect infests ham and cheeses. The adults can
transmit enteric diseases to man by contamination, and the
maggots cause intestinal irritation when ingested with
cheese The recognized common name "cheese skipper" is a
misnomer for this pest, since true skippers are mothlike
Lepidoptera.

Exercises (803):
Indicate whether each statement applies to the la7der beetle,
the red-legged ham beetle, or the cheese maggot.

1. The adult is shiny blue with reddish
legs.

2. The larva is brown, very hairy, and
tapers towards the end of the body.

3. The adult is black with a bronze tint
on the thorax, reddisli-lAbwn eyes,
and iridescent wings that lie flat
over the body.

4. 8 mm long, dark brown, with
yellow band across the front part of
the wing cover.

5. The larva has six short legs and
tapers toward the head.

6. The larva is a slender maggot,
pointed toward the head end.

804. Verify or correct statements about general feeder
pests.

General Feeder Pests. Even though many of the
stored-product pests we've covered may infest a variety of
products, they are considered to be specific in food choice.
This preference is not the casc with the general feeders. The
saw-toothed grain beetle (Oryzaephilus surinamensis) is an
important pest known throughout most of the world. The
adult is a small, active, brown beetle, 2.5 mm long, with a
flattened body and six saw-toothed projections on each side
of the thorax (fig. 1-1). The larva is yellowish white, about



3 mm long, with a brown head and an abdomen tapering
toward the tip (fig. 1-3). The female lives for 6 to 10 months,
depositing 45 to 285 eggs in foodstuff. Several generations
may occur each year, as the life cycle requires only 3 to 4
weeks during the summer. The saw-toothed grain beetle is an
important pest in food stores, warehouses, and grain storage.
It readily penetrates packaged cereals, dried feints, and
candies. It also attacks flour, meal, sugar, drugs, dried meat,
and tobacco.

The cigarette beetle (Lasioderma serricorne) is principally a
pest.of tobacco, but it will feed on many other products as was
evidenced by its presence in the tomb of lbtankhamen in
Egypt. This small, oval, light-brown beetle is 2.5 mm long
with smooth wing covers (fig. 1-1). The head is retracted
beneath the thorax. This beetle readily flies. The larva is
yellowish white, curved, very hairy, with a light brown head,
and is about 4.2 mm long (fig. 1-3). The life cycle takes 6 to
12 weeks, and there may be 5 to 6 overlapping generations
per year in warm areas, but only one in cooler regions. The
female deposits as many as 100 eggs in tobacco, grain, milled
cereals, and other products. This insect infests upholstered
furniuire, feeds, dried plants, drugs, black and red pepper,
pyrethrum powder, raisins, rice, and many other commodities.

The drug store beetle (Stegobium paniceum) (fig. 1-1) is
similar to the cigarette beetle in appearance, but it is slightly
larger (2.5-3 mm long), and its wing covers are distinctly
straited (grooved). The last three antennae segments are
sawlitce. Its food is even more varied than that of rhe cigarette
beetle, and it is said to feed upon "almost anything except
cast iron." Its peculiar diet includes such odd materials as
strychnine, belladonna, books, mummies, and lead. (Have
you met any active-duty mummies lately?)

The khapra beetle (frogoderma granarium) is pale red to
brown or black, from 1.7 to 3 mm long. Females are much
larger than males. The female lays up to 126 eggs, which
hatch yellowish-brown larvae with long setae. The larva
develops into a pupa and the pupa into an adult. The life cycle
requires about 6 weeks during warm weather. The larvae
may live for years without food. Khapra beetles feed on dried
vegetable or animal matter of all kinds. Only limited parts of
the United States are known to be infested at this time. If you
suspect any of these beetles in your area (they're very hard to
identify), you must report it immediately to the U.S.
Department of Agriculture.

Exercises (804):
Correct any statements that are false.

1. The adult saw-toothed grain beetle is a small,
active, brown beetle with a flattened body and
four saw-toothed projections on each side of the
thorax.

2. Its larva is yellowish white with a orown head
and an abdomen tapered towards the tip.
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1 The cigarette beetle is a small, oval, light-green
' etle with smooth wing covers.

4. Its larva is yellowish white, curved, very hairy,
with a light-brown head.

5. The drug store beetle is similar to the khapra
beetle in appearance.

6. The drug store beetle diet includes strychnine,
belledonna, books, and lead.

7. The female khapra beetle is much larger than the
male.

8. The khapra beetle larva may live for years
without food.

805. State survey and inspection principles for stored-
food pests.

Surveys and Inspection Techniques. The dry stores area
is probably the most overlooked food service area from a pest
management point of view. The insects that infest dry stores
may not be easy to spot in light intestations, but heavy
infestations can be nauseating. The monetary loss of foods
due to insect infestations can run into hundreds of dollars and
deprive people of certain food items until replacements are
available.

Surveys are a vital part of any pest management program.
A good survey program not only helps you control a current
infestation, but helps you prevent future infestations. Work
with base veterinarian inspectors to inspect (visually) all
incoming goods susceptible to insects. If a heavy infestation
is present at time of receipt, the load should be rejected. A
light infestation detected at this time would indicate a need
for treatment before these items are stored.

These guidelines for determining the fitness of
insect-infested subsistence items for human consumption
have been approved by the Surgeon Generals of the military
services:

When an infestation includes larval stages of an insect
species of genus Trogoderma or other dermestids, one
insect within the product is justification for
condemnation.
For the genus Tribolium, three insects per pound
within the product container justifies condemnation.



For insects other than these two genera, a maximum of
six insects per pound of product is permissible.
For all resale subsistence to be sold at military
commissary or exchange outlets, any insect within a
subsistence product container justifies condemnation.

Spot inspections. Virtually all items of subsistence,
except canned or bottled foods, are susceptible to infestation
or damage by insects, rodents, and other pests. A spot
inspection of any commodity to determine degree of
infestation should rarely exceed 10 percent of the lot.
Normally a 5 percent inspection will indicate the condition of
the lot you're inspecting. In either event, temporarily stop
your inspections when you first detect stored food pests and
fumigate the lot or otherwise treat it appropriately, then make
a followup survey to find out whether or not the stock is
suitable for issue.

You can't put too much emphasis on the importance of
detecting insect infestation in the early stages, especially
when climatic and other environmental conditions are
conducive to incubation and migration. Certain insects ax
attracted to light, and you can spot infestations by scanning
windows and other light sources. Anticipate insect activity
when the product temperature is above 50° F. or the air
temperature is above 60° F. and the relative humidity is more
than 35 percent. Generally, insect activity will increase as the
temperature and relative humidity rise, so increase the
frequency of inspections from monthly to biweekly surveys
during prolonged hot, humid weather. Many stored-food
pests have a high reproductive potential and a short life cycle,
which means that under suitable conditions, a minor
infestation can become a major problem within a short time.
A "grain thief ' (fig. 1-6) can be used to sample bagged
products such as flour, rice, and corn. This device is a tube
within a tube, the tubes having a series of matching openings.
You stick it into a sack and when you reach the right depth, you
turn the inner tube to close the sampler, then you withdraw it.

Inspection while in storage. Inspect storage facilities and
exteriors of infestible m-terial at regular intervals. The
infestible contents of food products are inspected by
veterinary, food, or qualified subsistence quality assurance
inspectors. Your section and the veterinarian inspection
specialists should also make a joint monthly inspection of
vulnerable stocks and storage areas and prepare a report to

GRAIN TRIEF

Figure 1-6. Grain thief.
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show the results and recommendations. In your inspection,
use equipment such as a flashlight, magnifying glass, hand
sifter, and grain thief. You'll make visual and spot
inspections at the storage stack, and there should be a central
inspection area for more thorough and extensive examinations.

Subsistence Inspection. Usually, you can readily detect
advanced infestations in bagged, domestic-pack subsistence
with a visual inspection. lb find infestation in an earlier
stage, or to any degree within a multiwall bag, you must open
the bag and sift sample lots of the contents. You'll need a
hand sieve with a catch pan such as sieve, sifting, 8-inch or
12-inch diameter, No. 10 mesh; or locally made sieves that
use an 8XX bolting cloth as the screening material for flours.
Use a No. 8 mesh sieve or locally made sieves with normal
window screen for such bulk items as macaroni or beans.
You can even get mechanical sifting equipment when the
workload warrants.

Carefully examine the seams and ears of the bags for
evidence of insect infestation.
Randomly select containers of spices, pepper, dried
milk, and other finely divided subsistence stocks; then
empty and sift them.
Visually inspect and sieve spaghetti, macaroni, and
cereal products for signs of insect and rodent
infestations.
Check all paperboard and other nonmetal containers
for areas damaged by rodents, and inspect the contents
for evidence of insects. Under some circumstances you
may want to incubate a sample of the commodity to
check for immature stages of insects.

Inspect all other infestible subsistence by visual or open
container examination as prescribed by the material
manager.

Exercises (805):
1. If you find two THbolium larvae in 5 pounds of

subsistence sold at a commissary, what must you do?

2. In spot inspections of subsistence items, how much of
each lot should you normally inspect?

3. How often should you inspect warehouses for
stored-food pests during prolonged hot, humid weather?

4. How often should you make joint inspections with
qualified veterinary, food, or other subsistence
inspectors?

5. Why should you not limit your surveys to visual
inspections?
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6. How do you survey each of these?
a. Dried milk containers.

b. Cereal pmducts.

c. Foods in other nonmetal containers.

806. State what preventive stored-product pest manage-
ment is suitable for non-pest-management personnel.

Preventive Control Measures. Some people's custom of
storing food for later consumption gives insects Lasy living.
Some pests live in the fields and fly into storehouses or are
transported in with infested food. Others live only in stored
foods and invade fresh material that is brought in. If the
storehouse provides favorable moisture, temperature, and
harborage, not only may tremendous economic loss result,
but people are exposed to insect-borne disease. Stored-product
pest control should be conducted by warehouse workers and
others on a year round basis. Prevention is the best way to
control stored-product pests. A few of the more common
ways you can prevent these pests are sanitation, palletizing,
rotation, isolation, ventilation, packaging, and insectpmof
construction.

Sanitation. Cleanliness is an important factor in preventing
insect damage to stored pmducts. Many warehouses have
become highly infested because flour, rice, or other foods
have been spilled on the floors and left for a long time. Good
sanitation helps keep insects and other pests from becoming
established. As a corrective measure, it can force them to
migrate or (combined with other techniques) starve them.
You must repair all torn bags immediately, keep floors clean,
and direct your efforts toward preventing contamination of
stozed-food products.

Palletizing. Don't let workers place cartons, bags, and
other containers of goods directly on the floor. Warehouses
should use oak or pine pallets to store these items, each pallet
holding a load that can be moved from placs. to place by
hydraulic lift. Cartons or bags should be placed upon the
pallets by hand labor, but after that, machinery transports the
palletized stocks from place to place. There is a trend toward
shipping material on pallets so that the merchandise can be
loaded and unloaded by machinery. Cereal products or other
foods must not be stacked against warehouse walls or ceilings;
this prevents adequate inspection, creates a fire hazard; and
increases the amount of rodent harborage. Stacks shouldn't
be high enough to crush cartons and bags, increasing the
probability of an infestation.

Rotation. Stock mtation is an important factor in preventing
losses due to insects. If old stocks stay in storage for a long
time, the insects may complete one or more life cycles, and
light infestations may become damaging ones. Old stocks left
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on hand may infest stocks received later. The accumulation
of dirt and filth, rodent urine or feces, and moisture may
result in the eventual loss of valuable foodstuffs. Food stored
under such conditions is especially subject to insect attack,
and mold formation may impart an off-flavor.

Isolation. It is important to isolate new stocks of susceptible
items from the old supply. Often a carload of feed or flour
is stacked on or near a few remaining sacks of old, infested
materials. This placement results in the immediate infestation
of the new shipment. Susceptible items must be stored as far
as possible from old stocks, whether the infestation is heavy or
lighteven if you think the material is uninfested.

Ventilation. Adequate ventilation is important in storing
dry foods. A high moisture content is conducive to attack by
insects and mites and the formation of mold. Ventilation may
be provided by 3-foot access aisles between stacks and the
walls, and 2 feet between the stacks and the ceiling. Ventilators
and doors should be opened during dry weather and closed
during periods of high humidity. In the winter, let cool air
circulate in warehouses unless this air may cause damage to
products subject to freezing. Grains may be subjected to
extremely low temperatures without damage. Cold is a useful
factor in deterring insect infestations, as most species develop
slowly at low temperatures and many individual insects are
killed by freezing temperatures.

Packaging. Careful packaLing of subsistence items can
greatly limit insect infestations in stored food. Generally, it is
best not to reuse packaging. If packaging is to be reused, it
must be sterilized by heat or fumigation.

Insectproof constructien. Grain stored in poorly
constructed buildings may get infested by insects that fly in
from nearby fields or warehouses. Poor construction encourages
rapid buildup of large populations. Carefully planned and
constructed warehouses can minimize, this hazard. Make the
building as insectproof as possible.

Exercises (806):
1. What seven preventive control techniques are applicable

by non-pest-management personnel?

2. What are the pest control benefits of sanitation in a food
warehouse?

3. List three effects of improper stock rotation.

4. Why is ventilation important in efforts to keep pests from
attacking dry foods?

807. State why and how we use various corrective control
measures.



Corrective Control Measures. Once stored foods have
become infested with insects, you must act to prevent these
insects from spreading and causing further damage. The
corrective methods you can use include residual and
nonresidual sprays, fumigation, and pheromones.

Residual spraying in subsistence warehouses should be
restricted to walls and floors only. Be sure to follow all label
instructions, as each pesticide is registered with Environmental
Pmtection Agency (EPA) only for the uses listedon the label.
The label is the law.

Nonresidual, or space, sprays of approved insecticides
may be applied with ultra-low-volume dispersal equipment.
This equipment fills the air with tiny droplets of insecticide
that kill insects in flight or on exposed surfaces. Space sprays
help kill pests between pallets, bags, and such locations, but
they don't constitute fumigation, and they aren't feasible for
destroying insects that have penetrated bags and cartons.
Space sprays are regarded as preventive maintenance, rather
than as a way to eliminate existing infestations.

Fumigation of stored products is the traditional means for
destroying all insects infesting bins, elevators, warehouses
and storerooms. It is dangerous and should be done only by
qualified personnel. We'll talk about it in detail in the next
learning objective.

The use ofpheromones in a pest management program is a
chemical behavioral insect control method. Stored-product
insects are among the most expensive pests to feed, since they
feast on products that have been grown, harvested, stored,
and often processed. These pests may soon be their own
worst enemies, now that scientists have learned to isolate the
pheromones of the insects. The sex-attractant pheromones,
now being commercially produced for several common
pests, can be used in pest management for monitoring insect
activity, for mass trapping, and as a form of birth control to
reduce populations. Using pheromones in place of insecticides
has reveral advantages:

Only small amounts are needed; male insects can
detect as little as several molecules floating around in
the air.
Pheromones are not poisonous; they are organic
compounds that decompose in the environment.
They are species specific; a butterfly pheromone will
not attract a moth. This allows for careful control of
harmful insects without threatening helpful ones or
humans.
There is no insect resistance. Through evolution,
insects develop tolerances to some pesticides, but
because pheromones are produced naturally by
insects, resistance is not anticipated.

Pheromones are already commercially available for the
Indian meal, tobacco, raisin, and almond moths and for the
Angoumois and khapra beetles. In time, you can expect to see
pheromones commercially available for the cigarette beetle,
red and confused flour beetles, lesser grain borer, and rice
weevil.

Methodology for applied chemical controls. You can use
products that are registered for crack-and-crevice treatment
in food area (and don't have specific instructions to the
contrary) while the establishments are open and in operation.
Of course you must take due care to avoid any contamination
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of food. You may use contact sprays and space sprays of
synergized pyrethrins and resmethrin to control flying
adults, and you can make crack-and-crevice treatments with
residuals such as diazinon, Dursban 'end malathion.

In nonfood areas (loading docks, storage areas, locker
rooms, offices, etc.) of food establishments, the EPA allows
more liberal use of residual insecticides. In each case, the
label of the product you use should describe the pests to be
controlled, the places that can be treated, and the
concentration to use. You ,.an use such residuals as I percent
diazinon, 0.5 percent Dursban and 2 percent malathion as
sprays to treat surfaces in nonfood areas, as long as they don't
come in contact with food containers.

In warehouses, the first step is to make sure the sanitation
is acceptable. Then you must locate the infested material and
identify the insects in it. For the best control, remove the
infested material from the premises since, without
fumigation, you can't kill insects inside stored materials.
Insects on the outside of packaged materials can be killed bya
contact spray of relatively low toxicity to man, such as
pyrethrins or resmethrin. After warehouse workers have
cleaned up any debris and the infested material has been
removed, spray the storage areas thoroughly, spraying the
walls, floors, posts, and any other areas that could harbor
insects. Give particular attention to cracks and crevices,
where debris is hard to remove. Again, residual sprays must
not come in direct contact with food containers.

If there is a light infestation in returned goods that must be
held in the warehouse for a time, you can use a modification
of this procedure. The infested material must be stored off the
floor on pallets, and the area should then be treated at regular
intervals with one of the low-toxicity materials. Apply the
chemical with a mist applicator, fog machine, or ULV
machine to get the best penetration through the space
between the containers in the stack. Along with this
treatment, make a residual application to the floors and walls
up to the maximum height of storage using a residual
pesticide. If food products are exposed, you can only use
crack-and-crevice treatment. The need to repeat this
application depends on the type of surface you sprayed and
the length of residual for the chemical you're using. Timing
may be on a monthly, bimonthly, or even a quarterly basis.
Check conditions carefully so you have a continuously
effective residual working at all times. This type treatment
will be effective only where the storage area has been cleaned
out to start with and where no heavy infestation is introduced
after the program starts. During this program the building
must also be kept clean so that untreated dust and debris do
not accumulate. As a standard method of warehouse
maintenance, this system is excellent.

In commissaries or food stores, control depends on prompt
removal of infested material. You don't have much hope of
controlling storage pests until this is done and the premises
are cleaned of as much debris as possible. After this, make a
thorough application of a low-toxicity contact spray to kill
any exposed adults or larvae. Use a mist blower or ULV
generator to apply pyrethrins, resmethrin, etc. to as many
surfaces in the area of infestation as possible, taking extreme
care not to contaminate food items in the store. If other items
aren't in tight containers, be sure they are completely
covered with a protective material such as a plastic sheet

450



before spraying. In nonfood areas, use residual sprays.
Some special problems exist in the home. Since many of

the stored-product insects are strong fliers and their larvae
may crawl considerable distances from a source of
infestation, you must show the occupants that these
wanderers don't necessarily indicate either the source of
infestation or the areas you need to treat.

The source of infestation in a home is usually a very
limited area, such as the kitchen, or even a single cabinet or a
single box of material in the kitchen. Before you try any
control, find this source and eliminate it. This is not always
easy to do, but it is essential. Look very carefully, not only
into cracks and crevices, but also inside containers of such
things as cereals, beans, peas, flour, dried fruits and spices,
and any other material where they may live and complete
their life cycle. Don't overlook the possibility that a sealed
container may be infested on the inside and be loose enough
to allow the insects to escape from it.

After removing infested material, remove the contents of
drawers and cupboards in the area and spray all shelves,
drawer bottoms, cracks, and crevices with any of the
standard residual emulsions or oil-base formulations. After
the chemical has dried, cover all drawer bottoms and shelves
with paper to keep food or containers from direct contact with
the residual. It may take several days for insects not actually
contacted during the treatment to contact the residual ard be
killed. Tell occupants about this fact so you won't be making
unnecessary return trips immediately after completing the
job.

Chemical applications to control stored-product pests in
all situations take considerable care on your part. It is
essential that insecticide, whether a residual or a space spray,
be kept from direct contact with food products. No
insecticide is to be considered as nontoxic or suitable for
direct use cm any food product. When shelves are treated,
food products should not be replaced on them until the
insecticide is completely dry, and shelf paper should then be
placed on the shelf to protect the food from direct contact.
Application made directly to bags or other packages should
be very light and should not be sufficient to wet the container.

You can also be of value to housing occupants by giving
advice on how to inspect for infestations, how to clean
storage areas where food particles tend to sift out and collect
in cracks, and how properly to store food products,
especially those in which the original container has been
opened (store in clean metal, glass, or plastic containers with
tight-fitting lids).

Commercial food-handling facilities may have special
sanitation problems. It is absolutely essential that the
premises be cleaned of any loose food materials that might be
lodged on the floor, the walls, and on the ceiling, because this
food will provide harborage for the insects even though
you've removed the principal infestation.

The use of pesticidn in and around food-handling
establishments was greatly restricted by the 1972 amendment
of the Federal Insecticide, Fungicide, and Rodenticide Act.
This is especially true in food areas of food -handling
establishments, where application of residual insecticides is

limited to the crack-and-crevice method. Fd areas include
places where food is exposed during receiving, storage,
preparation, and serving. It does not include dining areas
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where food is under the control of the person eating it. EPA's
official oefinition of crack-and-crevice treatment is ". . . the
application of small amounts of insecticides into cracks and
crevices in which insects hide or through which they may
enter the building." Such openings commonly occur at
expansion joints, between different elements of construction,
and between equipment and floors. These openings may lead
to voids such as hollow walls, equipment legs and bases,
conduits, motor housings, junctions, and switch boxes. The
crack-and-crevice treatment uses sprays, dusts, or baits only
in cracks and crevices; doesn't treat surfaces. Insecticides
must be applied under low pressure and with great care to
avoid splashing or runoff which might lead to contamination
of the exposed surfaces of the building or equipment. When
dusts or baits are applied into cracks or voids, take care to
avoid leaving any of the material on exposed surfaces. If
contact sprays or space sprays are used, again take care not to
treat food areas when food is exposed, and you should avoid
leaving any of the material on exposed surfaces that may
come in direct contact with food or food products.

Exercises (807):
1. What purpose does nonresidual space spraying serve in

controlling stored food pests?
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2. In what three ways can pheromones be used in a
stored-food pest management program?

3. What four advantages are there in using pheromones
rather than insecticides in a stored-food pest management
program?

4. Before you treat a warehouse for stored-food pests, what
must you insure?

5. Where should you apply residual sprays in a food
warehouse?

6. What equipment can you use to apply contact pesticides
in food warehouses?

7. In homes, what should you do before you try to control
stored-food pests?

B. In what areas are you limited to crack-and-crevice
applications of residual pesticides?



9. List the areas where crack-and-crevice treatments are
advised.

10. What should be your major safety concern in arplying
residual pesticides?

808. State the sequence of given steps for in-place
fumigation with aluminum phosphide and name the
phase to which each step belongs.

In-Place FumigaGon. In this lesson, you'll learn about
the procedures for in-place (stack) fumigation of stored foods
using aluminum phosphide. Mike note that you are authorized
to work with this fumigant only if you're certified in EPA
category 7, Industrial, Institutional, Structural, and Health-
Related Pest Control.

Aluminum phosphide is highly effective for fumigating
products with stored-food pests either indoors or outdoors
under polyethylene tarpaulins, but there ate some safety
restrictions. Hydrogen phosphide gas released from
aluminum phosphide pellets or tablets is explosive under
vacuum conditions. As a result you can use it only in airtight
enclosures at normal atmospheric pressure, normally under a
tarpaulin. Under some atmospheric conditions, especially
when moisture may condense, the gas will corrode gold,
silver, copper, copper alloys such as brass and bronze, a:.d
other products containing copper. You must not let the
pellets, tablets, or residual ash contact any processed food.
Cloth, canvas, or vinyl-coated tarpaulins are not suitable for
fumigation with aluminnm phosphide.

Fumigation phases. There are four phases in aluminum
phosphide fumigation: preparation, application, evaluation,
and clearance. Before you start, though, make sure you have
all the equipment you need. You may want to stop at this point
and review the list of fumigation equipment in Volume 3,
Chapter 3 before you continue.

Preparation. You can do in-place fumigation without
necessarily moving infested material already in storage, but
if slightly infested goods come into a warehouse frequently,
it's advisable to set up an area where you can fumigate them
conveniently. For outdooz fumigation, avoid using bare
ground; but first, place a plastic ground cover under stocks
being fumigated.

Gather your materials, using a form similar to the one in
table 1-1 to make sure you have everything you'll need.

Next, check the stack's dimensions with a tape measure to
find out how much polyethylene film and fumigant you'll
need. Now cover the stack with the film. Make sure you
allow at least 18 inches of floor lap on each side of the stack.

Seal the film to the floor with sand snakes or a suitable
substitute. Make sure you overlap the sand snakes at least six
inches, and place extra sand snakes at each corner of the stack
to insure a tight seal. Then check the tarpaulin for holes. If
you find any, close them with the masking tape. Also, you
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should reinforce any pressure points on the tarpaulin by
putting masking tape on them.

At this point, you're almost ready to put the fumigant in
the stack. First, however, check the temperature of the
material you're fumigating. If it's less than 59° F., consult
your command pest management professional before you
continue.

Applying the fumigant. Now you're ready to place
fumigant tablets or pellets in the stack. With the stack
measurements you got earlier, refet to table 1-2 to see how
much fumigant to use, or use:

100 pHlets or 30 tablets per 1000 cubic feet indoorsor 165 pellets
or 45 tablets per 1000 cubic feet outdoors.

Make sure you record the amount of fumigant you apply
(table 1-3, part 6).

When you take the aluminum phosphide out of the
container, you don't need to wear a gas mask; the hydrogen
phosphide gas evolves slowly upon contact with moisture in
the air. (Just sure you work quickly and efficiently;
don't take any coffee breaks before you place the fumigant in
the stack.) You must, however, have approved gas ks and
canisters in your possession when you're hp g the
fumigant. Keep the fumigant container closed _pt when
you're actually measuring or applying the fum

Place the fumigant pellets or tablets in a single layer on a
pan or tray and immediately slide it under the tarpaulin. 'aka
care not to expose the tray to condensed water that has
accumulated under the tarpaulin, and reseal the tarpaulin to
the floor or ground. It doesn't matter whereyou position the
fumigant in the stack, since the gas will penetrate until the
concentration levels equalize throughout the stack.

Once you've removed the fumigant from the container,
hydrogen phosphide will start being released in 15-30
minutes. You may notice a garliclike odor, and the pellets or
tablets will start changing from a green-grey to a white-grey
color as the gas is freed. The most intense gas development is
betw,:en the 4th and 12th hours, and complete breakdown of
the pellets or tablets may take up to 72 hours.

Your last step in this phase is to set up a safety barrier at
least 5 feet from each side of the stack. Place warning signs
(fig. 1-7) on each side of the stack where people may
approach it and on the safety barriers. If it's a particularly
large stack, you may want to put more than one warning sign
on each side.

Evaluation. Most pest management efforts are evaluated
after you've finished the job, but you take readings while the
fumigation is in progress to be sure the gas is reaching a level
high enough to kill all pests. You use the Drager bellows or
Auer bulb and gas detection tubes to find how many
parts-per-million (ppm) of fumigant are in the stack 24, 48,
and 72 hours after fumigation began. These readings will
vary according to the temperature, but you want to make sure
you get either 300 ppm after 48 hours or 200 ppm after 60
hours. Keep in mind, even though you get one or both of these
readings, you still need an exposure time olat Ieast 72 hours
to get 100 percent control of all the pests.

As with setting up the stack, there are some safety
precautions you must follow. First, do not work alone. This
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Table

Aluminum Phosphide Fumigation Preparation Checklist

ALUMINUM PHOSPHIDE FUMIGATION-PREPARATION CHECKLIST

1. FACILITY: 2. DATE:

3. ASSIGNMENT OF FUMIGATION TEAM (MINIMUM OF 2)

a.

h.

4. LOCATION:

EQUIPMENT (ARE THE FOLLOWING ITEMS ON HAND?)

a. 2.0 4,0 6,0

PoTiethiTene

1. Auer test tubes with

sampling bulb

b. 4 mil plastic and 4" m. Drager test tubes with

tapes belloc pump

c. Measuring tape n. NSA test tubes with

MSA *pier

o. Sand snakes or loose

a, Indoors, Bldg. II Section d. Thermometer

H

b. Outdoors, Nearest Bldg. if

Two approved gas masks

ardstand or Ground * f. Two unexpired gas mask p. Bucket

sand
2.

canisters
q. Paddle

c. Freight car, located at

9,

(in-place stacks)

Aluminum pan or tray
r. Liquid detergent

For intransit fumigation (1TF), Destination

s. Surgical gloves
h. Envelopes (freight cars)

For in-place funigation t. Flashlight
1. Phostrays (freight cars)

u. Aluminum Phosphide
S. NOTIFICATION: j. Warning signs

Person Phone Time/Date
k. Measuring device Tablets

Notified Number NotifieJ (cup w/premeasured
Pellets

---
volume for tablets/

Bags (if authorized)
a. Fire pellets)

b. Security

7. SAFETY
c. Medical

e. Has the fumigation team been briefed on the emergency
d. Safety

procedures for:

e, OIC
(1) Deactivating a live stack?

Installation Engr. Public Works Officer (2) Providing first aid 'n case of PH3 poisoning?

b. Have all warehouse personnel been briefed on:

Base Civil Engr,

(1) Odor of gas?

(2) What to do in case it is detected?

* AVOID USING BARE GROUND WHEN POSSIBLE, IF NECESSARY TO USE GROUND, IT

WILL BE NECESSARY TO USE A PLASTIC GROUND COVER UNDER STOCKS BEING (3) ProvidiJg emergency first aid in case of PH3

p

FUMIGATED.

oisoning? ^
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ALLER
POISON CAS

IT IS UNLAWFUL TO REMOVE THIS SIGN
THIS ENCLOSURE IS BEING FUMIGATED WITH

Do Not Enter
Prior To

PHOSTOXIN Fumigant
CONTAINS ALUMINUM PHOSPHIDE LIBERATES HYDROGEN PHOSPHIDE IPHOSPHINEI

0 3 Days - PELLETS

5 Days - TABLETS

Fumigation Being Performed By:

®Reg. U.S. Pat. Off.

1 After Fumigation

Day

DATE

Telephones:

Night

Figure 1-7. Aluminum phosphide warning sign for in-place fumigation.

applies to all phases of working with aluminum phosphide.
Also, make sure you have the right gas masks and cartridges
with you at all times. (Refer to table 1-3 as you continue.)

Clearance. This is the last phase of your operation, but
there's more involved than just pulling away the tarpaulin,
gathering your materials, and heading for the club. First, you
must make sure the hydrogen phosphide concentrations are
below 0.3 ppm. To do this, use "low range" gas detection
tubes with the Drager bellows or Auer bulb. These tubes have
a range of 0.1-40.0 ppm compared to 50.0-1000 ppm for the
high range tubes (Drager bellows). For the Auer bulb, these
ranges are 0.1-100.0 ppm and 50-2000 ppm respectively.
Take three separate readings and average the results to be as
accurate as possible.

Once you've gotten these readings, you're ready to clear
the stack. If your ppm reading was 0.3 or higher, you and
your coworker will need to put on gas masks before you pull
back the tarpaulin. Below 0.3ppm, don't worry about it. Just
pull back the tarpaulin and make sure everybody stays away
from the stack for at least 1 hour. When you get back, sample
the air around the stack; you should get a 0.0 reading. If you
had to wear gas masks when you pulled back the tarpaulin,
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wear them now until you're sure fumigant levels are below
0.3 ppm.

At this point, you must dispose of the ash residue of the
pellets or tablets. Take this material outside and slowly pour it
into a bucket of soapy water. When the ash contacts the
water, there will be spontaneous heating (and possibly,
combustion). You must never add alcohol to the water, since
this increases the charces for spontaneous combustion. For
this same reason, have somebcdy stir the water while you
pour in the ash. When you're finished with this, you can bury
the solution or pour it directly into the influent of a sewage
treatment facility.

As with other fumigants, hydrogen phosphide gas offers
no residual protection against any new infestations by
stored-food pests. Therefore, if the treated goods were
infested while they were in the warehouse, do whatever you
can to reduce the need for fumigation. Push for higher
sanitation standards, use contact and residual insecticides as
needed, and try to get warehouse managers to segregate
highly infestible conunodities such as dog food and cereal
products to control insects, limit reinfestation, and reduce the
need for fumigation.
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Table 1-2
Dosage Rates for In-Place Fumigation

Oubi c Footage

of Stack to
be Fia1g4tad

PELLETS APPLICATION TABLET APPLICATION

1.-Tore
Outdoors

No. Required
Indoors

No. Requi red

Outdoors

No. Required
Indoors

100 10 17 3 5

110 11 18 3 5

120 12 20 3 6

130 13 22 3 6

140 14 24 4 7

150 15 25 4 7

160 16 27 4 8

170 17 29 5 e

180 18 30 5 9

190 19 32 5 9

200 20 33 6 9

300 30 50 9 14

400 40 66 12 18

500 50 83 15 23

600 60 99 18 27

700 70 116 21 32

800 80 132 24 36

900 90 149 27 41

1000 100 165 30 45

2000 200 330 60 90

3000 300 495 90 135

4000 400 660 120 180

woo soa 825 150 225

6000 600 990 180 270

7000 700 1155 210 315

8000 800 1320 240 360

9000 900 1.485 270 405

10.000 1.000 1.650 300 450

20.000 2,01/0 3.3/0 600 900

30.000 3.00u 4.9o0 800 1.350

40.000 4.000 6.600 1,200 1.800

50.000 5.000 8.250 1,500 2.250

60.000 6.000 9.900 1,800 1,700

70.000 7.000 11.550 2.100 3,150

80.000 8.000 13.230 2,400 3,600

90 .J00 9.000 14,850 1.700 4.050

100.000 10.030 16.500 3,000 4,500

Exercises (808):
Tb which phase of fumigation does each of these steps apply?
Number the steps in the sequence you should do them.

Phase Order
1. Use sand snakes to seal the

tarpaulin to the floor.
2. Place fumigant tablets or pellets

in a single layer on a pan or tray,
and put it under the tarpaulin.

3. Pull back the tarpaulin and
leave the area for 1 hour.

4. Gather all necessary materials.
5. Set up a safety barrier at least 5

feet from the stack and post
warning signs.

6. Bury the solution or pour it into
the influent of a sewage treatment
facility.
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7. Take 3 readings to insure 0.3
ppm or less within the stack.

8. Apply 100 pellets or 30 tablets
per 1000 cubic feet.

9. If fumigation is conducted on
the ground, cover the ground
with a plastic cover.

10. Reseal the tarpaulin to the
gmund or floor.

11. Add the ash from the pellets or
tablets to soapy water.

12. Thke ppm readings at 24-hour
intervals.

13. Record the amount of fumigant
applied.

14. Check the temperature of the
stack.

Phase Order



Lble 1-3

Cleanince Checklist

1, FACILITY:

3. CLEARANCE TEAM

a.

2, DATE CLEARED:

b.

4. COHMODITY FUMIGATED

a. Nomenclature

b, FSN (if applicable)

c. Contract Number

d. Contract Item Number

e. Manufacture:. or Assembler

f. Lot Nunber and Date of Pack

g. Quantity

(1) Weight lbs.

(2) Cubic Feet

(a) of stack

(b) of freight car

S. DATE FUMIGATED

6. FUMIGANT INFORMATION

a, Name of fumigant used

b. Form used: tablets pellets bags (powder)

c. Number of tablets, pellets or bags used:

7, CLEARANCE INFORMATION

a. Warning signs are posted and properly completed.

b, A minimum of 12 hArs has elapsed since fumigation

was initiated.

YES NO

c. Stack Fumigation:

(1) Gas concentration checked while wearing

an approved mask.

(2) After lifting edge of the tarp, gas con-

centration in the area of stack was less

than 50 ppm,

(3) GM masks were required to complete the

lifting of tarp on all sides.

(4) Area vacated and ventililated for one hour

before tarp W2S removed,

(5) Gas concentration after one hour of ventila-

tion 2

(.5) Additional ventilation was required. If yes,

ventilation accomplished for

additional Noun,

10. RESIDUE DISPOSAL:

a. Clay residue mixed w/liquid detergent in

bucket of water,

b. Residue emilsion, all gloves, and empty primary

containers (following deactivation w/detergent

and water) were buried in an approved manner,

11. REMARKS:

11.1.1.14111111111PMlIW
12. CERTIFICATION:

I CERTIFY THAT THE ABOVE INFORMATION IS CORRECT, WAS ACTUALLY PERFORMED,

AND BOTH A PREPARATION AND FUMIGATION CHECKLIST WERE COMPLETED IF

FUMIGATION WAS INITAITED AT THIS INSTALLATION.
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Phase Order
15. Make sure there are at least 18

inches of floor lap on each side
of the stack.

16. Reinforce pressure points with
tape.

1-2. Fabric Pests
Fabric-destroying insects cause great damage each year.

In addition to large losses to fabrics in the process of
manufacture and storage, the many small damages caused in
households add up to a significant figure. A hole in a $125
suit usually means a new one will be bought; a patch of carpet
eaten out under a sofa may require purchase of new carpeting
the next time furniture is rearranged. Other materials that are
readily infested include upholstery, piano felt, blankets, and
any other woolen products as well as fur, hair, feathers, horns,
insect and animal collections, and such stored foods as meat,
fish, meal, and milk products. Syntheti-.... fibers and cellulose
materials are damaged only incidentally.

Just as some pests create problems because they attack and
use cellulose, the fabric pests are troublesome because they
attack and use keratin. Although its name is not very
common, keratin is a most important material to people,
being the chief constituent of such structures as the hair of
humans and other mammals, horns, hoofs, and feathers. It is
a protein that is quite stable chemically and is very resistant to
most means of digestion. The only animals that can digest
keratin are a relatively small number of insects. This peculiar
ability of keratin digestion, coupled with the widespread use
of wool and other animal hair, is the basis of the fabric pest
problem.

Any number of other insects can damage fabrics by
chewing or shredding, but they can't digest keratin.
Silverfish, cockroaches, crickets, earwigs, etc. fall into this
category, but they aren't considered true fabric pests and
won't be included here.

The main group of fabric-destroying insects in the United
States is made up of three moths and five carpet beetles,
although many other insects may cause some damage
occasionally or may cause important damage locally.

809. Associate statements about the development,
characteristics, and habits of clothes moths with the
particular moth to which they refer.

Clothes Moths. The term "clothes mode' is properly
used in connection with the webbing clothes moth, the
casemaking clothes moth, and the tapestry, or carpet, moth.
The first two are most common; tapestry moths occur rarely.
These are all small moths; adults have a wingspread of less
than 1/2 inch. Their habits are different from most moths,
because we rarely see them flying around lights at night.
Rather, they prefer the dark and tend to live in dark corners,
or in folds of fabric. They will fly occasionally, but normally
only on the edges of a lighted area, usually remaining quite
inconspicuous.

Clothes moths have a complete metamorphosis. Adults
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cannot feed, and it is the larval stage that damages fabrics. In
houses, they are most frequently pests of clothing, carpets,
:-ugs, upholstery fabrics, piano felt, brush bristles, blankets,
hair from pets, furs, lint from woolens, and auy stored wool
products. These products all contain the protein keratin.

Clothes moth !arvae will, at times, damage other products
such as cotton, linen, silk, synthetic fibers, and paper. Such
damage, however, is usually incidental, resulting from the
larva damaging such fibers while eating its natural food.
Clothes moth larvae are particularly damaging to fabrics
stained with such materials as oii from hi 4nan hair, human
sweat, urine, beer, tomato juice, milk, and soft drinks. These
developing insects' nutrition requires balance in their diet,
and they especially need vitamin B. As a matter of fact, first
instar larvae can't survive on "clean" wool; but it must have
the nutritional supplements found in soilage. You can
identify common clothes moth adults with the key in fig. 1-8.
Larvae are hard to identify morphologically but can easily be
separated by their habits.

Webbing clothes moth. This moth (Tineola bisselliella) is
the most numerous clothes moth in the United States, being
found commonly in all states. The body and wings of the
adult are uniformly buff colored, and its head has light-
reddish hairs on top. The wings are silvery brown, without
spots, and measure less than 1/2 inch across when Lhey're
extended. Adult males can fly as far as 100 yards but seldom
do. Females, on the other hand, are rather weak fliers,
although they can fly for short distances. Adult females can
mate and lay eggs the same day they emerge from the cocoon.
Normally, adults live about 15 to 30 days, but colder weather
may extend this time somewhat.

The eggs are oval, ivory white, and about 1/24 inch long.
They are laid either singly or in small groups among the
threads or in cracks of a suitable food material and are usually
attached to this food material with a gelatinous substance.
Each female lays an average of 40 to 50 eggs, but a few may
lay as many as 200. In the summer these eggs will hatch in 4 to
10 days, but in winter it may take a month or more. Be careful
not to confuse eggs with the fine, hard, characteristically
bun-shaped particles of excrement which are left scattered
about wherever the larvae live. These excrement particles
am frequently of the same color as the fabric on which the
larvae are feeding.

Larvae are shiny, creamy white, and not more than 1/2 inch
long. They usually spin feeding tunnels of silk, but they may
produce somewhat randomly placed patches of silk as they
move about. Some particles of the material on which they are
feeding and bits of their own excrement are often entangled in
the silk. These feeding tubes and silken patches together
make up the webbing which is a characteristic of this moth. In
fur, webbing is sparse. In its growth, each larva molts from 5
to 45 times. The timc necessary to complete larval develop-
ment may vary greatly with such things as availability of
food, relative humidity, and temperature. This variation may
be anywhere from 35 days to as long as 21/2 years.

The larva spins a silken pupal case and attaches bits of fiber
and excrement to the outside of it. This case is usually well
hidden in the fabric. Length of the pupal stage varies from
about 8 to 40 days. You may find adult webbing clothes
moths at any time of the year, but they're more abundant in
warm summer months. They can also develop quite well in



A pictorial key to the adults of some common Insect pests of fabrics.

wino membecnmis covered
with flattened scales

No extensive black Basal third of forewing black;

areas on forewings. remaining area white.

TAPFSTIlf MOTH

ho dark spots on wings. Three dark spots on forewings

Tuft of red setae on (sometimes indistinct). Tuft

cop of head. of hairs on head light in color.

dEBBING CLOTHES MOTH

lorwings hardened. forming
a protective covering; with
or withnut scales.

Body rather long and narrow.
Forewings diverging at tips.
(Females wingleSS)

000 BEETLE
(6 actual size)

Ammwil
Body shape broadly
oval and convex.

Body entirely dark brown to black.
Elytra with hairs; without scales.

ERSE-KAAIND CLOTHES MUTH BLACK CARPET BEETLE

rife";

Continous series of red scales
along inner margin of each elytron.
forming a median line when at rest.

COMMON CARPET BEETLE
(6* actual size)

Pictures of Uermestids
after Minton.

Body striking Y Patterned
with colored scales.

1

Colored scales forming various
Patterns but without median red
line on elytza.

Body Scales distinctly broadened;
not more than twice as long as broad.

FURNITURE CARPET BEETLE
(BR actual size)

Figure 1-8. Adult fabric pests.
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Body scales distinctly narrow;
more than twice as long as broad.

-=--)

VARIED CARPET BEETLE
(6 actual size)



heated buildings in the winter. The entire length of their life
cycle may vary from 55 days to 4 years. Normally, the cycle
will be from 65 to 90 days. This moth seldom occurs in the
dry areas of the country.

Casemaking clothes moth. This moth (Tinea pellionella)
is not as common as the webbing clothes moth. It is most
numerous in the Southern States, although it is rather
generally distributed in the U.S. This moth is more brown in
color than the webbing clothes moth, and 3 dark spots on the
wings help to identify it. Don't rely on this characteristic,
though, since the spots are often indistinct and the scales of
the wings may have worn off, leaving no spots. The adult has
a somewhat smaller wingspread than the webbing clothes
moth.

The larva spins a small silken cell around itself and carries
it while it feeds (fig. 1-9). The head and first segment of the
thorax are exposed at the anterior end of the case. Note the
darkened, platelike areas on top of the thorax. It moves about
by extending its head and legs from the front end of the case.
There is rarely any webbing spun on the material upon which
larvae feed. Larvae wander about on food material feeding a
little here and a little there, but they rarely do any great
damage at any one spot.

Whei, it's ready to pupate, the larva draws itself
completely within its case, seals both ends of the case and
pupates in this cocoon. In Northern States, the pupal stage is
usually the only one found during the winter months, but in
the South all stages are found the year around. This moth is a
particular pest of feathers and down, although it feeds readily
on almost any material csed as food by webbing clothes
moths.

Carpet moth. This moth alichophaga tapetzella) is not
found very often but can ..atise considerable damage in a
severe infestation. It is most common in old woolens,
horsehair, furs, and feathers. The wingspread of the adult is
somewhat greater than that of either webbing or casemaking
clothes moths. It can be distinguished from them by the fact
that the front third of the wing is black and the rest of the wing
is white with a few black or gray spots (fig. 1-1). Its head is

17n actuol sitel

Figure 1-9. Representative larvae of common fabric pests. Left: dorsal
view of the casemaking clothes moth. Center: varied carpet beetle. Right:

black carpet beetle.
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white. The larva makes a silk tube, or burrow, through the
material and feeds inside this tube. Its entire life cycle is
similar to that of the casemaking clothes moth.

Exercises (809):
To which clothes moth does each statement refer (the
webbing clothes moth, the casemaking clothes moth, or the
carpet moth)?

I . Larvae wander around on the food
material causing spctty damage,
but rarely cause any great damage
in one spot.

2. Three dark spots on the wings are
poor identifiers because they are
frequently indistinct or rub off
easily.

3. Of the three moths discussed, this
one has the greatest wingspread.

4. Larvae spin a cocoon and then
attach particles of fiber and
excrement to it.

5. Eggs are laid singly or in small
groups among the threads or in
cracks in the food material.

6. The front third of each wing is
black and the rest is white with a
few black or grey spots. The head
is white.

7. Adults live 15-30 days and females
can mate and lay eggs on the same
day they emerge from the cocoon.

8. The larvae of this moth spins a
small silken cell around it and
carries the cell as it feeds.

9. The body and wings are buff
colored and the head has light-
reddish hairs on top.

10. Larvae of this moth make a silk
tube, or burrow, in the material
and feed inside this tube.

810. Matcal carpet beetle characteristics and habits with
the beetles they describe.

Carpet Beetles. Several species of beetles may at one
time or another damage fabrics. The four most common
species are the black, varied, common, and furniture carpet
beetles. lbgether, this group can usually be considered more
important economically than the clothes moth. They all have
a complete metamorphosis, with the larva being the only
stalke chat causes damage to fabrics. All of the adults are small
and inconspicuous and are not frequently seen by building
occupants. Adults may be found indoors or outdoors and
often are found on flowers around a house.

The black carpet beetle (Attagenus megatoma) is the most
abundant and widespread of the carpet beetles and is the
species that causes the greatest damage in most of the United



States. Adults arc shiny black with brownish legs and grow
to a length of 1/8 to 3/16 inch (fig. 1-8). They are frequently
found outdoors in flowers and are most numerous in the
spring and early summer. The adult lays its eggs indoors and
outdoors starting 4 to 8 days after it emerges. Each female
lays approximately 50 eggs over a period of about 3 weeks,
after which she dies. These eggs are deposited in accumula-
tions of lint, in air ducts, underneath baseboards, and other
similar places. In warm weather, they hatch in 6 to 11 days.

Larvae are quite tiny when they hatch but have the same
distinctive elongated carrot or cigar shape and the long brush
of tail bristles of the larger larvae. Body color varies from a
light brown to almost black. They can develop undera wide
range of temperature and humidity conditions and are much
less susceptible to normal changes than are the clothes moths.
Over a series of 5 to 11 molts, the larvae may become as long
as 1/2 inch. They tend to stay away from light and thus are
found most frequently in the lower parts of clothes closets,
rolled up or wrapped in woolen materials, at the edge of
carpeting under baseboards, or inside upholstered furniture.
Mature larvae are great wanderers and may be found
anywhere in a building. It is not at all unusual to find them ina
bathtub, ldtchen sink, or even crawling on walls and ceilings.

Many other common beetles resemble adult and larval
carpet beetles. The hide beetles, museum beetles, birdnest
carpet beetles, and cabinet beetles all have a somewhat
similar appearance. Although both adults and larvae may be
mistaken for carpet beetles, close attention to the
descriptions of the carpet beetles, together with the habits of
the larvae, will usually be enough for proper identification.

Black carpet beetle larvae are general feeders, feeding on
dead animal materials, hair, fur, hides, and hornsas well as the
usual woolen products and many plant materials such as
cereals and stored grain and nuts. On wool, they tend to be
surface feeders, usually eating the nap from fabric and
leaving the base threads alone. They are, however, quite
capable of eating large, irregular holes thmugh any suitable
food material. In fur, hairs are cut at the base with no injury to
the hide; the hair then drops out readily leaving the hide bare.
Frequently they burrow through containers to get food and
leave small openings through which other insects may enter
and cause additional damage. Cast skins and frass in the form
of minute, irregular pellets are often left in the fabric. The
black carpet beetle may live as a larva from as few as 9
months to as many as 3 years, depending on environmental
conditions. Larvae pupate in the last larval skin, with the
pupal state lasting from 6 to 24 days.

Varied carpet beetle. Varied carpet beetles (Anthrenus
verbasci) are widely distributed hi INge United States. Adults
are much arnaller than the black capet beetle, are rounded
and have a varied pattern of white .-irown, and yellow scales
on the back. Eggs are laid ia w-,rious locatiors. i-,.ere they
hatch in 17 to 18 days. Each larva molts, en the average, 7 or
8 times over a period of f.orn 7 to 11 ',maths. Mature larvae
are rarely more than 1/4 inch long and ''ear 3 clurnps of hairs
on the back end of the abdomeri. The larva is rather wide in
proportion to its length and has a "hippy" appearance since it
is usually broader at the back than at the front.

The larva of this beetle is a wave iser; it is quite common
in nests of birds and spiders, on dead anirna:s, and in insect
collections. It feeds on a variety of animal products such as

woolens, carpets, hides, feathers, horns, bone, and insect
pupae as well as on plant products such as rye meal, corn, red
pepper, and similar materials. It has also been found in
drywood termite workings after fumigation has removed the
termites. Pupae are formed in the last larval skin and take
about 10 to 13 days to develop into the adult.

Common carpet beetle. Adult common carpet beetles
(Anthrenus scophulariae) are small, rounded, and gray to
black with a varied pattern of white and orange scales on the
back. (See fig. 1-8.) There is an orange-red band of scales
down the middle of the back. They feed on nectar and pollen
in flowers. Each female deposits 30 to 40 small, white eggs
which hatch in 10 to 20 days.

Larvae are active, frequently moving about rapidly. They
are elongated, oval, rarely more than 'A inch long,
reddish-brown and covered with numerous black or brown
hairs. There is an average of 6 molts over an average period
of 60 to 70 days, after which pupation occurs in the last larval
skin. The pupal stage lasts for 12 to 15 days before emergence
of the adult. The adult beetle remains in the old larval skin for
approximately 18 days before becoming active. Larvae often
attack carpets, but they also eat other woolens, furs, feathers,
silk, museum specimens, and similar materials.

Furniture carpet beetle. This beetle (Anthrenusflavipes)
often attacks upholstered furniture. Adults are small,
rounded, and blackish with a mottling of yellow and white
scales on the back and a heavy coating of yellow scales on the
femur of the legs (fig. 1-8). The color pattern varies
considerably. In some specimens the yellow scales are darker
and more numerous, while in others the white scales pre-
dominate. Females lay a total of 35 to 100 eggs in 1 to 3
batches which hatch, at room temperature, in about 3 weeks.
Larvae have 6 to 12 molts over a period of 3 to 6 months.
They are oval, somewhat elongated, and thickly covered
with brownish hairs. The pupa is white and develops in the
last larval skin. At room temperature, the pupal stage lasts 14
to 19 days. The adult rests in the pupal skin from 1 to 10
weeks before becoming active.

While furniture carpet beetles are often found on furniture
(where they feed on hair, padding, feathers, and woolen
upholstering), they are common feeders on other woolens,
carpets, fur, bristles, horns, silk, and other such materials.
They will also feed on such fibers as linen, cotton, rayon, and
jute that are stained with animal excreta.

Odd beetle. This insect (Thylodrias contractus) has been
called the "tissue paper bug," but this is an unfortunate
misnomer. It is rather closely related to the carpet beetles, but
the general appearance of the adult would hardly suggest
such a relationship. Adult males have a long, narrow body
with long legs and antennae (fig. 1-10). These characteristics
contrast quite sharply with the rather oval body and compact
appendages of the typical carpet beetle. The male is
yellowish brown with a moderately dense covering of hair on
the body. The elytra, when at rest over the body, touch each
other on the inner margin for only a short distance and then
separate noticeably toward the wing tip. This characteristic,
plus the presence of a single median ocellus between the
compound eyes, should serve to identify this beetle.

Adult females do not even look like a beetle in general
body form. The body is broader and stouter than the male,
and there are no wings. The antennae are thin and about twice
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17m ectuI .11.1 (3a actual .4)

Figure 1-10. Female (left) and male (right) odd beetles.

as long as the head is wide. Them is a median ocellus between
the rather small, compound eyes.

Larvae are rather similar to those of the carpet beetles, but
do not have dorsal elongate hairs at the tip of the abdomen nor
long hairs on the dorsal surface of the body. Them is a dorsal
row of large stout bristles across the rear edge of each body
segment, and those on the rear edge of the prothorax are
distinctly club shaped. The larva tends to roll up in a ball
when it's disturbed, another aid in identification. These
insects attack dry animal matter and will feed readily on
woolen cloth. They have also been known to damage silk.

This beetle is an introduced species which seems to be
increacing gradually in importance as a household pest. The
wingless condition of the adult female suggests that dispersal
of the species will depend primarily upon its being carried
from place to place. This insect has been found in situations
that seem to be mmote from its normal food.

Exercises (810):
lb which carpet beetle does each statement refer (black,
varied, common, furnitum, or odd)?

1. These adults am small, rounded,
and gmy-to-black with a varied
pattern of white and orange scales
on the back.

2. Adult males have a long, narrow
body with long legs and antennae.

3. Matum larvae wander greatly and
may be found in many parts of a
building.

4. Adults have pattern of white,
brown, and yellow skales on the
back.

5. Larvae am oval, somewhat elon-
gated, and are thickly covered
with brownish hairs.

6. Larvae are frequently active and
move about rapidly.

7. These larvae tend to roll up in a ball
when they're disturbed.

8. Matum larvae am generally less,
than 1/4 inch long and have three
clumps of hairs on the posterior
end.

9. This species causes the most
damage in most parts of the U.S.
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811. State how to make surveys for fabric pests.

Recognizing Damage and Surveying for Fabric Pests.
In most cases the presence of fabric pests goes undetected
until someone sees that furnishings or clothes have been
damaged. You may be called on to find out whether or not the
damages wem caused by fabric pests. Since pest damage may
often resemble damage caused by such mechanical means as
scissors, snags, punctures, cigarette burns, rodents, or
termites, you must be able to tell the difference. The
descriptions of damages and the probable cause of the
damages in table 1-4 should help you. Keep in mind that the
damage may be old and may have happened somewhere else.

Fabric pest detection requires a thorough knowledge of
pest biology and behavior. Building occupants can also be a
useful source of information. They will know where pet
foods, mounted animal specimens, insect collections, skins,
furs, woolens, seeds, fertilizers, and other items likely to be
infested are located or stored. They may also know if them
are bird nests under eaves or in the attic or if there are any
wasp nests around. By asking these questions, the specialist
may certainly save a great deal of time and trouble.

You'll need to make a thorough inspection of infested
premises to find the source of infestation before making any
attempt at control. It is important to mmember that adults of
these insects don't feed on woolens or on any of the other
materials that might be attacked by the larvae. The presence
of visible adults in an area does not necessarily mean that
larvae are in the same area, since the adults may have already
laid their eggs in some other mom of a house and may be just
moving around at random.

Larvae of both clothes moths and carpet beetles prefer to
feed in secluded and protected places. When you search for
thcm, a good flashlight and a knife, nail file, or small spatula
are essential tools. Larvae will usually be found in dark
clothes closets, in furs, woolens, bits of carpeting, and other
such materials in storage. They am also found in lint,
especially under baseboards and around door casings, in and
under upholrIered furniture, in collections of animal hair, in
air ducts, occasionally in cereals in the kitchen, and
anywhem else whem suitable food material is available. As
you look for carpet beetle larvae, be especially careful to
examine under baseboards and around the bottoms o: door
casings. Use the knife blade or nail file to bring out bit:: of
lint. Examine these closely for live larvae or their cast skirt%
Cast skins are sometimes more numerous than are liv e
larvae, but they are such exact duplicates of larvae that they
can be used for identification purposes. Use the flashlight to
examine dark closets and other such places.

You must also consider certain natural sources of
infestation. Always look for articles of woolen clothing that
have been stored and neglected, and check for old furnitum
and rugs, which may be a source of continuing trouble. Less
often considered mservoirs that are equally important are the
natural habitat of these insects. Such places as nests built by
sparrows, starlings, or other birds on or inside the building
are often sources of infestations. Wasp nests, found quite
commonly under eaves and in attics, are also common
sources of carpet beetles and moths, whose larvae feed on the
cast larval skins and sometimes on the living wasp larvae.



Tcble 1-4

DAMAGE ASSESSMENT FOR FABRIC PESTS

Probable Cause Damage Description

1. Webbing Clothes Moth Usually fixed silk tubes sometimes bearing frass, this frass often
showing the color of the cloth. Nap of wool eaten away in spots
if lightly damaged; holes completely through fabric if infestation
is extensive. Larvae may be present in the tubes. If fur, hairs
are cut at base causing loose fur and exposing the hide with some
webbing present. Fecal pellets are bun-shaped.

2. Casemaking Clothes Moth Cigar-shaped cases 1/18" to 3/8" (size depending on larval age)
usually attached to the fabric at one end. Cases white or bearing
slight colors of the infested fabric. Cases appear to move about
if larvae are inside and are stationary if they contain pupae
or if empty. If cases are absent, damage is recognized as
surface feeding in irregular furrows or when damage is severe,
by holes through the fabric. Webbing essentially absent.

3. Mechanical Damage Fabric actually cut; threads pulled, broken, torn, or looped;
and exposed ends frayed. No loss of threads unless section
of fabric torn out. Damage to neighboring area not expected.In rugs, loops pulled out.

4. Rodents Damage is very similar to mechanical damage but the damaged area
may be soiled and hairs may be present.

5. Burns

6. Black Carpet Beetle

7. Furniture and
Common Carpet Beetles

8. Hide Beetles

9. Termites

Irregular or round holes in wool that may or may not penetrate
fabric. Tips of exposed threads usually curled and charred.
In fur curling of damaged hairs; leather scorched.

Fabric damaged with no traces of silk-like threads. Much surface
damage with various penetrating holes. If infestation light,
damage may be limited to scattered holes with surrounding surface
damage. A few or many cast larval skins may be present. Frass
in the form of minute irregular pellets often the color of the fabric.
In fur, hairs cut at base with no injury to hide; hair drops out
readily and hide may be bare in severe infestations. Cast skins;
no webbing.

Fabric damaged with no traces of silk-like threads. Much surface
damage with various penetrating holes. If infestation light,
damage may be limited to scattered holes with surrounding surface
damage. A few or many cast larval skins may be present.
Frees in the form of minute irregular pellets often the color
of the fabric. In fur and brushes, principal damage to tips of hair
leaving numerous uneven areas.

Hide rather badly damaged on exposed side (not fabrication scars)
If on fur, damage is on the inner surface; holes and loss of hair
result from complete larval penetration of hide.

Cotton or hemp binding of wool rug eaten leaving the wool untouched.Hard mastic substance present.
CRIA66
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Another important reservoir of food material is accumulations
of animal hair in homes with pets. Shed hair may accumulate
in heating ducts, beneath furniture, or in hard-to-clean
corners. These loose tangles of hair may sustain a small
population of fabric pests for a long period of time in places
where all wool products have been treated.

Exercises (811):
1. In a fabric pest survey, why do you inspect mainly for

larvae?

2. What survey tools do you need?

3. List five indoor areas where you should check for fabric
pests.

4. List two outdoor areas that are often pest reservoirs.

812. Verify or correct statements about fabric pest
controls.

Controlling Fabric Pests. Prevention and correction of
fabric pest infestations require special skills, an ex--nsive
knowledge of the problem, and careful workmak.snip.
Preventive measures, in general, must be the key to fabric
insect control because once a "hole" is made, the damage is
done. Three areas of preventive procedures are preventive
sanitation and related chemical measures, actual protection
by mothproofing, and control of existing infestations.

Much can be done to prevent trouble by household
cleanlinessthorough and fiequent cleaning with a vacuum
cleaners brushing, airing, and drycleaning susceptible
clothingand by avoiding locations predisposed to infestation
such as wall-to-wall carpeting and prolonged storage of
discarded garments, bedding, and old l ags. Remember that a
clean environment is not conducive to fabric-destroying
insect activity. In all moth and carpet beetle control work, it
is essential to eliminate as many breeding places as possible.
Old pieces of woolen fabric, cutoff pieces of carpeting, old
feather pillows, and other such sources of food should be
destroyed and the areas under baseboards, behind door
casings, under heat radiators, and inside furnace registers
should be thoroughly cleaned with a vacuum cleaner to
remove as much lint as possible. A professional, strong-
suction vacuum cleaner is a good piece of special equipment
for such an operation.

Several approaches can be made to the use of insecticides
as preventive treatment in close association with sanitation.
The most common is the use of Paradichlorobenzene (PDB)

as a repellent and continuous fumigant in storage. Woolens
to be stored should be interspaced with crystals of this material
placed in clean paper as the fabrics are packed into tightly
sealed trucks or boxes. Napthalene (mothballs), although less
desirable to use, is effective at the same rate. Cedar closets
and most cedar chests are ineffective. Fur storage in cold
vaults is a worthwhile preventive measure.

Mothproofing. Mothproofing and moth control are two
different things. Mothproofing implies prevention to avoid
infestation. Moth control is the correction of an existing
infestation. Mothproofing is often done by a special treat-
ment during the manufacture of woolen fabric. Sometimes
it is a service of the drycleaning industry. You will most
often engage in mothproofing in connection with rugs, furni-
ture, and carpets.

Various mothproofers give semipermanent protection
from moth to carpet beetle damage. These chemicals depend
either on poisoning the fabric so the larvae will'be killed by
very light feeding or on leaving a residual film that will kill
larvae that contact it, or a combination of both.

Many fabrics treated with mothproofing solution at the
time of manufacture are safe from damage until the chemicals
are removed, either by washing or by drycleaning. You
should never try to mothproof clothing. When the house-
holder wants to have clothing treated, recommend that
the treatment be done during drycleaning. Such mothproofing
is usually quite effective for the time between cleanings or for
storage over summer months.

Suitable chemicals for mothproofing are 2 percent
malathion or 0.5 percent lindane used as spot treatment for
the critical areas. In carpets, this would be around baseboard
areas and under furniture. In furniture, this would be around
seams, buttons, cracks, crevices, and padding areas. Observe
the concentrations indicated because high quantities ofsome
will result in "blooming" of insecticide on the surface of
fabric. These chemicals are removed to some extent by
washing and drycleaning; always follow the manufacturer's
recommendations as to length of control.

Mothproofers may be applied as either oil-base or water-
base chemicals. Where there are rubber pads or rubber
fabric backing, a water base is always preferablethe oil
will distort and damage the rubber. With either type, you
should first apply some of the chemical to a small, incon-
spicuous part of the fabric or to some scraps to be sure the
dyes won't be affected.

To apply mothproofers, a 1 gallon, compressed-air
sprayer is usually preferable to power-operated or atomizing
equipment. Mothproofing solutions should be applied only
as a wet spray directly to the material. Use a hollow-cone,
fan, or solid-cone nozzle that delivers about 0.1 gallon per
minute.

Make applications to upholstery fabrics lightly and rapidly.
Don't soak the fabric, because you'll almost certainly stain it.
Give special attention to the padding of upholstered
furniture; it's often feathers or horsehair, and it's susceptible
to insect damage.

When you treat carpets, be careful to prevent staining or
soiling. If possible, the carpet should be cleaned before you
treat it. You can treat with water-base chemicals immediately
after cleaning, but if your mothproofer is in an oil base, the
carpet must be dry. Be very careful not to soil the treated
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carpet with dirt from your shoes. Use either polyethylene or
flannel slip-on covers, such as those used by window
trimmers, to cover your shoes or carry a clean pair of shoes to
be used only inside the house.

It is best to remove all furniture from a room before you
treat it. This is not always possible due either to the size and
weight of the furniture involved or to a lack of space to put it
elsewhere in the house. You can move the furniture, treat the
carpet, and return the furniture if you place some kind of
temporary pad under the casters or skids on the bottom, as
well as entirely underneath wood or metal which may touch
the carpet. If you don't do this, you'll end with rust marks on
the carpet from metal parts or stain marks from the wooden
parts of furniture. Both types of stain are almost impossible to
remove and may result in damage claims. Corrugated
cardboard cut into strips or squares makes good pads for this
purpose, as do folded paper towels and small paper or
aluminum pie plates. These pads should not be removed until
the carpet is thoroughly dry, usually a matter of 2 or 3 days.
Be very careful to tell the occupant to keep small chi: dren and
pets out until the furniture and rugs are thoroughly dry, since
any mothproofing chemicals are poisonous to some degree
while they're wet.

Controlling existing infestations. Corrective measures to
get rid of an existing moth or carpet beetle infestation is the
phase of this work most commonly engaged in by pest
managers. It consists of thoroughly evaluating the
infestation, instituting sanitation measures, and then (and
only then) applying chemicals where they're needed.

When infestations are not heavy, application of a good
contact spray will kill both adults and larvae that are exposed
to it. Synergized pyrethrins, DDVP, and resmethrin will be
effective. Apply these sprays closely to cracks and crevices
with as much force as possible to drive in the spray deeply. In
closets, ark aerosol spray is frequently effective. With all such
applications, take care to avoid staining clothes, walls, or
furniture. You might get good results by using a mist or ULV
machine to treat a room or even a whole housebut be sure to
cover all food, food containers and fish tanks and to remove
any plants that might be damaged.

For heavier infestations and for building areas that need
longtime protection, use residual insecticides. You can spot
treat with liquid formulations of the insecticides listed for
mothproofing. You can spray nonfabric areas with 0.5
percent Dursban, 1 percent diazinon, or 2 percent malathion.
Make dust application of 2 percent diazinon or 5 percent
malathion for such hard-to-reach places as wall voids or false
floors. Use the same methods of application and general
handling of fabrics and fabric pmducts as for mothproofing.

If furniture is infested, you may have to open cushions or
remove the covering from the bottom of sofas and chairs to
expose the padding for treatment with sprays that won't hurt
it. You can also dust it thoroughly with a suitable dust.
Generally, a dust application is better, as there is no drying
time involved and the results are long lasting.

Exercises (812):
Identify the following statements as being true (T) or false
(F). Correct any false statements.

1. Household sanitation plays a minor part at best
in preventing fabric pests, since they feed on
such a wide variety of materials.
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2. Repellent chemicals such as PDB are useful for
keeping fabric pests from attacking stored
materials.

3. Cedar closets and most cedar chests are
ineffective for preventing fabric pt:st in-
festations.

4. Mothproofing carpets gives permanent control
against fabric pests.

5. You should never attempt to mothproof
clothing.

6. When you use residual sprays to mothproof a
carpet, you should treat the entire carpet.

7. Before spraying a carpet, you should apply the
chemical to a sample or hidden part to make
sure the chemical won't discolor or damage the
carpet.

8. In spraying upholstery, you need a heavy
application to penetrate the thick fibers
thoroughly.

9. If a carpet is still wet from cleaning before
chemical treatment, you should only use a
water-base spray.

10. When existing infestations aren't heavy, a good
contact spray is effective for controlling all
adults and larvae it contacts.
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Structural Pests

STRUCTURAL pests are the most important pests, from an
economic standpoint, on military installations. These pests
include fungi, termites, powder-post beetles, carpenter bees,
and carpenter ants. You must be very familiar with these
pests because it is your responsibility to prevent pest damage
to all base facilities. Your duties include inaking frequent
inspections and taking preventive and corrective action to
keep structures free from structural pests. This chapter will
cover the importance, descriptions, and general characteristics
of the more important structural pests and the preventive and
corrective controls you can use to keep base structures free
from destructive fungi, termites, powder-post beetles,
carpenter bees, and carpenter ants.

2-1. Subterranean Termites
You will more than likely be spending a lot of time on the

job inspecting base facilities for termites and then controlling
them. It is part of your responsibility to prevent damage by
termites whenever possible as well as to detect early
infestations and take action.

813. Cite details of the importance and life history of
subterranean termites.

Importance of Thrmites. Termites are the most
destructive insect pests at military activities, and of all pests,
they rank second only to wood-destroying fungi. They may
damage u building enough for condemnation. They eat wood
and other cellulose products, such as paper, cardboard, and
fiberboard and will destroy structural timbers, pallets,
crates, tool handles, furniture, books, and other wood
products. Also, in their search for food, they will damage
many materials that they don't normally eat. In tunneling
through the ground, subterranean termites can penetrate
lead-covered and plastic-covered electrical cable and thus
short out electrical systems.

The order Isoptera consists entirely of termites, which are
primitive insects closely related to cockroaches. In nature
they help to convert deadwood and other materials
containing cellulose to humus. From this standpoint,
rermites are very beneficial animals. Only when people
started to build in the natural home of the termite did they
start feeding on our buildings. Termites' digestive tracts
harbor certain one-cell organisms that convert cellulose into
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simple substances the termites can digest. Thrmites are social
insects, with division of labor between different types of
individuals (castes). Nearly all termite species have
reproductive and soldier castes. In many termite societies
there is a distinct worker caste, but in many of the more
primitive species, the typical duties of the workers (nest
building, food gathering, and feeding of reproductives and
soldiers) are handled entirely by the nymphs. Even in species
with workeis, the older nymphs usually do much of the work,
earning the title of functional workers. The literature on
subterranean termites has many references to the worker
caste. Recent investigations of living colonies indicate that
there may not be a true worker caste in our common North
American species and that what we have long considered to
be workers are actually late instar nymphs.

Workers and nymphs of subterranean termites do all the
work of the colony, and they're the forms that do all of the
structural damage that concerns pest managers. Soldiers
serve only to defend the colony against its enemies and
cannot eat wood. They, together with the reproductives, are
fed by the workers. Both workers and soldiers are blind.

Winged adults are referred to as the primary reproductives.
They leave the c ilonies on colonizing flights at certain
seasons of the year. After these flights, they lose their wings
and build a small cell in which they mate, reproduce, and rear
the first group of workers. Where these primary forms are
not present, supplemental or secondary repmductives
without pigmentation or functional wings occur, often in
large numbers. Each termite colony is self-supporting and
essentially independent of other colonies.

Life History. The stages in the life history of subterra-
nean termites are essentially the same for the various species of
concern to you. Termites develop from eggs laid by the
primary or secondary reproductives (fig. 2-1). Nymphs
hatch from the eggs and undergo several molts, through
which different individuals develop into various forms. Four
different castes can develop from nymphs: workers,
soldiers, primary (winged) reproductives, and supplementary
reproductives. In new colonies, nymphs from the first small
batch of eggs LI' ually all become workers. Other forms
normally are not produced until later egg laying.

In species that have workers, they are the most numerous
caste, doing all the work of the colonyfeeding the other
forms, grooming the queen, excavating the nest, and making
the tunnels. In the process of making nests and tunnels and
ingesting foci, they chew and eat cellulose, thus causing the
destruction that gives them economic importance. Worker
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termites are usually light colored and do not have wings or
other specialized structures.

Soldier termites protect the coleny from its enemies.
Their heads are large and quite hard, and they have much
larger jaws than the other forms. When openings are made
into termite workings, the soldiers gather, with their large
heads and strong mandibles facing outward, to protect the
colony from invaders.

Secondary reproductives of both sexes are wingless or
have only very short wings. These forms are developed as
needed and quickly take the place of a queen who is injured or
dies. They usually develop in addition to the regular queen
and become the most important source of eggs in the colony.
Others, with a group of males and workers, may become
isolated from the colony and establish a new one, thus
spreading the original infestation without being visible above
ground at any time.

Primary reproductives (swarmer termites) are the forms
most often seen by building occupants. The winged adults are
usually much darker than the other membus of the colony.
All four wings are the same length and extend more than the
length of the body beyond the tip of the abdomen. Both male
and female reproductives leave the colony in great numbers,
usually in the spring or fall, in swarms which are often the
first visible indication that termites are present. Environ-
mental conditions have to meet certain requirements before
termites will swarm. The temperature, moisture (inside and
outside the colony), light conditions, and even barometric
pressure influence swarming. As a general rule, swarmers
emerge on warm sunny days when the humidity is high.

After a brief flight, the wings break off and males and
females pair and try to establish a new colony. They are
particularly defenseless at this time, and many die or are
killed by their natural enemies. Each surviving pair will
make a small cell in which they will mate and lay eggs.
Although this is the classical cycle of termite reproduction,
there is an unfortunate tendency to overemphasize the
importance of the primary queen. Secondary reproductives
are responsible for the production of most of the eggs within a
colony after it has become established. In a colony of one
million individuals, the queen may have laid as few as 10,000
of the eggs from which individuals develop, with supple-
mentary reproductives responsible for the remainder.

Swam:r termites are often confused with flying or
swarmer ants. Since ants are often seen swarming around
buildings, it is important to be able to distinguish the two so
appropriate control recommendations can be made. Ants

have a very thin waist between the thonix and the abdomen,
while termites arc broad waisted. Termite wings are all about
the same size and shape, where the forewings of the ant :ire
larger. longer, and of a different shape from the hindwings.
A third difference involves the antennae; termite antennae
are straight, and ant antennae are elbowed.

Exercises (813):
I. How do termites rank among the destructive pests at

mil itary activities?

2. List five substances termites eat.

3. How are termites beneficial?

4. Which members of a termite colony do all the work?
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5. In colonies that have workers, what are their
responsibilities?

6. What caste is the most important in terms of egg
production?

7. Which termite form is most often seen by building
occupants?

8. Compare swarming termites and ants in terms of body
shape, wings, and antennae.

814. State how the environment affects termites.

The Termite and its Environment. Subterranean
termites are very closely dependent upon a complex of
environmental factors that normally restrict the colony to
the soil. We mentioned contact with the soil as a source of
moisture, and although this is the fundamental need, the
simple statement that moisture is essential tends to make the
relationship seem more simple than it really is.

The workers, soldiers, supplementary reproductives, and
nymphs are soft-bodied insects which tend to lose water very
rapidly upon exposure to dry air. This fact illustrates one of
the important functions of an available moisture source, and
it is reflected in the habit of construction of tubing when the
termites pass over exposed areas. While these tubes serve as
a means of concealment and also to some extent as a

_ 468



mechanical barrier against intrusion of ants. moisture
retention and preservation of high humidity around the
termite is probably the most important function. The
termites' negative response to light is intimately involved
with keeping the termite in a concealea environment, and it
may have started as a response to the great problem of water
loss.

The mere retention of moisture is not the only important
facet of the termite's life that's associated with water. The
warm, molst conditions within the closed system of the nest
provide an ideal site for the growth of micro-organisms,
particularly fungi, which apparently provide protein and
vitamins that are essential to the termite. The accumulation of
fecal material, in turn, adds to the material available to
pmmote the growth of the fungi.

The most striking facet of this intricately interdependent
system is the delicacy with which it is balanced. It is not rare
to discover the remains of a termite colony that is slowly
being crowded out by fungi that have grown too fast for the
Termites to "keep up with it." If sudden temperature shifts or
other factors cause water to accumulate in the galleries, the
termites may literally drown. Each autumn the termites in the
temperate zone normally respond to more gradual
temperature changes by moving downward in the soil where
the necessary stable conditions of temperature and humidity
can be maintained. In the following spring, the colony then
seems to respond to increased temperatures and moisture in
the soil above and again moves upward.

Colony DevelopmenV A relatively new colony of
subterranean termites will normally consist of the original
pair of reprmluctives, a few dwarf workers, and one dwarf
soldier. During the second year, the young reproductives
may be found. A full 2 years is required for the complete
development of the reproductives. In older colonies,
supplementary reproductives may help with colony
development, producing thousands of eggs and a quarter of a
million termites. In the colonies of subterranean termites, the
worker caste predominates. The workers are small, cream
colored, soft bodied, and sexless. The soldiers have large
heads with specialized mouth parts and are normally
incapable of feeding themselves.

During periods of favorable weather, mature colonies
may produce new swarms of dark-bodied, winged
reproductives. The time of emergence will depend on
geographic area, climatic conditions, the species of termite
involved, and other factors such as the temperature of the
building or soil. In temperate areas, the emergence of
termites may be expected in the spring, and depending on
species, also at odd times during the summer and fall. If the
emergence occurs within a building, the flying termites may
constitute a considerable nuisance. Since the reproductives
may be emerging as fast as the opening size permits, residual
insecticides or contact insecticides used as sprays or mists
will be of little value. Injecting contact insecticides into the
emergence openings can provide some relief, but if nothing is
done, the emergence will last for only a few hours.

Exercises (814):
1. Why do workers, soldiers, and secondary reproductives

need to live in a high-humidity environment?
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2. What other purpose does humidity serve in the colony?

3. What termites are generally included in a relatively new
termite colony?

4. What factors govern ihe time of primary reproductives
swarming from a termite colony?

815. Identify species of subterranean termites with their
appearance and characteristics.

Subterranean lermites of North America. The large
majority of termite damage in the United States is caused by
subterranean termites although, in certain specific areas,
others may be the principal problem. Several species of the
genus Reticulitermes comprise our most important and
widespread group of subterranean termites.

Subterranean termites differ from the dry-wood and
damp-wood termites in that colonies usually need contact
with the soil to get enough water to survive. In a few cases,
where structural timbers are damp enough, colonies can
survive without ground contact, but this is not common. The
underground colony lives in a series of chambers and
galleries, from which they build mud tubes to the wood they
use as food.

Eastern subterranean termite. The eastern subterranean
termite, leticulitermes flavipes, is thought to be the most
common and widely distributed termite in North America. It
is found from Ontario, Canada, south to Florida and west to
Arizona and Utah. This very destructive termite damages
building timbers and contents, fence posts, utility poles, and
occasionally, living plants. Swarming starts as early as
February in the Southern States and as late as May or June in
the colder areas. There may be late-fall swarming, from
September to November. Swarms have occurred every
month of the year where there are heated slabs.

Light southeastern subterranean termite. The light
southeastern subterranean termite, Reticulitermes hageni,
occurs from the District of Columbia south to Florida and
west to Texas and Kansas. Swarming occurs from August to
October in the northern part of its range and from October to
February in Florida.

Southeastern- subterranean termite. The southeastern
subterranean termite, Reticulitermes virginicus, is found
from Philadelphia south to Florida and west to eastern Texas
and Oklahoma. Swarming flights occur in May or June with
some fall flights in October and November.

Pacific Coast subterranean termite. The Pacific Coast
subterranean termite, Reticulitermes hesperus, is the most
destructive subterranean termite on the West Coast. This
termite excavates galleries in wood similar to those of the
eastern subterranean termite, spotting the wood with dirty,
yellowish-brown fecal spots. It builds shelter tubes, but less
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commonly than the eastern termites. This term.te is found
from British lumbia south to western Mexico and cast to
Idaho and Nevada. It is a slow developing species with the
flight of reproductives not usually occurring from new
colonies until after the fourth year.

Formosan termite. Anothcr subterranean termite that has
been found in the continental United States as well as Hawaii
is the Formosan subterranean termite, Coptotermes formo-
sonus. Since 1965 this termite has been found in several
cities along the coast lines. The number of infestations
already located, thc evidence of large, widoly dispersed
swarms, and the fact that some infestations appear to have
been active for years suggest that this termite is now firmly
established on this continent. It is one of the world's most
aggressive and economically important species of termite,
and it has been reported to cause more damage to structures
in Hawaii than any other insect. They represent an extreme
economic tr ..ard in all areas where they become established.
Although subterranean in nature, the termite is quite active
without soil contact as long as there's enough moisture to
support the colony. Although this termite is found mainly
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in tropical regions, it has moved into more temperate areas
in shipments of infested wood and wood products. Figure
2-2 compares Formosan termites to other species.

Formosan termite nests are made of a combination of
chewed wood, saliva, and excrement called carton. No other
termite in the United States builds such nests. The primary
nest is usually near a source of food in or on the soil. Foraging
galleries lined with carton material are then built to the food
source.

Auxiliary nests often are built in the walls of buildings or
in the food source. When a nest or gallery is disturbed, the
Formosan termite soldiers are usually present in larger
numbers and are more aggressive than native termites.

Formosan termites are easily recognized as soldiers or as
winged reproductives. Their characteristic carton nests also
are easily identifiable. The Formosan termite soldier is
characterized by an oval, or egg-shaped, head that is shorter
than the heads of native termites. When you inspect an
infested timber, soldiers are more abundant than with our
native termites. Further, the soldiers are more aggressive
and will attack anything used to probe the damage. When
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Figure 2-2. Winged reproductive comparison: The Formosan termite to Incisitermes snyder"dry-wood) and Reticulitermes flavipes (eastern subterranean).
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they're disturbed, the soldiers exude a white substance from
the fontanelle, which is a tubelike gland readily seen on the
top of the head. The fontanelle is small and barely visible on
native termites.

The winged reproductives of the Formosan termite are
yellowish brown and 12 to 15 mm long. Native subterranean
termites are 10 mm long. The ocelli of the Formosan termite
are large, whereas they are small on native termites. Tiny
hairs not present on the wings of native termites can be seen
on the wings of the Formosan termite under low magnifica-
tion. The workers and nymphs of the Formosan termite are
not easily distinguished from other termite species, so look
at winged reproductives and soldiers wh,,n you try to iden-
tify the Formosan termite.

Desert termite. In addition to the members of the genera
Reticulitermes, and Coptotermes, the soldierless, nasuti-
form, and desert termites are subterranean in habit. Of these,
only the desert termite, Amitermes wheeleri, damages
buildings. This species is distributed from southwestern
Texas through Arizona and Nevada to California. In nature,
they live in dead trees, stumps, and cactus plants. They are
strong fliers and invade buildings built in arid areas.

Exercises (815):
To which species of subterranean, North American termite
does each statement refer (eastern, light southeastern,
southeastern, Pacific Coast, Formosan, or desert)?

I. Relatively new to North America,
this it: one of the world's most
aggressive and economically im-
portant termites.

2. Although shelter tubes are built by
this termite, they are less common
than with the eastern subterranean
termite.

3. This species swarms from August
to October in its northern range
and from October to February in
Florida.

4. This is the most common and
widely distributed termite in North
America.

5. The range of this termite is from
the Distr ict of Columbia to Florida
and as far west as Texas and
Oklahoma.

6. Colonies develop slowly with this
species, with reproductive flights
from a new colony not occurring
until after the fourth year.

7. Although subterranean in nature,
these termites can be very active
without soil contact if the...-.'s
enough moisture available in the
wood.

8. This is the most destructive subter-
ranean termite on the West Coast.

9. These termites are strong fliers and
invade buildings in arid areas.

10. With this species, swarms have
occurred in every month of the
year where associated with heated
slabs.

816. Verify or correct statements about termite damage
patterns and surveys.

Damage Patterns. Depending on the design and building
materials used, the quality of workmanship, and certain
environmental factors, a given structure will be subject to
attack by a given species of termites in a particular manner.
Termite attacks in several similar buildings are so similar that
you can fild a predictable pattern.

In their blind probing for new sources of food,
subterranean termites construct exploratory tunnels through
the soil. These tunnels emerge above the ground level and are
then usually cemented securely to solid objects, such as
foundation walls and piers or pipes. These tunnels of earth
and other materials can continue upward, when protected,
until the termites find food. They often reach heights of
several feet. If solid objects block their path, the termites will
continue probing until they have found or created a passage.
They can penetrate expansion joint fillers. They can also use
natural cracks in foundation walls. Because the spaces
between bricks or building blocks are rarely completely
filled, termites may use these areas. Hollow-tile foundations
can provide a nearly perfect approach to structural wood, as
the termite tubes are well protected and are not detected
during inspections.

Once gaining entry to the wood of a building, the termites
may carry on their destruction for several years before they
are found. The use of termite shields will, if the shields are
properly installed and maintained, force the termites to
extend their tubes out over the surface of the shields and thus
will facilitate inspections. In buildings comprised primarily
of concrete and masonry, damage may be limited to such
wooden items as doors and window frames, baseboards, and
insulating materials composed of wood fibers. In masonry
and concrete buildings with wooden floors, damage may be
most severe below the floor level. In frame buildings with
solid-concrete decks, the damage may be evident first in door
or window frames or baseboards, but more extensive hidden
damage to studs, sheathing, and sole plates may exist. In
wooden-frame buildings, the pattern varies, depending on
the type of construction and environmental factors, but the
damage may include all of these types.

Though it is unusual, a new building can be damaged
severely during its first few years. This will happen when
wood debris, usually tree stumps and roots, containing large,
active colonies is left in the soil at the building site. Under
such conditions, the extended pattern of damage is the same
as that found in older buildings with well-established
colonies. The emergence of termites at a point much above
the first-floor level in a frame structure would normally
indicate a large colony and considerable damage. An
emergence of subterranean termites may occur in the attic
of a two-story building. Subterranean termite tubes have



been found at an elevation 62 feet above the ground level in a
military building.

Survey lechniques. inspect all structures built wholly or
partly of wood at least annually for active termite
infestations, regardless of preventive measures used in
construction. Also give attention to those conditions
conducive to future termite attack. Under some conditions,
inspections should be made semiannually tether than
annually. The subterranean nests of termite colonies or
points of entry into buildings can often be founo quickly if the
emergence is observed. For this reason, you should give
prompt attention to all complaints, such as those concerning
"flying ants," which could indicate a termite emergence.
Record all information available at the time you answer the
complaint on the form used for recording the scheduled
annual or semiannual inspections. The purpose of the annual
or semiannual inspection includes onsite planning of control
procedures as well as the detection of active or potential
infestations. Thus, the inspections should be made by
personnel trained in selecting and applying control
techniques as well as in determining the need for control. All
termite inspections and treatments must be recorded on the
DD Form 1070, Thrmite and Wood Decay Inspection.

When you inspect a building tor subterranean termite
infestations, you must be able to tell whether or not there are
termites. This often takes a great eeal of effort, specialized
techniques, and information. You must know which species
live in your area. You must also know the habits of each of
them to spot every sign of infestation. Recognizing the signs
of damage helps you know whether of not termites are
present and helps you evaluate the extent of an infestation.

Use a good, bright flashlight to check each potential
trouble spot closely, and actually crawl into most spaces and
other nonbasement areas. You usually can't get a good view
from farther than a few feet. For this part of your inspection,
wear coveralls to protect your usual clothing. Be prepare, to
measure the structure accurately and prepare a scale drawing
to pinpoint your findings. A steel tape, t folding rule, and a
willing measuring device or an ordinary yardstick are
essential parts of every inspector's equipment.

The presence of swarmers or their shed wings almost
always indicates that there is a termite infestation. lb do a
good control job, though, you must not only find out where
the swarmers came from, but you must also locate all
exposed tubes and damaged wood.

The workings of subterranean termites differ from those
of all other wood-destroying organisms. These termites
remove only the soft layers of the annual rings in wood,
penetrating the hard layers only to get from one soft layer to
another. This often leaves a damaged piece of wood looking
very much like the pages of a book. The most distinctive
feature of subterranean termite damage is the presence of a
brown masticlike material that lines the galleries in an
irregular pattern.

Subterranean termites travel constantly from their nests in
the ground to the wood, or other cellulose on which they
feed. They make these trips only inside wood or in the mud
tubes which they construct. Single tubes, when they are built
in the open, are about the diameter ofan ordinary lead pencil.

These termites, in common with other termites, may
excavate the wood se that only a very thin shell is left on the
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surface between their cavities and the outside. When this
shell is broken, they will cover the hole with the same pc
material with which they make their tubes. This mud is also
frequently used to cover the crack between two boards, or in
a heavy timber, so the termites can move about in a protected
situation.

As a general rule, subterranean termites are found at or
near ground level. Only seldom do they occur above the level
of first-floor windows, except in the warmer areas of the
country. You must therefore examine thoroughly all of the
underparts of a house such as the basement or crawl space
walls, supporting piers, sill plates, floor joists, and
subfloors. Pay particular attention to all places where
concrete steps, porches, or concrete slabs join with the
structure.

In wood, you can detect cavities that aren't visible from
the surface by tapping on the wood and listening for the
hollow sound given off by damaged wood. Occasionally you
can detect a "ticking" sound tr.a:le by the disturbed soldiers
within the wood. This tapping does not take a heavy object;
you can do it with a small hammer, or even by thumping the
wood with yuur knuckles. Cavities can also be detected by
probing the wood with a tool such as a screwdriver, awl,
geologist's pick, or pocketknife. Some specialists prefer to
probe deeply, thus making deep, visible marks in the wood.
Just as thorough an inspection can be made leaving scarcely
visible marks by using the small blade of a penknife to probe
the wood. The sharp blade will penetrate deeply and will
detect cavities in the wood just as easily as will the larger
tools. In some types of ccnstruction, the use of heavier tools
may be necessary.

The presence of live termites in the tubes or wood is, of
course, certain evidence of their presence. Failure to find
them, however, does not necessarily mean that they are not in
the structure. You must be able to tell the difference between
new workings and old. As a general rule, old mud is dry and
brittle and breaks away easily. I resh workings will be moist
and stronger.

Additionally, inspections should show up any risk of
contamination. Wells, springs, cisterns, etc., can be
contaminated by improper insecticide applications, and so
termite control takes special care. Alternate methods of
control using limited amounts of insecticides, or no
insecticide at all (mechanical aheratien), generally require
more labor and are more expensive, but you may have to use
them to avoid a con'amination problem.

Exercises 0816)
Place the lettel. " tc.efoir the true statements. Correct any
false statemeniz.

I. Ter nite Et.acks in similar buildings are not
usually co similar that a predictable pattern may
be found.

2. Subterranean termites will build tub.ts of earth
up the foundation walls.
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3. In buildings made primarily of concrete and
masonry, damage may be limited to wood
doors and window frames.

4. In concrete and masonry buildings with
wooden floors, the damage may be very severe
above the floor level.

5. In frame buildings built on concrete slabs, the
damage may be evident first in door or window
frames or baseboards.

6. The emergence of termites at a point much
above the first floor level in a frame structure
would indicate a large colony and considerable
damage.

7. All termite inspecCons and treatments must be
recorded on DD Form 1070.

8. Pest control supervisors should not give
prompt attention to all complaints.

9. The presence of termite wings in a building is
almost never a good indication that termites are
infesting the building.

10. Termites often excavate the wood so that only a
thin shell is left on the surface.

817. Cite preventive controls for termites.

An effective and economically managed program of
termite control will always include the three principal phases
of inspection, preventive control, and such corrective control
as may be required. The techniques used include elimination
offood through proper design and construction and through
the application of sanitation at the building sites; moisture
control through adequate drainage and ventilation; exposure
of termite tubes through the use of impenetrable barriers
between the soil and the structure wood; and use ofchemi-als
to poison directly, to create barriers by soil poisoning, and to
preserve the wood.

Preventive Control. The best time to provide protection

from subterranean termites is during the planning and
construction of a building. Many common design and
construction practices are favorable for infestation. Some
preventive control measures can be applied after construction
and during the use of the buildings.

Construction. Military buildings should be planned and
constructed to provide protection against termites. Recom-
mendations regarding design and construction and the use of
wood preservatives should be followed without deviation
regardless of the urgency to complete construction by a
specified date. Some common errors of design and
construction are burial of stumps, logs, boards, stakes, form
lumber, and wood scraps beneath buildings or next to the
foundations; improper grading and drainage; insufficient air
circulation and cross-ventilation; and failure to use
chemically preserved wood.

Site sanitation. All surplus wood, including stumps, tree
roots, logs and other wood debris, should be removed from
the building site before construction work is .tarted. All form
lumber, grade stakes, and wood scraps should be removed ly;
the time construction work has been completed.

Foundation construction. It is important that building
foundations be impervious to subterranean termites and that
woodwork resting on the foundation be protected against
attack. Foundation types may be rated by their relative
resistance to penetration:

Poured concrete, reinforced to prevent cracks, with
the expansion joints properly filled.
Masonry walls capped with at least 4 inches of
reinforced concrete or its equivalent.
Hollow blocks with all of the top rows and joints
between blocks filled with concrete.
Wood posts, piers, steps, or braces pressure treated
with chemical preservative and capped, when
recommended, with metal termite shields to keep the
insects from gaining hidden access to the buildings oi
other structures.

Ventilation and frainage. It is necessary to provide
adequate ventilation and drainage to prevent termite attack.
The number and size of openings should be determined ' le
soil moisture, air movements, and humidity. Areas berwath
buildings should be well drained. The soil next to foundation
walls should be graded to permit the drainage of surface
water away from the buildings.

Clearance beneath buildings. In order that periodic
inspections can be made for subterranean termites, adequate
crawl space should be provided beneath buildings. The
minimum clearance for effective inspection is 18 inches from
the ground to the bottom of lowest joist. beam, or girder.

Skirting. When skirting is used, a clearance of 3 to 6
inches between it and the ground is needed. If this space is
closed in winter, it should be reestablished early each spring.

Miscellaneous appendages. All miscellaneous building
appendages, including porches, steps, terraces, platforms,
and fire-escape ladders, should be installed with an
unbridged clearance or effective barrier to keep termites out.
All wood used in contact with the soil should be pressure
treated with approved wood preservatives. Only treated
wood should be used for construction timbers placed on
concrete or masonry foundations. Pipes and conduits often
provide entrance point, for termites. Plumbing, electrical
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conduits, and other piping should be installed clear of the
ground and should not be supported by wood braces or other
appendages that touch the ground. At the point where piping
enters the floor or wall from below ground, a funnel shield
caulked with a coal-tar mastic is an effective barrier.

Pretreating. In recent years, the treatment of buildings
under construction has become a standard procedure in many
parts of the country, especially for slab-on-ground and
basement construction. The toxicant must be applied to the
soil with such thoroughness and uniformity that it provides a
barrier to all routes of termite entry.

Pretreatment should be carried out only when favorable
conditions prevail. It is extremely unwise to treat soil that is
very wet because there is likely to be considerable surface
flow of the chemical from the site of application. If the treated
areas won't be covered immediately, take precautions to
keep people and animals from contact with the treated areas.

Wood prrservatives. Lumber and other forest products
that are exposed to excessive moisture, fungi, and
wood-destroying insects such as termites should be treated
with wood preservatives to prolong their useful life. The type
of treatment and the preservatives to be applied depend on the
type and severity of exposure and on the desired life of the
material. Surface treatments and dip or soak treatments that
provide shallow penetration protect wood against dry-wood
termites, but we need the deeper penetration of pressure
treatment to protect against subterranean termites. Only the
wood actually treated is protected. -termites will "bridge
over" treated wood with their shelter tubes just as they will
bypass other nonedible structural materials.

Exterior suffaces. You can get further prevention of
attack by dry-wood termites by keeping smooth exterior
surfaces on buildings All exterior cracks, grooves, and
joints should be well ..iled before painting. A good coat of
paint, with careful application at points of vulnerability, will
help ward off attack.

Exercises (817):
1. What are the three main phases of termite control?

2. When is the best time to provide protection for
subterranean termite attack?

3. What is the pretreatment for a building?

4. During construction, how should lumber and other
forest products be prepared?

818. Cite corrective termite conteol measures.

Corrective Measures for Subterranean lbrmites. It is

obviously impossible to list every detail of treatment for
subterranean termites. Widely varying types of construction,
even within small regional areas, make it necessary for you to
think in terms of the r:nciples of control and adapt your
method of control to fit the situation.

The one thing you're trying to do in subterranean termite
control is to make it impossible for termites to move between
their nests, usually in the ground, and their food which is the
wood in a structure you want to protect. We just saw how this
is done in buildings under construction by keeping wood out
of contact with the ground and by pretreating to make a
chemical barrier. In buildings already constructed, the
bather is made either with chemicals or by modifying the
existing structure to make a mecbanical barrier.

The basic steps of a complete treatment are mechanical
alteration, soil treating, foundation treating, and wood
treating. Any given termite control job may involve one,
several, or all of these steps, depending primarily on the type
of construction. In many situations a most adequate treatment
may be applied without involving all 4 types of treatment.

Mechanical alteration includes such modification of the
structure as introducing barriers of an impermeable material
(concrete, metal, etc.); removing cellulose debris; elimi-
nating moisture near or in the structure; establishing good
ventilation in the infested area; providing for inspection of
the entire structure; and breaking wood-to-soil contact (for
example, siding below grade level).

Soil treating is applying chemicals tc the soil under and
near a building to create an impervious barrier. Points whnre
barriers should be established include along the inside and
outside of the foundation, under slabs, and around utility
entrances. Foundation treating is applying chemicals to a
foundation to make it impervious to termites. The purpose is
to get chemical into any cracks at the footing and through
cracks in the wall leading to the ground outside. Wood
treating is applying chemicals to wood to eliminate existing
termite infestations or to make the wood impervious or
resistant to termites.

As a vneral rule, the first 3 rnethods are used in termite
control practice, with wood treatment as a pretreat or
supplemental measure. Pressure-treated gives most
effective control when it is used for all wot conuruction, at
least to Cie ceiling Lvel of the first floor. Spraying chemicals
on wood that's already in place gives only a surface treatment
and o.fly rarely penetrates to the center of the wood. In badly
damaged wood, injecting chemicals into the cavities made by
termites will give a much better treatment than brush or spray
application. Pentachlorot,thenol in a paste emulsion focin
gives much greater penetration and thus greatei protection
both from *-rmites and fungus attack.

As a typical construction you might face in termite control
work, let's consider the wall of a brick veneer house in
which the brick veneer extends below grade (fig. 2-3). This
construction, with a few variations, occurs in a large
proportion of the houses in this country. Points of probable
infestation are through cracks in the brick mortar below
grade on the outside and through tubes on the face of the
foundation on the inside.

You can use mechanical alteration on the outside by
removing the lower courses of brick to above the grade line,
filling the void with mortar, and 'placing the brick. You
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Figure 2-3. Ccnstruction with impervious veneer over wood sheathing, extending below the sheathing andbelow grade level.

could also lower the grade on the outside to below the brick,
then either retain it with a wall built out from the building or
build a gutter (fig. 2-4). A poured concrete flash wall barrier
is often used in this situation on the West Coast.

In many parts of the country this area can be treated
effectively through chemical means alone. Ideally, the soil
adjacent to the foundation would be removed to within about
1 foot above the footing. As the soil is replaced, it should be
treated with chemicals at the rate of 1 gallon per 5 linear feet
for each foot of depth from grade level to footing. Allow 2
gallons per 5 linear feet for the first foot at gtoune level. In
practice, a small trench is usually dug about 4 inches deep
next to the foundation and treatment begun from here. The
chemicals can be carried to the level of the footing by
removing cores of dirt at 1-foot intervals, or by flooding the
soil at the same intervals, injecting the chemicals through a
long pipe. This procedure is called grouting and rodding.
While these methods are desirable fnom the standpoint of less
time and labor involved, they may not be quite as thorough as
the trench method. Some pest managers use an earth auger to
remove. a core of earth next to the foundation at about 1-foot
intervals. Others use a long pipt on the end of the tteating
hose and drive this deep along the foundation, saturating the
soil as they go. In either case, flood the small trench at the top
with enough chemicals to treat ali the way along the
foundation.

After mechanical alteration, you don't need to treat the
void behind the brick veneer. After chemical treatment,
though, ths is an essential step. It can be done two ways. You
can drill holes through the box sill between each pair ofjoists

from the inside, or you can drill through the mortar joints of
the bricks on the outside. Either way, you pump chemicals
thmugh these holes at a rate of 1 gallon per 5 linear feet.
Holes drilled through the mortar joints should be plugged
with mortar after treatment.

Since the foundation is made of poured concrete, it won't
need any treatment unless it hes been cracked. Cracks in the
foundation should be drilled and injected with chemical
under pressure, then the hale should be firmly and
completely plugged with concrete.

The soil inside the foundation should be treated with
chemicals the same way as the soil outside. Overall treatment
of the soil under the structure is not recommended. Only soil
next to walls and posts should be treated.

Corcrete-block foundation. If the foundation wall shown
in figlire 2-4 were made of concrete block, you would need to
treat the hollow voids in the center of the blocks. Holes are
drilled, usually through the mortar joints and above grade
level, at least every 8 inches and chemicals injected at a rate
of 1 gallon per 5 linear feet.

In all of thic treatment you will note that the work is
designed to place either a mechanical or chemical barrier
between the termites in the soil and the wood that they might
use as food. This principle applies to all subterranean terai:te
control, and the principles in this example can be used
elsewhere.

Dirt-filled concrete porch on frame building. This is a
common type of construction throughout the country, and the
principles involved in treating also apply to situations such as
concrete block foundations, rubble foundations, poured
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Figure 2-4. Remedial Construction with sheathing sealed off by a poured
concrete foundation as a remedial measure.

outside slabs at ground level, and sidewalks and driveways
poured adjacent to outside walls (fig. 2-5).

ileatment of the foundation wall in this type of
construction is carried out as in the example of the brick
veneer wall, but if the wall has voids, the treatment will be the
same as for concrete block foundation.

Soil contact should be eliminated by tunneling along the
wall and removing the dirt back to 1 foot from the wall in
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short porches and 2 feet in longer areas. This is usually done
by removing pan of the porch wall at either or both ends and
installing an access door. It can be done by knocking out parts
of the foundation wall from underneath, then digging out the
necessary dirt fill. Where the tunneling leaves the porch
poorly supported, you must install supplementary support,
such as masonry piers. You treat this tunnel with 2 gallons of
chemical per 5 lineal feet, and flood the rest of the accessible
soil under the slab with 1 gallon of chemical per 10 square
feet.

Some specialists think that the entire area under the porch
should be flooded enough to treat all the soil under the porch,
but many do not. If ..111 of the soil is treated, chemical is
applied by driving grouting rods horizontally under the slab,
or by drilling vertically through the porch slab at intervals
along the porch foundation and at enough other points to be
sure it reaches all the soil under the porch. The soil on the
inside grade level is treated the same as in the previous
illustration. Critical areas under poured conct.tte slabs,
sidewalks, and driveways can be treated with chemicals
either by drilling down through the surface close to the
building or by drilling horizontally through the inside wall
immediately under the slab.

Slab-floor construction of frame building. This tyre of
construction is used extensively throughout the country (fig.
2-6). Previous practice consisted of drilling the floor and
flooding the fill underneath with chemicals in addition to the
necessary foundation treatment ar 1 soil treatment outside the
foundation. To keep from drilling through heat pipes,
electrical conduits, and plumbing imbedded in the floor, it is
safer to treat from the outside by drilling through the
foundation wall. Mechanical alteration is riot usually
indicated in this type of construction.

Standard practice in many areas of the country consists of
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Figure 2-5. Common construction with dirt-filled concrete porch attached to frame house.
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Figure 2-6. Slab.floor construction of frame houses (pretreated with chemicals during construction).
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drilling holes through the outside foundation walls below the
level of the slab floor, then pushing long rods through the
holes and mating the entire area under the slab with 1 gallon
chemical per 10 square feet. lb do this, you may have to dig a
trench outside the foundation to get room to work. You don't
always have to drill all of the walls. If you can push the
treatment rods all the way under the floor from one side, you
can make a thorough treatment. We've already discussed the
treatment for the foundation wall itself, the ground outside
the foundation wall, porches, patios, driveways, or other
outside slabs.

Miscellaneous situations. The same principles we have
mentioned apply to treating many miscellaneous situations.
One of the most common problems involves wooden
member, extending through the concrete in the basement
floor. Supporting posts, stair risers, coalbins, and door
frames are common examples. The best remedy is to cut the
wooden member at least 4 inches above floor level, remove
the part that extends through the floor. Saturate the soil
underneath with chemicals. Then you can pour concrete into
the hole and into a form that will leave you a concrete footing
for the rest of the wood member. In the case of stairways, it is
best to make the entire step of concrete if possible. It is
generally unwise to use chemicals alone to treat wooden
supports buried in soil.

Where termites are coming into a building through a cellar
or basement floor, you may have to drill the floor and
introduce chemicals into the soil underneath (fig. 2-7). This
is usually done along cracks in the floor, around (not in) floor
drains, by furnace pads, and around the edge of the floor. In
the case of small cracks, the holes can be drilled directly
through the crack. Next to walls and furnace pads, the holes
should be drilled far enough from the wall to just miss any
focting .

Concrete-block partition walls that extend down through
the basement floor present a special problem. Ideally, they
should be cut off above the floor and a concrete curb placed
under them. In practice, this is both expensive and hard to do.
Usual practice is to drill holes through the floor on both sides
of the wall, treat the soil underneath and treat the wall's
interior voids with chemicals the same as an exterior wall.
These voids should be treated, whether or not they extend
through the slabs (fig. 2-7).

Basement windows, with or without outside window
wells, are another problem. Normally, the window sills are
close to the ground, and when they're made of wood, they are
a good source of food for terrnites as well as being subject to
rot. It is a wise practice to replace basement window sills with
concrete. Walls with voids in them should be treated with
chemicals starting as close as possible beneath the window to
insure thorough coverage. The ground outside the window
should also be treated extra heavily.

Window wells are best treated by flooring them solidly
with concrete, but they may be treated successfully by
thoroughly flooding with chemicals and rodding or drilling
immediately next to the foundation.

Wooden porches with outside ground contact should have
all wood cut off above ground level and supporting concrete
placed under it.

Houses in many parts of the country are built off the
ground on supporting piers of brick, stone, concrete,
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Figure 2-7. Concrete block foundation with basement window.

concrete block, or wood. Concrete piers create no particular
hazard. Those of brick, stone, or concrete block, however,
are usually hollow and provide an easy means of access to the
wood atove. Ideally, these would be filled solidly with
concrete. In practice, it is usually more practical to drill into
the hollow centers and thoroughly flood the voids with
chemicals.

Wooden piers, wherever possible, should be removed and
replaced with concrete or set on a concrete footing that
extends at least 4 inches above grade level. Where this is not
possible, holes should be drilled through to the bottom of the
post so the ground underneath can be thomughly saturated
with chemicals, and the soil all around the base of the pier
should also be thoroughly treated. In addition, pentachloro-
phenol should be used on the base of the pier to prevent rot.

With most of the chemicals now in general use, it is not
necessary to take any particular precaution for the protection
of plants on the outside of the house. Water emulsions
generally will not harm plants.

The design of the st7ucture and the nature of the materials
that are susceptible to termite attack don't change the basic
principle of subterranean termite controlthe creation of a
mechanical or chemical barrier that will keep termites living
outside the structure from entering the building for food. The
number of specific situations involved in construction is
almost infinite, but as termite control specialists, we can get
effective control if we always work on the basis of that
principle.
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Chemicals for subterranean termite control. Many
different chemicals and combinations of chemicals have been
used for termite control. Sodium arsenite and trichloro-
benzene have both given control for several years, although
not for so long as the newer chemicals now recommended.
Both are more expensive than the newer chemicals, will kill
plants, and will leach.

The five chemicals now recommended for subterranean
termite control work are all used as water emulsions: 0.5
percent aldrin, 1 percent chlordane, 0.5 percent dieldrin, 0.5
percent heptachlor, and 1 percent chlorpyrifos. The
percentages are important to remember and to use, because
the gallonage recommendations are based on these
concentrations. Remember that the main function of the
volume of liquid placed into the ground or into wall voids is to
distribute a given amount of toxicant pmperly. Recommended
volumes of chemical are calculated to deliver the proper
amount of toxicant to the treated areas.

You must consider the fact that some soils do not accept
chemicals as readily as others and that the depth of foundation
footings varies. In all instances, the important thing is to
saturate the area being treated. One of the smaller costs on the
average termite job is the direct cost of chemicals. It is poor
economy to try to save on chemical costs and then have to pay
for the far more expensive labor of re-treatment.

Exercises (818):
1. What are the four basic types of treatments for

controlling termites in a structure?

2. Where should you set soil-treating barriers in a
building?

3. What is the grouting and rodding method for applying
termiticides?

4. How should you treat cracks in a poured-concrete
foundation?

5. How should you treat a long, dirt-filled porch?

6. What is the safest method for treating along the
foundation of a house on a concrete slab? Why?

7. How should wooden porches with outside ground
contact be treated?

8. What chemicals and pemmtage rates of application are
currently approved for termite control?

2-2. Nonsubterranean Termites
Termites other than subterranean termites are divided into

three groups: dry-wood, damp-wood, and powder-post
termites. Of these, dry-wood termites are the most common,
although damp-wood termites may be found frequently in
some limited areas.

819. Verify or correct stated characteristics and habits of
dry-wood termites.

Dry-Wood Termites. Dry-wood termites (family Kalo-
termitidae) genera...), live in undecayed wood with a very low
moisture content. They don't need any contact with 'Le soil in
order io live. In the United States, they are found in a narrvw
strip from Cape Henry, Virginia, on the Atlantic, south to
Florida, along the Gulf of Mexico, and from Mexico to
northern California on the Neill Coast (fig. 2-8).

These termites bore directly into wood and make dr*
nests in the wood itself. Because they don't need any contact
with the ground, they can seriously damage movable woode
objects such as furniture.

A male and female pair work their way into the wood
chosen for the nest. The opening through which they enter the
wood is sealed with a plug of brown cement about 1/8 inch in
diameter. Behind this plug they excavate a chambu where
the queen lays the first eggs. The nymphs that hatch from
these eggs do the work of the colony. Soldiers and
reproductives develop from these nymphs. There is no
worker caste.

During the swarming season, nymphs make round holes
1/16 to 1/8 inch in diameter through which the reproductive
forms leave the wood. When swarming is completed, these
holes are plugged in the same way as the entrance holes.

Damage done by dry-wood termites is entirely different
from that caused by subterranean termites. These termites
cut across the grain of wood, excavating large chambers
connected by small tunnels (fig. 2-9). The chambers and
tunnels used by the colony are kept clean, while excreta and
other debris are stored in unused chambers or cast out
through small openings in the wood.

Excretal pellets are a distinguishing characteristic of
nonsubterranean termites. These pellets are hard and have
six distinct concave surfaces on the sides; only the ends are
rounded. Certain anobiid beetles also eject pellets from wood
on which they feed. These can easily be distinguished from
those of termites because they have rounded, convex
surfaces.

Entrance into woo,' Illy made from a crack or
crevice which the ter n enter before boring into the
wood. This may be a x. in the wood itself or may be the
joist between two pieces of wood or even the space
underneath the roofing paper or sheathing paper.
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Figure 2-8. A winged adult dry-wood termite and its U.S. habitat (shaded).

Because of their ability to live in wood without contact
with soil, nonsubterranean termites are frequently carried in
infes:ed furniture and other wooden objects into geographical
areas where they are not normally found. Pest control
specialists should be able to recognize them by their habits.

Dry-wood termites may attack wood products of all kinds.
Structural timbers and woodwork in buildings, as well as
furniture and other wooden objects, may be damaged.
Although serious damage is done to buildings and other wood
products in some areas of the U.S., these termites are usually
less injurious than subterranean termites, simply because
they are less widespread.

The dark, western dry-wood termite, Incisitermes minor,
is found from California east to Arizona and Utah. In this
area, it causes extensive damage to structures as well as to

Figure 2-9. Typical dry-wood termite damage. (Note extensive galleries
cutting actoss several annual rings.)
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wooden derricks, piled lumber, furniture, and telephone
poles. It may infest any dry-wood parts of a structure, from
foundation plates to tin roof, and it is the most destructive
dry-wood termite in this country. Small flights occur from
April through July, frequently after rains. Winged adults are
dark brown and about 1/2 inch long. The white, soft-bodied
nymphs remain in the galleries and are not seen unless the
wood is broken open. The light, western dry-wood termite,
Marginitermes hubbardi, is found from California to
Arizona. Also called the southern dry-wood termite, it is
very similar in habits to the western dry-wood termite, but it
prefers drier conditions and higher temperatures.

The light, southeastern dry-wood termite, Incisitermes
snyderi, is the most injurious dry-wood termite from South
Carolina to Florida and west to Texas. Another southern
dry-wood termite, Incisitermes schwartzi, is a common
species in southern Florida occurring as far north as
Pensacola. The dark, southeastern dry-wood termite,
Kalotermes approximatus, oczurs along the Gulf Coast west
to New Orleans and on the Atlantic Coast north to southern
Virginia. It attacks both timbers in structures and in posts and
utility poles.

Exercises (819):
Mark each statement true (T) or false (F) and correct any
false statements.

1. Dry-wood termites generally live in highly
decayed wood with a low moisture content.
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2. Since they need no contact with the soil, dry-
wood termites can seriously damage movable
wood objects such as furniture.

3. Dry-wood termite damage is very different from
that of subterranean termites because dry-wood
termites cut across the grain of the wood,
excavating large tunnels.

4. Since they are much more injurious to wood
structures, nonsubterranean termites are much
more damaging than subterranean species in the
U.S.

5. The dark, western dry-wood termite is the most
destructive dry-wood termite in the U.S.

820. Verify or correct stated characteristics and habits of
various nonsubterranean termites.

Rotten-Wood and Damp-Wood Thrmites. This group
of termites in the families Kalotermitidae, Hodotermitidae,
and Rhinotermitidae, contains some of our largest termites
with bodies as much as 1 inch long and with wings of alatec
twice that length. Although damp-wood termites don't need
contact with the soil to get moisture, they can't live in dry
wood either; they need wood with a lot of moisture. They are
also usually associated with wood decay.

They plug openings into the wood and excavate large
galleries, much like dry-wood termites, but they don't keep
the galleries clean. Their pellets can be found throughout
their tunnels in infested wood, although many of the six-sided
pellets are discarded from the galler through small
openings in the surface of the wood.

The rotten-wood termite, Zootermopsis angusticollis, is
the largest of our native termites and is the most important
termite of this group from an economic viewpoint. Since it
attacks moist but sound wood, it should be called more
properly a damp-wood termite. There is no worker caste.
The work of the colony is carried on by the nymphs of the
soldiers and reproductives. It occurs most commonly in the
cool and humid coastal ranges of mountains. As one moves
north along the West Coast, the frequency and severity of
occurrence at lower elevations becomes more pronounced.
The rotten-wood termite is a major problem at low altitudes
along the coastal areas of Washington and Oregon. Although
termed a mtten- or damp-wood termite, this species continues
to live in dry, sound wood. Occasional colonies of this termite
are carried to other parts of the country in shipments of lumber,
but it has been unable to establish in these areas.

Winged forms are light brown with dark-brown leathery

wings. Nymphs are white to cream-colored with a darker
abdomen. These termites swarm in relatively small numbers,
50 to 60 from a single colony. Swarmers are attracted to light
and are common abovt street lights at night.

The desert damp-wood termite. Paraneotermes sim-
plicicornis, found in the Southwestern States from Texas to
California, attacks only moist wood. It differs from other
damp-wood termites in being subterranean in habit. It is of
horticultural importance, since it frequently attacks the
underground parts of shrubs and young trees and is
particularly troublesome in residential areas and citrus
groves. It is also found in fence posts and in baseboards and
door frames of buildings. Flights occur in July and August
after evening rains.

The Florida damp-wood termite, Prorhinotermes sim-
plex, is found in the extreme southeastern counties of Florida
and in the Keys. It lives naturally in damp but solid logs near
salt water and is a common pest of buildings in the limited
area where it is found. It is not earth inhabiting although it
may enter logs beneath the soil.

Powder-Post Termites. Powder-post termites (family
Kalotermitidae), live in dry wood, damaging structural
timbers as well as furniture. They enter wood through tiny
openings and excavate galleries as do dry-wood termites.
The galleries are not kept dean but are frequently filled with
the fine powder to which the wood is reduced by the termites.

Powder-post termites are easily distinguished from
dry-wood termites by their much smaller size and small fecal
pellets. The tiny fecal pellets are ejected from the galleries
and are frequently the first sign that termites are working.

Only one species of powder-post termite, the tropical
rough-headed powder-post termite. Cryptotermes brevis, is
of commercial significance in the United States. It occurs
only in the southern coastal areas from Florida to Louisiana
where it is found only inside buildings. The head of the
soldier is unusually shaped and serves as a good means of
identification for this species (fig. 2-10). This termite is
especially destructive to woodwork and to furniture because
it destroys the interior of wood, leaving a paper-thin layer of
wood or paint on the outside.

Figure 2-10. Head of soldier powder-post termite. (Note that the mandibles
point downward rather than forward).
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Exercises (820):
Mark each statement true (T) or false (F), and correct any
false ones.

1. Some of our smallest termites are categorized as
rotten-wood and damp-wood termites.

2. From an economic viewpoint, the rotten-wood
termite is the most important member of this
group.

3. Rotten-wood termites are most commonly found
in cool and humid coastal areas.

4. The Florida damp-wood termite is of horti-
cultural importance, since it frequently attacks
the underground parts of shrubs and young trees.

5. Unlike dry-wood termites, powder-post termites
do not keep galleries clean in the wood and furni-
ture they attack.

821. Cite inspection and control techniques for
nonsubterranean termites.

Inspecting for Nonsubterranean Trmites. Nonsubter-
ranean termites are found in almost any part of a structure and
in wooden furnishings of all kinds. In inspecting foi
damp-wood and dry-wood termites, you must look not only
for visible damage but also for the plugs in entrance and exit
holes. Both kinds of termites can be found from cellar to
atticdry-wood termites in dry wood and damp-wood
termites in wood with a lot of moisture.

Infestations of dry-wood termites are usually found
around the perimeter of buildings and where wood is joined
together. Large, well-established infestations often extend
over large areas in central areas of structures. Look
particularly for the characteristic fecal pellets pushed out
from the termite galleries, which are often the first and most
easily found sigh of infestation. Make soundings of the
wood, the same as for subterranean termites; a hollow sound
warns you of internal galleries. Probe the wood with an ice
pick, screwdriver, or the blade of a penknife to discover
termite damage. Look for flights of adults, shed wings, and
surface blisters where the galleries come close to the surface
of the wood. Occasionally shelter tubes made of pellets
cemented together bridge as a passageway from one piece of
wood to another. Cementlike walls may partition off large
chambers or close laige openings to conserve humidity.

Since swarmers or shed wings from swarmers are sometimes
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the rust evidence of an infestation, it is important to keep in
mind a wing characteristic that quickly separates subterranean
from nonsubterranean termites. Nonsubterranean termite
wings have crossveins between the costal vein, which forms
the anterior margin of the wing, and the subcostal vein, which
is the second most anterior vein originating from the wing
base. (See fig. 2-8.) These crossveins are lacking in sub-
terranean (family Rhinotermitidae) termites.

In all inspections for nonsubterranean termites, make a
scale diagram of the building, as you would for subterranean
termites, indicating all places you find termites.

3ireatment. Tiratment for dry-wood termites consists of
fumigating the entire structure with a toxic gas or introducing
a toxic liquid or dust into the excavated chambers. Fumigate
with sulfuryl fluoride (Vikane) or methyl bromide gas.
Cover the whole building tightly with a plastic cover and
pump in the gas. Standard do! ;.ge f nethyl bromide is 2
pounds per 1,000 cubic feet. The dosage of sulfuryl fluoride
(Vikane) varies with the manufacturer. Sulfuryl fluoride has
the advantage of rapid and uniform dispersion within the
temperature range for climates where dry-wood termites are
found. Such fumigations should be done only by specialists
thomughly trained in the use of gasses. You can get detailed
directions, as well as instruction, from the gas manufacturer.

To prepare for use of a liquid or dust, drill holes into the
infested timbers through the termite galleries using a
1/2-inch drill in larger timbers and smaller drills elsewhere.
Then force chemical through these holes to disperse through
the galleries. Commonly used dust is sodium fluosilicate.
The dessicant dun, silica gel, is also used, especially in
attics, to reduce the rate of reinfestation.

This drilling and injecting method should only be used in
the case of limited infestations. Extensive infestations should
be controlled by fumigation. A recommended liquid insecticide
for injection into galleries is 5 percent pentachlorophenol.
There are certain disadvantages involved with the injection
of liquid into the galleries. While there may be a fire hazard
created when oil-base materials are used, the injection of water
in a wooden beam may create a favorable site for decay fungi.

After liquids or dusts have been inie..ted into wood, the
openings should be plugged with woocen dowels.

Damp-wood termites are controlled by the same methods
as dry-wood termites when they are in wood not in contact
with the ground. Where there is ground contact, structural
changes to eliminate moisture may be necessary, together
with ground treatment as recommended for subterranean
termites. However, control consists primarily of eliminating
the moisture problem in the wood, and this often involves
replacing damaged and moist wood.

Powder-post termites can be controlled by injecting the
previously mentioned chemicals into their galleries ai1J by
fumigation. When dry-wood or powder-post termites are
infesting furniture, chemicals can be injected into their
galleries or the furniture can be fumigated. Some specialists
control these termites in furniture by using a hypodermic
syringe to inject a fumigant such as ethylene dibromide into
their galleries. This method has the advantage of getting the
chemicals inside the wood without making disfiguring holes
on the surface of the furniture.

Powder-post and dry-wood termites infesting furniture
can be killed by holding the furniture for 1 V2 ho,us in a
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chamber heated to 1500 E , or for 4 hours in a chamber
heated to 140° F. Kilns or special vaults equipped with
heating units are used for this purpose. Cold may also be used
to control these termites. In northern climates, infestoa
furniture and crates may be moved outdoors, while
refrigeration chambers can be used in warmer areas.
Exposure at a temperature of 15° F. for 4 days will kill
termites in wood.

There are a number of preventive measures you should
consider to prevent nonsubterranean termite infestation.
Inspect all lumber, especially secondhand lumber, carefully
for evidence of infastation before being used for
construction. Destroy infested lumber. Screen all doors,
windows, especially attic windows, and other ventilation
openings with 20-mesh noncorrodible metal wire cloth to
keep winged termites out of areas where they can build
colonies. Chernirally treated wood will also prevent attack.
You can buy lumbc with wood preservatives in many
areas. You can use resistant woods. Of construction
timbers, certain kinds of redwood, cypress, and longleaf pine
give the greatest protection. Protection of exterior wood
surfaces with paint is also of value. An appropriate number of
coats will fill many of the cracks and openings into wood used
by termites to gain entrance. Larger cracks and joints can be
filled with putty or plastic wood. Of course, the use of steel,
concrete, brick, or stone in construction instead of wood
offers the best protection against nonsubterranean termites,
but it won't stop attack of wooden materials inside unless all
entryways are properly sealed.

Exercises (821):
1. What two main signs should you look for in inspecting

for nonsubterranean termites?

2. Where would you normally expect to find i.lfestations of
dry-wood termites?

3. What's the ,:-.eck for damage caused by
dry-wood termites?

4. When you look for shed wings as a sign of a termite
infestation, how can you differentiate between subter-
ranean and nonsubterranean termites?

5. What treatments are there for controlling nonsubter-
ranean tcrmites in a building?

6. What advantages does sulfuryl fluoride have in
fumigating a building with nonsubte,ranean termites?

7. How should you prepare to use a liquid or dust in

nonsubterranean termite control?

8. If damp-wood termite infestations contact the soil, what
controls in addition to fumigation may be needed?

9. How can you treat for nonsubterranean termites in

farniture?

10. List three ways to prevent infestations of nonsubter-
ranean termites.

2-3. Wood-Destroying Fungi
Wood is an abundant, versatile, and relatively inexpen-

sive material, but unprotected wood and wood products in
use and in storage are subject to the destructive effects of fire,
mechanical damage, insects, marine borers, moisture and
weathering, and decay fungi. Of all of these, decay fungi
cause the greatest losses. All of the "dry rot," "wet rot,"
and "natural deterioration" of wood is caused by living
decay fungi. All can be prevented by recognizing the
characteristics and biology of fungi, by knowing the
conditions that are conducive to fungi growth. and by
knowing how to control fungi. You have probably seen
wood-rotting fungi as mycelial n-., rs in the reproductive
stages, as mushrooms, toadstools, and bracket fungi.
However, by the time these surface growths are formed,
extensive damage has been caused by the microscopic
mycelial threads (hyphae), which have penetrated deep
within the wood. For this reason, you must learn to recognize
signs of early attack by fungi and to differentiate between the
fungus damage and the destructive effects of moisture and
weathering.

822. Cite clw_ ification, characteristiL and reproduction
of fungi.

Recognition and Classification. Fungi belong to the
division Thallophyta of the cryptogamic plants. There are five
major classes of fungi. One of these, class Basidiomycetes,
contains the orde. Hyrnenomycetales, which has five families.
All five of these families have genera with wood-destroying
species. Some 2,000 species of wood-rotting fungi are known,
of which 200 to 300 are commonly iavolved in wood deterior-
ation on a serious scale.

Since it usually takes laboratory procedute; to identify
specific wood-rotting fungi, it's a good thing that we don't
have to know their genus and species to treat them. We can
easily organize them into "artificial" classifications based
on the destruction they do. This system depends on the
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metabolic processes of the firrigi, on the composition of the
materials on which or within which they grow, and on the
rates and methods of growth. This system identifies all fungi
on wood (in storage or in use) as mold fungi, stain fungi, or
wood-rotting fungi.

Mold fungi. These may infect wood in storage or in use.
Wood-inhabiting fungi require that the moisture and the air in
the wood each be more than 20 percent of the wood's dry
weight. The mold fungi enzymes break down and use only
such wood materials as starches, sugars, gums, and oils; they
have no direct effect on the cellulose and lignin. The hyphae
of most molds penetrate the wood through existing pores and
pits, and usually have no direct chemical or mechanical
effects on the cell walls. In removing nonstructural elements
of the wood, molds often reduce any natural water repellency
and make the wood more subject to wetting and to decay.
Mold fungi may be found on the surface of wood that is being
attacked at depth by decay fungi.

Stain fungi. Stains of various types may be produced in
wood by some of the deep mold fungi, ranging from nearly
black through shades of blues, browns, reds, and yellows. Of
all the wood stains, the blue stain, or sap stain, is probably the
most common and the most serious. In the wood rays, in
which the food substances are concentrated, the causal fungi
can seriously damage the cell walls and weaken the wood
mechanically.

Wood-rotting fungi. These normally start on the surface,
or in checks or other openings, later penetrating deeper
where they can cause considerable destruction. In the
incipient stages, the hyphae spread in all directions through
the wood. Unlike the hyphae of mold fungi, which pass from
cell to cell through naturally existing holes, the hyphae of rot
and decay fungi pass through "bore holes," which form at
the cell walls at points of contact with the tips of growing
hyphae. During the incipient stages there is no apparent
dissolution of the wood other than at the microscopically
small bore holes, nor are there visible changes in its
characteristics other than the slight discolorations caused by
some species. These discolorations may be easily overlooked,
or may be mistaken for the color changes caused by mold
fungi, chemical staining, or weathering. As decay
progresses beyond the incipient stages, the appearance of the
wood may alter more and more perceptibly. In the advanced
stages of decay, the wood may become punky, spongy,
stringy, ring shaped, pitted, or crumbly, depending on the
species of wood and fungus, and on the extent of fungal
development. The wood-rotting or decay fungi are usually
thought of as belonging to three major groups: the white rots,
the brown rots, and the water-conducting fungi.

White rots of wood and wood products are caused by those
fungi whose enzymes can attack the ligno-cellulose complex
of the cell walls and degrade the lignified material. Because
of the slight color changes usually involved, the white rots
may at times be difficult to see. Some have dark brown or
black zone lines at the areas of incipient decay, which may be
the only visual evidence of white-rot damage.

Brown rots of wood are caused by decay fungi that can
attack the ligno-cellulose complex, but can't degrade the
lignin. They destroy the cellulose, but leave the lignin and
some other materials as a brownish residue, that crumbles
easily into a powder when it's dry. Not infrequently the
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brown residue is found dry, rather than moist, leading to the
widely used, though inappropriate, term "dry rot."
Remember that rotting wood takes wood-rotting fungi and
that they need a moisture content greater than 20 percent.
After a period of initial growth, many of the brown-rotting
fungi can develop structures highly resistant to desiccation.
Some survive for several years in air-dry wood and severely
damage wooden structures that are only intermittently
exposed to moisture. For this reason, the use of infected
wood for the construction or repair of buildings can be
harmful or even daneerous.

Water-conducting fungi are brown-rot fungi that can
conduct water from a single source to otherwise dry
structural wood. The two most important water-conducting
fungi are Merulius lacryrnans and Poria incrassata. Merulius
lacrynzans is the most common building decay fungus in
northern Europe, and is occasionally found in the northern
United States. Poria incrassata, commonly called building
poria, is more tolerant of high temperatures and is consequently
the more common of the two. The initial growth may take
place in cellulose material in most soil under structures. The
building poria's ability to extend its growth over the surface
of inorganic materials lets it bridge foundation walls and reach
the wood above them. Its tendency to attack unexposed
surfaces first and its ability to conduct moisture to heights
of more than 20 feet are responsible for the extent of the damage
that may be done before any destruction is readily evident.

Life and History of Destructive Fungi. You should not
forget that fungi are living organisms. They are plants that
have lost their ability to use sunlight to produce food.

Spore distribution. Fungi don't produce true seeds with
many-eelled embryonic plants; they produce single-celled
spores from which new individual plants develop. Most
fungus spores are microscopic, lightweight, resistant to
extremes ot tempe-ature and humidity, and readily dispersed
by wind and water. Fungus spores and even the fungus
hyphae are easily carried from the ground and from infested
wood to sound wood by wood-inhabiting insects.

Germination and growth. Under the right environmental
conditions of humidity and temperature, a fungus spore
germinates, developing a hyphal tube or filament. If only
water and inorganic materials are present, the growth will
stop after the organic materials concentrated in the spore
have been used up. The right nutrients (such as the cellulose
in wood) permit the further growth and branching of the
hyphae and the formation of the mycelial thallus and the
spore-bearing structures, such as bracket fungi, toadstools,
mushrooms, and puffballs.

Physiology and metabolism. The physiology of the fungi
differs from the physiology of green plants; lacking
chlorophyll, fungi can't synthesize organic nutrients from
dissolved inorganic materials. In the parasitic fungi, the
mycelium penetrates living cells or the spaces between them
and absorbs the intracellular or intercellular fluids of the host
organisms. Most saprophytic fungi (such as those that decay
wood) secrete substances that dissolve some or all of the solid
organic materials on which the fungi are growing. All or
some of these dissolved or "digested" materials are then
absorbed by the hyphae and used for growth and
development. Most of the wood-rotting fungi produce an
acid reaction in various types of culture media; pH values as
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low as 2-3 are not uncommon. In the failure of structural
concrete at points of contact with rotting wood, the effect of
fungus-produced acids should be considered. Other metabolic
products are also formed, and with the acids, destroy wood
and other materials. To a lesser extent, the purely physical
effects of fungal growth may also destroy useful materials.
Mildew and mold fungi are found on a great variety of both
living and dead organic materials.

Exercises (822):
I. Place the letter "T" before each true Aatement.

a One of the classes of fimgi is Basidiomycetes.
b. Wood-inhabiting fungi need both moisture and

air within the wood and each is at least 40 percent
of the dry weight of the wood.

c. In removing nonstructural elements of wood,
molds often reduce any natural water repelling
and make the wood more subject to wetting and
decay.

d. Mold fungi may be found on the surface of the
wood which is being attacked at depth by decay
fungi.

e Of all the wood stains, the blue stain, or sap stain,
is probably the most common and the least
serious.

f The ability of the building poria to extend its
growth over the surface of inorganic materials
permits it to bridge foundation walls and to reach
the wood above it.
Fungi produce true seeds, with many-celled
embryonic plants.
The physiology of the fungi differs from the
physiology of green plants in that fungi, lacking
chlorophyll, are incapable of synthesizing
organic nutrients from inorganic materials.

i Most of the wood-rotting fungi produce an
alkaline reaction in various types of cultural
media.

j Mildew and mold fungi are found on a great
variety of both living and dead organic
materials.

2. Correct any false statements.

h.

3. In the artificial system of classification, all fungi on
wood in storage or in use am identified how?

4. Mold fungi in wood enzymatically break down what
materials and can't break down what materials?

5. Stains of various types may be produced in wood by
some of the deep mold fungi in what color range?
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6. The wood-rotting or decay fungi are usually thought of
as belonging to what three major groups?

7. White rots of wood and wood products are caused by
fungi whose enzymes can attack the complex
of the cell walls and degrade the material.

8. Brown rots of wood are caused by decay fungi that can
attack the complex, but can't degrade the

9. The brown rot fungi destroy the but leave the
and some other materials as a

residue, which, when dry, may be easily crumbled into a
powder.

10. Water-conducting fungi are fungi that can
conouct water from a single source to otherwise dry
structural wood.

11. When the correct environmental condition of
and exist, a fungus spore will germinate with
the development of a hyphal or

12. How do saprophytic fungi decay wood?

823. Verify or correct statements about how to control
wood-destroying fungi.

Wood-destroying fungi can be controlled effectively through
(1) frequent inspections to detect the fungi or conditions that
favor their growth, (2) preventive measures to deter their
growth, and (3) corrective action to sul.) their growth.

Inspection. Lispert the 'iuildings at military
activities at least annually (semiannually when possible and
warranted) for the presence and extent of insect and fungus
infestations and the type of control required. This inspection
is often made in conjunction with the inspection for termite
attack. Pay particular attention to locations where occasional
moisture from condensation or precipitation supports wood-
rotting fungi. Crawl spaces under basementless buildings give
access to inspect structural timbers below the floor level.
Wood in contact with masonry or metal subject to moisture
condensation presents special hazards. Check carefully the
window and door frames and porch columns and railings, as



heavy coatings of paint may hide conditions for rot. It's a
good practice to use a sharp-pointed probe to make these
inspections. When you inspect wood in use, don't neglect tile:
pallets used to store supply items.

Preventive Control. Preventive control of wood-
destroying fungi falls into two categories from the standpoint
of base pest control personnel: wood in storage and wood in
use.

Protection of wood in storage. Lumber in storage can be
protected from fungus damage and the destructive effects of
moisture changes through proper storage management and
dip-treating untreated lumber.

Lumber should be stored off the ground or flooring and
under a protective overhead shelter. It should be stacked with
a slight space between boards and elevated slightly at one end
for ventilation and water runoff. These storage methods are
discussed in considerable detail in AFM 67-3, Storage and
Mate rie, frandling.

treatment of stored lumber with water-
1 Lk pentachlorophenol will provide protection during a
long storage life where the wood must be exposed to the
weather. Before it is dip treated, the lumber should be
stickered and baled ready for storage, and it should be dried
to a moisture content of no more than 20 percent.

Protection of wood in ase. Structural wood in use often
requires protection from destructive fungi. The theories of
planning control are based on the growth requirements and
physiology of the fungi, and they are thus like those involved
in the protection of lumber in storage. The actual practices
that prevent decay, however, are different. Preventive
control is based on the use of preservatives and on controlling
moisture (condensation, rain water, and capillary, or seepage
water). Preventive control should begin with the structure's
planning and design. Since most of the buildings we treat are
already built, it is too late to change the designs. It's not too
late, though, to make some structural modifications to prolong
their useful life. This is particularly true when we make repairs
as the result of fungus damage. If we note that a design feature
of several buildings has been responsible in part for fungus
damage , we should consider minor modifications of the others
before they, trio, need expensive repairs. Proper design starts
at or below the ground level, draining water away from the
structure. If rainwater collects under buildings, we must correct
the drainage problem to save the buildings. Even with adequate
drainage, condensation on the sills, joists, and subflooring of
basementless buildings may be so severe as to result in rapid
deterioration.

a. Ventilart,.#. Writilation is critical in the crawl spaces
under b- bItrings (arid in those with incomplete
basem.:..# # ventilation (with no pockets of
stab', 7;af v interior fourdation walls)
is ca.; ,t formula. The crawl space vent
must have a net unobstructed area of 2 square feet for each
100 lineal feet of outside wall, plus 1/3 square foot for each
100 square feet of crawl space area. Obstructions call for
larger openings. If the vents are covered with louvers or
1/16-inch mesh insect screen, double the size. If they are
covered with both, triple the size. If the gross area is partially
covered by bars, grills, or grids, adjust the size for an
adequate net area. The ill-advised practice of closing the
vents during cold weather does lower the fuel bill, but it also

increases the maintenance costs and shortens the useful life of
the structures.

b. Ground cover. When it's too expensive to heat occupied
buildings and keep adequate ventilation of the crawl spaces,
we can use other condensation-prevention techniques to help.
One successful method uses a soil cover of asphalt roll roofing
(the grade that weighs 55 pounds per roll of 108 sauare feet).
No lapping, fastening. cementing, or preliminary careful level-
ing is required. Plastic films are effective and are easier to
handle, but they must be weighted at the corners.

c. Protection from water. Most cases of serious decay in
siding and exterior trim are found on buildings with little or
no noof overhang or with faulty eaves, gutters, or downspouts.
Excessive amounts of water run down the sides and seep into
joints, particulaly butted joints between siding pieces and
between siding and trim. It is nearly impossible to keep the
joints tight enough to keep out seepage water during severe
rain washings. Paint can't seal joints. In many areas, siding
and trim that have much sapwood need protection by: (1) good
projection of eaves and rake of gables to prevent all but
occasional rain washing; (2) tight joints plus well-maintained
paint films to minimize rain seepage during occasional wet-
tings; (3) lightweight, vapor-rermeable (breathing) building
papers under siding to speed the drying of any seepage water;
(4) good flashing of exposed doors, windows or other openings,
and any horizontal projections; and (5) good gutters and down-
spouts. When you can't stop rain washing, use preservatives.

d. Building appendages. Wooden porches and exterior
steps, even those of the best design and construction, are
decay hazards; any feature promoting seepage will greatly
hasten decay. Step and stoop rails that are protected by well-
maintained paint still show marked differences in susceptibility
to decay, depending on the type of construction. Considerable
protection is afforded by extending the rail over the top of the
newel rather than abutting the end of the rail to the side of
the post. Any rail splice occurring over a post will greatly
increase the decay hazard. These design features should be
considered during inspections and during replacement. The
common practice of placing trim over the ends of drop siding
normally creates no decay hazard, but instead allows less
water seepage than the common butt joints of siding to trim.
With bevel siding, the placement of trim over the siding ends
tends to reduce wetting, but not to any great degree. The
bevel results in a long vertical opening znd allows easy water-
flow back under the siding. With bevel siding, metal corners
are the only structural means of reducing water seepage; all
other types of corner joints leak badly.

