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ABSTRACT ,

An experiment was conaucted that compared the teaching

effectiveness of a microcomputer module and atlecture. A

class of 30 students was randomly divided into two groups,i

one which i'an a module and the.other which attended a

lecture on the same material. Both groups were then given a

'posttest, a:nd the results were analyzed using analysis of

covariance and individual item analysis. No significant

diffet4ences were found.between the two groups. The

implications of these,resUlts to microcomputers and tO

teachers were discussed, with the conclusion that

microcomputers are L"fective teaching instruments, blit they

should be incorporated into the classroom situation wlth

care and forethought.
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INTRODUCTION

II

Although computers have been a-part of our society/Aor

over 25 years, they are just beginning,to become popular in

*
the educational field. This is not to say that no one-'has'

shown an interedt in tbe subject, of computerapplications
6 .

ih education. Tot the contrary! As far back as 1958

individuals like Alfred Bork, then a physics professor at

the University of Alaska saw the potential of computers in

teadhing and began research on the poss ilities (Kiester,

1978. )

The number of individuals interested in computers in

education grew'as computers became more popular in the

11-1960's. In that decade the number of schools having
,

rcomputers
increased.six4old (ACM Bulletin, 1979).

,nfortunately these computers were,utilized'mainly for

administrative purposes, so the teaching applications of

the computer lagged far behind this tremendous groWth in .

computer popularity.

,There ai:e numerous uses of coMputers in edubation. The
v,

Illinois Series on Education (1979) listed eight different

ways computers could be'used in teaching, with others

'
(Roecks, 1981; WaVts, 1981) later adding to that list: Even

so, the computer is not utilized nearly as much as its

potentiarsuggests. For example, although computers have

applications in virtually every curriculum, over half of

4
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the student use' f computers in today is

in only three-departments: computer science, engineering,

and business (Molnarl, 1981). A

One of the areas of study that does not make exten8ive

use of.computers is the biological sciences. The reasons

for this, according to Tocci (1981), may*em from the

belief that biology requires fewer quantitative analyses

than such subjects as physics'and engineering. But Tocci

stresses that there are many uses of the computer other

plan for quantitative analysis, and several are directly

applicable to the biological sciences. He blaMes the lack

of computers in biology) teaching on the teachers

themselves, saying that many lack training in the area of)

-computers, so.they either go not know about the computer:s

potential, or else they are suffering from ".computerphobia"

(Jay, 1981). Many teachers.have almost no conbept of what a

computer is or what it is capable of 'doing. Another related

fear is tliat the computer will soon replace teachers. This

is a largely unfounded fear. Frank Clement (1981) studied

the Situaiion and came to t conclusioli that there is no

evidence that computers will replaCe teachers in education.

He even postulated that the need for teachers who can use

computers and4also for teachers who can help develop high

quality educational software may be responsible.for the

,opening of more teaching jobs.

: In 1971 semiconductor manufactur.er Intel Corporation

Page 2
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developed the microprocesbor. chip (Marbach,and.Ifubenow,

1982), which eventually had a far-reaching .effect on

educational computing. This is because the micitoiSrocessor

dhip.made possible ,the development of the reiaeively

inexpensive modern microcomputer, a small, stand-alope

computer equipped with'a keyboard and a TV monitor 'usually."

with graphics capabilities. .

Suddenly any school could.own its own computer: for a

tiny fraceion of the cost of previous computers.,BefOre
9

microcomputers became availabLe in d977, the standard in .-

4

education was the large time-sharing computer, which,

;consists of two parts; the central processing-unit (CPU)

andlthe remote terminals. The CPU is the actual computer,

where data'is stored and processed. The remote terminals

ac.0 kei7boards used to 'communicate with the Computer. These

terminals could be lobated at various places and connectd
.

,

4
to the CPU by telephone lines.

.%

Educators were quick'to recognize the advantages'Of.

the microcomputer over tile time-sharing computersystem.

According to McIsaac and Baker (1981), the MajOr advantages

-

.are 'cost; user controllability, and conveniende.

It is not unusual for a time-sharing computer systems,

to oost several hundred-thousand dollars. A microcompuster

costs as lttle as iwo thousand dollars% which is within

the budget of many more schoola,_Addit.ionally,,a

time-sharing 'computer costs a large amount of money to runT

0
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ane, maintain. Each time .a. program is run it costs money,
,

mhich:tends to discourage use of such a computer system. A

microcomputer costs almost nothing to.run, so its use can

. be encour4ed with'no fear of mountihg large computer

-

prodessing bills.

'The user of d microc mputer has much more control

the entire system than does a user of.a time-sharing

computer. On a time-sharinecomputer system the user must

contend with problems beyond, his/her control, such as

computer down .time and qefective connecting telephone

'lines. MicroComhuters.are deceatraa.ized so that'each one ib

a separate unit..There are no telephone lines connecting,

them and no problems with other users on. the system at the

same.time. The mid.rocoffiputer user does not have to te

Concerned with computer down time, 'dr with waiting in line

for the CPU to run a program or with keeping user

4
identification numberse secret.

Related to,controllability is donvenience.

Microcomputers tend to be more convenient than time-sharing

systems. Becaae microcomputees are decentralized, the user

works with the entire unit. This eliminates sudh

inconvenienCe§ such as 1.d. numbers and long waiting

periods both to run a program and to receive its output.

Also more convenient is the fact that microcomputers have

no running or processing costs. They can be us'ed often and

any time of da:y with no worries of the resulting bill.

Page A
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... The running costs of a time-sharing system can vary at'

different times of the day and.can get quito expensive,

especially if the terminalhooked t6 the CPU,via a

1ong-distance telephone connection.

Many agree that an 'additional advantage of the

microcomputer for educational applications is its color

graphics capabilities, which allow it to use graphs,

charts, pictu'res, and even animation (Bork: 1980; Bork and.

Fi'anklin, 1979; Smith, 1979; Zinn; 1970. This allows the

microComputer to db more than process numbers,and display .

text, thus adding a new dimension to its applications.

It is the combination of all these advantages which

make the.wicrocomputer an attractive package in education.

sirFor example, there is alarge tim haring system that has

g been developed that shares man of the advantages of the

microcdmputer. It is called PLATO' (Programmed:Logic for

Automatic Teaching Operations) and is available to many.

colleges and universities, PLATO is essentially a computer

terminal and TV screen connected to the CPU via

long-distance telephone lines. PLATO ha% excellent riaphics'

capabilities and immediate, interactive feedbacklo user

inputs. But its major drawback is cost. According to Gerald

Gleason (1981), a-single terminal hooked to PLATO would,

cost a school $6000 a yea.3. With such a hiih cost, PLATO

cannot compete with the microcomputer for the educational ,

colilriuting market.

Page 5
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With all of their advantafgs, microdoMputers are

"srapidlybecoming popular in education. Butone o the major

obstacles,to their growth at this time,is the long-time
._..--

establishment of the time-sharing systemselready in
#

schools:JA school will be hesitant to spend money on

microcomputers when it already is equipped with a large

. time-sharing system. But this is not a permanent hiiidrance

to the spread of, microcomputers. For example, a 1978/79

study done by the Minnesota School District Data Processing *

_Joint,Board (ACM Sigcue Bulletin, 1980) culminated in the

recomMendation to phase out time-sharing in *favor of

microcomputers in Minnesota schools.

With the sudden popularity of microcomputers, the

educational community has been'beset by'a couple of major

problems. Modt teachers have little computer knowledge.

They do not know how to'use computers or what computers can
1

.do. This is termed "computer illiteracygend is one of the

most serious problems associated with the educational

4 4

computer 'boom (Di
0

ckerson and Pritchard, 1981). Another very

serious Problem is that microtomputer development has far.

exceeded its software development (G1ea4bn, 1981). Software

refers.to the programs-that can be Aon the .computer.

Many teachers haNte ideas concerning how to use

Microcomputers ,in their classes', but no software has At

been developed for their needs. So although microcomputers

fare becoming available for use in the classroom, tbe4e two

-Or
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problems,,pie large number of teachers who are not computer

literate 4smd the lack of educational software, limit the

: microcomputer's use.

In the face pf problems such as these, a project was

initiated at Michigan Technofogical University. The two

year long SUMIT project (Singie-gondept User-adaPtatile

Microcomputer-based Instructional Technique), headed by Dr.

J. D. Spain and funded lithe National Science Foundation,

'b'egan in the spring ot 1980 and produced educationaii

Sbftware related to the biological sciences fors the -Apple

II Plus microcomputer. Each microcomputer program; or
At ,

module, dealt wih a single subject im the areas of cology

and general biology.
,

The mddules were qesigned.to be used as a supplement

to a biology or ecology laboratory. Experts.tend to agree
'!

that Computer-kssisted Instruction (CAI) NAgd in addition

to laboratories oe classroom lectures is the best

aPplication of CAI iecourses, (Alpert and Bitzer, 1970;

Clement, 1981; Jenkins, 1976; Tsai and Pohl, 197ti; Tsai and

Pohl, 1981; Visonhaler and Bass, 1972).

CAI is &Tined by Oliver and Scott (1978) 'to be "the

direct'interaction of a student with a computer-through an

alphanumeric and/or graphics communications terminal for an

instructional purpose." With this in mind, the SUMIT

modules could be termed CAI modules because they were

writtji with the idea that-they would be run by students .

Page 7
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who would interact w,ith the modules.

User interaction with the microcomputer was flp to be

a very important part of the learning experience, so all of

the SUMIT modules allowed freqent usercomputer interaction

through questions and answers. ,Using the Apple

microcomputeriI graphics, this was extended to include an

interactive graphics--situation in which the user would

experiment with equation.parameters 'an'T,oVserve how changes_
-

affect various curves and graphs.

SUMIT modules will not only help to alleviate the lack

of educationa/ software, but they also'wer:e deSigned to be

used by all tachers, regardless of their degree of

computer literacy. It requires no computer programming

knowledge to run the modules. As an added feature, along

with each SUMIT module comes'a copy of documentation that

explains simple ways that a user can modify the module.

Therefore teaehers need not be computer experts to run or

modify these modules.

. Each of the SUMIT modules underwent several formative

evaluation procedures. Members of the2UNIT team constantly

ran the modules throughout their developmet and offered

suggestions and criticisms. The modules were aAso run by

small groups of students in various ecology and biology

courses at MTU. These students would each fill out

evaluation forms, which were then used to further improve

the modules.

Page 8
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Summativey or.final, evaluation took place in animal

-ecology and general-biology laboxatories af. MTU. The SUMIT

modules were dncorporated into the laboratory work, where

the studenta would take a prrest, run the module, and then

take a' posttest to find if they improved after running the

modille. They also filled out evalua,tion formS to give the

SUMIT,team an ldea of their attitudes, likes, and dislikes

Ain relation to the coMPuter work in laboratories.

The SUMIT team deiired to evaluate a SUMIT module by

comparing it-to the traditional method of instruction:

Snob the mo4iiles were written to be part of laboratory

experiences, thejmost relevant summative evaluation would

be.to use it as part.of a labaratory exercise and test

students' improvement.. The question is, can they teach a

student as effectively-as traditional inseruction (TI)

techniques? It was decided to address this question through

the summative eValuatton of a SUMIT module.
e-

The robl m of.this study wais to determine the

eMctiveness of CAI aing a SUMIT module by comparing it

with a traditional method,of'instruction

lecture-discussion.
..

Page 9
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RELATED LITERATURE

'A review of the,literature in the area'of evaluating

CAI revealed verSr lit'tle.useful Material. A number of

individuals expressed the belief that CAI could teach as

effectivAy as TI (Bork,,1980; Cunningham, 1979), but they

never conducted any studies on the matter. Others carried

out experiments that were very we.A.i. For example, Morrison
4.-

and Adams (1968) .carried out a study on CAI vs. TI in
,

German languageclasses. They claimed to have found the CAI

.group.to be better in some skills, but no statisliCal

analysis could be performed on the data'due io the

unstructured nature of their study. Different teachers

taught different groups,'plus sOme individuals changed

groups miaway through the study.

Weistheimer conducted a study of CAI supplemented...

laboratories vs.-traditional laboratories and found tilt-

the.CAI supplement group did significantly better on

material covered on the computer (Jenkins, 1976). But hi&

experimeAtal.metliod Was faulty because the CAI supplement

gVoup put in four hours "overtime" to look at the CAI

modules, while the traditional laboratory group'put in no

extra time. This gave unfair advantage to the CAI

supplement group.

Gershman al44,Sakamoto (1981) carried out a largescale

study with the Ontario, secondary school system. But

Page 10
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students were allowed, to moVe from the CAT group to the TI

group and vice versa, so their results were not conclusive.

,Better studies with proper experimental design wereA

also found in the literature (Alperk and Bitzer, 1970;

'Bonen, Bunderson, and Duhad, 1971;Iewellen, 1971; Suppes

'and Mo ingstar,1969; Tsai and Pohl, 1978; Tsai and Pohl,

1981; Visonhaler and Bass, 1972), but most were old --

pre-mie'rocbmputer era. Educational computing prior to the

late 1970's tended to Center more around drill & practice.

It.is questionable if these studies could provide,any

indication-of the teaching effectiveness df the modern CAI
0"

simulation modules, because simulations- and drill &

practice 4re two very different uses of the.computer.

Also,,-none of the studies .found were conducted for a

single CAI module. Instead they all were a test of learning

over the course of a term or semester. Al

.differences made it difficult to predict

SUMIT-module vs. TI comparison.

As 'a final note on thiS subject, twO studies in the

of the'se ,

the resultdof a

literature,proved interestoing.,In 19478, Magidson reviewed

the accumulated studies of CAI vs. TI and found that 55% of

,these resulted in no significant differences. The remaining

45% of the studies resulted-in findAing thh CAI more

effective than TI. Thme years later, BurnVand Bozeman

(.1981) published a similar review and fotind 401 resulted in

no significant differenoe, 45% resulted in finding CAI more

Page 11
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effective, and 15% resulted'in mixed results.

One should note two points. First, the latter review

found 15% of the CAI vs. T/ comparlsOns.getting less'than

favorable(resUlts for CAI. Secondly, the Studies were

separated by three years,, the exact.time of the\

.introduction,,a subsequent popularity of the j

microcomputer.'Possibly in thas6 three years .the studies

conducted involved microcomputers with more graphics and

simulation modules. If this'was true, then microcomputer

simulations could be responsible for reducing the number of

studies that found CAI to be effective, which would imply

that either the software for microcomputers was of low

quality; the studies were not run well, or that

microcomputer simulations are not effective teachirig.

devices.

Page 12
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METHODS AND MATERIALS
e--

(This section outlines the development of the Predator

Functional Response module, the lecture to which it was

compared, and the posttest for the experiment. Theo.

population used, the experimental design for the lecture

vs. CAI study, and the statistical methods to analyze the,
k

data arecalso describedis)

A. Choice of the module

The SUMIT module entitled Predator Functional Response

was chosen for' a study csompating the teaching ef ectivenes

of a CAI module and a leceure-discussion. This mo ule.

conberned the topic of-predator functional response and its

relationship to prey recruitment. Briefly, predator

functional response,(PFR) relates the number. af prey k lled

to the Prey density in.the surroUnding environment in wh ch

that predaton lives.. If'this is studied in 6onjunction wi h

,prey population growth, r p-y recruitment, Of an area;

many intdresting and po entially useful, relationships can

be di:Scovered. For..kmor delailed look at prey

reqruitment-predator functional response, please refer to

the PFR module documentation in Appendik.A.

thiiymodule_was chosen::because I felt that students

would-not be familiar wfth the subject of PFR br;the

Page 13
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graphical techniqu s used to plot the PFR curve. PFR is an

important, but not w dely taught concept, so most of the

students had never bee exposed to the material in the

Module befor4. New conce ts decrease the probability th6at

one,student is at an adva tage over other students, which

is irmpor.tant in the proper valuatiOn of the effectiveness

of a teaching method.
-.. - .

..

Another reaso for using the PFR Module was that,it

Jrwas written by th 'investigator conducting this study; thus

he was familiar with the modUle and the subject matter.

This assured that ihe instruction would be most effective

and also eliminated the teacher confounding factor (this

occurs when one individual develops teaching, materials and

another uses them to teach).

. Development of:the module

I.
Initial development of a microcomputei" module on PFR

involved finding the right approach to the subject. The

objective of this module was to take the student further

into the-predator,prey relationship than the Lotka-Volterri

numerical relationships, and also to expose him to ILyS of

graphing relationships other than the standard plot of

'1population as a functiOn of time".

Many different methods of graphing PFR exist. Examples

include plotting the proportion of prey killed per predator

Page 14
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as a function of prey density (Mut'dpch, q973), and plotting

the log of the number.of prey killed per predator, as a

function of the log of tth.p prey depsit4OReal, 1979). The

simalest method found, and the ong uged for the pFR. module,

was to gra:ph the number of prey killecr-pet predator as a

function of prey density, a techniqAe rage popular by

Holling (1959).

A microcomputer program was develop,e.4 'depicting prey

A
recruitmept and type III PFR (Holling, 1959). interactions.

At this point the module's objectives were formulated for

thiS module:
.a]

After running the PFR module th 'stUdent should be

able to:
.

1. identify and predict stability of pvey density

equilibrium points resulting from preditor Tunctional.

response.

2. predict and recognize the effect 'changes in predator

lif

m

carrying capacity on equilibrium po ts. . .
_. .

3. compare the relative rates at wpic different starting

prey densities approach a stable equilibrium point.

4. recognize the' effett of hunter prlessure on prey density

equilibrium points.

It should be pojorted out that these objeci-ives are iot
the same as the final performance objectives tIlat were tP

Page 15 . it .



tested for in the -study s posttest (these can-be found in

Appenclix B). The list of .objectiires was changed and,

expanded throughput the development of this module as more

was learned about PFR'and the capabilities of the Apple II

Plus' microcomputer..

Rfter a module was-written and programmed-on the
.\

Apple, formative evaluation began. This encompasded

constant suggestions and subsequent improvements, followed

by fu'rther suggestions for improvement; The formatiVe

, evaluation.for the PFR module roughly followed the'

gui6elines outlined by Dick and Care; (1978)6 First the

author and SUMIT team reviewed the module. After the

suggested improvements were made, the module was run by a

small'grou of students, the BL575 Advanced Animal Ecology,

class. Their uggestions were used to improve th.e module.
,

Next a team of 'three SUMIT member's who had a special

interest in PFR was assembled. This team met twice weekly6

to review the module and offer suggestions and criticisms.

Follolging this, a four-member committee created to

-supervize the graduate work of the PFR module's author ran,

the module and offered suggestions. Finally, a year after

the formative evalUation began, four individuals'

knowledgeable in the field of predator-prey relationships

(two of which could be considered "experts" in the sUbject

of PFR) ran the module to check the accuracy of the .

material presented. No erroneous material was found,, which
.
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ended the formative evaluation of the PPR module.

#

C..Development of the lecture
, .J' ,

\
. v.,

A lecture was needed that was coMparable to the PFR

module in its objeptives.-Using.the list of performancs

. objectives developed for the PFR module (see Appendix B), a

. lecturedisoussion was:written b!y the investigator. This

,assured that both the lecture and the module covered the

same material at the same level.
..

The leCture was approximately 40 minutes in length and

used Overhead projections for the graplas. Time was included

in the lecture* for student.questions. Aftdr the,'
_

lecturer:discussion was written the author revie,wed it to

ensu.t4e that all of the performance objectives were

adequately covered.

To obtaiia a Permanarit record, a videotape was made.

when the lecturediscussion was given to BL340 Animal

Ecology. A written transcript was made from this videotape.

This can be found in Appendix E.

-

A

1

/
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D. Development of therpostte6

A posttest was needed that wou/d measure -knowledge on'

ehe subject of PFR. The following format for the posttest

was chosen:

-- The posttest'consisted of multiple choice items because-

they ,can be scored objectively, yet have mpre

discriminatory power than true/false items; plus they can

be used to test for'a variety of cognitive learning levels.

-- The posttest had 20 items. Past posttests used on other

SUMIT modules had eight to ten items. For this study a

longe'r test was developed to increase the reliability of .

the results.

-- A time limit, was set for the completion of the posttest

C\lb'y the students. A time limit,of 15 minutes was chosen so

that it ccilld be administered within the anticipated

constraints on the day of the study.

Asosttest with thiS format was written that tested

for the set of performance objectives developed for the

module and lecture. Then it was evaluated by ihe members of

the SUMIT team. Suggestions were made, which were used to

improve the posttest.

As a final evaluation of the posttest, four

individuals knowledgeable in PFR were asked to take the

test and lock for inaccuracies in the information

Page 18



0

presented. They did this and offered several suggestions

for improvement, which were incorporated into 'the final.

version of the posttest. A copy of the posttest used'in

this study can be found in Appendix C.4

E. Description of the population

The.fall 1981 EL340 Animal Ecology Class was used to

t-Ompare the PFR module to a lecture-di,scussion. 30 Students
. .

were enrolled and,attending this course,at the time of the
4

experiment. These 30 students were divided randomly into

two groups of 15. The random divisfon permitted the

assumption to be made that the two groups were

representative-samples of the population in their prior

knowledge of the subject matter to be tested, so a pretest

P did not have to'be given. The randomization was done by

asscciating each student with a random number and then

s'orting the r;andom numbers f,roM lowest to higheSt. Thse

students with the 15 lowest random numbers made up the

group that would nun the PFR module. The remaining 15

students would make up the group that woul0 attend the

lecture on PFR. This procedure was.conducted on the Apple

II Plus mJscrobomput'er. 'A py of the program and, results
or

can be foun0 ln Appendix D

Page 19
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F. Experimental design

*.
One.Week prior to the-experiment ,the students were

infonned.where to report on the dasrlof testing. On the daY

of the study,, the lecture group attended the 40'minute

lecture-discussion on,the subject of PFR in their regulan

lecture room. At the.same time, the module group met in

\their laboratory room-and ran the PFR,module. Each student
7

used a separate microcomputer,and was given 40 minutes to

run the module. gt the end of the 40 minutes both of the

groups,were brought together and aaministered the posttest

on PFR.

G. Methodk of.analysis

Each student's posttest score and final course points

percentage was collected. Analysis of covariance was

applied to thit data, using the final course points
).

percentage as the covariate, ,to test the null hypothesis

4 that the means of the adjusted posttest scores for the two

groups were equal. The.alternate hypothesis' was that. the.

two means were noteequal.

In ah effbr to analyze the effectiveness of the

posttest, test and item amalyses were run. This was

accomplished using a progra"m entitled ITEM ANALiSIS,

(Fehiberg.and Flathmen, 1969) on the UNIVAC cdmputep.

/1
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program calculated a variety of.statistics, but the ones

mobt useful to :this study were the Kuder-Richardson Formula

20 reliabiiity coefficient (KR-20), the item difficulty

indexes, and the itembiserial correlation coefficients.

The item difficulty index used was the'fraction of
>1'

studentS that answered the item correctla*. It is a riumber

between z and one-and is calculated by dividing the

.
number.of.correct responses"by the total number of

respA9,.sep for each item.

Item discriminatory power, the ."ability to

differentiate between students who have aciiieved well...

and those' who have achieved poorly" (Ahmann and Glock;

1981), and its difficulty index are related. Items with

difficulty indexes around 0.50 generally -have the maximum

discriminatory power. Therefore a test with iteMs in the

range of 0.30 to 0.80 will have a high discrimiRatory

power.

41.

The Kuder-Richardson Formula 20, or KR-20, checks the 0

internal reliability of the entire test. It is calculated

ueing the following fotimula:

= 1 - (StiimATION (PU-P)))/Test Variance'

where P = each item's difficulty index.

4

The KR-20-uses iteM difficulta-indexes to estimate

consistency of.student performance from item to item. The

Paie 21
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0-20 has a possible range of zero to one, put should be

greater tham0.50 for any given test (Tinari, 1979). A

value lower than this indicates that the test may be,

internally inconsistent.

The item biserial correlation coefficient has a

possible range of minus_ one ta one. It is calculated using

the following formula:

BCC . (P(Mr Mw))/(Z(Test Variance))

where Mr is \"n''t e mean of the students answering the item
, )\\

Ali
correctly. ,

I

Mw is.the mean of the students answering thern item

incorrectly.

P ii the iteedifficulty index.

Z is the ordinate in the unit'normal distribution

corresponding to the proportion P .

-4

yam..

Like the difficulty index, the biserial correlation

coefficient'is also related to item discriminatory power.

It measures how,well an item separated the goOd studdn'ts

Prom the poor ones.:If an item is discriminating well, the

mean test score the students choosing the cot;rect answer

should be greater than the mean test scores of students who

chase distracters (wrongeswers). When this happens the

biserial correlation coefficient for that item is high. If,

; Page 22
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on the other hand, tile poorer stthents chose the correct

lan'Lwer and the better students chose the dstracters, that

iteb is not operating properlY, and the biserial

cbrrelation coefficient wotld be negative.

The lecture and module groups were compared

item-by-item using a 2K2 contiagency table with the rows

equalling module and lecture, and the columns equalling the

nuMber that responded with the right'answtr and the number

with the wrong answer: Chi-square values were calculated

from these contingincy tables.

er

a



RESULTS

30 students mere enrolled in BL340 Animal Ecology at

the time, of the experimen.t. It was hoped that samPle sizes

of 15 for each group, lecture and module, would occur, but

several factors reduced this number. Two students from the

module-group were absent, reducing the module samPle eize

..

to 13. In lecture, three students arrived late and mi6sed

'enough material to possibly lower their posttest sco'res, so

these students' scores were dropped from the data set,

leaving 12 scores froM.the lecure-group to be analyzed.

To use analysis of covariance to compare the lecture

and module group means, a covariate was needed. The final

course points percentages for the students in the .study

were used. At the end of t*term the list of final points

percentages was collected, and j was faund that 'one

student who had participated in the module group had :later

dropped the course. Thus he had no final points percentage,

so his.posttest score had,to be dropped from the data

analysis.

This left 12 Stddents' data in each group. The

complete final data' set can be found in Appendix F. The

posttest scores for the lecture and'module groups wer;e

plotted on frequency,histograms in Figure,1. Analyks of

cdvariance was applied to the data collected (see Appendix

F). The calculated Fvalue was less than.one, o the"-null
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FIGURE 1. Frequency histograms for the postest.scores of
the module and the lecture groups.
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hypothesis was 'accepted; the,means'of.the adjusted poattes.t

scores for the lecture and module group are not

significantly different. -

Table 1 summarizes the results of the test and item

andlyset. One wiil recall that the KR-20 formula measures

the internal consistency-of the test and should be greater

than 0.50 . The KR-20 formula fol., the class posttest .

results was 0.80, which indicates a test with high internal

consistency.

The difficulty indexes are listed by item in Tabn 1.

One can see that half of the items in the class's posttest

were within the acceptable range of 0.30 to 0.80 .

Biserial correlation poefficients are also listed by

_item in Table 1. Ilnari (1979) suggested that items should

have biserial correlation coefficients greater than 0.30 to

be useful. Scahnfng the claas data in Table 1, it can'be

seen that 16 items.pass this critfrion,.which is a greater

number than the number of items with the proper difffculty

index. This mean6 that.for'some items the difficulty index

was n6t within the optimum range, but the item was still

functioning by discriminating good students from poOr.

When the lecture" and module groups were compared

item-by-item using a contingency table (Figure 2), it was

found by calculating chi-square Values that the two groups
P.

Ilere not significantly differentn any single- item of the

posttest.
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TABLE 1. posttest st tistics. This table inchides test
means, standard deviat ons,-and KR-20 values; item
difficulty indexes 'and iserial correlation coefficients
(BCC's). ,

/ ENTIRE CLASS / LEC URE GROUP MODULE GROUP

Mean: 15.17
st dev: 3.60
KR-20: 0.80

Item

1 .17
38

0.81.

