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STUDENT MANUA!. _\

. '. We apeall interested Lo what-will happen: in thc'futur
: Poretol b the, Future?  We have all been -told that that is
. _ how o n\zﬁw,p1p<r,1mdw 1ned1gt10na on the populdtion ln the yedr~
' 'ut- thoss numhx i flll& or lalss-? : /-
. Ty

for kan?

Obyv Teas Ly e will ‘not know haw ‘true these prOJLLtions ar ,
vnuré by exam-.

but it is pUHthlt to got some Ldea about thejr accurac
ining how such plult([lon‘ are maded Al proje;tionq are ,base _on_models{'
Tust ds o anu! afrplane reflrcts many aspects ‘of 4 real alrplape, popula=
Co .tﬁhp made s must tabe™ inkto JLLOUHL thuso lhlUL% whlch iniluenge populations- ' -
- — iR Phe read worli A o _ : , RN c

0 .. . hd C

, o e gl o -
PR R tyele ! .Lirpl.niu('unnof"hc"‘ A Lrue (opv of “the real’ thing. . We wouldn L
o want s mode ] afepdane to be Lrue to size, ,Lnsprnmentabioh, contro s, etc, '
3 \ : CEowondd aabe. the madel - too expensive and»yery hard to:handle., The same- _
’ N Py U\\ s pepulation models.  We must leave out many aspects §f "actual’ PSR
e popiilat ionze i1 we are o uyndorst and un$ handle the problem of making a pre- T
o e alietEen o tutwe populatfon size, Wil leaving these aspects out erlouély
A fect s aciurady ot our prodiction? : '
» : [ ] .

. -
: ¢ ’ P . ) . M +

W hoee xnulud(d (hroo different models for you to examine. Each

stceeee s fve nndet” ln(orpnr\l(\ an additional factor that might.affect-

population. Do these modtiffcations affect the answer? in what ways?

.

W .z_"g).ptu.n PON CROWTT MO ml,_jf_.l_ B o

. ° . " . L4
¥ : . - .

P . L . .

FOPT s based on d'yery slmple model, of population growth. The name

“yiven Lo this model fs the gxponént[al model. The population model ‘includes -

hivih rate Gud death raté), number of oft spring, and the time. necessary
for each pnnvrltlun t-Q mdturo, - a '

. . ' . - . .
~ . . . Ty .

. - Whilv-thosb‘aro'aLl important factors, there are many tacLors that are
R Pnot inctudeft in this model, Such facqers as the.amaunt of fodd and water,.
' the quality of (he euviroument, the am®unt of living space, etc., are not

considered,  For this reason it is sald that the exponent al nmodel of popu--
“latdon prowrh dllowq ghgwth withoug 1imit.