Wood preservative. ince no design modifications can
preimnt ' decay f -)or roof )verhang and ventilation
we hht# pre ; .ttrt Badly rotted wood should, of
course, bc replaced. We should always use preservatives,
and in some cases, we should use preservation to depth.
Because of the seepage and the probable incipient rot, we
should saturate the adjacent wood as thoroughly as possible
by brushing or spraying on a water-repellent 5-percent
pentachlorophenol solution in mineral spirits. This may take
three or more brushings. Apply each treatment before the
preceding treatment's solvent has dried and sealed the wood
against further absorption. Building sidings may be easily
treated with a preservative before the paint is applied, the
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water-repellent material in the preservative acting as a
prepaint wood primer. It's a good idea to brush on all the
preservative a window frame and sash can absorb before you
renew the paint. Power sprayers provide a ready means of
treating susceptible areas under basementless buildings.
Heavy application of a water-repellent 5-percent penta-
chlorophenol solution can make the structural timber joints
almost completely impervious to water and, therefore, safe
from decay fungi. Pay particular attention to all joints and to
wood in contact with concrete, brick, metal, stone, and other
surfaces on which moisture condenses readily. The application
will be most effective when the wood is dry, so save the job
for a dry day if you can. Preservative emulsions and greases
are suitable for many locations, but they may affect the paint-
ability of wooden siding and trim.

Corrective Control. Corrective control of wood-
destmy .iig fungi can also be considered in terms of wood in
storage and wood in use. Stored wood that is fungus infested
should be removed from the clean lumber and given
preventive treatment. It should never be left untreated in a
lumber yard.

Seriously rotted wood can only weaken the structure it's
in; it should be replaced. We can partially protect lightly
damaged wood with preservatives, but trying to pressure-
treat wood in place with fungicides or insecticides under
pressure will consistently produce poor results. We can get
deep penetration, though, by surface application of grease or
emulsion formulations. For water-conducting fungi, give
special attention to the moisture source. The use of
water-soluble fungicides may be advisable at such points.
Though it may be desirable in some cases, it will rarely be
necessary to use wood preservatives at the points to which
these specialized fungi have conducted moisture, provided
the rhizomorphs are completely destroyed and their lower
part poisoned with fungicides.

Exercise (823):
1. Place the letter "T" before the true statements and

correct the false ones.
a. Wooden buildings at military activities should be

inspected at least annually (semiannually when
possible and warranted) to determine the presence
and extent of insect and fungus infestation and the
type of control needed.

b. Lurnt- ,hor' ' off the gis d
fi ,uu puk,Lectiyc oyerheau shelter.

c. A quick-dip treatment of stored lumber with
water-repellent pentachlorophenol will provide
protection during a long storage life where the
wood must be exposed to the weather.
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d. Preventive control is based on using preserva-
tives and controlling moisture.

e. Closing vents under basementless buildings in
cold weather will lower the fuel bill, decrease the
maintenance cost, and extend the uszful life of
structures.

f. A condensation- prevention technique under
buildings is to use a soil cover if you can't get
adequate ventilation.

g. Most serious decay in siding and exterior trim is
found in buildings with little or no roof overhang
or faulty eaves, gutters, or downspouts.

h. Wood porches and exterior steps are decay
hazards.

A 5-percent pentachlorophenol solution in
mineral spirits may be used as a wood
preservative.

j Preservative emulsions and greases are suitable
for use as wood preservatives.

2-4. Wood-Boring Insects
Wood-boring insects are separated in,o three groups: the

powder-post beetles, the powder-post borers, and the
carpenter ants and bees. This section covers the characteris-
tics (descriptions, habits, and habitats) of these insects as
well as the controls for them.

-rinaAutte among the general characteristics of
thre der-post beetle families.

Powder-Post Beetles. Powder-post beetles are so named
because of the powdery substance (frass) they leave on wood
surfaces or in piles on the floor near chair and table legs.
There are three families of powder-post beetles: Lyctidae,
Anobiidae, and Bostrychidae. Po, 'der-post beetles belong to
the order Coleoptera. The larvae are responsible for most
damages. They are the second most important insect pest of
wood articles and timbers.

Lyctidae. This family is the true powder-post beetle. The



larvae are whitish with dark-brown heads and manidibles.
The anterior part of their bodies is larger than the posterior
part. The larvae have three minute pairs of legs. The last pair
of spiracles are much larger than the other. The very young
larvae bore into the wood source. Once they mature, they
bore almost completely out in order to pupate.

Once pupation is complete, the adults bore completely
out, pushing a fine powdery wood dust out of the wood as
they emerge. The adults are reddish brown to black and are
from 2.4 to 5.6 mm long. The antennae terminate in
two-segmented club. The tibiae be),- cr. - The 1
abdominal segment is as lonc ,Loild and third
segments combined.

live powder-post beetles only attack seasoned wood and
will not attack a live tree or freshiy cut wood. The adults will
usually deposit eggs into the surface pores of lumber while it
is stored and while it is curing. After development is
complete (3 months to a year), the adults will emerge from
finished wood and furniture products. These beetles prefer
the sapwood of hardwoods such as oak, hickory, and ash and
are commonly found in tool handles, pallets, furniture,
picture frames, and in interior woodwork of buildings. The
exit holes, which run parallel with the wood grain, are filled
with frass (absent of fecal pellets) and are approximately 1.2
mm in diameter.

Anobiidae. The larvae of this family attack the sapwood
of hardwoods and softwoods, such as pine, oak, bcech,
alder, and willow. Anobiidae larvae prefer old wood and are
commonly found in girders, beams, foundation timbers, and
antique furniture.

The larvae are whitish, slightly curved, and wrinkled with
tiny hairs on the body. They have three pairs of short legs and
toothed mandibles. They range in size from 6.3 to 12.5 mm
long. The young larvae bore into the wood, where they may
live for a year or two. Just before they pupate, they bore
toward the surface but not completely out. When the adults
emerge, they leave small holes about 2.4 mm in diameter.
The tunnels, or galleries, may run across the wood grain, and
they're loosely filled with frass and distinct elongate or
bun-shaped fecal pellets. These adults are reddish to blackish
brown and are usually less than 8 mm long. The thoracic
region is usually margined at the sides, and the head is barely
visible from a dorsal view. They !lot h:, ipun
tibiae. They deposit cgp- - s of , )oo
or in thr ,,-..Ntith ---7 .e,%* ht)

20A ychide .iiily of powder-post beetles is
conuilonly referrta to zb the false powder-post beetle. The
two species we meet most commonly are the bamboo borer
and the lead-cable borer. The Bamboo borer adult is brown,
cylindrical, and 3 to 4 mm long. As the common name
implies, it prefers bamboo woods and will often be found in
furniture, ornaments, and poles constructed from bamboo.
The lead-cable borer is also known as the short-circuit beetle,
because it actually causes shorts in telephone and other
electrical circuits by feeding upon its preferred Food source
(lead) in underground cables. This beetle is also often found
in wine casks. The adults are reddish brown, cylindrical. and
5 to 6 mm long.

Bostrychidae larvae are whitish, curved, wrinkled, and
robust. They have small heads and greatly enlarged thoracic
regions that bear three pairs of well-developed legs. Their
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mandibles are not toothed. Larval tunnels generally run
parallel with the wood grain and are tightly packed with
frass. The adults bore into the wood to deposit their eggs and
may at times insert the eggs into the cells of the wood. Once
the eggs hatch, the larvae bore toward the surface and pupate.
After pupation, the new adults emerge from the wood. The
adults have an enlarged, roughened thorax that gi,
beetle a humpbacked appearance. They have spurred
and their entrance and exit holes average 6.3 mm in dianiL,Li.

Exercises (824):
State whether each description refers to Lyctidae (L),
Anobiidae (A), or Bostrychidae (B).

1. The very young larvae bore into the wood
source, and once mature, they bore almost
completely out to pupate.

2. The emerging adults leave small holes about
2.4 mm in diameter.

3. The adult bores into the wood to deposit eggs
and may at times insert eggs into the cells of the
wc od.

4. The adults have a roughened thorax that is
enlarged, giving the beetle a humpbacked
appearance, and they have spurred tibiae.

5. The tunnels, or galleries, may run across the
wood grain and are loosely filled with frass and
distinct, elongated or bun-shaped fecal pellets.

6. A true powder-post beetle.
7. False powder-post beetle.
8. The larvae attack the sapwood of hardwoods

and softwoods.
9. These adults are reddish to blackish brown in

color and are less than 8 mm long.
10. The larvae have three minute pairs of legs, and

the last pair of spiracles are much larger than
the others.

11. The antennae end in a two-segmented chill rir
the tibiae bear spurs.

12. The larvae have thrcc i,airs of sho ,tu
tooth mandibles.

, The larvae are whitish, sl., htly curveo, am-
wrinkled, with tiny hairs the body.

14. The larvae have small neads and greatly
enlarged thoracic regions that bear three pairs
of well-developed legs.

15. The larvae prefer old wood and are commonly
found in girders, beams, and foundation
timber.

16. The larvae are whitish with dark brown heads
and mandibles.

17. The basal abdominal segments are as long as
the second and third segment combined.

18. The adult's thoracic region is usually margined
at the sides, and the head is barely visible from
a dorsal view. They don't have spurs on the
tibiae.

19. Adults are reddish brown to black.
20. Larval tunnels generally run parallel with the

wood grain and are tightly packed with frass.



21. The larvae anterior part of the body is larger
than the posterior part.

22. Their mandibles are not toothed.
23. They only attack seasoned wood; not live trees.
24. The larvae range from 6.3 to 12.5 mm long.
25. Prefer the sapwoods of hardwoods, such as

oak, hickory, and ash.
26. The larvae may live in the wood for a year or

two before boring towards the surface.
27. Exit holes run parallel with the wood grain, are

filled with frass. and are 1.2 mm in diameter.
28. The larvae are whitish, curved, wrinkled, and

robust.

825. Identify powder-post borers with their habits,
habitat, descriptions, and treatment.

Powder-Post Borers. Powder-post borers belong to the
order Coleoptera, specifically to the families Cerambycidae
and Buprestidae. These beetles are primarily feeders on dry
woods. Under natural forest conditions, they play an
important role in reducing dead trees to permit new growth.
Their destructiveness in structural woods, however, can
result in considerable economic losses.

Cerambycidae. These are often referred to as long-
horned wood borers or roundheaded wood borers. The
family has some of the largest species of wood borers. Since
cerambycids will attack living or dead wood, they are
generally considered to be pests of such ornamental plants as
shade trees and fruit trees, but the old-house borer is one
species that is very important as a structural pest. It attacks
sapwood of softwoods, such as pine and spruce, and is
commonly found in floor joists, sills, beams, studs, and
subflooring.

The old-house borer deposits eggs in tight crevices, such
as cracks and natural checks in boards. Upon hatching, the
larvae bore into the wood. They may stiy in this stage for 2 to
3 years. The tunnels excavated are round because the head
and thoracic region of the larvae are round. These tunnels are
loosely filled with frass. Before the larvae pupate, they bore
toward the surface. After pupation, the adults emerge at the
surface and leave oval holes. The larvae are flesh colored,
straight bodied, wedge shaped, and may be up to 25.6 mm
long. The adults are brownish black in color and have many
gray hairs on the head and anterior portion of the body. Each
wing cover has two patches of gray, and when fused, they
will form either two transverse bands or two downy white
spots.

Buprestidae. This family of wood borers is often referred
to as flatheaded wood borers because of the enlargement of
the thorax immediately behind the relatively small head. Like
the family Cerambycidae, the buprestids attack living and
dead wood and are considered to be more important as pests
of ornamental plants than as structural pests. Buprestids are
attracted to smoke. This attraction leads them to forest fires,
where they deposit eggs in bark cavities of scorched trees.
Once the eggs hatch, the elongated, whitish, legless larvae
bore into the sapwood and leave tunnels that are tightly
packed with frass. The adults can usually be recognized by

their bright metallic colors. Because there are many species
of binrestids, their coloration and size vary. Most are
iridescent blues and bronzes. These beetles range in size
from small to medium and may be either flat bodied or
cylindrical.

Exercises (825):
Does each of these statements refer to Cerambycidae (C),
Buprestidae (B), or both?

1. Primary feeders on dry wood.
2. Will attack living or dead wood.
3. Pests of ornamental plants, such as shade trees

and fruit trees.
4. Long-horned wood borers or roundheaded

wood borers.
5. Flatheated wood borers.
6. Destructiveness in structural woods can result

in considerable economic loss.
7. Old-house borers attack sapwoods of soft

woods and are commonly found in floor joists,
subflooring, sills, beams, and studs.

8. Adults have bright metallic colors; most are
iridescent blues and bronzes.

9. The adults are brownish black and have many
gray hairs on the anterior part of the boay.

10. The tunnels are round because the head and
thorax region of the larvae are round.
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826. Verify or correct statements about control of
powder-post beetles and borers.

Control of Powder-Post Beetles and Borers. Pcwder-
post beetles and borers can be controlled effectively by
preventive and corrective measures.

Preventive control. Wood susceptible to powder-post
beetle attack and intended for prolonged or indefinite storage
may be protected economically by a preventive treatment.
Oil solutions containing chlorinated hydrocarbons, applied
as 3-minute dips, have proven effective in preventing beetle
attacks for 10 years or more. Emulsions and suspensions are
less effective. Satisfactory solutions may be prepared from
fuel oil, trichlorobenzene, or other recommended solvents.
An effective general-purpose protective dipping solution
should contain 5 percent of a water repellent, one of the
approved chlorinated hydrocarbons, and a penetrating
solvent. The pentachlorophenol will prevent fungus L. ,c,
and the chlorinated hydrocarbons will prevent insect atLick.
When wood so treated is cut or refinished, the cut surfaces
should be covered with preservatives by dipping or brushing.
An excellent wood preservative, without the insecticide, is
pentac rophenol. The pentachlorophenol is not needed
unless the wood is to be stored or used where it would get wet
and be subjected to attack by decay. If the wood won't be
subject to decay, an oil solution of a recommended
insecticide will protect it from beetle attack. Tool handles,
gunstocks, and other items may be protected against lyctus
attack if all surfaces are coated with a heavy linseed oil or



paint that fills the wood -)ores and prevents oviposition
c:lepositing of eggs).

Corrective control. Acive infestations can be controlled
with 3-minute dip treatments in oil solutions of the chlorinated
hydrocarbons. Thorough brush and spray applications are
effective on small-dimension stock, such as tool handles. For
control in buildings, good penetration of the insecticide is
important. Paint, varnish, or enamel should be removed
before the insecticide is applied. In treating laid flooring in
buildings, you can get deeper penetration by thoroughly
brushing the oil solution into existing beetle emergence holes
and the crevices between the boards. Merely spraying the oil
solution onto the exposed surface of the flooring often does not
give enough penetration for control. Heavy-dimension stock
may take two or more applications. Heavy timbers may need
vat dipping or drilling and injection of the oil solution under
pressure. Fumigation with methyl bromide in vacuum cham-
bers is effective, but it provides no residual protection.

Exercise (826):
I. Place the letter "T" before true statements and correct

fals,s (Ares.
r. Oil solutions containing chlorinated hydro-

carbons, applied as 3-minute dips, have been
effective in preventing beetle attack for 10
years or more.

b. Emulsions and suspensions are more effective
than oil solutions.

c. An effective general-purpose protective dip-
ping solution should contain 5 percent
pentachlorophenol, approximately 5 percent of
a water repellent, one of the approved
chlorinated hydrocarbons, and a penetrating
solvent.

d. The pentachlorophenol will prevent insect
attack, and the chlorinated hydrocarbons will
prevent fungus damage.

e. Active infestations can be controlled with a
3-minute dip treatment in oil solutions of the
chlorinated hydrocarbons.

f. Paint, varnish, or enamel can be left in place
when the insecticide is applied.

g. Spraying the oil solution onto the exposed
surface of the flooring frequently does not give
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sufficient penetration to give satisfactory
control.

827. Cite characteristics of and controls for carpenter
ants and bees.

Carpenter Ants and Bees. These insects belong to the
order Hymenoptera. Even though they are venomous, they
have been reserved for this section because they are more
important as structural pests.

Carpenter ants. Carpenter ants are so named because they
tunnel into wood and excavate the galleries that form a home
for the colony. Although they are general feeders and will not
eat the wood, they can sometimes do serious damage.
Common black carpenter ants are large ants, sometimes 12.5
mm long. They build their nests in such places as the dead
heartwood of living trees, logs, house timbers, poles, and
almost any wood material. They are most destructive in soft
woods. Most of their tunnels are approximately parallel and
run lengthwise with the grain of the wood. Other shorter
tunnels that cut across the grain connect the longer parallel
tunnels within the wood and open to the outside. Where wood
is seriously damaged by carpenter ants, it should be replaced.
For the most satisfactory control, short of removal of the
infested wood, the nest must be located. Insecticidal
formulations of chlorinated hydrocarbons are effective if
they're injected into the nests. In some case.), it is hard to find
thc nest, but the ants may be seen coming from cracks or
joints in the building. In such cases, we can get good control
with insecticidal dusts that are carried to the nest by ants
walking through them, or with poisoned baits.

Carpenter bees. Carpenter bees belonging to genus
Xylocopa are large bees, sometimes an inch long. Most of
them are found in the southern part of the United Statesand in
the Tropics. Carpenter bees, like carpenter ants, don't eat
wood but excavate tunnels for nesting sites. Unlike ants and
some other bees, carpenter bees are not social insects
developing large colonies. TUnnel openings are usually
perfectly round, or nearly so. The tunnels, which may extend
as much as a foot, are divided into brood cells. The
occasional tunneling of structural timbers by carpenter bees
should cause no alarm to building occupants, but repeated
attacks in the same area may result in significant damage.
Dusting partly completed tunnels with insecticide powder
will kill the adult bees. Insecticides may be used as
preventive sprays or may be packed into the tunnels, which
are then sealed with putty. The most effective preventive
treatment for use in structures is a heavy protective coating of
paint.

Exercises (827):
1. Carpenter ants are so named because they

into wood and to provide the
galleries that form a home for the colony.

2. Carpenter ants are most destructive in what kind of
wood?



3. Insecticidal formulations containing
hydrocarbons are effective if

the nests.

6. Carpenter bees do not wood but
into tunnels for nesting sites.

7. Partly completed can be with

4. We can often get good control using insecticidal insecticide to kill the adult bees.

that are into the nests by ants
walking through them.

8. The most effective preventive treatment for use in

structures is a heavy protective of

5. Most carpenter bees are found in what part of the United
States?

4 9 42



CHAPTER 3

Ornamental ag:' 1 Turf Pests

ORNAMENTAL AND shrubs represent an impor-
tant part of the wealth and 'beauty of this country. They make
up our forests and beautify residential grounds, city streets,
highways, and the countryside in general. On many of our
military installations, cultivated plantings and forest areas
are the most attractive features. In addition, they provide
protection against dust, erosion, and flooding.

'fives and shrubs on military installations may be attacked
and progressiNely damaged by insects and other pests in
many ways. For example, a colony of caterpillars may strip
the foliage fmrr twigs and branches; aphids may suck the sap
from new shoots and leaves, causing them to wilt or to grow
abnormally; tiny scale may zncrust branches and twigs,
withdrawing enough food to kill plants outright; and borers
of many kinds may invade the bark and wood, seriously
injuring or killing plants. More subtle and often more serious
is the damage caused by those insects that carry bacterial,
fungal, or viral disease.

Thrf is subject to attack from insects and insectlike pests
that cause it to turn brown and die. The extensively grassed
areas at military installations represent important invest-
ments in land management (dust and erosion control) and in
the morale benefits of lawns, golf courses, and recreation
areas. The many pests that destroy lawns and other grassed
areas are grouped by their methods of attack and types of
damage. Some live in the sod and chew the grass mots.
Others live above ground and chew the leaves and stems. Still
others suck the juice from the plants.

3-1. Ornamental Pests
Ornamental pests discussed in this section include insects

that feed on trees and shrubs (by eating entire leaves, eating
parts of leaves, or boring into the bark and sucking the ssp
from leaves and stems). We'll cover the characteristics and
contmls for common, webbing, and miscellaneous lepidoptera
defoliators; skeletonizing and mining defoliator; bark
beetles and engravers; sapsuckers; and gall formers.

828. Associate three common Lepidoptera defoliators
with their descriptions.

Common Lepidoptera Defoliators. Many of the insects
that defoliate shade trees and shrubs are general feeders that
attack a wide variety of hosts. The more important and
abundant ones are typical caterpillars, such as the fall
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cankerworm, white-marked tussock moth, and gypsy moth.
Fall cankerworm. The fall :.:ankerworm is found in nearly

all parts of the northern United States and as tar west as
Montana and south to the Carolinas and Missouri. It has been
reported in Colorado and California. The adult male has a
wing spread of approximately 31 mm. The wings are light
gray with pale markings. The female is light gray and
wingless. Eggs are deposited in clusters on twigs in late fall
and hatch in the spring. Pupation is in a silken cocoon in the
ground just a few inches below the surface.

White-marked tussock moth. This moth is found along
the entire Atlantic Coast and westward to Colorado. It feeds
chiefly on shade trees, such as sycamores. The adult has a
wingspread of about 25 mm. The wings are gray with wavy
dark bands and pale markings. The female is robust, light
gray in color, and is wingless. Eggs are deposited in the fali
on silken cocoons in which pupation occurs. They are
covered with a white, liquid substance that hardens to form a
crust that is very noticeable against the bark of trees. These
eggs hatch in early spring, and the larvae start to feed
immediately. The larvae are about 3.8 cm long, with a
bright-red head and two raised, red humps on top near the
posterior end.

Gypsy moth. The gypsy moth is found primarily in the
New England States and parts of New York and Pennsylvania.
It feeds mainly upon such trees as apple, alder, birch, oak, and
willow. The adult male has a wingspread of about 3.8 cm and the
the wings are brown with yellowish markings. The wings of the
female are almost entirely white with a few dark markings and
are approximately 5 cm across. The female has a thick heavy
body and does not fly.

Exercises (828):
1. Which pest feeds mainly on such

trees as apple, alder, birch, oak,
and willow?

2. Which feeds chiefly on shade
trees, such as sycamores?

3 Which adult male has a wing-
spread of about 3.8 cm and wings
that are brown with yellowish
markings?

4. Which adult male has a wing
spread of approximately 31 mm
and light gray wings with pale
markings?

5. Which adult has a wingspread of
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about 25 nun and gray wings
with wavy dark bands and pale
markings?

829. Associate threc webbing Lepidoptera defoliators
with their descriptions.

Webbing Lepidoptera Defoliators. Many important
pests of ornamentals construct webbed tents on limbs and
branches of host trees. Others enclose themselves in rolled
leaves or leaves tied and webbed together. Thc large ugly
webs, or rolled and tied leaveq, combined with the stripping
of foliage by the e:sterpillars, adds to the unsightly appearance
of damaged trees.

Fall webworm. The fall webworm is a moth belonging to
the order Lepidoptera. It is only important as an ornamental
pest in its larval stage, as is the case of all Lepidopteras. It
feeds on shade and fruit trees and is most abundant in the
western region of the United States, but is also found
westward to the Rocky Mountains. An unusual characteristic
of fall webworms is the forming of a thin white web that
encloses the tips of branches on which the worm is feeding.
As they grow and eat the foliage within the web, they extend
the web to cover more leaves. Remember this characteristic
especially, because you must detect the presence of fall
webworms when you make surveys.

The larvae are about 28 mm long and pale yellowish or
greenish. They have a longitudinal greyish stripe down the
center of their backs, a yellow strip along each side, and are
black and orange spotted. The adults have pure white wings
that may he spotted with black at times. The wingspread of
these adults is approximately 25 mm.

Fall webworms spend the winter as pupae in a thin cocoon
on the ground. They emerge as adults in late spring and lay
their eggs in masses of up to 500 on the bottom of leaves. The
eggs hatch in about 10 days and the larvae start to feed, eating
the entire leaves.

Eastern tent caterpillar. The eastern tent caterpillar is a
moth that eats entire leaves of shade and fruit trees. Found
from the Rocky Mountains eastward, these insects build
webs in the forks of main branches in a tree. Unlike the fall
webworms, these webs don't enclose leaves; they serve only
as protective living areas. The larvae must leave the web to
feed. The caterpillar is about 5 cm long and black with a white
longitudinal stripe on its back. On each side of the stripe is a
row of alternating pale blue and velvety black spots. It is
sparsely covered with light-brown hairs.

The adult is robust and has a reddish-brown body and
wings. The forewings have two whitish lines crossing them.
The male's wingspread is about 3.2 cm, while the female's is
cnly about 12.5 mm. The adults appear in early summer and
lay as many as 300 eggs in wide bands around small twigs of
trees. A sticky substance deposited over the eggs hardens
and attaches them to the twig. The larvae hatch and
overwinter within the case, emerging in early spring. At
first, the larvae feed on the eggs' covering material, and then
they spin the web.

Spruce bud worm. This moth larva is probably the most
destructive leaf roller and tier in the United States. It is a

serious pest of spruce, balsam fir, and ponderosa pine. Thc
larvae feed first by boring within old needles and then tunnels
into opening buds. They later tie the tips of twigs together,
forming a nest, and when they are full grown, they spin loose
cocoons in the nest or on a twig, where pupation occurs. The
adults are active in the summer and lay their eggs on foliage.
The eggs hatch and the young larvae spin protective
coverings under the hark scales to overwinter. The larvae
then become active in tbe spring, feeding on opening buds.
The adults are attractively striped or spotted in brown or
grays. Resting, they appear to be bell shaped because of the
way the wings are folded across their backs. The moths
seldom exceed 25 mm in wingspread. The larvae are
givenish and have sparse hairs protruding from tiny raised
areas on their bodies.

Exercises (829):
To which pest does each description refer?
1. It eats entire leaves of shade and fruit trees. These insects

constrt.ct webs in the forks of main branches in a tree.
The web does not enclose leaves and serves only as a
protective living area.

2. Is only important as an ornamental pest in its larval
stage. It feeds upon shade and fruit trees. The white web
encloses the tips of branches that are being fed upon.

3. It is a serious pest of spruce, balsam fir, and ponderosa
pine. The larvae feed first by boring within old needles
and then tunneling into the opening bud. The adults are
active in the summer and lay their eggs on foliage.

830. Confirm or correct statements about bagworm and
cutworm characteristics, habits, and habitat.

Miscellaneous Lepidoptera Defoliators. The most
common of the other arthropods that eat leaves and needles
of ornamentals are the bagworms and cutworms.

Bagworms. The bagworm caterpillar lives in a silken
cocoonlike bag, approximately 5 cm long, attached to the
stems and twigs of the host plant. It is principally a pest of
shade trees, shrubs, and hedges, although it attacks
evergreens of all kinds, especially junipers, cedars, and
arborvitae. Affected plants may be partially-to-totally
defoliated. The bag is usually recognizable by the bits of
leaves and debris stuck to it.

Cutworms. Cutworms are smooth, plump caterpillars,
gray or brownish, and 2.5 to 5.0 cm long when full grown.
They are seldom seen because they usually remain hidden
under clods of earth or in the topsoil by day. In the evening,
cutworms emerge to feed on foliage, buds, green fruits, and
suLculent growth of ornamentals. Heavy infestations cause
severe damage, and at times, young plants may be killed.



Exercises (830):
Mark each statement true (T) or false (F) and correct the false
ones.

1. Other than "common" and "webbing" types,
the most common Lepidoptera defoliators are
bagworms and cutworms.

2. The cum orm is a caterpillar that lives in a silken
cocoonlike bag with bits of lcaves and twigs
stuck to it.

3. The bagworm is principally a pest of shade trees,
shrubs, and hedges although it attacks evergreens
of all kinds.

4. Bagworms are smooth, plump caterpillars, gray
or brownish, and full-grown ones are 2.5 to 5.0
cm long.

5 Cutworms are seldom seen because they usually
remain hidden under clods of earth or in the
topsoil by day.

831. Identify descriptive statements with the elm leaf
beefle, Japanese beetle, or both.

Skeletonizing Defoliators. Leaf beetles, as the name
implies, feed on the leaves of plants as adults or larvae or
both. The adults are characterized by a great variation in
coloration and markings; they are spotted, striped, or
patterned in brightly contrasting colors. The larvae are
usually soft bodied and sometimes highly pigmented. The
feeding pattern of the adults often "skeletonizes" the leaves.
The larvae and adults eat the upper and lower epidermal
layers of the leaf, leaving only the veins and cross veins
untouched. Heavy feeding by either adults or larvae causes a
distinct brown or gray appearance of the trees attacked.

Elm leaf beetle. This beetle can be found in almost every
region of the United States, but it's most commonly found in
the New England and Mid-Atlantic States. As its name
indicates, its preferred food is the elm tree. Both the adult and
larval stages feed on the leaves. The adults eat irregularly
shaped holes in the leaves in early spring, while the larvae
feed on the leaves' undersurface, leaving the upper epidermis
unbroken in the summer. The adult beetle is about 6 mm
long, dull yellow with black spots on the head and pronotum.
It has a black band near the outside of each elytron (wing
cover) and a short streak at the base of each elytron.
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Japanese beetle. This beetle is distributed from Maine to
Florida and eastward to the Mississippi River, although it is
most abundant in Connecticut, New York, New Jersey,
Delaware, Pennsyi i, and Maryland. It feeds on the
foliage of many types of plants as an adult. It also feeds on the
roots of many plants in the larval stage. The adults appear in
June and lay their eggs in the ground. Upon hatching, the
larvae (grubs) feed on decaying vegetation and living plant
roots. As the weather gets cooler, the larvae burrow deeper
into the ground and overwinter. As the weather warms, they
begin to work themselves closer to the surface to pupate in
May. The adults are about 12.5 mm long and bronzy green.
The elytra are brown. There are six white spots along each
side of the abdomen.

Exercises (831):
To which skeletonizing defoliator beetle does each statement
refer (elm leaf, Japanese, or both)?

1. Their preferred food is the elm
tree.

2. Both the adult and larval stage feed
on the leaves.

3. The adult is about 6 mm long, dull
yellow, and has black spots on the
head and pronotum.

4. Heavy feeding by either the adults
or larvae causes a distinct brown or
gray appearance of the tires attacked.

5. The adult feeds on foliage of many
plants, and larvae feed on the roots
of many plants.

6. The adults appear in June and lay
their eggs in the ground.

7. The adults are about 12.5 mm long
and bronzy green.

832. Associate four mining defoliators with their physical
descriptions, habits, and food.

Mining Defoliators. Leaf-mining insects eat the tissues
between the upper and lower surfaces of leaves and needles.
On deciduous trees, miners make blotchlike or irregular
serpentine mines, thus producing brown patches or blotches
on leaves. When they're nu merous, they kill the leaves and
thus disfigure the plant or tree. On conifers, the needles are
hollowed out, and the dried, mined needles have a scorched,
sickly appearance. When leaf miners are numerous, growth
of plants and trees is retarded, and at times, the plants and
trees may be killed.

Holly leaf miner. Holly leaf miners are the larval stage of
a small dark or yellowish fly. The maggots are less than 4.7
mm long, with whitish, cylindrical, soft, legless bodies. The
head is indistinct and is located at the pointed end of the body.
The mouthparts consist of a single, toothed hooker one or
two parallel, toothed hooks. The pupae hibernate over the
winter in the leaf mines.
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Arborvitae leaf miner. The arborvitae leaf miner is the
larval stage of a small, gray moth with a wingspread of only
8.3 mm. The larvae are 5 mm long, green with a reddish tinge
and black head and short bristles across the black head, and
short bristles across the back of each segment. The larvae
mine the terminal leaves by eating out the ir1ide. The mined
tips turn yellow or whitish, and finally, brown, and they
stand out prominently against the normal green foliage. le
severe cases, all the foliage is mined, and the shrubs turn
brown all over. The moths emerge in May and June and lay
their eggs in late June.

Basswood leaf miner The basswood leaf miner is the
larval stage of a small, reddish-yellow, wedgeshaped beetle
that spends the winter under leaves and trash of the tree. It
becomes active in May, skeletonizing the foliage. Eggs are
laid singly in feeding areas and covered with excrement. The
larvae start feeding into the leaves in single mines; then
several join together in a common mine. Spiny pupae appear
in the mines in August. The beetles emerge to do more
feeding before hibernation for winter begins.

Birch leaf miner. The birch leaf minet is aa important
sawfly. It was first discovered in Connecticut in 1923. It is
now a major pest of birch in New England, New York, New
Jersey, Pennsylvania, and recently, Oregon. Infested trees
look as if they had been blighted by disease. The mature larva
is 6.2 to 12.5 mm long, rather flat, and whitish with black
spots on the underwide of the thorax and first abdominal
segments. This miner passes the winter in a cell in the soil.
The adult is a 1.5-mm black sawfly that emerges in the spring
about the time leaves are half open and lays its eggs in the new
leaves. The larvae first make small, gray, kidney-shaped
blotch mines in the leaf. Gradually, half of the leaf turns
brown. There are several generations, with the female
sawflies laying eggs always in the newly developing leaves.
Hence, the first brood is the worst, when all the leaves are
new. The later broods infest mostly ends of branches of water
sprouts.

Exercises (832):
To which mining defoliator does each statement refer (holly,
arborvitae, basswood, or birch)?

1. This is the larval stage of a small,
reddish-yellow wedge-shaped bee-
tle that spends the winter under
leaves and trash of the tree.

2. This is the larval stage of a small,
dark or yellowish fly. The maggots
are less than 4.7 mm long, with
whitish, cylindrical, soft, legless
bodies.

3. This makes infested trees look as if
they had been blighted by disease.
The mature larva is 6.4,to 12.5 mm
long, rather flat, and whitish, with
black spots on the underside of the
thorax and first abdominal seg-
ments.

4. This is the larval stage of a small,
gray moth with a wingspread of
only 8.3 mm.

833. Cite measures yeu can take to control ornamental
defoliators.

Control of Ornamental Defoliators. Common Lepi-
doptera defoliators and skeletonizing defoliators are easily
controlled with insecticidal sprays and dusts. When you are
controlling these pests with insecticides, always make sure
that the insecticide is approved for your intended use.

Leaf and needle miners often are hard to control because
they are between the layers of the leaf. Insecticidal sprays are
effective, but it takes thorough covc rage and you must repeat
the treatment. You can control light infestations by handpicking
the infested needles or twigs.

Insects in webbed tents and in rolled and tied leaves
usually am be :ontrolled by the insecticidal sprays
recommended for eeneral defoliators. Mechanical methods
also are useiul when infestations are confined to individual
trees or single limbs or branches. Destruction of wild cherry
trees, a preferred host of the eastern tent caterpillar, is
helpful in reducing the populations of this pest. Tents on
other trees can be pruned off and destroyed or, on occasion,
burned in place. Removal and destruction of rolled and tied
leaves is also effective in controlling light infestations on
individual ornamentals. Bagworms are readily controlled by
handpicking bags from affected hosts. If handpicking is not
feasible, you can control them with insecticidal sprays, but
only in the spring and early summer months, when they are
feeding.

Exercises (833):
1. What insecticidal formulations are most suitable for

controlling defoliators?

2. Why are leaf and needle miners often hard to control?

3. What is the easiest control for bagworms?

834. Confirm or correct statements about the impor-
tance, description, and control of bark beetles.

Bark Beetles. Bark beetles and engravers are major pests
of coniferous trees in forested areas. Forest trees serve as the
breeding place for most species. Ornamentals that are usually
forest trees but are growing under unnatural conditions often
are attacked and killed. For the most part, both adults and larvae
live in the bark or wood of trees. Many species confine their
attack to pines, although other conifers and hardwoods often
are affected.

Bark beetles and engravers are small, black or dark
brown, cylindrical beetles. They are usually less than 6.2
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mm long. The larvae are small soft, white or yellowish-
white, legless, and strongly curved grubs. Most species are
found between the bark and the wood along the stem of the
trees. Some bark beetles, however, feed entirely in the corky
layer of outer bark. You can recognize all of the bark beetles
and engravers by the characteristic pattern of winding
galleries constructed by adults or larvae in the cambium
tissues beneath the bark. The engravers, as the name implies,
etch the wood beneath the bark in the construction of their
galle-ies. Bark beetles don't score the wood. Attacked trees
are quickly killed and foliage soon turns a sickly yellow, red,
and brown and finally the needles fall to the ground.

Control of bark beetles and engravers is primarily
prevention because attacked trees usually are quickly killed
and cannot be saved. Individual trees can be protected against
attack by spraying bark surface of stems with an approved
insecticidal emulsion. Tiees damaged through neglect and
carelessness are highly attractive to bark beetles and
engravers. Measures taken to avoid this damage will
decrease the probability of attack by bark beetles and
engravers. Cutting and destroying trees previously killed by
bark beetles will also lessen the possibility of attack of
surrounding shade trees.

Exercises (834):
Mark each statement true (T) or false (F) and correct any
false ones.

I. Bark beetles and engravers are major pests of
coniferous trees in forested areas.

2. Bark beetles and engravers are small, black or
brown, cylindrical beetles, usually less than 2.6
mm long.

3. Bark beetles score the wood.

4. The engravers etch the wood beneath the bark in
the construction of their galleries.

5. Individual trees can be protected against attack
by spraying bark surface of stems with an
approved insecticidal emulsion.

6. Attacked trees are quickly killed.

Ornamental Borer Damage. The larvae of some beetles
and moths are borers in the woody tissue of ornamentals. They
are a constant and serious threat to a wide variety of ornamentals
and shade trees, especially dogwood, lilac, apple, ash, birch,
rhododendron, pine, locust, maple, sweetgum, and oaks. Since
infestations usually start in weakened trees, their damage often
goes unnoticed until serious injury develops. Injury is caused by
larvae tunneling under bark and into the wood. Some confine
their attack to the sapwood of the trunks, decreasing the vigor
of the host plant and causing foliage to wilt. Others bore into the
heartwood. Still others bore into hollow branches and twigs.
Wilting leaves on individual branches or twigs are suggestive
of their work. The twigs or branches eventually die and are
broken by the wind. Dangling dead branches become
conspicuous. Close examination of trees attacked b, borers
usually reveals fine boring dust being pushed from the holes
by the larvae as they extend their tunnels. Severe infestations
may result in the girdling and eventual death of the tree.

Control. Since the larvae art well protected within the bark
and wood, control of borers is very difficult. There are,
however, a number of remedial measures that you can take.
Since infestations usually start in weakened trees, cultural
methods of control are often effective. Application of
fertilizers monthly and frequent watering of weakened or
newly transplanted trees will increase plant vigor and help
them to overcome attacks to scale extent. Wrapping the
trunks of newly transplanted trees with paper or burlap will
lessen the chance of attack. In the early spring, pruning and
burning the dying or unthrifty twigs or branches containing
borers will reduce infestations. Preventing careless damage
to the bark will help lessen the chance of attack by borers.

Borers in the wood or bark can be killed by injecting
carbon disulfide, paradichlorobenzene, or benzene hexa-
chloride paste into the tunnels and sealing the openings with
putty. Overwintering borers living just beneath the bark of
infested trees can be killed by applying such an insecticidal
residual as a bark wash in the spring.

Exercises (835):
1. The larvae of some beetles and moths are in

the woody tissue of ornamentals.
2. Injury is caused by larvae

and into the
3. Close examination of trees attacked by borers usually

reveals being pushed
from the holes by the as they extend their

4. Wrapping the trunks of newly transplanted trees with
or will lessen the chalice of

5. Borers within the wood or bark can be killed by injecting
, or

paste into the and sealing the
openings with

835. State what damage borers do and how we control 836. Identify damage, descriptive characteristics, and
them. control measures for ornamental sapsuckers.
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Ornamental Sapsuckers. Many insects and some other
arthropods feed only on plant sap. Spotting, discoloration,
malformation, and general devitalization of the foliage,
twigs, or other plant parts are caused by insects and mites that
have mouthparts adapted for piercing plants and extracting
sap. Solid parts of the plants are never eaten. The injury
consists of enlarged growth (galls): foliage disturbances,
such as bleaching oi yellowing: or deformations, such as
curling. All part: of all plant species are subject to attack by
these pests, but usually a given species infests only a
particular plant part. Most sapsucking insects belong to the
orders Hemiptera and Homoptera, but some are mites (class
Arachnids) and many of the gall formers are wasps
(Hymenoptera) and flies (Diptera).

Aphids. Aphids are sapsucking insects that cause a general
devitalization of the part of the plant. When feeding is intense
and continuous, branch killing and even tree killing results.
Aphids commonly produce large quantities of honeydew;
sometimes during heavy infestations, the excreted liquid may
appear as mist falling from the tree. This honeydew often
spots or forms a glistening coat on the leaves and on cars and
other objects located below. Various insects use honeydew
for food. Some species of ants also care for and protect the
aphids, even moving them to new feeding areas in a mutually
beneficial relationship.

The adult aphids are small insects, 0.8 to 6.2 mm long,
with delicate, soft, globular- to pear-shaped bodies that are
yellow, red, green, gray, blue, or black. The adults have both
winged and wingless forms; the winged forms have two pairs
of delicate membranous wings that are usually held rooflike
over the body. There are three pairs of long, slender, thoracic
legs with two-segmented tarsi. The antennae are prominent
and threadlike, with three to six segments. The beak appears
to arise from between the front legs. The nymphs resemble
adults in most characteristics except that they are smaller in
size, always lack wings, and are sexually immature.

The life cycle of some aphids is simple, while others have
a complex development. They pass the winter as eggs on the
primary host plant. The eggs hatch in the spring to produce
nymphs, which all mature as wingless females. They
reproduce without mating (parthenogenesis), and some
(Aphididae) give birth to living young (viviparous), whereas
others (Adelgidae) always lay eggs (oviparous). Several
additional, similarly produced, asexual, wingless generations
may be produced on the primary host before a winged
asexual generation develops. These migrate to the secondary
host plant, where wingless females are produced again for a
number of generations. A second, winged, migrating
generation, consisting solely of females, develops later in the
year, and these return to the primary host plant. A bisexual
generation then develops. These mate, and each female lays
one overwintering egg. You can use pesticides such as
malathion and dimethoate to control aphids.

Scale insects. Scale insects ate so called because many
species secrete a scalelike wax coating over their backs, and
others resemble bark scales. These insects cause general
devitalization and death of the infested parts by extracting
plant sap and by injecting toxic saliva into the host plant
tissue. Different species attack different parts of the hosts,
but most infest the twigs and smaller branches. The soft
scales frequently produce large amounts of honeydew, which

attracts nectar-feeding insects. The honeydew that is not used
falls on the leaves, twigs, and branches below, where it forms
a medium for blaek sooty molds. Only a few species are
troublesome forest pests, but many injure shrubs and shade
and ornamental trees. A few species produce useful
products, such as shellac; and in past times, some scale
insects were the sole source of certain brilliant dyes.

The adult female body may be flattened, globular,
hemispherical, saclike, elongated, or circular. Sometimes it
is covered with wax in the form of powder, cottony masses,
or a continuous scalelike layer. The females are always
wingless. and the legs, antennae, and compound eyes are
reduced or absent. Most species are sedentary and cannot
move from the place where they settle after the crawler stage.
The males, though seldom observed, usually have a pair of
membranous wings. The legs are well developed, the
antennae are long, with 6 to 13 segments, and the beak is
absent. The nymphs of the first instar (crawlers) of both sexes
have legs, antennae, and functional mouthparts, and they are
mobile; other nymphal instars of both sexes are scalelike,
with male scales being smaller and often more elongated.
Most species lay eggs, but a few are viviparous. The crawlers
disperse to new places on the same host plant or get carried to
new host plants by wind, birds, or other animals. There.may
be one to three additional instars and one to six generations
per year, depending on the species and the length of the
summer season. Insecticides are seldom used for protecting
forest trees but commonly are used on shrubs and shade trees.
Mineral oils (3 percent emulsions) can be used as dormant
sprays on most decidous trees except walnut, beech, and
sugar maple, which are injured by oils. Since the heavy,
dormant oil sprays also may injure evergreens, we use only
the lighter, milder, summer oil emulsions. Apply dormant
oils in the early spring, before the buds begin to expand, but
be sure the temperature won't drop below freezing for at least
24 hours.

Mealybugs. Mealybugs are closely related to the scale
insects. They are small and are covered with a soft, fine,
white, granular material that forms long, cottony threads
over the body. Mealybugs damage hosts by sucking juices
from plants much as scale insects do. They can be controlled
effectively with malathion the same way you treat for aphids.

Spider mites. Spider mites are minute, reddish or
yellowish spiderlike arthropods barely visible to the naked
eye. Their bodies are rounded, shiny, and covered with fine
hairs. Spider mites infest most ornamental plants and many
shade trees. They feed by sucking juices from the underside
of leaves and tender parts of plants. The result of their
feeding is a stippled appearance of the foliage, which later
discolors and dies. The lower surfaces of leaves on infested
plants have a residue of cast skins, eggs, and webbings.
Spider mites can be controlled to some extent by destroying
weeds and brush adjacent to ornamental plants. Chemical
controls would be the same as for aphids and mealybugs.

Leafhoppers. Leafhoppers are very small, slender,
delicate insects. The adults are colored variously and hold
their wings over the back like a tent. They are very active and
hop a considerable distance when they're disturbed.
Leafhoppers attack a wide variety of grasses, shrubs, and
shade trees in various ways. Sucking the plant juices withers
and curls the leaves, kills tender tips, and turns the leaf edges
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brown, Some species transmit plant diseases, more so to 4. How do scale insects damage infested plants?
cultivated crops than to ornamental and shade trees.
Controlling leafhoppers involves the same measures as for
aphids.

Spirtlebugs. Adult spittlebugs resemble leafhoppers in 5. Give the identifying characteristics of scale insects in
appearance, but they are heavier bodied. The name is terms of:
commonly applied to the nymphs, which secrete a frothy a. Body shape.
protective foam around themselves. Spittlebugs are pests of
ornamentals and conifers. Some species have alternate hosts
in nymphal and adult forms. They suck large quantities of sap b. Outer covering.from plants and leave numerous small pinholes in phloem
and bark tissues. Needles of heavily infested trees turn
brown, and twigs and branches are killed. In severe
infestations, hosts may be killed in 2 to 3 years. You can c. Female characteristics.
control spittlebugs effectively with malathion. Make sure
you cover the foliage thoroughly, including the undersides.

Lacebugs. Lacebugs are small, rectangular insects with
an expanded prothorax extended and rounded, resembling a d. Male characteristics.
hood. The outer pair of wings are strongly veined and
lacelike and are held flat over the back. The nymphs are
frequently covered with spines. Lacebugs attack many

6. When should you apply dormant oils to plants forshrubs and shade trees. The adults and nymphs feed by
sucking juices from their hosts, usually from the controlling scale insects?
undersurface of leaves. Damaged leaves have a spotted,
grayish appearance on top and a black, shiny, varnishlike
excrement and cast skins on the undersides. Severe 7. What are the physical characteristics of mealybugs?infestations cause leaves to turn brown and finally to drop.
Lacebugs can be controlled effectively the same way we
control aphids.

Thrips. Thrips are very small insects varying in size from 8. What physical characteristics do spider mites have?
less than 1.0 to 1.6 mm in length. They are slender and
usually are blackish, brownish, or yellowish. Most
flowering plants and shrubs are subject to attack by thrips.
They feed on the tissue of the foliage, buds, flowers, and 9. How do spider mites damage plants as they feed?
bulbs by puncturing the surface and sucking juices from the
part attacked. Buds may fail to open. Flowers may be
deformed, blotched, or streaked. Foliage loses its rich

10. What types of vegetation are attacked by leafhoppers?colors and develops a characteristic yellowish or silvery
appearance, and since it doesn't drop prematurely, the
off-color appearance generally lasts until the end of the
season. Some thrip species also carry virus diseases of 11. How do spittlebugs damage ornamentals and conifers?
flowering plants. Thrip control is difficult because the tiny
insects hide in the sheaths of leaves and flower stems as well
as within the flowers themselves. It is hard to reach them with
sprays, often taking several applications. 12. How should you insure effective chemical control of

spittlebugs?

Exercises (836):
1. What general types of plant damage are caused by

insects and mites that act as ornamental sapsuckers?

2. What size, shape, and color are aphids?

3. What pesticides can you use to control aphids?

13. What damage to leaves is caused by lacebugs?

14. Spider mites, leafhoppers, and lacebugs are controlled
in the same ways as for

15. What are thrips' identifying characteristics, and what
kinds of plants do they attack?



16. Why are several pesticide applications often needed to
control thrips?

837. Cite survey and control methods for ornamental
pests.

Ornamental Pest Survey and Control. The first essen-
tial for effective insect pest control is vigilance and an interest
in looking for insects and signs of their damage. To detect
insects before they seriously damage valuable trees and
shrubs, you should carefully examine the plants at least once
a week during the growing season. Examine deciduous trees
in winter also, when you can see scale insects more easily.
You must identify the pests and the host plants, then select
your insecticides, prepare he right dosages, decide on the
proper application, and select your equipment. Insecticide
selection usually follows three basic rules. Use a stomach
insecticide for pests with chewing mouthparts; use a contact
insecticide for those with sucking mouthparts; and use a
fumigant for lar/ae, such as wood borers. To simplify
instructions and avoid complicated storage problems, select
the lowest feasible number consistent with effective results.

Insecticides that destroy pests effectively are, with few
exceptions, toxic to humans. This is also true of most of the
solvents used to prepare them. No serious effects will
normally result to control operators or to human and animal
populations in the treated environment if you follow the
mixing and application instructions on the product labels and
apply insecticides only under the direct supervision of trained
and certified personnel as required by Department of
Defense directives. Since injury may occur when plants are
sprayed under improper conditions, apply dormant oil sprays
only from January 1 until buds swell in the springnever in
the fall. Don't apply them during sudden drops of
temperature to below freezing. It's a good rule to apply them
only when the temperature is above 40° F. Don't apply them
on maples, beeches, walnuts, or Japanese flowering cherry
trees of the varieties Yoshino. Akebono, and Benihigan; all
are sensitive to oil injury. Don't spray summer oils when the
temperature is above 86° F, particularly under high humidity
and drought conditions.

Spraying and dusting equipment varies in size and type
from the small dusters and sprayers suitable for a few small
shrubs to large mechanical dusters, hydraulic sprayers, mist
blowers, airplanes, and helicopters that are used on large
shade trees and forested areas. Dusting insecticides in some
cases may be less troublesome, but it is effective against
fewer insect pests. Sprays and mists have a distinct advantage
over dusts in that the loss from drift is less because they stick
to plants.

Hydraulic sprayers and mist blowers, in most cases,
complement rather than replace each other. Each has its
particular advantages in applying spray materials. For
example, the spray hose gives the hydraulic sprayer much
more maneuverability for spraying in congested areas,
around plantings, or in areas inaccessible to heavy
equipment. The mist blower, however, has the advantage in

spraying along streets, parkways, and open areas where
there's room to maneuver. If there's room, the mist blower
can spray large trees more rapidly and at lower cost than the
hydraulic sprayer, but wind is more of a hindrance. It can
only spray the tops of tall trees satisfactorily if there is not
much wind. You need more skill to get good spray coverage
with the mist blower, because of the wind factor and the
relatively low volume and higher concentration of spray
material it uses. Separate and mark all spraying equipment
that you use to apply herbicides, including hoses and nozzles.
Do not use this equipment for spraying insecticides on trees
and shrubs.

When you must spray where cars are parked, put an
announcement in the official bulletin or other station
publication and post proper warning signs at least 1 day
before the spray operation. These notices should give the car
owners ample time to park their cars elsewhere during the
period of spraying.

Trees and shrubs that are kept healthy are less likely to be
seriously damaged by insect pests than those that suffer from
improper pruning, mowing, cultivation, lack of watel, low
soil fertility, or poor soil condition. To help keep trees and
shrubs healthy, we must take preventive measures to protect
them from harmful insect pests. In the forest, these losses are
usually offset by the growth of new plants, but under
cultivatee conditions, that means costly replanting. Careful
selection of plant materials that are healthy, vigorous, and
resistant to insect attack, as well as sanitation through pruning
and burning infested wood, are essential preventive
measures. It is important to develop a preventive control
program for the area.
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Exercises (837):
Mark each statement true (T) or false (F) and correct any
errors.

1. The first essential for effective control of insect
pests is vigilance and an interest in looking for
insects and signs of their damage.

2. Use a contact insecticide for pests with sucking
mouthparts.

3. Use a stomach insecticide for those with sucking
mouthparts.

4. Use a fumigant for larvae, such as wood borers.

5. Do not apply dormant oil sprays in the fall.



6. Hydraulic sprayers and mist blowers, in most
cases, complement rather than replace each
other.

7. When it is necessary to spray in areas where cars
arc parked, an announcement in the official
bulletin or other station publication should be
made ond proper warning signs posted at least 1
day before the spray operation.

8. Do not spray summer oils when the temperature
is above 80° F, particularly under high humidity
and drought conditions.

3-2. Turf Pests
The pests in this section include various insects, snails,

and slugs. The grounds on Air Force installations must be kept
pleasing to the eye and in shape to prevent rain and wind
erosion. You must be able to recognize the effects of pests on
turf and grasses. You must also know what controls will keep
turf and grass free from these pests.

838. Relate given soil and root infesting insects with their
descriptions.

Soil and Rout Infesting Insects. Soil and root infesting
insects include grubs (larvae) of many beetles, mole crickets,
wireworms, billbugs, and ants. This lesson will describe
these pests to enable you in recognizing them so that you can
implement the proper controls.

Grubs. There are numerous species of beetles whose
larvae, or grubs, attack the roots of grasses during under-
ground development. They are whitish to grayish and, except
for the larvae of the green June beetle, lie curled.

May or June beetle adults are 12.5 to 18.8 mm long,
blackish-brown beetles. They are most abundant between April
and mid-July, depending on which of more than 200 species
they may be. Grubs of some species stay in the soil 2 or 3
years. They remain inactive well below the sod during the
winters, but come up again to feed upon grass roots during
warm weather. May beetles are found throughout the country.

Japanese beetle grubs are about 25 mm long when they
mature. They feed on roots of grasses and of various other
plants from August through October and again in April.
Beetles appear in May or June and stay for 6 weeks or so.
They're well known for their destructive mass attacks on
berries, orchard fruits, truck and garden crops, ornamentals,
and shade trees. They occur in varying numbers from southern
Maine southward into South Camlina and westward into Ohio
and West Virginia, with isolated colonies in several other states
westward to the Mississippi River. The spread of the Japanese
beetle has been retarded by a cooperative Federal-State regu-
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latory program in which 5 percent of the area of the United
States is under quarantine.

The body of the green June beetle is almost an inch long,
slightly flattened, and grey/green with yellow edges. It is
active from June through August. The larva is distinctive; it
is not curled and it crawls on its back while searching for
decaying organic matter on which it lives. Harmful holes in
turf and little mounds of earth result from this exploration.
There is only one genr.,rat ion per year. Green June beetles are
found mostly in the Southera States, but frequently as far
north as Long Island.

The masked chafer beetle is 12.5 mm long, brown, and
often observed around lights on warm, humid evenings from
June to September. Larvae are sometimes called annual white
grubs because the life cycle is completed in 1 year. They
attack the roots of grass. The northern masked chafer is fouod
from Connecticut south to Alabama and west to California.
The southern masked chafer is common in the Southeastern
States and is found in Iowa and Illinois.

The adult rose chafer is 12.5 mm long, yellowish brown,
and has long, spiny legs. It is found in late spring or early
summer. The grub is about 18.8 mm long and slightly narrower
than most other grubs discussed here. There is one generation
per year. Turf damage by this species is generally less severe
than that done by other grubs, but it may be bad in sandy areas.
Rose chafers are found in the Eastern United States and west
to Colorado and Texa:;.

European chafers are tan to chocolate-brown beetles,
12.5 mm long, that appear in June and July. Their larvae,
which are generally similar to other chafer grubs, complete
their development in 1 year and are serious turf pests in New
York State. Isolated infestations have been found in Conmtcticut
and West Virginia.

Oriental beetles are broadbodied, spiny-legged beetles,
15.6 mm long, va:ied in color pattern, but usually straw
colored with some dark markings on the body. They appear
in late June through August. These larvae are hard to tell from
several of the other grubs. The life cycle is usually completed
in 1 year, but the grubs may pass two winters in the soil. They
kill lawn grass by eating off the roots close to the soil surface.
They are found in Connecticut, southeastern New York, and
northern New Jersey.

Adult Asiatic garden beetles are only 9.4 mm long,
cinnamon brown, and look velvety. The underside of the
body is covered with short yellow hairs. They are active only
at night, and are troublesome prevalent from mid-July to mid-
August . The larvae have more slender bodies than most of the
other related grubs. They usually damage the roots of grass in
association with weeds that afford some shade.

White-fringed beetles are dark grey snout beetles, slightly
less than 12.5 mm long, with pale white margins on the wing
covers extending along the prothorax. The beetles are found
from ear" May to October. The full-grown la-vae are about
12.5mm long, yellowish white, and almost hairless. They
chew away the lower part of the stem and taproot of many
kinds of plants and may sometimes become troublesome in
turf. There is one generation per year, and the distribution
is currently confined to the Southeastern States.

The rhinoceros beetle is 5 cm long. Its larva is 7.6 cm
long. It is a pest of lawns in Florida, where it is found during
the summer and fall.
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Mole Crickets. Th.-!se peculiar looking creatti.zs are
brownish, sonletimes almost olive colored insects 3.8 cm
long with powerful forelegs adapted for digging. They nmke
burrows that resemble tiny mole tunnels in the soil, disturbing
grass seedlings and cutting off established grass roots. There
is one generation per year. They are most numerous in the
South Atlantic and Gulf Coast States from North Carolina to
Texas.

Wireworms. The adults of wireworms are slender brown
"click beetles". The larvae, or wireworms themselves, may
be 12.5 mm to 3.8 cm long at maturity and are usually hard,
yellowish brown, smooth, and wormlike, They bore into the
underground parts of numerous farm crops and other plants.
This boring into and feeding in grass roots and stems causes
wither g and death. Wireworms remain in the soil for 2 to
6 years while developing, moving only a few yards during this
time. Their distribution is cosmopolitan, but they are most
serious in areas of high rainfall or where irrigation is practiced.

Billbugs. Adult billbugs are various colored beetles, 5.0
to 18.7 mrf long, with long snouts or bills at the tip of which
are strong jaws. With these jaws, adults burrow into grass
stems for food and for the deposition of their eggs. They also
eat leaves. The larvae have soft, white bodies; hard, yellow-
to-brown heads; and are rather small. They feed on fibrous
grass roots of turf and small grains throughtout the grasslands
and cultivated areas of the United States.

Ants, Numerous species of ants have become associated
with humans and their property. Most are small, 2.5 to 6.3 mm
long, ranging from yellow to black. Several of these, such
as the cornfield and little black ant, are frequent inhabitants
of established lawns throughout the country. The Argentine
and pavement ants are found in lawns in the Southeast and
Atlantic Coast States, respectively. Their ant hills and
underground nests smother or destroy the roots of surrounding
turf. The southern fire ant is spreading northward from the
Gulf Coast States, where it forms loose mounds or numerous
scattered craters in grassed areas. Texas leaf-cutting ants
damage turf and establish unusually deep nests, which they
provision with cut leaves of plants (to grow fungus) and
grass seed. This ant is found in Texas and Louisiana.

Exercise (838):
1. Match the statements in column B with the pests in

column A.

Column A
Grubs.
May or June beetles.
Japanese beetles.
Green June beetles.
Masked chafer.
Rose chafer.
European chafer.
Oriental beetle.
Asiatic garden beetle.
White-fringed beetle.
Rhinocems beetle.
Mole cricket.
Wireworm.
Billbug.
Ant.

Column B
a. Well known for attacks on berries,

orchard fruits, truck and garden
crops, ornamentals, and shade
trees.

b. 12.5 mm long, brown, and is
often observed around lights on
warm, humid evenings from June
to September.

c. This snout beetle is dark grey,
slightly less than 12.5 mm long,
with pale white margins on the
wing covers extending along the
prothorax.

d. Small, 2.5. to 6.3 mm long, rang-
ing in color from yellow to black.
Its underground nests smother or
destroy the roots of surrounding
turf.
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Column B

e. Attacks the roots of grasses during
its underground development
Whitish to grayish and, except
for one instance, larva lies in a
curled position.

f. Its body is almost an inch long,
slightly fattened, and grayish
green with yellow edges.

g. Is a broadbodieo, spiny-legged
beetles, 15.6 mm long, varied in
color pattern, but usually straw
colored with some dark markings
on the body.

h. The adult is a slender, brown
"click beetle." Its larva may be
12.5 mm to 3.8 cm long at maturity,
usually hard, yellowish brown,
smooth,and wormlike.

i. Adult is 12.5 to 18.8 mm long,
blackish brown. Most abundant
between April and Mid-July.

j. Varies in color, is 5.0 to 18.7 turn
long, with a long snout or bill tipped
with strong jaws.

k. The adult is 12.5 mm long,
yellowish brown, and has long
spiny legs. It is brown and has
long, spiny legs. It is found in late
spring or early summer.

I. Brownish, sometimes almost olive
colored, insect 3.8 cm long, with
powerful forelegs adapted for
digging.

m.Tan-to-chocolate-brown beetle,
12.5 mm long, that appears in June
and July.

n. Adult beetle is only 9.4 mm long,
cinnamon brown, and looks velvety.
The underside of the body is covered
with short, yellow hairs.

o. It is 5 cm long, and its larva is
7.6 cm long. It is pest of lawns in
Florida.

839. Associate leaf- and stem-damaging insects with their
damaging characteristics and general descriptions.

Insects Infesting, Grass, Leaves and Stems. Insects in
this category include the sod webworm, cutworm, lucerne
moth, fiery skipper, and grasshopper. Adult sod webworm
moths are 12.5 to 25 mm long and yellowish brown to dirty
gray. They hide in the grass during the day, coming out in late
afternoon or evening. The webworms themselves are about
18.8 mm long, light brown, and covered with fine hairs. They
build short, silk-lined tunnels in the ground at the base of the
grass plants. From these they emerge at night to feed on the
grass, often dragging bits of the blades into their burrows. Sod
webworms prefer new ?awns. Ragged patches in the turf are
the first signs of damage, but heavy infestations can kill large
areas of turf. Most of the important species have several gener-
ations per year. Webworms occur throughout the United States.

Two armyworms are important to turf: the armyworm and
the fall armyworm. The armyworm adult is a pale brown
moth with a single white dot in the center of each forewing.
The forewing of the fall armyworm adult is dark grey and
mottled, while the hindwing is grayish white. Both have a
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3.8 cm wingspread. The caterpillars resemble each other more
closelytan to green, with three yellowish-white hairlines
down the back from end to end. Army worms hide in the soil
by day and feed first on the stems and then on the leaves of
grasses at night. Fall armyworms don't leave the grass plants
to hide. When these species are numerous, they may eat plants
to the ground, causing more or less circular, bare areas in turf.

Some cutworm species stay in the soil and feed on roots
and underground parts of stems; others cut off grass at the
soil line, and still others devour the blades. Damage is done
at night, leaving small, elongated, or irregular, closely
cropped brown spots in the turf. Cutworms are of worldwide
distribution, but some species are primarily in southern
climates and others in the north.

The adult Lucerne moth is grayish brown, with two pairs
of dark spots on each forewing. Its larvae may occasionally
attack turf, particularly in California.

Adultfiery skippers are small, yellowish-brown butterflies.
Early larval attack results in isolated, round, bare spots 1 to 2
inches in diameter. The spots may become numerous enough
to destroy much of a grassed area. This insect is an occasional
pest of lawns in California.

More than 100 species of grasshoppers feed on range
vegetation or grassed areas. Most of these are 2.5 to 5.0 cm
long and vary widely in coloration from mottled tones of tan
to degrees of green and yellow, with or without spots and
stripes. The migratory grasshopper and two other species
that have the typical migratory habit are highly destructive
during outbreaks. These adults fly in swarms and, as a group,
lay their eggs in well-defined beds. There are one or two
generations per year. These grasshoppers have occasionally
destroyed grass and other vegetation cover over wide areas.
They cut stems and blades close to the ground, often eating
only part of what they have selected. While gra,ehoppers are
found throughout the world, most extensive carnage in this
country has occurred primarily in the Central and Western
States.

Exercise (839):
1. Match the statements

column A.

Column A
Sod webworm.

_(2) Armyworm.
_(3) Cutworm.
____(4) Lucerne moth.

Fiery skipper.
_(6) Grasshopper.

in column B with the insects in

Column B
The adult is grayish brown with two pairs
of dark spots on each forewing. The larvae
may occasionally attack lid, particularly
in California.
Most are 2.5 to 5.0 cm long, and they may
vary widely in coloration from mottled
tones of tan to degrees of green and yellow,
with or without spots and stripes. They
cut stems and blades close to the ground,
often eating only part of what they have
selected.
The caterpillars resemble each other
closely, having a basic tan-to-green color
with three yellowish-white hairlines down
the back from end to end. They hide in
the soil by day and feed first on the stems
and then on the leaves of grasses at night.
Adults are small yellowish-brown butter-
flies. Early larval attack results in isolated,
mund, bare spots 1 to 2 inches in diameter.
Some species stay in the soil and feed on
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Column B

roots and underground parts of stems;
others cut grass at the soil line; still
others devour the blades.

f. Moths of this insect arc 12/5 to 25 mm
long and artr yellowish brown to dirty
gray in color. They feed at night, often
dragging bits of blades into thcir burrows.

840. Certify or correct four generalizations about sucking
insects.

Sucking Insects of ihrf and Grasses. This gmup of insects
includes the leafbugs, chinchbugs, leafhoppers, and scale
insects. Leafbugs feed on certain lawn grasses, killing the grass
in spots. Found throughout the United States, it is bestknown in
California lawns. An adult chinch bug is about 4.2 mm long
and black with white markings; but the immature, nymphal,
forms cause most of the injury. At birth they are half the size of
a pinhead and bright red with a white band across the back.
They increase in size and darkness with each of four molts. Them
are normally two generations, with the adults overwintering
in clumps of perennial grasses or similar shelter. There may be
There may be a partial third gem:ration in the southernmost
states. They attack cultivated and wild grasses, causing
yellowish spots at first, which then turn brown as the turf
dies. The chinch bug has been found throughout the United
States and i- one of the most destructive of the turf-attacking
insects.

There are several species of leafhopper that feed upon and
injure turf. They are less than 5.0 mm long and may be
greenish yellow or light tan. Adults hold their wings over
their backs, tentlike, but they fly short distances readily when
disturbed. Both nymphs and adults suck plant juices, and in
dry hot weather, they may cause extensive off-color of lawns
(gray to a light brownish yellow in spots). This effect may be
mistaken for damage due to dry weather or disease. Leafhoppers
are found worldwide.

Several spedes of scale insects injure turf, primarily in the
Southern States. Being tiny and inconspicuous, these true
bugs are frequently overlooked. They are usually round or
oval with a waxy covering. Eggs develop into active crawlers
or nymphs. These soon insert their beaks into plant tissue and
suck out plant juices. The adult rhodegtuss scale is 3.1 mm in
diameter, globular, and dark purplish brown. It is covered
with a white cottony secretion. Both the adults and nymphs
cause turf browning by attacking chiefly the plant crowns of
Bermuda grass and St. Augustine grass. There may be five
generations a year. This selIe is found in southern Texas,
Louisiana, Florida, and California.

Bermuda puss scale adults are 1.6 mm long, oval, and
covered with a white, hard secretion. Nymphs and adults
damage Bermuda grass where, with heavy infestations, they
kill the grass and leave brown patches. Bermuda grass scale
is most prevalent in Florida.

Ground pearls are scale insects, measuring 1.6 mm
across, that have a hard, cream-colored covering over their
bodies so that they look l small, mund pearls. They feed
on the roots of Bermuda grass, in the South and Southwest,
and centipede grass in the South, causing turf to turn brown
and eventually die.
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Exercises (840):
Mark each statement true (T) or false (F) and cortect any
errors.

1 . The leafbug feeds on certain lawn grasses and
kills the grass in spots.

2. At birth, the chinch bug is half the size of a
pinhead and is black with a white band across the
back.

3. The leafhoppers are less than 5 mm long and may
be greenish yellow or light tan. Both nymphs and
adults suck plant juices, especially in dry, hot
weather.

4. The common scale insects of cultivated turf are
the Rhodegrass scale, Bermuda grass scale, and
ground pearls.

841. Ststte how to survey and control turf- and lawn-damaging
insects.

Survey and Control of Thrf Insects. Blotchy and dying
grassed areas may be the result of disease, nutritional
unbalance, drought, or insect damage. Check first for
insects. Extensive injury to turf by many insects may be
largely prevented through initial surveillance and a few
simple inspection techniques.

Grub populations are best evaluated in the fall before cold
weather or after the soil has been warmed by the sun in the
spring. Cut three sides of a strip of sod 1 foot square by 2 or 3
inches deep and lay it back, using the uncut side as a hinge.
Knock grubs from the exposed grass roots and soil with a
trowel or blade. Make several such samples at random in an
average-sized lawn. A half dozen or more grubs per square
foot indicates need for control.

You can find chinch bugs by using a tin can with both ends
removed. Push one end of this cylinder into the ground in a
yellowed part of the damaged turf. Fill the cylinder with
water. Chinch bugs will float to the surface within several
minutes. You can bring sod webworms, annyworms, and
cutworms to the surface by applying 1 tablespoonful of
pryethrum extract in 1 gallon of water to 1 square yard of turf.
If you see 12 to 16 of them per square foot, apply insecticide.

You can spot wireworms by passing broken-up sod
through a hand sifter made of a piece of four-mesh hardware
screen attached to a frame. Let the soil fall on a second sifter
of standard window screen, and you can see the shiny, yellow
wireworms. To control them, follow the recommendations
on the pesticide labels.
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Exercises (841):
1. When should you check grub populations?

2. How should you do it?

3. What population density calls for control?

4. How do you check for wireworrns?

5. How do you check for chinch bugs?

842. Cite random facts about snail and slug habits and
habitat.

Importance of Terrestrial Snails and Slugs. In some
parts of the world, snails are grown as food for people. In
many other places, they are very serious economic pests. A
third economic impact is not quite so obvious. Some of the
ones that are pests in the United States serve to maintain a
balance of nature in their native areas. While most species
native to the United States are solitary in habit and do very
little damage, some introduced species require control.
Many species are kept out by Federal quarantine. Military
(and civilian) equipment returning from overseas areas must
pass quarantine inspection for living snails. If live snails are
found, there must be further inspection and fumigation,
saltwater washdown, or steam cleaning. These tasks take
time and money wherever they're done, but they cost a lot
more at U.S. entry ports than at overseas ports before
shipment.

Human food. Some helicine snails have served as food
since early times. They are highly nutritious and are
considered to be delicacies. For a number of years, over a
million pounds of European snails per year were imported
into the United States. The giant African land snail, Aclzatina

fulica, is an important food source in its native areas, and in
some locations it is the largest single item of animal protein in
the hu nan diet. It is not considered a delicacy as are the
European helicines, and many people consider it inedible. In
Africa, Achatina is highly beneficial, but in the areas to
which it has been exported, it is a serious economic pest.

Natural controls. Snails and slugs in their native habitats
are members of natural communities in which their
populations are controlled by ecological forces. These
natural population controls include natural enemies
(predators and parasites), unfavorable climate, and an
inability to overcome competition for food and shelter. Snails
are an integral part of this ecological balanc2.

Economic pests. When a snail or slug species is
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introduced into a ncw area, it usually leaves its predators and
parasites behind. Without these important checks and with
favorable environmental factors, the species can realize its
full population potential. If this potential is high, only a short
period of unchecked reproduction will cause the population
to erupt. The invaders eat certain plants in great quantity,
destroying food and shelter of other native organisms and
reducing their number. This quickly affects their predators
and parasites, and the whole organization of a community
may be completely disrupted. This can make beneficial
plants and animals disappear permanently from the arva.
When the new Lpecies has exhausted its food supply, it may
emigrate to other communities. Thus, the indirect economic
import of introduced species actually may be far greater than
the more obvious economic importance.

Of the roughly 725 species of terrestrial snails and 40
species of slugs now recognized in the continental United
States, 44 snails and 11 slugs have been introduced. Helix
asperta and Otala Lactea are now well established in
California, in spite of considerable time, energy, and
expense in righting them. The distribution for any species
tends to be spotty. Population densities are influenced by
depths and types of soils, by climatic conditions, by
availability of fooci, and by the intensity with which land is
cultivated. Achatina has become established in Hawaii.
Though it has been found on quarantine inspections at
California ports Achatina hasn't gotten established there.
Achatina fulica feeds on a wide variety of plants; only the
grasses seem nearly immune to its attack. Even the larger
"grasses," such as rice, sugar cane, and corn are fed upon
only when no other foods are available, but many weeds are
eaten. Food preferences seem to vary from place to place, but
it attacks most fruits and vegetables, and such economically
important plants as tobacco, cotton, and rubber. It eats young
teak trees and many ornamental plants. We can only guess at
the extent of damage that would be done if this snail were
introduced into the continental United States.

Of the several economically important Mediterranean
snails, Theba pisana is considered the most destructive. It
entered California in the early 1920's, and it was well
established before extensive control programs eradicated it.
It entered South Carolina in 1956 in military cargo returned
from North Africa but was eradicated before it became
firmly established. It has a voracious appetite. When it's
young, it will consume three to five times its own weight of
vegetation each day, doubling its size in the first week and
again in the second. Some of the Mediterranean snails are
stem feeders, but Theba pisana, though it eats stems of some
legumes, feeds primarily on leaves. Many snails eat straw,
manure, and dead plants and animals, but Theba pisana will
eat these only if foliage is not available. It feeds on weeds,
particularly on thistle and other composites. It destroys
alfalfa and a wide variety of legumes and has a strong
propensity for citrus. It has demonstrated its ability to
become a serious economic pest wherever it's introduced, as
have its near relatives.

Exercises (842):
1. Mark each statement true (T) or false (F), and correct the

errors.
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a. In some parts of the world, snails are cultivated
as tbod for humans.

b. When snails are introduced into new areas, they
may become serious economic pests.

c. For many years over a million pounds of snails
per year were imported into the United States.

d. The giant African land snail is an important food
source in its native area.

e. The number of native snails is controlled, to a
large extent, by natural enemies and climate.

f. Many snails eat straw, manure. nd dead plants
and animals, but Theba pisana will eat these only
if foliage is not avaiiable.

g. Achatina have become established in California.

843. Associate terrestrial snail and slug families with
physical descriptions, and cite random facts about snails
found in military cargoes.

Terrestrial snails and slugs are gastropod mollusks.
Almost all of those of economic importance belong to the
order Pulmonata. The shell, if present, is basically a simple
spiral or helix and is composed primarily of calcium
carbonate. There are no gills, but rather an air-bieathing lung
opening by a contractile pore.

Slug Families. There are four families of slugs found in
the United States. Families Veronicellidae, Arionidae, and
Limacidae are all either completely without shells or have
only internal vestigial shells. Some of the more important
genera are Veronicella, Arion, Milax, Deroceras, and
Limax. Slugs in family Testacelliadae have small,
rudimentary shells near the posterior ends of their bodies. A
single introduced species, testacella haliotidea spends con-
siderable time in the ground, where it feeds chiefly on earth-
worms.

Snail Families. There are five families of snails found in
the United States. Family Zonitidae is almost worldwide in
distribution. The shell is usually umbilicate, and has a low
spire that gives it a rather discoidal outline. The iip is thin and
not reflected (not turned back). Some of the species native to
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North America are of little economic importance, hut three
introduced species of the genus Oxychilus are pests. Some of
these nct only feed on young plants but are predatory and
carnivorous and feed on other snails.

Family Bradybaenidae shells are wider than they are high;
thin, narrowly umbilicate, with a rathei depressed spire. The
lip is reflvcted. The species Bradybaena similaris is a pest of
horticulture and floriculture whenever introduced in areas of
suitable Liimate, such as Hawaii.

Family Achatinidae shells vary in shape from oval to long
and thin. All are longer than wide. These snails are
distributed widely, and many are quite destructive. INvo
species of Cecilioides have been introduced into the United
States. They usually stay in the soil and are moved with roots
of plants. ltvo species of Opeas have been introduced from
the Orient and tropical America. Four species of Lamellaxis
have been introduced into the United States from tropical
areas of both the old and new world. Subulina octona has
been introduced from the Tropics and Rumina decollata from
the Mediterranean. We've already discussed the most
6estructive, Achatina fulica, which has spread widely
throughout the Central and Southwestern Pacific. This snail
can reach an overall length of nearly 1 foot. As we said, it has
been intercepted at United States ports but has not become
established in North Amf.:rica.

Family Helicellidae shells are all either umbilicate or
perforate, with shapes that vary from long and narrow to
broad and flat. This is a large family, with snails of several
species introduced into North America from Europe,
Western Asia, and North Africa. Some of these are not only
very destructive, but are readily transported because they
leave the ground in hot weather and crawl onto surfaces
where they seal the shell against drying. Several species of
Cochlicella Helicella, Monacha, and Hygromia have been
introduced into the United States.

Family Helicidae shells usually are banded, wider than
high, loosely coiled, with the central column hollow or
umbilicate. Adults often have the umbilicus closed over by an
extension of the lip. This family is of European origin. It
contains the edible snails. ltvo species of Otala are cultivated
as food. Various species of economic importance in the
genera Helix, Cepaea, Otala, and Theba have been
introduced into the United States, and Helicigona elsewhere
into North America.

Snails in Military Cargoes. The land snails that
quarantine officials find most commonly on military cargoes
belong to three genera: Theba, Helicella, and Cochlicella.
The habits of these snails are typified by Theba pisana, the
white garden snail. In the autumn and winter rainy season of
plant growth, the snails actively feed and reproduce. They
are reported to reproduce by self-fertilization, although
mating has been observed. Prior to egg-laying, the snail
prepares a nest by loosening the soil with its mouthparts and
moving it to the rear by undulating movements of the foot.
After the egg mass is deposited about an inch deep, the
burrow is filled with soil. After about a week in the soil, the
eggs hatch, and the small snails move to the undersides of
leaves to feed. With the oiret of the hot, dry, summer
months, they cease to feed and seek surfaces abo: e the hot
ground to aestivate (pass the summer in a dormant state). In
search of suitable sites, they often follow the slime trails of

other snails. Hundreds of aestivating snails may be found
covering a small thornbush or a signpost. The secreted
mucous not only seals the shell and prevents drying, but also
glues the snail to the surface on which it aestivates. In this
condition, the snails can withstand long periods of dryness,
and are unharmed by temperatures of up to 130° F, for short
periods. In seeking sites for aestivation, the snails invade
crates of military sunplies, and in their dormant state, they
can be shipped considerable distances before rain, fog, or
other moisture reactivates them.
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Exercises (343):
To ..vhich family does each statement refer (Veronicellidae,
Testacelliadae, Zonitidae, Bradybaenidae, Achatinidae,
Helicellidae, or Helicidae)?

1. Snails of this family vary in
shape from oval to long and thin.

2. The shell of this snail is usually
umbilicate and has a low spire that
gives it a rather discoidal outline.

3. Tht.se slugs are all either completely
without shells or have only internal
vestigial shells.

4. Shells of these snails are all
either umbilicate or perforated,
with shapes that vary from long
and narrow to broad and flat.

5. Slugs in this family have small,
rudimentary shells near the poste-
rior end of their bodies.

6. A snail in this family will have a
shell wider than high, thin, narrowly
umbilicate, with a rather depressed
spire.
The shells are banded, wider
than high, loosely coiled, with the
central column hollow or umbil-
icate.

2. In hot months, snails seek surfaces the
ground.

3. Most snails pass the summer in a dormant state called

4. The Theba pisana is reported to reproduce by

844. State how to inspect for snails and slugs.

Inspection for Snails and Slugs. Inspections for
terrestrial snails and slugs have two purposes: horticultural
and quarantine. To inspect for snails and slugs in gardens,
greenhouses, and other horticultural areas, you must actually
search for the pests. Where you find plant damage but do not
see slugs or snails, you should inspect at night or early in the
morning after a rain. You can use attractants, such as
metaldehyde, diced apples, or other fruit to draw out the
snails and slugs. When you can't inspect at night or early in
the morning, place baits on sheets or wrapping paper so that
you can see the slime trails.



Basically, a quanintine inspection for terrestrial snails is a
search for the snails on materials shipped, on containers, and
on tracked and wheeled vehicles. It is important to inspect
small and obscure spaces where only very small snails may
have been able to find space. Thorough inspection of cargo
and cargo spaces on arrival at a United States port generally is
more difficult and more time consuming than inspection at
the cargo's point of origin.

Make a thorough inspection of all military material and
personal household effects of military and civilian personnel
before they leave a known snail area. Because of the tendency
of snails to hide in crevices or to crawl into holes or other
openings, you must inspcct inside and outside of containers
when you see likely entry holes. The smaller snails resemble
ordinary pebbles in color markings and size, so it's easy to
overlook a significant infestation on a superficial inspection.
CONEX boxes, particularly when they have been in contact
with tlie soil, offer such havens as the bottom runners (some
of which are hollow), the lift hook slots, and the occasional
rust holes in the more weathered boxes. Examine all sides of
each likely item. Note in particular any cracks, crevices, or
other areas not readily observable. You'll need a forklift to
inspect the bottoms of boxes, crates, and the heavier articles.
Sometimes the first sign of snails is a faint slime trail. Steel
cylinders make good hidi-- places for snails aestivating
under their screwscaps, or ,icking to their pallet. Pipes of
all types are especially attractive to snails, since caps or plugs
are seldom feasible. In the case of halftracks, cranes, and
other heavy equipment, steam or water-jet cleaning is
recommended in lieu of or in addition to examination. When
you examine the ships beton': they are loaded, give attention
ot the bottom of holds and around the sides of ledges. Hold
bulkheads near the engine room, being warmer, are favored
snail sites. Snail-free cargo should never be loaded until
holds have been inspected thoioughly and found or made
snail-free.

Exercises (844):
1. The two purposes of snail and slug inspections are

and

2. To find slime Lads, .Nhere might you put baits?

3. What are the two best times to inspect for snails in a
garden?

4. Where is cargo inspection easiest?

5. What is often the first sign of snails?
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845. Certify or correct statements about how to control
snails and slugs.

Physical Control. You can search actively for the pests
and handpick or crush them as you find them, but physcial
control may include easier ways to prevent military supplies,
engineering equipment, and transportation equipment from
becoming infested with snails and slugs. Incoming supplies
should be stored in wamhouses. Land snails normally do not
enter buildings to aestivate; therefore, enclosed structures
provide the greatest protection against infestation. If
warehouses are not available, use paved storage areas, but
protect them by sound, aggressive, and continuous chemical
and cultural control programs. Only snail-free supplies
should be stored in either area. Infested cargo should never
be mixed with snail-free cargo in storage or in transit.

Equipment and materials (forklifts, tractor trailers,
railcars, pallets, dunnage, and tarpaulins) used to store or
transport noninfested supplies must be snail-free. Equipment
not in use should be returned to snail-free areas. Equipment
used to handle or transport snail-infested supplies should not
be used to transport snail-free cargo unless the equipment
has been fumigated. Snail-fme storage areas should be
established at those installations where large quantities
of supplies are stored in open areas. To prevent the
contamination of commercial or military carriers during the
movement of supplies from one installation to another, only
snail-free cargo should be shipped.

Adequate procedures must be established to prevent snail
"stowaways" in personal household effects of military and
civilian personnel. Lawn furniture, sporting goods (boats,
motors, etc.), bicycles, motor scooters, utility trailers, and
other personal effects that are allowed to remain outdoors
must be fumigated befoin they are packed for shipment.
Equipment used in grounds maintenance work should not be
stored or left idle in snail-infested areas. It should be cleaned
and returned to the equipment storage area at the end of each
day. CONEX transporters should be stoted in warehouses or in
snail-free areas when they're not in use. The; should not be
stcred or allowed to stay on thc ground. Snail- infested
supplies or household effects should never be packed in
CONEX transporters for shipment.

Cultural Control. Cultural control involves destroying
habitats or hiding places by clearing underbrush and by
eliminating refuse piles, loose boards. and stones. Mowing
grass and weeds will help keep some species from increasing
in population. Cultivating the soil during the period of snail
activity and breeding season will destroy many snails and
their eggs. Plowing or turning the soil is preferred, but
discing and cultipacking is helpful in areas where plowing is
not practical, such as ammunition storage areas, golf courses,
fence rows, and airfields. Plowing and seeding small grain to
reduce erosion is recommended every 12 months. Burning
heavily infested areas has been successful in eliminating
aestivating land snails in California and North Africa.

Biological Control. Biological snail control is based on
the natural balance between mollusks and their enemies. This
balance is shifted in favor of the introduced species when they
become pests, but it can be shifted in the opposite direction by
importing their foreign predators or by conserving and
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augmenting natural, established predators. In introducing
predators, extreme caution must be observed because of the
possibility that they may become more serious pests than
their prey. Any introduction of foreign species can be made
only after careful study and approval by the U.S. Departme z
of Agriculture. Many mammals, birds, reptiles, amphibians,
rodents, and insects have been recorded as occasional
predators of snails and slugs. In the continental United
States, however, none offer effective and practical means of
control of inttoduced species of snails and slugs, except for
the limited use of turkeys, ducks, and chickens. Carnivorous
snails attack some economically important pest snails and can
greatly reduce the pest population at times. Depending on
predators means we must accept a large enough pest
population to feed the predators.

Chemical Control. Chemical snail control uses contact
sprays and paints, irritating powders, poison baits, and
deterrents. Since land snails must have lime to consolidate
their shells and must actively search for it if it is not readily
available al-percent solution of calcium arsenate mixed with
lime water serves as a lure and as a poison. Sprays of
Bordeaux mixture, kerosene emulsion, chlordane, lindane,
pyrethrum, DDT, soap solutions, and lime sulfurs are good
repellents, but they are not effective in eliminating the snails
or slugs.

Sodium pentachlorophenate is a contact poison that
effectively controls land snails and slugs from several days to
several weeks. Use it as a barrier to protect materials from
snail contamination. Apply 40 pounds per acre as often as
required by soil conditions, rainfall, and the density of the
snail population. Protective barrier rings of coal tar, soot,
ash, lime, salt, and other substances often are used to keep
snails and shigs from valuable plants, gardens, and other
areas where they could cause damage. Since some of these
materials can kill vegetation or injure the soil, you must use
them with caution. Lime, salt, soot, ash, and similar
substances act as dehydrators, causing slugs and snails to
secrete slime so copiously that they dry out and die. These
materials have limited effectiveness during the wet seasons
of the year and must not be relied on as "cure-all" materials.
Metaldehyde is one of the most important chemical weapons
against land snails and slugs, but it's not always completely
effective against all species.

Baits containing metaldehyde have been used successfully
in reducing most snail and slug populations. The success of
poison baits in snail control depends on the timing of the
application. Apply baits when the snails are active ond
feed:ng. You can get baits commercially in meal or pellet
form with or without calcium arsenate and containing
metaldehyde. Mix 10 ounces of metaldehyde, 20 ounces of
calcium arsenate or sodium fluosiicate and 20 pounds of
wheat bran or cornmeal. Add enough water to moisten the
bait and apply 1 pound per 1,030 square feet (40-50 pounds
per acre). In general, baits are more effective where
vegetation is scant. Metaldehyde sprays are not recommended,
but handled properly they can be used safely. When you use
them in combination with an arsenical, you must also follow
the restrictions and precautions for arsenic.

Decontamination. High-pressure washdown is used to
remove snails and encrusted dirt from military vehicles.
'acked ramps raise the vehicles enough for hose handlers to
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clean the undersides thoroughly. Cleaned and reinspected
vehicles are parked only on snail-free hardstands to await
ship loading. When washdown is needed at points of arrival
after shipment, sea water is used and is drained only into
bodies of salt water. Snail-infested materials that can't be
decontaminated by washdown are fumigated.

Exercise (845):
1. Mark each statement true (T) or false (F) and correct any

errors.
a. Land snails normally enter buildings to aestivate.

b. CONEX transporters should be stored in
warehouses or in snail-free areas.

c . Infested cargo should never be mixed with
snail-free cargo in storage.

c. Mowing grass and weeds will 1:tep some species
of snails from increasing in population.

e . Using predators is a biological method of
controlling snails.

f. Sodium pentachlorophenate is a good repellent
for snails.

g. Protective barrier rings of coal tar, soot, ash,
lime, and salt are used to keep snails and slugs
from valuable plants.

h. Snail-infested materials that can't be decontami-
nated by washdowns are fumigated.

3-3. Ornamenial and Riff Diseases
Many pests of ,arf and ornamentals aren't insects;

diseases that have a major impact on plants include such
micro-organisrrs as fungi, bacteria, viruses, parasitic higher
plants, and nematodes. The most common (and thus the most
damaging) plant diseases are the fungi. These are small,
generally microscopic, plants lacking chlorophyll and
conductive tissues. Most of the 100,000 fungus species known
are strictly saprophytic (living on dead organic matter, which
they help decompose). Only about 50 species cause diseases



in humans and animals, but more than 8000 species can cause
diseases in plants.

Fungi can enter plant tissues through wounds, through
natural openings, or directly through the cuticle and the
epidermis. Once inside the plant, the fungi remove nutrients
from the plant and use them for their own growth and
production. The mere removal of nutrients that the plant cells
would normally use for their own processes can sometimes
cause an unhealthy condition in the host cells, leading to
localized or generalized disease symptoms in the plant. In
this final seztion of Chapter 3, you'll learn about various
plant diseases roughly categorized as turf diseases,
ornamental diseases, and nematodes. They can attack all
parts of some plant species.

846. Associate various turf diseases with their
characteristics and damage patterns.

iibrf Diseases. As you know, a disease is a disorder
caused by a fungus, bacterium, virus, or other agent. Some
disease is normally expected on most turfgrasses, but there
must be a susceptible host plant, a pathogen, and a proper
environment for the disease to develop. Some diseases only
weaken the plants; others kill them. Some diseases disappear
with a change in the weather. Many disease problems can be
ignored, but others can totally destroy a turfgrass area.

Brown patch. All of the major varieties of turfgrasses
may be affected by the soil-borne fungus, Rhiwctonia solani.
High temperatures (640-90° F), prolonged humidity (more
than 80 percent), dew, dense turfgrass, rain showers, wet
soils, and excessive nitrogen availability increase the
turfgrass susceptibility. As the pathogen develops, it tends to
spread gradually in circles along the ground level. When
conditions permit, it grows up onto the leaves and creates the
characteristic "smoke ring" circles up to 2 feet in diameter.
Within an hour the "smoke ring" of blue-grey tufts of
activity can be evident. Leaves and leaf sheaths turn olive
greea, wilt, become light brown, and quickly die. With
cooler temperatures and lower humidity, diseased turfgrass
may recover rapidly. Small patches of St. Augustine with
brown patch may spread slowly into 10-foot circles of
infected turf. There is a cool-weather (400-60° F) form of
this disease that occurs infrequently and gmws slowly.
Excessive available nitrogen, low potassium, and long
periods of excessive wetness favor this form also.

Dollar spot. Dollar spot, Sclerotinia hornoecarpa, is
characterized by small, yellow-green blotches on the blades
of turfgrass. Within 24 hours a turfgrass leaf can be bleached
to a light tan or straw color. As the disease progresses, the
damaged area on the grass blade enlarges and forms a white
cross-section with a dark-bmwn border. The area of
damaged turf becomes white and gradually enlarges to
"silver dollar" size. Small spots tend to grow together,
forming large patches. The grayish, cobweblike mycelia
can be seen easily in early morning while dew is present.
Adjacent leaves become infected, and high-cut turfgrass may
have larger areas of disease than low cut.

The disease seems to be worldwic e anti is reported as a
persistent turfgrass problem in most areas of the USA,
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Canada, British Isles, and Australia. Temperatures from
60°-86° F favor infection when coupled with heavy dew and
low nitrogen supply. Ample available nitrogen, to encourage
fast growth, reduces severity and may, on some species,
prevent evidence of infestation. Early summer and midfall
are the peak times of dollar-spot activity in the midwest.

Copper spot. Beginning as small reddish spots, this
disease enlarges rapidly to form irregular salmon-pink or
copper patches up to 3 inches across. Masses of the pink
spores can be seen on leaves when they are wet with dew. The
fungus, Gloeoceropora sorghi, develops in bentgrass in
early to midsummer. Copper spot and dollar spot look
similar, and it is not unusual for them to appear together or in
the same area. Recommended contiols are similar to those
for dollar spot.

Fusarium blight. This may be the most serious disease in
bluegrass today. The relative tolerance of new bluegrass
cultivars now on the market will be known only after they're
grown for 3 or more years under stress conditions. In 1959, a
sevem blight epidemic was reported in Pennsylvania. Within a
year, six other states reported similar damage. Fusarium
roseum is known as a root and crown pathogen of turfgrass.
The name, Fusarium blight, indicates that the leaf is also
affected.

During the leaf-blight stage, stunted, light-green patches
of turfgrass, from 2-6 inches across, change within 48 hours
to a dull reddish brown, then to tan, and finally to a straw
color. In time, more or less circular patches from 6-24 inches
across develop a reddish outer circle, which indicates slow,
continued activity. A few tufts of green tillers may show in
the center of the affected area indicating that, while the
disease progressed outward, a few new rhizomes and tillers
escaped damage and were able to emerge and produce new
leaves. Extension of the circles, or coalescence, occurs when
weather favors the disease.

High soil temperature is the key contributor. Where sunny
areas were more than 50 percent affected, turfgrass in the
afternoon shade patterns of trees and in excessively irrigated
spots, such as around poorly adjusted sprinklers, did not
show any disease. Reduced air circulation and high humidity
contribute to high soil temperatures. Thatch serves as a
blanket, holding heat and moisture and keeping the cooling
evaporation from the soil. Slopes facing south are first
affected because of more direct exposure to the sun. Soils low
in moisture content do not have the cooling advantage of
evaporation.

High levels of available nitrogen favor drouth by causing
increased water use by the turfgrass and excessive growth of
the thin-walled cells which then require frequent mowing.
This enhances the chance of infection through cut leaf tips.
Drouth signs show quickly when the plant has only short
roots near the surface.

Nematodes favor Fusarium blight by feeding on the roots.
These feeding sites serve as points for infection as well as to
shorten the roots and increase drought stress.

Damping-off (seed rot). Spotty turfgrass seedling stands
are produced when the seed decays and turns black within the
soil. Damping-off can cause new grass seedlings, initially
uniform, to appear stunted, water soaked, and yellow beforti
they wilt and collapse. With high humidity, "cottony'
mycelia cover the affected plants. Shoots of some plants
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decay at the soil line. Damage can develop within a few hours
under favorable conditions.

Low light intensity heightens thc: degree of damage, as
does a shortage of calcium (thin cell walls). Excessive
available nitrogen contributes most to susceptibility. Active
decay of thatch, in which mycelium is growing saprophytically,
and continued surface soil wetness provide ideal conditions
for the seed damage. Cooler, drier weather may abruptly
stop damage. Pythium, Fusarium, and other pathogens may
be active at the same time.

Damping-off is particularly a problem in Southern
climates where fall overseeding into bermuda is practiced.
Persistent periods of warm weather combined with frequent
watering of the seedbed favors sudden seedling losses.

Mildew. White mycelia on the upper and lower surfaces of
leaves may be powdery mildew, Erysiphe graminis. In the
early stages, the powdery material may be scraped off and the
green leaf will appear normal underneath. In time, the mass
penetrates the leaf surface, and yellowish lesions develop.
Entire leaves become yellow and gradually turn brown. Very
minute, black structures develop in the cottony mass and give
a peppered appearance. These spores and some mycelia may
live over winter. The fungus is an obligate parasite; i.e., it
lives on the live host.

Powdery mildew is enhanced by low light intensity,
minimal air circulation, and cooler air temperatures. In the
Midwest, Merion bluegrass lawns on the north side of houses
are often severely damaged by the mildew. Changing grasses
either from susceptible to resistant bluegrass strains, or to the
fine-leaved red fescues or bentgrasses may be the best
solution for such areas.

Spring dead spot. Spring dead spot is just what the name
implies. Circular areas of dead bermuda grass are likely to
recur each spring. The regrowth and rooting in the area is
slow. We've been aware of the disease since 1936 and have
done research on it since 1954, but we still don't know the
specific causal organism.

Fairy rings. The disfigurement of turfgrass areas may be
reduced by early recognition and understanding of fairy ring.
It is caused primarily by Marasmium oreades, Lipiora
rnorgani, and Aquaricus campestris. The circles created by
fairy ringat times green, at times brown, with or without
mushroomsrecur in an ever-enlarging pattern. When the
circles created by the disease meet, the pithogen activity
seems to terminate, but odd con' ,urations are formed. The
organisms causing fairy rings are tungi of the large group of
basidiomycetes, some of which produce mushrooms and
puffballs. As the mycelium spreads through the soil, it breaks
down the organic matter, including thatch. The mass of
mycelia densely permeating the soil depletes the moisture
and reduces normal penetration of water until drought causes
the brown rings of dead turfgrass.

Exercise (846):
Does each statement below refer to brown patch, dollar spot,
copper spot, Fusarium blight, damping-off, mildew, spring
dead spot, or fairy dead rings?

1. Heavy dew, low nitrogen, and
temperatures of 600-80° F favor
this disease.
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2. This is potentially the most serious
disease of bluegrass today, attacking
both the plant root and leaf.

3. This disease spreads gradually in
circles along the ground, developing
a characteristic "smoke ring"
when conditions permit.

4. As this disease spreads through the
ground, it breaks down organic
matter, including thatch, depleting
moisture and reducing normal water
penetration.

5. In early stages of this disease, a
powdery material can be scraped
off and the plant will appear normal
underneath.

6. This dimse causes circular areas
of dead bermuda grass to reappear
each spring.

7 . This disease can cause new grass
seedlings to appear stunted, water-
soaked, and yellow before they
wilt and collapse.

8. High temperatures, dew, and dense
turfgrass gmwth favor this disease.

9. This disease is characterized by
small yellow-green blotches on
turfgrass blades; small spots tend
to grow together.

10. As this disease progresses, very
small cottony masses and a peppered
appearance develop.

11. High soil temperature contributes
greatly to the spread of the disease,
as well as high available levels of
nitrogen.

12. This disease begins as small,
reddish spots and enlarges rapidly
to form irregular salmon- or copper-
colored patches.

847. Cite factors in turfgrass disease control.

The endless variety and complexity of the many fungus
diseasec of plants have led to the development of a
correspondingly larger number of approaches to their
control. The particular characteristics in the life cycle of each
fungus, its habitat preferences, and its performance under
certain enviromental conditions are some of the most
important points to consider in trying to control a plant
disease caused by a fungus. The use of treated seeds is always
recommended and, for control of certain diseases, it is
mandatory. Destruction of plant parts or refuse harboring
the fungus spores, use of clean tools and containers, proper
drainage of lawns and fields, and proper aeration of soil and
plants are all very important practices in the control of most
plant diseases caused by fungi. Most fungicides are used to
prevent diseases on the aboveground parts of the plants and
are applied on the foliage as sprays or dusts. Many of these



are protectants, since they can only prevent fungi from
causing infection but cannot stop an infection once it has
started.

Identifying Thrfwass Diseases. Identifying turf diseases
alone is not an easy task. You may need to ask a county agent
or other authority to make a final determination as to what
turf disease(s) exist in a given aira. Here are some general
principles you should keep in mind when you're confronted
with a possible turf disease situation.

a. The part of a turfgrass plant that is visibly damaged
cannot be saved.

b. The disease-producing pathogens attack individual
leaves, sheaths, tillers, and roots of the plant.

c. Each pathogen operates within a range of enviionmental
conditions in which it produces visible turfgrass disease
symptoms.

d. TWo or more diseases are often active at the same time
in the same area, adding to the difficulty of identification.

e. Most fungicides serve to coat the leaf surface,
protecting it from infection by killing or inhibiting the growth
of the mycelia or germ spores before the leaf tissue is
penetrated.

f Fungicides are normally effective on the plant from
3-21 days, but when they're diluted by rainfall, dew,
biodegradation, ultraviolet (UV) light, and new growth, the
protection may be inadequate.

g. A preventive program of disease control is preferred
for important turfgrass areas.

h. After the disease shows curative programs help the
damaged arra recover. You may need two treatments, 5 to 10
days apart, to break the disease cycle (because of different
stages of disease development).

i. Many turf management practices are attempts to favor
plant survival in spite of disease.

j. Chemical misuse is costly, may be potentially
hazardous, and often leads to disappointing results.

Factors Affecting lffirf Diseases. Climate is a major
factor in the prevalence of turfgrass diseases and their
control. In areas where high humidity and other stresses favor
diseases, 20 applications of fungicides may be needed in 1
year, but where the humidity is low and the weather is dry,
the same turfgrass used in the same way may do well for years
without a single fungicide treatment.

A change in weather usually alters the severity of the
disease pattern. Mycelial growth is drast_Jally reduced as the
humidity drops, the wind increases, and the sun dries the
surface of the turfgmss areas. Rapid leaf replacement favored
by good nutrition, irrigation, and mowing at favorable heights
can be effective in reducing turf diseases. Rain, dew, and
humidity vary daily. The desert climate favors minimal disease
activity. Hot, humid periods in the midwest can assure danger,
sometimes disaster to turfgrasses. However, turf managers
generally can minimize the damage created by disease by
being aware of the needs and responses of the turfgrassplant.
Some precautionary measures are:

a. Remove dew early in the day by poling, hose dragging,
syringing, or mowing in an effort to dilute dew and dry the
leaf before air temperatures become optimal for many of the
diseases.
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b. Irrigate the turfgrass when the leaf is already wet with
dew instead of in later afternoon.

c. In stress periods avoid night watering. Midday
watering cools the plant and allows the leaf to dry soon after
the cooling .

d. Delay work on an area that shows signs of a disease. It
may be helpful to mow a green showing stress only during the
dry afternoon, only half as often, and only portions near the
cup. Young turfgrass seedlings are easily damaged during
the mowing process.

e. If an area shows indications of weakness, topdressing
may be helpful. This, in effect, raises the height ofcut.

Controlling Thrf Diseases. As you will recall from
Volueie 3, Chapter 2, there are a number of fungicides you may
use to control various turf diseases. However, most of these
pioducts will give optimum results only when they 're
coupled with other efforts designed to reduce opportunities
for disease-causing organisms. Here are some guidelines for
managing various turf diseases.

Fusarium blight control. In turfgrass areas subject to the
disease, use a pre-emergent crabgrass control to reduce
infestation and competition. It can permit faster fall recovery
of the existing grasses.

Early summer cultivation and improved ventilation by
intense coring (several passes of the machine in one day) will
open the thatch, let the heat escape, and insure water
penetration. This special management may help avoid
damage in "near" normal cool seasons.

Use moisture to help air condition the soil. As hot, humid,
stress periods continue, apply water midday until the weather
changes. This cools the soil and the plant. On an Ohio golf
course, the men's tees were free of disease but adjacent and
less watered women's tees were mote than 60 percent
damaged with Fusarium blight. The turf under the cooling
effect of shade trees and wet ateas was undamaged while
other open, sunny turfgrass areas were severely damaged.

Fungicides for control of Fusarium blight include
systemics, such as benomyl, mancozeb, and thiabendazole.
There are limitations, however. One application made on an
obviously diseased bluegrass plot resulted in an E percent
survival of bluegrass while the check plot, untreated, had
only 52 percent bluegrass survival. The standard recommended
rate is 4-8 oz/1,000 sq. ft. of a 50 percent wettable powder
(WP) formulation. Immediately after application, water the
chemical into the root zone so that the fungicide can enter the
roots and then move into the plant. Watering dry soils the day
before treatment and applying fungicide while dew is present
aids in distribution into the root zones.

Only two treatments per year are suggested since new
races of Fusarium with resistance to the systemics may
develop. The first protective application should be made 2
weeks before symptoms normally appear. Some turf
managers recommend curative rate applications of the
fungicide when the damage first becomes visible.

Damping off control. Recommended control may include
chemical seed treatment with thiram before planting.
Additional protection for stress periods may include an
application of foliage spray the emerging seedlings plus
successive treatments every 3-5 days until the seedlings are
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well established. The soil pH should be nearly neutral, and
drainage should be good.

Fairy ring control. There are fumigation measures you
can take to control fairy rings, but even so, eradication is
difficult. The most practical approaches to fairy rir 7,s are
aeration, overwatering, and wetting agents. Keeping the soil
moist reduces or prevents the browning stage. Coring can
assure uniform water penetration in spite of mycelium.
Spiking and dethatching as well as the use of spot treatments
of wetting agents can be helpful. Injection of water by
pressurized root feeding attachments may be helpful.
Deliberate overwatering to saturation tends to reduce
mycelium activity and to modify the soil temperature which
may reduce the severity of the damage.

Brown patch control. Recommended treatment for
brown patch includes reducing the available nitrogen and
frequency of watering and maintenance of a dry turfgrass
surface by watering only at midday. Numerous fungicides
are available, including benomyl, bayleton, and maneb.
Vapor formed from the mercurial fungicides inhibits the
spread of brown patch in turfgrasses.

Dollar spot control. Most fungicides are effective in
reducing dollar spot. Cadmium was an effective antidote
until the mid-I960's, when tolerance was developed by some
strains of the fungus. In 1971, the benzimidazole systemics
were widely acclaimed, but in the early 1970's, certain
strains developed resistance. A current recommendation is to
apply systemics alternately with contact foliar protectants.
Cultural control measures include keeping thatch to a
minimum, increasing nitrogen levels in the soil, and watering
deeply when necessary.

Spring dead spot control. A series of fungicides used
throughout the prior season, April through September, can
eliminate any spring damage, but after one year without
fungicides the disease tends to reappear. In areas known for
spring dead spot, use more intense summer and early fall
renovation along with reducing thatch and cultivating and
aerating soils to increase bermuda grass vigor.

Exercise (847):
I . How long are turf fungicides norraally effective?

2. List three factors that may reduce the effectiv mess of
turf fungicides.

3. What impact will a weather change often have on disease
growth?

4. What fungicides are suitable for controlling Fusarium
blight?

5. How may thiram be used to control damping-off?
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6. What are the most practical ways to control fairy ring?

7. What am the nonchemical controls tor brown patch?

8. What cultural controls are suitable for helping treat
dollar spot?

848. Cite characteristics of various ornamental diseases.

Diseases of Ornamentals. Some diseases are categorized
by the part of the plant they attack. Here, we'll cover those
that attack leaves, stems, and roots. We'll also cover Dutch
elm disease, a fungal disease that attacks the vascular system
of an infested tree.

Leaf diseases. A wide variety of disorders affect the
leaves of shade trees. Perhaps no other part of a tree has been
given more attention by ornamental tree researchers than the
leaves. Leaf condition is often thought to be a primary
indicator of the health of a tree. Although leaves sometimes
accurately show tree health, in other cases a spectacular
abnormality of the leaves may be of little importance to the
health of the tree. The importance of a leaf disease on a shade
tree depends upon the type of tree infected and its previous
health history, as well as the type and severity of the disease.

Since many species of fungi can cause leaf diseases and
because there are many species of hardwoods, there are very
many diseases. Harc;wood leaf diseases are grouped into
these six categories (Fig. 3-1):

(1) Leaf spotDead area that is well defined from healthy
tissue.

(2) Leaf blotchDead area that often diffuses into the
healthy tissues.

(3) AnthracnoseIrregular dead areas on leaf margin,
between and across or along veins, often moving onto the
shoots and small twigs; sometimes whole leaves are
engulfed.

(4) Powdery mildewSuperficial growth of white to
gray-white fungus material on leaves and shoots.

(5) Leaf-blisterLeaf spot or blotch that is swollen or
raised, so that the area appears blisterlike on the upper
surface of the leaf.

(6) Shot-holeLoss of dead areas inside spots that result
in series of holes in the leaf.
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The fungi that attack each tree species usually are
diffetent but often have niIar life cycles on hardwood
leaves. Most fungal pathogens of hardwood leaves are
dormant in the dead leaves on the ground or attached to the
tree during the winter. Some pathogens survive in the buds or
on dead twigs and branches. In the spring during wet weather
the pathogens become active and discharge spores that are
carried by wind and rainsplash and land on the young



SPOT BLOTCH

MILDEW SHOT-HOLE

ANTHRACNOSE

LEAF-BLISTER

Figure 3-1. Symptom categories of hardwood leaf discase.

expanding leaves. The spores quickly germinate and
penetrate the leaves. By summer this infection produces
symptoms similar to one of the other categories. During
summer more spores are produced in these infected areas,
which can cause leaf infections during wet weather. These
secondary spores are also spread by wind and raif;splash.
Thus during wet growing seasons a considerable buildup of
infections on a tree can occur.

Stem diseases. Stem diseases are caused by the formation
of lesions (dead areas) on the bark-cambium tissues. The
death of these tissues is usually associated with a mechanical
injury, such as a broken branch, and it extends radially from
the wound. This localized lesion, called a canker, may form
on the trunk, the branches, or the twigs.

Cankers vary considerably in size and shape. A canker on
a woody plant indicates a host-parasite interaction that may
last for several years. A typical sequence for canker
development is: (1) the pathogen enters the host through a
wound and invades and kills healthy bark, usually during a
dormant period; (2) the host trys to limit pathogen invasion
by forming a layer of callus (a mass of thin-walled cells)over
the edge of the infected tissue; (3) the pathogen invades the
callus tissue during the next dormant period; and (4) the host
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forms new callus. Steps 3 and 4 may be repeated each year
throughout the life of the host. The form of the resulting
canker will be determined by the rate of pathogen movement
and the amount of callus formation.

Most cankers can be placed into three groups; target
cankers, diffuse cankers, and canker blights. Cankers that
are roughly circular, with abundant callus throughout the
canker face and at the margin are called target cankers. The
pathogen spread in target cankers is relatively slow and in
most cases the tree's radial increase in growth is about the
same as the radial growth of the canker. Diffuse cankers are
elongated ovals, with little callus at the margin. The pathogen
spread in diffuse cankers is faster than in target cankers, so
little callus forms ahead of the canker. Diffuse cankers
enlarge faster than the radial growth of the tree and often
girdle trees after several years' infection. Cankers which ere
circular to elliptical, but contain little or no callus, and
increase rapidly during a single season are termed canker
blights. The pathogen spread in canker blights is extremely
rapid; therefore, branches and even whole trees are often
girdled in a single season.

Most canker fungi are restricted to invasion of bark
tissues, but some can attack both the bark and the underlying
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xylem. Stem diseases that come from a simultaneous canker
and woody decay are called canker rots.

Root diseases. The health of the root system is probably
the most important factor in the total health of a tree, but most
people look first at the leaves, then the stem, and last, if at all ,

the roots. The trunk, branches, and leaves can only grow at
the rate permitted by the condition and growth of the root
system. The initial symptoms of most root diseases are
similar; slow-to-rapid decline, and death of the tree, usually
beginning in the upper branches. Since a large part of the root
system is often killed before obvious symptoms appear, it is
very hard to control root diseases after decline symptoms
appear. Root diseases seem even more mysterious because of
the lag between our knowledge of roots and our knowledge of
other parts of the tree. Let's look first at the growth and
function of roots before we move on to specific mot diseases.

Careful examination of roots around standing trees shows
that most roots stay in the top 18 inches of soil and that most of
the small roots are in the top few inches of soil. It is easy to see
why the tree's roots are so easily injured by even minor
disturbances of the soil around them and also why trees are so
sensitive to the condition of the upper soil layers.

We once thought that roots absorbed soil nutrients and
water directly through the root hairs on the feeder roots, but
most absorption takes place through structures formed with
the feeder roots by beneficial fungi. These structures formed
by the feeder roots and the fungi are called mycorrhizae.
Practically all forest trees and most other plants are now
known to form mycorrhizae.

The tree, therefore, is actually a dual organism that is part
plant and part root-inhabiting fungus. The cortical tissues of
the young roots are invaded by these specialized beneficial
fungi in a relationship that benefits both organisms. The
formation of mycorrhizae aids water and mineral absorption
for the tree, and the fungus in turn gets needed organic
compounds from its association with the tree.

Many fungi that cause root diseases are facultative
parasites commonly found growing in the soil on organic
matter such as dead roots or stumps. From this base living
trees are continually attacked. 'Rees of low vigor are most
easily infected, but some fungi can infect vigorous trees.
Some root disease fungi penetrate directly into healthy roots,
but most gain entrance through wounds in the lower trunk,
buttress, and roots. They also enter at root contacts and
grafts, where healthy and infected roots are in contact or are
fused. These points are common when trees of the same
species ar growing next to each other and their root systems
are intermeshed. Once they're established, these fungi
progressively kill the roots by girdling, eventually moving
into the buttress area and sometimes into the lower trunk. The
underlying wood may or may not be decayed, depending on
the fungus involved. Infected trees are killed most often by
girdling of the lower truck or buttress, but they may also fall
victim to "wind throw" from extensive decay in the root
system.

Most root disease fungi produce specialized structures for
survival or movement in the soil. These may be reproductive
structures, such as thick-walled or motile spores, or
vegetative structures that enable translocation or storage of
materials. Some fungi produce windblown spores that are
important for long-range disease spread. Since most fungus
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pathogens of tree roots are widespread, the local movement
of the pathogen in the soil and its movement from one shade
tree to an adjacent one are of most concern.

Dutch elm disease. Dutch elm disease, caused by
Ceratocystis ulmi, is the most devastating disease of elm trees
in the United States. It has been recorded in most states east
of the Mississippi and as far as Idaho in the Northwest and
Texas in the Southwest. All of the native elm species arc
susceptible, while many of the ornamental Asiatic species are
highly resistant.

glees suffering from Dutch elm disease may show a
variety of symptoms (fig. 3-2). Leaves become yellow, wilt,
and turn brown. Premature defoliation and death ofbranches
usually makes the crown seem thin and sparse. Internally, a
brown discoloration appears in the outer sapwood. C. ulmi is
transmitted from diseased to healthy elms by elm bark
beetles, mainly the small European elm bark beetle and the
native elm bark beetle. These beetles make characteristic
galleries under the bark of dead and dying elms . Adultbeetles
pick up the sticky fungus spores from under the bark and then
feed on the young tender elm twigs of healthy trees,
inadvertently inoculating the healthy tree with the fungus.
The fungus may also spread from diseased elms to adjacent
healthy elms through root grafts.

71

Exercise (848):
1. Match the condition in column B with its identification in

column A.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

'0)

__Al 1)

Column A
This series of holes in a leaf is a
result of the loss of dead areas
inside spots.
These diseases can move thmugh
the soil from one tree to another.
This dead area on a leaf often
diffuses into the healthy tissues.
This disease causes a superficial
growth of white to grey-white
fungus material on leaves and
shoots.
This is a dead area on the leaf
that's well defined from healthy
tissue.
These cankers are elongated
ovals with little callus at the
margin.
This stem disease has cankers
that are roughly circular with
abundant callus throughout the
canker face.
On trees with this condition,
leaves beccme yellow, wilt, and
then turn brown.
This disease causes irregular
dead areas on the leaf margin in
early stages; sometimes whole
leaves are engulfed.
These cankers are circular to
elliptical, but contain little or no
callus. They increase rapidly
during a single season.
This disease causes swollen or
raised blotches causing the
upper surface of the leaf to
appear blisterlike.

a.
b.
c.
d.
C.
f.

8.
h.

J.
k.

Colwnn B
Leaf spot.
Leaf blotch.
Anthraenose.
Powdery mildew.
Leaf-blister.
Shot-hole.
Target canker.
Diffuse cankers.
Canker blight,
Root disease fungi.
Dutch elm disease.
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849. Cite controls for ornamental diseases.

Controlling Diseases of Ornamentals. Controls for
ornamental diseases are usually recommended only when the
tree's health is poor or its aesthetic v'luc would be lost from
the disease. A severe infection on an already stressed tree
could tip the balance in favor of invadint, micro-erganisms
and thus kill a valuable tree. In this case, control of diseases is
not only desirable but essential to survival of the tree.
Although a leaf disease might not threaten the health of a
shade tree it could cause the tree to lose a great deal of its
ability to cast shade and also change its aesthetic effect from
positive to negative. On shade trees, therefore, control of a
hardwood leaf disease can also be justified on aesthetic
grounds.

Dealing kaf diseases. Hardwood leaf diseases can be
controlled by protecting against infection with fungicides or
by using resistant varieties. Fungicides can be used
effectively to protect the trees against infection from most
leaf pathogens by spraying at or before bud break and then
every 2 weeks until about mid-June, with additional sprays if
there's prolonged wet weather in late spring. The key to
fungicidal control of leaf diseases is to applymaterials before
infection starts and subsequent symptoms develop. Most
residents don't recognize leaf diseases until the symptoms
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are extensive. They often request that sprays be applied to
make the symptoms on the trees disappear. It is, of course,
impossible to rid a tree of symptoms during the growing
season, since the affected leaf tissues are already dead. Tell
them that this year you can only prevent further infection by
spraying, and the control efforts must start early the next year
to keep the disease from recurring. Resistant varieties are
available for many of the tree species that are .acked by
particularly troublesome leaf diseases. When new trees are to
be planted, encourage the people responsible to choose or
recommend these resistant varieties to avoid the needless
future expense of spraying. Use of resistant varieties is most
warranted for street and park trees, because they are always
highly visible.

Most people will burn infected leaves in the fall in an
effort to remove potential sources of inoculum for the tree,
but many leaf pathogens overwinter on the tree: in the buds,
on the bark or on dead twigs. Besides, the spores that infect
leaves may also travel great distances in the wind; so that the
removal of local sources of inoculum, such as from around
the base of the tree, may have no effect on reducing disease
severity. Dry leaves break up during raking, and many pieces
are left in the grass. Therefore, removal of fallen leaves gives
little or no control of most leaf diseases.

Dealing stem diseases. Stem diseases can be minimized
by avoiding all unnecessary wounds and by promptly treating
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any wounds you make during pruning, cabling, or any other
form of essential wounding. You can control a stem disease
only by removing all infected tissues. You can easily remove
cankers on small- to medium-sized branches by pruning, but
you must remove cankers on the trunk or on large branches
critical to the tree's value by surgical excision. Surgical
excision is similar to wound treatment around trunk wounds,
except that you may need to remove some healthy bark
around fast gnawing cankers to be sure you've got all the
infected tissue. Host vigor is a contributing factor in the
susceptibility of trees to many stem diseases. In general, trees
in poor vigor cannot heal wounds and prevent the invasion of
canker fungi as well as trees with plenty of moisture and
balanced soil nutrients, so prevention includes therapeutic
treatments for stem diseases, regular watering, and application
of balanced fertilizers.

7Yeating root diseases. Root diseases can be minimized
by keeping trees vigorous and avoiding wounds in the root
system and near the base of the tree. Once a tree is infected,
the disease is hard to control. A thorough examination of the
root system near the trunk can help you find the extent of the
infection. In severe cases where most of the roots are dead or
the trunk is almost girded, removal is recommended. If only
a few roots are infected, therapy may delay the disease
progression almost indefinitely. Since infected trees are
often suffering from some previous stress, you must restore
their vigor. Regular watering and ferti1i7ntion will help, and
pruning the crown will help balanc ,ss. Excise any
infected bark on the buttress roots an K.

Before you replant in the same area where a tree has died
from root disease, remove as much of the dead stump and
roots as possible. Replace or fumigate soil that's infected
with the pathogen. Newly planted trees, in general, are quite
susceptible to root diseases. Use soil fumigation or trenching
around an infected tree to protect susceptible woody plants
from the spread of the pathogen in the soil.

Dvating Dutch elm disease. Presently, control of Dutch
elm disease in the United States is attempted primarily through
sanitation and through chemical control of the insect vectors of
the fungus. Sanitation involves the removing and destroying of
weakened or dead elm trees and elm logs, thus destroying the
larvae in them or denying the insect and the fungus their over-
wintering habitat. Pruning out infected twigs and branches
will sometimes eliminate the disease. Control of the insect
vector by chemicals involves spraying the healthy elm trees
while they're dormant and in the spring with a residual spray,
such as malathion. A fungicide, Tebuthiuron, has been used
recently against the disease. This is applied by injection into
the tree trunk in varying amounts depending on the tree's size.
Also, a soil fumigant, Vapam, can be used between elm trees
to kill the roots and prevent spread by root grafts between adja-
cent trees.

Exercises (849):
1. Under what conditions are control measures usually

recommended for diseases of .7ees?

2. What are the two principle methods of controlling
hardwood lea f diseases?

3. When should you apply fungicides to treat leaf diseases?

4. List 3 reasons raking and burning leaves may not help
reduce opportunities for leaf disease infections.

5. What is the only way stem diseases can be controlled?
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6. How can root diseases be minimized?

7. What controls are generally recommended when a tree's
roots are partially infected? When they're mostly dead?

8. List sanitation measures for Dutch elm disease.

9. What chemical controls help in treating Dutch elm
disease?

850. Cite general characteristics of nematodes.

Nematodes. Nematodes are often serious plant pests that
require control. Nematodes, or eelworms, belong to the class
Nematoda of the phylum Nemathelminthes. Most mature
nematodes are quite small, requiring magnification to be
seen, but some parasitic roundworms grow almost a yard
long. Nematodes are found nearly everywhere in nature,
from arid deserts and hot springs to polar seas and ice caps,
and from beach sands to the bottoms of lakes and rivers.
Many are free living, while others are parasites of plants and
animals. Over 50 species live in or on humans. It has been
estimated that as many as 80,000 species prey on vertebrate
animals, that a larger number of species infest invertebrate
animals, and that a still greater number are parasites of plants
or are free living in soil or water. The total number of
individual nematodes is beyond human comprehension. A
tablespoonful of ooze from the sea bottom may contain
thousands, and the top acre-foot of cultivated soil may
contain many billions. Most nematodes in the soil are
harmless, and some are even beneficial to human purposes.



They are one of the most important biological and
mechanical factors in soil building. The nematodes we're
concerned with here are parasites of plants. Some damage the
roots, some the stems, some the leaves, and some the seeds of
agricultural and horticultural plants.

Recognition and biology. Nematodes are unsegmented
roundworms quite different from all other forms of life. Plant
parasites may be less than 0.4 mm long when they're fully
grown, and few ever exceed 8 millimeters. In most, the body
is very slender and is tapered at both ends.

There is a tough cuticle, secreted from underlying tissue.
wh:ch may be smooth, striated, bossed, or ornamented with
spines. The body has longitudinal muscle fibers only. These
fibers produce flexing movement but no elongation or
contraction. Under a microscope in clear water, the
movements seem to produce only a useless thrashing about,
but in the presence of plant debris or soil particles, the flexing
can produce forward movement.

Both sexes exist in nematodes, though some females can
produce eggs in the absence of males. The tiny larvae, which
hatch from the eggs, are shaped like adults. They grow
rapidly, shedding their cuticle several times before reaching
maturity. Under favorable conditions, growth may require a
few days to a few weeks, depending on the species. Some will
repeat the reproductive cycles as long as temperature and
moisture conditions are favorable and as long as the host
plant lives. Some will leave dead host plants to enter the soil;
some will stay in the dead plant tissue and may remain
dormant for several years.

Feeding methods vary from one type of parasite to
another. Some enter the plant cells and eat the cell contents.
Some feed by means of stylets that puncture the cell walls
and, like hypodermic needles, let the nematodes suck out the
cell juices. The stylet punctures permit penetration by
disease-causing bacteria. Parasitic fungi enter the plant
through the holes made by the nematodes that feed within the
cells.

A single root-knot nematode female may produce 500 to
1,000 eggs; yet few of the larvae will ever live to reach
maturity and to reproduce. Nematode parasites of plants
have many enemies in the soil. They are captured readily and
devoured by other soil animals, such as insects and
predatory, free-living nematodes. Even certain soil fungi can
trap living plants, so nematodes must compete with fungi for
food. Since nematode movement is more or less random, and
since the nematodes are very small, they must be very close
to a food source to find it. Those that penetrate some forms
of "resistant" plants are effectively trapped, for their
activity is limited and they are seldom able to reproduce.

Exercises (850):
1. Most mature nematodes are quite , requiring

to be seen.
2. Both sexes exist in nematodes, though some females can

produce in the absence of
3. When nematodes are seen under microscopes in clear

water, the movements seem to produce only a useless
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851. Cite damages caused by the root- and top-growth-
attacking nematodes.

The nematodes that parasitize plants are categorized
arbitrarily by the part of the plant they attack and by the way
thcy attack. Some of the individual species attack many types
of plants, the common garden nematode Heterodera schachtii
being found on over 1,000 varieties.

Root-Attacking Nematodes. We can divide these nema-
todes into four groups according to the part of the root they
infest: sedentary parasites, endoparasitic, semiendoparasitic,
and ectoparasitic.

Sedentary parasites. In this group, females become
fixed in one position, where they feed until death. Unlike
most others, these females do not retain their wormlike
appearance but become swollen. The important types of
sedentary parasite nematodes are the cyst nematodes and the
root-knot nematodes. The females of the 12 to 15 cyst nematode
species develop into brown, pear-shaped cysts that can protect
viable eggs up to 10 years. Plants that they attack appear stunted,
have yellow leaves, and have a very fine, hairy-looking root
system. Hosts include some truck crops, clovers, and orna-
mentals and are subject to U.S. and foreign quarantines.

There are eight root-knot nematodes species, and the
females become globular but don't form cysts. They're
usually found in swollen knots in the root systems. These
knots typify the group, which attacks 1,800 species of
plants. Plants included are nursery stock, ornamentals,
and grasses.

Endoparasitic netnatodes. Eggs are deposited in lesions
of the roots, where the larvae feed. All stages may be found
free in the soil. One species of burrowing nematode parasitizes
several hundred plant species, including woody ornamentals.
It is a serious pest of citrus, causing tip dieback, sparse growth,
and spreading decline. It is currently under quarantine in
Florida. There are 20 species of meadow, or lesion, nematodes
which are found in small lesions in rootsor free in the soil. Hosts
appear necrotic and unthrifty, and include fruit trees, trees,
ornamentals, and nursery stock.

Serniendoparasitic nematodes. These nematodes
feed both externally and within the roots of plants. There
are about 12 described species of spiral nematodes,
usually found free in the soil around roots. Attacked
plants demonstrate ehlorosis, stunting, and sometimes
sparse growth. Spiral nematodes damage ornamentals,
including roses and boxwoods, and lawn grasses. There
are two species of lance nematodes whose damage looks
like that caused by spiral nematodes on the same hosts,
but these are also pests on some lawn grasses.

Migrant, or ectoparasitic nematodes. These nematodes
feed at the tips and along the surface of roots. They sometimes
insert part of their bodies into the root tissue. This damage
results in chlorosis and stunting due to sparse toot systems with
short, stubby, lateral roots. Both of the two sting nematodesare
parasites of ornamentals and lawn grasses. They normally are
found in the light, sandy soils of the coastal plains. Only one of
the 15 species of stubby root nematodes is known to be parasitic.
It is of widespread distribution in the United States and affects
a variety of plants, including a large number of grasses and
truck crops. Tk,vo important. species of dagger and needle
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nematodes are primarily parasites of perennials. One causes
the general decline of boxwoods and roses. Dagger nematodes
have ,Norldwide distribution. Little is known about the
prevalence of the needle nematodes, but they have been col-
lected in Europe, the Pacific Northwest, and several speeies
in the Southeast. Stunt nematodes include parasites of many
plants. One species is an important pest of strawberries,
tobacco, and ornamentals. Stunt nematodes have been found
in the East, Southeast, and one Southwestern State. There are
about 20 known species ofring nematodes, which am important
parasites of trees and other woody perennials, but they also are
found associated with the roots of grasses and many other plants.
They live in many parts of the world.

lbp-Growth-Attacking Nematodes. Nematodes attack-
ing the top growth of vegetation may be separated into three
groups, based upon the part of the plant that they attack.
These groups are called the bud and leaf nematodes, stem and
bulb nematodes, and seed gall nematodes.

Bud and leaf nematodes. A dozen or so species in this
group are important pests, feeding on developing buds and
very young leaves. They cause leaf crimping, deformation,
and plant unproductivity. Strawberries, alfalfa, and rice may
be hosts to these parasites. Several species attack primarily
the leaf parenchyma, where progressively darkening,
angular spots may lead to eventual defoliation. This occurs
on chrysanthemum, aster, dahlia, zinnia, and other plants
raised for their flowers. Distribution of this group is
widespread. These nematodes that feed within the leaf will
move from leaf to leaf in films of water from rain or dew.

Stem and bulb nematodes. A number of species of
nematodes invade the stem and bulb parts of such hosts as
alfalfa, clover, and certain grasses, as well as such
ornamental bulbs as iris, tulips, and narcissus. They invade
the parenchymatous tissue and injure the plant with their
salivary secretions. Distortion, hypertrophy, necrosis,
secondary infection, or general unthriftiness result.
Members of the group are found throughout the world.

Seedgall nematodes. Two of 11 species of this group are
important economically in the United States. They develop in
the growing part of wheat, lawn grass, and grasses grown for
commercial seed. They complete development within a
resistant gall in the seed. Sccds are destroyed or
contaminated. Animals feeding on the infested seeds are
poisoned. The wheat nematode is found primarily in the
Eastern States, while the bentgrass nematode is most
common in the Northwestern States.

Exercises (851):
1. The four groups of root-attacking nematodes am

, and

2. In the sedentary parasites group, the females become
in position where they feed until

3. Plants that cyst nematodes attack appear
, have leaves, and have a very
hairy-looking system.

4 Root-knot nematodes attack what kinds of plants?

5. Endoparasitic nematodes eggs are deposited in
of the where the feed.

6. Burrowing nematodes arc a serious pest of
causilv growth, and

decline.
7. Meadow or lesion nematodes are found in small

in or free in the
8. Semiendoparasitie nematodes feed both and

within the of
9. Spiral nematodes are usually found in the

around
10. Lance nematode damage looks like that done by

nematodes on the same hosts.
11. Migrant or ectoparasitic nematodes feed at the

and along the surface of
12. Bud and leaf nematodes feed in the developing

and, subsequently, in the very
leaves, causing leaf and plant

13. Stern and bulb nematodes invade the tissue
and injure the with their secretions.

14. Seedgall nematodes complete development within a
resistant in the seed. Animals feeding on the
infested seeds are

852. State the survey and control procedures for
nematodes.
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Unthriftiness, stunting, malformation, chlorosis, or death
of plants may be caused by nematodes, insects, nutritional
deficiencies, drought, and other conditions. We must
establish the presence of nematodes, identify them, and take
corrective measures.

Survey. You must collect soil and root samples and send
them to your command pest management professional (with
approval of the local agricultural department). If the plant in
question is small and is expandable, place its roots and most
of the soil attached to them in a 1-quart polyethylene bag or
freeze bag. Attach a label with the names of the installation,
collector, host plant, and locality in indelible pencil or ink.
Close the bag with a rubber band and put the bag in a suitable
mailing box. Wrap the box and place the agricultural permit
label on the box. In the case of a large plant, gct a sample of its
roots and associated soil. Bag and label this similarly. If turf
is affected, include a 2-inch square plug 6 inches deep from
the margin of the infested area.

Preventive Control. Nematodes brought into installations
in soil and plants will adversely affect plants to which they
spread. It is, therefore, a must that everyone responsible for
grounds maintenance take the few preventive measures
necessary to avoid the spread of plant parasitic nematodes.
All nursery stock for military installations must be certified
free of plant parasitic nematodes or be certifiable under local
restrictions.

Incoming and outgoing equipment or any other facility on
which there may be soil attached should be thoroughly steam
cleaned or at least washed off, and equipment allowed to dry.
Cleaning off all soil and exposing the equipment to direct
sunlight is enough in areas where cyst nematodes are not a



problem. Severel Federal quarantines have been established
to prevent the further spread of certain nematodes. Some
states also have local restrictions. People who send plants,
plant pnaducts, soil, tracked vehicles, or earth-moving
equipment to or from military installations should learn what
quarantines apply in their areas of operation.

Chemical Control. Since all nematocides are highly toxic
to animals, you must avoid inhalation and skin contact. One
of the most important considerations in selecting a
nematocide is its phytotoxicity. A few important plant
nematodes infest aboveground parts of plants, and you can
use penetrating sprays of nonphytotoxic nematoc ides on
them. Most of our important plant nematodes are inhabitants
of the soil. You can use nematocides toxic to living plants in
seedbed or field preplant sterilization. In order for chemicals
to reach the nematodes in the soil, you must use either
vaporized or water-dispersed nematocides.

Injected liquids that vaporize. The most successful
control is soil fumigation with vapors from volatile liquids
injected into the soil at closely spaced intervals. Diffusion
through the soil, and subsequent effectiveness, depends
largely on soil porosity, moisture, and temperature. Prepare
and level the area as you would for planting, with soil
moisture not unusually high or low, and the temperature
betwen 600 and 80°F. Inject the fumigants 8 to 10 inches into
the soil for proper vaporization and dispersal. You give this
treatment in small plots with specialized hand equipment and
in a 1-foot grid pattern. When you calibrate the application to
the manufacturer's recommended dosage rate, you make the
injections at the points of grid line intersection. Tamp the
holes closed. With most nematodes, you should wait 2 to 3
weeks before you plant the plot.

Tactor-drawn application equipment is available for
larger areas. Its principle is essentially the same, but the
equipment digs furrows, treats them, and covers them.

Methyl bromide takes a different procedure and different
equipment. The areas must be leveled, as prepared for
planting, and irrigated to bring the moisture to about 60
percent of capacity. Distribute buckets or similar supports
over the area. Also put out shallow pans to receive the plastic
applicator hose from the methyl bromide container. Securely
fasten a hose directly over each pan, the numbers of which
depend upon the manufacturer's dosage recommendation.
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Lead the other ends of the hoses outside the area to be treated.
Then, drape a plastic tarpaulin, free from holes, over the
supports. Seal its edges thoroughly with a 6-inch border of
soil. Attach containers of liquid methyl bromide under
pressure to special couplings on the outer end of the plastic
hoses. When you puncture these containers, the methyl
bromide flows into the pans and becomes a very penetrating
gas.

Water-dispersed drenches. The development of effective
nematocides that are nontoxic to growing plants has
stimulated increased use of water-dispersed drenches to
control nematodes in turf and a wide variety of ornamentals.
You water the area, but don't saturate it. Measure the
diseased zone and a 6-foot strip of healthy looking turf
around it. Calculate the dosage by the manufacturer's
recommendations and dilute the emulsion concentrate with
water. Disperse it by hand sprinklers or use power equipment
after a test run with water to get the distribution right. After
treatment, irrigate the area with 2 inches of water. Plantings
or a single plant may be treated similarly. You can use a metal
rod to open holes in the soil within the root area 15 to 25
inches deep. A small earth dam made around the base of the
planting or plant will hold the water you apply after
treatment.

Exercises (852):
1. List in sequence the steps that you should take to confirm

suspicions of nematode damage to small and expendable
plants.

2. What can you do to preclude the spread of plant parasitic
nematodes?

3. State how you would control nematodes with hand
equipment and phytotoxic nematocides.



Bibliography
ECI Course

CDC 56650, Volume 6, C'ollection, Identification, and C'ontrol of Important Economic Pests.
Extension Course Institute, Guntcr Air Force Station, Alabama 36118.

Books
ihirnan, Lee C., Ph. D., Gary W. Bennett, Ph. D., and William L. Butz, Ph. D., Scientific Guide To

Pest Control Operations, 3rd ed. Cleveland, Ohio: Harvest Publishing Company, 1976.
Daniel, W. H., and Dr. R. P. Freeborg. Turf Managers' Handbook. Cleveland, rhio: Harvest

Publishing Company, 1979.

Department of Defense Publications
Stored Products Pest Management Information Bulletin, 78-1. Forest Glen Section, Walter Reed

Army Medical Center, Washington, D.C. 20012.
Armed Forces Pest Control Board. Technical Information Memorandum Nr. 11, HyNdrogen

Phosphide Fumigation with Aluminum Phosphide, Revised April 1974.

Other Publications
Koehler, P.G. "From China With Love." Pest Control Technology. April 1982, pp 41-43.
Mueller, David K., "Pheromones, New Weapon Against Stored Product Insects." Pest Control,

February 1982, pp 22-24.

77

52



Answers for Exercises

Reference:

CHAPTER I 806 - I.

806 - 2.- I.
800 - 2. T 806 - 3.800 - 3. T.
800 - 4. F; change "southern" to "northern."
800 - 5.
800 - 6. F; change "white and grey" to "brown and black." 806 - 4.800 - 7. T
800 - 8. T. 807 - I.800 - 9. F; change "black" to "white."

807 2.801 - 1. T.
801 - 2. T. 807 - 3.801 - 3. T.
801 - 4. Change "smaller" to "enlr-ged." 807 - 4.801 - 5. Remove "not." 807 - 5.801 - 6. T.
801 - 7. T. 807 - 6.801 - 8. Change "fine" to "coarse." 807W 7.801 - 9.

O07 - 8.801 - 10. T.

807 - 9.802 - I. It has a short snout, is about 3 mm long, with reddish legs rnd a
light olive-brown c olor mottled with darker brown and grey.
The body narrows evenly toward the head.

802 - 2. The larva feeds within the bean, but when the adult emerges, it
feeds on other materials.

807 - 10.

802 - 3. There can be 6 or 7 generations per year with up to 28 weevils
within one bean.

802 - 4. Larger than the bean weevil, it's about 5 mm long, brownish 808 - I.
flecked with white, with black to grey patches of scales. 808 - 2.8)2 - 5. Only in the field. 808 - 3.

808 - 4.803 - 1. Red-legged ham beetle. 808 - 5.803 - 2. Larder beetle. 808 - 6.803 - 3. Cheese maggot. 808 - 7.803 - 4. Larder beetle. 808 - 8.803 - 5. Red-legged ham beetle. 808 - 9.803 - 6. Cheese maggot. 808 -10.
808 -11804 - 1. F; change "four" to "six." 808 -12.804 - 3. F; change "peen" to "brown." 808 -13.804 - 5. F; change "khapra" to "cigarette." 808 -14.
808 -15.805 - 1. Have the food product condemned. 808 -16.805 - 2. Five percent.

805 - 3. At least every 2 weeks 809 - 1.805 - 4. Once a month.
809 - 2.805 - 5. Because visual surveys are only effective for the most 809 - 3.

advanced stages of an infestation. 809 - 4.805 - 6. a. Select at random, empty, and sift. 809 - 5.b. Visually inspect, then sift for signs of insect and rodent 809 - 6.
damage. 809 - 7.c. Check for areas damaged by rodents and inspect contents 809 - 8.
fo- evidence of insects. 809 - 9.
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Sanitation, palletization, rotation, isolation, ventilation, pack-
rging, insectproof conrtruction, etc.
It will force them to migrate or will starve them out (combined
with other control techniques).
Old stocks may let insects complete one or more life cycles,
light infestations may become heavy ones, old contaminated
stocks may infes new shipments, dirt, filth, and moisture may
lead to loss of foodstuffs, etc.
It reduces moisture content.