# Diff Ind BOC', Diff Ind
1) .41/ .537 .417
2) .792 .878 .750
3) .625 .781 .583
4) .792 .625 .667

5) .125 .851 .167

6) .958 .294 1.000
7) 1.000 .000 1.000
8) .833 .274 .917
9) .7o8 04 .75o
10) .958 .294 1.000
11) .667 .008 .667

12) .875 .382 .833

13) .958. .837 1.000
14) .958 .837 1.000
15) .542 1.001 1.500
16) .750 .913 .7.50

17) .917 .578 .833
18) .875 .323 '.833

19) .792 .962 .,833

20) .625 .717 667

BCC
69
9

6
. 61

.996

.000

.000

.196

.932

.000

.826

.241

.000

.000
1.033
.6o8
.756
.344
.653
.614

'Page 27

15.17
3.81
0.87

Diff Ind
.417
.833
.667
.917
.o83
.917

1.000
.75o
.667
.917
.667
.917
.917
.91
.58

.750
1.000
.917
.750
.583

BCC
.244

1.128
.921 ,

.919-

.721

.323

.000
,.323
.356
.823

1.173'1N\
.621
.919
.919

1.103
1.186
.000
.323

1.186
.810
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FIGURE 2. An example of the two-by.:-two'contingency table
that was used to compare the module and lecture groups by

item:. The data in this figure is from0.tem #4 of the

,

posttest.
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1--DIscussIo

.A.study comparing a CAI module and a ".ecture was
.

. .

.
1.

7
Conducted, and it was found by.analysis of.the data that

there was no significant differance between the two in

their teaching effectiveness. Although the resuZts aee

, limited 'to t4ft pdpulation'of this studY, they cah be used

to consider some other aspects of microcomputers and their

use in -teaching.

First; how are the results of this study important to

manufacturers of micrOComput6rs? Microtomputers have beeh

ekperiencing a boom in education Without any evidetice that'

they could be useful. All that existed were the "feelings"

of a limited number of teachera that they cdtld be used ,

)*
somehow. This stuay provides'some evidehce that.

- -
microcomputer CAI modules can teach students as- effectively

as a class lecture. With this evidence More educational'

institutions may be willing,to make purchases anththus 'make

.microcoMputers more pOpular in the classroom. With their,

increased availability in educational instittions, their

use will also increase with more teachers Using them in

more different ways.

An already existing prdblem that may, tempoparily

become more acute is the-lack of high quality educational

software. .If a sudden increa.se in microcomputerfpopularity

in education occurs, the softWare problem wifl-get worse. A4
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large number of teachers will,be exposed to micr computers

ancrwill want to use them, but.the software will be

lim,ited. CAI'simillation modules take hundreds of hours to

write, develop, and program. The lag time involved- in

aeveloping educational software may put a severe pinch ori

the expanding needs of the educational computing community.

Possibly, thoug4, more teachers will develop their own

`)sof.twa're, and that May be the ultimate answer to the

problem.

5he next issue to be addressed islthe significance of

the PFEHstudy to teadhers. In the past many teachets were

hesitant about using CAI in their classes, pattially-'

because they had no way of knowing if it was a useful means

of teaching. The PFR study prOvides evidence that CAI

modules can be effective in teaching certainAopics

those that -are simglation- and graphics-oriented). With

this evidence possibly teacher's will begin to-make use of

CAI modules to replace sothe lectures and/or to supplement

others. The microcomputer has shown hat it can be anto
.

,

.

effective instructional tool, so it s ould.be used as such.
,

,The use of the microcomputer in a class Will add variety to

the learning exPerience, which will aid the student in

understanding and recall.

Orip curriculum that has a wealth of simulation- a d

graphics-oriented topics is biology. Thus it is surprisiqg

that'biology is one.of the least frequent users of

Page 30



computers in education (Magldson, 1978). teXt

Computer Models in Biology" (1981), Spain covers at least

'50 mathematical models related to'some aspect of biology,,

eaCh of which could be the basis of a-CAI module: PrOably

the main problems are related to cdmputer Illiteragy aMong

bdolegy teachees and a lack of educdtional software-in the
;

subject of biology. But with the SUMIT Project and other

similar courseware deVelopment prograMs, bialogy teachers

will have more software to make use' of\in their courses,
,

Which may help alleviate the problem.

Does this study support the view that microcomputers

can replace teachers?. McCredie'(1981) pointed but that the

, .

computer has decreased greatly in price at a time when the

cost of supporting a faculty. member has gone,up

significantly. lie believes that the inexPensive price of

Computers in.teaching will make them much more popular in

the near future. But will they replace teachers?

The evidence is against it. Tsai and Pohl (1978)

conducted studies ln 1978 and. 1981 comparing the t aching

effedtiveness of TI, CAI) and CAI supplemented TI. These
,s,

were some of the first stUdies that included all, threeNpf

the most important contrasts\concerning cid
\
learnink: TI\

vs. CAI, TI vs. CAI sdpplemente a d CAI vs. CAI'

suppemented TI. The,resuits wsre th Nt Y\found no

significant difference betweenJCAI and but

found that TI suppl mented with'CAOkas s

-

(W.

411

more

j111101ft
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effective than eitEer.alone.

Some may argue that these studies prove th t computers

will replace teachers soon. But move evidence exi6ts that

this will not occu Possibly the clOgest thing to as\

completely computer nstructed course that exists in the'-N
^ NN,

Unitted States at this time is loca:ted at the University of '

'California at Irvine (Bork, 1980). Mere an introductory

physics course isl:aught through a series of PLATO

simulation modules. But even this does notAliminate
4

teachers bebause-a summary lecture is given at the end of

elch week, plus if students Consistently have problems on

certain material in the CAI module, they are locked o t of

\
th module until they discuss the problemWith the course

inst,uctor. Soeven with maximal use of CAI, teachers are

needed to answer 4uestions and pull together the material

for the students.
\

That is the extreme case of CAI. Most"investigators

agree that totlly computerinat Ucted course are not the
\, N\

,most.effective uSe.of computers in edUcation; ra er, CAI
N

us,ed to supplement:laboratories and Iactui.es\is th

application (Alpertand.Bitz r 19814 Clement, 1981;

Jenkins, 1976; Tsai and\Tohl, 1 78; Tsai and Pohl, 1981,

Visonhaler and Bass, 1972), UMIT moduleS 'Were desiined

with this application in mirid, although .this study

found the pFR module to be as e ctie as a lecture, the
. I

module was zt designed to replace lecture. CAI modules.,

best

Page 3
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may prove to be effective on their own, but any attempt to

fit presently available modules together to completely

replace a series of lectures youad result in an'unrelated.

set of stitjects being taught with no connection among them.

Therefore, microcomputers and their existing software do

not threaten to replace teachers at this time:

In the opinion of this researcher teachers should loOk

at the microcomputer as another learning device to be used

to enhance.their courses. Microcomputers plgyide the

graphics.and interactiveness necessary to teach some

difficult-to-convey topics and should be used in

conjunction with related laboratories ahd lectures.

The microcomputer is an effective 'learning aid, but it

should not be looked to as an answer to all educational

problems. It has itp areas of application;,Xike any other

teaching aid. But several problems have-to be avoided. I

was involvel with CAI' modules from 100 a student and an

instructor's viewpoint in the past year. From my

experiences I have found that there is a danger of

overusing CAI Modules. This was also found by Tsai and 6hl

(1978). It seeMs that any more than one module a week .

results in a severe loas in student interestt Therefore,

possibly the most effective use of micrddomPuters would

as part\of a multi-media\exposure for the student,

includi41such things as overheads, films, slides,

videotape and,field trips. In this way the microcomputer

/
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Could add to the richness of a course without becoming a

hindrance through overuse.

For future research the module,vs. lecture Comparison

could be improved in sevaral ways. First, it could be

repeated With ,larger sample sizds, which wbuld strengthen

the results and a18o provide possible 'replication toi" the.

results. Further development of the posttest would also-1)e

help4i1. The'posttest in this studi contained many .

multiple-choice items with weak distracters. Better
t,

distracter's would raise the reliability and discriminatory
,

power of the test.

Also, an interesting adNition to the experiment would

be.the testing of long-term Tetention of the material

learned. By testing the students a week or more after the

experiment, long-term retentio .of the, material could be

tested. ThiS' wouldbe especial y interesting, because past

studies on retention of CAI learned material have found

conflicting results .(Alpert and Bitzer, 1970; Htdlen,

Bunderson, and Duham, 1971; Tsai and Pohi, 19a ).

To conclude, a CAI module dealing with pre ator

unctional response was developed for the Apple II Plus

(microcomputer as part of the SUMIT microcomputer softwar
.AY ,

A ,

development project. This module was used in an e periment

comparing the teaching effectiveness.of a CAI Mod e'and a

class lecture. The 30 students in BL340 AnimalEco ogy at

114phigan Technological University were randomly spl it into

,
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two groups.for the experiment. One group ran the PFR
%+4

module,\,the other group attended a lecture on PFR.

Immediately afterwatds, the students took a posttest on the

subject of\PFR. The results of this posttest were analyzed,

,and no signiicant diffprence was fOthad between the scores
.Aotavw

4 of the two groaps: ThisiindicateS 'that CAI modules are

useful devices fOh,cteaching.
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PREDATOR FUNCTIONAL' RESPONSE

(

ABSTRACT

This module explores the interrelationshiPs between
prey recruitmemt and predator functional response curves*.
Equilibeium points are examined with respect to theirt

onumbers and stability. The effects of varying predator
population size are explored. A method for estimating the
relative'time required for reä6hing equilibrium IS
discussed..The effeCts of hunter pressure on the ---

predator-Prey system are examined and diecussed.

PREREQUISITES

.
Familiarity with S-shaped'growth curves (such aS the

logistic equation). Previous exposure to predator-prey
models, such as the SUMIT module entitled PREDATOR-PREY

DYNAMICS.

OBJECTIVES

After running-this program, the user will be able to:

a) identify,and predict stability of prey density .

equilibrium points iesulting from predat8p.fur)ztional

response.

b) predict and observe.the effect of changes in the
predator carrying capacity on equilibrium points.

c) compare 1prelative ratee at which different starting .
prey densities approach a stable equilibrium point.

d) observe the effect of hunter pressure on prey density,,

equilibrium points. .



5. BACKGROUND'

Solomon-(1949) defined two categories of interaction
between predators and their prey. He-defined the predator
NUMERICAL RESPONSE aS the change in predator density in
response to a change in the prey density. This would be
e,xemplified'in the Lotk.a-Volterra predator-srey models
(Wangersky, 1978) where the predator population fluctuates-
in response to the number of prey,(see Figure 1 ).

0

Predat or
Prey

a,-

III1111 II II
II

I

li

I I

111

II

1

a,

a,a.. ..... ...ev,v1.
.."" 4. . 0"

4 .... ....... .7"".11

TIME 40

6

^

.

Figure 1.. Example of a Lotka-Volterra predator-prey graph.
A graph showing the cycling nature of the fluctuations of
the predator poPulation in response to changes in the prey
population. This graph is an example of output from the
SUMIT module entitledePREDATOR-PREY DYNAMICS.

Solomon hypothesized.that predator eating habits also ,

changed. He defined the predator FUNCTIONAL RESPONSE as the
change in the number of prey consumed by individual
predators in response to a change in prey density.

Predator functional responses are not as well studied
as numerical responses, but play an important role in
stabilizing prey-density, ,Many times the numerical response
of a predator may occur more slowly and also be dependent
on the predator's functional response (Oaten and Murdoch,
r975).,

There are three basic types of predator, functional
response curves, when the number of prey eaVkp by a
c'onstant number of predators is plotted,versus prey
density. The cupves have the shapes showh in Figwe 2 as
defined by Horring (1959).
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.TYPE I TYPE II

pre1/

TYPE III

Figure-2. :The three basic shapes of predator functional
Pesponse curves.

It/

All three curves in FigUre 2-tend to level off. This
is due to predator satiation. Satiation refers. to the
maximum number of prey that a constant number of predators:
can consuMe in a given time interval.

The type I curve represents a predator with a random
search pattern and a rate of searching that remains
constant at all prey densities. The number or prey
consumed, then, would be directly proportional to the prey
density, and a straight line graph would result.

The type II Curve represents a predator whose.ratecof
searching progressively decreases as prey density
increases.
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Possibly the most interesting is the type III predator
response curve. One explanation that has been put forward
for the, sigmoid shape of the curve is that the predators
are exposed to multiple prey,ipecies. The 'S'opart of the
curvfe is due to predator switching;. that Isi the Aredators,
consume a disproportionately:Larger number of the more
abundant prey (Oaten and Murdoch, 1975). When one species
_ol* prey is scarce the predators concentrate o other
sources of food. But as the density of,that p ey species
increases, the predator's iiecognize and consu a'much'
larger number of them, which:.is reflected in Ihe steep part
of fhe curve. .

Imiestigations done on type Iii.and type III predator
functional responseS include,Holling's work.w1th predation
ohthe pine sawfly (1959); Manly, Miller, aril' Cook's
exp6riments with Quail (1972); and Murdoch, Alery, and
SmyWs,guppies (1975).

LoOking at the prey in the absence of.an foredators is .

helpful liter in finding relattonships betwee predators
and prey. The.growth curve of the prey populat on under
such conditions will generally be Sshaped (Ho n, 1968).
Figure 3a shows a typical prey populatiqn growth curve.

50

D-

4- 0
0

S.

PREY POPULATION PREY RECRUITMET
GROWTH CURVE CURVE

TIME 100 PREY 50
DENSIXY

Figure 3. Example of an Sshaped growth curve (a) and the
resulting recruitment curve.(b) for a prey populatiorn
These graphs are'an example of output from the SUMIT
module entitled PREDATOR FUNCTIONAL 4ESPONSE.
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To compare-the growth of the prey with
,functional response, the prey population,gro
graphed on the same axes as the functiorial r
When this is One, the graph in Figure 5b1s,
The curve in Flgere 3b is called a prey,RECR
It represents prey births minus prey deaths'

nonpredator related. It records thd additio
Copulation graphed as a function of prey den

If the predator of this prey specles di

III functional response,,the curve\plotted 0
graph as prey recruitment could loOk like th

e predator
th must be
sponse .curve.
the result. .

ITMENT URVE.
h4 are
s o *le
ityr
plWd a ty
the

t of gure 4

Figure 4 Prey recruit
functional response cur
graph is an example of
entitled PREDATOR FUNCT

ent
e plotte
utliut fro

RESPO

Because the prey recruitment miry
additions to_the prey population a d tt= pred
functional response curve represen losses f
population, the points where the twó curves-Htm

describe equilib a where the pt-ey d,nsity,wil
increase nor decrètse. Where the\ reyVtecruitme
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MODELS U ED IN 1E PROGRAM

This\mr leis divide into four subprogr

PRED \UNCT IINTRO serv s as,an introductio a cove s
..Jthe transi ion rom hoped-growth curve to t e pre

recruitment Specifi ally, the standard logistic
equation a Used to plo he S-shaped curve.

dN / dT = R * N * ( N/K).

where: ,

R = intrinsic rate
N =-prey populatio

, ,K = prey carrying
dN/d,t = the change in

le parameters used

- RI= 0.1 K = 50
1

of natural Increase
s ze

apalcity
e,humber of pleyliper unit time

this program\are:

N= 0.5

Ttie logistic curve is a plot of prey pop lotion size'
(N) as la function of-time. The.prey recruitmen plot is the
change in prey d nsity (dN) as a function of p y density,

(11).

FRED FUNCT1 ntrocluces the predator funct
response curve an Plots it on,tbe same voph a
recruitmefit curve. 'The recruitment curve is aga
calcuidted with th logistic equation, using th
parameters:

R = .01, K =.100.

al ,

its prey's

following

The predator functional response in this program is a
, type III curve. The equation used was obtained from Real
l979Y.

. \ 'f = (KF * N E), / ( E 4- DD)

where:
\,f =1 1eeding rate

.

- F --1, maximum feeding rate
A = prey density
DD = dehsity of fee items that geerate half-

\maXimal feeding 7,.....

. expOnent associ ted with the amount of incr. se
1 in the rate of d tection of a food itenOwith n
\, in6reae in food density.

.
The parOmeters used in this equation are:

KF = 110 ' E = 2.5 300

4...The points generated from these two equations at prey
densities of 0 to 100, were placed.in data statpmehts to
increase the,speed of,plotting.\ -

.
\

\
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iSk

Next this program covers equilibrium points and their
stability, and also allows changes in predator, carrying''
cap cdty. Predator carrying capacity, in this program, is
equ valent to k,i the 'equation for the tYpe III resvonse
curv (Real, 1979 . The reason is that the maximum feeding
Tate will change Jas a function of predator carrying
cap ity and the.resulting.number of predators in the
ays em.' Also, in this eqdation the predator carrying
cap city is unrelated to the prey- deuity. This' means that
the predator carying capacity is determined by
res rictions other tham'prek density, MiCh as
ter ritoriality.

.PRED FUNCT2 estimates the tiMe--fp_ra prey density to -

equ librâte. It does this by taking the-difference between
the rey recr4tment curve and'the predator fUnctional
resp.nse curve, and subtracting this.difference fromythe
prey density to obtain the density at various time
inte vals.

RED FUNCT3 demonstrates the effect of dding hunter
press re to this simple predatorprey system

cause hunter.pressure tends to take a percentagb of
the pr y population regardless of population size', the'
graph t.f change in density as a function of prey density is

strai ht'linp. The-equation for hunter pre sure used was:

Y (0.01_10 N)
.where: .

Y the number of prey killed
N = the prey density

I

e .

HP = unter pressure expressed as a pe.centage of_the
, 15 ey ansity.

The v iable HP can be changed by the ser in the
..

hunter pres ure.simulation. The effect of t is is to'raise, .

or.lower th prey reruitment curve, '

0
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PRED FUNCT INTRO
Line Numbers

5 - 28 REMARKS containing module name, program
namep credits, and SF grant number.

160 1, 300 title,and credits.
370 - 830,

\
logistic growth cur e is introduced and

\plotted.
210 a question is asked regarding the graph

isplayed.
156o p ey recruitment is introd

,84o

1220
1570

2270

2350

.c-
- 1920 p ey recruitment and logistic

. plqted simultaneously.
- 2340. thelrelationship of the predator

intr duced.
-t 2390 the,s
SUBROUTINES .

5000 - 5065'
5,08o - 5130
5750'- 5880 ,

624o - 6481
30600 - 31000
31010 - 31080

growth are

is

bprogram PRED FUNCT1 is run.

PAUSE Oroutine.
press qETURN- subroutine.
HGR blo k?erasing subroutine.
HGR str nA drawing subroutine.
variable 4ze graph drawing subroutine.
point ,sc diil-g_and plotting subroutine for
variable sizk graph.

,
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PRED FUNCT1
Line numbers

5 25
160 - 290
300 - 460
470 - 710

720 - 890

976 7' 1140
1150 - 1320

1520 - 2285

2286 - 2360

2470 - 2830

2840 - 3030

,w3040 -
1

3250

3260 - 3470.

REMARK statements.
the.graph is drawn and.labelled. ,

the prey recruitment curve is drawn.
predator functional response curve is
introduced.
predator functional resPonse cutve is
plotted.
positive and negative curves are discussed.
a question on the number of equilibrium
points is asked.
equilibrium point #1 is used in a
simulation on stability.
a question regarding other stable
equilibrium points is asked.
,predator carrying capacity is introduced
as a paratheter.
the predator carrying capacity is changed
by the.user.
the possibility of a different number of
equilibrium.point8 is brought up.
-the predator carrying capacity is changed
by the user.

3480 - 3690- the number of equiLibrium points is checked.
3700 - 3910 the nbxt section .of the module is set up.
3920 - 3960 the subprogram PRED FUNCT2 is run.

'SUBROUTINES
4000 - 4070 subroutine that flashes spaces between

curves.
4100 - 4310 subroutine that alternately solors and

darkens spaces between two,cves.
5000 - 5070 PAUSE subroutine;
5080 5130 pres6--RET N-.subroutine.
5140 5270 HGR block e sing.subrouine.
5280 5600 graph drazjxig subroutine.
5610 - 5680 point s ing and plotting subroutine.

10000 - 10330 DATA statements conta1nii X and Y
coordinates for prey recAuitment and
predator functional respo se curves.

Page-Al2
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PRED FUNCT2
Line numbers

5 30
160 500
510 - 610
6.20 - 780

REMARK staterments.
a chAnge in scale is introduced.
the prey recruitment curve is-plotted.
predator functional response curve is
plotted.

4790 - 990 the concept, of subtract-ing curves is
introduced.

1000 - 1790 simulation that subtracts curv s.
1800 -2010 the.simulation is repeated us g a new

starting prey density.
2020 - 2100 the concept of additional parameters is

brought up.
2110 - 2140 the subprogram PRED FUNCT3 is run.

SUBROUTINES
5000
5080
5140
5280
5610

5070
5130
5270
5600
5680

PRED FUNCT3
Line numbers

5 25
140 '370.

386,-500
510 - 650
660 780

790 890
900.*-1000
1010 --1210
1220 - 1490

-1500 - 1660

PAUSE subroutine.
press =RETURN- subroutine-.
NOR block erasing subroutine.
graph drawing and labelling subroutine.
point scaling and plotting subroutine.

REMARK statements.
hunter pressure is introduced.
prey recruitment curve is plotted.
hunter pressure is plotted.
the concept of positive and negative curves
is applied.
the two curves are subtracted.
predator fu ctional response is ploted.
a hypotheti

a
I situation is introduced:

hunter pres!ure is input by the user.
the prey recruit. ment curve is lowered to
account for hunter pressure.

1670 - 1830 th4- user increases hunter .pressure.
1840 .= 2110 the loss of a stable equilibrium due to

hunter pressure is demonstrated.
2120 - 2430 hunter pressure is taken away. 4
2440 - 2730 conclusion for the entii,e module.

SUBROUTINES
4000
4100

41400

5000
51140

5280
5610

4080
14300

141180

5130
5270
5600 ,

5680

PAUSE, RETURN, PAUSE; VTAB subroutine.
subroutine that erases one curve while
plotting another.
subroutine that plots predator functional
response.
press -RETURN- subroutine
NOR block erasing subroutine.
graph drawi4'and labelling subroutine.
point_scal fig and plotting subroutine.

0
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R

10000-- 10330 DATA statements containing X and Y
coordinateS for prey recruitment curve and
predator functional response curve.

4,

Ar
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VARIABLE LIST'
'PRED FUNCT INTRO

COUNT - flag Variable used to ask a question twice.
1:4 - Disk Operating System variable.
D1 - change in prey population with change in time.
FLAG .. flag in HU string drawing subroutine.
IC - prey carrying capacity.
L - HGR block erasing subroutine. Length along Y-axis of

°block to be erased.
L$ - axes labelling subroutine. Axis 1D..hT7
LXA - axes drawing subroutine. Length of X-axi.
LYA - axes drawing subroutine. Length of Y-axis.
N - prey population number.
PAUSE - PAUSE subroutine. Pause length.
PS - PAUSE subroutine.'Pause loop variable.
Q$ - press -RETURN,. subroutine. Input variable.

- intrinsic rate of growth of prey...population.
- loop variable representing time interval.

TA - HGR block erasinK subroutine. Loop variable.
X - graphing subroutine. X coordinate.

HGR block erasing subroutine. StdIltving X coordinate .
X$ - axes labelling subroutine. X-axis label.
XO - axes labelling subroutine. X-axis label starting

X coordinate.
X1 - axes rdwing subroutine. Starting X 'coordinate.
X8 - storage variable for X coordinate of previous prey

recruitment point.
X9 - storage variable for X coordinate of previous

logistic curve point.
XA - HGR string drawing subroutine. Starting X

coordinate.
XM, - graph subroutine. Maximum X value.
XZ - HGR block erasing subroutine. Width along X-axis to

be erased.
- graphing subroutine. Y coordinate.
HGR block erasing subroutine.. Starting Y coordinate.

Y$ - axes labelling subroutine. -Y-axis label.
YO 7 axes labelling suproutine. Starting coordinate for

Y-axis label.
Yl - axes drawing satroutine. Starting Y coordinate.
Y8 - storage for Y coordinate of previous prey

recruitment point.
Y9 - storage for Y coordinate of previous logistic curve

point.
YA HGR string drawing subroutine. Starting.Y

coordinate.
YM - graphing subroutine. Maximum Y value.
yms graphing subroutine. Maximum Y value.

HGR string drawing subroutine.,Loop variable'equal
to the length of the string to be-drawn. 4

Z$ - graph labelling subroutine . String to be drawn.
ZO - graph labelling subroutine. Flag for printing

horizontally'or vertically.
Z3 - graph labelling subroutine. Variable equal to

numbers along axes.

Page Al5
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ZF - graphing subroutine. Flag to plot line or dot graph
ZG graphing subroutine. Flagto start plotting line or

dot graph.
ZZ HGR string drawing subroutine.

VARIABLE LIST
PRED FUNCT1

,.

A - space flashing subroutine. Starting X value.
B - space flashing subroutine. Ending X value.
CA - multiple space flashing subroutine, Counter for

first space to be colored.
CB - multiple space flashing subroutine. Counter for

,

second space to be colored.
CC - multiple ,hpace flashing subroutine. Counter for

third space to be colored.
CD - Multiple space flashing subroutine. Counter for

fourth space to be colored.
CE - multiple space flashing subroutine. Flag use'd to

flash all four' spaces or just two.
COUNT - flag to replot_predator functional response curve.
D$ - Disk Operating System variable.
DD - density of prey that generatellalf-maximal feeding.
E - parameter associated with ihe amount of increase in

the rate of detection of a prey individual with an
increase in food density.

H1 - multiple space flashing subroutine. HCOLOR of first
space.

H2 - multiple space flashing subroutine. HCOLOR of second
space.

1-13 - multiple space flashing subroutine. HCOLOR of third
space. -

114 - multiple space flashing subroutine. HCOLOR of fourth
space. .

HC - space flashing subroutine. HCOLOR of space.
I - loop variable.
KF - predator carrying capacity.
KK - temporary storage for previous predator carrying

capacity. _

L - HGR block erasing subroutine. Length along Y-axis of
block to be erased. f

/ L$ - axes labelling subroutine. Axis label.
LG - multiple space flashing "routine. Loop size.
N - prey population number.
PAUSE - PAUSE slibroutine. Pause length.
PS - PAUSE subroutine. Pause loop variable.
Q$ - press -RETURN- subroutine. Input variable.
R - intrinsic rate of growth of prey population.
SC - graph labelling subroutine. Scalin variable.
ST - space flashing subroutine. Lbop s

t
ep size.

T - loop variable representing time i terval.
TA - HGR block erasing subroutine. Loop variable.
WRITE - graph labelling subroutine. Flag for text

statements.
X - graphing subrbutine. X coordinate.

Ha block erasing subroutine. Startiqg X coordinate.

Page Al6
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X$ - axes labelling subroutine. X-axis label.
XO - axes labelling subroutine. Sarting X coordinate

of X-axis label.
X2( - X coordinates for the two curves.
XM - graphing Subroutine. Maximum X value.
XZ - HGR block eraling subroutine. Width along X-axis to

be erased.
- graphing subroutine. Y coordinate.

