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PREFACE

The Oceanographic Education Center (OEC), an office funded under the
Title II; program and administered by the Falmouth, Massachusetts School
syeiem; has been seeking weys of imporving soience instxuotion in the
schools, The short field course in vceanography described in this manual
is one odtgrowth of that effort, It is designed to supplement the eighth
grade science ocurrioulum with projects that are not only meaningful to
ths students, but which will also serve as a medium for learning elemen~
tury prinoiples of generallsoienca.

The course is taught at the Sea Farm Research Foundation property on
Bourne's'Pond, a typical Atlantic estuary, approximately two'mileq long
and averaging 200 meters in width. The faoilities consist of a two é?ory .
chicken broo&er house coqverted for use as a laboratory, two small skiffs,
one of them equapped with a four horsepower outboard, and the estuary and
surrounding marshes, The eqr‘pment is as simple as pvssible. Much of it
is either readily available from the school system or inexpensively made
from items purchased at the hardware store. | ‘

There are three prinoipal objectives of the course: (1) to stimulate
the interest of young students in the merine soiences; (2) to instruot
atudents in the scientific method of field observation and laboratory ine .
vestigation; (3) to take advantage of the interdisoiplinary nature of
oceanography to teach basic principles of general science, The students
assimilate elements of physics, biology, chemietry, and geology as an
integral part of carrying out their own projeots, iVhile eolleoting data
in the field, processing it in the ludoratory, and drawing conolusions
from the results, they are, as a mattor course, involved in the techniques
of soientifioc investigation, _

This booklet is essantially a manual of procedures vith a separate
seotion devoted to each project. It is hoped that this arrangemsnt will
make the booklet equally useful to those who will bde adble to teach the
course as a uni! running for five consecutive school days and to those vwho
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may want to offer it au a series of field trips scattered throughout the
school year. Included with each procedure are a suggested lesson plan and
description of the equipment used. The course, lLowever, is more than a
series of projects, Experimental technique is emphasized as a means of
providing the students with an insight into the scientifio method and an
elementary understanding of the subjeot matter of oceanography. Some of
the beat opportunitles for encouraging this insight and understanding are
presented during the periods of casual conversation.anong students and
teachers thatoccur frequently in a field course such as this, There will
be plowty of"time for. talk during woTk in the field, once the particu\er
me thod of collecting epeoimens, famples, or data has been dnmonetrated.

To provide ‘'some guide to topica relnvant to each project, thore is an
introductory discuaeion4prefeeing’eech sestion. These diaeussions are

not exhauvative treatments but rather surveys of pertinent 1nformation
around whioh *he teachey can organize his tbAr;hts about the objeetivee

of the course. "and by means of which he can guide his reaeaxcﬁ.._The :
rererenceq; listed section bty seotion, should Ve consulted for thorough )
exposition. of toples that are only touched upon hexe, and for definitione R
of unfamiiler words and-technical terns that space has not alloued ue “to
define, = _

The Qourse is described as it i nresently taught in Falmouth, but
its eonten* can be erranged to fit the requirements of a nunber of different
schedules, and the proceduree can be nodifiéd aceording to the dietates
of the faoilities and equipment that are available. The schedulee and
lesson plans are not intended as mandates that must be carrisd out for
fear that othervise: the, courae would fail to achieve its objectives,

The staff of the OBC is conetently wodifying the course in an atteapt

to faprove it on the beeie of experience. This manual recorde the progress
to date, and its purpose ia to nake it easier for others to set up an
oteanogravhic field course for the first time in their school aystans,
fThough murine waters are not available to all science teachers, most of

the projeots deseribed here can be adapted to the study of fresh water

ponds and lakes, which are acceaeible 1n sany parts of the United Stetee.

'
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:Génerél Scheduling

The Sea Farm field course lﬁsta for fivé 6onsecutive school days: -
It is repeated each veek for approximatelf ten weeks in the fall and ten
weeks in the spring, depending onAfhé weather, and is open to all eighth
_ grady students who yolunteef.. The children attend in classes of not -
:‘_morp than twenty, so that each of the almost four hundred eighth graders
vuill have a ciance %o épeﬁd one week at the Sea Farm sometime during the
school year. ' ' '

During the week at the Soa Farm, the class is subdivided into two
groups, each ygroup of ten.ehgaged‘in a different project on any given
day. Two teachers are rqquired, This arrangement provides the studsnis
with the amount of personal attention required to teach the course =
_ successfully, and insures the maximum use of the facilities and equipnment,

Schedule of Activities for a Typical Week -

DayA - Group. { . Group 2
"1 Plankton ‘ Teacher ¥  Bathymetry Teacher 2
2 Pish Teacher 1. Salinity, Teachor 2
Temperature,
and Density
3  Bathymetry Teacher 2 Plankton Teachor 1
4 Salinity, Teacher 2 Fish Teacher 1
Temperature,

and Density

5 Benthic Animals and Teacher 2 Benthic Animals and Teacher 1
Review Review

Acknowledgrontis

Many people have helped .t6é sake the.Sea Farm coured a success, We owe
special thanks to Dr. Shields \larren, president of the Ses Farm Research

Fourdation, Inc., who generously donated the use of his laboratory facilities,
The Woods Hole Oceanographic Institution, the Marire Biological Laboratory,
and the U, S, Bureau of Commercial Fisheries were also generous in lending

us extra laboratory equipment and supplies.

vii



All of the scientists of theose institutions whose advice we sought
were unfailingly gracious in giving up somo of their valuable time to
holp us, ile are most grateful to all of, thep. Though it is impossible
to acknowledge each one individually, we must mention those whose time
we took most frequently. Dr, Mary Sears and Dr. llelbourne R,:'Carriker
lont us innumerable reference books an¢ identification keys in addition
to giving us valuable advice on ways to improve our experimental tech-
niques. Dr. George D. Grice, Dr. Rudolf S. Scheltewa, and Hiss Johanna
M, Roinhart assisted us in identifying epecimens of plankton taken from
Bourne's Pond, : 4
" "Speoial thanks are also due to the administrators and teachers of
the Falwouth Intermediate School, vho had enough faith in the course that
they were willing to have their students attend even though it meant
ox“ra vork in scheduling their classes.

For help in preparing the manual, we are nost grateful to Dr. Sears.

and Dr, W. Redwooq Wright, who have read the manusoript and offered valuable

suggestions for its improvement,
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FISH SAMPLING AND IDENTIFICATION ...

o - Diseussion . ve e L

',IwFighea are khe most noticeable wator organisms because of their
gogiv}ty, size, and effoct on other o.ganisms. They are the predators,
the voraoious feeders whosse influence in a biological food web may be
gevathting in a shallow, constricted hody of water,

Fish are members of the phylum Chowcdata, a group of'.prganisms
possessing a complex bony or pimple cartilage-1ike internal skoleton and .
a dorsal nerve cord. They aro divided into threc classes: (1) claes
Agnatha, the jawless fishes raepresentcd by the lamprey and hagfishj
(2) olass Chondrichthycs, the fishes such as the sharks and rays which
have cartilage skeletons and small tooth-1ike projeotions or denticles
all over their bodies instead of acales; and (3) class Osteichthyes, the :
bony fishes with true scales or flat plates covering their bodies.

. These pe}agic,,frgefgg§mq§ng, quaq§§é§_gg9 widely dispersed over the
oceans, Howevé;;'é;}pein spéoiea are linited to a definite area by their
inadbility to tolerato changes or gradients in physical conditions. A
single factor, or several, may linit an organiem or speciep. to that area
vhere optisum conditions are found for that individual to dreed, grow,
and survive., Bxamples of phys:!cal factors of the marine environment which
may be liniting to fish arct sg}}ni}y,“tgqpqrqygpg, disanlved oxygen,
the ﬁ;;géhpe of Eé;ie eubstancea, and the absence of a partigular sudb-
strate at the proper depth, Such diological factors as the nuader and
type of predators, availadility and quality of food, and territorial
preferdnce for dbraeding or spawning pay also limit fish to u speoifio
area. . Nost fishes are. broadly tolarant to.the preceding factors and are:
thé;; fore ccsn&ﬁ&ii‘@n in their distridution. Fish tggged at specific
sitgs have been recovvered in all other oceans, Certain fish may under-
take long aigrations to search for a new food source if theirs dwindles,
to escape an unfavorable environmental change, or to reach their preferred

spavning ground or nursery which may be distant from the mating grounds,

.
. , - .- . . ]
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Estuaries are nurseries for the young of many speoies of fish, The
water is shallew, warm, relatively free from large predators, and rich in
food. The permanent fish inhabitants of egtuaries are generally small.
but’ numérous. Hundreds of common silversides, mummichoga, sticklebacks,
pipefish, and blennies dagh_from the shore or ripple the water when dis-
turbed. Larger spédiés such as striped bass, blue fish, tautog, mackerel,
and mullet seasonally visit shallow vater, but are seldom seen, These
estuarine visitors fqéidg‘ih deeper, coqier water and are not as numerous,
For a certain period herring alenivea, eels, and salmon travel the
estuaries in search of fresher or saltier vaters in which to rear their

youngi N
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Lesson Plan

8:00 Orientation, attendance, notices.

8:10 Pick up goar from tho storage barn and proceed to. the field,,w_
Class members takc samples for about one hour, keeping all
fish in large buckets to carry back to the lab.