It serves as a preventive measure to keep the insects from
becoming established.
For monitoring insect activity, for mass trapping, and as a form
of birth control.
Only small amounts are needed, pheromones aren't sonous,
they are species-specific, and there is no insect resistance.
That sanitation is adequate.
Tb walls, floors, posts, and any other areas th,,t might harbor
insects, particularly cracks and crevices.
A mist blower or ULV generator.
Locate the source of the pests and get rid of it.
Food-handling areas, including places where food is exposed
during receiving, storage, preparation, and serving.
Expansion joints, between different elements of construction,
between equipment and floors, and in voids such as hollow
walls, ecuipment legs and bases, conduits, motor housings,
junctions, and switch boxes.
Be cateful not to treat food areas where food is exposed and
avoid leaving any material on exposed surfaces.

Phase Order
°reparation 4
Application 8
Clearance 14
Preparation 1

Application 11

Clearance 16
Clearance 13
Application 7
Preparation 2
Application 10
Clearance 15
Evaluation 12
Application 9
Preparation 6
Preparation 3
Preparation 5

Casemaking.
Casemakiag.
Carpet.
Webbing.
Webbing.
Carpet.
Webbing.
Casemaking.
Webbing.

521



809 10.

810 - 1.
810 - 2
810 - 3.
810 - 4.
810 - 5.
810 - 6.
810 - 7
810-8.
810 - 9.

811 - 1.

811 - 2.
811 - 3.

811 - 4.

812 - 1.

812 - 2.
812 -3.
812 - 4.
812 5.

- 6

812 - 7.
812 - 8.
812 - 9.
812 - 10.

813 -1.

813 -2.

813 - 3.

813 - 4.
813 - 5.

813 - 6.
813 - 7,
813 - 8.

814 - 1.

814 - 2.

814 -3.

814 - 4.

815 - 1,
815 -2.
815 - 3.
815 - 4.
815 -5.
815 -6.
815 - 7.
815 - 8.
815 - 9.
815 - 10.

Carpet.

Common
Odd.
Black.
Varied.
Furniture.
Common.
Odd.
Varied.
Black.

Because thc adults don't feed on any of thc materials attacked
by larva,-
A flashlight and a knife, nail file, or small spatula.
Dark clothes closets, furs, woolens, bits of carpeting, lint
aroond doors and under baseboards, in and under upholstered
furniture, in collections of animal hair, air ducts, in cereal and
other food products, etc.
Bird nests and wasp nests en or in the building.

F; proper household cleanliness is very important in keeping
fabric pests from becoming established.
T.
T.
F; control is only semipermanent.
T.
F; you only should spot treat, focusing on critical areas such as
around baseboards and under furniture.
T
F; applications should be made lightly and quickly.
T.
T.

CHAPTER 2

Thcy are the worst of the insect pests, and of all types of pests,
they are second only to wood-destroying fungi.
Paper, cardboard, fiberboard, structural timbers, pallets,
crates, tool handles, furniture, and other wood products.
In nature, they help convert deadwood and other materials
containing cellulose to humus.
Workers and nymphs,
Feed the other forms, groom the queen, excavate the nest, and
make the tunnels.
The secondary reproductives.
Primary reproductives.
Ants have a very thin waist between the thorax and abdomen;
termites have thick waists. "Irmite wings are ahout the same
size and shape, but the forewings of an ant are larger, longer,
and shaped differently from the hindwings. "Irmite antennae
are straight; ant antennae are elbowed.

Because their soft bodies lose water rapidly when they're
exposed to dry air.
It promotes the growth of fungi the termites need as a food
souice.
The original pair of reproductives, a few dwarf workers, and
one dwarf soldier.
The geographic area, climatic conditions, the species of termite
involved, and other factors such as the temperature of the building
or soil.

Formosan.
Pacific Coast.
Light southeastern.
Eastern.
Southeastern.
Pacific Coast.
Formosan.
Pacific Coast.
Desert.
Eastern.

810 - 1.
816 - 2.
816 - 3.
816 - 4.
8Ib -5..
816 - 6.
816 - 7.
816-8.
816 - 9.
816 - 10.

False; delete the %void "not."
Tbue.
Tbue.
False; change "above" to "below."
lbue.
lbue.
'Rue.
False: delete the word "not."
False; change "never" to "always.'
lbue.

817 - I . Inspection, preventive controls, and corrective controls.
817 - 2. During planning and construction of a building.
817 - 3. During construction, treat the soil nest to the foundation,

walls, and piers, and under concrete slabs with a residual
insecticide to give a long-lasting barrier against subterranean
termites.
Thcy should be treated with a wood preservative.817 - 4.

818 1.

818 - 2.

818 - 3.
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Mechanical alteration, soil treating, lbundation treating, and
wood treating.
Aiong thc inside and a aside of the foundation, under slabs, and
around utility entrances.
Dig a small trench about 4" deep next to the foundation, then
remove cores of earth at 1-foot intervals and flood the soil or
usc a long pipe to flood soil at the same intervals.

818 - 4. You should drill along thc crack and injcct chemical under
pressure.

8' 8 - 5. Eliminate soil contact by removing the dirt back to 2 feet and
removing part of the porch wall at both cnds and installing
access doors. Then treat the tunnel at the ratc of 2 gallons per 5
linear feet and the remainder of thc soil at the rate of 1 gallon
per 10 square feet.

818 6. Treat from the outside by drilling through thc foundation wall.
This lets you avoid the hazard of drilling through heat pipes,
electrical conduits, and plumbing embedded in the floor.

818 - 7. All wood should be cut off above ground level, and supporting
concrete placeu under it.

818 - 8. 0.5 percent aldrin; 1.0 percent chlordane; 0.5 percent dieldrin;
0.5 percent heptachlor; 1.0 percent chlorpyrifos.

819 1. F; change "highly decayed" to "undecayed."
819 - 2. T.
819 - 3. T.
819 - 4. F; they are less damaging since their range is much more

limited.
819 -5. 1'.

820 - 1. F; change "smallest" to "largest."
820 - 2. T.
820 - 3. T.
820 - 4. F; this describes the desert damp-wood termite.
820 - 5. T.

821 - 1. Visible damage and plugs in entrance and exit holes.
821 - 2. Around the perimeter of buildings and where wood is joined

together.
821 - 3. Look for the characteristic fecal pellets pushed ',tit of termite

galleries.
821 - 4. Nonsubterranean termites ha,c crossveins between the costal

and subcostal veins. These crossveins are lacking in
subterranean termites.

821 - 5. Either fumigating the entire structure with a toxic gas or
introducing a toxic liquid or dust into the excavated chambers.

821 - 6. It disperses rapidly and evenly within the temperature range for
climates where nonsubterranean termites are found.

821 - 7. Drill holes into infested timbers and deposit the pesticides here.
Drill one-half-inch holes for large timbers and smaller holes
elsewhere.

821 - 8. Structural changes to eliminate moisture may bc needed, and
the same treatment as for subterranean termies may be
necessary.

821 9. Inject chemicals into the galleries or fumigate the furniture
ite ms .



821 - 10. Carefully inspect lumber, especially used lumber, for evidence
of an infestation; screen doors, windows, and attic windows;
chemically treat wood to prevent attack; use termite-resistant
wood; protect exterior wood sufaces with paint; etc.

822 - I. a, c, d, f, h, and j are true.
822 - 2. b. Change "40'' to "20."

e. Change "least" to "most."
g. Add "do not" before produce.
i. Change "alkaline" to "acid."

822 - 3. As mold, stain, or wood-rotting fungi.
822 -4. They break down starches, sugars, gums, and oils; they don't

break down cellulose or lignin.
822 - 5. From black through blues, browns, trds, and yellows.
822 - 6. White rots, brown rots, and water-conducting fungi.
822 - 7. Ligno-cellulose; lignified.
822 - 8. Ligno-cellulose; lignin.
822 - 9. Cellulose; lignin, brownish.
822 - 10. Brown-rot.
822 - I I. Humidity; temperature; tube; filament.
822 - 12. They secrete substances that dissolve organic material (wood).

823 - 1. a, d, f, g, h, i, and) are true; for e, change 'decrease" to
ase" and "extend" to "shorten."

824 - 1.
824 - 2.
824 - 3.
824 -4.
824 - 5.
824 - 6.
824 - 7.
824 - 8.
824 - 9.
824 - 10.
824 - 11.
824 - 12.
824 - 13.
824 - U.
824 - 15.
824 - 16.
824 - 17.
824 - 18.
824 - 19.
824 - 20.
824 - 21.
824 - 22.
824 - 23.
824 - 24.
824 - 25.
824 - 26.
824 - 27.
824 - 28

825 - 1.
825 - 2.
824 - 3.
824 -4.
825 - 5.
825 - 6.
825 - 7.
825 - 8.
825 - 9.
825 - 10.

A.
B.
B.
A.
L.
B.
A.
A.
L.
L.
A.
A.
B.
A.
L.
L.
A.
L.
B.
L.
B.
L.
A.
L.
A.
L.
B.

Both.
Both.
Both.
C.
B.
Both.
C.
B.
C.
C.

826 - 1. a, c, e, and g are true. In b, change "more" to "less." In d,
reve7se "insect" and "ftmgus." In f, change "can be left in
plax" to "should be removed."

827 - 1.
827 - 2.
827 - 3.
827 -4.
827 - 5.

llmnel; excavate.
Soft.
Chlorinated; injected.
Dusts; carried.
Soutnern.

827 - 6.
827 - 7.
827 - 8.

828 - I.
828 - 2.
828 - 3.
828 - 4.
828 - 5.

829 - I.
829 -
829 - 3.

830 - I.
830 - 2.
830 - 3.
830 - 4.
830 - 5.

831 - I.
831 - 2.
831 - 3.
831 -4.
831 - 5.
831 - 6.
831 - 7.

832 - I.
832 - 2.
83: - 3.
832 - 4.

Eat; excavate.
Thrinels; dusted; powders.
Coat ; paint .

CHAPTER 3

Gypsy moth.
White-marked tussock moth.
Gypsy moth.
Fall cankerworm.
White-marked tussock moth.

Eastern tent caterpillar.
Fall webworm.
Spruce bud worm.

T.
F; changc ' 'cutworm" to 'bagworm.'
T.
F; change "bagworrns' to 'cutworms, "
T.

Elm leaf.
Elm leaf.
Elm leaf.
Both.
Japanese.
Japanese.
Japanese.

Basswood.
Holly.
Birch.
Arborvital.

833 - I. Insecticidal sprays and dusts
833 - 2 Because they atx: concealed between the layers of thc leaf.
833 - 3. Pick them from the affected host.

834 - I. T.
834 - 2. F; change "2.6" to 6.2."
834 - 3. F; change "bark beetles' to "engravers
834 - 4. T.
834 - 5. T.
834 - 6. T.

835 - I. Borers.
835 - 2. Thnneling under bark; wood.
835 - 3. Fine boring dust; larvae; tunrels.
835 - 4. Paper; burlap; utack.
835 - 5. Carbon disulfide; pamdichlombenzene; benzene hexachloride:

tunnels; putty.

836 - 1.

836 - 2.

836 -
836 - 4.

836 - 5.

836 - 6.

836 - 7.
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Spotting, discoloration, malformation, and general devitalization
of the foliage, twigs, and other plant parts.
They are 0.8 to 6.2 mm long, with delicate, soft, globular-to-
pear-shaped bodies that are yellow, green, red, grey, blue, or
black.
Malathion and dimethoate.
They cause general devitalization and death by extracting plant
sap and injecting toxic saliva. Also, unused honeydew falls on
lower plant parts where it forms a medium for black sooty
molds.
a. They mry be flattened, globular, hemispherical, saclike,
elongated, or circular.
b. They're sometimes covered with wax in the form of powder,
cottony masses, or a continuous scalelike layer.
c. They are alwa !,. wingless, and the legs, anu-nnae, and
compound eyes are reduced or absent.
d. They usually have a pair of membraneous wings,
well-developed legs, long antennae, and no beak.
In the early spring before the buds start to expand, bu when the
temperature will stay above freeing for at least 24 hours.
Closely related to the scale insects, they're small and covered

5 2



with a soft, fine, white granular material that forms long,
cottony threads over the body.

836 - 8. They are minute, reddish or yellowish spiderlike arthropods
with tiny bodies that ate rounded, shiny, and covered with fine
hairs.

836 . 9. They suck juices from the undersides of leaves and tender parts
of the plant. This causes a stippled appearance of the foliage,
which later discolors and dies.

836 - 10. They attack a wide variety of grasses, shrubs, and shade trees.
836 - I I. They suck large amounts of sap from plants and cause

numerous small pinholes in the phloem and bark tissues.
836 - 12. Make sure you cover the foliage thoroughly, including the

undersides.
836 - 13. Damaged leaves have a spotted, greyish appearance on top and

a black, shiny, varnishlike excrement mu:least skins on the underside.
836 - 14. Aphids.
836 15. They'te 1.0 to 1.6 mm long, slender, and usually blackish,

brownish, or yellowish. They eat most flowering plants and
shrubs.

836 16. Because these minute insects hide in the sheaths of leaves and
flower stems as well as within the flowers themselves.

837 - I.
837 - 2.
837 3.
837 - 4.
837 - 5.
837 - 6.
837 - 7.
837 - 8.

838 - I.

839 - 1.

840 - 1.
840 - 2.
840 - 3.
840 - 4.

T.
T.
F; change "sucking" to "chewing."
T.
T.

F; change "80°F" to "86°F.

(I) e.
(2) i.
(3) a.
(4) f.
(5) b.
(6) k.
(7) m.
(8) g.
(9) n.
(10) e.
(11) o.
(12) I.
(13) h.
(14) j.
(15) d.

(1) f.
(2) c.
(3) e.
(4) a.
(5) d.
(6) b.

T.
F; change "black" to "bright red."
T.
T.

841 - I. In the fall or spring, when the soil is fairly warm.
841 - 2. Cut three sides of a 1-foot square, lay it back on its fourth side,

count the grubs, and replace the sod.
84 1 - 3 . At least a half dozen grubs per square foot.
841 - 4. Pass broken-up sod through a four-mesh screen and then through

a window screen; the wirmorms won't pass the second screen.
841 - 5. Cut both ends out of a tin can, shove it halfway into the sod, and

fill it with water. The chinch bugs will float.

842 - 1. a, b, c, d, e, and f Pre true; in g, Achatina have not become
established in California.

843 - 1. 1. Achatinidae.
2. Zoniticlae.
3. Vetonicellidae.

5 2 4

843 2.
843 - 3.
343 4.

4. Helicellidae.
5. 'llstacellidae.
6. Bradybaenidae.
7. Helicidae.
Above.
Aestivation.
Self-fertilization.

844 - I. Horticultural; quarantine.
844 2. On sheets of wrapping paper.
844 - 3. At night or early in thc morning after a rain.
844 - 4. At the point of origin.
844 5. A slime trail.

845 - I . b. (.. d, e, g, and h ate true. Ina, after "normally insert 'do not. "
In f, replace "repellent" with "contact poison."

846 - I .
846 - 2.
846 - 3.
846 - 4.
846 5.
846 - 6.
846 - 7.
E46 - 8.
846 - 9.
846 - 10.
846 - 11.
846 - 12.

Dollar spot.
Fusarium blight.
Brown patch.
Fairy rings.
Mildew.
Spring dead spot.
Damping-off.
Brown patch.
Dollar spot.
Mildew.
Fusarium blight.
Copper spot.

847 - 1. 3 to 21 days.
847 - 2. Rainfall, dew, biodegradation, UV light, and new growth.
847 - 3. It may reduce the severity of the disease if the humidity drops,

wind increases, or if the sun dries the turfgrass surface area.
847 - 4. Benomyl, mancozeb and thiabendazole.
847 - 5. As a chemical seed treatment applied before planting.
847 - 6. Aeriation, overwatering, and applying wetting agents.
847 - 7. Reduce available nitmgen and the frequency of watering. Water

only at midday to help maintain a dry turfgrass surface.
847 - 8. Keep thatch to a minimum, increase nitrogen levels in the soil.

and water deeply when necessary.

848 (I)
848 - (2)
848 - (3)
848 - (4)
848 (5)
848 - (6)
848 - (7)
848 - (8)
848 - (9)
848 - (10)
848 - (I I)

f.
J.
b.
d.
a.
h.

g.
k.
c.

e.

849 - 1. When the tree's health is poor or its aesthetic value would be
lost from the disease.

849 - 2. Pzotection against infecnon with fungicides and use of resistant
varieties.

849 - 3. Spray at or before bud break and every 2 wecks until about
mid-June.

849 - 4. Many disease pathogens overwinter on the tire, in the buds, on
the bark, or on dead twigs. Spores that infect leaves may travel
great distances in the wind. Dry leaves break up during raking,
and many pieces are left in the grass.

849 - 5. By removing all infected tissues.
849 - 6. By keeping trees vigorous end avoiding wounds in the coot

system and near the base of the tree.
849 - 7. Use therapy to delay the disease's progression in a partially

ini;cted system. When the roots are mostly dead, remove the
tree.

849 - 8. Removal and destruction of weakened or dead elm trees and
logs, and pruning out infected twigs and branches.

849 - 9. Conttoi the insect vector with malathion spray, inject



850 - I.
850 2.
850 - 3.

Tebuthiuron into the tree trunk, and fumigate the soil between
trees ith Vapam to prevent further spread through root grafts.

Small; magnification.
Eggs; males.
Thrashing about.

851 - I . Sedentary parasites; endoparasitic; semiendoparasitic; ecto-
parasitic.

851 - 2. Fixed; one; death.
851 - 3. Stunted; yellow; fine; root.
851 4. Nursery stock, ornamentals, and grasses.
851 - 5. Lesions; roots; larva:.
851 - 6. Citrus; tip dieback; sparse; spreading.
851 - 7. Lesions; roots; soil.
851 - 8. Externally; roots: plants.
851 - 9. Free; soil; roots.
85 1 10. Spiral.
851 - I I Tips; roots.
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851 - 12. Bud; young; crimping; deformation; unproductivity.
851 13. Parenchymatous; plant; salivary.
851 14 Gall; poisoned.

852 - I . Collect soil and root samples; get shipment approval from the
local agricultural departmenz; put the Ohm roots and soil in a
I-quart polyethylene or freeze bag; include a label with the
installation, collector, host plant, and locality; close the bag
with a rubber band and put it in a mailing box; wrap the box and
place the agricultural permit label on it, and send it to your
command pest management professional.

852 - 2. Be familiar with quarantines within your area of operations;
see that incoming and outgoing equipment or any other soiled
facility is thoroughly steam cleaned or at least washed off and
allowed to dry; and see that all nursery stock is certified free of
plant parasitic nematodes.

852 - 3. For this preplant soil sterilization, you prepare the area by
digging, leveling, and marking it off in a I-foot grid pattern.
Calibrate the equipment, and inject the recommended volatile
liquids 8 to 10 inches deep at each irtersecting gridline point.
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STOP- I. MATCH ANSWER SHEET TO THIS EXERCISE NUNIBER.
2. USE NUMBER 2 PENCIL ONLY.

EXTENSION COURSE INSTITUTE
VOLUME REVIEW EXERCISE

56650 05 22

ECONOMIC PESTS

Carefully read the following:
's:

1. Check the "course, "volume, and "form numbers from the answer sheet address tab against the"VRE answer sheet identification number in the righthand column of the shipping list. 11 numb,..rs do
not match, return the answer sheet and the shipping list to ECI immediately with a note of explanation.

1. Note that item numbers on answer sheet sequential in each column.
3. Use a medium sharp #2 black lead pencil for marking answer sheet.
4. Write the correct answer in the margin at the left of the item. (When you review ('or the courseexamination, you can cover your answers with a strip of paper and then cheek your review answers

against your original choices.) After you are sure of your answers, transfer them to the answer sheet. It'
you have to change an answer on the answer sheet. be sure that the erasure is complete. Use a clean
eraser. But try to avoid any erasure on the answer sheet if at all possible.

5. Take action to return entire answer sheet to ECI.
6. Keep Volume Review Exercise booklet for review and reference.
7. If mamlatorily enrolled student, process questions or comments through your unit trainer or OJTsupervisor. If voluntarily enrolled student, send questions or comments to 12.C1 on EC1 Form 17.

DON 'Ts:

I. Don't use answer sheets other than one furnished specifically for each review exercise.
2. Don't mark on the answer sheet except to fill in marking blocks. Double marks or excessvc markings

which overflow marking blocks will trgister as errors.
3. Don't fold, spindle. staple. tape, or mutilate the answer sheet.
4. Don't use ink or any marking other than a #2 black lead pencil.

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON THE VOLUMEREVIEW EXERCISE. In parenthesis after each item number on the VRE is the LearningObjective Number where the answer to that item can be located. When answering the items on theVRE, refer to the Learning Objectives indicated by these Numbers. The VRE results will be sent to
you on a postcard which will list the actual VRE items .vou missed. Go to the VRE booklet and
locate the Learning Objective Numbers for the items missed. Go to the text and carefully review the
areas covered by these references. Review the entire VRE again before you take the closed-book
Course Examination.
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MuuripLE

Niqe to Sun tem: Consider all choices carefully and select the best answer to each question.
1. (800) What pest is considered the most important whole grain pest'?

a. Cadelle. c. Granary weevil.
b. Drugstore beetle. U. Rice weevil.

2. (801) Which of the following insects is the worst pest of prepared cereals?

a. Red flour beetle. c. Confused flour beetle.
b. Cadelle. U. Indian meal moth

3. (8()1) What moth is easily recognized by pale gray forewings with transverse wavy black markings?
a. Indian meal moth. c. Webbing clothes moth.
b. Angoumois grain moth. d. Mediterranean flour moth.

4. (802) The statement "a pest with reddish legs and a light olive-brown color, mottled with darker brown andgray, describes the

a. bean weevil.
b. pea weevil.

c. cadelle.
d. red flour beetle.

5. (803) Which of the meat and cheese pests also infests dog biscuits, museum spec'mens, and dried tobacco?
a. Larder beetle. c. Red-legged ham beetle.
b. Cheese maggot. d. Cadelle beetle.

6. (804) Which of these general feeder beetles is an important pest in grocery stores, food warehouses, and grainstorage?

a. Saw-tooth grain beetle. c. Cigarette beetle.
b. Drug store beetle. U. Khapra beetle.

7. (805) Flow often should you conduct joint surveys with other food quality inspectors for stored products pests'?
a. At least twice a month.
b. At least once a month.

c. At least every six weeks.
d. At least every eight weeks.

8. (806) An of the following are forms of preventive control for stored products pests e.vrept

9.

a. palletizing.
b. isolation.

c. fumigation.
d. rotation.

(807) Pheromones can be used in a stored-food pest management program in all these ways except

a. to conduct mass trapping.
b. to .-apidly reduce larval population.
c. to monitor insect activity.
U. as a birth control method.

10. (807) It: warehouses, insects on the outside of packaged materials can he killed with
a. residual sprays.
b. residual dusts.

c. contact sprays.
U. a vacuum cleaner.

2 56650 05 1'
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I I . ( 807 I In areas where food is prepared. :VII may only use

a. crack and crevice treatment . c. pheromones.
b. residual dusts. d. insect tnips.

12. (808) Before you clear a stack being Idmigated with aluminum phospInde. ou must make sure gas
concentrations are below

a. 0.1 ppm.
b. 0.3 ppm.

c. 0.5 ppm.
d. 1.0 ppm.

13. (809) What pest spins and carries a silken case during its larval stage?

a. Black carpet beetle. c. Casemaking clothes moth.
b. Furniture carpet beetle. d. Webbing clothes moth.

14. (809) Which clothes moth has larvae which spin a co,. oon and then attach particles of fiber and excrement to it'.'
a. Webbing clothes moth. e. Carpet moth.
h. Casemaking clothes moth. d. Uphor.tery moth.

15. (810) The larvae of which of these carpet beetles are great wanderers and may be found in a wide variety of
locations'?

a. Odd beetle.
ft Furniture carpet beetle.

c. Common carpet beetle.
d. Black carpet beetle.

I (SI I For what stage of fabric pests should you survey?

a. Eggs.
b. Larvae.

e. Pupae.
d. Adults.

17. (812) Which of the following is generally ineffective in preventing infestations of fabric pests'?
a. Cedar chests. c. Household sanitation.
b. Mothproofing. d. Cold storage for clothing.

18. (812) Preventive controls for fabric pests include all of these except

a. Paradichlorobenzene (13DB), c. thorough, regular vacuuming.
ft naphthalene. d. cedar closets and chests.

19. (812) When fabric pest infestation is not heavy, what is 1.t suitable chemical control method (or adults and
larvae?

a. Contact spray application.
b. Ultra low volume (ULV) treatment throughout the building.
c. Dusts applied to carpet pads.
d. Crack and crevice treatment with residual sprays.

20. (813) The insect pests most destructiv.; to structures at military activities are
a. fungi.
b. termites.
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C. carpenter ants.
d. carpenter bees.
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2 I . (813) The worker caste of the subterranean termite is important to the colony as a wlwle because w orkcrs

a. protect th colon,, from invaders .

b. produce eggs to sustain the colony .

c. produce the food fcw the inembers of the colon,.
d. feed and care for all the other members.

1_2. (814) In temperate areas, the primary subterranean termite reproductive swarm in

13.

a. late winter.
h. spring.

c. summer,
d. fall.

(815) What icrmite is elatk clv new to Nort h America, but is highl aggressive and destructuve in world areas
where it is found?

a. Desert termite. c. Northern termite.
h. Formosan termite. d. Eastern termite.

24. (815) Which termite is most aggressive when its nests or galleries are disturbed?

a. I.ight southeastern subterranean termite.
h. Southeastern subterranean termite.
c. Eastern subterranean termite.
d. Formosan termite.

15 (816) When inspecting structures, you should know in advance all of the following except:

a. what termite species are common in your arca.
h. the signs of damage commonly caused locally.
c. the extent of an infestation when it occurs.
d. the relative age of any infestion found.

26. (81(i) Exploratory tunnels constructed by subterranean termites will usually emerge

a. in old logs and wood under the ground.
b. a little below ground level.
c. above ground level.
U. in windows and doors.

27. (817) The best time to provide protection against termites is

a. immediately after construction is completed.
ft during the final construction.
c. during planning and construction.
d. one year after construction is completed.

18. (817) To ease termite inspection in buildings with crawl spaces, how much clearance should there be between
the ground and the lowest joist, beam, or girder?

a. 18 inches. c. 30 inches.
h. 24 inches. d. 36 inches.

4
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29. (8 I 8) At what rale should termiticides be applied to a trench along a foundation?

a. 1 gallon per I 0 linear feet.
h. I gallon per 5 linear feet.
c. 2 gallons per I() linear feet.
d. 2 gallons per 5 linear feet.

30.

31,

(818) Which termiticide is available M paste form and gives good penetration to control both tci mites and
lungi'?

a. Paradiehlorobentene.
h. Pentachlorophenol.

e. l)ichlorvos.
d. Chloroneb.

(818i Buildings with concrete block foundations must he treated for termites by
a. drilling holes every 6 inches and injecting chemical at the rate of I gallon per I() linear feet.
b. drilling holes every 5 inches and injecting chemical at the rate of 1 gallon per 5 linear feet .

c. drilling holes every 12 inches and injecting 1/2 gallon per hole.
d. drilling holes every 18 inches and injecting I gallon per hole.

32. (:19) Dry-wood termites generally live in wood which is
a. undceayed and low in moisture content.
h. undecayed and moderate in moisture content.
c. partly decayed and moderate in moisture content.
d. highly decayed and low in moisture content.

33. (820) Which termite is of horticultural importance. attacking underground parts of 'limbs and small trees?
a. Rotten-wood termite. c. Florida damp-wood termite.
h. Desert damp-wood termite. d . Powder-post termite.

34 ( 821) The easiest way to survey for non-subterranean termites is to

a. probe wooden timbers with an awl.
b. use a moisture detection device in wood members.
c . )ok for lecal pellets pushed out of galleries.
d. loo;. for unpainted or poorly painted wood being aLacked by fungi.

35. (822) Pyria imTassata is an example of which type of fungi?

a. White rot.
b. Water conducting.

c. Stain funizi.
d. Mold fungi.

36. (822) The term "dry-rot" suggests an attack on wood by
a. red-rot fungi.
b. yellow-rot fungi.

c. brown-rot fungi.
d. white-rot fungi.

37. (523) What percentage of pentaehlorophenol is recommended to make wood almost completely impervious towater'?

a. I percent.
b. 3 percent.

5 j 0

c. 5 percent.
d. 10 percent .
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38. (823) The maximum permissible moisture content for safe storage of lumber befori it is dip-treated is

a. I() percent.
b. 20 percent.

c. 30 percent.
d. 40 pereent.

3. (824) Which one of the powder post beetles is identified by larval tunnels tightly packed with frass ;ind running
parallel with the wood grain?

a. Lyctidae. c. 13ostrychidae.
h. Anobiidae. d. (erambycidae.

40. (824) The larvae of which powder post beetles attack the sapwood of pine, oak. alder, and willow'?

a. Anobiidae.
Lvctidae.

c. Bostrychidae.
d. Cerambycidae.

41. (825) Which of these insect pests is of particular importance because of its attacks on floot joists. silk, beams.
studs, and subflooring?

a. Lesser house borer. c. Old house borer.
b. Greater house borer. d. Long-horned wood borer.

42. (82() What corrective control for powder post beetles is used to treat laid flooring in buildings?

a. Brushing with an oil solution.
b. Spraying with an oil solution.
c. Spraying with pentachlorophenol.
d. Brushing with pentaehlorophenol.

43. (827) In structures, the most effective preventive treatment against carpenter bees is to

A. spray the suthice with pentaehlorophenol.
B. spray the surface with triehloromethane.
C. spray the surface with chlorinated hydrocarbons.
D. apply a heavy protective coating of paint.

44. (828) The common lepidoptera defoliators that feed mainly on trees such as apple. alder, birch, oak, and willow
are the

a. white-marked tussock moths. c. gypsy moths.
b. fall cankerworms. d. fall webworms.

45. (829) Which very destructive webbing Ledidoptera defoliator spends its larval stage in protected coverings
under hark scales?

a. Fall cankerworm. c. Eastern tent caterpillar.
h. Fall webworm. d. Spruce bud worm.

46. (830) Lepidoptera defoliators that are seldom seen because they usually remain hidden under clods of earth or in
the topsoil during the day are the

a. hagworms. c. fall webworms.
b. Eastern tent caterpillars. d. cutworms.

6
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(831) The larvae of which skeletonizing defoliators hatch in the ground and feed an deCayill.' erctation and
plant

a. Japanese beetles. C. Idni leaf beetles.
l). IIlI L.ankerw orals. d. ('um arms.

-IS. (832) The holly leaf miner is the larval stage al a

a. small dark or ellow ish ft%
I). small gra> moth .

c. wedge-shaped beetle.
d. hite with blackspat

19 ( S32) The larvae that eat out the inside of terminal leaves are

a. holly 1:al miners. c. arborvitae leaf miners.
h. hasswood leaf miners. d. birch leaf. miners.

511 833)Chemical control of bagworms is effective only in the

a. late summer.
h. fall.

C. winter.
d. spring and early summer.

51. (S3-1) A method used to lessen the attack of bark beetles is to

a. spray the tree vith a protective paint.
h. spray the surrounding foilage with herbicide.
c. cut and destroy the infested tree.
d. score around the base of the tree.

52. (835) To kill borers within wood or bark, you can use

a. carbon disulfide.
b. pentachlorophenol.

c. calcium carbonate.
d. fertilizer and water.

53. (836) Which pesticides are commonly used to control aphids and other pl.' pcsti?

a. Dursban and malathion. c. Baygon and carbaryl.
b. Malathion and dimethoate. d. Carbaryl and diazinon.

54. (838) Which sapsuckers secrete large amounts of honeydew that often falls on plant parts and creates a medium
for black sooty molds?

a. Lacebugs. c. Scale insects.
b. Spittlebugs. d. Leafhoppers.

55. (837) Summer oils should not be sprayed if the temperature is above

a. 52° F.
b. 64° F.

56. (838) Wireworms are most prevalent in

a. dry sandy soils.
b. gardens and orchards.

532

c. 78° F.
d. 86° F.

c. pastures and hay fields.
d. high rainfall areas.
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57. (838) Normally. ptivement ants are found in lawns in

a. the Atlantic Coast states,
h. Texas and Lousiana.

c. the West (' oast states.
d. the New Fngland states .

58. (839) The best way to distinguish between the armywonn and the fall ornlywonn is the

a. fall army worm is more brilliantly colored .
b. arrnyworm has a white dot on each forevinii
c. armvworm feeds only during the day.
d. fall armyworm remains in the soil at night.

59. (84(t) One of the most destructive of the turf-attack My insects is the

a. leaf hug .
b. leafhopper.

c. chinch bug.
d. scale insect.

(0. (84 I ) Sifting broken-up sod through hand sifters is the recommended method for detecting the presence of

a. grubs.
b. chinch bugs.

c. cutworins.
U. wireworms.

6 I . (842) The Mediterranean snail that is considered to he the most destructive is the

c. Ow lacteo.
b. Acluitina. d. Helix averta.

(t1. (843) he aestivation of snails refers to the

a. ability to reproduce asexually.
h. preparation of a nest for eggs.
c. infestation of vegetation by snails.
U. period of dormancy during the summer.

63. (844) When inspecting wheeled and tracked equipment for snails. woat is recommended in lieu of or in addition
to exaiiination?

a. Submersion in chemically treated water.
b. Spraying with diesel oil.
c. Steam or water-jet cleaning.
U. Treatment by infrared lighting.

64. (845) The best method of cultivating soil in order to destroy snails and snail eggs is

a. discing.
h. cultipacking.

c. turning.
d. harrowing.

65. (845) What predators may be used to control snails and slugs?

a. !logs.
b. Chickens.

c. Snakes.
d. Lizards.

66. (846) Which turf disease spreads slowly and may leave a characteristic 'smoke ring'. in the infested area?

a. Damping off. c. Copperspot.
h. Dollarspot. U. Brown patch.
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67. (84( ) Which turfgrass disease is indicated by the presence of greyish. cobweb-like the earl moi ii
while dew is present?

a. Brown patch. c. Dollar spot.
b. Copper spot. d. Damping off.

68. (847) In controlling damping oft . which of these ungicides may be used as a pre-plantinr seed treatment?

; ::1:

b. Mancozeb. d. Thiram.

69. (847) When using turf fungicides to control an existing fungus infestation. how should .% ou gcnerall !..chedule
applications?

a. Conduct two treatments 5- I() days apart.

b. Conduct five treatments 3-5 days apart.
c. Conduct monthly treatments throughout the summer.
d. Conduct weekly treatments for a month.

70. 1848) A stem disease that produces roughly circular bulbs and contains abundant callus is

a. Diffuse canker. c. Anthractiose.
b. Target canker. d. Fusarium blight.

71. (848) If there is a loss of dead areas inside spots on leaves, resulting in a series of holes, which ornamental
disease is indicated'?

a. Leaf blister.
b. Shot-hole.

c. Powdery inildew.
d. Leaf blotch.

72. (849) I low often should fungicides be applied to control leaf diseases?

a. Once in the spring. c. Every 2 weoks.
b. Every week. d. Every 3 weeks.

73. 1850) Nematodes are classified as

a. free-living. c. animal parasites.
b. plant parasites. d. all of the ab..we.

74. (851) Which root-type nematode attacks fruit trees?

a. Root-knot.
b. Meadow.

c. Lance.
d. Stubby root.

( I What has been the most successful method of controlling nematodes?

a. Quin amines
b. Soil fumigation.

1 Ht

d. Water-dispersal ncmatocidc,,

END OF EXERCISE
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Preface

THIS SIXTH volume of CDC 56650 was written to teach you about the many vertebrate pests that have
daily impact on Air Force installations and operations. As in Volumes 4 and 5, you'll be studying
identification and biological characteristics, survey techniques, and control measures you can take to
correct problems caused by these animals.

Chapter 1 discusses rodents and is divided into two parts. Part one is about domestic rodentsNorway
rats, roof rats, and house mice; part two will discuss field rodents such as native mice and rats, squirrels,
and pocket gopher...

In Chapter 2 you'll learn about birds and how they affect us as medical and economic pests and as
hazardous pests on airfields. In the lessons on bird control, you'll see the influence of integrated pest
management very clearly, since chemical control is always a very final resort compared to the many
nonchemical control methods you have available in this area.

Chapter 3 will discuss a variety of vertebrate pests, some of them occasionally thought of as rodenzs, but
in different families. You'll learn about rabbits and hares, bats, skunks, and molesproblems you'll meet
on a less regular basis than other pests.

Vertebrate pest control offers you many interesting work opportunities as a pest management specialist.
Whereas you can basically expect invertebrate pests to act instinctively in a given situation, vertebrate pests
often exhibit a great ability to learn just as you do. This learning ability may often have an impact on what
controls will work best for you. Keep these factors in mind both as you study this volume and as you
manage these pests in the field.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial product, cnmmodity, or service in this publication is

for information purposes only and does not imply indorsement by the Air Force.
This volume is rated at 27 hours (9 points).
Material in this volume is technically accurate, adequate, and current as of July 1984.
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Rodents

THE DOMESTIC RODENT is a major problem on military
installations. One of your primary duties is to control these
pests. Not only must you contend with the domestic rodent
but you must control several field rodents including rabbits,
hares, moles, shrews, and predatory animals. This chapter
covers these pests, as well as bats and birds.

1-1. Domestic Rodents (Order Rodentia, Family
Muridae)

Three species of murine rodents live in close association
with humans: the Norway rat (Rattus norvegicus), the black
or roof rat (Rattus rattus), and the house mouse (Mus
musculus). These three imported murine rodents are far
more important to humans and their property than are the
rodents that are native to the United States. One or more of
these three are found almost everywhere people live.
Because these rodents live near humans, they are also
known as the domestic rodents. This section deals with the
importance, identification, life cycle, habits, habitats, and
control of the murine rodents.

A01. State the importance of domestic rodents.

Murine rodents inhabit the buildings and destroy the food
and property of humans. They also endanger human well-
being by being the reservoir, or vector, for such diseases as
plague, murine typhus, salmonellosis, leptospirois, and
rickettsialpox. They are hosts for the ectoparasites that are
the actual vectors of some of these diseases. We will divide
this discussion of the importance of murine rodents into two
parts: economic and medical.

Economic Importance. The murine rodents, especially
the roof and Norway rats, cause tremendous financial losses
each year by destroying and contaminating food, killing
poultry and other domestic animals, and destroying
property. .

Destruction offood. Rats eat millions of bushels of grain
each year. They eat it in the fields, grain elevators,
processing mills, trucks and trains, stores, and homes.
Because rats Ire omnivorous, this eating cycle can apply to
various stages of many other products.

Contamination of food. Rats and mice commonly
excrete wastes, both feces and urine, as they feed, so they
contaminate and make unfit for human consumption about
three times as much food as they eat. To give you an idea of
the amount of damage that is possible, rats drop from 25 to
100 pellets a day and excrete 10 tu 20 cc of urine each day.
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Another way rodents contaminate food is by shedding body
hairs.

Destruction of poultry and other domestic animals. Rats
may destroy hundreds of baby chicks in 1 night, and they
have seriously injured young pigs, lambs, and calves. This
type damage can become a major problem, because rats kill
not only for food but also for the sake of killing.

Property destruction. Rats df:stroy by gnawing. They
will gnaw through such items as ,:oncrete, brick, wood, and
even metal. Such gnawing co ild cause a fire should a
rodent gnaw through the insul ition on electrical wiring.
Fire could also occur through spontaneous combustion from
flammable materials gathered as nesting materials.
Burrowing rodents can also cause severe damage to
structures or runways as they undermine and weaken these
facilities. Rodents on aircraft are very dangerous because
their consistent gnawing habit could damage electrical
lines, pneumatic lines, or control cables.

Medical Importance. Although many diseases are
transmitted by the rat, only the ones of importance to
people will be discussed here.

Murine typhus fever. This disease is transmitted from
rats (the reservoir) to humans by the rat flea. It is similar to
epidemic typhus, which is transmitted by human lice. The
rickettsial organisms cause the disease to enter the
bloodstream when feces of infected fleas are rubbed or
scratched into a fleabite wound or broken skin tissue.

Plague. A plague reservoir exists in wild rodents of the
Western States and is transmitted from rodent to rodent and
from rodent to humans by the bite of rodent fleas. There is
always a danger that domestic rodents will become infected
and carry the infection to people. This disease is usually
fatal to rats, fleas, and humans.

Leptospirosis (Weirs disease). Human infections result
from direct or indirect contact with the infected urine of
rodents. The spirochetes living in water or on food may
enter through mucous membranes, minute cuts, or skin
abrasions. Therefore, Weil's disease is more often found in
ailors, miners, sewer workers, fish or poultry dealers, and

abattoir (slaughterhouse) workers.
Ratbite fever. The bacteria that cause this disease are

found on the teeth and gums of many rats and are
transmitted from a rat to a person by a ratbite. The most
common ratbite fever in the United States is called
Haverhill fever.

Salmonellosis. Salmonellosis is a food poisoning disease
that causes diarrhea and dysentery. It is spread in several
ways. One way is by contamin-tion of edible materials with



rat feces containing infective bacteria. Salmonellosis is a
common disease found worldwide.

Rickatsialpox. The disease is transmitted from the house
mouse to humans by the bite of a mite that the mouse
harbors. Rickettsia !pox is a mild, nonfatal disease which
resembles chickenpox. Although these diseases may not be
major problems in the United States at the present time,
there is always the possibility of a major outbreak as long as
rodents arc living near humans. Also, as a member of the
military, you may be sent to areas here epidemics of these
diseases are frequent; therefore, you should be familiar with
the vectors, hosts, and reservoirs of each of the diseases.

Exercises (A01):

1. Murine rodents inhabit the and destroy the
and of humans.

2. List several places where rats eat millions of bushels of
grain a year.

3. Rats and mice commonly excrete wastes, both
and , as they , so they contaminate and
make unfit for about three times as much

as they eat.

4. Why do rats kill?

5. Rats will gnaw through what kinds of items?

6. Fire could occur through from flammable
materials gathered for materials.

7. What transmits murine typhus fever to humans?

8. The bacteria that causes ratbite fever are found on the
and of many rats and are transmitted from

rats to humans by the of the

9. Rickettsialpox is transmitted from the to
humans by the of a mite that the harbors.

2

10. Where is salmonellosis commonly found?

A02. Distinguish among the roof rat, Norway rat, and
house mouse, by their features and their droppings.

Field Identification of Domestic Rodents. Rodent
control measures cannot be effective unless you know with
which rodent you must deal. Thus, you must know how to
identify the three most important species of murine rodents.
Table 1-1 lists the physical characteristics of each.
Identifying factors other than physical characteristics, such
as droppings, gnawings, or trails, sometimes will be your
only clues to a correct identification. See figure 1-1 for
examples of the different types of rodent droppings.

Norway rat. The Norway rat (Rattus norvegieus),
predominantly a burrowing rodent, is the most common and
largest of the domestic rats. Numbers of this pest are
generally distributed throughout the United States and the
temperate regions of the world. In addition to the
characteristics in table 1-1, the Norway rat's fur is coarse
and reddish brown. It droppings are large (up to three-
fourths inch long) a. 1 capsule shapped. It is sexually
mature in 3 to 5 months; its gestation period averages 22
days; and it can have 3 to 6 litters per year with 8 to 12 in
each litter. It lives about 1 year, with harborage at ground
level, and burrows in the ground, under building
foundations, and in rubbish dumps. Its range is often 100 to
150 feet. It is omnivorous, daily eating 3/4 to 1 ounce of
garbage, meat, fish, and cereal and drinking 1/2 to 1 ounce
of water.

Roof rat. The roof rat (Rattus rattus), an agile climber, is
a middle-sized rodent with a range confined largely to the
South and *o the Pacific coast in the United States. It is
found most aboundantly in the tropical or temperate regions
and is rare or absent in the colder portions of the world. Its
fur has three color phases in the United States: the black rat
(Rattus rattus) is black to slate gray; the Alexandrine rat
(Rattus rattus alexandrinus) is tawny above and grayish
white below; and the fruit rat (Rollos rattus frugivorus) is
also tawny above with a white-to-lemon-colored belly. The
droppings are medium sized (up to 1/2 inch long) and
spindly shaped. It reaches sexual maturity in 3 to 5 months,
with an average 22-day gestation period, and it has 4 to 6
litters per year with about 6 to 8 in each litter. The female
actually weans about 20 per year. It lives about 1 year with
harborage above ground level, indoors in attics, and
between walls; outdoors in trees and dense vine growth. Its
range and feeding habits are almost identical to the Norway
lat.

House mouse. The house mouse (Mos musculus) the
smallest of the domestic rodents, is widespread and
abundant throughout the United States. It is found from the
Tropics to the Arctic regions throughout the world. Its adult
weight is about 1/2 ounce, its fur is dusky gray, and its
droppings are small (1/8 inch long) and rcd shaped. It
reaches sexual maturity in 11/2 months. Its gestation period
averages 19 days, with as many as 8 litters per year,
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Roof Rat
(Rattus rattus)

TABLE 1-1
ADULT DOMESTIC RODENT CHARACTERISTICS

Species

Weight

Norway Rat
(Rattus norvegicus)

10-17 oz
(280-480 gm)

Total length
(Nose to tip
of tail

12 3/4-18 in
(325-460 mm)

4-12 ^z
(110-340 gm)

House Mouse
(Mus musculus)

13 3/4-17 3/4 in
(350-450 mm)

1/2-3/4 oz
(14-21 gm)

6-7 1/2 in
(150-190 mm)

Head and
Body

Tail

Ears

Blunt muzzle;
heavy thick body
7-10 in
(180-255 mm)

Shorter than head
plus body, carried
with much less
movement, com
paratively, than
roof rat. Lighter-
colored on under
side at all ages.
6-8 1/2 in
(150-215 mm)

Pointed muzzle;
slender body
6 1/2 - 8 in
(165-205 mm)

_

Longer than head
plus body generally
moving whip-like,
uniform coloring
tip and bottom at
all ages and for all
subspecies.
7 1/2-10 in
(190-255 mm)

Small
2 1/2-3 1/2 in
(65-90 mm)

Equal to or a little
longer than body
plus head.
3-4 in
(75-10 mm)

Small, close set,
appear half buried
in fur. Rarely
over 3/4 in
(20 mm)

Hind Foot Usually over
1 1/2 in (40 mm)
from heel to tip of
longest toe.

Large, prominent,
stand well out from
fur. Generally
over 3/4 in (20 mm)

Generally less than
1 1/2 in (40 mm)
from heel to tip of
longest toe.

--A

averaging 5 to 6 young per litter for an average of 30 to 35
weaned per year by each female. In comparing the house
mouse to the young rat, you'll find that its feet and its head
are much smaller than those of the young rat.

Exercises (A02):

1. Using figure 1-2 and table 1-1, place in the numbered
spaces descriptive statements which distinguish these
murine rodents from one another.
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Prominent, large
for size of animal.
1/2 in (15 mm) or
less

Feet are shorter,
darker, and broader

1

than most wold mice.
Generally less than
3/4 in (20 mm) from
heel to tip of langest
toe.

2. Droppings of these murine rodents are
a. Small (1/8 inch long), rod shaped. The rodent is

the

b. Large (up to 3/4 inches long) capsule shaped. The
rodent is the
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Figure 1I. Comparison of domestic rodent droppings.

c. Medium size (up to 1/2 inch long), spindle
shaped. The rodent is the

A03. Verify or correct statements that cite domestic
rodent habits.

Habits of Domestic Rodents. To control domestic
rodents effectively, you must know about their habits. This
objective covers the general activity, reaction to strange
objects, climbing, jumping, swimming, nesting,
burrowing, and gnawing habits of murine rodents.

General activity. Young rats and mice gradually become
familiar with their surroundings during a "training" period
with their mother. Their first trips away from the nest are
often by accident. Nursing young, clinging to their
mother's nipples, are sometimes dragged from the nest as
she leaves. Later they may follow her for a short distance
when she leaves the nest. This habit of following increases
until finally they regularly accompany her as she goes about
her normal activities. During this period they learn their
home area by associating with and imitating their mother.
There is no evidence that she consciously tries to teach
them. They learn by imitation and experience as they
accompany her on forays. By the time the youngsters are 3
months old, they are very active and are completely
independent. This lev el of activity remains high until they
are about 9 months old, when old age overtakes them and
they slow down.

When food is abundant, the rat shows the greatest
activity during the first half of the night. The rat becomes
most active at or shortly after dusk. This activity continues
until about the middle of the night. The house mouse shows
a similar pattern of nocturnal activity, and it shows a
second, lesser activity peak starting well after midnight and

4

lasting until dawn. Superimposed on this nocturnal activity
are short periods of restlessness and activity periods that are
related to periodic stomach contractions in the rat. The
major pattern of noctural activity breaks down, however,
when the rat is hungry.

Knowing where the rats and mice are likely to go is
important in such control procedures as rat-proofing. They
like co use regular paths or runways, especially along walls
or objects that present a venical plane. When a rat or mouse
wants a piece of food, it will run under and behind things
until it gets as close to the food as it can. Then, if the food is
in the open, a short dash is the only exposure to danger. The
farther away from runways that traps or baits are placed, the
smaller the chance that they will be visited.

Reaction to strange objects. Rats and mice very often
carefully avoid strange objects, even strange food. This
habit contributes greatly to their ability to survive even in
the most dangerous environments. Strange objects may be
dangerous or even deadly. It is to the rodent's advantage to
investigate them very cautiously. Interestingly, this
"sa-ange-object" reaction has led to many stories about the
"wily" and "highly intelligent" rat. The answer to a great
number of these stories is that the rat recognized the trap
only as a strange object to be avoided, not specifically as a
trap. Probably one of the reasons it's so hard to kill the last
few rats or mice in a building is that these survivors have
the strongest reaction to strange objects, so they avoid all
new attempts to kill them. Rats may avoid new food for
several days. This is an important fact in poisoning. When
the rat or mouse first starts to take a new food, it may only
take "token" amounts. If these amounts hold a sublethal
dose of poison, they may make the animal sick and thus
strengthen the avoidance reaction. This is the biologic basis
for using unpoisoned bait, or prebaiting, before you add the
poison. The feeding studies also indicate that hunger
causes the avoidance of strange objects to break down more
quickly.
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FIELD IDENTIFICATION OF DOMESTIC RODENTS

ROOF RAT (Rattus rattus)

NORWAY RAT

YOUNG RAT

11

FEET

1 3

HEAD
1 2 1 4

HOUSE MOUSE
(Mus musculus)

(Rattus norvegicus)

CFB -010A

Figure 1-2. Comparison of rodent physical characteristics (objective A02,
exercise 1).
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In environments where "strange objects' appear
regularly, rats and mice may show little or no evidence of
the avoidance reaction. This is particularly true in such
places as warehouses, whete there is a constant turnover in
harborage and food. Also, rats are less suspicious when
they first enter a building, since everything is new and they
must learn the new environment rapidly. They can be
trapped or baited more easily at this time. Perimeter control
programs work well because they intercept rats migrating
into the area when they are more easily trapped or baited.
Once the rat has explored it's new home and settled down,
it becomes suspicious of changes.

Climbing ability. Roof rats and house mice are
notoriously good climbers, and even the Norway rat can
climb well if it has to. There are records of Norway rats
having crossed wide city streets by walking telephone
wires. This use of wires is common among roof rats and
house mice.

Rats and mice can climb the vertical walls of most brick
buildings. This is understandable for the sr-aller house
mouse, but even the larger rats can climb any vertical
surface where they can get a toenail hold. Run your
fingernail over the surface of the average brick building,
and you can see how easily a rodent could hang on. Even
stucco is often rough enough for ready climbing. Vine-
covered walls are perfect runways, and since the vines
afford concealment they can be climbed if there is a pipe, a
corner, or something else against which the rat or mouse
can brace its back. Rats have been found using both the
outside and inside of rusty 3-inch pipes placed against
walls. Nailheads or screwheads placed too close together
can serve as steps for rodents to climb. Rats have crossed
sheet metal flashing by catching the top edge with the claws
of their forefeet and swinFting across overhand. Improperly
installed sheet metal guards can't stop ratsnot even the
large rat guards used on ship mooring lines.

In rodent control work, however, we must draw a line
between the possible and the probable in rodent climbing.
For example, it is possible for rats to climb most types of
vertical walls, but the chance of rats climbing these walls
without supporting wires or pipes is quite remote.
Remember that rats and mice aren't out to climb every wall
they see. They work only as hard as is necessary, and only
hunger or lack of shelter drives them to the acrobatics we've
been talking about. This greatly simplifies the precautions
against rat entry and reduces ratproofing costs.

Jumping ability. Because rats can reach as far as 13
inches along smooth vertical walls, a safety factor must be
added to rat guards. The distance that should be completely
clear of possible holding points is 18 inches. Rats can make
a standing high jump of nearly 2 feet. With a running start
and a bounce against the vertical surface two-thirds of the
way up to give them a boost, some can jump a little more
than 3 feet. Even the much smaller house mouse can jump
lore than 3 feet high. Jumping out and down from a height
if 15 feet, a rat can cover a horizontal distance of 8 feet. It

can do even better with a running start.
Swimming ability. All three of the domestic rodents are

good swimmers, but rats have been known to swi; as far as
1/2 mile in open water. There are reports that rats swim up

through floor drains without hesitation. They probably
come from z: manhole or other break in the sewer lines,
although rats may live in the sewer itself. On some bases,
rats may use the older sewer systems as regular highways. If
you are responsible for ratproofing inspection, be familiar
with the layout of the major sewer lines in your area.
Information is especially important on small lines that
weren't removed when larger mains were laid.

Nesting. Rats and mice will nest wherever they can find
safety close to food and water. They can use holes or
burrows in the ground to hide and nest outdoors. In
buildings, they use double walls, the space between walls
and ceilings, closed-in spaces around counters, or any place
hidden from view that enemies cannot reach. The more
rubbish that is piled around, the more objects that are
stacked in corners or closets, the greater the number of
hiding and nesting places.

Generally, rats and mice build their nests in hiding places
that are relatively quiet. They gather whatever soft material
is nearby or tear up paper and cloth to line the nest. Rat
nests generally are bowl shaped and about 8 inches in
diameter. Occasionally, they are completely rooted over. In
addition to cloth and paper, such materials as grasses,
excelsior, small twigs, and other soft materials may be
used.

Mouse nests are similar to rat nests but are smaller
about 5 inches in diameter. Normally, they are completely
covered, and entrance is through a small hole in one side.
Nest-building activity is greatest just before young are born
and at the start of cold weather.

In addition to disclosing nesting sites, a careful search
may reveal hidden resting and feeding stations somewhere
between the food supply and the nest or burrow entrance.
To these spots the mice and rats carry or drag food, and they
leave behind feces, food wrappings, and scraps. The ideal
condition, of course, is where harborage is such that
runways, too, can be concealed. Too often this condition is
found around homes and business places.

Burrowing. The three murine rodents differ considerably
in their tendency to burrow. This habit is most highly
developed in the Norway rat. As an adaptation to
burrowing, the ears of this species are small, and the hairs
in the ear openings keep dirt out. The roof rat is more
adapted tc) a life of climbing, it burrows only in areas where
Norway ratb .,re absent. Its burrow system is seldom
extensive. House mice burrow where other harborage is not
available. In and around buildings mice seldom have
trouble finding cover, but in open fields they burrow well
and extensively.

Because of a peculiarity in rat burrowing habits, rodent-
control workers have developed the L-shaped curtain wall
to protect buildings from rat entry under the foundation
walls (fig. 1-3). Rats and mice often start a short distance
away and burrow at an angle toward the wall. Usually they
reach it before they are 18 inches deep, and upon reaching it
they may follow it downward. Most important, once they
reach the wall they will not dig away from it to go around an
obstruction.

Gnawing. Nature seldom has given an animal a more
effective cutting tool than the rodent's front, or incisor,
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Figure 1-3. Concrete curtain wall.

teeth (fig. 1-4). Young rats and mice start to gnaw as early
as the second week of life. Throughout their lives the teeth
keep growing rapidly. In adult laboratory rats, the average
growth for upper incisors is 41/2 inches a year, and the lower
incisors grow 51/2 inches. The growth rate in wild rats
probably is similar. This fast growth allows continuous
gnawing without wearing out the cutting edge of the teeth.
It may, however, cause trouble. Sometimes rodents are
found with a front tooth broken and the one in the opposing
jaw very long. This seems to indicate that the grinding
action of the opposing teeth helps keep the teeth short, with
the hard enamel on the front of the incisors wearing away
the softer dentine on the back of the opposing tooth to help
keep the tooth sharp. It is hard to see how gnawing, as such,
could keep the teeth sharp, although this idea still persists.
It would be IP:e a chisel that grew sharper the more it was
used. The tooth-shortening theory would explain why
many holes are gnawed much larger than necessary. It
might also explain random cutting of furniture legs and
counter posts.

To get to food, rats and mice gnaw any material with a
gnawing edge softer than their tooth enamel. This includes
such things as wood, paperboard, cloth sacks, lead pipes,
cinder block, asbestos, and aluminum. They have pierced
concrete used for ratproofing before it had time to harden
and have even gnawed through sun-dried adobe brick. Roof
iats are even better at gnawing than are Norway rats.

Feeding habits. The feeding habits of rats and mice
differ enough to require different controls. All three species
have regular eating habits, determined by differences in the
species, in the amount and kind of food, and in the dangers
involved in securing it. Rats usually start searching for
food a little after sunset each day; but mice are small and
hard to see and come out during the day whenever possible.
They all treat food much the same way, once they find it.

Usti:Illy, they carry or drag it to a hiding place before eating
it. occasionally they eat small pieces on the spot, hut they
normally eat in the open only if they are starved, if no
enemies are around, or if the pieces are too big to move to
cover.

Rats are fairly steady eaters, but since mice are nibblers,
taking a bit here and a bit there, we try to poison mice by
putting out many baits quite close together. rorway rats
feeding on mixed garbage prefer such foods as meats,
grain, grain products (such as oatmeal), cooked eggs, and
potatoes. On the other hand, they show very little desire for
such foods as raw beets, peaches, onions, celery,
cauliflower, and green peppers. There seems to he an
aversion to highly spiced foods. The choice of food is
determined largely by the environment of the rat or mouse.
For example, citrus fru:As are not preferred by rats and
mice, but in Florida, the roof rat is considered a serious pest
in citrus groves.

Exercises (A03):

Mark each statement true (T) or false (F) and correct any
that are false.

1 You must know the habits of rodents to rrol
them effectively.

_ 2 Young rats and mice are trained by their father.
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_ 3 Rats become more active at dawn.

_ 4 Rats and mice avoid strange food.

_ 5 Rats and mice can climb vertical wans of brick
buildinas.

_ 6 Rats can make a standing high jump cf4 feet.

_ 7 Rats are good swirnnicrs. They can even swim up
through floor drains.

_ 8 Rats and mice generally build their nests in noisy
places.

_ 9 The burrowing habit is most highly developed in
the Norway rat.

_ 10. The teeth of rats and mice keep growing
throughout their lives.

_ 11. Rats usually start searching for food ir the early
morning hours.

_ 12. A rodent's food choices are often 0_ termined
largely by its environment.

A04. Verify or correct statements about signs of
domestic rodents.

Survey and Inspection for Domestic Rodents. Often
you must inspect an area to fin I the extent of rat or mouse
infestation. The rodents leave characteristic signs of their
activities that can often tell you the species present, the
degree and location of the infestation, and the habits of the
animals. You should always check as many signs as
possible before you make a decision as to the presence and
degree of any rodent infestation.

8

Sight. The most positive proof of infestation is to see a
live rat or mouse, but since they'1e generally nocturnal and
secretive in their habits, we seldom see them alive. As a
rule, it is only in very heavy infestations that they show
themselves around humans. They are especially secretive if
there is much human activity in the area.

Dead animals may indicate either a current or a past
infestation. If the carcass is dried or reduced to a skeleton, it
may mean only a former infestation. If you find many
recently dead animals, find out whether poisons have been
used in the area. If not, there may be an epidemic disease,
such as plague, among the rodents. For this reason (and as a
basic sanitary precaution), you should never handle dead
rodents with your bare hands. If possible, place them in
cloth or paper bags to prevent the escape of fleas and other
ectoparasites. Hold them for examination by specialists to
find the cause of death.

Sound. The various noises made by.rats and mcce may
give clues as to their presence and location. These noises
are rarely heard unless the area is otherwise quiet. Upon
entering an infested building, stand still to allow the sound
of your own entry subside so that rat and mouse activity will
resume. You may hear the sounds of running, gnawing, and
scratching, especially from double walls and floors.
Various squeaks and churring noises are also produced. The
squeaking may accompany fighting and may occur
intermittently for several minutes. Youngsters in the nest
make faint squeaking noises.

Droppings. Presence of rat and mouse feces is one of the
best indications of an infestation. All three animals
commonly produce quantities of droppings. These
droppings may be a key to the species and its relative
aburnaance (fig. 1-1). It is important to be able to tell the
age of rat and mouse droppings so you can decide whethec
the area is currently infested. Fresh droppings are soft
enough to be pressed out of shape and often have a
glistening, moist appearance. The color varies according to
the kind of food eaten, but usually it is black or nearly
black. Within a few days, depending on climatic
conditions, droppings become dry and hard. Later the
surface becomes dull, and with great age they assume a
grayish dusty appearance and may crumble easily when
pressed with a stick. The appearance of the surface alone,
however, may be misleading. Droppings may be black and
shiny and still be hard and crumbly. Old droppings
dampened by rain or other moisture may look fresh, but
when they're crushed they don't have the puttylike
consistency of fresh droppings.

The quantity and sizes of fresh droppings in an area may
give you an idea how many animals there are. Fresh
droppings mean there's at least one rat or mouse. Since
only rarely are Norway and roof rats found in the same area,
presence of several sizes of fresh droppings means there are

veral ages of rats and they're probably reproducing. This
often is the case in extensive infestations. Droppings are
most numerous along runways, near harborage, in secluded
corners, and near food supplies. In contrast, the burrows,
and nests, especially, are usually very clean and have no
droppings. Rats and mice have actually been seen carrying
feces from nests and burrows.
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The number of rodent droppings in any area depends not
only on the amount of rodent activity but also on how often
floors are swept and how rapidly stored goods are moved.
The absence of droppings doesn't always mean there aren't
any rodents, for droppings a. e irregular; sometimes they're
abundant, sometimes scam: On the other hand, the
presence of old droppings, even in quantity, does not mean
that the area is currently infested.

Runways and rub marks. Sincc rats and mice generally
occupy only a limited area, they may use the same pathway
many times. Out of doors or on earthen floors these
runways may appear as clean-swept, well-packed earth
paths 2 to 3 inches wide. In dusty areas, they may consist of
tracks made in dust by passing rats or mice (fig. 1-5).
Occasionally, you may even see the wavy line of a dnigged
tail. In many areas rats and mice leave dark smears or rub
marks on large objects as the result of natural oils and dirt
on their bodies.

Outdoors, runways are easily seen in dense vegetation,
such a- lawn grass, and they may even be conspicuous on
bare earth. The location of runways usually reflects the
rodent's generally secretive habits. Most often, they are
found along walls, under boards, behind stored objects and
accumulated litter, and in similar places. It is important to
search such places carefully.

Rat and mouse runs in or on buildings are often marked
by more or less extensive rub marks. You can find these
marks around gnawed holes, along pipes and beams, on the
edges of stairs, along walls, or anywhere else that the
rodent is likely to travel. Swing marks made by rats passing
under floor joists along a beam generally indicate the
presence of roof rats. Norway rat runs are more often near
the floor. House mouse runs, on the other hand, may be
anywhere. They are the most difficult to locate because
they are small and often very faint. It is especially
important to search behind vertical pipes and columns,
which are favorite means by which rats and mice change
floors. You can often tell how old a rat or mouse run is. A
fresh run over earth will generally be hard packed and free
of dirt and litter. Heavy use may even make it look shiny.
Dusty cobwebs across a run, of course, mean that it is no
longer used. Fresh rub marks and smears are soft when you
scratch them; old ones are brittle and may flake off. By
tracing rat and mouse runs, you can find the harborage, the
food and water supply, and the means of entry into
buildings. This information will help you take the right
control measures.

Tracks. You may find tracks anywhere along rat and
mouse runs, both outdoors and inside. You can see tracks
clearer with side illumination from a flashlight than with
direct light from above (fig. 1-5). Especially good places to
find tracks are in dust in little-used rooms and in mud
around outdoor puddles. Rat tracks are fairly large. A hind
foot of a walking Norway rat may leave a print 11/2 inches
long. Roof rat prints are about the same size. Mouse
footprints are rarely even half and ;nch long, and they're
much closer together, even in comparison to young rat
tracks.

Tracks found outdoors generally are fresh because wind
and rain would quickly erase them. The age of tracks
indoors is more difficult to estimate; they may look fresh
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Figure 1-5. Tracking domestic rodents.

long after they were made. If the dust is thin enough, you
can determine their age by pressing a finger lightly into the
dust near the track and observing the color. Fresh tracks
should show about the same color as the finger mark, while
old tracks will be different in color and have less sharply
defined edges. Knowing the speed with which dust falls
may be helpful. In a dusty flour mill where there is a heavy
deposit every day, visible tracks arc probably quite fresh.
In the still air in the unexcavated area beneath a building,
tracks last a long time.

It's helpful to use a fine dust for tracking. You can dust
any fine powder, such as pyrophyllite or flour, on a
suspected runway and inspect it later for footprints. Spread
the powder smoothly to a depth of no more than 1/8 inch.
Then when you inspect, look for prints of the 5-toed hind
feet and the 4-toed front feet.

Gnawing. Recent gnawings through wood can be
distinguished by the fresh, light-colored appearance of the
gnawed surface and the presence of small, chewed pieces or
cuttings in the vicinity. The edges of the gnawed area
darken in a few days. and small cuttings are soon scattered
or swept away. Another way to determine the age of
gnawed openings is to notice the sharpness of the bitten
edges. A freshly gnawed opening has sharp edges that
scratch the animals as they pass through. They will stop and
nibble at the offending edge so that as the openings become
older, they acquire well-rounded edges. Evidence of recent
gnawing is one of the most reliable signs for detennining
the presence of rats and mice.

The extent of damage to materials may be an indication
of the degree of infestation. You must be careful to
determine whether the gnawing was done by one or more
species. A mixed infestation of rats and mice may be



present, and damage done by mice may be attributed to the
rats. When fecently delivered materials are damaged, you
can assume that the infestation is a current one. In this case,
the extent of damage may be a very reliable index to the
number of animals present.

Exercises (A04):

Mark each statement true (T) or false (F) and correct the
false ones.

_ 1 The most positive proof of infestation is to see a
live rat or mouse.

2 If many recently dead animals are found, you
should ask about the use of poisons in the area.

_ 3 The various noises made by rats and mice may give
clues as to their presence and locations.

_ 4 The droppings are not usually a key to the species
present and its relative abundance.

_ 5 The quantity and size of fresh droppings found in
an area may indicate the number of animals
present.

_ 6 Out of doors or on earthen floors, runways may
appear as clean-swept, well-packed earth paths two
to threst inches wide.

_ 7 The hind feet of a walking Norway rat may leave a
print 11/2 inches long.

_ 8 A way to determine the age of gnawed openings is
to check the sharpness of the bitten edges.

A05. State how to control domestic rodents with cultural
and mechanical or physical technique.

Sanitation for Controlling Domestic Rodents.
Sanitation is the backbone of a successful rat control
program. the elimination of rodent shelter, food, and water
can mean the difference between success or failure in
controlling them, and it helps prevent successful
reinfestations. The presence of rats generally indicates an
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inadequate sanitation program or lack of effective
ratproofing.

Good housekeeping practices are an absolute must. This
is true whether the structure is a residence, office building,
or food-handling facility. In all facilities, a well-organized
and supervised program of routine cleaning must be set up
and followed rigidly. Such areas as obscure corners,
shelves, under and in cabinets, worktables, lockers, and
equipment must not be overlooked or neglected.

In all areas, rubbish piles must be eliminated. Where
refuse must accumulate, keep it in rodentproof containers
until it is removed from the premises. Careless handling of
garbage and refuse is a prime sourcc of food and shelter for
rats, and it will attract them to any building. Improper
garbage disposal will not only nullify control measures but
will bring an increasing rat population.

Once rats have gained entry into any building, the first
thing they must do is find a safe place to hide. Only by a
thorough inspection of a building will you uncover potential
harborages. These must be eliminated by building
occupants or by other civil engineer (CE) sections,
depending on the severity of the problem. Rodentproofing
may be necessary within the building in such places as
under stairways, cabinets, lockers, machinery, double
walls, false ceilings and floors, hollow tile partitions, and
boxed in pipes and conduits. These areas serve not only as
shelter but as nesting and breeding sites.

Proper storage practices within any building are an
absolute must in effective rodent control. Improper storage
will result in the creation of ideal and inaccessible
harborages, preventing thorough inspection and proper
baiting or trapping. Rat damage to stored materials can
easily be reduced to a minimum when good storage
practices are followed. In storage areas, products should be
on pallets 12 to 18 inches off the floor, 18 inches from
adjacent walls, not stacked more than 6 feet wide, and
separated by an aisle at least 12 inches wide. These
practices reduce harborage areas, permit inspection and
cleaning and allow you to apply appropriate control
measures.

Outside harborages areas should also be given attention.
Grass, weeds, and other vegetation near buildings should be
kept closely cut. Lumber, roc.:: piles, rubbish, old
equipment, construction materials, etc. must be eliminated.
Items must be kept 12 inches away from walls or fences.
Spaces under loading docks, outside storage buildings or
sheds, etc. must be blocked off sc rats cannot gain entry.
Also, old rat burrows and holes should be filled in with
earth.

Mechanical and Physical Cf.ntrols. In many buildings
rat control is impossible because the construction of the
building permits rats to get in faster than they can be killed.
In such cases, you may have to accept a lesser degree of
control than is normally desirable, or to have other shops
ratproof the structure to allow adequate control.
Ratproofing isn't always possible, but you should see that
enough ratproofing is done for your trapping and baiting
programs to have a chance to succeed.

Rodentproofing. Sheet metal of 26 gage or heavier, 1/4-
inch mesh hardware cloth, and cement are suitable
materials for use in rodentproofing. Openings more than 1/4
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inch wide in the interior of building should be closed (fig.
1-6). Other openings, such as cracks around doorways,
gratings, and windows less than 4 feet above the ground--
through which rats may enter directly or by enlarging the
openingshould be covered with hardware cloth or other
suitable material. Openings around boxed-in piping and
wire conduits should be closed (fig. 1-7). Conduits for
wiring should be closed and limited, if possible, to sizes
that will prevent passage of rats and mice. Fire stops in
double walls and floors of wood construction should
exclude potential rat runways along beams. Spaces between
walls should be blocked (fig. 1-8) Doors should be self-
closing and should fit tightly. Wood sills and doors at
ground level may be sheathed in sheet metal to prevent
gnawing.

When holes must be patched, keep in mind that rats will
chew out a green concrete "plug" 4 or more hours after the
hole is filled unless the hole has been tightly jammed with
wire mesh and then cement placed in and over the wire ball.
this system allows the rat 15 minutes or less to tear out the
"plug."

Advise masonry personnel to start with No. 3 coarse steel
wool and make a "ball" out of the steel wool. Fill the ball
with a quick-setting cement mixed with water, not too thin.
Stuff this ball tightly into the rat hole, leaving no holes for
even a mouse to dig out. finally, fill the hole with a thinner
consistency of quick-setting cement to finish off the
surface.

Trapping. Many types of traps are used to control
rodents. Included are common wooden-base snap traps,
steel traps, wire live traps, and multiple-catch box traps. In
certain situations, particularly where there is danger of
contaminating food products or of harming pets or children,
it may be necessary to trap for rats. The trap most
commonly employed in rat control is the wood-base snap
trap. You can use it with bait, or expand the trigger device
and use it without bait (fig. 1-9). Steel traps used to catch
small fur-bearing animals are less suitable for use in
trapping rats. Such traps usually catch the rat by snapping
shut on one leg, and the rat will often chew the leg off and
escape.

Tie a suitable bait not larger than the end of your index
finger to the trigger of the wood-base trap, and set it in a
runway. Select the right-sized trap for the pest species
involved and place it in the normal travel routes. Place snap
traps so the long axis is perpendicular to the travel route
with the baited pan directly across the path (fig. 1-10).
Multi-catch traps (fig. 1-11) should be placed against walls
or other objects so that entrance ways face the routes used
by mice.

A number of traps should be used and should be spaced
appropriately for the rodent involved. Traps should be
placed within 20 feet of each other for controlling rats and
within 10 feet of each other for mice. Check traps
frequently, and remove trapped rodents. You may want to
use multi-catch mouse traps inside and outside every
entrance leading into the building. They catch mice and
very small rats outside easier than inside.

is usually recommended that a variety of baits be used
in successive traps. Meat in one trap, vegetable in another,
and cereal in another gives the rat a choice.
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IF NECESSARY POINT UP
MORTAR JOINT FLUSH WITH
BRICK FOR DISTANCE OF 12
ON EACH SIDE OF 8ARR7L

CLOSE TOP ONLY
FASTEN WITH SHEET
METAL SCREWS

24-GA GALV SHEET
STEEL CURVED TO DIAMETER OF
AT LEAST 12"

(BARREL GUARD)

ANCHOR BOLTS OR GALV CONCRETE
NAILS DRIVEN INTO MORTAR JOINTS
OR SIDING SET NAILS FAR ENOUGH
APART SO THAT THEY DO NOT ACT
AS LADDER FOR RATS

24-GA GALV SHEET CURVED TO
DIAMETER OF AT LEAST 12"

(CONE GAURD)

Figure 1-7. types of metal guards.

Traps are mast effective set next to a wall beneath a
runway made by leaning a board against the wall. Do not
set the trap directly in front of the hole where the rat gains
entrance to the room, since it is likely to become
suspicious. If the rat becomes "wise," it may be necessary
to bury the trap in a shallow pan of meal, sawdust or grain,
with the trigger protruding. Make sure the action of the
trigger will not be clogged by the material beneath it. The
baits should be tied to the treadle with a thread or rubber
band, thus making sure of pressure on the treadle. Old traps
should be boiled, scraped, and kept clean. Dipping traps in
melted paraffin lengthens wear, deodorizes them, and may
make them spring more readily. Since rats are often
attracted to traps with the odor of other rats on them, don't
clean them too much. Too, an old trapparticularly a
multi-catch trapoften works better than one that has never
caught anything.

More rats are trapped on the fcst night than on any other
night. After 3 to 4 nights of trapping, the catch may drop to
zero. For this reason, it is essential to distribute a large
number of traps on the first night of trapping. In various
buildings, the number of traps may vary from 20 to 100
traps, depending upon the degree of infestation and the
facilities for locating the traps.

Do not use petroleum oils to prevent rusting of traps since
rats do not like such oils. Instead, use lard or some other
animal fat. A trap with metal parts should be wiped with
bacon rind to protect from rust and to make it more
attractive to rats.

Trapping mice. Snap traps are great for residential
mouse control, but you may get gripes from occupants: "1
could have done that. I thought you were going to do
something more professional." Inform the customer on the
first call that several methods of control will be used, one of
which is snap traps. S-Jme pest managers aren't successful
with snap traps because they don't put out enough of them.
Even if you have three to eight mice, place at least 15 or 20
traps. You even can leave some traps for your customer.
One benefit of snaps traps is that they hold the carcass so
you don't have to go on a dead mouse hunt.
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Proper placement of snap traps is very important. Place
traps in areas where the mice are feeding. Don't be afraid to
build a funnel system to make the mouse go through a
narrow passageway into the trap. If traps are placed
correctly, there is seldom need to bait them. If the trap is
unbaited, the mouse will think it is just one more thing to
crawl over and won't be so suspicious.

U-ing glueboards. Glut:boards are effective to catch
mice. They also are safe, nonpoisonous, easy to hide, and
will hold rodents for hours. The problem with glueboards is
that customers tend to dispose of them after only one catch.
Also, the fact that the rodent does not die quickly is
sometimes objectionable to others, and it's no fun for you
either. Rats with one leg caught may chew off the leg to free
themselves.You must tack glueboards to the floor to keep
rats from dragging them about. Since a very tacky glue is
involved, they can be very messy to handle, install, and
service. However, where baits and traps cannot be used
because t. children, pets, or food, glueboards may be
useful.

One way to avoid these disadvantages is to place the
glueboards in bait stations or out-of-sight locations.
Sometimes, an attractant such as candy or peanut butter in
the middle of the glueboard gets the job done faster. Here
are some other tips to enhance the efficiency of glue:

a. Make hollow tubes out of cardboard by bending the
glue board into a cylinder and taping. These can then be
taped to pipes hanging near ceilings, on narrow ledges, and
other areas where rodents are running.

b. When you use a glueboard for rats, secure the board to
the ground or floor covering. Otherwise, the rodent may
drag the board away and die in the wall of a structure.

c. Use glueboards in protected, nondusty or nonwet
areas. Otherwise, put them in bait stations to protect them.
The bait station/glueboard method does repel rodents to
some degree but it cuts contamination of the glue by dust.
Exercises (A05):

1. Why is sanitation such a vital part of a rodent control
program?
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(Above) A large snap trap set for use wi th bai t. (beloW)
Die same trap fi tted wi th a swuare of cardboard or metal
as shown here can be used in rat runways wi thout using
bat t. AM IL,

Methods of excluding rats from double walls: A
common type of building construction (a) with open
space betwe&I floor joists, giving rats free access
to double walls; wooden 2-by-4 stops (b) are some-
times employed, but as theNc have an important
function in fire control, noncombustible material
should be used (wood is permissible, however, in
upper floors); in old buildings galvanized sheet
metal (c) may be cut to fit and nailed into place
between studs, joists, floor, and sill; in buildings
under construction noncombustible stops of cement and
cinders (d) or broken bricks (e) are inadvisable,
but preferable a good grade of rich cement (') is
recommended.

Figure 1-8. Methods of excluding rats from double walls.

Figure 1-9. Two types of rat traps.

Diagrammatic sketches of proper trap placement. Note
that the traps have been set in runways wi th the triggers
next to the wall . On the left a box has been posi tioned
so that rats or mice will be forced to pass c.,er the
triggers.

Figure 1-10. Placing snap traps.
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Figure 1-11. Repeating mouse traps.



2. Who is responsible for taking cultural control
measures to eliminate potential harborages for
rodents?

3. List 3 conditions you should ensure in surveying
outside harborage areas around buildings.

4. In situations where complete ratproofing isn't
possible, what action should you take?

5. What mechanical and physical controls are suitable for
these areas?

a. Openings in building interiors.

b. Low openings near windows anu doors.

c. Wiring conduits.

d. Wood sills and doors at ground level.

6. Under what conditions are rodent trapping programs
particularly advisable?

7. How far apart should traps be placed when you're
controlling rats? Mice?

8. Why should you not clean traps any more than
necessary?

9. What advantage may an unbaited mouse trap have
over a baited one?

10. What advantages and disadvantages do glueboards
have in a rodent control program?

11. If you must use glueboards in dusty or wet areas, how
should they be placed?

A06. Cite chemical controls for domestic rodents.

Chemical Control Measures. After we use sanitation
and mechanical and physical controls to the fullest practical
extent, the rest of the control must be done with poison
baits. To use these measures for maximum results, you'll

need a thorough knowledge of rodent behavior, because the
complex balance of opposing rodent reactions, such as
aproach and avoidance, food consumption and rejection,
and aggregation and aggression can help you get maximum
control.

Since rats are creatures of habit and tend to feed on
familiar things, results are often good when we bait with
foods they're eating. The right bait will often have more
bearing on results than will the choice of rodenticide or bait
placement. As a general rule, Norway rats prefer meat and
fish, while roof rats prefer fruits and vegetables. Mice seem
to prefer bacon, sweets, grains or seeds, and peanut butter.
Prebaiting for several nights before you use poisoned bait
may help get them to accept whatever baits you use. The
bait materials must be the same during both periods.
Prebaiting helps to overcome the rat's natural avoidance of
new foods and often overcomes bait shyness in rats
previously poisoned. It is useful for controlling "difficult"
rats with quick-acting rodenticides, but it is too costly tbr
routine or large-scale use and it's unnecessary with
anticoagulants. Test baiting is also a way to learn which
baits rats prefer, how many baits you need, and where to
place them.

Most poisons must either be mixed in a water solution or
added as solids to bait materials that attract the rodents. All
bait materials should be fresh and must not taste or smell of
other chemicals. Anticoagulant poisons are commonly
mixed with cereal baits such as corn meal, rolled oats, or
cracked corn together with corn oil, peanut oil, sugar,
molasses, or similar substances which may add to its
attractiveness. Mix baits thoroughly to distribute the
toxicant evenly. Meat, fish, cereals, fruits, vegetables,
nuts, and many other baits are also used. Baits may be
ground, sliced or cut into cubes, but crumb-sized or sloppy
paste baits will reduce the chances of rodents' carrying baits
to other areas. Make all recognizable foods unrecognizable.

If you mix your own baits, follow the directions on the
registered label. Don't use more than the recommended
amount of any poison because this will increase the danger
of the bait to people and animals, and if may decrease
acceptability of the bait to rodents. Too low a concentration
will lead to incomplete control.

Try to always place baits, whether liquids or solids, in
rodent runways. Solid baits should be placed in small cups
or dishes so they can be easily picked up when they are no
longer needed. Place all baits close to walls and near
doorways wherever possible and do not put out more baits
than the rats are likely to consume; it's a hazard to pets and
children, and it wastes materials. Baits must be placed so
they are not readily accessible to children and other
animals. You'll need bait boxes in some areas for this
reason. Since rats often feed in one place, a small number
of bait stations will be sufficient. When it's practical, bait
in the late afternoon so that the baits will be fresh at dusk
when rodents generally become active. The amount of bait
needed depends upon the number of rats present and the
toxicant being used. Use enough bait to feed all the rats
present. You can usually tell how much to use after one
night of prebaiting.

Basically, we use three types of containers for dry, wet,
or liquid baits (fig. 1-12). They have no top, offer little or
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no protection to the bait, and don't keep pets or children
from the bait. Covered bait stations (fig. 1-13) confine the
bait, protect it from the elements, and avoid environmental

1
contamination, but they don't protect pets or children.
Safety bait stations will protect the bait and keep pets and
humans from ready access. Such containers can be secured
to discourage tampering.

FOR ONE
BAIT FORM

4.4rei:r/
TRAY FOR TWO
BAIT FORMS

CPA IfSe
UNTIPPABLE BAIT TRAY

Figure 1-12. Rodent bait trays.

It is of utmost importance that you know about the
rodenticides you're using and adhere strictly to label
directions in using them. Safety is the first consideration.
Some rodenticides can be fatal if ingested by humans or
other nontarget animals. Under no circumstances should
highly toxic materials be used by other than competent.
certified specialists.

Although anticoagulants are considered relatively safe.
they must still be used in a way that protects people and
nontargct animals. Follow manufacturers recommendations
and label directions for mixing and safe handling. Use only
the concentrations recommended on registered labels for
maximum effectiveness and to prevent increasing the
hazard or reducing acceptance by rodents. Then place the
baits in a safe manner to preclude contamination to food.
Exposure within a building should be at floor level. Open
bait trays can be used indoors only if placed in areas not
readily accessible to the public, children, or nontarget
animals.

There are several kinds of rodenticides available.
commonly grouped as anti :oagulants and single-dose, or
quick-acting, rodenticides. Some of the anticoagulants are
available to the general public as ready-to-use baits, but
most are available only to specialists. They come as
ready-made baits, concentrates to be mixed with baits or
water, weatherproof pellets, paraffin blocks or cakes, and
tracking powders. Whether you'll use them inside or
outside, check the moisture conditions and use the right
form. A loose-grain bait would not be appropriate for a
sewer, nor would a paraffin block be in a hot boiler room.

The anticoagulant rodenticides we discussed in Volume 3
disrupt the normal blood-clotting mechanisms, causing rats
to die of internal hemorrhaging. Most are slow acting and
take several days of continuous feeding before a rat dies. A
single dose is seldom lethal except with some of the newer
single-dose anticoagulants. Depending on the product you
use, keep enough baits for 10-15 days. Reasonable control

Figure 1-13. Covered bait stations.
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of a rat population may not come for 2 weelo,
Anticoagulant baits do not cause rats to go outside before
dying. Therefore, odor problems will develop if rats die
indoors.

Resistance of Norway rats to the anticoagulant.
Warfarin, has been documented in several areas of the
United States. To control such rat populations, you'll have
to use other tools such as single-dose rodenticides
(including the newer anticoagulants) and traps. Otherwise,
neither switching anticoagulants nor increasing their
concentrations in baits has proved effective on resistant
rats.

The single-dose, or acute, rodenticide group includes the
more toxic baits such as 7inc phosphide, strychnine, and
others. Each poison has its special characteristics, uses, and
hazards, and these should be well understood. Not only can
these poisions kill rodents, but they are dangerous to people
and nontarget animals.

Zinc phosphide is a toxic and effective rat and mouse
poison which has been used successfully for many years. It
is a black powder with a distinctive odor that makes it
unattractive to people and pets. Its safety record is very
good, but it still requires special handling in a well-
ventilated area when mixing. Contrary to long-standing
belief, zinc phosphide baits stay toxic for a long time. Its
quick action, effectiveness, and low hazard make it one of
the most useful rodenticides.

Strychnine sulfate and strychnine alkaloid are sometimes
used as rodenticides, particularly on poisoned seeds for
mouse control. They do not normally give good results in
rat control because of their extremely bitter taste and fast
action. The sulfate is better fo treating grains, as it will
soak into the kernels, while the alkaloid must be coated on
the outside with starch and other adhesives. Strychnine is
extremely fast acting (death can occur as soon as 12 minutes
after eating) and is toxic to all forms of life. Since it acts so
quickly, strychnine doesn't usually have time to metabolize
within the animal's body. There is a danger of secondary
Nisoning if another animal eats the dead rodent. These
factors make strychnine a very hazardous material, which
you should use only in special situations and with great
care.

CAU TION: Be sure to mix baits as directed. Too much
poison may give bait a strong taste or odor. Too little will
not kill and may result in "bait shyness." Excessive
amounts of poison increase the danger to people and
domestic animals. Poor mixing results in nonuniform baits,
poor kills, and a speedier development of bait shyness.
Mechanical bait mixing equipment is necessary where large
quantities of bait are mixed on a routine basis. You must
clearly label poisons and mixing equipment. Do not use
mixing equipment for other purposes. Lock up poisons and
mixing equipment when they're not in use. Treat all poisons
with respect. Avoid inhaling powders or getting poisons on
hands, clothes, or utensils from which they may reach the
mouth. Always mix poisons in a well-ventilated place,
particularly when you are mixing dry ingredients.

Baits may be used in solid form, as cubes or slices coated
with the more toxic poisons like zinc phosphide, or ground
and thoroughly mixed with the poison. Ground baits may be
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distributed in about 1/2-inch halls, loose, or wrapped in 4-
inch squares of waxed paper ("torpedoes").

Use baits liberally where you find many recently left
signs of rats. A major fault in unsuccessful poisoning
programs is the use of too few baits. (lood places to set baits
arc in or near rodent burrows, runs, and harborage. Collect
single-dose poison baits that are uneaten after 2 days. Burn
or bury rodent carcasses.

Water requirements of rats and mice can be the basis for
successful poisoning of these animals. Poisoned-water bait
consists of water and a rodenticide designed to be disolved
in water. If normal :;ources of drinking water can he
eliminated or red d, chances for success with this method
arc enhanced. Even though mice may depend on the water
they get from food as their major source, they will usually
drink water. If their normal supply of food has a low
moisture content, their need for drinking water will be
greater.

Multiple-dose anticoagulants are used differently from
other rodenticides. Bait mixtures are frequently placed in
paper pie plates or permanent bait stations. TLe number of
pie plates or bait stations varies with the degree of
infestation. Small pie plates hold 1/4 to 1/2 pound, but
permanent bait stations often hold over a pound of bait
mixture. Anticoagulant bait mixtures are usually exposed
for a minimum of 2 weeks. Repeated doses must be
consumed by the rodent for 5 or more consecutive days in
order to kill. Therefore, you must protect other animals and
shield baits from the weather with bait boxes, boards,
pipes, or cans. Note locations of all bait containers so you
can make inspections rapidly and replace consumed bait. At
each inspection, smooth the bait so that you can see any
new signs of feeding. Replace moldy, wet, caked, or
insect-infested baits with fresh ones. If successive
inspections show that bait is undisturbed, move it to an area
showing fresh rodent signs.

For single-dose anticoagulants, maintain an
uninterrupted supply of fresh bait for 10 days (15 for mice)
or until signs of rat activity cease.

Perimeter control is very important in intercepting rats
before they invade a building. Place weatherproof,
permanent bait stations and weatherproof poison baits
strategically g likely invasion routes, especially
doorways, basement windows, and along building walls
and shipping docks.

When you bait outdoors, place all bahs in burrows,
tunnels, deep into holes, or in covered rodent bait stations.
All dry baits should be inspected at least once per month
and replaced with fresh baits if they get infested with insects
rats. Daily baiting is necessary if you use perishable baits
such as fruits and vegetables. Place mixed cereal or solid
baits in waterproof containers in a cool, dry place if they're
stored for long. Upon completion of the program, pickup all
bait boxt.s, containers, etc. for disposal, especially if
they're accessible to the public, and destroy the dead rats.

To bait for mice, place large numbers of smaller baits,
rather than smaller numbers of large baits; mice don't
usually travel very far for food. Make it easy for a mouse to
fin6 your bait. Place cups of bait along walls and other
runways actually touching the walls. A bait placed several
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inches from a wall may be by-passed consistently. Be very
careful to bait near all openings to the outside of the
building where mice may enter, and also bait next to all
interior doors that stay open. Remember to replace baits
frequently.

As with rats, it is desirable to remove dead mice, but
carcasses are often in wall voids or other inaccessible
places. If the dead rodent can't be retrieved, ventilate the
area as well as possible and apply a masking agent. If a
carcass is in a wall void, forcing a pint of masking agent in
water into the area will usually get rid of the odor
immediately. If the rodent can't be precisely located, apply
the masking agent solution more generally. In severe cases,
you may have to use a mist or ULV machine. Repeat
applications may be necessary until the carcasses dry up.
Available agents include Neutroleum Alpha, isobornyl
acetate, and Styamine 1622. Follow label directions
closely.

Exercises (A06):

1. List the basic food preferences for Norway rats, roof
rats, and house mice.

2. What purposes are served by test baiting?

3. What negative effect may come from mixing the
poison and the bait material improperly?

4. At what time of day should you apply baits? Why?

5. Under what conditions can you use open bait traps?

6. What are the three main types of available
rodenticides?

7. What should you do if the rats in youi- area are resistant
to Warfarin?

8. What are the three maforttributcs of zi7: phosphide in
a rodent baiting?

9. Why should you take great :-are in t. strychnine to
control mice?
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10. Where should rodent baits be placed indoors?
Outdoors?

I I . After how long should you collect uneaten single-dose
baits?

12. Undet what conditions can water baits be most
effectively used?

1-2. Field Rodents

While domestic rodents pose a continuing problem in
many areas, numerous other rodents also require control.
The many types of field rodents (also called feral rodents)
are "native" species in the areas where they are found, and
they do not follow people from place to place. Though
some common names, such as "field mice," are widely
used, the species differ from place to place. In addition to
rats and mice, you may also have to control several types of
feral squirrels.

A07. Verify or correct statements about the importance
of native mice and rats.

Impcn tance of Native Mice and Rats. The importance
of the various native rats and mice of the family Cricetidae
(or Miridae) depends on their species, their numbers, and
the type and location of the military installation. All of
these rodents serve as disease reservoirs. While many
members of this family are mainly nocturnal, some are
active enough in daylight hours to be attacked by biting
flies. A single Neotoma live-trapped in Texas was a host for
fleas, ticks, and three warble-fly larvae. In addition, this
animal had plague. Wood rat nests in the Southwest are
often infested with various species of Triatoma,
transmitters of Chagas' disease.

The overall importance of these rodents at military
installations is mainly economic. Native rats and mice can
damage communication lines, particularly field telephone
cable on the ground, which obstructs their runways. The
rats and mice remove the insulation and often sever the
cables. Rodents can find access to parked aircraft within
which they destroy control and communication cables.
Repellent-treated communication cables are now available.

Rice rats, and more so the cotton rats, damage waterways
and impoundments by burrowing. Deer mice, or white-
footed mice, are normally destructive only at the larger
military installations with many acres of undeveloped
lands. When they are very numerous, they can become
pests. This often happens in logged-over forest areas where
they destroy seeds in the ground or fall from the seed trees
left for reforestation; in new areas seeded for forest trees; in
grainfields, particularly those containing shocks of corn and
wheat; and in feed and food storage places in farm buildings
and houses. They also eat the buds and bark on young trees,



but in this respect, they are not nearly so destructive as
meadow mice.

The injuries inflicted by meadow mice and pine mice
vary greatly from year zo year, depending on the abundance
of the rodents, the nature and extent of their food supply,
and the weather conditiors. The fluctuation in the numbers
of the mice is continual, irregular, and abrupt owing to the
varying birth rate, disease, food availability, and the extent
to which they are preyed upon by their enemies (wild birds,
mammals, and snakes). Thus, the mere presence of these
mice is a menace requiring regular observation.

Even relatively little gnawing at vital points may greatly
damage trees. As a rule, these rodents inflict the greatest
injury to trees during winter under cover of snow.
Therefore, you can expect more sevel e damage during a
hard winter with deep snow than during a mild one. The
rule is not invariable though; severe injury has been
recorded at all seasons and under a great variety of
conditions.

The kinds of crops injured by field mice are practically
without limit, but orchard tre,, nursery stock, small fruits,
and shrubbery probably suffer the most damage. Root
crops, tubers, and bulbs are very attractive to mice,
particularly to pine mice, and loss is often as severe as
damage caused by injury to fruit trees. Mice are also fond of
clover and alfalfa, and the aggregate annual loss from
inroads on these crops is considerable. Cereals are damaged
most heavily in the shock, but they're subject to attack at all
times. Because of these different habits, the greater part of
the injury to trees and other vegetation by the meadow
mouse is inflicted above the ground. Injury by the pine
mouse is inflicted below the surface, where in the case of
crops, it often remains unsuspected until harvest; or, in
orchards, until the foliage of the undernourished, girdled
trees begins to wilt. Meadow mice occasionally girdle the
trunk of a tree below the surface of the ground, but they
seldom continue to remove the bark from the roots as pine
mkt; do.

Perhaps the most significant problems posed by field
rodents is their attractiveness to birds of prey (raptors).
Many of these rodents inhabit open fields, such as airfields.
In turn, they may attract hawks, owls, and other birds to
feed therebirds which are a distinct hazard to aircraft
operations.

Deep snow and lack of clean cultivation allow meadow
mice to work above the ground level rithent fear of
detection. The reason it's important br you to distinguish
between the two mice is that mechanical protectors and
clean cultivation around trees, which are successful aids in
controlling damage by meadow mice, have little effect on
pine mice, which do not rely on surface vegetation for food
or protection.

Exercises (A07):
Mark each statement being true (T) or false (F) and correct
any false ones.

_____ 1 Considerable damage to communication lines is
done1.y native mice and rats.

2 Deer mice or white-footed mice damage waterways
and impoundments by burrowing.

3 Rice rats and cotton rats are normally destructive
only on large military installations with many acres
of undeveloped land.

4 Meadow mice usually will girdle the trunk of a tree
above the ground.

5 Root crops, tubers, and bulbs are very attractive to
pine mice.

A08. Match various native mice and rats with their
characteristics.

Characteristics and Biology of Native Mice and Rats.
Native mice and rats belong to several families. There are
many species with diverse food habits. While many are
essentially omnivorous, they have, for the most part,
adapted to a vegetarian diet. A few are distinctly
destrnctive. Most can, at times, be detrimental to human
welfare.

Meadow mice and pine mice. Although these mice are
clos'ely related, their habits differ, and as these habits affect
control practices, it is important to be able to distinguish the
groups. The range of the common meadow mouse and its
allies includes almost all of North America southward to
Guatemala, as well as the northern two-thirds of the
Eurasian Cortinent. The range of the pine mouse is
restricted to the eastern half of the United States, from the
Atlantic coast to eastern Kansas and Nebraska, and from the
Gulf of Mexico to the Great Lakes.

You can tell them apart by their appearance, the natu-e of
their burrows, and the kind of injury they do. The mice of
both of these groups, often called yobs, are blocky littk
animals with relatively coarse fur, usually dark brown in
color, and with small, beady, black eyes and almost-
concealed ears. The pine mouse is somewhat the smaller of
the two. Its reddish-brown fur is less shaggy and more
velvety. Its tail is short, being about tile same length as the
hind foot. The tail of the meadow mouse (fig. 1-14), on the
other hand, usually is nearly twice as long as the hind foot.
The average weight of meadow mice is 11/4 ounces and that
of pine mice is about 1 ounce. The females of each species
weigh slightly less than the males.

Meadow mice are very prolific and under favorable
conditions produce up to 13 litters a year. The number in a
litter varies from 1 to 11, the average being 5. The size of
the litter fluctuates with the population level of the mice,
large litters predominating when mice are becoming
abundant. Pine mice are less prolific; although they also



Figure 1-14. Meadow mouse (Microtus spp.).

may produce several litters a year, these number only 1-5
young each.

Both meadow mice and pine mice are active throughout
the year, although meadow mice are most restricted in
movements during the winter, and the latter are probably
less in evidence during dry, hot weather. The outstanding
difference in the habits of these two mice is that the pine
mouse is a burrowing animal, living and feeding very
largely underground, whereas the meadow mouse, although
constructing shallow tunnels and nesting chambers
underground, feeds mostly on the surface. Both of these
voles are mainly vegetarian, though pine mice will feed on
insects when insects are abundant.

White-footed mice. The white-footed mice (fig. 1-15),
also known as deer mice, are widely distributed throughout
North and Central America. They are found from sea level
to the vegetation line of the highest peaks and from heavily
timbered areas to the desert. There are many species and
subspecies, but all have the characteristic white underparts
and white feet. The color of the sides and upper parts varies
from dark gray (nearly black) in regions of heavy rainfall to
light yellowish-brown in desert regions. The species also
vary in size, the combined head and body length running
from 80 to 170 mm and tail length from 40 to 205 mm. The
weight of adults ranges from 1/2 to 2 ounces. All have large
ears, prominent eyes, and tails at least one-third the total
length of the animal.

White-footed mice are almost completely nocturnal.
They do not make runways of their own as the meadow
mice do. They use such trails as the runways of meadow
mice and the tunnels of moles and pocket gophers.

They are found in practically all t ;cs of habitatsin
woodlands and swamps, along watercourses, in the wide,
open spaces of the upland prairies, about rocks and cliffs,
and in deserts. Those inhabiting the prairies, open
cultivated areas, and fence rows usually make their nests in
short, simple burrows. Those in woodlands live largely on
the surface of the ground, building their nests and living
quarters among the roots of shrubs and trees, in decayed
stumps and hollow trees, and under logs. They may even
make use of deserted nesting cavities of birds or abandoned
birds' nests in bushes. A few live and travel about in
cultivated fields and make permanent homes in barns and
houses where the house mouse is not abundant. These mice
do not hibernate. Their little tracks may be seen in the snow
the day following the coldest night, showing that they were
out seeking food.
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White-footed mice are very prolific. They breed
throughout the year in the temperate regions and produce
1-9 young per litter. Although they occur throughout the
United States in great numbers, they concentrate in certain
areas where they become of economic importance. They
are extremely numerous in the western states.

As might be expected from their wide distribution,
white-footed mice consume a great variety of foods, but
they apparently prefer seeds, nuts, and grains. The seeds
include those of grasses, weeds, shrubs, and trees. They
often store them in burrows and in the cavities of old
stumps. They will devour the bodies of mice that have been
caught in traps and will kill and eat pocket mice. They also
eat insects, their eggs, and their larvae.

Wood rats. Various species of these large rats (fig. 1-16),
are widely distributed throughout North and Central
America. They have long, hairy tails, which are bushy in
some species. The ears are large and membranous. The
skull is long, angular, and heavy. These rats are chiefly
vegetarians. They eat flowers, fruit, seeds, stems, and bark.
They often carry food to their dens, where discarded parts
of plants may be added to mounds of sticks and twigs.
Cactis and other fleshy plants serve as moisture sources in
arid areas.

Rice rats and cotton rats. These rats (figs. 1-17 and 1-18
respectively) are distributed widely in North, Central, and
South America. The rice rat eats a variety of seeds, hedges,
fruit, and berries. It takes the large seeds of grama grass.
wild rye, and marsh grass and is sometimes a pest in :ice
fields. When these foods are in short supply, the rice rat
goes to the shore where it feeds on small crustacea and
mollusks exposed at low tide. It also feeds on insects. The
larger cotton rat has similar food habits and is a pest of
sugar cane and sweet potatoes. In addition, it's a menace to
ground-nesting birds, eating both eggs and young.

Exercises (A08):

1. Does each statement refer to meadow, pine, or white-
footed mice; or to wood, rice, or cotton rats?

1 Long, hairy tails which are bushy in
some species; ears are large and
membranous.

2. Pests of sugar cane and sweet potatoes.

Figure 1-15. White-footod mouse (Peromyseus spp.).



Figure 1-16. Wood rat (Neotoma spp.).

Figure 1-17. Rice rat (Oryzomys spp.).

3 Have short tails, about the same length
as the hind foot.

4 Have tails about twice the length of the
hind foot.

5 Take large seeds of grama grass, wild
rye, and marsh grass and are sometimes
pests in rice fields.

6. These do not hibernate.

A09. Cite inspection and control measures for feral
rodents.

Inspection and Control of Feral Rodents. Inspection
for the native mice and rats involves finding the cause of
damage and searching for runways and tracks. Native mice
and rats can be controlled at military installations by
trapping or poisoning.

Trapping. This is the best way to determine species and
numbers. Meadow and pine mice are easily trapped in small
wooden-based snap traps. Set these traps in the runways and
at right angles to them so that a mouse following its usual
route will pass directly over the trigger. Near the entrances

to burrows is a good location for traps. For best results, the
trap should be baited with oatmeal, apples, or vegetables,
but mice can be caught in an unbaited trap if you properly
set it in a runway. For convenience in finding a trap, mark
the site with a bit of cotton twisted on a nearby weed or twig
or on a stick stuck into the ground. Examine the traps and
reset them twice daily.. For trapping white-footed mice near
buildings, the small wooden-based snap trap is very
satisfactory. Bait the traps with rolled oats breakfast cereal
or nutmeats. Mice can be controlled around seedbeds in
forestry nurseries by trapping if enough traps are used to
cover the area well. Set larger traps for the wood rats and
cotton rats.

Baiting. The most effective and least expensive way to
control meadow and pine mice is to use poisoned baits. For
large-scale operations, you can also use poisoned baits to
reduce the numbers of white-footed mice. Although the
effectiveness of baits varies in different localities, even
under some unfavorable local conditions, the proper
application of well-prepared poisoned baits will kill enough
mice to protect trees and crops.

In many cases, nearly all the meadow mice and pine mice
may be killed by baits poisoned with zinc phosphide and
strychnine. For controlling deer mice, strychnine alkaloid is
only fairly efficient under most conditions. In areas where
the acceptance of strychnine-poisoned bait is very low, you
can use zinc phosphide baits as a followup. Zinc phosphide
is highly toxic to mice and is taken readily.

Most phosphide compounds deteriorate rapidly on
exposure to the air, but zinc phosphide retains its toxicity
fi 3 weeks or more on dry bait material. On moist bait, it
loses its toxicity more rapidly, but even so, it is toxic long
enough to make the bait effective. Zinc phosphide is
insoluble in water but slightly soluble in fats and oils.
Hence, oils may be used in the formulas.

Strychnine alkaloid is an effective poison, but its
bitterness and its initial physiological action in cramping
the muscles may cause the mice to fail to cat enough at one
time to be fatal. In Western States where the mice are
accustomed to feeding on grains, strychnine placed on oat
baits often produces satisfactory results.

There are four good bait materials for meadow and pine
mice: fruits, vegetables, grains, and seeds. Of the fruits, the
apple is best; of the vegetables, sweet potato or carrot; and,
of the grains and seeds, oats.
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Figure 1-18. Cotton rat (Sigmodon spp.).



Deer mice prefer steamed rolled oats or wheat, but they
accept rolled oats breakfast cereal and corn meal fairly
well, and you can use them in a limited way. Such special
baits as steamed rolled-oat gloats and hulled sunflower
seeds are well accepted by these mice. You can use them
extensively if the materials are available at a reasonable
cost. Poisons such as strychnine for mice and zinc
phosphide for rats or mice are suitable for controlling these
rodents. If you're conducting a long-term control program,
weather-resistant anticoagulants are most useful.

Deer mice often follow meadow mice trails in orchards in
tall grass, under mulch, in ruts, and along furrows. You can
usually tell whether a runway is in use by its appearance and
by the presence of freshly cut, short pieces of grass stems or
of fresh droppings on the trail floor.

Place poisoned baits directly on the floor of used trails
and cover them with a handful of grass or other litter. In
areas where pine mice occur with or without moles, but not
meadow mice, there may be few or no trails on the ground
surface. This is often the case in sandy loam soil. The
presence of mice is indicated by small, open holes about 1
inch in diameter. You can drop poisoned baits into these
holes. Bait the area thoroughly, taking care to see that both
the surface trails and the deeper pine mouse burrows are
treated. Control depends as much on complete coverage of
all mouse-infested sites within the area as on the
effectiveness of the poisoned bait. Place baits wherever you
find used trails, especially at all rock outcrops, along stone
walls and drainage ditch banks, as well as at the base of
each tree where you find mouse trails or holes. Baits not
placed in trails are usually wasted.

Fumigating. You can use aluminum phosphide tablets
very effectively to control burrowing field rodents and other
burrowing pests. Apply 2-4 round tablets or 10-20 pellets
to each den opening. Then seal the opening tightly by
packing it with crumpled newspaper and shovel soil over
the entrance. (Given the small size of burrows, you'll
probably want to use smaller amounts than with animals
such as woodchucks and prairie dogs unless soil moisture is
low or the soil is very porous.) Make sure you follow all
safety precautions on the label when you use aluminum
phosphide.

Exercises (A09):

1. Where shGuld you place snap traps for meadow and
pine mice?

2. What baits should you put on traps for pine or meadow
mice?

3. Where should you use zinc phosphide as a followup
rodenticide?
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4. How long does zinc phosphide retain its toxicity?

5. What bait materials work hest for meadow and pine
mice? For deer mice?

6. What poisoning materials should you use for a long-
term control program for field rodents?

7. Where should you place baits in outdoor areas?

8. What are the application rates for fumigating burrows
with aluminum phosphi&?

A10. Identify feral rodents of the squirrel family with
their physical descriptions.

Feral Rodents in the Squirrel Family. Of the many
species in the squirrel family Sciuridae, the most
troublesome at military installations are the ground
squirrels (Citel lus), the prairie dogs (Cynomys), and the
woodchuck, groundhog, or marmot (Marrnota). The
burrowing members can cause serious economic damage
(including erosion) by their extensive digging, but the
family's greatest importance is that they serve as reservoirs
of disease,mainly plague and tuleremia. They also are
hosts of the ticks that carry Rocky Mountain spotted fever.

Ground squirrels (Citellus). These rodents (fig. 1-19),
erroneously called gophers, are found in Western North
America from Alaska to Mexico. They are also found in
eastern Europe and Asia south to Turkestan and Western
Mongolia. Those of Western North America range from 23
to 48 cm from the tip of the nose to the end of the tail. They
are gray to reddish brown. Most species have large ears, a
rather long and narrow skull, well-developed cheek
pouches, and long, fully haired tails.

These feral rodents burrow extensively when numerous.
Temporary burrows are sometimes made to extend the area
of foraging. They feed chiefly upon green vegetation early
in the spring. Later they will feed on grass stems, fruit,
berrils, and many species of insects. They store seeds. In
areas with cold winters, ground squirrels will hibernate.

Prairie dogs (Cynomys). These rodents are also found in
the western United States and Northern Mexico. They are
heavier bodied than are ground squirrels and have shorter
hair, which lies close to the body. 'I he head and back are
tan or light brown. While the ground squirrels tend to be
somewhat greganous, the prairie dogs are truly colonial and
live in "towns." Like the ground squirrel, the prairie dog
feeds primarily on vegetation, but it will eat insects readily.



Figure 1-19. Ground squirrel (feral rodent).

Woodchucks, groundhogs. or marmots (Marmota).
These feral rodents are found from the Eastern United
States to the mountain ranges of California. They are also
found in Western Europe and most of Asia. They are heavy,
robust, well-furred animals. The crown of the head is
darker than the body. Where terrain permits, burrows are
constructed on hillsides or low, sloping banks. While they
will occasionally eat grasshoppers, snails, and small birds,
they are more herbivorous than are ground squirrels or
prairie dogc. They enjoy clover, alfalfa, flower heads, and
other herbaceous plants. In some mountainous areas of the
Western United States, they are nearly as gregarious as
ground squirrels. In the Eastern States, their burrows
usually are more isolated. Hibernation usually lasts through
late winter.

Exercises (A10):

1. To which species does each of these feral rodents
belong? Give the species as well as the common
names.

a. This northern California rodent is gray to reddish
brown, and it hibernates in the winter.

b. This Georgia rodent is heavy and well furred and
the crown of its head is darker than its body. It is
mostly herbivorous, but it may eat small birds.

All. Verify or correct statements about controls for
members of the squirrel

Control of the Squirrel Family. Theic are no special
inspection techniques for burrowing members of the
squirrel family. You can control them by baiting, gassing,
trapping, or shooting them. Your choice depends mainly on
the size of the job.

Shooting. This can be the easiest and cheapest control for
an occasional ground squirrel or woodchuck, but land use
may prevent it. Shooting is not an economical method for
control in large areas of infestation.

Trapping. Like shooting, trapping can be a cheap and
effective control for a limited infestation. Steel traps baited
with bacon or peanut butter will readily take ground
squirrels. Be sure to attach the traps to sturdy objects to
keep them from being dragged into burrows.

Fumigating. Various fumigants are effective for the
control of ground squirrels, prairie dogs, and woodchucks.
To use carbon monoxide, park a jeep, truck, or tractor near
the burrow and use a hose to direct the exhaust to the
burrow . Pack soil around the hose. This procedure can be
effective, but it is time consuming.

Calcium cyanide dust and aluminum phosphide arc
useful in control over small areas or as cleanup applications
to eliminate scattered rodents not killed by poison when an
area is baited. They are also useful at times when the
animals will not accept poisoned baits. You can pump
calcium cyanide into the burrows with a foot-pump duster
or apply it to burrows with a tablespoon attached to the end
of a 20-inch wood handle. Place a tablespoonful (1 1/2 to 2
ounces) of the toxicant on the burrow floor as fa t. in as you
can reach. Cover the mouth of the burrow with sod. Place
the sod upside down so that less soil will fall in to cover up
the cyanide dust. Apply uminurri phosphide in the same
manner as for feral rats and mice.

Exercises (All):
Mark each statement true (T) or false (F), correcting any
false ones.

1 The choice of methods of controlling
burrowing members of the squirrel family
depends primarily on the size of the job.

2 The easiest and cheapest control for an
occasional squirrel or woodchuck is usually
shooting.

c. This rodent lives in a colony in Northern Mexico. 3. Steel traps baited with bacon or peanut butter
It is heavy bodied with a tan head and back. may readily take ground squirrels.

1
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4 Fumigants used to gas ground squirrels and
prairie dogs are most effective when the soil
is dry.

5 Poisoned baits are usually the most
economical way to control burrowing
members of the squirrel family.

Al2. State the importance, features, inspection. and
controls for pocket gophers.

Pocket Gophers. Ori. of the most harmful and annoying
rodent pests is the pocket gopher, a medium-sized
burrowing animal, which gets its name from the fur-lined
external cheek pouches in which it carries its food. The
pocket gopher causes damage both by what it eats and by
the aboveground mounds it leaves in burrowing and
foraging. There are more than 100 varieties of pockrt
gophers in the United States. Most of them fall into three
main genera: Geomys, Thomomys, and Cratogeomys. The
genus Thomomys, (the western pocket gopher), includes all
species west of the Rocky Mountains. The eastern pocket
gopher, genus Geomys, occurs in the Eastern Gulf states
and all over East and Ne...th Central Themerica. A third
genus (Cratogeomys) occurs in parts of the Southwestern
United States and Mexico.

General characteristics. All pocket gophers have many
characteristics in common (fig. 1-20). They average about
5-7 inches, with some growing as long as 13 inches. Adult
males are a little larger than adult femaks. Their front limbs
are strong and carry long claws which are used for digging
and, occasionally, fighting. They have relatively large
incisors (front teeth) which are used for the same purposes.
The muscular lips close around and behind the teeth, so that
he gopher can use its teeth for digging without "eating
dirt." Certain species often run backwards through their
Jurrows with great ease, using their short, hairless tails as a

Figure 1-20. Western pocket gopher (Thomomys bouae).
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guide. Coloring varic.- from light to dark brown. Chins and
bellies nmy be almost white, reddish brown, or nearly
black.

The pocket gopher is active year round and lives alone,
except during the spring mating season. A population of 50
gophers per acre is quite high, while meadow mice may
reach 20 times this number during population eruptions.
Diseases that can exert sudden and severe reduction in more
crowded rodent populations are not as readily transmitted
among gophers. Therefore, gopher population ttends are
not as markedly cyclic as those of some other species.

Control measures. The gopher's preference for
underground solitude makes control difficult, but persistent
effort will reduce and even eliminate them over a
considerable area. Prompt attention to the first evidence
new moundsin a garden or field will often save valuable
plants and prevent other damage. Control is most effective
when green surface vegetation starts to grow early in the fall
or spring. Gophers are most active when the ground is soft
and before young are born. Methods of control include
trapping, fumigation, flooding, excluson, encouraging
natural enemies, and poisoning. As we said, pocket gopher
control is done bcst by trapping and poisoning. This is
difficult, because the bait or trap can't be placed on top of
the ground near a gopher mound but must be carefully
located in the underground burrow.

Trapping. Because pocket gophers live in small
underground burrows, special types of traps are required
(ordinary mouse or rat traps are useless). The most
successful trap is the Macabeeabout 51/2 inches long and
made of wire except for the trigger (fig. 1-21). It springs
when a gopher pushes against the flat trigger pan. Next
most popular is a box type with a choker loop, that releases
when the gopher seizes special bait on a trigger.

Traps are quick and positive when they're set right. They
are inexpensive, they last indefinitely, and they're simple to
use, but the labor of setting them is till a problem. You use
a light shovel to dig down to the main run, which the gopher
always keeps open. A 12-inch, stout iron spoon or narrow
trowel is useful for exposing the main run and placing the
trap properly. Select the freshest mount, and you can find
the main run (probably) by following the angle of the dirt-
plugged hole. Mounds are usually 6-15 inches from the
main run, with the laterals nearly at right angles to it.

With the shovel, clear a place to set a trap in each
direction (fig. 1-22). Clean out the main run with the spoon,
disturbing it no more than necessary. A little loose dirt may
be left in the bottom of the tunnel to cover the prongs and
front end after you r lsh the trap into place.

Many people cover the burrow with a clod or handful of
grass or alfalfa so that little light reaches the trap. A gopher
instinctively closes all open burrows tightly to keep out
natural enemies. A trap placed in an uncovered hole may be
sprung by the dirt the gopher pushes ahead in plugging the
hole.

Each trap should have a light wire or cord fastening it to a
marker stake that will keep it from being dragged far back
into the tunnel by a wounded gopher or being removed by a
deg or cat when it contains a gopher.

After you put out the traps, tramp down or kick the tops
off all mounds nearby so that the next visit will show any



new mounds where furtly_tr effort is needed. For most
efficient use of traps and best results, visit each setting
morning and evening, or more often.

Fumigation. R.laigation, a successful method for
controlling some rodents, is of limited effectiveness against
pocket gophers. The extent of the burrow system, the
chance for leakage through the softer earth of laterals, the
closeness of the main runs to the surface, and the fact that
gophers may quickly plug off their burrows to escape
poisonous gas all make gas unsatisfactory.

Flooding. This method may drive gophers from their
runways, but few actually drown. Individual gophers in
lawns and gardens can be forced out by turning the stream
from a hose down the burrow so the gopher can be clubbed
as it emerges. A variation to flooding involves adding a
high-suds laundry detergent to the water. Then as the water
is sprayed in, the suds develop ahead of the water. You
therefore get the same response from the gopher but use less
water.

Figure 1-21 . Macabee gopher trap.

Exclusion. You can protect small gardens or ornamental
plantings of high value by fencing. To protect against both
underground and overland invasion, the fence of small-
mesh wire, sheet metal or concrete should extend a foot
above the ground and 2 feet below. Protect young trees or
grapevines by enclosing them in a wire-mesh basket or
cylinder from ground level to 2 feet deep. Cases of
unusually heavy and persistent burrowing in canal and ditch
banks may require underground fences of wire mesh or
concrete but this is expensive, and it's warranted only when
gopher damage is quite costly.

Natural enemies. The barn owl and gopher snake are
useful aids in gopher control. The owl nests in barns,
steeples, palm trees, and holes in cliffs or earth bank. Its
diet is almost entirely rodents, often mainly pocket
gophers. A pair of owls may take 3-6 gophers daily in
feeding their young; they rarely eat birds and never kill
poultry. The gopher snake commonly eats gophers in fields
and orchards but sometimes takes eggs from wild birds or
from henhouses. Some house cats become expert at
catching gophers.

Poisoning. Pocket gophers are controlled best by
poisoning. Over large areas heavily infested with gophers,
the cheapest control is poison bait. Probe to locate an open
burrow (fig. 1-23), then drop poison bait through the probe
hole (enlarged by digging). Take care not to drop dirt into
the tunnel or cover the bait with dirt. Since pocket gophers'
external cheek pouches are lined with fur, they don't absorb
poison, and we have to depend on stomach poisons.
Strychnine is effective for this purpose. Baits should be
tinted with green food coloring so they don't attract other
animals or birds, wild or domestic.

Strychnine alkaloidcoated grain is a relatively safe
poison. It - extremely distasteful to humans and it has no
secondary effect. An animal eating only the flesh of a

Figure 1-22. Gopher nap placement.
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Figure 1-23. Probing for gopher runways.

poisoned gopher will not be affected. Use grains coated
with 0.25 or 0.50 percent strychnine alkaloid. Use grains
such as milo and barley for best results. The effective life of
these baits is 2-3 weeks, depending on germination
conditions in the soil. It is possible for a nontarget animal
to get a lethal dose of strychnine by eating whole gophers.
The rodent may have some of the bait in its cheek pouches
or undigested in its stomach. This type of poisoning is
unlikely, but it is possible.

Exercises (Al2):

1. How do pocket gophers cause damage?

3. During what seasons are pocket gophers active?

4. What are tIvz best controls for pocket gophers?

5. Why is trapping for pocket gophers so hard?

2. What physical features help a pocket gopher adapt to 6. Why doesn't fumigation help much in controlling
its environment? pocket guphers?
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CHAPTER 2

Birds

EACH YEAR THE U.S. Air Force loses millions of dollars
and hundreds of work-hours in maintenance because of
damage to aircraft and equipment caused by birds. These
losses rcsult from bird strikes to aircraft and from bird
droppings and nesting materials in and around airbase
structures and equipment. The seriousness of this problem
and the potential health hazards caused by birds in certain
situations require pest bird management procedures for
each airdrome environment. Bird control in the airdome
environment can be a complex problem, but simple
procedures done regularly can greatly reduce pest bird
problems.

People have always been fascinated with birds,
particularly with their ability to fly, but this fascination did
not lead to an understanding of birds and their importance
until recent times. Even when birds were recognized as an
important food source, we hunted some species so
extensively that we contributed to their elimination. Our
failure to understand the rple that birds play in nature also
has destroyed their habitat and damaged the environment to
the extent that some species have been eradicated tocally,
while others are near e:ctinction. At the same time, some
species have either benefited from habitat changes or have
adapted to living near humans. Many of these species
multiplied, and some that formerly were limited in their
range are now found nearly worldwide. As the importance
of birds became apparent and we began to understand our
impact on birds and their populations, the protection and
management of birds gained new emphasis. Laws, treaties,
and regulations were established to protect birds and to
ensure that they would be maintained as important natural
resources. At first these laws concerned only game species,
but now almost all of the birds in North America are
protected by a number of laws, trekaies, and regulaCons.
You must be aware of the legal protection that has been
given to birds. Any bird control program must comply with
applicable regulations and should be coordinated with the
appropriate local, State, and Federal wildlife authorities.

The information here is background you need to contain
or eliminate real or potential pest bird problems. You
should know and understand the basic principles of bird
biology and behavior as they affect bird control and then
choose the most appropriate control technique for the
situation at hand.

2-1. Introduction to Bird Management

To develop and implement effective birdmanagement
programs, you need a basic understanding of terms that
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apply to bird management and the characteristics of some of
the most common pest and hazardous bird species. That's
the aim of this section.

A13. Associate bird management terms with their
meanings.

Bird Management Terms. Let's look at six terms that
have special meanings in bird management. Bird damage
results when material or equipment is damaged as a result '3f
bird activities. There is a distinct difference between a bird
nuisance and bird damage. For example, a few noisy house
sparrows around an office building may seem to be a
problem but only may be an annoyance to workers. Bird
damage occurs when the sparrows build nests in the
building, leaving corrosive droppings or holes in screening.
Bird damage control seeks to reduce the potential for
damage caused by birds. The term "bird control"
sometimes includes the control of both damage and
hazards, but our goal is to reduce the damage and the
hazards that birds can cause, rather than to control the birds.
A bird hazard exists when birds represent a potential threat
to health or safety. We should concentrate on bird hazards,
rather than bird damage. In and near an airdrome the
bird/aircraft strike hazard is frequently serious, and
reducing this hazard becomes the most important task you
have.

Bird management depends on changing the
characteristics and interactions of birds, their habitat, and
people to reach human goals. It refers to everything we do
deliberately to affect birds, whether to encourage or
discourage them from a given area, or to increase or
decrease their populations.

Bird strikes (contact between a bird and a moving
aircraft) cost lives and equipment; even minor bird strikes
add up to thousands of dollars in annual repair costs. Bird
strikes also can interrupt base missions. Aircraft collisions
with birds are the most serious problem. Bird/aircraft strike
problems can come during the takeoff, en route, or at
landing and they're hazardous particularly during the low-
level phase. The hazards during takeoff and landing are
your main concern, so you must control bird activity on or
near the airfield.

A given bird may be beneficial or injurious to human
interests, depending on its activities at a specific time and
place. The term pest bird refers to an individual, flock, or
population causing economic damage or creating a health or
safety hazard by its activities at a given time and place.
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Certain species may become involved in hazardous or
damaging situations more frequently than others because of
their behavior patterns or habitat requirements.

Exercises (A13):

What is the term for each of these?

1 . Any bird that is causing damage or creating a
hazard by its specific activity.

2. A danger to health or safety caused by birds.
3. Economic loss caused by pest birds.
4. Anything done deliberately to affect birds.
5 Bird management in which the specific goal

is to minimize the potential for damage.
6. Any contact between a bird and a moving

aircraft.

A14. Identify various anatomical part s of birds.

Importance of Identification. Because of differences in
habitat, requirements, and behavior, various groups and
species of birds create different types of pest problems.
Birds differ in their response to a given control measure.
An effective technique for one species may be useless (or
even illegal) for controlling another. Thus, it is very
important to identify the birds causing the problem (the
target species) before beginning any management or control
measures. Proper identification of nontarget species also is
necessary to evaluate the potential for undesirable
consequences of a bird control measure.

Bird Topography. The body of a bird can be divided
into logical sections; head, trunk, wings, and tail. Each of
these sections has several parts upon which we base its
identification.

Head. The hew! of a bird includes the neck, bill,
forehead, crown, nap, lores, chin, and throat. The dorsal
(top) part of the head and neck is divided into the forehead,
crown, and nape. The part between the base of the bill and
an imaginary line between the eyes is the forehead. The top
of the head to the base of the skull is the crown. The nape,
or hindneck, is the part between the crown and the back.
The sides and undersides of the head have four major
divisions. The lores are small areas behind the base of the
bill and anterior to (in front of) the eyes. The side of the
head from the base of the lower portion of the bill to just
behind the eye is the cheek. The chin is the small area
between the forks of the base of the lower half of the bill,
and the part of the neck below this area is the throat. This is
all well illustrated in figure 2-1.

The bill or beak is often the mosi notable structure on a
bird. The size and shape of a bird's bill can tell you a great
deal about the bird, including the type of food it eats and its
mode of feeding. Always notice whether the bill is long,
short, hooked, curved, wider than it is high, or distinctive
in any other way (fig. 2-2). The shape of the bill indicates
whether the bird feeds by probing (tlic tubular bills of
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sandpipers), tearing (the hooked bill of a hawk), seed-
eating (the strong, conical bills of many sparrows). On
birds such as hawks, pigeons, and doves, the upper part of
the bill has a prominent fleshy base called the cere (fig. 2-2)
that may help you identify them.

Trunk. The upper part of the body or trunk is divided into
the back and the rump. The back is the anterior two-thirds
of the upper trink. The rump is the remaining area,
extending from the back to the base of the tail. The
underpart of the bird's trunk is d'vided into the breast,
abdomen, sides, and flanks. The sides and flanks are the
areas just under the wings. The breast is the anterior
rounded part of the underside, while the abdomen, or belly,
is the flatter part around and between the legs of the bird.

Wings. Although the wing feathers of a bird are divided
into many groups, only a few are used repeatedly in bird
identification. These include the primaries, secondaries.
speculum, coverts, scapulars. :lad wing linings. The flight
feathers are the primary and secondary feathers. The
primary feathers are those longer feathers that make up the
end of the wing and let the bird fly forward. They are
attached to the manus (hand) of the bird. The secondary.
inner, flight feathers are responsible mainly for lift, acting
with the forward part of the wing much like an airplane
wing. They attach to the ulna (forearm) of the wing. The
secondary feathers of birds such as ducks have a color-
patterned area known as the speculum. The majority of the
smaller feathers on the wing are known as coverts. Covert
feathers overlie the base of the primaries and secondaries
and cover the rest of the wing. The covert feathers of the
shoulder area are the scapulars. The wing lining is the
covert feathers on the underside of the wing. On the upper
surface of the wing, the edges of the scapulars or a row of
coverts is often tipped with a color that is different from the
surrounding feathers, appearing aF wingbars when the oird
is sitting. A wing stripe also can be seen in some birds when
the bases of the secondary or primary feathers are lighter in
color than the tips of the feathers. Noting the shape of a
bird's wings (fig. 2-3) also can help identify a bird species.

Tail. The tail of a bird consists of the prominent tail
feathers and the tail coverts. The large; conspicuous flight
feathers of the tail are used as a rudder to steer, and then
they spread to act as a brake. Tail shapes vary and can be
used as identifying characters (fig. 2-3). Some birds may
have colortd spots near the tips of the outermost tail
feathers, and these tail spots often are used in identification.
The upper tail covens lie above the base of the tail feathers
and are not distinv,:f casiiy from the rump. The under
tail coverts, at t;:t h.:.ie of the underside of the tail, are
known ceectivet as. 1 crisum.

Lets und feet. Noting tt,e shape, size, and color of birds'
legs and feet can be useful in field identification of some
larger birds. Although the:e structures 4re sometimes hard
to spot as field marks on smaller birCs, the legs and feet
help identify in-hand birds. Scale and webbing patterns,
shape of leg cross sections, toe placement, and the shape of
the nail or claw are all important identifying characters.
Often bird remains can be identified using only the foot of
the bin:.
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Figure 2-1. Topography of a bird.
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Figure 2-2. Bird bill shapes.
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Figure 2-3. Wing and tail shapes.
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Exercises (A14):

1. On figure 2-4, label each topographical feature.

A

Figure 2-4. Objective A14. exercise I.
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2. What two feather groups make up the flight feathers?

3. What happens when a bird spreads its tail feathers?

4. What mode of feeding would be indicated by a hooked
bill?

A15. Associate bird-borne disease.; with their
characteristics; cite economic, hazardous, and other
bird problems.

Health Hazards. Birds are associated with several
diseases. They can transmit disease to humans and animals
by becoming a reservoir for disease organisms, by
transmitting organisms into the air or through their
droppings, or by serving as intermediate hosts for disease
organisms. Among the better known diseases are
tistoplasmosis, psittacosis, and encephalitis, although
nearly 100 diseases are alleged to have been transmitted to
man by birds.

Histoplasmosis. Histoplasmosis is caused by a fungus,
Histoplasma capsulatum. The disease is worldwide in
distribution, but it is more common in certain geographical
areas such as the Mississippi River Valley region and other
river valleys in the Eastern and Southeastern United States.
The disease is contracted by inhaling the organisms, which
thrive in soils enriched by bird droppings. Histoplasmosis
usually results in benign lesions of the lungs caused by an
infection which often shows no symptoms. However, in
advanced stages the disease can be fatal. You should be
aware of the increased potential for the spread of
histoplasmosis that exists in certain situations. When
species such as domestic pigeons, starlings, and house
sparrows roost near areas where people work, the potential
for histoplasmosis increases. The histoplasmosis spores
usually are spread vhen soils enriched by bird droppings
are disturbed. For example, construction near active or
unused bird roosts can expose workers to the disease. You
should give special attention to these situations and include
control measures in any pest management program.

Psittacosis. Psittacosis, often called ornithosis or parrot
fever, is caused by a rickettsia organism called a bedsonia.
The name "ornithosis" was applied after the disease was
found in many wild nonpsittacine (nonparrot) birds. This
disease is distributed throughout the world wherever bitds
are found. Inhaling dust with infective particles from bird
droppings, feathers, bird bodies, and nasal secretions is a
conunon source of human infection. During recent years,
researchers have found that birds, such as pigeons, often
carry the disease. Pigeons have been responsible for a
number of outbreaks in New York, Massachusetts,
Minnesota, and California. The disease often has been
traced to pigeons that nest or roost on or in buildings where
people work. Wild birds also can spread the organism to
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commercially raised chickens, ducks, and turkeys, whic
die quickly after showing only brief signs of illness.

Encephalitis. Encephalitis is one of the most serio,..s
diseases associated with birds. A number of encephalitis
viruses are carried by birds (the primary hosts) and can be
spread to people and horses by arthropod vectors, mainly
mosquitoes and ticks. The viruses for Western equine
encephalitis, Eastern equine encephalitis, St. Louis equine
encephalitis, and several other encephalitides have been
isolated in birds. These viruses attack thc central nervous
system, and the mortality rate during outbreaks often is
high. Birds host a variety of other diseases that can be
transmitted to man. Human infection usually is caused bY
the transmittal of the disease organism by an arthropou
vector or through inhalation or ingestion of contaminated
air, water, or food. The potential for such diseases is
highest where large numbers of birds congregate, roost, or
nest.

Personal hygiene. You must guard against personal
infection, particularly when you handle birds or work in
areas where birds have congregated. Always wear gloves
when you handle live or dead birds. When you work in
roosting areas, enclosed areas, or any where bird droppings
are prevalent, wear rubber boots and gloves. To prevent
infection by inhalation, wear a protective mask, preferably
a disposable one. Immediately after the operation, shower
and wash your clothes and all equipment in hot wanr with a
strong soap.

Sanitary disposal of birds. If you must handle dead
birds, take strict precautions to keep from spreading
infectious materials. Always wear gloves. Wet the feathers
of any dead birds thoroughly with a detergent disinfectant
before you handle them, to immobilize lice and mites and
help prevent the spread of airborne infective particles. Place
such specimens inside plastic bags or other such containers
before moving them to any other area. Get rid of specimens
by incineration.

Bird strike losses. Each year the dollar loss from
bird/aircraft collisions runs into the millions of dollars. The
seriousness of the problem is indicated further by the loss of
lives and the destruction of aircraft as a result of collisions
with birds. A large part of the aircraft loss and damage is
caused by birds striking aircraft windscreens or canopies.
Such impacts account for more than half of the aircraft that
are destroyed by bird strikes and about 40 percent of all
accidents. You should note that about half of all birds
strikes, and 42 percent of the bird collisions with aircraft
windscreens and canopies, happen during takeoff and
landing. Appropriate bird control in the airdrome
environment can significantly reduce these incidents. You
must realize that damage to aircraft is not caused only by
large birds. While collisions with birds such as swans,
hawks, and vultures have caused damage and loss of
aircraft, collisions and engine ingestions of much smaller
birds, such as starlings and swallows, have also caused
damage and loss of aircraft and lives.

Other damage due to birds. While bird strikes account
for most of the dollar losses caused by birds, other
situations also cause concern. Bird droppings and nesting
materials can damage equipment and supplies, particularly
around hangers, warehouses, and other buildings. Birds
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also can damage agricultural crops. trees, and ornamental
shrubs. Even small groups of birds ean damage shade trees
by eating buds during spring. Inside aircraft hangars, birds
enter engine housings and can accumulate a considerable
volume of nesting material within a matter of hours.
Engines, idle for repair, are prime targets. Nesting material
can cause jet engines to fail by clogging intakes, and static
and rotating blades can be significantly damaged by nesting
material. Such problems usually are associated with house
sparrows and starlings that enter hangars. Birds that nest in
buildings or on equipment also present fire hazards if their
nests are built around or near electrical wiring and switch
boxes. Even if nests are not in a situation to cause fires,
electrical failures can arise from birds shorting electrical
systems or from the corrosive effects of bird droppings on
wires or wire insulation. Bird droppings in buildings are not
only unpleasant but can result in substantial economic loss.
Bird droppings corrode many metals and can cause serious
damage if they fall into dismantled engines or build up on
other equipment. In warehouses and other storage
buildings, bird droppings on supplies often render them
unusable or result in costly cleanup.

You must consider toutine control of pest species,
particularly pigeons, starlings and house sparrows as
necessary to reduce hazards and prevent damage. These
species should be eliminated to the greatest extent pos&ble
in the airdrome environment.

Exercises (A15):

I. To which diseases does each statement refer
histo. ,nosis. psittacosis, or encephalitis?

( I) Distribution is very corn: -ion in river
valleys of the southeastern part of the
U.S.

(2) Atta,:ks the central nervous system and
has a high mortality rate.

(1) Has been traced to pigeons that occupy
or roost on buildings.

(4) Birds are the primary host of this
arthropod-borne disease.

(5) This is a fungal disease.
(6) This is found primarily in soil enriched

by bird droppings.

2. What disease is caused by a rickettsia called a
Bedsonia?

3. What keeps you from inhaling infection when you
must work around bird droppings?

4. How should you get rid of dead bird specimens?
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5. What two other factors are even more serious than the
dollar loss from bird/aircraft collisions?

6. Around hangars. what are considered prime targets for
birds to build ness?

7. What two small birds create special problems in
aircraft hangars?

A16. Verify or correct statements about bird habits that
conflict with people and about feeding habits of various
birds.

Behavioral Habits of Birds. Birds have many
behavioral characteristics that make their control different
from that for other pests. In this lesson, you'll learn about
some of these behavioral characteristics and patterns that
are important to you.

Bird habitat. Each bird species has habitat requirements
that determine where it will nest, roost, and feed. Pest bird
problems often result from environmental situations that
produce attractive habitats for hrge bird populations of a
single species (a building with abundant roosting area for
pigeons), or habitat that attracts large bird populations of
different species (carelessly harvested grain crops attracting
large flocks of blackbirds and starlings). Marshes, pine
plantations, grafslands, and wooded areas are examples of
natural habitats. Buildings with accessible girders, short
grass on an airfield, and ornamental trees planted close
together are examples of manmade habitats. You must learn
to recognize these conditions. The advice of local wildlife
authorities or State and Federal agencies often can help.

Roosting. A roost is where birds congregate at night, in
bad weather, cr at other times when they are not feeding.
You usually will be concerned with birds that roost in large
flocks. Gulls that roost on the ground during the day or
night can become pest problems, as can large flocks of
blackbirds, swallows, or other small birds that roost during
the night. The areas where birds such as gulls, ducks, and
geese roost in daylight, when they are inactive are called
loafing areas. Roosting preferences vary widely from
species to species. The roost site usually provides
protection from weather and predators. Plantings, such as
ornamental evergreens around buildings, often provide
shelters and become roosting sites. Short grass on the
airfield offers the birds protection from predators by
allowing an unobstructed field of vision. Such situations are
usually controlled by proper grounds maintenance. Even if
the roosting site is some distance away from potential bird
strike hazards, the pathway birds use to enter or leave the
roost may create a problem. In such a case, reducing the
attractiveness of the roost site is more effective than trying
to alter the birds' routes. Species that typically roost on or
in manmade structures are of particular concern. Domestic



pigeons, starlings, and house sparrows find suitable
roosting areas on ledges, rafters, and other structures that
give them protection from harsh weather and predators.
Since starlings and house sparrows will roost or nest in
aircraft enclosures, try to reduce the attractiveness of such
roosting areas.

Feeding. If a food source is related directly to bird
control problems, control of the food source may be easier
and more effective than direct control of the birds. Food and
feeding habits of birds vary with species, season, and
availability of particular food items. Several terms describe
birds according to the type of food they consume. An
insectivorous bird, such as a swallow, feeds primarily on
insects. Carnivorous birds, such as hawks or owls, are meat
eaters, feeding mainly on other birds, mammals, reptiles,
amphibians, or fish. A herbivorous bird, such as a dove,
feeds on plant material. A hervibore that feeds mainly on
seeds and grains often is referred to as granivorous. Many
species are omnivorous; that is, they feed on both plant and
animal foods. The common crow and starling are good
examples of omnivores. Crows consume fruits, grains,
insects, young birds or bird eggs, reptiles, frogs, small
mammal s carrion, and discarded human food . The
starling, which feed on insects, fruits, grains, and seeds,
also is known for feeding on garbage in and around towns
and cities. Gulls are also a well-known omnivorous species.

Several of these terms may apply to a single species,
depending on time of year or food availability. For
example, during the nesting season red-winged blackbirds
eat largely insects, while during the winter months they are
granivorous. If weed seed availability is good, red-winged
blackbirds consume large quantities of ragweed, bristle
grass, panic grass, or other seeds during the summer. This
feeding habit makes these birds beneficial to farmers during
the summer, but since they eat large amounts of corn, oats,
wheat, sunflowers, barley, and rice, they are also farm
pests,

Some species, cailed scavengers, feed on the remains of
plants and animals. Carrion eaters such as vultures are
scavengers, as are those omnivores that feed on dead plants
and animals and on garbage. Gulls and crows associated
with garbage dumps and landfills are scavengers and can
become serious pests when the dumps or landfills are near
airfields.