Y$ - axes labelling subroutine. Y-axis label.
YO - axes labellinag subroutine. Starting coordinate for

Y-axis label.
Yl( - Y coordinates for prey recruitment curve.
Y2( - Y coordinates for predator functional response

curve.
YE - equilibrium point #3.
YM - graphing subroutine. Maximum Y value.
YS - equilibrium point' #1.
YU - equilibrium point #2.
.Z - HGR string drawing subroutine. Loop variable equal

to the length of the string to be drawn.
ZO - graph labelling subroutine. Flag for printing

.horizontally or vertically.
Z3 - graph labelling subroutine. Variable equal to

numbers along-axes.
ZF - graph subroutine. Flag io plot line or dot graph.
ZG - graphing subt4outine. Flag to start plotting line or

dot graph.

VARIABLE LIST
PRED FUNCT2

COUNT - counter of time interval; to reach equilibrium.
CT - flag to skip mandatory input of,new starting prey

density.
D$ - Disk Operating.System variable.
DD - density of prey that generate half-maximal feeding.
E --parameter associated with the amount of increase in

the rate of detection of a food item with an
increase in food density.

- Loop variable.
- loop variable.
- storage for previous I value.

KF - predator carrying capacity._
L. - HGR block erasing subroutine. Length along Y:-axis of

bldck to be erased.
L$ - axes labelling subroutine. Axis label.
PAUSE - PAUSE subroutine. Pause length.
PS - PAUSE subroutine. Pause loop variable.

- press -RETURN- subroutine. Input variable.
- intrinsic rate of growth of prey populatpn.

SC - graph labelling subroutine. Scaling variable.
TA - HGR block erasing subroutine. Loop variable.
TP temporary.storage of previous Y coordinate of

predator functional response curve poiht.
X - graphing subroutine. X coordinate.



X$ - axes labelling subroutine.. X-axis label.
XO - axes labelling subroutine. Starting X coordinate for

X-axis label.
X2( - X coordinates for the two curves.
XM - graphing subroutine. Maximum X value.
XX - stdrage of difference between the two curves,

subtracted from the X-axis.
XZ - HGR block erasing subroutine; Width along X-axis to

be erased.
- graphing subroutine. Y coordinate.

HGR block erasing subroutine. Starting Y coordinate.
Y$, - axes labelling subroutine. Y.-Axis label.
YO. - axes labelling subroutine. Startine coordinate for

Y-axis label.
Yl( - Y coordinates for prey recruitment curve.
Y2( - Y coordinates for predator functional.response

curve.
YE - equilibrium point #3.
YM - graphing subroutine. Maximum Y value.
YS - equilibrium point #1.

YU - equilibrium point #2
- HGR string drawing subroutine. Loop'variable equal

to the length of the string to be drawn.
ZO graph labelling subroutine. Flag for printing

horizontally or vbrtically.
Z3 - graph labelling subroutine. Variable equal to

numbers along axes.
ZF - geaphing subrouti4e. Flag to plot line or dot graph.
ZG - graphing subroutine. Flag to start plotting line or

dot graph.

VARIABLE LIST
PRED FUNCT3

FLAG - curve erasing, curve plotting subroutine. Flag to
erase hunter pressure line.

HC - curve erasing, curve plotting subroutine. HCOLOR of
. to be plotted.

HO - storage variable tor previous hunter pressure.
HP - hunter pressure as a percentage of prey density.

. HTEMP storage for hunter pressure.
- loop variable.

14
- HGA' block erasing subroutine. Length along Y-axis of

blakk/to.be erased.
L$ - axes labelling subroutine. Axis label.
N - prey population number.
PAUSE - PAUSE subroutine. Pause length.
PS - PAUSE subroutine. Pause loop variable.
Q$ = press -RETURN- subroutine. Input variables
SC - graph labelling subroutine.*Scaling
TA - HGR block erasing subroutine. Loop variable.
WRITE - graph labelling subroutine. Flag text statements.
X - graphing subroutine. X coordinate.
X$ - axes labelling subroutine. X-axis label:
XO - axes labelling subroutine. X-axis label starting

X coordinate.
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X2() X coordinates for the two curves.
X7 - storage variable for previous recruitment curve

Juinus HP.X-,coordinate.
X8 -.storage varialAe for previous HP.X coordinate.
X9 - storage variable for previous reCruitment curNre

X coordinate.
X - graphing subroutine: Y coordinate.
Y$ - axes labelling sdbrliptine. Y-axis label.
YO - axes labelling subroutine. Starting coordinate for

Y-axisj.abel.
Yl( - Y coordinates for prey recruitment curve.
Y2( - Y coordinates for,predator functional response

curve.
Y7 - storage variable for previous redruitmeht curve

minus HP Y coordinate.
Y8 - storage variable for previous HP Y coordinate.
Y9 - storage variable for previous recruitment curve

Y coordinate.
- HGR string drawing subroutine. Loop variable equal

to the length of the string to be drawn.
ZO - graph labelling subroutine. Flag for printing

horizontally or vertically.
Z3 - graph labelling subroutine. Variable equal to

numbers along axes.
graphing subroutine. Flag to plot line or dot graph.

ZG - graphing subroutine. Flag to start plotting line
or dot graph.
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APPENDIX B

.Predator Functional ReSponse

\MATle Performane Objectives

..--

\ , /

Following is a list of the 19-performance objeCtives

d eloped for the PFR module. Th6'huffibers in pai.entheses

pre ding each objective r e fer to the postt st items t t

\'te.st f ..4hat particular ob ective. ,
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PFR Performance Objectives

-

\\

\ c,.

After running the PFR module the student should be able to:

(.1) tecognize the definition of prey recruitment.

(2) c rrelate predato f nctional response will prey
losses \

\
(3) preçilct the effect of different predator parrying
capaci ies.

\\

(4) iden ify by recognition the shape of a hunter pre6sure
'curve.

(5) predict the shape of the prey recruitment urve, given
the prei( growth curve.

(18)- identify equilibrium points on a pre recruitment-
predator functional response graph.

(6,7) identify the stability
\
pf equi brium points on a

prey recruitment-predator functiona response-graph.

(8,9)_predict th direction that a chosen prey densityzwill
go to approach equilibrium."

(8) predict the time_Ahter 1 involved for a chose ,prey to
approach equilibrium.

( ) predict the chan és in the system due to a/7Change in
th number of pred ors.

(10) dentify quivalent points on a prey-growth curve and
a prey recr tment ctirve.

(11) dict which point on the Orey recruitment curve
res sents,prey carrying capacity.

\\
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(12) identify'the point of maximum prey growth on the prey
recruitment curve.

(1 V/3) recognize e definition of a stable equilibriu
point.

(14) re og Izze the effect of hunter presswe.

(15)
re e.

gnize the definition of predator fun ional

identify the curye tha't is affected by satiation.

7,20) identify t e reasons for the shape of the predator
tunctidnal respon e curve.,

/
Ak: i

(10\recognize how hunter pressure affects 131ey
re ruitment.
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APPENDIX

Predator Functional Response Posttest

1

Following is a copy of the posttest used\ln\the FR

module vs. lecture comparison. For the correct respoinséS''\

\

iire-S7safert-epage_D_Appendix B contains the list of\
- \

__performance objectives which this posttest testedfor \

13e.



Predator Functional Response post test

\

I
.

1. W-ich. of the following best.desciqbes prey reCr4tmént?
-,

:_,P y births-minus:
a prey death's as a function of time..
b) prey deaths os a function Of prey density.
c) nonpredator related deaths as a function of time.
d). nonpredator related deaths as a function-of

prey density. -0
..

-,!,

e) predator related deaths as a function of prey
density. ,

. ,
, Nekt,:

2. Which.bne of, the following.curves represents
subtractiqns froth the prey population?

a) prey reOUitment-curve.'.f.i
b) predator functional response curve.
c) predator numerical response curve.'
.(I). prey, growth curve.
'e) nbne of the above.

3. Whfch of the folloWIng'wtuld resu in the predator
functional re:sponse purve.leveli 'pff .at-a- higher level?

a) a-decrease in the number of hunters. .-

b) a decrease in the nump r of 'prey.
c) an increase in Predator carrying capacity.*

an increase in the number of hunters.
6) -an increase in theAnumber cif prey. -

,

.t..:

4. Studies have,.shown that the'shape of a unter pre suere, .

. curve tends 46.15e
*- a) sigmoid.

b). hyperbolic,. ,
/

cY !logistic.
d) eicponentil.

., -''. e) linear.



Item 5 pertains to the following graph

'I 4

-

PREY.POPULATIpN
GROWTH CURVE\

5. Which one of the folloWing prey recruitmeni-7c-urves
corresponds to the giVen prey population growth curve?

a) b)

c)

plc,/ Dey,5ity

None of' the above..

Oceisity

6. Wheil. only one equilibrium point exists in a,prey
.recruitment-predator functional response eaphh that
equilihiium.point is

a) neutral. .

b) transitory.
g) stable.
d) unstable.
e) none of the abqve.

.Page C3

A
nr1:4.;



-

Items 7 - 9 pertain to the following graph.

7. Point A is
'a) stable.
b) unstable.
c) neutral. I

d) transitory.
e) none of the above.

predAtpr {to.ce.)4 Poi;

Prey reet,tiMercb

8. If the prey density of an area is starting at point F,
'it would appwch a stable equilibrium point in a

%) shor;ter time than a prey density starting at
point G.

b) longer time than a prey density starting at
point G.

c) time interval about equal to that which a prey
density starting at point G would.

d) time that cannot be compared to that of the prey
density starting at point G.

,- 9. If the prey density is at-equilibrium point J, what
'would be the result of removal of all predators?

The prey....dansity would:
a) decrease,to a lower stable equilibrium point.
b) dvcrease to an unstable.equilibrium point.
c) stay at point J because it is a stable

equilibrium.
d) increase greatly dUe to lack of predators.
e) increase qightly to the prey carrying cati-e'dity.

41,11fr
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Note U t following graph for questions # 10, 11,
and 12.

)Prey Growth Curve'

T.; a

%

10. Poipt T. on the Prey grow'hi 9.wrve is equivalent to
which point on the.prey recruitmefit curve?

a) A
b) B
c) C
d) D
.e) The two curves are not related.

Prey Recruitment Qurve

Ito,
4'

I.

11. Which point on the given prey recruitment curve
represents growth at the prey carrying capacity?

a) A
b) B

C
d) D-

e) Cannot be determined from the prey recruitment
curve.

.12. Which poilitbn the above prey recruitment curVe Aost
closely represents maximum prey population growth rate?

a) .A

b) 1"3

'c) C
d) D
e) Sannot be determined fram the prey recruitment

curve.

WO
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13, 'An equilibrium point is said to be stable when the
prey density will-

a) NOT move from that point. '

b) chani;e at a-8ingle, stable.rate.
c) tend to move away from that point when 41sturbed.
d) tend to move toward a neutral point 'when

disturbed.
e) tend to return to that point when disturbed.

14. Increasing 'hunter pressure has the-effect of
a) lowering the predator functional-reSponse curve.
1?) lowering the prey recruitment curve.
'c) raising the predator functional response curve.
d) raising the prey recruftment curve:-
e) none of the above.

15. The predator, functional r.esponse curve represents the
. growth of

a)' the predator population.
b) an individual predator.
c) the prey population.
d) hunter pressurp%
e). none of the al?ove.

A

16. Satiation Affects which of the rollowing?
a) the predator functimal response curve.
b) ,the prey recruitment curve.
c) ihe_prey growth curve.
4) the predator population.growth curve:
.e) none of the above.

17. .The predator Tunctional.response, curve levels off
,beCause 46

a) the.prey population can'grow no larger.
b) Vle predaor population can grow no larger.
c) the prey response is limited.
d) the predator can eat only so many prey.
e) none, of the`bove.
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Item 18 pertains to the following grgph.

- finctiond reseovt$e,

to rey re.ce f-

7,11

Prey &Jul

18. On the aho,Ke graph, how many equilibrium points are
there in this pi,edator-peey system?

a) 1

. b) 2

CI) 3

), 4

ey more than 4.

19. To account lor hunter pressure;
a) clivide hunter pressure by prey recruitment.
b) divide prey recruitment by hunter pressure.
c) add prey recruitment to hunter pressure.
d) subtract prey recruitment feom hunter pressure
e) none of the above.

Item 20 pertains to the following graph.

74- Predit, A.Aci0,14.1 no.nAt
I

P-1

.Prev. density

.

20. ,The predator functional response curve rises rapidly
between paint A and point B becal se

a), there is a rapid increa e in. prey density. ,

,b) .there is:a rapid increase in predator\density.

c) the; pre&tors switch to the prey studied.

d) the predators switch away fr6m the prey"ttudied.
,e) none of the above.
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-d
2. b
3.

5.
6.
7. a
8. b
9.
10. a
11. d
12. b
13. e
14. b
15. te
16. a
17. d
18. b

e
20.

PFR post test KEY

N.

9

" '41
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APPENDIX D

Random Diiii:sion Program
4

'FollOwing is a copy of the Apple miQ,4.ocomputer-program

that was used to randomly divide the 31J340 Animal Ecology

students Tnto two groups. It worked.by associating each

student's name with a random number between zero and one,
Afti,

then ranking,these numbers frod lowest, to highest.. By a

flip of a coin it was decided that students aSSociated with

_the lowest 15 random numbers were to be the module group,

and the remaining students would make up the lecture group.
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50" REM RAN6OM DIVISION
60 REM THIS PROGRAM IS DESIGNED TO DIVIDE THE BL340

CLASS INTO HALF 'RANDOMLY.
100 DIM ST$(30),NUMBER(30) ,

*105 'HOME .

' 110 FOR I = 1 TO 30
-120 READ ST$(1)
130 NUNTBER(I) = RND (I)
140 NEXT,
150 FOR I = 1 TO 29
160 FOR J = I.+ 1 TO 30
170 IF NUMBER(I) < NUMBER(J) GOTO 240
180 X$ = ST$(1)
190 Y = NUMBER(I)
200 ST$(1) = ST$(J).
210 NUMBER(I) = NUMBER(J)
220.ST$(J) = X$
230 NUMBER(J)-= Y

,

240 .NEXT
250 NEXT
251 PRINT "THESE STUDENTS WILL REPORT TO RO

CM' 1105 ON WEDNESDAY AT 11 A.M."
252 PRINT : PRINT
255 PRINT

, 257 PRINT
260 FOR I = 1 TO 30 46 4

275 IF I = 16 THEN PRINT : PRINT : PRINT
": PRINT : PRINT : PRINT

"THESE STUDENTS WILL REPORT TO ROOM 4o6
ON WEDNESDAY AT 11 A.M.": PRINT :. PRINT

277 PRINT ST$(1) .
280 NEXT ..

300 DATA ATMA,BARNEY,BROOKS,DALE,DEMEUSE,HOAG,HOLMES,
HUNT

319 DATA HUTCHINGS,KINDBERG,LEDBETTER0LIDGARD,LINSE,L
'7 INTON,MALCHOW,MEALEY

320 DATA'MOEHRING,NOTH,ONEILL,kICHARDS,ROSICK,SANCH,T
APANINEN,TREMAINE

340 REM
330 DATA WUGHT,WHITMIRE,WIARD:,WILSON,WRIGHT,ZETYE
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*TUDENTS. 'HILL REPOAT TO. ROOM .1105 OH HEOHESOW 'AT 11. A.H.
Tut

BROOKS
HUN 1'

DENEUSE
SANCH
LI NSE
tiEciLEY
MOTH

E'reIJE
NAL CHOH

- HHITHIRE
LINTON
RICHARDS
ROS'ICK.
TAPANINEN
MOE-HRING

THESE STUDENTS HILL REPORT TO ROOH 406 OH NEONESDAY PT 11 P. H.

N OBERG
ONE ILL

I L SON

HOLMES
PRI GHT
ATHP
L D
BARNEY
LEDBETTER
TREIVII NE

DALE
WIRRD
VAUGHT
HST fiH Iti$S

.11

This is the official divisibn that was used.

A
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APPENDIX',4,
A

ecture Written. Tfranscipt

Following is a written transcript of the' lecture given

to the Animal Ecology lecture group. This was made fromoa.
41*

vibtQ e of the lecture, which is avail'able upon request.)

."(



Predator Function-al Response
Lecture Transcript

(NOTE: Begin with ro call.%)
Wow, only three-pe ple skipped out.
What I've got to dà today is talk to you about my

research for the past fe months. We're doing a test, as
you know, where half the class is looking at functional
response disks, or module upstairs, and the other half of
the class is you lucky pe ple who, get to listen to me talk
for approximately 40 to 45 minut s, I don't know. I'll talk
until about 20 to or someplace i there and then try, and
get some questions in; and theh t e rest of the class is
going to come down here, and you 11 are going to take a
posttest. It will be timed from q arter to until noon, ,

right on. You should get done in p enty of time, though.:
OK, my topic today is predatoi functional response and

its relatioriships to prey recruitment, and since many
people haven't heard of either one of those things, I have
to start from the beginning. First I'd like to start by
talking about a prey populttion growth curve. You've all

\ seen prey population growth curves, but I thought I'd draw

\\

one out for you anyway, just to give you a good start on my
fantastic drawings.

(NOTE: Overhead #1 of a logistic growth curve is
-

'shown.)
This is a prey population grotth curve. As you can see

at the beginning here it starts tu with exponential growth
of the population. (NOTE: The first part of the curve is .

pointed to.) And at the top it levels off because
environmental 6arrying capacity takes over. (NOTE: The part
of the curve 'That levels off is pointed to.)

Now, if you look at this curve, can aiyone tell where
the population growth is the highest? And tihat means Where
the most prey are added to the population. t what prey
density would that be.at?. Yell out somethin .

(NOTE: Several students.respond with the'correct
answer.) .

OK, alot of people might not notice that, but where
the slope is the steepest, that's where the prey population_
growth is the highest. Sometimes it's a ha d concept to
catch, so some fantastic person caMe up w h the idea of a
prey recruitment curve (NOTE: The prey recruitment curve
axes on overhead #1 are revealed) where they graph prey
density as the independent variable alog the bottom (NOTE:
The x-a*s is pointed to) and along the side they put prey
grawth per time, which is the nuniber of prey added per a
unit of time.

I'll show you how these prey recruitment curves come
about. If you start at a low prey density, say here (NOTE:

a point of low prey density was pointed to on the prey
population growth curve) and you went for-one unit time,
and say one unit time is half an inch along this axis; if
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you went acroSs, then up, you're only going up a little
bit, (NOTE: This is drawn on the overhead with a marker)
like so. Hope that looks OK. My hand's a little shakey
today, excuse me.

So that means at low pi4ST density the prey grOwth per
time is also low, so the point would be Somewhere in there
(NOTE: The cOrresponding point is:plotted on the prey
recruitment curve) on your prey recruitment curve.,

Now if you went into where the prey growth is really
high, like in here somewhere (NOTE: The steep part of the
prey population growth' curve is pointed to)., you're going
to go up,a long ways (NOTE: Lines over one time unit, then
up to the curve are drawn). -

'So if you go,to a medium prey density here (NOTE
medium prey density on the prey recruitment curve is
pointed to) it's going to be very high' growth, so we 11 ut
a point right here (N0TE: this point is plotted on e prey
recruitment curve).

And then if you go up by the carrying capacit and do
the same thing you'al have veryilow growth again OTK:44

this point is plotted on the pray recruitment axe ).
The whole effect le that a prey redruitment curve is

shaped something like this, (NOTE: a prey recru ment curve
is drawn using the axes End plotted points on tr e
overhead.) OK?

, Not bad, Ihit every point.1This is a pre recruitment
curve. Wha't we're talking about is that, I fo got to tell
you, this prey population growth curve is-in'the absence of
predators at this time. So this prey redruit ent curve' is
also'calculated with no-predators around. T is is how
they'd grow if there were no predators in e area.

With this in mind we could define pre .recruitment as
all prey births minus nonpredator related deaths per unit
time.

. That makes sense because the prey'r cruitment is the
nUmher of prey added to the population t different prey
densities. If you're taking all the pr y births.per unit
time at that prey density andIsubtract ng.all the
nonpredator related deaths, then yout 1 cOme up with'the
net.gain at different prey densities

So now you know what a prey,rec uitment curve is. Next
we go to the predators and start lo king at them. You've.,

all seen 'predator numerical i'espon e. That's when the '

predafors respond to a change in. ey density by changing
their numbers. Like with the lynx hare populations, when
the hare population goes really igh, the lynx population
starts to follow it. That's pre ator numericaa response.
F6r today we're interested in p edator functional response.
What that is is the change in redator behavior in respons'e
to prey density.- Predator functional response is graphed On
these axes (NOTE: overhead #2/is displayed - PFR axes with
PFR definition written below). These ,are the axes that
predator functional response'is usually .graphed on.
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It is the prey killed per predator, this is for a
SIIGLE predator, per unft pf time, and it's as a function
of prey density.

I said that.predator functional response is a change*,
in predatorbehavior in.response tà.prey density. That
predator behavior is the'..number,of prey that predator eats.

To draw out a.general-Shapet,T -a predator fUnctional
response curve, what you do is think about it for a minute.

At really_low prey densities the-predator's got,to
so he\has to kill nearlT,e-Very.prey. he runs in.to

because he' got io eurkive. So the'ourve is going to be
generally-increasing atw,first (NOTE!'this was plotted on
the axes on the oye'rhea'd) and then onCe you get up a little
4tays in the prey density the predator c49.444bnly eat so much.
\-I.A.ke, if he can only- eat kive prey it doesn't matter if
there are five prey per abre-Or 50 prey per acre. He's only

. .going to kill fiye and eat them. So the curve levels off at
higher prey densities. (NOTE:. This section of thesPFR aurve'
is plbtted on the overhead.)

That's, generally the shape of a predator ku ctional
responge curve. It's Ctnstantly increasing uti:L/it hits
where predators are atiated. That's the term predator
satiation. Then the clur.ve levels off.

This cbrve is f r a,sing e'pr&dator. If you had a
Audy area, like Is1e Royale for example, where you had-10
wolves instead of one wolf.,Instead of a single predatc*
Nou h d-multiple 'predators, a bunch of them. And`you still-

\, wanted to see the predator'functibnal responsepurve for
\ this. Y u can so that, too. Next I'll.show you ah ample

of that. I'll drawthat on the:boardy
.

We use about the same axes.,,You have prey density
along the bottom again. (NbTE: axes,are drawn on the,
blackboard; The X-axis.,is 1abelled.'"prey density".) The
only difference in the'axed is that this '010TE: the Y-axis
is.pointed at) is prey killed by a fixed number of.-
predators, say 10 wol\'res, instead of a single predator.
That's the difference\in this. Plus'w're going to make an
assumPtion to show,you aAifferent kind-ok predator

\functional response curve. We'll Flake the assumption that

. these predators have anNalternater food source so that when ,

prey density is really iow they can live on something else.
(NOTE: 'a student walks in tate.)

,

.

So at low,prey denSities the.predator is livingon
something else, so they don't have to Worry about;th-is prey
at .all, hi Pact, they don't.even,go searching-forthem 'or
anythihg. So the curve doesn't go up very quickly, just

.

slow and easy. (NOTE: the ,low prey density sgction of the\ V

.curve is drawwon the bliatkboard.)
but at a certain prey density #Le,prbdators start,to

notice these pr, 'ahd they say;"Theelook good." They
0....A.

learn how to hunt em and.they learn thatthey taste iood
and everything..SO they sortof learn how tO kill these

: prey.and how to eat them_and hunt tbein.So'the'curve goes

.
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up very rapidly at a'very.small increase in prey density. ,--

(NOTE:. the mid-prey dAsity section of the curve is plotted
on the blackboard..)

(NOTE: a second student walks in, late.)
At" the top, again predator ettiatiOn comes into

effect, so the curve eve s off,,like that. (NOTE: the rest
of theo,PYR curve is draw on-the bladkboard.) .N

This is another type of predator functional response
curve, .and this-is for a Tixed number of predators. I'drew
a neater example of this on the overhead. (NOTE:. overhead
#3, is displayed.) Here's the same type of thing. Now.if A
study the predatot',.arld the prey foi4 this area, we ,can put
the prey recruitment curve on about the same graph and look, 7-
at some relatfonthips. (NOTE: overlay overhead #4 on #3.)
This is with.prey recruitment and predator functional
response on the zame graph. Notice the Y-axis'for the blde
line, which is the prey recruitment curve, is prey growth
per time, which is prey added to the population. The .red
line, the predator functional response curve, is prey
killed per time, or prey subtracted from the prey denstty \

'per unit time, - -.---, .

If you look at this as a positive line (NOTE:. ,t4e prey
recruitment curve is pointed at) and a negative lide (NOTE:
the PFR curve is pointed at), you can find some
relationships in the curves. I'd like to talk to you.about
soMe of them.

The first one.I'd like to talk about ar equilibrium
points. Equilibrium points are when the prep additions to
the population and prey subtractions,are equal. So the prey
density will stay at one point; it Vill not change. We have
equilibrium points wheréver,the tWokurves interzect. I'll
number these. (NOTE: the three eq'uillbrium points on the
overheads were numbered.) We have three equilibrium point6
in this -predaor-prey relationshis If the prey density is
at any of thede three equilibrium s*.nt.s, it's not going to
moVe away Trom that equilibrium point. It will tend to stay
thene. At least if something doesn't come along and. screw
it up.

Next I'd rike to talk abOut stability.of e uilibrium

31

poiints. For that I'll use equilibrium point.num er one as
an example. If prey density is right on that p nt, that

.,
means prey -additidns and prey subtractions .f..aem the
.populstion are equal; zo_It's going to stay right there.
But if the prey density is a little bit below equilibrium
point number one, then you'll see that the blue line, which

uis additions to the population, is higher than subtractions
from the population, or the functional response curve. So f
if additions to the population are higher than subtractions
from it, then you'can expect the prey density to move.up
because you're adding to,the population and the prey
dens ty. If'the prey density is in this area, t's going to
.move p to equilibrium point number one and then stop. If
the ey density waS above equilibrium poYnt number Tine, in
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this area right-here (NOTE: the area of the graph between
equilibrium 'pofnts #1 and 2 is pointed to), then you can
see that the,functional,response curve is higher. That
means that sUbtractions from the population arl'e higher than
additions. So the prey density is going to moV dol4n- So if
the prey density is in this area, it is going to tend to'
move down to equilibrium point number one.

So if the prey density'is in the area of equilibrium
point number one, it is going to tend to move to that
point. If it moves to that point, that means we call
equilibrium point number one stable.

If equilibrium point number one is stable, then by the
same reasoning equilibrium point number three is also-
stable, because if the prey density is anywhere in that
area, it will tend to move toward equilibrium point number
three. And equilibrium point number two is unstable by the
same 'reasoning because if anything is in that area it will
mqwe toward one 6r three, not towards two. So that's what
stability means f'or these points.'

Another thing we .a./1 look at is how quickly prey
density moves to the equilibriuM point, or the stable
point. I guess I'll do that on tj4 board. (NOTE: the' graphs
for prey recruitment and type I I PFR are drawn on the

blackboard.)
This is our prey recruitment-predator functional

response curves. A little messy, but....
If we're at any prey density youtan figure out which

way the prey density is going to move'and how fast'it's
going to move.

(NOTE,: a.third student arrives late.)
So let's just pick a prey density, say right there.