9:152 Discuss, question, answer, and lecture on {1) parts of the

disseoting microscops and proper use and care of it; (2) equip~
rment used; (3) use of the identification key, Fishes of the Gulf
of Maine; (4) proper techniques of preselving organisms and .
handling formaldehyde; and (5) importance of fish to the eco-
system and to students. '

10:30 Usirg the key, identify fishes collected from the estuary _
(usually this involves about eight different species), Include
a fish dissection if time allous.

12:00 Lunch -~ students bring their own,

1This'busine35'will'take longer on the first day of the week,
Extra time will be nceded to instruct the students in proper
laboratory conduct, intorudce them to any special Sea Farm
rules and regulations, give theom a quick tour of the faeil-
ities; and assign them to their rospective groups.

2For each project, the teacher vill need to determine the most
suitable achedule for presenting lectures, discussions, and
demonstrations. For instance, teachers may find that it will
be effective to conduct more of the discussions and demon-
~8trations.in the field and less in the lab, To a degree, this
will depend on the membters of the class. ..

3




Procedures
A. lMaterials and Equipment

t, Dip not (t90 Figuro 1)

2, Seind net (see Figure 2) ” RN KRR

3. Wading boota, Af necessary

4. Buckats. wash buoins. or large plastio bags for transportine e
samples to the lab - R '

5, % Fish trap or trawl

6. Dledge not (eeo Figure 3)

7. Aquaria B

8.1* 19% buffered formaldehyde solution in seawater

g, Forceps e :

10, Petri dishss R ‘ KRR .

11. “Five 'dinsecting microscopes © IR NSRS

12, Five disseccting kits .

13. Life jackets

14, RowbGat or motor boat

15, Idéntification Keys

B, Mothod
1. Sample figh using any of the following methods:

a» Use a dip net from a dock, a boat, or the shore. (This piece
of equinwenf is extremely good in eel grass or muddy bottoms,)
Dip the net lnto the water, catching some mud and/or grass,

" Quickly pvll it nut and empty it into a large container, Sort
»~.. the fish out and throw tha.debris back.s
: ~b;' Uéé a”ééiné net in'sh51104 #afer'(about 1'Qeféf oflieés)
"t‘Have two students hold the poles so ths bases are on the

. bottom and inclined forward then walk the seine slowly

ST i POOR QRIGINAL Copy . BE
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SEINE NET
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BENTHIC DREDGE NET
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.Vftﬁf§ﬁgh the water keeping the lead weights on the bottom
'and thé'floats on the surface, After fishing, walk the
net olose to shore, quickly fold the net lengthwise to
enclose the fish and then lift 1t ashore, If there is no.
bank, the net may be run right onto the shore. - Other
methods of fishing with a seino may Ve devised by the
teacher to fit the patiicular situation, (Since the
students must walk with this net, it is best to use 1t

_ wheve the substrate is firm.)

C. Use_a fish trap or trawl in dcoper water,' iSet the trap
according to the manufacturer's directions., Use oracked
or broken clams or mussels, rolled up braad Lalls, small
fish, or dead fish as bait, Attach the trap to a heavy
weight {a cinder block or a brick) to keep it from shifting
with the current, and to a float on the surface 8o that it

. A
i

can be casily located, . : .

d. Tow a trawl (either along the bottom or at mid-depths) be-
‘hind & boat for about 10-30 minutes to ensure a good haul,
After fishing, raise the tfévl on deck and empty the con-
terits into buckets. ' ' ' e

e. Use abdredge net to c;ptugé snall benthic fish.

- f. Use-fish traps in winter when ice covers the estuary or
pond. Cut a hole in thec ice, bait the trap with minnows,
and set it as the manufacturcr suggests.

Transport the fish back to the lab in buckets, large plastic

pans, or large plastic bere.,
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. 6. Identify the fieh using a key.

3, constant move=-

3,  Observe the live fish for characteristic color
ment of the gills, mucous proteotive covering over the hody, and
... the aotion of the fins in ewimming.' Place some of the fish in
aquaria for future observa+ions and'studiLQ.

4, - Presexrve fish for‘i&entificat;o. by placing them in a closed jar
containing 10% bufferod fozmaldehyde and 90% seawater until they
die.

: Using forceps, plaCe the fish in a petii dish and observe them
vith a disscoting. mioroecope or magnifying glass.

', -7. H Becord numbers caught, weight, length, and sex (where it can be

+, determined easily) ’or each species identified A dissection of
., the fish's stomach may be done to etudy what 1% had recently eaten,

vh

3Sticklebacks, the- commcn mummichog, and the cOmmon pipefish character-~
‘istically change color to match the color of their surroundings, Pipe~
fishes can assums various shades of oli-we, brown, or red, and stickle~
backs and rvmmichcgs arce drnvker in color if they are living over a

dark mud substrate and paler if they are near bright sand. During

the mating scdson, the color chanzes of the male mummichogs and stickle=-
backs aro intensified. The mumnichoz takes on black, steel-blue, and
brighter yellow warkings, and the ‘sticklerack exhibits greenish and
veddish huss and bl~ck dots. Mumnichogs will begin to change from

‘pale to dark in a fev minutes if they are transferred from an illuminated
“aquarium with black walls. The roverse process also takes place,

The students will bve interested in discussing the reasons for this
adaptation; sorne may want to usc the microuscope to examine the -chro-
matophorea which prcduce the change. Thcea cells can be observed

most readily in the tail o the living fish (see Parker, 1936),
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S " PLANKTON SAMPLING AND IDENTIFICATION

Diecussion
. An eetuarlne'study would be incomplete without devoting a major
portion to the variable group known collectively as plankton, a word taken
from Greek which means "those which are made to wander or drift." Although
, these plants and animals usually have some powers of locomotion, they are
either 80 emall or such feeble swimmers: that they canmiot make their way
egainet the tidee and currente. Most of the plankton are tiny, even
microecopie, but they can be as large as the jellyfieh Cyanea, which
eometimee attains a diameter of over four feet. The plankton include
hl” adults and larVae from almost every phylum. '
o Freely floating phtotyenthetic organ.sms are called phytoplankton,
These tiny plants represent the prlmary 1ink in the marine food chain,
They are comparable in 1mportance to the terrestrial green plants as the
convertere ‘of solar energy to usuable food material for the herbivores
and carnivores. The phytoplankton reproduce by binary fission, each cell
dividinglto produce daughtér celle- this enables rapid reproduction under
. favorable growing conditions, that is, when thére is an adequate supply
- {_ of eunlight, nutriente (principally phosphates and nitratee), carbon
‘ dioxide, and water of the proper temperature and salinity. . One would ex-
pect that the ph&tOplankton would bhegin to reproduce during the months
~when sunhlight is noet intense and would gradually arrive at their mazimum
=population'so'metine during the summer. This is not the case, however,
In middle and high latitudee, the tiny floating plants undergo a tremendous
surge in population twice a year, during the sprlng and the fall during
. the eummer mohthe their numbers steadily decline. The sudden and ‘spec~
tacular increaees in population, called "blooms,“ oceur dur1ng the spring
"and the fall because those are the timee when plant rutrients are renewed
in the upper layers of the water, where photosynthesie and, therefore,
. reproduction can- take place,

‘-"‘:‘\"o‘ Lot
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During the winter, the surface wators are cooled, become more dense,
and sink while the warmer, less dense water underneath is brought to the
yop. The water becomes thoroughly mixed and the eeeential plant nutrients,
instead of falling to rest on the bottom, are circulated evenly throughout
tho wate2 colu.m.1 Conisequantly, there is an adequate supply in the sur-
{ace wators during the spring when the light bccomec intense enough for
plant reproquotion,to begin, and_the phytoplankton multiply at 9,8r°5t
rate,.-ﬁ,;n;z . L_; ,,é,‘, . ;., : }., . : o ‘: o

.-A8 the eeeeon progrefsee and the surface vator becomes warmer and
lese dnnae then the unccrlying vate *he mi,inﬂ caused by winter cooling ;”{
no longor takos place aud a stable layer of LTI vl er dovelops on*the .iff '
surface. . As this layer bocomee warm it becomes lees and less likely to f 
nix with the layer underneath and a discontinuity called the thermecline ;*
is set ,up,, »The thermocline acta as a barrier between tho surface water,‘f?”
in which photosynthesis procoods most rapidly, and the reet of the water ::”
column. Soon, the rapidly multiplying phytoplankton begin to deplete i;'
the qupply of nut~ cn s in these eurface waters and their rate of repro-

B P T

duction cannot. keep pace with the rate at which they are being consumed

i

by the animals, Their numbers quickly Qecrease and remain at a low 1evel o

Ny

oughout the SULCY .

syt

. In the fall rc surfaco watere begin,to cool and sink and mixing -
tahos place once rore. CIf the sun is stwl1 hivh enough, a eecond bloom .
will occur as nutrient-rich bot*om vaters ar= circulated to the top.“ It o
is most interesting to obeerve the phytoplankton taken from the water o
during the spring and fa,l blcom" whi n roproduotion is eo frequent that

fiseion &y, hm £sen taking p]aco unacr the microscope.g .
'.»-lt‘g»