Feeding flocks or individual birds may pose a
bird/aircraft strike hazard. Species that feed on the ground,
among vegetation, or on bodies of water may pose a
problem as they move to and from a feeding area. Aerial
feeders such as swallows can present a pest bird problem by
feeding in the airdrome area. Terns, kingfishers, ospreys,
and kestrels can pose a problem because they often hunt
their prey by flying or hovering over a feeding area.
Knowing the feeding habits of birds may help you tell
whether a food source is the direct cause of the problem.
You must find out whether pest birds are feeding, since
controls for feeding flocks may be quite different from
those for other flocks. Direct observation should tell you
whether a bird or a flock of birds is feeding, roosting,
loafing, or nesting.

Learning. Another important concept of bird behavior is
their ability to learn. Learning results from experience,
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practice. trial, and error. For example. a bird may learn to
find food at a certain location through experience if it has
found food there in the past. Through practice or through
trial and error, the bird may even learn how to remove lOod
front a container at that location. Bird species differ in their
ability to learn.

Habituation. Habituation is a type of learning defined as
the declining response to a simple stimulus because no
reward or punishment is associated with the stimulus.
Simply, the bird gets so accustomed to a specific condition
that it no longer reacts to that condition. A bird initially
frightened away by the presence of a person may soon
become tame if the presence of the person (the stimulus)
doesn't result in any danger.

Habituation is extremely important to you because it can
affect many pest control methods. At first, devices that
repel birds with sharp, loud noises are often quite effective.
The birds react to the loud noise and are frightened away.
After some time, however, the birds' reaction to the noise
decreases because they do not associate the noise with any
punishment. Using repulsion techniques in conjunction
with occasional real danger (such as live ammunition) can
keep birds from becoming habituated to techniques.
Control techniques will be discussed in length later in this
chapter.

Exercises (A16):

Indicate each true statement and correct any false ones._ 1 Nesting, roosting, and feeding are determined
within each bird species by habitat requirements.

_ 2 Short grass on an airfield and ornamental trees
planted close together are examples of natural
habitats.

_ 3 You, the pest manager, usually will be concerned
with birds that roost in small flocks.

_ 4 Roost preferences vary widely from species to
species.

_ 5. Short grass on airfields protects birds from
predators by giving them an unobstructed field of
vision.

_ 6 Species of birds that typically roost in or on
natural structures are of particular concern to you.
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_ 7 Domestic pigeons will roost or nest in enclosures
of aircraft.

8 Control of a food source may be easier and more
effective than direct control of the bird.

_ 9 Food and feeding habits of birds are the same with
species, season, and availability of food items.

_ 10. Hawks and owls are well known as carnivorous
birds.

_ 11. During the nesting season, the red-winged
blackbirds' diet consists largely of grains.

12. Some of the red-winged blackbird's feeding habits
are beneficial to farmers.

_ 13. Feeding flocks of birds pose no threat as a
bird/aircraft strike hazard.

14.0spreys and kestrels can pose a problem because
they hover over a feeding area hunting their prey.

_ 15. All bird species' ability to learn i the same.

_ 16. Habituation is an increasing response to a simple
ttimulus without punishment.

_ 17. Habituation is extremely important because it can
affect pest control methods.

Match birds to their identification characteristics.

Common Pest Birds. To identify common pest birds and
select effective control measures, carefully note the basic
descriptions and characteristics. The most troublesome pest
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birds are gulls, pigeons and rock doves, house sparrows,
starlings, and various types of blackbirds.

Gulls. Gulls are a group cf large shore birds with long
pointed wings, usually square tails, strong hooked bills, and
webbed feet. Many species are similar in appearance. and
field identification requires practice. You should note
carefully field marks such as leg color, color patterns on
back, head, and wing tips and the size of the bird relative to
a known species.

domestic pigeon.. The Domestic pigeon apparently
developed from the rock dove of Europe, Asia, and Africa
and was introduced to this country as a domestic bird. Its
rapid growth gave rise to the wild (feral) populations. The
habitat of the wild pigeons was rocky cliffs, so the artificial
cliffs created by buildings are appropriate habitat. Now
pigeons are almost entirely dependent on the habitat
humans have built. Domestic pigeons are common in
towns, cities, farmyards, and other areas. Pigeons of North
America vary greatly in color and even in size. Various
coior patterns of gray, black, white, and brown are
common. Most types are plump birds with pointed wings
and a square tail. Pigeon activities frequently conflict with
our interests.

House sparrow. This particular bird, often called the
english sparrow, is not a true sparrow; it is a small weaver
finch introduced from Europe into Nr,rth America. The
house sparrow is very aggressive, has very few natural
enemies, and has found abundant habitat associated with
buildings and other manmade structures. Its messy habits
are objectionable, and this species has outmaneuvered more
desirable native songbirds for the available habitat. Adult
males have a gray crown, black chin and upper throat,
light-gray lower breast and belly, , white cheek, and brown
back and wings. Females and immature birds are dull
brown with a tan stripe above the eye.

Starling. Starlings, another introduced species, are
somewhat similar to to the blackbirds with which it often
roosts and flocks. Spring birds have a bright yellow bill and
a green and putple iridescence to their dark plumage. In fall
the adult plumage becomes spotted with white, and the bill
turns dark gray. The short tail and pointed wings are good
field marks, especially for the drab, gray, immature birds.
Because of the absence of natural enemies and other natural
checks, the starling has increased rapidly. This adaptable
and aggressive bird has prevailed over na*.lve birds in the
struggle for available habitat and has found abundant
nesting and roosting sites in our cities, where its presence in
large numbers is likely to be objectionable. Large
wintering flocks also are frequent pests at livestock and
poultry feed lots.

Red-winged blackbird. The adult male red-winged
blackbird is identified readily by the bright red covert
feathers edged in yellow on a totally black body. Females
are brown, heavily streaked. and spotted. Immature males
are patterned like the female, although a trace of a reddish-
orange wing patch often is evident.

Common grackle. There ai t. 'olor phases (purple
and bronzed) of this species ,,,d. The long wedge-
shaped tail is the best field n._. or this black-bodied bird
with a purple, green, or bronze iridescence to its plumage.
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Females are less iridescent than males, and juveni'.; birds
are a uniform dull brown.

Other blackbirds. Several other blackbird specie often
are found in blackbird flocks or roosts that present a pest
situation. You should be able to identify the brown-headed
cowbird, rusty blackbird, brewer's blackbird, and yellow-
headed blackbird, if they occur near your base.

Exercises (A17):

Match the bird in column B with the description in column
A.

Column A

I Gray crown. hi ack
cheek and upper throat
(adult male).

2 Long, wedge-shaped
tail, black body, purple.
green. or bronze irides-
cence to its plumage.

3 Varies greatly in color
and size; various color
patterns oi gray, black.
white, and bronze are
common.

4 Pointed wings, square
tail, and webbed feet.

5 Spring birds have bright
yellow bill and a green
and purple iridescence.

6 Females are brown.
heavily streaked, and
spotted.

2-2. Bird Surveys

a.
b.
c.
d.
e.
f.

Column B

Common Irackle.
Gull.
House sparrow.
Red-winged blackbird.
Rock dove.
Sartling.

Surveying for birds, as for other pests, is in deciding
whenand ifcontrols are needed. As compared with
other pests, however, bird surveys take on an added
importance. Since many are protected by law, and the
public generally holds birds in high esteem, you want a
strong survey record to justify any control measures you
take.

A18. Cite general principles of pest and hazardous bird
surveys.

Surveying a Bird Management Problem. Before any
bird problem can be controlled effectively and efficiently, it
must first be identified and evaluated. For many types of
pest bird pi.;.ulems, it's important to begin a control
program while the problem is just beginning to develop or
even before it begins. You should inspect the entire airbase
at least once a month throughout the year. During spring
and fall, when birds are migrating through the area, daily
spot checks are needed in addition to the monthly
inspections. For an effective survey, you must establish
certain objectives to guide you.

Bird species identification. A primary objective of the
survey is to identify the bird species that might pose damage
problems or strike hazards. Some species or species groups
(such as gulls and blackbirds) are more likely to become
involved in pest situations than others and different birds
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will visit a given locality at different times of the year.
During periodic surveys you should watch for the arrival of
problem birds and to be ready to begin a control program
before the birds establish a pattern for the season.

Eristence of bird problems. The second objective of the
survey is to find out whether there is a problem. The
presence of birds, even in large numbers, is not a problem
unless the birds are creating a strike hazard, a health
hazard, or causing damage to buildings or equipment. If
you find a problem, you must decide whether an active
management program will help. During migration, the
birds may soon leave on their own. In other cases, the
expense of a management program might exceed the cost of
the damage that would result if nothing were done.

Identification of bird behavior patterns. Another
objective of the survey is to identify the specific behavior
patterns that are causing the damage or hazard. Find out
what the birds are doing, where they are doing it, and when
they are doing it. For example: Are birds a problem because
they feed near the runway, try to nest in aircraft, or roost
near a housing area? These examples of bird behavior may
cause problems because of where they happen. The time of
day and time of year also can be important factors in the
behavior patterns you must identify during the surveys.
When are the birds doing the feeding, nesting, or roosting
that cause the problem?

Relationships between birds and the airdrome
environment. Another objective of your survey is to
analyze the relationship between the birds and the airdrome
environment, looking for the specific attraction that's
bringing the birds. Birds, in general, need four things: food,
water, a place to nest, and a place to escape their enemies or
avoid harsh weather. Your periodic survey should tell you
which of these four things is attracting the problem birds.
More than one factor may be important to any situation, but
quite often one is the key; if you get rid of it by habitat
manipulation, the pest problem will be solved.

Survey Checklist. Along with conducting surveys, you
need to devise a checklist for historical data on pests and
hazardous bird species on your base. In addition to helping
you identify and evaluate a pest problem and decide
whether you need active control, these checklists document
the inspection. Save them for reference when future pest
problems arise or when the same problem recurs. Pest
problems change with time, so it is very important to fill out
the date, the time of day, and the weather conditions. Your
checklist should cover about a dozen major areas.

Types of habitat. First, list the different types of habitat
present on your base (obviously, habitats will vary from
base to base). Second, during spot checks, this item lets you
chee: the specific areas you inspected.

Inspecting building features for evidence of pest birds.
List building features (all types of ledges, ventilators,
beams, rafters, etc.) that pigeons, starlings or house
sparrows like to use for roosting or nesting. For each
feature, you can indicate the species and number of birds,
bird droppings, nest material you find during inspections of
housing areas, hangars, and other buildings. Try to sketch
the situation as well as describe it in words.

Other pest bird problem evidence. This item is used to
document evidence of other types of potential damage or
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hazards such as reports or complaints, birds loafing or
feeding on or near runways. and birds crossing the
flightpath of aircraft. You personally should investigate
complaints before beginning a control program.

Summary of birds observed. Here you should record the
species, numbers, location, and activity of birds you see
during the inspection. Remember that you need a Federal
permit before you start a ccntrol program that might affect
any protected bird species. You can supplement your report
with a map of the airbase and surroundimi area, showing the
locations of bird concentrations, attractive habitat features.
and bird movement patterns (fig. 2-5).

Economic damage and health or safety hazard. This
item requires careful analysis of the situation. Is damage
being caused that will cost money to repair, or is it just a
nuisance situation? Are the birds a hazard to aircraft or
people?

Attraction of problem birds. Check for ecological factors
that attract the birds to the place where they are a problem.
This takes careful field observation: don't jump to
conckisions.

Length of bird problem. Record how long the problem
has existed. Check the lists from earlier inspections and ask
people who have been working in the area.

Season(s) when problems exist. Record the season or
seasons of the year. Again people and previous inspection
records will help you.

Resident or transient birds. If you don't know whether
the birds are resident or transient State or U.S. Fish and
Wildlife Service biologists will identify the species, then
tell you whether the birds are residents or just passing
through. This answer will help determine the need for a-
active management program.

Time frame of bird ;iroblem. The time of a problem
helps you decide whether a strike hazard can be avoided by
careful mission scheduling. Use a graph with bird numbers
plotted against time of day.

Active management needs. You need to find out whether
the situation warrants the time and expense of an active
management program. What would happ-n if you took no
action? Take all available evidence and r experience into
account, and don't jump to conclusions. It , JU are not sure,
say so, and collect more information.

Exercises (A18):

I. For the many types of pest bird problems, when is it
most appropriate to start a control program?

2. How can you anticipate the arrival of problem birds?

3. Briefly, what is our concern with bird behavior
patterns?
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4. What four factors usually attract birds to the airdrome,
and how can we best solve the problem?

5. Why is a survey checklist essential in relationship to
bird problems?

2-3. Bird Management Categories and Techniques

This section covers bird management techniques for
hazardous and pest birds, but you should choose the control
measures only after you've fully surveyed the situation. By
doing this, you can develop the most effective control
program possible and also avoid the public reactions that
could result if your program isn't properly developed.
Damage and hazard controls techniques fall into five
general categories: altering the concept, altering the
situation, exclusion, repulsion, and removal or reduction.
For each specific bird probiem, you should think through
these five categories in turn, with an awareness of the
variety of techniques available in each category. Each
successive approach should be rejected only if there is no
acceptable technique likely to be successful within that
approach for the specific problem at hand. Table 2-1 lists
active management techniques for some common damage
and hazard situations. Let's look rather briefly at the first
three control categories in this objective, then devote
separate objectives to the last two categories.

A19. Cite ways we control birds by altering the concept,
altering the situation, and excluding birds.

Altering the Concept. Altering the concept involves
making a complete assessment of the situation at hand and
deciding whether active management is really needed. The
birds may merely be a nuisance or a transient problem
caused by migration, with no active management program
required. The cost of a management program also might
exceed that of the damage being caused. Suspected bird
damage situations should always be evaluated carefully. If
thorough inspection reveals no economic damage, health
hazard, or safety hazard, take no action. For example,
someone may report large numbers of birds at a certain
locality. If you find that their presence doesn't conflict with
mission activities, don't try to control them. Not all birds
around buildings are pests, and birds some people consider
pests, others consider desirable.

Altering the Situation. Altering the situation involves
either changing mission operations to avoid conflicts with
birds or modifying the habitat by eliminating or reducing
food, water, roost or nest sites, and perches near the airfield
(the most permanent solution to many bird problems).
Changing mission activities applies to many situations of a
temporary nature (such as migratory birds). After
evaluating the potential hazard in the particular situation,
responsible individuals (at Base Operations, for example)
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Species

Pgeons

House
Spa rrov.s

Starlings

Starlings

Gulls

Other
water
birds

Situation

Around
buildings

Roosting in
or on
buildings

Ncsting
around
buildings

Feeding
on or
near
a irfield

Creating
strike
hazard near
airfield

TABLE 2-1
GUIDE TO ACTIVE BIRD MANAGEMENT TECHNIQUES

PutentiI Control
Nleasures (in the order
to be considered)

Design and coAstruction
Screening or netting
Sharp projecr.ions
Sticky repellents
Water hoses
Avitrol
Pigeon trap
Shooting

Species

Ehrd
of prey

Other
land

Design and construction birds
Screening and netting
Sharp projections
Sticky repellents Starhngs
Water hoses
A %/it rol
Modified Austrahan crow trap
Commercial live trap
Nest-box trap

Design and construction
Screening or netting
Sharp projections
Sticky repellents
Distress:alarm calls
Electronically produced

noises
Bird bombs

Design and construction
(7.creening or netting
Sharp projections
Sticky repellents
Nest-box trap

Elimination of food source
Distress/alarm calls
Electronically produced

noises
Airbursts or scare cartridges,

bird bombs
Automatic exploders

Elimination of water source
Eliminatis.,n of food source
Netting or wire
Airbursts, scare cartridges,

bird bombs
Automatic exploders
Ropc firecrackers
Shooting (waterfowl hunting)

Sltution

Creating
strike
hazard near
airfield

Creating
strike
hazard near
airfield

Feeding
situations

Blackbirds Roosting
and/or in trees
Starlings

G ulls Loafing
on
airfields

Potential Control
Measures (In the order
to be considered)

Elimination of food source
Elimination of nesting,

roosting, or perching sites
Sharp projections
Sticky repellents
Raptor traps

Elimination of food source
Elimination of nesting,

roosting, or perching sites

Imation of food source
1)istress alarm calls

Airbursts, scare cartridges,
bird bombs

Automatic exploders
Rope firecrackers
Avitrol
Modified Australian crow trap
Commercial live traps
Starlicide

Elimination of roosting sites
Distress!alarm calls

Airbursts, scare cartridges,
bird bombs

Automatic exploders
Sticky repellents
Wetting agents

Elimination of roosting sites
Elimination of food sources
Elimination of water sources
Distress' alarm calls

Airbi or scare cartridges.
bi .,3rnbs

Automatic exploders

Altering the concept and using advoidance measures, which are not listed, should be considered (if applicable) prior to n active
bird management program
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can select the type of changes in mission activities that may
solve a particular problem. Two or more specific
recommendations may be combined, depending on the
severity of the problem at hand. You should go over the
conflicting circumstances with the base flight safety officer,
who can recommend the changes to the appropriate
organization. Providing pilots information on birds is one
way to alter the situation by changing mission activities.
Pilots can be alerted to hazardous bird areas by posting
information in Base Operations and by communication
from the tower. Pilots can be told the numbers, location,
and altitude of birds the same way they're told of severe
weather conditions. Some changes that have been
recommended by the Air Force Engineering and Services
Center's Environmental Planning Directorate include
restricting the use of certain runways, allowing only full-
stop landings, avoiding long final approaches, reducing
approach and climb-out speeds, restricting formation
rejoins on departure, and raising radar vectoring altitudes.
A base Bird Hazard Working Group (BHWG) is made up of
members from Flying Safety, Director of Operations, Flight
Facilities, Base Operations, and Civil Engineering. Ideally
it is a subcommittee of an existing group such as the Air
Traffic Control Board or the Safety Council. The group
should review local flying to find what modifications are
needed to reduce bird hazards and make pilots more aware
of the hazards. Your shop and the BHWG should work
together to eliminate food and water sources; to eliminate
nesting, roosting, and perching sites; and to exclude birds.

Eliminating food sources. In many cases food is the
major attraction for birds, and removing the food source
will result in fewer birds in the area. Here are some typical
food sources and ways to eliminate them. Exposed garbage
at landfills attracts scavengers such as gulls, crows, and
starlings. If a landfill is properly operated, with refuse
being continuously covered with soil, large numbers of
birds won't be attracted..You can encourage proper landfill
operations. If necessary, landfills causing serious bird strike
hazards should be closed and the refuse covered
permanently. Garbage around buildings should be
eliminated or kept in covered containers to preclude
attracting pest birds such as starlings and pigeons.

Weed seeds in grassy areas attract many birds such as
mourning doves and horned larks. The amount of weed
seeds produced can be reduced by mowing or by regular
herbicidal applications. For areas that can't be mowed,
controlled burning may be an alternative. Safe burning
takes predictable weather conditions and considerable skill;
burning should be done only by experienced personnel.

Insects in grassy areas attract many types of birds
including cattle egrets and meadowlarks. Timing the
mowing to avoid exposing insects during heavy runway use
may keep insect populations in check without creating a
strike hazard. The mowing may have to be done at night or
on weekends. If necessary, insects can be controlled by
spraying.

Earthworms attract birds such as american robins to
short-grass areas. After a rain, scavengers such as gulls may
be attracted to runways to feed on earthworms. Runways
can be swept clean of earthworms with runway sweepers.

Roden t. populations in grassy areas may attract raptors
(hawks and owls). Keeping the grass mowed short will
eliminate the rodent habitat and, in turn reduce the food
source that attracts the raptors. A grass height of 8-12
inches will to discourage birds that prefer shorter grass for
roosting without attracting large number', of rodents and
birds that prefer taller grass.

Carrion-eating birds (such as vultures, crows, and gulls)
may be attracted by dead animals on the airfield. This food
source can be reduced by frequent inspections, removal,
and proper disposal of the carcasses.

Fruit and berries from trees, shrubs, and vines (including
ornamentals) may attract birds such as swallows, warblers,
or starlings. This food source can be eliminated entirely by
removing the fruit-bearing vegetation. With ornamental
plantings, it may be preferable to exclude the birds by
netting during the fruiting time. Plant growth inhibitors
may be used before fruiting to reduce food supply.

Agricultural land near an airfield can create a bird strike
hazard by attracting large numbers of birds to a food source.
For example, flocks of blackbirds may be attracted by grain
crops or by grain wasted at harvest. Plowing or mowing
exposes worms, grubs, and flying insects that attract birds.
Such problems may be beyond your immediate control, but
if the land is Government own-ed, the problem may be
solved by not leasing for agriculture or by stipulating in the
lease agreement that grain crops not be grown. Local
farmers can be encouraged to plow the fields after harvest to
reduce the amount of waste grain available.

Eliminating water sources. If birds are attracted by a
source of water, removing that source will result in fewer
birds in the area. Low areas or clogged drainage ditches
may collect water, attracting waterfowl, gulls, or smaller
shore birds. Eliminating such temporary water sources will
reduce the attractiveness of the area to birds. You can get
rid of the water by installing covered tile drains or by filling
and regrading. Replace drainage ditches with buried
drainpipe. Unclog all ditches, drains, and culverts and clear
open drainage ditches at regular intervals. If permanent
ponds create a strike hazard, draining and filling may be
necessary.

Eliminating water sources solves the problem
permanently at its origin if you follow periodic maintenance
of drainage systems. Breeding areas for mosquitoes and
other insects are also eliminated by removing water
sources. Major filling and installation of drainage pipes and
culverts are costly. Draining and filling permanent ponds is
impractical, unless there's a very serious bird strike
potential. Ponds, streams, marshes, and swamps often are
strictly regulated by law. You may need local and State
permits before you alter or eliminate them.

Eliminating nesting, roosting, and perching sites. If
birds are attracted by the vegetation cover (or the openness)
of an area reducing the cover will reduce the number LA-
birds. Sometimes removing favored perches will
discourage birds. Crows, starlings, and blackbirds that
roost in trees often can be discouraged from using the
roosting site by topping or thinning (pruning) the trees.
sparse tree canopy gives fewer perching sites and litCe
protection. Remove more branches than you normally
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would remove in residential pruning. Where birds roost in
tall trees, topping the trees to 20-30 feet may be effective.
A more drastic measure would be the complete or nearly
complete removal of the trees. You can discourage birds
that roost in tall reeds (blackbirds or swallows) or birds
(meadowlarks) that roost or nest in tall grass by cutting or
mowing the plants shorter. For areas that can't be mowed,
controlled burning may be an alternative. If gulls loaf in
open areas of short grass, they can be discouraged by letting
the grass grow tall enough to obstruct their vision and make
it hard for them to spread their wings freely. Removing
dead snags where hawks frequently perch may discourage
the hawks. You must recognize that removing or thinning
vegetation may just make the bird- love to nearby sites. As
with other methods of habitat manipulation, some of these
controls can be costly in terms of labor requirements. As we
said about water, habitat modification that may disturb or
harass protected species will require appropriate permits.
Since active raptor nests are protected by Federal law, you
can't cut their trees without a permit. Controlled burning
also requires appropriate permits.

Exclusion. Exclusion keeps birds from gaining physical
access to an area where they can cause a problem, such as
roosting or nesting in buildings. Some exclusion techniques
are habitat modification. Exclusion is most effective when
it is part of the design and construction of new structures,
but there are ways to exclude birds from existing structures.

Design modifications. Structural design often is
responsible for attracting domestic pigeons, starlings, and
house sparrows. Unfortunately, you may not have a chance
to comment on structural design during the planning stages,
but design modifications or more constniction may modify
the features that attract roosting or nesting birds. You can
box open eaves of a building and seal cracks or crevices that
attract starlings or house sparrows. The building materials
you need depend on the design modifications. B' ards,
bricks, mortar, or sheet metal are often appropriate, and
screening is an alternative. Look for accumulations of bird
droppings, protruding nest materials, or watch the birds
with field glasses to keep from scaring them away from
their nesting cavities. When you know the problem areas,
choose the appropriate building material, remove nests, and
seal off the opening.

Eliminate ledges used as perches by installing angled
board, a piece of sheet metal, or a row of bricks. Design
modification can be a permanent method of pest bird
exclusion, and if it's not done during nesting, it is not likely
to cause an adverse public reaction. This makes it a s( .ally
acceptable way to keep protected species, such as robins or
swallows, from nesting on structures in the future.

Screens, nets, or wires. Exclusion by screens, nets, or
wires consists of installing materials that will prevent the
physical access of birds to areas where they roost, nest, or
feed. Screening or netting frequently is used to keep
pigeons, starlings, or house sr:Ka-rows from roosting or
nesting in or on buildings or other structures. Ventilation
holes and chimneys can be covered with scree ng. Netting
or crisscrossed wire can seat off drainage ditches or other
water areas that attract water fowl, gulls, or other birds.
Screening can exclude starlings and gulls from filter beds
and settling tanks of sewage treatmern :acilities.
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Pigeons and starlings sometimes can be discouraged from
hangars or warehouses by suspending netting from the top
of the large doorways. The birds may be reluctant to fly low
enough to enter under the netting. This technique is not
effective against house sparrows, nor has it been
scientifically tested, so the maximum ground clearance that
will be effective and the probability of success are
unknown. Netting also is used in agricultural situations to
protect fruit crops, vines, shrubs, or ornamental trees. In
relatively small areas, use 1/2-inch mesh screening. To
enclose larger areas, such as an aircraft hangar
superstructure, or to partially screen large doorways, use
nylon or polyethylene netting. Several materials can be
used to cover fruit trees or vines, including acrylic fiber
webbing and plastic netting.

To control pigeons, starlings, and house sparrows in
aircraft hangars, clean the hangar with high-pressure water.
Use deicing booms to wash down griders and remove nests.
Turn off all electrical power to the building to eliminate the
shock hazard. Scrape dropings from beams accumulated
before you wash them, then spray with disinfectant where
you remove nests. Wash hangar floors and treat them with
disinfectant. Incinerate all removed nests and dead birds.
Replace tom out insulation. Be sure the screening does not
touch the insulation, or birds will pull insulation fibers
througii the mesh. Screen off all nesting and resting areas,
such as edges of runs, ducts, and conduit races, spaces
between the wall and utility runs, and around heating units.
Suspend netting as required to enclose larger areas.

NOTE: If you think this sounds challenging, you're quite
right. If you're planning to do this to any hangars or other
areas, first contact your Command Pest Management
professional or the Environmental Planning Directorate of
the Air Force Engineering and Services Center.

Crisscrossing wire across water bodies takes at least 10-
gauge wire to minimize the potential for injury to birds.
Nylon monofilament lines of 50- to 100-pound test can be
substituted for wire. Place posts about 6 feet apart on each
side of the body of water, alternating their positions with
those on the opposite site, and string the wire in a zigzag
pattern about 1.2 to 18 inches above the waterline. This
technique is effective against large birds only. If it's
installed right, screening or netting is a permanent solution
to a pest bird problem, although it takes periodic inspection
and maintenance. Exclusion of birds is socially acceptable
and should not cause a public relations problem. Netting
and screening are appropriate ways to exclude protected
species.

Sharp projections. Snarp wires, or spikes
can be used as barriers and repellents to perching birds on
building ledges or other surfaces (fig. 2-6). Usually
installed to discourage pigeons, starlings, and house
sparrows from structures, sharp spikes also have been used
to keep raptors from perching on runway marker lights.
Tnese devices ate available in strip form and are attached
with clips, fasteners, wire ties, or adhesive. Different
designs are available for large birds, such as gulls or
pigeons, and for smaller birds, such as Starlings or house
sparrows. This material can be installed on ledges, rafters,
window sills, or other locations where birds might roost,
loaf, or nest. Wide surfaces may require two or more

582



Figure 2-6. Application of sharp projections.

parallel rows of the material. You'll get instructions on
adhesives, or fasteners, and spacing with the material. Find
the appropriate locations for this material by watching birds
directly or by noting heavy concentrations of droppings.
Sharp projections are effective and permanent on ledges,
rafters, and other structures, but obviously they mustn't be
used in accessible areas where a safety hazard might result.

Exercises (A19):

1. When may you decide that no action is needed?

2. What is the most permanent solution to many pest bird
phl e ms o i. fields?

3. , octore you cut trees that have active
raptor nests?

4. Which type of exclusion technique will keep water
fowl from drainage ditches and other water areas?
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5. Which exclusion method is used to keep raptors from
perching on runway lights?

A20. Cite repulsion methods for bird management
programs.

Repulsion. Repulsion is simply scaring birds away.
Many devices and techniques have been designed to repel
birds. Techniques used for birds on airfields usually are
visual (sight), tactile (touch), and auditory (hearing). For
our purpose here we will concentrate on the auditory
repulsion technique. -mditory repulsion (the type most
commonly used !o ..vent strike hazards), the keys to

diver Htensi
Rectifticd disiressialarm calls. This bioacoustic

technique consists of using a loudspeaker and cassette tape
player to broadcast a recording of actual bird distress or
alarm calls to frighten away flocks of birds. Distress or
alarm calls are highly recommended for dispersing flocks of
gulls or other birds from an airfield. In the Air Force, gull
control is their primary use. This technique also is
frequently effective in dispersing blackbirds or starlings
from roosts in trees or starlings roosting in hangars, and in
other situations where flocks are a problem. in the past, it
was thought that you needed a recording of the specific
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species involved for it to be effective, but this isn't
necessarily true. You may want to try different distress call
tapes. or even barking dogs. Repulsion is most effective
with transient birds, and they're more effective with
roosting or loafing birds than with those that are nesting.
Auditory repulsion is not recommended for pigeons or
house sparrows.

Equipment consists of a vehicle from which to broadcast
the calls, sound equipment (tape player with loudspeaker).
and the cassette tape recordings. The loudspeaker can be
mounted on the vehicle. The sound equipment must play
the tapes loudly and with good fidelity. A system with
30-50-watts power witilout distortion to produce 90-110 db
(several feet in front of the speaker) and a frequency
response of up to at least 20.000 Hz is recommended. The
system can be powered directly by the vehicle through the
cigarette lighter. using an AC/DC transformer. You can get
recorded tapes of distress and alarm calls for various species
from the Air Force Engineering and Services Center,
Tyndall AFB, Florida.

As with other control techniques. it is best to start a
repulsion program before the birds establish the habit of
using the area. If the birds already frequent the area. watch
their usual movement pattern; it's easier to herd them along
accustomed flight patterns than to disperse them at random.

For loafing gulls, drive to within 100-200 yards of the
birds. Note the wind direction because sound carries farther
downwind. If birds are roosting in trees, you'll need to get
even closer, because the trees will muffle the sound. In
hangars. the sound may echo, making it unrecognizable to
the birds. Try different spots within the hangar; you may
need to move the sreaker up to ceiling level. At tree roosts
and loafing areas, play the tape from different locations.

To keep birds from getting used to this control technique,
play the tape as little as possible and never let it run
continuously. Two or three attempts should be enough. If
the birds don't disperse after the third try, the call probably
isn't going to work. Don't let the tape keep running,
because this will persuade the birds that they are not in
danger, and they will ignore the tapes.

Often the birds rise up and fly toward the loudspeaker
when they hear the distress call. Sometimes they circle for a
short time over :he source and then fly away. At other times
they may circle the vehicle and spiral higher and higher.
creating a hazard to aircraft. For these reasons, you should
use pyrotechnics, airbursts, scare cartridges, or live
ammunition after tarr to snee 4 their depart,' F.,

lng or hl is , .ay the tape i:. ,

_cond inter, few minutes as the birds are arriving
at the roost. 1 ror 4 to 7 successive nights.

In many situations, tapes are probably the most effective
repulsion technique. If the tapes are used properly,
habituation is not as likely to occur as with other methods.
Except for the reinforcing measures, you don't need other
supplies. The birds are not harmed physically by the
distress or alarm calls, and there's no fire hazard, no soiling
problems, and no chemical residues.

Circling gulls may create an immediate strike hazard
until they disperse. High background noise can keep the
birds from hearing the recording. Echoes and distortion of
the calls inside a hangar or between buildings may reduce
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effectiveness. The recordiags are disturbing to some
people. As with any repulsion method, the birds may
become a problem elsewhere. Repulsion alone will not
permanently solve a problem; habitat changes also should
be made. Playing recorded distress and alarm calls is
harassment, and you can't use it on some protected species
without a permit. If you use live ammunition as
reinforcement. depredation permits also are required for
protected species, including gulls.

Electrenic noises. Other electronic noises that simulate
bird calls have been broadcast by loudspeakers much the
same as the distress and alarm calls to repel birds. Ultrahigh
frequency sounds (ultrasonics), which cannot be heard by
humans, are not recommended for bird control because
their effectiveness is unproven.

M-74 airbursts and scare cartridges. M-74 (M-74A1)
airbursts are explosive charges fired from an ANM8
pyrotecnnic pistol (flare gun). Commercial scare cartridges
are 12-gauge shotgun shells that propel a second charge
instead of pellets. Fired in a flare gun with an insert or an
open-choke or unchoked shotgun, the propelling charge
ignites the fuse on the second charge as it projects the
charge about 100 yards, where it explodes with a loud noise
and a flash of light. Airburst and scare cartridges are tired
into the air to repel flocks of birds such as blackbirds,
starlings, crows, gulls, or waterfowl. Pyrotechnics in
conjunction with distress and alarm calls will repel birds
coming in to roost (blackbirds and starlings) or gulls loafing
in the vicinity of runways, but they're seldom effective for
pigeons or house sparrows.

You can get procedvres for ordering M-74 airbursts from
the munitions supply office, Security Police squadron
(supply account code FK) on each base. Technical Order
11A-1--46, Fire Fighting Guidance, Transportation and
Storage Management Data and Ammunition Complete
Round Chart, gives information on shipping, storing. and
handling airbursts. Technical Order I1W2-9--2-31 gives
directions for manufacturing an insert (fig. 2-7) to fire 12-
gauge scare cartridges in the flare gun. This combination
gives you about the same range and efficiency as the M-74
airbursts but at a considerably lower cost. Also, it's easier
to care for the flare pistol than the 12-gauge shotgun. The
following instructions apply to the M74A1 simulator
airburst and the 12-gauge scare cartridge. Whichever type
you use. fire pyrotechnics at not less than 450 from ground
level a .1 never ;- le s' tioi. o r v person, vehicle, or

.,1 Ow feet. Carefully follow all
Area, ifety rules listed on AF Form 497, Air Force
Polic) ,iementFirearms Safety and Use of Force. The
user must wear leather gloves, ear protectors, and goggles.
All other people in the area should have ear protectors.
There must be no smoking at any time within 50 feet of
pyrotechnics. If pyrotechnics malfunction, stay clear of
that area for at least 30 minutes. Relay the exact position of
the malfunction to the base explosive ordinance disposal
(EOD) office. They will send a team to the area for
disposal. At no time may pest management personnel
dispose of any malfunctioned pyrotechnics. Except during
transportation, keep pyrotechnics under visual observation
at all times after they are issued and until they are
expended. Use two-way radios to coordinate with the
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control tower before you fire any pyrotechnics. Store
pyrotechnics in a metal box and secure the box in the
vehicle during transportation. Before using pyrotechnics,
notify the command post, hospital, Security Police, flying
safety, and explosives safety offices.

Proceed to the area where the birds are a hazard. Get
control tower clearance. Don all applicable safety
equipment. Remove the pyrotechnics from the storage box
and load the weapon. Grip the weapon with both hands,
aim high towards the target, and fire. Inspect the weapoh
chamber and barrel before reloading to be sure it is free of
obstruction. Dispose of empty casings properly. If they're
left on the airfield, they may be picked up by birds and
dropped on the runway, where they can be ingested by a jet
engine. For the same reason, unexploded projectiles must
be recovered by EOD personnel. After bird dispersal,
return the pyrotechnics to the storage box and then to the
appropriate office. To protect against fires, two 10-pound
extinguishers for type B and C fires always must be
available. In the event of a fire on the airfield, immediately
stop using pyrotechnics, try to extinguish the fire, and have
the control tower inform the fire department.

When pyrotechnic devices are used without other
repulsion techniques, birds may habituate to the noise,
reducing the effect. This tendency can be reduced by
occasionally mixing in live ammunition to show the birds
that a hazard is present. As we've seen, using pyrotechnic
devices n conjunction with recorded distress or alarm calls
can reduce the potential for habituation to eithei technique.
The keys to success are diversity and intensity. Fire the
airbursts or scare cartridges at irregular intervals, and
combine their use with other repulsion techniques. In trying
to disperse a roost, provide daily harassment (as the birds
arrive) for up to 2 weeks.

Automatic exploders. Automatic exploders, sometimes
called gas cannons, produce loud noises similar to those of
a 12-gauge shotgun, but at regular intervals, to frighten
birds away from airfields or hangers. Mainly for open
situations, these exploders are reported to be particularly
effective for waterfowl but have also been used (with
varying degrees of success) for gulls, blackbirds, starlings,
crows, and other birds, both feeding and roosting. They
should be most effective on species that are mgularly
hunted and thus are likely to associate the noise with
gunfire. Like the other noisemakers, they're generally
ineffective on pigeons and house sparrows and they're best
in combination with other controls. Airbursts will help keep
the birds from getting used to the noise. Where birds are
attsacted strongly to an area, try explosions at 1- to 2-
minute intervals. One cannon can repel birds from about 10
areas, so you'll need several for most airdromes. The
effectiveness is increased if the cannons are pointed
downwind. Change the location frequently, perhaps every
hour, but at least daily, or the birds will soon ignore the
noise. For ease of movement, you can mount the exploders
on a vehicle. While it's in operation, check the mechanism
periodically. Repulsion should start when birds start
feeding or roosting in an area, rather than after a pattern has
been set for the season. It is even better to start the program
before the birds' estimated arrival time, based on past
years.
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A scareaway gun for bird dispersal listed in Table of
Allowance 483 operates from liquid propane, ignited by a
flint that sparks when it's struck by the firing mechanism.
The timing of explosions is determined by gas pressure.
This technique is not harmful to birds. Gas cannons have a
low operating cost compared to shotguns or airbursts.

Exercises (A20):

1. Under what conditions do repulsion techniques work
best?

2. In dispersing loafing gulls with recorded sound, what
is the minimum distance the vehicle is driven to the
birds?

3. What is likely to happen to birds when a distress call
tape is allowed to run continuously?

4. List the characteristic that is essential to the 12-gauge
shotgun when used to project scare cartridges.

5. When using pyrotechnics, what safety equipment must
be worn?

6. Pyrotechnic devices are most effective when they are
used in conjunction with what other repulsion
technique?

7. What beneficial characteristic do gas-operated
exploders have as compared with 12-gauge shotguns
or airburst?

A21. Cite removal and reduction techniques for
managing birds.

Reme-al or Reduction. These techniques attempt direct
popula. a control by capture or killing. This approach is
rarely effective. Even if a large part of the flock is removed
(a difficult task), other birds eventually will move in to
replace them if the original environmental attraction
remains. Killing birds also is likely to result in adverse
public reaction. Nevertheless, there are instances when
habitat modification, exclusion, or repulsion are not viable
approaches, and direct population reduction is appropriate.
In this area we are talking about trapping birds unharmed.
We will discuss six types of bird traps.



Commercial live traps. Traps designed to capture birds
unharmed are available in a variety of designs from
commercial sources. Birds are attracted by bait, perhaps in
combination with live decoys. Captured birds can be killed
by gassing or, preferably, transported for releae elsewhere.
You can use commercial live traps to Lapture domestic
pigeons, starlings, or house sparrows. Trapping is not
practical over large areas or where large populations are
present, but considerable numbers of pest birds can be
removed from limited areas with persistent effort. If birds
are not feeding, they may be encouraged by prebaiting.
Birds are more easily attracted to bait in winter because
natural food is less available. Stariings, however, do not
usually feed near their roosts.

Traps can be manufactured within your unit if resources
are available. Each trap is designed to capture a particular
species. The designs include swinging-bob pigeon traps,
funnel traps for pigeons, center-drop traps for starlings and
house sparrows, funnel traps for house sparrows, and some
novel designs. Many models capture dozens of birds at
once, and some have multiple chambers to increase their
capacity and prevent escape. Try to place traps where they
will not be disturbed. Bait them (inside and around the trap)
with appropriate food and ample wat -. Pigeons can be
attracted by whole corn, house sparrows by finely cracked
corn, and starlings by cracked corn, peanut butter, or
apples. Check all traps daily. Several calm, healthy birds
left in the trap to serve as decoys will often increase
efficiency. Handle protected species carefully and release
them immediately. Nonprotected birds causing a pest
problem should be released at least 40 miles away. You can
cover the trap with a tarpaulin (after you remove protected
species and kill decoys) and the birds by piping gas through
a hose connected to the exhaust pipe of a vehicle. Incinerate
dead birds.

Live-trapping and release is socially acceptable; and even
if pest birds are killed by gassing, live-trapping is less likely
to cause a public relations problem than poisoning.
Protected species usually can be released unharmed,
although frantic birds may be injured in the trap. Live-
trapping is expensive and time consuming, because it takes
considerable persistence to be effective even on relatively
small populations in limited areas. Removal is not a
permanent solution to a pest problem, as other birds will
move in to fill the available habitat. Eliminating the habitat
is the best solution.

Pigeon traps. You can use these traps to help reduce the
numbers of pigeons feeding, roosting, or nesting around
buildings. (Refer to Volume 3, Chapter 2.) Place the traps
near feeding or roosting locations, but where they will not
be disturbed; a flat rooftop is often a good location. Watch
the pigeons' feeding habits to spot suitable trapping
locations; if they're feeding in open fields, place the traps in
a field. It they've been feeding near the runway, don't trap
there, but try to lure them away. Post signs to keep people
clear of the trapping area. Spread preferred food such as
cracked corn or other grain around the door of the trap and
put an ample supply of bait and water inside. Tie the bobs
open and prebait for 2 weeks to lure the pigeons to the food
source and get them used to entering the traps, then untie
the bobs to activate traps. Over several weeks, check the

traps daily to remove captured birds for transport and
release; leave two or three healthy birds as decoys and
replenish food and water as necessary. If you leave too
many hicds in the trap, they'll eat all the bait and few other
birds will be attracted. Try to leave the same birds as decoys
each time so they will become tame. Leaving birds with
distinctive color patterns will facilitate identification;
bright-colored birds also seem to be more effective decoys
than the duller blue-gray birds. Make a portable holding
cage to carry the captured birds and mark them with indigo
red dye so you'll recognize any that return to the area. Take
the birds to a suitable area at least 40 miles from the base
and release them. If any marked birds return, dispose of
them as directed by the hospital commander. After several
weeks of trapping, another prebaiting period is
recommended, followed by several weeks of trapping. If
trapping is unsuccessful, the birds must be destroyed.

Pigeons with leg bands or nontarget species such as
mourning doves can be released unharmed. Trapping does
not involve the hazards associated with toxic chemicals.
Fairly large numbers of birds can be captured and removed,
but at best, trapping will remove only 75-80 percent of the
resident pigeons in any area. Results are slow, and it takes a
lot of effort. As we've said over and over, removal is not
permanent, because other birds will move in if the
attraction remains. Pigeons aren't kderally protected, so
there are no legal restrictions on live-trapping in most
places. In some areas, all birds are protected by local
regulations, so always check with the base Staff Judge
Advocate about permit requirements.

Modified australian crow traps. These traps can capture
starlings, house sparrows, blackbirds, and other problem
birds in a fairly small They should be at least 8 feet long, 6
feet wide, and 6 feet high or even larger if practical. A
1.75-inch width of the entrance slots and a 9-inch minimum
clearance at each end are critical. Place traps in an open
area rather than under trees. For starlings (as well as many
other birds), you should bait the traps with rotting apples,
finely cracked corn, or feed pellets. Try to bait with a food
that the birds are used to eating. If one trap location or type
of bait doesn't work, try another. The trap will be most
effective with 10 to 12 decoy birds in it. You may have to
catch the first decoys some other way.
Provide the decoys with fresh water. You can make two
suitable water containers by splitting an old rubber tire
down the middle. Tend the traps regularly.

The modified australian crow trap is probably the best
live trap yet devisedsimple and effective. Protected
species usually can be released unharmed, while
nonprotected species can be killed or transported and
released. Since the traps are :arge, they may need
disassembly for mcving or storage.

Nest-box traps. Nest-box traps are used to reduce local
numbers of starlings or house sparrows during their
breeding season. Nest-box traps come in several different
designs. There are plans for a house sparrow trap in Volume
3. For starlings, the trap is the same, but the opening is
slightly larger (2 inches instead of 11/2 inches). The front
wall is put on last and fastened by screws to make repair
easier. Glue pieces of hay and feathers to the back of the
chamber, and use a tightly woven sack to receive the birds
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as they are captured. Place the trap on the side of a building
or on a pole where the sack can hang freely and be easily
reached with the use of a ladder. Getting rid of existing
nesting sites may increase the effectiveness of the traps.

In a limited area, nest-box traps can effectively remove
house sparrows or starlings, but they probably won't
eliminate all the pest birds in any area.

Raptor traps. If raptors (birds of prey) create a strike
hazard and you can't discourage them with other measures
(such as eliminating the food source), you may be able to
trap them with verbail pole traps or Bal-Chatri traps, and
then release them elsewhere. Of course this takes the
cooperation of the U.S. Fish Wildlife Service. They'll
provide the traps or the information you need to build traps.
Verbail traps are set on top of posts. As the raptor tries to
perch on the post it lands on a trigger plate, which causes a
spring to loop a cord around its feet. The Bal-Chatri trap is a
cage of hardware cloth with the top covered by slipknot
nooses of monofilament nylon (fishing line). Different sizes
of traps are used for different raptors. A live lure such as a
mouse, starling, or house sparrow (or perhaps a rabbit,
chicken, or pigeon for owls) is placed inside the cage. A
raptor landing on the cage gets its feet tangled in the nooses.
Watch raptor u-aps continuously or check them very
frequently to remove birds before they are injured. Re least
captured birds at least 20 or 30 miles away to keep them
from returning.

Trapping has no advantages over habitat modification or
tactile repulsion techniques for discouraging raptors. The
Bal-Chatri has several advantages in comparison to other
raptor traps; specifically, it is simple, portable, easier to
build than the Verbail trap, and there is little danger of
accidentally killing the birds. As it is with other traps,
habitat modification (or using tactile repellents on the
perches) is a better, more permanent solution to a strike
hazard. Raptors are protected by Federal law; you need a
permit tc capture them, and even then you need the
cooperation of the U.S. Fish and Wildlife Service.

Nets. Birds can be captured by various types of nets,
including cannon nets, mist nets, and floodlight traps. The
cannon net uses rockets or mortar projectiles to carry a
large, light net over a flock of birds attracted by bait. Mist
nets are made of fine black nylon thread (like a hairnet) that
's virtually invisible, strung between two poles against a
dark background. The floodlight trap is a huge funnel-
shaped net (supported by a frame) into which roosting birds
can be driven. The funnel narrows down to a tent, lit by
floodlights, which functions as a holding chamber.

The cannon net was designed for waterfowl but it works
for other birds. Mist nets will capture small birds such as
house sparrows, if they can be placed to block the birds'
normal flightpath. The floodlight trap was designed to catch
starlings and blackbirds at night roost3. Like trappig,
netting isn't likely to remove enough birds to be practical.
If you think a pest situation warrants a netting, contact the
U.S. Fish and Wildlife Service for permission, information,
and help.

Shooting. Shooting can be used to eliminate small flocks
of pest birds in limited areas. Live ammunition is most
effectively used to frighten away flocks of birds or to
reinforce noise techniques. In certain circumstances,
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hunting may be encouraged to control game birds such as
waterfowl that may cause a strike hazard. Shooting has
been tried as a control for gulls on airfields but was
generally ineffective.

The firearm and ammunition used should have enough
power to kill quickly, but shooting near buildings or
equipment or using excessive firepower increases the
chance of damage and the hazard to personnel For pigeons,
you can use birdshot in a .22-caliber smoothbore rifle or a
.410 caliber shotgun, or even a high-powered air rifle.
Larger bore shotguns can be effective in more open areas.
Use the best marksmen available. A local rod and gun club
or Security Police personnel may do the job. You can build
a blind on the roof of a hangar from which to shoot the birds
as they fly into the hangar or over the roof. Take adequate
safety precautions, and restrict access to the area. Post
guards in the hangar to keep people out. Remove aircraft
and ground equipment from the washrack and hangar
apron. Limit the firing zone to protect other buildings. If
firing is directed toward the flight line, move aircraft to a
safe area.

When you're using live ammunition to reinforce
repulsion techniques, just kill an occasional bird. Leaving
the dead bird where it is visible to the rest of the flock may
increase the effectiveness of the program, but remove it
when you leave the area to keep scavenger birds from
getting it. It is important to be persistent. Discontinuing a
program too early may lose whatever progress has been
made.

Shooting is selective in terms of the species (or individual
bird) to be eliminated. In some circumstances, it may be the
least expensive and most rapid technique available.
Shooting will reinforce other repulsion techniques and may
greatly increase their effectiveness. Like other reduction
techniques, it's rarely effective for population control.
Other birds are likely to replace th3se shot. Live
ammunition is hazardous to people and aiicraft and may
damage buildings or equipment. Shooting birds may cause
bad public reaction. This technique cannot be used where
firearms are restricted or in other areas where a safety
hazard may result. Federal permits are required to kill
protected species, including gulls and blackbirds. State
permits may also be required.

Poisoning. All the other techniques are preferable to
poisoning, but sometimes other approaches are not
practical, and a toxic chemical is needed. If you have to kill
the birds, rather than to merely repel them, or if rapid
results are mandatory, you can use poisons more
extensively, but only poisons registered by the EPA for
birds. Unauthorized poisons are unlikely to be effective or
may present a severe hazard to personnel. For one or more
of these reasons, strychnine, thallium sulfate, and poison
perches (containing Fenthion and Endrin) are not
recommended. Poisons you may consider for use are
Avitrol and Compound DRC-1339 (which is sold under the
tradename Starlicide).

Avitrol. When birds eat bait treated with this toxic
chemical, they react erratically, exhibit abnormal behavior
and give distress calls. This frightens the rest of the flock
away from the area. Avitrol is currently registered for use
by authorized personnel as a repellent for gulls, starlings,



blackbirds (including common grackles and ,,whirds).
crows, house sparrows, -ind pigeons. Since bait must be
eaten, this technique only applies to situation w here birds
are feeding or can be prcbaited to feed. Although pigeons
react less than other species, this technique is recommended
for them. b se it is more effective than audito,..
repulsion.

Although ti ,I ha :. heen used succesAfully to repel
gulls from airfields, is i reconunendcd in
situat:ons because thc oil acted by prcbaiting may
create a seTtoll: %mike hazard. You can use Avitrol to
disperse gm fron: :1;.:(fi ills near airfields. Avitrol is not
recommended to co..trol Starling roosts, because starlings
generally don't feed near their roost, but in feeding
situations, it's quite effective against starlings. It's often
more effective with large flocks of birds than with smaller
ones.

Various types of gain treated with the chemical, as well
as untreated grain of the same type for prebaiting, are
available from commercial suppliers. Different
concentraticns and types of treated bait are fegistered for
different uses. For pigeons, using whole corn minimizes the
hazard to sn -dier, nontarget species that will not eat whole
kernals. For house sparrows, treated mixed grain or fine
corn chops (cracked corn) can be used. Treated corn chops
(double strength) are usually accepted by starlings in
feeding situations. For gulls at landfills, you can apply
powdered concentrate of Witrol to bread.

Prebaiting is the most important part of the control
progiam, even when birds are already feeding in the area.
The birds must get used to eating the same type of food and
in the same place as the treated bait that will be used. Do
not prebait in an area where protected nontarget species are
feeding or will be attracted. Nontarget species that do not
eat grain (e.g., american robins, mockingbirds, purple
martins) do not pose a problem. If you have to prebait
where the birds are not already feeding (such as hangar
roof), allow a longer prebaiting period. It is advisable to
allow 2 weeks for prebaiting although several days may be
enough if acceptance is good. If possible, bait above the
ground to minimize exposure of people, pets, and some
nontarget species (e.g., mourning doves). A flat rooftop is a
good location to prebait for pigeons Elevated feeders can
be built for house sparrows.

Prebaiting does several things. You learn the feeding
habits of both target and nontarget birds. Prebating
locations that attract protected species can be discontinued
before you treat the bait. Also, the target birds get used to
being fed and will readily take the treated bait when it is
substituted for the untreated bait. For pigeons, put out the
feed at the same time each day. A break in the pattern will
result in a setback to the prebaiting program. Keep plenty of
bait onhand, so that the supply does not run out before you
get total acceptance.

After a feeding pattern has been established, immediately
substitute treated bait for the untreated. When you handle
treated bait, wear gloves and follow label instructions
carefully, then change clothes and was thoroughly. Burn
the downed birds and any excess bait and empty containes.
Do not expose people to the fumes or smoke.

e part of the flock neyds to eat treated bait, so blend it
with untreated bait of the same type. The higher the
concentration of treated bait, the more birds will be killed.
For example, a mixture of 30 parts untreated to I part

...s.tted (30:1) may repel flocks of pigeons with little
fl .ialay Mixtures of 10:1 or 5:1 constitute reduction
ather than repulsion, for many birds will be poisoned. The

average amount of blended bait needed per treatment is 3-4
pounds for pigeons and about 1 pound for house sparrows.
It may take daily treatment over a period of several weeks at
increasing concentrations. Don't expect one hundred
percent repulsion of either pigeons or house sparrows. You
may need a regular maintenance program to keep the
populations at acceptable levels.

For gulls t landfills, cut standard slices of bread into 12
sections. Treat only one-tenth of the sections (i.e., a 10:1
ratio` with Avitrol concentrate by shaking in a plastic bag.
After prebaiting, broadcast the untreated bread and space
the treated bread throughout the area. A typical application
for 5000 gulls is 240 untreated pieces (20 cut-up slices of
bread) and 24 treated pieces (3 pieces at each of 8 widely
separated stations). One-half of this amount in any one
feeding area is enough for smaller flocks. Repeated
applications and site maintenance may be required for
continued control. Repulsion is not a permanent solution to
a pest bird problem. Unless techniques such as habitat
manipulation or exclusion keep the situation from
recurring, applications may need to be repeated.

Consult U.S. Fish and Wildlife Service personnel before
you start a management program using chemicals. Permits
are required for use on protected species, including gulls.
Bait used for nonprotected species should not be exposed
where it may be taken by protected species or where
streams or ponds may be contaminated by runoff (i.e.,
drainage of rainwater).

Starlicide. Starlicide is the registered trademark for
compound DRC-1339. It's available as a 0.1 percent
mixture called Starlicide Complete. Apply Starlicide in a
feeding trough 4 feet long, 12 inches wide, and 3 inches
deep or in plastic pans. You may need to prebait with
untreated feed pellets to get the birds used to feeding on
pellets in the trough or pans. You can also broadcast bait on
dry or frozen ground, but this increases the danger to
protected species. If protected species feed on the bait,
discontinue the program or try prebait:ng in another spot.
When the starlings or blackbirds are regularly feeding on
the untreated bait, replace it with the treated mixture. Use
no more than 20 lbs per acre for feedlots over 10 acres, or
more than 50 lbs per acre for smaller lots. The poison may
take up to about 48 hours to take effect, and birds never die
less thin 3 hours after ingestion. As always, wear gloves,
burn the excess bait and dead birds, keep unused
inaccessible to poultry or livestock, and follow label
instructions carefully.

Starlicide is less toxic to mammals than Avitrol, and it's
less toxic to light-colored birds than to dark birds (such as
starlings) so the danger to many protected species is
reduced. There is Llways some danger to protected species.
Poisoning birds is unpopular and may cause an adverse
public reaction, especially since the slow-acting poison will
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not take effect until birds have moved to another. perhaps 9. What's the most effective bird control use of live
more populated. location, rounds?

:vercises (A21):

Why are removal and reduction techniques rarely
effective?

1 What are the two main attractants to birds when traps
are used'?

3. What should you use to bait starling traps?

4. In releasing nonprotected birds, how far should you
take them?

5. Where should you place pigeon traps for best results?

6. How should you mark captured birds to help you
recognize those that return to the trapping area?

7. How do the two most common types of raptor traps
work?

10. Why should you remove dead birds promptly when
you finish shooting'?

11. What effect does Avitrol poisoning have on a bird?

12. What birds is Avitrol labelled to control'?

13. Why should you not use Avitrol to repel gulls from an
airfield'?

14. Why should you apply Avitrol baits above ground
level'?

15. List three reasons for prebaiting.

16. How should you put out Starlicide baits'?

8. With whom must you coordinate before you trap 17. What advantages does Starlicide have over Avitrol for
raptors? starling poison?
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CHAPTER 3

Miscefianeous Vertebrate Pests

THERE ARE A variety of vertebrate pests we haven't
discussed yet. Some that you'll learn about in this chapter
are rabbits and hares, bats, skunks, and moles. This
chapter doesn't make a strong attempt at identifying the
various species of these animals, since they may vary
widely by region. If you have a pest problem with any of
these animals, consult a local field guide or area wildlife
authorities.

3-1. Rabbits and Hares

Rabbits and hares can be damaging both as medical and
economic pests. Rabbits in particular can cause extensive
damage to home gardens and newly established seedlings in
forests.

A22. Verify or correct statements about the importance,
characteristics, and controls for rabbits and hares.

Rabbits and hams belong to the order Lagomorpha. They
used to be gruuped with rodents, but they differ from
rodents in that they haw four upper incisor teeth rather than
two. The second pair of incisors is smaller and is behind the
first pair.

Importance. Flares and rabbits are the primary reservoir
of tularemia. They are also reservoirs of spotted fever and,
to a lesser extent, of plague. The rabbit tick,
Haemaphysalis ieporis palustr is, plays an important role in
transmitting spotted fever and tularemia from rabbit to
rabbit and thus in maintaining natural reservoirs. Rabbits
and hares are of economic importance at military
installations because they damage trees and erosion-controi
plantings. Damage is most prevalent at installations in the
Western T_Inited States where large populations of jack
rabbits frequently develop. Although epizootics (sudden,
widespread disease epidemics) drastically reduce their
numbers at intervals of about 7 years, other control
measures are often needed.

Characters and Biology. Hares and rabbits are heavily
furred animals with long ears and elongated hindlegs. They
inhabit most of the major landmasses and some islands.
The true rabbits, of the genus Sylvilagus, include the
cottontails, which range from Southern Canada south to
Argentina and Paraguay; the smaller brush rabbit of the
United States Pacific Coast; and the marsh rabbits, or
swamp rabbits, of the Southern and Southeastern United
States. True rabbit young are born naked, blind, and
helpless. The hares, of the genus Lepus, are represented by
the jack rabbit and by the varying hare, or snowshoe rabbit.

The young, hares are born in an advanced state with the eyes
open and the body well furred. They can move about soon
after birth.

Control. Methods for controlling rabbits and hares
include poisoning, trapping, shooting, using repellents, and
building barriers. You poison, trap, shoot, and reple them
much the same as you would ground and tree squirrels.
There are two kinds of barriers for rabbit control. Individual
trees can be protected by banding them with a I or 2-foot-
wide str:,; of tar paper or metal sheeting. Gardens can be
protected by building rabbkproof fences and box traps
baited with apples, lettuce, or carrots.

Since rabbits often prefer areas of heavy vegetation.
brush, piles of debris, etc., you may be able to apply
cultural controls by having these harborages eliminated.
For repelling rabbits from a given area, you may use
Gustafson 42-5, a commercial formulation of thiram
fungicide la'belled for repelling rabbits from fruit trees,
shrubs, ornamentals. and nursery stock.

Exercises (A22):

Mark each statement true (T) or false (F) and correct any
false ones.

_ I Rabbits and hares belong to the order Lagoinorpha.

_ 2 Rabbits and hares have two upper incisor teeth.

_ 3 Hares and rabbits are the pnmary reservoir of
tularemia.

_ 4 Rabbits and hares do extensive damage to trees and
erosion-control planting.

_ 5 Hares and rabbits are heavily furred animals with
long ears and elongated hindlegs.
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_ 6. The young rabbits are born in an advanced state
with eyes open and the body well-furred.

7. 10 protect trees, bands must he 3 or 4 feet high.

8. Box trap,, for rabbits should be baited with apples,
lettuce, or carrots.

3-2. Bats

Throughout history, bats have aroused people's curiosity
and interest. Have you, for example, heard any stories
about cattic deaths by attacks of vampire bats or seen any
old vampire movies lately? Luckily, bats of the U.S. feed
on insects, many of them noxious. Natural bat roosts
include caves and tree hollows, but a few species live in
houses, thus earning the title "house bats." Bats found
north of Mexico are almost entirely beneficial to people but
occasionally become nuisances or pose public health
problems. Fear of rabid bats has resulted in the use of
chemicals to control them in buildings, often with
disappointing results and side effects. This section
discusses the biological and ecological role of bats and
ways you can manage them when conflicts develop.

A23. Verify or correct statements about the biology and
ecology of bats.

Biology and Ecology of Insectivorous Bats. The only
truly flying mammals, bats, belong to the order
Chiroptera"flying hand." Bats are worldwide in
distribution but mainly tropical. Their ability to fly, their
secretiveness, and their nocturnal habits have undoubtedly
contributed to bat folklore, superstition, and fear. Tilc
natural habitat of most North American bats is caves and
trees. Many bats are found in mines and some in buildings.
Day roosts are dark and secluded. Foraging areas are
around water, forests, ravines, and buildings. With the
advent of cold weather, bats migrate or hibernate in caves,
mines, and sometimes in houses. These places usually have
high humidity and above-freezing temperatures. Active,
nonhibernating bats spend the day hanging in secluded
retreats and become restless as evening approaches. Upon
leaving their roosts to feed, bats usually first fly to a pond or
nther water source to drink. A second feeding period may

itst before daylight.
bats in North America are insectivorous, catching

small flying insects, many harmful, by sonar or
echolocation. Some bats may consume up to one-half their
weight of insects in a night. The little brown bat (Myotis
lucifugus), commonly found in buildings, feed on midges,
mosquitoes, caddis flies, moths, and beetles. It's been
estimated that 50 oats can easily capture 500,000 insects
each night. The mexican free-tailed bat (Tadarida

brasiliensis) forms the largest colonies of any mammal.
Some Texas cave colonies contain as many as 20 million
individuals and can eat more than 100,000 lb of insects
nightly.

Many animals use sonar to navigate, locate, and avoid
obstacles. Bats use sonar for those purposes and to capture
flying insects. High-frequency sounds, inaudible to
humans, produce echos permitting bats to measure
distance. Bats also make audible sounds.

In the United States bats mate in the fall and winter, but
the female may retain sperm in the uterus until spring when
ovuiation and fertilization take place. Pregnant females
congregate in nursery colonies in caves, mines, buildings,
or other dark retreats. No nests are built. Birth occurs from
April through July and most species produce a single
young, although some have twins and a few have litters of
three or four. Young bats grow rapidly and are able to fly
within 3 weeks. When they're adept at flying and catching
food, juveniles become less dependent on their mothers and
the maternity colonies disperse after weaning in July or
August.

Around first frost, bats prepare for winter. Some species
migrate relatively short distances, whereas certain
populations of the mexican free-tailed bat may fly up to
1000 miles. Bats in the Northern United States and Canada
may hibernate from September through May; hibernation
for the same species in the southern part of the of their range
may be shorter or even sporadic, and some fly during warm
spells in winter. Unlike many small mammals, whose
average life spans may be less than a year, bats often live 10
years or more. Two little brown bats were recaptured 29
and 30 years after being banded.

Almost all bats are of some economic importance, and
those of the United States and Canada are beneficial
because they are insects. The guano (accumulated bat
droppings) was once commercially mined in the Southwest,
and it is still mined in Mexico as nitrogen-rich fertilizer.
The importance of the bat guano has declined because of
reduced bat populations and the development of inorganic
fertilizers.

Exercises (A23):

1 Except for some squirrels, bats are the only true
flying mammals.

_ 2 Caves and trees provide most of the habitat for
North American bats.

_ 3 Typical winter bat roosts are caves and mines
where humidity is high and temperatures are above
freezing.
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4. In the U.S., bats breed in the spring and summer
months.

5, Young bats mature slowly. taking up to 2 months
before being capable of flight.

_ 6. Unlike other small mammals with short lifesr .ns.
bats often live 10 ve:irs or more.

7. Bats in North America are considered beneficial
because of their diet.

A24. State bow bats present nuisance problems to
people.

Nusiance Problems Caused by Bats. Some bat species
use structures in preference to their natural roosts. and
others are forced to roost in buildings when natural roosts.
such as caves and hollow trees, are destroyed (Fig. 3-1).
Some caves (Fig. 3-2) are ruined by flooding, dam
construction, burning of debris or by pesticides. Cave
roosts also are destroyed by explosives used in mining and
quarrying, vandalism, and tourism. Forest management
programs, particularly removing diseased or old trees with
hollows (Fig. 3-3) have also reduced the number of bat
roosts.

As a result of these and other activities by people, bats
have often been forced away from their natural habitat and
toward homes, buildings, and other structures. In these
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Figure 3-1. Bat roosting sites in a house.

52

"'"

1 ,

CFA 189

Figure 3-2. Bat roosting sites in a cave and under rocks.
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Figure 3-3. Bat roosting sites in trees.
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locations, the noise bats squeaking, scratching. scranthling,
and crawling in attics, walls, and chimneys can he
objectionable if the roost site is close to human living
quarters. Bats nearly always reveal their presence by their
fecal droppings left beneath entrance holes and below
roosts. Brown stains and odors from urine, feces, and
glandular body secretions may often indicate the presence
of bats inside the structures. In old, loosely constructed
buildings with an attic roost or a space between the wall and
a chimney, excreta may seep through cracks and stain
ceilings and walls. In churches, bats frequently enter
through unscreened belfry louvers and leave droppings that
are plainly visible on the front doorstep.

Bats inside buildings. Finding one or two bats in a
building is probably the most frequent problem. The large
brown bat accounts for most of these sudden appearances.
Common in to.ins and cities, it often enters homes through
open windows or ungrated fireplaces. These bats may occur
singly, in pairs, or in small groups. If chimneys are used for
summer roosts, the young may fall or crawl through the
damper and into the house when they are learning to fly,
and their parents may follow. Sometimes one or more bats
may appear in a screened room, and then disappear by
crawling under a door crack. In the latitude of New
England, the big brown bat frequently hibernates in houses,
getting entrance through crevices between the outer wall
and the chimney, by a crack around a window, or through
holes between loose boards or bricks. These bats may
suddenly appear in midwinter during a warm weather spell
and fly about the building. Migratory bats occasionally
enter buildings overnight during their spring and fall
migrations. A bat will usually find the way out by
following fresh air; so the simplest way to get rid of the bat
is to open all outside windows and doors. If it is still there at
nightfall, turnoff the lights to help it find open windows and
doors (instead, it may try to hide) behind drapes, curtains,
or wall hangings). Bats usually will not attack a person
even when they're being chased. If the bat refuses to leave,
catch it in a net, small box, can, or a gloved hand and
release it outside.

Most bats can squeeze through surprisingly narrow slits
and cracks; the small ones can pass through a hole the size
of a dime. The little brown bat can enter a space 5/8 by 7/8
in; the large brown bat can squeeze through an opening 11/4
by 1/2 in. Attractive openings are found in old frame
structures where boards shrink, warp, or become loosened.
Bats commonly enter buildings under the eaves, where gaps
may develop. They are most often found in attics, between
roofs and ceilings or roof spaces; in cornices, fascias, or
other crevices around the roof; in walls, in chimneys,
around drainpipes; behind rafters and sheathing in open
barns; between a window and screen, and occasionally in
crawl spaces. Depending on the size of the space and on the
species, bats will be found singly, in small groups, or in
colonies of hundreds and occasionally thousands.

Guano, urine, odor, and ectoparasites. Bat guano and
urine accumulating in attics and wall spaces attract
arthropods such as roaches and mites. The accompanying
odor can be pungent but not dangerous. Bat ectoparasites,
such as ticks, mites, fleas, and bugs, rarely attack humans.
They are most likely to cause a nuisance after a house has

been hatproofed. thereby ridding the editice of bats but
leaving at thropods. A uthropod :)robleins are unlikely except
in large, well-established bat colonies where fumigation
may he appropriate. Ectoparasites quickly die in the
absence of bats.

Bats outside buildings. Some bats temporarily roost
behind shutters; under wood shingle siding and roofing,
roof gutters, awnings, and trim with overhang, under loose
chimney or roof flashing and in open garages; on patios,
porches, breezeways, open Fvestock shelters; and under
sheets of tarpaper. Shutiers on brick houses are especially
attractive as day roosts for transient bats in migration and
for males that frequently take refuge behind shutters during
the nursing season. In exceptionally hot weather,
individuals may abandon an attic and reside behind
shutters. Big brown bats are partial to roosting behind the
trim below roofs of houses. Unusual roosting areas include
sewers, wells, and graveyard crypts. Bats also will fly
around swimming pools, from which they may drink or
catch insects attracted to water. Street and porch lights
attract flying insects which, in turn, attract bats.
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Exercises (A24):

I. How do people often force bats into buildings and
other structures?

2. How is the presence of bats in a building often
revealed?

3. Under what conditions may big brown bats
occasionally appear in a building in midwinter?

4. How many bats are usually associated with problems
within a building?

5. How do openings to buildings become available to
bats?

6. How may arthropods become a problem in association
with bats?

7. How are shutters on brick buildings attractive to bats?



A25. Match types of bats with their characteristics.

Species of Bats Causing Problems. Among the 40
species of bats in the United States, only a few cause
problems in buildings. The most common house bats
congregating in groups are called colonial bats. Other
species live a secluded existence and are known as solitary
bats. The three species of colonial bats people see most
often are the little brown bat, big brown bat. and mexican
free-tailed bat.

The little brown bat (Myotis lucifugus. fig. 3-4), is one of
the most abundant species, often forming nursery colonies
in buildings during the summer. .Adults and young vacate
the buildings in the fall to hibernate in caves and mines.
Colonies may be as large as 2000. They have a wingspan of
8.9 to 10.8 inches. Their fur is dense, fine, and glossy.
There are many species of small brown bats, but this is the
one most often found in buildings.

The big brown bat (Eptesicus fuscus, fig. 3-5) is
undoubtedly the most familiar to humans and the only
species for which buildings are ideal for both raising young
and hibernating. Colonies are small, ranging from 12 to
200. This is one of the largest bats commonly found in
buildings: they have a wingspan of 13-14 inches. Most
adults are copper colored, but may vary from light to dark
brown. Each hair is bicoloredthe basal half being almost
black and the outer half brown.

The mexican free-tailed bat (Tadarida brasiliensis, fig.
3-6) is the most colonial of all bats. Its habits vary in

Figure 3-4. Little brown bat (Myotis luc(ugus),

Figure 3-5. Big brown bat (Eptesicus fuscus).
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Figure 3-6. Mexican free-tailed bat (Tadarida brasiliensis).

different parts of the country. Primarily a cave dweller in
the Southwest, a colony may include thousands of
individuals. In Florida this bat never enters caves, and
thousands have been found in a single building. Some
populations migrate 1000 miles to overwinter in Mexico,
while others are year-round residents. This is a rather small
bat with long, narrow wings. Its wingspan is 11.3 to 13
inches. The body and membrane are dark brown. Some
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individuals are dark gray or pale brown due to bleaching by
ammonia fumes from guano deposits.

Solitary bats live alone in tree foliage or under bark. but
never in caves. The red bat (Lasiurus borealis), the hoary
bat (Lasiurus cinereus), and the silverhaired bat
(Lasionycteris noctiragans) may occasionally enter
buildings during spring and fall mierations as transients but
do not permanently roost in buildings.

Exercises (A25):

Identify each of these as a little brown bat, big brown bat.
mexican free-tailed bat, or solitary bat.

1. These are rather small bats with long.
narrow wings.

/ These bats have dense, fine, glossy fur and a
wingspan of 8.9 to 10.8 inches.

3 These bats may migrate up to 1000 miles to
overwinter in central America.

4. These bats often use buildings for both
hibernation and for raising their young.

5. Adults of these bats often have coppery-
colored fur and each hair is bicolored. the
outer half being lighter than the basal half.

6 These bats may occasionally enter buildings
during migration, bu: don't permanently
roost there.

7 This is one of the most abundant species of
bats; they often form colonies in buildings in
summer months.

A26. Verify or correct statements about bat control
measures.

Management Techniques for Bats. Many approaches to
bat management have been tried in thc past, with varying
degrees of success. For example, DDT is highly effective
against bats, but the environmental effects of it's longevity.
and its progression up the food chain make it a poor control
method.
In this lesson, we'll focus on permanent, nonchemical

controls for bats, as well as how you as a pest manager may
use repellents for temporary control of bats in structures.

Batproofing. Unlike rodents. bats will not gnaw their
way through wood or building materials. Soft materials
such as insulation batting can be easily attached to a
building with a heavy-duty staple gun. Effective materials
are those used in caulking, flashing, screening, and
insulation. Weatherstripping, stainless steel wool, or
stainless steel rustproof scouring pads will biock long,
narrow cracks.

Caulking. Cracks and crevices develop in a structure as it
ages, and bats will take advantage of these openings.
Caulking will seal the openings. There are various caulks
which may be applied with a caulking gun. Latex, butyl.
and acrylic have a durability of about 5 years and can be
painted. Houses may need to be caulked in these places:
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a. Between window drip caps (tops of windows) and
siding.

b. Between door drip caps and siding.
c. At joints between window frames and siding.
d. At joints between door frames and siding.
e. Between window sills and siding.
f. At corners formed by siding.
g. At sills where wood structure meets the foundatioh.
h. Outside water faucets, or other special breaks in the

outside house surface.
i. Where pipes and wires penetrate the ceiling below an

unheated attic.
j. Between porches and the main body of the house.
k. Where chimney or masonry meets siding.
I Where storm windows meet the window frame (except

for drain holes at window sills).
m. Where the wall meets the eave at the gable ends of a

heated attic.

Weatherstripping. When bats crawl under doors, the
space between the floor and the door bottom may be sealed
with weatherstripping, a draft shield, or a gap stopper. A
sand snake, like those used for inplace fumigation, is a
simple draft excluder for the bottom of seldom-used doors.
It's simply pushed against the crack at the bottom of the
door.

Screening. Where screening is necessary, the openings
must be small enough to prevent the access of bats. Steel
hardware cloth should have a 1/4-in mesh with three meshes
or more to the inch. Hardware cloth for ventilators should
be 8 x 8 mesh. Inlet and outlet ventilators should be
properly installed. The type of ventilator used, its location
in the building, and the direction of prevailing air currents
may be important factors because buildings of identical
design, but different orientation, vary in their attractiveness
to bats. Many ventilators are made with metal louvers and
frames; others are custom made of wood to match the house
design (fig. 3-7).

The soffit (the underside of an overhanging cornice)
usually has ventilators which may be continuous, round.
single-framed, or the soffit itself may be of perforated
hardboard. Regardless of soffit type, the slots should not
exceed 1/4 x 1 in.

Bats may use an unused or old chimney because its rough
surfaces offer suitable places to hang. To keep bats from
entering chimneys, install spark arresters or bird screens of
rust-resistant material. They should completely enclose the
flue discharge area and be securely fastened to the top of the
chimney. When dampers aren't in use, they should be
closed.

Insulation. Insulation repels bats by filling the roof and
wall spaces they formerly occupied. Insulation materials
include fiberglass, rock wool, cellulose, urea-based foam,
urethane, vermiculite, perlite, polystyrene, and extruded
polystyrene foam.

Bat repellents. Our occasional need for properly applied
chemical repellents can be eclipsed quickly by the problems
that develop if the chemicals are misapplied.
Unfortunately, we must usually apply liquid repellents
(most sprays) directly on the bats instead of painting it on
surfaces where they land. This causes the affected bats to be



C FA 190

Figure 3-7. Ventilr,or screening: A, triangular; B. cross section: C. half
circle: D, square; E, vertical; F, soffit.

grounded (after scattering, for miles around in some cases),
presenting a far worse problem. This means we need to
deliver fumes rather than liquid in most instances. As in
plugging access holes, we're limited to late summer and
early fail for application; otherwise, young flightless bats
may be flushed (spring through midsummer), or lethargic
bats may be expelled (late fall and winter). Properly
controlled, fumigation may be indicated in some expertly
handled instances. In the vast majority of eases, chemical
repellents are superfluous, because we can get better results
by plugging accesses. Moreover, chemical repellents are
only temporarily effective.

Naphthalene. Naphthalene (crystals or flakes) is the only
chemical registered by the Environmental Protection
Agency (EPA) as a bat repellent for indoor roosts (EPA
registration Number 462-19). Naphthalene should be
spread on the floor or applied between the walls, using
about 5 lb for 2,000 cubic feet (should treat an average
attic). As the crystals or flakes vaporize, bats may be
repelled. Heavier dosages may dislodge bats in broad
daylight within a few minutes after introduction. The bats
do not return so long as the strong odor remains, but they
will return when it dissipates. If necessary, repeat the
application. Napthalene is most effective in confined air
spaces. Humans should avoid breathing it, and people who
are sensitive to it should avoid all contact.

Contact Repellents. Sticky repellents, such zu, rodent
glue boards and sticky bird repellents. have been used in
situations where roost surfaces and bat accesses may be
coated. The glue may have to be replenished from time to
time as dust makes it lose its tackiness. Compared to sealing
access routes, sticky deterrents can only slightly successful,
because bats are avoid the substances and because traffic
over the treated surfaces will usually reduce their
effectiveness.

Bat toxicants. Some public antipathy to bats, ecially
when they become a nuisance in houses, derives from
phobias based upon myths. To many people, bat prejudice
suggests that the answer to problem bat. is a bat toxicant,
but you should avoid this approach for several reasons. It's
a waste of time, because the anitnals usually are replaced
promptly by other hats. It wastes time and money that
should be spent on the only permanent solution, physical
exclusion. It's not for disease control, because the
incidence of rabies infection is extremely low. Bats are
valuable in insect control. Most important, toxins such as
DDT scatter sick bats over wide geographic areas where
people and pets can be bitten as they investigate them.

The only rational reasons for using a bat toxicant are if all
other feasible methods have been tried and failed, and if bat
control is needed for a real public health emergency. Under
these conditions, fumigants such as methyl bromide,
hydrocyanic acid, or sulfuryl fluoride may be used. These
products have directions for fumigating entire buildings,
but they aren't currently labeled specifically for bat control.
Therefore, you should contact Federal, State, and local
officials before you try to fumigate infested buildings.

Exercises (A26):

Identify the following statements as being true (T) or false
(F). Correct any false statements.

_ 1 Unlike rodents, bats will not gnaw their way
through wood or building materials.

_ 2 Long, narrow cracks can be blocked easily and
effectively with weatherstripping, stainless steel
wool, or rustproof scouring pads.

_ 3 Once a building is caulked right, the caulking
should last 10-15 years.

_ 4 Weatherstripping, a draft shield, or a gap stopper
is suitable for blocking cracks where chimney or
masonry meets siding.
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S Sand snakes are suitable t'or sealing the bottoms of
seldom-used doors.

6 Half-inch mesh hardware cloth is needed when
this material is used to seal off openings available
to bats.

. Openings in soffits should riot exceed 1 /4 x 1 in.

8 Spark arresters or bird screens are effective items
for preventing bats from entering chimneys.

9 Naphthalene used to repel bats from enclosed
areas should be applied at the rate of 5 lbs per
2000 cubic feet.

10. The most important reason for not using toxicants
is that you may scatter sick bats over a large area
where people or pets may contact them.

3-3. Skunks

Skunks are of social and economic importance because
they emit nauseous odors, they are a reservoir for rabies,
they destroy lawns and turf digging for insects, they kill
poultry and birds, and they harbor ectoparasites. Except for
that they're okay. They belong to the weasel family and are
well-known furbearers. Being a frequent subject of stories
and cartoons, skunks have characteristics and habits that
you probably know even if you've never seen the animals in
the wild. Since skunks are not particularly disturbed by
people's presence and activities, they will frequently move
in from their native habitat and take up residence beneath
buildings. This is when you're generally called in.

A27. Cite behavioral and physical characteristics of
skunks.

Behavioral Characteristics. Skunks are most active
after dusk. They emerge from their burrows to feed on
grubs and other insects, small rodents, garbage, birds and
their eggs, fruits, and berries. In searching for grubs, they
may uproot turf in lawns and golf courses. If it's
approached, the skunk may eject its musk several feet. If a
skunk is aggressive, stay clear, because it may be rabid.
(This isn't to suggest that you try to shake hands if it isn't
aggressive, Let's face itskunk control is no bed of roses,
but somebod-, has to do it.)
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Of the five species of skunks found in this country, Only
three arc of widespread economic or public health
importance: the striped skunk and the western and eastern
spotted skunks. The hooded and hoe-nosed skunks may be
local pests.

The striped skunk is found throughout the country except
in the desert areas of the Southwest. The western and
eastern spotted skunks live throughout about three-quarters
of the country, being absent along most of the Eastern
Seaboard, the Northeastern States, and the region around
the Great Lakes. Hooded and hog-nosed skunks are
confined primarily to areas of the Southwest and southward
into Mexico. Their biology and habits don't vary much
from those of the more widely distributed skunks. The
problems are solved the same way.

Physical Characteristics. The striped skunk is about the
size of an adult house cat, and its fur is mostly black with
white on the top of the head and neck. In most animals the
white extends posteriorly, usually separating into two white
stripes. All-black or nearly all-black individuals are
sometimes seen.

Spotted skunks, as their name implies, are black with
white spots or short streaks of white. They are smaller than
the striped skunk and about hal the size of a house cat.
They are found in a variety of habitats, including brushy
areas, stream beds, rocky outcrops, road culverts, industrial
yards rural homes and farm-yards, and suburban areas
within about 1/2 mile of their natural habitat.

Although they occasionally dig dens in a fresh-cut bank.
their dens are most often enlargements of burrows of other
animals, rock piles or outcroppings, hollow logs, or even
tree holes. When no natural sites are available, they may
establish their dens beneath a house or other building if they
can gain access. More than one family may occupy a den,
but this is not common. Spotted skunks are much better
climbers than striped skunks, so they are more likely to
enter open unscreened windows or other openings of a
house. Skunks can eject their "perfume" 6 to 10 feet
against the wind (striped skunks have the greatest range).
The Secretion is acrid enough to cause nausea, and it can
produce severe burning or temporary blindness if it strikes
the eyes.

The odor may be strong or only faintly evident at the
dens. Occupied dens will often show signs of fresh digging,
at least in the spring. Droppings will be evident and usually
contain numerous insect fragments. Hair and rub marks also
can be found.

Since skunks are nocturnal, they may go unnoticed until
they take up occupancy under a building or confront some
animal that disturbs them enough to use their scent. There is
sometimes a faint lingering skunk odor where skunks have
fed or traveled, even though they have not sprayed the area.

Exercises (A27):

1. What do skunks eat?



2. What three skunks are most widespread?

3. What is the range of the striped skunk within the U.S.?

4. What does the striped skunk look like?

5. What kinds of habitat do spotted skunks typically
have?

6. Where dG skunks typically set up their dens'?

A28. State how to control skunks and their odors.

Skunk Control by Re- loyal and Management
(SCRAM). This acronym may be your first response to a
skunk control situation, butproperly conductedskunk
control doesn't have to be a dangerous job. As furbearers,
skunks are harvested seasonally in some states, so check
with local fish and game officials before you try reduction.
Legal provisions normally let us remove skunks where
there's a health threat or damage. The best long-term
solution to skunk problems beneath buildings is to screen or
block them out. Seal all spaces beneath porches and stairs
and all entrances or openings in building foundations.

Once skunks have made their home under a building, the
problem is a little harder, for you have to be sure they're
gone before you close the entrance. You can do this by
closing off all but one entrance and then sprinkling a
smooth layer of flour, about I/8-inch thick, on the ground at
the open entrance to form a tracking patch. Then examine
the area for skunk tracks soon after dark. When tracks only
lead out of the entrance, the opening usually can be safely
closed off.

If you don't know how may skunks there are, you can
hang a section of I/2-inch hardware cloth over the opening,
hinged at the top and left loose on the other three sides. It
must be larger than the opening, so that it can't swing
inward. The skunks will push it to leave, but they can't get
back in. A pound or two paradichlorobenzene (PDB) or
naphthalene crystals divided into four to six equal parts and
placed under the infested building away from the entrance;
this sometimes drives skunks out. It will keep them out if
it's replenished occasionally. Vaport from ordinary
household ammonia in shallow, open-top containers may
do the job. Placing several floodlights across the room (or
crawl space) from the skunks' normal entrance sometimes
drives them out.

Live-catch box-type traps of wood, sheet metal, or wire
mesh probably offer the best short-te tri method of
removing skunks from beneath or aroand buildings. The

traps should be about 10 x 10 x 30 inches or slightly larger.
Place them where the animals are entering the building or in
trails they are known to use. Bait can be fish (canned or
fresh), fish-flavored cat food, raw or cooked bacon. o:
cnicken parts. When you trap a skunk, approach it from
behind and throw a cloth over the cage. Since a skunk isn't
afraid of what it can't see. this might keep you from
suddenly becoming less popular with friends. You can use
chloroform, carbon monoxide, or carbon dioxideorjust
hold the trap under what to kill the skunk. Because of the
potential for spreading rabies, we normally don't release
trapped skunks.

Since an infestation oeneath or around buildings
normally involvc.; only a few skunks. trappiag is the best
control. In years past, however, skunks were occasionally
controlled with acute poisons such as strychnine.
particularly where a rabies epidemic was involved in rural
areas. Today. rarely does the situation warrant any
toxicants for skunks beneath or around urban or occupied
buildings.

Personal and Pet Deodorizing. A chemical called
neutroteuin-alpha is probably one of the most useful odor
neutralizers available for getting rid of the unpleasant odor
of a skunk scent. About a tablespoon of the water-soluble
form in a water bath will decontaminate dogs and humans.
It also can be used to scrub basements, garages, floors,
walls, outdoor furniture, and other surfaces. At a higher
concentration (two ounces to one gallon of water), it can be
sprayed on the soil in a contaminated area. It is unfortunate
that neutroleum-alpha is not always readily available when
needed. If you're involved with skunk control keep some on
hand. You may find the only local source to be a hospital or
supply house. Neutroleurn-alpha is used in a variety of
deodorizing products. As a last resort, liberal applications
of canned tomato juice can be used on contaminated dogs.

Exercises (A28):

1. Why should you check with local fish and game
officials before starting a reduction program for
skunks?

2. What's the best way to keep skunks out of a building?

3. How can you exclude them afater they're under the
house?

4. How might you do it with PDB or naphthalene?

5. Where should yo box traps for skunks, and with
what do you bait them?
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6. Why don't we release trapped skunks?

7. What dilutions of neutroleum-alpha can be used to
deodorize people, pets, and contaminated soil?

3-4. Moles

Mole burrows may cause a great amount of damage to
lawns, gardens, golf courses, and other turf areas. Moles
damage ornamental plants by destroying plant roots they
search for earthworms and insect larvae. In this section,
you'll study mole, recognition characteristics, biology, and
control techniques.

A29. State the importance, physical features, and
biology of moles.

Importance of Moles. Moles belong to the order
Insectivora, family Talpidae. Their general distribution
seems to depend largely on Limospheric humidity and the
resulting condition of the soil. Tney are absent altogether
from arid regions, and where th prairies of the Middle
West merge gradually into the Plains, they live only along
watercourses. In these regions the ground is too dry and
hard during most of the year to support the earthworms and
insect larvae upon which the mole depends for food. In the
East, moles are most abundant in moist, rich soils along
streams, particularly if these places are somewhat shaded.
In the cooler, more uniform climate of the Pacific
Northwest, they are plentiful anywhere in the well-watered
valleys.

Moles often disfigure lawns, damage golf courses, and
ruin seedbeds in gardens and nurseries. They cause damage
in cornfields, gardens, and flowerbeds by eating seed corn
and plant roots and also by traveling along the rows,
heaving the plants out of the ground, and thus causing
heavy crop losses. Mounds raised by moles in hayfields
break or quickly dull the knives of the mower cutter bar or
else necessitate raising the bar so much as to reduce the
crop.

The mole is also a potential carrier of plant pests and
diseases, and it may seriously increase their damage by
scratching or eating infected bulbs or roots and then going
to healthy plants. Moles spread such disease organisms as
the mosaic virus and other bacteria or spores, as well as
injurious nematodes. One mole can easily travel about 100
yards a day through loose soil.

Biology of Moles. So seldom is the mole seen, even by
those familiar with its work, that it is often confused with
other small creatures, particularly the shrew, the mole (or
meadow mouse), and the pocket gopher. You can readily
distinguish the mole from the pocket gopher by the absence
of cheek pouches and by its less conspicious eyes. The mole
is not a rodent, and it can be readily distinguished from any
of this order and from the shrew by its short, stout, front
limbs ending in broad, rounded hands with strong claws and
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-,vith palms turned outward. It has a rather elongated body,
close, plushlike fur, a pointed snout and a short tail.

Neither external eyes nor ears are ordinarily in evidence.
If it's not totally blind, the common mole of the Eastern
United States can at best rnciely distinguish between light
and darkness, as its organs of sight lie wholly beneath the
skin. The degeneration of these organs has apparently not
proceeded so far in Townsend's mole (the largest niole n
the continent), which usually opens its eyes when annoyed
by an observer. The eyes of the star-nosed mole also are
readily discernible. The mole lives mostly underground. Its
exper;ences come through its sensitive touch, acute
hearing, and highly developed scase of smell. While the
animal is seldom seen above ground, it sometimes ventures
out its tunnels, chiefly at night.

When a mole is living in lawns, gardens, or fields,
telltale ridges or conspicuous mounds of earth plainly
indicate its runways. The ridges show the direction and
course of the animal's hunting paths, which are so close to
the suriace that the sod or the soil crust is raised. The
mounds indicate deeper tunneling. Such mounds thickly dot
the mole-infested area of the Pacific Coast. They are much
rarer in the habitat of the common eastern species, but thc
star-nosed mole regularly uses this method to dispose of dirt
from its tunnels. The number of mounds or ridges in a field
does not indicate the number of moles. One Townsend's
mole, for instance, in 77 days made 302 mounds on a
quarter-acre field.

The mounds of Townsend's and other moles of the West
Coast resemble superficially the earth heRps thrown up by
pocket gophers, but usually they can be distinguished. The
mole heaps are the more rounded and symmetrical and are
built up, volcano fashion, by successive upheavals beneath
and through the center of the pile. The soil that is thus
excavated rolls down the sides from the summit. The pocket
gopher, on the other hand, brings up the soil excavated in
its workings and dumps it on the surface in armfuls, thus
forming low, semicircular or fan-shaped accumulations of
fine dirt more or less to one side of the burrow exit.

The more permanent tunnels of the mole commonly ru.:
along fences, hedges, walks, plant rows, and ridges of open
fields, where the mole has some concealment or shelter.
These burrows vary in depth from only 1 or 2 inches to
levels beneath the reach of the plow. They constitute a
labyrinth of runways, apparently constructed with no
definite plan and including here and there an enlargement.

A mole's appetite sc.:3ns to be almost insatiable. Held in
captivity and given food to its liking, one will sometimes
eat more !ian its weight in a day. The large quantity of food
thus required is no doubt due to the intensely active life the
little animal leads. Few other mammals are relatively as
strong or do as much hard work in a day. The mole's food
generally consists of adult insects and their larvae and
earthworms. For the common eastern mole, earthworms
and white grubs constitute the bulk of the food. Beetles and
larvae, other ground-inhabiting insects and their cocoons
and puparia, spiders, centipedes, and some vegetable
matter are also in the eastern mole's diet. Townsend's mole
lives largely on earthworms and larval and adult insects, but
it takes considerably more vegetable matter than the eastern



mole. As the mole's short teeth are not well suited to
gnawing, damaged roots are mangled but not cut clean.

Moles probably never become dormant, but they dig
runways mainly when soil conditions are favorableafter
rains in summer or during periods of thaw in winter. At
other times they search for food in their old runs or work at
depths and places unaffected by frost or drought.
Movements of soil-inhabiting worms and insects, including
larvae, tend to bring fresh supplies of food into these
tunnels.

Contrary to popular opinion, moles are slow breeders.
Since their life of seclusion shelters then-i from many
dangers, they can maintain their normal numbers without a
rapid rate of increase. Moles grow and develop with
surprising rapidity. For example, in the Northwest, most of
the young are born in the latter half of March and the first
half of April, spend about a month in the nests, and early in
June are so well grown as not ordinarily to be distinguished
from the parent moles. This rapid growth accounts for the
fact that small young moles are seldom trapped. By the time
they leave the home nest and take to the runways for
themselves, they already have attained something like the
size and proportions of adults.

Exercises (A29):

I. The general distribution of moles depend largely upon
the atmospheric and the resulting condition of
the

2. In making their mounds and runways, moles often
disfigure , damage and ruin
in gardens.

3. The mole is a potential carrier of plant and

Place the letter "T" before the true statements. Correct any
false ones.

4.The mole is a rodent short, stout, front limbs
ending in broad, rounded hands with strong claws
and with palms turned outward.

5.If it's not totally blind, the common mole of the
eastern part of the United States can at best merely
distinguish between light and darkness.

6.The mole lives mostly underground.

7. The mounds show the direction and course of the
animal's hunting paths, which are so close to the
surface that the sod or the soil crust is raised.

_ 8.A mole's appetite seems to be almost insatiable.

9.A mole's food gencrally consists of adult insects
and their larvae and earthworms.

_ JO. Moles grow and develop with surprising rapidity.

A30. State how to control moles.

No special inspection methods apply to moles. Their
presence is evident from their digging. The only way you
can take a population survey is to watch them. If you make
an opening in a runway, the mole will repair the hole the
next time it comes that way. You can get a lot of
information by checking, at short intervals through the day,
small breaks you've made in a number of Illus. You are as
likely to find moles working at one hot 'f the day or night
as at another, especially in seasons when there is little
variation in temperature.

Mole Control. You can control moles by limiting their
food; by trapping, drowning or fumigating; and by using
repellents. You can control them in lawns and other turf
areas effectively, though indirectly, with insecticides that
control the beetle grubs and other lawn insects they eat.
The moles are not affected directly by the insecticides in the
dosages used, but they stay out of the area because of the
absence of food.

Trapping is a universally applicable and satisfactory
method of mole control, but it is successful only if you
carefully consider the habits and instincts of the mole. The
suspicious mole, for instance, is aroused when its sensitive
nose encounters anything foreign in its runway, and it will
immediately back up and burrow around or under an
ordinary trap set in its tunnel. It is not suspicious of dirt
blocking the runway, however, as burrows are often closed
by farm machinery and by people and large animals
stepping on them. The mole will immediately push its way
into such a dirt blockade, reopen it, and continue on its
way. This lets us use a trap that straddles, encircles, or is
held suspended above the runway, with its trigger pan
resting on or hidden in the dirt blockade. The unsuspecting
mole pushes into the dirt obstruction, either lifting the
trigger pan or pushing the dirt against the hidden trigger arm
and thus releasing the trap spring.

Another fundamental condition you should remember is
that the mole is sensitive to an unnatural environment.
Never tear up large or numerous sections of the mole
burrow trying to find a good spot for a trap. Keep in mind
that a poorly set trap is a detour sign for the ever-suspicious
mole. Selecting a frequently used runway for a trap set is of
prime importance.

East of the Rocky Mountains, place the traps in the
hunting tunnels, which are close to the surface and are
indicated by the conspicious ridges. Since these surface
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runways are made for the primary purpose of finding food,
many of them are not used more than once. Others.
however, serve as highways and are used regularly.
Ordinarily, a runway that takes a straight course for some
distance or seernc to connect two systems of workings will
be in constant use. You can often find the used tunnels by
poking a small hole into all tunnels in the area and noting
later, usually within a few hours, which ones have been
closed. In large fields you can drive a vehicle back and forth
at intervals of 50 to 100 feet. The next day the regularly
used runways will be raised again. When you can locate the
deeper runs, which often are highways used by many
moles, you can catch a number of moles by continued use
of traps in the same place. Such deep tunnels are usually 3
to 12 inches or more below the surface, along fence lines or
ridges in open fields, or at cros.,ings from sodded to
cultivated ground.

In such cases, a large field can be treated successfully by
setting Laps along the fence rows. As moles are active
throughout the year, they may be trapped at any season,
although it is not practical to carry on operations when the
ground is frozen or very dry. The best time to trap is when
you find fresh signs of mole activity.

The large moles of coastal Washington, Oregon, and
California (Scapanus spp.) push to the surface numerous
piles of earth (mole hills), indicating the approximate
location of the deeper burrows. This habit lets us trap them
in the deeper, main-traveled tunnels. To locate the runway,
use a probe or slender metal rod 31/2 or 4 feet long and about
3/8 inch in diameter, such as an end-gate rod, or a piece of
1/4-inch gas pipe. Push the probe into the soil 3 or 4 inches
away from a mound. If you are directly over the runway,
you will feel a sudden give as the rod breaks into the tunnel
opening. If not, move the rod to either side, probing at 2-
inch intervals around the mound until you break through
into the runway. You can probe again a foot or so from the
mound to determine the line of the tunnel.

Mole traps on the market are either the gripping type or
the harpoon type (fig. 3-8 and 3-9). Gripping traps come in
several designs, including the choker-loop trap, the

Figure 3-8. Gripper trap for moles (typical).
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Figure 3-9. Harpoon trap (typi- al).

scissors-jaw trap, and the diamond-jaw trap. All are about
equally effective. The harpoon trap is more popular than
gripper traps because it is set more easily. It is somewhat
less efficient, though, because the mole may escape if the
prongs don't hit a vital spot.

To use the harpoon trap, pack down the runway ridge
with your foot and push the set trap (with safety catch in
place) into the ground so that the trigger pan rests snugly in
the depressed ridge and the two pointed supports straddle
the runway evenly. Then release the safety catch. If the
ground is hard or gravelly, spring the trap once to make sure
that the inpaling spikes or prongs easily penetrate into the
soil for their full length. If they do, reset the trap without
changing its position; if not, select a new place.

To set a gripper trap, use a garden trowel to dig a trough
across the burrow, a little deeper than the buripw, and just
the width of the trap. Note the exact direction of the tunnel,
and place the set trap so that its jaws evenly straddle, or its
loop encircles, this line of course. Then block the excavated
section with loose, damp soil from which you have
removed all gravel and rubbish. Pack the soil firmly
underneath the trigger pan with your fingers and set the trap
so that the trigger rests snugly on the built-up soil (omit this
step for the diamond-jaw trap). Finally, fill the trap hole
with enough loose dirt to cover the trap level with the
trigger pan and to exclude all light from the mole burrow.
The mole in forcing its way through the soil blockade will
be certain to spring the trap. Choker-loop and diamond-jaw
traps, both of the gripper type, may be set successfully in
loose, mellow, damp soils without making an excavation by
following the method described for setting the harpoon trap.

You can drown out the moles by flooding the runways,
especially during April, when the young are most likely to
be trapped in the nest. Gassing has gotten increased
attention in recent years, since the development of highly
toxic and easily applied compounds. Calcium cyanide dust



injected into the runway may destroy the moles under 3. What does a successful trapping program require of
certain conditions or may cause them to avoid the gassed you?
areas. The method is not very dependable, and the cost
often is greater than the results justify. Aluminum
phosphide pellets can be used for mole control the same as
for field rodents (Chapter 1). 4. East of the Rockies, where should you place mole

Repellents. The mole's ability to avoid poison often traps?
makes repellents more practical in small restricted areas of
lawns or gardens. Lye, PDB, and napthalene are effective.
Open the visible mole runways with your finger or a small
stick. Insert a teaspoonful of o,,c of these materials and 5. What's the best time to trap moles?
close the opening carefully. Make applications at intervals
of 8 to 10 feet along the raised runways and repeat them
whenever sections of old runways show signs of use or
when new ridges appear. Fencing small areas with woven 6. What are the two main types of mole traps?
wire or with concrete is sometimes practicable to protect
valuable plants.

Exercises (A30):

I. List the general methods of mole control.
7. What fumigants are suitable for controlling moles?

2. How can you cciatrol moles in lawns a:A yards'? 8. What mole repellents can you apply in small areas?

62
6



Bibliography

CDC 56650, Volume 7 , Collection, Identi fication, awl
Control of Important Vertebrate and Vegetative Pests.
Extension Course Institute. Gunter Air Force Station, Alabama 36118.

Books

Truman, Lee C., Ph.D., Gary W. Bennett, Ph.D., and
William L. Butz, PH.D., Scientific Guide to Pest Control
Operations, 3rd ed. Cleveland, Ohio: Harvest Publishing Company, 1976.

Periodicals

Knote, Charles E., "Physical Stoppage of Rodents., Part I." Pe.vt
Control, August 1981, pp 18-19.

Meester, Gene., "Residential Mouse Control." Pest
Control, September 1982, pp 32-36.

"An Integrated Pest Management Approach to Rodent
Control." Pest Control Technology, September 1982, pp 38-44.

Marsh, Rex, and Walter Howard, "A PCO's Guide to Controlling
Skunks and Racoons." Pest Control Technology. December
1982, pp 25-28.

Willis, Donald W., "Controlling Pocket Gophers." Pest Control,
September 1981, pp 18-23.

Department of Air Force Publication

AFESC TR-80-01 Handbook on Bird Management and Control
Air Force Engineering and Services Center, Tyndall Air Force Base,
Florida 32403.

Other Government Publications

U.S. Department of Health, Education, and Welfare. Public Health
Service. Rodent-borne Disease Control Through Rodent Stoppage
(Publication 97-537) Center For Disease Control, Atlanta, Georgia
30333,1965 (Reprinted 1976).

U.S. Department of the Interior, House Bat Management.
(Resource Publication 143), Fish and Wildlife Service, Washington,
D.C. 1982.



Answers fnr Exercisos

CHAPTER I

Reference:

A01 I. Buildings; food; property.
A01 2. Fields, grain elevators, pro, essing mills, trucks, trains, and

homcs.
A01 3. Feces and urinc; fccd; human consumption; food.
A01 4. For food and for the sake of killing.
A01 - S. Concrete, brick, wood, and even metaL
A01 - 6. Spontaneous combustion; nesting.
A01 7. The rat flea.
A01 - 8. Teeth and gum; bite; rat.
A01 9. House mouse; bite; mouse.
A01 - 10. Worldwide.

A02 I. ( I) Longer than hcad plus body.
(2) Shorter than head plus body.
(3) Slender.
(4) Heavy, thick.
(5) Large.
(6) Small.
(7) Large.
(8) Small.
(9) Pointcd.
(10) Blunt.
( I I ) Larger.
(12) Smaller.
(13) Larger.
(14) Smaller.

A02 2. a. Huusc mouse.
b. Norway rat.
c. Roof rat.

A03 1. T.
A03 2. F; change "father" to "mother."
A03 - 3. F; change "dawn" to "dusk."
A03 4. T.
A03 - 5. T.
A03 6. F; change "4" to "2."
A03 7. T.
A03 8. F; change "noisy" to "quiet."
A03 9. T.
A03 10. T.
A03 I I. F; they usually start a little after sunset each day.
A03 12. T.

A04 I.
A04 2.
A04 3.
A04 - 4.
A04 5.
A04 - 6.
A04 7.
A04 8.

T.
T.
T.
F; droppings may be a key.
T.
T.
T.
T.

A05 I. Because eliminating rodent food, water, and shelter can make
the difference between success and failure in controlling them
and preventing successful reinfestions.
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A05 2. Building occupants or other CE sections, depending on the
severity of thc problem.

A05 3. Vegetation should be closely cut; lumber, rock piles, rubbish,
old equipment, construction materials, etc., must be eliminated;
other items should be stored at least 18" off the ground and 12"
away from walls and fenccs; spaces under loading docks,
outside storage sheds, ctc. must be blocked off so no rodents
can gain entry; old rat burrows and holes should be filled in
with dirt; etc.

A05 4. Make sure enough ratproofing is done for your trapping and
baiting programs to be successful.

A05 5, a. If they'rc larger than 1!4", thcy should be closed.
b. Cover with 1/4" mesh hardware cloth or other suitable

material.
c. Close off and, if possible, limit to sizes that will prevent

passage by rats and mice.
d. Sheath in sheet metal to prevent gnawing.

A05 6. Where there is a danger of contaminating food products or
harming pets or children.

A05 7. Every 20 feet for rats; every 10 feet for mice.
A05 8. Because rats are often attracted to traps having the odor of other

rats on them.
A05 9. If the trap is properly placed, the mouse will think the unbaited

trap is just one more thing to walk over and won't be so
suspicious.

A05 10. They are safe, nonpoisonous, easy to hide, and will hold
rodents for hours; but customers tend to dispose of them after
only one catch; the rodent's slow death may be objectionable;
rats may chew off a leg to escape; and they may be hard to
handle and service.

A05 I I. Put them in bait stations to protect them.

A06 I. Norway rats like meat and fish; roof rats like fruits and
vegetables; and house mice like bacon, sweets, grains or seeds,
and peanut butter.

A06 2. It helps you learn which foods rats prefer, how many bait
stations you need and where to place them.

A06 3. If you add too much poison, you increase the danger to people
and other animals, and you may decrease acceptability of the
bait to rodents. Too low a concentration may give incomplete
control.

A06 4. Apply fxsh baits in the late afternoon so that they will be fresh
at dusk, when rodents become active.

A06 5. Only use them indoors and in areas not readily accessible to the
public, children, and nontarget animals.

A06 6. Single-dose acute poisons, multiple-dose anticoagulants, and
single-dose anticoagulants.

A06 7. Switch to single-dose poisons and/or traps, but not to other
multiple-dose anticoagulants or to increased poison
concentrations.

A06 8. It's effective and fast-acting, and it's a low-hazard rodenticide.
A06 - 9. Because it's very fast acting and hazardous.
A06 10. Indoors near rodent harborage, burrows, and runs; and outside

in burrows, tunnels, deep into holes, or in covered bait stations.
A06 I I . After 2 days.
A06 12. When you can get rid of most or all other water sources.
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A07 I .

A07 2.
k A07 3.
FA07 4.

A08 6.

T.
F; this statement applies to rice and cotton rats.
F; this applies to deer, or white-footed, mice.
T.
T.

Wood.
Cotton.
Pine.
Meadow.
Rice.
White-footed (deer).

A09 I. In runways near burrow openings at right angles to the paths so
the mice will pass over the trigger.

A09 2. Rolled oats breakfast, cereal or nutmeats
A09 3. \Vhere strychnine is poorly accepted.
A09 4. For three weeks or more on dry bait material.
A09 5. Fruits, vegetables, grains, and seeds for pine and meadow mice:

steamed rolled oats or wheat for deer mice.
A09 6. Weather-resistant anticoagulants.
A09 7 . In trails, at all rock outcrops, along stone walls and drainage

ditch banks, and at the bases of trees where you find mouse
trails or holes.

A09 8. Apply 2-4 round tabkts or 10-20 pellets to each den opening.

A10 I.

All I.
All 2.
All 3.
All - 4.
All 5.

a.
b.
c.

Ground squirrel (Citellus).
Groundhog, woodchuck, marmot (Marmow).
Prairie dog (Cynomys).

T.
T.
T.
F; change "dry" to "damp."
T.

Al 2 I. By what they eat and by the aboveground mounds they create
when burrowing and foraging.

Al2 2. They have long, strong limbs and strong claws adapted for
digging and fighting and relatively sharp incisors for digging
with lips that close behind the teeth to keep out dirt.

Al2 3. They are active year round, but are least active during the spring
mating season.

Al 2 4. Trapping and poisoning.
Al 2 5. Because traps must be placed and secured in the underground

burrow.
Al 2 6. Because of the extent of the burrow system, the chance for

leakage, the closeness of main runs to the soil surface, and the
gopher's habit of closing off burrows when a poisonous gas is
detected.

Al2 7. Mix 0.25 or 0.50 percent strychnine alkaloid with grains such
as milo or barley.

Al 3 I.
Al 3 2.
Al3 3.
Al3 4
Al3 5.
Al3 - 6.

Pest bird.
Bird hazard.
Bird damage.
Bird management.
Bird damage control.
Bird strike.

CHAPTER 2

Al4 2.
Al4 3.
Al4 4.

p. Chin.
q. Throat.
r. Breast.
s. Belly.
Primary and secondary feathers.
Acts as a brake to slow flight.
Tearing food apart.

Al5 I. ( I ) Histoplasmosis.
(2) Encephalitis.
(3) Psittacosis.
(4) Encephalitis.
(5) His'oplasmosis.
(6) P,stoplasmosis.

A15 2. P--rrot fever (psittacosis).
A 15 3. A protective mask, preferably a disposable one.
A15 4. Incineration.
A15 5. Loss of lives and destruction of aircraft.
Al5 6. Engines sitting idle for repair>.
A15 - 7. House sparrows, starlings, pigeons, etc.

A16 - I. True.
A16 2. These are manmade habitats.
A16 3. Make that "birds that roost in large flocks."
A16 4. True.
A16 5. True.
A16 6. Species that typically roost on or in manmade structures are of

particular concern to you.
A I 6 - 7. Pigeons roost on ledges, rafters, and other structures that give

them protection from harsh weather and predators.
A 1 6 8. True.
A16 9. They vary widely with these factors.
A 16 10. True.
A16 - 1 1. It's largely insects then.
A16 12. True.
A16 13. They may pose a major strike hazard.
A16 14. True.
A16 15. They differ in learning ability.
A16 16. It's a declining response.
A16 - 17. True.

A17 I. (I)c.
(2) a.
(3) e.
(4) b.
(5) 1
(6) d.

Al8 I. When the problem is just beginning to develop or even before it
begins.

Al8 2. Use past experience and good documentation.
A 18 3. Since the place and time of birds' activity affect the problem.

you must find out what the birds are doing, where they are
doing it, and when they are doing it.

A 18 4. Birds seek food, water, a place to nest. and a place to escape
their enemies or avoid harsh weather, and we thwart them by
habitat manipulation.

A 1 5. To maintain historical data on pest/hazardous bird species. It
will help you in identification and evaluation of pest problems
so that you may decide if active control is needed. It also is
useful in future surveys. Yol, also should record weather
conditions as they affect bird activities.

If your inspection reveals no economic damage, health hazard,
or safety hazard.
Habitat modification.
Get an appropriate permit.
Netting or crisscrossing wires.
Sharp spikes.

They're most effective for repelling transient birds, and they're
more effective on roosting and loafing birds than nesting birds.
100 yards.
It makes the birds think there's no danger, and they will ignore
the tape.
It must have no choke or an open-choke barrel.
Leather gloves, goggles, and ear protectors.

A14 1. a. Primaries.
b.
c.

Side.
Crown.

Al 9 I.

d. Forehead. A19 2.
e. Lore. A19 3.
f. Throat. Al 9 4.
g.
h.

Breast.
Secondaries.

A19 5.

Flank. A20 - I.
J. Crissurn.
k. Rump. A20 - 2.

m.
Back.
Nape.

A20 - 3

n. Crown. A20 4.

o. Forehead. A20 5.
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A20 6. Recorded distress or alarrn calls. A25 4. Big brown.
A20 7. They have a low operating cost. A25 5. Big brown.
A21 1. Because other birds will eventually move in to replace those that

were trapped or killed if the environmental attraction remains.
A25 6.
A25 7.

Solitary.
Little brown.

A21 2. Bait and live decoys. A26 l. T.
A21 3. Cracked corn, peanut butter, or apples. A26 2. T.
A21 4. At least 40 miles away. A26 3. F; it should last about 5 years.
A21 5. Near feeding or roosting sites where they won't be disturbed,

such as on a flat rooftop.
A26 4. F; these materials are for keeping bats from crawling under

doors.
A21 6. Mark them with indigo red dye. A26 5. T.
A21 7. The verbail pole trap snares a raptor by its feet when it perches A26 6. F; quarter-inch mesh hardware cloth is needed.

on a pole. The Bal-Chatri trap uses nooses to entangle the A26 7. T.
birds's feet when it's attracted by live bait in a cage. A26 8. T.

A20 8. The U.S. Fish & Wildlife Service. A26 9. T.
A21 9. To scare away birds or to reinforce noise techniques. A26 10. T.
A21 10. To keep scaveners from eating the carcasses.
A21 I l. The bird reacts erratically, exhibits abnormal behavior, and

gives distress calls that scare away other mernbers of the flock.
A21 12. Gulls, starlings, common grackles, cowbirds, crows, house

sparrows, and pigeons.
A21 13. Because prebaiting may attract more birds and increase the

strike hazard.
A21 14. To minimize exposure to people, pets, and nontarget species.
A21 15. You learn the feeding habits of both target and nontarget birds;

you can stop using locations that attract nontarget species; and
target birds can get use Ito being fed and will more readily take
poisoned bait when it's ipplied.

A21 16. In a feeding trough 4 feet x 12 inches x 3 inches. or in plastic
pans.

A21 17. It's less toxic to mammals and light-colored birds.

A22 I.
A22 2.
A22 3.
A22 4.
A22 5.
A22 6.
A22 7.
A22 8.

CHAPTER 3

T.
F; they have four upper incisor teeth.
T.
T.
T.
F; this applies to hares.
F; 1 or 2 feet.
T.

A23 I. F; delete the first four words.
A23 2. T.
A23 3. T.
A23 4. F; change "spring and summer" to "fall and winter."
A23 5. F; they mature quickly and can fly about 3 weeks after birth.
A23 6. T.
A23 7. T.

A24 1. By destroying natural habitat such as caves, and hollow trees,
giving the animals no other natural places to go.

A24 2. By the noises they make within a building and by fecal
droppings, stains, and odors from urine and glandular body
secretions.

A24 3. They may come out of hibernation, suddenly appear from
hiding places, and fly around the building.

A24 4. Only I or 2.
A24 5. In old frame structures, openings appear where boards shrink,

warp, or become loosened.
A24 6. If they aren't controlled after a building is batproofed, or if the

bat population is large and well established.
A24 7. They are attractive to transient bats during migration, and to

males seeking refuge during the nursing season.
A25 1. Mexican free-tailed.
A25 2. Little brown.
/.25 3. Mexican free-tailed.

AU GAFS, AL. (844638)500

A27 1. Grubs and other insects, small rodents, garbage, birds and their
eggs, fruits, and berries.

A27 2. The striped skunk and the eastern and western spotted skunks.
A27 3. Everywhere except the Southwestern Desert.
A27 4. About the size of an adult house cat, with fur that's mostly

black with white on top of the head and neck, and two white
stripes down the back.

A27 5. They're found in areas such as brushy areas, stream beds, rocky
outcrops, road culverts, industrial yards, around rural homes
and barnyards, and in suburban areas within about 1/2 mile of
their natural habitat.

A27 6. Occasionally in rock piles. hollow logs, tree holes, or a fresh-
cut bank, but dens are usually enlargements of burrows of other
animals.

A28 1. Because skunks are harvested seasonally in some states for their
furs.

A28 2. Screen or block them out at all entrances or openings in
foundations, porches, and stairs.

A28 3. Close off an but one entrance opening, then sprinkle a 1/8" layer
of flour outside it as a tracking patch. Check for skunk tracks
after dark, and when no tracks lead out but not in, seal the
entrance.

A28 - 4. Divide 1 or 2 pounds ir .o 4 to 6 parts and place them beneath
the building away from the entrance.

A28 5. Place traps where the animals are entering the building or in
trails they're known to use. For bait, use fish, fish-flavored cat
food, raw or cooked bacon, or chicken parts.

A28 6. Because of the potential for spreading rabies.
A28 - 7. For people and pets, mix a tablespoon of the water-soluble form

in a tube of water. For contaminated soil, add two ounces to a
gallon of water and spray the area.

A29 1.
A29 2.
A29 3.
A29 4.
A29 5.
A29 6.
A29 7.
A29 8.
A29 9.

Humidity; soil.
Lawns; golf courses; seedbeds.
Pests; diseases.
It is not a rodent.
T.
T.
Change "mounds" to "ridges."
T.
T.

A29 - lO. T.

A30 1. Food control, trapping, drowning, fumigating. and by using
repellents.

A30 2. By controlling their food source with insecticides.
A30 - 3. That you carefully consider the mole's habits and instincts.
A30 4. In hunting tunnels close to the ground surface.
A30 - 5. When you find fresh signs of activity.
A30 - 6. Gripping and harpoon traps.
A30 7. Calcium cyanide and aluminum phosphide
A30 8. Lye, PDB. and naphthalene.
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11. 111)1.F. (11( )1( 'F.

\.qc tridcitt ( 'onsider all choices caretully and select the beAr cr to each ques,tion,

(WI) R;IN dcstro rropert

ing through wood. brick. and concrete.
I) contaminating food.
c killing domestic animals.
d doing all ol the above.

\Vhich domestic rodent produces dlorpinos that are small. rod-shared, and about 1 ; inch long?

11011se 11101IC.

I) NIL' 1110w,e.
c. Nor(( y rat.
(I. Roof rat.

AO.; \\ hen rats are e \posed to ZI new type of food. w hat is their t irst reaction'?

.1 he( a\ oid the new food. L. They hide the new food.
h The\ eat only a token anmunt. d. They eat until full.

t.A1).) Rats can make a standing high jump ot approximatel how many feet?

a 2. e. 5.
h (I. 7.

t Which is the best stateillehlt zlhout the feeding habits of domestic rodents'?

a All three species have irregular eating habits.
I) All three species have regular eating habits.

Rats usuall begin searching for food al ter midnight.
it Mice are steady eaters. rats are nibblers.

Au.; I Select the fo(1d that is preferred by Norway rats.

a Onions.
'elerv

c. Oatmeal.
(1. I lighly spiced foods.

Atfl ienerally. finding rat droppings of several si/es indicates

more th:in one type of rat is infesting the area.
I) a hea( ( infestation of rats.

the iv pc of food rats have been eating.
it several ages of rats are present.

S. t Alf it Where are Norway rat runs normally found?

a In the w ails.
h. On the roof.

c. In the grass.
d. Near the floor.

\().4)) Sanitation for the control of rats and mice involves storage of loodstuffs how many inches off the floor?

Ii
3.

4 to 6.
c. 12 to 18.
d. 24 to 36.

ill. (Awit \viva! ,f/e mesh hardware cloth is suitable for ivdentproofing?

.1 I S-111C11.

I) I .1 inch.
e. 1/2-inch.
U. 3 4-inch.

'
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1 1 Ati-,) I low !al apait should traps he placed to control rats?

I 2

In I eet
I) 15 Icel.

II()) \\II:II tVPC ()I bait Lloes the 1\lor\% ay rat favor?

liavoil :ind grams.
h (.'heese and cy.i.2s.

c. 2(1 Icel.
(I. 3() feet.

c Potatoes and mas.
d r teat and fish.

; I Am) Test baiting serves all of the following purposes ewe/4

a detennInIng what foods rodents prel.er-
h i.etermining what poisons rodsmts are susceptible to.

deternuMng where bait stations should be located.
LI determining the number of bait stations needed.

.Att()) \Vhen applying single-dose anticoagulants, you should maintain an uninterrupted supply of fresh bait for
Ic;iq

10 days.
I) I 2 da s.

C. 1 5 days.
d. 20 days.

AtI7I The i) erall importance of held mice and rats on a military installation is nut/it/v.

economic.
h. morale.

c. nuisance.
medical.

Ah7 II ypicall . held mice cause the most damage to trees during

the spring and early summer. c. a hard winter.
h. the summer and fall months. d. a mikl winter.

17 (:\(181 \\inn rat is chiefly vegetarian. eating flowers- hint: seed, and hark?

a. kke rat. c. Wood rat .
h l'ine rat. d. Meadow rat.

A(") \\Ile" tr"Pl'Ing mea(low and pine mice, what shoukt you use as bait?

liacon or eggs.
h )atuleal in- apples.

c. Syrup or molasses.
d. Pork or beef.

t Ant)) \\lien hail in!, for field mice, where should you place the bait?

Near the trunk of trees.
I) Ili grass close to a trail.

About one-half inch below ground.
LI Directly On the floor of used trails.

(:\ 101 What factor is of greatest concern with having feral rodents on a military installation'?

1\loralc.
h. Medical.

61 0

c. Nuissance.
cl. Economic.
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I I

\ \Vhich olilic tollow Mg feral rodents are colonial and hye in "um ns'

\Voodchnk:ks. c. Prairie dogs.
h (Itoundhogs. d. Ciround squirrels.

t:\ I I I \\lull is thy. bevi hail to use in trapping ground squirrels.)

a Apple.
();11111i.'al.

c. (.'and
d. Peanut butter.

; lAll) Which of these fumigants is no/ suitable for controlling squirrels in their burrows?

.1 Nopthalenc.
h Aluminum PhosPnIde

c. Calcium cyanide.
d. Carbon mono \ ide.

A I .."2/ What is du.% beN/ way to locate the main ol

d. By ohserving the mounds. c. By flushing with a water hose.
h I using a probe. d. By observing the grass above the runway.

( A I 2) WhiCh i.!I.tllis Work beA/ when nailing for Pocket gtillher..'

Barle and oats. c. Peas and beans.
()ats and w heat. d. Barley and Ind°.

I .;) lb nesting sparrows leave corrosive droppings or holes in a building's screening. the problem is be.q
dt.'L'I.Ibid as

a. bird damage. C. a bird hazard.
h. a bird strike. d. a bird nuisance.

27 L\ I .;) When birds present a potential threat to health or safetv . the condition is referred to as

bird management. c. bird damage control.
ft a binl hazard. pest bird control.

It)

IA) The inner flight feathers responsible mainly for a bird's lift are called

cos erts.
h. primaries.

.\ hIt The speculum of a duck's wing is part of the

secondary leathers.
primary feathers.

c. scapulars.
d. secondaries.

c. tail coverts.
d. scapulars.

+t) I it The covert feathers of the shoulder area of a bird are referred to as

a. primaries.
b. .speildars .

c. scapulars.
d. secondaries.

t 15) Both hisotplasmosis and psittacosis are commonly contacted

by touching bird droppings .
by touching or handling birds.

bv wading in bird contaminated ponds.
hv inhalation of bird contaminated dust Ur particles.
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;.I

t A I t '\ " hal Phile of night operations do :ilmost half of all bird strikes oecut

1)uring enrinue Hight.
During take-off and landing.
During high altitude Hight.
1)1.1ring engine w arm-up and shutdown.

!A 1(0 Which ot the following characteristics determines w here a gtven bird species w ill nest. roost. or teed?

( 'over.
h colony .

c. I labitat.
(1. Territory.

I ) The areas where birds roost during daylight hours are called

a. loafing areas. e. resting sites.
h Iceding sites d. n)osting areas.

t:\ 1() Birds that feed npon dead plants and animals are referred to as

a scavengers.
b

() (1) I I k \\ kit learn'!

;S

observat ion. chanL .ulus.
I I nial and error. ehanL . stimulus.

Uv praet let:. experience. ;lad observatiml .
d by practice. experience. and trial and error.

c. omnivores.
d. herbivores.

:\ I 7) IdentiIv the pest birds that hae long pointed wings. hooked bills, and usually square tails.

a. (;tills.
h. Pireons.

c. flouse spartows.
d. (.'ommon grackle.

I A I 7) Which of the following pest birds was introduced from Europe and is tctuallv a small weaver !.inch?

Starling.
b. Rock do\ c.

C. I louse sparrow.

d. Sparr"w.

I.\ 18) Retort: anv bird problem can he effectively and efficiently controlled, it must firs/ he

a. identilied and documented. c. evaluated and described .
identified and evaluated. d. described and documented.

(..\ 18) In an effective bird niamigement program. a complete installation inspection should he conducted every

a. two w ecks.
ft si: weeks.

c. month.
d. year.

II ( A 18) What is the prinwry reason for determining whether birds observed are resident or transient?

a. Resident birds are protected by state law.
h. Migratory birds are protected by federal law.
L.. Transient birds may s 41 leave the arca on their own.
d Transient birds are har.',r to repel than resident birds.
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-12 t.A 19) \\II:it bird control technique are you using if you rct.luce the bird's habitat in the area near an aii fiel(l?

IAL1111011.

RerlIISIlln.
c. Altering the concept.
LI. Altering the situation.

I In) \vim! k Inc bc.Lt solution for keeping birds from feeding on insects e posed LhLlliii liIIIChLI mowing
operations. thereii\ causing a strike ha/ard?

ppl suitahle avicide.
litahle insecticide.

e Mow grass at night or on weekends.
d. NilINV grass only w hen clear;mce is given h base operations pesonnel.

I 1. t.A I()) \Vliat is the most appropriate grass height for preventing gulls fr(im loafing 1111 airfields'?

;-5 inches.
11 5- 10 niche\ .

c. 5-1 2 inches.
LI. 10- 1 5 inches.

\2()) Recorded distress calls are suitahle for dispersing

1 louse Sparros anti Starlings.
11 pigeons and House Sparrovs.

Starlings and pigeon5 .

gulls and Starlings.

.'.,(11 All the following re effective methods for repelling bird., except

a electronically produced noises.
Ii iccorded hird alarm calls.

airbursts and scare cartridges.
automatic e \pl(itters.

17 A2 1 ) 1 !ow lar away should VOU transport trapped birds before you release them'?

a. 10 miles.
h. 20

IS .A2 1 ) Which birds can you trap using a nest-box trap?

Starlings utiti pigeons.
11 I louse Sparrows and Starlings.

All t pcs of blackbirds.
ti Any species of nesting birds.

c. 3() milcs.
LI. 40 miles.

(A2.1 1 Shooting birds with live iiitinunition is best used to

a eliminate blackbirds from small areas.
h reinforce active scaring techniques.
c kill pigeons on top or inside hangars.
d supplement hird poisoning efforts.

I A22) Which of the folklwing characteristics is not true of hares and rabbits'?

a. They can he controlled hy epizootics alone.
1). They damage trees and erosion control plants.
c. They are carriers of spotted fever and iularemia.
d. They are heavily furred, with long ears and elongated hindlegs.
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.\Il 01 1. I 1e I .o..ow mg are true rabbits of the genus S ilagus cicept the

a lack rabbit.
I) cothmiail.

c. mash ral)l)it.
(I. l)rusli rabl)it.

52 t A2.2) Which of these pesticides is suitable for repHling rabbits from an area?

a. Manch.
I). hloronch.

c.
d. Malathion.

; i A 21) Bats are worldwide in distribution. but are found mainly in

a. temperate areas. c. subtropical areas.
h. tropical areas. d. deciduous woo(1lands.

:\ 23) After hahy bats are horn in the spring. they are able to fly in about

a two weeks.
I. three weeks.

c. one month.
d. two Months.

( A.21) !low man hats at most are typically found ithin buildings'?

a. I 2. c.
h d.

A2.5) \Vhich of the following is one of the largest bats commonly found in buildings, hut forms only small
colonies 01 12-.2(10 bats?

a. Red hat c. Big brown bat.
h I 'tile brown bat. d. Mexican free-tailed bat.

7 ( \\Mich hat is typically dark brown. but
guano deposus?

a I loarv hat. L. Little brown bat.
Rig brown hat. d. Mexican free-tailed bat.

may he dark gray to pale brown due to ammonia fumes from

I.\2S) [dewily bats that live alone in tree foliage or under bark. but never in caves.

Sulitar% hats.
h Colonial hats.

c. Pallid bats.
d. Feral bats.

2()1 Which ol the follow ing can be easily used to bk)ek the bottoms of seldom used doors'?

a Caulking. c. Weatherstripping.
h Stainless steel w'ool. d. Sand snake.

(it) I A 2()) Screening used to block access points for bats should be no larger than

a. I "8" mesh. c. 1/2" mesh.
b. 1;4" mesh. d. 3/4" mesh.

A2() When naphthalene is used to repel hats from an enclosed area, the rate of application is

a. I I lbs per 2000 cubic feet .

h. lbs per 2000 cubic feet.
lbs per 2000 cubic feet .

d. 2 Ihs per 2000 cubic feet.
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\ In the 11.S.. all ot the follow ing skunks ark., of prinuiry economic and medical impmtance evtept the

western spotted skunk. c. hog-nosed skunk .

b. eastern spotted skunk. d. striped skunk.

_".7) the %striped skunk is generally found throughout the L'.S. c\cept in the

a Northeast.
b. Southeast.

c. Northwest.
d. Southwest.

6-1 (1271\VInch skunks are good climbers and occasionally have their den, in tree holes?

a. Striped skunks. c. I-log-nosed skunks.

h. Spotted %skunks. d. I looded skunks.

(:\:-8) \\11;" the he" l"ng-term solution to
problems with skuk,?

Serk.'.'n or block them out.
I) I dimmatc I t )(hi s011IVCS

I tovic chemicals mixed with cat food.
d. NIaintam traps on a regular basis.

Nentrolcum-alpha is bevt used as a

14) \

1, skunk attractant.

c. skunk repellent .
d. skunk odor neutralizer.

..\:!.o.) The general distribution of moles depends largelY on the

onimspheric humidity and resultim! soil conditions.
b. presence of grubs atnl worms.
t. looseness of the soil and its water content.
d. ;onount of large tree rtnts in the area .

A ..29) About how many yards can a mole travel through loose soil in a day?

a 5.
h. 15.

e. 50.
d. IOU.

A ;0) The universally applicahle and satisfactory way to get rid ofmoles is by

a. drow
b. trapping.

C.

d. baiting.

7(1 \ ( In at t-;) moles_ it is important to he aware of a mole's

a. feeding habits.

h period. of mociivity.
c unsuspecting natiTe.
d sensitivity to an unnatural envinonment.

END OF EXERCISE
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Preface
VOLUME SEVEN OF this CDC was developed to teach you about the various
household, venomous, and vegetative pests you must deal with in your job.

In Chapter 1 you'll learn about the characteristics and controls available for pests such
as cockroaches, ants, silverfish, firebrats, and other pests which may infest homes and
other buildings.

Chapter 2 begins by discussing the types of arthropod and reptile venoms and how they
affect victims. Th n, you'll study the most common venomous arthropods and reptiles
people encounter. The list includes bees, wasps, hornets, spiders, scorpions, and other
venomous arthropods. The venomous reptiles you'll study include water moccasins,
copperheads, rattlesnakes, and coral snakes.

In Chapter 3 you'll learn about weed growth and propagation, surface plants, aquatic
plants, and c3ntrol measures for weeds.

For easy reference, foldout 1 covering venomous snakes of the United States is bound
in the back of this volume.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial product, commodity, or service in

this publication is for information purposes only and does not imply indorsement by the
Air Force.

This volume is rated at 27 hours (9 points).
Material in this volume is technically accurate, adequate, and current as of July 1984.
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Household Pests

HOUSEHOLD PESTS rob U.S. citizcns of millions of
dollars each year, contaminating and spoiling far more than
they eat. When present in a restaurant or store, they repel
customers and cause economic loss. They damage clothing,
rugs, and other items. They cause disease in and transmit
disease to people and their domestic animals. In your job,
you should be able to recognize common household
species, know their public health importance, and be able to
recommend and implement effective control procedures.

1-1. Cockroaches

Cockroaches (order Dictyoptera, family Blattidae) form
the oldest group of insects. They are among the most
persistent pests and exhibit a high degree of adaptability.
Although many species live outdoors, others have moved
indoors and have become among the most widely
distributed and numerous of pests.

This section covers the cockroach species we consider to
be important household pests, the history and habitats of
these pests, and the controls you can use to manage them.

C01. State the importance and general identifying
characteristics of cockroaches.

Importance. Cockroaches are the most important
household pests infesting homes, hotels, restaurants,
bakeries, and many other food serving establishments.
Cockroaches have become well adjusted to living with
people. They harbor in the cracks and crevices provided by
buildings, living on bits of food scattered where people live
or travel. Cockroaches have been reported nibbling on the
eyelashes, finge.nails, and toenails of sleeping children.
They impart ari unsavory odor and taste to food they infest.
Cockroaches prey on bedbugs. They carry the organisms
causing enteric diseases (diarrhea, dysentery, typhoid, food
poisoning) from sewers and garbage cans to the food of
humans. The rat tapeworm (Hymenolepis diminuta) can be
picked up by cockroaches (as well as by mealworms, fleas,
and other arthropods) and then transmitted to people
through the insect's fecal material. This disease is not
considered serious because of the limited number of human
cases; the cockroach's role in its transmission can be
considered minor.

General Characteristics. Cockroaches (fig. 1-1)
undergo gradual metamorphosis and progress through
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nymphal stages to the adult. There are about 55 species in
the United States, but only 5 are common pests indoors.

Most species have wings. When present, there are two
pairs with the front pair usually being long, narrow,
opague, and leathery. Cockroaches have chewing
mouthparts and can usually be recognized by their oval,
flattened shape, the head concealed under the pronotum,
and the long bristlelike antennae.

These insects live in groups and are active at night. They
prefer warm, damp, secluded hiding places during the
daytime, such as electrical panel boxes, refrigerator
insulation, sink cabinets, drainpipe areas, furnace rooms,
sewers, food-service equipment, and cracks and crevices of
floors, walls, and furnitur...

The eggs of a cockioach are placed in a purselike capsule
called the ootheca, which may contain from 12 to 50 eggs,
depending on the species (fig. 1-2). The eggs are contained
in two rows of divided chambers. The female may carry the
ootheca protruding from the end of the abdomen for several
days before she drops or glues it to a surface.

The tiny white nymphs that emerge from the eggs closely
resemble the adults. They go through successive periods of
growth separated by molts and form the adults.

Exercises (C01):

1. Cockroaches are the most important household pests
infesting

, and

2. Where do cockroaches generally make their homes?

3. On what do cockroaches subsist?

4. List the enteric diseases are transmitted by
cockroaches.
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Figure II. The cock:each.
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Pennsylvania Woods Roach
1) Ootheca curved in an inverted half-moon shape:
usually contains 16 eggs on each side. Ntirmally
found out of doors under bark of old logs and
stumps Pennsylvania Woods Roach
1') Ootheca straight, at least on the bottom side.
Normally found in buildings 2

Brown-banded Cockroach
2) Ootheca one-fourth inch (or less) in length: no
more than 9 eggs on each side Brown-banded
Roach
2") Ootheca one-thild Inch or more in length. .... 3

German rockroach
3) Oo theca slender, about one-third inch long: light
brown Top and bottom sides parallel, contains 12 to
24 eggs on each side. Carried by the female until a
day before hatching German Roach.
3') Ootheca purse-shaped, not slender: length
greater than one-third inch: dark brown to black. 4

Oriental Cockroach

American Cockroach
4) With 8 eggs on each side Oriental Roach or
American Roach.

Smoky Brown Cockroach
4) With 12 eggs on each side Smokey grown
Roach
4') With 12 eggs on each side.
The ootheca ot these species are quite difficult to

separate with accuracy
The ootheca of the brown cockroach may key out al this
point It is difficult to distinguish holween ootheca ot these
two specms

Figure 1-2. Key to oothecae of some common cockmaches.

3
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5. How may the rat tapeworm be transmitted to people by
cockroaches and other insects?

6. How many cockroach species are there in the United
S es? How many commonly infest buildings?

7. These insects live in groups and are active
and prefer

hiding places during
the other part of dr.; day.

8. The eggs of a cockroach are placed in a purse-like
capsule called the

CO2. Identify physical and behavioral characteristics of
common types of cockroaches.

Cockroach Identification and Characteristics. The
five most important indoor cockroaches are the:

(1) German cockroach (Blattella germanica).
(2) Brown-banded cockroach (Supella supellectilium).
(3) Oriental cockroach (Blotto orientalis).
(4) American cockroach (Periplaneta americana).
(5) Australian cockroach (Periplaneta australasiae).

German cockroach. The German roach is the most
common roach in houses in the United States. In some areas
people call it a "croton bug." Adults are pale brown and
about 3/4 inch long; both sexes have wings as long as the
body. You can distinguish them from other roaches by the
two dark stripes on the pronotum (fig. 1-3). Young German
cockroaches resemble the adults except that they are
wingless and darker in color, often being nearly black. A
single light stripe running down the middle of the back is
the most prominent marking on the young cockroach.

The female carries her egg capsule protruding from her
abdomen until the eggs are ready to hatch. The egg capsule
is slender, about 1/3 inch long and tan in color. The nymphs
may break open the capsule while it's still attached to the
female, or she may deposit the capsule in some protected
place where the young will be able to find food when they
hatch. This is the only common house-infesting species that
carries the egg capsule for such an extended period of time.
Capsules removed from the female more than a day before
time to hatch may not hatch. A female will usually produce
4 to 8 capsules in her lifetime. Each capsule has 30 to 48
eggs that hatch out in about 28 days at room temperature.
Completing the nymphal stage under room conditions takes
40 to 125 days and the nymph usually molts 7 times before
reaching adulthood. German roaches live as adults for about
1 year.
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Nymphs have habits similar to those of the adults. They
dislike light and hide in dark crevices during the day and are
active at night. If you see German roaches during the day or
while there is much activity in the area, then the population
is probably so large that available cracks are already full.
They usually hide in areas close to moisture and food,
which means kitchens and other food areas. They appear to
prefer to rest on wood rather than on metal or other smooth
surfaces. Large infestations do occur on metal surfaces
when there are few other surfaces available such as in a
food-handling facility with lots of stainless-steel
equipment.

German roaches are general feeders, but they seem to
prefer fermented food3they love beer. If the adults have
water, they can live about a month without food, but young
nymphs die of starvation within 10 days. Without food or
water, the adults die in less than 2 weeks. A regular need
for water explains why they generally stick to moist areas
such as kitchens and bathrooms.

You can sometimes find infestations in areas not
generally suspected of harboring German roaches; for
example, dresser drawers in bedrooms. When German
roaches are found scattered through nonfood areas of a
building, it usually indicates a very heavy infestation.
Roaches in these areas will find food scarce, but they can
feed on scattered crumbs, soiled clothing, and the glue on
dresser drawers. German roaches are also found outdoors
during warm months and this, too, is usually due to heavy
infestations. In such cases, they are often associated with
garbage containers.

As stated earlier, the German cockroach is the most
commonly encountered of the house-infesting species in the
United States. The reasons for this are somewhat complex,
but the understanding of some of the factors involved are
basic to your job.

In the fffst place, the German cockroach has a larger
number of eggs per capsule and a shorter hatching time than
the other species. It also requires a shorter period from
hatching until sexual maturity, so that within a given period
of time a population of German roaches will produce a
larger number of eggs. On the basis of this fact, you can see
that this species has a high reproductive potential.

Since the female carries the egg capsule during nearly the
entire time the embryos are developing within the egg,
many hazards of the environment which may affect the eggs
are avoided. This means that more nymphs are likely to
hatch and that a larger portion of the reproductive potential
is realized.