(NOTE: a prey density was chosen on the blackboard graph.)
We want to see which way it's going to movefirst. Is

it going to go up,or is it going to go down? If were
there, 'then we're there,then we're here on the curves.
Since this is,the prey recruitment curve on top, that means
additions are more than subtractions again. So the prey .

density s going to tend to increase. -

know the directidn. Now we're wondering how fast
it's going to Move' to the stable equilibrium,point number
three. To do that you'have to reason this out a little bit.
You thinkabout it, and you'tray that this difference
between prey recruitment and predator functional response
is the change in prey density in a unit of time. This\ii\.s
how much prey density is going to be added in a unit o -

time. If this is prey density (NOTE: the X-axis,.prey
density, was pointed to) then all you have to do is add it

to the prey d'ensity, thp X-axis, to figure out where you'll
be for your next unit of time. So if we just take thiS
section and lay it oh its side, we'll see, where we'll be

for the next unit of time. (NOTE: this is drawn on qp
blalckboard.) And if we keep- doing that, laying this one
over, and again,and keep going until you get`td the stable
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equilibrium point, you get a general idea of howiong it's
going to take for the prey to get from here (NOT : the
original starting prey density) to the stable equilibrium
point. You can do that using any prey density and compare.
Like if you were here (NOTE: another starting prey density
is pointed to) you could Tigure it out how long it would
take to go that way. That's what I wanted to show you with
that. .

The next thing Pve got to talk about is the.effect of
predator carrying capaclty on this whole system.. If we have
a fixed number of predators in an area -- that's what we're
studying right now with th,716-'curves and'Some,
environvntal change occurs that al:lOws more predators'to
live in that area, so we'll still be studying a fixed,
number of predators, but the number will be higher than
before. What that does is move this curve up farther
because more predators can eat, more prey and so th,e
subtractions from the prey densi,ty are going to be more.

I have an example of that. (NOTE: overhead #5 is
displayed.) Here is a rather radical example of that. Again
tne red,curve is the predator functional response curve and
-if you increase the predator carrying capacity quite a ways
-then the curve is oing to go up so high thaX you're going
to lose your two equilibrium points that we're right down
there. Can anyo e tell me,if that's a stable or unstable
equilibrium poi t?

(NOTE: several students volunteer the correct
response.)

-Wery"goodl It's stable ,be ause down here the prey
recruitment curve is higher t n the predator functional
response curve, so additions are higher, so it's going to
move up towards the point if it's down in-this areas And if
it's up inohere, anywhere up in here, the predator
functional response curve is higher. That means
subtractions are higher than' additions and so the prey
density is going to move down until It hits that point.

4 (NOTE: the equilibrium point is pointed to.)
So that equilibrium point is stable. That''s pretty

much what I. wanted to talk about for carrying capacity.
There's another parameter... This is a pretty,simple,

and theoretical system. There are-alot of things you could
add to it. One of the things I've studied is the addition
of human hunting pressure onsthe whole systiLM and seeing '

what happens.
I'll do this on the board., If we have a prey

recruitment curve for an area (NOTE: a prey recruitment
curve is drawn on the blackboard) and we want to model in
human hunting pressure on the preyl studies have been made
on this and they.'ve found that human hunting tIressure
pretty much.is a linear function ogiprey density. If we
wanted to graph human tiunting pressure, say 2% of the prey
popufation, we'd come up with something like this (NOTE: a
straight link graph is drawn over the prey recruitment
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curve). Now, the prey recruitment curve., if it's prey'" (.

births minus nonpredator related deaths, and we say that
the human harvest are nonpredator related deaths, that
means that this subtraction could be taken out from up
here, and the whole.prey recruitment curve would be moved
down a little bit. We'd have d new prey recruitment curve
that takes into account hunting pressure. So if we take a
fey poini's for example.... This whole cunve would just move
down, -and we'd have a new prey recruitment curve that took -
into account hunter pressure.,While all of this is going on
the wedator functional response curve is completely
unrelated to Minter pressure, so that thing is unchanged no
matter what. (NOTE: a type III predator functiohal response
curve 3.6 drawn over the new prey recruitment curve.)

That just looks.ltke this all along. So thaeftesn't
move; no matter what you doto hunter pressure, the
predator functional response curve stays the same.

I wasp going to talk about improper management. Now I'd
like to show you an .example of gaMe management, and^how it
can be improperly done, ahd what the consequences can be to
the prey density of an area. Let's say, back to the
overheads, that yop're managing an area with prey
recruitment - predator .functional response curvesthat *look
like this. (NOTE: the upper half of Overhead 6 is
displayed.) Let's say your prey density with no hunting
pressure at all is at the upper point here. (NOTE:
equilibriuMm point fi3 is pointed to.) So you have really
high-'prey density for the area and everything's going along
nicely. -It's at a.stable.equilibrium point and everything.
But you want to -get some hunters into your area because
hunterd bring in money, dnd you always need some money in 6

the area, it seetne like. So, to help the financial outlook
of your district you think'about it and say that you'll'
allow 3% pf the prey to be taken out by hunter harvest. If
You do that,.the curves would look like this. (NOTE: the
bottom half of overhead fi6 is uncovered.) The dotted blue.
lne is.the original prey recruitment curve with no human
huntinvtaken into account. kid the solid blue curve is the
curve with the 3% hunter pressure ,taken into account". That
doesn't mean you're ki ling the hunters! It-means the
hunters are killing 3% o the prey.

If you look at this mou an see that 3% wain't too bad
.because your stable equilibrium was there. It's only moved
a little bit. .So your prey density-moves down to here and
then stops again. Your prey density hasn"t gone down very
much.

But let's say that You make a mistake and say to take
out 15% because things lo.ok gretty good. What could happen
is this curve. (NOTE: the upper half of overhead in is
displayed..) If this dotted line is prey recruitment with no,.
hunter pressure figured in, and this solid blue curve is
the prey recruitment curve witip 15% of the prey pdloulation
being taken out by hnnter6". You see that'you've lost yokir

Page El3



a 1

..

.

.

..



.1

t 1

, OVERHEAD #7



upper.stable equilibrium point completely. You've lost youn
unstable equilibrium point.'So if your prey density was up
there (NOTE: equilibrfum point #3 is pointed to) and
suddenly switched to this curve, what would happen to the

prey density?
. (NOTE: a student gives the correct response.)

It's going to move down because predator functional
response, subtractions, are so high from the population
compared to additions, that the prey density will move
alongthat line until it finally gets down to this
equilibrium point. You can see tha'6 this equilibrium point

is at a low density, extremely low.'That could make it
possible for a hard winter, or anything, to knock off, the

prey completely in an area.
If something like this happens, the first thing that

most wildlife managers would,do yould be to take away the
hunting pressure and let the preY density move back up'to,
the upper stable equilibrium point. Then you'd have lots of
prey again. Then you could have better management. 4

But if you do that, there's a problem brecause...

(NOTE: the lower half of overhead #7 is uncovered) if this

was your old curve, ang you iook ali hunting away, you'd
have this new curve. gut the problem is that your old
equilibrium point was here, and that's where your prey
density was, and-suddenly you change things around again,

your prey density is only going to move up to the first
stable equilibrium and it's not going to,move beyond there.
So you're not going to get your original system back by
removing hunting.pressure on the prey. TAat's been a
problem. That may be a problem with wildlife management
now; They might be able to use these curves .somed6.y, once

they're developed a little better.
(NOTE: a student-raises his hand.) ,

Yeah, Kyle?
(NOTE: a question is asked conce rning habitat

improVement to raise the prey recruitment curve.)
That's a possibility. But most wildlife managers don't

believe in curves like this or use them or even know about

them. This is just one:theory on how prey,density can move
down and suddenly can't move back up for some reason after
excessive hunting. The thing is, now, _if you have a system

with an equilibrium point there (NOTE: the lower,
equilibrium-point is pointed to) itLs not-going .sz) move

naturally. If'you leave itito nature it's just going to
stay there because everything is at a stable equilibrium,
humming along nicely.'But there are other ways of getting
the point back up, but you have to intervene and change
habitat and things of that sort, like*Kyle said. ,

Any more questions?
I'll,throw in.6 little conclusion because I'm ahead of

schedule. What we've talked about:then, is the prey
population growth curve and how'we got 'Ole prey'recruitment
curve from that'. Then we talked about the predato'r
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-prey density movement again.)
(NOTE: the axes and curves are drawn on the

blackboard.) .

Yobt have the two curves. If this is the change in

I

density per time, the predator funotiftal response curye is
the negative change. The prey recruitment curreis the

, 'positive change. TMen if you take the differanceatween
Page E17
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functional response curve and ho that came about; the
general shape of it, shoviing that it's generally increasing
until it levels off due to Tredator satiation.

We talked about how fast the prey density will
approach an equilibrium point. We talked about equi4.brium .

points, if they're stable or unstable.. We talked about
predator carrying capacity and how that changed the
functional response curve, moves it up or down. And we also
talked about human hunting pressure. Other than that, if
there aren't any 9uestions we can relax for seven-or eight
minutes until the rest of the class comes down. Then we'll
take a posttest.

(NOTE: a student raises his hand.)
Got a question, Dale?

41P
(NOTE: a question is asked concerning the theoretical

nature of the curves.)
These are quite theoretical right ndw. The curves

themselyes are accepted, but when you put them together,
there is still alot of theory involved and a lot of
argument. Like these started in the 1950's, but since then
these curves have not been more developed. People have
accepted-them from back then and worked with that. But then
they don't plA predator and prey together, usually. There's
got to be a lot of work done before this is accepted.

, (NOTE: a question is asked concerning the'simpl city
of the model.) ,

There are a*.lot of environmental parameters t t
aren't in this model, like hard winters and things f that
sort, and different years for vegetative growth. That would
move these curves all over the'place. There are a lot of
studies to be done Sret.

Anybody else?
(NOTE:, a question is asked concerning why the prey

density remains at the lower equilibrium point after
hunting pressure is removed.)

The curve itself is the same; it's just that the prey
density is stuck down here.beoause when you put 9n all that
hunting pressure the prey dehsity was forced to drop all
the way down to this equilibrium point, right? So that
means that equilibrium point is right there when you take
the hunting pressure off, and these two original curves

.come about again. So that means that this prey density can
only move up to that stable equilibridm point. It can't get-
up to,the upper stable equilibrium. It's kind of caught in
the big change there. That's the problem.

(NOTE: the instructor is asked to cover' the speed of



the two curves, like right here, you have a section that is
the net change. So if you have this net change in prey
density, then you already know it's going to go in this
direction becauseprey recruitment is the higher curVe.
Take that length and lay it on its side on the Xaxis, and
add it to the prey density, If this.is the change in the
prey density, then you can adp, that to what the prey
density was and, get the next time interval's prey density.
Like if this time unit is per year, then that would be the
change in the prey density per year. So you'd sake that
much, and for the next.year you'd be adding this; taking
the whole thing and laying it on its side,. You'd come out
there, and the next year your-prey density would be up this
high.

These .curves have be n developed from Alaska, the
caribou, moose herds, and lso in Canada.

/ (NOTE: hallway noise Ls heard.)
gather everyone's ere, so if there aren't any more

questions,,we can get th posttest going.
(NOTE: the module group comes in.)
(NOTE: the tests and computer answer sheets are handed

64.)
Please don't start the test until I tell you to. Take

one copy.of the test and one copy of the answer sheet. I'd
like it ne in pencil if you could get one. The first A

rt
thing y can do is put your name on the answer sheet aRd
also wh t you did --.if you were up looking at a module or
here.

There are 20 questions; you'll have until on the hour
to do this. And please answer on the answer sheet; don't
write on thZ test itself. And,notice that the answer sheet
goes across With the numbers, not'down.

You can start now.

r14i
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APPENDIX F

Analysis of Covariante

The data to be analyzeeconsisted of the posttest .

scores and final course percentages for 24 students. These

scores are listed in Table Fl.

'-The Olmstead-Tukey's Corner Test was applied to the

data for each group, lecture and moOule',. to check for a

relationship between theX (final course percentages).and

the Y (posttest scores) variables. A relationship was

indicated by the corner test.
.

:Analysis of covariance was applied to-the data to

compare the lecture and module group posttest scores. This

data ,analysis procedure adjusts the Y variable to the X

variable (covariate), then compares the mean of these

adjusted Y values. Table F2 summarizes the analysis of

ariance..retulte. The 4alculated F-value was less than

one, which indicated no sigificant difference between the

means of the adjusted po'sttest scored'for the lecture and

module groups.°
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TABLE Fl. The raw scores for the module and lecture
groups.

X

fAnal.class percentage

module lecture,
V.

posttest score

module lecture

76 87 16 16

75 $8 13 20

86 92 20 17

84 91 18 '16

68 75 9 11

98 67 17 10'

72 75 9 13

78, 82 11 17

78 77 18 lit

67 80 15 17

79 90 19 11

81 O. 93 17 20

TABLE F2. Analysis of-dovariance table.
SS(Y1), MS,-and F,are calculated from the meansb the
adjusted posttest scores.

Source df SS(X) SS(Y) SP SS(Y') MS F
Trtmt *1 126.04 0.00 0.00 8.23 8.23 0.98'

Error 22(21) 1541.92 285.33 409.83 176.40 8.40
Total 23(22) 1667.96 2$5.33 409.8.3 184.63

.Page.F2



APPENDIX G

predator Funct'ional Re4onse

Apple Program*Listtngs

Followdng are the Applesoft program listings for the

PFR module. This module consists of four subprograms: PRED

FUNCT INTRO, PRED FUNCT1, PRED FUNCT2, and PRED FUNCT3.

4

4

1

Page G1

Arm



;

rs'ara:7714-n.

5 .REM;
10 REM ,PRED FUNCT INTRO IS A SUBPROGRAM OF PREDATOR FUNCTIONAL RESPON

20 REHH, DESIGNEdBV,..MARK8HALTZ, DR. J. D. SPAIN, AND DR. KENNETH kRAM
;

(

. 25 REM - , PROGRAliMLIr BY 'MARK SHALTZ.

26 13EM - 'THIS PROGRAM WAS DEVELOPED BY THE SUMIT I COURSEWARE DEVELOPMENT

..,PROJECT, DEPARTMENT. OE BIOLOGICAL SCIENCES, MICHIGAN TECHNOLOGICAL UN
... .._ .;_-,-4-:,,w,,--,- .-.....,,*. .'....? .sr.";.-:;..::

IVERSITY,. HOUGHTOW49931. -::-.2.-:°, -~,,-

BASED _UPON WORK SUPPORTED BilTHE NATIONAL: --SeIENC

'4":,:-'-'-' ---Vi.E4FOUNDAT ION . UNDER GRANT NUMBER SED-7919051. . ------ -- --.-7:. --.4.?:,t.

A,REM _LANY OPINIONS,. FINDINGS, AND CONCLUSIONS OR RECOMMENDATIONS EXPRES
SEDT;g4 a-THIS PUBLICATION ARE THOSE OF,THE AUTHORS AND DO NOT NECESSARI'

.LY.I.REFLECT THE VIEWS OF:THE NATIONAL SCIENCE FOUNDATION.
, 0 1--1POKE;232,0: POK23L08:-.:- SCALE=- 1: :ROT= 0: HCOLOR= .3 .,:,-;:,,

_,'."1f. 6° DS: CHR$ C 4) _-t1,-..-_----,,,,,,,k,k,41A ,__ __=,,%

,--,

--.: PRINT D$;"BLOAO SMALL- CHARACTERS,1444-00W_,'
0

-1,- -J.00 -,7--. REM .e..:-.4-..t-,-4,-Ii,,,-' ---.4i,e_----t:,..-7..,,,,*1:T--'-' -',5-;:-.4-,-.4,--,-4--3-4:4,-:-.K---:- "-V` -- -,f4t4k.-

'-',,;:-.,.;)s,-- . --7*i!,;# ',IV ;
i.,. _.:-.,-;.*:!--- ., --__:-,,-/s1-a-....*:77--7-a---5;:44F-- .zzirT.,:,.:17,-,--M.:f---rts-1/4---)'--. Azi;---,:-:-,-4--

L 1 Pal -1,-,14-: TITLE AND CREDITS ARE DISPLAYED.
.., ,....r......tfire-. --,:-.-;-- - ,4.7......_ ---:--;r-----:.--- --.... ---=.-t, ,...- .,,..- ,,, .4-.4.-...4:!.

-4.01f, je", , 're -;,-ee 6;',.1"; 4' "...
''''St.`"".' rj.** '''';'''..t'et

120 "REM -- -,-11- .if:.k.:,.°41---5:1,1-:,,, "........, .03-4-

,.:
VIt

Ikt . -- t '..._.,-44" ,'- , ,,`'7,,,t- eWwi, 5,. , '-,;-1:-
2.,-.1.feWif eee,4' :, .5,4.

- -'4.,,,o-r5
" 136.-:HOME _: , HGR '-'' n :':,-,§-2-- Iiiik.1

7' 140 a`SCALE= 4: HCOLOR=.43: ROT= 0 I,-,:.
.,"Pl --k -:-E:...-.,,-= D '.-,- A

160 XA _=-31:YA = 50: GOSUB 6340 ..-T

170 POKE 16368,0
r-1:180 SCALE-'2

190Z$,=,:T,UNCTIONAL ,RESPONSE"
200 XA = 11:YA = 90: GOSUB 634E1

210 SCALE= 1
2?0 PAUSE,,= 3000: GOSUB 5000
230 HOME : HBR : TEXT :PAUSE = 500: GOSUB 5000
240 VTAB 7
250 PRINT " _THIS MODULE WAS DEVELOPED FOR"

VI-AB 9
PR INT " THE SUMIT t PROJECT"
PRINT " DEPARTMENT OF BIOLOGICAL SCIENCES"
PRINT " MICHIGAN TECHNOLOGICAL UNIVERSITY"
PRINT " HOUGHTON, MICHIttAN 49931-D.:PAUSE = 6000: GOSUB
GOSUB 4050: VTAB 10

260
270
280
290
300
310
320 PRINT " PREDATORS DEPEND'ON AN ACTIVELY GROWING PREY POPULATIO

N FOR THEIR SURVIVAL. IF TOO FEW PREY ARE BORN, THEN PREDAT
ORS CANNOT SURVIVE."

330 PAUSE = 1000: GOSUB 5000: VTAB 16
340 PRINT " TO STUOV THIS RELATIONSHIP OF PREDATORS TO PREY, WE

MUST FIRST LOOK ATTHE PREY IN THE ABSENCE OF PREDATORS."
350 PAUSE = 500:' 60SUB 5000, GOSUB 5080
360 REM

"A.
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370 REM THE, LOGISTIC GROWTH CURUEIS INTRODUCED.
380 REM

390 X$ = "tIME"
-400 Y$ =
410 Y1-1$ = "50"

`420. YI-P.= UAL (VMS )
430 X1.1.= 100 -

X1'_*= .30_

450 Y1 .= 109
460 LYA = 70

l:-470 LXA = 80
''''480 HOME : HGR
- 490 PAUSE = 508: GOSUB 5000,'
iv....

500 =260SUB .30600 -,.' ",1,4:-. f.f."6-=;-?:?. - - '

510 ZO ..= 1: X0 = 12:Y8 94:L$ = "PREY": GOSUB 30780
' 520 ZO = -1: XO = 22: YO = 101: L$ = *DENSITY" : tOSUB 30780 ' 4

Olow

-
4*,

--.;r 530 Xil = 96:YA =' 112
540 Z$'-.-= *10011: GOSUB 6340
550 XA 148:YA = 50
568 -Z$ -= -9-ERE- IS AM EXAMPLE"
570 GOSUB 6340 . -

4- 580 XA = 141:YA = 60
-. 590 Z$ = "OF. A POSSIBLE PREY*
600 GOSUB 6340
610 XA = 141:Y11 = 70
628 z$ - "GROWTH CURVE. "
630 GOSUB 6340
632 XA = 33:YA = 10 .

,633 = "PREY POPULATIOW: GOSUB 6340
634 XA = 40:NA = 20
635 Z$ = "GROWTH CURVE": GOSUB 6340
640 REM

650, REM , THE LOGISTIC ;GROWTH CURUE
660 REM "'"`-'1-

670 ZF = 1
680 R .1

690 K = 50
700 N = .5
710, FOR T = 0 TO 100
720 D1 = R * N * (1 N K )

730 N = + D1
740 X = T:Y =
750 GOSUB 31000
760 NEXT
'770 XA = 0:YA = 129
780 Z$ = " THE POPULATION GROWS UNTIL

ACITY."
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790 GOSUB 6340
800 60SUB 5080: HOHE
810.X = 141:Y = 50:XZ = 138:L = 30: GOSU8 5750

'%-820 HOME :X = 0:Y = 129:X2 = 20: GOSUB 5750 .

-830 REM

-7,850 REM

-,-

TrirOUESTION-IS-IISKED-CONCE.RNIN6 THE CURVE ON THE
.1%( fq

$,860 x14.4.7,140: VP = 50: IF 'COUNTF 1. THEN XII =13
-7870 ZS,=-'"):,-LOOKING AT ,TH IS ",-,. '-,,-

-k,880 GOSUB6340 -,0,440.4wv. n 4!W 774...,

890 XA:1---. 140: VA = 60: IF-COUNT.= 1 THEN XII = 0
;.* 900 a = ."GRAPH., HHERE DOES": GOSUB '6340

910 WI ,,, 140: VA =. 70:-. IF: COUNT, =ftl_ THEN XA-r = 6, '-

920 ia 1.-7-"TFE _PREY POPULATION": -60SUB 6340
it 930 XII ::---;140: VA =:80:-j;IF. COUNT = -1 _THEN XA =,. 0 7.

940 ZS:=2."HAUE -.THE HIGHEST": GOSUB 6340 --

950 X11.1.1=z;1140:YA = SO: IF CONT = 1 THER Xh =
960 a = "GROWTH RATE?": 60SUB- 6340 -- - q.4 :It'

-lc 980 XA = 0c411 = 129 "r';:.--..: ,t)., ..,r -4:.5.q..47--4,,

;i,990 ZS =," A, ',AT A .LOW GOSUB 6340'
XA-=-0:YA = 139 r

1020 Z$ = " B. FIT A HIGH gREY DENSITY. ": GOSUb 6340
1040 XA = 0:YA = 149 .
1050 Z$ = " C, .SOMEHHERE -BETHE8H.": GOSUB 6340
1060 VTAB -23
1070 POKE -'
1080 INPUT QS
1090 HOME

,

16368;0

.1100 IF LEFTS (12$.1) = "A OR LEFTS (0$.1.) =
1101 IP' LEFTS ([4.1) = GOTO 1162
1110 PAUSE = 500: GOSUB 5000: VTAB 22
4120 'PRINT " .PLEASE CHOOSE A, B. OR
1140 GOTO 1070
1.162 IF COUNT = 1 THEN HOME : RETURN
1163 HOME : UTAB 2'1: PRINT "VERY GOOD!";:
1164t 4IF COUNT = 1 THEN HOME : RETURN
1165 HOME : VTAB 21: PRINT "INCORRECT. ";
1168 PAUSE = 500: GOSUB 5000
.1170 PAUSE = 5e0: GOSUB 5000: VTAB 21
1180 !PRINT " THE PREY POPULATION HAS

UM PREY DENSITIES."
1190 PAUSE = 500: bOSUB 5000
1200 GOSUB 5080
1210 REM
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1220 REM PREY RECRUITHEHT$ INTRODUCED.
1230 REM

1240
1250
1260
1270

. 2 .-.

1290
1300

1320
'4e..1330.

:1360
1370

,1380
-1380
1400
1410
1412
1413
1414
1415

1416
1418
1420
1422

HOME :X = 140:Y = 50:XZ = 139:L = 50: GOSUB 5(0
X = 0:Y = 129:X2 = 279:L = 30: GOSUB 5750

131
Z$ = "TO BEATEN SHOW THIS CHANGE IN GRONTH
TIES, A GRAPH HITH THE FOLLOHIN6 AXES CAN BE USED."
GopuB 6340

YM$ = "1.4" -

YM = UAL (YM$)
X1 = 180 ""'
X$ = " ":Y$ = " CHANGE": GOSUB 30600
XA = 198:YA = 112
Z$ = "PREY": GOSUB 6340 --

XA = 190:YA = YA + 8
Z$ =."DENSITY": GOSUB 6340
XA = 256:YA = 112
Z$ = "50": GOSUB 6340
GOSUB 5080: HOME : VTAB 21
HOKE :X = 0:Y = 129:XZ = 279:L = 30:
60SUB 4060
PRINT "ARE THE THO X-AXES THE SAME?"
VTAB 24
POKE 138.0: INPUT CM: posue 4050
IF LEFT$ 0$7p < > "Y" ANqA LEFT$ (C4,1)
"PLEASE ANSWER YES OR NO.": GOTO 1410
IF LEFT$ (Q$,1) = "N" THEN PRINT "RIGHT!'":;:
PRINT "WRONG. "i
PRINT "THE X-AXES ARE DIFFERENT."
PAUSE = 50a: GOSUB 4000: PRINT "THE POPULATION GROWTH GRAPH H6S TIME
ON THE X-A4IS, HHILE THE GRAPH ON THE RIGHTHAS PREY DENSITY."

*1424 PAUSE = 500: GOSUB 4ors8
1425 PRINT "ALSO NOTICE THAT,

ENT.'
1426 PAUSE = 500: GOSUB 4000.
1430 PRINT "DO YOU UNDERSTAND HHAT 'CHANGE' IS ON THE Y-AXIS OF THE GRA

PH ON THE RIGHT?"

RATE AT DIFFERENT DENSI

!PA: i.t)., 4._*trt

ttra

Ai+ ;

v

I
..<.

oe47.1"...

GOSUB 5750 *

< > "N" THEN

GOTO 1420

VTAB 22: PRINT

THE Y-AXES-ARE DIEFEH

1432 VTAB 24: FNKE 16368,0: plPUT GOSUB 4050
1433 IF LEFT$ (Q$,1) < >,"Y" AND LEFT$ (Q$.1) < > "N" THEN PRINT "PL

EASE ANSHER YES OR NO.'WAUSE = 2000: GOSUB 5000: GOSUB 4050: GOTO 14

1434
1435
1436
1437
1438
1439
1441

_1443

30
TEXT A

IF LEFT$ (Q$,1) = "N" GOTO 1450
VTAB 8
PRINT "HHAT DOES 'CHANGE' REPRESENT?":PAUSE = 1000: GOSUB 5000
PRINT
PRINT "A. CHANGE IN TIME."
PRINT "B. GAIN IN THE PgEY POPULATION."
PRINT "C. LOSS IN THE PREY DENSITY."
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1-445 VTAB 15: POKE -'=16368;0 INPUT Q$
1446 IF LEFTS (0,1) < > "A" AND LEFTS (0,1) < > "B" AND LEFTS (Q$,

I) < > "C" -CAEN UTAB 14: PRINT "PLEASE ANSWER P. B. OR C.": UTAB 15
: PRINT " ": GOTO 1445

1447 GOSUB 4050: UTAB 5: IF LEFT$ (0$.1) = "B" THEN PRINT "THAT'S RIGHT
YOU REALLY DID KNOW"- GOTO 1450

1448 PRINT "THAT IS INCORREET."
1450 UTPB 7: PRINT "'CHANGE' HERE REPRESENTS GAINS IN THE PREY P

OPULATION. "
: PRINT "FOR EXAMPLE, IF THE POPULATION GREW FROM 60 TO 75

INDIVIDUALS OUER AN :INTERVAL OF TIME, WHAT IS THE CHANGE?"
1452 PRINT :,POKE INPUT 0: PRINT: PRINT

4 IF--".TLEFT$ = "15", OR LEFT$ (0,5) = "FIFTP! THEN PRINT ,"..VER
GOOD!": GOTO 1456

01454 ,PRINT`THAT'S-NOT CORRECT."
M.456' PRINT: MIN-F."1HE CHAN:REIS 75- 60 = 15 "

560457-PAUSE '= 500: GpsuB 4000: POKE 16304,0: POKE 16297,0
-J11.480 PRINT "-NEXT, BOTH GRAPHS WILL BE PLOlikU AT _THE SAME TIME TO S
:H014;.THEIR RELATIONSHIP TO EACH OTHER."
:,:1490 PAUSE- =,500: 60Sue 5000
41500 X. =. 0:Y = 129:XZ = 279:L = 20: GOSUB 5750
,?1510 XA,=:01:YA = 139, r

'-,1520 Z$ =-.,!.':7,TO PLOT:THE CURVES PRESS -RETURN- .": GOSUB 6340
'ff1530 POKE..-116368,0*,

. _1540 VTAB 10: INPUT 0
1550 HOME :X = 0:Y-= 139:XZ = 279:L = 10: GOSUB bebo
1560 REMIL.