= ’ : - o :
B 3 ) . . ’ . . ) -
o ' . Lo . - . -
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. gig L - f’OPI ~ Before we' can dsk t:h.. computer to apply t:lu. exponcutial modeL .
and make a. prtdt«tion as -to the future population. size of a plant or animal - =~ 4§ = °
" species, it is necessary to bupply the :.computer with certain informatidn .
'on current conditlons. When you nak;thc computcr to RUN the pfogram,\the
) computor will ask: .- g
- . '..' - ?(¢).ﬁ 7 - .Requy to ‘the populdtion ét thg- .'_'f '_'; . ;3
S - . ., .current time (tho 0). '_ o . L
S 'BEﬁRO.-RNFEZ .+ Refers to the avcrage number of - oftspring o -
. - _ o o ‘that each individual'in the. popu]atio:kcan N ST .
B o . . be expected’ to produce for the next 'gé eration. '
. _' _ The key word - i@'average'nﬁmber. For ethp]e,'
. Sy _ v _ Lf . in Town B each womary wili. have & children,
o St e : _ “ what will be the reproducLive rate? The-
. . _ e : . o lﬁhswer is 2, QLnge women make up only-half
| o _ - of the popuilatdion and we must divide the
IR . N o L . number of offspring by 2 in'ordetr to get .
R _ L ) the. roproductlve rate (offsprlng per person).
. WTME UNIT PLR GINPRAIION’ _ -
e o . Refers to the tlme necessary for dindividpals - . o
o - . RO to produce otfbpring’ of .their own.. - - .
. | | " NO. OF- (1NLRAFIONS’ . | ' N |
f- o : S o Rcfors to the numper of genefaLLonb into i e
~. o . Co " the future for which you - want the population R
A . o _ - ' rojectcd _ _ :
. ) . ) . . ( . . ° 7-0 .-
DA o . OULPUT DI‘SIRED) 1=CHART,, 2=CRAPH, 3=BOTH? - - T
R Y A . . " " Refers to the: format of the output. The, chart
y R L 'is more accurate, but the graph is better for
St e ' _ S : understanding patterns of population changL.
- - T | (NOTE: FOR BASE OF;VIEWING, BEVUUHJ YU ' ': .
S : . X f[’U/i’:”v". THE GRAPH. SIDEWAYS.) '
’ { Here s, the noceqsaxy Lnformation for a few animals that you may wish to
- [nvvsligdte with POP1: ’ : : _
cy "IA_N_T;.@L S o thuo RATE GENERATTON r'«'IfIME ' \
R ' Fruit Fly ' about ?;b\ . S about 12 days’
S ' Elepgant ° fabout 5 about 10 years S e
. Bacteria , : 2. . v+ about 20 minutes: E
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C Your _1_‘_)1‘\«_:_1’3_‘1._.355 “You mhy work ‘on the s,uuplc pmblvm ;*ivvn b 1ow or on -
* e another problem dssxgnud by your teacher, ATH‘T you
) CL have completed thig ‘tagk, you miz.,ht try solving the '
L T ame prublem for some of fhe animals listed above. . '
v - i ) L ) - . .- Y ) o _‘, .
: ‘,t.m un, with one male and one: fomdl.v ;.,quy moLh how mmy ycne aLlon*-, .
. )
will fw T 'qu{zud to produce 10 ,000- ()Hsprxm, in a s{nglo Bunes ratlon?
lu hv- abla® to anstwor thl quw“tion, you ‘wi ll neud thé inllowmy .
¢ Ir«lormltton. : ' ’
: . o ’ . . . N 4 i = -. ' T . .
Jthe Feaaly wvpsy mo l'h Pays about 15 ‘epgs per season that surviye
to mite inothe next ‘gener ration, lho'aduLt% gener rally live, only, .
Y . one season, so that the time unit per genordLLon 1ls” cquxl 1o .
., AN -Vf\'\*_l_'- L B - ot b ’
[ e - .*';I v
S oo Betore you "_;zc-_) to the computer, you can _prgp;i’rv your. inputs using Toput .
I T Chiart L, - - : ) .
.. . . . ot . - [ . b'
~ ) . to . R '.‘
) e » ’ .
| ' ‘ | b . \.
.. ’ ) * ) Y o ) K
. - s
: R .
. » - .
. . ‘ \ o . - .
. S , o . ’
: / . > ’ \
. . . _
. . ‘l ¢
v > ’
' [ . .
’ ~ o,
\ ' ~ . - N
.
] . '
. - . .
4 ; ,
g . T -~
) . . ‘:l I . N . .\'
. . _ :
) . + . i . .
] - Na e : A :
. - a R )
. - a
. , % s
& 0 v . o ' ' e ®
. - : .
' AR A - R :
“'- " )




.-.'

. ANIMAL OR; PLANT BEING -MODELED -

el . - . ) ] .
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7 INPYT CHART #1 ° (USE

N
PR

oy

. Tl . s T e
. -

-

ﬁomputer Iﬁpdtf'” G Meaning

oo

ety .ff_ - : Population at the beginning

.)’ e _of tﬁe{popdlation SFDdY-s'-:FXV

R}:.PRO RATF}

zj-'Number of offspring produced
"..by each. female (divide by 2 -

' if half of population 1s male)

Number of years (or weeks, OF.
o days) .necessary fbr, the- females
to. produce offspring. e

! The number of generations you
want, the .computer. to project'

into the future. : :
e . . Nt

QUTPUT - DESIRED;.. - The chart gives more accuratev_f'
. 1=CHART* .~ ' humbers; the -graph givés a .
- 2=GRAPH. - o better idea, of patterns.
©3=BOTH" *© * .. ~

; ’ Ut . v .i‘:; .

When yﬁu havexcompleted this chart and checked it with your teacher

A

(éif necessary),, you are’ ready to Tup' the program POP' R A 4

- -
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1.Som¢7qugstibn3'dbbut,hdgl tésults: -

"w \;']00 years from how?

1) ¢ As- we said before,
- aqpectq af a proplem out. SOmetimes the’ aspects
LS eft put are $0 lmportant. ‘that the answer the:
.- mogel gives is not realistie. . Does the answer
Lo Lhe population problem given by PO?l seem.
Gﬂllbtie° Why or why not7 T

i

N

,"_ .o . T DN

'.iﬂj ,11 you fglt the solution offered by PO?l was -

unrealistic, what aspects.of . pépulation’ control
“ should be added te . the model to take 1t give'a,

realistic answer? - (You maf‘wish to reread the
“fintroduotlon to PPPl‘O ‘ ' '

R E S , .' * R N
:3) ‘Ihb model Lhat POPL is . based on. is callad the
' ._exponential modei-of population rowth " Does
populdtion grow at an- even rate u31ng this y)
mmlel ? ) C

e
\ .
LA . . . - . Y

& - . e ’ ‘.