T lower latifudes, ths principal ~gent of mixing is wind rather'thanﬁ B
wvinter cooling. ' Whore the wind steadily blows tho surface waters off .
shcre, they will te replaccd by nutirent->ich wators that well up from
the depth. Upwelling is oy st GqunSivo ‘off the coaets of Chile and Peru.:
2The procees dctciib d hoi; :cfcis to idca’ conditions 1n the ocean. The
situation in shillow cstuarics is coxplicated by the presence of fresh '
water run-offs gnd. by the rfact that varigble winds are often euffioient
to mix the water thorzughly from top to bottom at any time of the year. .
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The anipals of the plankton ere called zooplankton. They are
herbivores and they graze on the phytoplankton, forming the second link
in the marine food chain. The permanent zooplankton are those such as
topepods and. arrow vorms that remain -as plan?tere for their entire lives,
Particular spedies of these will suddenl) ‘appear in the samples at a
particular time bf year, then will Just as abruptly and regularly dis-
appear, Other groups of marine animals, such as biValvoe. aetropods,'
polyohaetee, decapods, squide, barnaoles, anid fish, appear in the plankton
during certain ‘stages of their lives as eggs, larVae, and Jjuveniles,
These are known as temporary plankton and usually are found during and
shortly after the peak spawming periods - epring and early fall.' Jelly—
fish are also members of the temporary planhton. Their bell-shaped
medusae are ohvious in plankton tows taken duriné spring and summer, but '
they overwinter in an attached hydroid stage. ' o ’ '

Plankton is not only vital as a. live:‘food source for other aquatio
organiems, but also’ as decaying matter, which serves as high energy food
to the mud and detritus feedere of. the bottom, The tiny shells and teets
of certain plankton settle to the ocean floor after the organisms have
died and they become prominent constituents of the sediments known as
caléareous and siliceous oozes. The calcareous oozes are the globigerina
and the ptefopod oozes, These sediments do not accugulate at depths be-
low 5,000 meters because the calcium carbonate shells that predominate
in them have dissolved by the time they have fallen that far through the
water, The siliceous oozes are composed principally of the hard‘paftéi
of diatoms and radiolarians. Their silica skeletons are not so soluble
in seewater and radlolarian and diatomaceoue oozes form in the deep '
ocean, In general all of these seilments accumulate at the rate—ef" o
1 to 5 contimeters every thousand years.;;,;;5:3=“"' b A

There is much evidenoe tﬁaf’the vaters over the continental shelves .
preduce the greatest amount of orgenic material. Primary indications
of this are the yellow or brown color of coaetaf waters as constrated
with the blue of the open sea, and the abundance of benthic and pelagic
animal 1life in coastal waters as compared with that of the dpen ocean or
the abyssal depths., This great shallow water production of ph&tobiankton
and, as a result, zooplankton makes a marine estuary the ideal place for
students to develop studies of food webs and productivity,
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"7 Some a@ditiona1>fncta of interest prepared from Johnson's (1957)
treatise on plankton ares ' :

Hj;li The duration of the planktonio larval stage is-influenced by

' ' teuperature (larvae of the quahog settled in 5-~7 days at a water

‘teuperature of 30 C, and in 16-24 days at 18 %),

é. ‘ To survive in the high 1atitudes (those near the poles), o
h pelagic larvae have to complete their development within 1-1%
months at temperatures below 2 to 4%¢, (Note: Only about 5%

‘ qf Arctic invertebrates are capable of this.) el

| 3;' chh of the zooplankton undergo diurnal vertical migrations in
" response to light, . o P |

: 4.|'1flankton'that live in tropical waters. appear .to require more

' 'jiight‘than th§se that live in the temperate zones.

_.5. | The maximum d2pth to which enough sunlight penetrates for photo-
synthesis to occur in clear oceanic water is 150 meters at lower
latitudes (tﬁése near the equator) and 30 meters at higher '
latitudes (tliose near the poles)., Sunlight will not penetrate

so far in eatuaries, where the water is turbid,
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on plankton and plankton sampling.. T h o

12




Lesson Plan

8:003 Orientation, attendance, notices,

- . . ‘ . .
1Lt L. ; .

8:10 Pick up gear from stordge barn and proéeed to the field, Make
two plankton tows (since all ten students can't fit in the
boat at one time). S

9:004 Discuss, question, answer, and lectvre:on (I) parts, care.
and propor use of a compound misroscope; and (2) preparation of
a microscope slide. Define and discuss "plankton," "zooplankton,"
and "phytoplankton," and their importance to the food chain of
Bourne's Pond, | |

10100 Students sketch their plenkters, identify them, and label
with their proper scientific names, Explain how to select the
proper identification key and how to use it advantageously,

12100  Lunch - students bring their own,

12:40 Bus arrives to take atﬁdente back to Interwediate échoof.

5See P. 3.

‘See Pe 3
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A, Naterials and Equipment
1. Small plankton net, mesh size about 125 openings per sq, inch
"+ or 20 per sq, cm.
2. Ten compound microscopes with slides and cover slips
3. Small jars for preserving the plankton
4., Keys for the identification of the plankton
5. 5% buffered formaldehyde solution in seawater' '
6. Eye droppers o
7. Shallou pans . Cegnr Lno At
g, Diesecting microsoopo with vetri diskes’
'9,”" Motor boat or rowboat e
10, Life preservers
S A A AL T ’
B,* Hethod "~ - U PRI et N
), Iy 48 eonvenient to attach a Jar at:the.baese of a plankton net
i to facilitate removal of the sanple (aee Figire 4)., 1f this
has been dore, check to be sure it is securely fastened bofore
sampling. ‘ R ‘ R
: .. !.. - sooLame s
‘2, Tow net bghind boat ;s it is rowed or-propelled slowly (about
V-7 1 NPRH) by a motor across the pond for five minutes, or more.
Make certain to keep the net off the bottom so that ft will’
not tear and so thaé the sample will be clear and free from
gand, mud, or.dobris.
3. If a boat is not availadle, students may either (a) take turns

filling the net with pails of water dihped from the estuary, or
(b) place the intake hose of & hand bilge pump just beneath the
surface (caution, don't »ut §t on or near the bottom) and the
outake hose in the net and then punp. Using either of these
zethods, 10-15 ninutes should be adequate sampliag time,
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4,

5.

. 6.: |

.7.-

Wash the net down with salt water to concentrate plankton in the
bottom of the net or jar, and take the sample back to the lab-
oratory,

Transfer the sample to a pan or wide-mouth jar frou which it

_will be convenient for students to remove their plankton,

Ppeﬁére a vet slide of the living microscdpic_plankton and
Qbserve tue plankton by using a compound microscope, (Note:
Plankton will be concentrated at the bottom of the container,

' 80 be sure that students draw from the bottom of the pan with

their eye droppers.)

Place larger'plankton, such as coelentrates, crustaceans and’

céenophores in a petri dieh with a little seawater, then either |

8.

9%

10.

"(a) observe them under the dissecting mtéroscope, or if one is

not available, (b) view them with a magnifying glass.

Using the identification keys, identify as many of the organisms
as possidle, MNote if possible what they have been feeding on,

ﬁave students méke drawings and keep a record ¢f the organisms
that can he identified and their ffequency. or relative
abundance, )

Organisns may be p}esérved for future observations by placing
then in a screw cap Jar vhich is about half full with a solution
that has a concentration of 5% buffered formalin and 95% seawater,
Be sure to include with each drawing and each preserved organism
a record of the date, the station or sampling area, and the
method of Sampling. These data will be essential in observing
differences from tint to tine and frou place to place, and the
number and kind of organisms captured may vary with the nethod

of sampling, ’
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BéNTHIC SAMPLING AND IDENTIFICATION
Discussion
BiolOgiafs have Separated all marine animals and »lants, into three

broad groups: (1) the plankton, the floating organisms such as diatoms
and copepods; (2) the nekton, the free~swimning or pelagic organisms suck

a8 fish, squid, and whales- and (3) the benthos, the bottom-dwelling

animals such as clams, worms, and starfish, Benthic organisms are an
-interesting and varied group: Sand dollars, herm;t crabs, snails, sponges,
hydroida, and even some fish crecp and crawl along the ocean bpttom or
burrow into the eubstrate. Some, such as corals or sea weeds, reuvain
firmly anchored- t6 the bottom. The. benthos has been suhdivided into two
, groupst (1) the epifauna, compriaing all the animals and plants vhich
. repain on the’ surface of the substrate; and (2) the infauna, inocluding all
the anipals whose "haditat lies below the surface of the substrate.
According to Thorson (1957), the epifauna occupies on an average less
than 10% of the total area of the sea bottom and reaches its greatest
'numbere in very shallow water. These organisms must be adapted to meet
“the rapid changes in temperature, salinity, nutrients, and dissolved
oxygen that are inherent in shallow waters, When 1ntertida1 epifauna are
stranded in tidal pdols after the tide recedes, they nust withatand the
drying, hot rays of the sun and the sharp increase in the salinity of the
pool that results from evaporation. Conversely, they nust survive the
drop in salinity of the water after a rain, and the freeze of winter,
Since only very tolerant organisms.can survive this ever changing en-
vironnent, the number of &ifferent species is low. ‘Those species that
"are adaptadle to the shallows find food and- space to be plentiful, As
resqlt they.have rapid giowth, high survival of young, and a general
increase in population, Predgfore that can survive this fluctuating en=~
vironment are also fev in species, but high in numbers, Such predators as
sea stars, brittle stars, and .a8tropods take a heavy'toll of shellfish,
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ity .