1570 REM PREY RECRUITMENT AND LOGISTIC GROWTH PRE-PLOTTED
. SLY.
4580 REM,

,

,

-

1590 ZF = 1:ZG = 0
1600 N= .5
1610 X = 3I:Y = 39:XZ = 80:L = 69: Gomm bebo-
1620 X = 181:Y = 39:XZ = BO:L = 69: GOSUB 5750
1630 IF COUNT< > 0 GOTO 1700
1640 XA = 0:YA = 149
1650 Z$ = "TIME": GOSUB 6340
1660 XA = 100:YA =,149 .

1670 Z$ = "PREY DENSITY": GOSUB 6340
1680 XA = 230:YA = 149
1690 Z$ = "CHANGE": GOSUB 6340
1700 FOR T = 0 TO 100
1710 DI = R * H * (I N / K)
1720 N = N + DI
1730 YM = 50:XI = 30:XM = 100
1740 IF T > 0 THEN HPLOT X9,Y9
1750 X = T:Y = N: GOSUB 31000
4760 X9 = XO:Y9 = YO
1770 IF T = 0 THEN ZG = 0

Page 06

SINULTANEOU

I



-1780 YM = 1.4:X1 = 180:XM =
1790 IF T > 0 THEN HPLOT X8.Y8
1800 X = N:Y = Dl: GOSUB 31000
1810 X8 = X0:Y8 = YO

4 1820 IF COUNT <-> 0 GOTO 1920
. 1830 ., IF T = 0 OR INT CT 25) < >'T 25 GOT0,1920

1240 HOME
q850 WAS 21: PRINT T. INT (,1* 100) / 100., INT (Di * 100)/ we
1860 PAUSE = 50a: GOSUB 5000

, ', ----ic-,,,,,, _ -,...v ....... ;7.t.,-

1870 ._IF,r= 25 THEN- PRINT-"HOTICE THAT AT LOH PREY DENSITY TOE CHNAG
,-,., .- s, E -IN PREY DENSITY IS LOW. " .

.:- -,:*-::--..=-:!-",,:it-,-te,,,,,,44P..:k.1880,:,:,IF-T_= 50 THEN-PRINT " THE HIGHEST CHANGE OCCURS AT :.:"'.77TMEDIU2,,
t1 PREY DENSATY.",(--- .,,,-.,':---- .....-......:-:.'-g0-4i.Fil

,

-18.98IF T =75 THEN-PRINT" AT HIGHER PREY DENSIi-IES THE CHANGE,. DECRE ::ASES.:
.

,

00 PAUSE = 500:-GOSUb 5000: GOSUB 5080
1910 HOME
1920 NEXT Aff

,

PAUSE = 500: GOSUB 5000
4940 HOME :X = 0:Y = 149:X2 = 279:L = 10: ,GOSUB 5750 ,
1950, GOSUB 4060 k,

.--1960--PRINT-"--THE GRAPH ON THE-RIGHT REPRESENTS ALL PREY BIRTHS MINUS NON .

----PREDATOR DEATHS.' IT IS CALLED A PREY RECRUITMENT. CURVE."
A 196? XA =_1S8:YA = 10 , .

,,. ,

J.-

, .:21964 2$ ='"PREY RECRUITMENT": GOSUp 6340
1965 XA.= 196:YA = 20
1986 2$ = "CURVE": GOSUB 6340

. 1970 PAUSE =-500: GOSUB 4000 .. .

1990 PRINT " ', WOULD YOU LIKE TO SEE THE CURVES
-2000 VTAB 24
2010 INPUT Q$
2020 HOME :PAUSE = 508: GOSUB 5000

- 2030 IF LEFT$ (0$.1)= "V" THEN COUNT = 1: SOTO 1590
2040 X = 0:Y = 0:X2 = 140:L = GOSUB 5758,
2050 REM °-

2060 REM THE SAME QUESTION'ASKED EARLIER IS MOH ASKED USING A NEW 6R1
APH.

,

2070 REM

2080 COUNT =.1: GOSUB 860
2090 UTAB 21
2100 IF LEFT$ (Q$.1) = "C" THEN PRINT " CORRECT. THE HIGHEST POPULATIO

N GROgTHOCCURS AT THE PEAK IN.THE CURVE, SO -C- IS CORRECT."
2110 IF LEFTS (Q$.1)= "C"..GOTO 2130
2120_ PRINT " THAT IS INCORRECT. THE HIGHESTROPULA-TION GROWTH OCCURS AT

THE PEAK IN THE CURVE. SO -C- IS THE\CORRECT ANSHER."
21'30 PAUSE = 2000: sbsup 5000: GOSUB 5080: HOME
2140 x = 0:Y = 50:X2 = 1j9:L =.50: GOSUB 5750'-
2150 X = 0:Y = 129:X2 = 279:4.. = 30: GOSUB 5750
2160 X4= 0:YA :-: 50
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.,:....,.-

-4'170 2$ = " IN THIS MODULE ,HE"
2180 60SUB 6340
2190 XA = 0:YA =760 i&

2200 Z$ = "HILL BE HORKING WITH"4
.2210 60SUB 6340
.*2220 XA = 0:Y11.= 70
1.2230 Z$ = "RECRUITMENT CURVES."'
2240 eosut 6340 ,,,,,,,

.. 2250- PAUSE = 5013:. GOSUB 5000: 60tUB 5080
:,...2260 Rgti ,:. ,,,,,, ,A ' -TrZi.P'''''W .. ,,W ..."' i , ' .

',..,.0"''' 4'," ' "rr '''''''';''''''''.."7'?" t. .1; 7-

... .-..1..,- '. -.-1.7-;....: '.- -. .%-4 v'.v. ...".7,--....-.4
,_-_:-. i.1-4.4..- , . i!...,- p:i:.!,,,I.,.,?.

y-:51.;.72270 REW-7,:. THE.11ELATIONSHIP OF tHE 'PREDATOR IS INTRODUCED.' _ .,,,-.-

4'2280 REM. ' ...
, ,.. ..., , x,,i

,: .
-:. -,. ., ,."4...: tz..%.-

t, -,-,..:2,., '4%-:. 'T-$.1-1, i .. R4Lvs".1t1' +1- ., : ' :::,"..3fk,"$ ' 1 ' ' '''' 1? ili.4 4 °Lr''''s
144"..:''' it'e. * 1 '" '- 4+,44-7..`c il','"?,, 4,,,,-v9-. -t. -......A.,:,-

s4"1.0"°"'"4,-:v.":i2298 HOME HGR. : 'TEXT .;',4- --4 .......-, t. ,,,:,
4

...14
. ',,.., ". 4.CIV

. ;
V , ' :::' IA:, 1 '',:". ,- V,..82300 KM 7. !- ' 'i,-- -ft7

,..eiti' : ,
2310 PRbfr" NE;VE LOOK6'-iiT THE PREY IN THE ABSENCE:OF PREDATORS
--AND DEVELOPED THE. PREY RECRUITMENT CURVE."

2320 pTPB12 .-:,,,--- -,;;',1,4,.',---, :',.:.-x4;? ,,-..i....-_ ,::ei..%It:7- .', .,,,,,..!.. ,-,10,4-:, --',,,,.. + 47..

,;:=2330 PRINT :.NEXT: LET'S LOOK AT THE PREDATORS.",
',2340 PAUSE = 500r GaSUB 4000r.UTAB 12 :'

-,-,:r-
", 2350 PRINT * A SINGLE'PREDATOR MILL161.. ANO EAT AiCERTAIN NUMBER OF,T.

HE' PREY AVAILABLE IN Pt GIVEN AMOUNT OF TIME."... . . ....-; , . ..i.-c,i,:......,..,..,...t. ,.

2360 PAUSE = 500: GUSUB 4000: H6R
. '

*. : :'.-'
.

2370 PRINT ". HE HULL.PLOT PREY KILLED PER PREWTOR (iFER UNIT OFTIME) AS.
A FUNCTION OF FREY DEN6ITy..."

2375 CHART.= 1 P.
2380 X$ = "PREY DENSITY":Y$ =-140REY KILLED/TIME"
2390`YM`= "50":YM = VAL (YM$)
2400 XM = 50
2410 X1 = 50
2420 5/1,= 129,
2430 LYA = 115 '4

2440 LXA = 125
2450 GOSUB 30600
2452 PAUSE = 500: 60SUB 4000
2454 PRINT" PT LOW PREY DENSITIES A PREDATOR HILL TEND TO KILL AND CONS

UME NEARLY EVERY PREY rT,ENCOUNTERS."
2455 PAUSE = 500: GOSUB 4000
2456 PRINT " THE CURVE AT LOW PREY DENSITIES. THEN. HILL BE CONSTANTLY IN

CREASING. AS MORt! PREY BECOME hVAILABLE. MORCARE KILLED." 7
2460 ZF = 1
2465-' HPLOT 50.129

. .'2466 11= 56:B = 7
2470 FOR T =.0 TO 50

s.2480 = A * T / (T + B)
2500 X = T
2505 IF T =.7-60TO 2530
2507 IF T.=!23 GOTO 2595
2510 60SUB how
2520 NEXT

*._

a
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2525 OTO 2620
2538 PAUSE = 508: GOSUB 4000

.:

2560 PRINT "AS PREY DENSITy INCREASES, THE PREDATOR SPENDS LTSS TIME SEAR
CHING FOR PREY AN117-MORE TIME EATING, ITS KILL." ,,......

1

2578 PAUSE =4500: GOSUB 4000 ""
=

,. 2580 .PRINT " THE AMECT IS.THAT'THE'CURVEBEGINS TO LEVEL.OFF AS THE PRED-
ATOR SPENDS LESS.- TIME SEARCHING FOR PREY." ,

,...- ,-:--.1.-259 PAUSE: F 500:_GOSUB 5000: SOTO 2510 .

7.`-'..12595 RAUSE-= 500:GOSUB,--4000,-- .

,,-,:t:

.- 2600 PRINT " THE CURVE LEVELS OFF AT VERY HIGH PREY DENSITIES.DIE TO THO,:lt"r

FACTORS: .-----t':SATIATIOhk AND- PROCESSING
, TIME. ",..k..." Yi- 4, R:4-.: 's-
'', .4,...el,":.dikk''..1Luc: :4.44,,..',4t 2610 GOTO 2510 ,,,,-.it`.-04,s-:'1.4,-..7.1.=,itA.:

t''-?..--,.- -,*--,- -,6Viatr>,-,AzKerkmm...-,,. ,..',,Fpli;,,, 4..,- - . ,-.....-...'-:17-47;..,-,4,,,,,v...call-x--T.c. ,,,,,ti::,t-5?.74-2620 PAUSE = 500: GOSUB 4008:' TEXT ....

2630 uris _ 1 e
. ...0.,

...,,:e- -, - . .,-..Fiapitycsi-iLt- : .: =-,..---'. ,..,,,,,k)i-7-4,,,,, ,, .....,.., .., .#.04,.,,,-g,..7.-ct.,,,,,

2640 PRINT "SATIgiION REFERS TO THE FACT THAT _ %:,,7 A PREDATOR CAN EAT ON--.x
, ..

LY SO MANY PREY, ', EVEN IF MORE AUAILABLE.!!;-i,...x;."-..;:g..m.). ,

.,,

2650 , PRINT "(THE PREDATOR SETS FULL. )" 7,:,..--;.:-...-.=:';41:z4,::-..-rAle.-. ._,
o 3_14.?2668 PAUSE = 580: GOSUB 5080: VTAB 23: 'INPUT " PRESS`-RETURN-7....T, ...,-4per.> --tx.,-

CONTINUE' ;GS: , UTAB 23: PRINT " 6-

.1.r..4,4 7 -A- '..,'"'' -; ' i AT'itar,:iw' `7.,, i .4-^ 7::**Iii,,,v
,

. ,en.. 1 ".: :. .,:.: -,,* r: ,,, iffetat6.1.1::,.....146,I 7;'. , - J.1{1.0 ....1$4.041-2665- GOSUB-4060: VTAB 17 e44,-,''

22670 .PRINT "' BUT THE CURVE' ALSO LEVELS OFF BECAUSE THE"PREDATOR.-SPENDS I: ',.

'''''' ITTLE-TIME -," -,'-', SEARCHING. IT.IS kAINLY wit,* ITSITIME CONSUMING !
'EACH KILL IT.MAKE6." ..

,2680 PAUSE = 500: GOSUB 4000: POKE 16304,0: POKE - 16297,0
. 2690 .PRINT-"THIS IS CALLED A ' PREDATOR FUNCTIONAL

RESPONSE CURVE." ,..,....... ,.,
.

2700 XA -='65:YA = 0
2710 Z. =PREDATOR FUNCTIONAL": GOSUB 6340

"=,2720 XII = 82:YA = '10 .-.
-;,

., 2730 Z$ = -"RESPONSE CUME?': mi. B 6340
,

3,4, 'en,

4.2748 PAUSE = 500: GOSUB 4005
4 2750 PpINT " IT REPRESENTS'THE NUMBER OE PPEY

L KILL AS A FUNCTION OF PREY DENSITY."
2760 PAUSE= 508: GOSUB 4000: HGR TEXT - VTAB 7
2770 PRINT " THE PREDATOR FUNCTIONAL RE,4".PONSE CURVEIN THE ItEVIOUS EXAMP

LE HAS FOR A SINGLE PREDATDR."
2780 PAUSE = 500: GOSUB 5000: VTAB 23: INPUT " PRESS -RETURN- TO CONT

INUE";12$
2785 OTAB 23: PRINT "
2786 VTAB 11

, 2787 PRINT " BUT IN NATURE PE'RE USUALLY INTERESTED,IN A POPULATION OF.PR
EDATORS IN All ARtA0NOT JUST A SINGLE PREDATOR."

2790 UTPB 15
2800 PRINT "PREDATOR FUNCTIONAL RESPONSE'CAN ALSO BE LOOKED AT FoR

A POPULATION OF PREDATORS."
2810 PAUSE = 500: GOSUB 44308
2820 VTAB 10
2830 PRINT " LET'S LOOK AT THE FUNCTIONAL RESPONSE FOR A POPULATION OF P

REDATORS AND THEN- EXPLORE THE RELATIONSHI.10 TO THE PREY RECRUITMEN ,

T CURVE." -:, ,

7

n SINGLE PREDATOR NIL
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, -2840 WM' 21:' PRINT " (PLEASE BE PATIENT. PROGRAM LOADING. )1',
I

PROGRAM PRED FUNCTI IS RUN.

3800 REM

3810% . THE ,SU
3820 REM

- 3830 DS CHR5
,t3840

3858
*.?Zt'n,-.:11x#4000

417. Pt.f

.

UN-PRED FUNCT1"

.to

REMs;',. PAUSE, RETURN,. PAUSE,
48.r.w.741RZ.,- .44TA,-1:'.;"tt..4:.is4'...

;"

4030-'603UB 5000

HOME7
4.:4060 PAUSE 500:, GOSUB 5080

_04,4070 UTAB 21 4
4080 RETURN -;;.t, ,

. 4081

4995: REMr:\
4996.-Ret xxxxxxx-xxxxintxxxxr
4997 REM 4** SUBROUTINES ***
4998 REM

,5000,

\5018 REM. 13AUSE SUBROUTINE.
5020 REM 4. VARIABLES-TO Bg, PROVIDED:-
5030 D LENGTH OF PAUSE.
5040 ,REM,

FOR PS = 1 TO PAUSE

te7;4040:::-GOSUB 5086

UT9B SUBROUTINE-

I/ -

505. 0
s 5060

5065
5070

5080
5090
5100

NEn
RETURN
REM

Rel
REH "
REM

5105 POKE
5110, VTAB 24
5120 INPUT "
5130 RETURN
5750 REM

PRESS -RETURN- SUBROUTINE.

16368,0 . r
PRESS -RE11.1RN- TO CONTINUE";Q$

(
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5760 Rai SUBROUTINE. TIVT BLACKS OUT fl RECTAN6LE ON THE
5776 Rai -VARIABLES THAT MUST BE PROVIDED-
5780 REM X = STARTING X. COORDINATE
5790 REM V = STARTING VCOORDINRTE

' 5800 REM XZ = LENGTH OF RECTAN6LE ALONG THE X.-AXIS.
b610 REM L -= HIDTH OF RECTANGLE ALONG THE V AXIS.
5820 REM

.

5830 HCOLOR= 0
.-- 5840 - FOR TA = 0 TO

5850 HPLOT X,TA + Y TO
5860 NEXT TA -:

..f.5870 HCOLOR= 3
.-5880:'RETUM4-
'6240 REM

H6R SCREEN.

X +, XZ,Tiq Yv

,
-

11"4'. ?

6250 Rat SUBROUTINE THAT DRAH9 it 'STRING ON
6260 REM -VARIABLES THAT MUST BE PROVIDED-
6270 X9 =_ INITIAL X POSITION :

6280 7 REM 7--YA -= -INITIAL POSITION
6290 REM Z$ =. STRING.. IN GOUTATION MARKS
63,00 REM

THE HGR SCREEN..

, .

. 6310 VA = 0: HOME - H6R
6,320 = 0: VA = + 10
6340 FOR' Z -7 1 TO LEM ( )
6345 IF, Z. =, 1 THEN 6360
6,.M0 XA = 7
6360 ZZ PSC MID$
6370 IF ZZ > 32 THEN 6420

7.'*16380 IF ZZ < 2 _THEN 6410
6390 IF XA < 2?9 THEN 6478
6400 = 0:YA = VA + 10: GOTO 6470
6410 rips = PUS +. 7: GOTO 647?
'6420 IF INT FLAG / 2 = FLAG /. 2 THEN 6440
643p ZZ = ZZ 64
6440 IF xp < 279 THEN 6460
6450 XA = VA = VA + 10
6460 TRAH ZZ AT X1LYA
6470 NEXT Z
6480 RETURN
6481 REM

306813 ..REH AXES AND UNITS FOR GR
xxxxxx

, 30610 REM
30620 REM
30630 Rai
30640 REM

APH
xxrxixixxxxxxxxxxxxxxxxxxxx*xxxxxx**.x*;

SUBROUTINE DEVELOPED BY J.. SPAIN MICHIGAN TECH UNIV.
DEFINE XS=UNITS ON THE X AXIS ,

DEFWYSAPRI PLOTTED OH Y:A}4S
DEFINE Ylii;=HAXI UNITS ON THE AXIS

30641 REM 4144v,a,i

Pa,ge G11
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1,17r3r,..".....,

38650 HCOLOR-3
38660- !PLOT X2,YI LYA TO X1,Y1- TO X/ + pcp +
30670 REM ,LRBEL -X AXIS AS REQ..36 CHAR.MAX
:38680 REHi4X$.-=.0 -77.124X11XIS 100 ETC.

ZO = 0:L$7= 7:Y0:0.= Y1 + 8
-30700-,-.-608U8-30780

'-'4-4;'307113-7REMT.--.CABEC Y AXISAS REQUIRED._
30720 ZO = ItL$ = Y$:X8 p,..X1 Y1,t

4.--;38730
,i6OSUB 30780 --.e&W-

i.307354IF CHART = -1 GOTO30755' 1;e4ri:f:
-738740-- REPL. UNITS ON,THEY AXIS..Y1-1$7--Y
wig-km 0:X0,1=- (YM$)7:Y0_= (Y1tLYA)

GOSUBA-30850
30756-, IF CHART = 1 GOT030770 .--

'130760 DRAW -4F3 AT X1 4

9,Y1

,
.0..atteZ-WeiT,AN_ rir

``afol t'

,307807 REH :1.ALPHANUMERIC:CHARACTERS FOR MR,
-38790- REM :TIE FOLLOHIN6 MUST BE DEFINED

REH _-;,BEFORE ENTERING*THE-SUBROUTINE
REM L.$7,,-"CHRRACTER STRING.",

'30820--aREM Y8= THE INITIAL Y POSITION -.

REMIt'xe:= THE INITIAL- X POSITION
f's:ier;_ 30840 - REH7'SET.Z0 = 0 IF PRINTING HORIZONTAL
30850 REMkj SET 20 = 1-IF PRINTING UERTICALLY

30860 FOR Z = 1 TO LEN.(L5):Z3 = PSC ( MIDS (L$,Z.1))
--308713 IF ZO <, >" 0 THEN GOTO 30900
30880 IF Z >64THEH:DRIIH 13 7 64 AT X0- + (Z 1) * 7,Y0 7 5:-(GOTO 3093

17V:Z-4"

,...7%54/..1*"4.7

rg.
.

30890 DRAW 13
30900 ROT= 48:

30939
30910 IF 13 <,

.-30920 DRAM Z3
30930 ROT= 0:
30948 RETURN
310130 REM

AT X0 +N(Z 1) *7.410 5: GOTO 30930
IF Z3 > 64 THEN DRAW Z2 64 AT X0 5.410 (Z

33 THEN GOTO 30930
AT xp 5,Y0 (Z -21) * 7
NEXT Z

31010 REM SCALE AND OLOT POINT FOR DEFINED X AND'Y
31020 REM FOR LINE PLOT MAKE ZF=1
31030 REH

31040 X0 = .X1 + X * LXA / XM
31050, YO = Y1 Y * LYA / YM
31060 IF XO > 279 OR XO < 0 OR Ye > 149 OR YO ( 0 GOTO 31080
31070 IF Z6 = 1 TNEN HPLOT TO X0,Y0: GOTO 31080
31075 HPLOT XO,YO: IF ZF = 1 THEN ZG = 1
31080 RETURN

4
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/
..-..rox.,

I

:,,,,,,

5 REM . PRED FUkT1
10 REM . -MED FUNCT1 IS A SUBPROGRAM OF PREDATOR FUNCTIONRL RESPONSE.

//
12 REM . PROGRAMMED BYAMARK SHALTZ
15 REM THIS PROGRAM WAS-DEVELOPED BY THE SUKT I COURSEWARE DEVELOPMENT

PROJECT, DEPARTMENT OF BIOLOGICAL SCIENCES, MICHIGAN TECHNOLOGICAL UN
IVERSITY HOUGHTON,'MI 49931.

s 26 REH THIS MATERIAL IS BASED UPON WORK SUPPORTED BY TH 4IATIONAL SCIENC
E F TION UNDER GRANT NUMBER SED-7919051.

.

_25 _REM. ANY OPINIONS, FINDINGS, AND CONCtUSIONS.OR RECOMMENDATIONS EXPRES
1_ SED IN HIS PUBLICATION ARE THOSCOF THE AUTHORS AND DO NOT NECESSARI

, 1...LY REF T.THE,VIEWS OF THE NATIONAL SCIENCE FOUNDATION. :
100 DIM Y1(101),X2(10/),Y2(101) ,

110 X$ = "DENSITY.OF PREY POPULATION'
120 Y$ =-"PREY GROWTH ',TIME!"

. -;:125 VTAB 21:-PRINT -"---:
130 PAUSE =.500: GOSUB 4500
132 HGR
134 PRINT " -FIRST WE'LL GRAPH

-,71-- AN AREA."-----TJT, -.:.
150 REM

160 REM THE GRAPA_IS DRAWN

,S

170 REM

.180 GOSUB 528a
190 WRITE = 0
260 ZF = 1'
290 REM .

NfA .24.A.."' A;

Z^

..,-,..

.= , ...f..1 -.7,-.;

THE PREY RECRUITMENT CURVE FOR THE PREY 0

'7,7:: '-c. ',-.... -r;..;i, ...
...._q":41,46'. 1; :. 41,s.N4 . .

*.gileftVa*

AND LABELLED.-

300 REM,-THE PREY RECRUITMENT.CURVE IS DRAWN.
310 REM

>,

320 HCOLOR= 3
330 HPLOT 23,149
340 FOR I = 0 TO 100
350 READ X.2(I),Y1(I),Y2(I)
360 HPLOT TO X2(I),Y1(I)
370 NEXT
380 PAUSE = 1: GOSUB 4500
420 PRINT "\_1:141S CURVE REPRESENTS THE CHANGE IN PREY DENSITY RESULTING

FROM ALL PREY BIRTHS MINUS ALL NON-PREDATOR DEATHS."
430-P1USE = 500: 60SUB 4500
460 REM

""sr

470- REtf
480 REM

PREDATOR FUNCTIONAL RESPONSE IS INTRODUCED.

490 VTAB 22
510 'PRINT*" NEXT, THE NUMBER OF PREY EATEN BY A FIXED NUMBER OF PREDA

ORS IS GRAPHEII"
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. -520-PAUSE.= 1000: GOSUB 4500:'VTAB 22'
530 PRINT ", FOR THIS GRAPH THE Y7AXIS IS THE NUMBER,OF PREY EATEN 8

V THE.PREDATORS."
540 PAUSE -----: 4000:. 60SUB 5000 -

550 HCOLOR= 5
,560 L$ = "PREY EATEN./ TIME":X0-= 0:Y0 = 140: GOSUB 5450

570 X0 = 1: GOSUB 5450
-- 7`1ii`.4 :7 i'''''''''

580 __HCOLOR= 3 ,

-1-

.-v--..-'.
, -590-60SUB---4540-:--- i

.:

620 YM = 150 ..,.

630 ,-,;., IF COUNT = 1 . THEN -HCOLOR= 0: ORM 49 AT 30,124..7- bRAI4 50 AT -184,48:- 0_
i.- ..--iiiz .. ,

Itt

X

51 AT'195,24,_
640 HCOLOR= 5 --(----'--

650 -HPLOT 23,149_,
660 K = 110

-,.-670 E-= 2.5 -:'ll

0 .

680 DD =4300
-.-...690 YS-=-Z-9:YU =-30:YE ='89

. 700 -UTAB 22
. ..t ,....,..., ,,..._-. ''."-",.7-4-1--

-710 REM ----- . t--1.-- '`R515**= 4 ' .-t... -

-':';4..:. ,,C.1,7,-..1,. 5..r )...' .,X ..'''4.rp.24. 1'9 --1:2:-..Y.`z,S2E7T.." . , t 4 4t'''''.'-. --:*5 TlYt,..;`----'''' , . . ;t2't....."

720 -.. REM ..'-THE PREDATOR FUNCTIONAL-RESPONSE 'CURIJE-IS PLOTTED.
_

_

730 -- REM -
...

- _
.,-4,?=..,,..- "",-.Ar'-: a,t, -4.."-3: ,..
iY" Z.4,-,:h.,,,.^ ',. 2.

.,. ,.... . ,,,t ..--,..

'740 -HCOLOR= 5 -

750 PAUSE = 500
760 FOR N =, 0 TO 100
770 IF COUNT.> 0 THEN GOTO 880
780 IF N = 5 OR N = 12 THEN HOME : VTAB 21: GOSUB 5000 _

-790 IF N =-45 THEN HOME : VTAB 22: GOSUB 5000
800 -IF N = 5 THEN PRINT " AT VERY LOW PREY DENSITY THE PREDATORSTURN To

OTHER SOURCES OF FOOD AND THERE-FOR CAPTURE FEW PREY."