The nymphs that hatch from each egg capsule tend to stay
close to each other, and since they are often close to the
female at time of hatching, there is a tendency for the local
population density to be high. Being smaller than most of
the other roaches, they are able to conceal themselves in
places inaccessible to larger individuals.

All of these combined factors help give the German
cockroach an advantage with regard to group survival.

The German roach is very active. Both the male and the
female adults are fully winged although they rarely fly.
They are regularly carried from place to place in such things
as bagged potatoes and onions, bottle cases and cartons,
and food packages. They travel readily from one location to
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another and can pass through very small openings. You
must look very closely to find all places where roaches may
be living. Places where the German roach are found will
generally be characterized by a number of environmental
factors. These places will usually be warm, dark, and will
provide small cracks and crevices or small openings into
dark, confined areas. Such places are usually moist or
located near some source of water; they will be close to
some sort of food suppiy.

You'll usually find German roaches clustered closely
together. In populations that have developed a resistance to
modern insecticides, however, there is good reason to
believe that individuals may scatter widely throughout a
building. This scattering results in distribution of
individuals that are not easily found and that can breed and
build up the roach populations again in a short time.

Brown-banded cockroach. This is one of the smaller
roaches, rarely being more than 1/2 inch long. It is ligh
brown and can be readily distinguished from the German
roach by the presence of two lighter, transverse (running
from side to side) bands across the base of the wings and
abdomen in both the adults and nymphs. These bands may
be somewhat irregular or broken and are more apparent on
the young and the females than on the males. The female is
much broader bodied than the male. Both males and
females are quite active and the adult males fly readily
when disturbed. Both adults and nymphs may jump when
attempting to escape. They frequently occur in the same
buildings as the German roach and you must be very careful
to identify the species you're dealing with since the method
of control is quite different for each.

A female carries her egg capsule for a day or two and
then attaches it to a protected surface. The egg case is purse
shaped, light brown in color, and is cem-nted in place,
usually to the side or under surfaces of infested objects.
Each female will produce about 14 capsules during her
adult life, each containing about 18 eggs. These hatch in 50
to 75 days, depending on temperature. Under room
conditions, nymphs mature in about 160 days. Adults may
live up to 10 months.

You'll generally find nymphs and adults on ceilings, high
on walls, behind picture frames and near motors of
refrigerators and other appliances. Look also in light
switches, closets, and furniture. They do not require as
much moisture as German roaches, which helps explain
why they are normally found in rooms other than the
kitchen or bathroom. These roaches dislike light and are
not normally seen during the day.

The brown-banded roach's favorite food seems to be
starchy materials because of the areas where they are found.
However, they can be found feeding on almost anything
and have been known to chew on nonfood materials such as
nylon stockings.

When making an inspection for brown-banded
cockroaches, look beneath tables and chairs, dressers, and
chests, also behind pictures, along picture molding, on
rough plaster walls and ceilings, and most especially on the
ceilings and upper walls of cabinets, pantries, and closets.
No room is immune; nor is any piece of furniturewood,
metal or upholsteredif its construction provides shelter.



You may find tiny black droppings or castoff skins where
they have fallen from above onto shelves or ledges.

These roaches are more often found in homes,
dormitories, and hospital rooms than in stores, snack bars,
and dining facilities. They are frequently transported in
furniture and sill rapidly spread throughout an entire
bn'Iding. They have long been abundant in the Southern
States, but are now found as far north as Canada. In the
cooler Northern States, they are generally found in the
warmer parts of 'puddings.

Oriental cockroach. The oriental roach is also referred to
as the "waterbug,."black beetle", and "shad roach". It
is found in all parts of the United States.

Total length of this roach is about 11/4 inches in females
and about 1 inch in males. The female has sinal!,
functionless rudimentary wings while those of the male
cover about three-fourths of his abdomen. Neither the male
nor the female will fly. Adults are very dark brown or
black. Females are broader and heavier than males.

The female carries her egg capsule for about 30 hours,
then she drops or attaches it to a protected surface near a
food supply. The average female will produce 8 capsules,
each containing 16 eggs that will hatch, under room
conditions, in about 60 days.

Nymphs molt from 7 to 10 times and the nymphal stage
usually takes about 1 year to complete. Unlike the other
house-infesting species, the oriental cockroach appears to
have a definite seasonal periodicity in its developmental
cycle. The peak number of adults usually appears in late
spring or early summer, but due to natural mortality, the
number of adults in the population is generally quite low by
late summer and early fall. There are usually a few live
ad !ts in the population throughout the year, but if nymphs
have not reached maturity by late fall or early winter, their
development seems to slow considerably, with maturity not
being reached until spring.

The nymphs and adults have similar habits and are found
associated with decaying organic matter indoors and out.
You may find them in yards, beneath leaves, in dumps, and
in the mulch of flower beds. They are also common in
high-moisture situations such as sewers, drains, and dark
and damp basements. Both the nymphs and adults are
sluggish and are usually located at or below ground level.
They are seldom found on walls, in high cupboards, or in
the upper floors of buildings.

They feed on all kinds of filth and rubbish and other
decaying organic matter. They seem especially fond of
garbage and the contenu of discarded tin cans. They can
live for a month without food if water is available, but they
die within 2 weeks without water.

In many areas the oriental cockroach spends considerable
time outdoors during warm weather. In periods of drought
there may be mass movement into structures, apparently in
relation to humidity levels. As cold weather approaches (or
sometimes during unseasonably cool periods) a similar
indoor migration may occur in response to temperature.
There may be considerable group movement within heated
structures during cold weather, particularly in situations
where certain areas of the building are maintained at a
higher temperature than other areas.
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American cockroach. The American roach is also known
as the "waterbug Bombay canary", and the "flying
water bug". It is the largest of the common species,
growing to a length of 11/2 inches or more. It is reddish-
brown, with a yellow border on the back of the pronotum.
Both male and female are fully winged, with the wings of
the male extending slightly beyond the tip of the abdomen
while those of the female are about the same length as the
abdomen.

The Lamle drops her egg capsule within a day after it's
formed. It may simply be dropped in a suitable location
(such as near a food source, along the walls of basements
orin the Sou.houtdoors in decaying moist wood) or
glntd to some -urface with secretions from the female's
mouth. The female forms egg capsules at the rate of about
one per week until 15 to 90 have been produced. Each
capsule contains 14 to 16 eggs. At room temperature,
nymphs will hatch out in 50 to 55 days. In the process of
hatching, nymphs will molt leaving their cast skins in the
egg case.

Young nymphs are grayish brown and each will molt 9 to
13 times before reaching maturity. After the first few molts,
nymphs become more and more of a reddish-brown color.
The time required for completing the nymphal stage varies
from 160 to 971 days. At room temperature, an adult
female will live for an average of about 440 days; males
live for a somewhat shorter period.

You may find nymphs and adults in dark, moist areas,
such as around bathtubs, clothes hampers, and in sewers.
They are common in basements and are usually found high
on the basement walls and in the corners. In the North, this
roach is commonly associated with steam-heat tunnels. As
this practice decreases in cities, the American roach in the
North will be restricted primarily to large institutions anti
industries which still use steam-heat tunnels. The American
roach is also common around manholes in sewers and on
the underside of mer-' ..overs of large sump pumps in boiler
rooms.

In the South, this roach is abundant in alleyways, yards,
hollow trees, and palm trees. When palm trees are sprayed
for other insects, the roaches leave the trees and enter
homes. It has also been observed migrating from one
building to another in the North during warm months.

These roaches feed on a variety of foods, but they seem
to prefer decaying organic matter. They also feed upon
book bindings, manuscripts, clothing, and glossy paper
with starch sizing. Syrup and other sweets are attractive
also. The adults can survive 2 or 3 months without food, but
they can only live a month without water.

The adults have well-developed wings but seldom fly.
They are capable of gliding long distances and will cover
considerable distances if they take off from a tree or
rooftop. It has been reported that this insect has been seen
flying in the South (as far north as Kentucky).

Australian cockroach. The Australian roach is similar in
appearance to the American roach but is rarely more than
11/4 inches long. It is reddish-brown and can be
distinguished by a prominent yellow stripe along the outer
front edge of its wings and by a prominent dark spot in the
center of the pronotum.
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An adult female drops her egg capsule in cracks,
crevices, and other hidden areas shortly after it is formed.
The eggs hatch in about 30 days after the egg capsule is
dropped. There are about 24 eggs per capsule, but only
about two-thirds of this number usually hatch. Egg capsules
are compl-ed and dropped at about 10-day intervals.

The nymphs are strikingly marked with distinct splotches
of yellow on the dorsal side of the thorax and abdomen.
Nymphs move about under loose bark and in moist
decaying vegetation, as do adults.

This is mostly a southern roach but has been found in
greenhouses and homes in the Northern States. It feeds
mainly on plant materials, although it will teed on starchy
materials such as book covers in homes.

Exercises (CO2):

1. Match the types of cockroaches in column B to their
specific characteristics in column A. Column B items
may be used more than once.

Column A

(1) This large roach is about
11/2 inch long or more,
reddish brown, with a
yellow border on the back
of the pronotum.

(2) This roach is about 1/2
inch long and light in
color with two transverse
bands across the base of
the wings.

(3) Two dark stripes on the
pronotum distinguish this
roach from others.

(4) This large, reddish-brown
roach has a prominent
yellow stripe along the
outer front edges of its
wings.

(5) Adults of this roach are
very dark brown to black
and are 1-11/2 inches
long. Females are broader
and heavier than males.

(6) Nymphs of this roach are
originally grayish brown,
but become more of a
reddish-brown color as
they molt.

(7) Populations of this roach
peak in late spring or
early summer but are very
low by late summer and
early fall.

(8) This is the only common
house-infesting cock-
roach that carries the
occtheca for an extended
time.

(9) This roach feeds mainly
on plant materials but will
attach to starchy materials
such as bookcovers in
homes.

(10) This roach doesn't need
as much moisture as the
German cockroach and

Column B

a. German.
b. Brown-

banded.
c. Oriental.
d. American.
e. Australian.

Column A Column B

this accounts for it's
being found morc com-
monly outsidc kitchens
and bathrooms.

(11) This roach is associated
with dark, moist areas
such. as around bathtubs.
clothes hampers. and in
sewers.

(12) This roach is a general
feeder, but secms to
prefer fermented foods.

(13) This cockroach is usually
found in association with
decaying organic matter
indoors and outdoors.

(14) This roach is more com-
monly found in homes.
dormitories, and hospitals
than in stores, snack bars,
or dining facilities.

CO3. Describe control principles and techniques for
cockroaches.

You can occasionally detect the presence of cockroaches
by the damage they do or by the fecal matter they deposit.
These are clues, and just as symptoms are useful to a doctor
in diagnosing a disease, so will clues help you diagnose
your roach problem. Cockroaches may use such things as
glue, paste, starch, and certain color dyes as foods. As a
result, such things as stamps, envelopes, book bindings,
draperies, and some wallpapers may show signs of feeding.
The size of the mandible marks and the apparent degree of
vigor with which they feed are indications ot the type of
roach which did the damage. In a similar manner, the size
and shape of fecal droppings are clues to the roach
involved.

The greatest economic loss to cockroaches is a result of
their habit of feeding in unsanitary places such as sewers,
garbage disposal, storage areas, etc. They spread this filth
from these areas to food supplies with far more goods being
contaminated by roaches than eaten.

Cockroach Control Principles and Techniques.
Controlling cockroaches takes a great deal of care and
planning on your part. You must search closely for their
hiding places and treat them thoroughly. Regardless of the
type of insecticide used, chemicals you apply in or near
regular hiding places will give much better control than
those placed where roaches will only walk over them
occasionally.

In controlling many species, good sanitation is fully as
important as chemical applications. Work closely with
building occupants to see that all possible sources of food
supply are removed. Cleanliness and good housekeeping
are very important. Occupants should never leave food
products exposed and should always keep garbage in closed
containers. They should give particular attention to dog
and cat foods since roaches can live on these alone.
Encourage occupants to eliminate dripping faucets and
leaking water pipes and keep sewer openings screened.
Incoming merchandise, especially groceries and drink
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cartons, should be inspected for cockroachc,, and egg
capsules. Empty drink containers should be stored or
discarded. Needless accumulation of boxes and other trash
should be avoided. Excluding roaches by such methods as
equipment design, goed screening, tight-fitting doors, and
by filling cracks and crevices is an important consideration
in the total program of prevention and control.

In spite of rigorous sanitation, cockroaches do become
established in some lncatinnc. Incertiridec nre then needed
to allect ['tactical tmutt01. Belot e UI dining treatment, make
a thorough inspection with a flashlight to locate infested
sites and use a flushing agent. Control chemicals may be
oil-based sprays, emulsions, dusts and, for some species,
baits. Your choice of the chemical formulation will
frequently depend on the situation you must treat.
Obviously, you can't use dusts where they would be
unsightly or would cause contamination problems. On
porous surfaces, oils will penetrate deeply and leave less
residual insecticide on the surface than will a water
emulsion. Usually a residual chemical is preferred for roach
control, but in many instances, it may be necessary or
desirable to use a contact spray. Frequently, you may use a
combination of residual insecticide together with a contact
insecticide. Common residual insecticides, applied as either
oil-based sprays or water emulsions are 3 percent
Malathion, 1 percent Diazinon, 0.5 percent Dursban, and 1
percent Baygon. These sprays should be applied to
cockroach harborages with emphasis on cracks and
crevices; minimize treatment of exposed surfaces. When it
is necessary to treat exposed surfaces, make the application
with a low-pressure spray. Avoid runoff or puddling.
Excess spray should be wiped up immediately to avoid
staining or damaging certain materials. Other precautions
include:

Do not apply oil-based insecticides near open flames,
to tile floors or to plants.
Do not use water-based sprays near electrical outlets.
Remove pets and cover aquariums before spraying
and allow treated surfaces to dry before dishes, foods,
and other articles are placed on them.

The most important things to remember are to use only
formulations registered by EPA for such use and to read and
follow label directions to the letter.

Since you must use crack and crevice treatments in food
handling facilitiesand also since it works so wellyou
can use a simple technique of simultaneously inspecting
and treating for cockroaches in these areas. Depending on
the size of the job and the number of workers, you can use
1-3 people. For a large facility, such as a dining hall, here's
a 3-person model that works well:

(1) Equip the first worker with an aerosol bomb to use as
a flushing agent. He or she will precede the others,
checking all cracks and crevices which may harbo:
cockroaches. This person must move slowly and carefully
to ensure complete inspection in all areas. In anything
except a small building or house, this should be the only job
this worker has.

(2) The other worker(s) should have a liquid and a dust
insecticide in equipment designed for crack and crevice
application. In areas where the inspector finds cockroaches,
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a residual liquid or dust thould be applied, whichever is
safer.

(3) If possib!e, and if building conditions warrant,
arrange to have somebody (possibly a masonry specialist) to
follow the others and apply caulking to as many cracks and
crevices as possible. This way, cockroaches in these areas
are killed by the injected pesticide, and future cockroaches
are prevented from re-entering these spots.

Contact or space sprays are used to knock down and flush
cockroaches from hiding places. Use insecticides such as
dichlorvos, synergized pyrethrins, and synthetic
pyrethroids to supplement residual sprays. These contact
sprays will irritate insects, causing a very rapid response.
For this reason they are frequently used by pest managers to
flush insects from their hiding places. Space treatments
alone do not penetrate cracks and crevices well enough to
provide effective control; however, cockroaches on
exposed surfaces can be killed with space treatments.

Dusts a:e useful for placing insecticides into cracks and
crevices, under large appliances, and other harborage areas.
Light applications are usually most effective since heavy
applications tend to be repellent. Dusts generally provide
longer residual control than do sprays, but they become
ineffective under conditions of excessive moisture. Dusts
used include 2 percent Diazinon, 64 percent boric acid, and
1 percent Ficam. Silica aerogels, either alone or in
combination with insecticides, are also available.

Baits are generally long lasting and can be applied to
areas you can't effectively treat with sprays or dusts. Baits
include an attractant, such as peanut butter or syrup, in
addition to an insecticide. Baits recommended in cockroach
conU.ol include 2 percent Baygon and 5 percent Dursban.
Use baits in small amounts placed very close together in
order to compete with other food sources. They are usually
supplemental to dusts and sprays, and you must apply them
so they are inaccessible to children and pets. Use caution
when applying paste-type baits in heated areas, as heat
often causes these formulations to run and drip.

Power sprayers, mist blowers, and thermal fog machines
may all be used for roach control. Inside structures,
however, a hand-operated compressed-air sprayer is most
commonly used. To apply a residual over a general
surface, use a fan or cone nozzle.

Dusters most commonly used in roach control are small
rubber bulb or bellows-type hand dusters. Such dusters are
designed so you can place a small amount of dust in narrow
cracks and crevices.

German cockroach control. The German roach is
usually found near a source of water and food. Check places
such as cracks and crevices, under the tops of tables, behind
sinks, in cabinets, the motor compartments of refrigerators
and soft drink dispensing machines, underneath the bases of
kitchen equipment on the floor, in switch boxes and fuse
boxes, underneath cafeteria counters and soda fountains, in
cash registers, in vegetable bins, around meat counters and
check-out stands, under meat-cutting blocks, and anywhere
else conditions are favorable. It is obviously impossible to
list all places where the German roach may live, so you
must look thoroughly to be sure you find all resting places
similar to those mentioned here.
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Because German roaches have become quite resistant to
most chlorinated hydrocarbon insecticides, other chemicals
arc required to give residual control. Most frequently used
are Diazinon, Dursban, and Baygon. Dichlorvos and
synergized pyrethrins ate often added to tesidual sprays for
their flushing value.

Crack and crevice treatments are best for German
cockroach control since you get them where they live. For
this application, use a fine pin-stream nozzle or a nozzle
equipped with an extension tube. and aim the insecticide as
directly into the crack as possible so the insecticide will
penetrate deeply. You don't need to have the sprayer
pumped to a high pressure. Any pressure from 15 to 40
pounds is adequate. If you need to make a spot treatment,
use a flat fan nozzle and be sure to use an insecticide
approved for spot treatments if the control problem is in a
food-handling establishment.

Where you have to spray near dishes, glassware, or
cooking utensils, cover them with material such as a
polyethylene sheet or a clean cloth before spraying and be
sure not to contaminate any of them with insecticide.

Dusts used for German roach control will give longer
lasting results if you can apply them in dry areas, and you
can use them to supplement residual sprays. You can apply
dusts with power dusters or plunger duster; however, the
most common type used by pest managers is the hand-
operated bellows or rubber-bulb duster. The duster you
select should depend Upon the size of the void area you
must treat.

ULV applications of pyrethrins are being used to some
extent in German cockroach control programs. These
applications should be used to supplement residual sprays
except in areas where the use of residual insecticides is
prohibited.

With either liquids or dusts, you must have a clean rag
handy to immediately wipe up any spilled materials which
might be dangerous or unsightly.

In some areas, resistance to certain insecticides has been
found in German cockroach populations. Resistance to
chlorinated hydrocarbon insecticides such as chlordane is
very common, but has also been found in more scattered
instances to organophosphate materials such as Diazinon.
Properly using only recommended insecticides is one way
to get best control results. Remember, there are a number of
reasons tor poor control such as ineffective and incomplete
application methods and the removal of the pesticide by
cleaning before it has had a chance to do its work.
Therefore, be careful not to blaine resistance where other
factors are responsible.

Brown-banded cockroach control. Brown-banded
cockroac:les. with their preference for very warm
temperatures, are usually found widely dispersed in houses
and only infrequently elsewhere. They are often difficult to
control with either direct sprays, residuals, or by dusting
because they live as individuals scattered all over the
premises.

When you apply sprays or dusts, be sure you carefully
treat such places as inside bureaus, shglves in clothes
closets, ceiling light fixtures, and valances above windows.
Learn their hiding places, and make a thorough inspection
of the premises before you start.
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Many pest managers use contact insecticides in mist or
ULV machines to treat the whole area inside a house. When
you use this technique, be sure to open all drawers and
closet doors so the chemicals will have a better chance to
reach the places where roaches are hiding. Then keep the
building closed for several hours atter application to assuie
adequate control.

American cockroach control. These large roaches are
found in dark, damp, warm places and frequently
congregate in colonies in more or less open spaces rather
than in cracks and crevices. You'll most often find them
near steam pipes, in sewers, grease traps, damp basements,
and similar places.

Control American roaches with sprays, dusts, or baits.
Residuals you apply in infested areas will kill American
roaches slowly but effectively. Residual sprays that are
recommended include 0.5 percent Dursban, 1 percent
Diazinon and 1 percent Baygon. They can also be killed by
spraying them directly with residual sprays or with the usual
knockdown insecticides.

These roaches will also feed upon commercially
available baits. It is important to remember that small
amounts of baits should be placed less than 3 feet apart for
maximum effectiveness, and you should usually use baits to
supplement dusts and residual spray applications.

Oriental cockroach control. Oriental roaches prefer
dark, moist situations when they live indoors and are
frequently found in areas such as under porch s, in crawl
spaces, basements, and floor drains. You may also find
them outdoors in abandoned cisterns, valve pits, and in
garbage and trash dumps. You can control them with the
same residual and contact chemicals you use for the
American roach. The same bait formulations used for
American cockroach control may also be used for Oriental
cockroaches; however, the moist situations where you
normally find the Oriental roach will render the application
useless in a much shorter time whether it be baits or
otherwise.

Because Oriental cockroaches often move into dwellings
in large numbers, a barrier treatment is often used for their
control. Treat the ground immediately around a building
and the foundation with either a spray or dust application of
Diazinon.

Exercises (CO3):

1. List 5 nonchemical controls building occupants may
take to help control cockroach infestation.
(1)
(2)
(3)
(4)
(5)

2. Under what conditions should you avoid using residual
dusts to control cockroaches?
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3. What are your two most important considerations in 1-2. Ants
choosing a chemical for cockro,ich control?

4. In what areas are dusts useful in controlling
cockroaches?

5. Why is it important to make light applications of
dusts?

6. How should you place baits used to control
cockroaches?

7. List 8 areas wnere you should apply pesticides for
German cockroach control.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

8. In what way is ULV pesticide ap)lication useful?

9. After carefully surveying, where should you apply
pesticide to treat brown-banded cockroaches?

10. What areas should you focus on for controlling
American cockroaches?

1. What areas should you treat for Oriental cockroach
control?
a. Indoors

b. Outdoors

Ants are among the most abundant of animals being
found under both arid and humid conditions in the tropical.
temrrate, and upper temperate regions of the world. They
feed upon every food consumed by humans and are
troublesont household pests. You must be able to identify
important ant species, know their habits, and be able to use
the control measures that are effective in their managoment.

C04. Describe general characteristics and other aspects
of ants.

General Characteristics. Ants usually have distinctly
elbowed antennae in which the first segment is quite
elongated. This long first segment at the antenna's base iE
called the scape. It is followed by a second segment which
is much smaller and which, though properly called the
pedicel, is very much like the segments beyond that make
up the funicle. In some species the terminal two or three
segments are enlarged and are known as the club (fig. 1-4).

The one or two basal segments of the abdomen are much
smaller than those which make up the rest of this body
region, giving the body of the ant a rather "thin-waisted"
appearance. This thin waist, called thc abdominal pedicel,
may consist of one or two segments and each segment is
somewhat enlarged on the upper surface. This enlargement
may vary in shape from a slight hump to a rather high,
flattened, platelike structure. It is very important to become
familiar with this structure (usually called a node in
publications on ants) since it is a characteristic which will
separate ants from all other insects of similar general
appearance. The number of segments in the pedicel and the
shape of the node or nodes thereon is of considerable
importance when you must determine the genus and species
of an ant. Mature males and females of many species are
winged as are adult termites. The front pair of wings of the
ant are always longer and wider than the hind pair. When at
rest the wings extend only slightly beyond the tip of the
abdomen. The mandibles are the most conspicuous of the
mouthparts. They are supplied with well-developed
musculature they use to carry and break up food, excavate
burrows in wood or in the ground, and as weapons of
offense and defense.

The antennae of ants are especially important organs
because they are the site of many sensory cells, particularly
those of touch and taste.

Most of our domestic ants either do not have the ability to
sting, or retain it only to a limited degree, bm mar..v. ants of
tropical regions are serious pests because of their well-
developed ability to sting.

Though most ants are easily recognized, there are a few
other insects that strongly resemble ants, and some of the
winged forms of ants resemble winged termites. Ants have
the front pair of wings larger than the hind pair while
termites have the four wings all of about the same size. In
addition, ants have the thin waist where the abdomen ar d
thorax join while termites have a broad waist, and ants have
elbowed antennae while termites have straight antennae.
These last two features, the thin waist and elbowed
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antennae, apply to both the wingless and winged forms of
ants, and they are also useful in distinguishing them from
other small insects with which they can be confused.

Biology. Ants experience complete metamorphosis: egg,
larva, pupa, and adult. The egg is almost microscopic in
size and varies in shape according to the species. On
hatching, it produces a soft, legless larva. The larva is
usually more or less translucent, gourd- or squash-shaped
with the head at the narrow end. After feeding arid several
molts, the larva pupates. The pupa resembles the adult, but
it is soft, white, and does not move about or feed. In some
species, all of the pupae are naked; in others, the pupae are
enclosed in silk cocoons; and in others, the pupae may be
either. The pupae, especially those in cocoons, are
commonly called "ant eggs" and are sold in pet shops
under this name. If you move a stone or board under which
a colony is living, you may see the adults carrying the
pupae (or "ant eggs") and larvae off; and if you look
closely enough, you may see the ants carrying the true eggs,
which are very tiny.

New adults may need a few days to attain complete
maturity after emergence from the pupae. During this
period, their bodies become hard and attain the color of
mature adults. Six weeks to two months or more are
required for development from the egg to the adult stage.
The time varies according to season, temperature, and
species.

Ants live in colonies and have a well-developed caste
system for dividing labor within the colony. In most of our
common species, the colony is established by a newly
mated queen, which drops her wings and digs a small nest
or seeks a small cavity under a stone or a piece of bark to
start the nest. The queen seals herself in this cell and
remains nearly dormant while the eggs develop in her body.
When mature, the eggs are laid and hatch in the sealed cell,
with the queen nursing and feeding the larvae from hatching

to pupation. The workers that develop from these first eggs
are always undersized, which may be due to the small food
supply available to them. These workers then dig an
opening out of the cell and forage for food for both
themselves and the queen. With an additional supply of
food available, the queen is then able to lay more eggs. The
workers care for the new eggs and the larvae which develop
from them in each succeeding generation so the colony
develops and expands rapidly. Numerous males and queens
are formed as the colony develops and, at a suitable time,
these leave the nest and establish new colonies.

Ant colonies normally have three distinct castes:
workers, reproductive females (queens), and reproductive
males (kings). Workers are sterile females and may vary
considerably in size. All work in the colony, such as
building the nest, caring for the young, and hunting for food
is performed by this caste. Workers aren't always the same
size in a given species. When the workers of a species are
about the same size and structure, the species is called
monomorphic (one form). An example is the Argentine ant.
When workers of one species are of two or more sizes and
types, the species is called polymorphic (many forms). An
example is the black carpenter ant. Large workers with
well-developed mandibles are called soldiers.

Queens are the largest individuals in a colony. Those
which have not mated usually retain their wings while tl
mated queens do not. After developing the first brood of
eggs, the queen is cleaned, fed, and otherwise cared for by
the workersher only function being to lay eggs. If the
queen in a colony should die, she will be replaced by
another queen so the colony will continue to exist. Most
species have only one queen per colony, but colonies of
some species may have many queens, such as with Pharoah
ants.

The males perform no function other than to fertilize the
queen. There are usually only a small number of them in
any given colony and, in those species which have winged
queens, the male also will have wings. After mating the
male dies. Mating may take place in the nest, on the
ground, or in the air. Males are produced only in old or very
large colonies. Adult males do not remain in the nest long
and may succumb to predators and the elements without
mating.

Economic Importance. Ants may adversely affect
people by stinging and biting; by invading and
contaminating food; by nesting in lawns, golf courses and
premises; by stealing seeds from seed beds or by feeding on
germinating seeds; by defoliating or gnawing into plants
and plant products, fostering other injurious insects, such as
plant lice and mealy bugs; by gnawing holes in various
types of fabrics, such as removing the rubber insulation
from telephone wires or other equipment; by killing young
poultry, birds, livestock or game; by annoying domestic
animals by their presence; and possibly by transmitting
certain human diseases in crawling over sputum, feces,
carrion, etc. Carpenter ants can cause serious damage to
wooden structures. However, only a small number of
species or forms are involved, with most ants being neutral
or even beneficial.



Exercises (C04):

1. What part of an ant's anatomy gives it a "thin-
waisted" appearance?

2. Why is it important to notc thc shape of thc node on an
ant?

3. What purposes do antennae serve on ants?

4. Describe the physical characteristics of ant larvae.

5. What are the castes usually found in an ant colony?

C05. Identify various ant species with their physical and
behavioral characteristics.

Common Ant Pests. Because of the wide variations in
food and living habits of different species of ants, you must
frequently know the exact ant you must control. The
pictorial key in figure 1-5 will tentatively identify the
common ants. Refer to the specific descriptions to find the
species with which you're working. The key is designed as
an aid in identifying common ants you may find around the
home and may not help you identify species found in other
situations.

Argentine ants (Iridomyrmez humilis). The Argentine
ant is a severe pest in the Southern States and in California,
although isolated occurrences have been reported from
more northern areas. In areas of heavy infestation it may be
found in practically every home. It does not sting but can
bite severely.

Workers are 2.2 to 2.8 mm long and are light to dark
brown in color (fig. 1-5). Queens are much larger-4 to 6
mm long. Many fertile queens are in each nest and
apparently live in harmony with each other. Mating usually
takes place inside the nest so winged forms aren't usually
found. The queen, in addition to laying eggs, also cleans
and feeds herself and is active in feeding and grooming the
young. The sole function of the winged male is fertilizing
the queen, and he is eliminated promptly from the nest after
this.

Nests are built in moist situations such as in the soil, next
to buildings and along sidewalks, beneath boards and
plants, and under buildings. These nests are usually made
near a good source of both water and food. This ant prefers
sweet foods, principally such things as sugars, syrup, fruit
juices, secretions of plants and honeydew from aphids,
scale insects, and other insects. The ants forage for food
along regular paths extending out from the nest and then
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branch out to explore every portion of an area. They enter
houses in large numbers particularly when conditions
outside the building are either too wet or too drv for them to
live easily.

This ant tolerates humans and the city environment and
will persist where other species of ants will not thrive. In
many locations it may be the only ant species present. The
workers are vert, aggressive and often eliminate other ants
in the area. Ho. er, different Argentine ant colonies in
the same arca arc friendly and do not fight. The ant is an
exceedingly adaptable insect, which contributes to its
success.

Fire ants (Solenopsis spp.). Many of the ants of the
genus are called fire ants because of the severe reactions
Laused by their stings. These ants can cause death to young
wildlife and produce sores and nausea in people. They are
very active and pugnacious. Four species occur in the
United States: The fire ant, Solenopsis germinata; the red
imported fire ant, S. invicta, the black imported fire ant, S.
richteri; and the southern fire ant, S. xyloni.

The fire ant is found in the Southern States from the
Atlantic coast to Arizona. The abdomen is brown to black
and the head and part of the thorax are yellow. Workers are
1.6 to 5.8 mm long. (fig. 1-5). Nests occur in loose soil
with many craters usually scattered over an area of from 2
to 4 square feet. The openings arc usually in such places as
under boards and stones, by a tuft of grass, in cracks in
concrete, and underneath houses. Nests may also occur in
woodwork or masonry of houses. They feed on a variety of
foods such as meat, grease, butter, nuts, seeds, and
vegetables in the ground and may damage soiled clothing
by gnawing on it.

The southern fire ant is found in the Southern States.
Workers are a clear reddish yellow with habits similar to
those of the other fire ants.

The imported fire ant is an important agricultural pest,
rather than a household pest, which builds mounds of earth
in the field and does great damage to crops. Its sting is
severe and these ants frequently make it difficult for field
workers. This ant is founa in the Southern States from
North Carolina to Texas.

Pharoah ants (Monomorium pharaonic). The Pharaoh
ant Is light yellow to red, 1.5 to 2mm long, and is found
throughout the United States and Canada. You can easily
distinguish it from the thief ant by the presence of three
segments in the antennal club (fig. 1-5). It is one of the
most important ant pests in homes because its small size
enables it to get into almost anything and because of its food
preference, which ranges over a wide variety of substances
such as syrups, fruit juice, jelly, cakes, pies, greases, dead
insects, and meats. It is predacious on many insects and has
been found in large numbers in hospitals where it feeds on
open wounds.

Nests are foimd between walls, under floors, above
ceilings, behind baseboards, in old trash, or outside in
gardens and along walks. They like to nest in warm places
near furnaces, heat ducts and hot-water pipes. The nests are
frequently very difficult to find since the ants range widely
from them, usually over established trails you may find
along window sills and baseboards.
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This ant is very persistent and difficult to control. It has
the faculty for appearing all of a sudden in various places
within the house and getting into things. Its nature of being
scattered about and in well-protected areas makes it more
difficult to control. It is also common in hotels, large
apartment houses, grocery stores, and other places where
food is handled commercially.

Colon!es may be very large (up to 300,000) with many
queens in a given colony. Sexually mature forms are
winged and they mate and go through the usual life cycle.
Mating occurs in the nest throughout the year. New
colonies are formed when a group of queens and workers
split from the mother colony. Swarms are never seen.

Thief ants (Solenopsis molesta). This is one of the
smallest of ants, being 1 to 1.5 mm long and varying in
color from yellow to dirty brown and having a two-
segmented antennal club (fig. 1-5). It is found over most of
the United States. It often lives in the nest of larger ants,
feeding on the larvae of their hosts; thus, its common name.
In the home, its food is mainly greasy materials such as
cheese and meats, although they will feed on sweets
occasionally. Such meats as bacon, ham, and prepared
meats are especially attractive to thief ants. They may also
be found feeding on stored seeds or dead animals and may
even attack young chickens.

This ant is so small it may often escape the naked eye
even though it's common around kitchen sink or cabinets.
Unobservant people may complain about the flavor of food
without realizing that it's infested with thief ants. The ant
nests in cracks and crevices of walls and cabinets. It is very
persistent and may be difficult to control.

Odorous house ants (Tapinoma sessile). This very
important household pest is distributed all over the *sinited
States. The brownish-black worker is 2 to 3 mm long. It is
frequently confused ith the Argentine ant from which it
can easily be distinguished by its darker color and the fact
that the front of its abdomen overhangs and hides the petiole
(fig. 1-5). When crushed, this ant gives off a very
unpleasant odor, so you should definitely avoid the
cowboy-boot approach to physically control it.

Nests are constructed in a great variety of situations both
indoors and outdoors. Outside, they are usually shallow and
underneath a board or stone. Indoors, they frequently nest
in walls and underneath floors. Colonies are large and each
may contain several active queens. The workers forage out
from the colony along regular trails as does the Argentine
ant, and their food habits are similar. These ants are more
likely to move indoors late in the year when honeydew, one
of its primary foods, is less abundant. During periods of
rainfall or leaf fall, aphids and honeydew are reduced so the
ants must range more widely for food and are likely to
invade homes.

Field ants (Formica spp.). The many species and
varieties of these ants infest fields, lawns, and gardens
throughout the United States. Length usually varies from 3
to 7 mm and they may be brown, black, red, or have
combinations of these colors (fig. 1-5). They prefer sweet
foods and also feed on other insects. They commonly build
nests along fences, sidewalks, flower beds, and in lawns.
They are most likely to be pests of recreational areas. When

infestations are heavy, individuals may wander into homes
looking for food. One species you may encounter from
time to time is the Allegheny mound builder, Formica
exsectoides. This ant builds large mounds of earth during its
nesting activities. It's seldom found in the home, but has
caused "fire ant scares" in the Northeastern United States.
Other common species are relatively large and black.

Some field ants capture the larvae and pupae of other ants
and raise them in their own nests. The emerging adults
become slaves for the field ants; thus, field ants are often
called slave ants.

Exercises (C05):

1. Match the types of ants in column B with their
characteristics in column A. Some column B items
may be used more than once.

Column A Column B

(1) These ants have been a. Argentine
found in large numbers in ants.
hospitals where they may b. Fire ants.
feed on open wounds. c. Pharoah ants.

(2) Workers of these ants are d. Thief ants.
1.6 to 5.8 mm long and e. Odorous
may cause severe reac- house ants.
tions from their stings. f. Field ants.

(3) These ants may construct
nests in a wide variety of
situations both indoors
and outdoors.

(4) These ants commonly
build nests along fences,
sidewalks, flower beds,
and in lawns. They are
most likely to be pests in
recreational areas.

(5) Workers of these ants are
2.2 to 2.8 mm long and
are light to dark brown in
color.

(6) These ants are light yel-
low to red, 1.5 to 2 mm
long, and are found
throughout the U.S. and
Canada.

(7) These are among the
smallest of ants, being 1
to 1.5 mm long, and vary-
ing in color from yellow
to dirty brown.

(8) These ants have a brown-
to-black abdomen with
the head and part of the
thorax being yellow.

(9) These ants build nests in
moist situations such as in
the soil, next to and under
buildings, along side-
walks, and beneath
boards and planks.

(10) These ants are similar to
Argentine ants, but have a
darker color and an abdo-
men that overhangs and
hides the petiole.
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C06. Identify details regarding ant control programs.

Controlling Ants. The actual procedures you follow 1

ant control may depend greatly upon the species of ant
involved and the nature and location of the infestation in
question. Your ability to identify the ants will help you
decide where to begin your search for the infestations. In
some cases you can take note of certain characteristics of
the nest and recognize the type of ant involved.

If an ant colony is established within the structure, killing
the exposed workers seldom gives permanent relief from
the pests because the reproductives will continue to produce
more workers. A chemical barrier is effective for ants
nesting outdoors that invade the buildings for food, but this
barrier is only temporary. Workers from the nest outdoors
will again invade the building when the chemical residue
becomes ineffective. Only destroying the nest gives
permanent relief from that particular colony.

Several insecticide formulations are useful in ant
controlsprays, dusts, granules, and baits. Aerosols are
effective only if you need to knock down and kill swarrners
indoors. Sprays are usually effective, and you should use
them where possible. However, there is evidence that some
ants will avoid areas treated with certain kinds of
insecticides and if they can find other routes to food and
water, poor control will result. Therefore, when ants are
nesting in houses or other structures, try to surround the
entire nest area with a residual treatment for complete
control. This is particularly true when dealing with a pest
like the Pharaoh ant, which has large colonies and many
queens. It would be easy for this ant to find other routes,
and if the residual treatment did not take in the ent"-e
colony, the colony would be split up into several segments.
To ensure that the entire colony is surrounded, apply the
residual treatment first to areas known to be beyond the
infestation. Then work toward the center of the infestation.
For these reasons, you should regard all residual chemical
treatments as barriers onlyunless you can apply the
chemical directly to the nest.

Dusts and granules are also useful. You can blow dusts
into nests and wall voids or other areas where ants are
hiding. Some dusts are repellent to some, if not all, ants.
Make your dust applications light to minimize any repellent
action. Granules are useful for treating outdoor areas and
crawl spaces for ants.

Baits are useful when you can't locate or treat the nest,
and you can't use residual sprays effectively. Commercial
baits can be classified as weak baits and do not cause the
ants to be repelled as they would be to strong baits. There
are two limitations of this type bait: control takes a long
time, perhaps one to three months; and the baits must
compete favorably with other food sources. Some
commercial baits have a sugar base, others have an oil base
(peanut oil is commonly used). You may want to combine
these types. To help you select the proper bait, study the
ant's feeding habits to determine what type of food it
prefers. Although small quantities should suffice, try to
place baits so the ants will have no diff lty locating them.
This means distributing many small bait placements in
concealed locations throughout the infested area.
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Species nesting indoors. Certain species of ants are more
likely than others to nest inside the home. The thief ant,
Pharaoh ant, and the odorous house ant fit into this
category. Controlling these ants is much more likely to be
effective if you can trace the foraging workers to the
vicinity of the nest. This is difficult, however, and may give
misleading information. Workers may sometimes appear
and disappear quickly at one or two points beneath a
baseboard, behind a sink, or under a cabinet, but the nest
may be in the wall or in the false bottom of a kitchen
cabinet some distance from the point of entry. A
concentrated treatment only at the points where you see
them may be almost useless if the workers can find alternate
routes to food. It is good practice to force a dust containing
5-10 percent Sevin into all cracks and crevices for several
feet on each side of the place where you see the ants. Also it
often helps to drill small holes into the void for treatment.

A good rule to follow is to treat baseboards, door
moldings and other cracks along the length of any wall
where you see ants emerging. Wet the surface of the
baseboard with a continuous film of 1.0 percent Baygon,
1.0 percent Diazinon or 0.5 percent Dursban. Then apply a
similar film to about a 4-inch strip of the floor next to the
wall. You should apply this treatment to both sides of the
wall whether it's an inside or an outside wall. Treat any
cracks in the wall or at the top of the wall. The object of this
residual treatment is to completely surround the nest area so
that any ants leaving the nest will be forced to cross a
treated surface. This may be difficult to do if the wall in
question joins many other walls, if the nest is beneath
flooring, or if the colony is extremely large as with Pharaoh
ants. Start far enough away from the infestation so you can
surround the entire nest and then work towards the nest.

Baits may be very useful and there are good commercial
formulations containing Baygon that are effective and quite
safe to use. One of the less desirable factors in older bait
formulations has been the highly toxic agents employed. An
advantage of baits which is not a factor in other means of
ant control is that the workers take the pesticide back to
their nest where it can be fed to larvae and teproductives.
Place baits along trails t!-.: ants follow (out of the reach of
children and pets or in containers they can't get into).
Eliminate food sources as much as possible. Then use a
residual treatment of insecticide in falai storage areas
(kitchen, pantry) to make such food sources unavailable to
the ants. Be careful not to contaminate food ot surfaces
which exposed food will contact.

Pharoah ant control can be a particularly difficult job
with this indoor-nesting species. This i; because of it's
unique characteristics such as fractionating or satelliting.
This applies to their habit of gathering eggs, larvae, and
pupae and breaking up into several small colonies where
only one large colony existed earlier. They typically do this
when almost any insecticide is introduced into their private
domain. Since these newly formed colonies don't usually
forage for a few days, you might improperly conclude that
you got control of them; when in fact, you only divided
their forces.

To effectively control pharaoh ants, you must use a bait
that foraging ants won't detect as toxic, so they will take it



back to the bulk of the population waiting in the nest. One
such material is Pharorid, a trademark of Zoecon Chemical
Corporation. Pharorid contains the active ingredient
methoprene, which is an insect juvenile h 'Ione that
arrests the growth of developing ants.

Research has shown that the methoprene rmulation is
most effective as a bait in a mixture of liv honey, and
spongecake in a 2:1:1 ratio. Although the Pharorid label
simplifies the mixing process by suggesting the use of
powdered liver, treating with the bait mixture is very time
consuming. A U.S. Army team required 600 work hours to
control a pharaoh-ant problem in an army medical center
with over 226,000 square feet of floor space.

Pharorid is an excellent product, but it is not without its
drawbacks. If you use methoprene, you must accept that it's
a slow-acting insecticide which takes up to 20 weeks to be
effective. Methoprene also tends to degrade rather rapidly,
so you must work with it on a fairly tight timetable to get
results.

In addition io or in place of methoprene, you may also
use boric acid injected into cracks and crevices. Studies
have shown that insects don't detect boric acid as a danger.

The most ideal way to control the ants is through
pretreating structures before construction is completed and

ants become entrenched.
Species nesting outdoors. The remainder of the ants

listed earlier are more likely to nest outdoors than within a
structure. They become pests by foraging inside for food. It
is important to find the nest in infestations of these ants and
to treat them heavily by applying generous amounts of the
residual sprays and dusts listed above for species which nest
indoors. If your equipment can blow dusts into the nest with
sufficient force, they will general:), be distributed through
the nest rather well. It may be desirable, particularly in
large nests, to pour about 2-5 gallons of water into the
opening after dusting to be sure the dust reaches the desired
location. You can also sprinkle a dry wettable powder onto
the nest and wash it in with a hose. This is much more
effective than using a dust. In some mound-building species
it may help to scrape off or break up ihe mounds just before
you treat it. In addition, the wall or walls through which the
ants are entering should receive barrier treatments to
eliminate building access routes. It is important to spray all
runways (such as pillars, steps, etc.) and entry ways (such
as vines, bushes, and wires) that ants can use to gain
entrance. Also, treat the soil surface around the perimeter
of the building with about a 3-foot barrier. Granules are
useful for this kind of treatment.

If ants are scattered in a lawn or garden, a broadcast
treatment may be needed. In situations where colonies are
very large, particularly if the Argentine ant or one of the
fire ants is the culprit, a broadcast treatment again will be
necessary. Wettable powder sprays are best for this type
treatment.

Two percent Baygon bait is effective outdoors fcr
harvester ants, fire ants, and leaf-cutting ants which have
nests deep in the soil that you can't reach with other
formulations. Sprinkle the granular bait around the
entrance to the nest. It should be remembered that this
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treatment may take a month or more before you get total
control.

Exercises (C06):

Identify the following as being true (T) or false (F). Correct
any false statements.

1 The procedures you follow for controlling ants are
largely dependent on the species of ant involved
anc; the location of the infestation.

2 If outdoor-nesting ants are entering a building for
food, a chemical barrier can be useful for
temporary control.

3 Chemical applications often act only as barriers to
ants unless you can directly treat the nest.

4 Dusts are highly beneficial for ant control along
exposed routes where ants are known to travel.

c For indoor-nesting ants, gaining control is easily
done by treating all voids and crevices within the
infested area.

6 When treating baseboards, your treatment should
be applied to both sides of the wall whether it's an
inside or outside wall.

7. For maximum effectiveness when applying ant
baits, other food sources should be reduced either
by removal or by applying a chemical barrier to
make existing food sources unavailable to the
ants.

8. Methoprene or boric acid are useful in baits for
Pharoan ants since the insects don't detect them as
a danger.
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_ 9. For large outdoor nests, dust effectiveness can be
increased by pouring 2-5 gallons of water into the
dusted nest to ensuro the dust reaches the desired
locations.

_ 10.Wettable powder pesticides are best suited for
broadcast applications over large outdoor areas for
ant control.

1-3. Silverfish and Firebrats

Although these insects are not nearly as important as the
cockroaches, they do become severe pests in many homes
and other facilities at times.

This section will give you information pertaining to their
importance, characteristics, and the controls that can be
employed against them.

C07. Specify the characteristics and importance of
silverfish and firebrats.

Importance and Characteristics. Besides the fact that
these insects are annoying, they attack such materials as
book bindings, photographs, wallpaper, labels, and the
sizing of any of these paper products. They also attack
starched clothing, linen, rayon, cereals, and grain. In spite
of their prevalence and constant close association with
humans, silverfish and firebrats don't appear to be vectors
of any human diseases.

The silverfish (fig. 1-6) and firebrats (order Thysanura
family Lepismatidae) are the most common forms of these
primitive insects. They are small (19 mm long), carrot
shaped, fast moving, wingless insects with long antennae.
The abdomen of these insects is long and bears three
appendages (a pair of cerci and a median caudal filament)

Figure 1-6. A silverfish.
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on the posterior end. Ile color of the silverfish is a uniform
glistening silver, while the firebrat is grayish and mottled'
with dark markings.

Silverfish and firebrats exhibit little or no
metamorphosis, and the young look much like the adults.
Development of the common silverfish (Lespisma
saccharina) takes about 12 weeks from egg to adult.
Siherfish range far from their hiding places at night to find
food, and they will quickly infest an entire building. They
harbor where they can easily get to food and moisture.
Firebrats harbor under hot, dry conditions, such as behind
stoves or around fireplaces.

Exercises (C07):

Identify the statements below as true (T) or false (F) and
r-vrect any false statemerns.

_ 1 Silverfish and firebrats attack book bindings,
photographs, wallpaper, labels, and sizing of
paper product.

_ 2 They also attack cereal and grain but not clothing.

_ 3 Silverfish and firebrats do not seem to be vectors
of any human diseases.

_ 4 Silverfish and firebrats are the most common
forms of these primative insects.

_ 5 Silverfish have two sets of wings while firebrats
have only one set.

_ 6 Silverfish and firebrats sometimes infest entire
buildings.

C08. State the control measures for managing silverfish
and firebrats.

Exercise the same care in controlling silverfish and
firebrats in homes, dormitories, bakeries, and dining
facilities as you would in controlling cockroaches.

Preventive Control. Occupants can help control
silverfish and firebrats to some extent by inspecting
furniture, carpets, and other cloth goods before placing
them within a facility, especially those items that have been
stored or shipped during transfers.



Reducing food supplies to the least amount possible may
be of some benefit in preventing damage. Physically
excluding these arthropods from susceptible stored fabrics
will prevent infestations.

Chemical Control. You can control silverfish and
firebrats by applying liquid residual pesticides such as 1

percent Baygon, 0.5 percent Dursban, 1 percent Diazinon,
or 2 percent Malathion. Just as for treating for cockroaches,
you should give close attention to basements, attics,
closets, around bookcases, behind baseboards, and around
steam and water pipes. Since firebrats prefer hot and dry
areas, treat oven areas, around fireplaces, boiler rooms, and
other hot, dry areas as well. Use oil solutions where areas
permit, or you may use dusts such as 2 percent Diazonon or
silica gel in wall voids, crawl spaces, and attics. After
applying a residual, you may want to use a space spray to
get them moving faster. This is advisable in attics or in
storage areas where residual spraying is of limited use.

Exercises (COS):

1. What two preventive measures are most applicable to
controlling firebrats and silverfish?

2. List the areas you should focus on when treating for
silverfish.

3. What additional areas should you treat for firebrats?

4. Where residual treatments are 1;mited, what additional
action might be necessary?

1-4. Earwigs

In your job, you will be called upon to rid various base
facilities of earwigs from time to time. Although this task is
generally not continuous, you must still be able to identify
these insects and control them. The term "earwig" is
believed to have been derived from the belief that this insect
would enter the ears of people while they slept and bore into
the brain. In truth, earwigs are harmless to humans.

Earwigs are important household pests because they
gather in lawns and invade building in great hordes. (Well,
they don't exactly vibrate pictures off the walls, but they
can get to be rather "icky.") They can be serious morale
and economic pests because the presence of these hordes
often prevents people from enjoying outdoor activities and
can depreciate property values. This insect is a pest of
vegetation in a minor way, but it is also beneficial because
it feeds upon other insects.
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C09. Specify correct details regarding the identification,
habits, and habitats of earwigs.

Identification, Habits, and Habitats of Earwigs.
Earwigs belcng to the order Dermaptera and are short-
winged insects that have a pair of forceps at the posterior
end of the abdomen. These forceps are relatively straight in
thc female but are bowed outward in the male. The adults
are about 16 mm long, dark reddish brown, with a reddish
head, and pale yellowish brown legs in color. They have
biting mouthparts.

These insects are omnivorous and will eat almost
anything they can chew. They aren't known to fly readily or
travel very far by crawling. Earwigs have a gradual
metamorphosis. Their entire development from egg to
adult is completed in about 5 months.

You can find earwigs outdoors in dark, moist crevices,
such as between building foundations and soils, and under
boards, stones, and welcome mats. Indoors, you'll find
them hiding in baseboard crevices, under furniture, and in
basements.

Exercises (C09):

Identify the following statements as being true or false and
correct any that are false.

_ 1 Earwigs belong to the order Acarina.

_ 2 Earwigs are short-winged insects that bear a pair of
forceps at the posterior end of the abdomen.

3 Adult earwigs are about 16 mm long, dark reddish
brown, with a reddish head and pale yellowish
brown legs.

_ 4 Earwigs will develop from eggs to adults in about 2
months.

C10. Identify correct statements regarding earwig
control.

Controlling Earwigs. To prevent earwigs from entering
buildings, you can apply a residual emulsion or suspension
containing an approved insecticide outdoors. Apply the
insecticide to the soil in a band 5 feet wide around the entire
building. Treat the foundation wall from the ground to a
height of 2 to 3 feet.

As a residual, you can spray or brush an approved
insecticidal suspension on door and window sills, behind
stoves, and other out-of-the-way places where you find
these insects indoors. Use only the crack and crevice
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treatment in areas where foods are stored, prepared, and
served.

Nonchemical controls for earwigs generally aren't very
effective; however, clearing vegetation away from building
foundations and ensuring that doors and windows fit snugly
in their frames may prevent entry of these pests.

Exercises (C10):

Decide whether the following statements are true or false.
Correct any false ones.

1 A good method of controlling earwigs is to paint or
splay a residual emulsion on a band 5 feet wide
around a building.

2 You should treat cracks and crevices only in areas
where food is pi epared, stored, and served.

____ 3 Nonchemical control of earwigs is normally
effective.

1-5. Bedbugs

The common bedbug has been a pest to people since
prehistoric times and has spread to most parts of the world.
This insect has been prevalent in Europe for centuries and
has been in this country since the early colonial days,
although it apparently was unknown to the American
Indian, The bedbug gains access tc homes through
traveling bags and laundry or by migration. It is frequently
transferred from person to person in transportation
facilities.

This section identifies the bedbug and its importance,
describes its characteristics, ielates its life history and
habits, and names the controls you can use against bedbugs.

Cll. Describe the bedbug's appearance and its
relationship with people.

Identifying Characteristics. The bedbug belongs to the
order Hemiptera and the family Cimicidae. The adult (fig.
1-7) is about 5 mm long, 3 mm wide, and a reddish-brown
color. The flattened oval body is adapted for hiding in
narrow crevices. The head bears a pair of four-segmented
antennae and piercing-sucking inouthparts which fold to lie
between the first pair of legs. The wings are represented by
pads. The body may become greatly enlarged and blood
red as it takes a blood meal.

Relationship with Humans. Both sexes of the bedbug
feed on mammalian (any of the highest class of vertebrates)
blood, particularly that of humans. Bedbug bites differ from
flea bites because they don't leave a red spot surrounded by
a circular reddish area fading into the normal skin as does
the flea. Bedbugs have not been proven to be an important
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Figure 1-7. The bedbug.

disease bearer, but heavy infestation can lead to -human
nervous and digestive disorders. The two species of
bedbugs that attack people are Cimex lectularius and Cimex
hemipterus, the first one being predominant in temperature
regions and the second being predominant in tropical
regions.

Exercises (C11):

1 . What are the size and color of the normal adult
bedbug?

2. What is the appearance of the bedbug during a blood
meal?

3. What sex and species attack humans?

4. What effects do bedbug bites have on humans?

C12. State the general habits and development of
bedbugs.

Habits. You can detect bedbug infestations by the
characteristic buggy odor, blood stains on sheets, and fecal
stains along crevices. You'll seldom see this insect during
the daytime because of its nocturnal habits.

Development. Bedbugs develop through gradual
metamorphosis. The female iays very few eggs until she



has had a meal of blood. Generally, a single blood meal is
sufficient for each instar or nymphal stage after the first.
She lays from 1 to 5 eggs daily for about 2 months or until
about 200 eggs are deposited. Complete development from
egg to adult takes 18 to 56 days (depending on the
temperature). The adult lives 6 to 12 months. The female
can live nearly a year without food and can endure freezing
temperatures for varying periods of time.

Exercises (C12):

1. What condition will help you detect bedbug
infestations?

2. What time of day are bedbugs usually seen?

3. Bedbugs develop through what type oi
metamorphosis?

4. How long does complete development from egg to
adult take for bedbugs, and on whE does it depend?

5. How long do adult bedbugs live?

6. The female can live nearly a without food.

C13. Specify appropriate bedbug management
techniques.

Controlling Bedbugs. You can effectil ely control
bedbugs in living quarters by applying 0.5 percent Diazinon
solution to infested mattresses, pillows, bedsteads,
baseboards, furniture, crevices, and behind doors and
window frames. One application of an approved chemical
solution should control bedbugs for more than a year. The
bedbug is so susceptible to insecticide poisoning, it's
possible to eliminate it completely from living quarters and
other places. Fumigation and other types of treatment are
unnecessary; controlling bedbugs has changed from a major
problem to a very minor one.

When you are preparing to spray quarters, remove the
clothing, rubber material, gas masks, and other objects that
you must protect from kerosene. Do not remove bedding or
other items that may be infested, because the bedbugs may
be transferred to a new location. For good results when
spraying, follow the steps outlined below:

(1) Move beds away from the wall to permit spraying the
wall surfaces.
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(2) Fold mattresses and place in the center of the bed at
an angle of 45°.

(3) Open windows for ventilation before starting spray
operations. Apply residual spray at a rate of 1 gallon to
1,000 square feet of area. Use a standard sprayer with a
fan-spray nozzle and a pressure of 30 to 40 psi. Apply the
spray to the point of runoff, but avoid filling the air with a
foglike mist.

(4) With a two-person rew, begin at one end and work
around the room, spraying cracks, wall beams and braces,
and other places likely to harbor bedbugs. Spray to a height
of about 4 feet from the floor for single beds and 6 feet if
double-tier beds are used.

(5) Spray one end of the bed, including the coils and
covers, and one folded edge of the mattress. Return up the
opposite side and spray the bed, coils, corners, and mattress
edges. Observe all recommended safety precautions when
spraying.

Exercises (C13):

Identify the following statements concerning bedbug
controls as true or false. Correct any false statements.
_ 1 The control of bedbugs is a major problem.

_ 2 When spraying for bedbugs, remove only items
which are not infested.

_ 3 Move beds away from walls to permit spraying of
wall surfaces.

_ 4 Leave mattresses flat when spraying.

_ 5 Keep windows closed to prevent the escape of the
insecticide.

_ 6 Apply 0.5 percent Diazinon solution at the rate of 1
gallon to 1,000 square feet of area.

_ 7 Spray to a height of 4 feet for single beds and 6 feet
for double-tier beds.
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1-6. Crickets

As a pest manager, you will be required to rid base
facilities of crickets at various times. Thus, you must know
the identifying characteristics and habits of these insects.

C14. Relate common crkkets to their descriptive
statements.

Identification and Habits. Crickets belong to the order
Orthoptera. They have biting mouthparts, long legs adapted
for jumping, and may have wings when full grown. They
develop by gradual metamorphosis, going from the egg
through a series of nymphal instars to the adult. The adult
male produces the familiar chirping sound by scraping his
upper wings together.

The house cricket (Acheta domestica, fig. 1-8), is found
throughout the United States. This shiny, black insect is
fond of warmth and often becomes troublesome in food-
handling areas and homes. In warm weather, it lives
outdoors, especially in garbage dumps, and enters the home
chiefly in cold weather. They may be numerous in newly
constructed homes. Cave and camel crickets occur
throughout the world. They are usually' wingless and have
antennae that may be four or five times as long as the body.
These large nocturnal insects are usually brown or gray and
may be found in outbuildings or basements. They
apparently do little, if any damage. Jerusalem crickets
(Stenopelmatus fuscus) are large, clumsy insects with big
heads. Many people in the Southwestern United States
believe they have a venomous bite, but they are harmless.

Exercises (C14):

1. Match the cr-cket species in column B, with the
descriptive statements in column A. Column B items
may be used more than olice.

Column A Column B

- (1) Many people believe this a. Jerusalem
type of cricket has a cricket.
venomous bite. b. House cricket.

_ (2) Fond of warmth and is c. Cave and
often troublesome ia food- camel crickets.
handling areas and homes.

_ (3) Antennae may be four or
five times a long as the
body.

_ (4) Large, clumsy insects with
big heads.

_ (5) Usually brown or grey.
_ (6) Enters the home chiefly in

cold weather.

C15. State the controls you can use against crickets.

Controlling Crickets. You can effectively control
crickets by applying approved residual insecticides indoors.
Apply these residuals to floors, walls, around fireplaces and
dark crevices, in basements, and behind bas :cards.
Treatment in food-handling facilities must be restricted to
cracks and crevices. Apply the formulation to surfaces by
spraying or brushing.
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Figure 1-8. House cricket.

You can also use baits indoors for controlling crickets by
placing the baits in areas where crickets are numerous and
tend to congregate.

To prevent crickets from entering buildings, spray
residuals in a 5-foot band on soil around the structure and
on the foundation wall to a height of 2 to 3 feet.

Make sure you use chemicals in accordance with the
recommendations provided on the pesticide label.

Exercises (C15):

1. Where should residuals be applied indoors for cricket
control?

2. Treatment in food-handling facilities must be
restricted to and

3. Besides spiays, what other formulation can you use
indoors for controlling crickets?

4. Baits are placed in areas where crickets are numerous
and tend to

5. To prevent crickets from entering buildings, you can
apply residual sprays in a -foot
band on soil around the structure and the foundation
wall to a height of to feet.

1-7. Pilibugs and Sowbugs

Pillbugs and sowbugs are distributed throughout the
world but are most abundant in areas of high humidity.
These crustaceans are of concern to you as a pest manager
only when they are present in great numbers.

Pillbugs and sowbugs are important to humans only as
nuisance pests when they enter buildings. They are



unsightly and they cause special concern to many people,
especially those who are not familiar with them.

C16. Associate given identifying characteristics and
habits with the pillbug and sowbug.

Characteristics and Habits. Contrary to popular belief,
pillbugs and sowbugs are not the same. Sowbugs can be
distinguished from pillbugs because sowbugs cannot roll up
into a ball as the pillbug can. This characteristic of the
pillbug has prompted many people into referring to it as a
"roly poly." Another characteristic of sowbugs that
distinguishes them from pillbugs is the two prominent
taillike appendages that are not present on pillbugs.

Both sowbugs and pillbugs are oval and somewhat
flattened in shape. Both are grayish to black in color and are
about 12.5 mm long.

Pillbugs and sowbugs belong to the class Crustacea,
order Isopoda, thus they have a need for high humidity.
These crustaceans prefer very moist areas and can be found
outdoors under almost any object. They may also be found
under piles of decaying grass cuttings and vegetable matter
and in cracks that are between building foundations and
soils. Indoors, pillbugs and sowbugs can be found primarily
in damp basements and ground-level floorings of buildings.

Sowbugs and pillbugs normally feed at night upon
decaying vegetable matter, roots of small plants, and often
on mushrooms. Females give birth to living young which
develop into adults through a series of molts. Because these
crustaceans are generally inactive during the winter
months, they are pests only during warm weather.

Exercises (C16):

Identify the statements below as they apply to pillbugs
sowbugs. Place a P or an S in the blank spaces provided to
indicate pillbug or sowbug. Some statements may apply to
both._ 1 Not capable of rolling up into a ball._ 2 Belong(s) to the class Crustacea.
_ 3 Feed at night on decaying vegetation, roots of small

plants, and sometimes mushrooms.
_ 4 Sometimes referred to as a "roly poly."
_ 5 Two prominent taillike apendages._ 6 Oval and somewhat flattened.
_ 7 Grayish to black in color.
_ 8 About 12.5 millimeters in length._ 9 Give birth to living young.
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C17. Describe measures for controlling pillbugs and
sowbugs.

Physical Controls. Since these crustaceans congregate
in large numbers under and between objects, you can pour
hot water over them to destroy those in a certain group. You
can also spray hot water around the edg...s of building
foundations to kill any pillbugs and sowbugs that
congregate in these areas.

Cultural Controls. Site sanitation includes such
measures as removing grass and leaf piles, picking up
objects on the ground, and keeping the area free of garbage.

To control these pests in basements and ground floor
areas without chemicals, keep these areas dry and well
ventilated. Make sure doors and windows fit snugly in their
frames and that objects are stored off the floor and away
from walls. Raise win aws in dry weather for ventilation,
but keep windows and doors closed in damp weather.

Chemical Measures. You can control these crustaceans
chemically by applying an approved pesticide emulsion or
suspension to entire lawn and turf areas or as a band
treatment around a building foundation. Of course, you
must apply these formulations in accordance .9.1 the
information provided on the pesticide label.

Exercises (C17):

1. Pillbugs and sowbugs can be controlled by using what
3 control measures?

2. They can be killed by pouring on
them.

3. What cultural controls help control pillbugs and
sowbugs?

4. Control of these pests in basements and ground floor
areas without chemicals can be done by keeping these
areas and well

5. Chemical control of these crustaceans may be obtained
by applying an approved pesticidal emulsion or
solution to what areas?
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Venomous Pests

IN RECENT YEARS the number of hospital admissions
due to bites and stings by venomous arthropods has
exceeded admissions for treatment of snakebite. The
arthropods most frequently listed as responsible have been
wasps, bees, ants, caterpillars, spiders, scorpions, and
centipedes. Only about one-third of the deaths due to
venomous animals in the United States in the last few years
were caused by snakebite; the others were caused by
venomous arthropods.

There are about 136 species of snakes in this country,
only 21 of which are poisonous and likely to cause death.
At lease one deadly species of snake is found in every State
except Alaska and Hawaii.

This chapter will cover the importance, characteristics,
and controls of venomous insects, arachnids, and snakes.

2-1. Arthropod and Reptile Venoms

Injury from venoms produced by arthropods and reptiles
is a common public health hazard. Millions of people
within the United States are affected each year by venoms
produced by these creatures. This section covers the types
of venom arthropods and snakes produce, the mode of
action of these venoms, and how these venL ms are
introduced into humans.

C18. Identify toxins that produce given effects.

Types of Venom Produced. There are five basic types of
venom arthropods and reptiles produce:

(1) Hemolytic toxin.
(2) Neurotoxin.
(3) Urticating toxin.
(4) Vesicating toxin.
(5) Hemorrhagic toxin.

Most arthropods and reptiles in the United States produce a
hemolytic venom.

Mode of Action of Venoms. Hemolytic toxin causes a
breakdown of red blood cells. It may kill large blocks of
tissue in the area of the envenomization.

Neurotoxin is a systemic to,an that affects the nervous
system. It inhibits reflexes and may came shock in severe
cases.

Urticating toxin simply produces wheals (raised areas) on
the skin.

Vesicating toxin produces blisters on the skin.
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CHAPTER 2

Hemmorhagic toxin prevents the normal clotting ability
of blood. Thus, it causes a reddening of the skin in the area
of envenomization.

Exercises (C18):

Indicate the toxin that produces each of the following
effects.

1. inhibits reflexes and may
cause shock.

2. produces skin blisters.

3. causes a breakdown of
red blood cells.

C19. Relate given envenomization methods and venom
types to the appropriate arthropods and reptiles.

Methods of Envenomization. Most envenumization
occurs through stings and bites. Other methods include
pinching and contact. The methods of envenomization, the
types of venoms introduced, and the producers are outlined
below:

Envenontization
Method

Stings

Bites

Contact

Pinching

Toxin

Hemolytic

Neurotozin

Neurotoxin

Hemorrhagic
Urticating

Vesicating

Hemolytic

Producer

Insects: wasps, mud daubers,
yellow jackets, hornets,
honeybees, and bumble bees.
Arachnids: scorpions.
Arachnids: scorpions (two
specks within the U.S.).
Arachnids: black widows and
brown widows. Reptiles: coral
snakes. Insects: wheal bugs
(both hemolytic and neurotoxin).
insects: bedbugs and thnps.
Insects: puss caterpillars, 10
moths, and saddle-back
caterpillars.
Insects: blister beetles Diplopids:
millipedes.
Chilopids: centipedes.



Exercises (C19):

I. Match the producers in column \ with the
envenomization methods and toxin types in column B.
You may use the items in column B more than once.

Column A

(1) Yellow jacket.
(/) Scorpion.
(3) Black widow.
(4) Bedbug.
(5) Puss caterpillar.
(6) Millipede.
(7) Centipeth.
(8) Coral snake.

2-2. Bees

a.
b.
C.

d.
0.
1.

g.

Column B

Neurotoxic bite.
Hemolytic sting.
Vcsicating contact.
Hemorrhagic bitc.
Neurotoxic sting.
Hemolytic pinch.
Urticating contact.

This section covers good and bad aspects of bees in
relation to humans, the general characteristics of bees,
important bee families, and measures you can take to
manage bees.

C20. Identify the beneficial and detrimental aspects of
bees.

Bees are generally more beneficial than detrimental to
humans; however, the degree to which they help or hurt
depends on the bee species and location.

Beneficial Aspects. Honeybees are the most beneficial
bees to humans in respect to food production. These bees
produce honey, and most important of all, they pollenate
crop-bearing plants. Honeybees also produce beeswax.
Beeswax is used extensively as a sealant because it does not
harden readily and remains pliable for many years.
Beeswax is also used for lubricating bow strings. Some
people use beeswax as a kind of "natural" chewing gum.

Bumblebees are helpful to people because they pollenate
plants that can't be pollenated by honeybees. Some plants
have a nectary so deep that only the bumblebee with its long
tongue can cross-pollenate them.

Although the carpenter bees are important in plant
pollenation, this beneficial aspect is often overshadowed by
its detrimental habits.

Detrimental Aspects. Honeybees, bumblebees, and
carpenter bees are all important from a medical standpoint.
The hemotoxic venom causes local pain usually followed
by swelling and reddening of the sting area. Some people
are naturally immune to bee stings and won't swell at all,
while others will swell excessively and be confined to bed.
In some cases, the effects of bee stings can cause nausea,
fainting, and even death.

Carpenter bees are more important from an economical
standpoint than from a medical standpoint because they can
cause fairly extensive structural damage to wood buildings.

All bees can be a severe nuisance pest to humans at
times.

Exercises (C20):

In the space provided by each statement below, place a C to
indicate a correct statement or an 1 to indicate an incorrect
statement; correct the false statements.

. Bees arc generally more beneficial than detrimental
to people.

2 Honeybees are more beneficial than bumblebees to
people.

3 Food production is one of the least beneficial
aspects of the honeybee.

4 Beeswax hardens and remains useful for years.

5 Bumblebees pollenate plants that cannot be
pollenated by honeybees.

6 Carpenter bees a:e less beneficial than honeybees
or bumblebees, but they are also less detrimental.

7 Bee stings are often painful and cause sickness and
discomfort but never df;ath.

8 Bees can be severe nuisance pests to humans at
times.

C21. Identify bee spec!es with their given descriptions.

Characteristics of Bees. All bees are insects belonging
to the order Hymenoptera but not all belong to the same
family, nor do they have the same characteristics. Since the
carpenter bees were discussed in Volume 5, only the
characteristics of the honeybees and bumblebees are
discussed here.

Honeybees. Honeybees belong to the family Apidae.
They are characterized by their construction of vertical
combs of wax and the fact that the queen alone cannot start
a new colony. There are several races of honeybees, and
each race has varying characteristics. For example, the
Italian bees are a gentle race, but the German bees are
agressive and need no prompting to sting. Fortunately, the
Italian honeybees are more prevalent in the United States.

Honeybees are social insects that live in large colonies of
up to 20,000 bees or more. Honeybees have a distinct social
order called a caste system. The castes of the honeybee
consist of the queen, worker, and drone. The workers are
about 15 mm long and have very hairy faces. They have a
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saclike organ, called a pollen basket, on the outer svrface of
each hind tibia. They use the pollen basket to transport
pollen back to the hive.

Bumblebees. These bees belong to the family Bombidae
and generally nest inside holes in the ground, such as those
constructed by burrowing animals. Bumblebees live in
colonies during the summer but only the queens survive the
winter. Bumblebee colonies differ from the honeybees in
that there are several queens in a bumblebee colony,
compared to only.one in a honeybee colony. The colonies
also differ in that bumblebees have no worker caste. Thus,
the undeveloped female queens must carry out all chores.

Bumblebees are much larger than honeybees and their
bodies are hairier. They do no have pollen baskets but have
a spur on each hind tibia.

Exercises (C21):

Give the name or names of the bees that best fit the
following descriptions.

1 These bees belong to the order
Hymenoptera.

2. These bees belong to the family
Apidae.

3 There are several queens in this kind
of colony.

4 These bees generally nest inside
holes in the ground.

5. These colonies have no worker caste.
6 This kind of bee includes gentle

Italian bees and agressive German
bees .

7 Undeveloped female queens must
carry out all chores.

8. These bees do not have a pollen
basket.

C22. State control techniques for bees.

Controlling Bees. Since most bees are very beneficial,
you should make every possible effort to control them
without harming them. Of course, you must also protect
yourself to keep them from hurting you.

Personal protection. The best way to protect yourself
from bees is to avoid them. If you see bees working in an
area, leave them alone because most will not harm you
unless you disturb them. If you are involved in outdoor
activities, check the area thoroughly for signs of bee
swarms or hives and avoid the areas used by bees if
possible. People that are allergic to stings should undergo a
series of desensitization shots to increase their tolerance to
stings.

Physical removal. You can effectively control
honeybees simply by transferring established colonies from
one area to another. To remove an established colony,
expose the colony in order to cut away the combs. Fasten
the comb portions containing brood into frames with cotton
string to entice the bees into the hive. Keep the hive for a
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couple of days near the entrance to the area where it was
established. Remove swarms of honeybees from bushes or
other exposed areas by holding a white cotton cloth beneath
the mass and raking them gently away. After you have
collected the bees, transfer them to a beekeeper or to an
open field.

When you give bees to beekeepers or collectors, you
solve the problem of controlling them. In addition, you do
the environment a favor and you don't have to kill the
insects with chemicals.

Collecting honeybees is an art that should be done only
by experienced people. If ,./ou are inexperienced, and you
must remove honeybees, be sure you're clothed properly
and wear a bee net over your head. Wear loose-fitting
clothing with the cuffs of sleeves and legs tightened over
your gloves and boots to prevent the bees from entering. Tie
the bottom of the bee net securely over the collar of your
clothing to prevent bees from getting inside the net.

Chemical control. Bees are generally susceptible to
insecticides (dusts, sprays, or aerosols) and are easily
controlled when they are swarming or when the colony is
exposed. Since bees are inactive at night and are massed in
their colony, take control measures in the late afternoon or
early evening.

Controlling bees that are established in inaccessible areas
is more difficult and you may need to make several
treatments to kill the entire colony. Insecticidal dusts are
more effective in this instance because they can be blown
into the area for workers to carry into comb cavities. You
should repeat this process weekly for 2 to 3 weeks.

Exercises (C22):

For each of the situations below, state the control
techniques that would be most appropriate.

1. ,\ colony of bees has swarmed and is infesting a
decorative bush outside the main entrance to the
commissary; they are a serious threat to the
commissary patrons. What should you do?

2. A colony of unwanted bees is nesting in an animal
burrow on the golf course; they are a hazard to golfers,
and several people have been stung. What control
measures should you take?

2-3. Wasps

At times, wasps become severe pests to humans,
especially when they build nests near or in homes and other
structures.

This section covers the important activities and the
general characteristics of wasps as well as the measures you
can use to control them.



C23. Identify important aspects ot v, asps.

Important Aspects of Wasps. Like bees, all wasps are
medically important to people because of their stinging
ability, and as with bees, the reactions of humans to their
stings depend on each person. Also, since many species are
social insects, they're likely to be found in large numbers in
the nest's vicinity.

Wasps are very beneficial to humans in food production,
but most help in a way different from bees. Wasps neither
produce honey nor beeswax, but they serve as plant
pollenators to a small degree. Wasps are more important in
food production as being parasites of many insects that can
destroy crops.

There are several wasps that destroy vegetation, and
there are others that parasitize insects and arachnids that are
very beneficial to us.

Exercises (C23):

1. Like bees, all wasps are medically important to
humans because of their abil ity.

2. The reaction of a person to a wasp sting depends on the

3. The most important aspect of the wasp's benefit to
humans is that they are parasitizers of many

that are responsible for destroying

4. There are several wasps that destroy

C24. Identify the general characteristics of wasps.

General Characteristics. Wasps belong to the order
Hymenoptera, which also includes bees and ants. The
adults have two pairs of membranous wings. The adult
females have ovipositors they use to deposit eggs or to sting
people and other animals. In some wasps the ovipositor is
very prominent and nonretractable; in others, the ovipositor
can be retracted into the abdomen, completely concealing
it.

Most wasps that are generally beneficial to humans are
loners and do not construct massive nests. This way of life
faight account for the reason we don't consider them to be
severe pests to people.

The significantly harmful wasps are generally social
insects that build large nests around, on, or in our buildings
and work areas. These wasps are attracted to sweets, fruits,
and meats. They may actually bite off portions of foods.
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This attraction explains their presence around homes and
picnic activities. The social wasps may construct mud nests
that resemble beautifully fashioned vases, globes, or mud
clods. They may also construct paperlike nests with
exposed or concealed cells. You may find these nests
around the eaves of buildings, within attics, in shrubs,
brush piles, woodpiles, in holes in the ground, or under
objects on the ground.

Exercises (C24):

Identify as true (T) or false (F); correct any false statements.
_ 1 Wasps belong to the order Hymenoptera, which is

also represented by bees and ants.

_ 2 The purpose of the ovipositor in the female wasp is
laying eggs.

_ 3 Wasps live in colonies and are severe pests to
humans.

_ 4 Wasps that do live in colonies construct nests of
mud or a paperlike substance.

_ 5 Wasp nests may be found in a variety of different
locations.

C25. Identify correct details regarding wasp control
methods.

Wasp Control Measures. For the most part, wasps are
active only during daylight hours. For this reason, you
should only take control measures in the early morning or
late evening when most of the wasps are still on the nest.

Almost any insecticide will control paper wasps if you
quickly spray it into or onto the nest, but you must exercise
caution to keep from getting stung. Here are some rules to
follow that will help you get quick control and reduce the
risk of wasp stings:

a. Try to control the nest while most of the wasps are
still on it, such as in the early morning.

b. Use an insecticide with quick knockdown capabilities.
This includes pesticides such as 1 percent Diazion, 1

percent Baygon, 0.5 percent Dursban, or 2 percent Sevin.
The newer, long-range aerosol cans are particulacly useful,
especially for nests beyond the range of manual sprayers.

c. Move cautiously around the nest, but get close enough
to get an accurate "shot" at it before any wasps can move
away.
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d. If you must treat a nest during the day, wear
protective clothing such as boots, heavy coveralls, veiled
headwear, and heavy gloves. Then, make sure you secure
these items so no wasps get between you and your clothing
(Things like that can ruin your whole day

Although oil solutions may have a quicker impact on the
wasps, don't use them if spray drift represents a danger to
vegetation or treated surfaces. In most situations, it's
probably a better practice to use an emulsion. After the
adults are killed, try to knock down the nest and crush it.
Don't worry if you can't do this, though, since it's not
likely that the larvae and pupae will survive the residual
treatment.

Exercises (C25):

Identify as true (T) or false (F). Correct any false
statements._ 1 Wasp control measures are best conducted in the

daytime when most wasps are away from the nest.

2 Almost any insecticide will control paper wasps
when applied directly to the nest.

_ 3. Oil solutions should always be used against wasp
nests to ensure the quickest possible knockdown.

_ 4 After wasps on a nest are killed, you should try to
knock down the nest and crush it.

2-4. Hornets and First Aid for Stings

Although hornets are a tyre of wasp, they are included in
a separate section because their characteristics are
somewhat different from the other types of pest wasps.

This section covers the characteristics of hornets,
controls for hornets, and the first aid treatment for
hymenopterous stings.

C26. Describe the importance, classification, habits and
control of hornets.

Importance. Although hornets parasitize certain insects
and arachnids, their danger to humans overshadows their
small degree of helpfulness. These insects are quite vicious
and inflict very painful stings, even more painful than
yellow jackets. Of course, the effects of hornet stings
depend on the individuals that have been stung, as other
hymenopterous stings. Hornets are the most feared of all the
hymenopterous insects.

Classification. Hornets belong to the order
Hymenoptera; family Vespidae, as do the more common
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pest wasps. The hornet that is most common and distributed
throughout the United States is the boldfaced hornet
(Vespula maculata).

This species is a large (about 22 mm long), black and
white hornet. It's white markings are the main features that
distinguish it from the true yellow jackets. Also, the thorax
and abdomen are much broader than other wasps and these
parts are not separated as distinctly as the thorax and
abdomen of other wasps.

Habits. Hornets construct paperlike nests as do other
pest wasps, but the nests of hornets are completely enclosed
with a paperlike covering and may resemble a massive
"bloated football" or an inverted teardrop (fig. 2-1) near
the suspended end. Hornets often attach these nests to a tree
limb or beneath any projecting surface.

Control. One of the oldest and most effective ways to
control hornets predates the use of organic insecticides.
You simply affix a torch to the end of a rod of sufficient
length, light it, and hold it up to the bottom of the nest,
holding it in place until the nest is completely burned. Tree
pruners are now available which have hollow telescoping
aluminum handles. This implement is especially good for
this sort of treatment, being light, sturdy, and
nonflammable.

Clearly, with this type of action, you've got to take
proper safety measures. Coordinate your work with the base
fire department and, as a minimum, have a hydraulic
sprayer filled with clean water. Use this to spray the area
surrounding the nest after you've burned it. If the area
around rte nest is brush and dry, you should possibly have
larger equipment available from the fire department.
Additionally, make sure you wear all your protective
clothing as described for wasps.

There are other materials and techniques you can use to
control hornets and other wasps. One product is Wasp

Figure 2-1. Hornet nest.



Freeze, which contains highly volatile solvents and
pyrethrins and is packaged in a pressurized container. This
combination produces almost instant knockdown of insects
hit and is applicable for use against any of the paper wasps,
even ground-nesting wasps such as yellow jackets. No other
insecticide needs to be introduced into the nest, as the
volatile solvents apparently kill all adults present, and the
immature stages die from lack of care.

Exercises (C26):

1. Compare the beneficial and detrimental aspects of
hornets.

2. The most common hornet distributed throughout the
U.S. is the

3. What main characteristic distinguishes the baldfaced
hornet from the true yellow jackets?

4. How do hornet nests differ from those of yellow
jackets?

5. What is the oldest and possibly most effective control
measure for hornets?

What two safety concerns are of primary importance
when you use burning to eliminate a hornet nest?

C27. Describe first aid treatment for hymenopterous
stings.

First Aid for Hymenoptera Stings. Unless you have
received several stings at one time, a good first aid
treatment is normally sufficient. Hcwever, if you have
received many stings or if you are allergic to stings, you
should receive treatment for shock and get medical help as
quickly as possible.

Unlike the wasp and hornet, the bee's ovipositor has
barbs on it. Therefore, when the bee uses it as a weapon,
the stinger, poison sac, and other parts of its anatomy are
torn from its body and remain in the victim. Thus, the first
aid for treating bee stings differs from treatments for wasp
and hornet stings in that the bee stinger must be removed.

To remove the stinger, place the sharp edge of a knife
blade immediately below the sting entrance and position it
flat against the skin with the sharp edge closest to the
exposed portion of the sting. Carefully pull the blade in the
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same direction as the angle of the stinger to avoid breaking
it off. This method prevents squeezing more venom from
the poison sac. Do Not use tweezers.

Once the stinger has been removed, apply a paste of
water and bicarbonate of soda (baking soda) to relieve the
pain.

NOTE: Never rub a sting area. Rubbing only speeds the
flow of venom into the blood and increases the inflamed
area.

Exercises (C27):

1. What action should you take if you get several
hymenopterous strings?

2. How does treatment for a bee sting differ from that for
a wasp or hornet sting?

3. Since the bee stinger has a poison sac attached to it,
you should not try to remove it with

4. After removing the stinger, what action can you take to
relieve pain?

5. Why should you never rub a sting area?

2-5. Spiders

There are only a few spiders that are dangerous to
humans within the United States, but spiders of all types are
probably more feared by humans than any other venomous
arthropod. This fear of spiders is a result of not knowing
their characteristics and not recognizing the few species that
are dangerous.

This section will cover the general characteristics of
spiders, the most medically important spiders within the
United States, spider habits and habitats, as well as
measures you can take to control spiders.

C28. Specify correct statements regarding the
importance of spiders.

Importance of Spiders. Contrary to the popular belief
that most spiders are poisonous and harmful, they are
actually more beneficial than detrimental. Spiders occupy a
wide variety of ecological niches, ranging from treetop
level in tropical rain forests (hunting or wolf spiders), to
positions over well-defined hunting trails, to silk-lined,
underground tunnels .
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All spiders are predaceous. iced I ng largely on insects.
Because of their habits, they can often play an important
role in maintaining the balance of nature and limiting insect
populations. However, dangerously venomous spiders
often occur in or around living quarters. This creates
situations where people may brush against webs or be bitten
while putting on clothing where spiders hide.

The most important species are members of the genera
Atrax in Australia; Harpactirella in South Africa;
Chiracanthium in portions of the Far East and the Pacific
Islands; Glytocranium, Phoneutria, Pamphobeteus,
Ctenus, and Lycosa in some portions of South America; and
Loxosceles in South, Central, and North America. The most
important species that occur within the United States belong
to the genera Latrodectus (widow spiders) and Loxosceles
(brown spiders).

The important spiders within the genus Latrodectus
include the black widow (Latrodectus mactans), the brown
widow (Latrodectus geometrices), and the red widow
(Latrodectus dishoti).

The brown recluse (Loxoceles reclusa) is the only
dangerously poisonous member of the genus Loxosceles
within the United States.

The most important poisonous spider within the United
States is the black widow spider. The bite of the female
black widow spider, although not as important as generally
belLved, can produce deaththe death rate being about 5
percent. Although very young children or the very aged are
supposed to be most susceptible to black widow spider
venom, most U.S. deaths occur among males bitten in the
genital area, usually while using outdoor privies. Most of
these deaths are among migrant workers in the California
v;igetable fields. The male black widow spider has very
little venom and the mouthparts are not strong enough to
penetrate human skin.

Both sexes of the brown recluse can inflict poisonous
bites to mammals. The typical reaction to its bite is necrosis
(killed tissue) at the site of the bite. The victim may not
know he or she had been bitten for 2 or 3 hours, or a painful
reaction may occur immediately. This stinging sensation
usually leads to intense pain. A small blister usually rises
and a large area around the bite becomes congested and
swollen. The patient may become restless, feverish, and
have difficulty in sleeping. The local pain is frequently
quite intense and the area surrounding the bite remains
congested and hard to the touch for some time. The tissue
affected locally by the venom is killed and gradually
sloughs away, exposing the underlying muscles. The edges
of the wound thicken and are raised while the central area is
filled by dense scar tissue. Healing occurs quite slowly and
may take 6 to 8 weeks. The end result is a sunken scar
which has been described as resembling a hole punched or
scooped from the body. Scars ranging from the size of a
penny to a half-dollar have been reported. The necrotic
condition described above is typical of all bites of the brown
recluse, but in some cases a general systemic reaction may
occur. Luckily, this tendency seems to occur rarely and is
usually the result of a "full" bite (i.e., the injection of a
maximum amount of venom). or extreme sensitivity to the
venom. This general reaction to the bite of the brown
recluse usually requires hosnita1i7ation. Those in poor

general physical condition, young children, and older
people are more likely to be affected seriously by the bite of
the brown recluse.

Exercises (C28):

Identify the statements below as true (T) or false (F) and
correct any false statements.

1 Spiders are considerably more beneficial than
detrimental.

_ 2 All spiders are poisonous and predacec us.

_ 3 Spiders play an important role in limiting the insec
population.

_ 4 Dangerously venomous spiders occur in a very few
areas of the world.

_ 5 The most important poisonous spider in the United
States is the brown recluse.

_ 6 The male black widow spider has very little venom
and the mouthparts are not sufficiently strong to
penetrate the skin of humans.

_ 7 The female brown recluse is the only one of the
species which is poisonous.

_ 8 The full bite of a brown recluse is no more serious
than a partial bite.

_ 9 The very old or the very young are likely to be
affected most seriously by the bite of a brown
recluse.

C29. Describe details regarding spider classification and
characteristics.

Classification and Characteristics. Spiders belong to
the order Araneida in the class Arachnida. They are found
worldwide, but most live in the temperate and tropical
zones.



Many spiders use their poison to paralyze their prey.
Although the venom is sufficient for this purpose with
insects and some small animals, humans are not generally
bothered. Very few spiders have mouthparts that can
penetrate the skin of humans, and most of these that do
have venom can produce only local symptoms or an
occasional allergic reaction.

Spiders, like other arachnids, have eight legs, no wings,
and no antennae. Unlike scorpions, ticks, and mites,
spiders (fig. 2-2) have an unsegmentci abdomen attached to
the cephalothorax by a sho:t pedicel or stalk. The eyes are
simple, usually eight grouped together or separated across
the head. The head also has a pair of antennalike or Icg like
pedipalps and a pail of chelicerae with fangs. There are
many types of spiders with considerable variation in size,
color, locomotion, web-spinning characteristics, methods
of hunting and catching prey, shelter-seeking, and other
distinctive characteristics. After they hatch from eggs,
immature spiders pass through several instars before
reaching sexual maturity. Typically, females pass through
more instars than do males. The lifespan varies with such
factors as food supply, natural enemies, temperature, and
humidity.

Exercises (C29):

1. in what zones are spiders generally found?

2. How do many spiders use their poison?

3. The venom of most spiders is sufficient as far as
insects and small animals are concerned, but

are not generally bothered by the venom
of most spiders.

4. Very few spiders have that can
penetrate the of humans.

5. Typically, female spiders pass through more
than males.

C30. Identify spider characteristIcs regarding their
identification and habits.

Black Wklow Spkler. The female black widow spider
(Lactrodectus mactans) is 12 to 14 millimeters in length
tile the male is about half that size. The entire body is

usually a bright, shiny black (fig, 2-2) except for the
markings; however, on some specimens the thorax and legs
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Figure 2-2. Black widow spider.

may be a dark brown. There are short, black hairs covering
the body and legs but they are so fine you won't usually
notice them. On the underside of the abdomen, the female
has an hourglass-shaped spot which is usually a bright red,
although orange to cream colors may occur on those found
in some geographical areas. In addition, the males have
rows of red spots and diagonal yellowish stripes of various
straw-colored markings on the upper surface of the
abdomen. These markings may be present in various
combinations. The legs may be alternately pale and black
banded. Immature females vary in their markings so that
their appearance may be a cross between that of the adult
male and female.

The female black widow produces several sacs with an
average of some 200 eggs each in round, creamy-white
cases attached to her web. The eggs usually hatch in 2 to 4
weeks to very tiny, gray, active spiders which are
cannibalistic. The eggs are usually laid during the summer
and the young forms reach maturity the following spring.
These spiders are found on the underside of privy seats, in
piles of lumber and trash, and in empty paint cans and
buckets. People frequently find them beneath houses in
some areas, and they may occur in storerooms and garages.
The web is extremely irregular and very loosely woven, and
the tube into which the female retires is not in plain view.
Black widows live in dark areas and generally avoid light.
Their normal food is insects, and they usually bite people
only if they are disturbed.

Brown Widow Spider. The female brown widow spider
(Lactrodectus geometrf, is usually brown to grey in
color and has the resi-to-urange hourglass marking typical
of widow spiders. At present, this spider is found only in
Florida on or near buildings.

Unlike the egg sacs of a black widow spider, those of the
brown widow are tufted and fluffy and honey gold in color.

Red Widow Spider. The female red widow spider
(Latrodectus bishopi) is quite different in color ftom other
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widow spiders. The legs and cephalothorax are generally
reddish brown and the abdomen is basically dark brown
splotched with yellow and has a red-to-orange spot on the
underside, unlike the hourglass marking that is typical of
other widow spiders.

The only place this spider is found at present is in the
palmettos and scrub-pines of southern and central Florida.
The egg sacs of this spider are generally white, smooth, and
round.

Northern Widow Spider. The female northern widow
spidcr (Lactrodectus variolus) is very similar in color to the
blatk widow spider except it is not shiny black but, instead,
is smokey black.

This spider is distributed from northern Florida to
southern Canada and is very common in British Columbia.
It is generally found in isolated woods, in tree stumps, and
in brick or stone walls.

The egg sacs of the northern widow spider are paperlike
and brown in color.

Brown Recluse Spider. The brown recluse spider
(Loxosceles recluca) is of medium size, measuring about 10
to 15 millimeters long and 5 to 7 millimeters across. The
legs are long and both legs and body are covered with
minute brown hairs but appear almost bare to the unaided
eye. The body color varies from light greyish brown to dark
brown. The most distinguishing mark is the dark fiddle-
shaped band on the anterior portion of the carapace, which
narrows to a thin centerline exteading almost to the
abdomen (fig. 2-3). Unlike most spiders, this species and
its close relatives have six instead of eight eyes.

The brown recluse spins a mediun-,-sized irregular web
with a maze of threads extending in all directions without
definite pattern or plan. The web fibers tend to be very
viscid, or sticky. In the laboratory this spider often
constructs a retreat of loose silk in one part of its web. For a
retreat in winter in its out-of-doors habitat, the brown
recluse spins a tube of thick silk which somewhat resembles
the hibernation retreat made by jumping spiders. Females
usually produce more than one egg sack with a maximum
production of five. Egg production averages about 135 with
hatching occurring in 2 weeks. The setae of the young are
very dark; the abdomen is yellow/brown; and the rest of the
body color is pale tan. Except for the "fiddle" pattern not
being evident on the carapace, the spiderlings resemble the
adult. There are eight instars in the development to the adult
stage, the first one occurring within the egg sac and all
others outside. The duration of the second through the
eighth instars is variable, sometimes extending for as long
as 200 days. Indoors these spiders are commonly found in
houses and associated buildings, boiler houses, schools,
churches, libraries stores, and other such buildings.
Because the spiders are sedentary and avoid the light they
are seldom seen, but they can be found in almost any place
that has been relatively undisturbed for a long period of
time, such as behind pictures, beneath and behind furniture,
in boxes of toys, in clothing, and among stored papers.
Even though the brown recluse is most often found in and
around houses, its natural habitat seems to be out of doors,
at least in the southern part of its range. In outdoor locations
it has been found beneath flat rocks, under loose bark, in
crevices of old decaying logs, and in trash piles.

Exerdses (C30):

I. Match each type of spider in column B with its
description in column A. Items in column B may be
used more than once and may apply to more than one
description.
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Column A Column 6'

(1) The male is about half the a. Red widow.
size of the female. b. Brown

(2) Red to orange hourglass recluse.
marking. C. Black widow.

(3) Red to or tl. ge marking d. Northern
unlike the hourglass. widow.

(4) Covered with minute e. Brown
brown hairs. widow.

(5) Young spiders are canni-
balistic.

(6) Found in palmetto and
scrub-pines of southern and
central Florida.

(7) Smokey black instead of
shiny.

(8) Fiddle-shaped marking on
the anterior portion of the
carapace.

(9) Found in Florida.

2. The female black widow produces several sacs with an
average of eggs each.

3. How long does it usually take black widow eggs to
hatch?

4. When do black widows usually lay their eggs and
when do the young reach maturity?

5. List the areas where black widows are usually found.

6 The normal food of the black widow is
, and they usually bite people only

if

7. What is th- most distinguishing mark of the brown
recluse spider?



Figure 2-3. Brown recluse spider.

8. The female recluse usually produces more than
egg sac with a maximum production of

9. Indoors, where is the brown recluse commonly found?

10. Why are brown recluses seldom seem?

11. Although often found in houses, rto natural habitat of
the brown recluse seems ri be

C31. Identify proper controi measures for spiders.

Controlling Spiders. Cultural coutrol Trof 'hods, such as
eliminating all possible breeding area.a, are of considerable
value in eliminating black widow and other spiders. Take
care to destroy the webs in buildings ar.d inhabited areas
and to kill the spiders by crushing or with iisecticides. You
should always destroy the egg sacs found in the wets s;nce

as many as 300 young spiders may emerge from a single
sac.

Indoor spider control may involve nothing more than
vacuuming up the spiders and their webs and egg sacs.
Space treat. nents of I percent DDVP, 0.25 percent
synergized pyrethrins, or 0.25 percent Resmethrin are often
useful for clean outs, and for eliminating outdoor species
found indoors. If spiders are breeding indoors or if outdoor
species are migrating indoors, you can use residual sprays
of I percent Baygon, I percent Diazinon. 0.5 percent.
Dursban, 3 percent Malathion, or 2 percent Sevin. Spray all
areas where you find spiders and pay particular attention to
dark corners. Two percent Diazinon dust may be useful in
crawl spaces and attics.

You'll need to conduct an outdoor treatment to control
spiders which migrate inside or to eliminate spiders on
porches, under eaves, and other areas outside the building.
Occasionally, area treatments are necessary to eliminate
heavy infestations. The residual sprays listed above are also
recommended for use outdoors.

Controlling black widows. You'll generally find the
black widow in its irregular-shaped web near the ground.
Common web sites are under stones, loose bark, in water
faucets or woodpiles, rodent burrows, garages, storage
buildings, etc. Most human envenornizations occur when
the spider is inadvertently trapped against part of the body
or when the web is accidentally touched.

Frequent cleaning to remove spiders and their webs from
buildings and outdoor living areas by building occupants
will decrease the possibility of accidental bites. Routinely
hose-washing potential spider habitats, such as under steps
and around windows and doors, will discourage the black
widow from living in these places. When you must work in
spider-infested areas, wear gloves and a long-sleeved shirt.
If warranted, you may treat the outside or inside of a
building with an approved insecticide, as described above.
Apply the spray around windows, stairs, closets, or other
spider habitats, both indoors and outdoors according to
instructions on the pesticide label.

Controlling brown recluses. Within its range, the brown
recluse spider will readily establish populations inside parts
of buildings which are generally dry, littered, and
undisturbed for long periods of time. The spider also can be
found outside in protected areas (under rocks and loose
bark). Members of this species are nonaggressive and
normally try to escape whenever they are threatened. Thus,
most instances of bites occur when the spider is
inadvertently trapped, such as when the victim puts on
clothing in which the spider is hiding, steps on a wandering
spider at night, or cleans closets or other storage areas
where the spider lives.

Any of the following actions will help building residents
prevent contact with the brown recluse spider: shake out
clothing and bedding before use; eliminate collections of
papers and unused boxes; thoroughly clean beneath and
behind furniture; remove spiders, webs, and egg cases from
living and storage areas; and properly use appropriate
general use insecticides.
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Exercises (C31):

1. List areas where you may typically find black widow
spiders and their nests.

2. What action should building occupants periodically
take to control black widow spiders?

3. When applying residual pesticides for black widow
control, where should you treat'?

4. List the areas where you may typically find the brown
recluse.

5. What controls will help protect occupants from contact
with brown recluse spiders?

Identify these statements as being true or false; correct any
false ones.

6 Cultural controls can be of considerable value
in controlling spiders.

7 Spider egg sacs need not be destroyed since
young spiders will not survive without adult
care.

8 Space treatments may be used indoors or
outdoors to control spiders.

9 Area treatments outdoors may occasionally be
needed to control large spider populations
around buildings.

2-6. Scorpions

Scorpions are most common in the southern regions of
the United States from the Pacific to the Atlan. Most
scorpions within the United States are categorizea as pests
within buildings and outdoor areas commonly used by
people. There is only one scorpion of medical importance
within the United States.

This section covers the importance, description, habits,
and habitats of sco!pions. You wiE also learn about the
controls and first aid treatment for scorpions.

C32. Identify details regarding the importance of
scorpions.

Importance of 'icorpions. There are 4 families of
scorpions with ovei 300 sycies distributed throughout the
tropics, subtropics, and temperate regions of the world.

Many scorpions invade dwellings in search of food or
shelter. Others are normally found in the locations
frequented by humus. While nlost scorpions can cause
only painful stings, some species cause many deaths. The
medical importance of a scorpion is determined by its habits
and venom potency, not by its size. Some of the most
dangerous species seldom attain a length of more than 7.5
cer, imeters. In contrast, stings by scorpions 12 to 15
cer.imeters long may produce only temporary local pain in
humans.

Most scorpions of medical importance are members of
genus Centruroides in portions of the Southwestern United
States and throughout Mexico; genus Tityus in Central and
South America; genera I: ,thus and Androctonus in the
Middle East and North Africa, and genus Perabuthus in
South Africa. Dangerous venomous species may also occur
in other sparsely settled portions of Africa and Southeast
Asia where no meaningful clinical records are kept.
Centruroides sculpturatus is the only dangerously
poisonous scorpion known to occur in the United States; it's
found mainly in southern Arizona and parts of neighboring
states.

Exercises (C32):

1. Place the letter X in the provided space before each
true statement .

(1)There are over 300 spec'es of scorpions.
(2)The only poisonous scorpion in the United

States is found mainly in southern Arizona
and parts of neighboring states.

(3)Some of the most dangerous species of
scorpions usually attain a length of more than
15 centimeters.

(4) Many scorpions invade dwellings in search of
food or shelter.

(5)The medical importance of a scorpion is
determined by its habits and venom potency,
not by its size.

C33. Cite details regarding scorpion identification and
habits.

Identification, and Habits of Important Scorpions.
Scorpions belong to the order Scorpionida in the class
Arachnida. They have four pairs of legs and one pair of
large claws, or pedipalps. The body has two divisionsthe
anterior, unsegmented cephalothorax and the posterior,
segmented abdomen. The last six abdominal segments form
the "tail," with the end segment modified in the form of a
hooked stinger (fig. 2-4). The end segment, or telson, has
two poison glands. The tail is carried arched over the back,
and the stinger is inserted into a victim by a quick forward
thrust. The venom is ejected through the needle-sharp,
hollow stinger. Adult scorpions vary in length from less
than an inch to 3 inches or more. Colors vary from nearly
black to straw-color. Some scorpions are striped and most
have smooth bodies, though some are hairy.
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Figure 2-4. A scorpion.

Poisonous scorpions in the United States are 2-3 inches
long and straw yellow in color. The length is 5 to 8
centimeters and the width of the cephalothorax is about 6
millimeters. The tail is about 1.5 millimeters in diameter
and bears a subaculear tooth at the base of the stinger. The
pedipalps are long and slender.

Scorpions do not lay eggs, but give birth to living young.
The young are carried for some time on the back of the
female. Scorpions are nocturnal and are seldom seen during
the day unless they are disturbed in their hiding places. The
most common poisonous species in the United States,
Centruroides sculpturatus, is frequently found under loose
bark of various trees, particularly eucalyptus and
cottonwood, or under old logs and rocks. They are found
occasionally on outside walls, particularly on buildings
where a large amount of water is present, zuch as
washhouses. They are also frequently found under wet
rags, in folds of newspaper and magazines, and
occasionally on clothing taken from a clothes basket.
Indoors, scorpions are found in areas where insects are
plentiful, such as under the house, ir -.ttics, or in hollow
walls. In some buildings, scorpions may be found more or
less routinely, which indicates that they are breeding in the
area. However, if they only appear once or twice a year
they are probably being brought into the house in packages
of vegetables, boxes, and firewood.

Exercises (C33):

I. Scorpions have pairs of
legs and pair of large claws or
pedipalps.
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2. The body has divisions: the anterior,
celphalothorax, and the posterior

abdomen.

3. The last six abdominal segments form the
, with the end segment modified in the

form of a hooked

4. The poisonous scorpion occurring within the United
States is in
color.

5. Scorpions are and are
seldom seen during the day.

6. Scorpions are found occasionally on outside walls,
particularly on buildings where a large amount of

is present.

7. Indoors, scorpions are found in areas where insects are
plentiful, such as under the , in

or in hollow

C34. State control measures for scorpions.

Controlling Scorpions. Avoidance is the best control
method for scorpions, and this includes:

Picking up objects carefully so as not to be stung by
the scorpions which may hide beneath them.
Emptying shoes and slippers vigorously before putting
them on.
Not walking around barefooted after dark.
Shaking out clothing.

Home occupants shouldn't dump clothing on the floor
but should carefully hang them preferably away from the
wall. Folded bedding may also serve as hiding places for
scorpions. Beds in heavily infested areas should be kept
away from the walls; and in some cases it may be necessary
to place the legs of the bed in clean, widemouthed glass
jars. These jars should not have water in them, as this might
lead to mosquito breeding.

General cleanup of trash piles by building occupants, will
help control scorpions by cutting down on their hiding
places. Remember that insects are the principal food for
scorpions, and that killing such insects, particularly those
that live on the ground, will be of benefit. Scorpions can go
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into hiding for 2 or 3 months after a period of abundant
food, and can live as long as 6 months without food or
water. Many species require from 3 to 5 years to reach
maturity; thus, hunting out and destroying these animals on
a regular basis will cut down on their numbers enormously.

Trapping scorpions can be done in heavily infested areas
by dampening a burlap sack or other piece of heavy, coarse
cloth and spreading it on the ground in the evening.
Scorpions will crawl under it during the night and can then
be easily destroyed the next morning.

Many attempts have been made to control scorpions by
using fogs, mists, and aerosols. Generally speaking, these
methods are of very little value because of the scorpion's
habit of hiding in cracks and crevices which are seldom
reached by such treatments. Residual spraying or dusting of
breeding areas with Diazinon or Propoxur gives good
control.

Exercises (C34):

1. The principal food for scorpions is

2. How long can scorpions go into hiding after a period of
abundant food?

3. How does general cleanup of trash piles by building
occupants help control scorpions?

4. How can trapping scorpions be carried out in heavily
infested areas?

5. What two pesticides are used to control scorpions?

C35. Specify first aid procedures for scorpion stings.

First Aid for Scorpion Stings. Follow the procedures
below for a victim stung by a poisonous scorpion:

(1) Immediately after the sting, place a ligature (a
tourniquet) between the sting and the body. Tie it as near to
the sting as possible to prevent rapid absorption of the
venom. A shoelace or something equally slender makes a
good ligature, but a handkerchief is poor. Loosen the
ligature briefly every 3 to 5 minutes.

(2) Put an ice park directly on the site of this sting and
have the victim hold it there.

(3) Antivenins are available for poisonous U.S. and
Mexican species and some others; thus, professional
medical assistance must be obtained as soon as possible.
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Exercises (C35):

1. What should you do for a victim stung by a poisonous
scorpion?

2. A piece of should
be placed directly on the site of the sting.

3. The ligature must be loosened every to
minutes.

4. What is available for the poisonous U.S. and Mexican
species of scorpions?

5. Even if first aid has been rendered what should you do
for victims stung by poisonous species of scorpions?

2-7. Other Venomous Arthropods

's section identifies venomous arthropods of less
medical importance than those already covered in this
chapter. They are less significant because they do not attack
often and are not very toxic to humans. The arthropods
covered here are centipedes, millipedes, conenoses,
caterpillars, and moths. You will also learn about control
measures for them.

Centipedes belong to the class Chilonoda. Millipedes
belong to the class Diplopoda. Both found mostly in the
tropical, subtropical, and warm-temperature regions of the
world. They are all predaceous, and have well-developed
poison glands for killing their prey.

Conenoses, also known as assassin bugs, belong to the
class Hexapoda, order Hemiptera, and the family
Reduviidae . They are carnivorous insects and are generally
predaceous to other insects and to arachnids.

Caterpillars are the larvae of moths and butterflies, and
are in the order Lepidoptera. In the United States, there are
10 families with species troublesome to humans. There are
many more irritating species scattered widely throughout
the world. Our discussion will begin with centipedes.

C36. Differentiate between identifying characteristics
and toxic effects of venomous arthropods.

Centipedes. Centipedes are flattened dorsoventrally.
The body is made up of a distinct head and 15 to :70 or
more similar segments. Each segment has one pair of
tracheal openings and one pair of strong mandibles, and two
pairs of maxillae. Individuals of some species attain a



length of 25 centimeters or more. Adults of several species
have shining greenish or blackish bodies, and orange or red
legs and heads. Some are yellowish with dull red,
longitudinal bands. Some centipedes are markedly
phosphorescent. Sexes of centipedes are distinct, and the
females either lay eggs or give birth to live young. The
young resemble the adults, having about the same number
of segments.

Centipedes differ from millipedes (class Diplopoda),
which have two pairs of legs on each body segment, a
nearly rounded rather than flattened body, and which feed
principally on decaying vegetation. Centipedes hide by day
under stones, rubbish, leaves, logs, and in other dark areas.
They feed by night on earthworms, insects, mice, or
lizards, depending on their size. They kill or paralyze their
prey quickly with venom and chew it for ingestion with
their mandibles. The common, long-legged house
centipede (Scutigera forceps) is usually regarded as quite
beneficial because it feeds on household insects.

Importance. Most centipedes are harmless, since only a
small number have fangs strong enough to penetrate human
skin. They bite large animals only in self-defense. The
secretion injected is primarily a digestive enzyme,
containing only a small proportion of venom. The amount
of this material introduced depends somewhat on the size of
the centipede and on the time elapsed since the fangs were
last used. The small, fast-running, house centipede
(Scutigera cleoptrata) has been known to pierce the skin
and cause pain. The larger house centipede (Scutigera
forceps) can bite and cause intense local pain. Other
centipedes can also inflict very painful bites. The 25-
centimeter Scolopendra gigantea of the tropics is
considered very poisonous, its bite sometimes requiring
hospitalization of victims.

Effects and first aid. Centipede bites may cause local
pain, erythema (abnormal redness), hardening of the skin,
formation of papules, rash, swelling, purple patches, and
swollen axillary glands, but such symptoms usually subside
within 24 hours if the wound is unink ted. No deaths have
beeh recorded from the bites. Treatment usually consists of
locally applied agents, such as weak ammonia, compresses
of sodium bicarbonate, or epsom salts to relieve pain.

Millipedes. Millipedes are more cylindrical than flat.
The body is made up of a distinct head and a trunk that
consists of several segments. Each trunk segment has two
pairs of jointed walking legs which lack poison claws. The
head has a pair of short antennae, a pair of mandibles, and
two pairs of maxillae.

Millepedes range in size from less than 2.5 millimeters to
16 centimeters. They are slow moving despite numerous
legs, and are nocturnal, secretive, vegetarian, and
terrestrial. They lay eggs, and the young resemble the
adults but have fewer abdominal segments and only three
pairs of walking legs.

Importance. Millipedes may be accidental parasites of
humans, inhabiting the intestinal and urinary tracts. Some
produce offensive fluids from paired glands located in the
abdomen. These fluids have sometimes produced a
dermatitis in humans.

First aid. Victims contaminated with the fluid excreted
by millipedes should deluge the contaminated area with
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soap and water immediately. This will remove the fluid and
should be all that's needed.

Conenoses (Assassin Bugs). Conenoses have a cone-
shaped head, with a three-jointed proboscis that is carried in
a fclded position close to the body (fig. 2-5). When
disturbed, it projects the proboscis forward in a manner
similar to a spring that has been bent over and has had one
end released. Conenoses range in size from 12 to 25
millimeters and are basically brown in color. Some have
wide white to yellow spots on each side of the abdomen.
The wings are about as long as the abdomen and are folded
one on top of the other.

These insects are attracted to lights at night and will
commonly enter buildings. They are blood-sucking insects
that usually feed upon other insects although they will
readily feed on mammals, including humans. Some specie
have been so persistent in human bedding that they are
commonly known as Mexican bedbugs. Conenoses can
produce a very severe reaction through their bites to humans
even though the bite might not be felt as it is occurring.

Conenoses lay their eggs on piants in outdoor areas, but,
inside, they lay the eggs in dark and dusty cracks, crevices,
and corners. The eggs hatch into nymphs which pass
through eight nymphal instars before they reach the adult
stage.

Importance. For the most part, conenbses are beneficial
to humans in that they attack other insects and are known to
be predaceous upon bedbugs. However, they are also
known to be vectors of Chagas' disease, and they produce a
very strong hemolytic-neurotoxin venom. Their bites may
not even be recognized (because of the anesthetizing effect)
until the insects have completed their feeding, which might
last anywhere from 3 to 7 minutes.
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Figure 2-5. A conenose (Triatoma spp.).



Effects and first aid. There may be no reaction to the bite
of a conenose by some individuals. but to others, the
reaction might be severe with the effects of the venom
lasting for several months. The venom produced by
conenoses is hemolytic and neurotoxic. You shoukl treat
the bite area with iodine to prevent secondary infection.
Place a paste of bicarbonate of soda and water over the bite
area along with an :ce pack to localize the venom and to
give temporary relief until you can get professional medical
assistance.

CaterpiHars and Moths. The larvae of sorne moths and
butterflies have large spines which, while harmless, create
the false impression that the caterpillars are dangerous. On
the other hand, most of the caterpillars with urticating or
nettling hairs appear harmless. Some are actually attractive,
being strikingly colored. Lepidoptera exhibit complete
metamorphosis. The caterpillars hatch from eggs, and,
upon maturity, transform to pupae. Most species of moths
spin cocoons where they pupate. After pupation, the
sexually mature adult emerges. Most adults are capable of
flight, but some females are wingless.

While the medical importance is due mainly to urticating
hairs, some caterpillars, such as the larvae of the cabbage
butterfly (Pieris brassicae), have poisonous
body fluids which produce intestinal inflammation and
death in cattle which may eat the caterpillars with their
food. One caterpillar, the mealworm (Asopia farinalis), can
act as the intermediate host of the rat tapeworm
(Hymenolepis diminuta) which occasionally infests
humans. Ophth.a;mia nodosa is a disease of the conjunctiva,
cornea, or iris of the eye caused by nettling hairs. In a few
cases, the adult Lepidoptera have nettling hairs; but in some
of these eases, these are larval hairs adhering to the adult.
Symptoms produced by the urticating hairs differ with the
species of moths and with the individual reaction
differences of the victims. Cases of caterpillar rash are
more widespread than peonle commonly think, and can be
easily misdiagnosed in areas where they aren't common.
The venom of caterpillars is produced in glands located at
the bases of hairs, sometimes outside the body surface.
These may occur singly or in clusters of tubercles on the
body of the insect. When a victim contacts the spines, the
venom may emerge through an opening at the tip of the
spine; or a portion of the hair or spine may break off in the
wound, thus releasing the venom. The more important
venomous Lepidoptera are described below.

Puss caterpillar. The puss caterpillar is about 1 inch long
when full grown. It has a thick, fleshy body completely
covered and hidden by long silken hairs of a tawny-to-
grayish greyish color (fig. 2-6). The upper side appears to
have a convex form. Under the long hairs are numerous
short spines in rows on tuberculate ridges and connected
with underlying hypodermal poison glands. This species is
quite common in the Southern States, and at times becomes
very abundant. At such times a great many cases of stinging
have received medical attention. Schools have been closed
in son- areas until the caterpillar was brought under
contr6 The severity of the symptoms depends largely upon
indivL,441 reactions. The initial reaction is usually an
inten t.. burning pain immediately after contact. This is

followed by raised papules and reddening. then hy
generalized swelling and ,iumblicss which may be
accompanied by nausea and vomiting. Sting, on the wrist
have resulted in swelling of the entire arm to ahout double
size. Fever and symptoms or nervous disorder are not
uncommon in children.

Brown-tail moth. The brown-tail moth larva is about 3.8
centimeters long. The head is light brown; the body is dark
brown to almost black with a broken white line im either
side and two conspicuous reddish spots cm the back near the
posterior end. Numerous tubercles with long. barbed hairs
and with short, brown hairs between arc located on the back
and sides of the b dy. This insect is a serious pest of fruit
and shade trees in the Northeastern States. The larvae arc
the most notorious of our poisonous caterpillars. Short,
barbed hairs are easily lost by the caterpillar. Further, the
cocoons and even adult moths harbor these hairs which are
easily carried by wind currents. On striking the skin, these
hairs cause intense itching on exposed parts of the victim's
body. They adhere to clothes drying on the line; then they
cause severe dermatitis when the clothing is worn.
Ingestion of these hairs by swallowing or inhaling can cause
serious internal disturbances and injury. Nodular
conjuctivitis is caused by hairs that get into eyes.

White-marked tussock moth. This moth has a larva
which is considered one of our most beautiful caterpillars.
The head and the glands of the sixth and seventh abdominal
segme:its are a bright vermillion. A band on the back is
velvety black, bordered with yellow, subdorsal stripes.
There is another yellow band on each s:de just below the
spiracles. On each side of the prothorax there is a slender
tuft of long, black hairs with plumelike tips. A similar brush
is located on the back of the eighth abdominal segment. The
first four abdominal segment have dense, brushlike tufts of
cream colored or white hairs. This moth is a general feeder
on foilage of deciduous trees and shrubs, and is often a
serious pest of shade and fruit trees. It is found from
Colorado to the Eastern States. The short barbed hairs can
cause considerable skin irritation. The nettling hairs are
found on all stages of the larvae. They are scattered over the
body in the first two instars, while they are localized in the
white dorsal tussocks of the first four abdominal segments
in the later stages. The hairs are interwoven in the cocoons
at the time of pupation.

10 Moth. This moth is widely distributed throughout the
Eastern and Central States. The larva is probably the most
generally known of the nettling caterpillars in the United
States. It feeds on a wide variety of food plants, including
willow and even corn. The full-grown larva is about 6.4
centimeters long. It is pale green with sublateral stripes of
red and cream (fig. 2-7). N,imerous green spines, with a
ft black ones among them, radiate from tubercles on the
body creating a mossy appearance. Some of the long spines
have hairs, but the poison spines have peglike tips and are
connected with very large venom glands. These spines do
not normally break off and drift with the wind as do the
spines of some caterp;lars. Only the tip breaks in the
wound. Direct contact with the larva and its nettling spines
is normally required to produce the intense itching caused
by the venom.
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Figure 2-6. Puss caterpillar (Megalopyge opercularis).

Saddle-back caterpillar. This caterpillar is found
throughout the Central, Eastern, and Southern States where
it feeds on a wide variety of forest and fruit trees.
However, it is not normally numerous in any location. It
has a purplish-brown spot surrounded by a large green patch
on the back giving the appearance of a dark saddle on a
green saddle blanket (fig. 2-8). It has tufts of bristling stout
spines with acutely pointed tips. The spines are connected
with poison glands. The spine tips break off in the skin; and
the venom is forced into the wound. The poison affects
some people severely, causing extreme pain.

Exercises (C36):

1. Match the arthropods listed in column B to their
appropriate description in column A. Column B items
may be used more than once.

Column A

_ (1) Generally feeds on foli-
age of deciduous trees.

(2) Purplish-brown spot sur-
rounded by large green
patch._ (3) Carnivorous insect and is
generally predaceous to
other insects.

(4) More cylindrical than flat._ (5) Flattened dorsoventrally.
(6) Poison spines have peg-

like tips connected with
very large venom gland.

(7) Spines are connected to
poison gland.

(8) Youths resemble adults.
(9) Has cone-shaped head

with three-jointed pro-
boscis that is carried in a
folded position close to
the body.

(10) Two pairs of legs on each
body segment.

(11) Serious pest of fruit and
shade trees in the
Northeastern States.

a.
b.
c.
d.

e.

f.

g.
h.

Column B

Centipede.
Millipede.
Conenose.
Puss caterpil-
lar.
Erown-tail
moth.
White-marked
tussock.
10 moth.
Saddle-back
caterpillar.

Figure 2-7.10 Moth caterpillar (Automeris io).

Column A

(12) Under long hairs are
numerous short spines
connected to undei lying
hypodermal glands.

(13) Pale green with sublateral
strips of red and cream.

(14) The head is light brown;
the body is brown to
almost black.

(15) Head and glands of the
sixth and seventh abdomi-
nal segment are bright
vermillion.

(16) Thick, fleshy body com-
pletely covered and hid-
den by long hairs of
tawny-to-grayish color.

Column L'

C37. Identify control measures for miscellaneous
venomous arthropods.

Controlling Miscellaneous Venomous Arthropods.
This lesson outlines measures you can use to control
centipedes, millipedes, conenoses, and venomous
caterpillars and moths.

Controlling centipedes and millipedes. About the only
preventive measures recommended for avoiding these
insects' bites are proper screening to keep them out of
buildings and caution while disposing of them. Troops on
duty in areas where large centipedes are prevalent should be
advised not to touch them or attempt to catch them.
Fortunately, large centipedes are seldom, if ever, so
numerous as to necessitate special control measures.
Properly fitting doors and good screening should keep
centipedes and millipedes out of living quarters. Troops in

Figure 2-8. Saddleback caterpillar (sibine stimulea).
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the field should use caution in putting on boots and other
clothing which may have been on the ground overnight.
Presence of centipedes aria millipedes in tents in tropical
areas is a good reason for sleeping in a properly "tucked-
in" bed net. Contact sprays will kill centipedes and
millipedes. Residual sprays are moderately effective.

Controlling conenoses. Since conenoses fly readily and
are attracted to lights, it is imperative that buildings are
properly screened. Doors and windows should fit snugly in
their frames.

If a conenose happens to get on you and you are aware of
it, brush it off gently and swiftly to prevent being bitten.

Where conenoses are abundant, you can apply residuals
around doorways, window frames, and around lighting. Be
sure to use an insecticide recommended for this type of
treatment and apply it according to label instructions.

Controlling caterpdlars and moths. Control measures
for these venomous arthropods are the same as those used to
control ornamental and turf pests which were discussed in
Volume 5. When you use chemical control measures for
those caterpillars that easily shed their nettling spines, you
should try to kill them in the shortest possible time. Slowly
dying caterpillars move contortedly and will shed many
hairs and spines before they die.

Exercises (C37):
1. Proper screening is an effective deterrent to

infestations of what pests?

2. Which pest seldom requires special control measures
since they are rarely numerous.

3. Where should residual insecticides be applied to
control conenoses?

4. Caterpillar and moth controls are the same as for what
other pests?

5. For caterpillars that easliy shed their nettling spines,
why should you try to kill them in the shortest possible
time?

2-8. Snakes

In this section, you will learn about the identifying
characteristics of poisonous snakes within the United
States. This section will also give you information about
snake habits, habitats, and bite symptoms, as well as the
first aid treatment for snakebites.

C38. Identify general facts regarding snakes.

Facts About Snakes. Snakes are important in
maintaining the balance of nature. They control destructive
animals, such as field mice and other rodents. They have
aesthetic value or beauty in themselves, just as birds do,
and they are a very interesting group. Many have
commercial value, the skins of which are used in making
leather goods.

Snakes belonging to the families Crotalidae and Elapidae
are poisonous; however, fatalities resulting from snake bites
in the Unites States have never been high, considering the
size of the country and its large population.

Fear of snakes is due to a lack of knowledge concerning
the identification of poisonous snakes and some of the
fallacies (not facts) that have been passed down through
generations. The following are some of the common
fallacies and facts about snakes:

a. Snakes are slimy. This is not true. Snakes are actually
cleaner than we are. They have hard, glossy shields and
scales covering their bodies. For this reason, they appear
slimy.

b. The forked tongue of some snakes is poisonous. No,
the tongue is a harmless organ which is not poisonous (in
even the poisonous species) and is a highly sensitive organ
of taste and smell. It also detects vibrations.

c. The tails of some snakes sting or have poisonous
properties. Some snakes such as the "horn snake" (the
correct name of which is the mud snake) have hard, scaley,
and pointed tails which they will deliberately press against
your hand when you restrain them but their tails are not
poisonous.

d. Some kinds ,if snakes commonly attack people. There
have been two recorded instances of snakes having made
unprovoked, offensive movements toward people. One was
a black snake with her young and the other was an eastern
diamondback rattlesnake with her young. Both snakes were
in an enclosed area. Snakes are a!so prone to bite if they are
disturbed when shedding skin and during the breeding
period.

e. The glass snake is a snake. It is not a snake but a lizard
with a tail twice as long as its body. The tail will grow back
if it's broken off.

f. Snakes can charm birds. No, the bird is either frozen
with fear or it's pretending it is hurt to draw the snake away
from its young.

g. A snake will not cross a horsehair rope. A horsehair
rope does not stop a snake.

h. Snakes take milk from a cow. Snakes will drink milk
from a saucer but not from the cow.

i. The hoop snake will chase a person by holding its tail
in its mouth and rolling over and over. This fallacy is also
commonly attached to mud snakes and is physically
impossible. Snakes have a backbone just as people do.

j. The spreading adder or blow snake (correctly called
the hog-nosed snake) exhales a poisonous vapor when
approached or offended. These snakes do inflate their lungs
and hiss loudly when disturbed, but there is no poisonous
vapor emitted. These snakes are so harmless that if the
hissing sounds and flattened head do not succeed in scaring
the attacker, the snake will roll over on its back, open its
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mouth wide, and play dead. It is also very hard to enrage or
excite this snake enough to make it bite.

k. Snakes can't bite under water. Water moccasins eat
fir.h, so how do they catch them? They bite them and inject
poison.

Exercises (C38):

Identify each statement as true or false. Correct any false
statements._ 1 Snakes help in maintaining the balance of nature.

_ 2 Poisonous snakes belong to the families Crotalidae
and ElapicL

_ 3 Fatalities from snakebites in the United States are
relatively high.

4. Snakes are not slimy.

_ 5. Snakes can't bite under water.

_ 6 The spreading adder exhales a poisonous vapor.

_ 7. People fear snakes because snakes often will
deliberately make unprovoked offensive attacks on
man.

C39. Identify characteristics of snakes in the family
Cretalidae.

Family Crotaildse. The poisonous snakes of thP: United
States belong to two families: Crotalidae and Elapidae. The
family Crotalidae, (long-fanged pit vipers) includes the
bushmaster and fer-de-lance *of South America and the
copperhead, water moccasin, and rattlesnake in North
America. Pit vipers strike their prey from a lateral loop and
inject a large amount of toxic venom, which almost
immediately overwhelms the victim. When the prey dies,
or is almost dead, the snake swallows it. Refer to foldout 1
in the back of this volume as you study the physical
characteristics of snakes in this and the following lesson.

Pit vipers are so named because of the facial pit between
the eye and nostril on either side of the head. This pit is
lined with a delicate epidermis and connects with a well-

developed nerve which extends to the brain. Because of the
presence of this nerve, it is believed that the pit is sensory in
nature, being receptive to heat waves and thus directing the
strike. The pupil of the eye is vertically elliptical, and the
head is flat and triangular shaped, having poison glands and
retractable fangs rigidly attached at their base to movable
maxillary bones.

Water moccasin. This is a stout and heavy-bodied snake
with an abruptly tapering tail and a chunky, ugly head. The
average length is 3 to 4 feet, but some specimen3 have been
found which were 5 feet long. The body color is dark brown
or olive with 10 to 15 wide, black, transverse blotches
(barely showing, or not at all, on the back of old snakes),
more sharply defined on the sides of the body than on the
back. The upper and lower lip plates are yellow and the
inside of the mouth is white; hence, they are commonly
called gappers or cottonmouths (but you should never get
so close as to be able to identify it on this basis). The
abdomen is yellow and is blotched with dark brown or
black. The young resemble copperheads because they have
a pinkish or reddish brown coloration on the body with a
coppery-looking head. There is a broad, dark band through
the eye.

Distribution. Moccasins are found from the swamps of
Virginia through Florida, along the Gulf States to East
Texas. The range northward extends through eastern
Oklahoma, Arkansas, Mississippi, southern Illinois,
Indiana, and Tennessee.

Habitat. They are semiaquatic, found along sluggish
streams, bayous, lagoons, and swamps and other bodies of
water with thick, marginal vegetation.

Food. They feed on frogs, fish, other snakes, birds, small
mammals, lizards, small turtles, baby alligators, and
salamanders.

Breeding. This usually takes place in March, and 7 to 12
young are born alive in August or September. The pit vipers
all produce living young (viviparous). The young are more
brillantly marked than the adults and, as we have
mentioned, are frequently confused with copperheads.

Habits. Moccasins are sluggish and irritable in the wild
state. A thoroughly aroused cottonmouth throws its head
upward and backward and holds its open mouth, wide
revealing the white interior. These dangerous snakes
closely resemble several of the nonpoisonous water snakes
and it's difficult to distinguish among them in the field.
Behavior offers some of the best clues. Water snakes
usually flee quickly or drop with a splash into the water, but
cottonmouths often stand their ground with a vibrating tail
or, if you're lucky, will crawl slowly away. In the fall,
moccasins retreat to higher ground to hibernate and thus are
not necessarily fourd in the immediate vicinity of water.

Copperheads. These are richly colored, heavybodied
snakes with 15 to 25 chestnut-brown crossbands on the
hazel or pinkish-brown body. These crossbands are
constricted on the midline of the snake's body so that they
appear as hourglasses from the top and as inverted Y's from
the side. The average length of copperheads is about 3 feet.
The uniform, coppery tinge of the head has given this snake
its most popular ^Itne. The abdomen is pale pinkish brown,
with a row of dark spots on each side (-:entral view). The
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copperhead is also known in some parts of the country as a
rattlesnake pilot, pilot, or chunk head.

Distribution. Copperheads are found in central
Massachusetts and through all of the Eastern States to
northern Florida, along the Gulf States to Texas, thence
northward through Arkansas, Oklahoma, Kansas, Missouri,
Illinois, Indiana, Ohio, Pennsylvania, and New York.

Habitat. These snakes are arboreal tree and bush
dwellers) as well as terrestrial, frequently climbing
vegetation in search of food. They are found in rocky or
wooded areas such as the mountainous and ledgy regions of
the North and inhabit the damper deciduous woods and
low-lying stretches of cypress growth of the South. They
live together in small numbers throughout the year. They
are commonly found in deserted quarries in the North,
where they hibernate in the rocks with their close relatives,
the branded rattlesnakes.

Food. This snake has a highly variable diet, feeding on
small mammals and birds, other snakes, frogs, and insects
such as caterpillars and cicadas. The food preferences
seems to be seasonal.

Breeding. Mating takes place in April or May and 6 to 12
brilliantly colored young are born alive in August or
September. The young have sulphur-yellow tails.

Habits. As in the case of other pit vipers, copperheads
coil and rapidly vibrate their tails when disturbed. Their
coloration is highly protective, especially when these
reptiles are motionless against a background of autumn-
colored leaves. As a general rule, they are less irritable than
the water moccasin and will seek cover swiftly when
disturbed, except when they are cornered. Old stone walls
and natural, ledgy terrain should be approached with
caution because they are common resting places for this
snake.

Rattlesnakes. These are the most interesting and
important reptiles, inhabiting North America, because at
least one species is found in every state except Alaska and
Hawaii. Rattlesnakes are so named because they have
horny interlocking joints at the end of the tail that make a
sharp rattling sound when shaken. Some species attain such
a large size that they rank high in ierms of deadliness among
the venomous snakes of the world. They are highly
variable, ranging from 18 inches in the case of the pygmy
rattlesnake (Sistrurus militaius) to 8 feet for the eastern
diamondback rattlesnake (Crotalus miliarius). The same
species may vary in color. There is great color variation in
both yellow and black phases of the banded or timber
rattlesnake. The massasauga (Sistrurus catenatus) is partiel
to bogs and swamps, while the horned rattlesnake, or
sidewinder, thrives in dry desert areas. Rattlesnakes have
been found in every State except Alaska and Hawaii, but
their headquarters (according to number of species) is the
Southwest. Except for the Southwest, there are few areas
whe_e more than one or two species occur. The borders of
the ranges of the different species may extend slightly into
that of another. Because of the highly diversified habits and
characteristics of this group of snakes, we will consider
only the eastern diamondback rattlesnake, the largest and
most deadly poisonous reptile found in the United States. It
ranks among the world's most deadly snakes.
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Distribution. The eastern diamondback is found from
Florida, in many of the adjacent Keys, northward through
the costal plains to southern North Carolina and westward
along the Gulf States to extreme southeastern Louisiana.

Description. It is a stout-bodied olive to dark brown
snake with a bold pattern of large black or brown diamonds
down its back. These diamonds have bright yellow borders,
about the width of a single scale, which become obscure
toward thc tail. Beneath the cyc is a dark band, bordered on
each side with a narrow band of bright yellow. The
abdomen is dull yellow. With the exception of a more vivid
pattern, young specimens are like the parent. They
commonly grow to 6 feet but may attain a length close to 9
feet and weigh 12 to 15 pounds or more.

Habitat. This snake inhabits the wild brush country of the
Southern lowla ids, where pines and palmettos flourish.
These snakes have been commonly observed hiding under
the broad leaves of the dwarf palmettos during the day and
I ;aving them at twilight to feed. So closely do the body
colors blend with the vegetation and the effects of sunlight
and shadow, that these snakes are seen with some
difficulty.

Food. These huge snakes feed largely on rabbits and
quail, principally the former. They wander into areas of
dwarf and scrub palmettos in search of their prey. Hunters
and other persons who have occasion to enter such
diamondback-infested areas should take the necessary
precautions to keep from being bitten. A description of the
poisonous potentiality of this reptile is shown in the
following example. The maneuvers of the average
specimen when feeding in captivity are interesting. A
medium-sized rabbit is placed in the cage, and the snake
shifts its coils to a striking posture. The rabbit shows no
sign of fear and may hop toward the reptile, which draws
back its head. While nosing about, the rabbit momentarily
presents its side to the snake and like a flash the deed is
done. The human eye can observe but two things; first, the
snake appeared to strike at the rabbit, and secondly, to have
barely touched it with its jawsThe snake is back in the
original position before the rabbit's frightened squeal is
over. The little creature bounds forward, rolls on its side,
kicks convulsively, and is dead. Barely 1 minute passes
from the time of the serpent's strike to the rabbit's death.

Breeding. An average of 9 or 10 living young are born in
August or September. They are about 14 inches long.

Habits. This snake is chiefly terrestrial in its habits, as
are all of the Crotalus species, but it is also somewhat
arboreal, seen occasionally in low, scrubby bushes. It is
also aquatic because it takes to the water, even crossing salt
water among the nearby Florida Keys. It may even be seen
a few miles out at sea, swept there by the outgoing tides.
The pygmy rattlesnake and the massasaugas differ from
other Crotalus species in that they are smaller in size and
thus have proportionately smaller rattles. They have nine
large symmetrical shields or plates on top of the head
similar to the other pit vipers (copperheads and water
moccasins), and they inhabit a damper habitat. The poison
of some pygmy rattlers is acutally more toxic, drop for
drop, than venom of the larger species.



Exercises (C39):

1. Match each type of snake in column B to its
description statement in column A. Column B items
may be used more than once.

Column A Column B

(1) At least one species is found in a.
every State except Alaska and
Hawaii.

(2) The inside of the mouth is white.
(3) Crossbands on the body aprar

as hourglasses from the top and
as inverted Y's from the side.

(4) They are sluggish and imitable;
will drop quickly into water; and
retreat to high ground in the fall.

(5) Have horny interlocking joints at
the end of the tail.

(6) The largest and most deadly
poisonous reptile found in the
U.S.

(7) Found from the swamps of Vir-
ginia through Florida, along the
Gulf States to Texas, extends
through eastern Oklahoma,
Arkansas, Mississippi, southern
Illinois, Indiana, and Tennessee.

(8) Feeds on frogs, fish, other
snakes, birds, small turtles, baby
alligators, and salamanders.

(9) Mates in April or May; gives
birth to from 6 to 12 brilliantly
colored young with sulphur-
yellow tails.

(10) Feeds on small mammals, birds,
other snakes, frogs, and insects.

b.
c.

Water moc-
casin.
Copperhcad.
Rattlesnake.

C40. Identify characteristics of the Elapidae snake
family.

Family Elapidae. With the exception of the coral
snakes. this family inhabits chiefly Asia, Africa, and the
Malay Archipelago. Two of its more formidable family
members are the black mamba of Africa, the males of
which actually go out of their way to attack humans during
the breeding season, and the king cobra, which has caused
as many as 20,000 deaths yearly in India.

The Elapidae family contains two species of coral snakes
found in this country Micrurus and Micruroides) which
differ from many of their family relatives by lacking the
"hood" apparatus which the cobra has. The coral snakc
grasps its prey by the neck or body and rapidly chews the
poison in; considerable venom is injected and the prey is
thus weakened for the swallowing process. The coral snake
holds on and the fangs are worked along the body until the
prey is shifted into a position from which it may be
swallowed head first.

Description. These snakes are smooth, shiny, and
cylindrical. The body is ringed with bands of red and black
with more narrow bands of yellow. The snout is black with
the black rings bordered with yellow and the colors red and
yellow touching. The venom-conducting apparatus consists
of short, stout, always erect, and immovable fangs on the
forward part of the upper jaw. The pupil of the eye is round
and the head is the same size as the neck.
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Distribution. Micrurus is found from North Carolina
south through Florida, westward to Texas, and northward
up the Mississippi to Indiana. Micruroides is found in
Arizona and New Mexko.

Habitat. These snakes, which average 2 to 21/2 feet in
length, are secretive and sometimes burrowing, found
commonly under the bark of decaying logs. They spend
most of their lives in such places but frequently come out
afmr heavy rains in search of food.

Food. These snakes feed mainly on small snakes and
lizards.

Breeding. In contrast to the pit vipers, they are
oviparous, laying up to seven elongate eggs in decaying
bark or damp soil. Little else is known about their breeding
habits.

Habits. They are seldom encountered because of their
secretive habits, but they are sometimes handled by
children and other people (through ignorance of their
poisonous properties) because of their attractive coloration
and unoffensive nature. They rarely bite but are extremely
dangerous. These snakes do not strike, as do the pit vipers,
but grab their prey and chew the venom in. Their venom is
also different from that of the pit vipers. "The coral snakes
have a neurotoxic venom which attacks the nervous system
and the thoracic muscles, especially those of the
diaphragm, so that breathing is difficult. In comparison, the
poison of pit vipers is hemotoxic and effects the tissue and
the red blood cells.

Exercises (C40):

Identify the statements as true or false and correct any false
statements._ I . Coral snakes have a bemotoxic venom.

_ 2 The males of the black mamba of Afiica go out of
their way to attack humans during the breeding
season.

_ 3 The cobra and coral snakes are from different
families.

_ 4. The k'ng cam has caused as many as 20,000
deaths yeaci,-. :^

_ 5 Coral snakes have a "hood."

_ 6 Coral snakes are smooth, shiny, and cylindrical.
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7 . Micruroides is found in New York and New
Mexico.

ts Coral snakes average 2 to 21/2 feet in length.

_ 9 Coral snakes are usually found in open spaces
sunning themselves.

10. Coral snakes lay eggs.

C41. List the symptoms and signs of envenomization by
pit vipers and coral snakes.

Symptoms and Signs of Snakebite. The following
outline of signs (what another person can observe) and
symptoms is divided according to the snake family causing
the poisoning.

Envenomization by pit vipers.
a. rresence of one or more fang puncture wounds (fig.

2-9).
b. Prompt and progressive swelling.
c. Pain.
d. Ecchymosis (bruiselike discoloration).
e. Nausea and vomiting.
f. Bleeding from the fang punctures.
g. Blister formation.
h. Respiratory and visual difficulties.
i. Shock.
j. Local necrosis (decay of tissue), often severe.

Envenomization by coral snakes:
a. Presence of tooth puncture wounds.
b. Blurring of vision.
c. Ptosis (drooping of eyelids), unsteady gait.

Figure 2-9. Snakebites.
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d. A feeling of thickened tongue and throat, slurring of
speech, and tingling sensations.

e. Soft tissue swelling at the puncture point.
f. Drowsiness, lassitude.
g. Nausea and vomiting.
h. Excessive salivation and sweating.
i. Burning pain at the site of injury (pain and swelling

occasionally may be absent in the presence of
envenomization by certain elapids).