The infauna, by the very fact that they burrow bgneath the surface
of the substrate, are not exposed to such rapid changes in temperatures
as are the epifauna., Due to their inaccessibility, they are also less
likely to be the diet' of predators, Thus, it seems that both the . .
numbers of species and the populations should be high. Thorson (1957), -
however, states that although the infauna may occupy morc than half '
the surface of our globe, the total number of_species is only about
one fourth that of tic epifauna, Although environmental conditions
are ideal, only a small number of species have adapted to this sub-
cusiace life. Infaunal organisms are most prevalent bdlow the inter-
tidal gone and are usually associated with lovel bottons.

Only the Arctic and Antarctic coastal waters and the very deep
sea are inhabited by stable benthic communities in which the adults in-
ﬁabit the same ared for long periodes of time without being disturbed by

"ihvaders. The constancy of such major physical factors as temperature -

and salinity has produced relatively stable environments that allow ea-
tablished communities to remain for such long periods. These inhabitants

" are generally known to be longer lived and reach larger sizes than their

counterparts in warmer waters, Their young gencrally remain close to the
communi ty Secauée they. are either born live, brooded dy a parent, or have
a very ghort pelsgic larval period,

In contraat 85-90% of all tropical benthic species have a long pela=~
gie life. Likewise, in the cold temverate scas about two thirds of the
benthic animals have long lived pelagic larvae (Thorson, 1957). This is
a dieadvantage to the coraunity, since larvac are especially vulnerable

T te predators and changes in temperature, salinity, and light. They may

even be vaehed fron the boundaries of the cozmunity by storms or strong
currents. In these wvaters the physical environnent changes rapidly, vast
numbers of species compate for available space, and predatois abound,
With such selective pressures, new conmunitiss continuously encroach upon
and finally succeed estabiished comminit'er. These communities, then,
are highly unstable and difficult to dcfine and study.
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An outside factor which may drastically alter the structure of the
benthic community in coaatal waters is the domestic and industrial waste
which is increasihgly dumped into streams and bays. Hassive crab kills,
the disappearance of many species, and changes in spawning habits have
been linked to pollutants. Specific pollutants which have been cited as
adversely affecting aquatic life are pesticides and sewage, which can
sometimes seep down into the ground water and run out into estuaries even
uhen not‘placed there directly. Theruonuclear power pluants, chemical
plants, ‘and vsrious mills vhich expel their effluents into the coastal
vatervays are sources of pollution. In certain situations, heated water
alone can be a pollutant, Lhermonuclear pover plants located along the
shore can discharge vast quantities of 10t water from their cooling sys-
tenms into the waterways; enough %0 alter the aquatic environment to the .
point that shellfish and other botton-dwelling organisms native to the
area cannot survive. J | ,

B Another hasard to benthic populaticns is disease. Any infectious
disease which is introduced to a olose-knit community spreads throughout .
the entire coamunity as an epidemio. Recently, the oysters of Chesapeaka
Bay have been infected with a fatal disease that has practically halted .
the vaat oyster industry there. The westing disease of eel grass which
appeared along the Virginia shore in 1931 spread rapidly up and down the
coast and was even carried across the Atlantic. Within two years, the
infectious parasite vhich caused the disease had almost entirely destroyed
the plants along the Atlantie coasts of both Eurcpe and North America,
The animals that 1ive in close association with eel grass also disappeared
among then, clams, oysters, and bay scallops. In pany places, it vas
twenty‘years before the eel grass communities began to flourish again,

In addition to pollution and disease, overfishing is a severe
hazard to commercial bentiic species, Because of their ease of capture
and their seeningly endless supoly, edible shellfish aslong the western .
Atlantic ‘sliore have been heavily fished since tie time of tha Indisns,

As a result. their nurbers have been so far reduced that the federal gove
ernpent and the coastal states have had to inpose restrictions on shell~

. . . .
. . . : - . . - g
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fishing, Now scientists and commercial companies study the problems of
these benthioc populations in an attempt to find ways of regenerating the
depleted species, o

-y
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Sl S L o ... Llesson Plan.

v

1

: J' 1
8:00 Orientation, attendance, notifes. .

2

8:10° . Pick up gear from storage area and proceed to the shore. Sample

the shore infauna and place specimens from different substrates
in different pans, Sample the epifauna and keep the organisns
......fron this habitat separate, Carry speoimens and gear back to .

the lab. Discuss and -define these micro-environments while. in
the field.

10:00. : Review the use of the dissecting nicroscope and discuss how to
use benthio identification keys. Discuss classification of
organisea,

Ve g bt

10:30 Identify benthic samples using propex biological classification,

LN ¢ P .

12:00 Lunch - students bring their own.

12:40 Bus arrives to take students to Intermediate School

‘See pe 3

2890 P 3.
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Procedures
A, Matorials and Equipment

1. Two sieves, one wi.h large-mesh screen and one with small
2, Shovel and/or scoop .

3. Two shallow pans

4, Dredge net (see Figure 3, following p. 4)

5. Glass-bottomed box or face mask

6. Rowboat or motor boat

T Life jackets

8. Buffered formaldhyde solution, 10% in seawater
"9, Forceps and dissecting needles

‘10, Petri dishes :

11, Five dissecting microscopes -

12, Invertebrate keys or identification guides

.

B, Method

1. View benthic fauna in a natural state with the mask or glass-
‘ bottomed box and make notes on observations, Be sure to note
type of bottou and vegetation.

2., Sample the infauna by digging along the shore with a shovel and
placing the sample in the sampling screen, being sure the larger
resh fits snugly inside the smaller one, Shake the to screens
back and forth so that ‘he sample lies just below the water,
(Caution, be sure the sieves are not completely inundated or
the sample will be lost.) The moving water vill separate the
sample according to size., The large specimens and debris will
renain on the top screen, the small specimens and particles of
sand and shell will lie in the lower screen, and the silt and
find sand will sift through both screens, This technique may
be used for sampling shallow water infauna by very carefully
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shoveling or scooping the substrave and some water into the
screens and shaking them as outlined abdve, Transfer the sep-
arated sample to shallow pans for transportation back to the
lab.

Sample the epifauna by dfagging the'dredge‘net along the bottom,
This may be done from a slowly moving boat, or the students may
tow the dradge by hand as they walk along the shore. Remove

the specimens from tha nef andrplabé them in shallow pans., Trans-

port all spocimens back to the labﬂ

Observe the living specimens under a dissscting microscope, . Note '
color, sizo, definitive charéctefist&cs} and method and efficiency
of locomotion, Place sineccimens to be identified in killing jars

con aining a 10% solution of buffered formaldehyde in seawater.

Iéentify specimens complétely usiné biological clasgification
(Kingdom, Phylum, Class, Order, Family, Genus, and Species).

Sketch specimens, Label sketches and preserved specimens with

genus ard, vhen possible, species names, date, station or sampling

area, and ‘methed of s.upling.
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BATHYUETRY

Discussion

- Bathymetyry is distinguiehod froa otiss branches of oceanagraphy in
that data have been collected over ccnturies rather than decades, As long
as ships have sailed it has been ths practice to sound the depth of the
water with a weighted Iine ‘to keop from ruining aground on hidden rocks
and shoals. From the sixteenth century, when European navigators began
to feel their way along the shores of neuly discovered lands, soundings
began increasingly to be incorpo"ated into charts and maps of coastal
waters. By the beginning of the nineteenth century, the perimeter of the
North Atiantic anl the configuration of the floor beneath its coastal
waters was pretty well charted Hovever, with thenexception of perhaps
a hundred soundings of doubtful accurady, no measurements of the deep
ocean floor had been made. It had been assumed that the ocean basins
were flat and featureless plains shaped much like a soup bowl gradually
and continuously deepening towards.- the center.

Systematic deep sea soundings were first made during the middle of ° o
the nineteenth century as a méans of finding suitable routes fcr laying
submarine cables., The first contour map of an entire ocean basin, the
North Atlantic, was published by, Matthcw Fortains Maury, an American
hydrographer, in 1854 . _ et :

_About this: t1me§“301ent1f1c Jntercst in the oceans had been aroused.
Necessary for studies of any kind, geological, vhysical, or biological,

' wasg a kpfxloﬂge:of the shape of the ocecan basins. By 1886, Sir John
Murray, director of the Challenger Office, was able to make maps of the-
Atlantic, the Pacific, and the Indian Occan basins based on approximataly
6,000 soundings. In 1904, the Initornational Geographical Congress pro-
duced charts of all the oc2an basins based on about 18,000 soundings.

With this number of soundings, the exlstence of na*or rellef features on-

]
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the sea floor, ridges and undersea mountains, began to be revealed pro-
viding useful information for scientists who were interested in the
structure and histgry of the earth, :

The technique of echo sounding was introduced during the 1920's
and it became useful enough to replace the laborious method of lead
line sounding by the 1930's., This innovation, together with increasingly
precise methods of navigation, has made it possible .to construct maps of
the soa floor with vastly improved accuracy and detail, Though tﬁere are
still 1arge‘oreas of the carth's underwater surface that are sparsely
charted, the choréﬁteristic topography of the sea floor is known in great
detail and wé have a clear picture of the con%inental shélves, slopes, and
rises, 6: the'global‘system of oceanic ridges,.the abyssal plains, and
the rugged mountainous terrain.
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' and Geodetic Survey, Special Publication No., 143, 940 Pp.