810 IF N = 12 THEN PRINT " AS THE PREY-DENSITY INCREASES, PRED- ATORS
RECOGNIZE AND CAPTURE PREY MORE EFFICIENTLY, SO THE CURVE,INCREASES

SHARPLY-us
820 IF N = 12 THEN PAUSE = 3000: GOSUB 5000:PAUSE a 1000: INPUT PRESS -

RETURN- TO CONT";Q$
830 IF N = 12 THEN HOME

.

840 IF N = 45 THEN PRINT." -PREDATOR CAPTURE RATE LEVELS OFF AT HIGH P

REY LEVELS DUE TO SATIATION.":_GOSUB 5080:-HOME
860 IF N = 65 THEN UTAB 21: PRINT," ALTHOUGH PREY DENSITY IS NON VERY HI

'6H,THE PREDATOR FUNCTIONAL RESPONSE INCREASES LITTLE." ,

870 IF = 5 THEN GOSUB 5000: GOSUB 5080: NOME

880 .HPLOT TO X2(N),Y2(N)
890- NEXT
900 GOSUB 4540
910 IF COUNT > 0 GOTO 2410

- , 920 GOSUB 4550
930 PRINT "RECALL THAT THIS FUNCTIONAL RESPONSE CURVE IS FOR A FIXED N

UHBER.OF PREDATORS."
940 PAUSE.= 500: GOSUB 4500

4
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REM : m .,v
. W5 "

.
. .., .. ,

,

7

976 REM THE'IDEA OF POGiTIVE AND NEGATIVE GRAPHS IS DiSCUSSED.
977 'REM

r

qk, ,

980 TEXT : HOME :PAUSE = 500: GOSUB 5000
990 VTAB 7

.

1000 PRINT " BOTH OF THE CURVES JUST GRAPHED
PREY DENSITY."

1010 PAUSE = 1000: 60SUB 5000: VTAB 110
A1020 PRINT" -'THE PREY RECRUITMENT CURVE IS ;

:.EPRESENTS ADDITIONSTO THE PREY POPULATION."
_1030 PAUSE =.1000:.60SUB 5000: VTAB.44
1040 PRINT " THE PREDATOR FUNCTIONAL RESPONBE CURVE TS'NE6ATIVE BEG"

AUSE IT REPRESENTS SUBTRACTIONS FROM THE PREY,POPULATION."
'-1068 PAUSE ="500:-GOSUB 4500: POKE - 16304,0: POKE 16297,0 S-
;'161149 PRINT "IN THIS PROGRAM, POSITIVE CHANGES HILL BE GRAPHED AS'A WHITE

LI4E,. AND NEGATIVECHANGES WILL BE GOLORED (OR DOTTED)."
41e49 PAUSE = 1000: GOSUB 4500: VTAB 22: POKE - 16368,0_
1110 HOME : VTAB 21

-REM

EXPRESS CHANGIEIN THE
?..4.,:;,

POSITIVE BECAUSE IT R

,114
;zrf

*1.40g4qP:4:-.

--1150- REM A QUESTION REGARDING THE NUMBER OF,EQUILIBRIUM POINTS IS MC
ED. :-.4" ,11 A , .,.i ,

.7:01atig-V;r;

.1160 REM . -;.N...-

. ..j ''..CZ''' 1 %, li4t:4:i
i'.,.

, ...., .

1165 -INPUT " ,THIG IS AN EXAMPLE OF fl MULTI-EQUILIBRIA SYST
EM; HON MANY EQUILIBRIUM POINTS ARE THERE?";Q$

1170 IF LEFT$ (Q$:.1) = "4" OR LEFT$ (Q$,2) = "FO" GOT0,1172
1171 60TO 1180
1172 60SUB 4550
1173 PRINT "YOU ANSWERED 4, BUT 3 iS THE CORRECT ANSWER."
1174 PAUSE =1000: GOSUB 4500 .:

1175 PRINT "POSSIBLY YOU COUNTED (0,0) AS AN EQUILIBRIUM/POINT. (0
..0) IS NOT USUALLY INCLUDED.'"

1176 GOTO 1210
-\_1180 IF LEFT$ (6$,1) = "3"-OR LEFT$ (Q$,3) = "THR".GOTO 1230 . 1

-1190 GOSUB 4550: VTAB 22
1200 PRINT " EQUILIBRIUM POINTS OCCUR WHERE THE TWO CURVES INTERSECT.

1210 PAUSE = 1000: GOSUB 5000: GOSUB 5080
1220 GOTO 1110 .

1230 GOSUB 4550
1260 PRINT " THAT'S CORRECT. THERE ARE THREE

. NE AT EACH ,, INTERSECTION."
1270 PAUSE = 1600: GOSUB 5000
126:0_11COLOR= 3
1290 DRAW 49 AT 30,113
1380 DRAW 50 AT 88,43
1310 DRAW 51 AT 198,36
1320 PAUSE = 50EM 60SUB 4500: VTAB 22
1360 PRINT " AN EQUILIBRIUg POINT CAN BE STABLE OR UNSTABLE."

EQUILIBRIUM POINTS, 0
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71370 60SUB 4540: VTAB 22
1410 PRINT " AS AN EXAMPLE.'LET'S LOOK AT . EQUILIBRIUM POINT # 1

1420 PAUSE = 1000: 60SUB 5000 A

1430 FOR-I = 1 TO 6 ge,j
*1440 HCOLOR= 0
1450 DRAM 49 AT:30,113
1480-PAUSE-=-500t-6OSUB 50002

-i1470--HCOLOR=-3.
-.=-1480 ,DRAN 49 AT 30,113_

1490--r6OSUB 5000 --
1500:14EXT-

w.e1518 :REM

, .1520.1 REM ').:2;EQUILIBRIUM-POI

7,154=gr"

r

NT #1 IS USED IN

,.2Z3
,

A SIMULATION RE6FCRDING 'sther
-

4...-,tv

tt1;(73qtt
ADDITIONS TO THE 'P.REY

. .

SUBTRACTIONS
I FROM' IT (c

= 500: 07413UB 4500: VTAB 22 is:

157121 MINT "IF THEPREY DENSITY IS BEWH POINT
tcDENSITY (WHITE CURVEi.ARE GREATER THAN

-,OLORE1LZURVE)."6 ,
z.1580 ,FOR-I = 1.To VS
1590 HCOLOR= 3
/600 -HPLOT X2(I),Y1(I) TO X2( I ),Y2(I)
1610 :NEXT
1620 HCOLOR= 5: HPLOT 23,149
1630 FOR I = 0 TO YS
1640 HPLOT TO.X2(I),Y2(I)
1650 NEXT
1660 .HCOLOR= 3
1670 PAUSE = 2049e: GOSUB 5000
1680, POKE - 16368,0
1690 IVPUT " PRESS -RETURN-"A$
1700 GOSUB 4550, .

1730 PRINT " THE NET RESULf IS THAT THE PREY
IL IT REACHES EQUILIBRIUM PpINT #1.."

1740 PAUSE = 500: 60SUB 5000
1750 A = 0:B = YS:ST = 1 .

1760 GOSUB 4000
1770 HCOLOR= 5-
1780 HPLOT 25,149
1790 FOR I = 0 TO YS
1800 HPLOT TO X2(I),Y2(I)
1810 NEXT
1820 HCOLOR= 3

: 1830 PAUSE = 1: 60SUB 4500
1870 PRINT " IF THE PREY DENSITY IS JUST ABOVE

S (COLORED CURVE) ARE GREATER THAN ADDITIONS

Alo

1880 tu-1 = VU TO YS.STEP
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40)

1890 HCOLOR= 3 _1).

1900 .HPLOT X2(I),Y1(I) TO X2(I),Y2(I)
1910 NEXT
1920 HCOLOR= 5:.:HPLOT X2(YU),Y2(YU)

, 1930 FOR I = YU TO Y5 STEP 1

*1940 HPLOT TO X2(I),Y2( I)
1950 NEXT

' 1960 HCOLORT:- 3,

-1970-PAUSE-= -1000: GOSUB- 5000
1960 POKE,- - 16368,0 .

t-1990 INPUT SS PRESS 4ETURN-!:;Q$ t,;$

wee GOSUB 4550
.2030' PRINT " A PREY DENSITY IN THIS AREA, THEN, WILL TEND 0 DECREASE

-UHTIL IT REACHES EQUILIBRIUM POINT #1 -.",,,
2040 A = YU:B.= YS:ST = --1 -1

2050 GOSUB 4000
2060 HCOLOR= 5

;-2070 HPLOT X2(YU),Y2(Y6
2080 FOR,' = YU TO YS STEP 1

--2090 HPLOT- TO X2(I),Y2(I).
2100 NEXT

/ 2110. HCOLOR= 3
2120 PAUSE = 1: GOSUB 4500
2160 PRINT " THE NET EFFECT.IS THAT ANY PREY DEN- -SITY IN THESE REGIONS

WILL TEND TO MOVE TO THE EQUILIBRIUM POINT #1."
-2170 LG = 150 ,

2180 CE = 1
2190 GOSUB 4100
2206 HCOLOR= HPLOT 25,149
2210 FOR I = 0 TO YU
2220 HPLOT" TO X2(I),Y2(I)
2230 NEXT
Z240 PAUSE = 1: GOSUB 4500
Z260 PRINT " BECAUSE ANY PREY DENSITY IN THE AREA' OF POINT #1 WILL M(3VE

TO THAT POINT, IT IS CALLED A STABLE EQUILIBRIUM POINT."
2270 PAUSE_= 1000:-6OSUB-4500
2285 REM

2286 REM .(h'-QUESTION REGARDING OTHER STABLE EQUILIBRIUM POINTS IS ASKE
D.

2287' REM

2310 PRINT " EQUILIBRIUM POINT #1 IS STABLE.":PAUSE = 1000:,6060B 5000

23207 POKE - 16368,0
2330 ()TAB 23
2340 INPUT " WHICH OTHER EQUILIBRIUM POINT IS STABLE?";Q$
2350 GOSUB 4550
2355, IF LEFT$ (Q$,1) = "3" OW LEFT$ (Q$,3) = "THR", THEN PRINT "VERY'S°

OD!": GOT0.2360

1.1
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2356 PRINT "NO: "
Th360 PRINT "EQUILIBRIUM POINT it3 IS flk.O STABLE. " :PAUSE = 500: %60SUB 4500

23718 VTAB 21: PRINT " WATCH THE GRAPH i GET THE OVERALL IDEA OF WHER
.E PREY DENS TY WILL GO."

-2380 PAUSE = 1=ss: GOSUB 5000
2390 MAR 23 -

*" 2480 PRINT ":PRESS '-RETURN- WHEN THROUGH
ARO CE = 0:LG-= 100080: 60SUB 4100
_2420-..60SUB-4550:-V1AG
2450_,-IF PEEK (:716384)= 141'tHEN POKE
2460 REM,

Atzt7-44rofte:-**
e470---REM --7::PREDATOR CARRYING CAPACITY IS U

te;

2480 4.HOME HeR UTAB 1.
SHAPE OF, THE PREDATOR FUNCTI

'.PREDATOR CARRYING 6APACII

0:Y0 = 148: GOSUB

r 2605:it, PRINT tTHE
4LUENCED BY iTHE _-

2507 GOSUB 5280::
2548-:HCOLOR= 5
2520.L$ =,..-"PREY EATEN
2538 X0-= 1: GOSUB 54
2540 HCOLOR= 3
2550.:VTAB 3 -

2560 HPLOT 25.149
2570 XM = 100:VM = .3
2590 ,,REM

YR":X0 =
50

2600 REM THE PREY RECRUITMENT CURVE IS DRAWN.
2610 REM

260:R = .01
2630-K = 100
2640 FOR' N = 0 TO 100
2650 -IF41 = 60 THEN'. VTAD 74- PRINT

RESPONSE CURVE 60-UP OR BOHN
IS RAISED?' 4 .

2660 IF N ='90;THEN PRINT : POKE
2670 HPLOT TO X2(N).Y1(N)
SS80 t.DCT
2681 AB 13
2682 IF LEFT$ (Q$.1) = "U' THEN
2685 'PRINT "THAT'S NOT RIGHT."
2700-K = 110
2710 YM = 150
2720 HCOLOR= 5
2730 HPLOT 25.149
2740 F R N = 0 ID:100
,Z750 fr COUNT > 8 THEN HCOLOR= 5: GOTO

" HILL THE PREDATOR FUNCTIONAL
WHEN THE PREDATOR CARRYING CAPACITY

- 16368.0.7, INPUT 0$

PRINT
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, t

12760 IF N = 5 THEN PRINT : PRINT " IT AILL 60 U0 BECAUSE A HIGHER'CARRY

- ING CAPACITY WILL ALLOW MORE PREDATORS TO SURVIUE IN THE SYSTEM."

_2778 IF N ='50'THEN . PRINT : PRINT MORE PREDATORS WILL EAT HORE PREY."

*2789 HPLOT TO X2(N),Y2(N)
z.2798 GOTO 2860

_2810'X_= N
2920 GOSUB 5610

REM

404.2800 * 14 (N E + D13)

,'

- -',-4=t-.4t§:o....t..4 , .
.t.'4

. 4 1-7-54::-",

,2840 .rHE PREDATOR CARRYING CAP-CATTY IS CHANGE& BYTHE USER.

2850 REM.''

286e MEXT': IF COUNT < >: 0 60T0 2930

2870 PAUSE = 1: GOSUB 4500 ,
2880 UTAB 10
2890 PRINT " TRY A HIGHER PREDATOR CORRYING , . APACITVTO

DEMONSTRATED."
2900;PAUSE = 1000:. GOSUB 5000

,29t0- UTAB 20
2920 PRINT " PRESENT CARRYING CAPACITY = ";K

2930 IF-COUNT < > 0 THEN AOME : UTAB 22: INPUT "'WOULD YOU LIKE TO-CHIIN

GE THE CARRYING CAPI4CITY AGAIN? ";04$
OME UTAB 22:'PRINT " FORMER CARRYIN

2940 IF LEFT$ <Q$,1) = "Y" THEN
6 CAP,ACITY = "K

2350 IF COUNT < >0 AND LEFI$

-2960 UT18 23: INPUT " ENTER T

2965 IF COUNT = 0 GOTO 2975

Q$,1) <" ."Y"' THEN GOTO 3020

NEW CARRYING CAPACITY: 0;KK

2970 IF KK > 160 OR KK <,= 0 THEN HOME :PAUSE = 1000: GOSUB 5000: UTAB

22: PRINT " PLEASE4CAOOSE A VALUE BETWEEN 14AND 160.":PAUSE =

3000: GdsUB 5000: HOME : GOTO 2940

2975 IF COUNT = 0. AND CKK > fho OR KK < 110) THEW GOSUB 4550: ()TAB 22_

: PRINT " PLEASE CHOOSE A VALUE BETWEEN 110 AND 160.";PA4JSE

380: GOSUB 5000: HOME : 60T0 2940

K P KK
COUNT 1

3000 POKE - 16304,0: POKE, - 16297,0

3010 60TO 2710
3020 PAUSE = 500: ROSUB seree \.

3030 REM
\

3040 REM THE DIFFERENT POSSIBLE NUMBERS OF EQUILIBRIUM POINTS IS WORK'

ED WITH.
3050 REM

860 HOME : HGR : TEXT
3070 PAUSE = 500: GOSUB 5000
3088 UTAB 10' .

a.
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a t
., ° 0 f .

A
a V -6

3090 PRINT " YOU'VE EXPERIMENTED HITH THE PREDATORCARRYIN6-CAPACITY ANO
SEEN ITSEPT.ECTS. YOU MAY ALSO HAVE NOTICED THAT THESE GRAPHS NEE
D NOT HA%-ALL THREE EQUILIB- RIUM POINTS."

-773180 GOSPB 53g0(
. -

.-

3110 HCOLOR= 5:L$ = "PREY EATEN / TIME":X0 = 0:90 =440: GOSUB 5450
1,3120 X0 ,F la GOSUB 5450 ... r

.4,1144;14Wf-+3130 NCOLOR= 3
'17'3/40 HPLOT 25.149 :

FORYI-TO 100
0,3168 HPLOT ,X2( I)..Y1( I )

.44K
4,,_ 2.. .-),.r''' '''

4

e4031130 PRINT s: _PRINT
3190 PRINT'," ,, BY.CHANGING THE PREDATOR CARRYING -'7' CAPACITY TRY -TO COME.

UP-NITH A SySTEM THAT APIS ONLY ONE EQUILIBRIUM POINT.'...' '. -`-;:1-';;.,
,

00 PAUSEv--- 284:30: GOSUB-5000p.3210 K = 0
443220 -GOSUB 5080:-.HOME :PAUSE 5,0wit,...,,

1
:3230 '; 1 - 16304,0: POKE L-16297,0 ' 3
30240 .ITO 3310
0250 REM

...,-, -.:-

,A.-e4,14 !.,,f, ,..

--# 4 A.,..".

tr. - A1,,,k4.14,0,Iiii,
-., .

. 4.. 4:

43260,411 T4E-PREDATOR 6ARRYIN6 CAPACITY IS CHAN6ED 8Y THEI:ER.,
-zzt,4,....,,,--

-a.--,x't -
"t..1,,:41,5-,,z--_, ..-:

,

3270 REM, 4A ,,,.:::-., ,.

-,*,,3-

,.7,A. -, ,
.

?;.,.., ,:,!, ,.,, -

3280 PAUSE 1600: GOSUB 5000' ,

-3290 VTAB 22 .

3300 .PRINT " PpRMEB CARRYING CAPACITY = "IV
3310 PAUSE = 1009: GOSUB 5000' .'

, 3320 UM 24 .

:3:: '1 -

--/-\., 3330 INPUT " ,ENTER A NEN CARRYING CAPACITY: "AK ,

3348 IF KK > 160 OR KK < = 0 THEN HOME :PAUSE 1 1000: 6OSUD5000: VTAB
22:'PRINT " PLEASE CHOOSE A VALUE BETNEEN 1 AND 168.":PAUSE =

/LI

.3000: GOSUR 5000: HOME : GOTO 3280

3360 REM 1.

3350 K = KK-

3370 REM
3380 REM

POKE ORANGE,cOLOR.-)
I

3390. POKE'28 14,

3400 HCOLO,R= "

0 3410 HPLOT 25.149
3420. FOR X '= 0 TO 100
34309 =K*X", E
3440 GOSUB 5610
3450 NEXT
3460 HOME
3470: REM

NNW

( X E + DD )

A
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441



3480 REM
.3490 REM

3500 PAUSE = 500: GOWB 5000,
3510 VTAB-22

'113526 PRINT " IS-THERE-ONLY ONE-EQUILIBRIUM POINT?"
.,.,3530 INPUT Q$

THE NUMBER OF EQUILDIRIUH POINTS IS CHECKED.

44;

3540 HOME : VTAB 22:PAUSE = 6OSUE05000
IF',LEFT$ (EISA) = "Y" AND K > 78 AND K < 128 THEN PRINT " THAT IS
INCORRECT. THE SYSTEM'HAS MORETHAN ONE EQUILIBRIUM POINT. PLEASE TRY

= 1000:.60SUB 5000: 60SUB 5080: HOME : GOTO 3280.
-t-3560 (64,1) < > "Y" AND K >.18 AND K < 128 THEN PRINT " .PLEA

SE TRY ANOTHER CARRYING CAPACITY TO GET ON4Y ONE EQUILIBRIUM POINT."
F 1000: GOSUB 5000: 60SUB 5080: HONE : 6010 3288

:4-3570: IF -LEFIllke$,1) = "Y".AND (--= 78 OR K > = 128) THEN PRINT "
. THAT. IS,C0 RECT. THIS SYSTER HAS ONLY ONE EQUILIBRIUM POINT.":PAUSE =

,..4.1.-e1000:-60SUB 5000r-606UB 5080:,HOME : 6010 3590
3580 IF -LEFTS (Q$,1) < > "Y" AND (K ( =,78 OR K > = 128) THE4 PRINT

-."-440,=-YOU HAVE ONLY ONE EQUILIBRIUM POINT.":PAUSE =,1000: GOSUB
5000: 60SUB 5080: HOME

173590 PAUSE = 500r 60SUB 5000
wee VTAB 22
3610 PRINT " IS THIS EQUILIBRIUM POINT STABLE OR
3620 INPUT Q$
3630 HOME :.VTAB 22:PAUSE = 500: GOSUB.5000
3640 IF LEFT$ (111$,i) = =6," THEN -PRINT " THAT IS,CORRECT."
3650 IF 1._EFT$ (61$,1).( > "S" THEN PRINT " THAT IS INCORRECT."
3680 PAUSE = 1000: GOSUB 5000: VTAB 23
3670 PRINT "IT IS A STABLE.EQUILIBRIUM POINT.":PAUSE = 1000: GOSUB 5080
3680 60SUB 5080
3690 REM

UNSTABLE?"

-3700 REM' THE NEXT SECTION OF THE MODULE IS SET UP.

3710 REM'

3720 HOME : TEXT
3730 VTAB 22 ,

3740) PRINT " GOING BACK TO THE ORIGINAL GRAPH.,."
3750 x = 26:Y = 0:X2 = 253:L = 148: 60SUB 5140
3760 HCOLOR= 3
3770 HPLOT 25,149
3780- FOR I = 0 TO 100
379e HPLOT TO X2(I),Y1(I)
3800 NEXT
3810. POKE 16304,0: POKE 16297,0
3820_ REM
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3830 REM
3840 REM

3850 POKE-28,213
3860 fICOLOR= 5
3870 HPLOT 25,149
'3880 FOR P= O'TO 100
3690 HPLOT TO X2(I),Y2(.I)
2900 NEXT
3910 REM

. 3920 , REM
3930 REM

POKE ORANGE COLOR.

k,

THE,SUBPROGRAM PRED FUNCTiIS RUN.

3940 D$ = CHR$ (4)'
1-.'3950 PRINT D$;"RUN PRED FUNCT2"
3960 END

,3989 REH

2 3990 -Refxxxxxxxxixxxxxxxxxx
.;-s- 3991 ----REM-*** SUBROUTINES
3992 REM 14-3-14-3144-1-314-14-331-1*

.-4000. REM

4001 'REM 'SUBROUITINE TO FLASH SPACES
,4002 REM

4005 FOR T = 0 TO 21
4010 HC = HC+ 3: IF HC > 3 THEN HC = 0
4020 HCOLOR= HC
4830 FOR I = A TO B STEP ST
4040 HPLOT X2(I),Y1(I) TO X2(I),Y2(I)
4050 NEXT
4060 NEXT
4070 RETURN
4100 REM

p.

.4101 REM SUBROUTiNE THAT ALTERNATELY COLORS AND DARKENS SPACES BETWEEN
THO CURVES.

4102 REM

4105 H1 = 3:H2 = 3:H3 = 3:H4 = 3
4110 CA =t0:CB = 0:Cq = 0:CD = 0

I/ 4120 HC = 3
4130 FOR I = 1 TO L6
4150 CA = CA + 1:CB = CB + 1:CC = CC + 1:CD = CD + 1

- 4151 IF CA > YS AND H1 = 0 AND LG - I < = YS THEN GOTO 4183 .

4160 IF CA > YS THEN CA = 0:H1 = H1 + 3: IF PEEK ( - 16384) = 141 THEN H
1 = 0

..,4165 IF H1 > 3 THEN H1 = 0
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-4170 HCOLOR= H1 .

4180 HP (..OT X2(CP),Y1(CA) TO X2(CA),Y2(CA)
4183 CP > YU - YS AND H2 = 0 AND LG I < = YU - YS JHEN GOTO 4-330'

4190 IF CB > YU Y9 THEN CB = 0:H2 = H2 + 3: IF PEEK ( - 16384) = 14-1 THEN
= 0

IF H2 > 3/THEN H2 = 0
4200 -HCOLOR= H2
4210 , HPLOT X2( YU -: CB ),Y1( YU Ca )" TO . X2( YU - CB)4c2ZYU H:CB )
4220 :.- IF CE < > 0 -60T0 4300

.

4230 IF CC > YE- YU THEN- CC -= 0:H3 =, H3 + 3: IF PEEK ( 16384) = 141 THEN
_

H3 = 0 ..a. , --

.
.. ':)';X*- ---t -4; 4*. ' ,.'

A

'
*7

, 42'35 > 3 l'HEN = ,0 Tt'''

,164240 HCOLOR= H3 : 'çjV 44,

: 4250 ,
HPLOT X2(V11 + Ce),Y1( YU + CC ) TO X2(YU + CC ),Y2( YU '+ CC )

4260 '!". IFit CD > 101 -,YE ,THEN CD = 0044 = H4 + 3: IF , PEEK ( 16384 = 141 ,THEti

4265

;"' 4280
4295
4300 NEXT

3 . ' "

-(riffP-

IF:H4 > 3 THEN H4
-11,42?o: HCOLOR= H4

HPLOT X2(101-= CO),Y1(101
IF.-PEEK (,7^16384) = 141

4310
45pe

4510
4520

4530
4540
4550
.4560
4570
4580
alea

5.010

5020
5030
5040

5050
5060
5070
seso

RETURN_REM,
-

".14.4ri . .". .71-F.Yt2' 7"

CD )

THEN
TO X2( 101
60TO 2420

.A.,
","1..'..4"

-

Go).:12(101 Go)

ci, .,, , ' - ''- - -,. ..w.; 4.....Z..- - -.......-. ...., 1, , 1.:**,,r.k.... ,.
?' ''. , ,

. 1r ,,;4 45,,,

REM PAUSE,- RETURN, PAUSE,
REM

,

GOSUB 5000
GOSUB 5080
HOME

PAUSE = 500: GOSUB 500e
VTAB 21
RETURN
REM

REM
REM
REH
REM

LITEIB

PAUSE SUBROUTINE.
UPIR I ABLES TO BE PROVIDED:
D = LENGTH OF PAUSE.

0.4

FOR PS = 1.10 PAUSE
NEXI
RETURN
REM

5090- REM 'PRESS -RETURN- SUBROUTINE.
5100 REM

5105
5110
5120
5130

POKE - 16368,p
VTAB 24
INPUT "
RETURN

SUBROUTINE.

PRESS -RETURN- TO CONTINUE";Q$
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-5140 REM

5150 REM SUBROUTINE THAT BLACKS OUT A RECTAHGLE ON THE H6R SCREEN.
518e REH -VARIABLES THAT MUST BE PROVIDED-
5170 REM X = STARTING X COORDINATE

.

518e REM Y = STARTING V COORDINATE
5190 REM Xi= LENGTH OF RECTANGLE ALONG THEX AXIS.

_ 5200' REM L = WIDTH OF RECTANGLE ALONG THE V AXIS..
,5210 REM

s I Te' ^e , k!'' ' r..
; 5220 HCOLOR=,0
=5230--FOR-TA-=-0 TO-L
5240 HPLOT X,TA Y TO!X + XZ.TA Y

.fz, 5250 NEXT TA
*5260 HCOLOR= 3:

,
-v4;,.%; 6. -

.
,

5270 RETURN- 7.1
"7-5271 REM - '7

5280 REM_ AXEe AND UNITS FOR GRAPHS
,......

5290 REM SUBROUTINE DEVELOPED GM,J. SPAIN,MICHIGAN TEut UNMAN° B.J.
WINKEL,ALBION COLLEGE . \ . ., ..

00 REM DEFINE X$=VARIABLE PLOTTED ON X AXIS

' ,440*,4r 1

"C .
:LWf;"

'TA!, "2.,

..5335 RER

le ,VEM DEFINE Y4=VARIABLE PLOTTED ON

E X AXIS
REM DEFINE YM =MAXIMUM UNITS ON THE Y'AXIS
REM OEFINE XM = MAXIMUM UNITS ,OH TH

. . ,

'

- "
,

5340 'HCOLOR= 3: SCALE= 1:SC = f: ROT= 0
-535e REM LIST OF RESERVED VARIOBLESkX0X0,XM,X$,YAY0.YM.Y$,2.2F.Z0,Z3,L$

,SC
5360 HPLOT 23,0 TO 23,149
5370 4-PLOT 25,149 TO 278.149
5380 REM WRITE VARIABLE NAME ON X-AXIS
5390 ZO =0:L$ = X$:X0 = 60:Y0 = 150
5400 60SUB 5450
5410 REM WRITE VARIABLE NAME ON Y-AXIS
5420 ZO = 111.$ = Y$:X0 = 10Y0 = 140
5425 X0 = 13 4.