Exercises (C41):

1. List the symptoms of pit viper envenomization.

2. List the signs of coral snake evenornization.

C42. Specify correct statements regarding snakebite
treatment.

Treating a Snakebite. In the course of your work, you
may be required to enter snake-infested areas. Never enter
such an area alone. Follow the approved practice of
proceeding in groups of at least two or three individuals. If
you or one of your coworkers is bitten in spite of
precautions, you should seek professional medical attention
at once.

If you can get professional medical treatment within an
hour after the time of the bite, you should disregard
extensive first aid. Keep calm and proceed for treatment.

In the event that you are snakebitten and first aid is
required, there are six rules you should bear in mind:

(1) Keep calm. Excitement stimulates the flow of blood
and shortens the length of time required for the venom to
reach vital organs.

(2) Identify the snake, if possible. Its identity is necessary
before specific antivenin treatment can be given. If you are
the victim, don't spend more than a few minutes at this
activity and don't move more than a few feet away.
Remcmber, DO NOT stimulate blood flow unnecessarily.
If you are able to kill the snake immediately, check for
fangs in the snake. Also, check for fang marks at the site of
the bite (fig. 2-9). If the snake is poisonous, swelling occurs
rapidly. The skin becomes a dark purple and ordinarily two
puncture points, made by the fangs, are seen clearly, as
shown on the left in figure 2-9. Sometimes only one
puncture mark appears. Scratches aczompany the puncture
wounds. Nonpoisonous snakebites, shown on the right in
figure 2-9 appear only as scratches.

(3) Immobilize the bitten part in a position below the
level of the heart.

(4) Apply a constricting tourniquet. Put it 2 to 4 inches
closer to the heart than the site of the bite. Reapply the band
ahead of the swelling if it progresses up the arm or the leg.
If you positively identify the snake as a viper (rattler,
moccasin, or .;:opperhead), apply the tourniquet tight
enough to stop blood flow in the -reins. Be sure you have a



pulse below the tourniquet. Release the tourniquet 1 minute
every 30 minutes.

(5) If you are giving first aid to another person whose
breathing fails, administer mouth-to-mouth or mouth-to-
nose artificial respiration. Obtain assistance from the
nearest medical source at the earliest possible moment.

(6) Make incisions and begin suction as soon as possible.
You should take this step preferably within 10 minutes but
not after 1 hour following the bite. You should perform this
procedure only when the snake is identified as poisonous or
when swelling, pain, and other symptoms, as listed
previously, have developed and you cannot reach the
services of a doctor within an hour. Here are the general
rules for incision and suction treatment:

(a) Sterilize a sharp instrument.
(b) Make the cuts through the fang marks parallel to

the long axis of the limb and deep enough to allow free
bleeding. Cuts should be about 1/4 inch deep and 1/4 inch
long. Do not make crosscut incisions. The incision must
penetrate the skin but not enter muscles or underlying
structures (tendon, blool vessels, or nerves). (NOTE: You
should nevel make incis:ons on fingers, hands, wrists, toes,
feet, or ankles unless it is extremely necessary or the part is
so swollen that such incisions cannot damage underlying
structures.)

(c) Perform suction with sucticn cups or by mouth,
spitting frequently, and continue for at least 30 minutes.
(Snake poison is harmless in the mouth unless there is a cut
there.) If you are the victim, you can do this yourself if you
can reach the fang marks with your mouth.

(d) Get medical help as soon as possible.

Exercises (C42):

Identify the statements as correct or incorrect; correct those
that are incorrect._ 1 Never enter snake-infested areas alone.

2 Pest management personnel may administer
antivenin.

_ 3 When treating for snakebite, institute incision and
suction within 10 minutes but not after 2 hours.

_ 4 Snake poison is harmless to the mouth which has no
cuts.

_ 5. Nonmedical personnel should never make incisions
on fingers, hands, wrists, toes, feet, or ankles
unless the part is highly swollen.

6. The best rules to follow when a worker is bitten by
a snake are to help the victim keep calm, identify
thc snake, and get medical help as soon as possible.

C43. Identify measures to control snakes.

Snake Control Measures. There are two main types of
measures designed to control snakessite sanitation and
avoidance.

Site sanitation. Removing brush and woodpiles, keeping
vegetation cut short, and trimming vines and brushes will
eliminate harborage areas and will discourage snakes
because this eliminates rodents from the area which are the
main food source of snakes. An effective rodent control
program will aid immeasurably in controlling snakes.

Avoidance. The best personal protection against snakes
is to avoid their natural habitats. If you must enter these
areas, wear hip boots and make sufficient noise so that the
snakes can get out of your way or at least warn you. Do not
sit on logs or rocks until after you have made a thorough
inspection.

You will probably be required to answer calls concerning
the presence of snakes in or under various base facilities. In
this event, you should wear hip boots and have a bright,
reliable flashlight and a good set of snake tongs because you
must inspect every area possible within the facility,
including the attic and under the flooring, providing the
facility is designed in this manner.

Exercises (C43):

I . An effective control program will
aid immeasurably in controlling snakes.

2. What is the best personal protection against snakes?

3. When looking for snakes under buildings, you should
wear and have a
bright, reliable
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Vegetative Pests

WEEDS ARE "plants out of place." For example: a farmer
who raises wheat takes pride in a good stand. Yet, the
farmer's wife will quickly extract the same plant from her
zinnia bed.

On an Air Force base, there are areas where plants are
desirable, including lawns, golf courses, road
embankments, railroad right-of-ways, and runway
shoulders. In these areas we control the weeds.

There are also areas where any vegetation is undesirable.
Some of these areas are around fuel, oil, and paint storage
areas; certain buildings and shops; under fences; and along
roads and railroads. Some vegetation control along
drainage and irrigation ditches is also required.

This chapter covers the growth habits and propagation of
plants and describes important aquatic, woody, grassy, and
herbacious broadleaf plants and their control.

3-1. Weed Growth and Propagation

This section briefly covers the growth habits and
propagation of plants in general to give you a basis for
further discussion of aquatic and other types of plants and
their control.

C44. Identify growth characteristics that enable weeds
to odst.

Growth Characteristics. The most important growm
characteristic of weeds is their ability to thrive in cultivated
land. Some features that contribute to the successful growth
of unwanted plants and their ability to persist in spite of
human efforts to the contrary are:

Underground roots or stems.
Abundant seed production.
Rapid growth.
Competitive ability.
Unpalatability to livestock.

Underground roots or stems. Unwanted plants with
underground roots or stems will persist from year to year
even though seed production is prevented. The underground
parts of some plants will spread in all directions, sending up
aerial stem buds at intervals. These plants are spread and
actually favored by cultivation, since cultivation spreads
small pieces of roots over other areas.

Abundant seed production. Many plants produce
thousands of seeds, and some of these seeds can live in the
soil from 10 to 50 years.

CHAPTER 3

Rapid growth. Some plants can grow to maturity and set
seed in only 1 or 2 months. For this reason, seeds are often
formed before we can take adequate control measures.

Competitive ability. Some weeds can overtake and retard
desirable plants even though the latter have a headstart. For
this reason, they often win out over other plants for light. In
addition, some weeds have needs for mineral nutrients and
water that exceed those of desirable plants.

Unpalatability to livestock. Frequently, pasture weeds
are distasiciLl or poisonous to animals. Often they are
protected by spines or similar structures. For these reasons,
they are free to reproduce and spread unimpeded to new
areas.

Exercises (C44):

1. What is the most important growth characteristic of
weeds?

2. List other growth characteristics of weeds and explain
briefly why they enable weeds to persist.

C45. Associate certain plants with statements regarding
their propagation and identification.

Annuals. Annoals are plants that mature in one season.
They are propagavd only by seeds. Foxtail, crabgrass,
ragweed, wild buck:,,heat, and several mustards arc
examples.

Foztail. The foxtails are grasses of roadsides and waste
places. They are striking plants because of their dense,
cylindrical, spikelike inflorescences (flowers). The yellow
foxtail is shown in figure 3-1. This plant is distinguished by
the tawny color of the spikes.

Crabgrass. An example of crabgrass is shown in figure
3-2. Crabgrass is an annual plant that flourishes
midsummer to fall. It is highly branched with the stem
prostrate and rooting. The inflorescence is a terminal
cluster of spikes. The seeds are slightly hairy.
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Figure 3-1. Yellow foxtail.

Ragweed. You have probably come in contact with
ragweed sometime during your life. Ragweed is one of the
plants that gives hayfever sufferers much trouble. You can
see this plant in figure 3-3. This is an annual weed of rural
and urban waste areas. The plant is erect and branched and,
depending upon the species, may be from 11/2 to 31/2 feet
tall. The leaves are formed of leaf parts arranged
featherlike along each side of a leaf stem. They show a
great deal of variation from species to species. The yellow
flowers are borne on tall spikes.

Wild mustard. This plant, shown in figure 3-4, is an
annual weed of waste areas and cultivated ground. It is a
low plant with many branches. The four-petaled yellow
flowers develop into numerous siliques (capsulations).
These contain the smooth, black, globular seeds.

Shepherd's purse. This weed, shown in figure 3-5, is one
of the most widely distributed weeds in the world. It can be
either an annual or a winter annual (one which germinates
in the fall, lives over winter, and matures early the next
season) in lawns, gardens, or waste areas. The plant has a
basal rosette of deeply toothed leaves, with a few arrow-
shaped leaves on the erect stalk. The seed pods or "purses"
are also on the stalk. The seed pods form from terminal
white flowers, and they contain numerous yehowish seeds.

Biennials. Biennials require two seasons to r:omplete the
reproduction cycle. Their growth period is longer than that
of sr/inter anntials. Since they are propagated by seed only,
seedlings can bc- treated as the seedlings of annuals.

Common mullein, shown in figure 3-6, is also known as
Jacob's staff, torch plant, and flannel leaf. Common
mullein is a biennial, and it produces its rosette of velvety
basal ieaves in the first year. In the second year, it sends up
its stalk on which is borne a terminal spike of yellow
flowers. Burdock, evening-primrose, common mullein, and
yellow goatsbeard are biennials.

Perennials. Perennials are plants that live more than 2
yearr. Many have several means of perpetuation. They are
Novided with storage organs in the form of stolons (above-
ground stems), rhizomes (underground stems), bulbs,
crowns, a...droots. The perennial weeds with creeping roots
or stems are the most noxious. Supplies of food are laid up
in these organs by the plant to feed a new growth the next
year. The new shoot comes from a bud and lives on stored
food until it becomes established. Unlike the annual plant,
the top growth of a perennial may be killed and still the
plant can live and propagate itself becr,use of its storage
organs. To control perennial vegetation, the food reserves
must be materially reduced or the storage orgals destroyed.
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Figure 3-2. Crabgrass.
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Figure 3-3. Ragweed.
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Figure 3-4. Wild mustard.
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Figure 3-5. Shepherd's purse.

The food stored by the plant is the excess manufactured by
the green leaves and stems over and above what is
necessary for growth; therefore, if photosynthesis can be
prevented, the buildup of reserves will be curbed. For
control of perennials, the new growth is allowed to draw on
food reserves until it becomes sufficiently established to
manufacture its own food and then the top growth is killed.
Quackgrass, Canada thistle, Johnson grass, buttercup, and
nutgrass are perennials.
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Canada thistle. This plant is possibly the most noxious
perennial weed in the United States. It grows up to I yard
high, with grooved, hairy stems and irregularly lobed or
toothed leaves. The root system is deep, wide, and
spreading. The plant blooms in late spring and summer,
depending upon location, and produces small lavender
flower heads. Figure 3-7 illustrates the Canada thistle.

Johnson grass. Another weed. Johnson grass, shown in
figure 3-8, is a perennial weed posing a big problem in the
Southern States. It is 3 to 6 feet tall and has wide leaves
with a thickened, light-colored midvein. The panicle
(flower cluster) is loose and turns reddish at maturity.

Buttercup. This weed is most commonly found in shady,
moist areas such as pastures, woodlands, and ditches.
Notice in figure 3-9 that the stems are slender and branched
from the base. The lower leaves are round, on long petioles,
and the upper leaves are often divided into leaflets. The
flowers are small and yellow.

Yellow nutgrass. This weed, shown in figure 3-10, is a
perennial weed infesting lawas. Its name comes from the
nutlike tubers found on the rc,ots of the mature plants. The
stem is a yellow-green color and triangular in cross section.
When you look down on the plant, the leaves appear in
three ranks, corresponding to the three sides of the stem.

Figure 3-6. Common mullein.
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Figure 3-7. Canada thistle.

Exercises (C45):

1. Match the plant types in column B with the statements
pertaining to the propagation and identification of
plants in column A.

Co !um! A Column B
_ (1) Amaral weed of waste

areas and cultivated
grouna, with four pleated
yellow flowers containing
smooth, black, globular
seeds.

(2) Possibly the most noxious
perennial weed in the
United States. grows up
to 1 yard high, with
grooved, hairy stems and
irregularly lobed or
toothed leaves.

(3) The stem is yellow-grem
and triangular in cross
section.

(4) Most commonly found in
shady moist areas, such
as pastures, woodlands,
and ditches.

a. Shepherd's
purse.

b. Canada thistle.
c. Yellow nut-

grass.
d. Foxtails.
e. Wild mustard.
f. Common mul-

kin.
g. Buttercup.
h. Crabgrass.
i. Johnson grass.
j. Ragweed.

Colwnn A

(5) Gives hayfever sufferers
much trouble.

(6) One of the most widely
distributed weeds in the
world. The seed pods
form from terminal wh?..-:
flowers and contain
numerous yellowish
seeds.

(7) Also known as Jacob's
staff, torch plant, and
flannel leaf.

(8) Highly branched with the
stem prostrate and root-
ing. The inflorescence is
a terminal cluster of
spikes; the seeds are
slightly hairy..

(9) Grasses of roadsides and
waste places. They ace
striking plants due tr
dense, cylit
spikelike inflorescell,

(10) Three to 6 feet tall, and
has wide leaves with a
thickened, light-colored
midvein.

5° 672

Column B



3-2. Surface Plants

There arc three main categories of surface plants that you
may have to control on your installation. These are woody
plants, grasses, and herbaceous broadleaf plants.

C46. Identify characteristics of surface plants.

For the most part, woody plants on Air Force bases have
been planted or left alone to aid in base beautification or as
wind breaks. In most cases, woody plants are more of a
problem in forestry and range management; however, they
can be a serious problem along streets, fence rows,
ditclibanks, railroads, power lines, and water and sewer
distribution systems.

Characteristics of Woody Plants. Woody plants are
plants that have thick trunks, relatively sturdy branches,
and barklike coverings. Woody plants include trees, shrubs,
and vines. Trees are normally regarded as being large
woody plants that have a single stem or trunk, for self-
support, and several branches. Shrubs have the same
characteristics as trees but are generally not more than 10

Figure 3-8. Johnson grass.
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feet tall. Vines are woody plants that climb or sprawl and do
not have a self-supporting trunk.

Woody plants have extensive root systems. Some of
these plants have sprawling roots, others have a deep root
system, and Ftill others have both types.

Characteristics of Grasses. Even though grasses are
quite beneficial to humans, they can become pests when
they are in the wrong places. When this occurs, grasses
become weeds and must be controlled. To do your job, you
must be knowledgeable of the characteristics of grasses.

Grasses are plants that have long, thin, narrow leaves,
and they usually grow more outward along the ground than
upward. Regardless of whether the long, thin, narrow-
leafed plant is tall or spread along the ground, you can
recognize it as a grass if it has sheathing at each leaf base.
All grasses are monocots (they have only a single
cotyledon). The cotyledon is a tiny leaflike structure that
emerges from the germinated seed. Grasses have fibrous
root systems and tend to be both perennial and annual.
Probably one of the best and most easily recognized
characteristics of a grass is the parallel venation of the
leaves.

Characteristics of Herbaceous Broadleaf Plants.
There are some general characteristics that you can use to
separate broadleaf and grassy weeds. Most broadleaf plants
have relatively wide leaves, comparatively speaking, and
the leaves have netlike venation. In broadleaf plants, there
are normally clusters of leaves at the ends of branches and
growth of the plants extends from growth nodes located at
the end of branches. Broadleaf plants are dicots, which
means that two leaflike structures (cotyledons) appear
immediately after the seed germinates. The root system of
herbaceous broadleaf plants is relatively doep and strong.
The root system normally consists of a taproot with many
small lateral roots extending from it.

Exercises (C46):
Identify the following statement,' as true (T) or false (F).
Correct any false statements.

1 Woody plants are plants that have thick trunks,
relatively sturdy branches, and barklike
coverings.

2 Woody plants include trees, shrubs, and vines.

3 All woody plants are self-supporting.

4 Shrubs and trees have the same characteristics.



BA: LEAF APEX OF PLANT

Figure 3-9. Buttercup.
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YOUNG PLANT

Figure 3-10. Yellow nutgrass.
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_ 5 Woody plants have either deep roots or sprawling
roots.

_ 6 A plant can be recognized as grass by having
sheathing at each leaf base.

_ 7 Grasses have fibrous root systems and tend to be
both perennial and annual.

_ 8 Gil., -r-ribed as plants with long, thin,
narro chat grow more outward along the
ground uh,.. upward.

9 Most grasses are polycots.

_ 10. The tiny leaf-like structure that emerges from the
germinated seed is called a monocot.

_ 11. The leaves of broadleaf plants can be
distinguished from grasses by their netted
venation in the leaves.

_ 12.The root systems of herbaceous broadleaf plants
are relatively shallow and weak.

3-3. Aquatic Plants

Aquatic plants are becoming a major problem within the
United States. Almost everyone becomes concerned with
aquatic plants at one time or another because each body of
water from roadside ditches to the largest lakes support
aquatic vegetation. Controlling these plants is essential in
all aspects of water use, including irrigation, drainage,
animal consumption, recreation, pollution, ard public
health.

C47. Identify growth and general characteristks of
aquatic plants.

Types, Growth, and Characteristics of Aquatic
Plants. As the term implies, aquatic plants are plants that
grow in or near water. These same plants become
recognized as aquatic weeds when they interfere with the
intended use of a water area where they are located.
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Aquatic plants are generally classified into three groups:
(1) floating, (2) submersed, and (3) ernersed.

Floating plants. Floating plants are plants that germinate
in the bottom of a body of water at first and, soon after
germinating, become separated from the soil and float on
the surface of the water. Once they are separated from the
soil, they no longer depend upon the soil.

Submersed plants. Submersed plants are aquatic plants
that complete their entire life cycle below the water surface.
However, some of these plants may have floral parts that
extend above the. water surfat.e. Most of these plants are
rooted, but soine, such as algae, are not rooted.

Brazilian elodea, widgeongrass, common bladdewort,
vallisneria, coontail, marine naiad, and broadleaf
watermilfoil are examples of common rooted submersed
aquatic plants.

Emersed plants. Emers-
rooted to the soil in

plants that are firmly
any to water. During

normal growth, these id above the water surface.
Spatterdock, fragrant waterlily, American lotus,

watershield, pickerelweed, arrowhead, buttonrush, cattail,
softstem bulrush, softrush, maidencane, torpedograss,
sawgrass, foxtail, and reed are common examples of
emersed aquatic plants.

Exercises (C47):

Identity the following statements as being correct (C) or
incorrect (I). Explain any incorrect statements.

_ 1 Floating plants germinate at the bottom of a body of
water and float to the surface, but are still
dependent upon the soil.

2. Submersed plants are aquatic plants that complete
their entire life cycle below the surface of the
water.

_ 3 Some submersed plants have ral parts above the
watt : surface.

_ 4 Emersed plants are firmly rooted to the soil in close
proximity to water and no part of the plant shows
above the surface.

3-4. Controlling Vegetation

In this section we discuss details related to vegetation
control. You'll learn about both chemical and nonchemical
controls for grasses and herbaceous broadleaf plants, as
well as control measures for specific areas you may have to
treat on your installation.
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C48. Identify important herbicide use precautions.

Precautions for Using Herbicides. There are several
actions you must take before you apply herbicides:

(1) Identify the weeds you want to control.
(2) Select the right herbicide to control these weeds

without harm to desirable plants nearby.
(3) Read the herbicide label.
(4) Mix the chemical according to mixing directions. Do

not use more than recommended amounts.
(5) Plan to apply the materials when and how the

directions indicate.
(6) Select the proper equipment.
(7) Study the safety precautions on the label.

Herbicide labels. Labels on the herbicide container arz
written with great care to state only facts.
Recommendations on labels for materials sold interstate
must be registered with the Environmental Protection
Agency before the label can be authorized. Always read the
label. It tells, first, what the herbicide is. For instance,
2,4D is sold as a sodium or amine salt or a volatile or low-
volatile ester. Recommendations differ for various
herbicides and for various formulations of the same basic
chemical.

The label tells the amount of acid equivalent, phenol
equivalent, or active ingredient in the product. This
information helps you compare the concentrations in
various formulations. The label also makes use
recommendations and gives rates and time of application.
Certain warnings are stated when necessary to protect you
from accidental poisoning or irritation by the chemical and
to protect susceptible plants from injury.

Protecting desirable plants. Certain precautions are
necessary to prevent damage to nearby beneficial plants.
This damage may result from drift, washing, or leaching.

Drift hazards. Remember that drift hazards are greatest
when herbicides that affect the leaves of plants are used.
These may be of the growth-regulating type or of the
contact type. Danger is least when liquid applications are
made of nonvolatile herbicides at low pressures. Keep in
mind that drift occurs not only with volatile herbicides but
also from a high-pressure spray that is atomized into a mist.

Washing. Washing is an important hazard on slopes, bare
ground, and pavements. The herbicides may be carried by
surface runoff to valuable plants downhill. Do not drain or
flush equipment where runoff to desirable plants may
occur.

Leaching. Leaching moves chemicals downward through
the soil. If they are readily absorbed by roots, plants whose
roots extend under the treated area are likely to be injured.
Avoid treating such areas with soil sterilants. Do not drain
or flush equipment where leaching to the roots of desirable
plants may occur.

Protecting game and fish. Most herbicides are less
dangerous than insecticides to wildlife. There are a few,
however, such as the arsenicals and dinitros, that can
poison animals. Most injury results from overdoses and
spillage. Indiscriminate spraying and spraying that results
in defoliation of vegetation can destroy cover, but
herbicides can also be useful in management. Openings in
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uooded areas, such as the clearing for utility company
rights-of-way and spraying hardwoods in stands of pine can
be beneficial to wildlife.

A few herbicides are very toxic to fish, but many can be
used safely for the control of aquatic weeds. The control of
submerged weeds in ponds or streams can be beneficial to
fish population. Safe amounts of herbicides, expressed in
parts of the chemical per million parts of water, vary widely
with the age, size, and species of fish.

Whenever a proposed spraying program might endanger
game and fish, consult the Federal or state fish and wildlife
service for advice.

Exercises (C48):

Complete the following statements pertaining to
precautions to be observed for using herbicides.
1. What precautions must you take before applying

herbicides?

55

2. When are drift hazards greatest and when are they
least?

3. When does drift occur?

4. On what areas is washing an important hazard?

5. Leaching moves chemicals
through the soil.

6. Most herbicides are less hazardous than insecticides to

7. Most injuries to wildlife are the result of
and

C49. Identify herbicide uses and chissifications.

Classifications and Uses of Herbicides. Herbicides are
grouped on the basis of use into selectives and nonselectives
and on the basis of mode of action into contact,
translocated, and sterilant chemicals.

Selective. These herbicides kill certain weed species
without seriously injuring the desirable plants among the
weeds. Those that kill crabgrass or dandelions in a grass sod



are examples. Certain herbicides kill broad-leaved weeds
and not grasses, or vice versa.

Nonselectives. These herbicides kill vegetation with little
discrimination. Certain species, however, are resistant and
escape. Resistant species are physiologically resistant to the
chemical; some plants that escape are perennials that have
part of their root system below treated layers of soil; others
are annuals and shallow-rooted perennials that reinfest an
area after the chemical has leached below the surface layer.

Contact herbicides. Herbicides in this class kill the
tissues that are wetted with the spray. Whether the plant
dies or recovers depends on whether it has a protected
growing point. Perennials usually have underground buds
that will regrow.

Contact herbicides include aromatic solvents and
herbicidal oils. The aromatic solvents are also called
solvent naphthas or petroleum naphthas. They include a
variety of petroleum and coal distillates that can be used in
heavy concentrations for aquatic-weed control. Kerosene,
especially as sold in the Eastern United States, mineral
spirits, tractor distillate, low-grade diesel oil, and similar
aliphatic materials do not control submersed weeds. The
most effective products are those with flashpoint above 80°
F., distillation between 278° F. and 428° F., and an
aromatic content of at least 85 percent. These solvents are
highly flammable and irritating to the skin, eyes, and
respiratory tissues. Livestock tend to avoid drinking treated
water. Vegetation is not harmed when irrigated with treated
water.

Aromatic solvents are deadly to fish. They are used in
irrigation and drainage ditches, especially in short ditches
(6 to 8 miles or less) with even sides and bottoms and with
flows of I to 70 cubic feet per second.

Herbicidal oils are used as vegetation top killers, as
solvents in the formulation of herbicides, and as carriers for
herbicidal chemicals. Oils that kill by contact should not be
used as solvents or carriers of translocated herbicides, since
a quick kill of the conducting tissue prevents tianslocation
of the chemical.

Oils vary widely in their composition, value for
herbicides, and flammability. Generally, the toxicity to
plants is greater with increased content of aromatics. Aside
from composition, the value for herbicides is influenced by
some physical properties. If the boiling point is low, the oil
may evaporate too rapidly; if too high, it does not penetrate
plant tissues. The viscosity, or flowing quality, should
permit use in cool weather. Specific gravity is important in
aquatic-weed control. The flammability is indicated by the
flashpoint; the lower the temperature at which an oil-
vapor-air mixture ignites, the greater the danger of
explosion.

Oil sprays, that wet leaf surfaces and penetrate waxy leaf
surfaces more effectively than water sprays, are less easily
washed off the plant, and evaporate more slowly under high
temperatures. The effect of oils on perennials is temporary.
Oils are used for a quick kill of top growtha chemical
substitute for mowing. They penetrate the leaves of
nongrass plants but kill grasses by creeping down the stem
to the crowns and roots. Repeated treatments are necessary
where seasons are long and rainfall is high. The cost
depends on distance from source of supply. If relatively
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nontoxic, large volumes are necessary especially for oil-
tolerant species, and aerial applications are impractical.
Some of the disadvantages of the oils used alone can be
overcome by fortifying them with phenol compounds or
using them in conjunction with soil sterilants. The
necessary volume can be reduced; the toxicity to tolerant
weeds can be increased; a wider range of oils can be used;
and the initial kill can be hastened, but the cost is higher.

The fortified oil sprays in low volume are effective on
small weeds. When plants, especially grasses, are tall
enough to protect their crowns, larger spray volumes are
required. Emulsions provide larger volume although they
do not increase toxicity to plants. The oil content can be
varied 10 percent for easy-to-kill species and up to 25
percent for hard-to-kill species. Frequently, a fortified oil
emulsion is more economical than a straight oil emulsion.
Oiis used as solvents or carriers may or may not be toxic to
plants.

The fortified oil emulsions are well suited for killing all
vegetation cn roadsides, ditchbanks, and similar places and
for spot treatments of shallow-rooted perennials. The
staining that may result fron. )ils carrying the dinitros when
used on sidewalks and driveways is objectionable. Weed
oils are preferred for such use and for oil-tolerant weeds.

As a class, oils are insoluble in water; when mixed with
water in the presence of a surfactant, they form an
emulsion. The fortifying chemical is dissolved in either the
water or the oil, or both.

Trans located herbicides. These chemicals are absorbed
by the leaves and stems or by the roots, and move through
the vascular system to leaves, buds, and root tips. When
absorbed by the leaves and stems, the chemical is
commonly moved with the food materials that were
manufactured in the leaves and stems. When absorbed by
the roots, the chemical moves in the water-conducting
tissue. The growth-regulator type of translocated herbicide
is a synthetic compound that behaves like a plant hormone.
It accumulates mostly in areas of rapidly dividing cells
upsetting the normal metabolism of the plant and causing
death of the cells. Foliar applications of translocated
herbicides are of great practical value, because small
amounts are effective and they can be applied in small
volumes of water.

The foliage-applied nonselectives are used primarily to
kill weeds on land later to be cropped; but they also are
useful on land where long residuals are not required, where
quick kills are needed, and where weeds have survived or
escaped control with a soil stv 7). of the selectives,
like the phenoxy compounds, remove broad-leaved weeds
from grass sods; while others, like dalapon, control grasses
without severe injury to most broad-leaved plants. These
herbicides are used where the killing of vegetation for long
periods is undesirable.

Soil sterilants. This herbicide makes a soil incapable of
supporting higher plantlife, but it does not necessarily kill
all life in the soil, such as fungi, bacteria, and other micro-
organisms. Its toxic effects may remain for only a short
time or for years. Residual toxicity depends on: (1) the
chemical and its rate of decomposition or leaching, (2) the
colloidal and chemical content of the soil, (3) species
tolerance, and (4) rate of application.
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Herbicides vary in their rate of disappearance from the
soil because of volatility, susceptability to decomposition
by soil micro-organisms, and solubility. For example, some
of the carbamates are volatile at high temperatures and
rapidly lose their toxic effect during the summer months.
Certain soil micro-organisms effectively decompose
2,4D. Amitrole is soluble in water and readily leached.

Some herbicides are readily absorbed by mineral and
organic colloids and rendered unavailable or made slowly
available for plant absorption. The fertility and pH of a soil
are also influencing factors in the persistence or availability
of toxic amounts of certain chemicals. For example,
monuron and diuron are absorbed on clay colloid particles
so that leaching is difficult. Sodium chlorate is more easily
absorbed by plants growing in soil low in nitrates.

speeies vary widely in tolerance to soil sterilants,
heavy rates of application generally last longer than

light rates.

When present in the soil, sterilants prevent the growth of
green plants. These chemicals are used in storage areas,
lumberyards, and parking lots; on tennis courts, under
pipelines and transformer cages; under guardrails and
sun ounding signposts on highways and lights on runways;
near fire hydrants, trestles, and bridges; on utility rights-
of-way; on gravel blanket areas; around buildings, utility
poles, and tank farms; along fence rows; for firebreaks; and
in similar areas where any plant growth is undesirable.
There are two major problems in maintaining bare ground:
(1) no herbicide kills all species at reasonable rates of
application and (2) reinfestation results from weed seeds in
the soil after the herbicide has been leached below the
surface. Meet these problems by using a combination of
chemicals effective against the weed species to be killed
and by repeated applications of the proper herbicide to kill
seedling s .

The arsenicals are among the cheapest herbicides, but
they must be handled carefully. Two groups of arsenicals
used for killing weeds are inorganic and the organic.

The inorganic arsenicals include sodium arsenite, lead
arsenate, and calcium arsenate. They are all highly
poisonous to humans and other animals if swallowed. Since
they aro highly persistent in the environment, they are not

Immerc...21%

-al c. include disorlium methylarsonate
.bonate. Both compounds are

icss toxic than the inorganic arsenicals to
humans and livestock, but they are harmful if swallowed.
Both are applied postemergence for the control of crabgrass
in turf.

Exercises (C49):
1. Match the herbicide classifications in column B with

the statements pertaining to the uses of herbicides in
column A.
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Column A Column B

(1) Kill certain weed species
w:thout seriously injuring
the desirable plants among
which they are growing.

(2) Kill tissues wetted with the
spray.

(3) Makes soil incapable of
supporting higher plant
life.

(4) These chemicals are
absorbed by the leaves and
stems or by the roots, and
move through the vascular
system to leaves, buds, and
root tips.

(5) These herbicioes kill vege-
tation with little discrimi-
nation.

a. Contact.
b. Soil sterilant.
c. Selective.
d. Tran s located .

e. Nonselective.

C50. Identify biological and mechanical control
measures for grasses and herbaceous broadleaf plants.

Integrated Controls for Grasses and Herbaceous
Broadleaf Plants. These plants may be controlled through
biological, mechanical, and chemical measures. Although
the biological and mechanical controls are generally slower
and more expensive than chemical controls, they should be
implemented thenever and wherever possible to protect the
environment.

Biological control. In order for biological controls to be
effective, the predators or parasites introduced must feed
only on the weed species you want to control. The predators
and parasites you use in the control should not be a food
source for other living organisms within the area. In
addition, they must be adapted to the surroundings and have
the ability to find the host. Biological control is often the
only control available for controlling weeds in inaccessible
areas.

Biological control of grasses and herbaceous broadleaf
weeds includes use of certain insects, arachnids, fowl,
grazing animals, and other plants.

Control by insects. The goatweed beetle has been used
successfully for controlling the rangeweed (Hypericum
petforatum) in many areas of California and the Pacific
Northwest. The cactus moth is very effective for controlling
prickly pear cacti. The flea beetle has shown promise in
controlling the Canada thistle in areas of Canada and the
Pacific Northw

Control hv vi. Geese are used in many instances to
le, ric in sr1 crops as cotton, straw ocn-ies,

ecku mint.
Control by grazing animals. This concept is based on the

placement of grazing animals that eat the plants you want to
control in the infested area.

Control by other plants. Some degree of success in
controlling undesirable vegetation has been obtained by
certain plants in producing selective phytotoxins. For
example, black mustard was planted in regions of
California to inhibit the germination of chaparral, an
undesirable range plant, but did not inhibit other range
plants that were desired.



Mechanical control. Grasses and herbaceous broadleaf
plants can be controlled effectively through mechanical
measures if you implement the right measure at the right
time. The proper mechanical control and the appropriate
time for controlling plants depends on whether the plants
are annuals, biennials, or perennials.

Cultivation. In most cases, cultivating is the most
practical mechanical control for controlling annual and
biennial weeds when the area is cultivated shallow in early
spring, and frequently thereafter until midsummer. This
process reduces competition to desirable crop plants and
prevents flowering and seeding.

Cultivating undesirable perennial plants will cause the
plants to starve because cultivation will prevent the plants
from manufacturing additional food. It will also cause them
to expend the food that is already stored within the plant.
Controlling perennial plants through cultivation should be
done shortly after the plants have produced new foliage.

Mowing. Mowing is relatively effective for controlling
some species of annual weeds if you mow often enough and
before the flowers mature. Mowing should be conducted at
a height that is low enough to remove the flora but high
enough to still permit competitive ability.

Burning. Although burning is an unpopular word among
environmentalists, it does have some merit in the control of
undesirable vegetation. Fire is more effective for
controlling annual plants than perennials. Burning is a
useful mechanical control measure for removing vegetation
along fire breaks, waterways, railways, and security fences.
Burning vegetation is popular in tropical regions because
the ashes provide additional nutrients to the low-nutrient
soils generally f und in tropical regions.

Mulching. Mulching keeps light from the plants.
Photosynthesis is thus reduced and the plants die or do not
grow. Materials used for mulching include sawdust, hay,
straw, manure, paper, and plastic. The area being treated
must be completely covered with mulch. The layer of
mulch must be thicker for perennials than for annuals.
Deep-rooted perennials, such as morning glory plant, may
require a layer of mulching material 3 to 4 feet thick.

Exercises (C50):

Identify the following statements as being true or false and
correct any false ones._ 1 Grasses and Irrbaceous broadleaf plants may be

controll ' by biological mechanical, or ,'Llen^:^al
111P,

_ 2 Biological and mechanical controls are slower but
less expensive than chemical controls.

_ 3 In order for biological controls to be effective, the
predators or parasites introduced must only feed
on the weed species desired to be controlled.

_ 4 Biological control of grass and herbaceous
broadleaf weeds includes the use of certain
insects, arachnids, fowl, grazing animals, and
other plants.

_ 5 The goatweed beetle has been used to control the
prickly pear cacti.

_ 6 The flea beetle has been used to control the prickly
pear cacti.

7 Geese are used to control young weeds in crops.

_ 8 An important consideration in mechanical plant
control is whether the plants are annuals,
biennials, or perennials.

_ 9 Plant control by cultivation is one of the most
practical mechanical methods.

10.Controlling perennial plants through cultivation
should be done shortly before new plants can
produce additional food.

11. Mowing should be done before the flowers
mature.

12.Control by burning is effective for controlling
annual plants but is lindesirable from an
r.n, ' -caul ..tarigloint.

_ 13. Burning has a detrimental effect on the nutrients in
the soil.

_ 14. Mulching excludes the light from plants, thus
reducing photosynthesis.
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C51. identify details regarding chemical controls for
grasses and herbaceous broadleaf plants in specific
areas.

Chemical Controls for Grasses and Herbaceous
Broadleaf Plants in Specific Areas. There are specific
areas on and adjacent to Air Force installations where
partial or complete ve,etation control is requirer' ome of
these areas are in and aroun,1 oads. utility
lines, and railroads. Ir. ., weed control must be
effective in turf areas, such as lawns, athletic fields, golf
grounds, parade grounds. etc.

Paved highways. Vegetation that encroaches on the
edges of asphalt pavement or grows up through cracks and
holes causes premature breakdown of the pavements. You
can control this type of vegetation with presurface and
postsurface application of herbicides. Shoulders next to the
trafficway, medians separating divided highways, and
islands at highway intersections are often surfaced with
asphalt. On such areas, apply the herbicide to the gravel
base just before the asphalt is poured. A standard highway
watering truck can be adapted for this use by equipping it
with a loading pump to circulate the spray material and with
standard asphalt nozzles that deliver a fan spray.

Several herbicides prevent the emergence of plants
through the pavement, but they vary in cost and in injury to
vegetation next to the pavement. Plant growth on the
unpaved area, particularly on fill slopes, may be desirable
to prevent erosion. The following products control
vegetation at the accompanying rates per foot-mile. (Rates
per foot-mile x 8.25 = rate per acre.)

Chlorate-borate. 200 pounds (25 percent sodium chlorate)
Dalapon, 10 pounds
Dalapon-silvex, 2.5 gallons (41b dalapon + 1/2 lb silvex per gal)
Diuron, 5 pounds
Erbon, 5 gallons (4Ib per gal)
Monuron, 5 pounds
Monuron-TCA, 0.9 gallon (3Ib per gal)
TCA, 25 pounds

Postpaving treatments ire nece .ary to pr, ent
encroachment f-m 1 ikv and 01,0 i any
vevemtion , ,gb ,..raLtcs in old pavements.

rt- Lreatinents with dalapon-silvex mixture
or use ua-pon ,1 grasses and 2,4-D or amitrole on broad-
leaved weeds.

CAUTION: Erbon, monuron, and chlor ate-borate
mixture can injure vegetation some distance from the edge
of the pavements; and monuron, diuron, and monuron-TCA
can injure plants next to the treated area.

Roadsides. Herbicides are useful in the maintenance of
roadsides if they are properly applied. The greatest dangers
come from drift, runoff, improper application, and leaching
to roots of desirable species under the treated area.

Before spraying, make a survey of the area, spotting any
slopes subject to erosion, the location of desirable
vegetation, and the density and height of brush.

CAUTION: Drift hazards are greatest when growth-
regulating herbicides, such as 2,4-D, 2,4,5-T, and silvex
or contact herbicides are used as sprays, but damage often
results from careless application. Drift occurs not only with
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volatile herbicides, such as the esters of 2,4-D and
2,4,5-T, but also with any spray that has been atomized
into a mist by high pressure and a small nozzle opening.
The volume of spray per unit area also influences drift.
Where there are adjacent susceptible plants, --ist 10
gallons per acre and move the sprayer at a low

It is especially important to reduce mist when you spray
vith a handgun. Operate at low pressure (30 to 60 psi).
Direct spray downward as much as possible, and do not
spray when it is windy. When you are treating edges of
roads, spray from the outside toward the pavement.

Runoff is an important hazard on slopes, bare ground,
and pavements. Cutback asphalt applied with a soil sterilant
helps to hold the chemical in place. Use 39 gallons per
1,000 square feet, or 1,700 gallons per acre, or use a light
covering of road oil. If there has been an excavation, add a
layer of crushed rock. Trees and shrubs some distance from
soil treated with soil sterilants may be killed if their roots
extend below this area.

Utility lines. Make two complete sprayings of all
transmission lines at 2-year intervalsthe first to kill as
much growth as possible and the second to kill escapees and
resistant species. Spray only those species that grow tall
enough to interfere with the lines. If the plants are over 6
feet tall, cut and spray the stump.

Fenuron pellets at 121/2 pounds per acre, active
ingredient, kill alder, blackberries and sumac; elderberry,
elm, hawthorn, maple, or willow are not killed, but all
species are defoliated.

TCA and dalapon are moderately effective on conifers.
Foliage sprays of 2,4,5-T, at 21/2 pounds per 100 gallons

of water, control many species of hardwood brush
throughout the season. They are most effective when
applied soon after leaves are fully expanded and when the
plants are growing actively. Esters of 2,4-D plus 2,4,5-T
in equal proportions (brush killer) kill alder, smooth and
staghorn sumac, and willow.

Railroads. There are three areas on .)11 winch
weed contivs- is necessary. th-e ballast, th- Jed, and the
nsht-of-way. The ballast is a strin 12 to 16 I. wide, made
up of coarse material, such as ders or gravel, that should
be kept free from weeds. Beca,.-- the ballast is so porous, it
does not retain chemicals well. Insoluble herbicides, those
absorbed through leaves, and contact herbicides are most
suitable.

The roadbed (berm) beyond the ballast requires weed
control, but elimination of vegetation increases erosion.
The rest of the area to the right-of-way fence is similar to
roadsides. If control is effective during the first 2 years by
heavy rates of application, it can be maintained with
reduced rates thereafter. The effectiveness of some soil
sterilants like diuron and simazine may not show up until
the second or third year of use, especially in dry areas or
with deep-rooted weeds.

Apply 5 to 8 gallons of dalapon-silvex rr 're. in 150 to
300 gallons water per acre-mile on balk,. ,L ,tu berm areas,
or 5 to 6 quarts of DNAP and 300 gallons of diesel oil per
mile on roadbed. For heavy growth, add 300 gallons of
water.

Tad'. Weeds in lawns, athletic fields, golf grounds,



parade grounds, the turf portions of roadsides and railroad
right-ot-way, and similar areas are controlled by good
maintenance practices supplemented with chemical
herbicides. It is important to prevent the encroachment of
weeds by maintaining competition from vigorously growing
turf grasses. The principal factors in maintenance are soil,
grass, water, mowing, and pests.

Both the physical and chemical properties of the soil are
important. Adequate organic-matter content, drainage, and
aeration are as essential as proper fertility. The selection of
the grass or grasses to be seeded is also important. Each
type has its requirements for optimum adaptation. Water
not only keeps plants from wilting, it is itself a nutrient and
it acts as a solvent and carrier of nutrients and food. The
frequency and height of mowing are important. The height
is determined by the kind of grass, and the frequency
depends on rate of growth. Pests include insects diseases
and weeds. These often require treatment beyond good
maintenance practices. Insecticides, fungicides, and
herbicides are supplementary controls.

Chemicals are useful for killing weeds (1) in preparation
for seeding, (2) where weeds have become established in
disturbance areas, or (3) where, for other reasons, there is
an incomplete cover of desirable grasses.

Turf weeds comprise (1) broad-leaved species that can be
killed with one group of herbicides without seriously
injuring turf grasses and (2) undesirable grasses that can be
controlled by a second group of chemicals. The
morphological and physiological differences between
broadleaf weeds (dicotyledons) and grasses
(monocotyledons) make selective control possible. Where
weedy grasses are to be removed from turf grasses,
selectivity is done usually if the weed is an annual and the
turf grass is a perennial.

Exercises (C51):

Identify the following statements as being correct (C) or
incorrect (I). Explain why the incorrect statements are not
true .
______ 1. Vegetation along the edges and in the crack of

asphalt pavement are very difficult to control.

2 Presurface treatment may be done with a standard
highway watering truck.

3 Care must be taken during postsurface treatment
to prevent injury to plants adjacent to the
roadway.

4 When treating roadsides, proper application will
ensure safety for desirable plants.
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____ 5 Spraying when windy will guarantee best results.

____ 6 When treating utility lines, all species must be
treated.

____ 7 Utility lines should be treated every 2 years.

8 Foilage sprays are most effective when applied
soon after leaves are fully expanded and when the
plants are growing actively.

____ 9 Railroads require treatments in three areas; the
ballast, the roadbed, and the right-of-way.

10. The railroad treatment for roadbed should kill all
vegetation.

____ 11. Lawns, athletic fields, parade grounds, and golf
courses can be controlled primarily by good
maintenance practices.

____ 12. In lawns, all undesirable plants can be controlled
by the application of one herbicide.

C52. Cite details regarding integrated controls for
aquatic vegetation.

Integrated Control Measures for Aquatic Vegt.
The control of aquatic plants is based upon the type and
location of the plants to be controlled. Controlling aquatic
plants presents many problems for you because controls
often affect other aquatic life. Although chemical control
metho are most popular, most aquatic plants can be
controlled effectively by mechanical methods, even though
these methods are generally more expensive and slower
than chemical methods. Biological control is also used on a
limited basis.

Mechanical control. Mechanical control methods for
aquatic plants include pulling, chaining, dredging, drying,
burning, and mowing. The methods you use should &Tend
on the size of the area type of terrain, and availability of
equipment and operators.
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Pulling or raking. Small bodies of water can be
temporarily rid of aquatic plants by hand pulling or raking
the plants from the water.

Chaining. Aquatic plants can be removed from canals
and drainage systems by dragging a heavy chain between
two tractors on opposite banks. The chain should be towed
ir. one direction and then back in the opposite direction to
be most effective. Dragging the chain through the water
will detach rooted submersed plants and emersed plants
from the bottom of the body e` water. Once these plants
have been detached from the bottom they should be
removed from the water by raking.

Dredging. Dredging seems to be equally effective for all
types of aquatic vegetation but must be used very
cautiously. Equipment used for dredging should be
equipped with weeding forks instead of the normal bucket.
Although dredging operations are very effective for
removing aquatic vegetation, they are not very
advantageous in other aspects. Removing vegetation by
dredgi7g also removes mud along with the weeds, therefore
enlarging and deepening the water holding area causing a
change in capacity.

Drying. Many submersed aquatic weeds, especially those
in hot, arid regions may be controlled effectively by drying.
This method is often objectionable because it requires
complete drainage of the area, which, in most instances,
must be done when the water is needed the most.

Burning. Burning is an effective mechanical control
measure for controlling young succulent plants along canals
and drainage ditches. Burning is most generally done by
searing the plants first, then finishing the burn a week or
two later.

Mowing. Providing banks are smooth enough, not too
steep, and relatively unobstructed, mowing can be used to
control aquatic vegetation growing along the sides of canals
and drainage systems. Specially designed power-driven
weed saws and weed cutters can be used to control rooted
submersed plants and emersed plants within bodies of
water.

Chemical control. Approved chemicals may be applied
n the form of sprays or granules. Porous bags that contain
chemicals can be dragged through the water until the
chemical has dissolved. Chemicals can even be applied
over iced areas in the same manner you would treat a field.
As the ice melts, the chemical is released slowly into the
water. Copper sulfate, if applied correctly, can be used and
is very effective for controlling algae. Aromatic oils are
also often used for controlling aquatic weeds in irrigation
canals.

Biological control. There are certain fish and snails that
feed on many aquatic weeds and, at times, they will
virtually eliminate aquatic weeds in ponds and lakes. Carp
and sunfish are very important in reducing aquatic
vegetation and the Marisa cornuarietis snail has shown
promise in controlling aquatic weeds in Florida.
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Exercises (C52):

1. List the mechanical controls for aquatic vegetation.

2. Which method is more appropriate to use for
controlling aquatic vegetation?

3. How can aquatic plants be removed from canals and
water systems?

4. How should acquatic plants be removed once they
have been detached from the bottom?

5. Removing vegetation by dredging also removes
along with the weeds, therefore enlarging

the water holding area causing a change in the

6. Why is drying for control of aquatic vegetation
objectionable?

7 . How is burning most generally done for ground
vegetation control?

8. What method can be used to control aquatic vegetation
growing along the sides of canals and drainage
systems?

9. What tools can be used to control rooted submersed
plants and emersed plants within bodies of water?

10. Approved aquatic herbicides may be applied in what
form?

11. How does biological control of acquatic plants work?
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Answers vor Exercises

CHAPTER 1

Reference:

COI - I. Homes; hotels: restaurants; bakeries.
COI - 2. In cracks and crevices provided by buildings.
COI - 3. On bits of food people scatter where they live and travel.
COI 4. Diarrhea, dysentery, typhoid, food poisoning.
COI - 5. Thrugh the insect's fecal material.
COI 6. There are about 55 species in the U.S. Only 5 commonly infest

COI 7. At night, warm; damp; secluded.
CO1 - 8. Ootheca.

CO2 - 1. (1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
(11)
(12)
(13)
(14)

d.
b.
a.
e.
c.
d.
c.
a.
e,
b.
d.
a.
c.
b.

CO3 - 1 Your list may ir.clude any 5 of the following:
(I) Never leave food products exposed.
;2) Keep garbage in enclosed containers.
(3) Eliminate dripping faucets and pipes.
(4) Keep sewer openings cleaned.
(5) Inspect incoming merchandise for cockroaches and eggs.
(6) Store or discard empty drink containers.
(7) Avoid needless trash accumulations.
(8) Exclude roaches by methods such as equipment design,

good screening, tight-fitting doors, and filling crack:, and
crevices.

CO3 - 2. Where they would be unsightly or cause contamination
problems.

CO3 - 3. Make sure it's EPA registered, and read and follow label
dircttions completely.

CO3 - 4. In cracks and crevices, under large appliances, and in other
suitable harborage areas.

CO3 - 5. Because heavy infestation tends to be repellent.
CO3 6. Place them in small amounts and very close together where they

can compete with other food sources.
CO3 7. Your list may include any eight of the following:

(I) Cracks and crevices.
(2) Under table tops.
(3) Behind sinks.
(4) In cabinets.
(5) In motor compartments of refrigerators and soft drink

machines.
(6) Underneath bases of kitchen equipment.
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(7) L! switch and fuse boxes.
(8) Underneath cafeteria counters.
(9) In cash registers.

(10) In vegetable bins.
(11) Around meat counters and check-out stands.
(12) Anywhere else where conditions are favorable.

CO3 - 8. Use ULV applications to supplement residual sprays except in
areas where residual pesticide use is prohibited.

CO3 - 9. Inside bureaus, shelves in clothes closets, ceiling light fixtures,
valances above windows, and any other suspected hiding
places.

CO3 - 10. Near steam pipes, in sewers, grease traps, damp basements,
and similar places.

CO3 - 11. a. Under porches and crawl spaces, bauments, and floor
drains.

b. In abandoned cisterns, valve pits, and in garbage and trash
dumps.

C04 - I. The abdominal pedicel or "node."
C04 - 2. This characteristic will separate ants from all other insects of

similar general appearance, and the number of segments and the
shape of nodes will help determine the genus and species of ants
involved.

C04 - 3. They act as sensory organs for functions such as touch and
taste.

C04 - 4. Ant 'srvae are legless and are more or lass translucent. They
are gourd or squash shaped with the head at the narrow end.

C04 - 5. Reproductive females (queens), reproductive males (kings),
and workers.

C05 - I. (1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)

C.
b.
e.
f.
a.
C.

d.
b.
a.
e.

C06 - 1. T.
C06 - 2. T.
C06 - 3. T.
C06 - 4. F; dusts work best when blown into nests and wall voids, or

other areas where ants nest or hide.
C06 - F; control can be quite difficult and is only likely to be effective

if you can trax foraging workers to the nest's vicinity.
CO6 6. T.
CO6 - 7. T.
1i6 - 8. T.
C06 - 9. T.
CO6 - 10. T.

C07 - 1. T.
C07 - 2. F; they also attack starched clothing, linen, and rayon.
C07 - 3. T.
C07 - 4. T.
C07 - S. F; both are wingless.



C07 - 6. F; firebrats prefer hot, dry places.

C08 - I. Inspection and food reduction (sanitation).
C08 - 2. Basements, attics, closets, around bookcases, behind

baseboards, and around steam and water pipes.
C08 - 3. Oven areas, fireplaces, boiler rooms, and other hot, dry areas.
C08 - 4. Apply a space spray to get them moving faster.

CO9 - I .
CO9 - 2.
CO9 - 3.
CO9 - 4.

F; Dermaptera.
T.
T.
F; 5 months.

CIO T.
CIO - 2. T.
CIO - 3. F; they generally aren't effective.

C11 - I. Five mm long, 3 mm wide, and reddish brown.
CI I - 2. Greatly enlarged and red.
C11 - 3. Both sexes; Chnex lectularius, Cimex hemipterus.
CI I - 4. Can lead to nervous and digestive disorders.

Cl2 - I. A buggy odor, blood stains on sheets, and fecal stains along
crevices.

C12 - 2 At night.
Cl2 - 3. Gradual metamorphosis.
Cl2 - 4. It takes 18 to 56 days, depending on the temperature,
C12 - 5. From 6 to 12 months.
Cl2 - 6. Year.

CI3 - I.
CI3 2.
CI3 - 3.
C13 - 4.
CI3 - 5.
CI3 - 6.
CI3 - 7.

F; it is a minor problem.
T.
T.
F; fold mattresses and place at a 45* angle.
F; open windows for ventilat,on.
T.
T.

a.
b.
c.
a.
c.
b.

C13 - I. Apply residuals to floors, walls, around fireplaces and dark
crevices, in basements, and behind baseboards.

C15 - 2. Cracks; crevices.
C15 - 3. Baits.
C15 4. Congregate.
C15 - 5. Five; 2; 3.

C16 - I. S.
C16 2. P, S.
CI6 3. P, S.
CI6 - 4. P.
C16 - 5. S.
CI6 - 6. P, S.
C16 - 7. P, S.
C16 - 8. P, S.
CI6 - 9. P, S.

C17 - I. Physical, cultural, and chemical controls.
CI7 - 2. Hot water.
C17 - 3. Removing gtass and leaf piles, picking up objects on the

grou.xl, and keeping the area free of garbage.
CI7 - 4. Dry; ventilated.
C17 5. Apply them to entire lawn and turf areas or as a band treatment

around :building foundation.

CHAPTER 2

C18 - I. Neurotoxin.
CI8 - 2. Vesicating toxin.
C18 - 3. Hemolytic toxin.

CI9 - 1. (I) b.
(2) e.
(3) a.
(4) d.

(5)
;6)
(7)
(8)

C20 I.
C20 2.
C20 3.
C20 4.
C20 5.
C20 - 6.
C20 7.
C20 8.

C2I I.
C2I 2.
C21 3.
C2I 4.
C2I - 5.
C2I 6.
C21 7.
C2I 8.

C22 I .

C22 2.

C23 I .

C23 - 2.
C23 3.
C23 - 4.

C24 - I.
C24 - 2.

C24 - 3.

C24 - 4.
C24 - 5.
C25 - I.

C25 - 2.
C25 3.

C25 - 4.
C26 - I .

C26 - 2.
C26 - 3.
C26 - 4.

C26 - 5.
C26 - 6.

C27 I.
C27 2.
C27 - 3.
C27 - 4.
C27 5.

C28 I.
C28 - 2.
C28 - 3.
C28 4.
C28 5.
C28 - 6.
C28 - 7.
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g.
C.

f.
a.

C.
C.

They produce honey and ctop-hearing
1. It does not harden readily and remains pliable for years.

C.
I. They cause serious damage to stnietmes.
I. Deaths have been reported from bee st 1111!s.
C.

All bee!,.
Honeybees.
Bumblebees.
Bumblebees.
Bumblebees.
Honeybees.
Bumblebees.
Bumblebees.

If you can handle bees, gently rake them onto a white cotton
cloth, When you have collected all the bees, take them to an
open field and release them. If you or someone in your shop
cannot handle bees, contact a beekeeper to take care of them for
you. Beekeepers arc usually glad to get thc bees and you avolo
killing the bees with chemicals.
Application of insecticide dust, spray, or aerosol will control
these bees; however, several applications may be required. Dust
is probably the best insecticide to usc in this situation.

Stinging.
Individual.
Insects, crops.
Vegetation.

T.
F; it is used for making holes for depositing eggs and for
stinging.
F: some wasps are solitary insects and cause very little trouble
to humans.
T.
T.

F; you should treat in the early morning or late evening when
most wasps are still on the nest.
T.
F: use solutions only if they don't represent a danger to
vegetation or treated surfaces.
T.

They are beneficial in that they parasitize certain insects and
arachnids, but they are far morc detrimental because of their
visciousness and painful stings to people.
Baldfaced hornet.
The white markings on its body.
Thcy are paperlike as are thosr of other wasps, but are
completely enclosed with a paperlike covering, and may
resemble a massive "bloated football" or "inverted teardrop."
Burning the nest.
Fire safety and personal protection.

Get medical attention.
You must remove the stinger.
Tweezers.
Apply a paste of wate- and baking soda.
Because it increases the flow of venom into the blood and
increases the inflamed area.

T.
F; very few species in the United States &-e poisonous.
T.
F; they appear in many parts of the world.
F; the black widow is more important.
T.
F; both sexes are poisonous.
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C28 8. F; a full bite affects body functions as well as creating a very
serious local wound.

C28 9. T.

C29 I.
C29 2.
C29 3.
C29 4.
C29 5.

In temperate and tropical zones.
To paralyze their prey.
Humans.
Mouthparts; skin.
Instars.

C30 I. (I) c.
(2) c, d, e.
(3) a.
(4) b
(5) c.
(6) a.
(7) d.
(8', b.
(9) a, c.

C30 2. 200.
C30 3. 2-4 weeks.
C30 - 4. They are laid during the summer and the young reach maturity

the following spring.
C30 5. On the underside of privy seats, in piles of lumber and trash,

and in empty paint cans and buckets.
C30 6. Insects; disturbed.
C30 - 7. The dark fiddle-shaped marking on the carapace.
C30 - 8. Onc; five.
C30 - 9. In houses and associated buildings, boiler houses, schools,

churches, libraries, stores, and other such buildings.
C30 - 10. Because they avoid the light and are sedentary.
C30 - 11. Out of doors.

C31 I. Under stones, loose bark, in water faucets or wood piles, in
rodent burrows, garages, storage buildings, etc.

C3I - 2. Frequent cleaning to remove spiders and their webs.
C31 - 3. Around windows, stairs, closets, and all other spider habitats

both indoors and outdoors.
C3I - 4. Inside parts of buildings which are generally dry, littered, and

undisturbed for long periods of time; outside, under rocks and
loose bark,

C31 - 5. Shake out clothing and bedding before use, eliminate
collections of papers and unused boxes, thoroughly clean under
and behind furniture, remove spiders, webs, and egg cases from
living and storage areas, and properly use appropriate general
use insecticides.

C3I - 6. 1'.
C3I - 7. F; egg sacs must be destroyed along with the adu:ts.
C3I - 8. F; use space treatments indoors only for cleanouts and to control

outdoor species found indoors.
C3I 9. T.

C32 I. I, 2, 4, and 5 are true.

C33 - I.
C33 2.
C33 3.
C33 4.
C33 - 5.
C33 6.
C33 7.

Four; one.
Two; unsegmented; segmented.
Tail; stinger.
Straw yellow.
Nocturnal.
Water.
House; attics; walls.

C34 - I. Insects.
C34 - 2. Two to 3 months.
C34 - 3. By cutting down on their hiding places.
C34 - 4. By dampening a burlap sack and spreading it on the ground in

the evening.
C34 5. Diazinon and Propoxur.

C35 - 1. Immediately place a ligature between the sting and the body.
C35 - 2. Ice.
C35 - 3. 3; 5.
C35 4. Antivenins.
C35 5. Obtain professional medical assistance as soon as possible.

C36 - I. (1) f.
(2) h.
(3) c.
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C37 I . Centipedes, millipedes, and conenoses.
C37 2. Large centipedes.
C37 3. Around doorways, window frames, and around lighting.
C37 - 4. Ornamental and turf pests.
C37 5. To prevent prolonged contortions, which cause many hairs and

spines to be shed before they die.

C38 - I. True.
C38 - 2. True.
C38 - 3. False; fatalities are low.
C38 4. True.
C38 5. False; they can bite under water.
C38 - 6. False; it does not.
C38 - 7. False; people fear snakes because they lack knowledge of

snakes and believe fallacies that have been passed down
through generations.

C39 - I. (I)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)

c.
a.
b.
a
c.
c.
a.
a.
b.
b.

C40 - I. False; venom is neurotoxic.
C40 - 2. True.
C40 3. False; both arc from family Elapidac.
C40 - 4. True.
C40 - 5. False; the cobra has a "hood."
C40 - 6. True.
C40 - 7. False; Arizona and New Mexico.
C40 - 8. True.
C40 9. False; they are secretive.
C40 - 10. True.

C4I - I. a.
b.
c.
d.

C4I - 2. a.
b.
c.
d.
e.
f.
g.

Pain.
Nausea.
Respiratory difficulty (possibly a sign also).
Visual difficulty.
Presence of fang puncture wounds.
Drooping of eyelids.
Unsteady gait.
Slurring or speech.
Swelling at puncture point (possibly).
Vomiting.
Excessive sweating.

C42 I. Correct.
C42 - 2. Incorrect; only a doctor or other suitably trained medical

personnel may administer antivenin.
C42 - 3. Incorrect. Change "2"to " I."
C42 - 4. Correct.
C42 - 5. Correct.
C42 - 6. Correct.

C43 - 1. Rodent.
C43 - 2. Avoid their natural habitats.
C43 - 3. Hip boots; flashlight.



CHAPTER 3

C44 I . Their ability to thrive in cultivated land.
C44 2. (I) Underground roots or sterns--Pennir weeds to persist even

if seed production is prevented. Cult1taition spreads pieces
of roots to other areas.

(2) Abundant seed production-Weeds produce thousands of
seeds that can live from 10 to 50 years.

(3) Rapid growth-Seeds form before control measures can be
taken.

(4) Competitive ability-Weeds can compete more successfully
than desired plants for light and nutrients.

(5) Unpalatability to livet.lesk-Weeds can reproduce and
spread without being hindered by animals.

C45 I. ( I)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)

e.
b.
c.

g.
J.
a.
f.
h.
d.

C46 - I. T.
C46 2. T.
C46 3. F; vines climb on o!her plants or sprawl on the ground.
C46 4. T
C46 5. F; some plants have both.
C46 6. T.
C46 7. T.
C46 8. T.
C46 9. F; change "polycots" to "monocots."
C46 10. F; change "monocot" to cotyledon."
C46 I I. T.
C46 12. F; change "shallow and weak" to "deep and strong."

C47 I. I; they separate from the soil and are no longer dependent on the
soil.

C47 2. C.
C47 3. C.
C47 4. I; during normal growth these plants will extend above the

water surface.

C48 I. Identify the weed you want to kill; select the right herbicide to
control the weeds without harm to desirable plants; and mix
chemicals according to mixing directions.

C48 2. When herbicides that affect leaves of plants are used; they are
least when low-pressure liquid application are made of
nonvolatile herbicides.

C48 - 3. With a high-ressure spray of liquid herbicide.
C48 4. Slopes bare ground, and pavements.
C4S 5. Downward.

AU0AFS.. AL. ( 544379 ) 600
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C48 6. Wildlife.
C48 - 7. Overdoses and spillage.

C49 I . (I) C.

(2) a.
(3) b.
(4) d.

(5) c.

C50 I. T.
C50 2. F; they are more expensive, but should still be used when

possible to protect the environment.
C50 3. T.
C50 4. T.
C50 5. F; it has been used to control the rangeweed; actus moths have

been used against the prickly pear pine.
C50 6. T.
C50 - 7. T.
C50 - 8. T.
C50 9. T.
C50 - 10. T.
C50 - I I. T.
C50 - 12. T.
C50 - 13. F; burning adds nutrients to the soil.
C50 14. T.

C51 1. I. Presurface and postsurface treatment is effective in
controlling these weeds.

C51 2. C.
C51 3. C.
C5I 4. I. Desirable plants may still be damaged by leaching to the roots

and runoff from rains.
C51 5. I. Wind causes drift which endangers desirable plants.
C51 6. I. Only those tall enough to reach the lines.
C51 - 7. C.
C51 8. C.
C51 9. C.
C51 10. I. This could cause erosion; only tall plants should be killed.
C51 - II. C.
C51 12. I. Broad leaves and grasses require different treatments.

C52 I. Pulling, chaining, dredging, drying, burning, and mowing.
C52 2. It depends on the size of the arca, type of terrain, and

availability of equipment and operators.
C52 3. By dragging a heavy chain between two tractors on opposite

banks.
C52 - 4. By raking.
C52 5. Mud; capacity.
C52 6. Because it eequires complete drainage of the arca.
C52 7. By searing the plants first, then finisbing the burn a week or two

later.
C52 8. Mowing.
C52 9. Specially designed power-driven weed saws and cutters.
C52 - 10. Sprays or granules.
C52 I I. Fish and snails feed on many aquatic weeds and, at times,

virtually eliminate weeds in ponds and lakes.
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SNAKES: PICTORIAL KEY TO VENOMOUS SPECIES IN UNITED STATES
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h, \indcni onsiLlcr all choiccs carefully and ',elect the hew answ er to Lach Littc,tion

I It III I I illkk 111:111\ IX.TIL-, i1 CUCkr0:1Cht..` are common pests indoois in the I 'tilted `-ltates''

.1 c. .15.

d 55.

\VInch 1,1 these Icmale cockroaches carrv the oothoc:I until the to hatch?

( lei man cockroach. c. American cockroach.
tental cockroach. d Australian cockroach.

t \\ Inch cockroach commonly spreads beyond the kitchen and bathromus in infested homes?

( ;:1111;111L'OCkl0;leh. Australian cockroach.
d linwyn-banded cockroach.

\\inch of these cockroaches is of ten found in such places as hig., on kk alls. behind picture frames. and
ncai !nouns 1,1 ;111,1'1am:es?

.h lent al cockroach.
.%ustialian cockroach.

C. Brow n-bandLd cockroach.
d Penns> Ivan ia woods cockroach.

t H I For pcsticide efleetiveness. yoll should mainly appl pesticides for cockroach control in

c. hih-huidity areas.ceilings and basements. g m

1,1ach hat horagcs. d. baseboards and drains.

i( li ti An ideal method for crack and L'reviee treatments lOr cockroaches in% \

scaling openings. treatment. and inspection.
I, inspection. s,:aling openings. and treatment.

ticatment. sealing openings. and inspection.
d inspcction. ireatliwnt. and sealing opening.

I( .1 1 "Ain cgg is ol ten a term applied to an ant

a Lit i i. n mph .
pupae . d. adult.

ti I \\ hat t pe ot metamorphosis do ants u idergo?

a Complete.
h Incomplete.

c. Gradual.
d. None.

Which ants may be severe pests in hospitals k\ here they can feed on open \\ (quids?

a Morous house ants. c. Pharoah ants.

ants- d. Field ants.

Pharoah ant colonies are characteriied as haying

a tt) 100.000 workers and many queens.
up to 31I0.000 %orker and many queens.

io I (11).1100 orker.. hut Or.iy
up to .11ALMO orkers. but only one qucen.

2 6" 56650 ()7 2.
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I( ht:II t...,111.( Ith.-Jjk. (II :till II;II cl Iccp CI !

.1 (

Srio
C I )usts.

d 13;ut..

110I Iti oath:J.4 tit....unk.iit. tor an( control In large outdtioi area.. ale hcst u.ing

.t I )IIl'
I, ( LI

(( .1)7) \\11;i1 llic (ll iItIiIi aliti

Iicct

II I \Vhcic

,1 t1(.1. tor heatinp
100,1 .:(11age and nioi.t place..

, .to \ es. or around I ireplact.....
'Ildet hot Ali.% conLlitions.

I`I'\\ IICI `I`I.I`
Fnuilsitiahle concenti ate.

e. Diamond.
I. I IC \1211.

I 's .(151( L.,,IrtlIs. lot ikci-Ii-511 atiLl firelwat. ;Ire conLlucted much like control thea.ure. for

.1 \ c. Tick. ;Ind iihte..
h Cook! oaelic.. d. Storcd-lood

1(1 05) \\ hat 1% pc o1 chemical treatmcnt nonnall% u.cd to control

Is

Liquid pe.ticiLle. application.

.1)1 FAIL\ it,. heItu1:, to the ode

hthopici.;1.
( *Hues

ii;iI I \ pc 1111Itithp:Irts, Lit) CaIA\ II C?

linithi
11 Silt kint:

Fogving.

d. Acro.,oling

L . I )ci mapt(_'ra.
tl. 1)onic.tica.

c. Clie Mg.
tl. Vacuum.

0.110 \\lien .pra%ino lor \%11CI.0 %%OUR] \

.1 III 0111% .

h I.11 kW 1111 III I 5-loot hand ztround the structme. and on the Ioundation L% all to a height of 2-3 feet.
1n11% on the Ioundat ion %\ all to a height of 2-3 lect.

d 1111% III a 5-10ot hand on the soil around the .tructurc.

((.10) \\ hat indoor areas can %ou treat spravint2. or hru.hing lOr earL ig Control.1

liasehoords. C. kitcheii . and hathr(1om..
II Furniture leg.. d. I )oor and %\ 17th m frame..

695

5(4)50117 1;



0.11 I 1 11.11 tamil \ d(ies the l)cdfing

.1 `siipc11,1

I) Ilatella
C.

d . I .espisani.

" ( 1What species Lit bedbugs is predominate in the temperate regions!

.1 .litpelListipC1ICL'hilliiiiii. C. Cil11CS helliipICUlls.

b Ithitt.'11;1 LI. lectularms.

ic '1.2) Which of the lollow ing characteristics is nor t pical in a bedbug. inrestation'!

.1 Rugg% odor. c. Blood stains on sheets.
IN I );i'iiine 1110 Cnienk, I. FCCUI 51,11115 AILNIII.2 CreViCeN.

1 2) I )(TC11d111:_. on the temperature, ho\\ long does it take for complete development of a bedbug from egg to

1)) 10 I dav s. C IS to 56 da s.
h to I 2 eeks. d. I to 2 \\ eeks.

I lii long v% ill one zipplication ()Ian approved insecticide enulsion control bedhugs'?

;t)

h h months
L . I ezir.

d. More than I ear.

I( ;) In a hedhug t I-.n. room ith a single bed. to v% hat heOlt should .on spra the walk?

a 1 ou shoul(I treat baseboards iiiiI .

h I i) Ice).

1( .1 11 1 11;11 L )1.(1c1' (locs the cricket belling?

t. thorier,..
h I lemiptera.

c. Four feet.
d. feet.

C. I .C111111:1.

it 'II ) 1111:11 cricket enters the home chielI in cold \\ cather'?

I kit's,: I.

h Cac d. Jerusalem.

i( I )("ontiol treatment tor crickets in food facilities must he restricted to

line ;ilea only. C. Hot surfaces.
IN \ ;Ind et: lees . d. the enhre room.

;() t( 15) !km ean you prevent crickets from emering buildings'?

ILesiduals.
h. Misting.

C. AN:1_12111g

AL1l).oling.

;1 (i) can sow hugs he distinguished from piIlhug'?

Sowhugs roll up into a hall.

h SoNA hugs re longer and have a Hat head.
Sowhngs cannot roll up into a ball .

d I he sow hug is known as the roly-poly''. 690
56650 1)7 23



(( .1(1) \\ kIL 11C I)d1111n2's .11111 ..cl\\ 1)(112%, (1(1:11I 1t)(111(111111(wi..!

'11(1,. I kitchen couiltel%, :ind lii Imtltioom..
conlainci.

111 \\ 11111i,\\ ',Ilk .111d 11001 11.11111.",.

1111111111,1,a`selnent's .11111 ...111111111 It_ \ LI 1.111111111!...2

I(
1 S(\\IttL :Mil 1,1111)11.;2's ellIn2.re.:..1.1111n.! Under .inil fh.1 ccii outdoor ohIcel LlI NC c:tsil 1)\

.1 1)4111111w 114)1 \\ ovcr them.
pe.ticidal .olutions.

le11111.11 pe11:111.11 S1.1\1)1:11\11MS.

.11111\ 1112 .11,.111t1 treatMent .tntimil nearby

1( .1 71 \V1111 1%, the 111(lq :Ippr(priate method ot pre\ entmr. so \\ ;Ind pillfing

,1 Zind It'a I pile..
spraL tiC hol ;Itel.(lcer the are;I.

I'L1(111:11 LINpelllon
I Nit )ti iiitI ztter N(MrCe(

1( .1S) l\lost rewile. in the St;ites produee

11e1I1tM)\.m. L 1 Ilet111110111agie lit \ ill.

I) .1111.11.11CalIng L'Il(tIll. LI. :1 ilk:11101\11e Ce110111.

It ((" IS) Vonniii. 11111 1 i 11.11.110.t \eS ;Ind iit Lt1IL htlik Ii everc ;Lye eki.sified zi

I))

It)

lemol \ tie io \ Veje;itinl.! tit \
It I '1 ( IC111112. tO 1 \:(21.11.010in,

1( .11)) I Ile 111(.1110(1 01 en\ enoiniration ;ind the t \ pe III \ cnoin produceLl \\ a.rs

.1 heinoltie. C. hue., neuroto \
neuroio\ in. LI. Ink... \

1( .101 I lic Method it1 ell ell()1111/01011 ;Itid the type it1 ell()111 produce(I \ het:. :ire

si \ Reitiolo \in.
neuroto\ in. d. heniol \

1( '1)1 hieli ()I the kull()\\ the hilt IlcneficRII to Ininhtils i re.pect to tooLl proLluction7

( %irpcnieu Nee.
I) I lone\ hee.

e. Bumblebee.
(I. King Fice.

h( Altlittli.0 ;III bee. :ire of IneLliezd inwortance. \\ hieli of thc.L. I of "freater concern hecause of it. economic

Cinpcnier bee. (Ione\ het:.

It linniblebee. d. fiee.
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I I I \\ t." I 1 (it the lollow iit2 eorrectl depicts the habits and appearanee l uodehees,

a Nest in the ground. bodies. 11(1 p011ell

Nest in the ground. hair faces. pollen basket.
Nest above ground. hair faces. pollen basket.
Nest oho\ L. ground. hairy bodies. no pollen basket.

I.' it I \\ I il 11, ueserihes a hunthiehee?

Nest in the grounLl . hair hodies. no pollen baket.
h Neq 111 the ground. hairy h;ces. pollen basket.

Nest ahme ground. hany faces. pollen bask.l.
Nest ahme ground hairy hoLlies. no pollen basket.

1 ; I Since hees are inactive at night bee control measures should hi' taken

tin a \\ eddy ha.k.
Ii at inidda w hen ;hey are active.

\\ lien the weather is cool and damp.
d It.n 11 1 I a...ernoon or earI evening.

.1 I Insectieidal dust to con:rol bees should he applied weekly for

a I to 2 \\ LClss. L. 3 to .4 weeks.

I) 2 to I \\ eeIs. U. 4 to 5 \\

Wasps are ver heneheial to humans in food production because the

produce luinc y. y. are parasiti/ers.
produce hcesw d. are e \cellent pollinators.

( In w hat wir are wasps of the greatest importance in affecting friod prl;duct ion?

a rho are parasite, of other insects that attack crops.
h are better than bees in pollenating plants.

Ihe parasiti/e beneficial plant polleninors,
d I hey ha\ c no al feet on l'ood production.

h 01 (he 1(1110W I qa(eilleMS describes the wasp?

a 'Iwo pairs ' membranous wings. I. . 1.\\ o pairs of hair ings.
(nc pair in hair\ wings. O. One pair of membranous w ings.

( .."-1) Social wasps of medical imi)ortanee are commonly attracted hy all of the following CliVp/

a. sweets.
llowers.

.19 t('.."5) You should take measures to control wasps by

a using a space spray applied with LlIN equipment.
I) knocking down ;.nd crushing nests in the daytime.

the nest while most wasps are still on it.
d using cultural controls that ehminate nesting sites.

6 8 5665() (17 23



I 01 WO `A Ill1.111011, \\ Lii Lilt:WIC:II 1011110101RM \ (L1l llk: ILI k.onlit)I

.1 1)11..1 L 1/4;0..1)4:W.1011

LI

I I( \\ Ilk. Ii tI OW II;l1,11 (LI tilL 1101141

( celk.
Loiltinct cony, \ lIlk:10Cd paperIike net..

mud
LI \ I.:\ I'l!!!.("A Into the (,2t-ound tL ne,t

I( ( )11t. (II tIlL Illt)I CI \ \\ lks 1101

.1 \

the ne.t .
liii min! I ic ilct.

(I

It ill \\ incr.

I( ." \\ hen \ oil ha s. Iii cilocklOcd \ our Jilin, I .110111,1

.1 L iI 10111.1\ \\ ilIl I \\

ICW(1\ l' it ,\ liii ic 11varp edge st a kniic.
\eel. immediate medical (lid.

(I ap9.1 \ ;1 lk) Vellk)Ill.

71 1 lic ram twill a \ a11 or bee Ntiin.! can 11C arrl a Ilale made \\ Ith

alILI flour. ruhhini2 alcohol and
,ind I is.siti Li. ziter. and hakiii12

I I Ile 1110,1 I)Cilk.', III the aic in the.II.LICI

/ft\ ;MIL! / Wrist/ s.. (./c7///'s dill 1.1+1,,CC /('/

/ ds's tuis.i /.(///'Paetlus kl. Ph/WC/Ur/a ;Auld ( ./(//// 5.

I( I M15011;1111 pol.o(loti\ vide!. ithin the I 'inted State,. the

((L II ICCIIIk2
hiss n islo

Ha, k jdo
ILIt)\\ .

I( \1111s11!!'Il \\ (Oki \\ iLIC ill aft%

tellirel Auld tropical /oilc.
,111(.1 'Subtropical /one..

teturevate and incyldian
(I meridian and ilopleal /one..

i( `,1) SIIRIcr hcit)n!lill (t) ill,' Iraehnida are identit ha \

.1 le:!. Ilk) \\ Iili.s dIlL1 Ill) all1C1111ZIL'.

ilhdonlcn. \ no \\ and I \\ (.1 :illiennac

aIldottleti. le12... no \\ ing. ant] iLL LL antennae.
aIldoinen. no \\ ;.«Id no antennae.

7 5(4,50 (17 ",
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I( ;1) ) V\ ink It oi titcL' plkicl l 101111d 0111\ Ill licci cit cud tr.uail ..!IC Ill Lcuicul \\ It)
L tdt)1

.1 \\ Om\
Mack \\ itlovt .

lit CM II \\ Ric I \\

hum\ Ii eclu.L.

full it \\ Inch (it thc it.lentitie. 1 1-irt)\\ t-CCIU.0

)111. I uldle-.Ilaped balkt on the ;intc nor port ituil cut OW C:110[1:102.
r lit' ;11)(Icilieli is, dark hroVil \\ 1111 CIIM .

'11111\ him\ ith red hour gla.. markung..
d Not .Inn\ black. but .1lituke black.

;I t 1..hininaiing all po..ible brctling arcas cit black \\ ititm ;Ind othcr .ptdcr. i, kno\\ n a.

.1 bitilt)(21cdl control. c. cultural control.
I) chemical control. (I physical contrt)i.

;1 Icicle tipplicat ton. tt.et1 in \loot.. tor coniollitw -pi \ler. art.. applieLl a',

alit! treatment.. L. re.idual and contact
b contact and .pace trcatinent.. I 11;ACC anti reNitillal

I( i I ic unctilcal importance ()I .corpion l t.leterrnmed I-1\ It.

habit and venom potcncy. c. \ cnom potenc \ cctii \
I \ and venom polcitc . LI. .i/c onl \

t, I t( .;.)) medical Importance are mcnibcr. ol genus,

1)8

1.11( \ \ L. l'erabuthu..

; I I ic \CI)! !Mull ha., lour pan'. ct Icig. and a 11()LI. \\ ith t\\ cc cIt\

cephalothortrs and un.c.:Dllented tubdomeli .

Ic im.Ligickinted ccphalothora anti .cymentcil ulIcicuiluLti
.cgincitted cephalothora \ and .egmentc\I abt.lometi .

cephalothora ink! un.cgmentcd abdomen.

.1

; I I ht.. t\'ccd pc)i.onott..pecie. ccl corpions in the 1IiitLcI State. arc t

Ilian I ill 1 1 lon(1 anti .tra\\ -yellovt in color.
I I !Idle hunt! and 1-tro\\ n to htlack in color.

.1. nic ht.. long ant.I ...tray\ -vcIlt)\\ in color.
lon;.! and lirt)\\ n It) black in color.

\\ Inch ()I thc /10/ a .uitablc method ()I controlling .corploit.?

SIIC

I) .\ \ okkincc.
c. Prcdator..
d. Trapping.

"; rile i\\ o M.o.-tut:ides u.ed to control .coiplon. are

prop() \ lir and chlorprilo..
b diaiint Hi and t.lichlor\

c. malathion ullcI p reihrin.
d. diaIinon and proru)\11r.

56650 (17 13



I( "1 hi Ill 11.t .tid tic,itincnt ,, tlin ht ,1 1411\4MM(

,1 it,111 Cl.'11 the .tim..! :Intl the hod\

.11111 \ ompie..e. or the .ting .Ilea tt ,11;Itt mit the tc11,1111

mmict11,111.1, .tt.II) the .ting ;11coliol

d ,111 ,,I the .11.,,,te

%tut tt m11,1

It \\ liii 1, k.,1 IL 101* the 1011,,\\ 111,2 :21 1,1,1 ;ikt iol. i iill ,ffil/

1(

\1)111\ An pIck to the -.1111',..! .ite.
.eek it1

IOC( \\ .

I `I. I I. t

I `1, ;1. I

C. ;). t I 1. 2 1.

tl t I (2)

\\ lepidoptem thick. hod% Lompletel coteret1 and hp\ tit

1.1il.1,101Cd hun

\\ hue IluuukLl tii..ock moth. L to )

t.ihiI1tuhI.uu I lirot\n-tail moth.

0 1,1 \\ 111,11 il the.e moth Lit \ ;le
hIdek. and \ ellott

moth

e011.1t.ICI'Ltki 10 Ile a C(11111)111111011 01 L.0101-

ii10\\ 11-U1111110th

d \\ hue-markt:LI tu..ok moth.

I \\ hiiht 1I Iii lollo\%im2 u.elid pre \ clime contiol to] eentipede.. millipedc.. ;Ind coneno.e...°

.; I It mit- ,Intlation L lello\\ light hodb..
h Skit...1111w d

1 It 't "1 101 hlt:h ul 111:`,0 110tIld 0t11. C011t101 lit tIC' Ie 1artit2tlIat \

(
C.

\ 111111)Cde t.I.

inclutling

\\\ ill ICI redUCC \I kr. \ Lii nettling

;SI ohm the l'inted Shute. ;ire in the lamihe.

\ iperithe in&I ("tdohrid,ie. CoIohridite and Lpapid,ie.

h Cwhilid;ie. d. Itlikie Ind Crotalidae.

.;S) \\inch one iii the titIuu ng .tatement. is true emit:el-nine .ihilte.?

.\ horst:It:lir rope doe. not .top -.nuke.

It Snake. cmi"t hitt: under\\ ;tier.
hike 111.11k tr0111 a COW.

d A 1101111 Ilake chii.e. people by holding. it. hid in it. mouth :Ind o\ er ;ind over.

.)) \\Thich ol the tollim ing '.Iluke II .eek cover quickl \\ hen di.turbed, evcept hen it is cornered?

e. [fouled rattic.ilakc.
d. I.:astern diamondhack.

MOCC;1.111

( "Opitel Lift

7(11
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S Cl.M1 I he snake \\ Inch leckk I reeI tu r;11thitS ;Intl LILLIl I\ the

;11

moccasin
h Oppei head.

.10) 1 he cot;i1 snake belong. to the ramilv

.1

.\ nohnklac

NI) (( 1(11 hete do coral .irakes cutuuiuuuttl ,lao.,;(,?

In lock ateas.
Ii \ lound open_ hilly regions.

horned i,ittlesnake
d. eastern

1 ..ciklae.
kl. Idapidoe

c. tinder bark ot llee;1\
d. In hu.hes Ill mall trees.

s I I \\ Inch ol the lollovk ing .vmptom de.eribes the enenoini/ation by pit \ iper.?

a \CL.'N,..1 \ ;10011 ank.I

h Slut! k)I .1)o1'ell and tingling .en.ation.
Ploilipt and progre..ive s\\ elling.

d I >looping 1I e elids and tin.tead \ gait.

N.2 1 I 1 \Vhieh ot the lollkm ing .vt uptom. de.cribe the elhenoini/ation h \ coral snakes?

I) \ ltiitI tnu.. m! nau.ea.
Imial decay of ti.sue.

tI e salivation and .weating.

; i(..1.."1 Nu evtensive irst iil treatment is needed for .nakehite if the viet ink can receive protes.ik mill medical
tleatment ithm

;I Inlet:11
!hitt\ 1111111.11es.

c. one hour.
d. t

S I i( 12 1 Incision and miction treatment for ;.1 snakebite .hould he started \\ ithin

Ss

.1 I() minute.. hilt not :titer I hour.
I) I I I [muffle.. but not after 2 hour..

20 minute.. but not after 1 hour.
20 minute.. hut not after 2 flours.

i 1 I he hk...t method for preventing .nakes from ;I \ en area i.

11111:2 \11101111;th II\ droCarholls ;Is repellent barrier..
maintaining ;in elleetive rodent control program.
11.111,111`2 and trallspOrt 0112. specie..
making sure pk.ople sta out of the area.

;() It' I It \\1111 Ille 1)1t)st illiptlrliint grtl\\ tit CllarzieteriStr.:111

.1 CO1111)1'110 \ C ithility.
I) kilpid glt lm. th

c. Abundant seed pokluetion.
LI Abihic to thrive Ill cultj \ Med Ian&

5 7. 11. III Sonic seed'. Ill Variulls \\ Cells e;111 last in the .oil for a masimuni of

a 5 \ears,.
I) I ears.

e. 25 ear..
50 years.

10 56650 117 13
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,Ihti \11,2 oldni. plop;i1aied 1-) onl requite's t .se:t-,orPs to complete 11%, rept t:\

a \initial
Iiiennial

L. l'erciiinal

1( 1." \\ 11,11 1\ Pc "1 \\ eed 1111L icci)1102 rool or ',tem., .'..tici.111\ (ht. most \

\iuuuuiut L. I'cretini;11
ltictint.il. LI. Scinianntial.

ii 161 \\ 11.11 ye \

( utli iihrou, root %,\ ieiii
I) lin \ [cal like %sit 1.1(1111.c that emerge from germitvatcd

I he L cnations ol grass leaves.
trasscs Mai rc perennial.

I 1(11 \\, the 1»11t)\\ no/ clioriiciernslie )11 hroadleal

.1 III( Unt)1 \ 1(2111 1%, relt111('I\ 11111MV :111(1 ('XIC111\
I1C ICJ \ ttli I L.'l;111\ \ ide LL ith netteLl venation.

1\\ t) I(':11-111\e natettires that appear upon .,,leriiiination.
d I licit.. att.% clusters ol lcaLCN at the cod of branches.

I t) 1111 !2.1()1111 tl ;Ritruic plants do algae helong?

I) 1 It),11111'.2

c. Suspcnded.
d. Suhmerscd.

(Ti LIuiui'cII ;alum ie plant s

11",(' (I1(' ht)110111 Ilia hod \L ;act- for .germination onl
I) Ili»1( on the \Litter sui face.

arc ii iitl roolcd tut (tic soil ;Ind LL ill c \tend abut\ e the LLalci stirlace.
ctmipicte 111,26 cntive \ de below th.: .atcr surtacc.

'II It IN) \\ 11;11 ps Me correct %sequence (tithe ttilln \L mg. steps \utu shotikl conduct hclorc vou appl herbici(Ies?

I 1/4Cil..1.1 HIC 1 11 1PCI Ctil111)111(111

( .httnt' 111(' 1121it herbicide

( Idcmil LLceds nceLlinr ct nitro].

I I I:cad the het hicidc

1- I Plan lict !tickle applications tuccording to the lahcl.

( I. t I. (:i).( I 1. (-I). C. (2). (3). ( I ). (-4 I. (5)
ft ;).(2_). LI. i.2). (3). (4). Li).

(. I9) Vhat type of herhicide is ,generally used for controlling grasses and herhaceous broadleaf. n arcas such
as sktiage areas. lumber\ ard. and parking lots?

'outact. C. Soil sterilant.
1) e. LI. Selective.

J_
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)1 V\ hal Ie ot L.onirol is often tlic niethoLl a\ ailable for controlling eeds in illaecessil)le areas'?

Nlechanical. L.. Chemical.
b Ica! ti itiiiI e tinction.

\Vliat is the ?Hog practical mechanical inethoLl tor controlling annual ailLI 1)iennial ectls from early spring

itt midsiiiiinier'

L. NIulchinr.
d Cultivating.

tts What situation provides the beNt condition for selective control 01 %% ecti grasses grov, ii1 turf grasscs :

l'he \Needy grass is perennial and the turf grass is an annual.
The weedy grass is an annu ! and the turf grass is a perennial.
Hie weedy rra., IS a biennial and the turf grass is ail annual.

d l'he weed gra,,s is an annual and the turf grass is semiannual.

(It)
.1' I \Vhat Is the Mr 'AI IR titular aquatic weed control measure'?

a Chemical. c. Nlechar:ical.
I) Iiiological. d. Natural extinction.

NI. tc.'7,21 Which mechanical control measure is equall> ...ffective for all types of aquatic vegetation?

a Mow ing c. Dredging.
b d. Chaining.

END 01: EXERCISE
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STUDENT REQUEST FOR ASSISTANCE

PRIVACY ACT STATEMENT
AUTHORITY- 10 ...)5C 8012 and EO 9397. PRINCIPAL PURPOSES: To Provide student assIstance as requested by individual students. ROUTINE
USES This form n shiPlaed with EC I course packa9o. It Is utilized by the student, as needed, to place an inquiry with ECI. DISCLOSURE: Voluntary.
The tongs illation requested on this form is needed for expeditious handling of the student's need. Failure to provide all information would result In
slows, action or inability to Covide assistance to the student.

SECTION 1: CORRECTED OR LATEST ENROLLMENT DATA: I.Mfl h, 1.:CI. Gunter.41'SAL 361 i ')
1 lops 1,1 Okil ST CLINCURNS

( (),IHSI 11 lt )
2. TODAY:F. DATE 3. ENROLLMENT DATE 4. AUTOVON NUMUi I?

....--
S srict AI

1

Si -IIf4t7V

...-.

14111,4111,

I

HI/

-...

ttil

-TE -1

_ 6 "RA 4/1--/RANK 7 NAME ilIM/ initial
it.,

1

.,,,,,,,..1 min.:I. ,:,.. rtame,,)
II Ar.imi

i kl I. l'nrollees -- ..fddress of unit trainb g office
,;tb :Iv code Al! other% Current Ma 1111.1:

cs% 1,4th :If/ cchie..)
(54-75)

NAMI-- or OAST: soR INSTALLATION IF NOT SHOWN ABOVE in. TceiT CONTROL OFFICE': ZIP CODEISHRED 133 34}
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Preface
ThIS VOLUME OF CDC 56650, Entomology Specialist, provides you with general
knowledge about the following subjects: first-aid techniques, field sanitation and hygiene,
self-protection from extreme weather, work party security, expedient field water treatment,
and vehicle equipment qualifications and operations. To become qualified in contingency
operations, you must be knowledgeable in these subjects.

Code numbers appearing on figures are for preparing agency identification only.
The inclusion of names of any specific commercial pxoduct, commodity, or service in

this publication is for information purposes only and does not imply endorsement by the Air
Force.

Direct your questions or comments relating to the accuracy or currency of this volume to
the course author 3770 Technical Training Group, ATTN: MSgt Robert C. Pletts,
Sheppard AFB TX 76311. If you need an immediate response, call the ruchor, AUTOVON
736-2879, between 0800 and 1600 (CST), Monday through Friday. (NOTE: Do not use the
suggestion program to submit changes or corrections for this course.)

If you have questions on course enrollment or administration, or on any of ECI's
instructional aids (Your Key to a Successful Course, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO as appropriate. If this person can't answer your questions, send
them to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for
Assistance.

This volume is valued at 30 hours (10 points).
Material in this volume is technically accurate, adequate, and current as of November

1980.
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CHAPTER 1

NOTE: in this volume, the subject matter is developed by a series of student-centered
objectives. Each of these caries e three-digit number end Is in boldface type. Each sets a
learning goal for you. The text that follows the objective gives you the information you need to
reach that goal. The exercises following the information give youa check on your achievement.
When you complete them, see whether your answers match those in the back of this volume. if
your response to an exercise is Incorrect, review the objective end Its text.

First Aid Techniques

SOMEDAY YOU may save someone's lifepossibly
your own-if you know how to give first aid. You've heard
similar statements many times before, "ant don't take such
statements lightly. A little effort on your part right now
could mean that one of your buddies will not lose a finger,
a leg, or his life later.

1-1. Responsibilities

Since your job takes you to so many remote locations
around the base, you may be the only one at the scene of
an accident or another emergency. One of your first
obligations is to render aid to those who are injured. Your
actions in treating a casualty must be immediate,
thorough, and correct.

E01. State your responsibilities as a first-alder.

Fundamentals of First Aid.As an airman, you have
important reasons for learning first aid. Proper first aid
may mean a vital mission accomplished, rather than
mission not accomplished. Learn how to give first aid;
you can't afford not to.

You can easily learn the fundamentals of first aid.
Highly technical, involved study is not necessary to
become a capable first-aider. You can improve your
handling of emergencies just by acquainting yourself with
the procedures of first aid.

You should discuss the procedures outlined in this
chapter with other airmen. You should use the "buddy
method" to pract;ce the various steps outlined. You can
learn a lot more by actually applying a splint to an arm
than you can by just reading about it.

You should familiarize yourself in first aid measures
for injuries such as fractures and chest wounds, for
emergencies rich as drowning and electric shock, and for
common emergencies :such as minor wounds and
unconsciousness. You should learn as much as you can
about first aid measures for sickness and injury resulting
from industrial toxic substances.

Very important are procedures dealing with assuring
breathing, preventing or treating shock, first aid for

electric shock or drowning, poisonous plants, the effects
of heat, and the effeas of cold. While studying these
topics, keep in mind that skin color changes may be too
subtle to recognize if the patient is darkly pigmented.
Therefore, it is necessary to carefully observe the injured
for these changes on the palms, soles, nail beds, mucous
membranes of the lips and mouth, and mucous membrane
which lines the eyelids and is reflected onto the eyeball.

As you know, first aid refers to the treatment given the
sick and injured before a trained individual can administer
regular medical or surgical treatment. Personnel in the Air
Force medical service have the finest medical equipment
available, and they are trained in the most modern
methods of saving lives and easing pain. But they can't be
everywhere at once, so in an emergency you may have to
depend upon your own knowledge of first aid.

The good first-aider deals with the whole
situationthe person as well as the injury. When giving
first aid, a person who lacks sufficient knowledge could
possibly cause even further injury to an injured person.
Anyone attempting first aid must use care and skill.

In practicing first aid, your primary duty is to know
what to do and what not to do. You must keep calm, use
appropriate first aid measures, and seek medical help as
soon as possible. Never attempt treatment that is beyond
your skill, and never move an injured person unless
absolutely necessary.

Exercise (E01):

1. As a first-aider, what areas should you familiarize
yourself with?

2. What are alternate methods of detennining skin color
changes?
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3. What is your primary responsibility when practicing
first aid?

9-2. Lifesaving Steps of First Aid
When you treat a victim, you must carry out four

lifesaving steps. Memorize these steps and learn the
simple methods of carrying them out. Bear in mind that
prompt and correct rust aid not only speeds healing but
may also save a life.

E02. Name the four lifesaving steps of first aid, and
Aate why cutting or tearing is usually the best way to
remove clothing from the area near a wound.

Four Lifesaving Steps.To treat an injured person, you
should carry out what is known as the four lifesaving
steps. These stepa are: assure breathing, stop the
bleeding, protect the wound, and prevent or treat shock.
You should memorize these four lifesaving steps and
learn the simple methods of carrying them out. Now is the
time to learn how to do this. Prompt and correct first aid
aot only speeds healing but, as emphasized before, may
save a life.

To treat a wound, begin by looking carefully at itbut
don't touch it. Look to see if there is more than one
wound. If the patient has been hit by a flying fragment or
other missile, check to see if the missile came out the
other side, a condition which would require treatment of a
second area.

You must see all of the wound to find out exactly where
it is, how large it is, and how much it is bleeding. Usually
the best way to remove clothing is by cutting or tearing.
Pulling clothing over the wound increases the danger of
infection, and moving the wounded part may make the
wound worse, as well as cause needless pain.

If possible, cover the wound to prevent further
contamination and then treat for shock.

Exercises (E02):

I. What are the four lifesaving steps?

2. Why is cutting or tearing utually the best way to
remove clothing from the area near a wound?

E03. From a list of statements about assuring
breathing, Identify tide true statements, and state
britify why the others are false.

Assure Breathing. When a victim can't breathe, any
other action you take is of little value because a lack of air
can quickly cause a victim's death. Thus, you must see
whether the air passageway (airway) is blocked; if it is,
you must clear it and keep it clear.
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Check for airway obstructions. There are three main
causes for airway obstruchons. The first is foreign matter,
such as false teeth or liquids, in the mouth or throat. The
second is caused by relaxation of the jaw. When the
victim is unconscious, the jaw muscles relax and
sometimes allow the tongue to roll backward and block
the throat. This is commonly called swallowing the
tongue. The third cause of airway obstruction is the
victim's neck position. For example, when a victim's
chin is close to the chest, the neck is bent in a manner
which "kinks" the throat, thus preventing tge passage of
air. You must be sure the casualty is able to get air to the
lungs. If necessary, you must clear the airway.

Clear the airway. Clear the airway quickly by
sweiving your fingers deep into the victim's mouth to
remove froth, debris, or any other obstructing matter.
Grasp the tongue with your fidgers and pull it forward so
that it doesn't obstruct breathing. Usually, you have to
drive your fingernails into the tongue in order to hold it
firmly. Then, look into the mouth to see wi. ,.ther any
broken teeth, splintered bone, or other particles are
clogging the throat. If so, remove them by any means
available: your fingers, a twig, etc. Don't be slow and
careful nowthe victim's life is ebbling out. Scratches
you might make in the throat ale not going to kill the
person, and the scratches can always be treated at tbe
hospital. What matters is to get the airway cleared
immediately. Anything else is less important at this time.

In some instances, it may be necessary for you to "tie"
a victim's tongue in the forward position with a clamping
device. For example, if you were alone and had to restore
a victim's breathing and heartbeat, you could not possibly
hold his or her tongue at the same time. One clamping
device you can use is the clip that holds your canteen to
your web belt. Another is a safety pin. Clamp the victim's
tongue to the lower lip as shown in figure 1-1. When the
victim's airway is cleared, it must remain clear.

Keep the Airway Open. You can keep the airway open
by placing the victim's head in a position that stretches the
throat to what is called the sword-swallowing position
(see fig. 1-2). Use the thumb jaw lift method or the
two-hand jaw lift method that figure 1-3 illustrates. Even
if the victim is on his or her stomach or side, place his or
her head so that the throat is stretched away from the chest
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Figure 1-1. Clamping the tongue.



Figure 1-2. Sword swallowing position.

to allow air to pass to thc lungs (see fig. 1-4). When
someone stops breathing, establish and maintain an open
airway at once.

Exercises (E03):

Identify each true statement by writing "true" in the
space provided; briefly explain why the others are false.

1 A victim who can't breathe will undoubtedly die
in a short period of time.

THUMB JAW-LIFT

Figure 1-3. Thumb and two-hand jaw-lifta.
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Figure 1-4. Stretch the neck.

_ 2 The main causes of airway blockage in a victim
are tongue swallowing, neck bending, and
foreign matter in the mouth or throat.

_ 3 Of more importance than how you clear a
blocked airway is the fact that it is cleared.

_ 4 In some situations, a victim's tongue must be
held in the forward posit:on by mechanical
means, such as safety pin or shoe string.

_ 5 Placing a victim's head in the sword-swallowing
position means placing his chin close to his
chest.

_ 6 There are two variations of stretching the
victim's neck: the thumb jaw-lift and two-hand
jaw-lift methods.

_ 7 Checking for obstructions and opening and
maintaining an open airway are the primary steps
of assuring breathing.



E04. Match given statements about a bleeding victim
with the types of bleeding and the best methods to
control that bleeding.

Stop Any Bleeding. Similar to the need for assuring
that a victim can breathe is the need to stop any
bleedingthe victim's life is at stake. A person's
uncontrolled bleeding can result in severe shock and
death. To control or stop any bleeding, you must first
know the three main types of bleeding.

Types of bleeding. Types of bleeding are classified by
the kind of blood vessel that has been cut. Therefoie, they
are called arterial, venous, and capillary bleeding. In
arterial bleeding, the most dangerous kind, you see a large
amount of bright red blood and a spurting or pumping
action as the blood leaves the wound. When a vein has
been cut, causing venous bleeding, a large amount of dark
red blood flows from the wound without the spurting
action which characterizes arterial bleeding. In capillary
bleeding, the blood oozes or flows very slowly from the
wound. Remember these signs. Your doing so may help
you select the best method to stop the bleeding of a victim.

Controlling bleeding. Before you treat a bleeding
victim, first check to see whether there is more than one
wound. It would be senseless to take great pains to stop
bleeding from one wound while the v ictim's life was
draining away from another wound. To stop bleeding,
you first apply direct pressure to the wound. Preferably,
use a surgical dressing from a first aid pack; but if one is
not available, use anything you have. Obviously, you
want to be sure the dressing is as clean as possible. Place
the dressing directly over the wound and press firmly.
Continue this pressure as long as necessary, and use
additional dressings if required. If the wound is on the arm
or leg, you can place the victim on his or her back and
elevate the limb. The elevation tends to reduce circulation
to that limb and, thus, slow down the flow of blood.
However, do not attempt to da this if the victim has other
injuries on that limb (for example, broken bones),
because moving that limb could cause further injuries and
unnecessary pain and increase the danger of shock.

Pressure points. In addition to applying pressure
directly on the wound and elevating the wound, you can
apply pressure at one of several pressure points. Figure
1-5 shows the location of these point. Place your finger
lightly where you think the pressure point is. If you feel a
pulse beat similar to a throbbing, you are right on it. Then,
use the heel of your hand or fingertips your to press hard.
Continue this pressure until any blood gushing from the
wound ceases. If you release pressure and bleeding starts
again, reapply the pressure. One warning about pressure
points: in cases of head wounds, where pressure points are
commonly used, be sure NOT to press on both neck
pressure points at the same time.To do so will block the
flow of blood to the victim's brain and eventually result in
death.

Tourniquet. Use a tourniquet only as a last resort, and
only after all other methods of controlling the bleeding
have billed. Usually, tourniquets are applied only in cases
of extreme arterial bleeding. Apply a tourniquet only
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when you assume that there has been a great loss of blood
and that any further loss, even in a small quantity, will be
fatal. In other words, act on the essumption that it is better
for a victim to lose a limb than a life. As soon as possible
after you have applied a tourniquet, get the victim to a
hospital. Under no circumstances should the tourniquet be
loosened by anyone except a physician, who can stop the
bleeding by surgical methods.

When you apply a tourniquet, always place it near the
joint (knee, elbow) closest to the wound and between the
wound and the heart because the gushing arterial blood is
coming directly from the heart. Tighten your tourniquet
only as much as needed to stop the spurting blood flow.
Place it as close as possible to the wound but above it,
except in cases of bleeding below the knee or elbow. hi
these cases, place a tourniquet just above the knee or
elbow. When possible, protect the victim's skin by
placing the tourniquet over a smooth sleeve or trouser leg.
Figure 1-6 shows the exact procedure for applying
tourniquets. If at all possible, stay with the victim, and
check the tourniquet frequently to see whether it has
slipped and whether there is any sign of further bleeding.
Should the bleeding resume, or the tourniquet slip out of
place, tighten or readjust it as necessary. In cold weather,
because there is a very real possibility of cold injury to a
victim's injured limb, protect the limb with anything
available: a blanket, jacket, etc.

Again, be sure that the victim gets qualified medical
treatment as soon as possible. You must also be certain
that medieal personnel can see that a tourniquet has been
applied. To do this, you could write the information on a
piece of paper and attach it to the victim's clothing, or you
could write the information on the victim's forehead,
face, or other readily seen body part.

Exercise (E04):

1. Match the statements in column A with the types of
bleeding in column B, and with the best method to
control that bleeding in column C, by writing the
column B and column C letters in the space provided.
Each item in columns B and C may be used more than
once.

Column A

A victim has blood spurting from
a lower leg wound.
A victim has dark red blood com-
ing fro a cut on the forehead.
A victim with a wound on the up-
per right um is pumpirig blood
past the bone fragments sticking
out.
Blood is rapidly flowing from a
cut at the left side of a victim's
head. Your efforts at direct press-
ure have failed.
A victim has a large, ugly open
wound in the leg, and blood is
slowly coming from the wound.
A victim has stepped on a board
with nail in it, and the wounded
foot has blood oozing out of it.
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Column B

a. Art,:,l.
b. Venous.
c. Capillary.

Column C

A. Direct pressure.
B. Pressure point.
C. Tourniquet.



Column A

(7) Dismounting from the bed of a
pickup, an airman slipped and hit
hisherchinonthetailgate.Thereisa
deepcutonthechin,andbloodisflo-
wingfromthewound.

_ (8) An accident victim has been cut
on the left shoulder by a piece of
glus, and the blood is flowing
slowly from the wound.

_ (9) A CS construction wortel has se-
vered three fingers, and blood is
vigorously flowing from the
wound.

_ (10) You are late for work. While
shaving you make a deep cut on
your cheek. The blood is running
smoothly from your cheek.

WOUND OF
TEMPLE
OR SCALP

E05. State the purpose for protecting wounds, and
define "dressing" and "bandage."

Protect the Wound. Protecting a wound from
infectionn and from further injury constitutes the third
lifesaver step. You must, of course, keep this important
first aid measure in mind throughout the treatment of any
victim.

A dressing is a pack or padding placed directly on the
wound. A bandage is used to hold the dressing in place or
create pressure to stop the flow of blood. Bandages should
never be placed directly on the wound. Always try to use
stcrile dressings from a first aid pack; and only as a last
resort use other material such as strips torn from a shh-t.
While dressing a wound, avoid touching it with your

WOUND OF
LOWER FACE
(BELOW EYES)

WOUND OF SHOULDER
OR UPPER PART OF

UPPER ARM

WOUND OF
LOWER PART

()F UPPER

THIGH

WOUNV OF
LOWER ARM

ARM

WOUND OF
HAND

WoludNo 9F
FOOT

10-10

Figure 1-5. Pressure points.
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hands and do not handle the side of the dressing that goes
next to the wound. Do not pull clothing over the arra to be
treated because it could infect the wound further. Instead,
tear out cut clothing away from the injured area. If you
have a regular first aid wound pack available, follow the
instructions printed on the back of the package.

Remember, when bleeding is severe, immediately
carry out measures to stop the bleeding by applying
dressings and bandages; and prevent or treat shock in all
casualty situations.

Exercbes (E05):

1. What is the purpose of dressing a wound?

2. What is a dressing?

3. What is a bandage?

r06. Specify whether given statements correctly
define shock anti shock treatment; if any statement is
incorrect, briefly state why.

Prevent or Treat Shock. Although treatment of shock
is listed as the fourth of the lifesaver steps, you actually
begin treating for shock simultaneously with stopping
bleeding. Shock exists in several forms, the least
dangerous of which is the temporary shock caused by
pain, fright, horror, or the sight of blood of other severely
injured persons. Such temporary shock may result in
fainting, and the victim movers quickly with no further
effects. Far more dangerous is the type of shock caused by
severe injuries or bleeding. Unless treated properly and
promptly, this type shock is most often fatal. Normally,
the severity of shock corresponds to the severity of 2ae
injury. Also, delayed shock is not uncommon and may set
in several hours after an injury has occurred. Don't be
overly concerned with determining the type of shock; just
follow the golden rule: treat for shock with any injury.
You never hurt a victim by treating for shock, and even if
they show no symptoms whatsoever, you have no way of
knowing whether delayed shock may set in.

Symptoms of shock. A victim feels shock as a great
weakness of the body. The outward symptoms are cold
and clammy skin, shallow breathing, lackluster eyes, and
apprehension or restlessness. Also, the victim may be
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excessively thirsty, retching, vomiting, or hiccupping,
and be dry around the mouth and lips. The victim is
probably going to be pale and wet with perspiration and
may gasp for air and lose consciousness. In the fmal
stages, most victims become listless and apathetic and die
in deep shock.

Action to take. In case' of severe injury, it is imperative
that treatment for shock be started immediately. The first
steps in shock prevyntion and treatment are to reassure the
injured person and make him or her as comfortable as
possible. Place the victim flat on his or her back on a
blanket or any other material available. Handle the victim
gently, remove all bulky items from his or her pockets,
and loosen the belt and clothing. Move the victim as little
as possible. Ycu can reassure a victim by being gentle and
calm. Nervousness on your part transmits itself to the
victim and may increase the degree of shock. Also, do not
let the victim see his or her injuries or the injuries of others
involved in the same accident. Give the victim as much
water to drink as he or she wants, except when he or she
has a stomach wound. However, do not give alcohol in
any form. When a victim has a stomach wound, you may
moisten his or her lips with a damp cloth. An unconscious
victim should be placed on his or her stomach, face turned
to one side to prevent choking should he or she vomit.
This placement is called the shock position. Keep the
victim warm by covering him or her with anything
available, and be sure to place something under the victim
as protection because the ground may be wet or cold. In a
hot climate, place the person in the shade, with his or her
face away from direct sunlight. Finally, remember that
shock is a serious condition and that you should get
qualified medical help as soon as posaible. You treat for
shock in all cases of injury or disaster.

When you have assured the breathing, stopped the
bleeding, protected the wound, and treated for shock, you
have completed the four lifesaver steps. Your job is not
done, however. You must continue to wech the victim,
insuring as best as you can that he or she stays alive to be
treated by medical personnel. Remember the four
lifesaver steps; they are the basis of all your other actions
in first aid.

Exerdses (E06):

For each of the following statements which is correct,
write "true" in the space provided. For each statement
which is incorrect, briefly state why.

1. Shock must be treated immediately.

_ 2. When you treat victims for shock when they
aren't really experiencing it, you cause little or
no additional injury or emotional trauma.

7

7 1 7

_ 3 Hot, dry skin is indicative of shock.

_ 4 Unconsciousness can be a good indicator that a
person is in shock.

_ 5 A victim who is undergoing shock can be given
water, or wine with little or no side effect.

_ 6 Any injured person should be protected from the
elements of weather and kept warm, particularly
if shock is suspected.

7 The shock position means the victim is on his or
her stomach with his or her head turned to the
side.

8. You begin treating a person for shock after you
have assured breathing, stopped the bleeding,
and protected the wound.

1-3. Moving and Transporting Injured Personnel
Frequently, a seriously injured person must be moved

immediately. Knowing how to move a casualty is one of
the most important parts of your first aid treatment.
Careless or rough movement can increase an injurt and
may cause the victim's death. Unless there is a good
reason for immediately moving casualties, such as
removing them from a burning aircraft, do not move or
transport them until medical help arrives. On the other
hand, since there may be situations where you have to
move a person yourself, you must know the different
ways of moving them. You already know that you always
give any necessary first aid, including splinting fractures,
before you move a victim. What you must learn now are
methods of constructing improvised litters and executing
manual carriers. Because movement by litter is most
desirable, the section begins with it.

E07. Given bypotheemal situations, select the most
appropriate methods of transporting injured
personnel.

Utters. Transporting of victims is a critical point in
evacuating them from the field to medical facilities. Since
this movement is critical, you should use a litter
(stretcher) whenever possible. Using a litter not only
makes it easier for you to carry a victim but also makes the



Figure 1-7. Standard littera.

journey safer and more comfortable for the injured.
Remember that back and neck fractaire casualties must not
be moved except on a litter. Basically, there are two types
of litters with which you must be familiar: standard and
improvised.

Standard litter. A standard litter consists of a frame, a
cover, and accessories, such as poles, legs, and securing
straps. Generally, such litters as those shown in figure 1-7
are readily available and suited for moving any victim.
When a standard litter is available, use it. In situations
where no litter is available, you must construct one.

Improvised litter. An improvised litter is simply a
substitute for a standard litter. It is constructed from

whatever materials are available. Here are four
improvised litters that you can constuct very easily:

a. Pole and blanket sitter. A blanket, poncho, shelter
half, tarpaulin, or other material can be used for the bed of
a pole and blanket litter. The poles can be made from such
objects as strong branches, tentpoles, rifles, etc. Figure
1-8 is a good example of this type of litter. It would be best
not to transpnrt back or neck fracture victims on this type
of litter unless they are face down.

b. Pole and jacket litter. lilustrated in figure 1-9 is an
example of how you can use two or three shirts or field
jackets to make a pole and jacket litter. Button up the
jackets and turn them inside out so that the lining ia

Figure 1-8. Pole and blanket litter.
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Figure 1-9. Pole and jacket litter.

outside and the sleeves are inside. Then slide the poles
through the sleeves. Again, it's best not to use this for
transporting back and neck fracture casualties unless they
are face down.

c. Door or board litter. To mak') a door litter, you use
any flat surfaced object of a suitable size, such as cots,
window shutters, doors, benches, ladders, boards, or
poles tied together. Even the hood, door, or windshield
from a vehicle will work. You should pad this litter if
possible. When you can, use this improvised litter to
transport neck and back fracture victims.

d. Blanket roil litter. When you can't find poles or
material to make a door litter, you can roll a blanket,
shelter half, or poncho from both sides to the center, as
shown by figure 1-10. Use the rolled material as grips
when carrying the injured. You can use this litter with all
victims.

Putting the Injured on the Litter. At this point, you
know how to make and use a litter, and, obviously, you
know that at least two people should carry a litter. As a
minimum, two people are needed to place the victim on a
litter. You and another person could move a victim from
the ground to a litter (See fig. 1-11) in this way:

a. You and your assistant kneel on one knee on the
same side of the victim.

b. You then slide your arms under the victim. Note that
one of you slides your arms under the victim's hips and
legs and that the other slides his or her arms under the
victim's shoulders and back.

c. In a joint effort, you lift the victim to a height even
with your knees. Use care, insuring that the victim's head
doesn't drop, and keep the victim as straight as possible.

d. The final step is to place the victim on the litter. To
do this, you lower the person to the litter by reversing the
procedure you used to pick the person up.

Figure 1-10. Blanket role litter.
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Manual Carries. Manual carriers are tiring for the
carrier and involve the risk of increasing the seriousness
of the victim's injury. The methods of manual carry that
are explained here can be used for conscious and
unconscious victims. Bear in mind that a victim should be
transferred to litter movement as soon as possible and that
back and neck fracture injuries must be transported only
by litter.

Two-man arm carry. Remember the technique we used
to move a victim from the ground to a litter? The first three
steps of that technique are the same for thc two-man arm
carry (fig. 1-12). Once you have the victim at a height

Figure 1-11. Two person litter lift.



equal to your knees, you and your assistant rise to your
feet in a smooth, joint effort. As you rise, lift the victim
and, by pulling your arms in, roll the individual toward
your chest. You can use this technique with just about all
types of injuries.

Two-hand carry. This method is ideally suited for for
carrying victims with injuries of the head or feet, and it
may not be as tiring for the carriers as the two-man
sum-carry:

a. With the victim lying on his or her back, you and
your assistant kneel on opposite sides of the victim's hips.

b. You both slide your arms under the casualtyone
arm goes under the thighs and the other under the arms
and behind the back. As you reach through, you and your
assistant grasp wrists as shown in figure 1-13.

c. You and your assistant rise together and lift the
injured person.

Fireman's carry. This technique is ideal when you
must move a victim by yourself and you are not exposed

to enemy gunfire. To use it, follow the steps shown in fig.
1-14.

a. Begin by turning the victim face down on the
ground. Stand at his or her head and kneel on one knee
with his or her head between your legs.

b. Place both hands under the victim's armpits and slide
your hands down the his or her side so that they meet at the
small of his or her back. This acton raises his or her head
to your shoulders.

c. From this position, you now grasp or hug the viclim
and pull him or her to the kneeling position.

d. Once the victim is in the kneeling position, take a
firmer grip across his or her back and lift him or her the
standing position.

e. Once the victim is standing, you support him or her
by placing one arm around the waist. You then grasp the
wrist farthest away from you and fold the victim's arm
across his or her midsection.

f. You are now ready to load the victim to the carry
position. Keep your grip on the victims waist and wrist

al
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Figure 1-12. Two-man arm earn 4: 0
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Figure 1-13. Two-hand carry (front view).

and m we slightly to the front. As you move, bend at the
waist and pull the wrist you are holding around the back of
your neck. Release the victims waist, and with your arm
encircle his or her leg.

g. At this point, you must ube caution not to strain
yourself by lifting. Remember to lift with your legs as you
return to the standing position. You maintain your grip on
the victims wrist and leg as you lift.

h. After you reach the standing position, you can carry
the victim easier by grasping his or her wrist with your
hand which encircles his or her legs.

Pistol-belt drag. This method (see fig. 1-15), although
only useful for short distances, is ideal to move a victim to
a location which offers cover and concealment so that jou
can use the fireman's carry. To use the pistol-belt drag,
follow these steps:

a. Extend two pistol belts to their fullest length. Join
them together and lay them on the ground in a straight line
next to the victim.

b. Roll the victir_ to his or her back so that he or she is
lying at about the middle of the extended pistol belts.

c. Reach across the victims chest, grasp the free end of
the pistol belt, and, by pulling it to you, join the open
pistol belts together to form one, large, continuous loop
around the victim's chest and back. Be certain the belt
goes under his or her armpits.

d. Lying on your side with your back to the victim, slip
your upper shoulder through the loop. Roll away from the
victim to your stomach. Then crawl away dragging the
victim with you.

When transporting the sick and wounded, move a
victim as little as possible. You must always be sure to
treat any injury before you try to move a victim.
Remember your four lifesaving steps throughout the
period of movement, and treat symptoms as they occur.

Exercise (E07):

1. Match each hypothetical situation in column A with
the best method of transportation in column B by
writing the column B letter in the space provided.
Cohmn B items may be used only once.

11
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Column A

(1) During a severe
windstorm at your base, a CE
maintenance man is blown off the
side of a building. He is lying on
his stomach, on the ground next to

_ (2) On a camping trip, one
of the two friends that
accompanied you falls and break
his legs. It is nearly 5 nn.5 to the
nearest road.

(3) During a base defense
exercine, a securitypolic vehicle
overturns on the base eerimeter.
The chive.; was throwt from the
vehicle and landed with his back
against a concrete drain. The two
passengers are both shaken up but

a.
b.
C.
d.
e.

Column B

Standard litter.
Improvised litter.
Two-man arm-cany.
Fireman's carry.
Pistol-belt drag.

STEP 4
STEP 3

STEP 5
STEP 8

Figure 1-14. Fireman's carry.
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Figure 1-15. Pistol belt drag.

, Column A

otherwise uninjured. The vehicle
is burning, and the driver must be
moved quickly to prevent being
binned.

(4) In a raid on a missile
launch facility terrorists have
wounded your team member. The
victim is lying on the open about
10 feet from the culvert you are
h iding in.

1-4. Extreme Weather Protection

The very nature of your duties exposes you to the
extremes of weather. Regardless of where you are now
stationed, you undoubtedly have heard how miserable the
heat or cold can make a tour of duty. Unfortunately, either
of these weather elements can also cause you a very
severe injury. In this section, you are presented the
actions to take when confronted with an injury caused by
the heat or cold.

E08. Given statements about treating conditions
caused by beat, identify the true statements, and
correct any false statements.

Heat Conditions. Heat cramps, heat exhaustion, and
heatstroke are the most prevalent conditions resulting
from exposure to heat. These conditions are your body's
reaction to both internal and external factors. The harmful
effects they create take place because your body becomes
overheated and cannot dispose of the excess heat. All
three of these reactions are associated with your body's
loss of large amounts of water and salt as a result ofvery
heavy perspiration, for instance, vigorous athletic
competition, manual labor, or strenuous exercise in a hot
atmosphere.

Hew cramps. These are involuntary, painful muscle
spasms and pains, similar to those you would experience
with a "charley horse." Heat cramps are primarily the
result of your body's loss of salt or an insufficient intake
of salt. Heat cramps may often be a compounding factor

12

to heat exhaustion; thus, you must watch for their telltale
signs and take appropriate first aid measures:

a. Symptoms. Heat cramps most often affect the
muscles in the legs and stomach first. A sudden, violent
cramp is the main indication.

b. Aid. To relieve the pain of a heat cramp, you take
either of the following actions:

(1) Exert firm pressure on the affected area with your
hand.

(2) Gently massage the muscle spasm.

When the spasm has reduced, give the victim sips of water
containing 1 teaspoonful of salt per 4 ounces of water.
This treatment is continued for about an hours.

Heat exhaustion. This condition is a fainting or body
weakness due to drinking an inadequate amount of water
to replace that which your body loses through
perspiration. Heat exhaustion is more severe than heat
cramps. Therefore, immediate recognition and treatment
are needed:

a. Symptoms. The symptoms of heat exhaustion are
headache, excessive sweating, dizziness, and muscle
cramps. Also, the skin is pale, cool, moist, and clammy.
Heat exhaustion may come on gradually or suddenly.

b. Aid. Give a victim of heat exhaustion the following
first aid, immediately:

(1) Lay the victim in a cool, shaded area and loosen his
or her clothing.

(2) li the victim is conscious, give the victim cool salt
water to drink. Prepare the salt water by dissolving two
crushed salt tablets (1/4 teaspoonful of table salt) in a
canteen (quart) of cool water. The victim should drink 3 to
5 canteenfuls during a period of 12 hours.

Heatstroke. Heatstroke can be fatal. It is your body's
violent reaction to extremely high temperatures and
malfunction of the ability to sweat. Heatstroke is the most
severe heat condition. Immediate recognition and
treatment are essential to life:

a. Symptoms. The first sign of heatstroke may be
stoppage of sweating. This causes the skin to feel hot and
dry. Collapse and unconsciousness may come suddenly or
may be preceded by headache, dizziness, fast pulse,
nausea, vomiting, and mental confusion. It is necessary to
work fast to save the life of a heatstroke victim. The heat
regulators of the body have been damaged, and the body
temperature may rise quickly as high as 108° F.

. Aid. Take the following first aid measures for a
heatstroke victim, immediately:

(1) Immerse the victim in the coldest water available.
If ice is available, add it to the water.

(2) If a cold water bath is not possible, get the victim
into the shade, remove his or her clothing, and keep the
entire body wet by pouring water over it. Cool further by
fanning the wet body.

(3) Transport the victim to the nearest medical
treatment facility at once, and continue to cool the body
on the way.

(4) When the victim becomes conscious, give him or
her cool salt water to drink in the same manner as you
would to a heat exhaustion victim.
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Exercise (E08):

If one of the following statements about treating heat
conditions is true, mark it true in the space provided. If a
statement is false, correct it._ 1 Heat cramp victims should be treated quickly to

reduce pain._ 2 A gentle squeezing action on the contracted
muscle of a heat cramp victim should alleviate
the cramp._ 3 A victim suffering from heat exhaustion may
first exhibit signs indicative of heat cramps.

_ 4 A person exhibiting signs of profuse sweating
and cool skin should be treated as a victim of
heatstioke._ 5 Treating a heat exhaustion victim is simply c+
matter of reducing the body exposure to heat and
replacing body fluids and chemicals lost through
perspiration._ 6 A heat exhaustion victim should drink 96 to 160
ounces of mild salt water in the 6 hours following
the onset of the condition._ 7 A heatstroke victim is in critical condition and
must be treated immediately to prevent death._ 8 Immediate aid for a heatstroke victim could
include attempting to reduce body heat by
placing the victim in the nearest water or
spraying the victim with water from a garden
hose._ 9 A victim of heatstroke should be transported to a
medical aid facility when he or she regains
consciousness, and treatment should be
continued en route.

E09. Given statements abaut treating cold weather
injuries, identify the true statements and correct any
false statements.

Cold Conditions. The extent or severity of an injury
caused by exposure to extreme cold weather generally
varies with such factors as temperature, humidity, wind
velocity, and wind type. Of the conditions presented here,
frostbite is usually considered most severe and most
common Nevertheless, trenchfoot, immersion foot, and
snow blindness are not mild conditions.

Trenelifoot. Trenchfoot is an injury that results from
fairly long exposure of the feet to cold, wet conditions.
Generally this happens at temperatures from freezing to
50° F. If you are also inactive (such as when standing in
one spot on your post), the possibility of developing
trenchfoot is even greater. Trenchfoot can be very
serious; it can lead to a loss of the toes or parts of the feet.
A frequent symptom of trenchfoot is numbness. There
may also be a tingling or aching sensation or cramping
pain. If exposure of the feet has been prolonged and
severe, they may swell so tightly that pressure closes the
blood vessels and cuts off the circukfion. Should you
develop trenchfoot, dry your feet thoroughly and get to a
medical treatment facility by the fastest means possible. If
transportation is available, avoid walking.
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Immersion foot. Immersion foot is similar to
trenchfoot. It results from immersing the feet in water or
constant wetness of the feet for a long timeusually in
excess of 12 hours. Immersion foot develops more rapidly
if the water is below 50° F. It can occur, however, when
the feet are exposed to warm water for a period exceeding
24 hours. In immersion foot, the soles of the feet become
wrinkled and white; standing or walking becoates
extremely painful. Other portions of the body also may be
similarly affected. Should you develop immersion foot,
dry your feet thoroughly and get to a medical treatment
facility. You should observe the same walking precaution
as is observed for trenchfoot.

Snow blindness. Snow blindness is the effect that glare
from an icefield or snowfield has on the eyes. For
instance, the parking ramp or launch facility may produce
such a glare. This condition can occur even in cloudy
weather. In fact, it is more likely to occur in hazy, cloudy
weather than when the sun is shining. You can recognize
the early stages of snow blindness by a scratchy feeling in
the eyes when the eyelids are closed. Should you develop
snow blindness, cover your eyes with a dark cloth to shut
out all light. Then, have someone take you to a medical
treatment facility at once.

Frostbite. Frostbite is the injury of skin tissue caused
by exposure to cold. The body parts most easily
frostbitten are cheeks, nose, ears, chin, forehead, wrist,
hands, and feet. Frostbite may involve only the skin, or ii
may extend to a depth below the skin. Deep frostbite,
which is much more serious than skin frostbite, requires
different fwst aid to avoid or minimize the loss of parts of
the fingers, toes, hands, or feet. Frostbitten skin is
whitish, stiff, and numb, rather than painful. For this
reason, you must watch one another's face and hands for
signs of frostbite. If a body part has been numb for only a
short time, the frostbite probably involves only the skin;
otherwise, assume it to be deep:

a. Frostbite of the skin. Take the following actions
whenever frostbite of the skin occurs: (NOTE: DO NOT
warm or rewarm frostbitten parts by such measures as
massage, exposure to open flame, cold water soaks, or
rubbing with snow.)

(1) Parts of the face. Cover the frostbitten part with
your warm hands until pain returns.

(2) Hands. Place your hands next to your skin in
opposite armpits.

(3) Feet. In the most sheltered area available, place
your bare feet under the clothing and against the abdomen
of another person.

b. Deep frostbite. As we stated earlier, if your body
part has been numb for only a short period (5 to 10
minutes), you treat yourself for skin frostbite. Otherwise,
take the following actions:

(1) Get to a medical treatment facility by the fastest
means possible. If transportation is available, avoid
walking.

(2) Protect the frostbitten body part from additional
injury, but do NOT attempt to t:reat it or thaw it in any
way.
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Thawing increases the possibilities of infection, further
damage, and gangrene (rotting skin). There is less danger
of walking on your feet while they are frozen than after
they have been thawed. Thawing may occur
spontaneously during transportation to the medical
facility, but this cannot be avoided because your body in
general must be kept warm.

Exercises (E09):

Identify the true statements in the following list, and
correct any false statements.
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1 Drying your feet and seeking medical aid are
about the only measures a first aider can take for
trenchfoot or immersion foot.

_ 2 Trenchfoot is caused by prolonged exposure of
the feet to moisture and cool weather.

_ 3 Snow blindness treatment consists of covering
the eyes and seeking medical aid.

_ 4 Frostbitten skin is whitish, stiff, and numb,
rather than painful.

_ 5. A deep frostbite victim should be protected from
further exposure, without thawing the affected
body part, and taken to medical aid.
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Field Hygiene and Sanitation

PERSONAL HYGIENE and sanitation are of real
importance when an organizational unit is working in the
field. When you live in the field apart from modern
cleaning facilities, you must give extra clire and attention
to hygiene activities.

You should already know that untrestod psychological
injuries can have a serious impact on the effectiveness of
an individual and a unit. Lack of pommel hygiene and
sanitation can have a similar impact on individual and unit
effectiveness.

2-1. Hygiene and Health
An efficient military unit is a careftilly planned,

well-organized, well-trained fighting team. It is a team
that carries no substitutes. When any team member is
absent or sick, teamwork suffers. Carelessness of one
member of the unit in regard to his personal hygiene can
lead to diseaa which incapacitates the entire unit.

EN. Indicate whether given statements concerning
personal hygiene are true.

Meaning of Personal Hygiene. Personal hygiene is
the practice of health rules by the individual to safeguard
his or her own health and the health of others. Personal
hygiene is often thought of as being the same as personal
cleanliness, but cleanliness of the body is only one of
many aspects of all personal hygiene. All personnel
rations directed toward maintaining personal health are a
oart of personal hygiene.

Health. You belong to a group whose physical
condition is as carefully guarded as the most vital
weapons system. The purpose of this concern is to
maintain your effectiveness. Remember this is group
protection. The Air Force can go just so far. Your
personal health and welfare still depend upon your own
good care and good sense.

Anytime you do not feel perfectly well, or when you
believe that you have a disease of any kind, you should
report to sick call. Don't wait to see whether the
symptoms get worse. Diseases are most readily spread in
their early stages. Often, before you feel really sick, you
may be a source of infection to your friends. Don't try to
treat yourself. Nearly all medicines may be harmful in
unskilled hands.

If you have a cold, a headache, diarrhea (loose
bowels), sore eyes, a body rash, or a fever, report to sick
call immediately.

15
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CHAPTER 2

Diet. Physically, man is the product of what he eats.
Groat care is exercised to make sure that balanced menus
are providc4i to keep you in good health. An interesting
point to understand here is that the C-ration issued to you
in most field operations is a balanced, nourishing, and
adequate menu. It is your responsibility to eat enough of
the various food items to maintain your health and vigor.
Proper variety in food is essential to your health. You
should know the variety of foods necessary for physical
well-being. The human body requires nutrition from each
of seven food groups:

Milk and milk pnxlucts.
Leafy green and yellow vegetables.
Butter or fortified margarine.
Bread and other cereal products.
Meat, fish, poultry, and eggs.
Oranges, tomatoes, and grapefruits.
Potatoes and other vegetables and fruits.

When possible, you should eat foods from each of these
seven food groups daily. This diet should help you to keep
alert, healthy, and vigorous. (Eat everything edible in the
C-ration for field operations.) Proper diet is extremely
important to your body under normal conditions. When
you are in the field, proper diet is even more important to
maintaining health, because a properly balanced diet
helps your body increase resistance to infection.

Mental Health. Mental disorders may be as disabling
all ale physical diseases. When you are incapacitated by
combat fatigue, you am as much a casualty as is the
individual with malaria. Both mental health and physical
health make up your total health. A sense of well-being,
the absence of overpowering fears and anxieties, and a
wholesome attitude toward life are essentials of total
health.

Exercises (E10):

Indicate whether each of the following statements is true
or false.

1. Personal hygiene includes cleanliness, physical
and mental health, and seeking medical
treatment when ill.

2. Maintaining personal hygiene is actually the
action of staying clean and healthy.

3. Personal hygiene could be defined as the
everyday personal actions you must take to
safeguard your health and the health of others.

4. Diet can be a major factor in an individual's
personal hygiene.



Ell. Define "infection"; and list, in or.ier of most to
least vulnerable, the body's natural .,efenses against
infection.

Infection (Disease). As you recall, even though you
may not feel sick yourself, you may be a source of
infection to others. Infection occurs when
micro-organisms invade the body, multiply, and pmduce
injury or disease. Micro-organisms which enter the body
imp num UMW mecum vennhogens) to
those that do not produce disease. To understand
infection, you must know how the micro-organisms enter
the body.

Portals of entry. The principal portals of entry for
micro-organisms are abrasions of your skin, mucous
membranes of your respiratory system or gastrointestinal
and genitourinary tracts, and your eyes. Nevertheless,
unbroken skin and mucous membranes are natural
defensive barriers against an invasion by pathogenic
organisms. Certain organisms require specific mutes to
infect; others can invade by several routes. Most
respiratory diseases are contracted by the inhalation of
droplets of contaminated moisture or dust. Intestinal
infections usually are produced by the ingestion of
contaminated food or drink.

Some organisms invade by penetrating the skin through
hair follicles, sweat gland ducts, or abrasions; other
organisms must enter through wounds in order to
establish themselves. Tetanus spores, for example, may
be swallowed without causing harm; but if they are
introduced into an open wound, tetanus (lockjaw) may
develop. What takes place in your body when these
organisms enter is very similar to a battle. If your body
has a good defense and wins, you suffer no ill effects.
When the pathogens win, you're in tmubleinfection has
occurred, and you have a disease. Fortunately, your body
is usually a tuned fighting machine.

Bodily defense against infection. The ability of your
body to fight off or overcome infection is known as
resistance. You can better understand this ability when
you compare your body's resistance to an active ground
defense action using the three-component system and
defense in depth:

a. Early warning. Your body's early warning system
alerts you to the fact that something is wrong by
displaying symptoms. For instance, a sore throat,
headache, fever, or sore that won't heal are early
warnings to you that your body has been infected.

b. Tactical defense. Your body's first line of defense is
provided by the skin and the mucous membranes of your
gastrointestinal, tract, respiratory system, and
genitourinary tract, along with their secretions. These
help to prevent entrance of micro-organisms into the
deeper tissues that have little ability to ward off invasion.

c.. Reaction. The second line of defense (blocking
force), of which the lymphatic system is a part, is a
cellular one not as susceptible to infection as your skin.
This defense comes into play when the migrating cells of
your body attack and destroy invading organisms. The
third line of defense is presented by your blood. Your

blood contains neutralizing bodies (counterattacking
force) which push the organisms to the liver and splftn
where they are destroyed or inactivated. Your blood is
about your least vulnerable body defense.

Body preparation. Obviously your body can't employ
an active intelligence gathering network. However,
because you know your body's enemy is infection, you
can take action to prepare (plan) your body in case the
pathogens launch a surprise attack.

Your body uses active and passive defensive measures
against infection. You have learned the active measures
your body uses. The passive defense, like the intelligence
capability, must be exercised by you. You can insure that
your body has a more then even chance by following these
tips:

a. Avoid exposure. Stay away from any person who
you know has a disease, or who you think might have a
disease, unkss it is your assigned duty to take care of him
or her. Ask your friends to stay away from you when you
think you are becoming ill.

b. Eat properly, and form the habit of having your
bowels move regularly.

c. Drink plenty of water at interves. Depending on
climatic conditions, drink three or four full canteens per
day.

d. Change wet clothes and shoes for dry ones as quickly
as possible.

e. Never borrow cups, pipes, or other personal items
that your associates put in their mouths.

f. Keep insectz away from food, and don't handle pets
before eating.

g. Don't borrow handkerchiefs, towels, shaving
brushes, razors, or combs.

h. Take salt as directed to avoid fatigue and heat
prostration.

i. Regularly get the proper amount of sleep whenever
poss.ble.

Exercises (El 1):

1. What is infection?

2. In order of most vulnerable to least vulnerable, what
are your body's three natural defenses against
infection?

2-2. Personal Cleanliness and Foot Care
This section covers techniques of personal cleanliness

as well as measures you can take to have healthy feet.

EU. Given statements about techniques of personal
cleanliness, identify the true statements and briefly
date why the others are false.

Personal Cleanlinais Techniques. Probably no other
single habit of hygiene is as important as being clean. An
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unclean body is not only offensive, it can also be a source
of infection to you and your friends.

Clothing .Clothing easily becomes contaminated with

disease agents as a result of contact with agents present in
stool, urine, and surface garbage. Change your
underclothing daily, if possible. If you can't change it
daily, rinse your underwear in clean water, and lay it in
the sun to dry. The sun's rays act as a purifying agent.
Wash outer clothing when it becomes excessively ditty,
When it is absolutely impossible to wash your outer
clothing, shaking it out and airing and sunning for two
bours can greatly reduce the number of disease germs.
Any shaking of clothes should always be done out of
doors, not in tents or dwellings.

Bathing. It is virtually impossible to take a complete
bath while living under field conditions, but even the
limited bathing possibilities available to you may make
the difference between poor health and keeping fit. Daily
washing of your ampits, ears, feet, and crotch with soap
and water is a most important part of field hygiene. You
should shave every day if possible. If possible, you
should wash your hair at least once a week with soap and
water. Your belmet can be used as a wash basin. Fill it
with water, wash your body, and then shave. You can

BB-GALLON DRUM
WITH END REMOVED

PIPE TO FIT
s-INCH BUNG-
HOLE IN TOP
OF 55-GALLON
DRUM

build simple bathing devices, such as those shown in
figure 2-1, if you are going to be in one location for a long
time.

Oral hygiene. Regular and proper cleansing of your
mouth and teeth prevent tooth decay and gum disease,
both of which can cause severe pain and loss of teeth. The
most healthful oral hygiene, wh-ch should be practiced
whenever possible, is to cleanse your mouth and teeth
thoroughly and correctly after each meal with a
toothbrush and fluoride dentifrice. However, when the
situation makes this activity impractical, you should
thoroughly cleanse your mouth and teeth at least once
each day, using improvised devices if necessary. If a
dentifrice is not available, use your toothbrush without
one, or use salt. In the absence of a toothbrush, you can
use twigs cut from a tree and frayed on the ends to
resemble toothbrush bristles. Twigs can also be cut in the
form of toothpicks for use in removing material caught
between your teeth. If necessary, pieces of clean cloth can
be used to wipe away food debris which has collected on
your teeth. Rubbing your gum tissue vigorously with a
clean finger also stimulates them to better health.

Bedding. At least once a week change your bedsheets.
Air and suu the blankets, pillows, and mattresses the same
as you do you clothing.

