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' " ABSTRACT

An experiment was conducted that compared the Qeaching
effectiveness of a microcomputer moduie and a. lecture. A ’
class. of §0 student:'was randomly divided into two groubsa
one which ran a modple and the .other which attended a
leétqre on the same material. Both groups were then given a
‘posttest, and Ehe resultslwere an;lyzed using analysis of
“ covariance and individual item analysis. No significant
diffeﬁénces were found.between the two groups. éhe
implications of these,reshlts to microcomputers and to
teachers were d;scussed, with the conclusion that ‘

microcomputers are éffective teachiqg instruments, b@t they E

should be incorporated into the classrodh‘situation with o

-
»

care and forethought. ) ° '

.
L\ 4 v
‘.

-

Thi material is bésed upon work éﬁpported by thé Nationél
Scilnce Poundation under Grant ‘number SED-7919051. Any
opiniqns, findings, and conciusiéns or recommendatipns
expressed in this publication are those of the authors and

do not necessarily ref}ect the'views of the National

.

Science Foundation.




. .
[ ' ¢
_ TABLE.)'OFA CONTENTS
.
/
Acknpwledgements..:............:.....................5..1
Abstract.....................A......;...............i..‘....iii <
Inprqduction....................;...........;...........1 R
Related LIterature. s eerereyiorsssesescmensesneeesssss10
ﬁyMethods and Mqterials................J.................13
'A. Choice of OGAULE e oo v sevevsncnsonssansnnssssesasll B
B. Development of the module....eeseeeiveseasscec.1l
o C. Development:of the 1eCtUre.essseoosecoensscssssl]
D. Development of the posttestgf.}..........%x.;218 e ;
, E. Descriptién oflthejpoulat;on..................19 v
. F. Experimental design.........:........:........20

G. Method§ Of analysis:...f.....-.................20

-ReSU.ltS...-..-...o_'..n.o._.........-o..-........;.:..,...24 -

Discussionoo.oooooooooo.oo..oooooooooo.ooo.ooooo.(oo..0029

»

Liter’atui’e Citedoooo.oO.oo'..ooo.o;oooooo00.000000/‘00.0.36




Appendices.

‘A,
B.
. C.
D
» E.
'F.

Ge.

PFR ﬁocumentation:oooooo*ooooooﬁ:o:oooooooAl

PFR Performance Oﬂjectives...............{Bl
PFR Posttest.........:...........\........'.01
Random Division Program. «eesessssssssscsesDl
Lécture.Transcrigt.....{................;:El

Analysis of CoOVAarianceeseeeesesstoccescsseeFl

: N ‘
PFR Ppogpam Listings..“.........'.‘........Gl

.~vf-,'




INTRODUCTION Lo

Although computers have been a part of our society/ﬁor,'
over 25 years, they are just beginning .to become popular in
the education;l field. fhis 1s not to say that no one*has‘
shown an intere§t %P‘the subject. of computer applications
in education. Ta the contrary! As far back as 1958

individuals like Alfred Bork, then a physics professér at

the University of Alaska saw the potential of computers in

v
h

teaching and began research on the poss ilities (Kiester,
1978).

The number of individuals interested in computers in
education grew‘as comouters became more popular in the
1960lé. In that decade the number of schools having
computers inereased. six-fold (ACM Bulletin, 1979). .
,nfortunately these conputers were.utilized'mainly for

! administrative purposes; so the teaching~applications og
the computer lagged far behind this tremendous growth in' .
computer popularity. ‘ ’ ' ‘
L. _There are numerous uses of computers in education. The .
Illinois Series on Education (1979) £isted eight different

i

ways computers could be 'used 1in teaching, with others

\ -

' {Roecks, 1981; Watts, 1981) later adding to that list. " Even

Y

so, thé& computer is not utilized nearly as much as its
potential’ suggests. For example, although computers have

- applications in virtually every curriculum, over half of
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the student use'of computers in higher,education today is

L d

in only three departments: computer science, engineering, l

and business (Molnag, 1981). 4

One of the areas of study that does not make extensive

use of computers is the biological sciences. The reasons
for this, according to Tocci (1981), may, stem from the

belief that biology requires fewer quanti%ative analyses
than such subjects as physics and engineering.-But Tocci

¥

stresses that there are many uses of the computer other
}

»

-
-

thah 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 do not know about the computer S

potential, or else they are suffering from Wcomputerphobia" -

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

computer is or what it is capeble of'doing. Another related\ J '
fear is that the computer will soon replace ‘teachers. &his '
is a largely unfounded fear. Frank Clement (1981) studied
the situation and came to th¢ conclusion that there is ﬁo'
evidence that computers will replaée teachers in education.
He even postulated that the need for teachers who can use

-

computers and*also for teachers who can help develop high .

quality educational software may be responsible:for the

(8

opening of more teaching jobs.

-

" In 1971 semiconductor mapufactuner Intel Corporation




developed the microproceséor:chip (Marbacﬁ(and_gubenow,
1982), which eventually had a far—reachinéﬁgffect on

educational computing. This 1is because the micﬁbﬂhocessor

’

chip .nade possible the development of the relatively

inexpensive modern microcomputer, a small, sténd—alope

v

.computer equipped with a kéyboard and a TV monitor-usualiy.'

with graphics capabilities. - - o .
. - 14
Suddenly any school could own 1ts owyn computéﬁ for a
.0 - -. .’
tiny fraction of the cost of previous computers. Before

—

microcomputers became available in 1977, the standard in.
. R .

education was the large time-sharing computer, which ,
-~ > D'

cconsists of two parts; the central précéésiég‘upit (¢PU)
"+ and the remote terminals. The CPU 1s the actual computer,
where data 1is ééoréd and processed. The reﬁoté términgls
are ke%boards used to bommun;paﬁe with.the qpmpute;. Tﬁése
. terminalé céuld be lotated at various places and conneqﬁéd
to the CPU by teiephpne lines. . . * ‘.
Educators were quick to recognize the advantaé;§?b£
‘the microcomputer'over tﬁé time~sharing computeﬁ*syétem~
According to McIsaac and Baker (1981), the majér advantgges
-are cost, user controllabilitye and conveniende: ¢ - '-;
It is not unusual for a time-~sharing comﬁuter syS?em}\ '

to %ost several hundred'tﬁousand dollars. A microcomputer

‘ costs as little as ftwo thousand dollars which is wkthin

’

the budget of many more schoola¢~_gditionally,_ v

t ime—sharing computer costs a large amount of money to runcts “.

. . . ) ¢
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\ RN ..
andfmaintain. Each time-a program is run it costs money,

L]

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

microcomputer costs almost nothing teo run, so its use can
- be encouraged with'no fear of mounting large computer

., prodessing bills. .
"a M .

’

The user of & microcxmputer has much more control of

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

~ ¢

' computer. On a time-sharingﬂcomputer system the user must

contend with problems beyondihis/her control, such as

computer down -time and defective connecting telephone
“lines. Microcombuters.sre decentralized so that-each one 1is
a separate unit. ‘There are no telephone lines connecting

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

hd €

e s ! ‘
same time. The mic¢ihocomputer user does not have to be . .

‘concerned with computer down time, "Or with waiting in line

3

for the CPU to run a program,\or with keeping user

identification numbers secret.

.

—— Related toacontrollability is convenience.
v Microcomputers tend to be more convenient than time-sharing

systems. Becgu%e microcomputers are decentralized, the user

*

works with the entire unit. This eliminates such
inconveniences such as i.d. numbers and long waiting

periods both to run a program and to receive 1ts output.

¥ . & .

Also more convenient 1is the fact that microcomputers have

no running or processing costs. They can be used often and

~at any time of ddy with no worries of the resulting bill.
\

~
.
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The running costs of a time-sharing oystem can vary at
different times of the day and. can get quité expeﬁsive,
especially if the terminal hooked to the CPU: ‘via a
long-distance telephone connection.

Many agree that an additional advantage.of the
microcompnter for educ%tional applicatione is 1its color
éraphfes capabilities,'which allow it to use éraphs

charts, pictures, and even animation (Bork 1980- Bork and.

Franklin, 1979; Smith, 1979, Zinn,” 1979) This allows the

»

microcomputer to do more than process numbers and display .

.
Y

text, thus adding a new dimension to its applications.

. It is the combination of all these advantages whicn
make the_microcomputer an attractive package in education.
For example, thereP}s a_large’tim haring system that has
been developed that shares manr(ojpihe advantages of the
microcdmputer. It 1s called PLATO (Programmed Logic for
Automatic Teaching Operations) and is available to many.

. i \ :

colleges and universities. PLATO is essentially a oomputer

terminal and TV screen connected to the CPU via

long-distance telephone lines. PLATO has excellentlgnaphics'

j M i}
capabilities and immediate, interactive feedback.éo user
Gleason (1981), a-single terminal hgoked to PLATO would
cost a school $6000 a yean. With such a high cost, PLATO
cannot compete with the microcomputer for the educational

comouting market.

'1nputs. But its major drawback is ‘cost. According to Gerald

L




a

With all of their advanta%es microdomputers aré
};rapidly?becoming popular in education. QEE\one g%“the major
5{ " obstacles, to their growth at this time'is the long-time
estaolishment‘ofﬂtﬁeftime:snaring systems- already 1h
* schools.~JA school will be hesitant to spend money on .
microcemputers when it already is equipped with a large
+ . time-sharing system. But this 1s not a permanant hiﬁﬁrance

to the spread of microcomputers. For example, d 1é78/7§
" 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 theﬂsudden popularity of microcomputers, the -
educational community has been ‘beset by 'a couple of major
problems. Most teachers have little computer knowledge.
They do not know how to use computers or.what computers can
.do: Tnis is termed "computer illiteracy“?and is one of %he
most serious problems associated with the educational
computer ‘boom (Dickerson and Pritchard 1981). Another very
serious problem is that microcomputer development has far,
exceeded its software development (Gleifon, 1981). Software
.'refersito the programs-that can be r&%ﬁon the .computer.
Many teachers nére ideas concerniné'how to use
microcomputers .in their classes;, but nonoftware has fﬁt
peen developeo for threir needs. So although microcomputers .

$are becoming available for use in the classroom, these two
¢ s . 'U .

T,
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problems, the large number of teachers who are not computer
v .

literate .2nd the lack of educational software, limit the
- microcomputer's use. - . i ' 3

’ . ‘ In the féée of ppoblems such as these, a project was
J - initiated at @ichigan Teghnolbgicél Univérsity. The two )
year loné éﬁMIT project (Singié-qondébt User-adaptable .
Microcomputer~based Instructional Technique), heéded by Dr.

’ »
J. D. Spain and funded the National Science Foundation,

'began in the spring of 1980 and produced educational
softw&re related to the biological sglences for'the“Apple
« IT Plus microcomputer. Fach microcomguter program, or

module, dealt with a single subJect in the ‘areas of g%ology

and general b%plogy. | . ' \\;_

The modules were gesigned,to be used as a supplement
to a Siology or ecology laboratory, Experts tend to agree
that Computer-Assisted Instruciipn (CAI) usged in addition
to laboratories or classroom lectures is the best
aﬁplication of CAI iﬂ%coﬁrses,(klpert and Bitzer, 1970;
Clement, 1981; Jenkins, 1976; Tsail and Pohl, 1978; Tsai and

H

Pohl, 1981; Visonhaler and Bass, 1972). - _ o

Y
s
]

CAI is défined by Oliver and Scott (1978) to b€ "the
)/‘ direct interaction of a stuwdent with a computer’ through an
alphanumeric and/or grapﬁics communications terminal for an
instructional purpose." With this in.mind, the éUMIT
modules could be termed CAI modules because they were

writtéﬁ with the idea that- they would be run by spudents

N -

&
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who would interact wlth the modules.
User inéeraction with the miFrocémpuper was felt to be
a veﬁy important part of thé learniné exberience, so all of ' .
the SUMIT modules allowed freqent user-computer interaction
through questions and answérs.‘Using tpe Apple
microcomputer‘% graphics, th;s was extended to include an
1n£eract1ve graphics-situation in which the user would , -

experiment with equationoparaméters 'and \observe how changes N

- -
B ’ . -
»
-

affect various curves and graphs.
SUMIT modules will ngt only help to alleviate the lack .

of educationa} software, but they also’ were deéigned to be

used by all teachers, ?egardless of their degree of

‘computer literacy. It requires no compuﬁer,programming’

»

knowiedge to run the modﬁles. As an addgd feature, along .
with each SUMIT module comes'a copy of documentation that
explains simple ways that a user can ﬁodify the Q?dule.
Therefore teaehers need not be computer experts to run or T,
modify these modules.

- Each of fhe SUMIT modules underwent several formative
evgluation procedures. Members of the{SUMIT team constantly
ran the modules throughout their developmegt and oﬁfered
suggestions and criticisms. The modules were a\so run by _
small groups of students in various ecology and biology
courses at MTU. These student§ would each fill out
evalhation forms, which were then used to further improve

\ .
the modules. ' .

Page 8 ' -
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Summative; orﬁfinal,aevaluation took place in'animal
-ecology and general -biology iabqratories at MTU. The SUMIT
modules were dneoroorated.into.the laboratory work, wnere
the students would take a prg€test, run the module, and then
take a posttest to find if they improved after running the
module. Theyﬂalso filled out evalnation forms to give the
- SUMIT team an idea of their attitudes, likes, and dislikes

iin relation ‘to the computer work in laboratories.

The SUMIT team desired to evaluate a SUMIT module by
comparing 1t“to the traditional method of instruction.
ance the modules were written to be part of laboratory
experiences, thejmost relevant summative evaluation would
be-to use it as part.of a laboratory exercise and teet
studente' improvement. The question is, can they teach a"
student as efqectively‘as traditional inst'ruction (TI)
fechniques? It was deoided to address this question through
the summative evaluatidn of a SUMIT module.

Tn;\groglem of ‘this study was to determine the
ef®ectiveness of CAI uding a SUMIT module by comparing it
with a traditional method of "instruction --

¢

lecture-discussion. :
Q-' \
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y o " RELATED LITERATURE

‘A review of the“literature in the area of evaluating
ChI revealed very little -useful material. A number of
individuals expressed the belief that CAI could teach as
effective'lly as TI (quk3,1980 Cunningham, 1979), but they
never conducted any studies on the matter. Others carrieq
out experiments that were very weak For example, Morrison

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

German language classes. They claimed to have found the CAI

group to be better in some skills, but'no statistical

analysis could be performed on the data due to the

unstructured nature of their study. Different teachers

taught different groups, plus some individuals changed -

groups midway through the study.

Weistheimer conducted a study~of CAI supplemented.;
laboratories vs.-traditional laboratories and found tH?t‘
the: - CAI supplement group did significantiy better on
materiél covered on the computer (Jenkins, 1576). But his
experime&tal-methbd was faulty because the CAI supplement
grenp put in four hours "overtime" to look at the CAf f
modules, while the traditional laboratory group put in no
extra time. This gj;e unfair advantege tolthe CAI
supplement group.

Gershman\and\Sakamoto (1981) carried out a ldrge-scale

study with the Ontario secondary school system. But

Page 10 ¢




! students were allowed to move from the CAL group to the TI
group and vice versa, SO their results were not conclusive.
Better studiesdwith proper experimental design were,
also found in the 1iterature (Alpert and Bitzer, 1970;
‘Hollen, Bunderson, and Duhani, 1971; Lewellen, 1971; Suppes
"and ﬁ;P?iﬁgsta?,vl969; Tsai and Pohl, 1978; Tsai and Pohl,
1981; Visonhaler and Bass, 1972), but most were old ~--
pre—miérocbmpﬁter eéa. Edugational computing prior to the

a4 . .

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

, .o
It.is questionable if these studies could provide any

-

indication- of the teaching effectiveness of the modern CAI
) : "
simulation modules, because simulations- and drill &

practice are two very diffefent uses of the computer.

. .

Also,-none of the studies -found were cahducted for a

-

single CAI module. Instead they all were a test of learning 13

over theé course Of a term or semester. ALl of these .
.differences‘made 1t difficult to predict |the resultstof a
) SUMIT‘module vs. TI comparison.

As ‘a final note on this subject, two studies in the
1iterature>proved interesbing.,ln 19978, ﬁagidson reviewed i
the accumulated studies of CAI vs. TI and fouﬁd that 55% of
lthgse resulted in no significant differences. The remaining
45% of the studies resulted-in find#ng thie CAI more '
effective than TI. Three years later, Burns’and Bozeman

¢(1981) published a similar review and folund MO% resulted in

no significant differenqe, 45% resulted,in finding CAI more

Page 11
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effective, and 15% resulted 'in mixed results. _ t
One should note two points. First, the latter review

found 15% of the CAI vs. 71 comparisbns,getting less than .
o ) ‘ .

favorable (resiilts for CAI. Secondly, the studies were

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

4

‘introduction//nd subsequent popularity of the J, ' 57

microcomputer. "Possibly in thosé three years the studies
t
conducted involved microcomputers with more graphics and i~

- .

simulation modules. Iﬁ this ‘'was true, then mierocomputer

simulations could 62 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 T
g quality, the studies were not run well, or that ;

microcomputer simulations are not effective teaching.

devices. "

(L SV




9

- . METHODS AND MATERIALS

(This section outlines the development of the Predator
Functional Response module, the lecture to which it was
compared, and the posttest for the experiment. The’, .

population used, the experimental design for the lecture

PO

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

X \
data are -.also describeds) R N

- &
4 -

A. Choice of the module A ) : R

The SUMIT module entitled Predator Functional Response

was chosen for a study compaPing the teaching ef éctiveness

o§ a CAI module and a lecﬁure—discussion._This mo.ule,

concerned .the topie of predator functional r?spbnse and its
relationship to prey recruitment Briefly, predator
functional reSpoﬁge (PFR) relates the number of prey killed

to the prey density in the surrounding environment in which

.prey “population growtn% r pdg& recruitment of an area,
many interesting and pofentially useful. relationships can
be di'scovered. For vaor detailed look at prey
recruitment—predator functional response, please refer to
the PFR module documentation in Appendix A. ) .
Thig-module.ﬂas chosen. bepause I f;lt that students
would- not be familiar with the subject of PFR or- the

B
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graphical techniqu&s used to plot the PFR curve. PFR 1is an
1mportant but not widely taught concept, so most of the
students haad never bee. exposed to the material in the
module before. New concepts decrease the probability that
one student is at an“adva tage over other students, which

is important in the proper valuation of the effectiveness

of a teaching method. s, .

Another reaso for using the PFR module was that. it
was written Dby tﬁgiinvestigator conducting this study; thus
he was familia; witﬂ the module and the subject matter.
This assured that thé instruction would be most effective
and also eliminated the teacher confouﬁhiﬁg factpr (this
occurs when one individual develops teachiné,qaterials and

»

another uses them to teach). - ) .
B. Development of ‘the modulg

.

«

Initial deQeiopmentréf a microcomputéb module on PFR
involved finding the right approach to the subject.‘The
objective of this moHdule was to takebthe student further
into the predator«prey relationship thgn the Lotka—Volterré
numerical relationships, and also to expo;é-him to w &S of
graphing relationships other than the standard plot of
“populat?qn as a function of time".

'Many different method% of graphing PFR exist. Examples

include plotting the proportion of pﬁéy killed per predator

\
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as a function of prey density (MuPdpch, 1973),°and plotting

. s R 5, ’
prey densities approach a stable equilibrium point.

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

Qunction of the log oftph; prey densitx@(ﬁeal 1979). The
siﬁglest method found, and the one used for the PFR module,

was to graph the number of prey killed peﬁ predator as a

<-<,

function of prey density, a technigue made popular by

Holling (1959). vt - L

* R .

A microcomputer program was developeg Eepicting prey

recruitmept and _type III PFR (Holling, 1959) interactions.
g,\
At this point the module's objectives were formulated for
. 0 L -

this module: - ‘ »

] @

‘ &5 Vi .‘ f\?
- . /

After running the PFR module tﬁ%{;budent should be

able to: - - = ;

-

3 . -
1. 1identify and predict stability of prey density

a

equilibrium points resulting from preddtor-functional_ «

*

response. ] .

L]

2. predict and recognize the effec:éyf thanges in predator
ts.

carrying capacity on equiiibrium_po

Y

r + . N *
3. compare the relative rates at whiclf dif'ferent starting

Y. recognize the'effqpt of hunter pressure on prey deﬂsity

equilibrium points.
1 4

It should be pojrted out that bhese'objecﬁives are"ot

the same as the final performance objectives’ihat were e

. ‘ R o

) VN . , . ' ’ -
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» 2

- tested for in the study s posttest (these can be found in
]
: Appendix B). The list of objectives was changed and

. - L
expanded throughput the development of this module as more
i

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

Plus microcomputer., L _:H e

- Rfter a module was»uritten and programmed’ ‘on the ‘
Apple, formative evaluation oegan. This encompassed

4 constantksuggestions and subsequent improvements, followed

P +

by fufther suggestions for improvement. The formative
", evaluation for the PFR module roughly followed the

guidelines outlined by Dick ana Carey (1978) First the

author'and SUMIT team reviewed the module. After the
suggested improvements were made, the module was run by a
small ‘group of students, the BL575 Advanced Animal Ecology~
clads. Thei:\suggestions were used to improve the module.
Next a team of three SUMIT members who had a special
interest in PFR was assembled. This team met twice weekly°
to review the module and offer suggestions and criticisms.
FolloWing 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 evaluwation began, four individuals
knowledgeablé in the field of predator-prey relationships
" (two of which could be considered "expefts" 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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C. Development of the lecture

N\

v )

ended the formative evaluation of the PFR.uodule.

i
»
) ' !
~— . !
1
!

° .

] -J” 4

.

A lecture was néeded that was comparable to the PFR

module in its objectives.-Using the list of performancg
¥ . ’

_'obJectives developed for the PFR module (see Appendix B), a

N iecque—diseussion was-written Hy the investigator, This

. adequately covered.

.assured that both the lecture and the module covered the

same material at the same level.

K

The lecture was approximately 40 minutes in length and

{

used overhead projections for the graphs. Time was included

—

in the lecture for student questions. Aftér the ,
lecture:discussipn was written the author revieyed it to

ensure that all of the performance objectives were

*

.

To obtain a permanart record, a videotape was made.

‘when the lecture—di%cussion was given to BL340 Animal

Ecology. A written transcript was made from this videotape.

This can be found in Appendix E.

O
J A




D. Development of therposttes{ - -
j 1

A posttest was needed that would measure knowledge on

the subject of PFB. The following format for the posttest

¥

-

.~ was chosen:

-— The posttest consisted of multiple choice items because

4

thex'can be scored objectively, yet have more ’ ;
discriminatory power than true/false items; plus they can
be used to test for ‘a variety of cognitive learning levels.
( -= The posttest had 20'iteﬁs{ Past posttests used on other
. §UMIT moaules had eight to ten items. For this study a
longer test was developed to increase the reliability of .
the results. . ©
—— A time limit.was set for the completion of the posttest~
. (\\B& the students. A time limit, of 15 minutes was chosen so
that it could be administered within the anticipated timey

-

constraints on the day of the study.
A posttest with this format was written that tested
for the set of performance objectiveg‘developed for the
module and lecture. Then 1t was evaluated by the 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 look for inaccuracies in the information

Page 18 \) &\\
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presented. They did this and %ffered several suggestions

for improvement, which were incorporated 1nt6fthe final-

version of the posttest. A copy‘of the posttést used in

. . [ t + Ce |
thié study can be found in #4ppendix Ci = co |

¥

E. Description of the population \ . .

*

3 . ‘

- : * " - ‘ |

» R . , <
3 , A |

) . The, fall 1981 BL340 Animal Ecology class was used to

- eomparé the PFR moduié to a lecture-discussion. 30 Students -

1 .

weré enrolled and'gtbending”this éoupse,at the tiﬁe of the
experiment. These 36 students were dividéq%randomly into
two groups of 15. The random division pérmitted the -
assumption to be made that the two groups wgre o

-y

representative ‘samples of the population in their prior

P

knowledge of the subject matter to bé tested, so a preteét

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

asécciating 2ach student with a‘r%nQOm number and then - |
sorting the random numbers fpam lowest to ﬁighesé. The - SR
students with the 15 lowest random numbers made up the
group ﬁhgt would run the PFR module. The remaining 15~

.-

students would make up the group that would attend ‘the

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

\ " II Plus m{croéompuﬁér.‘A py of the progrém and results

. )

’ g \
can be Found in Appendix D

\ R . e
. ~
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F. Experimental design. IR

* "‘ - ’
One- week prior to the- experiment fthe students were

1nformed ‘where to report on the day of testing. On the day

of the study,, the 1ecture group attended the HO minute

1ecture—discussion on the subject of PFR in their regular

S

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

AL

}their 1aboratory room and ran the PFR module. Each student<

used a separate microcomputer and was given 4o minutes to
run the module. At the end of the 40 minutes both of the
groupg-were brought together and gﬁministered the posttest

‘

Oln PFR . s

t

'l

G. Methoé% of -analysis >

Lot

o ~

percentage was co;lected. Analysis of covariance was
~ applied to this data, using the final course po}nts
percentage as the covariate,.to test the null h§pothesis
_a that the means of the aqqusted posttest scores for the two
: a ‘groups wvere equal.'TheAaiternate hypothesis was tnat'the
‘two means were not equal. "

In an effort to analyze the effectiveness of the

posttest, test and item analyses were run. This was

- -
. - -

accomplished using a prograim entitled ITEN ANALYSIS,

(Fetherg.end Flathmen, 1969) on the UNIVAC computer. This

Each etudent's posttest score and final course pointe




-~

program calculated a variety of statistics, but the ones
most useful to this study were the Kuder-Richardson Formula
20 reliapiiity coefficient (KR-20), the item difficulty

indexes, and the item. biserial cor}élation coefficients.

W o

" between zer and'one~énd is calculated by dividing the

! Y v .
studentsrthat answered the 1ltem correctly’ It is a number

The item difficulty index ﬁ%ig was the fraction of
numbeﬁ,of:correct‘responses'by the total number pf
respegses for each item. ‘

Item discriminatory power, the "ability to
differentiate between students who have achieved well...
and those' who have achieved poorly" (Ahmann and Glock,’
1981), and its difficulty 1;dex are related. Items with ‘
difficulty 1ndexés around 0.50 generally have the méxiwum
discriminatory power. Therefore'a test with items 1in the Q
range of o.éo to 0.80 will have a high discriminatory
power. '

The KJaer-Richard§on Formula 20, or KR-20, cﬁecks the
internal rellability of the entiré test. It 1s calculated

using the following foffula:

’

E
KR-20 = 1 - (SUMMATION (P(1-P)))/Test Variance’

where P = each item's difficulty index.

+

E]

The KR-2d'uses iten difficultﬁfindexes to estimate

consistency of student performance from item to item. The
Paée 21
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’ KR—-20 has a possible range of zero to one, but shoudd be
L {
greater tham 0.50 for any given test (Tinari, 1979). A

value lower than this indicates that the test may be,
- , _ J

internally inconsistent.

-

The item biserial correlation coefficient has a

possible range of minus. one to one. It is calculated'using

, Cod
the following formula: .- o :

-~ M ,

BCC = (P(Mr - Mw))/(Z(Test Variance)) <

( N :
wvhere Mr is the mean of the studgnts answering the item
a ]

»n correctly. . ' ’ .

Mw is the mean of the students answering the.ftem

o

incorrectly.
P is the item'difficulty index.
7 is the ordinate in the unit normal disﬁribuéion

corresp?nding to the proportion P .

Like the difficulty index, the biserial corrélation
coefficient'is’also related to item d;scpiminatory pover. .
It measures how,wéll ah item separétgd the good studént§
from the.poor ones. . If an item is discriminating well, the
mean test scoée of the students choosiné the coSrect answer
should be greater than the mean test écores of students who

chose distracters (ﬁrong;enswers). When this happens the

biserial cbrrelatioq coefficient for that 1tem‘1s high. If,

}
N \
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. ‘ ) ’
on the other hand, the poorer stuﬁeﬁts chose the correct
‘answer and the bétter students chose the distracters, that - °
item iLs not operating properly, and thé biserial
correlation coeffiéieﬁt wodld be negative. ' i
The lecture and module groups were compared
item—b&—item using a 2X2 contipgency table with the foys
equalling module and lectdre, and the columns equalling the
number that responded with the right ‘answer and the ﬁumber ’
- .

were calculated

L3

witﬁ the wrong answer: Chi-square values

from these contingincy tabies.
' J ‘ - ‘ _ .