Kjellstrom, ‘Bjorn; 1967, Be Expert with Map and Compass: The "Orienteering"
Handbook. Revised edition, La Porte, Indiana; vAﬁerican Orienteering
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lfaps and chartss

Heezen, Bruce C., and Marie Tharp, RPhysiographic Diagrams of the

South Atlantic, the North Atlantic and the Indian Oceans,
Geological Society of America, 419 W, 117th Street, Wew York,

New York: 10017,

The navigational charts issued by the U. S, Coast and Geodetic Survey
@an be obtained from local boating or fishing supply stores,
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B8:30

10:30

11:15

12:00

12:40

Lesson Plan

t i

"-';-;, '{ A
Orientation, attendance,. notices.'“*“ilx.;d

e L

t

Discuss, question, answer, and lecture on (1) the définition .
of bathymetry; (2) why it is useful; (3) what a sounding is
and how to make it; (4) locat1ng and mapping positions; and .
(5) the metric syS8tem.,:

Pick up gear from the lab and the storage barn énd proceed
to the field, Discuss and demonstrate the use of a magnetic
compass, the meaning of magnetic north and true north, the
meaning of a map scale, and ratio and proportion., Students
determine and map the positions of profile lines along which
soundings will be made. Read the tide gauge,

Prom the boat, demonstrate the technique of taking soundings
with a lead line. Students take soundings and record them.

Return to the laboratory tnere students complete their topo-
graphic maps using the information they gathered in the field,

Iunch ~ students bring their own,

Bus arrives to take students back to the Intermediate School.

1See Pe 3.

ZSee P. 35
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A,

Procedures

Materials and Equipment

1.

.
P R

Map of the estuary and surrounding ares (an official town map,
U, S, Geological Survey map, eto.); 10 copies

2, Work sheet (Figure 10); 10 copies
3. - Ten writing boards or clipboards . ‘
4, \looden tripod stand. with moveable legs (for convenience,‘a
12" 'x 12" plywood working table should be mounted at the top)
5. Magnebic compasses -
6. Protractors
7. Parallel. ruler
8, HMetric rulers ,
Pencils - , S
10. Measuring line, el nylon, 10 meters long, graduated in decimeters
11, Lead line, 4 meters long, graduated in decimeters (Figure 5)
12, '"Marks-a-lots" (for calibrating measuring line and leadJline)
13, Meter stick
14, - Crayons, five different colors .
15. " Tide gauge (Figuré 6)
16, Field tote box
17. Rowboat or motor boat
18, Life jackets
A9, -Stopwatch, or a watch with a sweep second hand
'éﬁg['ﬁéngp finder, if desired '
‘ 'Méthod:"

1.

i

;Assemble all fleld equipment (trlpod, maps, pencils, protractora,

compasses, parallel ruler, metric- rulers, 4 meter lead 1ine,

10 meter measuring line, " stopwatch, life jackets, and outboard

~ motor) and proceed to the estuary.. Each student should have

a copy of the work sheet and the map taped to a writifig board or
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olipboard of convenient size. Near the area of the estuary to

be mapped locate a permanent landmark such as A (as 1llustrated

in Fiéure 7), a building that is already shown on a copy of the

man that is also clearly visible from the water, Set up surveyiné'
equipment at the most convenient corner of the building., Using

the protractor, have the students construct a maghetic north iine,
B, on their maps. (In Falmouth, the mean deelination‘is'14.5°

W of N,). Using the compass, have the students take. a beuring

on a visible landmark, C, across the water. Mlake a note|of the

' 1Tangle. Uding & parallel ruler, have each stu@ent construct the

2.

3.

angle of the bearing, thereby eetablishing‘the_firet profile ‘
line, E, on his map.: Working from the same point, establish'
addtional profile lines in a similar manner, making sure "that there
are enough to give adequate coverage of the esipary to _be mapped.3

-~ 0n their work sheets; have the students record the level of the
i‘i*water as ‘indicated on the. tide gauge,

L : P
[ L . Lo

Assemble the necessary equipment (the work sheets and fhe naps,
the lead line, pencils, and life jackets) and proceed to the .

3For some sections of the estuary there will be no landmarks already
shown on the map that will be wvisible from the water, ~ In oxrder to
map those sections it will first be recessary for the class to
establish such a landmark by the following method., Select some out-
standing feature of the landscape, such as a telephone pole or a
conspicuous tree trunk, that is clearly visible both from the water
and from som? position already shown on the map, Working from the
known position apd following the procedure for establishing profile
lines on the map, construct a sight line that runs from tie known

" position in the direction of the telephone pole. Using the 10 meter
_ line, measute the distauce between the two points along the direction

of sight. Convert this distance to 'scale and, using the metric ruler,

“" mark she position of the telephone pole on the map, Establish pro-
.. file lines from this point as described above, '

T R S SN
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Eye bolt

___ Lead weight, 21b

FIG. 5. LEAD LINE

Plastic tubing
65 mm ID, 710D
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— Lead pipe

One decimeter

FIG 6. TIDE GUAGE
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‘val. The topOgraphy can be: emphasized by shading or coloring

boat, Have the students take soundings at points spaced evenly
along each profile line, This can be accomplished by measuring

" the depth of the water at regular intervals (every 20-30 seconds)

while operating the boat at a constant speed (about 1 MPH),

Use the landmarks to keep the boat on course. The soundings
are made with a lead line; that is,,a 4 meter nylon line,
calibrated in decimeters, with a two-pound lead weight attached.

" Keeping hold of the unweighted end of the line with one hand,

' .4.'

5.

Note:

the student throws the weighted end out ahead of the bow. The
line will straighten to the vertical as the‘boat comes along~
side, When it does, the student grasps the‘line at the water
level with his free hand..‘Keéping the place marked, he then
draws the line aboard and reads off the de?th, which another
student records on a work sheet, This process is repeated con -
the instructions of the time keeper until the boat has travelled
the length of the profilé.line. Class members should trade jobs
after a profile line has been completed so’'that everyone has a

chance to take soundings.

Return to the laboratory. Normalize all depths to zero on the
tide gauge, TFor example, if soundings were made when the gauge
read +f decimeter, subfract one decimefef from all measurements.,
Have each students record the corrected depths at equal iitervals
along each profile line_(Figure_a).

The students can now draw contour lines by connecting all of the
soundings that sre of the sane d“pth (Flgure 9), Note that it
is most convenient to choose an appropriate contour interval,

say 5 dec*meters, and to draw contour lines only at that inter-

the. areas of equal depth.

Brr T

If it becomes necessary to save time during this project, the

range finder can be used to measure distances both over land and water.
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SALINITY DETERHINATION1

There is.no question that'the'ﬁsst_diatinstive feature of seawater
is itsqsaltiness, but to descrihe it exactly is another patter.,  The
average person ia8 content to know that seawater is tod salty to drink,
but for anyone concerned with the marine environment it is necessary to
use numbers, For. many purposes - guch as_msrins engineering - it is
enough to know that seawator is a salt solution of chout 3.5 per cent,
or as oceanograrhers put it, 35 parts per thousand (°/00), Aotually,

90 per cent of all the water in the ocean is.within ony part per thousand
of that mean value, although the total range goes from about 8°/oo in
areas of extreme precipitation like the Baltic Sea to about 40 /oo in
high evaporation basins like the Mediterranean and Red Seas,

The marine scientist needs to know salinity very precisely, at least
to two deoimal places, i.e., 34.73°/6o, and it 18 necessary to go to three
deoimal places, i.e., 24. 726°/oo, to be able to discern the small but
significant differences that occur in the deep water, '

To measure salinity it is necessary to knou Just what it is, and
that introduces a complication, Salinity is not a fundamental quantity
like temperature, rooted in basic soientific principles, 1lnstead, the
"salinity" of & seawater sample is a measure of the total amount of '
diesolved material in the sample, 'and svery elenent known to occur
natura’ly on the earth las been found in solgtisngin ocean water, Striotly
opeaking, then, to measure what we call "salinity" you should analyze a
water sample dogzens of itimes, to determine the precise quantity of evsry
element biesent. This would of course be tedious and would require
iapossibly large water saaples. '

'Most of the material ot. pp, 27-29 has been adapted froms Redwood Wright,
in press. "The FPhysicel Properties of Sea Water." 1In: Qceanography
for Bigh Sghools. Availadble frum the Oceanographio Education Center in
i970. ' . T :
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Fortunately, this problem can be met by making use of a very con-~
venient fact: on the few occasions when thorough analysis has been
méde,.the pajor constituents of seawater were found to occur in nearly
the same proportion to each other. In other words, the differences in
salinity_in seawater are not caused by changing the relative abuddance
of an& of the dissolved msteriasls, but by adding or reroving nao. The
major changes in salinity occur bccausc of rain and snow, which add
fresh uateg. or evaporation and freezing, which remove it,

WVhat this means for the oceanograph.: is that once the relative :
proportions of the dissolved substances has bzen determined, it is only
necessary to measure one of them to know theam ell. One method of de-
termining salinity is to run an analysis for chlorine by titration with
silver nitrate, using potassium chromate as an indicator. The chlorinity
in ?/oo.is calculated from the following expression: a