&1

. Q RO
- 4) 1xp]a3u in your own words how popu]ékibn grows

. -using the oxponential growth model.

. . . - ]
1 . . . . v f

.'i.v_

.5) Do you think thdt it WOuld be fair to- use the
exponential modél, to forecast man's’ population
Why 9r why not?

. [
S . . .

.

B A £«

evg;y mod&l must Leave certain-“ o

.
e
¢
S
'
Y
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¢
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very bagie aupeot

By "“i- ) ,.n: . R

PopulntLon m del #1 the expontntial g;thﬁ mod&l included anly the :'
,} of popdlatxon controlginfmakiug its projection. You[ 5

may have noticed that many factors that #e i@pprtant ih determining pqp—“{:

A}

R dav exlateucc It ls-clear that. limits almost’ always exist' For . example,.

uJaLton qizu weze lefo out‘ e

[ .. b

. . . PR
. . -2 . X ,j,., .

. < T “_1 L -
POPl aJLOWed populatlon growth wzthout lzmtt but eVen in our evdé;

. & population of- duer carinot grow. without limit.. There is only .a limited

.amount of lood.
. _thum..

-ing Eﬂutnrs The term unt&&ﬂg#f&efoms is used to” refer to these limits
-~to”growth ' e e

‘In our example ot tYT

e may be. a 1im1ted amount of shelter or water fOr h

‘-c- oo B
. N - A . . '.

LI ’

food supply, shel ter and.water. These are ‘examples of dénozty-dependent
. Inni ting factors.. When’ the population.is low, the densityvdependent

1im1ting factors 'do not affect the popu

;;m of food, etc. But as “the - populatlon increases, so do. the effects mﬁ
1[miting fa;torq, and fewér and fewer- offspring will be able.to:s'
“to TQProdULL in future generationb._i . : o -'$$1

a"""t

\l &
.[*,-

",

*used. by the populatlon no_extra organisms can be added withous Sem !
tonsequences to the group as. a whole. The population gize aﬁawﬁﬁﬁh;hﬁ% N
l{mlttng tqctorols bting consumed ‘at . the same, rate that i; ds beihg pro—".\
duced isg called- the carryzng cqpac@ty '

L

L , . . ‘. ..'.. . . . ,-\ . w,
When the 1imit1ng factor that is in- shortest supply*is being,u

- . - . :
. L L ¢ - e

. s ¢ A . AR

e . . A& . ) O ae

r[)‘\n:) D(\)D') mnr? 31

y deer we noted three possible 1imiting Tactors.

*
PR

 1on since there will he plent¥4-j- o

PRSI

RO j”J bd.L.LL-lI LIIU\ bbeifbe ”l.()ae[/. 'lne ,LOngth motle.lx ’

behavés quite- ditftrontly with different. populations.. If you wish #o
understénd this model fully, it. is. impoftant- that you try several dif-

- ferEnt oxganisms. But first. you may want/to continue with the:EZpsyv

o moth problem‘r_ o '.' 'Q{ L : .

ol

. L

3’ nears - the Carrying capacity7 . Yol e

. .- L S

. Ab you -saw in POPl the gypqy~mo;h population grows explosively when
therg]is 1o limiting fnctor._~thL happens to such a- population when it

!
e . e "

N N

Your Problem - Agé\n starting with twé gyPSy moths, one male and one :

.‘

Before you try this model you may want to. enter your: inputs

}',500 000 moths?s hgtal'_f_p;p.,.,§

-female, how will population size vary over ten geﬂ‘r&tions, if khe
.10~square*m11e forest in.which the moths live can support only

L, .'é - o . S

'Remembe1 thaL tach female moth prpdp‘es about 15 eggs which

i_survive ro rcprodute, and that the life-span ls only one year.

IR

s ’ O

. .‘-.' . 3 : v e .' J -..‘
] T ) . e . . '

CE L
'0 ..-~ . + . ’ " ‘).',.

u

on Input Chart #2
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T, - of ‘the. pophlatlun_;tudv . T
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co 0 REPRORATEST T \Iumbur of offsprlny pr-odu(od o n
e e " ' by each. {emalu (divide by 2 - . ' .
S *% i the population is hatfr - T e Do
DU Hwtv .md half funalo) - T
.' ~ . . 3 ¢ l <
Y T . ) : . - -y
S T ° IO . " L . . @ - 1] -
U PPN S PP b : Number of years (or weeks].or -, SR .
o et ' days) negesgary for.the femaleg oo o: %
: . B S T S preducefof fspring,: =~ 77 .8 W
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' . /Lhat is t?lléﬁnr(al[ut1*‘4bout the model” e IN
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: S S AT UUY¢H1nnllm lhv»fLmlttng,mdPLor was food '
e ",.-—upplvﬁ‘ 'thp ypey muths whw tive by eaLing
L e c % rhe TR ves from trees, tever” Fedch this limit—-
A T T et 45.ing.'avtm?ﬁ {Some ceading iy the library may * 9,