-4
»




. . RESULTS

. . 30 students ‘were ennolled in BL340 Animal Ecology at
_ the time. of the experiment. 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 v
module-group were absent, reducing the module sample size
to 13. In lecture, three students ar;ived late and missed
enough material to possibly lower their posttest sco}es, so
these students' scores were dropped from the data set,.

leaving 12 scores froﬁ-the lecture group to be.analyzed. ;

L
DR

\\ To use analysis‘oﬂ'covariance to compare the lecture - ‘_
and module group means, a covariate was needed. The fipal
course'points percentages for the students in the:study L
were used. At the end of tggfterm the‘list of final points
percentages vas collected and was found that‘one‘
student who had participated in the module group had later
dropped the course. Thus he had no final points percentage,
S0 his posttest score had to be dropped from the data

¢

analysis.' X

This left 12 students' data in each group. The
complete final data set can be found in Appendix F. The
posttest scores for the lecture and module groups were
plotted on frequency.histograms in Figure. 1. Analysis of
covariance was applied to the data collected (see Appendix ‘

F). The calculated F-value was less than.one, so thenull
A L : : '
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FIGURE 1. Frequency histograms for the posti:est -scor;es of
the module and the lecture groups.
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A hypothesis was'accepted; the\means*of'the adjusted poéxtest

scores for the lecture and ﬁodule group are not

significantly different. :
g ' Table 1 summarizes the results of the test and item
- . analyses. One will recall that the KR-20 formula measures

T the internal consistency'of'the test and should be'greater(
than 0.50 . Tne KR-20 formula for the class posttest
results was 0.80, which indicates a test with high internal o
onsistency.
The difficulty indexes are listed by item in Table 1.
One can see that half of the items in the class's posttest '
A: were(within the acceptable range of 0.30 to 0.80 . .

‘ Biserial correlation coefficients are also listed by
item in Table 1. ‘Tinari (1979) suggested that items should
naue biserial cogrelaticn coefficients greater thank0;30 to
be useful. Scanning the class data in Table 1, it can be
seen that 16 items pass this crit!bion, which is a greater

" number than the number of items with the proper difficulty

\)

index. This means that,fon'scme items the difficulty index
s was nét within the optimum range, but the item wae still
‘ functioning by discriminatiné good students from pccn.
When the lecture‘and nodule groups were compared.
item-by~item using alcontingency table (Figure 2), it Was
found by calculating chi-square values that the two groups

'ﬁ were not significantly different on any single item of the

posttest. ’ . : . . ‘
K N




TABLE 1. Posttest statistics. This table includes test

means, standard deviations, -and KR-20 values; plus item

‘difficulty indexes ‘and’

.(BCC's). ., .

»# ENTIRE CLASS

- — — i Sy by St T e S

Mean: 15.17

st dev: 3.60
KR-20: - 0.80
Item

# Diff Ind BGC.

1) 417 -537
2) 792 .878

' .833 L27h
9) . 708 ol
10) .958 .29

11)  ,667 +1.008
12)  .875 .382
13) +958. .837
14) .958 837
15) .542 1.001
16)  .750 .913
17) © 917 .578
18)  .875 . .323
19)  .792 .962
20) .625 . .T17

3) 0625 0781 v
u) .« T92 .625
5) .125 .851
6) . .958 .294
gg 1.000 .000

\ LECTURE GROUP

S e i t dp P D ey WD W e W W

Diff Ind
U417

' L7550

\ 0583

N Y

167 . .996 .

1.000  .000
11.000  .000

917 .196
750 .932
1.000 .000
667  .826
.833 L2u01

"1.000 .000
1.000 .000
4500  1.033

. 750 . .608
.833° .756
".833 .3l
833 .653
667 - 611

-
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iserial correlat;on coefficients

MODULE GROUP

15.17

3.81

00 87
Diff Ind BCC
17 L2uy
.833 1.128
.667 .921
917  .91%
.083 .721

.917 * .323.
1.000 .000
750 ,.323
017 .323
.667 1.173
.917 .621
917 .919
291 .919
. .83 1.103 .

'L 750 1.186
1.000 .000
.917 - .323
750 1.186
.583 .810




AN
FIGURE 2. An example of tﬂe two-by—two contingency table -
that was used to compare the module and lecture groups by
item:. The data in this figure 1s from\item #U4 of the -
posttest. . //f !
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. "\—DISCUSSION N

: A _study comparing a CAI module and a ﬁecture was

P

b

conducted and 1t was found by analysis of the data that

e

there was no significant difference between the two in

their teaching effectiveness. Although the resudts are

-

limited to the population ‘of this study, they can be used

- - L4
to consider some other aspects of microcomputers and their

>

’
use in -teaching. ‘ ~, . . =~

First, how are the results of this study important to
manufacturers of microcomputers‘7 Microcomputers have been
experiencing a boom in education without any evidenhce that ’

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

of "a limited number of teachers. that they could be used ‘
r
somehow. This stully 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 and-thus 'make

-

-

.microcomputers more popular in the classroom. With their.
- S ’

increased availability in educational institutions, their

. 3

use will also increase with more teachers using them in

v

more different ways. ' - ,
‘ An already existing problem that may. temporarily
become more acute Is the - lack of- high quality ‘educational

software. If a sudden increase in microcomputer'popularity
in educationhoccurs, the software problem wirl”getvworse. A

+
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large number of teachers will-be exposed to micr'computers
and "will want toause them, but-.the software wiil be
limited. CAI'simulation modules take hundreds of houre to
mrite, develop, and program. The 1ag time 1nvoLyed-in

e éeveloping educetionalsoftware may put a severe pinch on
the expanding needs of the educational computing“community. ;
Possibly, though,, more teachers will develop their own

‘)software, and that may be the ultimate answer to the

r

ppoblem. . . - 1 | —
The next 1ssue to be addressed is ‘the significance of
the PFR study tq‘teaEhers. In the past many teachers were
hesitant about using CAIL in their classes, partially”’
beeause they had no way of knowing if it was'a>useful meams

of teaching. The PFR study provides evidence that CAI °

i

1
modules can be effective 1n‘teaching certainatopics (i.e., J%- ,

those that are simulation- and>gfaphics—or1ented). With
this evidence possibly teacher% will begin to-make use of
CAI modules to replace some lectures and/or to supplement

others. The microcomputer has shown hat 1t can_ be ani
) -
effective 1nstquctional tool, so it should' be used as such.

»

_The use of the mkcrocomputer in a class Will‘add variety to ,
the learning experience, which will aid the student 1ﬁ
understanding and recall.

Oqe‘curriculum that has a wealth of simuletion- a‘d
gnepuics:priented topics 1is biology. Thus it is surprisiqg

13

that bilology is one of the least frequent users of |

>
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: suppemented TI

significant difference between*CAI and

.
' ) .

computers in education (Magidson, 1978). In.his teXt "BASIC .

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

'50 mathematical models related to some aspect of'biologyll- *

Al

each of which could be the basis of a- CAI module !

4 - >

Probably . 4

the main problems are related to cdmputer illiteracy among

biology teachefs and a lack of educational sof tware - in the

subject of biology. But with the SUMIT project and other -

»

similar courseware development programs, biology teachers -

:\,

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

which may help alleviate the problem. \'~ ¢

. Does this study support the view tnat microcomputers

-

can replace teachers? McCredie’ (1981) pointed out that the

computer has decreased greatly in price at a time when the s

cost of supporting a faculty member has gone_up . =

significantly. He believes that the inexpensive price of

Y

computers in ‘teaching will make them much more popular in
the near future. But will they replace teachers? N

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

conducted studies'in l978 and~l981 comparing the teaching

effectiveness of TI CAI and CAI supplemented TI. These

were some of the first studies that included all. threé\pf

the most important contrasts\concerning CAI learniné TI\<>\\\
' CAI, TI vs. CAI sipplemented\TI, and CAT vs. CAI' .

\\\ N \ ':
The results were th \t ey\found no ‘

found that TI suppl mented with CAI\uas s

}\\\r ggey also \\
ig \icantly\more'
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(2

-

. certain material in the CAI module,

&

S,
»

‘California at Irvine (Bork, 1980).

'uSed to supplement laboratories and léQtures\is the\ best

~application (Alpert and Bitie<, 198; Clenent 1981

\found the’PFR module to be as ef

module was

effective than eitger.alone.

! \
Some may argue that these studies prove that computers

«

- . . N
will replace teachers sood. But- more evidence exists that

this will not occu . Possibly the closest thing to a - ,
completely computer nstructed course that exists in the - \
Un;ted States at this time 1is located at the University of ™
There an introductory

‘s
physics course is‘teught through a series of PLATO
simulation modules. But even ‘this does no%)bliminate‘
teachers‘beéause-a summary lecture is given at the end of
e%ch week, plus if stpdents consistently have problems on
they are locked oﬂt of
tﬁk\:oduie until they discuss the problem«wWith the coulrse
instMuctop. So“even with maximal use of CAI, teachers are
needed to answer ouestions amd pull togetlier the meterial

for the students. l é \

AN \

[P

Jenkins, 1976; Tsai and\Pohl }Q78 Tsai and Pohl, 1981

N

-

Visonhaler and Bass, 1972)“:S\$IT modules were desig\ed
d

with this application in miR s nd\ although this study

ctive as a lecture, the ' |

t designed to replece “lecﬁure. CAI modhlesﬁ

Page 32 \\\‘
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may prove to be effective on theirvbwn, but any attempt to
fit presently available mo@ﬁles together to completely
replace a series of lectures would result in an'unfeleted\
" set of subjects being taught with no connection among them.
Therefore, microcomputers and thelr existing software do
not threaten to replace teachers at this time.

In the opinion of this researcher teachers should lodk
at the miceocbmputer as another iearning device te be used
to enhancthheir‘couEses. Microcomputers pggyide the
graphics- and interactiveness necessarj to teach some
difficult-to;convey topics and should be used in
conjunction with reiated 1aboratobies‘ahd 1eetures.

The hicrocomputeg is an effectivellearning did, but it
should not be looked te as an answer to all educational
problems. It has its areas of application;/;ike any‘other
teaching aid. But several problems have -to be avoided. I
was involveq with CAT modules from b%i‘ a student and, an
instructor's V{ewpoint in the past year. Fsom ﬁy z
experiences I have found that there is a danger of .
overusing CAI modules. This was also found by Tsai and .6h1
(1978). It seenis that any more than one module a week

3

resdlts in a severe loss in student interest% Therefore,

!

possibly the most effecgive use of microcomputeps would b

~

as part\of a multi-media\exposure for the student,
includisé such things as overheads, films, slides,

videotapgf, and field trips. In this way the microcomputer

/\I ' ) " /
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. could add to the richness of a course without becoming a

.

hindrance through overuse. . { ' ) _ Loee

For future research’ the ‘module vs. lecture comparison T
could be improved in several ways. First it could be

repeated with larger sample sizés, which would strengthen

the results and also provide possible replication of the

* results. Further. development of the posttest would also™be
| helpqgl: The posttest in this study contained man& .
- multiplerghoicé items,withﬂveak distracters. Better
distractefs would raise the reliability and discriminatory
f. 'power’of the test. \ )
fAlso, an interesting addition to the'experiment would v
be.the testing of long—term‘retention of the material
lbarned. By testing the students a week or more after tHe
experiment, long-term retentiog‘of the material could be
tested. This would:be especially interesting, becauee past
e studies onﬂretention of CAI learned material havé found
conflicting results'(Alpert and Bitzer, 1970; #ollen, ' .‘;',
‘. Bunderson, and Duham, 1971' Tsai and Pohl, l98%)
~ To eonclude, a CAI module dealing with pre@dator
_functional response was developed for the Apple'II Plus
microcomputer as part of the SUMIT microcomputer softwagg

]

- development project. This module was used in an experiment

comparihg the teaching effectiveness of a CAT mod eand a .

, " class lecture. The 30 students in BL3UO Animal Eco ogy at




two groups for the experimeﬁt. One group fgn the PFR
module:{%he other group attended a lecture on PTFR.

- Immediatély afterwards, the students took é bosttest on the
subject of PFR. The results of this posttest were analyzed,

.and no signiﬁicant difference was fouhd between the scores
i

:og the two~groups: Thiswindicates ‘that CAI mbdules are

- .

. useful devices bezteaghing.

- - -
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- ' PREDATOR FUNCTIONAL RESPONSE .

ABSTRACT
This module explores the interrelationships between
prey recruitmenpt and predator functional response curves.
Equilibrium points are examined with respect to their. |

, numbers and stability. The effects of varying predator
population size are explored. A method for estimating the
relative time required for reaching equilibrium is '
discussed. The effec¢ts of hunter pressure on the ~
predator-prey sysgsm are examined and discussed.

-

PREREQUISITES

_ Familiarity with S-shaped ‘growth curves (such as the

P 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:

s
. a) identify-and predict stability of prey density .
. . equilibrium points resulting from predatop-ruqetional
response. .

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

c). compare ﬁh@zrelatime rates at which different starting .
prey densities épproach a stable equilibrium point.

d) observe the effect of hunter pressure on prey density, .
equilibrium points. .. .
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5. BACKGROUND'

Solomon (1949) defined two categories of interaction =/
between predators and their prey. He-defined the predator ‘
NUMERICAL RESRONSE as the change in predator density in
response to a change in the prey density. This would be
exemplified in the Lotka-Volterra predator-prey models - o .
(Wangersky, 1978) where the predator population fluctuates N
in response to the number of prey .(see Figure 1 ).

) > Somr”
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Figure 1. . Example of a Lotka-Volterra predator-prey graph.

A graph showing the cycling nature of the fluctyations of

- the predator population in response to changes in the prey !
population. This graph is an example of output from the ¥

SUMIT module entitled{PREDATOR—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 1in préy density.

Predator functjonal 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 predatopr may occur more slowly and also be dependent
on t?e predator's functional response (Oaten and Murdoch
1975) .,

There are three basic types of predato functional
response curves, when the number of prey eat by a
constant number of predators is plotted versus prey
density. The cupves have the shapes showh in Figure 2 as
‘defined by Hol ing (1959). e A3 —
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<+ TPigure- 2. 'The three basic shapes of- predator functional
*  pesponse curves. .

All three curves in Figure 2-tend to level off. This
is due to predator satiation. Satiation refers. to the N
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 of prey =
consumed, then, would be directly proportional to the prey

. density, and a straight line graph would result.

3

‘. The type II curve represents a predator whose rate.of
searching progressively decreases as prey density
. increases.
‘ -
. ) Page Al :




. Posslibly the most interesting is the Lype III predator
response curve. One explanation that has been put forward ”
for the sigmoid shape of the curve 1is that .the predators

are exposed to multiple prey Species. The 'S, part of the .
curvle is due to predator 'switching;. that is, the predators ..

consume a disproportionately .larger number of the more .
abundant prey (Oaten and Murdoch, 1975). When| ope species .
of prey is scarce the predators concentrate opn other . .

sources of food. But as the density of .that ppey species
. increases, the predators recognize and consu a‘much
e larger number of them, which/is reflected in [the steep part s
’ of the curve. e
Investigations done on type II and type II predator
functional responses include.Holling's work.with predation
oh..the pine saw-fly (1959); Manly, Miller, angd Gook's
experiments with Quail (1972); and Murdoch, Ayery, and i .
Smyth's. guppies (1975).
« Looking at the prey in the absence of ‘an bredators is .
helpful later in finding Pelationships between| predators
and prey. The .growth curve of the prey populatiion under
such conditions will generally be S-shaped (Horfn, 1968).
Figure 3a shows a typical prey population growth curve.

- . i -

- . ~ ‘ . —
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TIRE 168

Figure 3. Example of an S-shaped growth curve (a) and the
resulting recruitment cuprve (b) for a prey populatior

These graphs are ‘an example- of output from the SUMIT %
module entitled PREDATOR FUNCTIONAL RESPONSE. -

Page A5 .




) € * * . 4
A t )
i .
L] , . b
. .

L

To pomparé‘the growth of the prey with e predator

_functional response, the prey population growth must, be

graphed on the same axes as the functional response curve.
When this is qQone, the graph in Figure 3b-is.|the result. . -
The curve in Pigute 3b is called a prey RECRUITMENT CURVE. ..
It represents prey births minus prey deaths' fhal qre\\\\ —
non-predator related. It records thé ddditioms to the p ‘
population graphed as a function of prey dengity, -|.

If the predator of this prey species di
III functional response,, the curve:plotted ofi
graph as prey recruitment could look like thp!

PREY_GROWTH ~ TIME

o
B

e
Eh

-
-
-—

=k

'
.

Figure 4. Prey recruilt en£ ARy
functional response curve plotted\on e same
graph is an example of iutﬁut fro

T

; the \SUMIT |m
entitled PREDATOR FUNCTIONAL RESPONSE; \™~ - f

Because the prey recruitment curve
additions to.the prey population and t
functional response curve represen 1d \
population, the points where the two curves—inte
describe equilibr\la where the pﬁgy da nsity,w%;
increase nor decrease. Where the reﬁvrecrui meXR
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MODELS USED IN THE PROGRAM} -

e
.

This modhle,is divided into four subprogram
\ - ' L
\ PRED FUNCT -NTRO serves as ,an introduction and covers
{ the transition flrom ‘the S-fhaped" growth curve [to the prey

recruitment| cyrve. Specifigally, the standard [logistic
equation wa Esed to plot he S~shaped curve,

dN / dT = R * N % (1 4 W/K). :

where: . .
‘ R = intrinsic rate |of|natural ‘increase E |
\ N = prey population size _ .
e K = prey carrying qapacity T f
dN/dF = the change in §He number of p?eyﬁper unit time
. ¥ ’

Tre parameters used i this program: are:

R!= 0.1 K =50 N = 0.5

- Tﬂe logistic curve is a plot of prey population size-

(N).

PRED FUNCT1
response curve an
recruitmenit curve.
.calculated with th logistic equation, using th
parame ers:

’ |

' R = .01, K =,100, " ) \ .

following

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

(1979) | B . ) \

: N r=(xF*NEy / (¥ E+ DD) ‘
where: - - ‘ . .
. N\ l eeding rate ~ \V
> “KF maximum feeding rate ) \
.. | N\= prey density . -

\
= dehsity of feed items that gederate half-
‘maximal feeding '

\

KF =110 ° E = 2.5 = 300

T The poitits generated from these two equations at prey -
densities of 0 to 100 were placed in data statements to \\
increase the speid of’ plotting. .
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Next this prognam covers equilibrium points ‘and their
stability, and also/allows changes in predator. carrying"
capacdity. Predator carrying capacity, in this program, is
equivalent to K irl the 'equation for the type III resporse

_ecury (Real 1979). The reason is that the maximum feeding
‘rate jwill change as’ a function of predator carrying

-

ems Also, in this equation the predator carrying
city is unrelated to 'the prey degsity. This means that
predator carrying capacity is determined by )
rictions other than’ prey density, Such as
ritoriality. . /
PRED FUNCT2 estimates the time\fgr\a prey density to
equiilibrate. It does this by taking the difference between
the lprey recruitment curve and the predator functionel
response curve, and subtracting this. difference from, the
preyidensity to obtain the density at various/time
inte vals._ ,
. PRED FUNCT3 demonstrates the effect of dding hunter
pressure to this simple predatér-prey system
cause hunter pressure tends to take a percentage of
the prey population regardless of population|size; ‘the' . R
graph £ change in density as a function of rey density is

= (0.01-% HP # N) ’ / e,

.where 4
N Y sUthe number of prey killed
| N =\the prey density : _
\r ~  HP = hunter pressure expressed as a pe%centage of the .
VT prey dénsity. p

hunter, presgure simulation. The effect of this is Eg raise. ﬁl




PRED FUNCT INTRO . - . ’ »

Line Numbers N e N : 4
. o .. » |
5 - 28 ' REHARKchontaining module name, ‘program ’
. 7 name; credits, and §SF grant number. .
100 = 300 | title, and credits. e
370 - 830", logistic growth curye is introduced and - - »
S ' plotted.
840 - 11210 a question is askéd regarding the graph Lo
isplayed. .
1220 -~ 1560 \ggey recruitment is introd B -
1570 - 1920 .. prey recruitment and 1ogistic growth .are ' -
' plotted simultaneously. . |
2270 - 2340-  thelrelationship of the predator is . -
' _ intraduced. i ‘ |
2380 =+ 2390 *: the,s bprogram PRED FUNCT1 is run.
SUBROUTINES .
- ‘5000 ~ 5065 PAUSE 'gbroutine.
: 5080 - 5130 press <RETURN- subroutine. !

5750- - 5880 , HGR blogk erasing subroutine.
" 6240 ~ 6481 HGR str nghdrawing subroutine.

30600 - 31000 variable sﬁze graph drawing subroutine.
.31010 - 31080 point scialing and plotting subroutine for Lo

: - variable \sizg graph. )




PRED FUNCT1
Line numbers

5 - 25 REMARK statements. A
160 - 290 the -graph is drawn and. labelled. ~ .
300 - 460 the prey recruitment curve is drawn.

* 470 -~ 710 . predator functional response curve is
N . introduced.
720 ~ 890 predator functional response curve 1is

’ plotted.

976 ~ 1140 , positive and negative curves are discussed.

1150 - 1320 a question on the number of equilibrium
points 1is asked. ’

1520 ~ 2285 equilibrium point #1 is used in a
simulation on stability. ’ "

2286 -~ 2360 a question regarding other stable
equilibrium points 1is asked. -

2470 - 2830 ,predator carrying capacity 1s introduced
as a parameter.

2840 - 3030 the predator carrying capacity is changed
by the -user.

<3080 - 3250 the possibility of a different number of

1 equilibrium' points is brought up.
3260 - 3470, -the predator carrying capacity is changed
‘ by the user. “

3480 - 3690 - the number of equildbrium points is checked.
3700 - 3910 the néxt section .of the module is set up.
L 3920 -~ 3960 the subprogram PRED FUNCT2 is run.

. - SUBROUTINES
4000 ~ 4070 subroutine that flashes spaces between -
curves.

4100 - 4310 subroutine that alternately :olors and
darkens spaces between two curves.
5000 -~ 5070 PAUSE subroutine.’ .
2 5080 -5130 press” -RETURN- -subroutine.
© 5140 ~ 5270 HGR block ermsing .subrouine.
5280 -~ 5600 graph drawildg subroutine.
5610 -~ 5680 point seaXing and plotting subroutine.

»
10000 - 10330 DATA statements containiné/x and Y ’ "
. } coordinates for prey recruitment and ’
predator functional response curves.

>
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~ PRED FUNCT?2
, Line numbers

5 - 30 REMARK statements.
160 - 500 a change in scale is introduced.
© 510 - 610 - the prey recruitment curve is plotted.
620 - 780 predator functional response curve is
. plotted.

J90 - 990 the concept. of subtracting curves is
introduced.

1000 - 1790 simulation that subtracts curvgs.

1800 - 2010 the .simulation is répeated usigé 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 - 5070 PAUSE subroutine.

5080 - 5130 press “RETURN- subroutine.

5140 - 5270 HGR block erasing subroutine.

5280 - 5600 graph drawing and labelling subroutine.

5610 - 5680 point scaling and plotting subroutine.

PRED FUNCTS3
Line numbers

5 - 25 REMARK statements.
- 140 - 370" hunter pressure is introduced. : -
380.-500 prey recruitment curve is plotted.
510 - 650 hunter pressure is plotted. /
660 - 780 the concept of positive and negative curves
: is applied.
790 - 890 the two curves are subtracted.
900-=1000 predator fugctional response is plotted.
1010 -"1210 a hypothetigdl situation is introduced.”
1220 -~ 1490 hunter pressure 1is input by the user.
. 1500 - 1660 the prey recruitment curve is lowered to .
) account for hunter pressure. i
1670 - 1830 thé user increases hunter pressure.
1840 =~ 2110 the loss of a stable equilibrium due to
e hunter pressure is demonstrated.
2120 - 2430 hunter pressure is taken away. .
2440 - 2730 conclusion for the entipfe module. )
SUBROUTINES . e
4000 - 4080 PAUSE, RETURN PAUSE VTAB subroutine.
4100 - 4300 subroutine that erases one curve while
plotting another.
4400 - 4480 subroutine that plots predator functional .
response.
5000 -.,5130 press —-RETURN- subroutine.
5140 - 5270 HGR block erasing subroutine.
5280 -~ 5600 graph drawidg *and Iabelling subroutine. .
5610 ~ 5680 point scalihg and plotting subroutine. T
_/ Page+Al3
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10000 ‘- 10330 DATA statements containing X and Y
coordinates for prey recruitment curve and
predator functional response curve.
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VARIABLE LIST

D$
D1
FLAG
K

L

L$
LXA
LYA
N

'PRED FUNCT INTRO

COUNT - flag variable used to ask a question twice. _°

- Disk Operating System variable.

- change in prey population with change in time.

-~ flag in HGR string drawing subroutine.

prey carrying capacity.

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

axes labelling subroutine. Axis labeTI7

axes drawing subroutine. Length of X-axis.

axes drawihg subroutine. Length of Y-axis.

- prey population number. - .

!

i

PAUSE - PAUSE subroutine. Pause length.

PS
Q$
R
T

TA
X

X$
X0

- X1

X8
X9
XA

XM
Xz

Y

Y$
YO

Y1
Y8

Y9
YA
YM
YM$
z

zZ$
Z0

Z3

!

PAUSE subroutine.  Pause loop variable.
press -RETURN-» subroutine. Input variable.
intrinsic rate of growth of prey.population.
loop variable representing time interval.
HGR block erasing subroutine. Loop variable.
graphing subroutine. X coordinate.

HGR block erasing subroutine. StadP&ing X coordinate.
axes labelling subroutine. X-axis label. . . .
axes labelling subroutine. X-axis label starting -
X coordinate.

axes drawing subroutine. Starting X ‘coordinate.
storage variable for X coordinate of previous prey
recruitment point.

storage variable for X coordinate of previous
logistic curve point.

HGR string drawing subroutine. Starting X ‘ b
coordinate. .

graph subroutine. Maximum X value.

HGR block erasing subroutine. Width along X-axis to
be erased.

graphing subroutine. Y coordinate.

HGR block erasing subroutine.. Starting Y coordinate.
axes labelling subroutine. Y-axis label.

axes labelling subroutine. Starting coordinate for
Y-axis label. .

axes drawing subroutine. Starting Y coordinate.
storage for Y coordinate of previous prey
recruitment point.

storage for Y coordinate of previous logistic curve
point. -

HGR string drawing subroutine. Starting Y
coordinate. .

graphing subroutine. Maximum Y value. N
graphing subroutine. Maximum Y value.

HGR string drawing subroutine..Loop variable’equal
to the length of the string to be-drawn.

graph labelling subroutine . String to be drawn.
graph labelling subroutine. Flag for printing
horizontally or vertically. Lo
graph labelling subroutine. Variable equal to e
numbers along axes. .

!

o

i

i

B

1 ! ! !

i

!

!
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ZF - graphing subroutine. Flag to plot iine or doft graph.
G - graphing subroutine. Flag- to start plotting line or

dot graph.
yAA ~ HGR string drawing subroutine.
VARIABLE LIST , K
. 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.
&E CB - multiple space flashing subroutine. Counter for- '

second space to be colored. ,

CC - multiple space flashing subroutine. Counter for.
third space to be colored. '

CcD - Multiple space flashing subroutine. Counter for
fourth .space to be colored.

CE ~ multiple space flashing subroutine. Flag used to
flash all four* spaces or Jjust two. .

COUNT -~ flag to replot.predator functional response curve.

-

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 prey individual with an‘

’ increase in food density.
Hl

~ multiple space flashing subroutine. HCOLOR of first
space. .
H2 -~ multiple space flashing subroutine. HCOLOR of second -
space.
. H3 ~ multiple space flashing subroutine. HCOLOR of third
space. - .
HY - 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. 7 - HGR block erasing subroutine. Length along Y-axis of
block to be erased. O
/'L$ -~ axes labelling subroutine. Axis label. ) ¢
‘LG -~ multiple space flashing sgproutine. Loop size.
N —~ prey population number. .
PAUSE -~ PAUSE subroutine. 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. Scaling variable. |
ST - space flashing subroutine. Loop sﬁgp size. ‘ - -
T _—- loop variable representing time ihterval.
TA - HGR block erasing subroutine. Loop variable.
WRITE - graph labelling subroutine. Flag for text *
statements.
X -~ graphing subroutine. X coordinate. . '
. HGR block erasing subroutine. Starting X coordinate. L
} J
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X$ «~ axes labelling subroutine. X-axis label. .
X0 ~ 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 eraging subroutine. Width along X-axis to
be erased.

Y - graphing subroutine. Y coordinate.

Y$ - axes labelling subroutine. Y-axis label.

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

Yi( ~ Y coordinates for prey recruitment curves

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.

2 - HGR string drawing subroutine. Loop variable ‘equal

to the length'of the string to be- drawn. -
Z0 - graph labelling subroutine. Flag for printing
horizontally or vertically.

Z3 - graph labelling subroutine. Variable equal to

. numbers along axes. .
Zr - ‘graph subroutine. Fldg to plot line or dot graph. .
ZG -

graphing subroutine. Flag to start plotting line or
dot graph. .

VARIABLE LIST

PRED FUNCT2 ™
COUNT - counter of time intervals 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 pf detection of a food item with an
increase in food density.

H - Loop variable.

I - loop variable.

J ~ storage for previous 1 value.

KF - predator carrying capacity..

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

L$ - axes labelling subroutine. Axis label.

PAUSE -~ PAUSE subroutine. Pause length.

PS —~ PAUSE subroutine. Pause loop variable.

Q$ - press -RETURN- subroutine. Input variable.

R - intrinsic rate of growth of prey populatjon.

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.

N
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X$ -~ axes labelling subroutine.' X-axis label.

X0 — axes labelling subroutine. Starting X coordinate for
X—-axis label.

X2( - X coordinates for the two curves.

XM - graphing subroutine. Maximum X value.

XX - storage of difference between the two curves, -

: subtracted from the X-axis.