TIN CAN
WITH TOP
REMOVED
AND
BOTTOM
PERFORATED

Figure 2-1. Field bathing device.
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Hands. Keep your fingernails closely trimmed and
clean. Wash your hands (with soap and warm water if
available) after any dirty work, after each visit to the
latrine, and before touching food or food utensils. As
shown in figure 2-2, effective hand-washing devices can
be improvised. Such habits as nose-picking, Lail biting,
and unnecessary scratching can cause contamination of
your hands and of the things that you touch later. These
habits, which are unpleasant to see and unhealthy for you,
should be broken. Coughs and sneezes should be
smothered in a tissue or handkerchief or at least directed
away from other persons. Keep your fmgers and other
contaminated objects out of your mouth.

Exercises (E12):

Indicate whether each of the following statements about
the techniques of personal cleanliness is true or false.
Correct any false statements.

1. An unclean body can be a source of pathogenic
organisms to yourself and other members of your
unit.

DISCARDED
NO. 10 CAN--..

FOUR SMALL HAL ES
PUNCTURED
IN BOTTOM

SOAICAGE PIT

IMPROVISED
SOAP DISH

DIPPER

CAN OF
WATER

CLEAR
SOAPY WATER
WATER

Figure 2-2. Hand-washing device.
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_ 2 You should change your underwear at least
daily.

3 Exterior clothing that can't be washed can be
partially cleaned by shaking, sunning, and
airing.

._ 4 When total bathing isn't possible, offensive
body odors can be reduced and your health
promoted by daily washing of your body creases
with soap and water.

_ 5 In the absence of a commercial dentifrice,
toothpaste can be used to brush your teeth.

_ 6. When a toothbrush isn't available in the field, a
clean cloth can be used to brush your teeth.

_ 7. An individual who practices the techniques of
cleanlioess in the field should remain relatively
diseaao free.

E13. Associate common foot ailments with their
symptom and the actions needed to correct or prevent
these aliments.

Cate of the Feet. During sustained field operations,
one of the biggest casualty inflictors, and a prime cause
for pain, is poor foot care. Proper foot care is essential to
the maintenance of physical fitness. Serious foot trouble
usually can be prevented by observance of the following
simple rules.

Foot hygiene. You should wash your feet daily and dry
them thoroughly, especially between the toes. Persons
whose feet perspire freely should apply an antifungus foot
powder lightly and evenly twice a day. This powder helps
retard the growth of some fungi.

Properlyfitted shoes. In field operations, only footgear
issued for field purposes should be worn. Expert fitting at
the time of issue is absolutely essential. There should be
no binding or pressure spots; neither should the footgear
be so large that it permits your foot to slide forward and
backward when you are walking.

Clean, fitted socks. Socks should be changed and
washed daily. They should be large enough to aLow your
toes to move freely but not so loose that they wrinkle.
Woolen socks should be at least one size larger than
cotton

7
tigcks to allow for shrinkage. Socks with holes or
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poorly darned socks may cause blisters. Different types of
socks are provided for various footgear, learn their proper
uses at the time they are issued to you.

Common Foot Ailments. Blisters, corns, bunions,
ingrown toenails, and fungus infections are the most
common causes of foot trouble.

Blisters. You can usually prevent blisters by wearing
properly fitted shoes and socks. Shoes should be broken
in slowly, and socks should be clean and free of holes. If a
blister does develop, treat it as shown in figure 2-3.

Bunions and corns. Bunions and corns are painful
growths on your feet. Similar to blisters, they are caused
by irritation of the foot tissue, such as pinching shoes or
rubbing socks. These ailments need medical attention.

Ingrown toenails. Ingrown toenails develop when nails
art improperly cut. You should trim your toenails straight
across rather than following the contour re: your toes. If
tenderness develops in the nailbed or along the edge of the
nail, report to the medical officer.

Athlete's foot. Athlete's foot is a cracking of the skin
between and under the toes, or a general itching of the
foot. Athlete's foot is really a misnomer. Generally any
fungus that concentrates in the area of the foot is called
athlete's foot, which is caused by a fungus that thrives on
the warm, moist atmosphere offered in your boots,
particularly when you have had them on for a prolonged
period. The most appropriate treatment for athlete's foot
is to seek medical aid. The reason for this is that the
various fungus infections of the feet usually respond

0 STERILIZE NEEDLE BY
HEATING IT IN A FLAME
UNTIL IT TURNS RED.

O APPLY AND SECURE

COMPRESS.

WASH BLISTER AND
SURROUNDING AREA
WITH SOAP AND WATER.

OPEN BLISTER BY STICKING
IT AT THE LOWER EDGE.

Figure 2-3. First aid for blister.
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differently to treatment. Athlete's foot can be very serious
and painful. Don't try to treat yourself.

Immersion foot and trenchfoot. You learned about
these ailments earlier. Seek medical aid when you suspect
you are suffering from one of these ailments.

Eierdse (E13):

1. Match the column A foot ailment symptoms with the
types of aihnents in column B and the preventive or
first aid measures in column C by writing the column B
and C letters in the spaces provided. Column B and C
items may be used once or not at all.

Column A Colwnn B

_ (1) Qacked skin and itching on sole of
foot.

_ (2) Extreme pain and tenderness on top
side of corner of toe.

_ (3) Fluid-filled spot on heel of foot.
_ (4) Painful bump on your little toe.

a. Ingrown toenail.
b. Blister.

c. Fungus infection.
d. Bunion or corn.
e. Immersion foot or

trenchfoot.

Column C

A. Properly sized
footwear.

B. Keep feet dry.
C. Powder feet.
13. Puncture at lower

edge and bandage.
E. Comet cutting.

2-3. Field Sanitation
As you have learned, personal hygiene is your

observance of the rules of good health and cleanliness.
Even though you follow these rules and maintain perfect
health, your body can cope only with a limited number of
disease agents.

Under field conditions, unless you and every other
member of your outfit follow some basic sanitation rules,
practicing personal hygiene is only a temporary stopgap
against infection. Three areas of sanitation that must be
strictly observed in the field are water, food, and waste
sanitation.

E14. Arrmge in sequence, of most to least desirable,
given statements about water sanitation; state the
procedures for purifying water.

Water Sanitation. Impure water may be a means of
transmitting such disease: as cholera, dysentery, typhoid
fever, paratyphoid fever, and snail fever. All of these can
assume epidemic proportions and disable large numbers
of people. Getting, purifying, and providing water in the
field are usually the responsibilities of base engineer
personnel. Nevertheless, we must all be aware of the
danger of impure water and must know simple
purification procedures to use in field situations. All
water must be treated or certified as safe by medical
personnel. Water containing organisms that cause disease
is contaminated. Water containing substances that are



undesirable or that render it unfit for drinking or domestic
use is polluted. Water that is free of both contamination
and pollution is potable; that is, you can drink it.

Selection of water sources. Water may be obtained in
the field from surface water sources (lakes, rivers,
streams, ponds), from ground water sources (wells and
springs), and sometimes from public water supplies.
Public water supplies free from unusual impurities are the
best source for drinking water during field operations. In
combat, advantage must be taken of whatever water is
available if it can be purified with the materials on hand.
When time and situation permit, a wider search for a
better source may be made. In some locations, it may be
necessary to use rainwater, seawater (which must be
distillzd for drinking), or melted ice or snow.

!ndividual water purijkation. When good sources of
potable water are not available, you may produce potable
water by mixing water purification tablets (iodine) or
calcium hypochlorite ampules and water in your canteen.
Normally, one iodine tablet is used per canteen of clear
water, and two iodine tablets per canteen of cloudy water.
You must wait 20 minutes after purifying to drink this
water. When using calcium hypochlorite ampules, you
should take the following actions:

a. Put one ampule in a canteen of water. Leave a small
airspace in the canteen and dissolve the ampule by
shaking the canteen thoroughly.

b. Allow the water to stand at least 30 minutes before
drinking.

Exercises (E14):

1. Number the following statements about water
sanitation in sequence of most to least desirable by
writing numbers in the spaces provided._ a Using pc fluted water from a rain puddle in an

open field.
b Using certified water from a livestock

drinking trough.
c Using existing potable water supply.
d Obtaining uncontaminated water from small,

covered, ground sources.

2. Complete the following statements.
a. Potable water can be produced by using

or
b. To purify a quart of unclear water, you would use

one ampule.
c. Water purified with iodine is not considered

potable until after
mixing.

d. One iodine tablet is used to purify
of clear water.

E15. Given statemenb about food sanitation, select
the true statements; if any statements are false,
correct them.

Food Sanitation. Food, even the most appetizing, can
cause illness if it has become contaminated with disease
germs through improper handling or storage. Outbreak

of food poisoning, dysentery, and typhoid fever may
result from unsanitary practices in kitchens and dining
halls. Thus, persons who handle food must maintain the
highest standards of personal hygiene and sanitation.

Stored food must be protected from the sun, heat, dust,
insects, rodents, and any other agent that might cause
contamination or the growth of disease germs. In
opera is where you are issued C-rations, you must be
alert for signs of possible contamination. You must also
prevent your food from being contaminated after you
open it. Here are some very basic rules to prevent eating
contaminated rations:

a. Look at the metal containers for signs of bulging or
leaking. Do not eat the contents if these signs are present.

b. Wipe the top of the cans off with a clean cloth before
you open them.

c. Use your own eating utensils, and keep them clean.
d. Do not open the metal containers and let them stand

uneaten for long periods.
e. If an unusual odor or color is present after you open

the can, do not eat the food.
f. Wash your hands before you eat.

Exercises (EIS):

Indicate whether the following statements about food
sanitation are true or false. Correct any false statements._ 1 Imptoper handling and storage of food can lead

to unitwide sickness.

_ 2 Canned and sealed food is not susceptible to
contamination in storage.

_ 3 C-rations that have been opened and left
standing for long periods are suitable for eating.

_ 4 Unclean eating utensils can also be a source of
contamination of food.

_ 5 Food that is not within a reasonable range of its
normal color or aroma should be thrown away.

E16. Associate given situations involving waste to the
methods best suited for sanitary disposal.

In war or field conditions, all Air Force personnel are
expected to know how to live in the field and how to
maintain excellent health and mission efficiency. It is
essential, therefore, that you understand the methods of
constructing, maintaining, and using field sanitation
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Figure 2-4. Oi ldrtun latrine.

devices, with emphasis upon the disposal of human and
kitchen wastes.

Human Waste. Human waste can cause widespread
dysentery and diarrhea among personnel if it is not
properly managed. These diseases have cost our airmen
more lost time from duty than any other disease. The
common method of disposing of human waste in the field
is to bury the waste in nit latrines or to burn the latrine
contents. Three types of latrines are commonly used in the
field: the oil drum latrine, the straddle trench latrine, and
the deep pit latrine.

Oil drum. The oil drum latrine, similar to that shown in
figure 2-4, is considered the ideal type of latrine foruse by
small USAF units in the field. To construct an oil drum
latrine, you remove the top from a 55-gallon oil drum and
fix a flyproof seat with a self-closing lid over the top of the
drum. Where the water table is low and the area drains
rapidly, the bottom of the drum may be perforated and the
latrine set into a flyproof soakage pit. This latrine is
intended for long time usc; the contents are burned daily,
and the resulting ashes are buried.

Straddle trench. The straddle trench latrine (sex fig.
2-5) consists of a trench 1 foot wide, 21/2 feet deep, and
approximately 4 feet tong. If available, boards should be
placed alongside to provide secure footing. Toilet paper
should be placed at the end of the pit and protected from
the rain with a wooden covering or tin can. Earth removed
from tte trench should be piled at each end, and a paddle
or shovel should be provided with which each person can
immediately cover his excretion and the used toilet paper.
This latrine is considered to be inadequate for other than
temporary use. It must be closed when abandoned or
when filled to within 1 foot of ground level. When this
stage is reached, earth should be piled over the pit and
tightly packed down. If the soil is sandy, it should be
mixed with waste motor oil. The site should be marked
with a sign reading "Closed Latrine (date)."
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Figure 2-5. Straddle trench latrine.
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Deep pit. The deep pit latrine is intended for use with a
standard latrine box. It is adequate when the water table is
low. To construct, you dig a pit approximately 4-foot
deep and fit the dimensions to the latrine box. The pit
should be surrounded with drainage ditches to direct
rainwater away from the latrine box. This type of field
latrine is intended for use by large units (squadrons,
groups, etc.) that remain in one location for relatively
long periods of time. The closing provisions are the same
as for the straddle trench.

Kitchen Waste (Garbage). Kitchen waste, if not
properly disposed of, becomes the breeding ground for
rodents and insects that transmit disease. Consequently,
great emphasis must be placed on sanitary divosal of
garbage when you are in the field.

There are two classifications of garbage: that which is
suitable for animal food anet that which is not. Burial is the
best method of nonedible garbage disposal in the field
where there are areas with low water tablm. Incineration
is hest to dispose of nonedible garbage when units or more
than 30 people plan to remain in one location for a period
longer than 1 week.

Garbage pits and filled trenches should not be located
within 100 yards of any source of drinking or cooking
water. They must be located within easy walldng distance
of kitchens and eating areas, in order to facilitate dumping
of garbage. When filled and ready to be abandoned,
garbage fills should be =tired to indicate the date of
closure with a sign reading "Closed Garbage Fill (date). "

What all this means to you is that during field
operations you must use the established facilities to
dispose of waste. If there are none established, make your
own. To neglect personal sanitation or personal hygiene
when you are in the field can be as fatal as standing up
when you come under enemy fire. When you give
pathogens a place to grow, it's onlya matter of time until
your body's defense system loses the battle.

Exercise (E16):

Match the column A statements about waste with the
best nuthod of disposal in column B by writing the



column B items in the space provided. Column B
items may be used once or not at all.

Column A

_ 1. Human waste of a de-
ployed wing during a 20-
day field deployment.

2. Nonedible garbage ftom
a large unit planning to
mmain in one location.

Column B

a. Burial.
b. Straddle trench latrine.
c. Deep pit latrine.
d. Inclination.
e. Oil drum latrine.

ColunnA

3 Waste accumulated from
cooking and eating dur-
ing an overnight stop
where there is a low-
water table.

4 Human wute from four
personnel deployed to an
off-base plane crash site
for 25 days.



Work Party Security

THE RESPONSIBILITY for the defense of an air base
rests with those security police specialists assigned to the
base ground defense force. As you know, this force
comes into being only as a result of hostile actions, as in
case of general or limited war actions, or in somecases as
the tenth of a terrorist group's attempt to attack and
overcome the base security force. Regardless of the
reason for activation, you undoubtedly will become an
integral part of the defense force.

Before you can be an effective member of the ground
defense force, you must possess and apply certain
individual and group defensive skills. These skills can
help you close with and capture or eliminate an enemy
force. These same skills can also reduce the probability of
your being detected by an enemy force. These skills are
particularly valuable should the situation be such that you
must remain undetected L. ìtil a significant event occurs.
Camouflage, movement, fire control, and field
fortification are discussed in this chapter.

3-1. Camouflage Techniques

Camouflage is a French word meaning disguise; it is
used to describe actions taken to mislead the enemy by
misrepresenting the true identify of an installation, an
activity, or an item of equipment. Camouflage, as an
element of military deception, permits you to approach
unseen and to remain hidden within striking distance of an
enemy. It also affords protective concealment for a firing
posidon, materiel, and personnel. Camouflage permits
you to see without being seen, thereby enabling you to
strike first and at minimum cost.

Mthough camouflage may be easily described, good
camouflage is not easy to attain. Many factors must be
considered and remembered. This section addresses the
purpose of camouflage, describes the three methods of
camouflage, and discusses how you can attain good
camouflage for yourself, your equipment, and your
position.

E17. Specify the purpose, methods, and factors of
camouflage.

Camouflage Objectives. Of a human's five perceptive
senses, sight is by far the most useful to the enemy;
hearing is second; smell is of only occasional importance.
The comparative usefulness of the perceptive senses is
primarily a matter of range. For this reason, basic
camouflage stresses visual concealment dot is relatively
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long range and protects from direct or indirect
observation.

Direct observation. Direct observation is the peocess
whereby the observer looks directly at the object itself,
with or without the use of telescopes, fieldglasses, or
sniperscopes. Direct observation can be made from
ground or air. Direct aerial observation becomes more
and more important because of rapid changes in the
tactical situation due to greater mobility of troops,
weapons, and possible use cf guided missiles by enemy
forces. Reconnaissance airplanes over enemy lines report
locations of troops, vehicles, and installations seen from
the air to the ground control stations. Immediate fire can
then be brought to bear on targets thus found and reported.

The principal advantage of direct observation is thatthe
observer can readily see movement of troops or
equipment in the observed area, and observation can be
maintained over relatively long periods of time. The main
disadvantage lies in human frailtythat is, the physical
condition of the observer can affect his power of
observation.

Indirect observation. Indirect observation is the use or
study of a photograph or an image of the subject.
Photography, radar, and television are examples of
indirect observation. Indirect observation is becoming
increasingly more varied and rapid, and it may be used
from either manned or unmanned positions.

Indirect observation has many advantages: it can be
far-reaching, cover large areas, and can be very accurate.
It also produces a record of the area obsetved so that the
recorded picture can be studied in detail, compared, to
other pictures,and evalunted The principal disadvantage
is that a photograph rarely allows detection movement.
However, this disadvantage can be overcome partially by
taking pictures of the same area at different times and
comparing them for changes.

Camouflage Methods. Them are three basic ways of
concealing yourself, your equipmment, and your activity.
The following paragraphs describe what you must strive
to achieve with each method.

Hiding. Hiding is the complete concealment of an
object. You must master the act of hiding. You can do this
easily if you remember the childhood game of
hide-and-seek. Where did you always look first? In the
most obvious location, of course. An enemy force will do
the same when looking for your position.

Blending. Blending is the arrangement of camouflage
materials on, over, and around an object so that it appears
to be part of the background. The aim is to prevent
detection of the object caused by a change in the natural
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appearance of the position. Because the works of man are
usually geometric in form, they present easily recognized
outlines and rectangular shapes and shadows that are very
unlike the average terrain features. Blending distinctive,
man-made objects into the normal term !atteni requires
that you restore and simulate the nonual and natural
appearance of the terrain.

Deceiving. Deceiving simulates ar ..,bject or situation,
or disguises it so that it appears to be something else.
Deception is intended to mislead an enemy into false
identification of strengths, activity, or intentions.

Camouflage Requirements. For camouflage to be
successful, three fundamental requirements must be
observed; namely, choice of position, camouflage
discipline, and camouflage construction. These
requirements, and factors inherent in meeting these
requirements, are presented in the following narrative.

Choice of position. When choosing a position to gain
concealment, a background is chosen that visually
absorbs the elements of the position (see fig. 3-1). The
appearance of the background must be changed as little as
possible by the presence of individuals, weapons, and
equipment. Finally, the position selected must not hinder
the accomplishment of the mission. With these factors
foremost in mind, a natural position is located; that is, a
position that can be used almost as it is, such as a natural
cover. Isolated landmarks such as individual trees,
haystacks, or a house should be avoided because they
attract attention to themselves. At times, by making use of
background, complete concealment against visual and
photographic detection may be gained with no
construction. In terrain where natural cover is plentiful,
this is a simple task. By taking advantage of terrain
irregularities, even though natural cover is scarce, you
may gain complete concealment without added
camouflage construction.

Camouflage discipline. Camouflage discipline is the
avoidance of activity that changes the appearance of an
area or reveals military objects to the enemy. A
well-camouflaged position is only secure as long as it is
well maintained.

a. Daytime. Concealment is worthless if obvious tracks
point like directional arrows to the heart of the location or
if signs of occupancy are permitted to appear in the
vicinity. Tracks, spoil (leftover construction material),

Fig= 3-1. Mice of position.

and debris are the most common signs of military activity
that indicate concealed objects. Therefore, existing
tracks, paths, roads, or natural lines in the terrain should
be used. Exposed routes should not end at a position, but
rather, extend to another logical termination point. If
practical, exposed tracks are camouflaged by brushing
them out, by covering them with material, or, where time
permits, by planting local vegetation. Spoil and debris are
covered or placed to blend with the surroanding terrain.
Smoke from fires must be controlled and dispersed.

b. NIghttime. Concealment at night is less necessary
than in the daytime. Therefore, the enemy can use the
cover of darkness to their advantage. They can do this
much easier than they can in daylight if given clues to
guide them. Camouflage discipline thus becomes doubly
important at night. For example, aerial photos taken at
night (by light furnished by flares dropped from planes)
can pick up breaches of camouflage discipline that are
more likely to occur at night than during the day.
Consequently, light discipline is very important at night.
Sound discipline is always important. Nosies seem
magnified at night; clanking gear or snoring may prove
fatal. Calling to one another and talking, even
whispering, should be kept to a minimum. However, by
far the most important phase of night discipline is light
discipline. Necessary work lights must be shielded by
using them inside an enclosure, such as a lightproof tent
or bunker. Even on the darkest nights, your eyes grow
accustomed to the lack of light in approximately 30
minutes. Every time a match is lit or a flashlight is used,
your eyes must go through the complete process of getting
adjusted to the darkness again. Smoking must also be
prohibited at night in areas close to the enemy because the
light is impossible to conceal. A cigarette light aggravates
the situation by creating a reflection that completely
illuminates your face.

c. Lessening sound. Sound can be lessened by
precautionary measures. Loud orders, talking, calling,
and sneezing must be avoided. Walking on hard surfaces
should be avoided and full use should be made of soft
ground for digging. Hand signals or signs should be used
when possible. Individual equipment should be padded
and fastened in such a manner as to prevent banging
noises. Loading and unloading of vehicles must be
accomplished in complete silence; every piece must be
carefully lifted and genly set down; and straw, wood
shavings, or other muffling agents should be used for
packaging. It may even become necessary for you to
disconnect vehicle horns and shut off engines.
Remember, the noise of engines and tracked vehicles
cannot be diminished while they are in movement.

Camouflage construction. Camouflage construction is
used for a camouflaged position that requires additional
concealment. Camouflage construction is the use of
artificial and natural materials to help blend personnel and
equipment with the surrounding terrain. Artificial
materials are manmade; they and include such items as
paint, wire, burlap, chicken wire, fiberglass, garnished
nets of various types and sizes, and osnaburg (a cotton
cloth more closely woven than burlap).
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If artificial materials are used, they must be arranged to
blend with the surrounding terrain and must be capable of
withstanding local weather conditions. Seasonal changes
may require gradual alternation in the color or kind of
material used.

rleireisea (E17):

1. What purpose is served by camouflage?

2. If you wanted to completely screen a position from
enemy observation, which camouflage method should
you use?

3. What camouflage method would lead an enemy
observer to believe there were more people in a
position than there actually were?

4. When 'using camouflage, what three requirements
must be strictly adhered to?

5. What two elements of camouflage discipline are
especially important at night?

E18. In given situations, determine what type of
camouflage to use.

Individual Camouflage. Individual camouflage is the
personal concealment you use to surprise or deceive an
enemy. To achieve individual camouflage, you must
remember the purpose of camouflage anddecide upon the
camouflage method to use. The following narrative
presents important considerations in camouflage of the
individual.

Unfform. Your utility uniforn. (fatigues) is designed to
be as inconspicuous as possible. However, there are
occasions when your uniform's appearance or color must
be altered to help you blend with the terrainfor
instance, for wear on a snow-covered mountain.

Skin tonedown. The contrast in tone betweenthe skin of
your face and hands and that of the surrounding foliage
and other background must be reduced. Yourskin must be
made lighter or darker, as necessary, to blend with the
sii-rounding natural tones. The issue facestick may be

I whenever natural materials am not available. The
al shine areas are the forehead, cheekbones, nose, and

these areas should have a dark color. The shadow
round your eyes, under your nose, and under your
aould have a light color, as shown in figure 3-2.

Your hands, arms, F d any other exposed areas of skin
must also be toned down to blend with the surroundings.
Burnt cork, charcoal, lampblack, and mudcan all be used
as toning materials. Because soils contain harmful
bacteria, a medical officer should determine which soils
are safe for use. A mesh mosquito face net, properly toned
down, is an effective method of breaking up the outlines
of your face and ears. Such a net can be dyed in strong
coffee when manufactured dye is not available.

Helmet. The outline of your helmet is a striking
characteristic of your equipment. Its curved shape is
familiar to the enemy. One of the firs( steps in individual
camouflage is to disrupt the shve of your helmet and
thereby eliminate the strong, straight-lined shadow that it
casts. The following ways of disrupting the shape of the
helmet and reducing its shine or contrast can be used (see
fig. 3-3). The choice of method depends on the tactical
siniation and time and materials available.

a. Paint. A disruptive paint pattern can be used on the
helmet. Cam must be taken to carry the pattern across the
curved lines to the helmet edges, especially those seen
from the front.

b. Bands. Rubberbands can be used as holders for
garnish of natural materials. A band cut from a discarded
inner tube makes a good substitute for the issue band, as
do strips of cloth. Bands shoo d not be placed too high on
the helmet. When natural materials are not available or
not advisable for garnish, the shape of your helmet can
also be disrupted with bow ties made of burlap or
osnaburg. They should be small enough so that they do
not readily catch in bushes or branches and large enough
to disrupt the form of the helmet.

c. Helmet covers. An improvised cover can be made
for your helmet from a circular piece of osnaburg, burlap,
or other coarse-weave cloth. Burlap is best; it helps to
tone down the color of the helmet, disrupts its shape, and
eliminates eline. The circular piece should be 20 inches in
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Figure 3-3. Helmet camouflage.

Figure 3-4. Silhouette.
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diameter. A 2-inch hem is sewn around the edge, a tape or
drawstring is pulled through the hem, and the cover is
pulled loosely onto the helmet. It should be painted or
'seared with mud to break up the continuous tone. Slits
must be cut in the cover to allow for the insertion of
foliage. No matter what kind of helmet cover is used, it is
incomplete if the shadow underneath the helmet is not
broken up by arranging bits of foliage or other garnish so
that pieces of it hang over the rim of the helmet. Small
irregular fringes of cloth, similarly arranged, can
accomplish the same purpose and at the same time keep
gnats and mosquitoes away from your face and neck.

Canvas gear. Clean canvas equipment is great for
inspections, but in a combat situation such equipar-nt
violates the principles of camouflage. Patches of lighter
or darker color are easily spotted. One of the first tasks in
dressing for the job of fighting is to reduce the tone
contrast between your equipment :And the surroundings.
This requires darkening your equipment in some -nstances
and making it lighter in tone in others. Reducing tone
contrast can be done with paint, cloth, mud, charcoal, or
any other suitable substance that is available.

Silhouette. Although the airman shown in figure 3-4
blends with the ground, he is sharply silhouetted against
the sky. Such clearly defined edges must be avoided. The
correct way to look over the bank is from the midst of
objects that are irregular in shape and that can conceal. In
the illustration, the base of the tree would be a good
location to reduce silhouette.

Action at nigiu. As in the daytime, silhouette and
background are vital elements in concealment. A
silhouette is always black against a night sky. You must
take care at night, as in the daytime, to stay away from the
skyline (horizontal plane where sky and earth appear to
join). On bright moonlit nights, you must use the same
precautions as for daylight. You should also remember
that the position of an enemy force, not the topographic
crest of a hill, fixes the skyline. At night, sound seems
amplified and is revealing. Thus, your movement must be
careful, quiet, and close to the ground. On the other hand,
should you hear the pop of a flare before it illuminates the
area, drop to the ground and remain motionless. If you are
surprised by the light from a flare, freeze in place, with
your face pointed down toward the ground.

Position Camouflage. Proper site selection is the most
important consideration in planning field fortifications.
However, to serve in their fullest capacity, field
fortifications and obstacles must be camouflaged in such a
manner that they are a complete surprise to the enemy.
The camouflage task is made easier by proper site
selection.

Field fortifications are sited to take advantage of the
terrain and, at the same time, permit camouflage that is
vital for their security and stability. A position should be
selected that does not require a change in the appearance
of the terrain. Consideration of the camouflage aspect
saves time and labor in effecting good concealment. To
reduce ground observation, a position should be located
with a good background so that occupants are not
silhouetted. When proper advantage is taken of the
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CORRECT REMOVAL

Figure 3-5. Concealing construction spoil.

terrain, positions can be inconspicuous from ground
observation. To reduce the possibility of aerial
observation, regular geometric layouts of positions must
be avoided, and decoys and dummies should be used to
confuse the enemy. Positions should be located under
trees, under bushes, or in dark areas of the terrain,
although your locations should not be isolated to the
extent of being a landmark or an aiming point.

Postponing erection and construction of field
fortifications is often the best way to camouflage a
position. However, where the enemy has nuclear
employment capabilities, the erection or construction
must not be postponed.

Construction. Before any excavation is started, all
natural materials for camouflage construction such as
turf, sod, leaves, forest humus, at snow, must be
removed. This material is placed or scraped aside so as to
not interfere with the digging of the position. It is replaced
over the site when :Le work is completed (see fig. 3-5).
SoH (spoil) that is not used must be carried away and
dumped in a concealed place, such as under bushes and
low trees. Concealment is vital during camouflage
construction. To prevent detection of camouflage
construction that has little or no overhead cover,
camouflage nets can be suspended above the position.
The nets are placed so as to permit unhampered
excavation work. Workers must then confine their
activities to the area beneath the camouflage.

Covers. Camouflage covers are essential for positions
that cannot be sited under natural concealment. They are
also a valuable aid in preventing detection of the position.
Natural materials native to the site must be used to a good
advantage. Artificial or manufactured material may be
used if garnished or pattern-painted to match terrain
featurts. Covers made from these natural or artificial
materials for hasty field fortifications should be light in
weight to permit easy removal.

Weapon Camouflage . Your individual weapon must be
concealed to complete the camouflage of a position.
Weapon outline and shiny surfaces are the two factors
involved in concealment of the weapon by camouflage.
An M-16 rifle, shotgun, machinegun, and recoilless and
antitank weapons have distinctive outlines that are easily
identifiable. Concealment of the weapon by digging it in
to pre& nt a low silhouette and by using nets and natural
cover are excellent methods. However, the tactical
situation does not always permit sufficient time for these
methods. One of the simplest ways to distort the outline of
the weapon is to wrap it with standard burlap garnishing
or strips of cloth (see fig. 3-6) dyed to match the
surrounding terrain. Foliage placed on various parts of the
weapon is another field expedient; however, this is
difficult to maintain when the weapon is operational.

DARK AREA BLACK
IGHT AREA NATURAL COLOR

RIFLE PATTERN PAINTED

DARK AREA BLACK
LIGHT AREA GUL; METAL

MACH1NEGUN PATTERN PAINTED

M16 WRAPPED WITH BURLAP
Figure 3-6. Weapon camouflage.
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Painting. Pattern painting of a weapon (fig. 3-6), using
colors that blend with terrain features, is another excellent
method of camouflage used to distort the outline of the
weapon. Any type of camouflage used must not interfere
with the tactical effectiveness of the weapon.

Other methods. Shiny surfaces of a weapon can be
concealed by various field expedients. For instance, cloth
and paint, mentioned previously, not only distort outline
but can also be used to cover the shiny surfaces of the
weapon. Mud or lampblack can also be used to cover
these surfaces. The mud used must dry to the desired
color. Care must be exercised in application of mud to
prevent interference with sighting and firing of the
weapon.

Camouflage of other equipment. In a hostile situation,
your abiliiy to camouflage yourself and your personal
equipment (fig. 3-7) may be excellent. However, even if
these efforts are completely successful, their effect can be
nullified. This happens when you forget to camouflage
other support equipment; for example, vehicles, cooking
areas, and sleeping areas. Generally, you do not bear the
responsibility for these actions. However, guess who gets
smoked when an enemy force has detected your position
because of the sunlight shining on a vehicle window? You
must do something to prevent this from happening. The
same rules apply to camouflaging support equipment that
apply to your personal camouflage. Every item in the
vicinity of your area must be camouflaged. You can cover
equipment with natural or manmade camouflage. The
point is that you should cover it, alter the geometrical
shape, reduce or eliminate shine, or do whatever else is
needed to conceal the equipment.

Exercises (E18):

1. What are some common materials used for skin
tone-down?

2. List three ways of disrupting the shape of a helmet and
reducing its shine.

3. What fixes the skyline (as opposed tc, the topographic
crest of a hill?

4. How is detection of camouflage construction
prevented when there is no overhead cover?

E19. Determine whether cover or concealment is best
suited to given circumstances.

Cover. Cover is protection from the fire of enemy
weapons. It may be natural or artificial. Natural cover

Figure 3-7. Proper camouflage.

(ravines, hollows, reverse slopes) and arfificial cover
(foxholes, trenches, walls) protect you from flat trajectory
fire and partially protect you from high-angle fire. Even
the smallest depression or fold in the ground may provide
some cover when you need it badly. As a member of a
ground defense force, you should learn how to take
advantage of every bit of cover available. You need to do
this to achieve maximum protection from enemy fire. In a
combat situation, you must learn to select temporary
firing or observation positions that take advantage of
available cover. Observing and firing around the side of
an object, staying low to observe and fire, and selecting a
good background when observing over the top of an
object are examples of using cover to your advantage (see
fig. 3-8).

Concealment. Similar to camouflage, concealment is
protection from enemy observation. It, too, may be
natural (bushes, grass, shadows) or artificial (burlap,
nets, camouflage made from natural materials).
Concealment is not protection from enemy fire. Do not
make the mistake of believing you are protected from
enemy fire merely because you on concealed from enemy
eyes. To conceal yourself:

a. Avoid unnecessary movement; movement attracts
attention. Remember that movement against a stationary
background causes you to clearly stand out.

b. Use all available concealment. Background is
important; blend with it to prevent the enemy from
detecting you. Select trees and bushes that blend with
your uniform and absorb the outline of your figure.
Shadows also help hide you.

c. Stay low to observe. Present a low silhouette,
making it difficult for the enemy to see you.

d. Expose nothing that shines. Reflection of light on a
shiny surface instantly attracts attention and can be seen
for great distances.

e. Keep off the skyline. Figures on the skyline can be
seen from a great distance, even at night, because a dark
outline stands out against the lighter sky. The silhouette
formed by your body makes a good target.

13 8



COD-It

Figure 2- !I. Use of cover tad concealment.
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Exercises (E19):

1. As a member of a response force, you have been
ordered to flank an enemy unit attempting to penetrate
a restricted area. En route to the scene, you come
under fire from a second force no one had reported. Do
you use cover or concealment?

2. For the situation in exercise 1 above, what action may
have precluded your coming under fire?

3. As a member of a response force, you have been
alerted to a possible armed attack and have been
positioned in an area between your base's resources
and its perimeter. Should you use cover or
concealment to await the arrival of the reported enemy
force?

3-2. Individual and Force Movement

E20. Specify the methods of individual movement used
by a response force member.

Individual Movement. There are several ways of
getting from one place to another when you deploy.
Depending on the situation, you may dr :ide to use one or
more of the following methods.

Rushing. This is a technique for moving quickly from
one place to another. You start either from a place of
cover or the prone position. You then select the next spot
that you want to move to. This new spot should offer you
cover or, as a minimum, concealment from observation.
To rush to your selected location, you get up quickly, run
to the new location, and take cover. While moving, you
should be sure to keep alert for enemy fue and for
obstacles. You should rush in short bursts, a maximum of
15 meters. Don't try to cover great distances in one rush.

Low crawl. When you must move in on an enemy and
there is little or no cover or concealment available, you
must use the low crawl. To low crawl, you get into the
prone position, lay the stock of your weapon on top of
your arm, lay your head as close to the ground as you can,
and pull and push yourself along the grour 'see fig.
3-9.)

High crawl. The high crawl shown in .re 3-10 is
used when some cover and/or concealme is available.
To high crawl, you lay your rifle across your arms ir front
of your body (prone position), and you push and pull
yourself along. Your head should be slightly roised so that
you can watch things ahead of you.

t.4 1'1
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Figure 3-10. High crawl.



Walking at night. The darkness of night offers you
some concealment. You can effectively walk at night
without being detected by lifting your legs high and
stepping down carefully on your toes, as illustrated in
figure 3-11.

Stealth. Whenever you are moving, be it day or night,
move as quietly and as inconspicuously as possible.
When rushing or walldng, avoid having loose equipment
that bangs against your body; when crawling, doret drag
your weapon on the ground or pavement. Silence is
necessary to coneal your movement.

Exercices (E70):

1. What is the rushing technique of movement?

2. What are the low and high crawls?

3. What is the best method of walking at night?

II21. Differentiate between the techniques of tire and
movement for individuals and for fire teams.

Fire and Movement. Fire and movement is a tactic
used for advancing a unit while it is under enemy gunfire.
You do this by having a part of your force moving forward
while the remainder of the force delivers covering fire to
the enemy position.

The number of people who are moving and the manner
in which they move depends on the size of your unit, the
terrain, and the volume of fire being received.

A

COA-10

Figure 3-11. Walking at night.

Individual. Individual movement is usually the safest
way for your people to advance unaer heavy fire. When
moving as an individual member, you rush 10 to 15
meters forward to a point of cover. Trying to travel any
further than this allows an enemy enough time to take aim
with a weapon. After you take cover, you begin to deliver
cover fire and another member of the unit begins to move.
This leapfrog procedure goes on until all of your unit has
reached the desired objective.

Team. The tacdc of movement by fire team is similar to
the procedure for individual movement. In the team
situation, you have a portion of the unit move forward
while the remainder of the squad or flight delivers cover
fire. You use this type of movement when enemy fire is
light. You may start out in individual movement and, as
enemy fim decreases, convert to fur team movement.

Excrcbes (E21):

1. State the techniques of fire and movement.

2. What is the difference between individual and team
fire and movemeut techniques?

E22. Identify the responsibilities of the base-of-fire
and maneuver echelons during fire and maneuver.
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Fire and Maneuver. Fire and maneuver is a combat
tactic in which a squad or flight is divided a maneuver
echelon and a base-of-fire echelon. The following
narrative illustrates the use of the fire and maneuver
tactic.

Let us assume that a hostile armed unit has taken up a
position on your base. From this position, the hostile unit
directs weapons fire on a number of alert aircraft. In this
instance, your task as a member of a defense squad or
flight would be to move to the hostile position and
neutralize it as soon as possible. In order to do this, your
unit would most likely use the fire and maneuver tactic. It
is used to permit a portion of your squad or flight (called
the maneuver echelon) to get close enough to the hostile
force to conduct an assault.

To use fire and maneuver techniques, you divide the
squad or flight into a maneuver echelon to advance on the
hostile position and a base-of-fire echelon to delivefeovez
fire for the maneuver echelon. The division of the unit
does not have to be equal. For instance, suppose that you
find that you need a tremendous volume of fire from your
base-of-fire echelon but require only a small maneuver
Pebelon. In this case, you might assign two fire teams as
me maneuver echelon and the remainder of the flight as
your base-of-fire echelon. Your determination must
depend on the situation. It is best to divide your unit so
that you do not disrupt the integrity of its elements.

The maneuver echelon moves out under the
base-of-fire echelon's cover fire. Depending on the



conditions and situation, the maneuver echelon moves by
crawling or rushing to a point called the final coordination
line, such as that shown in figure 3-12. This point should
be as near the enemy position as you can get without being
dangerously exposed to friendly gunfue. The base-of-fire
echelon may advance its position toward the enemy,
providing there is no loss of cover fire.

Often, when long distances must be covered, the
maneuver echelon moves to a point midway between its
point of departure and the fmal coordination line and lays
down cover fire while the base-of-fire echelon moves
forward. This allows the base-of-fire echelon to engage
the target area more effectively, whereupon the maneuver
echelon resumes their advance toward the final
coordination line.

Exordia' (E22):

1. What are the responsibilities of the maneuver echelon
during fire and maneuver?

2. What are the responsibilities of the base-of-fire
echelon during rue and maneuver?

E23. State the mission of each type of reconnaissance
patrol, and Identify features of each type.

Reconnaissance Patrols. The overall mission of all
types of recon patrols is to gather intelligence information
and to confirm or disprove the accuracy of previous
information. There are three types of reconnaissance
patrols, namely: area surveillance, area reconnaissance,
and point reconnairsance. Etch type has a specific
intelligence-gathering function.

SASE Of NEE ECHELON C0111-8

Figure 3-12. Fire and maneuver.

Area Surveillance. Your mission on an area
surveillance patrol is to observe a large area, such as the
area depicted by a grid square on your map, and locate
enemy activity. You Lnark down enemy locations, places
where you observe enemy movement, direction of enemy
travel, and especially any changes such as new roads, and
built-up areas that are not on your map. Area surveillance
patrols provide us with the big pictum.

Area Reconnaissance. Your mission un an area recon
patml is to move through an assigned area and locate
specific enemy positions. You also confirm data reported
by area surveillance patrols. There are many methods of
conducting area recon patrols. Figure 3-13 illustrates
these methods. Your imagination can produce other
methods to use.

Point Reconnaissance. When you go on a point recon
patrol, you go to observe one point: a fork in a road or
stream, an enemy position, or any point your commander
wants to know more about. The time you spend observing
a given point is predetermined by your commander; it
could be as brief as 15 minutes or as long as several days.
Figure 3-14 represents several methods of point
reconnaissance.

Exercises (E23):

1. What is the mission of:

a. Area surveillance patrols?

b. Area reconnaissance patrols?

c. Point reconnaissance patrols?

2. Match the descriptions in column A with the types of
reconnaissance patrols in column B by entering the
column B letters in the spaces provided. Lf the
description does not Et a type of reconnaissance
patrol, enter 0 (zero).

Column A Column B

_ (1) Locating enemy posi-
tions while moving
from one place to
another.

_ (2) Provides coverage of
your route.

_ (3) Four-man teams ob-
serving movement in a
valley.

_ (4) A patrol to deny the
enemy control of an

_ (5) A two-man team watch-
ing a road junction.
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a. Point reconnaissance.
b. Area reconnaissance.
c. Area surveillance.
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FRIENDLY FORCES

TEAMS RETURN TO OBJECTIVE RALLYING POINT

PATROL LEAVER "..4.
TRAIL

PATROL ENTERS
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BOX TECHN1Quw

SUCCESSIVE SECTORS TECHNIQUE

RENDEZVOUS POINT

PASS THROUGH!TECHNIQUE

Figure 3-13. Am reconnaisunce.
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TEAM MG /ES FROM POINT.TO.POINT AROUND OBJECTIVE

CIRCLE METHOD

MULTIPLE TEAMS MOVE TO VANTAGE POINTS AND ON TO
RENDEZVOUS POINT

MULTI-TEAM OUT AND BACK METHOD MULTI-TEAM RENDEZVOUS METHOD

Figure 3-14. Point reconnaissance.
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E24. State the mission of each type of combat patrol,
and identify features of each.

Combat Patrols. All combat patrois serve basically
the same purpose: seek out and destroy, capture, or harass
the enemy. They may provide security. They also collect
and report information related and Arelated to their
mission. There are five types of combat patrols, and each
type has a specific goal.

Ambush patrols. Ambush patrols wait in hiding to
attack and destroy a moving or temporarily halted target,
such as a column of troops or vehicles. There are as many
types of ambushes as there are imaginations. Figure 3-15
illustrates only a few of the many forms of ambush.

Raid patrols. When you go on a raid, your mission is to
attack and destroy an enemy position and then withdraw.
You want to hit the enemy where it hurts and then move
on to strike again. Your force is not large enough to hold
the position you raid, only strong enough to cause
damage, and reduze or eliminate the position.

Search and clear patrols. The mission of a search and
clear patrol is to move into an area, destroy the enemy or
run them out, and hold that territory for our own use or for
use by friendly forces.

Security patrols. These patrols are designed to screen
or cover the flanks of your position, arca, or route. These
screens prevent infiltration and surprise attack. During
movements, security patrols prevent ambushes along the
way.

Economy of force patrols. Your mission on an
economy of force patrol may be to establish a roadblock
that prevents enemy movement or reinforcement, seize
key terrain to prevent enemy use, cover the withdrawal of
a force by deception or delay, or act as a blocking force to
allow a major effort to be made without interference at
another location.

Exercises (E24):

1. What is the mission of:

a. Ambush patrols?

b. Raid patrols?

c. Search and clear patrols?

e. Economy of force patrols?

7 4 5

2. IVIK,ch the descriptions in column A with the types of
combat patrols in column B by entering the colunm B
letters in the spaces provided. If the description does
not fit a type of combat patrol, enter 0.

Column A Colwnn B

_ (1) Provides coverage for
your route.

_ (2) Surprise attack._ (3) Four-man team ob-
serving movement in a
valley.

_ (4) Hit-and-run destruction
of an enemy target.

(5) A patrol to deny the
enemy control of an
area.

_ (6) Running an enemy out
of an area for our own
gain.
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a.
b.
C.
d.
C.

3-3. Weapons Flre Control

Ambush patrol.
Raid patrol.
Search and clear patrol.
Security patrol.
Economy of force patrol.

Because our operations in a combat environment are
generally defensive and our resources are often so inviting
to an enemy, we sometimes seem to get more than our fair
share of attack by hostile units.

No matter how strong your defense is, if the enemy
wants your resources badly enough, they will try to get
them. When this happens, your job can become a little bit
hectic: you must block the attack before it gets to your
resources and then counterattack to destroy the enemy. In
this section, we discuss the principles of planning and
conducting a counterattack against an attacking hostile
force.

E25. Briefly define preparation, fire and mimeuver,
and assault as they relate to conducting a counter-
attack.

Preparation. The first step in conducting a
counterattack is preparation. YOJ can't just grab a rifle,
yell, "Follow me, men," and charge a defended position.
Those people in the position have real guns, with real
bullets, and lack of preparation could be disastrous.

Plan. The enemy have a plan. If they didn't, they
wouldn't be on your base holding one of your positions.
And if they didn't want to fight, they wouldn't have
come. Consequently, you must plan your actions
carefully.

First of all, remember a basic rule of combat: meet
force with superior force. To do this, you need to get a
reliable estimate of (1) how many people you are facing,
(2) how they are armed, and (3) how well protected they
are. From this information, you can decide the size of the
force you need, how to arm them, and what, if any,
support you want to ask for. 'This support may range from
artillery fire to the use of air-to-ground attack by combat
aircraft. If that sounds a little heavy, remember that you
are the one who has to peek into that position and hope
that nobody is peeking back over a gunsight.



LINE FORMATION

FLANK RESTRICTED SY TERRA*, ...Hits MANTRAPS OR
A COMOINATION OF 10151

oo.".

KILLING ZONE

FORMATION

STRAIGHT STRETCH OF

TRAIL OR STREAM

CLOSED TRIANGLE FoRMAI

PLANK RTSTRIcItU Sr TERRAIN. MINES. MANTRAPS. OR
A COmOINATION oF THESE

TRAIL OR STREAM

*OM SHARP 51110

,n

KILLING ZONE

WITH ACCESS LANES FOR
ASSAULT

AM'

ATTACK FORCE

BRITISH VERSION AREA AMBUSH
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746
36



Next, plan your step-by-step actions through the point
where you are again occupying the position. This
planning includes two phases: (1) a fire and maneuver
operation to get your assault force into the desired
position and (2) the actual assault itself.

Assembly. To begin planning the fire and maneuver
phase, you select an assembly area. This must be a safe
area where fmal orders can be issued, final supply issue
accomplished, and final planning conducted.

Route. Your next step is to carefully plan a route of
travel that makes maximum use of all available cover,
concealment, and supporting fire. Whenever possible,
select a route that allows you to assault the enemy's flank
Or rear.

Departure Line. Next, you select a line of departure.
This is a recognizable physical location that provide6
cover and that can be safely reached by the assault force
(maneuver echelon). If a blocking force has not already
established a position for your base-of-fire echelon, you
also select that position.

Final Coordination Line. Now select your final
coordination line. You must insure that everyone in the
maneuver and base-of-fire echelons knows where this
point is and knows the time when you plan to begin the
actual assault.

Assault. The next step is to plan the assault. Now you
must assign specific target areas to each member to avoid
bunching your people toward the center of the enemy
position. You designate one person as base, and instruct
everyone else to stay abreast of the base and guide left or
right with him in order to maintain proper spacing. You
can then control the entire assault formation by adjusting
the speed or direction of the base man. For large-scale
operations, you may designate a base team or squad.
Finally, you select a limit of advance. This is the point
where your assault echelon stops after moving through the
objective. You also designate a security element that
returns to the objective, checks for boobytraps, and
secures the area.

After completing the planning phase, you are ready to
proceed to the line of itparture. At this point, the
Nase-of-fire echelon begins its suppressive fire. Any other
fire support, such as mortar fire, artillery, or air support,
is also employed at this time. As the support fire begins,
your maneuver echelon starts to move toward the fmal
coordination line. Upon arrival at the fmal coordination
line, everyone reloads his weapon and prepares for the
assault.

When the maneuver echelon is ready to begin the
assault, the echelon leader gives a prearranged radio or
visual signal to the echelon leader of the base-of-fire
element. In turn, the base-of-fire leaders instruct their
people to shift their fire to a direction different from where
the assault will come from, or to cease fire. Now, the
maneuver echelon, moving rapidly and maintaining
alignment in the line formation, begins the assault. As
your people move forward in the assault, riflemen and
grenadiers fire a round or a short burst of rounds (as
directed by the echelon leader) each time their left foot
strikes the ground. To maintain a steady volume of

4

firepower, machinegunners must fire as the right foot
strikes the ground. No one in the formation should slow
down or stop for anything. Reloading must be done
rapidly as you move toward the objective.

When the assault echelon anives at the objective, they
continue moving in formation to your preestablished limit
of advance. This is done to push the enemy force further
from the objective and to reduce the possibility of a rapid
counterattack or ambush.

Your unit then establishes all-aroun4 kecurity, and your
security element returns to the objectWe. They check for
prisoners and boobytraps and secure the objective. Now
your force can return to the objective and, if necessary,
prepare to repel an enemy counterattack. N,

r

Exercises (E25):

I. Briefly define preparation, fire and maneuver, and
assault as they relate to conducting a counterattack?
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E26. State counter ambush actions during movement.

Counter Ambush Drills. If your unit is ambushed,
you and your entire unit must act immediately with a
preplanned course of action. This action, called the
counter ambush drill, may vary, depending on whether
you are caught in a near or far ambush. In each situation,
the success of the counter ambush drill used depends upon
being well trained in recognizing the nature of an ambush
(and well rehearsed in the proper reaction.

Near Ambush. A near ambush is one in which the
enemy forces are located within a reasonable assaulting
distance of the kill zone (50 meters or less as a guideline).
In a near ambush, the kill zone is under very heavy, highly
concentrated, close-range fire. There is little time or
space for you to maneuver or seek cover. The longer you
remain in the kill zone, the more certain your destruction.
Therefore, if atta by a near ambush, you should take the
following actions (see fig. 3-16).

a. Those in the kill zone, without order or signal,
immediately assault directly into the ambush position,
occupy it, and continue the attack or break contact as
directed by the squad or team leader. This action moves
you out of the kill zone, prevents other ambush force
elements from firing on the assault without firing on their
own men, and provides you positions where you can take
other actions.

b. Those not in the kill zone maneuver against the
ambush force as directed by the squad or team leader.

c. The assault is continued until the ambush force is
eliminated or the order is given to break contact.

Far Ambush. This is an ambush in which the enemy
forces are located beyond a reasonable assaulting distance
(more than 50 meters). Here, the kill zone is also under
very heavy, highly concentrated fire, but from a greater
range. This greater range provides those in the kill zone
some space for maneuver and some opportunity to seek
cover with a smaller risk of destruction. If attacked by a
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Figure 3-16. Counter ambush for near ambush.

38 748



far ambush, you should take the following actions (see
fig. 3-17). .

a. Those in the kill zoie, without order or signal,
immediately return fire, take the best positicas available,
and continue firing until directed otherwise.

b. Those not in the kill zone maneuver as directed
against the ambush force.

c. The attack is continued until the ambush force is
ckstroyed cr the order is given to break contact.

Exercises (E26):

1. What counter ambush actions do you take when
caught in a near ambush?

2. What counter ambush actions do you take when
canht in a far ambush?

1

E27. State the purpose and benefit of search and clear
operations. Given hypothetical situations, identify
actions taken to search and clear buildings and open
areas.

Search and Clear Operation. Whenever a building or
area is, has been, or is suspeczNI of being occupied by a
hostile force, it must be searched and cleared. The
operation is conducted before enemy-held real estate can
be occupied by your own forces. This is an absolute must
if you art to insure that all hostile forces have fled or been
neutralized and that all boobytraps have been found and
disarmed. Actions to search and clear a designated locale
could take place within friendly or enemy territory.

Buildings. You would normally employ an entire squad
to search a building. Two fire teams act as a security
element. Their purpose is to aeal off all avenues of escape
and provide protective fire for the third fire team. The
searching fire team is the search party that enters the
building and conducts the search. There are three methods
of entering and clearing buildings.

(1) Entry at the top. Whenever possible, you should
enter and search a building from the top down. Enemies
who are forced to the top of a building may be cornered
and become physically violent, causing harm to you or
forcing you to harm them. On the other hand, enemies
who are forced downward to ground level may attempt to
escape from the building, making themselves vulnerable
to capture by the security element. You may use various
means to gain entry to the top of a building; for example,
ladders, drainpipes, toggle ropes, grappling hooks, roofs
of adjoining buildings, or civil engineering utility
vehicles designed for working at heights.

(2) Entry on the middle floor. In many cases, it may be
impossible to enter a building at the top. In these
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instances, you must enter at the highest possible point,
using the techniques previously described. Initially, you
thoroughly search and secure the floor (level) you enter.
Then you move to the top floor and search from the top
down.

(3) Entry at the bottom. When you must enter a
building at ground level, the security element must take
every precaution to insure protection of the search
element, up to point of actual building entry. When you
have searched the ground floor, move to the top of the
building and work down.

Rooms. To search individual rooms, a two-man team is
normally used. Depending on the likelihood of an enemy
presence in the room, one member may throw in a riu
control or fragmentation grenade, wait for it to explode;
then enter. After entry, you must place your back against
the nearest wall. The second man then follows suit and
searches the room in detail.

In an occupied building, when the enemy's location in
a building is unknown, all rooms must be searchel. In the
case of quarters, attempt to have occupants submit
voluntarily to the search. At the same time, question them
in an attempt to pinpoint the enemy's location. If an
occupant will not voluntarily submit and there is any
cause to believe that an enemy is located in the room,
conduct the search as described earlier.

In a building where the location of the enemy is known,
proceed directly to the immediate vicinity of the enemy
location. Then, carefully search the rooms near the
location in case they have moved. When you pinpoint the
enemy, employ riot control or fragmentation grenades in
an attempt to force them into the open.

Open areas. ne size of the unit you employ to search
and clear an open area depends on the size and terrain of
the area and size and strength of the enemy force you
expect to encounter. Once again, the rule to follow is to
meet force with superior force.

Search and clear operations in open areas usually take
place outside the defended area of the base. They are
really nothing more than the conduct of any of several
types of patrolling operations; for instance, operations
intended to harass guerrila or terrorist forces, keep them
on the move and off balance, and hopefully destroy or
capture them. Further, search and clear operations may
include offensive tactics, such as raid and rec,mnaissance
in force operations.

Raid. A raid is a swift, small-scale (squad or flight size)
penetration of hostile territory. Your objective may be to
secure information, harass the hostile force, or destroy
their camp or base. A key feature of the raid is that, as
soon as your mission is completed, you make an
immediate planned withdrawal from the hostile territory.

Reconnaissance in force. A reconnaissance in force
operation usually requires a flight-sized unit. Here your
purpose is to develop intelligence, locate the hostile
force, test their strength, and coordinate or conduct attack
on the hostile force or their installation. This form of
operation could be considered a large scale, thorough
search of the hostile area.
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Exercises (E27):

1. Why must an area be searched and cleared?

2. What benefit is realind by a search and clear
opesation?

Evaluate the situations given below and state the search
and clear actions to be taken.
3. A sniper has gotten into a 3-story building just off of

the perimeter and is ruing at targets on the base. His
location inside the building is unknown.

4. Same situation as in exercise 3, but there is no means
of entry from the roof or top floor.

5. Intelligence sources indicate that a force of 45 heavily
armed terrorists are camped in a densely wooded area
somewhere close to your base. They have been
harassing your perimeter frequently, and yoa have
been directed to locate them, confirm their strength,
and, if possible, Itack their camp.

6. Same situation as in exercise 3, but with only 5
terrorists reported.

3-4. Field Fortifications
This section is designed to help you understand the

advantages that can be gained through the correct use of
field fortifications. Toward this end, we briefly discuss
the various factors that must be considered when planning
the use of, or building of weapon emplacements and
tactical wire barriers. Included are the various types of
emplacements and barriers commonly used by our combat
forces. Also, we discuss how these fartific.. Ions should
be used to complement one another ard to enhance your
overall defense posture.

E211. Given hypothetical situations, determine
whether field fortifications must be constructed.

Planning and Ust. The opportunity to fight from
prepated positions is an advantage that you must exploit.
The degree of protection that field fortifications can give
you depends on their construction and strength. This
protection alto depends on (1) how well you distribute
them within tactical defense, (2) how well you adapt
them to the terrain. tad (3) how well you conceal them
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from enemy observation. The following are some factors
that you should consider when planning the use of, or
building of, field fortifications.

Pions. Plans for fortifications not only provide for the
desired degree of protection but also for bringing the
enemy under the maximum volume of effective fire as
early as possible. Fortification plans are usually based on
progressive construction; that is, proceeding from open to
cf2vered emplacements and shelters. This is done in order
to have the best protection possible under the
circumstances.

On the offense. During offensive operations, periodic
halts may be required to regroup, resupply, or consolidate
positions gained. Where the enemy threat is known to
include a counterattack capability (or probability),
offensive units should seek available cover or should dig
hasty emplacements as described later in this chapter.

On the defense. A defensive position is built around a
series of organized and occupied tactical positions.
Positions are selected for their natural defensive strength
and the observation afforded. Fortification measures for
these positions isiclude clearing fields of fire, digging
weapon emplacements and positions for personnel,
strengthening natural obstacles, installing artificial
obstacles, and providing camouflage.

Dispersion. The separation of units and individuals is a
primary means of increasing protection. Clearly, a unit is
less likely to be vulnerable to enemy weapon fire if the
area the unit occupies is increased. Proper dispersion,
then, can greatly reduce the need for a high level of
protection from field fortifications. The extent to which a
unit spreads out depends on the mission, the terrain, and
the enemy situation. Fortifications, properly employed,
can be used in lieu of, or to supplement, dispersion. For
this reason, fortifications are particularly important for
units that cannot disperse sufficiently to obtain adequate
protection.

_Alternate and dummy positions. When time and the
situation permits, dummy and alternate positions should
be built to deceive the enemy and to allow flexibility in
your defense.
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Exercises (E23):
State whether field fortifications must be constructed in
each of the following situations by entering "yes" or
"no" in the space provided.

1. Your unit has just overrun an enemy position
and halts to regroup and resupply before
proceeding elsewhere on another mission. The
decisiveness of your unit's victory assures that
the enemy is incapable of mounting a
counterattack before your unit leaves the area.

2 After obtaining the resupply mentioned in
exercise 1 above, your unit moves on to its
second mission, and it again surmounts an
enemy position. This time, however, in the face
of your unit's superior strength, the enemy
disengages contact and disperses before
sustaining any significant casualties. Shortly



thereafter, you receive an intelligence report
indicating that an additional enemy unit, equal in
size to the one that just retreated, is also
somewhere in the area. Again, you must \ 'ait for
resupplies before moving out of the area.

_ 3 Security forces in your sector recently repelled h
ground attack against your base. This attack
pointed out some possible weaknesses in your
defenses. You find that to strengthen these
weaknesses, you must add some weapons and
relocate several of those already in place.

E29. Given hypothetical situations, determine the type
eir weapon emplacement to establish.

Types of Emplacements. Concerning the protectionof
our bases, we have the advantage of time to prepare
defensive positions. As mentioned earlier, you must plan
properly and concentrate your defenseon what you expect
the enemy to do. However, you must also learn to expect
the unexpected and be ready to cope with it. Keep in mind
that, as is usual with human nature, people do not always
act or react as you expect. For this reason, you must be
ready for the possibility of having to construct your own
on-the-spot defensive position. This situation couldarise,
for example, when you are reacting as a member of the
response force or when you are initially being posted
during a ground defense operation. The emplacements
you are most likely to use are presented in the following
ParagraPhs.

Hasty emplacements. Hasty emplacements are dug
when you have made contact with the enemy, and time
and materials are limited. Their ptupose is to provide
immediate protection from direct fire. They are also used
when there is no natural cover available. Examples of
hasty emplacements are:

a. Shell crater. If you have time, try to find a crater that
is 60- to 90-cm wide (2 to 3.ofeet). This size offers you
immediate cover and conxafinent and can be quickly
made into a hasty position. Any place where heavy
weapons rounds have exploded can quickly be expanded
to afford you some protection. These craters can later be
developed into a foxhole if your stay in the area is
extended.

b. Prone emplacements. Initially, you can start with a
skirmish trench; this simply involves digging or scraping
dirt into piles to place betwt at you and the enemy. As
time permits, you can expand this type of emplacement to
conform to your body position and arm length. Once
improved, you are better protected from small arms or
direct fire weapons than if using a shell crater or your
initial skirmish trench.

c. Other immediate alternatives. As a last resort, you
can pile rocks, hard-packed snow, ice, and dirt in front of
your position. A minimum of 30 cm (12 inches) of this
material can resist penetration of may small arm
projectiles.

Foxholes. Foxholes are the basic defensive positions.
They afford you good protection against most forms of
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enemy small arms fire. They can be developed by
expanding the hasty positions discussed earlier, or you
can start from scratch. As time permits, you can make
improvements by revetting the sides, adding overhead
cover, providing drainage, and excavating a grenade
sump to dispose of handgrenades thrown into the hole by
the enemy. When used in our concept of defense, the
two-man foxhole is better than the one-man
emplacement.

Machinegun emplacements. Machinegun
emplacements should give maximum protection to the
crew; however, the main consideration must be the
effective use of the weapon. The positions described in
the following paragraphs are designed for use in terrain
that permits excavation.

a. Horseshoe. The horseshoe-shaped trench, about
3-feet deep, is a trench dug along the rear and sides to
form a horseshoe. It has a chest-high shelf in the center to
serve as the gun platform. The dirt from this trench is used
to form a low protective wall (parapet). The wall should
be at least 1-meter wide, and low enough to permit
all-around fire. This type of emplacement permitsyou an
easy traverse of the gun through an arc of 180°; but it does
not allow you to fire effectively to the rear.

b. Two one-man foxholes. This emplacement consists
of two one-man foxholes close to a gun position. The
parapet is low enough for all-around fire and offers you
good protection. Although 360° fire is potisible from this
position, fire to the front and rear is most effective
because the M-60 machinegun is fed from the left side.

Drive-through fighting positions. In your defensive
operation, drive-in revetments, with concealed approach
routes, should be constructed on your main line of
resistance (MLR). These positions should be as narrow
and as short as your vehicle size permits. You can use
sandbags or 55-gallon drums filled with sand to construct
the drive-in revetments. Individual positions with
overhead cover should also be constructed for deployed
personnel. These individual positions serve to protect
your drive-in positions; also, they give you direct fire
support.

Concealment. Concealment is of prime importance in
constructing your defensive positions. When and if time
permits, you should make full use of all availabLI natural
materials; for example, trees, logs, and brush.
Manufactured materials such as barbed wire, cement,
lumber, sandbags, corrugated metal, and other material
that you could use should be obtained from support
organizations. To further conceal your positions, make
maximum use of surrounding background to break up
outlines. A more thorough coverage of camouflage
techniques was presented earlier in this text.

Eaterdses (E29):

Match each situation in column A with the column B type
of emplacement that should be constlucted by writing the



column B letter in the space provided. Column B items
may be used once or not at all.

Column A

I. You are in enemy con-
tract and must seek
immediate cover in an
area devoid of natural
cover and recently
bombarded by heavy
weapons.
You have the time to

expand the initial hasty
position you are lying in
to make it fit the length.

3 After repelling an initial
attack, your unit must
hold its present position.
You need to improve
your present hasty
emplacements for better
protection against most
forms of enemy small
arms file.

4. You must set up amachinegun
emplacement that allows
you a 180° arc of fire to
the front. Firing to the
rear is not needed.

5. You must set up a
machinegun position
that allows for
all-around fire.

a.
b.
c.
d.
e.
f.

Column B

Two one-man foxholes.
Foxholes.
Prone emplacement.
Shell crater.
Horseshoe.
Drive-through fighting
position.

E30. Determine how tactical barriers are used, and
state how they enhance defensive positions in given
situations.

Tactical Barriers. Wire barriers (entanglements) are
used to break up enemy formations and to hold the enemy
in areas covered by your defensive fire. They also protect
you by preventing close-in surprise attacks on your
defensive positions. When you construct these barriers,
place them close enough so that you can observe them
both day and night. At the same time, however, be sure to
place the barriers far enough from your position to keep
the enemy btyond handgrenade throwing range.

As you can see, selecting the proper position for
barriers is important. Equally as important, however, is
selecting the proper type of barrier. To help you do this,
barriers have been classified according to their use and
their depth.

Use. Entanglements are classified by use as tactical,
protective, or supplementary.

a. Tactical. Tactical wire entanglements are sited along
and parallel to the friendly side of your final protective
line. You use them to break up enemy attack formations
and to hold or channel the enemy in areas covered by your
most intense defensive fire. You can extend this type of
entanglement across the entire front of your position.
Remember, however, that it doesn't necessarily need to
be continuous.

b. Protective. This type is located to prevent surprise
assaults from points close to your defensive area.
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Remember to place it to keep the enemy beyond
handgrenade range.

c. Supplementary. You can use this type to conceal the
exact line of your tactical wire. Also, you can use it to
inclose your defemsive position by connecting protective
wire entanglements. If used to break up the line of your
tactical wire, it should be identic,t1 to the tactical wire
entanglement and should be constructed at the same time.

Depth. The following are the three classifications of
depth:

a. Belt. A belt is an entanglement that is one fence in
depth.

b. Band. This consists of two or more belts with no
intervals between them. You may construct a band by
using different types of fences.

c. Zone. This is two or more bands or belts with
intervals between them.

Types. Now that you are familiar with the
classifications of entanglements, let us look at the types of
barriers and their uses (see fig. 3-18).

a. Four-strand cattle fence. This fence may be used to
designate the legal base boundary. It is also used as the
center section of a double-apron fence.

b. Double-apron fence. This fence combines the four-
strand cattle fence with apron.; of barbed wire at the front
and rear. Its effectiveness can be increased by installation
of tripwires.

c. Standard concertina. The triple-strand concertina
fence is usually a better obstacle than the double-apron
fent- Concertina fences are held down by stakes placed
at intervals of not more than 2 meters. These stakes are
used on the single concertina fence and on the front strand
of the double and triple types. There are three types of
concertina fence you can use:

(1) Single. This single line of concertina is erected
quickly and easily, but it is not an effective obstacle.

(2) Double. This consists of a double line of concertina
with no interval between lines. The two lines are installed
with staggered joints. Also, double concertina is less
effective than a double-apron fence. It is used to
supplement other obstacles in a band or zone.

(3) Triple strand. This consists of two lines of
concertina serving as a base, with a third line resting on
top. All lines are installed with staggered joints. Each line
is completed before the next is started so that a partially
completed concertina entanglement will present some
obstruction. It is erected quickly and is difficult to cross or
crawl through.

Portable barbed-wire obstacles. Concertina wire is an
effective obstacle that can easily be moved, used to
temporarily close gaps or lanes, or used for adding
obstacles to already established barriers. Other portable
barbed-wire obstacles you can use are:

a. Spirals of loose wire. By filling open spaces in and
between your wire entanglements with spirals of loose
wire, the obstacle effect is substantially increased. Men
are tripped, entangled, and temporarily immobilized by
the loose wire.
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b. Knife rest. The knife rest is a portable wooden or
metal frame strung with barbed wire. It is used when you
need a readily removable barrier; for example, at lanes in
wire obstacles or at roadblocks. Knife rests are normally
constructed with 3 to 5 meters between crossmembers.
They should be approximately 1 meter high, and the
cmssmembers must be firmly lashed to each horizontal
member with plain wire. Insure that you firmly secure the
knife rest in its position.

c. Trimires. Immediately after a defensive positon is
occupied; tripwires should be placed just beyond grenade
range. The wires should stretch about 8 inches above the
ground and be fastened to pickets at not more than 5-meter
intervals. They can be concealed in long grass, or on a
natural line, such as the side of a path or the edge of a
field. Tripwires should be placed in depth, in an irregular
pattern, to enhance their disguise.

d. Tanglefoot. Tanglefoot is used where concealment is
possible. The obstacle should be used in a minimum depth
of 10 meters. Space your holddown pickets at irregular
intervals from 1 to 3 meters, with the height of the barbed
wire varying from 8 to 30 inches. Tanglefoot should be
sited in scrub, if possible, using bushes es supports for
part of the wire. In open ground, short pickets may be
used.

Exercises (E30):

Determine how barbed-wire barriers are being used by
matching the column A situations with the appropriate
classification listed in column B by writing the column B
letter in the space provided. Column B items may be used
once or not at all. Briefly state how the barriers enhance
your defensive positions.

z'

TRIPLE STRAND
CONCERTINA

Column A Column 8

1 Barriers are positioned
along and parallel to the
friendly side of your
fmal protective line.

2. Barriers are used to
complement and/or
joinother wire barriers.

3 Barriers are installed
around your defensive
positions at distances
designed to keep the
enemy beyond
handgrenade throwing
range.

a. Protective.
b. Tactical.
c. Supplementary.

EM. Given hypothetical situations, determine how
weapon emplacements aGd tactical barriers are used
in base and sector defense.

Weapon Emplacements. Base and sector defense
weapon emplacements are located to cover a selected area
with fire, taking advantaje of any natural cover and
concealment. The most commonly used emplacements
were discussed earlier in this chapter. One main point to
keep in mind when planning or constructing weapon
emplacements is that, in defensive firing positions,
maximum fields of fire and observation in the direction of
the enemy should not be sacrificed for elaborate overhead
cover. Obviously, then, weapon emplacements must be
built to coincide with your fire plans.

Fire plans. Fire plans must be prepared for each
defended locality (whether occupied by a fire team,
squad, or flight) and must be consolidated at sector level
before coordination is attempted with adjacent sectors.
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Basically, a sector fur plan must provide for (1) placing
long-range fire on enemy personnel as soon as they come
undix observation, (2) subjecting enemy personnel to an
increasing volume of fire as they approach the tactical
defenses, (3) breaking up the attacking foivc with close
defensive fire, and (4) stopping an enemy assault with
final protective fire.
Defense in depth, interlocking fires, and mutual support
oetween defended localities and between defense sectors
are essential. For instance, machineguns should be
positioned to provide maximum grazing fire between the
frontage of adjacent localities. Individual rifle positions
are selected to suppoit and protect machinegun positions,
provide supplemental fur for the unit arca, and add depth
to the defense. Weapon emplacements, as we stated
previously, must be built to directly support your fire
plans.

Emplacement considerations . The following
considerations affect the type and location of weapon
emplacements:

a. Employment of weapons. Emplacements must
permit effective use of the weapons for which they were
designed. This requirement may limit the protection that
can be provided and may influence the design and depth
of adjacent shelters.

b. Protection. As far as possible, protection should be
provided against all hazards except a direct hit by heavy
artillery. This means that excavation should be as small as
possible, consistent with space requirements, in order to
obtain maximum protection from the walls against
airbursts and to limit the effective target area for high
trajeaory weapons. Some of the main methods used to
obtain this protection are presented later in this section.

c. Simplicity and economy. The emplacement or
shelter should be strong and simple, require as little
digging as possible, and be constructed, when possible,
with materials that are immediately available.

d. Progressive development. Your plans for defensive
work should allow for progressive development. This
improves the usefulness of emplacements. You can
develop emplacements in three steps:

(1) Digging in quickly where speed is the principal
consideration, and no special tools or materials are
required.

(2) Improvising with local materials.
(3) Refining, using stock materials.

e. Concealment. Weapon emplacements should be
built so that the completed work can be concealed. It may
not be practical to conceal a defensive position
completely, but it should be concealed sufficiently to
prevent the enemy from spotting the defensive position by
casual ground observation. If possible, you should build
dummy positions at the same time that thn primary and
alternate positions are built.

Protection. The most predominant hazard during
ground defense operations is fire from conventional
weapons. Therefore, the construction of weapon
emplacements must be geared primarily towani obtaining
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protection against this hazard. This is done by digging in,
providing overhead cover, and erecting standoff fencing.

a. Digging in. Protation against conventional
weapons is best provided by constructing a thickness of
earth and other materials. This is done by digging into the
ground so that personnel and equipment can offer the
smallest possible target. Digging in also provides some
protection against artillery, infantry, heavy weapons,
bombs, and other aerial weapons.

b. Overhead cover. Overhead protection is especially
important in forward areas whcre the threat includes
airburst shelling. Coveted firing positions must be built
for individual riflemen. Small, readily accessible shelters
adjacent to weapon emplacements arc also necessary.
Available materials may be used, but cover must be kept
low or the outline modified to blend with its surroundings.

c. Standoff fencing. Standoff fencing is intended to
cause point detonating or inertial-impact-fused rounds to
explode before hitting the defensive position. Chainlink
fencing is used for this purpose, and it should be located
10 to 25 feet from the position.

Tactical Barriers. Basically, in base or sector ground
defense operations, tactical barriers are used to
complement fire plans. They consist of a coordinated
series of natural and artificial obstacles that are used to
channel, restrict, delay, or stop enemy ground movement.

An important point to remembez is that an obstacle may
constitute either an advantage or a disadvantage. For
example, an obstacle perpendicular to the direction of
attack favors the defender; it slows or channels the
attacker. Conversely, an obstacle that is parallel to the
direction of the attack may help to protect the flank of an
elacking force. For this reason, you must look at each
obstacle or barrier closely, determine what you want it to
do, and insure that this, ab is being done. Above all, make
sure that each barrier is working for you, not against you.

Natural obstacles. Natural obstacles, such as ravines,
streams, marshes, and forests, can be used to advantage in
a barrier plaa. These obstacles, when supported by
artificial barriers (such as barbed wire), often make the
most effective tactical barriers. For this reason, good use
should be made of available natural or seminatural
obstacles. For example, waterlogged ground and large
watershed drains (pools or ponds), supported by wire
entanglements, can present a formidable barrier to
aggressors.

Perimeter barriers. Fences are used to delay the enemy
and compound the problems they face in negotiating the
perimeter. Vegetation, ravines, buildings, debris, and
any other form of concealment should be removed or
destroyed. Wire eatanglements, roadblocks, and
minefields can be ..ised to cover likely avenues of
approach and vulnerable parts of the base perimeter.
Remember that no matter what fence system is used, it
must have depth, the sentries maintaining surveillance
over it must be alert, and it must be effectively covered by
defensive fire.

Lighting. Ligots should be installed to provide for
maximum night visibility. Use of such lighting, however,
depends on tactical considerations at the time. Additional
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devices, such as trip flares, antipersonnel mines, ground
radar, and sensors, are also used to enhance the
effectiveness of barriers.

Interior barriers. Tactical wire barriers are used within
the perimeter to limit and channel penetrations by enemy
groups or individuals. These interior barriers can be as
simple as a single strand of wire, 3- to 4-foot high.
Generally, they are placed in a manner that prevents a
direct approach to vital areas.

Provisions must be made to cover these barriers by
automatic weapons fire teams, by assignment as an
alternate mission for such weapons teams. The bathers
are constructed as inconspicuously as possible, and are
relocated periodically to prevent counterplanning by the
enemy.

It is important to insure that interior barriers do not
preclude the reserve force's freedom of movement. For
this reason, conterattacking forces, as well as all other
personnel who work within areas reinforced with barriers,
must be thoroughly familiar with the location of all
barriers.

Lanes and gaps are provided for the passage of reserve
forces, patrols, work parties, and counterattacking forces.
When not in use, they are sealed by the use of portable
obstacles covered by weapons fire. In barbed-wire zones,
lanes and gaps are staggered in a zigzag pattern.

Exercises (E31):

You are tasked with evaluating weapon emplacements
and tactical barriers on your base to insure that they
effectively support fire plans and protect personnel.
During your evaluation, you must insure that the specific
criteria listed in column A are met. Match the column A
item with the column B type of weapon emplacement,
related protective action, or tactical barrier that would
most likely achieve the result described by writing the

column B letter in the space provided. Column B items
may be used once or more than once.

Column A

1. Provide grazing fire
across the frontage of
adjacent areas.

2. Cause point detonating
rounds to explode
before hitting
defensive positions.

3. Should be covered by
defensive fire.

4. Should be relocate i
periodically to prevent
counterplanning by
the enemy.

5. Provide the means for
personnel and
equipment to offer the
smallest target
possible.

6. Must not hinder the
ovement of response
forces.

7. Provide supplementary
fire for the unit area
and add depth to the
offense.

8. Limit or channel the
movement of enemy
penetrators to areas
coverexl by your most
intensive fire.
Provide protection of
personnel against
airburst shelling.

10. Must be supported and
protected by
individual rifle
positions.

11. Increase the problems
the enemy faces in
trying to penetrate
your outer defenses.

_ 9.
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a.
b.
C.

d.
C.
f.
g.

Cclumn B

Overhead cover.
Perimeter barriers.
Machinegun emplacements.
Dug-in positions.
Interior barriers.
Individual rifle poons.
Standoff fencing.



Convoy Techniques

A MILITARY FORCE must be able to get from one place
to another with the necessary men and supplies if it is to
perform its mission. The outstanding ability of U.S.
Forces to do this today makes them the most mobile force
that the world has ever known. A great deal of this
mobility depends upon the transportation of many people
and large quantities of materials by military vehicles. This
movement of people and material can be maintained only
so long as vehicle operations personnel are qualified in all
phases of motor transportation. One of these phases is
convoy operation. This chapter provides you with
knowledge of the kinds of convoys, coordination required
with civil authorities, planning and control of convoys,
and the field and mechanical expedients you are required
to know as a supervisor of convoy operations.

4-1. Convoy Terme

The techniques of organization and management of
convoys have been developed by the U.S. Army to a very
high degree. This has been the result of the Army's heavy
reliance upon military vehicles for its ground
transportation. Transportation within the Air Force has
been directed toward the use of air transport whenever
practical. However, Air Force motor transportation is
particularly well-suited for short hauls and supply
distribution. Another exceptionally useful advantage of
motor transportation ia its ability to reach an unlimited
number of points which cannot be serviced otherwise.
This makes it necessary for Air Force vehicle operations
personnel to have a working knowledge of convoy
techniques.

E32. Deem terms used in convoy operations.

Convoy DelloPd. A convoy is the movement of a
group of motor vehicles under the control of a designated
individual. Its purpose is to facilitate the coordinated
movement of personnel and materiel; it is also need for the
practical training of personnel responsible for such
operations. The individual designated to control-the
movement I. the convoy commander. He may be either an
airman or an officerthis depends on the size and
purpose of the movement.

In many cues, a convoy is called a motor march.
Actually, the two terms are synonymous and are used
interchangeably. A motor march is quite formalized, with
very rigid controls applied. Small convoys are more
informal and controls are inclined to be more flexible.

CHAPTER 4

Terms Used in Convoy Operation. There are several
terms peculiar to convoy operation that you should know.
The more commonly used terms are defined in the
following paragraphs.

Control vehicle. The vehicle which precedes a convoy
(motor column) or one of its elements (serial) and sets tlie
pace or rate of march.

Fixed column. A motor column (convoy) in which a
prescribed space between vehicles is maintained
regardless of the speed.

Governed column. The spacing between vehicles is
governed by speedometer multiplier or by some other
means.

Lead. The linear spacing between the heads of
successive vehicles, march units, serials, or columns.

March graph. A time-distance diagram used in
planning and controlling motor marches.

March unit. A subdivision of a serial which moves and
halts on the command or signal ot the march unit
commander.

Rate of march. The average speed of a motor column
over a pr.rlod of time, including short, periodic halts.

Serial. A major subdivision of a motor column which
consists of elements moving from one arta to the same
destination. These elements are grouped under a eerial
commander.

Speedometer multiplier (SM). Any number by which
the speedometer reading in miles par hour is multipled to
determine the vehicle distance in yards. At 20 mph, with
an SM of 2, the distance between vehicles would be 40
yards.

Tinse-distance. The time required for a motor column,
or one of its elements, to move from one point to another
at a given rate of speed.

Trek density. The number of vehicles that pus a
given point within a given period of time; e.g., 500
vehicles per lane per hour. It can also be defined as the
number of vehicles avupying a mile of roadway at any
given time.

Types of Convoys. We can separate convoys into three
kinds: normal convoys, hawdous convoys, and convoys
transporting classified equipment.

Normal convoys. These me convoys consisting mainly
of general-purpose vehicles that do not exceed legal
limitations of maximum overall length, width, height,
weight, or axle loadings permitted by the states through
which the movement is made. They are also capable of
maintaining normal speeds on the highway.
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Hazardous convoys. These are convoys composed of
large, bulky motorized equipment. One or more vehicles
may be extra wide, having overhanging or projecting
obstacles to traffic; may be overlength; or may travel at
unusually slow speeds. For all practical purposes,
overweight vehicles can be put in this category, since
most overweight vehicles have one or more of the
preceding characteristics.

Convoys transporting classified equipment. These
convoys may consist of normal transport vehicles or they
may involve hazardous-type vehicles. Oversize vehicles
are required for transporting specialized missile
equipment. Usually, convoys with classified equipment
are comparatively small and often have only one transport
vehicle with the necessary escorts.

Exercises (E32):

1. Detme the following terms.
a. Fixed column.

b. March graph.

c. Serial.

d. Speedometer multiplier (SM).

e. Time-distance.

f. Traffic density.

g. Normal cons oy.

h. Hazardous convoy.

4-2. Planning and Coordination.

E33. State factors to be considered, sources and kinds
of information, and the importance of route
reconnaissance in planning convoy movements.

General Manning Factors. There are a number of
factors that determine the amount of planning needed
when a convoy movement is to be made. When convoy
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movements are being formulated, you must find out the
purpose of the convoy, quantity and type of cargo to be
hauled, loading point, destination, and arrival time. This
information is usually obtainable from orders and
instructions issued by higher authorities.

Next, determine the number and type of vehicles which
are necessary. This can be decided after the amount and
type of cargo are known. The number of personnel
nucessary depends to a great extent upon the number and
type of vehicles needed.

Now, determine the supplies that are required. Tbe
number of vehicles, distance to travel, and personnel
involved are the fretors to be considered. When all this
has been done, you should answer the following
questions:

What is the best route?
What are the halts to be made?
At what speed will the convoy travel?
Where will fuel, oil, and other supplies be obtained?

However, if you are not familiar with the area of
movement, do not attempt to answer these questions until
you have made a route reconnaissance. You will thea be
able to answer the preceding questions regarding the
route. After answering these questions, decide which type
of march you will use and arrange the convoy
accordingly. You must also arrange for convoy control.

Finally, most movements within the continental United
States or its territories must be coordinated with the civil
traffic authorities before they are started. Be sure to get all
the necessary permits and clearances required from the
civil authorities as early as possible.

Route Reconnaissance. Route reconnaissance simply
means to survey a route over which a convoy movement
will be made. This survey is used to gather needed
information concerning the route and adjacent areas for
planning the move. Reconnaissance should be made
before and during any motor move.

You may obtain basic information from maps (either
standard highway or military), personal knowledge, and
reports furnished by engineers, state police, and weather
forecasters. Within the continental limits of the United
States and in most oversea areas, you will find
well-marked routes and traffic personnel available. But
even so, you may make a limited reconnaissance to
prevent accidents or delays. In combat areas, you must
make a more thorough reconnaissancelack of
information there may prove disastrous both to personnel
and equipment.

If yonr reconnaissance is thorough, it should provide
you with the following information:

a. The location and nature of major routes in the area.
b. The location and characteristics of major road

junctions.
c. The location and characteristics of detours or

bypasses.
d. The time and distance measurements between major

points.
e. The types of road surface and the condition of

roadway and shoulders.



f. The width of each roadway and the number of traffic
lanes available for movement in each direction.

g. The maximum grades (percent).
h. Limiting physical features of the available routes

(clearances, heights, loads, and widths).
I. Facilities providing fuel; repairs, rations, water,

and other supplies.
j. Availability of medical facilities in the area.
k. The traffic density at critical points.
I. The variaions in taffic density.
m. The location of critical points (bottlenecks, points

needing traffic conUol, or highway regulation).
n. Availability and type of communicaCons facilities.
o. Traffic control devices and their locations.
p. Types of traffic controls that are or can be used.
q. The locations of potantial hazards (lack of roadways,

ice and snow, steep grades, etc.).
r. The locations and characteristics of fords.
s. The routes which afford maximum protection from

hostile ground or air attack.
t. Road and bridge construction that may be required.
u. Sites that may be adequate for dumps or depots.

Exercises (E33):

1. How are the number and type of vehicles determined
in a convoy move?

2. Why is route reconnaissance important in a move?

3. What factor determines the number of personnel
needed for a convoy?

4. Complete the following statements (one word in each
blank): Basic information to be used in route
reconnaissance may he obtained from highway

, personal knowledge, and reports
furnished by engineers, state police, and weather

A thorough reconnaissance usually
reveals information concerning the location of

supply facilities and critical
en route.

E34. State responsibilities, procedures, and eettrets of
information in the coordinottkm and application of
control measures, escort requil-ements, and permits
for convoy movements.

Coordination/Escort Requirements for Normal
Convoys. Mormal convoy movements outside the local
area consisting of 10 or moie vehicles organized as a
column are coordinated with civil traffic authorities by
higher headquarters. This also applies to movements of
10 or more vehicles dispatched over the same route to the

same destination during a 1-hour period. Arrangements
with civil authorities for local movements are handled by
the base transportation officer in coordination with the
security police officer.

Special Procedures and Escort Requirements for
Hazardous Convoys. Normal convoys are protected in
both the front and the rear by escort vehicles. These escort
vehicles should be equipped with red warning lights,
flares, and other emergency equipment. These vehicles
travel far enough in front of and behind the convoy to give
adequate warning to all approaching traffic.

Hazardous convoys require special markings, red
flags, and lights to make them readily identifiable and to
reduce their danger to other traffic. Special markings and
procedures also apply to all vehicles transporting
explosives. Each truck carrying explosives or
ammunition is properly marked with explosive warning
signs. The word "explosives" or "dangerous," as
determined by the class of explosives, is exhibited in
letters at least 6-inches high on reflectorized placards.
These placards are posted on the front, rear, and both
sides of every vehicle. When 2 or more trucks carrying
explosives art traveling together, a minimum distance of
300 feet is maintained between vehicles. Department of
Transportation regulations govern the transportation of
explosives on public highways. Specific safety
precautions for the transportation of explosives are given
in AFR 127-100, Explosive Standards.

Escort vehicles lead and follow these convoys.
Normally, escort vehicles are equipped with and display
rotating red flashing beacons and also keep their
headlights on. Suitable signs (preferably luminous) are
displayed, indicating that a convoy follows or is ahead.
Radio communications are used, when available, to
facilitate normal communications and the immediate
adoption of emergency procedures.

Other vehicles in the convoy will have headlights and
running lights turned on at all times. All overhanging and
projecting equipment is marked with red flags during
daylight when visiblity is good; red and amber lights are
used during periods of poor visibility and at night.

The vehicle operations officer and the convoy
commander are responsible for insuring that these
convoys are equipped for all conditions expected. The
coordination with civil authorities for the movement of
hazardous convoys is carried out by higher headquarters.

Special Procedures/Requirements for Classified
Convoys. Small classified convoys of vehicles not
exceeding legal limitations on size or weight can be
coordinated locally. However, oversize classified
equipment requires the same coordination as any other
hazardous convoy.

Convoys with classified equipment are under the direct
control of a security officer, who may also act as convoy
commander. Also, escorts leading and following the
convoy are security guards. The number of guards and
their locations in the convoy are determined by the
commander ordering the movement. Driver personnel
must have security clearances.

49

7 5



Procedures in Coordination and Obtaining Permits
for Convoys. The first thing is to determine whether or
not the vehicle is oversize or overweight, thereby
requiring a clearance. Each state has established its own
limitations on vehicle widths, heights, lengths, weights,
and axle. loadings. Since these limitations vary
considerably from state to state, you must be familiar with
those for gift states in which your vehicles operate. You
can get this information by ch-ling state laws or by
asking the appropriate highway officials. However, there
is a 'simpler method. The American Trucking
Association, Inc., publishes a consolidated chart that
shows current information on vehicle sizes and weights
and other relsted matters for highway carriers. This is not
an official Air Force publication but, it is liked for military
vehicle movements and commercial carriers.

The Director of Transportation and. Supply of the
appropriate air logistics center (ALC) i the representative
designated to secure permits for military vehicle
movements. The Director determines whether or not the
movement by highway is essential to national security
and, when appropriate, makes all the necessary requests
and certifications to the authorities of the states involved.

In some eases, there is a recurring need for oversize,
overweight, and special movements of military vehicles
within a limited area. The director (mentioned above)
coordinates and arranges for formal agreements with state
and local civil authorities for such movements. Copies of
these agieements are furnished to state officials, local
military officials, and the Director of Transporiation,
Headquarters USAF. When a movement is to be made
under an agreement, the local base transportation officer
notifies the civil authorities of the move and obtains the
necessary permits.

When an essential movement which is not cov red by
an agreement must be made, the local base transportation
officer will request the appropriate ALC Director of
Transportation and Supply to negotiate for the required
permits. The request should be prepared on DD Form
1265, R9quest for Convoy Clearance, or on DD Form
1266, Request for Special Hauling Permit. These forms
furnish all the information normally needed for
negotiation. The information to be finnished for oversize
or overweight vehicles includes, as a minimum, the
following:

a. Type of equipment with the manufacturer's name, if
available, and pertinent accessories; gross weight; axle or
track loads and spacing; and the height, width, and length
of the vehicle, both loaded and unloaded.

b. Origin and destination of the movement.
c. Proposed date and time of the movement.
d. Nature of the cargo (within security limitations).

In addition, reasons must be given why oversize or
overweight vehicles or loads cannot be reduced. Also
justification must be given u to why highway movement,
as opposed to another mode of transportation, is essential.

In urgent cases, applications for permits can be made
by electrical communications means. These menage
requests sh-uld give the requited information in the

numerical order given on the DD forms and shot" be
confirmed through the submission of the applicable form.

Except in an emergency, all permits and clearances
necessary for convoy movements should be obtained at
least 24 hours before the movement. Also, if civil police
escorts or traffic personnel are needed, arrangements for
them must be made at least 24 hours ahead of time.

Rembee (E.M):
I You have a movement wNich involves 19 vehicles. All

the vehicles will reach the same destination within a
I-hour period. Who is responsible for the initial
coordination?

2. Who has the direct control of vehicles transporting
classified equipment?

3. What is the best source for information pertaining to
state laws concerning overweight or oversize vehicles
for movement over highways?

4. Name the officials that are given a copy of a written
formal agreement for oversize, overweight, and
special movement of military vehicles.

5. What forms are used for requesting permits for
essential oversize convoy movements not covered by
formal agreements with appropriate civil authorities?

E35. Specify the chief difference, the advantages, and
the disadvantages, In the three types of motor
marches.

After gaininp the necenary information concerning the
route or routes, you should determine the type of motor
march to use. Throe general types of marches may be
employedease column, open column, and infiltration.
The iiiiTerenc3 4strc ee. these marches is largely vehicle
spacing. DeN,on ond creels will vary with such factors
as wentivr, nctical sittestion, enemy capability, condition
ahd type op,' road. vehicular maintenance, types of
vehicles, etc. The following descriptions are accepted
values for even= conditions.

Clete Column hs...,rch. Close column is the formation
generally used in moves under tlackout conditious or in
movements through congested areas. For planning
purposes, figure that vehicles move at a rate of 10 miles in
the hour ("in the hour" refers to distance covered and tent
miles-per-hour speedometer readings) with a density

so
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67 vehicles per mile of road. In other words, elements of
the column are grouped as compactly as possible to
reduce road space to a minimum. Vehicles in close
column follow each other at the minimum distance which
safety, traffic conditions, and the tactical situation will
permit.

Advantages. The full traffic capacity of the road, or
traffic lane, can be used since road space is reduced to the
minimum required for safe driving. Column control and
intracolumn communications are better in such compact
columns and fewer guides, escorts, and markers are
needed.

Disadvantages. Close column formations do not
provide dispersion for passive protection against enemy
observation and attack. The strength and type of
organizaticn are readily apparent to hostile observation.
Vehicles may arrive at loading and unloading terminals
more rapidly than they can be handled. Careful
scheduling and rigid control of traffic are necessary to
avoid blocking intersections. Greater driver fatigue is
generally experienced in close column than in other
marches. Use of the highway by other traffic is severely
limited.

Open Column March. An open column march is
generally used during daylight moves. The distance
between vehicles is increased to gain a greater degree of
protection from hostile action and to permit concurrent
use of highways by other a-affic. For planning purposes,
figure that vehicles in open column move at the rate of 15
miles in the hour with a density of 20 vehicles per mile of
roadway.

Advantages. Open column formations offer some
passive protection from enemy observation and action,
allow water speeds with more safety, permit greater
flexibility in planning moves, and reduce driver fatigue.

Disadvantages. In comparison with close columns,
open columns are more difficult to command and control.
Abnormal gaps make it hard for drivers to maintain
prescribed spacing. Open column formations also permit
less traffic volume on a road than more compact
formations. In comparison with infiltration, open
columns have less secrecy and are not as well adapted to
passive defense.

Infiltration. Infiltration is used when maximum
secrecy, deception, and dispersion are needed. This type
of movement involves the dispatch of vehicles,
individually or in small groups, to a predetermined
destination over one or more routes, at irregular intervals
and at irregular rates of march. To an observer, an
infiltration move looks like ordinary casual traffic.
Vehicles should normally be dispatched so as io produce
an average density not to exceedeight vehicles per mile. It
is suitable for daylight moves, movements in congested
areas, and on mutes which cross heavily traveled roads.

Advantages. Infiltration provides the best possible
defense against hostile observation and attack. Under
light traffic conditions, movement of the individual
vehicle is not materially affected by other vehicles in the
move but is limited only by orders, road capability,
vehicle mobility, and the training, experience, and

physical condition of the drivers. Higher speeds by
individual vehicles may be used with this type of
movement. Since traffic density is light, cross traffic may
move without excessive interference. A unit may be
moved by infiltration over a route on which traffic is too
heavy to permit movement in a single unit or column.

Disadvantages. It takes longer for the vehicles in an
infiltration march to complete a move than for those in
any other movement formation. Thus, in spite of a higher
rate of march, the total road clearance time for a move
may be longer. Mote important, because of extended
distances between vehicles, internal control of the column
is difficult. Drivers are usually unable to regulate their
movements by the vehicle ahead, and careful marking of
the route is necessary to prevent drivers from getting lost.
If drivers operate alone, a more detailed briefmg is
required. Maintenance, refueling, and messi> are
sometimes difficult to arrange. There is a danger that
vehicles may bunch up. Due to relaxed control, tactical
employment of the unit may be difficult until the march is
completed.

Exercises (E35):

1. What is the main difference between the different
types of marches?

2. In what type of march are fewer guides, escorts, and
markers required?

3. Which type of marchopen column or close
columnoffers passive protection from enemy
observation?

4. Why is an infiltration march used when maximum
secrecy is involved?

5. List three disadvantages of an infiltration march.

E36. Given a march graph, det rmine distance and
time factors concerning a convoy movement.

March Graphs. A march graph is a time-distance
diagram used in planning, controlling, and recording the
progress of a convoy over a given route. It gives a visual
picture of a movement and thus shows possible conflicts
and congestion before they occur.

March graphs may be used for an individual vehicle, a
small unit, or a large motor movement. They may show
the movement of one or several columns traveling at
different speeds over one or more routes.
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Before preparing a march graph, determine the
following information concerning the route and
movement:

a. Distance from starting point to destination.
b. Route characteristics such as road surface, curves,

populated areas, intersections, number of lanes, etc.
c. Reasonable speed for the convoy to travel.
d. Where halts will be made, and the time spent for

each.
e. Checkpoints along the route.

f. Rate of march.
g. The time required to make the move by dividing the

distance by the rate of march.

When you have the required information, you are ready
to prepare a march graph. As we cover the preparation of a
march graph, refer to figure 4-1 and check each item as we
discuss it.

The first requirement is that the graph paper contain
enough squares to plot the distance and time involved in
the move. Across the bottom of the graph paper, starting
at the left and progressing to the right, a time scale is
inserted. A scale of distance, usually in miles, is then
placed up the left side of the paper starting at the bottom.

After the time and distance scales are established, the
selected route is added on the side of the graph. The
names of towns, intersections, highway regulation points,
and traffic control posts along the route are shown at their

DPNDALK
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proper locations on the route. This is done by the use of a
.zrammatic ship map.
.1ext, the movement is plotted on the prepared graph.

For example, in figure 4-1, a unit is to march from Mt.
Royal to a point 5 miles beyond Travistock. Scheduled
departure time is 0700, and the column is planned to
proceed at the rate of 15 miles per hour.

A dot is placed on the graph at the point where the line
representing the place of departure intersects the line
representing the hour of departure. Another dot is placed
on die graph at the point where the line representing the
destination intersects the line representing the hour the
head of the column is scheduled to atrive. A straight tine
is drawn to connect these two dots. This line represents
the schedule on which the head of the column travels and
indicates when it should reach any point en mute.

In addition to scheduling the head of a column, the end
of the column (the trail) may also bc scheduled on a march
graph. For example, in figure 4-1, the head of the column
was scheduled to leave Mt. Royal at 0700 hours and the
last vehicle of the convoy was scheduled to leave Mt.
Royal at 0730.

After the head and trail of a column have been
scheduled on a march graph, tlie length of the column can
be determined. This is done by drawing a vertical line
connecting the head and trail lines. This vertical line is
measured and applied to the scale of nt4les, thereby giving
the overall length of the column.
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Exercises (E36):

Using the march graph in figure 4-1, detenuine the
following planning (distance and time) factors.
1. What is the distance the convoy will travel?

2. When should the convoy head arrive?

3. When should the convoy trail arrive?

4. How long (miles) is the convoy column?

5. Where should the convoy head be at 0930?

4-3. Convoy Orgariizatlon and Control

E37. Specily the internal composition of convoys and
the responsibilities of various elements.

Internal Compositien of Convoys. Every convoy is
made up of three internal elements or parts: head, .nain
body, and trail. In the case of small columns, the
functions of the three parts may be combined. For
example, a convoy may be as small as two vehicles
moving together under one commander. In such a small
movement, both vehicles are usually task vehicles
carrying loads and constitute the main body. The first
vehicle also contains the persons who perform the
functions of the head, and the second vehicle contains
trail personnel.

In addition to the above elements, large convoys often
make use of detached parties. These detached parties,
advance and followup, are not a part of the main column
and operate apart from it. They are detailed to perform
special duties when the situation requires their use. The
functions of the various elements are discussed in the
following paragraphs.

Head. The head is the first element of the column in the
order of march. The lead vehicle should contain the
convoy commander or an officer or noncommissioned
officer who represents the commander. He or she is there
to handle any problems that occur at the head of the
column. This would consist of such things as correctly
following the prescribed mute, checking in at scheduled
points, receiving any orders or change in orders, and
issuing such instructions as may be required. He or she
may also contact and coordinate with civil authorities
along the route of the movement.

A lead vehicle should also contain a pace setter. The
pace setter sets the pace to comply with the rate of march.

The maximum pace is usually controlled by the speed that
can be maintained by the slowest vehicle in the column.

Main body. The main body of the column follows the
head and consists primarily of vehicles carrying troops,
equipment, and supplies. This part of the convoy may be
subdivided into serials and march units for easier
regulation and control. For example, the commander can
divide the vehicles into serials of vehicles and then
subdivide the serials into march units. The convoy
commander commands the entire motor march; he or she
names serial commanders and march unit commanders.
Each serial (and march unit when desirable) may be
organized with a head, main body, and trail. Each
separate element should have its own pace setter.

Once the vehicles have been organized into a suitable
march column, each vehicle must be labeled to indicate its
position in the column. Normally, vehicles are identified
numerically. For example, the first vehicle in the column
is numbered "1," the second "2," etc. If there are two or
more serials, the serials are identified alphabetically, such
as "A," "B," "C," etc. The designation "A-1" on a
vehicle would indicate the 1st vehi6e in the first serial;
"B-27" would indicate the 27th vehicle in the al serial.
Placards or some easily removed substance (chalk or tape)
should be used to label the vehicles.

If all vehicles in a convoy are to remain together from
origin to destination, slower vehicles should be placed
near the head of the column. This arrangement serves as a
governor on the faster vehicles and prevents large gaps
from developing between elements within the column. It
may be desirable for the column to move in small
segments because small units create less disruption of
traffic over the routes used. In this case, vehicles are
grouped with the faster ones at the head. As the column
progresses, gaps between serials or march units become
progressively greater.

Trail. The trail is the last element of a motor column.
The trail officer or noncommissioned officer represents
the commander in such functions as preventing straggling
and maintaining discipline. Usually, maintenance and
possible medical personnel included in the trail are under
the supervision of the trail officer. The final clearance of
designated points by the column is checked by the trail
officer, and he or she takes such action as may be
required. He or she also makes sure that traffic from the
rear is warned of the convoy ahead, and he or she picks up
guides and markers. In case of breakdowns, the trail
personnel make repairs, arrange for towing, or see that the
vehicle is properly attended until disposition of vehicle
and cargo can be effected.

Detached parties. Advance parties may be provided by
a higher headquarters or detailed from the convoy. Their
mission is to locate and arrange for bivouac areas; for
quarters or billets; for loading and parking facilities; and
for supplies, rations, w iter, fuel, and medical attendance
before the convoy arrives. The advance parties arc
responsible also for traffic reconnaissance except when
the movement is made over an already reconnoitered
route. The advance parties also post guides, traffic control
personnel, and route markers as needed.
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The followup deachment is designate .! to inspect
bivouac areas and other halt sites after they ire vacated by
the convoy. They must correct and report to the
commander c th e. convoy any undesirable zonditions
noted During opetation in peacetime, the fon Alp party
cctnpletes the necessary paperwork in connection with
leased can.p sites and with claims arising from damage
On the road, this party may pick up guides, lar,13, and
markers which have been placed by the advance pae.y.
Providing for the disposition of dead or wounded and of
disabled vehicles is also a responsibility of the followup
parties.

E:Lereises (E37):

I. Explain how a convoy of two vehicles can have all
three elements of a convoy.

2. What is a detached party?

3. List five things for which the head of the column is
responsible.

4. Which unit determines the rate of march for a convoy?

5. How is internal control maintained in a large convoy?

6. What does the sign or chalk designation "D-19" on a
vehicle in a convoy indicate?

E38. State convoy communications methods; given
situations involving the need for communication
within a convoy, determine the possible methods.

Intracolumn Communication. lntracolumn
communications help provide convoy control. Sign
messages from the front of the column may be written on a
board and posted on the driving side of the road or
displayed by a guide. Such mcesages are then noted by the
drivers as they pass the signboard.

Written messages directed to a unit or vehicle in the
column may be delivered by a messenger or given to a
guide stationed along the route who will transfer it to the
proper vehicle.

Two-way radios may be located in the cntre-rA cars of
the commander and at the head and trail. When
supplemented by receivers in other vehicles in the
colUmn, they provide the best intracolumn

communicaticns and afford maximum control of a
column.

Whistles and other audible signaling devices (horn,
sireu, etc.) can be used as a means of tranmitting
command to a column when a code has been established.

Visual hand and arm signals constitute another means
of march communication. Column control signals may be
given from the cab of a vehicle or by a person standing on
the mad. The meaning of the standard hand and arm
signals used for convoy control is contained in AFM
77-2, Manual for the Wheeled Vehicle Driver.

7xercises (E38):

1. List four methods of communicating between
personnel within a convoy.

2. A message for the driver of the vehicle B-3 could be
delivered by what means?

3. Serial B is to be rercuted a short distance. There is no
radio communications within the convoy. How could
the drivers of this serial be notified?

E39. State the purpose of, and considerations iii
scheduling, halts during convoy operations.

Halts. Halts are made for purposes of rest, personal
comfort and relief, messing, refueling, maintenance and
inspection of equipment, and allowing other traffic to
pass.

Short halts. Routine short halts will be made at the
discretion of the commander. Short halts, when
specifically ordered, should normally be made for 10
minutes after every 110 minutes of driving time.

Long Halts. Long halts (messing, refueling, and
bivouacking) should coincide and must always be
specifically ordered and plotted on road movement
graphs. The locations for scheduled halts should be
selected in advance. They may be prescribed by higher
authority, located tentatively by map references, or
selected by the reconnaissance party.

Comfort of personnel and servicing facilities for
vehicles are important considerations in selecting sites for
long halts. If a column starts from a populous area, its fust
halt should be delayed, when practical, until a rural area is
reached to facilitate relief of personnel. Columns should
be halted at points providing a minimum of 200 yards of
clear visibility to the front and rear of the column. Guards,
warning flax . 7.:coution 1i hts, or flares should be posted in
the front mid to th e. tear of the column if it presents a
hazard to passing traffic:.

During halts, all personnel have certain responsibilities
Officers and noncommissioned officers check the welfare
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of personnel, the security of lovds, and the performance
of operator maintenance. Control personnel make
necessary inspections and give instructions to insure
resumption of the movement with al minimum of
confusion si the end of the halt. Mess, medical, and
maintenance personnel perform such special duties as the
plumose aqd duration of halt permits. Drivers inspect
their vehicles and security of loads and make necessary
corrections.

Exercises (E39):

1. Why are halts made during a convoy movement?

2. How often should shorter halts be scheduled for a
convoy?

3. What are two important things to consider when
scheduling long halts?
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CHAPTER 5

Expedient Field Water Treatment

HAVE YOU EVER been in a situation or location where
you had to drink any water that was available? If you
have, it isn't hard for you to appreciate the clear, pure
water that you can get by opening a water faucet or by
pressing the pedal on a water cooler.

Your water aupply affects your health and general
welfare, your normal work output and combat efficiency,
as well as your morale. Without water, you are out of
action in a day or two. In extremely hot areas, or in cases
of extreme physical exertion, your limit is 16 hours. Since
water must be potable and palatable, as well as available,
the Air Force's field water purification equipment must be
highly efficient and, at the same time, highly mobile.

Potable water in sufficient amounts is essential to
contingency operations. Water whic is not treated
properly can spread diseases, such typhoid and
paratyphoid fevers, bacillary dysentery, cholera,
1c7: .pirosis, and common diarrhea. In certain areas,
water may also tramsmit infectious hepatitis,
schistosomiasis (a prevalent disease ii. the tropics) and
amoebic ,lvsentery. The latter diseases are caused by
organisms which are highly resistant to the water
disinfectiun mett ods normally used. Standards of quality
require that drinking water be free of harmful
contaminants, Objectionable color, odor, and taste. No
untreated water is considered safe until approved by the
medical services.

You cannot afford to endanger your health and the
health of the people in your unit; therefore, when
required, you must use portable and mobile water
purification units (diatomite field units) to purify water to
make it safe for human consumption and use.

This chapter contains the information you will need to
procure, protect, and treat water from water points and
from other sources. Furthermore, we will lead you
through the steps to use and maintain mobi/e water
purification units.

5-1. Protection of Treated Water

To procure and protect treated water, a knowledge of
water characteristics is essential. This section presents
information concerning the quantity of water required,
method of treating water from water points, and how to
protect the water once it is treated. We have included
some terms that you need to know.

E40. Define given terms.

Definition of Terms. The following terms are used in
relation to field treatment of water.

a. Brackish water. Highly mineralized water that
contains dissolved solids in excess of 500 ppm (parts per
million). Both alkalinity and salinity range from very high
to very low. Brackish water is found in many regions
throughout the world but most frequently in arid or
semiarid climates as ground water and along sea coasts.

b. Chlorination. Disinfection of water by the addition
of a chlorine compound, such as calcium hypochlorite.

c. Chlorine demand. The amount of the chlorine
dosage which reacts with and is consumed by organic
material, bacteria, and other materials in the water.

d. Chlorine dosage. The amount of chlorine added to a
given quantity of water.

e. Chlorine residual. The amount of the chlorine
dosage remaining after the demand has been satisfied.
Dosage miaus demand equals residual.

f. Contaminated water. Water which is unfit for human
consumption even though it may be palatable.
Contaminated water contains disease-producing
organisms or excessive amounts of mineral and organic
matter, toxic chemicals, or radioactivity.

g. Disinfection. Treatment with a chemical or by
boiling to destroy disease-producing organisms.

h. Palatable water. Water which is pleasing to the taste
but which may be unsafe (contaminated).

I. Parts per million. A unit of measurement for
expressing the number of units of a substance in one
million units of water by weight.

j. Potable water. Water which is safe for human
consumption. Potable water is free from disease-causing
organisms and excessive amounts of mineral and organic
matter, toxic chemicals, and radioactivity.

k. Water treatment. Removal of undesirable
constituents in water through such means as coagulation,
sedimentation, filtration, and disinfection.

Exerdae (FAO):

1 Match given definitions with the appropriate term.
NOTE: Some terms may not be defined, and there is
only one "best" match for each definition.
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Column A Co Itunn B

_ (1) Water containing disease-
producing organisms.

_ (2) Chlorine added to a given quan-
tity of water.

_ (3) Water which may be con-
taminated.

_ (4) Water which is free from
disease- causing organisms and
excessive amounts of mineral
and organic matter.

_ (5) The addition of a chlorine com-
pound to disinfect water.

_ (6) Using coagulation or sedimen-
tation u a means of removing
undesirable constituents in
water.

_ (7) The amount of the chlorine
dosage remaining after the
demand has been satisfied.

_ (8) The number of units of a sub-
stanx in one million units of
wow by weight.

a. Brackish water.
b. Chlorinadon.
c. Chlorine demand.
d. Chlorine dosage.
e. Chlorine residual.
f. Contaminated water.
g. Disinfection.
h. Palatable water.
I. Parts per million.
j. Potable water.
k. Water treatment.

E41. Identify appropriate quantities of water required
for field operations.

Quantity of Water Required. The quantity of water
required varies with the season of the year, the
geographical area, and the tactical situation. Dehydration
may be a problem in both extremely hot and extremely
cold climates. In extremely hot climates, large quantities
of potable water are needed to replace body fluid losses.
In extremely cold climates, water must be available for
reconstruction of dehydrated foods. A guide for planning
to meet the water requirements in a temperate zone is 5
gallons per person per day for drinking and cooking.
When shower facilities are to be available, the water
requirement increases to at least 15 gallons per person per
day.

Exercises (E41):

Place a T in front of each correct statement and an F in
front of each false statement; correct false statements.

_ 1 The quantity of water that will be requited will
vary with the season of the year, the
geographical area, and the tactical situation.

_ 2 In extremely hot climates, small quantities of
potable water are required in order to replace
body fluids.

_ 3. In extremely cold climates, consideration must
be given to requirements for potable water in the
reconstruction of dehydrated foods.
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_ 4 The water requirement in a tropic zone is 5
gallons per person per day.

_ 5 When shower facilities are to be made available,
the water requirement decreases.

E42. State how to protect treated water obtained from
established water points.

Treated Water from Established Water Points.
Obtain water that has been treated (for drinking) at
designated water points. This treated water must not
become recontaminated as you are transporting it to the
unit area.

Water trailers, tank trucks, and water cans must be
clean on arrival at a water point. To the maximum extent
possible, they should be used for hauling potable water
only. When they are used to haul nonpotable water, they
must be so marked. If they are to be used thereafter for
hauling potable water, you must clean and disinfect them
with a 100 ppm chlorine solution. New trailers, tank
trucks, and water cans should also be disinfected before
initial use. The disinfecting solution can be prepared by
adding one ampule of calcium hypochlorite to 1 gallon of
water. For trailers and tank trucks, it will be more
convenient to obtain calcium hypochlorite in 31/2-pound
cans. Use 2 ounces or five level inesskit spoonfuls per 100
gallons of wat6r.

The interior surfaces of trailers, tanks, and cans must
be properly maintained. You should inspect them
periodically for rust and chips in interior enamel,
tightness of seals and seams, and cleanliness.

Water purification begs (Lyster bags, 36-gailon canvas
containers) are ordinarily issued to units on the basis of
one bag per 100 pople. These bags permit seepage of
water, and provide cooling by evaporation. They are set
up before they are filled with water (fig. 5-1). The weight
of the water may cause the supporting ropes to stretcb,
creating a gap between the cover and the bag. Should thia
occur, the ropes should be adjusted so that the cover again
fits snuggly around 'he upper part of the bag and, thus,
prevents cuanunination of the water by dust and insects.
Inspect Lyster bags frequently for cleanliness. If you find
them dirty, scrub them, treat them with a strong solution
of chlorine (1 ampule of calcium hypochlorite to 1 gallon
water), and rinse them several times with potable water.
A soakage pit must be provided under each Lyster bag to
prevent water from collecting.

In case of extreme emergency, you may use gasoline
cans for holding potable water. Use the newest and
cleanest cans, and clean them as follows:

a. Drain the can thoroughly (for 10 to 15 minutes).
b. Fill the can half full of water and add 1 ounce of

powdered detergent; close the can and shake it for 5
minutes; discard this water.



SOAKAGE PIT

Figure 5-1. Water purification bag setup.
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c. Rinse the can with water three or four times; then fill
it to overflowing and discard this water.

d. Fill the can with water and add the contents of five
calcium hypochlorite ampules; close the can and shake it
to mix the calcium hypochlorite with the water.

e. Let the can stand for 1 hour, empty it, and use it.

Test to determine the chlorine residual of treated water
must be made periodically. If the residual is below the
level prescribed by regulations, calcium hypochlorite
ampules must be added until the prescribed residue...I is
ma:bed.

Exercises (E42):

1. When water cans are used to haul nonpotable water,
what must you do?

2. Water purification bags are ordinarily issued to units
on the basis of how many bags per 100 people?

3. How do Lyster bags provide cooling?

4. If you find dirty Lyster bags, after you should scrub
the bags, what should you do?

5. Why should a coakage pit be provided under each
Lyster bag?

6. If you find that the residual is below the level
prescribed by regulation, what should you do?

5-2. Purification of Contaminated Water

Isolated units may not be able to obtain water from
water points. In this case you must obtain and treat your
own water whether it is in large quantities or for an
individual. Select the source that appears to be the
cleanest. Water taken from any source, except a public
water supply system approved by the Air Force Medical
Services, must be properly treated before use, as all other
sources are presumed to be contaminated.

E43. Classify of water sources in terms of surface
water, ground water, and other water.

Selection of Water Sources. The possible sources of
water are surface water (lakes, rivers, streams, and
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ponds), ground water (wells and springs), rain collected
from roofs or other catchment surfaces, ice or snow,, and
distilled sea water.

Su,face water source. Although surface water is
ordinarily more contaminated than other water sources, it
is commonly selected for use in contingency operations
because it is generally more accessible in the quantity
required. You should draw water as distant from known
sources of contamination as possible. When a stream is
used, you should locate the intake upstream from any
source of contaminatinn. In lakes and ponds, it is
generally desirable to locate the intake as far from the
shore as practicable, as the amount of contamination
usually decreases with the increase in distance from the
shore. When surface water is used, you should take care
to avoid getting mud from the bottom or picking up
floating sticks, leaves, or other debris. Muddy or cloudy
water should be settled before it is used. Water from
muddy streams can be improved in quality by digging a
hole on the bank and permitting water to seep slowly into
it. Another method is tc hg a shallow trench so that water
can flow into it from the stream and stand quietly. After
the dirt has settled, the clean water may be taken and
disinfected by methods that will be discussed later in this
unit.

Ground water source. Ground water is usually less
contaminated than surface water and is, therefore, a more
desirable water source. The use of ground water by
contingency operation units, however, usually is limited
unless existing wells are available. You should locate a
ground water source at least 100 feet from all possible
sources of contamination, and surface drainage should be
away from it. A well that is selected as a water source
should have a casing or lining, an impervious platform or
apron, a cover, and a device for drawing water from it in a
sanitary manner.

Other water sources. Rain, melted snow, or melted ice
may be used in special instances where neither surface nor
ground water is available. Water from any of these
sources must be disinfected before drinking. Sea water
cannot be used for human consumption until the salt has
been removed by distillation or until other tlemineralizing
processes have been performed.

Exercises (E43):

1. Match each classification of water in column A with
the appropriate source in column B.

Column A Column B

I Melted ice.
_ 2 Pond.
_ 3 Rain catch.

4 River.
5 Sea water.

_ 6 Spring.
_ 7. Stream.
_ 8 Well.
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a. Surface water source.
b. Ground water source.
c. Other water source.



E44. Identify the compound used to treat field water
supplies and state how it generally is used.

When you or other individuals are involved in the
treatment of field water supplies, you must place
complete reliance on the disinfection process. The
compound you normally will be using to chlorinate water
in the field is calcium hypochlorite. Add it to the water in
the amount (dosage) necessary to destroy the
disease-producin3 organisms (chlorine demand) with
some remaining to indicate that the demand has been
satisfied and to serve as a continuing disinfectant
(chlorine residual).

Exercises (E44):

1. What compound should you normally use to
chlorinate water in the field?

2. In general terms, how much of this compound should
you use?

E45. Specify structural and functional aspects of a
water purification unit and specify bulk treatment
requirements and procedures.

Purification Unit. In order for you to make water
potable in field operations, you should use the following
method. The knapsix-x filter unit is a hand- or
foot-operated water purification unit (fig. 5-2). It is
designed for use by small groups of individuals. It can
treat water at the rate of 1/4 gallon per minute. Two filter
pads used simultaneously can clarify approximately 5
gallons of muddy water before becoming plugged and
replaced. The filter pads can remove amoebic cysts from
water, but smaller bacteria and viruses pass through the
filter pads. The filtered water must, therefore, be
disinfected to make it safe for drinking The filtering
process greatly improves the taste of the water. The unit
weighs 7 pounds and comes with extra filtering pads and a
knapsack (carrying case).

Chlorination Requirements. Sufficient chlorine must
be added to water to produce a required chlorine residual
after a 30-minute contact period. A 5 ppm residual is the
standard requi;ement for field water supplies. Higher or
lower concentrations, however, may be prescribed by the
medical services on the basis of their knowledge of local
diseases and environmental conditions.

Chlorination kit. A chlorination kit (fig. 5-3) is
available for all contingency operations for use in

Figure 5-2, Water purification filter unit (knapsack type).
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Figure 5-3. Items in chlorination kit.

chlorinating water and testing it for the proper chlorine
residual. The kit contains calcium hypochlorite ampules
(.5 gram each) for disinfecting water together with three
plastic tubes and three vials of orthotolidine tablets for use
in determining the chlorine residual. The vials of
orthotolidine tablets are packed inside the plastic tubes.
Each of the plastic tubes has a band of a different shade of
yellow around it; the lightest shade of yellow indicates 1
ppm; the medium shade, 5 ppm; and the darkest shade, 10
ppm. These figures are printed on the tubes.

Disinfection Procedures. Water is disinfected at the
unit level by using the Lyster bag (fig. 54) or other
suitable containers.

Lysterbag. The procedure for the chlorination of wate:
using a Lyster bag is es follows.

a. Clean the Lyster bag and hang it by the suppoiting
ropes as illustrated in figure 5-1. The supports must be
sturdy, as the bag filled with water weighs approximately
300 pounds.

b. Fill the bag with water to the 36-gallon marks which
is 4 inches from the top of the bag. If possible, use settled,
clear water.

c. Put the contents of at least three calcium
hvpochlorite ampules into a canteen cup; add a small
amount of water from the Lyster bag and stir with a small
stick until a thick mixture results; then fill the cup one-half
full of water and stir again.

d. Empty the prepared solution slowly into the Lyster
bag, stirring the water with a clean stick.

e. Cover the bag and flush the faucets by running a
small quantity of the water through each of them.

f. After the disinfecting solution has been mixed with
water for 10 minutes., ilush the faucets again; then collect
a sample of water from one of the faucets in the 5 ppm
pistic tube for testing.

g. If the test shows a chlorine residual less than 5 ppm,
add the contents of an additional calcium hypochlorite
ampule and after 10 minutes repeat the test.

h. If the test shows the chlorine residual to be at least 5
ppm, wait an additional 20 minutes, because a total
disinfection time of 30 minutes is required. Check the
residual again before drinking the water.

Other water containers. When you treat water in
containers other than a Lyster bag, it's important for you
to remember that you must use, different amounts of
calcium hypochlorite depending on the capacity of the
container

a. Five-gallon can of water. Use one-half of the
contents of one calcium hypochlorite ampule initially.

b. Fifty-five gallon drum of N.,Etter four or five
ampules initially.

c. Four-hundred gallon trailer of water. Use 30
ampules initially. With any of the three examples listed
above, if you find that the chlorine residual is low, , add
small amounts of clacium hypochlorite. Remember, as
stated earlier, a 5 ppm residual is the standard requirement
for field water supplies.

Chlorine residual testing procedure. Determine
chlorine residual of water by use of the plastic tubes and
the orthotolidine tablets provided in the chlorination kit
(fig. 5-3). The procedure is as follows:

a. Select the appropriate plastic tube from the three
tubes in the kit. The appropriate tube is the one on which
is printed the number of ppm chlorine residual required by
the medical services.

b. Flush the faucets of the Lyster bag and fill the plastic
tube to a point just below the yellow band.

c. Take one orthotolidine tablet from the vial in the kit
and add it to the tube of water.

d. Place the cap on the tube of water and shake the tube
until the orthotolidine tablet is thoroughly dissolved.

e. Compare the yellow shade of the water with the
yellow shade of the band on the tube. If the color of the
water is the same shade or darker than the band, the
chlorine residual is equal to or greater than that printed on
the tubes. If a lighter color or no color is formed, the water
does not have a sufficient chlorine residual; therefore,
additional chlorination and testing are required.

Exercises (E45):

1. At what rate is the knapsack filter unit capable of
treating water?

2. When two filter pads are used simultaneously, how
many gallons of muddy water can they clarify before
being replaced?
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3. What must be done to filtered water to make it safe for
drinking?

4. What chlorine residual is the standard ntquirement for
field water supplies?

5. How much does the Lyster bag when properly filled
with water weigh?

6. How ninny calciNm hypochlorite ampules added to
water in a , op are needed to disinfect a Lyster
bag of wank..

7. Before water is considered safe to drink from a Lyster
bag, how much disinfection time is required?

8. What kind of tablest are providvi in the chlorination
kit?

9. When the yellow shade of water is the same as the
yellow shade on the plastic sin& of the tube, how does
the chlorine residual compare to that printed on the
tube?

E46. Classify given pworlegthires as to the method of
treating individual wateg supplies.

Individual Water Treatment. When safe water is not
available in large quantities, each perscn must produce
potable water by using a canteen and icsline purification
tablets, calcium hypochlorite supplied in .5 gram
ampules, or by boiling the water.

Iodine tablets. Before you use iodine tablets, check
them for physical changes, as they lose their disinfecting
ability in time. Do not use tablets that are not steel gray in
color, which are stuck together, or that are crumbled. Use
the following procedure in treating water in a 1-quart
canteen (or any suitable 1-quart container), with iodine
tablets.

a. Fill the canteen with the cleanest, clearest water
available.

b. Add one iodine tablet to your canteen of a clear
water, add two tablets if the water is cloway. Double these
amounts for a 2-quart canteen.

c. Place the cap on the canteen loosely; wait 5 minutes
then shake the canteen well, allowing leakage to rinse the
threads around the neck of the canteen.

d. Tighten the cap and wait an additional 20 minutes
before using the water for any purpose.

Calcium hypochlorite. Use the following procedure is
used to purify water in a 1-quart canteen with calcium
hypochlorite ampules.

a. Fill the canteen with the cleanest, clearest water
available, leaving an air space of an inch or more below
the neck of the canteen.

b. Fill a canteen cup halt full of water and add the
calcium hypochlorite from one ampule, stirring with a
clean stick until this powder is dissolved.

c. Fill the cap of a plastic canteen half full of the
solution from the cup and add it to the water in the
canteen; then, place the ca- olsteen and shake it
thoroughly.
NOTE: If an aluminum 1-4s:14. ...sateen is being used, add
at least three capfuls of the calcium hypochlorite solution
to the canteen, as this cap is much smaller than the one on
the plastic canteen.

d. Loosen the cap slightly and invert the canteen,
letting the treated water leak onto the threads around the
neck of the canteen.

e. Tighten the cap on the canteen and wait at least 30
minutes before using the water for any purpose.

Boiling of water. Use this method when disinfecting
compounds are not available. It is a good method for
killing disease-producing organisms; however, it has
several disadvantages: (1) fuel is needed; (2) it takes a
long time for the water to boil and then cool; (3) there is no
residual protection against recontamination. Water must
be held at a rolling boil for at least 15 seconds to make it
safe for drinking If there is evidence that a 15-second
boiling period will not make it safe, the medical services
will prescribe the longer period required.

Exercises (E46):

1. Classify each treatment procedure ut column A by
placing in the appropriate blank the letter code of the
method shown in column B. Some 11...7ezedures may be
used in two methods.

Column A

_ (1) Used to purify water in a 1-
quart canteen.

(2) Used when disinfecting com-
pounds art not available.

_ (3) A goal method for killing
disease-producing organisms.

_ (4) Used in treating water in a
1-quart canteen.

_ (5) Total elapsed time is 25 min-
utes.

_ (6) Canteen must be shaken thor-
oughly.

_ (7) Total elapsed time is 30 min-
utes before water is usable.

_ (8) Leaves no protection against
recontamination.
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B. Boiling of water.
C. Calcium hypochlorite.
I. Iodine tablet.



2. What are the three disadvantages of boiling water for
human consumption?

3. What conditions should iodine tablets meet in order to
be effective?

4. How long must water be held at a rolling boil before it
is safe for drinking?

5. Who will prescribe a longer boiling period if the
required time is not considered safe?

5-3. Mobile Water Purification linits

Mobile water pufification units are available for use
during contingency operations, and they can be installed

a base or remote site on a permanent or semipermanent
basis. The primary purpose of these mobile units is to
produce safe, germ-frx water for human consumption
and use in any a.ea or situation. There are several types of
mobile water purification anits. Their output capacities
range from 600 gallons of water per hour to 3000 gallons
of water per hour. These units are often referred to as
diatomite purification units, and they are designed to be
used only with fresh water.

This equipment requires three phases of water
treatment: pretreatment, purification, and filtration. You
pretreat water to remove the suspended matter and
dissolved gases. You purify water by adding chemicals to
the water for specific periods of time to disinfect the water
by killing disease organisms and bacteria. You filter the
water through a diatomaceous earth type of filter, which
not only removes residue that may be harmful,
undesirable, or objectionable because of appearance,
taste, or odor but also removes certain waterborne,
disease-causing bacteria. Keep in mind that you will be
working with three types of water as it passes through the
unit: raw, treated, and filtered.

All units, regardless of type, have similar components.
They operate on the same principles. Differences in the
units exist when equipment or components manufactured
by different companies are used on the water purification
units. Since these units operate on the same principles,
you can transfer your knowledge of how one unit operates
to another. Operating and maintenance instructions,
furnished by the manufacturer of the unit, and similar
instructions in Air Force technical orders, are available.
Follow the instructions in these publications when you
operate and maintain a diatomite water purification unit.
In this section, we discuss the operation and maintenance
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of a trailer-mounted water purification unit that has a
water-prolucing capacity of 600 gallons per hour.

F47. Identify those components required to make up a
field purification unit.

Description. The 600-gallon-per-hour water
purification unit is furnished in a special-purpose cargo
body mounted on a 21/2 ton two-wheel trailer. The erdlator
assembly, diatomite filter, filter pump, chemical feed
equipment, with the necessary piping and valves, and the
electrical controls are mounted in the cargo body. These
components are designed to be operated without
removing them from the trailer body. The supporting
equipment includes a 3-kilowatt gasoline-engine-driven
generator set, gasoline-engine-drive pump, a portable
electric-drive pump, two 500-gallon collapsible water
tanks, necessary hoses and fittings, a disk comparator,
and a supply of chemicals.

Exercise (E47):

1. Place a checkmark in the spaces provided below to
identify components required to make up a field
purification unit._ (1) 2 1/2 ton two-wheel trailer.

(2) Farm tractor._ (3) Erdlator assembly._ (4) Portable steel building (10 x 10)._ (5) Diatomite filter._ (6) Filter pump._ (7) Chemical feed equipment._ (8) 1000-gallon steel tank._ (9) Piping, valves, and electrical control._ (10) 3-kilowatt, gasoline-engine-drive generator
set._ (11) Portable elevated water tower._ (12) Gasoline-engine-driven pump._ (13) Pontoon bridge._ (14) Portable electrically driven pump._ (15) Two 500-gallon collapsible water tanks.

(16) Field laboratory._ (17) Disk comparator and a supply of chemicals.

E48. Label on a diagram the major components of an
erdlator assembly, and state how the erdlator
operates.

Erdlator Assembly. The erdlator assembly (cross
section in fig. 5-4) reduces the organic and suspended
matter content of the water and produces an effluent
suitable for application to the diatomite filter. Raw water
is introduced to the influent launder (4) at the top of the
erdlator tank through the aspirators; this action aerates the
raw water. The water overflows from the influent launder
to the mixing zone (12) where it is thoroughly mixed with
ferric chloride, pulverized limestone, calcium
hypochlorite and, when necessary, activated carbon. As
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SEPARATOR ZME

F.= CLARIFICATION ZONE

MIXING ZONE

1. DOWNCOMER TUBE 7. SLUDGE CONCENTRATOR TANK2. EFFLUENT LAUNDER 8. CLARIFICATION ZONE3. CIRCULAR DISK (4 REQUIRED) 9. WET WELL TANK4. INFLUENT LAUNDER 10. BAFFLE5. AGITATOR SHAFT 11. BAFFLE RING6. SEPARATOR ZONE
12. MIXING ZONE

Figure 5-4. Cross section of erdlator.
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the 1 ,uid descends through the mixing zone, it is mixed
by the flat circular disks (3) equally spaced on the shaft.

The flow through the mixing zone is a downward
rotation and is deflected by a series of shallow baffles (10)
in the bottom of the erdlator tank and directed in a counter
rotation into the clarification zone (8). The retulting
counter rotation is reduced but continues at a sufficient
velocity to keep the slurry pool rotating. The shiny is
separated from the clear water in the upper section of the
erdlator tank in the separator zone (6). The clear water is
collected by the effluent launder (2) and discharged into
the wet well tank (9) where it is stored until it is delivered
into the filter. The slurry level in the erdlator tank is
controlled by means of an exterior sludge concentrator
tank (7). A portion of the slurry from the top of the slimy
pool in the separator zone is continuously withdrawn by
frro wity flow to the sludge concentrator tank.

4.- 11. Ale wet well (9) is a tank welded to the front
.-Arant of the erdlator for the collection of the effluent

from the erdlator. It provides limited storage of
coagulated water and serves as a sump for the suction of
the filter pump. An overflow pipe to waste in the wet well
permits operation of the erdlator at rated capacity when

the filter is stopped. A float switch, operated from the wet
well, sounds an alarm and lights a red signal light when
the filter pump pumps water from the wet well at a rate
greater than the incoming supply. A drain in the bottom of
the wet well permits complete drainage of' the tank to
waste when water unsuited for filtering is obtained from
the erdlator.

Sludge concentration tank. The sludge concentrator
tank (7) is attached externally to the erdlator and, through
a pipeline arrangement, receives, by gravity flow, the
flocculent slurry from the erdlator. The sludge
concentrator functions as a small auxiliary erdlator. It
provides a longer bolding period for slurry concentration
and a reduced upflow water-rise rate for separation of
clear water from the slurry. The concentrator permits
settling of the slurry in tbe bottom of the tank for
continuation of intermittent drainage to waste and
skimming of a clear coagulated water at the top of the tank
for return to the wet well and eventual pumping to the
filter. The drainage of slurry to waste and the return flow
to the wet well is manually controlled by the operator,
depending upon tbe amount of a slurry produced in the
erdlator.
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Complete the following statements that describe the
operation of the erdlator.
2. The erdlator assembly reduces the organic suspended

matter content of the water and produces an
suitable for application to the

filter

3. Raw water is introd at the top influent
launder at the top of the erdlator tank through the

, which the raw water.

4. The water overflows from the influent launder to the
mixing zone, where it is thoroughly mixed with

, pulverized
, and, when

necessary,

5. As the liquid descends through the mixing zone, it is
mixed by the disks equally
spaced on the shaft.

6. The flow through the mixing zone is a downward
rotation and is deflected by a series in
the bottom of the erdlator tank and directed in a

rotstion into the zone

7. The resulting counter rotation is reduced but
continues at a sufficient velocity to keep the

pool rotating.

V._ MC .51* St.411111C om the clear water in the
up: it the erdlator tank in the
zone.

9. The clear water is collected by the effluent launder
and discharged into the
tank, where it is stored until it is delivered to the

10. The sluny level in the erdlator tank is controlled by
means of an exterior tank.

11. A portion of the slurry from the top of the sluny pool
in the separator zone is continuously withdrawn by

flow to the sludge concentrator tank.

12. An overflow pipe to waste in the wet well pe,
operation of the erdlator at rated capacity when the
tilter is

13. A float switch, operated from the wet well, sounds an
alarm and lights a red signal light when the filter
pump pumps water from the wet well at a rate greater
than the

14. The sludge concentration tank receives, by gravity
glow, the slurry from the erdlator.

15. The sludge concentrate functions as a small
erdlator.

16. The concentrator provides a longer holding period
for slurry concentration and a reduced
water rise rate for separation of clear water from the

17. The drainage of slurry to waste and the return flow to
the wet well is controlleJ
operator.

E49. Specify the operation and construction of the
filter section of the erdlator assembly.

Filter Section. The filter section permits precoating of
the filter elements with a concentzated diatomaceous earth
slurry, filtration at a constant rate, and backwashing by
the air pump method. The diatomite filters are divided
into three sections: effluent, influent, and wash ring.
Notice these sections and the other parts of the filter
shown in figure 5-6.

The effluent section (5) is the conical base of the filter.
The filter waterline is connected to the effluer gection
and contains the 11/2-inch effluent plug valve - flow
controller valve, and gate valve in the filter discharge
line, and the 1/2-inch drain gate valve. Inside the effluent
section is another conical section separated from the first.
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1. FILTER ELEMENT (4 REQUIRED)
2. FILTER HOUSING COVER (AIR DOME)
3. FILTER WINDOW
4. WASH RING
5. EFFLUENT SECTION
6. INFLUENT SECTION
7. PLASTIC CUP (32 REQUIRED)

C NG 088

Figure 5-6. Diatomite filter.
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The latter conical section and the cylindrical section
above it comprise the influent section. This is the section
that can be seen by looking through the filter window or
by removing the filter shell dome.

The filter elements are inside the influent section. Each
element is connected to the effluent section by two pipes,
one at the base and One other at the top of the element.
Water in the influent section cannot reach the effluent
section except through the filter elements. The filter
element consists of a perforated metal tube covered by a
plastic membrane sleeve. Inside the tube are inverted
plastic cups. The upper and lower ends of the tube are
connected to the two pipes. The top of the influent section
is inclosed by the filter shell dome and the air release
valve.

The wash ring is separated from the influent section by
a cylindrical baffle. At the base of this baffle are small
wires. Water entering the wash ring through the upper line
from the influent plug valve is forced to swirl by the baffle
and is directed downward along the conical section of the
influent section by the wires. The influent pressure line is
connected to the wash ring. It contains the pressure gage,
the 1/4-inch draincock, and the 1/8-inch draincock. The
effluent pressure line is connected to the faltered line. It
contains the pressure gage, the 1/4-inch draincock, and
the 1/8-inch draincock.

The precoat funnel is used when precoating the filter
element before going into normal operation. The fluw
controller controls the flow of water through tue filter.
Two pressure gages indicate the amount of pressure on the
influent and effluent sides of the filter.

The air release valve releases air in the dome of 1
filter. When the air release valve is opened, the air
pressure under the filter dome is suddenly released. The
air in the filter element inverted plastic cups expands with
the effect of a blast. The plastic sleeves around the filter
elements also expand following the air blast and cause the
coating of filter aid and accumulated foreign matter to fall
off.

Exercises (E49):

1. With what does the filter section permits precoating
of the falter elements?

2. The diatomite filters are divided into what tim,
sections?

3. The filter elements are inside what section?
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Figure 5-3. Items in chlorination kit.

chlorinating water and testing it for the proper chlorine
residual. The kit contains calcium hypochlorite ampules
(.5 gram each) for disinfecting water together with three
plastic tubes and three vials of orthotolidine tablets for use
in determining the chlorine residual. The vials of
orthotolidine tablets are packed inside the plastic tubes.
Each of the plastic tubes has a band of a different shade of
yellow around it; the lightest shade of yellow indicates 1
ppm; the medium shade, 5 ppm; and the darkest shade, 10
ppm. These figures are printed on the tubes.

Disinfection Procedures. Water is disinfected at the
unit level by using the Lyster bag (fig. 5-1) or other
suitable containers.

Lysterbag. The procedure for the chlorination of water
using a Lyster bag is as follows.

a. Clean the Lyster bag and hang it by the supporting
rc s as illustrated in figure 5-1. The supports must be
sturdy, as the bag filled with water weighs approximately
300 pounds.

b. Fill the bag with water to the 36-gallon marks which
is 4 inches from the top of the bag. If possible, use settled,
^lear water.

c. Put the contents of at least three calcium
hypochlorite ampules into a canteen cup; add a small
amount of water from the Lyster bag and stir with a small
stick until a thick mixture results; then fill the cup one-half
full of water and stir again.

d. Empty the prepared solution slowly into the Lyster
bag, stirring the water with a dean stick.

e. Cover the bag and flush the faucets by running a
small quantity of the water through each of them.

f. After the disinfecting solution has been mixed with
water for 10 minutes, flush the faucets again; then collect
a sample of water from one of the faucets in the 5 ppm
plastic tube for testing.

g. If the test shows a chlorine residual less than 5 ppm,
add the contents of an additional calcium hypochlorite
ampule and after 10 minutes repeat the test.

h. If the test shows the chlorine residual to be at least 5
ppm, wait an additional 20 minutes, because a total
disinfection time of 30 minutes is required. Check the
residual again before drinking the water.

Other water containers. When you treat water in
containers other than a Lyster bag, it's important for you
to remember that you must use, different amounts of
calcium hypochlorite depending on the capacity of the
container.

a. Five-gallon can of water. Use one-half of the
contents of one calcium hypochlorite ampule initially.

b. Fifty-five gallon drum of water. Use four or five
ampules initially.

c. Four-hundred gallon trailer of water. Use 30
ampules initially. With any of the three examples listed
above, if you find that the chlorine residual is low, add
small amounts of clacium hypochlorite. Remember, as
stated earlier, a 5 ppm residual is the standard requirement
for field water supplies.