Chidrigity ©/00 = (Mo silver nitrate) (ml silver nitrate) 35.46
‘ } _ (ml veawater sample)

where‘35.46 equals the atomic weight of chlorine. The empirical ralation-

ship between chlorinity and salinity, based on the rule of constant

proportions, is ‘

Salinity °/oo = (chlorinity °/oo x 1.805) + 0.03

Ih:the titration, the silver ions reaot preferentially with the
chlprine,ions'to form the wnite precipitate, silver chloride. At the
exaot moment when all the chlorine has rcacted, the reddieh compound,
silver eﬁronage. forns. The resulting, parmanont color changed gives the
eﬁdﬁgint of the titration. Although silve: bromide and silver fodide
are preoibitated together with ‘he silvar chloride, in the calculations
it ié assumed that the Lromine and iodine had been replaced by c¢hlorine.
The titration gives salin:i’y accurately to within about 0.02%°/o0,

The accuracy and precision with which salinity can be determined by
this met (od depende on oup ability to weigh solids and measure liquids
accurately. This is hard to do aboard ship when the weather is rough,
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as it often s, and rccently a nev tochnique has been developed which is
both easior to do at seva and more precise. Instead of chemica) analysis,
an elcctronic delerpination is made of the conductivity of a sample of
sewvator. Sincoe eleqtricél conductivity dopends both on the total amount
of dicgolved solids; ;r_thé selinity, and the temperature, differences

in ¢ondvetivity willi :epredent diftrercnces in salinity if the measurements .
arve correcicd to a corstant témperature. _

Tho salinity and the toapereturo of a s:avater sample determine its
dorsZty. Salt: uater i Do denso than fiooch water because it contains
mory dissolved mattor in o given volws?. Similawrly, warm water is less
densc than coid uatér becius? water vhrinks cn ~ooling. So cold, salty
wator will tocnd to cirY ond fioosh varner vater wiil tend to rise.

Since tho cvstuary 1s supplied with fi-sh vater from one source and
ccear tater frem anothar, layers of wat:zr having churacteristic densities
nrayr fora, éép:cinlfv i7 the wind basn't bzon blosirg for several days.

[ & . b .
Toe fnnoavtanie of

Tyl

~verinyg and 4o catablishreat of the thermocline is
discui ol 2o {23 woeativa on plenkion \a -3 p. 8).

Sinco donoity, tamporaturas, and salinity ara so'clogoly related, it
Le postibie 19 dutermine salinily from donsity and te;;erature measurements
with a hydvonales eri a therasuster. This procedure, deascridbed on p. 44,
;oonides a conventeont n;&%od of checking the rasults of the titration with
citvey ritral 0. '

Av:thor ay to raasﬁgo salinity 15 0y erapora’ing a known volums of
nravater to (i . |
basavse sor: o7 iha diaswlred rolidr, including chlorides, are volatilized

in ¥as last stagus of u'y'- .
Pt e -

) ity de of prizms inportance to marine organisnma,

Wan bedy suviting 1o 6a Llﬂ”d to protent the insicer of an organism froms
its oxiuinzl cqwzr:nc-n‘» :f this covaring is caleified like a shellfish's
o chitiniced Yike a érus&edonn’o, tiien tho animal is well protented,
Hzivver, fishes and raay ciher movine orgeaisrs heve a celatively thin skin,
If a fieh 18 pluc:d in saliic: water than 1% has bezn accustomed to, water

will tend to leave the fish's Loudy and the fish will shrink or dehydrate,

]
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Vice versa, if it were placed in dilute seawater or fresh water, water

would tend to penetrate inside and the fxsh would swell or become "water-
logged. This phenomenon is an example of osmosis. Life in the equatic

‘world must maintain its characteristic bodily concentrations of water

and salts to survive,

" In the group of thin-skinned organisms, which are most affected by
salinity changes, there are two major types of adaptations which have
evolved. "Those organisms which have adapted to tolerate a rather wide
range of salinity are known as euryheline forns while the oceanic forms
are usually stenohaline, that is, adapted to endure only small changes
in salinity. Both types of marine organisms have body fluids similar in
salinity to the water they 1nhabit that is, they are isotonic to their
surroundings. Since etenohaline organiams cannot survive fluetnatione
in salinities or prolonged periods of decreased salinities, they must
remain in the open ocean and cennot invade the coasts or estuaries,

The manner in which euryhaline organisms remain isatonic to fluotueting
salinities ie varied, %hen subjected to sta water of lowefed salinity,
which regularly ocours along a shore or estuary, some of them can absord
Jeter for a few hours without dying. During high tide, thede orqenienﬁ
are flushed with saline water, but.during low tide, terrestrial runoff
adde fresher vater which places these organisms under temporary stress,

In time of prolonged salinity stresses, many organisms may close their
shélls, burrovw into the bottom, or migrate to slightly deeper vater to
escepe. Other_euryhaline.yrganisne adjust to wide ‘salinity ranges by
passively changing body fluids. The American oyster i8 a good example
of this type.of euryhaline epecies since it can adjust to a salinity
rarge of 3«35 /oo, according to Pearse and Gunter (1957).

The pattern of the distribution df epeciee sug,estg that the highly
saliné waters of. the open ocean are optimum for 1ife. Here a vast nuaber
of differvnt species, each adapted to a‘specific ecolor rical niehe, are
found, There is a progressive weeding out of st.nohaline marine organisma
a8 8alinities declire, Few fresh water species may invade the brackish
eatuarine waters; thua, estu.ries are predominately marine. Although there
are only a few different estuarine species, their numdbers are high,
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Some facts of interest prepared from Pearse and Gunter's (1957)

treatise on salinity ares .., .. N - o o v

v}

1.

z;p

0t

An increase in salinity increases the density af -seawater,

_An increase in salinity Jovers the freezing point of water (at 35 5%/00

_ the freezing point = ~1,96 %).

IO
3.
of seaweter (et 0°/00, the maximum density is at 4°; at 35°/oo. the-

. maximum is et -3,8%).

p Ay

4,

5,

6.

7.

8.

9,

[

_An increese in aalinity deerneses the temperature of maximum density

R o . . .
The averege total surface selinity is 35 /oo, but it varics slightly
in the various oceans (in the Mid-Atlantio, the average surface.

L ealinity = 7 °/o00).

it ’ ' ' : ’
Iow eelinity occurs in poler seas and next to land where fresh water

dreins into the .8ea,

i

Salte in the oceen are a result of- leaching and land drainage in

eddition to eruptiona of magma through the ages and the original
salt in the primeval oceans, : L :
Average surface eelinity_veries vith latitude (the salinity is-at a '
piniaun at the equator, increases to a maximua at 20° N and 20° 8,
and then decreases tovard high latitudes north and south).

The salinity of deep and bottom waters varies within narrow limits
(3406?/50 ~ 35,0%/00), - o

. - e et
~ R I

Heny young marine eninels seen to prefer lov aelinities. then as they

neture, nigrete to higher salinities, R

’, >
La .
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8:00

8:10°

10:00

11:00

12:00

12:40

Lesson Plan
Orientation, attendance, notices,

Lecture on salinity; what is ..; why measure it? Discuss ways
of messuring it: (1) by taste, (2) by evaporation, (3) by den-
sity, and (4) by chemical deternination,

Discuss chemistry of titration.

Demonstrate proper technique by doing a sample titration,

Piék Up gear from the lab and sforage barn and proceed to the °
field . In-the boat, demonstrate the method of taking samples
with the Cokgpbottle sampler, Discuss the relationship among
salinity, density, and temperature and their effects on the
positions of water masses, Half of the‘gioup tales sanples on
a-station at tho-salt water end of the estuary and the other half
on a station at the fresh vater end, * 7 oo Ce e st

In the laboratory; stadernts perform their titrations and calculate
salinity,

Diseuss -results with respeot to the physical and chemical proparties
of seawater and_tie-effeots of salinity on the biological -populatien,
If there is time; détérmine salinity by the density method to cheek
results,

e

funch ~ students bring their own,

B S

st . T
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Bus arrives to take students back to Intermediate School.

2809 P. 3.

3See-p',..3,.. B T :

M . P

cediiee ee. 18
. * ‘v"

b4 .



Salinity Determination by Titration
Procedure
A. Equipment

1. Ten burettes, 25 or 50 ml

2, Five burette stands

3. Ten Erlenmeyer flasks, 250 ml

4, Ten pipettes, 5 ml, graduated

5. Ten ripettes; 5.m},. volumetric

6. Twdnty plastic greduated cylinders, 250 m}, or similar containers
for holding pipettes !

7. Pipette duldbs

8., Wash bottles

9. Beakers, 250 ml .

10. Three reagent bottlea: one 1 liter brown glass, for storing
silver nitrate aolution; tvo 500 nl olear glass, for storing
potaeeiun chromate solution and standard sodium ohloride solution

11, Spiral notebook; to be used for permenant records '

12, Co£;>bott10 sampler (Figure 11)

13."Protected thermoneter graduated in one-tenth degree intervals
and having a range from -10°C to 100°% L