X2z - HGR block erasing subroutine. Width along X—axis to

be erased.
Y - graphing subroutine. Y coordinate.
HGR block erasing subroutine. Starting Y coordinate.
Y$. - axes labelling subroutine. Y-axis label.
Y0. -~ axes labelling subroutine. Startine coordinate for
. Y-axis label. ,
Y1( - Y coordinates for prey recruitment curve.
Y2( - Y coordinates for predator functional ‘response
curve.
YE - equilibrium point #3. -

Y - graphing subroutine. Maximum ¥ value.ﬁ
IS - equilibrium point #1. '

YU - equilibrium point #2

Z - HGR string drawing subroutine. Loop’ variable equal
to the length of the string to be drawn.

Z0 -~ graph labelling subroutine. Flag for printing
horizontally or vértically. .

z3 - graph labelling subroutine. Variable equal to
numbers along axes.

ZF - graphing subroutige. Flag to plot line or dot graph.

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

VARIABLE LIST
PRED FUNCT3 J
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 -for previous hunter pressure.

HP - hunter pressure as a percentage of prey density.

HTEMP = storage for hunter pressure.

I —~ loop variable. :

L - H block erasing subroutine. Length along Y-axis of
block ,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 variable, -

SC - graph labelling subroutdine.«Scaling vabiable. !

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.

X0 - axes labelling subpoutine. X-axis label starting
X coordinate. o
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X2(’ - X coordinates for the two curves. .

X7 - storage variable for previous recrultment curve
- minus HP X coordinate.
\ X8 -. storage variable for previous HP .X coordinate.
X9 - storage variable for previous recruitment “curve
) X coordinate. .
-~ graphing subroutines Y coordinate. N

¥$ - axes labelling subrgutine. Y-axis label.

Y0 - axes labelling subroutine. Starting. coordinate for, : :
Y-axisﬁ;abel.

Y1( -~ Y coordinates for prey recrultment curve.

Y2( -~ Y coordinates for ,predator functiomal response

v curve, -

Y7 - storage variable for previous reérultment curve
minus HP Y coordinate.

Y8 - storage variable for previous HP Y coordinate.

Y9 - storage variable for previous recruitment curve
Y coordinate.

2 - HGR string drawing subroutine. Loop variable equal
to the length of the string to be drawn.

Z0 - graph labelling subroutine. Flag for printing
horizontally or vertically. :

Z3 + - graph labelling subroutine. Variable equal to
numbers' along axes. .

ZF .- graphing subroutine. Flag to plot line or dot graph.

2G - graphing subroutine. Flag to start plotting line

or dot graph.

L3 —
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APPENDIX B
\\_Predator Functional Reéponseeu

‘ o]

?

\ﬁgg?le Perfopmanée Objectives I ‘

~. - . ,

1 s
\ ~

Following is a list of the 19~perfprmanée objectives

doyeloped for the PFR module. Thé& humbers in pakenthesés

preceding each objective refer to the posttest items ¢ dt

" test fRr«that particular objective. .

LS




LT S A
PFR Performance Objectives

v o N

. - 5
Aftes\running the PFR module the student shauld be able to:

e (1) Pecdgnize the definition of prey recruitment. |

\

(2) correlate predator functional response with prey

capacities. \

(4) identify by recognition the shape of a hunter pﬁéssure
‘curve. ‘

urve, given

£

(5) predict the shape of the prey recruitment
the pré& growth curve.

(18)  identify equilibrium points on a prey recruitment-

predator functional response graph.

\ (6,7) identify the stability|of equilibrium points on a
\ prey recruitment—predator functiona response” graph. //

. (8,9) predict th¥ direction that a chosen prey density/will
go to approach equilibrium.’

\
(8) predict the time_4inter

1l involved for a chose
approach equilibrium. :

(9) predict the changés in the system due to a/éhangé in
the number of predafors.
(10) Ndentify ¢quivalent points on a prey- growth curve and
a prey\recruitment curve. . .
‘ (11) predict which point on the grey recruitment curve®
represents ‘prey carrying capacity.
.z \
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\ ‘ ‘ .
’ \\\ \ L Q

(12) identify' the point of maximum prey growth on the prey
recruitment curve. . ’ .
(13) recognize tﬁg/;;finition of a stable equilib

- piu a
pOint. i ’ A ) / .

(14) recogpize the effect of hunter pressure;yé//

\

(15)/re -gnize the defindition of predator fungtional !
respo e, ”R<

?

(16Y identify the cuéye that 1s affected by satiation.

KIT,20) identify ;yé reasons for the shape of the predator '

7 runctidnal response

/

curve,, &

\

(19) recognize how hun;er pressure affects p ey

re ruitment. ‘ o
//\ A 3
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TS~ ' APPENDIX ¢

\ . Predator Functional Response Posttest

Following is a copy of the posttest used 1 \thé FR
module vs. lectuﬁe cdmparison. For the correct respnnsés;

: \

~please refer 8. Appendix B contains the list oﬁ

. _performance objectives which this posttest test€d~for \

—_— | \\\




. .
’ - - ~
.
- .
‘ [y v
> .
.

. = Predator Functional Response ‘post test i
. ' Fl o /

——

;o -

|
\ .
1. Which of the following best describes prey r'ecr'uitment9
b Pﬁ%y births ‘minus: | V ) .
a prey deaths as a function of time. o
b) prey deaths gs a functiom of prey “density.

¢) nonpredator related deaths as a function of time.
d)

nonpredator related deaths as a functlon-of

prey density. SO .-
e) predator related deaths as a function of prey
deﬁsity. . . «
R A Tl e

. - o
. b - N o .
' . . .
. e , . i . .
.
-

.8 2. Whlch oné of the following.curves represents . '
. subtractions from the prey population? o .
*  _a) prey recruitment -curve. e ) .
'b) predator functional response curve.
. c) predator numerical response curve.
"-d). prey growth curve. - . ' - . '
-e) none of the above. ' - o ' :

K

LS

. . . . . ’ v

3. Which of the following would re::E% in the pvedator " -
\ T functional response curve .levell off at- a-highev level?
~a) a-‘de¢rease in the numbg?gof hunters.
b) a -decrease in the numbér of prey.
¢) ~an increase in predator carrying capacity.
\ d)" an increase in the nimber of huriters.

’

3 . . &) ‘an 1n§pease in the‘ﬁumber of prey. - ' ,'-ﬁ ) h

- L ¢
. : \ e . /
. . St oo . : .

14 P}
.

., . . [
- . .

. - - ~

4. Studies have shown that the shape of a hunter pr

essure , -
. curve tends 0 be T L ‘ } :
) . a) sigmaid. . o o ,f N i - .
b)- hyperbolic. . .- . : R R e
¢) “logistic. _ f%- L / LT e
T d) -exponential. . . - e -/ o
i' ~+". e) linear. - : . S N ‘%‘ i T
) 'r :.f s | \:/'/ . i ‘\f
{ . . i
. Lo . . Page G2 ' . P,
& T . ‘ k - - .
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. Item 5 pertains to the following graph. X , - ? L o
. T "~ PREY POPULATION
e > : GROWTH CURVE‘ r
. " . ‘
e » . £ |
* ’ 'd % 2
< S ( o f
Y - .
LS
D. b ]
. . . Time - e .
5. Which one of the following prey ‘pecruitment urves . '
corresponds to the given prey population growth curve? .
a) , b) K4 1 : T
. = - 3
- £ s .
3 H *
5 * g )
cnoo - - 3 , .
24 - Prey Density. Py Dowsity | o
c) A a). ¥ .
~ -é -~ g },‘ "":‘:&:
T ~ . -
o . : X
il S ~ _ o
S . . ' LS C
frey Density i vt Prey Dcnsn‘y - N
- ‘- . - ~‘~5
. , ’:"b"‘ . z‘!r - L
- . . b4 ! v
) None of the above. ‘ . P Y
- - \ h lé ‘ . L
6. When, only one equilibrium point exist,s in a. prey ’ . :
. .recrultment-predator functional response graph, that i
= equilibrium,point is. - _ _ . o
T a) neutral. . = S "
‘ b) transitory. . S . e )
¢) stable. . o -
. d) unstable. . : @ o - R
. e) none of the above. o L ;
‘ _Page C3 . S C L
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Items 7 - 9 pertain to the following graph.

e - Predator fanctiona) vespanse)

—im Prey cecrultment

]

+ T. Point A is
‘a) stable. ‘
b) unstable.
¢) neutral. '
d) transitory.
e) none of the above.

- . P \d Vel

8. If the prey density of an area is starting at point F,
"1t would appgegch a stable equilibrium point in a '
q) shorler 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. '

|

. ‘ . N
S ~ 9. If the prey density is at equilibrium point J, what
‘would be the result of removal of all predators?
The, prey—density would:

a) decréase,to a lower stable equilibrium point.

b) dgcrease to an unstable equilibrium point. -
c) stay at point J because it is a stable A
. equilibrium. . C
i ) ‘ d) 1increase greatly due to lack of predators.
; . e) 1increase s%ightly to the prey carrying capacity.
. - . :

4
-
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Cme Note Usé’wgizfollowing graph for questions # 10, 11, .
and 120 - : )
\ )Prey growth Curve’ Prey Recruitment Curve )
N . ,
D g B .
v
IS A hd
¢ . o c
- ?1 .
. S . A\D .
Tme ey Densiy N
"y \ 7 . / .
~10. Poipt T on the prey growegﬁgurVe is equivalent to s .
‘ which point on the prey recruit t curve? <, .
a) A . /n . ' Y
b) B .
c) C , o
4da) D ‘ . v
e) The two curves are not related. ‘ . . ,
. . * ¢ a ’ v
11." Which point on the given prey recruitment curve
represents browth at the prey carrying capacity? ,
a) A . : - ’ :
b) B ' , C
t) ¢ o S L
d) D - y N
e) Cannot be determined from the prey recruitment .
curve. o : .-
& ' : . .
H w - ’r - y *
. ¢ ’ T N
~\ -12. Which poimt on the above prey recruitment curve most o
closely represents maximum prey population growth rate? ..
‘a) A : L . '
b) B ) : h . N -,
c) C , ' - ‘ : PR
d) D ) N -
e) [Cannot be determined from the prey recrulitment , .o
; curve. _ . :
b . R : ,
-’ Page . C5 B
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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) change at a-single, stable rate.
c) tend to move away from that point when é4isturbed.
d) tend to move toward a neutral poirnt ‘when
’ disturbed. . ‘
- e) tend to return to that point when‘histurbed.

»

o

LY -

14. Increasing tunter pressure has th&' effect of ’
a) lowering the predator functienal response curve.
b) lowering the prey recruitment curve.
“e) ralsing the predator functional response curve.
d) raising the prey recruitmént curve: ’
e) none of the above.

'
. .
' N
. ! . e
s ‘
. ., " g o

ol

-

~

. 15. The predator functional response curve represents the_

- . growth of
a)' the predatpr populatlon.
. b) an individual predator. g ‘
c) the prey population. - ™ i)
. d) hunter pressurg.
- e) none of the _above.

\‘
16. Satiation affécts which of the following? ~
. a) the predator functional response curve. : °
b) :the prey recruitment curve. ’
c) “the.prey growth curve. . :
«d) the predator population growth curve.
“e) none of the above. .

.

1
. 1
| A
17. The predator Tunctional response curve levels off
because 5 2 ’
. a) the.prey population can' grow no larger.
L yy' b) the predator population can grow no larger.
' c) the prey response is limited. oo
d) the predator can eat only so many prey. h
" -e) none of the'above.

i

A



Item 18 pertains to the following grdph.
-

-

EX --oo P
2| e prey recruitment
= .
) <l ' /---° —
s % ’I _ . . N
s - ‘5 / ” T ‘ " - o
‘ Prey d&nsﬂy . L
~ . N . N . i
18. On the aboye graph, how many equilibrium points are
there in this predator-prey system? o
a) 1 - - -
) . b) 2 . = ;
K3) 3
Y, 4.
LA -~ ®) more than b, .
. "3' L 4
- *19. To account [for hunter pressﬁre; - '

5)
b
% C)
d)
- e)

»

20. .The

between peint A and point B becayse .

there 1s a rapid increase in. prey density.

there 1is ‘a rapid increasle in predator, density.

the;pred%tors,switch to the prey studied.

thé predators switch away from the prey*studied.

none of the aboge.
age

. a),

R b)
. L e)
d)

el

divide hunter pressure by prey recrultment. '
divide prey recruitment by hunter pressure.
add prey recrultment to hunter pressure.
subtract prey recrultment from hunter pressure
none of the above.

»

ey B} (™

e

Item 20 pertains to the following graph.

¢

> o mmz== Predater functione respenve’ -
5 B . /
-3 [ w :
Ic ,
N ’
/ X .
:éb A !‘;"k . .~ .
(] ,‘ ’ “% d
.Prey- density .

.

predaéor functional response curve rises rapidly

cT . -

- - P?c%ubh Fanctronad nﬁfbmsﬁ -
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< APPENDIX D | -

) Random Division Program

- PR '-:

”Foiibwing is a copy of the Apple miqgodompuﬁer'program
that was used to randomly dividé the BL340 Animal Ecology -
spudents into two groups. It worked'by assdciaéing each
student's name with a random number between zero and one,
th;: ranking these numbers froﬁ lowest, to highest. By a
4flip of a coin it was decided that studedﬁs associated with

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

and the rémaining students would make up the lecture group.

-~
-

-




50"

60

.100
105
110
120
130
140
150
160
170
180
190
200
210
220
230
2L0
250
251

252
255
., 257
. 260
275

277
280
300
310
320

330
340

g -

REM RANDOM DIVISION
REM THIS PROGRAM IS DESIGNED TO DIVIDE THE BL340 ‘ -
CLASS INTO HALF RANDOMLY.

PIM ST${(30), NUHBER(30) ‘

-HOME

FORI =1 TO 30

READ ST$(I)

NUMBER(I) = RND (I) .

NEXT - T : '

FORI =1 TO 29 ‘ .

FORJ = I.+ 1 TO 30 .

IF NUMBER(I) < NUMBER(J) GOTO 240

X$ = ST$(I) , . T
Y = NUMBER(I) ' -
ST$(I) = ST$(J) | - -
NUMBER(I) NUMBER(J)

ST$(J) = X$

NUMBER(J) = Y ,
-NEXT . .

NEXT

PRINT "THESE STUDENTS WILL REPORT TO RO
OM~ 1105 ON WEDNESDAY AT 11 A.M."

PRINT : PRINT ‘ , '
PRINT _ . : :
PRINT .
FORI =1 TO 30 .- -
IF I = 16 THEN PRINT : PRINT : PRINT "~emmmmeee

— ——mem——e—m———Z.-": PRINT : PRINT : PRINT
"PHESE STUDENTS WILL REPORT TO ROOM 1406

ON WEDNESDAY AT 11 A.M.": PRINT : PRINT -
PRINT ST$(I) - ' .

NEXT .
DATA ATMA,BARNEY,BROOKS,DALE,DEMEUSE,HOAG, HOLMES

HUNT .
DATA HUTCHINGS,KINDBERG,LEDBETTER,LIDGARD,LINSE,L

” INTON,MALCHOW, MEALEY -

DATA® MOEHRING NOTH, ONEILL RICHARDS ROSICK, SANCH,T
APANINEN, TREMAINE

DATA VAUGHT WHITMIRE,WIARD,WILSON, WRIGHT ZETYE
REM
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ROOH. 1105 ON WEDMESORY AT 11 A4,

' Es:o::ms < L . '

HuM T P !
DEMEUSE s

SRMHTH RV . \

LINSE - ‘ »

v - ‘ - ' .

™ ™~ - *
HERLEY . - . ek g et
NOTH .ot . . . v e

2ETYE '

MAL CHOM , .

HHI THIRE o N
LIMTON ) : o
RICHAROS ] : ‘\

ROSICK. : »

TAPAHINEN - - . b

. MOEHRINB - . s

e e e e

THEZE STUDENTS MILL REFORT TO ROOHM 486 OH HEDHESDAY AT 11 A.H.

*

RIMOBERS . ' .
OHE ILL - ' ’
HILSON
. HOL HES : .
MR GHT | Lo
THE /
IDGARE - |
BRRHEY _ .
LEOSETTER _ . *
- TREMSINE .
KOG x ' ,
ORLE . : :
_KIgRD N o '
VAUGHT _ . '
HRITIZRINGS " g

This ishfhe official- division that was used.

-
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APPENDIX ‘. .

A

'-lecturé Written Transcipt
, \

.

Following 1is a written transcript of the lecture given

to the Animal Ecology lecture group. This was made fromaa'

A

vzaébtags\of the lecture, which is available upon request.|

By

s
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Ve Predator Functional Response N ‘ -
‘ Lecture Transcript .
— (NOTE: Begin with ro calla)
' VWow, only three pepple skipped out. .
What I've got to today 1is talk to you about my
7 research for the past few months. We're doing a test, as
you know, where half the \class is looking at functionai
response disks, or modulei, upstairs, and the other half of
the class is you lucky people who get to listen to me talk
. for approximately 40 to 45 minutes, I don't know. I'll talk
until about 20 to or someplace in there and then try and .
get some questions in; and theh the rest of the class 1is
going to come down here, and you all are going to take a
-posttest. It will be timed from quarter to ungil noon, . .
right on. You should get done in plenty of time, though. - ) ~
0K, my topfc today is predaton functional response and g
its relatiorships to prey recruitment, and since many Vo
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 populgtion growth curve. You've all . :
\ seen prey population growth curves, but I thought I'd draw
one out for you anyway, Jjust to give you a good start on my
fantastic drawings. . = A
(NOTE: Overhead #1 Qf a logistic growth curve is
‘shown.) ° A ‘

This is a prey population growth curve. As you can see
at the beginning here it starts out 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 carrying capacity takes over. (NOTE: The part ‘
of the curve Phat levels off is pointed to,) L

! Now, if you look at this curve, can anyone tell where

the population growth is the highest? And that means where
the most prey are added to ‘the population. At what prey
- density would that be-at? Yell out somethin
\ (NOTE: Several students.respond with the‘correct
Y answer. ) -~ 2 _
\ 0K, 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 hayd concept to
catch, so some fantastic person came up wfth 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 alopg the bottom (NOTE:
The x-axls is pointed to) and along the side they put prey -
grawth per time, which is the number of prey added per a
unit of time.
I'1l1 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
Page E2 -
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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 prey density the prey growth per

. time 1is also. low, so the point’ would be somewhere in there

(NOTE: The corrésponding 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 J
pointed to) it's going to be very highygrowth, SO0 we ll ut
a point right here (NOTE: this point 1s plotted on
recruitment curve).

And then if you go up by the carrying capacit
the same thing you'll have very /low growth again
this point is plotted on theé prey recruitment axeg).

shaped something like this, (NOTE: a prey recru
is drawn using the axes and plotted points pn the
overhead.) OK? . B
. Not bad, I hit every point.'This is a‘pre recruitment
curve. What we're talking about is that, I fo got to tell
you, - this prey population growth curve 1s in 7the absence of
predators at this ‘time. So this prey recruitment curve 1is
also calculated with no predators around. This is how
they'd grow if there were no predators in ‘the area.
With this in mind we could define pre recruitment as
all prey births minus nonpredator related/deaths per unit
t ime.
. That makes sense because the prey tecruitment is the
number of prey added to the population at different prey
densities. If you're taking all the pr

~

.time at that prey density andis ubtract ng - all the

nonpredator related deaths, then you'll come up with’ the
net. gain at different prey densities
‘ So now you know what a prey recruitment curve is. Next
we go to the predators and start looking at them. You! ve  » »
all seen predator numerical respon e. That's when the ;
preda®ors respond to a change in.prey density by changing
théir numbers. Like with the lynx~hare populations, when
the hare population goes really High, the lynx population
starts to follow it. That's predator numerical response.
For today we're interested in predator functional response.
What that 1is is the change in #}edator behavior in response
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 résponse 'is usually .graphed on.
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. It is the prey killed per predator, 'this is for a
INGLE predator, per unit of time and it's as a function
of prey density.

L. I said that: predator functional response is a change’.
in predator-behavior in response to. prey density. That
predator behavior 1s thesnumber of prey that predator eats.

" To draw out a general ‘shape :6f .a predator functional
response cyrve, what you do is think about it for a minute.
At really low prey densities the-predator's got to
livey, so he\ has to kill nearly:evVery. prey he runms in. to 3
because he's got to Surgive. So the cyrve is going to be -

g generally- 1ncreas1ng at_ first (NOTE "this was plotted on

) the axes on the overhead) and then once you get up a little
' yays in the prey density the predator caﬁ*only eat so much. .
*Like, if he can only- eat flve prey it doesn't matter 1if ~ y
thepre are five prey. per acre or 50 prey per acre. He's only ° D L

.. gogng to kill five and eat them. So the curve levels off at T
higher prey densities. (NOTErv This section of the' PFR curve

+

. is plotted on the overhead.) . \ _ ,
N .+ That's generally the shape of a predatqr fzjctional
' responde curve. It's c8hstantly ifncreasing until/it hits

where predators are gatiated. That's the term\ predator .
- satiation. Then the rve levels off. -
! This curve is fqr a single predator. If you had a
\ study area, like Isl Royale r example, where you had 10 -t
- ‘ wolves instead of one' wolf..Instead of a single predat
) ou had-multiple predators, a bunch of them. And“you sti11”
. wanted\to see the predator “functional response)burve for
\\ this. You can so that, too. Next I'll.show you an Qﬁample.,
* _ of that. I'll draw. that on the:board.
. We use about .the same axes.- You have prey density
along the bottom again. (NOTE axes are drawn on the
. blackboard. The X-axis..is labelled "prey density".) The
- only difference in the axes is that this (ﬁOTE the Y-axis
. 1s Jpointed at)- is prey killed by a fixed number of .
predators, say 10 wolves, instéad of a single predator.
That's the difference 'in this. Plus’we're going to make an
assumption to show.you a-different kind of predator T
- . \ functional response curve. We'll make the assumption that
these predators have an\alternat food source so that when
Vo prey density is really low they can live on something eise. £
' (NOTE: a studert walks in Tate.)
- 'So at low _preéy densities the predator is living ‘on
something else, so they don't have tdé worry about  this prey
. at all, In fact they don't even, go searching- for “them or
anythin&.,So the curve doesn't g£O up very quicKiy, Just
slow and” easy. (NOTE the low prey density section of the* ~ . 7
“curve is drawn+«on the b¥rekboard. )
But at a certain prey density the predators start to
. . notice these preyxand they say«"These "1ook good." They
‘ learn how to hui%ﬁ?hem and.they learn that they taste good
and everything. So' they sort-of leaprn how to kill these ) o
. prey . and how to eat them.and hunt. them. So the curve goes
o Rage E6 S
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up very rapidly at a Yery-small increase in prey density.
(NOTE:. the mid-prey deMsity section of the curve is plotted
on the blackboard.)

(NOTE: a second student walks in. late.) :

. At the top, again predator sAtiation comes into
effect, so the curve yEVE}s off,” like that. (NOTE: the rest
of the,PFR curve is drawn/ on- the blackboard.) ‘\

This is another type of predator functional response
curve, .and this-1is for 'a Tixed number of predators. I drew
a neater example of ‘this on the overhead. (NOTE: overheaq%

w

#3. 1s displayed.) Here's the same type of thing. Now if
study the predator: and the prey for this area, wé can put

the prey recruitment curve on about the same graph and looké

at some relationships. (NOTE: overlay overhead #4 on #3.)
This is with.prey recruitment and predator functional
response on thé same graph. Notice the Y-axis*for the blue
line, which is the prey recruitment curve, is prey growth
per time, which 1is prey added to the population. The ‘red
1ine, the predator functional response curve, 1is prey
killed per time, or prey subtracted from the prey density
‘ per unit time.. .

If you look at this as a positive line (NOTE td% prey
recruitment curve is pointed at) and a negative line (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 agk equilibrium
points. Equilibrium points are when the prey additions to
the population and prey subtractions .are equal. So the prey
densiPy will stay at one point; it ‘will not change. We have
equilibrium points wheréver the two gurves intersect. I'll
number these. (NOTE: the three equilibrium points on the
overheads were numbered.) We have three equilibrium points
in this predaior prey relationshi If the prey density is
at any of these three equilibrium nts, it's not going to
move away ‘from that equilibrium point. It will tend to stay
thene. At least 1if something doesn't come along and. screw
it wup.

Next I'd like to talk about stability of equilibrium
pgints. For that I'll use equilibrium point ndgzer one as
an example. If prey density is right on that p t, that
means prey additidns and prey subtractions .fuefi the
population are equaI‘ so.lt'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

“1is additions to the population, is higher than subtractions
from the population, or the functional response curve. So
if additions to the population are higher than subtractions
from it, then you'can expect the prey density to move up
becaise you're adding to, the population and the prey
density. If'the prey density is in this area, it's going to
qmove up to equilibrium point number one and then stop. If
the ey density was above equilibgium po¥nt number ‘one, in
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this area right-here (NOTE: the area of the graph between
equilibrium ‘points #1 and 2 is -pointed to), then you can ° -
see that the functional response curve is higher. That
"means that subtractions from the population arg highér than

additions. So the prey density is '‘going to mo dowh.. So if < N\
‘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 1s 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 °
move toward one 6r three, not towards two. So that's what
stability means for these points.’ . “

: Another thing we éanﬂlook at is how quickly prey
density mowes to the equilibrium point, or the stable
point. I guess I'll do that on t board. (NOTE: the graphs
for prey recruitment and type ITI PFR are drawn on the :

blackboard.) B 4
mhis is our pre¢ recruitment-predator functional .
response curves. A little messy, but... - T .

If we're at any prey density you ®tan figure out which
way the ey density is going to rmove and how fast it's
going to move. . : . ¢
(NOTE: a, third student arrives late.) LN
So lét'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 move first. Is ’
it go&ng to go up or is it going to go down? If we're
there, then we're there, 'then we're here on the curves.
Since this 1is, the prey recruitment curve on top, that means
additions are more tkan subtractions again. So the prey .
density 4s going to tend to increase. . 2/)
know qge direction. 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 think-about it, and you'$ay that this difference
between prey recruitment and predator functional response
is the change in prey density in a unit of time. Thisyds
how rmuch prey density is going to be added in a unit 33\
time. If this is prey density (NOTE: the X-axis,.prey
density, was pointed to) thert all you have to do 1s add it
to the prey density, the 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 tlhg
bldckboard.) And if we keep doing that, laying this one
over, and again,and keep going until you get~tdo the stable |
‘ . ' Page E10 - v :
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equilibrium point, you get a general idea of how ong it's
going to take for the prey to get from here (NOTH: the
original starting prey density) to the stable equilibrium -
point. You can do that using .any prey density and compare. .
Like 1f you were here (NOTE: another starting prey density
is pointed to) you could figure 1t out how long it would
take to go that way. That's what I wanted to show you with g
that. - . . -
The next thing I've got to talk about is the effect of ' o
predator carrying capacity on this whole system. If we have
a fixed number of predators in an area -- that's what we're
studying right now with these curves —-- and “some.
environmental change occurs that allows 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 1is move this curve up farther
because more predators can eak  more prey and so the
subtractions from the prey dersity are going to be more.
I have an example of that., (NOTE: overhead #5 is ..
displayed.) Here 1s a rather radical example of that. Again :
the red curve is the predator functional response curve and

“1f you increase the predator carrying -capacity quite a ways
‘then the curve 1s-g£0Ing to go up so high that you're going

to lose your twofequilibrium points that wete right down
there. Can anyone tell me, if that's a stable or unstable
equilibriuvm point? ' -
(NOTE: several students volunteer the correct -
response. ) ' . ; ‘ ‘
“Very good! It's stable}?;éause down here the prey *
recruitment curve is higher than 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 area. And if
it's up in® here, anywhere up in here, the predator . o
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. L
(NOTE: the equil&brium point is pointed to.)
. So that equilibrium point is stable. That%s pretty
much what T wanted to talk about for carrying capacity. 3
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 on.the whole systgm and seeing ' _

~

what happens. . ®
I'll do this on the board., If we have a prey Lo
recrultment curve for an area (NOTE: a prey recruitment \

curve 1is drawn on the blackboard) and we want to model in
human hunting pressure on the prey; studies have been made
on this and they've found that human hunting pressure , .
pretty much.is a linear function oﬁ‘prey density. Il we .
wanted to graph human hunting pressure, say 2% of the prey ' .
population, we'd eome up with something like this . (NOTE: a ‘ ' :
straight liné graph 1s drawn over the prey recrultment
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curve). Now, the prey recrultment curve, 1if it's prey -~ (.

births minus nonpredator related deaths, and we say that R
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 a new prey recruitment curve

that takes into account hunting pressure. So if we take a \
few points for example.+. This whole curve would Jjust 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 predator ‘functional response curve is completely

unrelated to hMunter pressure, so that thing is unchanged no

. matter what. (NOTE: a type III predator functiohal response
curve 1is drawn over the new prey recrultment curve, )

That just looks.like this all along. So that™¥Sesn't
move; no matter what you do.to hunter pressure, the .
predator functional response curve stays the same.' :

I was, 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 curves ,that "look ' Fo
1iKe this. (NOTE: the upper half of overhead #6 is '
displayed.) Let's say your prey density with no hunting
pressure at all 1s at the upper point here. (NOTE:
equilibriumm point #3 is pointed to.) So you have really - -
high“prey density for the area and everytning‘s going along
. nicely. ‘Jt's at a_stablerequilibrium poirit and everything.