LI

. '.-ﬁ_' ' T3y In r¥lity, are LhL JlmLLing factor& thef-. o

_ _ : same at | yoar round for dn.anima[ *such. a:v';..
’ " C e T thepypsy mn(h° How wonld thoy chdngo7 ’ "
* ‘ e T e S s - ' e
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3 % 4)  Are all liniting factors in the environment
R © . dunsity-dependentd . N -
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75' POpulAtion Grthh Modeling ":., *'“:';.l .
Conputer Progfams°

i gtudent'with little mathematical background to-explqre Lo

. M . . . e N
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S - . .
- VR . . T
Th, . . } .
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X . PR ¢ E

J'ﬂ_._ < POP1 . -"aimple exponentigl growth f':_'T' .

_”l '_‘ POP2 - logistic model

N = . e
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? The POP SERIES programs aré designed to allow ‘a

-various simple mathematical’ mpdels of population growth., «
Student exercises revolve: about studies of the grawth . &
of .a gypsy-moth population. "The 'gypsy moth was chogen

" as the;primary animals for investigation because’ of its . -,

- ‘cunrent ecologfcal interést as -an importaﬂt sﬁbcies
with few natural enemiea and because its population» L
meets the assumptions of the nodels presented in the P
POP SERIES«-« .;, : L '

{ £ 3

The following modela are exploréﬁ in the EUP SEHTES

. <
¢

[
" .

‘. 's

._‘-

A \

_.(. _;. . (population expl eion) '»_‘

(environﬁéntal llmlting fgctor)

POP3 --logiatic model with a low—denaity
j modification .
e v"
-tﬁ»' Each of tﬁane progJLma is’ general enough sotthat
it can be used to model other ‘pdant and, anifal POpU~
- lations. “The neclsgary information” for- using ‘the. *
" POP SERIES. programs withea number of. other organiams

gan be found in the RESOURCE MANUAL;




\EL._ INTRODUCTTON TO TEACHER MANUAL ' - "
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"

documentation\for the programs. For other applications of the POP
Seties programs, please skip firet to the RESQURCE MANUAL.

- All students .are - concerned with the future world inrw’dch they
will have to: live., Often they read .or hear predictions oﬁrthe vast
populations that will be ptesent by the year 2000 o

Today there ‘are ‘some thxee billion huhan-
..Qpings on the planet. About(i?O ,000- '
- infantq are RQeyn datlyy or a\population

- increase every month eq ivalent to’ that
.- of Chicago.:.this: sort of population
. canriot contihue much longer...by ‘the
. year 2000 the world's population would
s 'double todqy g ", iﬁ CL,
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How1are sudh figures arrived at? The POP SerieSpattempts to acquaintr
" gtudents with the strengths, as well as the. wéaknesées, of*pdpulation
“projection by examiniﬁg-hgw‘three different“population~growt odelg. .
gilve vastly different: projecphons for 'a sample population ﬁnmyth

stne ‘tine the étudent is hneroduced to- the concept of successive

. . . N e '\\" St
Y While the whole POP Series used togethet provides an ntroducfion p”
to¢population modeling, the’ POP progrqms “¢an 'also be- used eparntel? -
For -example, ‘a teacher currently presgnting ‘the Malthusian Theory might
“‘elect, for his students to .Study" ofly POP1, since ‘the POPL model gives
_.the gedmetrical "increase that’ Reverand. Malthuys predicted’ for population
.o growth.,,More information %p these single applications appeaxs in the
‘ RE’SOUR(‘E MANUAL.,._ e K .
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' dach pnogram t\fncriont o\pendhtly of che. others and <ol be uaod aeparat:al&

PM&« j;a a aimplc '_cxponeritial (Ma;lthusian) model. -0 L

._ .1iut1t1ng fac tor -

\ popa Ais a modified logiat:ic ‘modal lth a,‘low-vdenait:y ‘v.
D '.’.'_ . “correction that 1imits reproguctiongof ‘the. v
, pcpulation at very ‘1ow population denaitiea.