14, Ten writing boards or clipboards ST

15,” Wotkshret (Figure 12); a copy for each student

16, Ter. eanple storage bottles, capped and numbered, 500 nl

17. Rouboa' or motor boat

18, Life Jrckets

19. Field tote botus

B. Reagents

1. Potassiun chromate solution (KZCrO‘). 0,025 nolar.

39




IR NRT

2. Silver nitrate solution (AgNO ), 0 1 molar.
3, Standard sodium chliride solution (NaCl) 0.1 normal,

C. MNethod

1, Assemble all field equipment (items 12 19) ‘and, taking half the
students in the boat at a tima, colloct samples on each of the
two predetermined ststions. Samplcs should be taken with the
Cokggb

surface. Insert thz rubber stoppex and lower the sacpler to the

" desired cepth. Let it remain there for a minute or so till it

comes to temperature equi’idbrium with the surroundlng water, VWith-

ottle sampler to provide a p1ofile from the bottom to the

draw the cork by jerkirg up shaprly on the line attached to it.
When the bottle is full (vhen bubdbles né longer cone to the sur-
face), retrieve the sample and mecsure, the temperatu*e by the
‘method described on p. 51. Record the temperature on the work-
sheet. Transfer the ssnplc to the numbered storage bottle and
record the bottle nuuber and the depth on the worksheet. Con-
tinue sampling at different depths until each student has col-
lceted one sample. The surface sample can be drained directly

LY

'1nto one of the storage bottles.
2, Return to the lab and determina salinity by titéﬁﬁiPHqVith silver
nitrate, Y ' '

a. Fill a 50 m\ burrti~ with 0.1 uolar AgNO3
‘ darC:>d according to th: piocedure outlined below.. Hake sure
that the buratte is coapletely filled below the stop cock and

that it is fice from budbles. T .

that has'been stand-

b, Vlth a 5 ol voluretric pipctto. place 5 ml of seawater ssnple
in'. 250 ml Brlenps)=r ‘flask. {Make certain that students
use the pipette Lulb and not their mouths to draw solutiona
fnto the pipettes.) Enter volume on the worksheet.
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Wood screw

Rubber stopper

I78" Nylon line
Bottle

Hose clamp
116" Lead flashing

Fl6. Il COKEQBOTTLE SAMPLER
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C.

f.

-

h.

chlosinity =
i 00

Using a 5 ml graduated pipette, add one ml 0,025 molar

2774
water from the wash bottle,

‘K.Cr0,, Wash down the sides. of. the flask with distilled

Read the ubrette and record the starting level on the
worksheet, )

Using the left hand to operate the stopcock, start letting
the AgNO3 solution into the Erlenmeyer flask one drop at a
time, " Swirl the flask as the titration proceeds to minimize
local formation of the AgZCr04. \7ash down the sides of the

- flask occassionally., The end point has been reached when

the solution in the flask turns reddish and remains reddish
without further addition of AgN03.

Read the burette and record the stopping level on the work-
sheet, ' -

Repeat the titration till results check.

Calculate saligity uaing the following equations and record
the results on the worksheet, oo

(Holarity of Ael0,) (ml AgNO, used in titration)

(nl seawater sample)

where 35.46 = atomic weight of chlorine,
Salinity (in °/0o) = (chlorinity x 1.805) + 0.03

i.

When he has completed and checked his work, each student
should entcr a permanent record of his results ir the spiral

notebook using the forn illustrated in Figure 13, To give

a Olear coumparison of the salinity profilvs, plot the data
from each station on one sheet of graph paper,

4

x 35.46
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PERMANENT RECORD OF SALINITY
Saxnple Page From Spiral Notebook

Datet 4 Tide: Eby ___

Tines Flow
STATION NO.
Wind Direction: Wind velocity:
Air Temperatures Barometer Reading: _______ .
' Depth 5,0 Tamp, Bottle No, ' Salinity
|

*ure 1%




The end point is marked by the first permanent appearance of a
red-bréwn precipitate of silver chromate. Calculate the exact
molarity of the AgNO3 by
) )
(M NaC1) x (md NaCl)_ y 4.no
ml AgNO3

3 »

13
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Salinity Determination by Density

Procedure

Equipment’ '~
) ]

1, Graduated cylinder, 500 ml; or similar container -

2, Hydrometer with range of 1,000 to 1,028

3, Therzometer (the one used in the“previou&.égtivity will serve)

4. Temperature, density, salinity graph (Figure 14)

Method

1/ Use samples collected for the titration.

2, Pour apprcximately 400 ml of the sample into the graduate,

3, Carefully i{loat the hydrometer in the sample and read the
density at the tottom of the meniscuse,

4, Rewove the hydrometer and insert the thermometer. If necessary,
convert the temperature of the water sample from % to °F.

5~ Using the graph, find the intersection of the density and tem-

perature coordinates and, interpolating between the curved linos,
read the salinity at the right.

Example: Tenmperature = 70°F

Density = 1,015
Salinity = 22.5%°/00
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ENVIRONNENTAL CONDITIONS
Introduction

The students should become aﬁare that cértain physical conditicns.
of the atmosphere and tle weter intcract in'ways that affect their ex~
periments, and that atmospheric conditions have a variety of effects,
both direect and indirect, on the biological population of the =stuary,
Examples will bs noted briefly here; some of them are discussed more
fully in other sections of the manual.

Winds and currénts affect the accuracy of soundings taken during
the bathymetric study because they tend to force the boat off course.
Winds also directly affect the height of the tide. A strong onshore
wind will pile the water up in the estuary, giving an abnormally high
reading on the tide gauge. A strong offshore breeze will produce the
opposite effect. Winds and currents have a direct effect on the dis~
tribution of the plankton, since these organisms are forced to drift
with the water.

One of the indirect effects of atmospheric conditions on th2 bio-
logical population derives from the fact that all organismws require oxygen
in order to live. The amount of oxygen dissolved in the water depends
largely on the mixing brought about by thc winds and upon the temperature
of the water as determined by the temperature of the atmosphere. Winds,
tides, and rainfall regulate the salinity of the water in the estuary and,
therefore, have another important influence on the distribution of the
aquatic plants and animals. The saltiness of the water will determhne
the types of organisms that live in it. The sawe factors directly affeot
the results of the salinity determination. Local topography also has
importunt effeots, For instance, Bourne's Pond connects with Vineyard
Sound through a narrovw opening that restricts the ebb and flow of the
tide in the estuary. Furthermore, the opening is more or less silted
over from time to time causing an otherwise baffingly irregular tidal
pattern in the estuary.
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These and other important effects of the environment are discussed
at appropriate times while the students are engaged in their regular
activities, and daily records are kept of salinity, air temperature,
barometric pressure, wind velocity and direction, the rise and fall of
the tides, end the clarity of the water, In addition, it may be desirable
to keep a record of the direction and velocity of currents, Measuring
the salinity is iteelf one of the major activities of the course, and '
sons of the other measurements are made as integral parts of maJor
aotivities. The remaining measurements can easily be made at odd moments
of the’ day, or in connestion with scheduled activities, The records are
kept on wall charts in the laboratory so that the students can easily
refer to them whenever necessary,
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Temperature
. Discussion

Temperature i3 one of tﬁé most variable physical features of our
planet. It fluctuates during the day,. from day to day, and from 28ason
to season, It fluctuates less in the sea than on land, Temperatures
vary only slightly during the day at any one place on the surface ef
the open ocean, usually not more than 0.2 to 0.3C. Shallow coastal
water temperatures fluctuate'so nuch seasonally, however, that yearly
averages for occans are het useful. At Woods Hole, Massachusetts,
winter temperatures may.fall -as low as minus 1,7 degrees centigrade,
vhile summer temperatures'may reach as high as 23°C. ‘

The range of temperature in the ocean is also less than it is on_
the continents. The surface temperature varies with latitude from about
-2°C in polar seas to about 30°C in open tropical waters. The temperature
of deep ocean water is always low, ranging between 4°C and —1°C.

Temperature is ohe of the most important factors governing the
occurance and behavidr of life. Plahts have essentiaily'no.temperature-
regulating hechanisms, Animais, however, belong to one of two groups:
those thet are warm-blocded (tpe‘hemoiotherms) and those that are cold~
blooded (the poikilotherms).,4ihe warm-blooded animals, the mammals and
birds, have sensitive mechanisms that regulate their body temperatures
at a precise level, By this means, the warm-blooded animals can maintain
the optimun rate of hiological activity even though tho temperature of
the environment fluctuates, However, if the fluctuation is too great or
if it lasts for a long time, their body temperatures will be changed and
they will die. The invertebrates and the lower vertebrates are cold-
bloodad. For marine animals, this means that their bodies assume the
temperature of the surrounding water and change as it changes. Although
certain of the higher fishes, notably the tunas, have. crude temperature-
regulating mechanisms that can keep them slightly warmer than the water
they swim in, the rate of the biological activity of cold~blooded marine
animals is essentially determired externally by the temperature of the
water,
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Bodily processes, such as respiration -and digestion, will continue

for most marine arganisms only vhen temperatures are between OOC and 35°C. .
Cold-blooded marine animals will die’ from heat at lower temperatures than
land animals. Most organisms will recover from a cold spell if it is not
pro)onged, unless ice c"ystale form in théir tissues and cells , However,
littorel organisms (shallow water plants end animals) in northern waters
are often killed‘in'great numbars by masses of ice that rasp back and forth
across the inshore rocks'as the tide advances and retreats,

" Host marine organfcms require a marrowey range of température for
breeding then‘for their othez bodily prbéesees. The common Americen

Wrmsas' s i

both lower and higher_than those required for apawning, Most animals
begin to bread at d definite temperaturc or témperature change. If ‘the

warm Season is long, there may bs two spawning peaks. Nelson (1928)

" Baid that rate of growth and length of larvel ‘life of the bivalves was

"mostly determinud by temperature,” The role that temperature plays’ in
controlling tho supply of nutrients to phytoplankton is disviissed on -
pages 7 ahd '8, o LR

e " The ‘anniual-migration and seasonal movements of many hérine: organisms
are as regular a8 the migration of birds. I{igration has been shown to

"be closely linked to tomperature and 1ijht changes: -

‘ In the seab;‘iife is most abundant in the colder parts of the world,
Colafblooded marine organisms grow larger in the northern part of their
'fange. Organisms 1n colder seas grow more slowly, mature later sexually,
‘and lvoe lopznz, SRR
Tho following 1ist of facte concérning temperature was extracted from
“'Gunfer (1957) ehd Svordrip, Johnson, and Fleming (1942):
1," Protoplasm is destroyed at 100°0 ahd at the temperature at which ice

h orystals form Within it. et : :

ALY S N
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2. Higher ‘salinities enable organistis to endure colder temperatures,

e . . - PN . e . :
ESR . . A (I i Vs e oot

since salt water freezes at ‘lover temperatures than fresh water,
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3. Marine organisms survive heat better in high salinities.