. But you want to get some hunters into your areg because

hunters bring in money, dnd you always need some money in ° .
the area, it seet§ like. So, to help the financial outlook

of your district you think about it and say that you'll~

allow 3% of the prey to be taken out by hunter harvest. If /
you do that ‘the curves would look 1like this. (NOTE: the

bottom half of overhead #6 is uncovered.) The dotted blue. v
line is.the original prey recruitment curve with no human . . "'~
hunting® taken into &account. And the solid blue curve is the

curve with the 3% hunter pressure taken into account That ,
doesn't mean you're kiling the hunters! It-means the

hunters are killing 3% of-the prey.

If you look at this you~can see that 3% wasn't too bad
because your stable equilibrium there. It's only moved
a little bit. So your prey density oves down to here and
then stops again. Your prey density hasn't goné down very
much.

Y

But letls say that you make a mistake and say to take .
out 15% because things look pretty good. What could happen - -
~1is this curve. (NOTE: #he upper half of overhead #7 is .
displayed..) If this dotted line is prey recruitment with no, .
hunter pressure figured in, and this solid blue curve 1s , -
the prey recruitment curve with 15% of the prey population
being taken out by hunters. You see that’ you! ve lost your
. Page E13 t P
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upper -stable equilibrium point completely. You've lost your
unstable equilibrium point.” So 1if your prey density was up
there (NOTE: equilibrium point #3 is pointed to) and
suddenly switched to this curve, what would happen to the
prey density? :

(NOTE: a student glves the correct response.)

s It's golng 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 that 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 inr an area. .

If something like this happens, the first thing that { -
most wildlife managers would, do would be to take away the
hunting pressure and let the pre& density move back up to .
the upper stable equilibrium point. Then you'd hayve lots of
prey again. Then you could have better management. ¢ )

‘ But if you do that, there's a problem because...
(NOTE: the lower half of overhead #7 is uncovered) 1if this
was your old curve, and you took all hunting away, you'd
have this new curve. But 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 1is only going to move up to the first .

stable equilibrium and it's not golng to move beyond there.
So you're not going to get your original system back by
removing hunting pressure on the prey. That's been a
problem. That may be a problem with wildlife management
now. They might be able to use these curves someday, once -
they 're developed a little better.

(NOTE: a student raises his hand.) .

Yeah, Kyle? .

(NOTE: a question is asked concerning habitat ¢
improvement to raise the prey recruitment curve.) 4—w

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, .1f you have a system
with an equilibrium point there (NOTE: the lower,

equilibrium ‘point 1is pointed to) it's not -going to move
naturally. If ‘you leave it/to nature it's Jjust going to dﬁ
stay there because everything 1s 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. e
Any more questions? T

1'11 throw in a little conclusion because I'm ahead of
schedule. What we've talked about, then, 1s the prey .

population growth curve and how'we got the prey recruitment p
.curve from that. Then we talked about the predator . ¢
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- functional response curve and how that came about; the , e
general shape of it, showWwing that it's generally increasing :
- until it levels off due to-predator satiation.
We talked about how fast the prey density will
approach an equilibrium peint. We talked about equiheprium .
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 questions 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? : »
(NOTE: a question is asked concerning the theoretical
i nature of the curves.) -
) These are quite theoretical right now. The curves . :
themselves 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 put 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' simplicity
of the model.)
Phere are a%*lot of environmental parameters that
aren't in this model, like hard winters and thingspof 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 yet.
" Anybody else?
(NOTE: a question is asked concerning why the prey
density remains at the lower equilibrium point after
hunting pressure 1is removed.)
The curve itself is the same; it's just that the prey
density is- stuck down here.because when you put on all that
hunting pressure the prey density 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 equilibrium 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.
F.oo * (NOTE: the instructor is asked to cover the speed of

<

‘ -prey density movement again.) ‘

' (NOTE: the axes and curves are drawn on the - ' ’
blackboard.) —

| Yoy have the two curves. If this is the change in
density per time, the predator functivhal response curve is

' the negative change. The prey retruitment curvé is the'

K "positive change. Then if you take the difference.between

[ ) C Page E17 . e '
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the two curves, like right here, you have a section that 1is - -
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 because -prey recruitment is the higher curve.
Take that length and lay it on its side on the X-axis, and
add it to the prey density, If this is the change in the

. prey density, then you can adg that to.what the prey

density was and. get the next time interval's prey density.
Like if this time unit 1s per year, then that would be the
change in the prey density per year. So you'd fake that
much, and for the next year you'd be addling this; taking
the whole thing and laying 1t on its side. You'd come out . :
there, and the next year your- prey density would be _up this -

higho C
These .curves have been developed from Alaska, the ’ _*
caribou, moose herds, andiﬁlso in Canada.
¢ (NOTE: hallway noise ks heard.) ;

I gather everyone's Here, so if there arefi'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
out.

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 1it ne in pencil if you could get one. The first
thing y can do 1s put your name on the answer sheet and
also whét

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 thé test itself. And.notice that the answer sheet
goes across with the numbers, ‘not -down. .
You can start now.

.
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APPENDIX F - . .

.

Analyéis of Covariance

-

The data to be analyzed “‘consisted of the posttest .

scores and final course percentages for 24 students. These -

scores- are listed in Table Fl. ~ ) oLt

: '-The Olmstead-Tukey's Corner Test was applied to the
‘ data for each group,'lecture and,modulei éo check for a
relationship between the X (final course percentages).and
the Y (posétest scores) variables. A relationship was

indicated by the corner test. .

“Analysis of covariance was applied te- the daéa to

’ ~

compare fthe lecture and module group posttest'scoﬁes. This‘

@

data analysis procedure adjusts the Y variable to the X .

variable (covariate), then compares the mean of these

-

4
adjusted Y values. Table F2 summarizes the analysis of

. c ariancegpesﬁlt§.'The calculated F-value was less than
one, which indicated no sigificant difference betwéen the
means of the'adﬁusted.poéttest scores 'for the lecture and

~ module groups.’ " . .-
- - " a

" Page W1 N




TABLE F1. The raw scores for the module and lecture

v : groups. ,
X Y
ﬂinal‘class percentage . posttest score
module lecture. o ) module lecture
76 87 Y 16
75 88 13 20
86 92 20 17
« 84 91 18 '16
68 75 9 11 4
98 67 _ 17 10
72, 75 9 13
78 82 11 17
’ 78 17 - 18 14
67 80 15 17
79 90 19 11 N
81 # 93 17 20

TABLE F2. Analysis of.covariance table. -
S3(Y'), MS,-and F are calculated from the means- of‘the,
adjusted posttest scores. ,

\
_ Source df ss(X) ss(Y) = sP  SS(Y') MS F ‘
Tremt "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). 1667.96 285.33 409.83 184.63
L] A *' .
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' . APPENDIX G

~

. Predator Functfonal Reéponse

Apple Program Listings

» *

* -

Following are the Applesoft program listings for the
. PFR modple. This module consists of four subprograms: PRED

FUNCT INTRO, PRED FUNGCT1, PRED FUNCT2, and PRED FUNCT3.
\ ’ N

4

- -~

~ 4
i
= 0 s
. .
LR
i
2
. \
1“ ' ’ ‘
N -~
'
N
- . .
A} )
4
P
. L f

b

« v )

N

- . - ’k

» ¢ -nJ o

& “ ’

¥ o

~ oy
[ Ok

+ > !
. -—
4 \ -
¢ ) . © . .
.




‘\ a a ’ ’

g, oS vpgﬂmpw,, Y./ ;’;;’;i RE fm;»- T a,u.- s ‘7,:‘ “ . ;Mi s . ~ . ‘lw;';
I . PRED 'FUNCT. INTRU TR ) .
?B REEH .PRED FUNCT INTRU IS A SUBPRUBRQH OF PREDATOR FUNCTIONAL RESPUH

SE. -~
29 -REH DESIGNED B? HRRK-SHQLTZ: DR. J. D. SPAIN» QND DR.(KENNETH KRQ?
2 REH : PRDBRQH“ED‘B? HQRK SHQLTZ. et
- 22 REHM - THIS PROGRAM HAS DEVELOPED BY THE SUMIT I COURSEWARE DEVELOPMENT ;
.>-PROJECT»> DEPARTHENT. OF BIULUBICQL SCIENCES, MICHIGAN TECHHULOGICHL UN

P s-. /?ntk&m ",'.,‘.hr L,‘ Pu ok .4':’35:,‘, .

i

T - TUERSITY»- HOUGHTON;349931. .- -
s 27 ZREMZTHIS. MATERIAL IS. BASED.- UPON HWORK supmnnsn BY. THE HRTIONRL scrsnc

Beg gty ESFOUNDAT ION .UNDER 6RANT HUMBER SED-7919851. . . =2 ?ﬁ*
%%Q**2éﬁrREH * ANY OPINIONS,. FINDINGS, AND CONCLUSIONS OR RECUHHEHDRTIOHS EXPRES
fﬁiu? SED»IN sTHIS PUBLICATION ARE THOSE OF . THE AUTHORS AND DO NUTYNECESSQRI .
SRRV IRIPILCT THE UIEWS OF THE NATIONAL SCIENCE FOUNDATION. 2. % )

- 59 .POKE 232,8: POKE, 233,88: SCALE= 1.-ROT': ‘@;%yc.m_oﬂ- 3ui D :

Sa 05 —-‘«CHR‘ (4> - A "”‘fé?"*‘)w*u xe"(év?.f:“’dx i S i 75 3

3 s ‘%1@@ -REM 2 .»;ngatw x-\d_-‘!»c—}:?“uy gt 1;;_,&%:;.”& %4‘
.‘Su o

¥
'v ’«. Y - " vE »'-' 3T
5&3‘ ey *2» : 3‘3“‘: 25 e IR };«u‘b e

f%ﬁﬁ‘ | L ~ En :

S 53130, HOME .2 HER  © ‘Ssz»'fg*’ ﬁ:-ﬁi‘g&?
£ 77 1495 SCALE=S 4: HCOLORE 3:'ROT= © b
329" 15p:78i= "PF R -~E.vD cA 7T
163 ¥ = 31 vns 50: anus 6340
£ 17B POKE - 16368.,8 %, == | .
¥7188  SCALES"2 f\) T ' ‘ T4
1M ZE="FUNCTIONAL RESPONSE" i N

-4 288 %A = 113VA = 90: BOSUB 8’24@‘ T
‘. 219 SCALE= 1 S N PRI e
220 PRUSE. = 300: GOSUB 5098 - , . R

2280 HOME : HBR : TEXT :PRAUSE = 5868: G0SUB 5660
32 2483 UTAB 7 T

258 PRINT " _THIS MODULE HAS DEVELOPED FOR® . -
260 UTAB 9 , N o o
278 PRINT " THE SUMIT L PROJECT" ¢ -

288 PRINT " DEPARTHENT OF BIOLO®ICAL SCIENCES"
239 PRINT * MICHIGAN TECHNOLOGICAL UNIVERSITY*

3080 PRINT " "HOUGHTON, HICHIGAN 499321¢:PAUSE = 6088: GOSUB 5000
318 GOSUB 4858: UTAB 18 "o . ~
328 PRINT " PREDRTORS DEPEMD 'ON AN ACTIVELY GROWING PREY POPULATIO

N FOR THEIR SURVIVAL. IF TOO FEHM PREY ARE BORN. < THEN PREDRT ?

ORS CANMOT SURUVIVE."
328 PAUSE = 1886: 60SUB 5600: UTAB 1& .
348 PRINT " TO STUDY THIS RELATIONSHIP OF PREDQTURS TO PREY, HE

HUST FIRST LOOK ATTHE PREY IN THE ABSENCE OF PREDATORS. " i
398 PRAUSE = 568:' 60SUB 5868:, 60SUB 5839 . . o
388 REM / T i
» ‘ ) N . - . ‘.‘ ,'- . -4
- " )
{

4
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*

, 410 YM$ = "5@" <,
'420. YHY= UAL C(YMs$> .
<430 XM.= 109 - 4
@ .
s:} 5 . 5 A
518 za 1:%8 = 12:¥8 = 84-L = "PREY*: G0OSUB 39799
. 0 77520 ZB'="1:¥8 = 22:Y@ = 1@1:L$ = "DENSITY“: GOSUB 30780
2538 XA'=96:YA = 112 - - TeTen mde i R iEe Y
¥ 548 2¢ = “100": G60SUB 834@_ h O A
559 XA = 148:YA = 58 IR
£7560 2% = "HERE IS AN EXFIHPLE" : E
\ 579 6G0SUB 6348 : - e L S T
.- 580 XA = 141:¥A = 68
’.SSBZ$="0FRPDSSIBLEPRE':’ .
. 688 - 60SUB 6348 G R R :
- 518 XA = 141:¥YA = 70 - ' B ; :
620 2% = "GROHTH CURUVE. " . )
B39 . GOSUB 6349 : R e -
632 XA = 33:YA = 18 ' o 3 :
B33 Z& = "PREY POPULATION": 60SUB 6348 .
B34 %A = 48:YA = 20 . LV ;o
B35 Z$ = “GROHTH CURUE": GOSUB 6348 y
648 REM . : ’
] 558 REM' . THE LDBISTIC quum CURVE IS PLOTTED. )
§60° REM #* ) .
TBZF =1 P
B8 R = .1
. £99 K = 50
7OB N = .5 S
718, FORT = 8 TO 108 -
720 D1 =R *N=*¢1-HN~s K> '
73BN =N+ Dt - o
) 740 % = T:¥ = N , - ‘ :
759 GOSUB 31888 e -
760 MNEXT
. 778 XA = B:¥A = 129 o
780 Z% = " THE POPULATION GROHS UNTILNIT LEVELS OFF AT, SOME CARRYING CAP
—_ RCITY.* .7 .- A
v
. . Page G3 ) '
\ R '
K} . '
Ic " T TTTIoy
-9 - 1 . ( J‘ . '

-400 Y$ =

N i
[}

B N R e e

378 REM THE Loexsrm GRDHTH CURVEIS mmonucz—:n
380 REM PN

390 X& = "TIME"

.- . - . wa, e -

.




L)

-
bt

N

) ® " - 3 o AT A Ly
MW}“"“"“}?‘?@!%M&’.*{’ N LT . i

790 GOSUB 6348 UULLTlpen | - )
880 G0SUB 5@80: HOME" ‘ - . S
810 X = 141:¥ = 58:XZ = 138:L = 38: GOSUB 5799

\:820 ° HOME £X = B:Y = 129:X2:= 279:L = 20: 60SUB 5750 e

. Srvs gl
838 REM i A Yo - ¥ . G B
e :*vgj_;g Mfg{fg ﬁi!‘m'j}j&% Q{,ﬁ; ST : g‘ f’%‘;ff ’"1“‘»“3—2%

E @BBB xt:;"”;x T4p:vn = 502 TF coUNr-‘1 THEH XA = a T
"X°g7@ 2$-=""7 LOOKING AT Tms;,;,:*, S i
~%,880 _GOSUB 6349 i Biley - iy **s,,m;*z& -

“5%/890 XA = 148:YA = 60: IF-COUNT = 1 THEN XA =8 =
8v988 2$.=,"6RAPH, HHERE DOES": 60SUB 6348° .7 & . %
5910 XAi=,148:YR = 79: IF. COUNT, =¢1 . THEN XB = 9." *._t’a

2920 28 SIATHE PRE‘:’ POPULFITION"' 60SUB 6348 - 153

‘;«,959 xn'i'i'=j’f14a-vﬁi = 88z -IF COUNT = THEH ¥R =8 e

#7960 2¢ = “GROHTH RATE?": BOSUB 6348 . . T Tl T
5,988 XA = BeVA = 129 Tiloa ¥l S EREALT R
5.998 2% =-" A. AT A.LOH PREV ENSIT‘:'.": GOSUB 6348, ° R
11010 XA-= 0:YA = 139 -0« o Geme - - -EWREREYodee ok J‘i;
1920 Z¢& = " B. AT A HIGH ERE‘-’ DENSITY. *: sosua 8348
1940 XA = B:¥A = 149. . A,
11858 2¢ = ¥ C.. .SOMEWHERE IN BETHEEN. ": 6OSUB 6348 :
1868 UTAB 23 ©° - <Ll “wh-\,é,ﬁmw Sy e :«;v‘, o
\ 1970 POKE —'16368,9 » . ; '
1880 INPUT Q$ . * _
1899 HOME L
1188 IF LEFTS <G$.1) = "A" OR LEFTS (08%.1) = "B" 60T0 1184
1181 IPF LEFT$ (@$,1) = "C" 60TO 1162 ‘

1119 PAUSE = 588: GOSUB Se98: UTAB 22

1128 PRINT " _PLEASE CHOOSE ﬂ; B-OR C ."

1148 6070 1879

1162 IF COUNT = 1 THEN HOME = RETURN

1163 HOME : UTAB 21: PRINT 'UER? 600D!"5: 60TO 1168
1164 IF COUNT = 1 THEN HOME : RETURN

-~ 1165 HOME : UTAB 21: PRINT 'IHCURRECT."; -
- 1168 PAUSE = 588: 60SUB 56889 )
-1178 PRAUSE = 588: 60SUB 5888: UTAB 21 : /
1188 PRINT * THE PREY POPULATION HAS THE HIGHEST GROHTH RATE AT MEDI
© UM PREY DENSYTIES." .

-

1190 PAUSE = 3508: GOSUB 5809 —

1209 60SUB 50880 ‘ . \ ,
1218 REM . . - -
) i

/
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'

.

T w1318 X1

"+-1338. XA
11348 2%
11350 XA

..1338 23
©-1398  BOSUB 5880: HOME :

1386 vM
1328 X$

/1368 Z%
1370 XA

1228 REM

{
PREV RECRUITHENT;&I@‘ INTRODUCED.
1238 REM - .7
, )
1248 HOME :X = 148:¥-= 58:XZ =-139:L = 58: GOSUB 5759 -
1256 X = 8:¥ = 129:X2 = 279: L = 39- 60SUB 5?50 )
1268 XA = B:¥A = 131 - .o -
1278 Z$ = "TO BETTER SHOW THIS CHQHGE IN BROHTH RATE AT DIFFERENT DENSI °

‘ - "+ _~TIES» A BRAPH -
| 1283 - -605UB - 6348
1299 YH$ =

R T S 1 1~»~2§%§§“3*?ﬁ
=_UAL (YM$> 7. ) LU :
188 - U:’ ..~!;:" LR fkc;n VR )
" ":¥YE = " CHANGE": BDSUB 39889
198:vYA = 112 . S 2
"PREY": GOSUB 6348 -.

198:YA = ¥YA + 8
256:¥A = 112

- e o N a i ]
s e Wy TR L o X
— RS R RN R Sreag N AN ‘_ 4 . N

-

HITH THE FOLLOWING RXES CAN BE USED." S e

"DENSITY*: 60SUB B340

R SRy
. Lt ot
S S\M,.efﬁ‘.s..\x .3

LN S
,1,.‘\’%
"‘,'té?'-» Vw ’s'

"Sg": GOSUB 6348
UTAB 21

1488 HOME :X = @:¥ = 129 XZ = 279:L = 38: 60SUB 5750 &' - s
~1419  GOSUB 4868 - - G

1412 PRINT “ARE THE THO X-AXES THE SAMET" o B

1413 VUTAB 24 s ’ _

1414 'POKE - 18368.8: INPUT 0$: GOSUB 4958

1415 IF LEFT$ <Q%$,10-< > "Y" AN LEFTS (Q%,1> < > “"N® THEN UTnB 22. PRINT

"PLEASE ANSHER YES OR NO.": GOTO 1416

1416 IF LEFT$ <(0$,1)> = "N" THEN PRIMT "RIGHT! *

1418 PRINT "WRONG. “;

1420 ' PRINT "THE X-AXES ARE DIFFERENT." .

1422 PAUSE = S588: GOSUB 4888: PRINT "THE POPULATION BRUHTH GRAPH HAS TIME
ON THE X-AXIS, HHILE THE G6RAPH ON THE RIGHTHAS PREY DENSITY."

"1424 PAUSE = 588: GOSUB 4699

1425 PRINT "ALSO NOTICE THAT

~ ENT."

1426 PAUSE = S50@: GOSUB 4900.

1438 PRINT "DO YDU UNDERSTAND WHAT “CHANGE” IS ON
PH ON THE RIGHT?"

1432 UTAB 24: ROKE - 18388,9._;NPUT A%: GOSUB 4859 -

1432 IF LEFT$ (8%.1> < > "¥" AND LEFT$ (0%,1> < > "N" THEMN PRINT "PL _

EASE ANSHER YES OR NO. "NPAUSE = '2099: GOSUB S088: GOSUB 4859: GOTO 14

»

: GOTO 14:@

THE Y-AXES  ARE DIFFER
' N ’ ™ “ o
THE Y-AXIS OF THE GRA

- "
.

0
1434 TEXT s :
1435 IF LEFT$ (0$.1> = "N" GOTO 1450

1438 VTAB 8 , ; P
1437 PRINT HHAT DOES ‘CHANGE’ RERRESENT?":PAUSE = 1699: GUSUB 5000 -

1438 PRINT .

1433 PRINT "A. CHANGE IN TIME."

1441 PRINT "B. GAIN IN THE PREY POPULATION."

1443 PRINT “C.

LOSS IN THE PREY DENSITY."




or e - 3 , - pwn

‘1445 UTAB 15: POKE ~—"16368,8: INPUT 0% ‘
1446 IF LEFT$ (Q%,1> < > "A" AND LEFT$ (G%,1> < > “B" AMD LEFT$ (9%,
1> < > ~c* THEN UTAB 14z PRIHT "PLEASE ANSHER A, B, DR C.“: UTAB 15
S = PRINT " . ": BOTO 1445
1447 60SUB 4858: UTAB S5: IF LEFT$ (@$,1> = "B" THEN PRINT "THAT’S RIGHT
.. . YOU REALLY DID KNOW!": GOTO 1458 _ .
1448 PRINT “THAT IS INCORRECT." s
ﬁmsa UTAB 7: PRINT !’CHANGE’ HERE REPRESENTS snms- L. m THE ‘PREY P
el OPULATIONL " - . 7% § oA - e
“¥21451__PRINT. : PRINT “FOR EanPLE IF THE POPULQTIOH BREH FRUH sa TO ?5
#g# . INDIVIDUALS DVER-AN  --. . INTERUAL OF TIHE, HHAT IS THE CHQNBE7"
;’;jr’msz PRINT :.POKE “--16368,8: INPUT 8%: PRINT : PRINT - - S
za1453 IF < LEFTS (Q$.2) = "i5n on LEFT$ (0$,5) 'FIFTE“ THEN. PRINT " VER
;* Tgks Y GOOD!®: 60TO 1456 - _ = .
%1454 PRINT™THAT’S.NOT CORRECT. " ' agz
*§51455 PRINT : PRINT “THE CHANBE IS 75 - 68 = 15 . K
&5145? PAUSE = S88: GOSUB 48@0: POKE - 163084.8: PUKE - 1828?.8

It o
ri

w"{

111480 PRINT * NEXT, BOTH GRAPHS HILL BE PLOTTED AT THE SAME TIHE T0 S
“Ee: HOW THEIR -~ <%= RELATIONSHIP 70 EACH OTHER." S

C ety -.}. N

71490 PAUSE = 589: GOSUB 5099 PRRSERY
*glsaa X = @Y = 129:%7 = 279:' = 20: GOSUB 5750 P P
1518 XA = 9:YA = 139 - s e
11528 Z§ =" _TO PLOT. THE CURUES PRESS —RETURH— .": GOSUB 6349 S
‘1538 POKE. —:16368.8 . ; B Crveileve o e g
1548 UTAB 1@: INPUT G% S LT e e
1558 HONE :X = @:¥ = 139:XZ = 279:L = 19- BOSUB 5759 ~
. 1560 REM v 0

1 ,,:'

1570 REH t PREY RECRUITMENT AND LOGISTIC GRU“%H AREPLOTTED SIMULTANECU ~
. - SL‘,’. o B - . v - o 5 . W
~1938 REH : : *

v 1596 ZF 1:26 = @
1688 N = .5
1610 X = 31:¥ = 39:XZ = 88:L = 69: G0OSUB 5758~
= 181:Y = 38:XZ = 8@:L = 63: 6OSUB 3750 '
1638 IF COUNT < > B GOTO 1768

1640 XA = @:YA = 149 : Y
1658 Z$ = "TIME": GOSUB 6348

1668 XA = 1908:YR =149 . .

1678 Z$ = "PREY DENSITY": GOSUB 6349

1680 XA = 2308:%A = 149

1638 Z% = "CHANGE": GOSUB 6348 . )
1760 FOR T = 6 TO 160 .
1718 Dt = R # N * (1 -HN- K g

1728 N = N + D1

1730 YM = 58:X1 = 30:XM = 108

1748 IF T > ® THEN HPLOT X9.Y9

1758 X = T:¥ = N: GOSUB 31008 .
1768 X9 = X0:Y9 = v¥0

1770 IF T =

B THEN 26 = 9

3 ,-w " T

B T ‘

EEOE «e* S e e
>




. . o ey e e mi et 'v-\"‘.'u;. . -f'ﬂ"?%#‘if'n: W
71788 YM = 1.4:X1 = 180: XM = S8 - Ny I SO
1798 IF T > @ THEN HPLOT X8.¥8
1808 X = N:¥ = D1: GOSUB 31998 S
. 1818 X8 = XB:¥8 = vB ,
4 1828 1IF COUNT < -> 8 6070 1928 : ' . o
. - 183 IFT =08 OR INT (T 7253< XTrs25 romusza o e e
1848 HOME st e ISR O
‘1858 UTAB 21: PRIHT T. INT N * xaa> 7/ 168, INT <n1 * 199) s 1@3 SCECRN
1868 PAUSE = 50@: 60SUB 5088 . - o R TR T g
wawrzmmqmmmmmmwmmmmmmwmz mmg
E-IN PREY DENSITY IS LOM." . xe b o s Bl g
1888 IF T.= 58 THEN _PRINT * THE HIGHEST CHANGE OCCURS AT o HEDIU #3
- ‘M _PREY DENSBIY.": - - varon nor S N SN g

“ wE-e” ASES, Migk, RN R

1898 ‘IF. T =73 THEN . PRINT " HT HIGHER PRE? DENSITIES THE CHnNGE QEQBE,?:;
B8 PRUSE = SBB' BUSUB SBBB. BOSUB 5988 ‘

191@ HOME -~ op o el g

. e 1928 NexT o ¥w ok e T :

' 'S 1938 PRUSE = See: GUSUB 5090 - i , 255

: 4940 - HOME =X = B:Y = 149:%7 = 278:L = 13.\eosus 575@ RORV AL v
- 1958 GOSUB 4860  .:.F .. ooty Pt R VRN

~1988 ~PRINT-"~-THE BRRPH ON THE RIBHT REPRESEHTS ALL PREY BIRTHS HINUS NOH
-"—PREDATOR DEATHS." IT IS CALLED A PREY RECRUITHENT CURVE. ™

Y, 1982 XA =_168:YA = 18 B R T ek
11964 2% = "PREY RECRUITHENT": eosus 6340 . *=';"- e o RS AP
1965 XA = 196:YA = 26 . . SR
v, 1966 Z$ = "CURVE": GOSUB 6348 Lo 2o T e i
. 1978 PRUSE =.508: GOSUB 4890 . }
1998 PRINT " . WOULD ¥ou LIKE TU SEE THE CURUES PLOTTED AGRIN?™ ST
2098 UTAB 24 o . . o KR
2818 INPUT Q% ‘ : : - ‘ Lov
28280 HOME <PRUSE = saa- 'G0SUB SeEB. - - o
2038 IF - LEFT$ (Q%.1> = "y THEN COUNT = 1: 60TO 1590 ) )
2048 X = B:¥ = 9:XZ = 148:L = 119: BOSUB 5750, ‘
. 2858 . REM - : y - . . .
2068 REM THE SAME QUESTION ASKED EARLIER IS NOW RSKED USING A NEH 6R |
APH. : ‘ 3 _ .
2078 REM b . S
. . 2888 COUNT =.1: GOSUB 860 ' (
2898 - UTABR 21

2180 IF LEFT$ (@%.1> = "C" THEN PRINT " CORRECT. THE HIGHEST POPULATIO
N G6RONTHOCCURS AT THE PERAK IN. THE CURVE, SO -C- IS CORRECT.™
r 2118 IF LEFT$ (@%,1) = "C* GOTO 2138

2120 _ PRINT ™ THAT IS INCORRECT. THE HIGHEST ,POPULA-TION GROWTH OCCURS AT

\ . ,JHE PEAK IN THE CURVE, S0 -C~ IS THE\CORRECT ANSHER. * |

2138 PAUSE = 2060: BOSUB J888: 60SUB S5886G: HOME - o

2148 X = 8:¥ = 58:%Z = 139:L =.59: 60SUB 5750 " i

2158 X = @:¥ = 129:X2'= 279:L = 38: 60SUB 5758 ' .

2168 XH = 9:¥YA = 5 ’ . ’ 7 e
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3170 26 = = IN THIS HODULE ME ' c .
- 2189 GOSUB 6348 - 3
- 2198 XA = B:YA =68 £ Lo, . o
2289 2% = “HILL BE HORKING WITH .