5430 ,sosue 5450
,

5440 RETURN
5450 REM ALPHANUMERIC CHARACTERS FOR MGR
54G8, REM THE FOLLOWING MUST BE DEFINED
5470 REM BEFORE ENTERING THE SUBROUTINE
5480 REM L$ = 'CHARACTER STRING"
5490 REM YO = THE INITIAL Y POSITION
55ee REH X6 = THE INITIAL X POSITION '

5510 REM SET ZO = 0 IF PRINTING HORIZONTAL
REM SET Ze = 1 IF PRINTING VERTICALLY
FOR Z = 1 TO LEN <L$):23 = _PSC RIDS (L$,Z.15)
IF 20 < > 0 THEN GOM5576

555 IF 23 > 64 THEN DRAW 23 -,64 AT X0-4- (Z - 1)2* 7 * SC.Y0:'60T0 5590.

I h.
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. '3` t. z ..---,g,.
.-.,.-,0$, '="7... ts Sa.,1

, - 7
..;-. - .,. = .-, i $ .-2.....-' ,.

5 REM ,,PRED FUNCT2,-, ,..,.:*:-...-tZ.-..--,2*-it:.
10 REM ,', PRED FUNGT2-ISA SUBPROGRAM OF PREDATOR FUNVIONAL RESPONSE. /

. ..,...::z.,.. .,
,

15 REM:: PROGRAMMED BY MARK SNALTZ
,20 REM-.; THIS PROGRAM RAS DEUELPED _BY THE SUM IT I COURSERARE DEVELOPMENT PROJECT, DEPARDENT OF BIOLOGICAL SCIENCES, MICHIGAN TECHNOLOGICAL UNI

... ,,,,,t;b..:-.,tze.-. ._, ,,-,i,.:.,/, -,,...4s?,..,,,:-,UERSIY, HOUGHTON,....MI 49331._
25 *REM ::'THIS MATERIALAS BASED 'UPON RORK SUPPORTED BY TNE.NCITIONALt...SCIEN6 :.. '''. : E FOUNDATION UNDER GRANT NUMBER SED-7819051. - - , -,,,,, --, .- 1:'-i'.--:',--38 '-.,,Rtm 1.!---ANY OPINIONS; FINDINGS, __AND CONCLUSIONS OR. RECOMENDATIONS EXPRES.5: EELIN THISLPUBLICATION-PRE.THOSE OF THE AUTHORS AND. DO NOT NtCESSARI .,,. ........ .ALY-TRITLECT THE IJIER OF-THE NATIONAL SCIENCE.POUNDATION::_.; ;,-;-i,:- evi.,'..,..,;..400 -_,DIM'y1(2(41),X2(201-)Y2(201).----::::_-..- .,:. _ ---',--

42'4' "4;rt-gi'lai41-

...;_.. , 130 X$ ,--:...,_11DENSITY OF= PREY_ POPULATION"

---': in ,- Hcooft= 3 .--,7!.-,..zL,-:.A.---i 1.----v-- .-i--7-.,4!tr-:
ik;-:%:5-4.-tw-,,,--..:*-1,4140tmex,,.. ,.bi..-r4=1.-,-1.,...r-tt-tv.

,....- 15414A-r,,,,,,,e. , 'el.-, -.Va ,-- IISY_17".:i ;': -1 ;.?"Vja''''''".-"A

, _ r ,,,,. - . ..0.4i.

- . A :- 441.-- -:-*-.1i.
':- ..\tirl'.4

.

110 HOME

. -,....,..,-IT '4-'140 ,Y$ "-vet:MANSE IN DENSITY ./.YR"....__---, _- -, --, ---,-"t: t-:-.1,---' ".-.:;,. --.1:::>;;:'41+,It /50 - REHA ,,:. ..,,, `-':r ''' i -;.::" -- -,..!.`
* . -':-I'm s.'-' 761 e--,..."'.#4 j.... '-'1,1.1,144:44/zit '--- ,-- u. a...,..

/*4.,-...s. ''''W.44" -_, . - '..,, - $._ 4.1!"-i- A*'*".. - -. e--.

,. 1.
.

-, 160 - Rat ";:t-z---:-:,---; A CHANGE- IN. SCALING IS INTRODUCED.--1>'-'''''''''''
r: ,-.1ZitiPt ; ,170 REM4s,r1'.--.4

..'---24.,...._':i1"4- 5W-:
''...."--1-4.4.4.4--.-''''''..---'

;,--4'.4..0_-141* ,, 7414; '4-4(?0;*ietir'n$4, .---- -4 .. $ '!:-'
, '4.,. . - ---- .-- --'

'ivIggilki-'
-4, 180 GOSUB 4050 -.; 7 :_t.;7;7". --"2.k:rn ,f-,,-77;- 4-..!- .;

210 -.:TRINT. "- FOR -.64-.iitExi- i)iminsmnfiai ;T MIGHT- BiliETTER TO LOOK ONLY AT `,\':::-._,
----v-04E OF.- THE -TWO !----; STABLE EQUILIBRIUM POINTS. 1_1,

... ,_ ,:;a, -,:i;i:',-,----;,,,;;::..,.:,,'-7:-*,. ."'::::14.,.44'.14C-:-;34z--.).226* PAUSE = 3000: GOSUB eteee -- - :,:i:-;---,. --,;.,:--;:: "----: t--,:4,,:,,,,kt--,Int,?t-t--4

1 ...' 270 -.PRINT " SO WE'LL thiniE, EVERYTHING TO THE RIGHT OF THE ''00':'''-'rm''.1;ic',,-,-'1!:':

260 UTAB'22
...., , , a

t '1 ' s . . a 7

.NE..." .... , ,, z...1.: .-
- 280 HPLOT 126,0 -,

t.,

-11. -290 FOR,I = 0 TO 148 , -'"
300 HCOLOR= 0: IF INT ( I / = -I / 2 THEN HCOLOR= 3
310 HPLOT 126,1
320 NEXT
330 PAUSE 1-=' 1000: GOSUB 5000
340 X.= 127:Y = 0:XZ = 152:L = 148: GOSUB 5140

4 AP-2,1350 PAUSE.= 3000: GUSUB 5000
a 360 GOSUB 4050

.

380 UTAB 22
390 PRINT " HHAT REMAINS IS PUT ON A LARGER SCALE SO 1T CAN BE EXAMINEDMORE CLOSELY."
400 TEXT
410 X = 25:Y = 0:XZ = 102:L = 148: GOSUB 5140
420 POKE 16304,0: POKE - 16297,0
430 ZF = 1
440 UTAB 22
450 _HPLOT 25,149,
460 XM = 40
470 YM = .225
,480 PAUSE = 1000: GOSUB 5000
480 POKE, 16304,0: POKE - 16297,0
500 REH
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'510 REM
.520 REM

530 R = .01._
K = 100

550 FOR X = 0 TO XM STEP .5
560 Y = R *- X * (1 rX ' K)
'570 IF ?"<s0 THEN Y = 0
'580---GOSUB 5610
J590 Y1(X)-=:-Y0
,-600 NEXT-
610 REM -'

,
THE PREY FECRUITMENT CURVE 1$ DRANN.

,

45.q*:-1::0W
;g ggg4
Agag.8",

' :A, -_,---

4-*-6210 REM -V
REM

EDATOR RESPONSE IS PLOTTED. .

:.`A tk.

tz AA'

-,-;...;:e.ii4.4,

640 YM =?-112.5
113-650 HCOLOR= 5
--660 HPLOT 25,149 ---4-4-..,...

670 K.=_110 4,t..5rw-,
.. -.vs

690 DD =-300
rao

720

740
. 750
- 760

770
780

YS = 0:YU,= 0:YE= 0
UTAB 22 s

FOR X = 0 Tp XM STEP .5
=K-iX AE/ (X A E+ DO)
GOSUB 5610

X2(X) = X0:Y2(X) =. YO
NEXT
PAUSE = 1000: GOSUB 5000: GOSUB 5080
REM

,

=

- -

7aa REM
- 800 REM

a_
910 TEXT : GOSUB 4050
820 UTAB 5
830 PRINT " YOU WILL RECALL THAT THE PREY RE CRUITMENT CURUE REPRES

ENTS THE POSITIVE 'CHANGE IN THE PREY POPULATION., AND THE PREDATOR FU
---NMONAL RtSPONSE CURVE . REPRESENTS THE NEGATIVE CHflN0E." -

940 PAUSE = 1000: GOSUB 500,0 .

850 UTAB 11
_ 960 PRINT " IF THIS IS SO, THEN THE dIFFEHENCE BEfWEEN THESE.THO CURU

-ES IS THE CHANGE IN PREY DENSITY PER SOME TIME INTERVAL."
870 PAUSE = 1000: GOSUB 5000
880 UTAB 15

'. 890 PRINT " SO THE RELATIUE AMOUNT OF TIME NECESSARY FOR,THE PREY
DENSITY TO REACH A STABLE EQUILIBRIUM POINT CAN BE ESTIMATED."

THE CONCEPT OF SUBTRACTING CURVES IS.INTRODUCED.

g
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-900 PAUSE.; seTie-oes-
910 VTAB 20
920 PRINT "( THE PRECISE LENGTH OF TIME CANNOT BE

E DIFFERENCES. )"
930 PAUSE 500: GOSUB 4000
97e POKE - -16304,0: POKE ....rt,162972.0

REM

1808 -REitIIMULRTION THAT 'SUBTRACTS THE 1140 CURVES AND iTAK- ES THIS DIFF:

t'Z'o qtry 74r
,

CAECULATED DUE Ts SCAL. ,

ERENCE FROM THE X-AXIS.
1010 -7 REM :7

.---1.3?-t-t -,-,,Ait*,4-7,-, ,
1020 COUNL= .. 0
030 I, =Z181>

,1040 ,60T0 1240
1050 -1,IF-2...AC2( I ) <41)41.X2(-J) THEN _COUNT- ..= COUNT +-
1060 TP.--*:ZY1(I) .,:it-AM%17`.1.----r.,,:t.0.17*,',-- *..-.1,7,,,_.-. ,.;:t-

070 :-;IF-,,y1( I) <-Ya I i THEN TP ,' LT- Y2( I ) --f ---,4.4..... t-a,,
r.....*,_ 1089::.. FOR :H -=,'1148 TO LINT ( TP ) STEP -; 1..= , 4';Z4:

,1P,1090 HC0LOR= -0: IF- -la INT ( H f'` 3 ) = H -/- 3 THEN HCOLOR= 3
Va1043, HPLOT.f- X2( I ),Y ?.--TO X2( I ),H

rttie YY =At l'..r.-- -;''' --'-- :7,-'----'- ."-" -- .=:-' 4i-- -'i-::-*- - - -,,..,....-4.,...w-.4. ----: Y - t",. "--. ''''.: ', 4'
4 120 NEXT--.-V- ---" Ilx,-.,.%)"-V,-.77-_:-'----;q.,7.-,Vi .-*..--;,.--,.-.....,--,.. ,

461130 't. HCOLOR= 3 _A-
41140 HPLOTX2( I ),q1C I ) TO X2( r ),Y2( I Y 7-'s
.....

1150 HPLOT X2( I ) 2,Y1( I ) TO X2( I ) 7 2,Y2( I )
1160 I,. HCOLOR= 0 -.' ,-,:- IV ."-' -`-,-- .'f.'i:;'..',- , ,:i: :,- .
1170 :4-, HPLOT X2( I ),147 TO ;(2( "),Y1( I ) ,

,.;',.,.--

1180 : HPLOT X2( J ),Y1(j ) TO X2( J ),Y2( J ) z -
1190 HPLOT X2( -.1 ) 7 2,Y1(J ) TO' X2( J ) - 2,Y2(j )

,612013 HPLOT X2( ,..1),Y1( J ) TO X2( J ),148
' 1210 HPLOT X2( J ),148 TO X2( I ),148

190 HPLOT X2( J),147 TO X2( I ),147
1230 IF X2( J ) = X2( I ) THEN COUNT = COUNT + 3

-1240 IF COUNT < 2 'THEN 60SUB 4050
1250 IF COUNT < 2 AND CT = 0 THEN PRINT " THE DIFFERDICE BEV! THE T140

CURUES IS 11-E EH-ECT OF .PRED1ITION ON THE PREY DENSITY TIME INT'
: ERVAL. " : PAUSE = 4000e3 60SUB 5800

1260 HCOLOR= 3
- ,1270 HPLOT X2( I ),Y-1( I ) TO X2( i ),Y2( I ) ,

1280 HPLOT X2( I ) 2,Y1( I ) TO X2( I ) 2,Y2( I )
1290. -IF COUNT = 0 AND CT = 0 THEN GOSUB 5880
1300 IF COUNT--< 2 THEN HOME
1310 YY = Y1(1) A

4320 VTAB,21 , # .

1330 -IF CDUNT < 2 AND CT = O'THEN PRINT " BY SUBTRACTING THIS DIFFERENCE
, FROM THEX-AXIS, THE PREY-DENSITY FOR THE FOLLONING TIME INTER

. VAL IS OBTAINED.":PAUSE = 2800: 605U8 5000
1340 TP = Y1(I) ''' .

1350 IF Y1( I ) < Y2( I ) THEN ' Tp = Y2( I )
1360 FOR H = INT (TP ) TO 148

.10:t
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.

-1370 HCOLOR= 0: DE (H / 3) = H / 3 THEN HCOLOR= 3
1380 HPLOT X2( I ),YY TO X2( I ),H
1390 = H
1400 NEXT A .

1410 IF X2( J ) = X2( I, THEN COUNT = COUNT 3
1420 J
1430 -XX ,=.-X2( ) (Y1( Y2( I ):-r

23 /-256....,;;;;;;:;.., =

'71450 HCOLOR= 3 _

X2( I ) < 279 AND X2( I > 8 GOTO 1530
M1470 HPLOT X2( J ),148 TO 279,148
6--..7f1480 HPLOT )C2( J ).147 TO 279,147
F,...1490 GOSUB ,4050 - _

1500 . PRINT " PREY DENSITY HR$ GONE OFF 'THE GRAPH
. '67-- LIBRIUM POI NT: "- : .

.5.10 PAUSE = 2000: GOSUB 500-0: was 5080
_ z112 ..HCOLOR= 0
!,.. 1513 ,:,+HPLOT X2( J );148 TO 279,148

HPLOT_X2(J ),147 279,147-
*1515 HCOLGR= 3 .

.7i?'1520 HOME GOTO 1890
1530 HPLOT" X2( J ),148 TO X2( I ),148

17-E: 1540 '1-PLOT X2( J ),147 TO X2( I )4147
1550 IF COUNT .= 0 AND CT = 0
1560 IF X2( I ) = X2( J ) .60TO 1590
1570 GOTO 1050
1580 REM

: 1590 HOME .

1600 UTAB 21
1601 IF r- > 28 AND I < 31 THEN HOME : t/TAB 21: PRINT "NOTICE THAT THE

PREY DENSITY IS ON THE UNSTABLE EQUILIBRIUM POINT . TRY A DEN- SIP?
JUST OFF THIS POINT. " GOSUB 5080: HOME : GOTO 1930

1602 IF CHECK > 0 6010 1610 .

1605 IF COUNT > AND CT > THEN COUNT = COUNT - 1
1610 PRINT IT TOOK " ;COUNT; " TIME INTERVALS FOR"
1615 CHECK =' 1
1620 UTRB 22

PRINT "THE PREY DENSITY TO REACH EQUILIBRIUM.
UTAB 23
PRINT " PRESS -RETURN- tO CONTINUE"
IF PEEK (. - 16384 ) = 141 THEN ,GOTO 1690
6010 1050
HCOLOR=. 3: HPLOT 23,149: FOR I = 0 TO 40 STEP .5
IF I > = 40 GOTO 1730
HPLOT TO X2( I ),Y1( I )
NEXT
HCOLOFt= 5: HPLOT. 23,149
FOR I = 0 TO 40 STEP . 5
HPLOT TO X2( I ),Y2( I )
IF I > 40 GOTO 1780 ,
NEXT

1630
1640
1650
1670
1680
1690-

.1700
, 1710

1

1

1760
1770

.
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,-*T780 HOME :CT = Eir .4f.'li' IF tTTL;r1,5' 1 GOTO 1890
1790 REM -,

1800 REM. THE SIMULATION IS REPEATED HITHA

1810 REN.,2a'.7

(INPUT BY THE USER).

.:.., : _-.3;:.?': Y `i.:, i4"..f'z -.1-' .44.,, ,1 , : -'

,./-.7,24-x,.....:

1820 GOSUB.4060 :L-,,43RM.'-.-1'-' r:"^-1?-':- i4., ::;2'N' '` : ., 1:13:1-.1 4;-*

,1840 PRINFR"- 7TRY:ATDIFFERENT-STARTING PREY

--' '11H THE-ORIGINAL;.,- EXAMPLE-:
,

A851)
.

t1POKE-,--:= 16368,0 4-4.4-04MWY'V- 4. -,X.:-144t- t
-.,.,:-,.

"f

NEN STARTING PREY-DENSITY

2fAX12

'n7:11i4tSiir'iVCOMPFI.E;;;4.

PAUSE=-1000:,6OSUB 5000:!:pTA8. 24: INPUT " I. PRESS -RETURN- TO* INPUT-Y-

DENSITY" ;Q$--..v&4:,'.%- -
1870 *NOME.:!: POKE POKE 16297,0

i1880 GOTO-.4940
VTAB 22:PAUSE- =1". 1000: GOSUB 5000 "I'V4,

_Iseo IF PEEK ( :---16384) < k;0 :THEN POKE .- 16368,0

1910 _INPUT.," MOULD YOU LIKETO,i-TRYfIGAIN FROM 1,1,: ANOTHER STARTING PREY '..1
DENSITY?";Q$ _ ,-

1928 .-IrALEFT$ :ItY-BlrG0tO 2040

1930 60SUB 4050
. 1940 OMB 22

1360 _
WHERE7HOULD YOU-LIKE-TO START? (1-35)-"---.1

yogwi,,
;71,4 "1,4.----.1%-2.1,"7.41..1

'1J-1

4'-' e ' ,,14,4 4-.4 k : , -%*,

' :''.-,: 44..:f4'' " ' ,4-ti3:".:PaiZe ...' -4'.?.,-9.

f1970
1880 IF I > 35 OR 'I <- I THEN HOME :PAIEE--:= 1000: GOSUB

"PLEASE CHOOSE A VALUE BETHEEN 1 AND35.":PAUSE =

1930
1990 COUNT = 0:CHECK = 0
2000 GOTO 1050
2010 REM

4 A

UM 22:- PRINT
5000: 60T0.

; ; ;

S .111. :

;

2020 REH THE CONCEPT OF ADDITIbNAL PARAMETERS IS BROUGHT UP.

2030 REM

2040 HOME : HGR : *TEXT

2050 PAUSE = 1000: BOSUB 5000: VTAB 10

2060' PRINT FROM THE PREVIOUS SIMULATIONS YOU SRN THAT:THERE EXISTS

A RELATIONSHIP BETHEEN THE PREY RECRUITMENT AND THE* PREDATOR F

UNCTIONAL RESPONSE CURVE."
2070 PAUSE = 1000: GOSUB 5000
2080 VTAB 15
2098 PRINT " NEXT YOU HILL SEE THAT A CHANGE IN A SINGLE PARAMETER CA:

N RFFECT TKE.ENTIRESYSTEM."
2100 REM

,

2110 .REM
2120 REM

THE SUBPROGRAM PRED FUNCT3 IS RUN.

"*.

2130 D$ = CHR$ (4)
200 PRINT Diti"RUN PRED FUNCT3"

48198 REM.
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-S

4010 REH PAUSE. RETURN. HOME. VTAB SUBROUTINE.

4020- REM

4030 GOSUB 5080 .
, 4040 GOSUB 5080 , r :4050 :HOHE ,

4060 PAUSE = 500: ,GOSUB 5000
,4070 VIPS 21 -,,7.+4r;'4*

4090 REM

4995 "---REM

= TWittl4raf,4513'.R 4.445.,

";

-t.4%--;- -;

* 7, tv,.-"A*41. (.
...,?4,4,t,1-

r
I raLet/t4,-.:221

AMS'WAI 0044 Z. "t -

;:+6 -4-r ,4-4.4'
.0;.!t'N.A.44:04 4)aV44,11. vt.07.Flf,14'7

A.11,14-
' -

-Ref IXIII*7-IIXXXXIXXXIXXIX71

.74xyg.
, ;:.*-',.11-,,k-tit.

4".- 4

,1; 4997 Rel *144 SUBROUTIkES xxxiii
REH

4999 Rai t
't-n"g4rV- Z ,. ;"-, 4 t ... a -

ks=r, - .
, 4-, . t , z-

, _5000 _ ,

NE. -'
, ,

V )4.

-tii4R.z,R.*"

Fgzi.-"n

. 1.- .V.,27 ".1,3-A

4sole- RER PAUSE '
,5020 REM VARIABLES T BE PROVIDED: ;

LENGTH OF PRIM.5030 REM _- ri AttP%-?-
'IX 44 :724'ai- 5.14,4;t4i,V4-1T,Z..t.r iya,V4,5e.

340- .4 4 "41, _
.4 ,4,4.7"4 17t4 '.173C4 .14

:,*s -5-4o , -
^ ,r

5050 FOR PS = 1 TO' PAUSE
5080' NEXT
5070. RETURN
5080 REM - ,-"
5090 REM
5100 *REM

PRESS -RETURN- SUBROUTINE..

5105 POKE 16368.0
5110 VTAB 24
5120 INPUT " PRESS -RETURN- TO CONTINUE";0$

5130 RETURN
5140 REM

e .
:1. '

. 41 "..

Z-
".."ta
V

no

1V,

1.50 REM SUBROUTINE THAT BLACKS OUT A RECTANGLE ON THE HGR SCREEN.

5160 REM -VARIABLES THAT MUST BE PROVIDED-

5170 REM X = STARTING X COORDINATE
'5180 - REM Y = STARTING V COORDINATE
15199 REM XZ = LENGTH OF RECTANGLE ALONG THE X AXIS.,

5200 .REH L = HIOTH OF RECTANGLE AL NG THE V AXIS.

5210 REM

5220 HCOLOR= 0
5230 FOR TA = 0 TO L
5240 HPLOT X.TA i? TO X k XZ.TA
5250 NEXT TA
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5268 HCOLOR= 3
1.

5470 RETURN
_5275 REM,- .74=1

RIEIVi-L :--tgeitmrra-FDR=GRAPHS- -
toma- RSIO'v BROUTINE DEVELOPED BY J. SPAIN,MICHIGAN TECH UNIV:AiND B.J.

,ALBION COLLEGE ,.4-lit--;=
;

_RIE11,-, DEFINE XSAIARIABLE PLOTTIE13 ON X AXIS'
7-15310:. HEW:DEFINE YiS=IJARIABLE PLOTTED ON AXIS

REH*TIEFINE Y711.1AXIMIN- UNITS ON THE Y AXIS'
UNITS ON THE'X AXIS.

----

..5Z30:' REM...::..DEFINE
, 5335 _ Ref :=:z.;.-?-."4.- ..-- .,-. ..?.:'4.01.7.,...-:,-,_-..,..,;-/Z-...A4.1,..z.it_

,-,,-- -

,.., --:. --i-tpt-- "izi-",-4,,,,W.:-,r;,.i,-:',,-,-- ''''''1*k .-. Zt ,"; *011.""Area-14" " -"'" `...'

'rn :-..A.,'" "- ..; "4; V
_,,- ,-las ,,_,

40 Haim= 3: scALE t .1: ROT= 0 :....-=, _-_ -
.5358 REM OF-RESERVED_ VARIABLES:X,XO,X11,X$,Y,YO,YM,Y$,Z,ZF,Z023,L$A;

.; i ':".i'-4:; -47 .:'1' -.SC -,'1;:t.: n'' 4..'''.a ;"" 4'S.;*"4":4,,'-1...",' '''',` ...?;f:N"::- .'

-;:5370 HPLOT 25,149 TO 279149 AkgS*-gXVP41,

-:::."T581 REM WRITS VARIABLE NAME ON x-rixts

5360 :HPLOT 23,0
'

391 ZO = 0:LS = X-$:X0 = 60:Y0 =-150

5410 REM WRITE VARIABLE NAME ON Y-AXIS
. 5420 ZO = 1:L$ = YS:X0 7 10:Y0 = 140

5430 GOSUB 5450 -
5440 RETURN:-
5450 REM ALPHANEWERIC CHRRACTERS FOR HGR,
5468 REM THE FOLLOWING MUST BE DEFINED
5470 REM.. BEFORE ENTERING THE SUBROUrrNE
5488 REM L$ = "CHARACTER STRING"
5490 REM YO = THE INITIAL V POSITION
5508; REM X0 = THE INITIAL X POSITION -

v5ip REM SET, ZEr = 0 IF PRINTING HORIZONTAL
5520, REM SET ZO = 1 IF PRINTING VERTICALLY
5530 FOR Z = 1 TO LEN (L$ ):Z3 PSC ( NIBS (LS,2,1))
5540 IF ZO <`.1 0 THEN 60T0 5570
5550 IF Z3..Y 64 THEN ORAN 13 64 AT XO + (Z 1) * 7 * SC,YO: GOTO 5590

."11,7.

r-
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0

, :-.,..:-- 1-4.......r-,,i7m.,73=`, - ..- ..tv;..0,-.-v- .

RH Z3 AT X0 + (Z 1) t 7 * SC,Y0: GOTO 5590
ROT= 48: IF Z3 > 64 THEM - DRAW Z3 64 AT X0,Y0 ( Z 1 ) * 7: GOTO

5590. :

.
5580 DRAN 23 AT X0,Y0 (Z 1) * 7

c.

.. 55,90 ROT= 0: NEXT

5605.;.. REH .,. , , a

.',

. 75610 -REFr-SCALE ANCFPLOVPOIN"rFOR.-DEFINED X AND .1,
-.5620 'REH -,,FOR LINE PLOT1I1KE ZF=.1 '''

,- ..1... ........, ..i...:..,,.......-7,-...

5630. X0 -=,- 23,4- ,X _* 256 ?:, XM _ , ...v...77 ',.:.--- , -,.Z:4.,,,:.7:1:-..,,,,,;,,,,,

.5640 YO = ,149:r7:. Y *-.-140. z:-..,Y11 '',1".4te.`. -ii 5, '.- -?
5658 . IF'XO >: 279 OR X0 C 0 OR ye > .149 OR Y0 :( 0 THEN GOTO 5680
5680 :..,..IF , 26= 1-THEN ...HPLOT TO X0,Y0: SOTO 5680

- ,- 5670.;ZMPLOT X0,Y0: -IF ZF-.= 1 THEN Z= L.
..

5680 RETURN s-'!,W :40?e^,

5625 -REM

efit.:

-

.*;
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1.,otzr .wa,tt,t sr,.