. .
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.. . u

. Sincc inuructions within £he body of - the computer program are: minimal,
it ia eaaential that the materials in the. STUDENT MANUAL be used along wi\th
t:ha progr‘am. This holds true even 1f .some. plant or animal population other
than ‘the, gypsy. moth is used.  In additién to instructi;ona the STUDENT

© MANUAL-- in€ludes’ background information, input ah’eeta, md -follow-up
quest ons. for each program. LT

- ..' v . '- ) (A . R
» -~ -‘...
Y

L %
Each program will begin by aalg,ing ‘a c‘&r(aitf number of vqueat:iona. Explana— :

t.iona of these questions are, .found "in. the. STUDENT MANUAL, -Once these .ques~ ;"

t:lona have ‘been' angwered, the. computer program carries” out .all: the nécesaary
' rmat;heumt:ical operations. and oytputs the. population informftion either. as‘a -
' chart, & graph or both, “The chart, 18 more accurate, ‘but the graph di‘splays
o dramtically tke exploaive nature of t,he gyt;ay moth 8 population 3rowth.
e . . X o . "' 3 ' 3 el 2
y ._'.l'o‘aid. in” the input: of.eorrect anawers to the comput:er Quest,lon, atudént
- “input, sheets” have’ beem&gsi'gn”" . Theae are fQ\gnd d.n the appropriat;a secttons
o .’fof the. &TUDEN‘T Mﬂ A PR ,_ R s “

‘l.bu Ve ‘:" .

10 usmqm pop smuas PROGRAMS Ill' ma CLASSROOM

o . ’ .."'.“;. : -_ : g
,Ncceuar Bac rohnd for Smdam:a
| : -

. A
,'...

" ole?

?aaary for a generat:lon
t.ox produce ts. own: offapring (th‘e
;" paxt ganerat;'.on).- = ;

i'tmiﬁ ghg birrhrata amc;iy aquala the, duehnu',; o
gopnution ‘M&c ohoul.d ltabilir.e. ‘(l'hil 18 only




AT rrefero tq the
R average. ér of o .an eadh individual - - RTINS
A will contribute fp the ﬁhxt goneretion: e REERIEA

ST e s 1’5 1€ tho bopulation s half male, the e
AT *J< . o . average number of offepr 8 pér ﬁemale : S0 e
L will hwe tc} be divided 6l'mlf ..

.YI‘fﬁf;‘~ _EEﬂELE_ 1f in Towa Aﬁevery female dos ;i L L

4

':hﬁ'f;wfw}e.'::;}:.f' ~?':53 ﬁ ‘has‘nhoﬂt 14 puppids in her lifetime,. . S e

,.k:‘~uﬁ",;-.§f--:-j@f-}f'ﬁ.’f the " gverage birthrate ie.15/2 or,.7. 5.t 3ﬂ{-'¢;"_.le7.z3*,f-?
.’ﬁ,' z:;_:_?ﬂwg .fﬁ ﬁ.}f_?5i N pupgies per dog per generation. ;.'¢”~7-f.i"* h';‘_’-. "’.. R

:513' ;_~-ﬁ: }.'?' ' ii) IF the. Birthrate equals one “each :j e
T R 7'3.,-7 ‘individualWid just bning repIaCed,. CLI L T
LA e T .'_F,;; Ui the' next geﬁerarion. “This’ meana A
Veeerel e T poﬁulation size will b’m constant.. S LTl
L i;-_ R e . . .. . "-v“ __n. . e .:._..::.‘l., ) ‘ ‘
IR TN Concept of exponential grgwth - Co T T e e
S z<ﬂj,$g Lo ' ' B
P ‘ GOphional.- your students may be allowed to e - -
I develop their own ideds during investigation oy
oo e f th POP e S IR o R
P e . _. SN o | €. i'm 1 ) | g*;-& ,' " ‘-- = PR .‘-./'_'\.: L
e % - 'o " ' e M L e l} Wt L. ’;v'. o v <

‘ .:'.w' B, Classroom Use *_.t;._.' "‘. : "{ , ) Ty .- SP f
: w, .. ',--. . * ' o . "z'-'-, . !
et TheoPOPZSERLES progrgwa'were desigqed with three possible approaches S

D in nind: “1y.4s a clasﬁ%oqmatool, 2)oas a laboratory, and' 3) for individual Lo
e ' or. small group usage; 1panhags a8 ‘extra work./ While ve ‘agree that we haye . - ,. -
;rI”_,“,“mmwwmwQQEMHSowv,°t511Y suocéagﬁul ‘1tt all; these aréasy .ve think that you will - . . - i

<

,,,,,

ﬁind at’ least one of théwh ove egsfoaches satigfactory with your students.~ R

N E—JThe POP Series prggrans have "‘-ﬁ“ L,
. .;7: been mlde as qeneral a8 poosible. Whilgﬁihe objective .