. 2218 GOSUB 6340 : o .
..zzzexn—avn-?a g

2238 2$ = “RECRUITHENT cunuas. o N Come
“2258"PAUSE = 5882 GOSUB saaa ‘60sUB 5888 :

212260 REM . A :

ooy “REM
#2280 - REM -

':‘5'«!('{ wal AR <

Jhlmo--

; g 2298~ HOME :

#2300 UTAB ? R RN R P
= 2318 PRINT " HE'UE LUUKED RT THE PRE? IN THE

sl . - AND DEVELOPED THE PREY RFCRUiTHENT CURVE." ... A
N2328 UTRB 12 _ Wl R L oBYRE G  TE RN :f'i"?;@ 2 Xt s
= 2338 PRINT " - ., NEXT LET*S LOOK AT THE PREDnmns W '. B
-'2343 PRUSE = See@: 60SUB 4080=-UTRB 12 _ . PN ALY
* 2338 PRINT * A SINGLE PREDATOR HWILL KILL nnn Em n *csnmm mm OF T
<. ©  HE'PREY AUAILABLE IN A SIVEN AMOUNT OF TIME.". . CEmagad
' 2368 PAUSE = 5@8: GOSUB 4899: HGR . » . 3
_— 2370 PRINT " WE HILL PLOT PREY KILLED PER Pm-:mm GPER UHIT OF: TIHE) As.
: A FUNCTION OF PREY DENSIT‘;‘ e e ¥
2375 CHART = 1 ¢ SO e e e r
2390 X$ = "PREY nsnsxw"- "PRE’S’ KILLED/TIHE" L A
2390 YH¥ = “S@":yM = unL (YHSY . ) o , SR A
'2488 XM = 58 . S :
2416 X1 = 5@ : ) : S ¥
2429 ¥1 = 129, - . . C e ]
2439 LYA = 115 LAY .
= 2448 L}{Q = 125 e . . A o .- hﬂ%&: &
2450 60SUB 3066a - . sTE L

"2452 PAUSE = 598: BOSUB 4809 -
2454 PRINT " AT LOHW PREY DENSITIES A PREDATOR HILL TEND TO KILL AND CONS
: UHE MERRLY EVERY  PREY IT ‘ENCOUNTERS."
: 2455 PAUSE = 560: GOSUB 4880 -
- 2456 PRINT " THE CURUE AT LOW PREY DENSITIES> THEN, WILL BE CONSTANTLY IN
CREASING. AS MORE" PREY BECOHE ﬁunanBLE. MORE" ARE KILLED."
2460 ZF = 1. T— o .
2465-* HPLOT 50,129 S
"2466 A= 58:B = 7 : '

> "2478 FOR T = @ T0 56 T .
. 248BY=AET /AT +BD -‘ | >

2500 X =T

2585 IF T =-7°GOTO 2538 v

2587 IF T.= 23 60T0 2595 '

o318  6O0SUB 31%9 \-.(” - RN h‘;;f‘ N ol ) . ,.E'k.../" e
2528 MNEXT LT o : o .




P v tEEy 0 4

.
U ALy e ﬁ{’.r\-‘!!ﬂxe;'pr » s v

2325 6070 2628
- 2539 PRAUSE = S508: BOSUB 4860

"y . o
¢

2568 PRINT “AS PREY DENSITY INCREASES. THEPREDQTORSPEHDSEESSTIHESERR

CHING FOR PREY
2578 PAUSE =.588: 60SUB
2'580 PRINT " THE QFEECT IS
b ATOR SPENDS LESS .
ESS,QPRUSE o88: _605UB 5689: 60102518 .
12595 PAUSE—= 588.-_BIJSUB 4860 - - -
~ 2688 PRINT * THE
“3‘;1’3," - FACTORS:

§,,2510 BOTO 2518 s ~terdiy
“#2620 PAUSE = 500: sosus 48009: TEXT

'
»

.—m\/c

4 - é‘f@esza UTAB.- 16 SO iagwnde - esf - x’*ﬁxm«
1&28‘1»8 PRINT “SATI IUN REFERS TO THE FRACT THAT
..{ \u

LY SO HANY PREY,  EVEN IF MORE AUAILABLE."
’ om2859 PRINT "(THE PREDATOR G6ETS FULL. b SR S A
7% 2668 PAUSE = 508: GOSUB S5680: UTAB 23' INPI:JT "

) ”’“"A,;:, . CONTINUE®;@$: UTAB 23: PRINT *
Corb LR wra“%@ﬂmﬁﬁéﬁ%

72660~ GOSUB 4668: UTAB 17

v ,w,

s..—uw-t. Mqﬁn«
-“&kl- vm x.l‘\.
. *‘ %

;\‘...«s e *‘1 7
-

:5. ITTLE- TIHE -
SU%" 'EACH KILL IT'MAKES." -
2580 PAUSE = 580: GOSUB 4898: POKE

Cmeppa e

- 15394,9. POKE
2690 . PRINT "THIS IS CALLED A
RESPONSE CURUE." , R
2700 XA = BS:YA = @ N S
. » 2719 7% = "PREDATOR FUNCTIONAL®: GOSUB 6348

2720 XA = 82:YA =18 -
2738 Z$ = "RESPONSE CURUVE”": @fosus 6348

22748 PRUSE = 568: GOSUB 466
2738 PRINT " IT REPRESENTS THE NUMBER OF PREY
" L KILL AS A FUNCTION OF PREY DENSIT‘:’. "
2760 PAUSE = 586: GOSUB 4908: HE6R = TEXT : UTAB 7

AND- HURE TIHE EATING, ITS KILL."
4990

B S‘f‘f ‘a;«aagv.;%

ke l\ »-A
TR 'J‘f
ﬁa “‘%@5'.» ?:g‘:ﬁ‘ ! “""‘x »ﬁx«»

-/*\r 54-..:‘
. }’F

s Al T
My gy S

e bl AT Y.

ﬁm%:m« ST

SEn g

[t -

" r

2

g

as{g
Y

PRESS —RETUéi({—' T0

A *‘-v

h“f"»

".'-.ui) R R
N .
- .4

- 16257,8
: PREDFITOR FUNCTIONQL

L
1 R .3
. ey ““zué

‘,'. 28?8 PRINT " BUT THE CURUE HLSO EEVELS OFF BECQUSE THE PREDQT[R SP‘EH[IS L ‘,_f
A SEQRCHINS. IT IS HF!INL':' USINB ITS +TIHE CONSUHING -

THRTTHECURUEBEBINSTULEUELUFFRSTHEPRED
TIME SEARCHING FOR PRE‘:’ Y

CURUELEUELSDFFQTUER?HISHPRE‘:’DEHSITIESD[ETUTH[F o

g i

g J,g:’ff,:SRTIﬂTIDN AND PROCESSING TIME.. %

L ~-1¢ *- ‘14"
S gﬁé’,ﬂ:} : &g‘ryﬁ;ﬁ&
RES "mk\? l""g

w’“e

A SINGLE Pfésnnmn HIL

2778 PRINT ® THE PREDATOR FUNCTIONAL RESPONSE CURVEIN THE TEUIDUS EXQHP

LE HAS FOR A SINGLE PREDATOR.™
2786 PAUSE = 566: 60SUB SBBB. UTAB 23: INPUT "
IgUE":W
2785 UTAB 23: PRINT *
2786 UTAB 11

PRESS —RETURN~ TO CONT

4
"

. 2787 PRINT " BUT IN NATURE HE‘RE USUALLY INTERESTED IN A POPULATION OF. PR

EDATORS IN AN AREA.NOT JUST A SINGLE PREDATOR."
2738 UTAB 15 i

2868 PRINT "PREDATOR FUNCTIONAL RESPONSE CAN

A POPULATION OF PREDATORS. "
2810 PAUSE = 588B: 60SUB 4908
2820 VUTAB 16
2838 PRINT *

. T_CURVE." .

T uen Y "“‘" w

Page G
)

ALSO BE LOOKED AT FOR

LET*S LOOK AT THE FUNCTIONAL RESPONSE FOR A POPULATION OF P
' . REDATORS AND THEN- EXPLDRE THE RELRTIONSHIF‘ TO THE PREY RECRUITHEN

ok s*vr\;v [l

iy

e

Lot T

~




. . ) .

. 2840 UTAB'21:' PRINT " CPLEASE BE PATIENT. PROSRRH LOADING.)" _
3800 REN ' e

_ 3819~ REH . THE SU PRUBRQH PREB FUNCTI IS FUN.
3828 REH

w0 1\»@%%4 o .m

.

% ”i.‘{“"‘" ' o - "&..:S'n - ;
v s R
, ‘uﬁm -;,. . “"“."S. -r‘ . wa;ﬁf“ .. -

i

= -
A : «;?, 1'&; P r.. 5 ‘t(’ v ’{;w':‘-*fr
. i
kil &‘wzv._, i q‘ . She T,
4%5 T a2 Nk AL ol s
- -JE"! \é:» . P
» ,\ "% \{(,,f, 3 % e ;;%* J X ’? ‘:~ oW
- > . - . S

4996 * REH

4997 REH =¥ SUBROUTIMNES *x¥

" 4998 REM .

. .0bBB. REM.: ¢ vy ‘

sfls

B -

‘Se16 REM.  PAUSE SUBROUTINE. . ) :
.. 5820 REM- UARIABLES TO BE PROVIDED: , e ]
5038 ‘REH D = LENGTH OF PAUSE. : : -
~ 5648 REM

5858 FOR PS = 1 TO PAUSE IV o
S860 NEXT . . ' '

5065 RETURN -

5870 REM

5888 REM | o <
5899 REH *  PRESS -RETURN- SUBROUTINE. .
: 5180 REM : ‘

. 5165 POKE - 16368,0 . , - NN
5110, UTAB 24 _ |
5128 ‘INPUT * . ¢ PRESS ~RETURN- TO CONTINUE";Qs$ ' <,
5138 RETURN o -
3798 REM ) L. A
- . i . }
‘ ~ 4 A |
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.
M3

EN i \
p— s s e BN ity Ny fq».\«:wn——n-mm«-- LRI SRR
3768 REM SUBROUTINE THABT BLACKS OUT Fl RECTANGLE UH THE HBR SCREEH bt
5778 REM —UARIABLES THAT HUST BE PROVIDED- -
‘5788 REH , X = STARTING X COORDINRTE s

5798 REH Y = STARTING ¥.COODRDINATE
<5898 REM  XZ = LaiemoFREcmﬂeLEm_ommxnxrs.
5819 REH L= HIUTH OF RECTHHBLE nums THE Y nx15 '

_.x.ﬁ &\\ .

(:
2 i.c\g,;‘ L

5858° HPLOT X,TRH +_‘I’YTU X + XZ:TQ ¥ "r' y 3
NEXT TR - #oaw 7 ;- wm )
N 5878 HCOLOR=
6248 REM A‘
Wi TR ?",.-;..

65258 REH 3 SUBRUUTIHETHQTUM@STRIHGUHTHEHBRSCREEI
7, 6268 REH —UQRIFIBLES THAT HUST BE PROVIDED- - 2 "
. 6278 REM-:.XA = INITIAL X POSITION D

-6289° REH" — YA ="INITIAL Y POSITION ) .
6258 REM 2% = STRIHS, IN QBUTFITIDH HF!RKS .
83’99 REH - Z —rw-n* ";‘ AR c:vfe:_.. BN

e

6489 ¥R = B:YA = YA + 18: GOTO 6470

5418 FLAG = FLAG +-13XB = XA — 7: GOTO 6479 - ,
_ 'g420 IF . INT CFLAB ~ 2> = FLAG ~. 2 THEN 6440
. 8439 ZZ = ZZ - B4

6449 1FX9<2?9THEN846@

6458 XA = B:YA = YA + 19 ‘

6468 *DRAH ZZ AT XA,YA \ g \ .

6478 NEXT Z L . .

6488 RETURN — -~ . - ‘

6481 REM - - e

SBSBB"REH"QXESQFDUHIEFORBRA R'F’H&

. FEREFERERREER S .

v 38618 REM SUBROUTINE DEUELOPED B"a' J. SPAIN ... MICHIGAN TECH UHIU.
30620 REM DEFINE X$=UMITS ON THE X AKIS . .o

39638 ° REHM DEFINEY$=UARI PLOTTED DN Y. QXIS -

38648 REH DEFINE YH$=HAXI UNITS ON THE ¥ AXIs. : S T

39641 REH YRR TL ST T YT
- - -~ d GRS Wl e e - : R A ERTE Ao

.
., e
.

. , . . -

' Y
A e

" Page GI1 ' i

%




- g — m*‘“"ﬁ»ﬂ?’x v *ﬂ:%’ﬁ% "~
- 39668 - HPLOT x:.vr - L'V TO X191 TO Xl + LXA + 9.1
. 30678 . REH .LABEL "X AXIS AS REQ..36 CHAR.HAYX
30680 REM¥X$.= "8 -AiXAXIS 1188 ETC.
..,.:33%9828-9L$ xs.xa»: W1+ 7i¥B= Y1 + 8
ne 38708 -6OSUB-38780 AN GRAY e
2 *=38718 —REH SLABEL ¥ AXIS AS REQUIRED _ o
@mm-zu VH:XB= X1 — VB S v1 - 2T
”5#38?38 60SUB 38780 -~ *,.m...ﬁ
@;*%39?35 . IF CHART =.1 GOTO- 33?55 &% ' o >
- 313338748~ REH . UNITS ON, THE: v nxxs..w—s' MAR. . - R o s g o o e s |
Bt 307029 = Brgi= X1T-ZELEN CYM$) % 7:Y8 SAYL — LYAD + 18:1L8 = YHY _ Z o sniiiy
38 GOSUB!BBBSB f?&«%??:@f - Z’w— . 34 P 2 o B AR ey W R x3s
; ‘Qaa?ss IF CHART = 1 60T0:39778 -==s. -1
L30760 DRnH4snTx1—1a,91—4:;,"‘.,
gmmv T e, ARG o

387 REH “THE FOLLDHING HUST BE DEFINED &

- %=538800 'REH : BEFORE ENTERING THE SUBROUTINE
Qmm REH 1$:=- "CHARACTER STRING® b e
$£.:38820-- REM Y8 = THE INITIAL ¥ POSITION - .

3 4539830 REH X9 = THE INITIAL X POSITION

Q,fgpaama -REM~SET.Z8 = 8 IF PRINTING HORTZDNTAL
#%-138850 REM. SET Z8 = 1 IF PRINTING UERTICALLY

e*'

ok

. 38869 FORZ=1TO LEN(L$:Z3= RASC ( HIDS (L$,Z.1>> . .. .0
. -38878 IF 20 <, >'@ THEN  GOTO 38900 R
. 39888 IF 735764 THEN [ DRAH Z3 - mnrxa+(z—1>*?.va-5.(sorozas3
’ B - o }
30830 DRAH Z3 AT X8 +(Z ~ 1) %7, — 5: GOTO 36930 ' |
32900 ROT= 48: IF Z3 > 64 THEN DRAW Z3 - 64 AT X0 - 5.Y0 — (Z - 1) # 7: GOTQ -
. 3@939
., 38918 IF 73 < 33 THEN GOTO 38938 . C R s i s
y 38928 - DRAH Z3-AT XB - 5,Y0 - (2 —‘\1) %7 S R O
"' 38938 ROT= 8: NEXT Z : .
3340 FETUAN . ‘ :
31000 o S

31818 REM SCALE AND PLOT POINT FOR DEFIHED X QHD ‘r'
31626 REHMH FOR LINE PLOT HAKE ZF=1

31838 REH ,
31848 X8 = X1 + X * LXA 7 ¥M ‘ *
31850 Y8 = Y1 - ¥ = LYA 7/ YH

31060 IFXB}2?90RXB<BUR?B>1490R?B(BBOT031988 '
31878 IF 26 = 1 N HPLDT TO X8,Y0: 60TO 31080 " S
31875 HPLOT XB,Y8: IF ZF = 1 THEN 26 = 1 . ' ¥

@88 RETURN o g L e
- B , RS Y 15 N_‘__ﬁ_.__‘»:_“w:*;"_i» IR . . o
- , (’
P
'
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128 ¥$ = “PREY BRONTH # TIMEY .o oo oo
125 UTAB 21z PRINT *°- TR
13138 PAUSE = 580: sosus 4500 A

‘*132 HBR

PYRIN

-

- 179 REM

-

. 300 REH THE PREY RECRUITMENT CURVE IS DRAHN. - T Ve

.

e s oY DRI T - Rl St
e ,,f-.»",v«‘-, - R

S REM . PRED FUNCT1I ~ ° SRS r -
18 REM . -PRED FUNCTL IS A SUBPROGRAM OF PREDRTOR FUNCTIONRL RESPDNSE
12 REM . PROSRAMMED BY AMARK SHALTZ
1S REM THIS PROGRAM WAS DEUELOPED BY THE SUMIT I COURSEMARE DEVELOPHENT
" PROJECT, DEPARTHENT OF BIOLOGICAL SCIENCES. MICHIGAN TECHNOLOBICQL UN
IVERSITYs HOUGHTON,®MI 49931. :
2§ REM THIS MATERIAL 1S BASED UPON HORK SUPPORTED BY THE-KATIONAL SCIENC
- EF TION UNDER GRANT NUMBER SED-7919051. Lt
25 REM ANY| OPINIONS. FINDINGS. SND CONCLUSIONS OR RECOHHENDATIONS EXPRES
-SED_IN THIS PUBLICATION ARE THOSE OF THE AUTHORS AND DO NOT NECESSART
*3- LY REFLECT -THE,UIEHS OF THE NATIONAL SCIENCE FOUHDQTION. o
“180 DIM Y1(101),X2(101),¥2¢1013 - . il Eod
118 X$ = “DENSITY .OF PREY POPULATION®™

- ¥ étbﬁ
., #e % £

) - o "”’" ‘i“: i Tk Jl¢§}:{%§;§"§$‘9&%
134 PRINT * FIR?T HE'LL GRHPH THE PRE? RECRUITHENT CURUE FOR THE PRE?j?F .

150

18@ BEM o THE BRRPH IS DRRHN AND LRBELLED

189 GOSUB 5288 Y
190 WRITE =8 - - - o s
260 ZF = 1 ’ co

299 REM . ... : O

310 REM ~ ' _ . : X

320 HCULOR- 3 -~ ) ) ‘ a

338 HPLOT 23,149 . )

348 FORI =8 TO 169 ‘ s ozt T _::_":'\\;:-"'__

358 READ X2(1),Y1(I2,¥2(1> ' ' . n

368 HPLOT TO X2(I1)>,YICI>

378 NEXT

388 PRAUSE = 1: GOSUB 4500

4280 PRINT "‘\IHIS CURVE REPRESENTS THE CHANGE IN  PREY DENSITY RESULTING
FROM ALL PREY BIRTHS MINUS ALL NON-PREDATOR DEQTHS.{

438" PRUSE = 588: G0SUB 45860. -

460 REM . -
470. REM  PREDATOR FUNCTIONAL RESPONSE IS INTRODUCED.

480 REM

499 UTAB 22 :

518 PRINT *  NEXT. THE NUMBER OF PREY EATEN Bv A FIXED NUHBER OF PREDRT

’

ORS IS BRRPH P w&- %3
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4 o B . <L LRI T SO
« ~ 520 -PAUSE = 1888: GOSUB 4580: UTAB 22 T o o
538 PRINT * FOR THIS SRQPH THE Y-AKIS IS THE NUMBER OF PREY ERTEN B
’ ¥ THE .PREDATORS." .o
548 PAUSE = 4808:. 60SUB S58B8 .
559 HCOLOR=5 \ L
- 560 L$ = “PREY ERTEN v TIHE"'XB B ?B 149: GOSUB 5498 T
5?9 X8 = 1: GUSUB 9458 oy IR &

. St ”7;;;, TS

568 HCOLOR= 3~ oo T e 37700
. ; N \‘ I N P s
B2B YH = 150 - £ b oo sy il

A AR
630 IF COUNT = 1 THEN‘fHCDLOR— B' DRRH 49 AT 3@:1245_bR9H 59 RT 104:48.“

848 HCDLUR“ 3 uS

ggg -HPLOT 23:149;Q§5&§25}_ “:: PR
" 670 é élg ,§j-w¥?&ﬁk lif—ﬁﬁé*ﬁiiﬁﬁgff;w

o 889 Do _"‘399 L L E :";AI—‘{S'%;—?;& 'i.'bﬂi?%- 7 ::fg?m ;-f%‘
T B D e

1599 YS= gl =.30:¥E = 69 % sIn

13
?93 UTﬂB 22 ;wl i ol e s R R T
.. 2 - ,; "?’.\;?"5—3‘1’ ?ﬁd‘%' ;45:" gz%

ShGse E S WL m

%4 “HCOLOR= 5 “o.%

750 PAUSE = 508

- 768 FOR N = © T0 100 ' :
. 778 IF COUNT-> 8 THEN 60TO 88@ ~ RN

. !
788 IF N=50R N =12 THEN HOME : UTAB 21: G0SUB 5000 .o
790 IF N = 45 THEM HOME : UTAB 22: G0SUB 5000 - @

‘888 -IF N =5 THEN PRINT » BT UERY LOM PREY DENSITY THE PREDRTDRSTURN 0
’ OTHER SOURCES OF FOOD AND THERE—FOR CRAPTURE FEW PREY."
818 IF N = 12 THEN PRINT * AS THE PREY-DENSITY INCREASES. PRED- ATORS i
"RECOGNIZE AND CAPTURE PREY MORE EFFICIENTLY, SO THE CURVE INCREASES -
- - SHARPLY. "5 P :
B2@ 1IF N = 12 THEN PRUSE = 3088: GOSUB 50890:PAUSE = 1888: INPUT " PRESS -
RETURN- TO CONT";:Q% ;
" 838 IF N =12 THEN HOME ) ot . i
4@ IF N = 45 THEN PRINT." . PREDATOR CAPTURE RATE LEVELS OFF AT  HIGH P
REY LEVELS DUE TO SATIATION.": GOSUB 5088z “HOME o
868 IF N = 65 THEN UTAB 21: PRINL* ALTHOUGH PREY DENSITY IS NOHW VERY HI f
. 6H,THE PREDATOR FUNCTIONAL RESPONSE i INCREASES LITTLE."
878 IF N =5 THEN GOSUB 5888: 60SUB S888: HUHE . ‘
880 . HPLOT TO X2(N),Y¥Y2(N> . . .
- 898 - NEXT o =
908 60SUB 4540 . L - -
918 1IF COUNT > © BDTD 2419 - o .

928 60SUB 4558 ) - ) . ,
939 PRINT “RECALL THAT THIS FUNCTIONAL RESPONSE  CURUE IS FOR A FIXED N

UMBER OF PREDATORS. * ) : C e
‘”949 PRUSE .= 599' GOSUB 4588 .. .. o dtiohe MR, M QWRYX ., S A e SR A
- > > ..’
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. )

P, . rohere s menm - R
975 REM 77 ‘,'ﬁ%@%ﬁj/ e .’f;:f o
* d -

i

nﬁ

7

976 REM THE IDER oF PDSITI D NEGRTIUE BRAPHS IS DISCUSSED.
977 - REM .
. -
. 988 -TEXT : HOHE :PRUSE = SBB' BOSUB SBBB ~. :
. f 998 UTAB ? . - v

o 18060 PRINT * BOTH OF THE,CURUES JUSl GRQPHED 4 EXPRESS CHQNBE IH THE
v PREY DENSITY." ent ¥ J 53 i 3 i
1810 PRAUSE = 1888' GOSUB 5880: UTAB 19 )
#1828 - PRINT “ - THE PREY RECRUITHENT CURUE IS -

- T EPRESENTS RDDITIONSTO THE- PREY POPULATION.®
~ 1838 PRUSE =. 1068: '60SUB 58680: UTAB.14 T
1848 PRINT u THE PREDATOR FUNCTIONAL RESPONSE ;
“&¥ < QUSE IT REPRESENTS SUBTRACTIONS FROM THE PREY POPULQTION.? I
. ~*1858 PRUSE ='58@:- GOSUB 45088: POKE - 16384,9: POKE - 16297.0 .
1898 PR “IN THIS PROGRAM., POSITIVE CHANGES HILL BE GRAPHED £S R HHITE
' LIYE, AND NEGATIVECHANGES HILL BE GOLORED (OR DOTTED).* .

” 1100 PAUSE = 1000: G0SUB 4500: UTAB 22: POKE - 16368,0.
1110 HOHE : UTRB 21 e R &
f* 1140 REH ———n s...-ﬂ ~=‘: 1:0‘&:5- .
AR . "4&3&.‘7 <. \_g.. ?V:, R Y g L] P A
1150 REM n QUESTIDN REGARDING THE NUHBER OF, EQUILIBRIUH POINTS IS ASK. |
ﬂc'vm. Sy S R Ty s iz 7@wmﬁ§
1165 INPUT “ "7 HIS IS AN EXHHPLE OF R o HULTI—EQUILIBRIQ svST
. * EM. HOH HANY EQUILIBRIUM POINTS ARE THERE?";Q$ RS
1178 IF LEFT$ <@%.1> = "4" OR LEFT$ (0%,2) = “FO" GOTO 1172 .
1171 60TO 1180 , R N A e
1172 GOSUB 4550 v ’ TS

1173  PRINT "Y0U ANSHERED 4, BUT 3 4S THE CORRECT ANSHER. *
1174 PRUSE = 10800: GOSUB 4508 " (
1175 PRINT “POSSIBLY YOU COUNTED ¢9,8> RS AN EQUILIBRIUM POINT. (8

»8) IS NOT USUALLY INCLUDED.™ . . ‘" N
1176 GOTO 1218 . - " B

1188 IF LEFT$ <R%,1)> = “3"-0R LEFT$ (Q%$.,3> = "THR“‘GOTU 12386 . 1 R
1190 60SUB 4550: UTAB 22 o o
1288 PRINT “ EQUILIBRIUM POINTS OCCUR HHERE THE THO CURVES INTERSECT.