5 REM' PRED FI4CT3
10 REM ,-.4f-PR FUNCT3 IS A SUBPROGRPM OF PREDATOR FUNCTIONAL RESPONSE.12 REM 'PROGRAMMED BY MARK SHALTZ
15 REM THIS PROGRAM HAS DEVELOPB3 BY THE SUNIT I COURSEHARE DEVELOPMENTPROJECT. DEPARTMENT OF BIOLOGICAL-SCIENCES. IIICHIGAN TECHNOLOGICAL UN

:1IVERSITY, HOUGHTON, MI 4993r:
20 REM THIS MATERIAL IS BASED UPON MORK SUPPORTED BY THE NATIONAL SCI199C,

E-FOUNDATION UNDER'GRANT NUMBER SED -7919051. . .,

:1 ''....a. 5 '''','RBI ANY-OPINIONS; FINDINGS. AND CONCLUSIONS OR RECOHHEN'. DATIONS EXPRE
.74:SSED IN--',THIS -PUBLICATION ARE THOSE OF THE AUTHORS AND DO NOT NECESSAR....

'...17.4-ILY REFIECT, THE VIEHS -OF THE NATIONAL SCIENCE FOUNDATION.: .,-- -: -
*:100fr2,-; DIM Y1(101 ),X2( i 01 )4. Y2( 101 ) -,- `-:, , , :, ,---, - - :,... ':,7-".4,-.. _tk, + tArS;;7.<,---"4.-tiv----i; "-4,TVI'`'.;',:".2i: i.,14:*Vit'4

1.10.:. X$ = "DENSITY OF PREY POPULATION" "--:''.-:- -'''''''''' ''''''' '''::-'4" '''''.4-'''''''''''' ''.71.4"'1.4'
ik,~'''''..,120-Y$ = "PREY GROWTH / TIME" 4.-_<1-ip,-- --_,..-z.,.......1- 4.-,:, Av.-4r - - - --.,-----,,,-;.----:-.

,

-. .:-..- ,-,X1:- 7,-;"*:;:: \,..- ,1414):t.:tc.- 3.4}-.7.1J.igA`ri.i,, - ,., .. ......,. .,4.t.
, . , ,...... ,.,. .. -,,,-..... t-.. ,, ,,

,.. 140 ?..: REM 4:?,71'HUNTER PRESSURE IS INTRODUCED AS A PARAHETER.,'4- --":.
.--? ',.-54

.
,:6:,4:' -N,.'%:...-f.:'.. 150 :. REM WAT:1 .....;._:- .-' .4gel- -:':',:.-,- "r"-÷"' --..',4:`-

,,,- w 371,'xig-,,,.,47,....Itie.".--.,.-. '',.:."--;-"4::''' -3:1-:nt. 41. ?:-

,..vii...,...,.
,...zy,-A..s.-...,,,, ....-,, .

...
.

PAUSE =,.1: -60SUB 4060
.411,,,t.p, _PAUSE =. 580: GOSUB 5000 , - I. ' . .1;;A:74.- . ;."^"..'--..,..,,. ,S. . .. - ...-

F.

,....._4..... =t,,41, 1,188*-t* UM 7.."'''7.T'''''';...,_b ....-1.-
-. -.-...,:.eix,-.1- -, ., - z ,-0-%

----t,4-tt-tr_-7,,,-;- ,----..c* - , ---ir=".
: -.1-,-,474';7-n-'-tA',....

,,,

1.90 'PRINT -" ...;1,1Yil"THE PREY RECRUITHENT CURVE IS. THE' RESULT OF PREY BIRTHS .,.,:::-..:,....4-....07
---",--:'.',.:,-.1:-.-%. HINUS NON-PREDATORDEATHS AT DIH-EHENT PREY DENSITIES,. "

."1!..- 200 PAUSE = 500: GOSUB 5000
210 - HCOLOR= 5: ZO = 1

-:::;:::' 220 -L$ = "PREY EATEN , TIME": X001= 0: Y0 = 140: 5450
. , 230 X0 = 1: GDSUB 5450

.--.:-,.: '240 HCOLOR= 3
- 250 VIM 11 1'1
. 260 ' PRINT " IF THE PREY ARE ALSO HARVESTED BY MAN, THEN YoU MUST CON

SIDER AN AD- DITIONAL Et-t-ECT ON PREY RECRUITMENT. THAT OF HUN
TING PRESSURE. "

27e GOSUB 5280
280 PRINT : PR/NT " HUNTING PRESSURE LOHERS THE PREY RECRUITMENT CU- At: RLIE. " -k;i1:-.,"P.4="

290 PAUSE = 500: GOSUB 5000
300 VTAB 20
310 PRINT " LET'S EXAMINE HON THIS HApPENS. "
320 PAUSE = 500: GOSUB 4000

VTAB 22
340 PRINT " FIRST WE MUST AGAIN GO BACK TO THE ORIGINAC PREY RECRUIT14

ENT CURVE. "
350 PAUSE = 1000: GOSUB 5000
3E0 POKE - 16304.0: POKE - 16297,0
370 REM

't
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380 REM
390 REM

THE PREY RECRUITMENT CURVE IS PLO! I E.U.

400 ZF = 1
410 XM = 100:YM = .3

(.420 HPLOT 23,149
430 FOR I = 0 TO 100'
440 READ X2(I),Yt(I),Y2(I)
450- HPLOT TO -X2(/ I ),Y1(I)

460 NEXT'
470 PAUSE = 1000:i-GOSUB- 5000: HOME : GOSUB 5
480 VTAB 21 ,

490. PRINT IT !HAS BEEN FOUND THFIT PREY LOSS DUE TO HUNTING IS A LINERR
FUNCTION 01 PREY DENSITY."

500 REM

510, REM HI44TER PRESSURE IS PLOii-EU.
520 REM

t.

530 REM POKE ORANGE COLOR.
540 POKE 28,213
550 HCOLOR= 5
560 HPLOT 23,1 9
570 HP = .05
580 FOR H = 0,TO 100
590 X = N:Y * HP / 50 * 2 * N
600 GOSUB 561
610' NEXT
620 PAUSE = 500: GOSUB 4000
630 PRINT " !THIS MEANS THAT HUNTERS TEND TO HARVEST A CERTPIN PERC

ENTAGE 0F THE PREY, REGARDLESS OF PREY DENSITY."
640 PAUSE =- : GOSUB 4000
650. REM

660 REM THE CONCEPT OF POSITIVE AND NEGATIUE CURVES IS APPLIED TO PRE'
Y RECRUITMENT AND HUNTERARESSURE.

670 REM ,

680 TEXT :PAUSE = 500: GOSUB 5000
690 VTAB 7
700 PRINT " THE PREY RECRUITMENT CURVE REPRESENTSPREY ADDED TO THE Form

LATION, AND THE HUNTING LINE REPRESENTS PREY KILLED."
710 PAUSE'= 500: GOSUB 5000
720 UTAB 11
730 PRINT " BY SUBTRACTING PREY KILLED DUE TO HUNTING FROM PREY ADDE

D THROUGH RECRUITMENT, NEW CURVE WOULD RESULT."
740 PAUSE = 500: GOSUB 5000: UTA8 15
750 PRINT " THIS NEW PREY RECRUITMENT CURVE WOULD TAKE INTO OCCOUN

T HUNTER PRESSURE."
760 PAUSE = 500: GOSUB 4000
770 POKE .16304,0: POKE 16297,0
780 REM
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79R REM
800 REM

810 PAUSE = 500: GOSUB 540
820 VTAB 22
830 PRINT " SUBTRACTING THE CURVES..."
840 HP = .05:HC = 6:FLA6 = 0: GOSUB 4100
850 PAUSE = 4.000: '130SUB 5000: GOSUB 4050
860 VTAB 22'

THE THO CURVES PRE SUBTRACTED.

870 PRINT ", THUS THE PREY RECRUITMENT CURVE IS LOWERED BY HUNTING PRESSURE."
880 PAUSE = 500: GOSUB 4000
890 REM

960 REM
910 REM

THE'PREDATOR FUNCTIONAL RESPONSE CURVE IS PLOTTED.

,920 VTAB 22
930 PRINT " THE PREDATOR FUNCTIONAL RESPONSE CURVEIS NOT AFFECTED BY Hdr.-TING PRESSURE."
940 HCOLOR= 5
950 HPLOT 23.149

' 960 FOR.I = 0 TO 100
970 HPLOT TO X2(I),Y2(IX
989 NEXT
as@ pRusE. 500: GOSUB 4000
1000. REM

1010 REM A HYPOTHETICAL SITUATION IS SET UP.
1020 -REM

)/,
1030 TEXT
1040 PAUSE = 500: GOSUB 5088
1050 VTAB 12
1060 PRINT " TO STUDY THE POSSIBLE CONSEQUENCES or HUNTING PREpSURE 041 A SYSTEM. LET'S LOOK AT A HYPOTHETICAL SITUATION."
1070 X-= 24:Y = = 255:L = 148: GOSUB 5140
1080 "HCOLOR= 3
1090 HPLOT 23,149
1100 FOR I = 0 TO 100
1110 HPLOT TO X2(I)..Y1(I)
1120 NEXT
1130 PAUSE = 1: GOSUB
1140 VTAB 7
1150 PRINT " IF YOU HERE A HILDLIFE MANAGER. ONE OF YOUR CONCERNS MAYBE THAT OF KEEPING A,MIGH'PREY POPULATION AVAILABLE FOR HUNTING EACH yEAR."
1160 HCOLOR= 5
1170 HPLOT 23.149
1180 FOR I =s0 TO 100
1190 HPLOT TO X2(I).V2(I)
1200 NEXT

Pa0 C.137
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1210 REM

1220 RtM THE HUNTER PhESSURE IS INPUT BY THE USER.
1230 REM

1240 VTAB 12
,1250 PRINT " YOU ARE MANAGING AN AREA NITH lopoola PREY. HOR.MANY

OF THESE PREY WOULD YOU ALLOW TO BE HARVESTED BY HUNTERS

1260 PRINT : PRINT:INPUT HP
1270 HP = INT (HP 4. .5) -

1280 PAUSE = 1: GOSUB 4050
1290 VTAB 2
1300 PRINT " YOU.CHOSE ".:HP.r." PREY TO BE"
1310 PRINT* "HARVESTED."
1320 IF HP < 100 IpEN VTAB 15: PRINT " BY ALLONING SO FEN TO BE HARM

STED, YOUR AREWS TONNS COULD LOSE VALUABLE INCOME DUE TO THE LACK
OF HUNTERS. TRY ALARGER NUMBER:"

1330 IF HP > 600 THEN VTAB 7: PRINT " KILLING THAT MANY COULD STRAIN T
OE PREY POPULATION:TRY A SMILER NUMBER."

1340 IF HP > = 100 AND He < = 600 THEN UTAB 11: PRINT." LET'S SEE T
HE EFFECT OF HUNTERS, HARVESTING "..;HP.;" PREY:"

;1350 PAUSE = GOSUB 5000
1360 IF HP < 100 OR HP > 600 THEN PAi.ISE = 1:160SUB 4000: GOTO 1240
1370 .POKE - 16304.0: POKE - 16297.0
1380 VTAB 22

I

1390 PAUSE = 500: GOSUB 5000*
1400 VTAB 22
1410 PRINT " THE PREY DENSITY IN YOUR AREA IS AT. ,ymE UPPER STABLE EGUI

LIBRIUM POINT."
1420 FOR I = 1 TO 12
1430 HCOLOR= 3: IF INT (I / < > I / 2 THEN HCOLOR= 0
1440.PAUSE .GOSUB 5000
1450 HPLOT 1,0,37 TO 200,45 TO 205,39
1460 NEXT
1470 PAUSE = 500: GOSUB.5000
1480 GOSUB 4050
1490 REM

100 REt.i ,THE PREY RECRUITMENT CURVE IS LONERED TO ACCOUNT FOR HOWflW-
PRESSURE. \J

1510 REM

1520 VTAB 22 ,

1530 PRINT " BY KILLING,"MPI:" PREY, THE PREY"
1540 HTEMP = HP / 40000
1550 PRINT "RECRUITMENT CURVE IS MOVED DONN."
1560,HP = HP / 10000:HC = 3:FLA6 = 1: GOSUB 4100
1570 HO = HTEMP
1580 6OSUBr4400
1590 PAUSE = 1: GOSUB 4000

4'14-
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1600 PRINT " NOTICE HOH Th EQUIt.:IBRIUM PREY DtNi;:-,, YOUWAREA HAS
LOWERED SLIGHTLY BY HUNTING PRESSURE.":','

,...v

1610"PAUSE = 500: GOSUB 4800 \

,1620 '..tiXT :PAUSE = 1090: sows 51308,: 'WAR 5 ,

4630 PRINT " YOU HAVE 4' BOSS WHO RANTS MORE' HiNTERS /N THE
0 AS TO GET' MORE INCOME .INTO THE 'LOCAL TOWNS.", ` P1640 PAUSE 500t 60SUB 5000'

403 MAR 12
. 1660 .REM

1670', REM THE USER INCREASES HUNTER PRESSURE.
1680 REM

1690 PRINt " OUT OF
WEST..NOW?"

1700 PRINT, : INT,%:* INPUT.. HP .

`1.710 HR..' INT-, ( +
1720 .60SUB 4050
1730 OTAB 2 * . . -. -

.1740 PRINT " .YOU HAVE CHOSER TO HARVEST ";HP
.1750 PRINT "PREY." . . .

. %.
.1760 IF HP'.< 800' THEN VTAB 15: PRINT n NOT- ENOUGH.", SAYS YOUR BOSS:- HE

HANTSMORE HUNTERS ( AND MORE. -INCOME' FOR THE TOWNS )..."
- .1770 IF HP > 4000 THEN VTAB 8: PRINT " SUCH A LARSE HARVEST IS TaKRI

: SKY EVEN 'TO YOUR BOSS. TRY A SMALLER NUMBER. ".
1780 IF HP < 800 OR HP > 4008 THEN PROSE = nee:, GOSUB 4000: GOTO 1650
1790 WAR 10: PRINT " LET'S SEE THE kl-i-ECTS OF HUNTERS HARVESTING "

;HP,-;" PREY. 4
IMO PAUSE = 4000: GOSUB 51:00
1810 60SU8 4050

S.

44.4511v*.len POKE 16304,0: POKE . - 16297,0
1830 REM

1840 REM THE LOSS OF A STABLE EQUILIBRIUM POINT. DUE TO PRINTER pRESSUR
E IS' SHOWN.

1850 REM
.

1860 PAUSE, = 500: G4SUB '5000
1870, VTAB 22 -

,

1880 PRINT " RY HARVESTING ";HP;" P , THE SRAM*
1890 PRINT "WOULD CHANGE TO LOOK LIKE...
1900,14TEMe' = Hp / 10000 ,

1910 HP = HP. > 10006:HC = 3:FLA6 = 1: GOSUB 4188
120 GOSUB 4050: HO = HTEMPik.. VTAB 22 ,

1930 PRINT " EXCESSIVE HARVEST CAUSED THE' EQUILIB-RIUH PREY DENSITY TO
MOVE FROM HERE... "

1940 GOSUB 4400
1950 . FOR = 1 TO 13
1960 HCOLOR,---- 3: IF INT (I / 2) = I / 2 THEN HCOLDR4 0
1970' HPLOT 200,37 TO 200,45 TO 20639.
1980 PAUSE = 500; GOSUB 5008
1990 NEXT-



-2006 PAUSE = 500iOSUB 4000: ()TAB 22
2010 PRINT ". ... TO HERE."
2020 FOR I = 1 TO 13.
2030 HCOLOR= 3: IF INT (I / 2) = I / 2THEN HCOLOR= 0
2040 HPLOT 55.135 TO 47.135 TO 53.14
2950 PAUSE = 500r GOSUB 5808

A

2060 NEXT
.2070 PAUSE = 500: GOSUB 4888
2080 HCOLOR= 0
2998 HPLOT'20.10.37 TO 200.45 TO 206.39
.2190-PRUME-1=7500: GOSUB 4000
2110 REM

2120 REM HUNTER PRESSURE IS MEN MAY.
2130 REH-

2140 HOME : TEXT
2150 PAUSE = 500: GOSUB 5000: UTRB 7

11`

2160 PRINT' NOW BECAlUbEAF THE SUDDEN LON 1DENSITY OF PREY. YOUR
BOSS FEARS THAT +WEIRS-WILL WIPE OUT THE PRO,' COM- PLETELY."

2170 PAUSE =1000: GOSUB 5008 ,

2180 UTPB 12
.

2190 PRINT "- SO HE ORDERS.ALL HUNTING TO CEASE. EibPING THAT THE LACK
OF HUNTER PRESSURE WILL ALLOW THE PREY TO EVENTUALLY RETORNTO THEIR H.-
IGHER EQUILIBRIUM DENSITY.:*

2200 PAUSE = 500: GOSUB 4000
2210 PRINT THE RESULT aF YOUR BOSS'S NEW POLICY It fHE ORIGINPL GRAPH

BEFORE HUNTING..."
2220 PAUSE = 500: GOSUB 5008
2230 POKE 16304,0: POKE - 16297.0
2240 HP = 0:He = 3:FLA6 = 1: GOSUB 4100
2250 60SUB 4050
2260 PRINT" ALTHOUGH THE UPPER STABLE EQUILIBRIUM POINT4ETURNED, THE" P

REY DENSITY IS STUCK AT THE LOWER EQUILIBRIUM POI ."-
2270 GOMM 4400: HCOLOR= 3
2280 HPLOT 55.118 TO 47.118 TO 53.124
2290 PRUSE = 1000: GOSUB 500119
2300 HCOLOR= 0: HPLOT 55.135 TO 47.135 TO 53.141
2310 PRUSy 1: GOSUB 4000
2320 PRIM " DUE TO EXCESSIUE HUNTER PRESSURE, THE PREY DENSITY DROPPED

TO THE LONER STABLEEQUILIBRIUM POINT."
2330 PRUSE'- 1000: GOSUB 5000
2340. FOR I = 1 TO 13
2350 HCOLOR= 3: IF INT (I / 2) = I / 2 THEN HCoLOR= 0
2360 Miff 55.118 TO 47.118 TO 53.124
2370 PRUSE = 500: GOSUB. 5000
2380 NEXT
2390 PRUSE = 500: GOSUB 4000
2400 UTAB 21
2410 PRINT " THE PREY DENSITY WILL STAY AT THIS LOWER EQUILIBO UH POI

NT UNTIL OTHER FACTORS INTERVENE." .

242Q PAUSE = 500: GOSUB 4000 ,
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2430 REM. .

244e REM
2450 REM

2460
2470
2480
2490
2500
2510
2520
2530.
2540
2550

2560
2570

,r7
2580
2590

2600
2610

2K'0
2630

2640
2650
2660
2670
2680
2690

CONCLUSIONS FROM THE ENTIRE PROORAN ARE:LISTED.

NOR :.TEXTp: UTAB 1
PAUSE = 500:.GOSUB 5000
PRINT " - CONCLUSION"

PAUSE = 500: GOSUB 5000
UTAB
PRINT
A

IN THIS MODULE, YOU HAVE:"
PAUSE = 1000: 60SUB 5800: VTAB 5
PRINT "1. S834 PREY RECRUITMENT DERIVED FROM LOGISTIC GRIMM. "PROSE = 1000: 60SUB 5000: VTAB 8
PRINT "2. OBSERVED, THE PREDATOR FUNCTIONAL RESPONSE CURVE PLOTTED ON THE SAME ORAN AS THE PREY RECRUITMENT CURVE."PAUSE = 1000: 60SUB 5000: UTPB 12
PRINT "3.- IDENTIFIED AND PREDICTED STABILITY OF PREY DENSITY EQUILIBRIUN POINTS."

PAUSE = 1000: 60SUB 5000: UTAB 15
PRINT "4. CHANGED THE:PREDATOR CARRYING

VED ITS EFFECTS." -

PAUSE = 1006: GOSUB 5000: UTAB 18 -

PRINT "5. COMPARED RATES AT WHICH EID-FEHENT
ITIES APPROACHED P STABLE: EQUILIBRIIM4 POINT."
PAUSE = 1000: 60SUB 5000: UTAB 22
PRINT "6. WORKED WITH A PARAMETER AFFECTING

RUITMENT, THAT OF HUNTER PRESSURE.",-
PAUSE = 1000: 60SUB 5000
POKE .- 16388,0
INPUT " PRESS -RETURN-"A$
60SUB 4050
UTAB 10
PRINT "

impncrro AND OBStil

STARTIN6 PREY DENS

AFFECTING PREY REC

I HOPE THIS MODULE HAS BEEN OF MEUSE TO YOU.".2700 UTAB 20
'72710 PAUSE = 500: 60SUB 5000

720 PRINT " THATS IT! BYE:"
2730 VTAB 23: END
3999 REM

4000 REM
4010 REM PAUSE,RETURN,PAUSE,UTAB SUBROUTINE.
4020 REM

4030 60SUB 5000
4040 60SUB 5080
4050 HOME
4060 PAUSE= 500: 60SUB 5000
4070 UTAB 21,
4080 RETURN
4099 REM

-4401.



4190 REM
410/ REM

, 4102 REM
SUBROUTINE THAT ERASES ONE CURVE WHILE PLOTTING ANOTHER.

4105 HPLOT 23,149
4407 YM = .3
4410 X9 = 23:X8 = 23:X7 = 3:Y9 = 149:Y8 = 149:Y7 = 149
4114 HO = .25 * HO * 2 * 140 / (YM * 50)
4415 HP = .25 * HP * 2 *140 / (Yid * 50)
.4420 FOR N = 0 TO 100
4130 HCOLOR=43
4135 EF Y9 <'0 OR Y9 > 149 GOT0'4240
4440 HPLOT X9,Y9
4150 X0 = X2(N):Y0 = 149 - (149 - HO * VI(H)4455 IF YO < 0 OR YO > 149 GOTO 4240
4480 HPLOT TO X0,Y0
4470 X9 = X8:Y9 =,Y0
4480 IF-FLAG = 1 earn 4240
,4490 IF Y8 < 0 OR-Y8 X149 GOTO 4240
4200 HPLOT
4210 X0 = X2(N):Y0 = 149 - HP * N
4215 IF YO < 0 OR YO > 149 GOTO 4240
4220 HPLOT TO X0,Y0
4230 X8 =:XO:Y8 = YO
4240 HCOLOR= HC
4250 HPLOTX7,V7
4280 XO X2(N):Y0 = 149 -(X49 HP.* N) Yl(M)4270 IF YO < 0 OR YO > 149 GOTO 4295 .

4280 HPLOT TO v0,Y0
4290 X7 = X8:Y7'=rY0
4295 NEXT1*
4300 RETURN
4301 REN

1,

4490 REM
4440 REM SUpROUTINE TO REPLOT PREDATOR FUHCTIONAL RESPONSE biRUE.4420 REM

4425 POKE 28,213
4430 HCOLOR= 5
4440 HPLOT 23,149
4450 FOR I = 0 TO 100
4460 HPLOT TO X2(I),Y2(I)
4470 NEXT
4480 RETURN
4490 REM'
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5000- REM
- 5010 REM PAUSE SUBROUTINE.

5020 REM VARIABLES TO BE PROVIDED:

5030 REM 0 = LENGTH PAUSE.

..5040 REM

5050 ,FOR PS = 1 TO PAUSE
5060 NEXT
5070 RETURN
5071 REM

5080 REH
5090 REH .PRESS -RETURN- SUBROUTINE.

5100 REM

5105 POKE - 16368.0
5110 VTAB 24
5120 INPUT " PRESS-RETURN- TO CONTINUE"AS

_5130, RETURN
5131 .REM

, 5140 REM
5150 REH SUBROUTINE THAT BLACKS OUT A RECTANGLE ON ThE H6R SCREEN.

5160 REM -VARIABLES THAT MUST BE PROVIDED- .

5170 REH X .=.STARTING X COORDINATE

5180 REM V = STARTING V COORDINATE

5190 REM >CZ = LENGTH OF, RECTANGLE ALONG THE X AXIS.

5200 REM L WIDTH OF RECTANGLE ALONG THE V XIS.

52IQ REM

5220 HCOLOR= 0
5230 FOR TA = 0 TO L
5240 HPLOT X.TA.+ Y TO X 4. Y

5250 NEXT TA
5280 HCOLOR=-,a
5270 RETURN
5271 REM

5280 REM AXES ANO UNITS FOR GRAPHS
,

5290 REM SUBROUTINE DEVELOPED,BY J. SPAIN,MICHIGAN TECH UNIV.,AND

HINKELALBION COLLEGE
5300 REM DEFINE XS=VARIABLE PLOEJEU ON X AXIS

5310 REH DEFINE VS=VARIABLE PLOTTED ON V AXIS

5320 REM DEFINE YM =MAXIMUM UNITS CM THEY AXIS

5330 REM DEFINE XM = MAXIMUM UNITS OH THE X AXIS

5335 Ref

5340 HCOLOR= 3: SCALE= 1:SC = 1: ROT=

5350 REH LIST OF RESERVED UARIABLES:KOi0,WM,Y,Y0iNH,Y$,Z,ZF:20,234$.

'SC ,
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5760 HPLOT 23.0 TO 23.149 ,

, 5370 HPLOT 25,149 TO 279.149
5380 REN WRITE VARIABLE RAW ON X-AXIS
,5390 20 = 0:L$ = X$:X0 = 60:Y0 =150
5400 60SUB 5450
5405 IF WRITE =- 1 THEN HOME:PAUSE= 1000: 60SUB 5000: UTRB 22: PRINT"

ALONG THE Y-RXIS IS THE GROWTH OF THE PREY DENSITY PER YEAR:ft:PAUSE =
3009: 60SUB 500D

5410 REM 'WRITE VARIABLE NAME ON Y-AXIS
5420 20-= 1:L$ = Y$:X0 = 10:Y0 = 140
5425 X0 = 13

11,5430 60SUB 5450
5440 RETURN
5450 REM MPH:WHEW CNARACTERS FOR FER
5460 REM -THE FOLLOWING MUST BE DEFINED
5470 REM BEFORE ENTERING THE SUBROUTINE
5480 REM L$ = 'CHARACTER STRING"
15400 REN YO =THE INfTIAL Y POSITION
5500 REM X0*= THE INITIAL X POSITION
5510 Rai SET ZO = 0 IF PRINTING HORIZONTRL
5520 REM SET 20 = 1 IF PRINTING VERTICALLY
5530 FOR 2' = 1 TO LEN (L$):23 = ASC ( MID$ (L$.2,1))
5540 IF 20 < > 0 THEN 60T0 5570
5550 IF-Z3 > 64 THEN DRAW 23 - 64 AT X0 + (i - 1) * 7 * SC,YO: 60TO 559D

5560 DRAW 23 AT X0 + <2 - 1> + 7 * SCJNO: GOTO 5590
5570 ROT= 48: IF Z3 > 64 THEN DRAW Z3 64 AT X8,Y0 (Z - 1) * 7: GOTO

5590
5560 DRAW Z3 AT XO,Y0 (Z 1) * 7
5590 ROT= 0: NEXT Z
5600 RETURN 1

5601 'REM!

5610 'REM SCALE PHD PLOT POINT FOR DEFINED X AND V
5620 REH FOR LINE PLOT.MAKE 2F=1
5625 REM

.5630 XO = 23 + X * 256 / XM
5640 YO = 149 Y * 140 / YM
5650 IF XO > 279 OR XO < 0 OR YO > 149 OR YO < 0 THEN GOTO 5680
5660 IF 26 = 1 THEN HPLOT TO XO.YO: GOTO 5680
5670 HPLOT XO,YO: JF 2F,= 1 THEN Z6 = 1
5680 RETURN
9995 REM
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