« ., of the ‘entire series is<to-have. studénts develop a # -~ Fo 0 o

. . . _,':- “critical sehse’ ebbut population, ptojection, any single - ... %
el T2 e Upart of the series provide the teacher with a valu- L

e 0ot T able’ .demonstfration tool withiin, the.: qlassroon;. A gossib;e L
ol T, ethple of tﬁll ..... “f@V§I§!*aﬁout %hhvualqhusian concept _3 Cok

N PRt ;_-;oﬁ»geome:rical grogth 'in population.: While'a teacher may.. .. 1. lL.. MUl

TR ey Le o T attempt to glve: an’ oxnmplo og ‘this: type of: ;row:h; the:. i =__~"-.? S

L ; © 70" .students generally will pose."What 1f.. .M types* of queo-'= b :

. , -;.'. N *": tions, - If the tédther haﬂPPOR&-ovoilable to him in- the o ."':-,}

PP ' cluutoom. mmv of thess: "whut A £ quentiono cqh be *¢ -’ 2

R ‘ anbwered. - (Data foi" pouible dnimals that a toachqr ﬁay v K .

' iR wisl[} to‘)ule wit;h EQ?l‘-f'ore given or\ pageo 15-16 of t:he RESOURC‘E T




Y - 'J.'hara ara nvaral approachn thaglﬁva ;
" 'pfoved vseful for d;.tfarqnt teachers. -Some’teactiers will
JLind it eadiest to: ‘use a POP Series program in- conjunction
-»with anothey. laboi‘ltory, rotating ‘the-class ‘through each: .
- '.aet of exercishs ‘over several’ laboratory’ paf,loda. Other
" :teachers will prefer to'have their entiré class use -a
..* . sinjfle POP Series program within.a laboratory eagion.
. POP Sorieﬂ materials were deatgned’ in such a- ay -that
- ‘either approach could be.: attemptad._ : _’_ L ( ,,v
a)- Rotation with anqthar axperimqnt - It should be poasi- Lo e
_.ble. for you'to devote. a majority of your. time to-the = . ° )'
.. “bulk of the class carrying out ‘the’ regular laboratory.
" espacially 1f your students have used a compd\er sipu--
.. lation previously. Those students’ doing the POP Series - ..°%. .
. labotatory shoul§ be 4ssued thé STUDENT MAN L:at least  °* :
. one day.before the “lab perioa.‘ ‘Yn that tIme they .. . .-
_should design’ their inputs on the.computer ‘input sheets - .. -
(see MANUAL)- so thqt .they will be. prepared. to
gtart en they enter the lah. After using the com~ ",
" pute¥, they can answer the. follow—up questions -and
submit the package as a 1aboratory report to you.
b) Laboratory for. the entire’ clasa - Inatead of attempt- T
" ing the entire POP Series, it:is auggested that you: .- :
attempt ona’ program at 8. tima. (It is. best o aqart L
with POPL.)" o SR LB

x..“ “»_.b,..,..._-

L J

Divide the cl!bs into:amall oups, and issue to- the SRR
students the portion of the ETUDEJT MANUAL to.be -: -
covered. 1n lab; ‘thig ahould be date at leaat one. ‘.
--day before “the. lab segsion. 1f ‘the gtudents design -
their inputs on the computer input sheets" bafore - - S
" .qlass, each.student should be able to recelve and " ..
' interpret his results during a sinfle laboratdry. aea-- o
. 'sion, . In addition to the laboratory report, yau'
‘might have your atudents ‘ask ibr 4 tabular. output _
in- each®case in. addition ‘to’ the. computer 3raph This -
will alfow student® to’ regradph the results‘in-a more -
convontional,form and yleld more. accurate grapha at |
- thepsame time. (This activity will also give. groups
. that® have had. firstiaccess to the computer aomathing
* . useful ta. do in tha meantima ) :
.».....-g N . ' s
i It';%u fcaf 1m rtant that each group havo 8 ..;.-'
7~ “different pr lm, ‘you may be intgrested. 1a" aJ,tar- “a
N nat:l.vt\modal mals listed in ‘the SQQDE'M? MANUAL
aqd on. pqgaa 15-16 of 'the RE'SOURCE' gggg




otudonts of. avarqu ability, inveatigaxions using the - e ol
- POP Series programs with other' anijmals may prove inter- e
_.westing ‘and enlightening. A _
. - populations ‘to inddel’ \:an -be foun‘ on pp., 5"16 of the o

. RESOURCE MANUAL. - -~ | LT o

ips: of -students on "
. be sufficient for
¢ - nnt with~ lv-;'ago aBilit:y t:o function on his own, "o o
‘e has had ‘iny ‘experience with other aimulations. For - ': LT et

Suggantions for ather animal

e . G- L

w. e -

g;_. Qurébﬁn FOR faz@dpislaniésf- S

v

‘ :?A.‘ Cortﬁct Inputs for POP1 (If«using gypsy-moth problem) o ;,g_.
v QUESTIO ;- Startiug with ohe male and one female g8ypsy mpth ‘how many

.in.a single. generation? Aqaume that - the female moth ‘lays -

- ‘ .

generations will be. required to ‘produce 10,000 offSprIng

15 eggs that hatch and that theae young live one year.'