~

1220 60TO 1110
12390 GOSUB 4550 ' i
12680 PRINT * THART’S CORRECT. THERE ARE THREE EQUILIBRIUM POINTS, O
. ME AT EACH .. INTERSECTION." Lo
. 12708 PRUSE = 1600: G0SUB 5008 ‘ .
6 1288 HEOLOR= 3 - - , N A

1290 DRAW 49 AT 38,113 . ) : .
13086 DRAH 58 AT 88,43 ¢ )
1318 DRAH 51 AT 188,36 : , SR

\/ 1320 PAUSE = S508: 60SUB 4500: uTRB 22 )

E . 1210 PRUSE = IBBB: GOSUB 50600: BDSUB 3888 . \
h 1368 PRINT * AN EQUILIBRIUM PQINT CAN BE STABLE OR UNSTRBLE.*"
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~1378 60SUB 454@- uTaAB 22 - ™ .
1418 PRINT *  AS AN EXAMPLE; ‘LET’S LODK AT . EQUILIBRIUH POINT # 1

1420 PAUSE = 1909: GOSUB 5008 A
1438 FOR.1 =1 T0 6 R R
1448 HCOLOR= B ‘~x§*; SRR S
..1450 DRAHW 49 AT 30,113 Tyl
" 1468-PRUSE- = 580:- GOSUB 5008~ .. L
’ ";14?8"HCOLDR— 3 Bl
< 1480 - DRAW 49 AT 39.113" RATRCNY 5
251490 ~50SUB 5000 .. <
»’*ﬁngg gtEan Lt P e EN ‘ -
Y b R . 1 U o yoRBpn. - I o AT y A 4 2
&i"i S %*‘3 *‘%;fg 2t %%‘% . anbs %.« "’T““‘W%E?l"" e e SR TR GRS S
1523 "REM ™ £ EQUILIBRIUM- PDIHT’#l IS USED IN n SIMULRTIDN REBRRDIHG sTnBr
v _&i: 3 LIT?- “”‘@{;Lé‘?%{ﬁi”‘“‘ el gm * :’,‘. e ) g "»"
@y ool 1530.”.,3&5;& i S Rae e E VR :
Y SRR TR «:, SRR N T F Fwr T P e e e 5 er
%1548 PAUSE = 58B: GOSUB 4508: UTAB 22 ot :ﬁg?ﬁ»‘xﬂ“‘“ *f%§%§%rz? ﬂwf
7%157@ - PRINT “IF THE'PREY DENSITY IS BELOW POINT #1, RDDITIONS TO THE PREY -
;{’f‘"QDENSIT? (HHITE cunue> ARE BRERTER THAN SUBTRQCTIUHS .., FROM IT CC -

N

.o

OLORED -CURVE ). "s ™ .. . - T
51588 FOR.I = 1 T0 ¥S§ m;_y;;1;;f‘~¢%_ 5 R ‘
> 1598 "HCOLOR= 3 o TERERLT RO R S TR
¥600 - HPLOT x2(1>,91(1> TO X2(1).¥2(1) e LU
1618 - NEXT . ¥ R £ :
. : 1628 HCOLOR= 5: HPLOT 23,149 S s
. 1630 FOR I =8 TO ¥S . A e T e Y
1649 HPLOT TO: x2(1>,92(1> S LT N LA e R
1650 NEXT - ‘ T ‘
1668 HCOLOR= 3 - l L
1670 PAUSE = 2089: G0SUB 5000 Y, | ' .
) 1688 POKE - 16368.8 : S -
- 1698 IWPUT “ PRESS ~RETURN-":@$ : : , ,
1788 GOSUB 4558 oo ,
1738 PRINT * THE NET RESULT IS THAT THE PREY DENSITY INCREASES UNT
IL IT REACHES EQUILIBRIUM PDINT #1 . . :
1748 PAUSE = 599: GOSUB 5800 , o S
1759 A = B:B = ¥5:8T = 1 . . —
1768 GOSUB 4208
1778 HCOLOR= 5. |
. 1788 HPLOT 25,149 - -
1798 FOR 1 = @ TO Y8 MY
© 1808 HPLOT TO X2CID.¥2(1)> | . : -
1818 MNEXT o .
1828 HCOLOR= 3 / e :
1 18308 PRUSE = 1: G0SUB 4504 . :
1879 PRINT * IF THE PREY DENSITY IS JUST RBOVE POINT #1, SUBTRACTION

e

-+ S (COLORED CURVE) ARE GRERTER THAN ADDITIONS _CHHITE CUR
. E)."5 . PR PRI
‘1880 FOR I = YU-TO ¥5.STEP “Lop < = S B Co

ﬁ - o Page G¥6
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.\

.'
: P) ' SR
1898 HCOLOR= 3 7, v S K s
1968 .HPLOT X2¢IX,Y1¢I> TO X I),Y¥XI)> ~ '
1910  NEXT
. 1928 HCOLOR= Sz -HPLOT X2(YU),Y2(YU) , : e
1938 FOR I = YU TO ¥5 STEP - 1 i ce
1848 HPLOT TO X2(I)-Y2(I) e

1950 NEXT . W D L -t ,*r w2
18968 HCOLOR= 3 ° E RPN
'”19?8 ‘PRUSE = 1860: GUSUB SBBB ..
1988 POKE - - 16368.,8 . ____ o

* '}fé W

Ceisme metr TRESVEwmCses ol ol
2938 PRINT * A PREY DENSITY IN THIS RREQ. THEN: . HILL TEND 0 DECRERSE L
Eg A UNTIL IT REACHES EQUILIBRIUM POINT #1 ."_ . s - ~W,{2x>“'%?g
2840 A = YUsB = ¥6:ST = —1 ‘ TR o S
-:. 20548 SDSUB 4060 RO 1

. 2068 HCOLOR=S5 = L,
VL2878 HPLOT X2(YUd.Y2(YU) '
2888 FOR I = YU TO ¥S STEP - 1
-.2890 HPLOT. TO x2<1>.92<1> .
2188 NEXT  ~ .- - . A
/ 2118. HCOLOR= 3 : Gk et
2129 PAUSE = 1: GOSUB 4580~ ‘ :
2160 PRINT * THE NET EFFECTIIS THAT ANY PREY DEN- "SITY IN THESE RESIDHS

£3 *g
> <
L TR T

HILL TEND TO HOUE TO THE EQUILIBRIUH POINT #1." | ) . ey ;
2178 LG = 159 ‘ T ‘
2180 CE = 1 .. ‘ . -

2199 GOSUB 4188 SN . ,
- 2268 HCOLOR= S5: HPLOT 25,149 . , . SRR

2218 FOR I = B TO YU : ,

2220 HPLOT  TO X2(I1),¥2(I» :
- 2239 NEXT . Lo ,

2248 PRUSE = 1: GOSUB 4508

2260 PRINT * BECRUSE ANY PREY DENSITY IN THE ARER" OF POINT #1 HILL MEVE

TO THAT POINT, 1T IS CALLEN A STABLE EQUILIBRIGH POINT."
| 2270 PRUSE =~ 1080: .G0SUB. 4500

2285 REM .
2286 REH (h“QUESTIDN REGARDING OTHER STABLE EQUILIBRIUM POINTS IS RSKE n
2087 REM b . . '
2319 PRINT *  EQUILIBRIUH POINT #1 IS STABLE.":PRUSE = 1000: G0SUB 5008

23207 POKE - 16368,0

2330 UTAB 23

2348 INPUT * MWHICH OTHER EQUILIBRIUM POINT 1S STABLE?":Q$ o

2358 BOSUB 4550 -

2355, IF LEFT$ C(@%$,1)> = "3 QR LEFTS (0%,3) = “THR® THEN PRINT “UERY G0
0D!1": 6OTO, 2368 .

Loat o J W TUT L W A "7&“”-3"6«4.»4 154“'}‘&:’{:




" 2488 PRINT “ PRESS —RETURN— HHEN THROUGH® Y

- 2938 "{" moﬂ— 5 -~ h MR ‘:\.7‘:!:,‘,;:,::”%,\’;@ P 3:“;,?.. !
28 X8 = 1: BOSUB 5450 . . T R A L e

2658 IF N = 6@ THEN. UTAB 7:. PRINT * HYLL THE PREDFITORA FUNCTIDNF)L

2758 7Tk COUNT » ‘D THEN HCOLOR= 5: GOTO 2888 : . - et

~2356 PRINT "NO.® & "= ;e oy o g - K .
2389 PRINT "EQUILIBRIUH POINT #3 IS n'-} STHBLE. “:PRUSE = 588: 60SUB 4508

o M

23?0 UTAB 21: PRINT “ HATCH THE GRAPH

-E PREY DENSITY WILL 60.* %
- 2380 PAUSE = 108B: 60SUB S600
2398 VUTAB 23 -

2810 CE = 9:1L6 = 109088: GOSUB 4100
_2428__.60SUB-4559:—UTAB 22-
2450 -IF PEEK (. 716384 = 141 men POKE 38

2460 REM. e »@m £ -

5 2"!@"‘ ol __‘\s'z{- t"‘# T M..?‘EH%’ < WQE“ : “3?&:& {.'3’ - *’ uéne ‘“-5 R ve RN . * s
24?8 REH B PSgEgRTDRgRR?INB CQPQCIT?‘%IS U l QS FI PQRQHETER TO BE UQR

N : g‘ED & i "g‘. ;ﬂ: ' ?;%;q A M&gﬁwe@%ﬁhfx\ %&; 7&‘0}?,." “;’.f:;‘. 8 .- A
AR488;.§REN o }J';Z’é%%m%@? “' ?"3(1"’%?""5:;.}?, .:..{ ? s e !éi}%}:- X :‘ }3(

e "ﬁf‘é‘g"*

; : ey R O Sy
B T gF T el Tah L Ry wmw‘ T M"&\x #
72490 FHOME HBR SFEXT'E UTRB 1 n 7 xS RO R T

Ty - H-3
vy

i J.UENCED BY {l' HE ;- PREDATOR CARRYING CFIPHCI;T_« 2
250? LB08UB 5288 1 = - Lmgr ooy oLl oud

k i -
2528-L$ =."PREY EATEN / YR“:X@ = 0:Y@ = 140: GOSUB 3

2558 UTAB 3 . ... - LT
2568~ HPLOT 25.149 -

2570 KH = 100:%H = .3 : 3
2599 REM .. .- R

‘r

2548 HCOLOR= 3

2888 REH THE PRE‘? RECRUITHENT CURUE IS DRRHN.
2618 'REM \ .
. [

2628 R = .01 . .
2636.K = 108 ‘ *
2648 FOR' N 8 TO 108

~

RESPONSE. CLRVE 60-UP OR DOWN HHEN THE | PREDATOR CHRRYING CAPACITY
i, IS RAISED?* - . '

2868 IF N = 98.THEN PRINT : POKE - 16368,8: INPUT Q% . -

2676 HPLOT TO K2CNX.YICN) ©  °

2688 NEXT ) - S .
2681 UTAB 13 - - N

26882 IF LEFT$ (@%.1> = "U" THEN PRINT “THAT*S RIGHT!*: GOTO 2798 _
2685 “PRINT “THAT’S NOT RIGHT." -
2708-K = 119 : .

2710 ¥H = 150 0,
2728 HCOLOR= 5 - ©

2730 HPLOT 25,149

2749 EOR N = 0 T0. 109

.
s

1Y
~ S
-
.
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“2760 IF N 5 THEN PRINT @ PRINT * IT HILL 60 UP BECAUSE A HIGHER CARRY
— ING CAPACITY HILL QLLOH MORE PREDATORS TO SURVIVE IN THE SYSTEH.®
2??8 IF N =58 THEN . PRINT PRINT‘“ HORE PREDQTORS HILL ERT MORE PRE?.

2789 HPLOT TO XZ(N),VE(N)
2798 60TO 2868 . g
L2800 V=K % N ~ E/(NAE+m)

2819°%X.= N : o
2820' BOSUB 5618 .~ il
#2830 REH ,:'1-
. % “n.c (,‘:“ Y ' “g\c Fie . . " ) .
‘ 2848 REH’ THE PREDRTDR R‘:’INB cnpncrw IS CHANGED Bv THE USER,
7";"2858 REM. R o I SR S Mxh‘
R .:{?f'«\ ‘-erf"‘z"f. X kel '-a"w:- - *«wma,"' e TR
2868 NEXT : IF COUNT < > @ 60 70 2938 - 7 %
- 2870 PRUSE = 1: BOSUB 4580 .. ¥
2888 UTAB 10 ' R
. 2899 PRINT * ° TRY A HIGHER PREDRTOR cgmwme
DEHOMSTRATED. " , .
, - 2900 :PAUSE = 1090 BOSUB_ 5808 SRR
. 2910 UTAB 20 R

’.

2928 PRINT * PRESENT CRRR?INS CRPQCITV “;K : ' o
293@ IF COUNT < > 8 THEN fiOME : VTAB 22: INPUT * HOULD YoU LIKE TD CHBN

GE THE CARRYING, CAPHCITY RBRIH7 Y08 ) '
29408 IF LEFT# COF,1> = “¥* THEN OHE UTAB 22: PRINT * FORMER CARRYIN

6 CAPACITY = "K
2950 IF COUNT < > a QND LEFT# Q$,1) < >."Y" THEN GOTD 3020 -
- 2968 UTAB 23: INPUT ' ENTER TAE NEH CQRR?IHB CRPRCIT?.‘";KK .

'2965 IF COUNT = 9 BDTO 29?5 ;
978 IF KK > 168 OR KK < = 0 THEN HOME :PAUSE = 1088: 605SUB S5968: UTRB

22: PRINT " PLEASE CHOOSE A UVALUE BETHEEN , 1°AND 18@."'PRUSE =
o 3908: GDSUB S5888: HOME = BS0TO 2940
2975 IF COUNT = 8 AND (KK > A% OR KK ¢+ = 118) THEN GOSUB 4559: UTAB 22 .
: PRINT " PLEASE CHODSE A UALUE BETHEEN 116 AND 160.":PRUSE =
- 3899 60SUB 5808: HOME = 60TO 2949
K= KK - .
COUNT = 1 . .

3908 POKE - 16384.8: PDKEA - 16297,8
3918 60TO 2718 s

\o. =~ 3220 PRUSE = 50@: S0SUB 5809
3838 REM v Sy «
sp4p REM  THE DIFFERENT POSSIBLE NUHBERS OF EGUILIBRIUM POINTS IS HORK
ED WITH. A o

. © 3856 REM ~ ’ . .

, 3960 HOHE : HBR = TEXT
) 3878 PRUSE = 580: 60SUB saea
. 3988 UTAB 19 o
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# / »
b

' PR - .
-~ . a Y - ‘

;,'70 ¢ .'

~3898 PRINT * ” YOU/UE EXPERIMENTED WITH THE PREDATORCARRYING-CRPACITY AND

. SEEN ITS EFFECTS. YOU MAY ALSO HAVE NOTICED THAT THESE  GRAPHS NEE.

: D NOT HAVE ALL THREE EQUILIB- RIUH POINTS.* |

—3168 60SUB 5285

3119 HCOLOR= S:L$ = “PREY EFITEN 7 TIHE®:¥8 = 0:¥9 =

%3128 X8 = 12 60SUB 5456 .. ‘.. —~ s
.313@ HCOLOR= 3 ;% R EEEE

31487 HPLOT 25,448 - -+ fREDS

;3158 FOR I.=-8-T0 108 SE

,5‘53"3168 HPLOT. ™ 70 X2C 1).Y1C(I) "0y o 57

- -

53170 MNERT. " aufie - #qu
E3189 PRINT = PRINT - "RSsieiges.
#53198 PRINT." . BY CHANGING THE PREDATOR cnnmme
= C P HITH @ SYSTEM  THAT FRS ONLY ONE EQUILIBRIUM PUINT.:} i
2 89 PAUSE = 2989:*‘808UB 5000 T
"}2}“03218 K = a B '«5}*{‘-“33& v‘ "f" e " R 355” " ™ ’w’ -S)’*{;hﬁng,
#3220 - 60SUB 5889: HOME :PAUSE = S eosua 5993
) vX.3230 - 16334,9- POKE _,_1629?.6 R B
113248 BOTO 3318 ..o el e .‘“ﬁ a%”*%“"ﬁ ‘f:;ﬁ_;
”‘@'ﬁ;{‘;ﬁ,\-‘:\.&* et ‘f,’ h, &{f‘ﬁ‘{iy{{&g’f% 3. vs"a ‘? ;——ﬁ’ri' a’ ¥ gt é‘ﬁ"l‘q «,\iw/,. t’w X
. “3268 . REH mg_P_REnmon cnnn?me cnmcn:v IS cHnNBED B? THE
;«32?@ TREM ./ g T W dr aabe wlEEECL T IRGLRE
R JOEC NG
3280 PRUSE o 1098: GOSUB 5000
-3296 UTAB ‘ . . o
3388 PRINT “ FDRMER CARRYING CAPACITY = *K’ , P
3318 PAUSE = 188@: 6OSUB 5000 L Ty . |
. 3328 VUTRAB 24 b . ;
-\ - 3338 INPUT * ENTER A NEW cnRRvIne CAPACITY: “sKK : |
3349 IF KK > 168 OR KK < = @ THEN HOME :PAUSE 5 1080: 6OSUB 5000: UTAB
22:*PRINT *  PLEASE CHOOSE A UALUE BETHEEN 1 AND 160.“:PAUSE =
' .3000: 60SUR 50@8: HOME : GOTO 3280 -
- 2350'K = KK- 1 o ~
3360 REM * , = Y- N\
. ) » -
3370 REM POKE ORANGE: COLOR. )
3388 REM -« .. , ) .
3398 . POKE '28.§;13, « %
3480 HCOLOR= 5 ~ - Lo A
w 3418 - HPLOT 25,149 . o

3420 . FOR X '= 0 T0 100

343 Y= K* XAEs (X~ E+ DD J
3440 6OSUB 5610

3458 NEXT :

3478 REM , 3 : .




3480 REM THE NUHBER DF EQUILIQRIUH PDINTS IS CHECKED. . '

—~ . 349@ REH . _ SRR ‘ e
: o A g P SR
2 3598 PQUSE = 588: 60SUB 58% L > U U LS
) 3518 UTAB. 22 i . $‘_N o RS ","‘f - ,:;‘ P
_«529 PRINT * IS THERE ONLY ONE'EQUILIBRIUH POINT?" P .
#3938 INPUT Q% . RIS - ‘ ""-,.1'.’ '.';:, .:~ "’:l :f -

323549 HOME : UTRAB 22:PAUSE = Sop: GOSUB ‘5008 n LT
53550 IF' LEFT$ €G%.15 = “v* AND K > 78 AND K < 128 THEN PRINT © THAT 1S -
" —x:f INCORRECT. THE SYSTEH' HAS HORETHAN ONE EQUILIBRIUM POINT. PLERSE TRY
5 T TIAGAIN. *: PAUSE = 1889: . 60SUB 5809: 60SUB 5880: HOHE : 60TO 3288 . ..
%~3560 IF- -LEFT$ <8$.1>'< > “9* AND K >.78 AND K < 128 THEN PRINT * PLER
SE TRY ANOTHER CARRYING CRPACITY TO 6ET ONLY ONE EQUILIBRIUM POINT.*
PR PRUSE = 1099: GOSUB 5800 60SUB 5988: HOHE : GOTO 3288 . -
~~»357a IF - (@$,1) = “y* AND (K <—= 78 OR K > = 128) THEN PRINT *
. THAT IS_CORRECT. THIS SYSTEH HAS OMLY ONE EQUILIBRIUR POINT. “:PAUSE =
855755 19005 G0SUB 5900:—60SUB 5880: HOME : 60T0 3598 T
3589 IF -LEFT$ <8%,1) < > V" AND (K< =78 ORK > = 128> THEW) PRINT ]
iz ™+ ND,_YOU HAUE ONLY ONE EQUILIBRIUM . POINT.":PAUSE = 1098: GOSUB
__*uxw~5@ae. 60SUB 5088: HOME e o s
*I' 3599 PRUSE = 580: GOSUB 5600 \ E
3600 UTAB 22 ‘ ST
3618 PRINT * IS THIS EQUILIBRIUM PDINT STABLE OR  UNSTRABLE?*
3620 INPUT @ T
3638 HOME = UTAB 22:PAUSE = 589: GOSUB- 5088 - o

3640 IF LEFT$ <(@%,1) = “&" THEN - PRINT *“ THAT IS. CORRECT. " ] ‘
3658 IF ' LEFT# <(0%,1>'< > "S" THEN PRINT * THAT IS INCORRECT."® i

3668 PAUSE = 1680: 60OSUB 508@: UTAB 23 )
3678 PRINT "IT IS R STABLE: EQUILIBRIUH PDIHT.“'PRUSE 1880: 605UB 5086

3688 60SUB 5888

3698 REM
37080 REM THE NEXT SECTION OF THE HMODULE IS SET UP.
3710 REM ~
- \ 3720 HOME : TEXT :
3730 UTAB 22 . ¢ :
3748 PRINT * GOING BRCK TO THE ORIGINAL GRAPH..." ;
2

3798 X = 26:¥ = B: X2 = 233:L = 148: 605UB 5146 w
3768 HCOLOR= 3 . . .
3778 HPLOT 25,149

3788 FOR I =8 TO 168

or mnhme Do o

3799 HPLOT TO X2(I),¥1C(I> : ) )
3808 NEXT . » , ‘
3818 POKE - 16384,8: POKE - 16297, o
3828 REM ' o : , L
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-
"t"‘" 13 -’n-»w«r ‘.

. fod
3838 REN POKE ORANGE CDLDR.
- 3848 REt:\I

38580 POKE- 28,213 -
3868 HCOLOR= O

) 3870 HPLOT 25,149 .
‘3888 FOR I'= 8°'TO 164 . ’ ~.
3880 HPLOT TO X2¢1),¥Y2(I> . . c
1 39080 NEXT . _:'-z;~ fod S ‘~ A AR
3919 REH ’ A o R et , 7,._ ¢ .:: . ! ;‘,’“, R .
C T e N P * ,,...-«» R ¢ f;m SO NS '
. 3920 .REH THE SUBPRDBRQH PRED FUNCT2 IS RUN. X
‘;3 )
’l

3938 REM ERRR P LA
ot

RS, " . .yfgt ‘ “,?‘: - L T T o ~€~’x’-}§;}"5*«;‘§1$33\> “:
3940 DS = CHRS (4>~ ' S oy s v e
{ "‘ & v

e B
“*3958 PRINT D$3"RUN PRED FUNCTE“ _ Y
3968 END .Q&:; - . FREY & TN
3989 REH N fe S e e SR T

s nePane Bk ndal ».~...¢,..ru.-« « - . . P \ S SO

" 3999 “REM *******************

~ 3981 —REH-#¥* SUBROUTINES %¥¥-

3992 REH mmm&-:—**m : T

- 4808 - REH 4 }-«‘ué“’:“ ‘*« h,*"r‘ ‘ © .,7' ‘; .‘ :‘ \\ “‘Iw

4081 'REH “SUBROUTINE TO FLRSH SPACES BETHEEN CURUES.
- 4802 REM - .

4985 FORT =9 70 21 L,
4910 HC = HC + 3: IF HC >3 THEN HC = @ T e
, ° 4928 HCOLOR= HC - -
4930 .FOR I = A TO' B STEP ST ,
4848 HPLOT X2(I),Y1¢I> TO X2(125¥2(1)
4950 NEXT , o
4060 NEXT . : ‘ .
4878 RETURN ‘ 2 } L
4198 REM ' o N

. 4181 REM SUBROUTINE THAT ALTERNATELY COLORS AND DRARKENS SPACES BETHEEN
THO CURVES. - s
4182 REM . :

4105 Hi 3
7,

JI

4110 €A =

4120 HC =

, 4138 FOR
© 4158 CA =

o ©

B =CB + 1:CC =CC + 1:C
NDHL =@ AND LG - I £
+ 3

)
A > ¥S THEN CA = B:H1 = H
>

D=CD+1 o
= ys THEN 6GOTO 4183 - - &
IF PEEK ¢ - 16384 = 141 THEN H

4151 1
4169 IF

~4185 IF 3 THEN HL = 8

) »
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\ : _

, 4178 HCOLOR= H1 . = &iuewws M . csoe : a
4188 HPLOT X2(CR>,Y1(CA> TO X2(CAY»¥Y2(CA) : . T
4183 y CB>YU-YSANDH2Z =0 AND L6 - I < = YU - ¥S THEN 60TO 4388

41909 CB >%YU - ¥S THEN CB = 8:H2 = H2 + 3: IF PEEK ( - 168384)> = 141 THEN
. =B -, . L . L
c NuaS T e > 3, THEN He = 0 & T )i

4209 * HCOLOR= H2 x 5
4218 _HPLOT X2CyU - ca>.91<vu ='CB)" T0. X2V - cs»/v?.@u = CB) - ey
4220 7 IF CE < > ©.60T0 4300 . Sy e T TEERY
4230 1F OC >V~ THEN- CC-=-iH3 =.H3 + 3: IF - PEEK ( = 16334) 141 THEN

., e H3 = '“?ﬁ”“' Kefamee ™ " Wor B 7ﬁ; iR L i il '
;«4235 IF*H3 > 3 THEN H3 TEREC T !'";;-. R ”‘*75{3’" RE 5“?1’5;
%4249 I HCOLOR= H3 :- 7 mnwa A e ”i r‘-“«v
_____ "4250 HPLOT X2(YU + CCY.Y1CYU + CC> TO X2(YU + cn:).vz(vu +CCY T
‘:-:':4288 H{I‘F‘Cg > 181 - ¥E, THEN €D = 8:H4 = He + 3: IF. PEEK < 18384) 141, THEN
v, (X ’\;: '5 v?‘ni . " »}“_. a',_"' m“ . [ g r
4265 IF-H4 > 3 THEN H4 8 .- G o
"-*FZ 4270 ° HCOLOR= H4 - v TE .

~ 4280 HPLOT XZ(IBI'; CD):?I(IBI - CD> TO X2(161 - CD),?2(101 - CD)
’“'4295 . IF - PEEK (. — 16384) = 141 THEN GDTU 2420 :

4309 MEXT - o cc o woe o o R
. 4318 RETURN ‘”}; e ,’3“? T TR PN %
. 4588 REH . #Ml —_— \ 'J..,’ ";51‘: P B S &
S ""M‘n‘ : "‘n "i'-{"‘g ik ol B S C.*i" I‘c\* ORI SRS o
4518 “REM PQUSE: RETURN, PRUSE. UTQB SUBROUTINE. - o
4520 REM . oo . . o T
4530 GDSUB 5608
4549 605UB Sesa . . - -
4550 HOME ° . S )
568 PRUSE = 588: GOSUB 5939’ [ ] o ’
4578 VUTAB 21 * - '
4580 RETURN - ' - :
5880 REM X - :

v -~

o918 REMH PAUSE SUBROUTINE.

58280 REM UARIABLES TO BE PROVIDED:
¢ 9838 REM D = LENGTH OF PRUSE.

5640 REM ’

$g58 FOR PS = 1.TO PAUSE

5660 NEX;-['h
5078 RETURN

5@98° REM 'PRESS —RETURN- SUBROUTINE.
5168 REM |

.

5185 POKE - 16368.9¢

51186 VUTAB 24 ' e
35128 INPUT * PRESS -RETURN- TO CONTINUE":;Q%

5138 RETURN ‘ i : . C o

\

Page G23 ' B




-~

,

T

5149 REM o CTERNOTRIE T e L R
51590 REM SUBROUTINE THAT BLACKS OUT A RECTANGLE on THE HGR SCREEN.
5168 REM —UARIABLES THAT MUST BE PRGUIDED- ,

5178 REM X = STARTING X COORDINATE . . o

© 5188 REM Y = STARTING ¥ COORDINATE , .
5198 REM ®Z. = LENGTH OF RECTANGLE RLON6 THE: X AXIS. .

. 5208 REM L = HIDTH OF RECTRNGLE ALONG THE ¥ AXIS.. o
5219 REH '

B 5228 HCOLOR— a ’ B )
-5233 -FOR-TR-=-8 TO-L
<3248 HPLOT X.TA + ¥ TO X + XZ,TA + ¥

1. 5258 NEXT TR 5 z;
qfsxm HCOLOR= 3 e ﬂrﬁx’

5278 RETURN . , T,
@;52?1 REH - ‘_‘_} . gﬂ*&: % e

R 7“‘\ f ‘ % “"’“ . t Lo WEX ;'v Ah. .". :".L DR
kfseae REH nxss AND UNITS FOR BRQPHS AN ~~-1“-' s
5299 "REM . SUBROUTINE DEVELOPED Bv J. SPHIN,HICHIBQN TECH unxu.;nnn B.J R
©: HINKEL.ALBION COLLEGE . - o I "
80 REM DEFINE X$=UARIABLE PLOTTED ON X AXIS
10 'REH DEFINE Y$=URRIABLE PLOTTED ON ¥ AXIS
REH  DEFINE YH =HAXIMUM UNITS ON THE ¥ AXIS
REM DEFINE xa HAXTHUH UNITS ou THE X ARIS
5335 REH :”,,ui'(.w\ ‘r’ ‘, PG e e
5349 HCOLOR— 3: sane— 1:8C = f- ROT= B
5359 REH LIST OF RESERUED unnlnBLEs.x,xa,xn.X$.9,va.vn.vs.z,ZF,za,za.Ls
»5C
5368 HPLOT 23,8 TO 23,149 - L T
5370 HPLOT 25,143 TO 279,149 : , , a -
5388 REM HRITE UARIABLE NAME ON X-AXIS
5390 70 =.8:1.% = ¥$:%8 = 68:¥Y8 = 150
5498 GOSUB 5458 )
5410 REH HRITE URRIABLE NAHE ON Y-AXIS :

"‘"\'\ - 5 ""‘v\
ke

5428 20 = 1:L$ = V$:%0 = 108:Y9 = 140 , .
5425 X9 = 13 & ' G
5430 60SUB 5450 . -
5448 'RETURN .

2458 REM ALPHANUMERIC CHARACTERS FOR HGR
5468 REM THE FOLLOWING HUST BE DEFINED
3478 REM BEFORE ENTERING THE SUBROUTINE .

o480 REM L$ = “CHARRCIER STRING"

9498 REM Y8 = THE INITIAL ¥ POSITION ‘ ’

D000 REM X8 = THE INITIAL X POSITION ' -

9518 REM SET 20 = @ IF PRINTING HORIZONTAL 2 i .
REM SET 20 = 1 IF PRINTING VERTICALLY . ' . ’
FOR Z =1 TO LEN (L$>:23 = ASE ¢ HID$ (L$,Z.1) .
IF 286 < > ©® THEN 60TO' 5579 .

955 IF 23 > 64 THEN DRAR 23 - 64 RPI;&;(B’ + (Z - 1) -I- 7 ¥ SC.¥8:- GOTO 5599

- e

o
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-

- 5568 DRAH Z3 AT xa s (z 2 1y#°7 %-6C,v@: 60T0 553@

R mr - e

|3

[ ‘
- - TR}
NP ENRLAR >
R

5578 ROT= 48: IF Z3 > 64 THEN DRm23~s4nTxa.va—(z-1>*?. eom -

9998 -

oFRT

~;:5825§;REH;’
<3 %"(~, 3

"y &'*N

o
< 9995
2

399?/REH
Lo e

186008~ DATA

-t . 18810 " DATA

‘. 18828 DATA

.'*?f'x 186838 " DATA

19848 DATA
- 18858 DATA
18868 DATA
18878 - DATA
19888 DATA
. 18898  DATA
18180 DATA

18118 DATRA -

19128 DATA
18139 ' DATA
19140 DATA
16158 DATA
‘19168 DATA
18178 DATA
19180 DATA
18199 DATA
16200 DATA
16218 ' DATA

18228 DATA -

“ 5589 " ORAH Z3 AT Xesve (21—2?1) o 7
<3590 (ROT= 0: NEXT.2, . 2ot

2 5600 'S*REH@FOR LINE.PLOT HAKE 2Pt o o ooaa Y
sl TE ;;f.‘ T Ayt A0
ks * wm%‘é‘?* Tk S Y b | Sdea , i T
579538 X0(=23 + K256 /WM RIS RE TR
7&5848?8-‘149-?\**148/911 ‘
"";LSSSB »»IF*XQ >279.0R X8 < P OR Y8 > "149
55,5668 IF 26 =+1-THEN  HPLYT - TO ¥8,Y8:
. “;5878 %OT X8,Y8:.; IF 2F
%5689 RETURN b
"B-ﬁ }:‘ ?‘%:%:‘;» i 3‘\ .