Chlorine residual testing procedure. Determine
chlorine residual of water by use of the plastic tubes and
the orthotolidine tablets provided in the chlorination kit
(fig. 5-3). The procedure is as follows:

a. Select the appropriate plastic tube from the three
tubes in the kit. The appropriate tube is the one on which
is printed the number of ppm chlorine residual required by
the medical services.

h. Flush the faucets of the Lyster bag and fill the plastic
tube to a point just below the yellow band.

c. Take one orthotolidine tablet from the vial in the kit
and add it to the tube of water.

d. Place the cap on the tube of water and shake the tube
until the orthotolidine tablet is thoroughly dissolved.

e. Compare the yellow shade of the water with the
yellow shade of the band on the tube. If the color of the
water is the same shade or darker than the band, the
chlorine residual is equal to or greater than that printed on
the tubes. If a lighter color or no color is formed, the water
does not have a sufficient chlorine residual; therefore,
additional chlorination and testing are required.

Exercises (E45):

1. At what rate is the knapsack filter unit capable of
treating water?

2. When two filter pads are used simultaneously, how
many gallons of muddy water can they clarify before
being replaced?
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3. What must be done to filtered water to make it safe for
drinking?

4. What chlorine residual is the standard requirement for
field water supplies?

. How much does the Lyster bag when properly filled
with water weigh?

6. How many calcium hypochlorite ampules added to
water in a canteen cup are needed to disinfect a Lyster
bag of water?

7. Before water is considered safe to drink from a Lyster
bag, how much disinfection time is required?

8. What kind of tablest are provided in the chlorination
kit?

9. When the yellow shade of water is the same as the
yellow shade on the plastic shade of the tube, how does
the chlorine residual compare to that printed on the
tube?

E46. Classify given procedurm as to the method of
treating individual water supplies.

Individual Water Treatment. When safe water is not
available in large quantities, each person must produce
potable water by using a canteen and iodine purification
tablets, calcium hypochlorite supplied in .5 gram
ampules, or by boiling the water.

Iodine tablets. Before you use iodine tablets, check
them bor physical changes, as they lose their disinfecting
ability in time. Do not use tablets that are not steel gray in
color, which are stuck together, or that are cmmbled. Use
the following procedure in treating water in a 1-quart
canteen (or any suitable 1-quart container), with iodine
tablets.

a. Fill the canteen with the cleanest, clearest water
available.

b. Add one iodine tablet to yovr canteen of a clear
water, add two tablets if the water is c:oudy. Double these
amounts for a 2-quart canteen.

c. Place the cap on the canteen loosely; wait 5 minutes
then shake the canteen well, allowing leakage to rinse the
threads around the neck of the canteen.

d. Tighten the cap and wait an additional 20 minutes
before using the water for any purpose.

Calcium hypochlorite. Use the following procedure is
used to purify water in a 1-quart canteen with calcium
hypochlorite ampules.

a. Fill the canteen with the cleanest, clearest water
available, leaving an air space of an inch or more below
the neck of the canteen.

b. Fill a canteen cup half full of water and add the
calcium hypochlorite from one ampule, stirring with a
clean stick until this powder is dissolved.

c. Fill the cap of a plastic canteen half full of the
solution from the cup and add it to the water in the
canteen; then, place the cap on the canteen and shake it
thoroughly.
NOTE: If an aluminum 1-quart canteen is being used, add
at least three capfuls of the calcium hypochlorite solution
to the canteen, as this cap is much smaller than the one on
the plastic canteen.

d. Loosen the cap slightly and invert the canteen,
letting the treated water leak onto the threads around the
neck of the canteen.

e. Tighten the cap on the canteen and wait at least 30
minutes before using the water for any purpose.

Boiling of water. Use this method when disinfecting
compounds are not available. It is a good method for
killing disease-producing organisms; however, it has
several disadvantages: (1) fuel is needed; (2) it takes a
long time for the water to boil and then cool; (3) there is no
residual protection against recontamination. Water must
be held at a rolling boil for at least 15 seconds to make it
safe for drinking. If there is evidence that a 15-second
boiling period will not make it safe, the medical services
will prescribe the longer period required.
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Exercises (E46):

1. Classify each treatment procedure in column A by
placing in the appronriate blank the letter code of the
method shown in column B. Some procedures may be
used in two methods.

Column A

_ (1) Used to purify water in a 1-
quart canteen.

_ (2) Used when disinfecting com-
pounds are not available.

_ (3) A good method for killing
disease-producing organisms.

_ (4) Uaed in treating water in a
1-quart canteen.

_ (5) Total elapsed time is 25 min-
utes.

_ (6) Canteen must be shaken thor-
oughly.

(7) Total elapsed time is 30 min-
utes before water is usable.

_ (8) Leaves no protection against
recontamination.
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Column B

B. Boiling of water.
C. Calcium hypochlorite.
I. Iodine tablet.



2. What are the three disadvantages of boiling water for
human consumption?

3. What conditions should iodine tablets meet in order to
be effective?

4. How long must water , e rolling boil before it
is safe for dr!!

5. Who will prescribe a longer boiling period if the
required dme is not considered safe?

5-3. Mobile Water Purification Units

Mobile water purificteion units are available for use
during contingency operations, and they can be installed
at a base or remote site on a permanent or semipermanent
basis. The primary purpose of these mobile units is to
produce safe, germ-free water for human consumption
and use in any area c- situation. There are several types of
mobile water purification units. Their output capacities
range from 600 gallons of weter per hour to 3000 gallons
of water per hour. These units are often referred to as
diatomite purification units, and they are designed to be
used only with fresh water.

This equipment requires three phases of water
treatment: pretreatment, purification, and filtration. You
pretreat water to remove the suspended matter and
dissolved gases. You purify water by adding chemicals to
the water for specific periods of time to disinfect the water
by killing disease organisms and bacteria. You filter the
water through a diatomaceous earth type of filter, which
not only removes residue that may be harmful,
undesirable, or objectionable because of appearance,
taste, or odor but also removes certain waterborne,
disease-causing bacteria. Keep in mied that you will be
working with three types of ww.er as it passes through the
unit: raw, treated, end filtered.

All units, regardless of type, have similar components.
They operate on the same principles. Differences in the
units exist when equipme t or components manufactured
by different companies are used on the water purification
units. Since these units operate on the same principles,
you can transfer your knowledge of how one unit operates
to another. Operating and maintenance instmctions,
furnished by the manufacturer of the unit, and similar
instructions in Air Force technical orders, are available.
Follow the instructions in these publications when you
operate and maintain a diatomite water purification unit.
In this section, we discuss the operation and maintenance
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of a trailer-mounted water purification unit that has a
water-prodeeing capacity of 600 gallons per hour.

E47. Identify those components required to make up a
r-vd purification unit.

Description. The 600-gallon-per-hour water
-rification unit is furnished in a special-purpose cargo

bod mounted on a 21/2 ton two-wheel trailer. The erdlator
sembly, diatomite filter, filter pump, chemical feed

equipment, with the necessary piping and valves, and the
electrical controls are mounted in the cargo body. These
components are designed to be operated without
removing them from the trailer body. The supporting
equipment includes a 3-kilowatt gasoline-engine-driven
generator set, gasoline-engine-drive pump, a porable
electric-drive pump, two 500-gallon collapsible water
tanks, necessary hoses and fittings, a disk comparator,
and a sui_ply of chemicals.

Exercise (E47):

1. Place a checkmark in the spaces provided below to
identify components required to make up a field
purification unit._ (1) 2 1/2 ton two-wheel trailer._ (2) Farm tractor._ (3) Erdlator assembly._ (4) Portable steel building (10 x 10)._ (5) Diatomite filter._ (6) Filter pump._ (7) Chemical feed equipment._ (8) 1000-gallon steel tank._ (9) Piping, valves, and electrical control._ (10) 3-kilowatt, gasoline-engine-drive generator

set.
_ (11) Portable elevated water tower._ (12) Gasoline-engine-driven pump._ (13) Pontoon bridge._ (14) Portable electrically driven pump._ (15) Two 500-gallon collapsible water tanks._ (16) Field laboratory._ (17) Disk comparator and a supply of chemicals.

E48. Label on a diagram the major components of an
erdlater assembly, and state how the erdlator
operates.

Erdlator Assembly. The erdlator assembly (cross
section in fig. 5-4) reduces the organic and suspended
matter content of the water and produces an effluent
suitable fc- application to the diatomite filter. Raw water
is introduced to the influent launder (4) at the top of the
erdlator tank through the aspirators; this action aerates the
raw water. The water overflows from the influent launder
to the mixing zone (12) where it is thoroughly mixed with
ferric chloride; pulverized limestone, calcium
hypochlorite ano, when necessary, activated carbon. As
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t. SEPARATOR ZONE

CLARIFICATION ZONE

MIXING ZONE

1. DOWNCOMER TUBE
2. EFFLUENT LAUNDER
3. CIRCULAR DISK (4 REQUIRED)
4. INFLUENT LAUNDER
5. AGITATOR SHAFT
6. SEPARATOR ZONE

7. SLUDGE CONCENTRATOR TANK
8. CLARIFICATION ZONE
9. WET WELL TANK

10. BAFFLE
11. BAFFLE RING
12. MIXING ZONE

Figure 5-4. Cross section of erdlator.
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the liquid descends through the mixing zone, it is mixed
by the flat circular disks (3) equally spaced on the shaft.

The flow through the mixing zone is a downward
rotation and is deflected by a series of shallow baffles (10)
in the bottom of the erdlator tank and directed in a counter
rotation into the clarification zone (8). Thc resulting
counter rotation is reduced but continues at a sufficient
velocity to kwp the slurry pool mtating. The slurry is
separated from the clear water in the upper section of the
erdlator tank in the separator zone (6). The clear water is
collected by the effluent launder (2) and discharged into
the wet well tank (9) where it is stored until it is delivered
into the filter. The slurry level in the erdlator tank is
controlled by means of an exterior sludge concentrator
tank (7). A portion of the slurry from the top of the slurry
pool in the separator zone is continuously withdrawn by
gravity flow to the sludge concentrator tank.

Wet well. The wet well (9) is tank welded to the front
quadrant of the erdlator for the collection of the effluent
from the erdlator. It provides limited storage of
coagulated water and serves as a sump for the suction of
the filter pump. An overflow pipe to waste in the wet well
permits operation of the erdlator at rated capacity when

the filter is stopped. A float switch, cperate1 from the wet
well, sounds an alarm and lights a red signal light when
the filter pump pum, water from the wet well at a rate
greater than the incoi .g supply. A drain in the bottom of
the wet well permits complete drainage of the tank to
waste when water unsuited for filtering is obtained from
the erdlator.

Sludge concentration tank. The sludge concentator
tank (7) is attached externally to the erdlator and, through
a pipeline arrangement, receives, by gravity flow, the
flocculent slurry from the erdlator. The sludge
concentrator functions as a small auxiliary erdlator. It
provides a longer holding period for slurry concentration
and a reduced upflow water-rise rate for separation of
clear water from the slurry. The concentrator permits
settling of the slurry in the bottom of the tank for
continuation of intermittent drainage to waste a, I
skimming of a clear coagulated water at the top of the tank
for return to the wet well and eventual pumping to the
filter. The drainage of slurry to waste and the return flow
to the wet well is manually controlled by the operator,
depending upon the amount of a slurry produced in the
erdlator.



Exercises (E48):

1. Using the illustration below (fig. 5-5), label the
major components of the erdlator assembly.

7.
1. S.

2. 9.

3. 10.
4. II.
5. 12.
s .

Figure 5-5. Objective E54, exercise 1.
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Complete the following statements that describe the
operation of the erdlator.
2. The erdlator assembly reduces the organic suspended

matter content of the water and produces an
suitable for application to the

filter

2 Raw water is introduced to the at the top influent
launder at the top of the erdlator tank through the

, which the raw water.

4. The water overflows from the influent launder to the
mixing zone, where it is thoroughly ;mixed with

, pulverized
, and, wiicn

necessary,

5. As the liquid descends through the mixing zone, it is
mixed by the disks equally
spaced on the shaft.

6. The flow through the mixing zone is a downward
rotation and is deflected by a series of in
the bottom of the erdlator tank and directed in a

rotation into the

7. The resulting counter rotation is reduced but
continues at a sufficient velocity to keep the

pool rotating.

8. The slurry is separated from the clear water in the
upper section of the erdlator tank in the
zone.

9. The clear water is collected by the effluent launder
and discharged into the
tank, where it is stored until it is delivered to the

10. The slurry level in the erdlator tank is controlled by
means of an exterior tank

11. A portion of the slurry from the top of the slurry pool
in the separator zone is continuously withdrawn by

flow to the sludge concentrator tank.

12. An overflow pipe to waste in the wet well permits
operation of the crdlator at rated capacity when the
filter is

13. A float switch, operated from the wet well, sounds an
alarm and lights a red signal light when the filter
pump pumps water from the wet well at a rate greftter
than the

14. The sludge concentration tank receives, by gravity
glow, the slurry from the erdlator.

15. The sludge concentrate functions as a small
erdlator.

16. The concentrator provides a longer holding period
for slurry concentration and a reduced
water rise rate for separation of clear water from the

17. The drainage of slurry to waste and the return flow to
the wet well is controlled by the
operator.

E49. Specify the operation and construction of the
filter section of the erdlator assembly.

Filter Section. The filter section permits precoating of
the filter elements with a concentrated diatornaceous earth
slurry, filtration at a constant rate, and backwashing by
the air pump method. The diatomite filters are divided
into three sections: effluent, influent, and wash ring.
Notice these sections and the other parts of the filter
shown in figure 5-6.

The effluent section (5) is the conical base of the filter.
The filter waterline is connected to the effluent section
and contains the I1/2-inch effluent plug valve, the flow
controller valve, and gate valve in the filter discharge
line, and the I/2-inch drain gate valve. Inside the effluent
section is another conical section separated from the first.
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1. FILTER ELEMENT (4 REQUIRED)
2. FILTER HOUSING COVER (AIR DOME)
3. FILTER WINDOW
4. WASH RING
5. EFFLUENT SECTION
6. INFLUENT SECTION
7. PLASTIC CUP (32 REQUIRED)

C NG 088

Figure 5-6. Diatomite filter.
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The latter conical section and the cylindrical section
above it comprise the influent section. This is the section
that can be seen by looking through the filter window or
by removing the fiRer shell dome.

The filter elements are inside the influent section. Each
element is connected to the effluent section by two pipes,
one at the base and One other at the top of the element.
Water in the influent section cannot teach the effluent
section except through the filter elements. The filter
element consists of a perforated metal tube covered by a
plastic membrane sleeve. Inside the tube are inverted
plastic cups . The upper and lower ends of the tube are
connected to the two pipes. The top of the influent section
is inclosed by the filter shell dome and the air release
valve.

The wash ring is separated from the influent section by
a cylindrical baffle. At the base of this baffle are small
wires. Water entering the wash ring through the upper line
from the influent plug valve is forced to swirl by the baffle
and is directed downward along the conical section of the
influent section by the wires. The influent pressuce line is
connected to the wash ring. It contains the pressure gage,
the I /4-inch draincock, and the 1/8-inch draincock. The
effluent pressure line is connected to the filtered line. It
contains the pressure gage, the 1/4-inch draincock, and
the 1/8-inch draincock.

The precoat funnel is used when pnecoating the filter
element before going into normal operation. The flow
controller controls the flow of water through the filter.
Two pressure gages indicate the amount of pressure on the
influent and effluent sides of the filter.

The air release valve releases air in the dome of the
filter. When the air release valve is opened, the air
pressure under the filter dome is suddenly released. The
air in the filter element inverted plastic cups expands with
the effect of a blast. The plastic sleeves around the fflter
elements also expand following the air blast andcause the
coating of filter aid and accumulated foreign matter to fall
off.

Exercises (E49):

1. With what does the filter section permits precoating
of the filter elements?

2. The diatomite filters are divided into what three
sections?

3. The filter elements are inside what section?
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4. Water in the influent section cannot reach the effluent
section except through what?

5. What separates the wash ring from the influent
section?

6. The filtered waterline is connected to the effluent
section and contains the 11/2-inch effluent

valve, the controller valve,
the valve in the filter discharge line, and
the I/2-inch valve.

7. Inside the effluent section is another conical section
which is separated from the first; this conical section
and the cylindrical section above it comprise what
section?

8. The influent section can be seen by looking through
the filter window or by removing what device?

9. How is each element is connected to the effluent
section?

10. The filter element consists of a perforated metal tube
covered by a membrane sleeve of what kind of
material?

11. By what is the top of the influent section inclosed?

12. Water entering the wash ring through the upper line
from the influent plug valve is foced to swirl by the
baffle and is directed downward along the conical
section of the influent section by the

13. The precoat funnel is used when precoating the
element before going into normal

operation.

14. Two pressure gages indicate the amount of pressure
on the and sides of the
filter.

15. The plastic sleeves around the filter elements also
expand following an air blast and cause the coating of

and accumulated to fall
off.

E50. List the chemicals or materials used in the
chemica/ feeders; state their function and where they
are applied.

Chemical Feeders. The chemical slurry feeder is an
aluminum tank unit, mounted to brackets welded to the
erdlator tank, (3, fig. 5-7). It has two identical chemical
compartments and water collection troughs and two
weirs; one of which contains a float-operated needle
valve. One compartment supplies pulverized limestone
slurry (coagulant aid) and activated carbon to the erdlator.
The other compartment supplies diatomite slurry to the
suction inlet of the filter pump. A dial-indicated timer (4,
fig. 5-7) is mounted on the lower part of the feeder.

The chemical solution feeder, which is a different
component and not shown in figure 5-7, is mounted to the
erdlator mounting base. It consists of two diaphragm
pumps. The pumps operate from one electric motor by
means of a gear reduction mechanism. The chemical
solution feeder pumps ferric chloride and calcium
hypochlorite solution from two rubber pails into the
mixing zone or downcomer of the erdlator.

69

Exercises (E50):

1. List the chemicals or materials used in the chemical
feeders.

2. State the function of the chemicals and where they are
applied.

EM. Identify the functions of given minor components
of the field purification unit.

Minor Components. In addition to the erdlator,
diatomite filter, and chemical feeders, the field water
purification unit consists of several minor components.
Some of these components are separate and some are
attached to the other major assemblies.

Raw water and filter pumps. The filter pump and the
raw water pump are identical; both are centrifugal pumps.

787



I. ERDLATOR TANK 5. EFFLUENT LAUNDER

2. INFLUENT LAUNDER 6. WET WELL TANK

3. CHEMICAL SLURRY FEEDER 7. SLUDGE CONCENTRATION TANK

4. DIAL INDICATED TIMER 8. ELECTRICAL CONTROL BOX

Figure 5-7. Chemical feeders.
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The raw water puinp is used to pump the raw water to the
erdlator. It is inounted in a tubular frame designed to
mount on the enftator base when the pump is not in use.
The filter pump is used for pumping coagulated water
from the wet well tank to the filter.

Distribution pump. The distribution pump is a
centrifugal type. It is driven by a gasoline engine and is
mounted in a tubular frame. It is used to distribute the
filtered wattz to the user.

Electrical control box. The electrical control box (8,
fig. 5-7) is mounted on the front of the sludge
concentrator tank. It contains the circuit breakers,
transformer, receptacle connectors, switch, signal lamp,
alarm buzzer, and the necessary controls and wiring to
operate the components of the water purification unit.

Water storage tanks. Two collapsible synthetic
rubber-coated nylon tanks are furnished with the basic
issue items for storing the filtered water. Each tank has a
capacity of 500 gallons.

Generator. A gasoline-engine-driven, 120-volt AC
generator is furnished with the basic issue items. The
generator can provide all the electrical power required for
the operation of the water purification unit.

Hoses and fittings. Sufficient hoses and fittings are
furnished with the basic issue item to equip the water
purification unit for pumping raw water from the source to
the erdlator, filtered water from the filter to the storage
tanks, finished water from the storage tank to the user,
and waste water from the erdlator and filter to waste.

Piping and valves. The vahes and pipes of the unit are
color codci as follows:

Blackraw water
Yellowcoagulated water
Redwaste water

e Greenfiltered water

Exercise (E51):

1. Match each minor components in column A, to its
function in column B.

Column A_ (I) Raw water and filter pumps.
_ (2) Distribution pump.
_ (3) Electrical control box._ (4) Water storage tanks._ (5) Generator.
_ (6) Hoses and fittings.
_ (7) Piping and valves.

Column B

a. Used to store filtered
water.

b. Used to connect the
various major
components together
temporarily.

c. Provides all electrical
power to unit.

e. Pumps coagulated
water to filter and raw
water to the erdlator.

f. Distributes filtered
water.
Permanent connec-
tions in units and are
color coded.

s.

E52. Identify preparations for operation of a field
purification unit.

Preparation for Operation. Selecting a raw water
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source may or may not be your responsibility. This
selection may be made by the advance party or by the
medical services. If you arc a member of the advance
party or if you have to select the site on which the water
purification unit is to operate, be sure that you:

a. Locate the water purification unit as close to a raw
water source as is practicable, preferably not more than 50
feet away.

b. Do not select a raw water source that is adjacent to a
sewer outlet, latrine, bathing area, refuse pile, or drainage
area.

c. Select relatively level terrain with firm footing.
d. Allow sufficient space for locating and installing the

component items. There must be adequate roads for
vehicles to transport purified water.

e. Take advantage of natural camouflage and of
existing roadways, powerlines and suitable contingency
operation areas for personnel.

f. Position the distribution pumps at the selected
location accessible for distributing purified water to the
transporting vehicles. Provide a suitable, firm, drained,
level foundation to insure proper operation of the pump.
Use planking or timbers to prevent settling and shifting
when in operation.

The layout of one water pudfication unit is similar to
other units. Notice the arrangem:nt of the different
components in figure 5-8. This unit is set up to
accomplish the following operations.

a. Raw water intake.
b. Clarification and purification.
c. Filtration.
d. Storage of filtered water.
e. Distribution.
f. Discharge of waste ,,,ater. Notice that the discharge

hoses are located downstream from the raw water intake.
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Exercises (E52):

From the list of statements below, select those that
indicate correct procedures for preparing the field
purification unit for operation. Place an X by true
statements and correct any statements that are not true or
that are only partly true.

_ I Select a raw water source.

_ 2 Locate the purification unit 50 feet or farther
away from source of raw water.

_ 3 Select relatively level terrain with firm footing.



5. ERDLATOR TANK

T
8. DOWNCOMER

8.WET WELL
7. SLUDGE CONCENTRATION TANK

4. CHEMICAL
SOLUTION FEEDER

3. 81355ER PAILS

11. SECOND FILTERED
WATER STORAGE TANK

15. ERDLATOR TANK WASTE WATER HOSE

10. FIRST FILTERED
WATER STORAGE TANK

2. RAW WATER PUMP

N, I. STRAINER

Figure 5-8. Layout of water purification unit.

_ 4 Allow sufficient space for locating and installing
component items.

_ 5 Locate in an area where roads can be provided.

_ 6 Locate near kitchens and latrines for convenient
water supplies to them.

_ 7 Take advantage of existing powerlines, roads,
and natural camouflage.

8. Set distribution pump on ground.

CNO-01913

_ 9 Discharge waste water upstream from raw water
intake.

E53. Identify services as occurring before operation,
during operation, or after operation.

Operation, Maintenance, and Servicing. To insure
that the equipment is ready for operation at all times, it
must be inspected systematically before, during, and after
operation. The equipment is inspected so that defects may
be discovered and corrected before they result in serious
damage or failure. The necessary preventive maintenance
serviceti are performed before operation. D,3fects
discovered during operation of the unit are noted, and
they are corrected as soon as operation has ceased. Stop
operation inunediately if you note a deficiency that would
damage the equipment if operation were continued. The
operator performs after-operation services after every
operating period or at intervals based on the normal
operation of the equipment. If you operate under
abnormal conditions, reduce the interval. Report to
organizational maintenance defects or unsatisfactory
characteristics beyond the scope of your capabilities at the
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earliest opportunity. The items to be inspected and
serviced and the service and inspection intervals are
shown in table 5-1.

Preventive Maintenance. The systematic care,
service, and inspection of equipment for the purpose of
maintaining it in a serviceable condition and for detecting
and correcting pending failures is preventive maintenance
and is the responsibility of all echelons.

Maintenance. Any action taken to keep materiel in a
serviceable condition or to restore it to serviceability
when it is unserviceable is maintenance. Maintenance of
equipment includes the following:

a. Service. To clean, to preserve, and to replenish fuel
and lubricants.

b. Adjust. To regulate periodically to prevent
malfunction.

c. Inspect. To verify serviceability and to detect
pending mechanical failure scrutiny.

d. Test. To verify serviceability and to detect pending
mechanical failure by use of special equipment, such as
gages, meters, etc.

e. Replace. To substitute serviceable assemblies,
subassemblies, and parts for unserviceable components.

f. Repair. To restore an item to serviceable condition
through correction of a specific failure or unserviceable
condition. This function includes, but is not limited to,
inspecting, cleaning, preserving, adjusting, replacing,
welding, riveting, and straightening.

Preoperation services. The following services must be
performed to determine whether the condition of the
equipment has changed since it was last operated as well
as to make sure the equipment is ready for operation. Any
deficiencies must be corrected or reported to your
supervisor before the unit is put into operation.

a. Leaks, general. The hoses, hose connections, tanks,
and valves are visually inspected to determine if they are
leaking.

b. Visual inspection of equipment. The hoses and filter
unit are inspected for evidence of possible damage. The
hoses should not be kinked. The raw water strainer she ald
be clean and covered with water, and the tank guy ropes
and supports should be secure.

During-operation services. You should report any
unusual sounds or odors, deficiencies in performance, or
other signs of abnormal operation:

a. Instruments. While the unit is being operated, you
should watch the pressure gage on the filter unit. You also
should test the water for chlorine residual.

b. Unusual operation and noises. It is necessary to
watch for possible overflow of the slurry feed aparatus
and tanks. If you notice that the pump motor is
overheating, it is an indication that the filter run should be
stopped. A surge of water into the storage tank and a rapid
decrease in pressure on the gage indicates that the
filter-aid cake has dropped off the elements.

After-operation services. After operating the
equipment, and during halts, if only for short periods, you
should make a general check of the equipment and correct
or report any deficiencies you noted. The purpose of the

after-operation service inspection is to make sure that the
equipment is ready to operate at any future time. For the
equipment to be ready for immediate operation, you must
perform the following services at the end of any operating
period of whatever duration:

a. Leaks, general. Inspect the hoses, hose connections,
tanks, valves, and filter unit foi leaks.

b. Visual inspection of equipment. You will find that it
is necessary to backwash the filter when flow through the
elements is stopped. Again, it is necessary to make sure
that the raw water strainer is clean and submerged. In
addition, the guy ropes and supports are inspected, the
pump and engine sets are checked, and hoses are
inspected to determine that there are no kinks in them.

c. Cleaning equipment. The settling tanks should be
filled so that the water can settle overnight. The filter
should be backwashed and the water drained from the
filter shell. Mud and dirt should be removed from all
equipment.
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Exercises (E53):
In the spaces provided below, place a B for
before-operation, a D for during-operation, and an A for
after-operation services required on field purification
units. Some of the operations may require more than one
entry.

1. Publications. See that a copy of TO
40W4-9-1, and the operator's manuals for the
generator set and distribution pump z-e on or
with the equipment and in serviceable
condition.

2. Visual inspection. Inspect for water, oil, and
fuel leaks; loose or missing bolts, screws and
nuts; loose wiring connections; and broken
wires. Inspect for any damage that may have
occurred since the equipment was last
operated.

3. Tires. If the trailer is to be operated, check the
air pressure in the tires. Correct tire pressure is
45 psi.

4. Supplies. See that the required maintenance
and operating supplies are available.

5. Fuel. Check the fuel supply in generator and
distribution pump engines. Add fuel if
necessary.

6. Oil. Check the oil level in engine crankcases.
Add oil if necessary.

7. Brake hoses, light cable. If the trailer is to be
operated see that the brake hoses and
intervehicular electric cables are securely
connected.

8. Lubrication. Lubricate according to the
instructions in TO 40W4-9-1.

9. Lights awl refl,...c.tors. If trailer is to be moved,
check th... lights after cohnecting to the towing
vehicle. See that the lamps and reflectors are
clean and serviceable.



TABLE 5-1
SERVICE AND INSPECTION REQUIREMENTS

Intervals

, 8 8tIo= .o
e PROCEDURES

c§. A o
X Publications. See that a copy of TO 40W4-9-1, and the operator's manuals for the generator

set and distribution pump are on or with the equipment and in serviceable condition.
X X Visual inspection. Inspect for water, oil, and fuel leaks; loose or missing bolts, screws and

nuts, loose wiring connections, and broken wires. Inspect for any damage that may have
occurred since the equipment was last operated.

Tires. If the trailer is to be operated, check the air pressure in the tires. Correct tire pressure
is 45 psi.

X Supplies. See that the required maintenance and operating supplies are available.
X X Fuel. Check the fuel supply in generator and distribution pump engines. Add fuel if necessary.
X X Oil. Check the oil level in engine crankcases. Add oil if necessary.

X Brake hoses, light cable. If the trailer is to be operated see that brake hoses and intervehicular
electric cables are securely connected.

X Lubrication. Lubricate in accordance with the instructions in TO 40W4-9-1.
X Lights and reflectors. If trailer is to be moved, check the lights after connecting to the towing

vehicle See that the lamps and reflectors are clean and serviceable.

X Generator. See that the electric generator and distribution pump (if pump is to be used) are
serviced and ready for operation. Refer to operator's manual. Start the generator and check
to see if the water purification unit is receiving electric power.

X Drain lines. See that all drain lines are securely connected and not damaged. Make sure the
waste water is disposed of so it will not interfere with the operation of the unit

X Fire extinguisher. Check the fire extinguisher for insufficient charge by shaking it and judging
by sound and weight if it is full. Do not discharge any of the contents. Check for corrosion
an, .asecure mounting.

X Unusual noises or operations. Inspect the electric motors for overheating; usually indicated by
smoke or odor. Inspect the speed reducer drive belt for slipping. Check for any unusual noise
that may indicate a clogged strainer, strainer sucking air, or debris in the pump. A surge of
filtered water into the storage tank indicates that the filteraid cake has dropped off the
elements. Watch for overflow of storage tanks.

X Brakes. Any time the brakes are used, consider it a test and note unsatisfactory performance,
such as not holding or grabbing.

X Leaks, water purification unit. Inspect hoses, connections, fabric tanks, pumps, piping, and
pipe fittings for leaks.

X Tools and equipment. See that all tools and equipment assigned to the water purification unit
are in serviceable condition, clean, and properly stowed or mounted.

X X Trailer body. Inspect the trailer body, racks, gates, and paulin for damage or missing hard-
ware. See that the paulin is tied down securely.

X Clean equipment. Remove any oil, mud, grease, cl fmical, or other foreign matter from the
external parts of the water purification unit with clean cloths. Use coagulated water for wash-
ing the trailer.

X Filters and tanks. Backwash the filters when flow through the elements has stopped. See that
tank guy ropes and supports are secure and that tanks are covered.

X Water treatment equipment. Drain and clean the erdlator, slurry feeder, chemical solution
feeder, filter, and all pumps and hoses.
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10. Generator. See that the electric generator and
distribution pump (if pump is to be used) are
serviced and ready for operation. Refer to
operator's manual. Start the generator and
check to see if the water purification unit is
receiving electric power.

11. Drain lines. See that all drain lines are securely
connected and not damaged. Make sure the
waste water is disposed of so it will not
interfere with the operation of the unit.

12. Fire extinguisher. Check the fire extinguisher
for insufficient charge by shaking it and
judging by sound and weight if it is full. Do not
discharge any of the contents. Check for
corrosion and insecure mounting.

13. Unusual noises or operations. Inspect the
electric motors for overheating, usually
indicated by smoke or odor. Inspect the speed
reducer drive belt for slipping. Check for any
unusual noise that may indicate a clogged
strainer, strainer sucking air, or debris in the
pump. A surge of filtered water into the storage
tank indicates that the filter-aid cake has
dropped off the elements. Watch for overflow
of storage tanks.

14. Brakes. Any time the brakes are used, consider
it a test and note unsatisfactory performance,
such as not holding or g:abbing.

15. ?..eaks, water purification unit. Inspect hoses,
connections, fabric tanks, pumps, piping, and
pipe fittings fqr leaks._ 16. Tools and equipment. Set that all toois and
equipment assigned to the water purificaiton
unit are in serviceable condition, clean, and
properly stowed or mounted.

17. Trailer body. Inspect the trailer body, racks,
gates, and paulin for damage or missing
hardware. See that the paulin is tied down
securely.

18. Clean equipment. Remove any oil, mud,
grease, chemical, or other foreign matter from
the external parts of the water purification unit
with clean cloths. Use coagulated water for
washing the trailer._ 19. Filters and tanks. Backwash the filters when
flow through the elements has stopped. See
that tank guy ropes and supports are secure and
that tanks are covered.

_ 20. Water treatment equipment. Drain and clean
the erdlator, slurry feeder, chemical solution
feeder, filter, and all pumps and hoses.

E54. Identify the components of a water purification
unit and specify the opers-ion or function of each unit.

Operating the Equipment. It is essential that you
know how to operate properly the equipment so that you
can produce germ-free water that is pleasing to the taste.
You will become proficient in operating the equipment as

you work with specialists and technicians and accomplish
all equipment operations required to purify water. We
discuss, in general, the water treatment process. Look at
figure 5-8 again se that you will be familiar with the
arrangement of the equipment.

Chemical requirements. The following chemicals are
required in the treatment and filtration processes.

Ferric chloride as a coagulant.
Calcium hypochlorite as a disinfectant.
Pulverized limestone as a coagulant aid.
Diatomaceous earth as a filter aid.
Activated carbon as an absorbe; to control
objectionable tastes and ordors.

The chemicals are mixed proportionally with water in
according to an established base charge. The base charge
is the concentration of mixture of solution expressed as
the amount of chemical in a measured quantity of water
prepared for the chemical feeder.

Water treatment process. The water treatment process
reduces the organic and suspended matter of raw water to
a minimum and produces coagulated water suitable for
application to the diatomite filter. Raw water is p .mped
from its source by the raw water pump (2) through the
aspirator nozzles to the influent iaunder from where it
overflows into the downcomer or mixing zone (6) inside
the erdlator tank (5). The aspirator nozzles aerate the
water; process that improves the sludge formation. The
flow of water to the influent launder is regulated by a
control valve preset for a flow rate of 10 gallons per
minute.

A coagulant (ferric chloride), a coagulant aid
(pulverized limestone), a disinfecting agent for
prechlorination (calcium hypochlorite solution), and,
when necessary, an absorber for objectionable taste or
odors (activated carbon) are added to the mixing zone. As
the liquid descends through the mixing zone, it is mixed
by the agitator. The flow is deflected by a series of
shallow baffles in the bottom of the erdlator tank and
directed in a counterrotating direction into the outer
compartment of the clarification zone. The resulting
rotation is reduced but it continues at a velocity sufficient
to keep the slurry volume, together with the clear water
above the slurry pool, rotating.

The slurry is hydraulically separated from the clean
water in the upper cylindrical section of the erdlator tank
in what is termed "the separator zone." The slurry level
is controlled by a continuous withdrawal of a small
amount of slurry from the top of the sluny pool, through
the slurry weir box to the sludge concentration tank (7).

Clear water is collected at the water surface in the
effluent launder, which acts as a double-edged weir. The
effluent launder is adjusted manually by the leveling rods
to permit leveling and skimming of the water surface. The
clear water is discharged across the slurry pool to the wet
well tank (8) through the effluent launder tube. The wet
well tank provides limited storage of coagulated water
and serves as a sump for the filter pump.

An overflow pipe in the wet well tank permits operation
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of the erdlator at rated capacity when the filter is stopped.
A switfth, operated by a float in the wet well, activates an
alarm bell and a red signal light when the float valve is
open. The float valve is activated through a lever
connected to the float located in the wct well tank. This
float valve allows additional raw water to enter the system
whenever the amount of water in the wet well falls below
a preset level. A drain in thc bottom of the wet well tank
permits complete drainage of the tank to waste when
water unsuited for filtering is obtained from the erdlator
tank.

The flocculent slurry flows by gravity from the erdlator
tank to the sludge concentrator tank (7). The sludge
concentrator tank functions as a small auxiliary clariFer.
It provides a longer holding period for slurry
concentration and reduces the water-rise rate for
separation of clear water from the slurry. The sludge
concentrator tank permits settling of slurry in the bottom
of the tank for continuous or intermittent drainage to
waste. It also permits the skimming of clear coagulated
water from the top of the tank for return to the wet well
from which it is pumped to the filter. The drainage of
slurry to waste and the return flow to the wet well is
manually controlled, depending on the amount of slurry
produced in the erdlator tank.

The chemical solution feeder (4) pumps ferric chloride
and calcium hypochlorite solutions into the downeomer or
mixing zone (6). Remember that ferric chloride is used as
a coagulant and calcium hypochlorite is used as a
disinfectant. The pump's discharge rate is adjustable,
butthe pump delivers a fixed, constant rate of feed with
each pump stroke at any one setting.

The chemical slurry feeder limestone compartment
supplies pulverized limestone (coagulant aid) to the
mixing zone of the erdlator tank. Raw water is
continuously added to a collector trough on the back of the
compartment. A portion of tWs water flows tarough a
constant head-fixed orifice into the limestone slurry
compartment, and the remainder overflows to a weir for
dilution of the slurry distharge from the feeder. This
diluted slurry flows by gravh; into the downcomer. The
limestone slurry is kept in suspwrsion by introducing air at
the bottom of the tank. a ae feeder operates on a dilution
principle whereby 65 percent of the initial chargeof slurry
is fed during a 1-hour period; therefore, the feeder
requires recharging with dry chemical every hour. The
limestone compartment remains full of liquid slurry but
becomes more diluted during the hour until recharged
with the dry chemical.

Filtering process. The filtering process further reduces
suspended matter by use of diatomaceous earth filter aid.
The filtering process consists of precoating, filtering, and
backwashing. Before the water can be filtered, it is
necessary to precoat the filter elements with diatomaceous
earth. To precoat the filter, yOu add diatomaceous earth
slurry to the coagulated waterline through the precoat
funnel (1, fig. 5-9) and valve CV 2.

The coagulated water is pumped from the wet well tank
through the filter influent control valve (which is in the
FILTER position) into the influent of the filter. The

influent control valve is not shown. The water rises in the
filter until it starts escaping threugh the control valve (3,
fig. 5-9), which must now be closed. Air is trapped and
compressed in each of the plastic cups of the filter
elements and in the dome of the filter housing cover. The
air is prevented from escaping through the air release (7)
valve, on top of the rover, because it is closed in the
FILTER position. As the water is filtered through the
element membranes, the diatomaceous earth and
suspended matter are deposited on the elements. After the
water is filtered, it enters the effluent section of the filter
through the two pipes from each element. The water then
goes tarough the filter effluent control valve (5, fig. 5-9),
which is in RECIRCULATE position, and back to the wet
well tank. The water is recirculated through the filter until
it !spears clear when viewed through the filter window
(4).

Filtering removes the remaining suspended matter and
organisms from the coagulated water. The flow of water
from the wet well and through the filter is the same as
during precoating, until it reaches the filter effluent
control valve. During filtering, the filter effluent control
valve is in FILTER position to allow the water to flow
through the filtered water hose to the storage tanks.
Diatomite sluny is discharged from the diatomite slurry
compartment of the chemical slurry feeder to the
coagulated waterline at the suction side of the filter pump.
The flow of coagulated water carries the diatomite slurry
to the filter, where it is deposited on the filter elements.
The continuous feed of diatomite slurry maintains the
porosity of the filter cake and permits longer filter runs.
As coagulated water is pumped through the filter cake, the
suspended matter will gradually plugs the filter cake and
increases the pressure differential across the filter
elements. When the effluent pressure gage (6, fig. 5-9)
indicates a pressure of 5 psi, the filter is ready to be
backwashed. The filter cycle is the length of time the filter
is in operadon, from the time the precoat has been added,
until the filter elements must be backwashed.

The filter elements are backwashed to remove
accumulated suspended matter and the filter-aid cake
whenever the filter run is stopped. The elements must alw
be backwashed (and the filter shell drained) at the end of
each day's operation so that any contamination and
organisms are removed quickly and not allowed to
multiply. When the air release valve is placed in the
BACKWASH position, it allows some of the air
compressed in the dome of the filter housing cover to
bypass the main air valve. This action opens a valve
releasing the air in the dome to the atmosphere. The
sudden release of air allows the air compressed in thecups
in each element to expand and force water back thorugh
the element filter cake. The rapid reversal of the water
usually dislodges all ihe suspended matter from the
elements. If it does not the elements must be removed
and cleaned. Most of the removed suspended matter and
the water in the influelt section will drain to waste
through the filter drain valve (8). However, some of the
suspended matter will set:le on the conical bottom of the
influent pipe and must be washed away. When the filter
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1. PRECOAT FUNNEL

2. CONTROL VALVE

3. CONTROL VALVE

4. FILTER WINDOW

5. FILTER EFFLUENT CONTROL VALVE

6. EFFLUENT PRESSURE GAGE

7. AIR RELEASE VALVE

8. FILTER DRAIN VALVE

9. INFLUENT PRESSURE GAGE

Figure 5-9. Filter.

77

7 9 5

CNC-033



influent control valve is in WASH position, it allows the
water to enter the wash ring and wash the sediment from
the bottom of the filter. After washing, the filter is ready
for precoating.

Exercises (EM):

1. On the diagram below (fig. 5-10), label each
numbered unit.

I.

2.

3.

4.

5.

6.

7.

8.

9.

10.

I I.

12.

13.

15.

Figure 5-10. Objective E59, exericse 1.
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2. Write a brief statement to describe the operation or
function of each unit labeled on the diagram above.

E55. Identify safety precautions that specifically apply
to the operation of the field purification unit.

Safety Precautions. Under average conditions, there
are not many hazards to cope with while operating this
unit. However, you will be called on to operate this unit in
emergencies and during unusual operating conditions.
Therefore, you are cautioned to be guided by the
fundamental rules of safety. A good operator is the best
assurance against accidents. The following safety
precautions are general in nature for most types of
operation.

a. Use care in selecting a raw water source. Avoid
water adjacent to a latrine, sewer outlet, bathing area, oily
area, refuse pile, or camp drainage area.

b. Keep chemicals away from the eyes. Be careful
when opening the chemical containers. Keep your head
turned so that chemical dust will not fly up into your eyes.
Wash your hands thoroughly with soap and water after
handling chemicals.

c. Never mix the two chemicals (calcium hypochlorite
and ferric chloride), because the mixture gives off a
greenish-yellow chlorine gas which is irritating,
disagreeable, and has a suffocating odor.

d. Keep raw water away from hands and clothing as
much as possible. The raw water may contain pathogenic
organisms that will enter the body through the pores, or
through skin abrasions, causing bacteriological infection.
Infection may also result unless the same precautions are
taken when working with the erdlator or sludge
concentrator.

e. Do not place your hands in the erdlator tank or in the
sludge concentrator tank during operation.

f. Keep storage tanks covered to prevent entry of
debris, rain, or foreign matter that may contaminate the
water.

g. Never add unfiltered water to the filtered water
storar tank. Before any water is distributed to personnel,
it must be chlorinated.

h. Do not use raw water, gasoline, or oil to wash the
water purification equipment. When backwashing,
always use filtered water; clean up all spilled water and
chemicals immediately.

i. Before connecting to the external power source, be
certain that all power controlling switches have been set in
the OFF position. Never handle "live" electric wiring.
High voltage may cause serious injury or death.

j. Never work on electrical equipment unless the power
controlling switches are in the OFF position and the
power cables disconnected.

k. Never operate ungrounded equipment.

Exercise (E55):

1. From the list of safety precautions below select those
that apply specifically to the operation of the field
purification unit. Place a checkmark by applicable
statements.

(1) Use care in selecting raw water source.
(2) Watch your step or ladders.
(3) Keep chemicals away from eyes.
(4) Never mix calcium hypochlorite and ferric

chloride.
(5) Never pour water into acid.
(6) Keep raw water away from hands and clothing

as much as possible.
(7) Keep trailer tires inflated to the proper

pressure.
(8) Do not place your hands in erdlator tank or

sludge concentrator tank while operating.
(9) Keep vehicle lights in good working order.

(10) Keep storage tanks covered.
(11) Never add unfiltered water to filtered water.
(12) Do not wash equipment with gasoline or

unfiltered water.
(13) Make sure all power switches are off before

connecting power to unit.
(14) Never handle live electric
(15) Never operate ungrounded equipment.
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CHAPTER 6

Vehicle Operation

AN IMPORTANT part of your contingency duties is the
operation of a number of vehicles in the Air Force
inventory. Some of these vehicles are utility trucks, cargo
trucks of 1 to 21/2 ton capacity, dump trucks,
tt actor/trailers , forklifts, water distributors, front-end
loaders, and farm tractors.

This chapter will acquaint you with these vehicles and
their operation. You will receive hands-on training in any
vehicle you will be required to operate at your normal
duty assignment.

6-1. Utility and Dump Trucks

Utility trucks are pickups, stake and platform, and
other general-purpose trucks. In the CONUS, most of
these trucks are commercial trucks because they are less
expensive than military design vehicles (M-series). In
some places overseas, they, or at least part of them, are
military design vehicles. Because of their construction
they are more expensive. They have all-wheel drive for
off-road operation and are built to withstand more rugged
treatment. Dump trucks are used primarily to haul loose
material, such as dirt, sand, gavel, crushed rock, etc.
They are used to transport such material to the
construction site, especially when the haul distance is
great. They are always used to haul asphalt. The Air Force
has both M-series and commerical dump trucks, but most
of them are commerical dump trucks.

E56. Complete given statements pertaining to the use
of utility and dump trucks.

Pickups. Pickups are one of the most widely used
vehicles within CE for hauling small amounts of light
materials. They are also widely lsed to transport
personnel to and from jobs and as transportation for
supervisors to keep check on work progress.

You can haul most anything that is small and weighs
less than 1500 pounds in a pickup. However, be careful
about hauling such materials as long pipe and long lumber
in a pickup. Each state has specific laws concerning how
far the load can project beyond the truck bed. Therefore,
when you are using state highways, your load should
conform to these laws. You should haul such materials as
12-foot lumber and long lengths of pipe on a truck with a
long bed. Also, you should haul such materials as dirt,
sand, gravel, and cement in a truck larger than a pickup
unless you keep the amounts small. The weight carrying
capacity of a pickup is 1000 to 1500 pounds on good roads
and 500 to 700 pounds on bad roads or off the road. For

the specific weight carrying capacity of a pickup, check
the data plate riveted to the dash.

Let's say that you have 20 bags of cement (94-pound
bags; to haul 3 miles on good roads from a storage point to
where they are to be used. What should you do? Get a
larger truck if one is readily available. If not, haul
one-half of the cement in each of two loads.

One-Ton to 21/2-Ton Trucks. You should use these
trucks to haul medium loads. Such materials as large
timers, kegs of nails, cement, reinforcing rods,
prefabricated concrete, and concrete forms are examples
of materials hauled on these trucks. What you haul,
however, is not nearly so important as how you haul it.
Suppose, for example, you are to haul some cement that is
stacked on pallets. Each pallet has 20 bags of cement on
it. To haul one pallet (1880 pounds) on a 1-ton stake and
platform truck, you should remove the sideboards and use
a forklift to set the pallet directly over the rear wheels. To
haul two pallets on a 11/2-ton stake and platform, you
should set one pallet fore and one aft of the rear wheels. In
other words, always distribute the load properly over the
truck bedneither too far forward nor too far rearward. If
you put the load too near the front, the load will put a
strain on the front wheels and cause th truck to be hard to
steer. If you put the load too near the rear, the load will
raise the front wheels slightly and you will lose some
steering control. Again, it is important to consult the data
plate. It shows the empty vehicle weight, the gross
vehicle weight, and the net or maximum payload. The
plate may also show the off-the-road payload and the
on-the-road payload. In addition to distributing and sizing
a payload by weight, you should size it by dimensions and
tie it when necessary. Let's consider hauling some
prefabricated concrete forms for example. If you were to
haul 8-foot by 12-foot forms on an M-series cargo truck,
you should lay them flat inside the cargo bed. The bed
should allow the forms to lay flat. The bed has sidewalls
about 18 inches high. If you haul enough forms to rise
above the sidewalls, install the removable sideboards
after you load the forms, or securely tie the forms. In
some cases, you can use stakes in the holes where the
sideboards fit instead of the sideboards themselves.
Stakes aro especially useful when you have to make
several loads. If you choose to tie the forms, mn the ropes
completely around the bed and forms in two or three
places. Pull the ropes tight and tie them securely.

Let's say that you are going to haul some 10-foot by
10-foot forms on a stake and platform truck that has an
8-foot by 12-foot bed. You should remove the sideboards
and load the forms. Tie the forms with rope. Be very
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careful while driving from the loading to the unloading
point. If you have to drive through an area of heavy
traffic, get a Security Police escort. Why all tnis caution?
Because your load is wider than your truck bed.

Dump Trucks. The difference between a truck that
will dump and one that will not dump is the way it is
equipped. This equipment includes a dump box, or body;
a power take off (FF0); and a hydraulic pump and
cylinder. The cylinder is similar to a large hydraulic jack
supported on frame members under the dump box.

There are two levers in the floor of the truck cab, just to
the right of the gear selector lever, for controlling the
raising and lowering of the dump box. Let's call these
lever A and lever B. Lever A is the FF0 lever, and B is the
hydraulic control lever. A is the one nearer the
transmission gear selector lever. It has two positions,
neutral and engaged. Forward is neutral, and back toward
the scat is engaged. Lever B has three positions: forward
to raise the dump box, center to hold the dump box, and
back toward the seat to lower the dump box.

You have to push the clutch pedal down to engage the
PTO with lever A. However, lever B positions can be

changed without pushing the clutch in. A word of caution
here: pull lever B back slowly. If you pull it back too fast,
with a load, or part of a load, the dump box will come
down too fast. If you keep doing this, you will eventually
damage the track.

Let's look at figure 6-1. As far as we are conceihed,
this rear view of the truck is the "business end" where we
carry our payload. This is the part that dumps the load.
Wouldn't you hate to unload it with a hand shovel? Figure
6-1 shows the chains on the tailgate and the way they are
adjusted to spread gravel. Adjusting the tailgate opening
allows gravel to be spread in layers instead of being
dumped in piles. The small hook on the rear corner of the
dump bed is the tailgate latch. There is another one on the
other rear corner. These latches hold the tailgate closed
when the lever on the left-front corner of the bed is pushed
up. Always push this lever up and latch the tail gate before
you leave the dump area. If you don't, you may forget to
latch it until after the truck is loaded. If this happens, you
will have to shovel part of the load out of the way so that
you can latch the tailgate.

Figure 6-1. Dump truck with tailgate adjusted to spread load.
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Exercises (E56):

1. A pickup can carry loads of how many pounds when
operating on bad roads?

2. To determine the weight carrying capacity of a pickup,
what should you do?

3. To engage the PTO on a dump truck what must you
do?

4. The mechanism that raises the box of n dump truck is
similar to a what?

6-2. Truck Tractors and Semitrailers

Truck tractors and semitrailers are commonly referred
to as tractors and trailers. Because their operation varies
considerably from other equipment, we will cover them
seperately in this section.

E57. Specify the structure and operation of tractors
and trailers.

Tractors and Trailers. A tractor and a trailer are
separate units joined together by a fifth wheel. The fifth
wheel consists of two metal plates, one on the tractor, as
shown in figure 6-2,A, and one on the trailer, as shown in
figure 6-2,B. The upper fifth wheel and the lower fifth
wheel form a flexible coupling which permits both
rotational and vertical movement between the tractor and
trailer. The upper fifth wheel has a kingpin. The lower
fifth wheel has locking jaws that lock around the kingpin
to couple the tractor and trailer together. When not
attached to the tractor, the front end of the trailer is
supported by a retractable two-legged landing gear. The
landing gear may be equipped with either wheels or pads
(flat pieces of heavy metal).

Tractors normally range in size from 21/2 to 10 tons.
Each tractor has a data plate attached to the dash. Refer to
the data plate to determine the load capacity of the tractor.

Trailers range from about 18 to 40 feet long and from
about 8 to 10 feet wide. There are several types of trailers,
but the ones you are interested in are general cargo and
equipment trailers. Cargo and equipment trailers look
much the same. The major differences are that equipment
trailers (commonly called lowboys) are lower (about 3
feet high) and stronger. Both types have data plates that
you can look at to determine their load capacity.

Coupling and Uncoupling the Tractor and Trailer.
Let's go through the procedure of coupling a tractor and
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Figure 6-2. Fifth wheel (upper and lower).

trailer together. The procedures are the same for cargo
and lowboy trailers. Block the trailer wheels with
woodblocks. Position the tractor ahead of, and in line
with, the trailer. Back the tractor slowly to the nose of the
trailer. Make sure that the kingpin is in line with the
locking jaws. Just before the upper fifth wheel starts to
ride over the lower fifth wheel, stop the tractor. Check the
height of the trailer fifth wheel to insure that it is in the
proper height to align with the tractor fifth wheel. If not,
raise or lower the front end of the trailer by raising or
lowering the landing gear.

Connect the brake lines of the tractor to the trailer. The
coupling of the tractor line marked "SERVICE" must be
connected to the coupling having a like tag on the trailer.
This is also essential in connecting the emergency line. If
you connect the airbrake lines properly, they will be
crossed. Open the shutoff valves on the tractor air lines.
(On some new commercial tractors, you change the
position of a switch in the tractor cab to turn the air on or
off.) Then, lock the trailer brakes by applying the steering
column brake lever in the tractor cab. This helps to
pievent the trailer from moving when the tractor is backed
under it.

Be sure that the lower fifth wheel locking handle is in
the OPEN position. Normally, this is insured by pulling
the handle forward until it is approximately 45° from the
centerline of the tractor. Back the tractor until the fifth
wheel picks up the front of the trailer and the landing gear
wheels are off the ground. Back the tractor under the
trailer with a fast and forceful motion until the jaws of the
lower fifth wheel automatically lock around the kingpin



on the trailer. This will throw the lower fifth wheel
locking handle into the CLOSED position. Make certain
that the coupling is secure by trying to pull the tractor
forward with the trailer brakes set.

Ingest tba electric jumper cable into the receptacle on
the trailer and secure it in position. Operate the lights from
the towing vehicle to make =min that all are in working
order. Remove the chock blocks. Release the landing gear
crank from its clip. This crank is usually located
underneath the edge of the trailer near the landing gear.
Engage the crank and rotate it to raise the landing gear.
Raise the landing gear as high as possible to afford
maximum clearance. Place the crank back in its clip.

Before we move on to operating a tractor and trailer,
let's go through the procedure of uncoupling them. Block
the wheels on both sides of the trailer. If you park on an
upgrade, place the blocks behind the wheels; if you park
on a downgrade, place them in front of the wheels. Close
the shutoff valves on the brake lines at the rear of the
tractor. Uncouple the shutoff valves on the brake lines at
the rear of the tractor. Uncouple the airbra'm lines from
the couplings on the nose of the trailer. The trailer brakes
will set automatically when the emergency air line is
uncoupled. Disconnect the electric jumper cable from the
receptacle on the nose of the trailer. Remove the landing
gear operating crank from its clip and engage it on its
shaft. Turn the crank to lower the landing gear feet until
they contact the ground. Replace the crank in its clip.

Place the lower fifth wheel handle in the OPEN
position. Drive the tractor forward until the semitrailer is
free and rests on the landing gear. Take it easy and pull the
tractor out slowly. This prevents dropping the weight of
the trailer suddenly on the landing gear if it is not in full
contact with the ground.

Operation. Operation of the tractor and trailer is much
more difficult than that for most other vehicles. You must
make allowances for the added length when turning,
backing, and passing other vehicles. You must also
consider space for maneuvering this larger unit into
position for loading and unloading. There are special
techniques for turning, backing, and stopping the tractor
and trailer combination.

When you make a turn with the tractor and trailer, you
must allow for the overall length of the unit. Also, keep in
mind that this unit is "hinged" in the middle and the
trailer has a tendency to cut the corners rather than follow
the tractor. For this reason, it is necessary to make a wider
turn than when you are turning with a straight truck.
However, on a right turn, keep the unit close enough to
the road edge to keep a following vehicle from making an
attempt to pass on the right. (CAUTION: It is extremely
important that the turn signals be turned on well in
advance of starting the turn. This will warn other drivers
that a turn will be made and allow them to drive
accordingly.) When preparing for the turn, pull straight
ahead into the intersection and continue until you can
make the turn without the trailer wheels running over the
cutb or off the road on the inside corner.

When you back a tractor-trailer combination, reverse
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the procedures you use to back a straight truck. For
example, if you want the trailer to go to the left, turn the
steering wheel to the right. After the trailer is headed in
the desired direction, turn the steering wheel slowly to the
left. This puts the tractor in the same line of travel as the
trailer and prevents the tractor and trailer from
jackknifing. (The term "jackknife" means a condition
where the tractor and trailer become jammed together at
an acute angle.) Backing the trailer to the left is known as
"sight side" backing and is the method recommended
whenever possible. When backing to the left, you have a
better view of the area into which you are backing, as you
can see in figure 6-3.

Revco.- these procedures to back a trailer to the right.
This is called "blind side" backing and should be done
only when it is absolutely necessary. As you can see in
figure 6-4, you cannot see the rear of your trailer or the
area into which you are backing. For this reason, a guide
is mandatory for blind side backing.

In normal operation, apply the brakes of the tractor and
those of the trailer simultaneously. This is done with the
tractor brake pedal which controls both the tractor and
trailer brakes. This procedure is not recommended when
driving on steep grades or slippery surfaces. The safest
way to stop a tractor on slippery roads or steep grades is to
apply the trailer brakes first. Then apply the tractor
brakes. This procedure reduces the possibility of the
trailer jackknifmg or swinging out of the line of travel.
You apply the trailer brakes independently of the tractor
brakes with a lever mounted on the steering column. Be
careful not to pull the lever too far and lock the trailer
wheels. Do not use the trailer brakes for parking.

Exercises (E57):

1. If the airbrake lines are properly connected they will
be

2. What is the range in size for tractors?

3. On which fifth wheel are the locking jaws?

4. What is the first step in the uncoupling procedure?

6-3. Load Distribution

Each vehicle is designed to carry a maximum load. In
carrying this load, the truck has a front suspension system
(axle, springs, wheels, etc.) and a similar rear suspension
system, each of which is designed to carry a certain
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Figure 6-3. Backing trailer left (sight side).

maximum load. It is important that you adhere to these
load limits when loading and unloading the vehicle.

E58. State how load distribution affects truck
operation.

Manufacturer's Specifications. Suppose, for
example, we consider a 1-ton truck. Let's say the truck is
to be operated on smooth roads and the manufacturer's
specifications read as follows.

a. Empty truck:
(1) Weight 4500 lbs.
(2) Front axle 2500 lbs.
(3) Rear axle 2000 lbs.
b. Maximum load 3000 lbs.
c. Maximum gross weight 7500 lbs:
(1) Front axle (maximum) 3000 lbs.
(2) Rear axle (maximum) 4500 lbs.
(NOTE: Weights shown are not that of an actual truck.

They are, however, reasonable values that have been
selected to simplify calculations.)

Load Placement. Suppose we have 32 bags of cement
at 94 pounds each to haul to the job site. Also, let's say the
cement is stacked on two pallets (16 bags per pallet).
Now, , if both pallets are loaded on the front of the truck
bed, the front axle will be overloaded. If they are placed
on the back of the bed, the rear axle will be overloaded.
Such loading will place excessive strain on the frame and
respective suspension system (axle, springs, shocks,
wheels, wheel bearings, and tires) and, the steering will
be affected by improper load placement. Thus, to avoid
such a condition, you should insure that the load is
distributed so that each axle carries only its share of the
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Fig= 6-4, Backing trailer right (blind side).

load. When operated as such, the truck will have proper
balance, good vision, and normal steering characteristics.
Suspension parts will have a normal lifespan and the truck
can be operated safely.

Balance. You may recall from your childhood days
some experiences on the seesaw (see fig. 6-5). As you can
see, the board is supported by a bar. The length of the
board extending on either side of the bar can be adjusted.
This adjustment provision can be used to compensate for
children of different weights.

Detail A of figure 6-5 shows a balanced condition.
Why? To answer this we must understand some basic
properties of balance. Then we will extend these
properties to your vehicle, the truck. The seesaw is
balanced because the two weights are equal and their
distances from the supporting beam are equal. Let's apply
some simple arithmetic to analyze this balanced
condition. First, let's consider the left side of the seesaw.
The force applied is the product of weight and distance.
Distance, in this case, is measured from the center of the
supporting beam. Such distance is commonly referred to
as a moment arm. The moment (75 x 100 = 7500
inch-pounds) is a force that tries to rotate the left end of
the board downward about the pivotal point (beam) as
shown in detail B. This force, as you can see, is opposed
by an equal force trying to rotate the right end of the board
downward about the same pivotal point. The two
opposing forces are equal; consequently, the board is
balanced.

The mathematical analysis is somewhat involved. You
will be expected to perform only limited calculations as a
5 level airman. As you progress up the career ladder to the
7 level, however, you should have a better understanding
of load placement and its effect on the truck operation.
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Figure 6-5. Seesaw board.

A serious accident could result from improper loading.
For example, suppose you are driving a truck that has a
heavy load on the back of the truck bed. Further, suppose
you encounter rain and turbulent winds on an asphalt
road. As you probably know, this type of road can
become very slick when wet. Let's suppose you approach
a familiar turn at a speed that would be slow under
onfinary conditions. However, the light load on the front
tires, slick and wet pavement, and turbulent winds could
cause loss of control in the turn. The vehicle could veer
off the pavement and overturn. The results could be
severe damage to the truck and possible loss of lifeyour
life!

Exercises (E58):

1. When a truck is overloaded to the rear, how does it
affect steering characteristics?

2. What determines which portion of the load is to be
carried by each axle?

6-4. Rough Terrain Forklifts

During contingency operations the movement and
handling of materials and equipment is often difficult
because of the unimproved surfaces where these
operations take place. Because of this, the material
handling equipment (MHE) must be specially designed to
operate over these surfaces. The rough terrain (RT)
forklifts in the Air Force inventory are designed for this
specific purpose.

E59. State how to use rough terrain forklifts.

Rough Terrain Forklift Attachments. The rough
terrain forklift used by the Air Force is a multi-purpose
piece of equipment. By removing or adding attachm..,as it
can be used as a forklift, dozer, scraper, scoop shovel or
front-end loader. Two experienced technicians can
remove the bucket and install the forklift mechanism in
about 4 hours.

Operation. To load material stacked on pallets,
approach the pallet and check thc forks to make sure that
they are far enough apart to insure stability. Pull forward
and slide the forks under the pallet. Tilt back and raise the
forks. If you are stacking material, raise the load to the
proper level, tilt forward, and place the load in position
and back out slowly. As you back out, check the forks for
clearance.

To load material not on pallets, depending on the shape
of the object to be moved, you can first tilt the forks
forward and try to slide the forks under the load, or you
can raise one end of the load and block it and then raise
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and block the other end. Four by fours make ideal blocks.
After you have the load blocked, you can then slide the
forks under the center of the load. Before you lift the load,
you should tilt the forks back to prevent the load from
tipping forward. When transporting a load, raise it just
high enough to clear the ground. To insure stability, travel
slowly, avoid sharp turns, and do not attempt to stop
suddenly.

Hauling Construction Materials. Let's say that you
are going to haul a large quantity of prefabricated airfield
landing mats. The mats are 12 feet long and 2 feet wide.
There are 12 mats per bundle. Let's assume that you are
going to use a forklift to load and unload the mats,
because it is the most likely piece of equipment to use.

Place the trailer beside the mats. Leave enough mom
between the trailer and stack of mats to allow forklift
workirg space. Place 4 x 4s, or other suitable blocking,
across the trailer floor. Set the mats on the 4 x 4s. If the
forklift will reach far enough, you can load from one side.
If not, load from the middle out on each side. After you
get the first tier loaded, place 4 x 48 on top of it and load
another tier. Load as many mats as the tractor and trailer
will haul without overloading. Check the data plates for
the maximum load. When you have the vehicle loaded,
place two chains across each row of mats. Tie the chains
securely and tighten them with load mrillers.

Load binders are chain tightening .4at are made
of iron with swivels, two chain ha , nd a lever, as
shown in figure 6-6. You hook one binder hook on the
chain near the trailer and the other higher up and tighten
the chain by pulling the lever down. The lever will stay in
place as long as the chain is tight. To release the load
binder, push the lever up and away from the chain.

After you drive from the loading point to the unloading
point, park the tractor and trailer so that there is sufficient
forklift working room. Release the load binders and
remove the chains. Place 4 x 4s on the ground where you
are to stack the mats. The 4 x 4s will serve three purposes;
they will allow the forklift forks to slip out easily, keep the
mats out of mud and water in wet weather, and allow
forklift forks to be easily slipped under the mats in the
future. You may use the 4 x 48 that are under the mats on
the truck. This example is only one type of construction
material that you may haul. With minor variations in the
procedure, you can haul most types of construction
materials in the same manner.

Figure 6-6. Load bincL%-.

Exercises (E59):

1. How far apart must the forks be?

2. Chains are tightened by the use of what device?

3. A front-end loader may be converted to a forklift in
approximately how many hours?

6-5. Front-End Loaders

The front-end loader is a self-contained unit. It can be
mounted on pneumatic wheels or on tracks. Since you are
more apt to operate wheel-mounted loaders than
track-mounted units, we will concentrate on this type.
Because of the different types of attachments that can be
mounted on the loader, such as a traction-type bucket or a
forklift mechanism, it is a very versatile machine. Its
versatility is further enhanced by its ability to operate over
rough terrain. You can see why it is a very important piece
of equipment to the CE equipment inventory.

:ESL Specify the techniques of operating front-end
loaders and the types of operations they perform, and
state the functions of the controls.

These loaders are available in varioue sizes and
capacities, and they have buckets holding up to 3 cubic
yards. The Air Force loader generally falls in the 11/2- to
21/2-cubic yard range. They are usually diesel engine

I powered and are equ ipped with a transmission of the
power-shift type providing four speed ratios forward and
reverse. On older models of the 21/2 cubic yard unies, the
frame is hinged midway between the front and rear axles.
This construction is referred to as an "articulated" frame.
On this type of machine, the front axle provides the
steering. A hydraulic system provides power for
operating mounted attachments and assists in steering.

Versatility of the loader is depicted in figure 6-7. Detail
A shows the loader equipped with a multi-purpose
bucket. Equipped as such, it may be used to scoop up and
load loose material into a truck; or, it may be used to dig
earth out of a bank. This heavy duty, all-welded, steel
bucket has replaceable cutting edges and bolt-on
replaceable teeth. This durable bucket has the strength to
perform excavation of medium-type materials. Equipped
with this bucket, the loader can perform clamsheli, dozer,
scraper, and scoop-shovel functions. The machine in
detail B of this illustration is poised for dozer operation.
Detail C shows the machine converted to a forklift. As
such, it can be used to load equipment or supplies onto a
truck or flatbed. It may also be used to move machinery
and packaged or crated material over a short distance.
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Figure 6-7. Loader attached with bucket and forklift attachments.
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Other attachments available, but of limited military use,
include the crane hook and snowplow.

.ts we discuss loaders, there will be areas where it is
necessary to cover a specific piece of equipment. We will
tefer to the International Hough (pronounced huff) 90 in
this chapter where the information is specific. This loader
is shown in figure 6-8. It is a versatile machine that can be
used as a loader and as a forklift. The typical
wheel-mounted loader is equipped with large rubber tires
that give it a relatively low-ground-bearing pressure.
With this characteristic, this type of machine can perform
a variety of jobs and is capable of speeds approaching 30
miles per hour. The loader has good traction on unstable
surfaces and can perform on side slopes of 15 percent and
on straight slopes up to 30 percent in the direction of
travel.

Operating Controls. Refer to figure 6-9. Notice that
the Hough 90 loader is equipped with numerous controls,
each of which has a specific function in the control of the
loader. We will consider these controls as two sets and
review their functions briefly. One set controls the
bucket, while the other set controls the engine,
transmission, and brakes.

Bucket controls. As shown in figure 6-9, the three
levers located on the right side of the operator's seat are
used to control the bucket. Lever number one is used to
raise, hold, lower, and float the bucket. Lever number
two is used to tilt the bucket or forks. Lever number three
is used to open and close the clamshell.

Other controls. The remaining controls pertain to
speed, direction, transmission, and brakes.

The two levers located on the left of the steering wheel
(fig. 6-9) are used to control the direction and the speed of
the loader. The direction shift lever (5) has three
functions. In its forward position the loader moves
forward; the center position is neutral; and the downward
position is reverse. Speed shift control (6) has thret
positions; i.e. , up is first speed, center is neutral, and
down is second speed. Since the loader has a 4-speed
power shift transmission, this combination provides low
speed ratios.

Controls (4), (7), and (10) are self-explanatory from
their titles in figure 6-9. Control (7), however, has a dual
function. It disconnects the transmission and applies the
brakes when the pedal is depressed.

A bucket position indicator, shown in figure 6-10, is
affixed to the boom. It indicates the operating mode of the
bucket. Position indications include bulldozer, scraper,
bucket, and clamshell.

Operation of Front-End Loader. Now that you are
familiar with the loader controls, let's discuss operadon
of the loader. For an example, let's consider loading a
dump truck from a stockpile. The loader is equipped with
a regular bucket. Refer to figure 6-11. You should begin
with the bucket leveled with the ground (approach). Then
drive forward into the stockpile (thrust). As the bucket
fills, tilt backwards and raise the bucket. Back away from
the pile keeping the loaded bucket low (loaded). Always

Figure 6-8. Front-end loader with clamshell-type bucket.
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(1) Bucket raise and lower lever (5) Direction lever (9) Foot throttle
(2) Bucket tilt lever (6) Speed shift lever (10) Parking brake
(3) Clamshell lever (7) Transmission disconnect pedal (11) Parking brake warning light
(4) Hand throttle lever (8) Brake pedal (12) Instrument panel

Figure 6-9. Front-end loader controls.
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travel with the loaded bucket as low to the ground as
possible. Then, raise the bucket to the desired height as
you approach the dump truck. To prevent damage to the
dump body, dump the first load a little at a date. To
increase production, keep the travel distance as short as
possible. Spotting the trucks where you want them is a big
help.

Another method of loading is by use of the clamshell:
you should engage the bucket to the dozer position, push
the material ahead, and, when you have a pile, close the
clamshell (see fig, 6-12). You can then use the scraper
position to spread the load. Set the bucket to the desired
height. Then, as you back up, open the clamshell. As the
material flows out, regulate the clamshell opening to
maintain the desired depth of spread. The speed of the
loader and the type of material normally governs the
clamshell opening. You can also use the clamshell to
dump the load in a dump truck, as shown in figure 6-12.

Excavating. The loader may also be used to dig or
excavate. You should start by leveling the bucket with the
ground. Then drive forward and tilt the bucket forward.
When the bucket has penetrated the ground to the desired
depth, level off and continue until the bucket is full. Then
tilt the bucket back and raise it approximately 12 inches
from the ground. Carry the load to the desired dumping
site. Remember, always carry a full bucket close to the
ground to insure maximum stability.

The loader can excavate ior basements, personnel
shelters, weapon revetments, etc. If the loader !s used for
this purpose, you must construct a ramp into the
excavation in order to bring the material out (see fig.
6-13). A combination of the loader and haul trucks
increases the efficiency more than threefold.

Backfi lling. The loader can be used In other operations,
such as backfilling ditches or trenches. By lowering the
bucket to grade level, the forward movement of the
machine pushes the stockpiled earth into the trench (see
fig. 6-14). This work is ideal for the scoop loader,
provided the bucket is as wide or wider than the tracks or
wheels, for it insurea cleanup in the least number of
passes. Narrow buckets cause the tracks or wheels to ride
up the stockpile. This raises one corner of the bucket and
reduces the area for cleanup.

Techniques of Operation. You can use certain
operating techniques to improve the production of scoop
loaders. For example, when you load the bucket, move it
parallel with the ground, with the cutting edge skimming
the surface being traveled. This action removes ruts,
obstacles, and loose material during the forward pass of
the machine. Move the loader at slow speed, increasing
power as the cutting edge contacts the bank or stockpile.
On penetration of the material, raise the bucket. Crowd
the material into the bucket and roll the bucket back. This
procedure prevents the spilling of the material.

Proper positioning. Proper positioning of equipment to
receive material from the loader is necessary for
maximum production, to minimum maneuvering time,
and protection of the traveled surface.

Handling of difficult material. To maintain efficieucy
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when handling a sticky n. l that has a tendency to
cling to the bucket, use the multisegment bucket with its
clam-type opening instead of the solid bucket. For
material that is medium to hard, first break up or loosen
the material with a rooter, ripper, or explosives.

Selection Factors. Certain factors should enter into
your selection of a loader or other item of equipment to
perform a task. One of these factors is the volume of
material to be excavated. Loaders are excellent machines
to use in soft to medium material, such as that found in
stockpiles. When the material is medium to hard, the
production rate of the loader is greatly reduced. Further, a
loader attains its highest production rate when it works in
flat, smooth-surfaced areas und has proper space to
maneuver. If there are poor underfoot conditions and lack
of space to operate efficiently, some other items of
equipment may be more effective. The height to which
the material must be placed or dumped is another factor
which must be considered. Other items of available
equipment may construct a stockpile faster or load a
hopper or grizzly more efficiently.

Exercises (E60):

1. What techniques should be used to operate a sc
loader on a bank or stockpile?

2. Name two operations the front-end loader can perform
and briefly explain each operation.

3. State the functions of the two sets of controls.

4. There r:e three levers used to control the bucket.
State the function of each.

5. In what positions should you engage the bucket to
push the material in a pile?

6. Which bucket do you use when you want to spread the
load?

7. Under what condition does a loader perform best?



DUMP

Figure 6-11. Loading a dump truck.

APPROACH FILL

DUMP

Figure 6-12. Loading and unloading a clamahell.
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Figure 6-13. Loader excavation pro!ect.

Figure 6-14. Backfilling with a loader.
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8. Where is the bucket position indicator located?

64. Industrial Tractors

The most common vehicle found in a civil engineering
organization is the industrial tractor. An industrial tractor
is used constantly on a wide variety of light jobs in both
consvuction and maintenance. Much work can be done
with an industrial tractor with one or more attachments
connected to it.

In a contingency operation you may be required to
operate either a farm tractor, or an industrial tractor, or
both. For all practical wrposes, they are both operated in
essentially the same way. The only difference is in the
number and type of attachments available. Since the two
are very similar in operatio , and the industrial tractor
will accept more attachments, we will discuss only
indue tractors in this unit.

E61. State the method for mounting equipment and
the purpose of the PTO; and name the hydraulic
controls and three of the attachments used.

Industrial tractors must be of sturdy construction and be
relatively free from maintenance problems. For example,
to withstand the pressures exertul by a front-end loader,
the front axle of an industrial tractor must be heavier and
stronger than the front axle on a farm tractor. Because of
the heavier loads it must control, the clutching
mechanism is sturdier; and for more traction, industrial
tractors are equipped with larger rear tires than farm
tractors.

The engine of an industrial tractor is usually in the
60-horsepower class. It may be otimi gasoline or diesel
operated. The engine provides the pressure to the
hydraulic system that gives the operator "fingertip"
control of all mounted or ;attached equipment. Through
the use of the hydraulic controls, all mounted equipment
and attachments, or attached equipment with remote
cylinders, can be controlled from the operator's seat. In
addition, the hydraulic system provides power steering at
all operating speeds.

Mounting of Equipment. Several methods have been
devised to mount equipment on, or attach them to,
industrial tractors. The most modem and convenient
method is the three-point hitch, shown in figure 6-15.
This hitch provides three separce points at which an
attachment is connected. It consists of two lower (outside)
links and one upper (center) link. The lower links support
the weight of the attachment and apply thedirect pulling
power to it. The upper link provides a means by which the
attachment can be positioned or leveled.

The right lower link is also equipped with a leveling
adjustment (see fig. 6-15). By using both the upper link
adjustment and the right lower link adjustment, an
attachment can be leveled or positioned as desired. Once

LOWER LEFT

UPPER CENTER

LINK LEVELING
ADJUSTMENTS

LOWER RIGHT
CJN-010

Figure 6-15. Three-point hitch.

the *attachment is positioned, you have complete contivl
over it (raising, lowering, etc.) through the hydraulic
system controls.

Many types of equipment simply are pulled behind the
industrial tractor. This trailing type of equipment is
attached to a drawbar. This may be a swinging drawbar, a
fixed drawbar, or a floating drawbar.

Floating drawbar. This device is nothing more than a
crossbar fastened to the lower links of a three-point hitch.
It has the advantage of being adjustable (up or down) to
match the height of the equipment hitch.

Swinging drawbar. This drawbar (fig. 6-16) consists of
a drawlink hinged at the tractor end so that the opposite

0 0
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Figure 6-16. Swinging drawbar.



end is free to pivot across a supporting bar that is attached
rigidly to the tractor housing. The swinging drawlink is
free to swing the entire width of the support bar or, when
desired, it can be locked in place. When pulling
trailing-type equipment that does not require close
positioning, steering is easier if the swinging drawbar is
left free to swing. If a three-point hitch is on the tractor,
place the lower links in the UP position to prevent
interference when the drawbar swings from side to side.
When you want the pull on a load to be centered, bolt the
swinging drawlink in its center position to the support bar.

Fixed drawbar. This device (fig. 6-17) is found on
many older model tractors, but it can be used in many
modern towing situations. It consists of a flat, U-shaped
drawlink fixed rigidily to the tractor housing. Steel rod
braces support the drawlink and increase its load-carrying
capabilities. The fixed drawbar has holes spaced along its
length. On pin-type equipment tongues, the pin simply is
dropped through one of the holes. When the ball and
socket type of trailer hitch is used, the ball can be mounted
readily in one of the holes.

Power Takeoff. All industrial tractors are equipped
with a PTO located on the rear-end tractor housing.
Through a system of reduction gears, the PTO provides
operating power from the tractor engine to the mounted or
attached equipment. A PTO shaft and its housing are
shown in figure 6-18.

You can operate the PTO independently when the
tractor is in any forward, reverse, or in neutral gear. In
other words, if the forward motion of the tractor is
stopped, the PTO will continue to operate until it is
disengaged. Its operation is independent of the tractor
clutch and is controlled with the lever on the tractor
frame.

When you use the power takeoff equipment, it is
essential that the PTO shaft is the proper length. If the
equipment is attached to the drawbar, you may have to use
an extension adapter on the power takeoff shaft to make
up the connection. A PTO extension adapter (fig. 6-19).
has a female spline on one end that mates to the PTO
splined shaft. The exposed end of the adapter has a male

CJN-009

Figure 6-17. Fixed drawbar.

Figure 6-18. PTO.

spline that can be mated to a female spline on the
attachment or equipment. All splined ends are drilled so
that they can be keyed if necessary. Keying prevents the
splinrAl ends from separating during operation.

Unless you take safety precautions, operating the PTO
can be hazardous. Never engage the power takeoff unless
.Ff0-driven equipment is mounted or attached to the
tractor. Never step down from the tractor until after you
disengage the PTO. When you remove equipment,
remove the extension adapter and cover the ITTO shaft.

Hydraulic Controls. The hydraulic controls used to
control the three-point hitch are illustrated in figure 6-20.
Although some manufacturers may locate or position the
controls differently on their tractors, basically, there are
three controls: (1) the draft (or load) control, (2) the
position (up and down) control, and (3) the response (or
action) control.

Draft cmtrol. Use the draft, or load, control when a
three-point hitch attachment is of the soil engaging type,

SA FETY.--.,
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Figure 6-19. MD extension bar.
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Figure 6-20. Hydraulic controls.

and when you need the attachment to maintain a uniform
working depth to follow the contour of the ground. When
you use a draft-controlled attachment, such as a ripper or
plow, the draft system automatically maintains the
attachment at an even working depth and transfers weight
to the tractor's rear wheels to provide traction, regardless
of soil irregularities. When you are working in an area that
has various soil textures, uyou nan keep a r form depth
by making minor adjustments to the draft control lever.

To lower a draft-controlled attachment from theupper
position to the ground, move the draft control lever down.
If the attachment is running too shallow, continue to move
the draft control lever down until you have the depth you
want. If the attachment is running too deep, move the
draft control lever up until you reach the depth you want.
After you get the desired depth, set the adjustable locator
in line with the draft control lever to use as a reference.
This procedure will allow you to lower the attachment to
the same selected working depth.

Position control. Use the position control for operating
three-point hitch mounted attachments that are not draft
controlled, such as scoops or earth augers. You can hold
attachments of this type at a fixed height, depth, or
intermediate position regardless of draft loads. Moving
the position control lever toward the RAISE position
taises the attachment. Moving the lever toward the
LOWER po.,,ition lowers the attachment. Locating the
position control lever at intermediate positions within the
position control range locates the lower three-point hitch
links at the corresponding intermediate positions. The
position control lever has an adjustable stop that lets you
return the lever from RAISE to the same desired operating
position.

Response control. The response control is used in
direct conjunction with the load control. The response
control governs the rate at which three-point hitch
attachments are lowered to the ground from the RAISED
position and also governs the rate at which the load
control system responds to various draft loads. The
response control is used with the position control to
regulate the attachment lowering rate.

Certain attachments are very active in the soil andcause
rapid changes to the draft load because of aggressive
attachment penetration. You can smooth out the.-.# rapid
changes by moving the response control toward the
SLOW position. If the attachment tends to "float" on the
soil, the draft response may be too slow. You can
corrected this condition by moving the response control

toward the FAST position until the draft control system
responds proper1.,..

Attachments. The industrial tractor is used more often
than any other item of equipment in the pavements and
grounds section because of the many different jobs it can
perform when the right piece of equipment is attached to
it. The tractor alone is worth very litde to the equipment
operator. It becomes a working unit capable of most light
construction and maintenance jobs when attached
equipment is controlled by the hydraulic system and
driven by the PTO.

Plows. A plow (see fig. 6-21) is used to break up
unimproved grounds and turn under undesirable
vegetation. You can use it to turn under organic material
on Unproved or semi-improved grounds where sod is to be
established. Some AF installations use the plow to turn
under dry grass and create vegetation-free strips to
prevent fires from spreading onto such areas as ammo
storage areas and airfields. Plows can be of any size, from
one to six moldboard plows. There are a wide varity of
manufactured plows. Some are wheel mounted and are
towed by industrial tractors with a fixed drawbar. Others
are mounted to industrial tractors by a three-point hitch.

When attaching the plow to a three-point hitch, it is
essential that the plow be leveled. Yon can level it by
extending or retracting the upper link, and by raising or
lowering the right lower link. If the plow is not leveled,
the plow may tend to ride out of the ground, go deep into
the ground, or drag to one side. The plow is controlled,
once the cutting depth is set, with the hydraulic system.
The main control used is the draft control lever. The
position ,:ontrol lever is placed in the RAISE position and
the response control is placed at the desired speed. Once
these two levers are set, the plow can be controlled by
using the draft control lever only. To raise the plow, place
the draft lever in the UP position. To lower the plow,
place the draft control lever at the desired digging depth.
Once you may have the desired depth, you set the
adjustable locator. This procedure insures that each time
the plow is lowered it automatically goes to the desired
cutting depth.

Harrows. Three types of harrows are in general use at
Air Force installations: (1) disk, (2) spring-tooth, and (3)
spike-tooth harrows. A disk harrow (fig. 6-22) is used
primarily for pulverizing soils. It can be used to chop
weeds and light brush in areas too rough for mowing. A
disk harrow is often used to pulverize plowed ground
during seedbed preparation where sod is to be established.
The two sets of disks are arranged to throw dirt in opposite
directions, leaving a loose, relatively smooth, surface.

Older model disk harrows are attached to the tractor
drawbar and are raised and lowered mechanically with a
lever or crank located on the top of the frame. Pulverizing
soil to the desired depth with this type of harrow often
requires that additional weight be placed on top of the
harrow frame. Later models are attached to the
three-point hitch and are controlled hydraulically. You
adjust the depth position of the hydraulically controlled
disk from the tractor seat. You can reach the correct depth
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Figure 6-21. Plow attachment.
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Figure 6-22. Disk harrow.
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by setting the controls in the same manner as was
explained for the plow.

A spring-tooth harrow, (fig. 6-23) acts like a chisel
when it is placed into the soil. You can be use it to
pulverize plowed ground or soft ground that has not been
plowed. The spring teeth are adjustable and can be
arranged to cultivate by cutting undesired weeds at their
root base. The greatest use for a spring-tooth harrow,
however, is in road work. It is an exceptionally good
implement for mixing and stirring soils during
stabilization.

A spike-tooth harrow (fig. 6-24) is used primarily for
smoothing soil after it has been gone over with a disk
harrow. The rows of offset spikes are adjustable. A
spike-tooth harrow can be made as wide or as harrow as
desired simply by adding or removing sections. Older
models are fastened to the tractor drawbar and the spikes
adjusted with the lever on top of each section. Some ofthc
newer models can be attached to th e. three-point hitch and
ihe spike angle can be controlled with a remote hydraulic
cylinder.

Mowers. Air Force installation acreage is normally
divided into improved, semi-improved, and unimproved
lands. It all must be maintained and the vegetative growth
controlled. One of the most economical and efficient
means of controlling the growth of both desirable and
undesirable plants is through the use of tractor-mounted,
or tractor-towed mowers.

Reel-type mowers (fig. 6-25) are used on grounds
where the turf is in excellent condition. These mowers are
not used in tall growth or on woody plants. The design of
the mower tends to push over, or knock down, high
growth without cutting it. They arc used primarily on
lawn areas where good cutting appearance is desired.

These mowers are used in three or five gang
combinations and can cut at speeds from 4 to 8 miles per
hour. The mower blades are driven from the traction of
the attachment wheels. The mower is not driven by the
tractor PTO. These mowers may be towed from the
drawbar, or some newer models can be connected to the
three-point hitch.

A rotary-type mower, as shown in figure 6-26, can be
used on semi-improved and unimproved grounds. They
can also be used to clear brushy areas, and they can handle
small trees up to a diameter of 2 inches. These mowers
can be used in a single unit, or, if a large area is to be
covered, they can be arranged in gang. They are powered
by the PTO, and are attached to the three-point hitch.
Rotary mowers are the most dangerous of all mowers;
they should never be used where there is a concentration
of people, buildings, or vehicles.

Two other types of mower attachments that arc
available at some installations are (1) the flail type and (2)
the bar (sickle) type. The flail mower operates off the
PTO and the three-point hitch. It is a heavy-duty,
high-volume cutter used for rough and coarse mowing as
well as for fine grooming. Because all moving parts of the
flail mower operate beneath a chamber, it is considered to
be the safest mower in the Air Force inventory. A cutter
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bar mower is designed for high-speed cutting when used
in the open field. Beceuse of the flexibility in the cutter
bar, it is adaptable for cutting along fences, ditch banks,
and other rough areas. The cutter bar mower is bolted to
the frame beneath the tractor, and is positioned and
controlled with the hydraulic system. When cutting along
fence lines or drainage ditches with the cutter bar mower,
it is best to operate the tractor in first gear and never faster
than second gear. The cutter bar mower is a dangerous
piece of equipment. Never approach the cutter bar or
handle it unless it is disengaged.

Exercises (E61):

1. State the most modern and convenient method for
mounting equipment to an industrial tractor.

2. Which link adjustment is used to level or position the
equipment when a three point hitch is mounted to a
tractor?

3. State the purpose of the PTO located on the tractor.

4. What two safety precautions must you observe to
when operating a tractor with a IYTO attached?

5. Name the three hydraulic controls used with the
three-point hitch.

6. Name three atiachments used with the three point
hitch.

6-7. Water Distributors

Water distributors are truckor
trailer-mountedtanks with a spray bar for sprinkling dry
soil so that it will compact well. They are also used for
storing water, hauling water, and washing
equipmentanything that calls for water. This vehicle is
commonly called a water truck. It is equipped with an
auxiliary engine for pumping water from a stream into the
tank. The same engine can be used to pump water out of
the tank, under pressure, through the spray bar. The water
will also flow through the spray bar by gravityit's just a
little slower this way. This water can be pumped out of the
tank at other places besides the spray bar. It depends on
the use you are making of the water.
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Figure 6-23. Spring-tooth herow.

Figure 6-24. Spike-tooth harrow.
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E62. State how to fill the tank and spectfy the
procedures and safety actors involved in the operation
of the trucir.

Riling the Tank. The first task in operating a water
truck (fig. 6-27) is to fill the tank. For normal operation on
a base with fire hydrants, you connect a firehose onto the
hydrant and fill the truck from the hydrant. Be sure that
the hose won't come out of the tank when you turn on the
water. You can do this by putting several feet of the hose
in the tank, having someone hold the hose in the tank, or
by tying the hose to the tank near the opening. Use a
special hydrant wrench to turn the water on. If you use a
pipe wrench or other common wrench, you will round the
corners of the three-cornentd hydrant cock.

If you must haul a large amount of water, a fill station
should be set up to reduce loading time. A typical fill
station consists of a pole set in the ground near a hydrant
(fireplug) and a pipe connected to the hydrant (fig. 6-28

illustrates a typical setup). The pipe is strapped to the pole
for stability and to protect the pipe from accidental
damage. The pipe has a short piece of &those at the exit
end to allow a truck to pull under the pipe. The firehose
then can be put easily into the water tank for filling. When
you are working in the field, you can set up a system
similar to the one just described near a stream or lake. Use
the gasoline engine-powered pump to fill the water tanks.

Driving the Truck. A word of caution when operating
a tank truck. You must be very careful while operating the
truck when the tank is not completely full. The reason is
that ballast plates inside the tank normally are designed
only to reduce water movement forward and backward. If
you make a sudden turn, the water sloshing from side to
side may cause you to loose control. The vehicle can tip
MGT.

The factor most important in determining how well a
soil can be compacted is the degree of moisture in the soil.
Sprinkling soil so that it will compact well requires that

Figure 6-28. Rig for loading Water trucks.
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you sprinkle slowly to allow the witer to soak in-instead of
tunning off. Sprinkling behind a sheepsfoot roller will
also prevent the water from running off. The depressions
made by the roller feet will retain the water so that it will
soak in. Sprinkle just enough water so that the soil will
compact well. You can't compact mud any better than
you can dust.

Ex-elses (E62):
I. Explain the procedure for filling the tank of a water

truck.

2. If you are to haul water for long distances, you should
set up a fill station. What does a typical fill station
consist of?

103

3. Explain thc danger in operating a tank truck whcn the
tank is not completely full.

4. State the most important factor in determining how
well the soil can be compacted.

5. Explain the procedure in the use of the water truck
when compacting soil.
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CHAPTER 1
Refers:stows?

ANSWERS FOR EXERCISES

S.f 11 - 1. Fast aid :treasures for injuries such as fractures and chest
wounds, for emergencies such its drowning and electric
shock, and for common emergencies such as minor wounds
and unconsciousness. You should learn as much as you can
about first aid measures for sickness and injury resulting
from inchnioial toxic substances.

1301 - 2. Observations of the plans, soles, nail beds, mucous
membranes of the lips and mouth, and mucous membrane
which lines the eyelids and is reflected onto the eyeball.

1301 - 3. Know what to do acd what not to do.

602 - 1. '1'be four lifesaving steps are: assure breathing, stop the
bleeding, protect the wound, and prevent or treat shock.

Fin - 2. Pulling clothing over the wound increases the danger of
infection, and moving the wounded part may make the
wound worse, as well as cause needless pain.

003 - 1. True.
003 - 2. True.
003 - 3. True.
1303 - 4. True.
1303 - 5. False. The sword-swallow ing position means the victim's

chin and neck are stretched away from his chest.
833 - 6. True.

- 7. True.

004 - 1.

005 - I.

1305 - 2.
1305 - 3.

1306 - 1.
006 - 2.
006 - 3.
1306 - 4.
006 - 5.

E06 - 6.
006 - 7.
1306 - 8.

007 - 1.

1308 - 1. True.
008 - 2. True.
E08 - 3. True.
Eoe - 4 False. Change "stroke" to "exhaustion."
08-5. True.

1308 - 6. False. Change "6" to "12."
1308 - 7. True.
1308 - 8. Truc.
608 - 9. False. Change "when he or she regains consciousness" to

"at once."

1309 - 1. True.
E09 - 2. True.
E09 - 3. True.
E09 - 4. True.
1309 - 5. True.

CHAPTER 2

1310 - 1. True.
1310 - 2. True.
1310 - 3. Tme.
1310 - 4. True.

Ell - 1. Infection is the invasion of a person's body by
disease-producing organisms.

El 1 - 2. a. Skin and mucous membranes.
b. Cellular system (lymphatic system).
c. Blood system.

True.
True.
True.
True.
False. Delete "toothpaste." Insert "a toothbrush alone."
True.
True.

(1) a. C.
(2) b, A.
(3) a, C. 012 - 1.
(4) b, B. 1312 - 2.
(5) c, A. 1312 - 3.
(6) c, A. 012 - 4.
(7) b, A. 012 - 5.
(8) c, A. 1312 - 6.
(9) a, B. 012 - 7.

(10) c, A.
013 - 1.

You dress a wound to reduce bleeding and to protect it from
infection and further injury.
A dissaing is a pack or padding placed directly on the wound.
A bandage is the material you use to hold a dressing in place
or create pressure to stop the blood flow. E14 - 1.

True.
True.
False. Cold and clammy skin is indicative of shock. 014 - 2.
True.
False. Wine is alcoholic, and alcoholic beverages should not
be given to any injured person.
True.
True. 1315 - 1.
False. You treat for shock whenever the symptoms appear. If 1315 - 2.
they don't appear, you sort treating to prevent shock, after 1315 - 3.
assuring breathing and stopping the bleeding. 1315 - 4.

1315 - 5.
(1) a.
(2) b. 016 - 1.
(3) c.
(4) d.
(5) c.

104

(1) c, B.
(2) a, E.
(3) b, D.
(4) d, A.

a. 4.
b. 2.
c. I.
d. 3.
a. Iodine tablets; calcium hypochlorite ampules.
b. Calcium hypochlorite.
c. Twenty minutes after mixing.
d. One canteen.

True.
False. Change "is not" to "is."
False. Change "are suitable" to "are not suitable."
True.
True.

1. C.
2. d.
3. a.
4. e.
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£17 - 1.
1317 - 2.
1317 - 3.
£17 - 4.

£17 - 5.

£18 1.
£18 - 2.
B18 - 3.
B18 - 4.

1119 - I.
B19 - 2.
1319 - 3.

£20 - 1.

E20 - 2.

E20 - 3.

CHAPTER 3

Concealment from direct and indirect observation.
Hiding.
Deceiving.
C:hoice of positiun, camouflage discipline, and camouflage
construction.
Noise and light discipline.

Burnt cork, charcoal, lampblack, and mud.
Paint, bands, and helmet covers.
Tbe position of the enemy force.
Through use of camouflage nets.

Cover.
Concealment.
Use both.

Rushing is a technique where you start from the prone
position or cover, pick a location to move to, and quickly get
up and run to that position.
The low crawl is pushing and pulling yourself along the
ground with your weapon lying across your arm and your
head low to the ground; the high crawl allows you to hold
your head up and carry your weapon across your arms in front
of your body.
To walk at night, you lift your legs high and come down on
your toes.

1321 - 1. Part of your force moves forward 10 to 15 meters at a time
while the remainder of the force lays down cover fire.

- 2. The only difference between individual and team fire and
movement is tha: the number of people moving at one time is
greater with team movement.

E22 - 1. To advance on a hostile position and gain a position close
enough to be able to conduct an assault.

E22 - 2. To lay down sufficient fire on the hostile position to provide
an effective coves for the maneuver echelon.

E23 - 1. a. To observe a large area for enemy activity.
b. To specifically locate enemy activity as you move

through an area.
c. To observe a single point and record information

concerning enemy activity.
E23 - 2. (1) b.

(2) 0.
(3) c.
(4) 0.
(5) a.

£24 - 1. a. Destroy a moving or temporarily halted target.
b. Attack and desttoy an enemy position and then withdraw.
c. Move into an area, destroy or remove the enemy, and hold

the territory.
d. Screen or cover the flanks of a position, area, or route.
e. Establish a road block to prevent enemy movement or

reinforcement, seize key terrain to prevent enemy use, or
act as a blocking force.

E24 - 2. (1) d.
(2) a.
(3) 0.
(4) b.
(5) c.
f,6) c.

a. Preparation-gather intelligence and plan counterattack.
b. Fire and maneuver-depart the line of departure and

maneuver unde: cover fire to the final coordination line.
c. Asuult-cover fire is shifted away from the maneuver

echelon as they stand and assault the hostile position,
retake, and secure the position.

1326 Men in kill zone assault the ambush position. Men not in kill
zone maneuver against the ambush force. Eliminate the
ambush or break contact as directed.

£25 I.

E26 - 2, Men in kill zone return fire and take available cover. Men not
in kill zone maneuver against the ambush force. Eliminate
the ambush or break contact as directed.

- I. To insure that all hostile forces have fled or been neutnilized
and all boobytraps found and disaimed.

£27 - 2. Areas and buildings previously held by an enemy are taken
from enemy control and made available for occupation by
friendly forces.

£27 - 3. Enter building from top; search and clear from top to bottom.
1327 - 4. Enter on second floor, search and clear second floor, proceed

to top of building and starch and clear &we.
E27 - 5. Reconnaissance in force, flight size.

- 6. Raid, squad size.

E28 - 1.
£28 - 2.
E28 - 3.
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B29 - 1.
B29 - 2.
E29 - 3.
E29 - 4.
£29 - 5.

No.
Yes.
Yes.

a.
c.
b.
C.
a.

B30 - 1. b. To break up enemy attack fornuitions and to hold or
channel the enemy in areas covered by your most
intensive fire.

1330 - 2. c. To camouflage the position of your primary wire barriers
and to connect barriers surrounding your defensive
positions.

B30 - 3. a. To prevefit surprise assaults from points close to your
defensive area.

E31 - 1. C.
E31 - 2. g.
E31 - 3. b, e.
E31 - 4. C.
E31 - 5. d.
E31 - 6. C.

E31 - 7. f.
E31 - 8. C.

E31 - 9. 11-

E31 - 10. C.
E31 - 11. b.

CHAPTER 4

E32 - i. a. Motor column in which a prescribed space between
vehicles is maintained, regardless of speed.

b. Time-distance graph used in planning arid controlling
motor marches.

c. Major subdivision of a motor column, consisting of
elements from one area to the same destination.

d. Number used to multiply the speedometer reading to
determine vehicle distance in yards.

e. Time required for a motor column to move a cenain
distance at a given rate of speed.

f. Number of vehicles passing a given point within a given
time period.

g. A convoy of general-purpose vehicks which do not
exceed legal limitations and which are not carrying
hazardous cargo.

h. A convoy of vehicles exceeding legal size limitations or
traveling at unusually slow speed.

E33 - 1. The amount and Pipe of cargo that is to be moved.
£33 - 2. It is used to gather information concerning the route and the

adjacent areas for planning the move.
E33 - 3. Number and type vehicles needed.
E33 - 4. Maps; forecasters; fuel (or mpairs. ratbris, water); points (or

bottlenecks).

£34 - 1. Base transportation officer in coordination with the security
police officer.
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£34 - 2. Security officer.
- 3. The American Trucking Association, Inc.
- 4. State. local military, and Director of Transportation,

Headquarters USAF.
E34 - 5. DD Fonns 1265 and 1266.

1335 - 1. Vehicle spacing.
£35 - 2. aose column march.
1335 - 3. Open column march.
E35 - 4. Because to an enemy observer, the move looks like ordinary

traffic flow.
1335 - 5. (I) Requites the greatcst amount of time to complete a

move.
(2) Internal control of the column is difficult.
(3) Usually requires more detailed briefing of &hers.
(4) Maintenance, refueling, and messing are sometimes

difficult to arrange.
(5) Tactical employment of unit may be difficult during

march.

E36 - I.
E36 - 2.
E36 -1
E36 - 4.
£36-S.

60 miles.
1100 hours.
1130 hours.
7 uliks.
Jackson Heights.

£37 - I . A convoy of two vehic!es would have mon: than one function
performed by each vehicle. Normally, both vehicles are
load-canying and would constitute the main body. The lead
vehicie carries the individual in charge (head), and ti.e
second vehicle would act as the trail.

E37 - 2. A detached party operates apart from the column and
performs special duties in advance of or following tbe
convoy.

E37 - 3. The head of the convoy follows the prescribed route, checks
in at scheduled points, receives orders or changes in orders,
issues instructions as required, and coordinates with civil
authorities along the route.

E37 - 4. The pace setter (usually slowest vehicle).
E37 - 5. By subdividing the convoy into serials and, where necessary,

march units. Each of these has a commander.
E37 - 6. The 19th vehicle in die 4th serial.

- 1. Signs, written mumps (delivered hy messenger or guide),
two-way radios, sounds, and signals (such as hand and arm
signals).

£38 - 2. Written message or two-way radio.
1338 - 3. Signs posted on madway.

£39 - I. They provide for periods of rest, personal comfort, and
relief, messing, refUeling, maintenance and inspection of
equipment, and allowing other traffic to pass.

E39 - 2. They should be scheduled to allow 10 minutes rest after each
110 minutes of driving time.

1339 - 3. (I) The comfort of personnel and (2) servicing facilities for
vehicles.

Reference:

E40 - I .

£41 - 1.
E41 - 2.
E41 - 3.
E41 - 4.
E41 - 5.

E42 - I .

E42 - 2.
E42 - 3.
E42 - 4.

E42 5.
E42 - 6.

E43 - 1.
1343 - 2.
£43 - 3.
E43 - 4.
1343 - 5.
E43 - 6.
E43 - 7.
1343 - 8.

E44 - 1.
E44 - 2.

E45 - I .
E45 - 2.
E45 - 3.
E45 - 4.
E45 - 5.
E45 - 6.
E45 - 7.
E45 - 8.
E45 - 9.

E46 - I.

E46 - 2.

E46 - 3.

' E46 - 4.
E45 - .5.

E47 - I.
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CHAPTER 5

(I) f; (2) d; (3) h; (4) j; (5) b; (6) k; (7) e; (8) I.

T.
F. Large.
T.
F. 5 gallons is appropriate for a tempetate zooe.
F. Increases.

Mark the can. 7.-ea clean and disinfect them befote they ate
used to carry potable water again.
One bag.
By evaporation.
Treat them with a straw chlorine solution and rinse several
times with potable water.
To prevent water from collecting.
Add calcium hypochlorite ampules until the prescribed

residual is teached.

C.
a.
C.
a.
c.
b.
a.
b.

Calcium hypochlorite.
Enough to fulfill the chlorine demand and have some

chlorine residual.

1/4 gallon per minute.
5.
It must be disinfected.
5 PPos.
300 pounds.
3.
30 minutes.
Ottbotolidine.
It is equal or greater.

(I) C. 1; (2) E; (3) E; (4) C. 1; (5) 1; (6) C; (7) C; (8) B.

Fuel is needed; long time required for water to boil and then
cool; no protection from recontamination.
Have no physical changes; must be steel gray in color; should
not be stuck together or be csumbled.
15 seconds.
Medical services.

You should have placed a cheekrnark (I), (3), (5), (6), (7),
(9). (10). (12), (14), (15), and (17).
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1348 I.

E. EFFLUENT LAUNDER

9. WET WELL TANK

I. DOWNCONER TUBE
3.CIACULAN

DISK -4. INFLUENT LAUNDER

S. SEPARATOR ZONE

12. NIXINS ZONE

S. CLARIFICATION ZONE

II. RAFFLE NINO

10. BAFFLE

Fisure 1. Answer for objective E54. exercise 1.
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£48 - 2.
E48 - 3.
E48 - 4.

E48 - 5.
E48 - 6.
E48 - 7.
E48 - 8.
£48 - 9.
E48 - 10.
E48 - 11.
E48 - 12.
E48 - 13.
E48 - 14.
E48 - 15.
E48 - 16.
E48 - 11.

E49 - 1.
E49 - 2.
E49 - 3.
E49 - 4.
E49 - 5.
1349 - 6.
E49 - 7.
E49 - 8.
E49 - 9.
B49 - 10.
E49 - 11.
E49 - 12.
B49 - 13.
E49 - 14.
E49 - 15.

E50 - 1.

E50 - 2.

Effluent; diatomite.
Aspirator; aeraza.
Ferric chloride; limestone; calcium hypochlonte; activated
carbon.
Flat, circular.
Baffles; counter; clarification.
Slurry.
Separator.
Wet well; filter.
Sludge concentrator.
Gravity.
Stopped.
Incoming supply.
Flocculent.
Auxiliary.
Upflow; sluny.
Manually.

Concentrated diatomaceous earth :tinny.
Fffluent, influent, and wash ring.
Influent.
Filter elements.
Cylindrical baffle.
Plug; flow; gate; drain gate.
Influent.
Shell dome.
By 2 pipes, 1 at the base and I at the top.
Plastic.
The filter shell dome and release value.
Wires.
Filter.
Influent; effluent.
Filter aid; fonign matter.

Pulverized limestone, activated carbon, diatomite slurry,
ferric chloride, and calcium hypochlorite solution.
Pulverized limestone to the erdlator as a coagulant aid;
activated carbon to tbe erdlator to remove taste and color;

diatomite slurry to the suction inlet of the filter pump pumped
to the filter as a filter aid; ferric chloride in the mixing zone of
the erdlator, serving as coagulant; calcium hypochlorite
solution in the mixing zone of the erdlator, serving as
disinfectant.

E31 - 1. (1) e; (2) f; (3) d; (4) a; (5) c; (6) b; (7) g.

E52 - 1. Only if you are a member of the advance party.
E52 - 2. 50 feet or less.
E52 - 3. X.
E52 - 4. h
E52 - 5. X.
E52 - 6. The rsw water some should not be near a latrine.
E52 - 7. X.
E52 - 8. Should be on planks or timbers.
E52 - 9. Should be downstream.
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E53 - 1. B.
E53 - 2. B, A.
E53 - 3. B.
E53 - 4. B.
E53 - 5. B, A.
E53 - 6. B, A.
E53 - 7. B.
E53 - 8. B.
E53 - 9. B.
£53 - 10. B.
E53 - 11. B.
853 - 12. B.
E53 - 13. D.
853 - 14. D.
853 - 15. D.
E53 - 16. A.
E53 - 17. B, A.
E53 - 18. A.
E53 - 19. A.
E53 - 20. A.

821t)



B54 1.

1 STRAINER 9 DIATOMITE FILTER
2 RAW WATER PUMP 10 FIRST FILTERED WATER STORAGE TANK
3 RUBBER PAILS 11 SECOND FILTERED WATER STORAGE TANK
4 CHEMICAL SOLUTION FEEDER 12 DISTRIBUTION PUMP
5 ERDLATOR TANK 13 DISTRIBUTION NOZZLE
6 DOWNCOMER 14 FILTER WASTE WATER HOSE
7 SLUDGE CONCENTRATION TANK 15 ERDLATOR TANK WASTE WATER HOSE
8 WET WELL eno-ols

Figure 2. Answer for objective E59, exercise 1.

E54 2. Strainer. Removes large particles of foieign matter from raw
water.

Raw water pump. Supplies raw water from source to unit.
Rubber pails. Contain ferric chloride and calcium
hypochlorite solutin for coagulation and disinfection.
Chemical solution fo der. Two pumps operated through a
gearbox by one motor; chemicals pumped from rubber
buckets to the mixing zone.
Erdlator tank. Where the mixing and purification takes place.
Downcomer. Mng zone.
Sludge concentration tank. Functions as a small auxiliary
clarifier.
Wet well. Provides limited storage of coagulated water and
serves as a sump for the filter pump.
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Diatomite filter. Filters suspended solids from water.
First filtered water storage tank. Stores treated water for
future use.
Second filtered water storage tank. Same as first tank.
Distribution pump. Gasoline engine driven; supplies
waterfiow to users.
Distribution nozzle. Similar to gasoline pump nozzle mci to
dispense water.
Filter waste-water hoes. Provides path for waste water from
filter, and is placed downstream from intake.
Erdlator tank waste-water hose. Provides path foc waste
water from erdlator; also placed downstream from intake.

E55 1. You should have placed a checkmark beside (1), (3), (4),
(6), (8), (10), and (11) through (15).



CHAPTER 6

E36 - 1. 500 to 700.
E56 - 2. Check data plate on duh.
E56 - 3. Engage the clutch, and pull PTO laver toward seat.
1156 - 4. A large hydraulic jack.

1157 - 1. Crossed.
E57 - 2. 21/2 to 10 tons; 18 to 40 feet long and 8 to 10 feet wide.
657 - 3. Lower.
657 - 4. To block the trailer wheels with woodblock,.

1858 - 1. Pum nwaing with
EMI - 2. Manufacturer's specifications.

1159 - 1.
E59 - 2.
859 - 3.

Insure stability.
Load binders.
4.

E60 - 1. Move it parallel with the ground with the cutting edge
skimming the surface while moving loader forward et slow
speed; increase power as the cutting edge contacts the beak or
stockpile. Then raise and roll the bucket back to peevent
opining.

660 - 2. Loading; it can be used for loading by either a reviler bucket
by driving Leto the stockpile or by use of the clamshell
e ngaged to the dozer position. Excavating; it can be used to
dig or eacavate. Start by leveling the bucket with the ground,
then drive forward and tilt bucket forward uadl it penetrates
tbe pound sod bucket is filled.

E60 - 3. One oat controls the bucket; the other controls the engine,
transmission, and brakes.

1260 - 4. One is used to false, hold, lower, and float the bucket; one to

*u.s. Gov a

tilt the bucket or forks; and one to open and close the
ciamshell.

660 - 5. Dozer.
B60 - 6. Ciamahell.
E60 - 7. In soft to medium materials, and when working on fiat,

smooth, surfaces with proper spas, to maneuver.
660 - 8. It is affixed to the boom.

B61 - 1. The thme-point hitch, which provides three separate points
at whiat an attachment is connected.

E61 - 2. The upper link adjustment and the right lower link
adjunment.

651 - 3. It provides opareling power from the tractor engine to the
mounted or attached equipment.

£61 - 4. Never engage the Fro unless PTO-driven equipment is
attached. Never step down from the tractor until after
disengaging the PTO.

E61 - 5. Draft, position, and respoms =trolls
E41 - 6. Plows, harrows, and mowers.

E62 - I. For ncemal operation on a base with fire hydrants, you
connect a fire hose onto the hydrant, then put several feet of
hose in the tank and de it or have someone hold it, and then
use a wrench to turn water on.

662 - 2. A pole set in the ground near the hydrant, a pipe connected so
the hydrant, and the pipe strapped to the pole.

662 - 3. If you mike a sudden turn, the water sloshing from side to
side may cause the truck to tip over, because the ballast plates
are normally designed only to rodeos water movement
forward and backward.

1362 - 4. The deo= of moisture in the soil.
E62 - 5. Sprinkle water slowly so that it will soak instead of nmning

off and apply just enough so that the soil will compact well.
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S T o P - 1. MATCH ANSWER SHEET TO THIS EXERCISE NUMBER.
2. USE NUMBER 2 PEW. L ONLY.

EXTENSION COURSE INSTITUTE
VOLUME REVIEW EXERCISE

56650 08 21
GENERAL CONTINGENCY RESPONSIBILITIES

Carefully read the following:
DO's:
1. Check the "course," "volume," and "form" numbers from the answer

sheet address tab against the "VRE answer sheet identification
number" in the righthand column of the shipping list. If numbers do
not match, return the answer sheet and the shipping list to ECI
immediately with a note of explanation.

2. Note that item numbers on answer sheet are sequential in each
column.

3. Use a medium sharp #2 black lead pencil for marking answer sheet .

4. Write the correct answer in the margin at the left of the itcm.
(When you review for the course examination, you can cove.: your
answers with a strip of paper and then check your review answers
against your original choices.) After you are sure of your answers,
transfer them to the answer sheet. If you have to change an answer
on the answer sheet, be sure that the erasure is complete. Use a
clean eraser. But try to avoid any erasure on the answer sheet if
at all possible.

5. Take action to return entire answer sheet to ECI.
6. Keep Volume Review Exercise booklet for review and reference.
7. If mandatorily enrolled student, process questions or comments

through your unit trainer or OJT supervisor. If voluntarily
enrolled student, send questions or comments to ECI on ECI Form 17.

DON'Ts:
1. Don't use answer sheets other than one furnished specifically for

each review exercise.
2. Don't mark on the answer sheet except to fill in marking blocks.

Double marks or excessive markings which overflow marking blocks
will register as errors.

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet.
4. Don't use ink or any marking other than a #2 black lead pencil.
NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON THE VOLUME

REVIEW EXERCISE. In parenthesis after each item number on the
VRE is the Learning Objective Number where the answer to that
item can be located. When answering the items on the VRE, refer
to the Learning Objectives indicated by these Numbers. The VRE
results will be sent to you on a postcard which will list the
actual VRE items you missed. Go to the VRE booklet and locate
the Learning Objective Numbers for the items missed. Go to the
text and carefully review the areas covered by these references.
Review the entire VRE again before you take the closed-book
Course Examination.
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MULTIPLE CHOICE

Note to Student: Cc aider all choices carefully and select the best
a, war to each question.

1. (E01) As it pertains to administering first aid, which om: of
the following statements is incorrect?

a. First aid refers to the treatment given the sick and injured
before a trained individual can administer medical treatment.

b. In administering first aid, it is alright to attempt treatment
that may be beyond your skill.

C. In administering first aid, it is important to know what to
do and what not to do.

d. A person administering first aid deals with the whole situation.

2. (E02) Of the four lifesaving steps applicable to administering
first aid, which one of the four should be taken first?

a. Protect the wound. c. Clear the airway.

b. Stop the bleeding. d. Treat for shock.

3. (E03) As it pertains to administering first aid, which of the
following statements is incorrect?

a.

b.

c.

d.

When a victim is unconscious their jaw
and sometimes allow the tongue
the throat.
Usually you have to drive
tongue to hold it firmly.
You must use extreme care
a victim's airway.
When someone stops breathing you
airway at once.

muscles will relax
to roll backward and block

your fingernails into a victim's

in removing obstructing matter from

4. (E04) Usually, a
of bleeding?

must establish and open an

tourniquet would be used to control which type

a. Venous. c. Capillary.
b. Arterial. d. All of the above.

5. (E05) To insure that you do not contaminate a wound,

a. probe the wound for fragments, apply a sterile dressing, and

use a bandage to hold the dressing in place.

b. don't touch the wound, apply a sterile dressing, and use a
bandage to hold the dressing in place.

c. tear up your undershirt for a bandage and apply it directly
to the wound.

d. any of the above actions are acceptable.
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6. (E05) Which of the following treatments must be administered inan casualty situations?

a. Treat for shock. c. Restore breathing.
b. Stop the bleeding. d. Apply bandages and dressings.

7. (E06) An indication that a victim has gone into the final stagesof deep shock would be that he or she is

a. gasping for air. c. retching and vomi,ing.
b. excessively thirsty. d. listless and apathetic.

8. (E07) W%ich method is best for transporting a victim a short
distance when you are alone and are not expcsed to gunfire?

a. Litter carry. c. Fireman's carry.
b. Two-hand carry. d. Pistol belt drag.

5. (E08) Of tne following heat conditions, which one, if any, isthe most severe?

a. . Heat stroke. c. Heat exhaustion.
b. Heat cramps. d. All are about toe same.

10. (E08) Which one of the following first aid measures is applied
in the treatment of heat stroke, heat exhaustion, and heat crampvictims?

a. Massage the affected area.
b. Give the victim water containing salt.
c. Immerse the body in the coldest water possible.
d. Immediately transport the victim to the nearest medical facility.

11. (E09) Of the following cold weather injuries, which one is consideredto be the most severe?

a. Snow blindness. c. Trench foot.
b. Immersion foot. d. Frostbite.

12. (E09) In a frostbite situation, if your body part has been numb
for only 5 to 10 minutes you should

a. report to the nearest medical facility.
b. place the affected area in cold water.
c. treat yourself for skin frostbite.
d. rub or massage the affected area.

13. (E10) Foods form each of the seven recommended food groups shouldbe eaten

a. daily.
b. weekly.

c. monthly.
d. when they are offered.
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14. (Ell) The third line of defense that your body provides to combat
infection is your

a. skin.
b. blood.

c. mucous membranes.
d. lymphatic system.

15. (E12) Clothing that cannot be washed should be hung in the sun
to

a. reduce wrinkles.
b. fade the material.
c. brighten the material.
d. combat the presence of disease germs.

16. (E13) What is usually the cause of ingrown toenails?

a. Improper toenail cutting. c. Socks are too large.
b. Socks are too small. d. Fungus.

17. (E14) Under field conditions, water must be certified to be safe
for use by

a. the commander.
b. the base engineer.

c. medical personnel.
d. sanitation personnel.

18. (E14) If you are near a lake in a field situation and need water,
the lake water can be used for drinking purposes if you observe
which of the following precautions?

a. Skim any film or contaminates from the surface, fill your
canteen, and drink.

b. If the water is clear, dissolve one iodine tablet in a canteen
of water, and drink.

c. If the water is clear, dissolve two iodine tablets in a canteen
of water, and drink.

d. If the water is clear, dissolve one iodine tablet in a canteen
of water and wait 20 minutes before drinking.

19. (E15) A bulging can of food will most likely indicate

a. contaminated contents. c. rough treatment..
b. an overheated can. d. poor storage.

20. (E16) How deep is a temporary straddle trench latrine?

a. 1 1/2 feet. c. 3 1/2 feet.
b. 2 1/2 feet. d. 4 1/2 feet.
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21. (E17) What is the primary disadvantage of indirect observation?

a. It is costly in human lives.
b. It produces a record of the area observed.
C. It is far reaching and covers large areas.
d. Photography covers a short period of time.

22. (E18) If you should be surprised by the light from a flare,

a. run for the nearest cover.
b. drop to the ground and remain motionless.
C. freeze in place with your face pointed down toward the ground.d. freeze in place and look toward the direction of the flare

to detect and fire on any enemy movement.

23. (E20) In the rushing technique of moving from one spot to another,
what is the maximum distance you should try to rush at one time?

a. 20 meters. c. 10 meters.
b. 15 meters. d. 5 meters.

24. (E21) What is usually the safest way for a unit to move when it
in under heavy fire?

a. By squads. c. In groups of 2 or 3.
b. As a unit. d. By individual movement.

25. (E22) When dividinE Your force into a base-of-fire echelon and
a maneuver echelon, the two factors to be considered are the

a. situation and the division of the unit so as not to disrupt
the integrity of its elements.

b. element of surprise and the time of day.
c. time of day and the available cover.
d. time of day and the situation.

26. (E23) What type of patrol would be identified with the assignee
task of locating specific enemy positions and reconfirming previous
data?

a. Area surveillance. c. Point reconnaissance.
h. Area reconnaissance. d. None of the above patrols.

27. (E24) Which of the follwoing combat patrols has the mission of
screening or covering the flanks of your position or area?

a. Economy of force patrol. c. Security patrol.
b. Search and clear patrol. d. Ambush patrol.

56650 08 21
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28. (E2J4) What type of partol would best be utilized to act as a
blocking force to allow a major effort to be made without
inte!rference at another location?

a. Economy of force patrol. c. Ambush patrol.
b. Security patrol. d. Raid patrol.

29. (E25) In a combat assault, the "base" man is used for

a. acting as a rear guard.
b. assisting in the evacuation of wounded.
c. giving cover fire to the advancing forces.
d. controlling the speed or direction of the assault.

30. (E26) Of the examples given below, identify the one that
differentiates between actions to be taken in near and f_tr ambush.

a. Always assault or att-ck the ambush position.
b. Retreat as rapidly as possible without awaiting orders.
c. Those personnel not in the kill zone maneuver against the

ambush.
d. The attack or return fire is continued until the enemy position

is destroyed or you are ordered to break contact.

31. (E27) The primary objective of a "search and clear" operation
is to

a. capture enemy hostages.
b. gain control of enemy territory.
c. obtain usable space for use by friendly trcops.
d. eliminate hostile forces and remoVe booby traps.

32. (E27) For "search" operations, the best place to enter a building
is

a. from the top-
b. through the basement.
c. at the first floor level.
d. at any existent middle floor.

33. (E27) is considered to be the key feature of a raid?

a. Complete the raid and slowly withdraw to encourage further
action with the enemy forces.

b. Complete the raid then withdraw immediately from enemy territory.
o. Penetrate the enemy territory slowly by using extreme caution.
d. Penetrate and hold enemy territory with a large force.
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34 (E28) The degree of protection to be gained form field fortificationsis determined by

a. the construction and strength of the fortification.b. how well you distribute the fortifications within the tacticaldefense.
c. how well you adapt the fortifications to the terrain and concealthem from enemy observation.
d. any or all of the above factors.

15. (E29) Of the following
defensive positions, which one would providethe most protection?

a. Foxhole. c. Hasty emplacement.
b. Shell crater. d. Prone emplacement.

36. (E30) Which type of a barrier would be best suited for breakingup enemy attack formations and channeling the enemy into areascovered by most intensive fire?

Supplementary. c. Tacticra.
b. Protective. d. Belt.

37. (E31) Which of the following factors should be considered whenplanning to erect a perimeter fence?

a. The fence must have aepth.
b. All forms of concealment should be removed.
c. It must be effectively covered by defensive fire.
d. All of the above factors should be considered.

38. (E32) Using convoy terms, the average speed of a motor column
over a period of time that include short periodic halts wouldbe referred as the

a. time distance. c. march graph.
b. rate of march. d. march unit.

39. (E33) The number and type of vehicles needed for a convoy isdetermined by

a. the amount and type of cargo.
b. the distance to travel.
c. the Personnel involved.
d. all of the above factors.

40. (E34) Vehicles transporting explosives must be equipped with warningsigns. Where are such signs posted on the vehicles?

a. Front.
b. Rear.

836

c. Both sides.
d. All of the above locations.
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41. (E35) As it pertains to close column formations, which of the
following statements is false?

a. Close column formations provide for rapid dispersion of vehicles.
b. Column control is increased when the vehicles arc closer

together.
c. Communications are better and fewer guides, escorts, and markers

are needed.
d. In a close column formation, the full traffic capacity of

the traffic lane oan be used.

42. (E36) A "march graph" is used

a. for recording the progress of a convoy ovr',. a given route.
b. for planning movement of a convoy over a given route.
c. to control the movement of a convoy over a given route.
d. to accomplish each of the above actions.

43. (E38) Which one of the following selections identifies the best
type of intracolumn communication for convoy control?

a. Two way radios.
b. Visual and arm signals.
c. Flags of different colors and shapes.
d. Whistles or other audible sounding devices.

44: (E39) When convoy columns are halted there should be a minimum
of how many yards of clear visibility to the front and to the
rear of the column?

a. 400.
b. 300.

c. 200.
d. 100.

45. (E39) During convoy halts, it is the responsibility of officers
and noncommissioned officers to

a. check vehicles and perform opetor maintenance.
b. post guards and check vehicle tires for proper inflation.
c. make necessary inspections to insure resumption of movement

of tne column.
d. check security of loads, welfare of personnel, and performance

of operator maintenance.

46. (E40) Which of the following chemicals is used to disinfect water?

a. Calcium chloride. c. Magnesium chloride.
b. Calcium hypochloride. d. Magnesium hypochloride.
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47. (E40) The amount of chlcrine added to water is computed by the
amount of

a. dosage plus residual. c. demand plus residual.
b. demand minus residual. d. residual minus dosage.

48. (E41) If shower facilities are provided at an installation in
a temperate zones, how wach water should be available per man per
day?

a. 10 gallons. c. 20 gallons.
b 15 gallons. d. 25 gallons.

49. (E41) Water requirements of five gallons per person per day is
planned for a climate which is

a. cold.
b. arid.

c. semiarid.
d. temperate.

50. (042) What is the chemical dosage of disinfeettant used to
decontaminate water cans?

a. One ampule to one gallon of water.
b. One ampule to two gallons of water.
c. Two ampules to one gallon of water.
d. Two ounces to one gallon of water.

51. (E42) What is used when cleaning Lyster bags?

a. Lye solution. c. Chlorine solution.
b. Soap solution. d. Detergent solution.

52. (E43) To obtain water from a stream, the intake should be located

a. downstream from any source of contamination.
b. upstream from any sour2e of contamination.
c. on the bottom of the stream bed.
d. just below the water surface.

53. (E44) Sea water may be treated to remove contaminateb by

a. distillation.
b. chemical coagulation.
c. precipitation of the oontamination.
d. filtering with a diatomite filter.

54 (E45) By using two filter pads simultaneously, how much muddy
water can normally be filtered with a knapsack filter unit before
the filters become plugged?

a. 5 gallons. c. 15 gallons.
b. 10 gallons. d. 20 gallons.
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55. (E45) How much chlorine residual should normally be present
in the water after a 30-minute contact time?

a. 2 ppm.
b. 3 ppm.

c. 4 ppm.
d. 5 ppm.

56. (E45) What is the initial dosage of calcium hypochlorite that
should be placed in a 36-gallon Lyster bag?

a. One ampule. c. Three ampules.
b. Two ampules. d. Four ampules.

57. (E45) What color should be obtained when testing the chlorine
residual?

a. Red.

b. White.
c. Clear.
d. Yellow.

58. (E46) How many iodine tablets should be used to disinfect cloudy
water in a canteen and how long should the water set before using
it?

a. One tablet and ten minutes.
b. Two tablets and ten minutes.
c. Two tablets and twenty minutes.
d. One tablet and twenty minutes.

59. (E46) How long should you let the chlorine set in the canteen
before using the water?

a. 10 minutes. c. 20 minutes.
b. 15 minutes. d. 30 minutes.

60. (E46) How long should you keep water at a rolling boil to assure
safe water?

a. 20 seconds. c. 10 seconds.
b. 15 seconds. d. 5 secones.

61. (E47) The primary purpose of the mobile water purification unit
in to produce

a. safe, germ-free water for human consumption.
b. clear, clean water for general purposes.
c. pure water from lakes and streams.
d. pure, soft water for laundry purposes,

62. (E47) The 600 gallon-per-hour mobile water purification unit
in mounted on

a. a 2-ton truck.
b. rolw-by-four nkida.

c. a two-wheel trailer.
d. a four-wheel trailer.
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63. (E48) The slurry level in the erdlator tank is controlled by

a. continually withdrawing slurry from the top of the slurry
pool

b. regulating the amount of slurry added to the filter elements.
c. placing any excess slurry in a holding tank.
d. directing the excess slurry to waste.

64. (E48) When water in tne wet well of the erdlator is unsuited
for filtering, the operator should

a. extend the retention period in the wet well.
b. recircuiate the water through the erdlator.
C. add chemicals to the wet well.
d. drain the water to waste.

65. (E48) The sludge concentration tank

a. provides a longer holding period for slurry concentration.
b. drains the flocculant concentration from the system.
c. increases the upflow to the erdlator.
d. mixes the clear water with the slurry.

66. (E119) The filter in the erdlator is divided into three sections,
they are the

a. concentrator, wet well, and wash ring.
b. influent section, wet well, and wash ring.
c. effluent section, concer.trator, and wet well.
d. effluent section, influent section, and wash ring.

67. (E49) The air release valve in the filter section

a. forces waste out under air pressure.
b. releases air in the dome of the filter.
c. prevents aeration of the slurry.
d. aerates the effluent.

68. (E50) The chemical feeders are used to supply

a. calcium hypochlorite and calcium chloride.
b. ferric chloride and calcium hypochlorite.
c. calcium chloride and ferric chloride.
d. calcium sulfate and ferric chloride.

69. (E51) Which one of the following components is not a minor component
of the field purification unit?

a. The generator.
b. The distribution pump.
c. The diatomaceous earth filter.
d. The raw water and filter pumps.
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70. (E52) It in recommended that the maximum distance separating
the mobile water purification unit and the raw water source not
be in excess of

a. 10 feet. c. 50 feet.
b. 25 feet. d. 100 feet.

71. (E53) Maintenance service on field purification units include

a. daily, weekly, and monthly services.
b. startup, operation, and shutdown services.
c. filling, operating, and draining services.
d. preoperation, during operation, and after operation services.

72. (E54) Ferric chloride is used with the field purification unit
as

a. an absorber.
b. a coagulant

c. a filter aid.
d. a disinfectant.

73. (E54) Activated carbon is used in the field purificati nit
to

a. disinfect the water.
b. coagulate the limestone.
e. filter out the coagulant.
d. control objectionable odors and tastas.

74. (E55) Ferric chloride and calcium hypochloride should never
be mixed because they

a. give off a suffocating chlorine gas.
b. become extremely flammable.
c. are highly corrosive.
d. may explode.

75. (E56) The length of materials that can be carried by a truck
is governed by

a. state law.3.
b. the type of material ca.rried.
e. the data plate capacities.
d. the method of securing the load.

76. (E56) If you drive through an area of heavy traffic with an
oversized load, you should

a. have spottcrs.
b. not exceed 5 mph.
e. stop all traffic.
d. get a Security Police escort.
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77. (E56) To engage the power take off (PTO) on a dump truck,

a. accelerate engine in neutral.
b. drive forward 15 mph.
c. depress the clui,ch.
d. hold the brake.

78. (E57) The "fifth wheel"

a. is the spare tire.
h. is the landing gear.
c. is the steering wheel.
d. couples the tractor and trailer.

79. (E57) To be certain the tractor and trailer are aecurely coupled,

a. try pulling the tractor forward with the trailer brakes set.
b. jack the trailer up with the landing gear.
c. drive forward rapidly.
d. drive forniard slowly.

80. (E57) The safest way to stop a tractor-trailer on steep grades
or slippery surfaces is to apply the

a. tractor brakes only.
b. trailer brakes only.
c. trailer brakes first, then the tractor brakes .

d. tractor brakes first, then the trailer brakes.

81. (E58) What is the moment, in inch-pounds, if a 75 lb. weight
in placed 20 inches from the pivot point?

a. 150.

b. 1500.
c. 3.75.

d. 37.5.

82. (E59) The rough terrain forklift can be converted for use as

a. a dozer.
b. a scraper.

c. a front end loader.
d. any of the above equipment.

83. (E59) When transporting a load with a rough terrain fork life,
raise the load

a. above the chassis for stability.
b. above the chassis for visibility.
c. just high enough to clear the ground.
d. to a position level with axle centers.

56650 08 21
13

841



84. (E60) When using the front-end loader, approximately how far
should the bucket be off the ground when carrying a load to a
dump site?

a. 12 inches. c. 36 inches.
b. 24 inches. d. 48 inches.

85. (E60) To maintain front-end loader efficiency when handling
sticky material that has a tendency to cling to the bucket,
you should

a. use the one-piece buckct equipped with bolt-on teeth.
b. lubricate the bucket with diesel fuel oil.
c. apply water to the bucket to keep it wet.
d. use a clamshell-type bucket.

86. (E60) A front-end loader will maintain its highest efficiency
rate when

a. working on flat smooth surfaces with proper f-pace to maneuver
and with material that is of soft to medium consistency.

b. working on flat smooth surfaces with proper space to maneuver.
c. working on flat surfaces and loading medium to hard material.
d. when loading soft to medium material.

87. (E61) Why are industrial tractors equipped with larger rear
tires than those of a farm tractor?

a. For more traction.
b. For better control.
c. Because of the heavier load they are subjected to.
d. To reduce maintenance due to their heavy use.

88. (E61) One characteristic of the floating drawbar is that it

a. is free to swing the width of the support bar for easier steering.
b. is adjustable up and down to match the height of the equipment

to be used.
c. is adjustable up and down and swings from side to side for

easier steering.
d. consiatz.; of a flat U-shaped drawlink for better load-carrying

capabilities.

89. (E61) To operate the PTO on a tractor, the gear shifts must
be in which position?

a. Forw,rd. c. Neutral.
h. heverse. d. Any of the above.
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90. (E62) Ballast plates are used inside the :ank of a water truckto

a. distribute the water evenly.
b. reduce the water movement forward and backward.
c. reduce the water movement from side to side when turning acorner.
d. reduce the water movement from side to side and forward andbackward.

END OF EXERCISE
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ATC/ECI SURVEY

The remaining questions (125-135) are not part of the Volume ReviewExercise (VRE). These questions are a voluntary ATC/ECI survey. Usinga number 2 pencil, indicate what you consider to be the appropriate
response to each survey quention on your answer sheet (ECI Form 35),beginning with answer number 125. Do not respond to questions thatdo not apply uo you. Your cooperation in completing this survey isgreatly appreciated by ATC and ECI. (AUSON 100)

PRIVACY ACT STATEMENT

A. Authority: 5 U.S.C. 301, Departmental Regulations

H. Principal Purpose: To gather preliminary data evaluating theATC/ECI Career Development Course (CDC) Program.

C. Routine Uses: Determine the requirement for comprehensive
evaluations in support of CDC program improvement.

D. Whether Disclosure is Mandatory or Voluntary: Participationin this survey is entirely voluntary.

E. Effect on the Individual of not Providing Information: No adverse

ill

action will be taken against any individual who elects not to participain any or all parts of this survey.

QUESTIONS:

125. If you have contacted ECI for any reason during your enrollment,how would you describe the service provided to you?

a. Excellent. c. Unsatisfactory.
b. Satisfactory. d. Did not contact ECI.

126. My ECI course materials were received within a reasonable
period of time.

a. Strongly agree. c. Disagree.
b. Agree. d. Strongly disagree.

127. The condition of the course materials I received from ECI
was:

:1. A complete set of well-packaged materials.
b. An incomplete set of well-packaged materials.
c. A complete set of poorly packaged material
d. An incomplete set of poorly packaged mai.erials.
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MAIL TO: EC!, GUNTER AFS AL 36118-5643

STUDENT REQUEST FOR ASSISTANCE
TTRTVACY ACT STATEMENT

AU 111ORITY : 10 TISC 8012, PRINCIPAL PURPOSE: To provide student assistance al requested by indMdual students. ROU'ITIST 1)SES: This turin is
st:: ix pf ....dr: lath. ..Tct.dir .,..i ofunrrsta iri.,iccimoe.usa nhda dnyboyf %cam: tund:annti .:shangeneitrycl. tFoahtularCee mon pi rn:vui i(ri ay :hi %tin %Cr I. U , S IT . ct

1 ma t inCssi.oOu I el KreFsu: IVt inlu isiltuat7r.t Tait': etI u"tilf'i7rrni antaigilli tryegtuoi.ts'i'tds i'gassistance to the student.
I CORRECTED OR LATEST ENROLLMENT DATA
t THIs REQUEST CONCERNS

COURSE. )( 6)
Z. TODAYS DATE 3. ENROLLMENT DATE 4. AUTOVON NUMBER

5 SOCIAL SECURITY NUMBER (7-t5) 6. GRADE/RANK 7. NAME (Plrst i iitial, second initial. last narm)

I

(17)

8 ADDRESS
OJT I:NE, 31.i.l ES Address of unit fro' g office

with tip code.

A1.1. (.1 1111:IIS Curzeilt mantra) address with zip code.

-(33-53)

_(54-75)

97NhIVI-E-Sii- -ii.i.iE 6-1-i-iNiTALLATION IF NOT SHOWN ABOVE 10. TEST CONTROL OFFICE 2IP CODE/SH NW 33 19)

II REQUEST FOR MATERIALS, RECORDS. OR SERVICE
f.'OR EC1 USE. ONL YPlace an 'A 'through number in hox to left of service requested.

I
- -

Request address change as indicated in Section I. Bloek 8.

2 Request Test Control Office change as indicated in Section I, Block 10.

3 Rec1u,s1 name change/correction.
(Provide Old r,r 1,,er,rregt data h(re)

4 ft cplest Grade/R4,1k di angc /correction.

Correct SSAN. (tist inc(,rrect SSA 'V here.)
((orrect SSA N should he shown in Section I.)

6 Extend course compktioli &ie. (Justi . in "Remarks")

7 Request enrollment cancellation. (Justly in "Remarks") 6
G

J

8 Send \IRE answer sheets for Vol(s): 1 2 3 4 5 6 7 8 9 10
Originals were: I I Not received I I Lost I I Alisused

VOT. 33-35 GR 36.38

9 Send course materials. (Specify in "R emark I.-)
I I Not teceived I I Lost I I Damaged

33 34 35-40

10 Course exam not yet teceived. Final VRE submitted for grading on _(clate).
33- 35

-----
11.

.
Re,ults for VRE Vol(s) 1 2 3 4 5 6 7 8 9 10 not yet received.
Answer idteet(s) submitted__ (date).

VOL 33-35

12 it,suIts fur CE :tot yet received. Answer sheet submitted to ECI on (date).
TC 36-37

13 l'ievious inquiry (( I ECI Fen 17. I I hr, I I msg) sent to ECI on (date).
DOE 39-45

_

14

......

(.(1/e (Ils(1-11Etiotial assistance as requested on reverse. Q
33-34

OR(
38

1

15 Other (F.s plain fully in "Remarks") MC 39-42

REMARKS i('ontinisc on reverse)

OJT sl.t ' Ill.:NTS must have Owl- OJT Administrator certify this record,

.1/./. OTI 1E11 STUDENTS may certify their own requests.

I certify that the information on this form it accurate
n eand that this request cannot he aswred at this station.

SIGNATURE

ECI FORM 17
DEC PREVIOUS EDITION WILL BE USED.

4 5
BEST COPY AVAILABLE



NO II Oursti nn or comments relati
agent V. rot diate response t
address in the prt Of 1.01
_

VRE ITEM QUF.STIONED:

COURSE NO

VOLUME NO

VRE FORM NO

VRE ITEM NO

ANSWER YOU CHOSE
(Letter)

HAS VRE ANSWER SHEET BEEN
SUBMITTED FOR GRADING?

LI YES LI NO

REFERENCE

(Textual reference fnr the answer 1 chose
ran be found us shown below.)

IN VOLUME NO

ON PAGE NO

IN 1 1 LEFT I I RIGHT COLUMN
LINES THROUGH

REQUEST FOR INSTRUCTOR ASSISTANCE
ng to the accuracy or currency of subject matter should be forwarded direr tly to prepan..g
o these questions. call or write the course author directly. using the AUTOVON number to
All trait r iit comer g the t ourse should he forwarded Its IrCh

MV-ZillESTfcini

REMARKS

ECI FORM I 7. DEC 8 4 (Reverse)

ADLATIONAL FORMS 17 available from traivers, OJT and Education
Offices. atcl EC1. Course workbooks have a Form 17 printed on the last page.