V L. . . ...‘ ‘.-'_, L. . Q.‘ N B . X ) . ] \_' . . '-. -‘..-U

s

R .
W

| 'REPRO:RATE? | .. - oo T g (NO!L'E'. ansver. equals R
- s B o '; 15/2 since one half
' v I B e : .of the population l.'-

P

: -
o

I Ry OUTPUT DESIRED I-CHART. z-cwu. 3-no'm? L1, 2‘.‘.01: 3. ) "-_,.‘

msm ,R popz smm* ‘_ vxsrrom

'_TCGmputer'Queétioh‘.F

. e

- f;f{ . LT B - :
rm: UNIT PER GENERA IN? . ST 17 (Year is -underdtood) . oo

- :o;p_cmmno_us?-

. The Sth gmr }ftion of otfoptip wuma ;ummthc“*

Correé_t Input .

v

- 18 mle.§ T

- O E . o . ... S .,_ St . - ::., - . . o :.P.' L
‘e R _..'- . v . . Lo to . ' : v . B LI o
\

. L .'Anj'r ﬁiﬁhbe_r‘ greate-r_-.
8 L . . v thdn 4 and less.

+ °

i 1R the Sth. ln.tation ¥ill be-over'47,000. ;- .
(Su smplc Run 1 (p 3) for ﬂ‘ actual butput for tho »cbova.) LT

..
v
‘. q" ;_v- - . . “t. v‘.i_




"oatod ansvers’ to POPl uutioma..p glt 1a important tO*noto ﬂhgt ﬁhele{;f7i:;;“

.;;:only _ggggL_puof corrqct reaponaaa )" sl t.}_“..; |

/1);_48 WE' SAID BEFORE, EVERY MUDEL MUST LEAVE N
.~ " 'CERTAIN. ASPECTS OF A PROBLEM.OUT. SOMETIMES
' 'THE ASPECTS LEFT.OUT ARE SO IMPORTANT THAT =
- . PHE ANSWERWTHE MODEL: GIVES IS NOT REALISTIC.
- DOES THE ANSWER: 7O THE POPULATION PROBLEM - -
~J_GIVEN BY POPI SEEM REALISTIC’ ‘jQULjELjMULJﬂZ[? RSN
L Ai;er the 6th gcnerat-on, there are OVer 8. millionbgypsy motha
_ '~ .in the 10dsquare~mij fotest.  This would lead  to.severe food
. // RS ahortages and the population growth ‘would havo to alow. S

9

. o, . ‘.,

o IP You mm' THE sow:rram OFFE‘RED ay POP1 WAS
. UNREALISTIC, WHAT ASPECTS- OF POPULATION- CON--
" THOL SHOULD. BE.ADDED TO-THE MODEL.TO MAKE IT
' GIVE A’ REALISTIC ANSWER? - (YOU MAY WISH TO
RE'RE'AD m' rumowcm‘bw TO POPJ J

7.(Answer for this queation depends on the respOnae above )
. A necessary corrective factor could- limit high® populations
.. in-some way. -(This 18 actually done by limiting thg repro—
‘.ﬂductive capacity at’ high population densities )

 THE' MODEL, THAT POP1 IS BASED ON IS CALLED THE ‘_' . ~f '
" EXPONENTIAL -MODEL OF POPULATION-GROWTH., DOES = . = = '
POPULATION GROW AT AN EVEN FAT USING TAIS. MODEL? <

No, the rate of population grow&h while conatant, cauaes the _
population to, grow at an ever-incraasing numbervpor unit time..
. '-TEXPLAIN IN YOUR OVN WORDS HOW.POPULATION
'~.;iGROWS USING THE EXPONENTIAﬁ GROWTW MODEL.J

Jiy: anawor that indlcataa thht population growa alowly ht firat .

'&nd then mote rapidly as oime .goes_on nbould be acceptable.:

000U THINK THAT IT woug.n BE i’AIR o vsETHE
" EXPONENTIAL MODEL-TO FQRECAST MAN'S POI?ULATION AR
- 100 mns va Now?. m OR_ m NOT et -

. o .
. v L]
PR

. "t#!

'rhi.u 1: a mattc Eg 5 pn among dmoguphorw it 1a. ,
‘ﬁ’f S Y

)‘ W fr*\.-e 1“1“ cu..ion. e




SR Py R

qutect anuts fgg;EOP2 (If*uaing gypiy-moth problem)

r. -

! o

QUESTTO *f* startin3 again with tdb gypsy moths; onenmare and one femql‘ f?f'ﬁ .