B
5

-rtv-—-&, R

- ‘Zg'nrw

23,149, 149;25;
38,1395,143,33,
38,122,125,48,1
46,110,183,48,1
93,99,84,56,96»
61,88,72,63,86»
89)89)64\"?1 » i1
76,71 pSSp?S:%:
84,63,56,87 b1 »
92,57,53-94.54,
99,51,52,182,49
187,45,51,118
115,41,58,117»
122,37,49,125,
139,35.48.133.
138,33,48,148,
145,32,48,148,
153,32,47,156»
161,33,47-163»
168,34,47,171,

[ " N i 3 N
A DL ;a,. > kT .
. :,.:?4,.:% SPL ‘»'j:‘,g.‘.*{ B
-~ . M

»49,127,36,49
»48,135,34,48
14,8, 143:32)48

4472158,32,47
»47>1656,34,47
:4?: 1 ?4:36:4? :
47,181 ,39.4?

.
At 4
.

.

LTHEN 26 = 1 .
g P

44,148,28139,147
1,139,35,126,132
8,118,43,114,118
7,96,51,103.98

)48:'151 232,48 -
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ERFe2se
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522610278 3 DATR 230, 77 +46,232, 88,46, 275 783 i
.?%

DATA 215561 :48.21?»63:483228.66:48’ I
e 16280 DATA :. 238.,85,46,240,89,46 - 23 ‘?3&11‘
m,,,

16268 " DATA-.. 222,68,46,225,71, 246,227 274

£ 218298 DATA- 245.,96,46.248,99,4( asaﬂ;as.,%,; N ’
18388 : DATA- 2535106,46,255,118, - L 253 4t4 k-
%5 116310 <. DATA < 261118.46.263, 122, 4l Qb
= -‘:wu 18328 ~ an 288-131.46:2?1.135:* Q‘\ 293 f3
ﬁ: 83383‘[[“'9 gg27s.144.4s.279.149.40

( %
Y. ol
s
. ~
. ) S
¢ 1’ ﬁ
. ] .
" - 4 ’,
e ¥ - - . 1]
MG Y -,
. SRR N N A ’
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¥ = N - ’ .
- o [
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%, »iadoode A 1,
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ORI el v R SRR s - &
S REM PRED FUNCT2 -+ o in FRAR. 1) LG
18 REM . PRED FUNCT2 IS A SUBPROGRAM OF PREDATOR Fumirmum. RESPOHSE
15 REM .~ PROGRAMMED BY HARK SHALTZ .
28 REM ' THIS PROBRAH HAS DEVELPED BY THE SUMIT I COURSEHARE DEVELOPMENT P
FROJECT, DEPARTHENT OF BIOLOGICAL SCIENCES. HICHIGAN TECHNOLOBICAL UNI
UERSIY, HOUSHTON,, HI 49931.. i e
25 ' REM “THIS MATERIAL-TS BASED UPON HORK SUPPORTED BY THE NATIONAL, SCIENC
sy ;. [E FOUNDATION UNDER GRANT NUMBER SED-7819851. . . ....-osye . - fur Mz-.e,a%;»f
38 ¥ REH 2OV OPINIONS, FINDINGS. AND CONCLUSIONS OR. RECOMMENDATIONS EXPHRES &
- 7 SEN TN THIS PUBLICATION-ARE THOSE OF THE AUTHORS AND.DO NOT MECESSART .
* .. .- _SLYSREFLECT THE UIENS OF THE NATIONAL SCIENCE. FOUNDATION, ;- 5. & rc-c
.:;1193 ' DIH 1< 281 ).xz(zawv%:zm S e e
“* 118 HOME B o %
“*$120 “ HCOLOR= 3 ‘*’*‘i”%}*
. 138 X$ = "DENSITY OF: PREY. POPULQT_'ION" B
T 148 s ZCHANGE. 1N DENSITYZYR™ -
¥ 158 REM: - :

Y. %m\..\ 73

~REH 20 R CHANGE 'IN.SCALING IS mmnnucgn
nl?a REHi;~ - f:;:é:.} wam?riu.;ka' .

*w

/ ~, 189 ~GOSUB 4859 . TR B e &
T
%

219 'PRINT "™ FOR THE NEXT DEHUHSTRQTIUH IT'HISHT BEBETTER

S R ONE: OF ) THE-THO -~ STABLE EQUILIBRIUH PUINTS PRRRR by P S T

s ‘229 PAUSE: = 3809: SDSUB 4988 " b e e ,.;:g.“. R>5ashidieds

. . 268 UTQB‘ZE _ P L ‘ : AR

- 2?3',PRINT . 50 HE'LL IGNURE'EUER?THIHG’TD THE . RIGHT UF THE DDTTED LI
.NE... v s T el e

|- 280 HPLOT 128, . o 7 o L a G SRV
L 299 FOR.I =0 70 148 . . :! 3 e e L T :a;;;;:_ o

300 HCOLDR=8: IF INT (I ~ 2> 172 men HCOLOR= 3 o
310 HPLOT 128,1 .
320 NEXT
330 PAUSE < 1080: GOSUB 5008
340 X = 127:¥ = @:%X2 = 152:L = 148: GOSUB 5148 T e e
358 PRUSE = 3899: 60SUB Semd .. . L R g e s BT
, 3680 GOSUB 4858 . - - oY v * SR
: 388 UTRB 22 ,
398 PRINT "™ MWHAT REHRINS IS PUT ON A LARGER SCALE SO IT CAN BE EXAHINED ;
MORE CLOSELY." . - |
460 TEXT , . - . '
. 410 X = 25:9 = @:x7 = 192:L. = 148: GOSUB 5148
- . 420 POKE -~ 16384,0: POKE - 16297.0
: 430 ZF = 1 : )
440 UTAB 22 )
\ 458 HPLOT 25,149 | v
460 XH = 4B N -
470 ¥YH = 225 - , ]
. 480 PAUSE = 1098: GOSUB 5099 . T
490 POKE - 16384,8: POKE - 16297.0 _ oo R
5% REP' . . -, ‘,: . : \ . ) L S - - . - -
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\/’ e '?f“" un?
- 518 REH THE PREY RECRUITHENT CURUE IS DRAHN.

.528 REM - . Y
, SSBR=.81. - - C . e
548 K = 100 : Vo

558 FOR X = B TO XM STEP
.58 Y =R %X % (1 -
578 IF ¥'<'8 THEN ¥
580 - 6OSUB 5610
598 Y1(X) =¥

608 NEXT- -7
819 REM ',;::.
628 REH
’%.‘-saa REM .
cERT - SefEleET L ﬁ“
" 848 YM ="112.5 EE

658 HCOLOR= 5 *
-668 HPLOT 25,149 L. .
.:-‘:_6?9 K=118 " ;@w“
%688 E = 2.5 SR
=698 DD = 308
J?aavs-avu-ave—a L
718 UTAB 22 - . S
720 FOR X = BTUXHSTEPS
?3@’1’=K*XAE/(XAE+DD)

' -748 GOSUB SB18
. 798 ¥2(%) = X0: ?20() = y@ ‘
“ 768 NEXT ' ‘ -
778 PRUSE = 1898: GOSUB 50060: BDSUB 58808

- 780 REM

" 788 REM THE CONCEPT OF SUBTRACTING CURVES IS. INTRODUCED.
- 898 REH

318 TEXT : G0OSUB 4850

828 UTAB S :

938 PRINT " YOU WILL RECALL THAT THE PREY RE- CRUITMENT CURVE REPRES
i ENTS THE POSITIVE CHANGE IN THE PREY POPULATION. AND THE PREDQTOR Fu
-~ -NCTIONAL RESPONSE CURVE . REPRESENTS THE NEGATIUE CHANGE.™ .
. 840 PAUSE = 188B: GOSUB 566G .

858 VUTAB 11
" 868 PRINT * IF THIS 1S SO, THEN THE DIFFEREMCE BETHEEN THESE THO CURU

- £S IS THE CHANBE IN PREY DENSITY PER SOME TIME INTERUAL."

878 PAUSE = 1889: 605UB S¢008 -

888 UTAB 15 . .
*. 838 PRINT * S0 THE RELATIVE AMOUNT OF TIME - NECESSARY FOR THE PRE?
- DENSITY TO REACH A STABLE EQUILIBRIUM POINT CAN BE ESTIHQTED




~

r: by - . . PR "i’m«a?:t”ﬂ
" 508 PAUSE = 1098: sosussaam“ ‘ e TR
. 918 VUTAB 28 . - G S
« 328 PRINT ”(THE PRECISE LEHGTH OF TIME CRNNDT BE CALCULATED DUE TD SCRL
: - E DIFFERENCES. )"~ . L PP
930 PAUSE = 5@8: GOSUB 4909 . ' S ST
978 "POKE :-=-16384,8: POKE - 1629758 N ,;.g*
“m RE,' . M" o r . ) g L W-f"z

3

sﬂﬁ'?;&.& ”g’}"su PN S RS RS
uh 1808 REH BV smumrmn mm‘ suemncrs THE THO wnuss AND mKEs THIS DIFF. .2
TR EREncE _FROH THE x—-nxm. B o A ﬁfﬁﬁﬁt A
ar-;ma REM i 5.t S e
1’?@% * o i1 » ‘,

£
SR A

21840 90T0 124@ %ﬁéw, R sty L
;éfmsa SIFIX2CI) <3E37R2CJ) THEN COUNT = COUNT + 1 -
ﬁ‘f 1060 TP =IY1(1) Gl u®Fe g o 7

878 SIFYICI) C-¥2C1) THEN TP =.¥2(I) _ -

IBBB_J-'OR H =148 TOLZINT (TP STEP - — 1= . ..
*«?*1093 HCOLOR= @: 'IF JINT (H ~3) = H/3THEN }
.“*“’1;33 ?!';lPLUT K2(1),Y TO X2(I12H b ssi,
:x‘ H 2'_‘"“‘ . .:-u-f h”fzw > e
Tl120 NEXT= 3 "«‘%’%%’i‘*;iv‘i;ﬁ ox

. ,ufffuze HCOLOR= 3 : . mw@..@gg:ﬁ:
%1149 ~_HPLOT x2<1),v1c1> TO KR LDLY2AI> B o HES i
"£51150 - HPLOT X2(1) - 2,¥1¢1> T0 BT = 2#2(1)
;;usa JHODLOR= @ - 523 o0 5o IEP AU
1178 CHPLOT X2(125147 TO S SRUTS ST ) o
?&1188 SHPLOT X2CJ),Y1¢0) TO X2(),Y2(J) B R
1188 HPLOT X2(J) - 2,%1(J) FO X2(J) - 2,¥203) « S
#1200 HPLOT X2(J),¥1¢) TO X2(J),148 © - Cemes ot L N

1219 HPLOT %2(.J),148 TO X2¢I1),148

1220 HPLOT X2(J),147 TO %2(1),147 ;o N

1238 IF X2(J) = X2(I> THEN COUNT = COUNT + 3 —

1249 IF COUNT < 2 THEN GOSUB 4050

1258 IF COUNT < 2 AND CT = @ THEN PRINT * THEDIFFEREHCEBW

- %3%- CURVES - IS THE EFFECT OF PREDATION ON THE PREY DENSI TIHE INT
~ ERVAL. ":PAUSE = 46000 605UB 5900 \

vy

-

1260 HCOLOR= 3 K
- 1278 HPLOT X2(I),YICI) TO ¥2(1),¥2(I) © : .
1280 HPLOT X2(I) — 2,¥1(I) TO X2(1) — 2,¥2(1)" . x

1299 .IF COUNT = 8 AND CT = @ THEN 60SUB 5p88
1388 IF COUNT-< 2 THEN HOME

1318 ¥¥ = YICID P : ‘
1320 UTAB 21 o . , : e-
1338 -IF COUNT < 2 AND CT = @ THEN PRINT " BY SUBTRACTING THIS DIFFERENCE .
. FROH THEX-AXIS., THE PREY.DENSITY FOR THE FOLLOHING TIME INTER

. VAL IS OBTAINED.":PAUSE = 2090: GUSUB 5000 L s Ty
1348 TP = Y1CI) R

1358 IF YI1CI) < Y2CI) THEN: TP V(D) : e
‘1_388 FOR H Im (TP) TU 148 e s - IS T ah R e et et S




Y,

11438 KX = %2(1) (YD) - ¥2CT)).
E1448- T=CRY - 23) % RH /296 ..
= 1450 _HCOLOR= 3 _ e 2t e
£1488 7T R 1> <- 279 ARD ¥2(13 > 6 60TO 1533
*"?5314?9 : HPLOT X2(J3,148 TO 279,148 .- -.© .
~ r5+1488 HPLOT X2(J).147 TO 279,147 ., .

-.

- 1513 : HPLOT X2(J):148 TO 279,148
1514 “HPLOT_X2¢J>,147 J0 278,147
1515 . HCOLOR= 3 .- "~ I e &
#1520 HOHE :-60T0 1899 , - ~iir
731538 HPLOT X2(J),148 TO X2(1),148
% 1598 “HPLOT Ko 05 1a0 TO %2(1

- 1588 REH

© 1648 UTAB 23 .

1410 CIF X2(J) = 'm(rﬁmaq' cﬁum' COUNT - 3

--1560 IF ¥2(1) =-%2¢J) B0TO 1590

-

1378 HCOLOR= 8: IF INT(H ~ 3> =H ~ 3 THEN
1388 HPLOT X.?.(I),':":’ TO X2(I).-H B

1390 ¥¢¥ = H
1490 NEXT

v N
R SR
R

1426 J = 1. SBEEEIGT L S8 ear *,:f;‘us. B

&}"'

FA
R -

*1490 © GOSUB 4050 0wt » . el e b 0 . B

7j1s88 i~ ey DeNoITy s GONE GFF THE omen T T O e
. oy TR e an o= BN a5 o ‘ﬁq:%b S

'1510 PRAUSE = 2669: BOSUBSQBB GOSUB
~21512 _HCOLOR= 8 _iiai. : Ll

147
1558 IFCDUHT—-BQNDCT-B)’I’FE!
1578 60TO msa

1599 HOME . i .

1688 VTAB 21 ~

1681 IF I'> "= 28 AND I < 31 THEN HOME : UTAB 21: PRINT "NOTICE THAT THE

. PREY DENSITY IS ON THE UNSTABLE EQUILIBRIUM POINT. TRY A DEN-  SITY
JUST OFF THIS POINT.": 60SUB 5888: HOME : 60TO 1938 R

1682 IR CHECK > @ 60TD 1610 . R A R

1685 . IF COUNT > @ AND CT > @ THEN COUNT = counr—z,

1618 .PRINT * IT TOOK *;COUNT;" TIME INTERVALS FOR® - -

1615 CHECK ='1 )

1628 UTAB 22 :

1638 PRINT "THE PREY DENSITY TO REACH EQUILIBRIUM.” - ° '

1658 PRINT ™ ' _PRESS -RETURN- 0 COHTINUE"

1678 IF PEEK ¢ - 16384) = 141 THEN 50TO 1690

1688 60TO 1858 i '

1686" HCOLOR= 3: HPLOT 23,149: FOR I = 9 TO 48 STEP .5
1788 IF 1 > = 40 6070 1730

1718/ HPLOT TO X2¢I)YICI>

1 NEXT _ ' .
1 HCOLOR= S5: HPLOT- 23,149 L R
1{40 FOR I = 8 TO 48 STEP .5 e R PR
L HPLOT T0 X2(I).Y2(I> ' I . Lo TR T

1760 IF I > 48 60TO 1780 .
1778 NEXT : :




SRR

M1989 PAUSE = 1eaa.ﬁc;sus 5089: "‘ume 24-
SYECT -« NEH DENSITY" ;0828 . »H SHER
““18?9 ‘HOME:: POKE 3=; 16384,8:,POKE ~ 16297,8
-£1880 . 607071940 - = . SR CWEER
"’1890 - UTAB 22-PRUSE'- 19@8: GOSUB 5809 TR s St
©51980 | IFE PEEK (:—16384) < -i %8 .THEN POKE .- 16368,
- 1910 .. _INPUT.® HOULD YOU LIKE 1O, TRY PGAIN FROH ‘

: I S SRRRRE A T
. T788 HOME :CT = CT #'1:7IF cf"f@*‘% 1 60TO 1899 I
1798 REM . - s ‘ o
. CLia i, Aﬁ;\—»’“ N «. hd
1860 REM .. THE 'SIHULATION IS REPEATED nrm A NEH STARTING PREY m»msxw
(INPUT BY THE USER). ... \ o
1810 REM & %’*%"“"‘" e oy Vg Y
':;~1eza 60SUB 4860 wi&“ﬁf g R ¥ R T R ﬁg;;
1848 PRINTZ"* -TRYA: DIFFERENT smnnne Pnsv K DENSIT? To mﬂmns HL™
< ~TH THE-ORIGINAL . EXAMPLEC!" SR T TENRRE ST R
ez 'DEHSIT‘:”?" SR$ T . R A9
1929 IFLEFTS (95,13 € Yiupm, GOTQ 2949*4 =

INPUT j PRESS-‘-RETURﬂ—-TD IPPUT",@
g, - B 3,—-\—“ g;;:‘urm.«%-a

-‘-‘3»-.4&‘\.

34
S
=% ANOTHER
AT
:3:4“-""‘ ron e
%
=

o) ‘,“_v‘r i
RS -

e "1859 POKE'«,-‘:: 16368,8 S| i e :f;; 2 A ’s&«%‘ﬁ"«‘ HTRR mfr.sw‘—é?’f'“
o2 ,ﬁg« W ;,3; ey
1930 eosus 4050 _ ;i* % Agﬁr,_,»_,._-:, R

1949 UTAB 22 Tl s e
1968 , PRINT;* HHERE® HUULD vuu LIKE TO smm"? (1-35) "L
1978 < PRINT~: INPUT=L oy, @ oo - Al & B A
1988 IF I > 35 O0RI < 1" THEN ™ HOHE : :PAUSE = 1899: GOSUB
- “PLERSE CHOOSE A. UALUE BETHEEN 1 AND 35.":PRUSE :

1938 Lo E e s s
1998 COUNT = 8: CHECK e SR * i N T R ) SR
2000 60TO 1850 - C & : \ P

- -~ X » ;, . 1. ’ Tt »ené
Ji o) 2 gt TR S v e -
. Py e ERS . RN e
RE}‘ J SPEES a 4 PRUEC NN ‘e 7 . Tla N
2 Py v 7 5y B T T T

ah e e kit

2020 REM  THE CONCEPT OF ADDITIONAL PRRAHETERS IS BROUGHT UP.
2030 REM / -
2048 HOME : : . (
2050 PAUSE = {680. 60SUB 5008: UTAB 18 - Lk ..
) 2068 PRINT * FROHTHEPREUIDUSSIHtMITIUHS?OU 'sAH THAT TIERE EXISTS
A RELATIONSHIP  BETHEEN THE PREY RECRUITHENT AND THE  PREDATOR F
UNCTIONAL RESPONSE CURUE.™
2678 PAUSE = 1988: GOSUB 5000 |
2688 UTAB 15 ,
2899 PRINT " NEmeunlLLSEEmnTncmNeEm A SINGLE PARRMETER CA
N AFFECT THE .ENTIRESYSTEM."
2108 REM

TEXT

2118 REM THE SUBPROGRAM PRED FUNCT3 IS RUN.
2128 REM :

2130 D$ = C4) ,
2149 PRINT D$3"RUN PRED FUNCT3"

ma Rm | R : Co : : . PR LS
| RECREAT e e r - iR " ,

s
kY - 0
| - [
1 ) . -
L4 K}
.

I _ : S Page G31




4018

4928 -

_...3;.. - e

- 3088

~
% 3

~°5p1@-:REM % L
5828 ¥ REM '+ - URRIABLES TO BE PROVIDED:

LREM v° .7 PAUSE .= LENGTH OF PAUSE.

=1 SB38
(l'\

s Ty

v T3 caAAEAT - Rong K o afi e RE
L REM o | 552l TRRE e R s TR
L X

TR B R I
PR e IR U
OR PS =1 TO PAUSE :

e !’3‘-’?‘"*&1‘-"@7‘;""2 .

REH  PRUSE, RETURN-. HOME. UTAB SUBROUTINE. . :
REM .

G0SUB 5898 .

Sh AR
‘%""r %?1:?" 3
é%’*“’-’*‘r-

R ol e
wngw; o
e by ot -
Rt S

"REM PRI,
N

ey

toncd il

NEXT L. T b
REH . . & .

REH PRESS —RETURM-, SUBROUTINE.
REM ' )

¢ )
'

POKE - 16368.,8 ) \ ) /
UTAB 24 : '

INPUT *® . . PRESS -RETURN— TO CONTINUE";@% . S
RETURN . R " , - - Seoume e TR TR
REM ) . ' \

REM SUBROUTINE %ﬁﬂT BLACKS OUT A RECTANGLE OM THE HG6R SCREEN.
REM —VUARIABLES THAT HMUST BE PROVIDED-

" REM ¥ = STARTING X CODRDINATE ‘ ‘

REM ‘¢ = STARTING ¥ COORDINATE : :

REM , %Z = LENGTH OF RECTRNGLE ALONG THE X AXIS.

.REM L = HIDTH OF RECTRNGLE ALONG THE ¥ AXIS. \
REH . §

HCOLOR= © ' ~.
FOR TA = 8 TO L \ '
HPLOT X,TA + ¥ TO X + X2, TR+ ¥~ S

.
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ﬁW”Wm

”’ "ﬁw W7

2 o e e : ¢#$%¢
5288=-REN** FNB‘I‘.HITE FUR‘BRRPHS

PN

2298 - REM *1.SUBROUTINE DEVELOPED BY J. SPRIN:HICHIBRH TECH UHIU. .RHD B.

" Ssierd HINKEL ,ALBION COLLEGE | ~a'sss - R
5308 | REM ;: DEFINE X$=URRIABLE PLOTTED oM X AXIS 7 :
53187 REM -DEFIME Y$=URRIABLE PLOTTED ON ¥ ARIS . . .

s&*hm Rﬂi‘fg;;: DEFINE YH =HAXINUM-UNITS ON THE ¥ AXIS
.9338° REM™ DEFINE XH —JIQXIHUH UHITS ON THE X QXIS

>

- 5335 _RM:=. ., & :
B - e 2y
1 . X $ éf&» ~’,.:':'c%
'w."« <7 ‘ C AT

. 5348 HCOLOR= 3: SCALE— 1:5C = 1: ROT= 8 L R
7,558 - REH L IST OF-RESERVED. uanBLEs.x,xa,xn,xs,v,va,s’li,w,z,zF,ze,zz,

~.I';\— e Sc EE v e, x-‘«\"‘@WA PO i" e

“eav ke
T w R
PPN -

#5368 HPLOT 23.8 TO 23,149 - =i
+: 3378 HPLOT 25,148 T0 279,149
;9380 REM ° HRITE UARIABLE NAME OH X-AXIS
maza-e.l_s—xsxa 68:v8 = 150
: 5408 _GOSUB 5458 - N
' 5418 'REH WRITE UARIABLE NAHE ON Y—AXIS - L.
. 5420 70 = 1:1$ = v$:X0 = 18:Y8 = 149
5448 RETURN-" - 0 |
mmmrcmme o
5468 REM THE FOLLOWING HUST BE DEFINED ‘- Y .
5470 | REH . BEFORE ENTERING THE SUBROUTINE : / P
© 5488 REH L$ = “CHARACTER STRING" N : -
7 5498 REM va = THE INITIAL ¥ POSITION "

e E’yﬁ R 3 %
»‘L"‘-’l% /%6.”5%% M

.\';”{:_':w 3o

5508 REH - THE INITIAL X POSITION - . e
_ 5518 REM SEr 2d = 8 IF PRINTING HORIZONTRL :
5528, REH SET 2 = 1 IF PRINTING UERTICALLY :
5538 FOR Z = m LEN (L$3:23 = "ASC C HIBS (L$,2,13) .
5540 IF 26 < > @ THEN 60TO 5578 R
5558 IF Z3_) 64 THEN' DRAH 23 - mmxanz—n*?*sc,va: 6070 5598
) " : N .
X N .
‘ /
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- 5598 ROT= B:

“5810“‘REH*‘SCQLE nn:rpwrpomrrm DEFINED X AND.
3620 "REM FOR LINE PLOTAMKE ZF=1 ot

"""t""’m R ;wwr

Tz 1>‘£

« 85a

ssggg\mnu 73 AT X8 +
ROT="48:
5598

3588 DRQHZ39T XB;?O—(Z—- 1 f-?
NEXTZ.,M 8

SSBORETURH

S
'\.aﬁéi TRETE

AN PR

.

7 ¥ SC.YB: 6OTO 5596 '
IFZ3>64THEH DRAH Z3 — 64 AT X@8,Y8 — (Z ~ 1) # 7: GOTO

.Yl
—-ﬁﬁ i M? ’

-:f.‘r

e A ,‘,;::“,.::';,' ooy
. D ST RN~ "~:~f 7%} .

#, spos’ ’ wisf".x‘...«*‘;«mf’?r#{&z«a . @gﬁ P TP W“ ‘*“"4" R @%’%‘iw“ hg,

5o *s@%%“ g SRttt g e g

1-»? \i. S ~, LN :\h et -mg@t w“\-?‘_ ‘MJ?"’*X“‘?;;W:;@’\ 4%.%‘?"3%

: 55838 23 + X * 256 7 XH .,’:,:Z’gﬁ}\ i L; ..43},., *3-‘ [ . g’knm}! *.;’3

Ve AR ¢ el i
3.5648 v8 = 1495—-% % 14087 280 1 NS =1 wﬁ;mm“

.':’ "‘ ”, a@r’?{“‘

m 9668 1 JF . Z6-= 1-THEN - HPLOT ® T0 XB,':’B. 60T0 '588@

-, 5578

.

o
‘.
-‘K .

HPLOT X8,¥8: IF.ZF.= 1 THEN

A5

5888 RETURN Y e f\%ﬁi@ﬁﬁ“’_ 3 ?“?_,l'zﬁg‘,;{ o
Py >% 5 .
R Ty : 3
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\«\,T--‘,.rv', A -:3\15‘@* n, 'F*%L‘ ~(
3 REM’ PRED c13 - '
18 REM <PR FUNCB IS A SUBPROGRFIH OF PREDATOR FUNCTIONAL RESPUNSE.
. 12 REHM F’ROSRQHHED BY MARK SHALTZ
15 REM THIS PROGRAM WAS DFEUELOPED BY THE SUMIT I COURSEHARE DEUELOPMENT
PROJECT, DEPARTHENT OF BIDLOSICQL SCIEHCES.- SIICHIGAN TECHNULOGICQL UN
" IVERSITY, HOUGHTON, MI 499317
20 - REM THIS MATERIAL IS BASED UPON WORK SUPPORTED BY THE NQT Oﬂﬂ_ SCIEQC ,
img¢x&m£ FOUNDATION UNDER GRANT NUMBER SED-7919651. : Lo #37

~237REM - ANY"OPINIONS, FINDINGS, AND CONCLUSIONS OR RECDI'ME!*!BRTIGQS EXPRE

%,;,e e SSED IN-THIS PUBLICATION ARE THOSE OF THE RUTHORS AND DO-NOT i\ECESSQR
ey ""f;_;;g ILY REFLECT THE VIEWS.OF THE NFITIDNQL SCIENCE FOUNDATION.: .- -

%iﬁl@ﬁ-«,DIH Y1(181),X%2¢181),v2¢1681) .~ = 05w T w&gw«» et

7120°%$ = "PREY GROMTH / TIHE"
fw”%

b

mﬁl 15@ REM % SRR
s - fﬁ@§§§§ TR

wr N e 3:%:;‘ Py T h?i‘:___‘j,y
&%f, PAUSE =71: GOSUB 4068 - e :
- welnides - T e
ﬁ;&iﬁl%“UTRB ? R’i‘:\"; E mx;-écM“{cr,., R {mﬂ\'fm*** . """ﬁ:‘f"w A ‘5’:’»};":"2‘:;“‘ "‘""{n"" G A N )
Qg:g 199 ".PRINT " "S¥ THE PREY RECRUITHENT CURVE IS, THE  RESULT OF PREV BIRTHS i
'1*,:: TR HINUS _NON-PREDATORDEATHS AT DIFFERENT PREY DENSITIES." . .. s we
'wzm HCOLOR= | 5.20 =1 = - o N o o
170 228-L% = "PREY EATEN TIHE" xa'— 8: va 149: 5459 .
. 230 X0 = 1: GOSUB 5450 4 g R O PR EEP
<+ 248 HCOLOR= 3 :T S WO N FLg EL Grhe e e
- 259 UTAB 11 *» o : ¢ B . —
. 268 'PRINT *  IF THE PREY ARE ano HnRUESTED BY  MAM, THEN YOU HUST CON
SIDER AN AD- DITIONAL EFFECT ON PREY RECRUITHENT, . THAT OF HUM
TING PRESSURE." ‘

Ca . rﬁ-RUE u wmg Mirtg.e:"' I . l' i
230 PAUSE = 580: GOSUB 5668 N '
388 UTAB 28

'h&f—wt«#a.
) :;L ‘._:F.‘_;‘. !
e . E ol el
}i, ;1487 REM . ZZHUNTER PRESSURE IS IHTRUDI.EED RS

}.Q«

.