4, Organisms.ulith.short.life 3pans undergo great population changes

with seasons, '
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A,

B.

C.

Temperature Profile of the Estuary
Procedura

Heasurements should be taken at predetermined stations permanently
marked by dbuoy:s, They shcould be taken at various depths to provide
a profile from botton to surfaces It is convenient to make these
measurements while coliecting ocamples for salinity determinations

Equipment

1+ Protected thermometer graduated in one-tenth degree intervals
and having a range from -10%C to 100°C.
2. Cokivottie sampler (Pigure 11, facing p. 40).

4
’

" e~

liethod
p\
1. Jollect samples with the Coke-bottle sampler as described on
p. 40, '

2, aftexr retrieving the sample, place it in a shaded area of the
boat and imzediately put the thermozeter into the sample,

3.  'hen the mercury column ro longer moves, read and record the
- temperature in degrees centigrade. If a Fahrenheit therpozeter
is used the convereion of Fahrenheit to centigrade can be @al=-
culated using the equation 5/9 (F - 32) = %.

4. Surface ssmples can be taken with a bucket and the teaperature
measured as in numbers 2 and 3 abdove,



A,

B,

Measuring Currents

Procedure

Equipmenrt

1, lap of the estusry and the surrounding area .. .

2., Sevoral small floats (small jars, with caps painted orange)

3, Stopwatch or a watch with a sweep second hand .

4, Buoys and a boat for work in deep water

ilothod *

1, TFill the jars with enough water so that the capped tops float
just at the surface of the water, .

?, Determine the direction o¢f the current flow by drifting the
floats and o%serving their path. Nate: If a strong wind is
blowirg, the surface'water.may be flowing in a different direction
than the svb-surface vater, Check this by filling the jars with
encugh wat»*> 80 that they will float bercath the surface,

3, Using arrows indicate the direction of the curven® on the map.

4. Choose a place wiiere the current flews in the straizhtest line
and place a float in the water, .o .

5. il2asure the tine it takeé the float to drift frcem one predeternined
position to another, Notet Stakes can be used to mark positions
in shallow waterj bunys will be needed in deep water,

6, From the distance travellud and the time, cAlculate the velocity

of the turrent and record it along with the date, the time, and

'
the precise location. Note: Careful recorde are inportant be-
cause the flcw of the current may be ¢losely related to the tides,
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Clarity of the Water
v The Secchi Dicc Method
A, Equipmeﬁt

The standard Secchi disc (Figure.ib) ie a circular motal plate
20 cm in diamseter, The upper surface is divided into four equal
quadrants, Two of them are rainted black and the two in hotween are
painted white. The lover surface is painted black in order to eliminate .
reflection of light from that elde, A graduated rowe is attached to
the upper surface, and a weight is attached to the lower surface to
make th¢ diso eink properly.,

B“ Nb‘hod C e PO )

1. Record the conditions under which the experiment is made, Con=-
ditions to be included are the followingt whether the sky is
clear or cloudy; the position of the sun, or the time of day}
whether the water is rough or smooth, Ideally, measurements
should be wade only on sunny days,

2, In the shade of the boat, lower the Secchi disc into the water
by the graduated rope.

3» Looking through a viewing box, such as a face mask, record the
depth at which the disc disappears froam sight,

4, Lift the disc and record the depth at viich it reaprears,

5. The average of the two read ngs is considered to be the limit
of viasidility,

6. This information 2an be gathered most conveniently whila the
boat is anchored on station for the collection of salinity saaples,
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Atmospheric Conditions'

A barometer and an anenometer are mounted on the laboratory building,
and the barometric pressure and the wind velocity and direction should be
recorded at the sa.e times eaca day. The hand anemometer can be used for

paking necessary measurements in the field.
Maasurements of tho air teuperature and information about the cloud

cover are conveniently gathered during the course of the salinity and

bathymetry exerocises,
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Snap swivel

T Lead weight

3/8" Marine plywood

»

178" Nylon line

One decimeter

FIG. 15. SECCHI DISC




APYENDIX

A, llaterials and Equipment

The following i8s a 1list of tie supplies nceded for the entire
course including the amounts necessary for twenty weeks of operation,

Lten Amount
Aquaria . 4
Beakers, 250 ml : 12

Buoys (made from cinder dblocks, rope,
and poiyurethane fivads, ur sicilar

naterials) 3or é
Buckets or wash basine 4
Burettes, 25 or 50 ml 10
Burette stands S
Cokb:bottle sanpler i
Cover slips 1500
Crayons 4 sets
Dip net {
Dissecting kita 5
Distilled water 5 gal./we,
Dredge net T |
Eye droppers Tooe
Erlenmeyer flasks 24
Field tote boxes 4
Fish traps 3
Forceps 12
Forpaldehyde, buffered \ gal,
QGlass bdottomed viewing BHx or face mask i
Graduated cyvlinder, 500 nl ' 1




lten Amount

Greduated cylinders, plastic, 250 ml 24

Lead line 1

Lifo jackets et .10

Hagnetic compasses 2

Map of estuary and ;urrouhdtng area - 400 copies
"liarks-a--1ots" " o Ce 6.

Meter stickse = ' 2

Motric rulers .6
Microscopes, compound 10
Mioroscopes, dissecting 5 :
Hicroscope alidea 1500 (less if you want

IR to reuse them)

‘Natebook, spiral eido .7 6

Nylon 1ine, 1/8" 200 meters
Nylon line, 1/4" 20C meters
Petri dishes A Y )
Pipettes, 5 ml graduated 2. . L
Pipettes, 5 ml volumetric e, . . .
Pipatte duldbs . 12 -

Plenkton net . 3

Fotassiun chromate, A.C.S. ) i 1b,
Preserving jars, 4 oe. 48
Preserving Jare,te.oz. 48 -
Protractors . 5

Range finder |, 1

Reagent battle

1 1 bro¥n glass -2
500 ml clear glass

Saaple storage Lottles, 500 al 24

Scoop . antoy

S ek disc T T whe g

Saire ret LT

Sieves 2
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Lten

Silver nitrate

Shallow pans

Shovel

Sodium chloride

Stopwatch or watch with a sweep
second hand

Thernometers

Tide gauge

Tripod

Vials

Wading bhoots

Hash bottles

Worksheots and 4ata forms

irfting brards or clipboards

5t

4 1b,

f 1b,

- - Ny -

\ gross
2 pairs
12
400 each
10



2.

3.

5.

B, Sources of Supply

Plankton not (No. 12 standard 8ilk volting cloth, 125 neshes/sq.
inch, 35 inch net, 93" ring, #10W 0690)

ard's Natural Jolence Establishment, Inc.
P. 0. Box 1712
Rochester, New York 14603

Dredgo net (Nylon net bag, 24' long, steel runners, brass framod
ring, #105A50) '

Turtox o .
8200 South layne Ave,
Chicago, 1llinois

Fedoral Range Finder

Stoddards!
50 Temple Place
Roston, Hassachusetts 02114

Hand anemoneter

Bartck Instruzents, Inc.
879 West 16th Strect
Newport Bzach, California 92660

Chemicals, scientific glassware, dinsecting nicroscopes, coapound
pieroscopes, dissscting kits, aquaria, burette atanda, protected
thermonetes graduated in 1/10 degree intervals and having & range
from -1000 to IOO°C, hydrozeter vith a range of 1,000 to 1.028,
sne=onet.r {«ind epecd and direction indicator) Uith dial indcdrs
and outdoor asseably, directional conpasses, field tote box

Kearest sclentific supply house
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6.

7.

8.

9

10,

Parallel ruler, compasses, protractors, "Marks-a-lots", orayons,
notebooks, pencils, clip boards, metric rule:., meter sticks,
stopwatch

School supply house or stationary store

Vading boots, seine net (ap roximately, 10! x 4', 4" mesnh), dip
net (4" wesh)

L.ocal hardvare store
Lite jackets
Local marine or aquatic aupply store

BEatuary map -« For ologic.l survey -aps west of the Mississippi
River write tol

Geolo;ical Survey, Distribution ssetion
Yederal Coenter
Denver, Colorado 80225

for maps vast of lississippl River write tot

Geologlical Survey, Distribution Section
Washington, D, C, 20242

or contact local Town Hall for town survey wmaps,

&>
Tide gauge, tripod, measuring line, seives, Coké-bottle sampler,
lead line, Secchi disc

Directions for constructisn included in this pasphlet
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