Y&118.%¢ = "DENSITY OF PREY POPULATION" el ;_ RO

; 1

. ¥
.’_-!
;u&v vdwnwz

A

& mwm,@&
Mb

138 ZREH 9w

P w -

-5
”6'&* P, Y vim'

_PAUSE =-508: 60SUB 5080 -

278 - 605UB 5280 '
288 PRINT : PRINT * - HUNTING PRESSURE LOAEF!S THE PREY . RECRUITHENT cU

318 PRINT " LET’S EXAMINE HOW THIS HFIPPENS.
320 PAUSE = 568: 60SUB, 4060

3380 UTAB 22 ' ~ . .
348 PRINT " FIRST WE MUST AGAIN 60 BACK TO THE ORIGINAL PREY RECRUITH
ENT CURVE. " .

350 PAUSE = 1890: GOSUB 5089 - '

360 POKE - 16304,0: POKE - 16297.0
378 REM

—

Page G35




388 REM THE PREY RECRUITMENT CURVE IS PLOTTED. | \ :
396 REM o '

400 2ZF

e

{

i u

418 XM .

428 HPLOT 23,149 - " : 1
438 FOR I =0 TO 100 - ) \ : .
448 READ X2(I).¥1C1),¥2(1)

458 - HPLOT T ¥2¢I).Y1(I) - ( ,
» 468 NEXT = _ . _

478 PAUSE = 1989-/60309 5860: HOHE : GOSUB Seed - ;

488 UTAB 21 -

499 - PRINT " IT /HRS BEEN FOUND THAT PRE‘:' LOSS DUE TO HUNTING IS A LINERR
FUNCTION OF PREY DENSITH’. " : .

1 .
108:YM = .3 /

»

'—

508 REM ,
™~ . 51p. REM HUNTER PRESSURE 1S . PLOTTED. | , L
‘ - 528 REM . o * -
’ 539 REM POKE ORANGE COLOR. - o -
540 POKE 28,213 '
558 HCOLOR= 5
56 HPLOT 23,149
S?QHP—-BS

588 FOR N = 8|70 100
999 X = NeY ='[25 * HP » 5B * 2 ¥ N

600 GOSUR 561 .

610" NEXT w o

620 PAUSE = 508: GOSUB 4908

638 PRINT " THIS MEANS THAT HUNTERS TEND TO HARVEST A CERTRIN PERC
ENTAGE OF THE PREY, REGARDLESS OF PREY DENSITY."

640 PAUSE =-508: GOSUB 4809

650 . REM

568 REM THE CONCEPT OF PDSITIUE AND NEGATIVE CURVES IS F]PPLIED TO PRE
. .Y RECRUITHENT AND HUNTER RESSURE ‘
678 REM ' ..
. : . e
689 TEXT :PAUSE = SBB' GOSUB 5868 -
- 698 VUTAB 7 - -

760 PRINT " THE PBE? RECRUITHENT CURVE REPRESENTSPREY ADDED TO THE PORY
LATION, AND THE  HUNTING LINE REPRESENTS PREY KILLED."

710 PAUSE = 508: GOSUB 5000 ,

720 UTAB 1i

mamm"Bmmmmwmmumwmnwmmmmmm
D THROUGH RECRUIT-MENT, A MEM CURVE WQULD RESULT. ™

748 PAUSE = S08: GOSUB S698: UTAB 15

758 PRINT " = THIS NEW PREY RECRUITMENT CURUE HOULD TAKE INTO nccnun |
T HUNTER PRESSURE. " |

7658 PAUSE = S509: GOSUB 4808 = y

770 POKE - 16384,8: POKE - 16297.0

789 REM - - -
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730 REH THE THO CURVES ARE SUBTRACTED.

809 REM .

810 PRUSE = 588: 5QSUB 5939 . . -
828 UTAB 22

838 PRINT * SUBTRACTING THE CURUVES..."

848 HP = .835:HC = 6:FLAG = B: GOSUB 4188
808 PRUSE = %BBB:’BOSUB J869: GOSUB 4859 A
868 UTAB 22 : . ' '
‘ 370 PRINT " THUS THE PREY RECRUITMENT CURVE IS LOHERED BY HUNTING PRE
. SSURE. " :
888 PAUSE = 508: GOSUB 48 “
8980 REHM o

-

_3@8 REM THE '‘PREDATOR FUNCTIONAL RESPONSE CURVE IS PLOTTED.
! 918 REHM )

928 UTAB 22 . . Hm_.-—
958 PRINT " THE PREDATOR FUNCTIONAL RESPONSE CURVEIS NOT AFFECTED BY |
- TING PRESSURE. " , /

948 HCOLOR='S . :

958 HPLOT 23.149 : \ ‘
‘968 FOR.I = B TO 109 -
978 HPLOT TO X2¢I).¥2(I>

980 NEXT

999 PRUSE = 5089: GOSUB 4869

160 . REH - .

1918 REM A HYPOTHETICAL SITUATION IS SET UP.

1920 - REM , /// . o

1030 TEXT ~

1940 PAUSE = 589: GOSUB 5908

1858 UTAB 12 . -

1888 PRINT "  TO STUDY THE POSSIBLE CONSEQUENCES OF HUNTING PRESSURE 0

-N A SYSTEM. LET’S LOOK AT A HYPOTHETICAL SITUATION. *

1878 X = 24:¥ = B:XZ = 255:L = 148: GOSUB 5149 -

1880 "HCOLOR= 3 .
1998 HPLOT 23,149 , - _ . ~
1108 FOR I = @ TO 18@

1118 HPLDT TO X2(ID.Y1(I) :

1120 NEXT ,
1138 PAUSE = 1: GOSUB 4 L : S
1140 UTAB 7 . ' . .
1159 PRINT " IF YOU HERE A WILDLIFE MANAGER, ONE OF YOUR CONCERNS MAY i
BE THAT OF KEEPING R HIGH PREY POPULATION AUAILABLE FOR  HUNTING ER
CH YEAR. " . -

1168 HCOLOR= S ' . ~ .

1178 HPLOT 23,149 S {

1188 FOR I =8 TO 106 . ) 5-
|

Y

1188 HPLOT TO X2(IX¥2(I) -
1200 NEXT .




1219 REM , , , :
1228 REM  THE HUNTER PRESSURE IS INPUT BY THE USER.

1236. REM
1248 VUTAB 12 . : : ‘
1258 PRINT * YOU ARE MANRGING AN AREA WITH IB,BBB PREY. HOH,. HQN?
. OF THESE PRE‘:’ HOULD YOU ALLOW TO BE HQRUESTED BY HUNTERS
N J?n . - . P
. 1268 -PRINT z PRINT & INPUT HP '

‘ " 1278 HP = INT C(HP + .53 oo .. .
1288 PRUSE = 1: GOSUB 4859 Coe : . .
1238 VUTAB 2 '

1389 PRINT " YU CHOSE "sHPs" PREY TO BE" " _ T " a
1318 PRINT “HARVESTED. " ‘ o
1328 IF HP < 109 | UTAB 15: PRINT "  BY ALLOWING SO FEH TO BE HARVE -

OF HUNTERS. TRY OLARGER NUMBER. "

1336 JIF HP > 688 THEN UTEB 7: PRINT " KILLINB THAT HQN‘I’ COULD STRAIN T
HE PREY POPULATION. TRY A SMALLER NUHBER. ™

1346 IF HP > = 198 AND HP < = 668 THEN UTQB 11: PRIMT *® LET’S SEE T.
HE EFFECT OF HUNTERS. = HARUESTING “;HP;* PREY." : .

1359 PRUSE = 4808: GOSUB 5000

1368 IFHP(?BBURHP)SBO'IHEHPRUSE‘I. BDSUB4989 BDTU 1249

. 1376 -POKE - 16384.8: POKE - 16257.,0 ,
1388 VUTAB 22 I \ .
1338 PRUSE = 588: GDSUB b315.5 .0 8

STED. YOUR “S TOHNS COULD LDSE UALUARBLE INCDHE DUE TO THE LACK -

x
2

1488 UTAB 22 e
. 1410 PRINT " THE PREY DENSITY IN YOUR ARER IS aT. ,JHE UPPER STABLE EQUI
LIBRIUH POINT." :
. 1420 FOR I = 1 TO 12 ,
1438 HCOLOR= 3t IF INT (I »2>< > I /2 THEN HCOLOR=8 .
~ 1449 PAUSE = 5p0: .50SUB 5000 _ A I
1450 HPLOT #®,37 TO 260,45 TO 286.39 e
1460 NEXT ' : )
1478 PAUSE = 589: GOSUB 5000 ~ - ’
‘1480 GOSUB 4650 ‘
1498 REH . .
‘ 1588 REM ., THE PREY RECRUITHEHT CURVE IS LOERED TO ACCOUNT FOR HUNTER
" PRESSURE.
1518 REM

¥

. : 1 '
¢ .

1520 UTAB 22 o ’

1530 PRINT " BY KILLIHSv",HP s* PREY, THE PREY"

1540 HTEMP = HP ~ 10000

1559 PRINT "RECRUITHENT CURVE IS MOUED DOHN.*

156@.-HP = HP ~ 1808B:HC = 3:FLAG = 1: GOSUB 4100
1570 HD = HTEMP

1580 GOSUE 4400 -

1598 PRUSE = 1: GOSUB 4099
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e

»assa UTRB 12 L T ?E‘,j ST L
1383 .REM " "." NERRS , . o,
1678 REH THE USER INCRERSES HUNTER Pnsswns T :
1688 X CIewy . KPR , L,.5

. S0t B RN A ' T v - ’:”;:,_3
1698 PRINT *  our oF 10,000 , HOH  MEY'PREY WILL YOU HA 2

:  RUEST. NOW?" R i g
1708 PRINT. 3 INPUT. HP . \ ‘ : :

1710 HP. = INT- ¢

' 1360 PAUSEr = 5e8: BOSUB 069

". 1898 ;PRINT "HOULD CHANGE TO LOOK LIKE... ; . S
" 1988 HTEHP = HP ~ 109688 | ' '

" 1998 NEXT

v 1
' . \

X! . - v
¢ " . . v « } . \ S tase
' ' Puosa. ' \ " R o
1699 PRINT "o NUTICE HOH THE EQUILIBRIUM PREY DEN" S

. LOHERED SLIGHTLY BY HUNTING PRESSUHE. RN
1819 PRUSE 908: 60SUB 4008 . 4 ' )
1628 - ~TEXT :PAUSE = 1608: 60SUB - 5933. UTF]B 3 Lo >
1839 PRINT * ?WHWERBUSSHWMTSHORE HQHTERSINTHE 'S
" oRsS Tﬂ GET" HORE INCQHE INTO THE LOCAL TUHHS Yool ! . s
1649 PRUSE ="508: GOSUB 5066 ’

6!

1728 .6OSUB 4859 ‘ i
1738 UTAB 2 + .

1749 PRINT ® vaummosmmmmm
1758 PRINT "PREY." : .
1768 IF HP < 899 THEN Umezs-mmr" Norgmusu snvsmmmss HE .

HANTSHORE HUNTERS <(AND MORE..INCOHE'RKOR THE  TOMWNS)." .

1778 IF HP > 4999 THEM UTAB 8: PRINT * sucnnLnnsEHmusersmb\m
¢ SKY  EVEN T0 YOUR BOSS. TRY R SMALLER NUMBER. " .
1738 IF HP < 888 OR HP > 4880 THEN PAUSE = 20999:. GOSUB 4999: GOTO 1659

. 1798 UTAB 1@: PRINT LET”S SEE THE EFFECTS OF HUNTERS HARVESTING *®

sHPs™ PREY.® .

1808 PRUSE = 4880: BOSUB S0oD | oo : -
1818 6OSUB 4859 Co cete. -
1828 POKE - 16384.9: POKE . — 16297.8 :
1832 REM '

I

1348 REM THE LOSS OF A STABLE EQUILIBRIUM POINT, DUE TO RBNTER PRESSUR
E IS SHOWN. ° ' : '
1358 REM

Al ’

1878: UTABR 22
1388 PRINT " BY HFIRUESTINB "'HP'“ P

;WEBRQPH

1918 HP = HP /' 188A9:HC = 3:FLAG = 1: GOSUB 4199 - , s
1520 G0SUB 4858:H0 = HTEHP:, UTAB: 22 . - '

. 1938 PRINT * EXCESSIVE HARVEST CAUSED THE EQUILIB—RIUH PREY UEHSITV TO

MOVE FROM HERE..."
1944 GOSUB 4408
1356 .FOR F = 1 TO 13 '
1968 HCOLOR= 3: - IF INT <I ~ 2) I - 2 THEN HCOLOR‘* 8 . F
1978' HPLOT 268,37 TO 260,45 TO 208,39 :
1988 PRAUSE = o89: BOSUB 5%9

s -r: ESR
o IRy




s .
. $

‘2609 PRAUSE = 599'@08084@ UTRB 22 -
2018 PRINT .». 10 HERE." :

- -
—t
.

2028 FOR I = 1 TO 13,

2030 HCOLOR= 3: IF INT CI » 2> =1 ~ 2 THEN HCOLOR= @ o

2048 HPLOT 55,135 T0 47,135 T0 53.14% | v

2859 PAUSE = 508: GOSUB saaa , . -

2868 NEXT . ~

2078 PAUSE = 500: GOSUB 4900 ‘ ~ L .

2080 HCOLOR= : p

2099 HPLOT 200,37 TO 208,45 TO 286,39 .

» 2188- PAUSE ‘=:580: GOSUB 4088 - N 3

2118 REM . .o 3

i . ) - , T " - #»1‘,3

2128 REM HUNTER PRESSURE IS TAKEN OHAY. " oo K

2139 REH- .
) ::}{

2149 HOME : TEXT ‘ ST
2150 PAUSE = 589: GOSUB seea- UTRB 7 - S
2168 PRINT ™ NOW BECRUSE OF THE SUDDEM LOH ‘DENSIT? UF PREY, YOUR I
BOSS FEARS THAT  HUNTERS.-HILL HWIPE OUT THE PRE‘:’ COM- PLETEL‘:' mooE
2179 PAUSE = 1098: GOSUB S080 \ S
2188 UTAB 12 _ L
2199 PRINT sousonnsnsmaummemcsnss prmsmrmmcx

OFHNTERPRESSU?EHILLQLLDHHEPEE?TOEUEHTUQLI\RRETURNTOTPEIRH L
IGHER EQUILIBRIUH DENSITY. "

2298 PAUSE = 5@ 60SUB 48680 -
2218 PRINT * THE RESULT OF YOUR BOSS’S NEH POLICY 1S ORIGINAL GRAPH
BEFORE HUNTING... . , .
2220 PRUSE = 588> GOSUB 5099
12238 POKE - 16384,8: POKE - 16297.,0
2248 HP = B:HC = 3:FLAG = 1' GOSUB 4199
2258 60SUB 4850

2268 PRINT * ALTHOUSH THE UPPER STRBLE EQUILIBRIUH POINT 'RETURPEB THE P

REY DENSITY 1S SJUCK AT THE LOWER EQUILIBRIUH POI
2278 G60SUB 4488: HCOLOR= 3

2288 HPLOT 55,118 TO 47,118 TO 53,124 K :
2298 PRUSE = 1999: GOSUB S009 |
2300 HCOLOR= @: HPLOT 55,135 TO 47,135 TO 53,141
2310 PAUSE|= 1: GOSUB 4608
2320 PRIN DUE TO EXCESSIVE HUNTER PRESSURE, THE PREY DENSITY DROPPED
, n-rq LDHER STABLEEQUILIBRIUM POINT. "
2339 PAUSE = 1899: GOSUB S009
2349, FOR I =170 13
2358 HCOLOR=3: IF INT (I~ 2>=1 ~ 2 THEN HCOLOR= B
2360 HPLOT 55,118 TO 47,118 T0 53,124
2370 PAUSE i= 598: GOSUB 5990 |
. 2388 NEXT .
2399 PAUSE = 508: GOSUB 48900 ] ;
2460 UTAB 21 | ‘

2418 PRINT " THE PREY DENSITY WILL STAY AT THIS LOHER EQUILIB&%UH POI |,

-

-

, \ H
.

NT UNTIL OTHER ' - FACTORS INTERUENE.™
2428 PAUSE = 5098: GOSUB 4600 '

. ~ ¥ o

[} . -
N
B
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2430 REM. .

2448 REM CONCLUSIONS FROM THE ENTIRE PROGRAM BRE LYSTED. -
2458 REM . _

2460 HBR : TEXT.: UTAB 1 - _ .

2478 PAUSE = 588: 60SUB 5000 ’

2488 PRINT * . CONCLUSION® .

# 2490 PAUSE = 599: GOSUB 5600 . N \
2580 UTAB-: . - ]
2518 PRINT * IN THIS HODULE, YOU HAUE:=" _ . o

' 2328 PRAUSE = 10089: GOSUB S5808: UTAR 5 o Y
2538- PRINT 1. SEEN PREY RECRUITHENT DERIVED FROM LOGISTIC GROWTH.™
2348 PAUSE = 1889: GOSUB S00B: UTAB 8 B , 3
2550 PRINT “2. (OBSERVED THE PREDATOR FUNCTIONAL RESPONSE CURVE PLO ¢
TTED ON THE SAME - 6RAPH AS THE PREY RECRUITHENT CURUVE.*® S
2560 PRUSE = 1088: GOSUB 5998: UTRB 12 . ’ : S
257@ PRINT “3.° IDENTIFIED AND PREDICTED STABILITY OF PREY DEMSITY EQr
UILIBRIUM POINTS." 3 :
2588 PAUSE = 1898: GOSUB 5808: UTAR 15 .
2590 PRINT “4. CHANGED THE PREDATOR CORRVING CAPACITY AND OBSER
VED ITS EFFECTS." . - - , ;
2509 PRUSE = 1699: GOSUB 5898: UTRB 18 . . ' " o
2618 PRINT “5. COHPARED RATES AT HHICH DIFFERENT STARTING PREY DENS -
ITIES APPROACHED R STABLE EQUILIBRIUM POINT.™ Co
2628 PAUSE = 1808: GOSUB 5988: UTAB 22 . :
2638 PRINT "B. HWORKED WITH i PRRAMETER PFFECTING AFFECTING PREY REC
RUITMENT. THAT OF HUNTER PRESSURE. "3 ..
2640 PRUSE = 10888: GOSUB 5009
2658 POKE - 16368,8 - -
2668 INPUT PRESS —RETURN-*;0% N : : .
2670 60OSUB 4858 ~ !
2688 UTAB 19 :
2689 PRINT * I HOPE THIS HODULE HAS BEEN OF SOMEUSE TO YOu. " .
L2708 UTAB 28 s ,
Y2710 PAUSE = So8: GOSUB Se9e S
#2728 PRINT " . THARTSS ITI BYE.™ _
2730 UTBB 23: END , . ; .
3998 REM ‘ " ‘
. ' 49088 REM
: 4916 REM PRUSE , RETURN,PAUSE,UTAB SUBROUTINE.
_ 4020 REM - .
. e \
4230 GOSUB 5999 .
4848 GOSUB 50880 , - . , .o [
4858 HOME . _ ‘
4060 PRUSE = S99: 50SUB 5909 T =0
4070 UTAB 21. N . : N »
4980 RETURN ,
., N
e s
‘_ . ,
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4180 REM
4181 REM susnourms mm ERASES OMNE CURVE KHILE PLOTTING ANOTHER.

, 4192 REM - b
4165 HPLOT 2o,149 ‘ . - coo
4107 YM = .3 , e e
4118 xs = 23:%8 = 2:X7 = 53:¥9 = 149:98 = 148:Y7 = 149
4114 HO = .25 x HO = 2 % 148 ~ (YH % 58)
4115%—.25*%*2*148/(%*58)

‘4120 FOR N = 8 TO 169 : . o L
4136 HCOLOR=-8 S 3 IR
4135 IF Y9 <O OR Y9 > 149 GOTO- 4248 = b

4199 IFV8<BOR‘|’8>14SSDTB424B - S

4218 XB = X2(N>:Y8 = 149 — HP % N Y

¢ 4215 IF Y8 < @ OR Y9 > 149 GOTO 4249 : v :

. 4220 HPLOT TO XB.Y8 : * | e

4238 %8 = ¥B:V¥8 = vg SRS
4249 HCOLOR= HC o ' S
4258 HPLOT X7.Y7 Senith
4260 XB = X2(ND:Y8 = 149 — (149 — HP.+ N) + mm : :
4270 IF'YB < 8 OR ¥8 > 149 GDTO 4295 .

. 4418 REM SUBROUTINE TO REPLOT PREDATOR FUNCTIONAL. RESPONSE CURVE.

4148 HPLOT ¥9,YS _
4130 X8 = X2(NJ:Y8 = 149 — (149 — HO * N> + PICHD ' on
4155 IF ¥8 < 8 OR ¥9 > 148 8OTO 4240 - o E
4168 HPLOT TO %8.v9 « ‘ o
4178 X9 = ¥B:Y9 =.yp : i
+1880 IF FLAG = 1 GOTD 4248 N -

4299 HPLOT X8.Y8 R g

4288 HPLOT TO X9.v8 . .
4290 X7 = ¥P:v7 ‘=D A
4295 NEXT ™ ) © e .
4380 RETURN ‘

4381 REM

4480 REH
4420 REM -

4425 POKE 28,213
4439 HCOLOR= 5 ‘
4448 HPLOT 23,149
4459 FOR I =B TO 160 ‘
4460 HPLOT TO xa(n.vz(r) - .
4479 NEXT . . 4

4489 RETURN S

4498 REM = - o |




5008 REM : —_— ,
- 5319 REH PRUSE SUBROUTINE. S S |
5820 REM URRIABLES TO BE PROVIDED:
. 5930 REM D = LENGTH OF PRUSE.
.\5848 REM :

5650 . FOR PS = 1 TO PRUSE
5060 NEXT

5678 RETURN

5871 REM )

5889 REM ' | \ LT
5e98 REH  PRESS -RETURN— SUBROUTINE. .
5190 REM

5195 POKE - 15368.8 _

- 5110 UTAB 24
5128 INPUT * . PRESS ‘~RETURN— TO CONTINUE®;@%
5138 RETURN . , ‘ ‘
5131 .REM

‘ . 5149 REM - ‘ S B

5158 REH SUBROUTINE THAT BLACKS OUT A RECTANGLE ON THE HER SCREEM.
5168 REH -URARIABLES THAT MUST BE PROVIDED- - :
51780 REH % = STARTING ¥ COORDINATE
5189 REH v = STARTING ¥ COORDINATE
5198 REM Xz = LENGTH OF RECTANGLE ALONG THE X PXIS. L
%a REH L = WIDTH OF RECTANGLE ALONG THE ¥ AXIS.
5218 REH . , :

5220 HCOLOR= @

. 5238 FORTA =8 TOL
5249 HPLOT X.TA + ¥ TD X + ¥Z.,TA + ¥
5258 NEXT TR :
5260 HCOLOR=-3
5278 RETURN RN
5271 REM \ (

- ' 5238 REM AXES AND UNITS FOR GRAPHS . : -
’ 5099 REM SUBROUTINE DEVELOPED.BY J. SPRIN-HICHIGAN TECH UNIV. .AND B.J.
HINKEL ,ALBION COLLEGE o
5308 REM  DEFINE w$=UARIABLE PLOTYED ON X AXIS
5318 REH DEFINE Y$=URRIABLE PLOTTED ON ¥ AXIS
5329 REH DEFINE YM =HAXIMUH UNXTS OH THE ¥ AXIS

s73w REH DEFINE XM = HAXIHUH UNITS ON THE X RARIS
| 5335 REM :

lf'éz I

5349 HCOLOR= 3: SCALE= 1:5C = 1: ROT= O . L o
5359 REHM LIST OF RESERVED UARIABLES: X»X0,XH: RS, Y- Y0 YH, 5,2, 2F »28,2351.F.
»SC e - . \ C S . A

. Paple GU3
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ek . . . .
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3368 HPLOT 23,8 TO 23,149 N ! %
9378 HPLOT 25,148 TO 279,148
»388 REH HRITE UARINBLE NAHE ON X-AXIS
5390 Z@ = B:L$ = ®$:%0 = 68:Y8 =158 .
380 60SUB 5458
5495 IF HRITE =1 THEN HOHEPF!USE-IBBB 605UB 5B6A: UTDBZE.PRIHT".
- RLONG THE Y-RXIS IS THE 6ROWTH OF THE PREY DENSIT‘:’ PER ‘{EFIR. sPAUSE =
3Joe8: GOSUB D888 © -

5419
5428
© 5425

Ws5430
5440
5458

79

el

'559@
bs]a15)%)
58@1

5618
5628

. 9638
o648
2550
5660
2678
5688
9995

REM HRITE URARIABLE NAME ON Y-AXIS
28= 1:1.% = ¥$:X8 = 19:¥Y8 = 149
¥@ = 13 :

GOSUB 5458

RETURN

ALPHANUMERIC CHARACTERS FOR HG6R
“THE FOLLOWING HUST BE DEFINED

Ls = “CHARRCTER STRING"

¥8 = THE INFTIAL ¥V POSITION

¥8'= THE INITIAL X POSITION 1
SET 28 = 8 IF PRINTING HORIZONTAL

SET 28 = 1 IF PRINTING UERTICALLY

FOR Z=1T0 LEN (L$)Z3 = ASC ( MID¥ (L¥.Z,12)

REM
REH
REH
REH
REH
REH
REM
REH

-IF 28 < > ® THEN 60TO 5578

IF-Z3 > 64 THEN DRARH Z3 - B#RTXB-*—(Z—I)'F?*SC:VB'

DRAM- Z3 AT X8 + (Z - 1> * 7 ¥ SC,¥YB: GOTD 5599 .
ROT= 48: IF Z3 > 64 THEN DRAH Z3 — 64 AT X8,Y8 =

DRAM Z3 AT X@,¥H — (2 — 13 % 7 ’
ROT= @: NEXT Z .
RETURN \

{Z - 1) = 7: 6070

" REM

SCALE AND PLOT POINT FOR DEFINED X AND ¥ '
FOR LINE PLOT-HMRAKE Z2F=1

* REM
REH
REM

@ =23 + X ¥ 256 7 KM t
Y8 = 149 - ¥ ¢ 148 7 YH

IF X8 >2/90R ¥8 <8 O0R VY3 > 143 OR ¥B { 8 THEN
IF 26 = 1 THEN HPLOT TO ¥8.Yd: G60TO 5680
HPLOT X8,¥YB: IF ZF = 1 THEN 26 = 1

RETURN :
REM -

G0TO 5699

6070 5558

e

BEFORE ENTERING THE SUBROUTINE ' £

3




9398 REM DﬂTﬂSTmEHEHTSFDRCOORDIMTESBFPRE?RECRUITPEHTMPREB
999? FITR%R" FUNCTIONAL RESPUNSE CURUE. Y-

129688 DATA 23,148.148,25,144,148,28,139,14? . — .
186818 DATA 39,135,143,33, 131, 139,35’126, 132 ' T
10028 DRTA 38.122,125.48,118,118,43,114,119 , (

19830 DATA 46.,118,183,48,167,96,51,163,98 . :
10048 DATR 53,99,84.56,965,80,59,92.76 S
188580 DATA: 61589,72.63,96,69,66,83,65 «

19960 DATA 69,80,64.71.77,62,74,74,61
19878 DATA 76,71,59,79,68,58,81,66,57
10988 DATA 84.63,56,87,61,55,89,59,.54 :
19898 DATA 92,57,53,94,54,53,975,52,52 . ‘ : S
19108 DATR 99.51,52,1092,49,51 ,104.,47,51 :

18118 DATA 187,45,51,118,44,58,112,42,58

19128 DATH  115.41,58,117-49,49,129,39,49

19138 DATA 122,37,49,125,37,49,127,35,49

12148 DATA 138,35,48,133,34.48,135,34,48

19158 DATA 138,33,48,148,33,48,143,32,48

19168 DATR 145,32,48,148,32,48,151,32,48

19178 DATA 153.32,47,156,32,47,158,32,47

19188 DATR. 161.33,47,163,33,47,166,34.47

19199 DATA 168,34,47,171,35,47»174,36247 ’
16200 DATR 176.37,47.179,37.475181,39,47 :

16218 “DATA  184.408,47,186.41.,47,189,42,47 . :

19228 DATR  191.,44,47,194,45,47,197,47,47 : e
18238 DATA 198,49,47,282,50,47 2284 ,52247
10249 DATA 287,54,47,209,57,47,012,59,46
18250 DATA 215,61,46,217,63.46,228,66546
18268 DATR 222.68,46,225.71,46,227,74,46
16278 DATR 239,77-46,232,88,46,535,83,46
18260 DATR 238.96.,46,240,89,465,243,92,45
16298 DATA 245,96,46,248,99,46,258,183,46
10308 DATR 253,106.46.255,118,45,258,114.46 ce
16319 DATA 261,118,46,263,122,46.,266,126:45 -
10328 DATA 2&8.131,46.2?1,135.48,2?3,133,45 .
16330 DATA 276,144,46,279,149,46 . .
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