H'ﬁ.hOW will the: pOpulation vatry over.twenty. genenations, 1f the
. ‘foredt. in which. they 1ive -has erough food to support only
500,000 mptha?' The.. female moth prodyces about 15 eggs that
. survive the winter to ‘hatch and: reproduce ‘the next year.
" The, bife span 18 only one year, e Coo T

* .Computer Que'stio* e e el e Corréet Input, .
' f ) . s Lo N -_ L . . " . oo

. - .o
‘ts b .

O REPRORATEY o g T 705 L (ed. pOPYY
o v
_TIME UNIT PER GENERATION?- T

. . .

- .CARRYING CAPACITY? "~ - = = 7 .- ° ol sooooo (Make sure no commas
'.f e e : .o . - L E .- ara u&ed) . -

. NO. .OF GENERATIONS -

|, OUTBUT DESIRED L~CHART; 2+GRAPH, 3=BOTH?. .

.'_-.}

&AMPLE ANSVER FOR POPZ QUESTION

R

Every time the population exc;pds the carrying capacity, the y
population for .the mext. year drops below the carnying capacity..
At this puinc the cycle repeq:s itself. (See Sample “Rin 2,) ‘

gyggeetton. Have the studanta select efther the graph output or. the graph .
- and ‘tible’ (pu;pnt selection #3), since this questdon 1s’ involved
* with a pattern of growth. Once they: have the outpit, suggeat to-
~ themsthat they eonnect the. points onrthe graph. .(Thia makes L
;.phe pntterq much clearer ) ¥ _,. _ g e

ff;fIt may be' necesaary to explain thaq with computer grapha, v
| _-points fire only approximate; that is, if.a point is.on the’
"zere line’ the number may be near. zJ!o, bqt.not necensltily
equai’ ta zero. - The point’ murkod by "C" on: the graph 1| '

'jﬁitho cnrtyiﬂl C‘P‘°1ty‘.w ;5 -

' B



1) DOES THE POPZ MODB‘L GI VE A MORE‘ REALISTI c B
PRE‘DICTIW OF POPULATION. CHANGE : TIJAN POP]? R o
' WIAT IS STILI: UNRNALISTIC’ ABOUT TI!E MODE : \ |
POP2 givei q more real:! st:lc answer“than POPl but the anawe,r
is sgdll unrulitti,cu - Fox. instance, t}\e overpopulat.ion -of .
A mbt:ha should redux the . carrying capacity of the forest. ts‘ .
'-'-‘7» trees will ge des oyed v :

O .

2) INv ow? Pzaoawu, THE' LIMITIM}' FAC’TOR N

" *. WAS FOOD SUPPLY. DO GYPSY MOTHS, WHo -
. LIVE.BY EATING THE LEAVES. FROM TREES,
.- EVER REACH THIS LIMITING FACTOR? (SOME -~ -

_ .. READING IN THE LIBRARY MAY BE NECESSARY. .. . =~ =
s IF ?I’HE'RE ARE NO GYPSY MOTHS: IN "YOUR AREA ) % e

L
14

L Yes, many ‘areas of New England and certain areah 1n the.. o
“tie Mid-Mlmtic ‘and Midwestern States have béen defoliated ' -.
". 7~ by the gypsy moth. -‘(See: bibliogtaphy for referet\ces in ..
periodica literature ) . :

T e -."

) . IN REALTTY, ARE THE LIMITING FACTORS THE - . -
4. . GAME ALL.YEAR ROUND FOR AN-ANIMAL SUCH AS, . .
3. PHE GYPSY MOTY?". ROV NOULD THBY CHANGE? .

No, nol alwdys. Por example, in certain seaeow such -as
spring, food mi it be more avqilable than-inthe. sumer

e ‘or the fall. This would me a lower Carrying capacity
. in the summer ‘or. the fall ‘ - S

1) 'ARE' ALL LIMITING FACTORS IN THE' E’IVVIROM\ENT
. DENST TY*DEPENDE’NT?. ‘ ‘

. ,‘..'-
. . -
1

A No. An oxmnp].e of a dons;lty-indqpondont limiting t’actor :
RO .-would bc one. that would saffect populations “of any. size = . .
. # - 1in" the same manner. An cxntplc of thil might: be thc -

-..tcmpuutuu. s S

-*,

5). IF. xou Inmsrmm .m ‘popz uoom wnm:n, |
F L WHATD- brmmucss ‘DID YOU FIND BETWEEN. SPECIES .
... WITH LOW RATES OF REPRODUCTION - AND: sptcms
T ma mltmns suca 45 'mu o,msr uom

o

Anp\m: would dcptnd dn ,vhich mimh vou mvutintcd.




NUTE POPS requirea student 1nvestigation. To ar;ive at a correct aolution

to the following question, ‘several trial yung will be" required, thus" this ;
progjlm may . not be appropriate for a class laboratOry

. <

f-~QUE€TIO S whats ‘the" smailest number o% moths thﬂt will result in a " e
Lo f:';..g;owing population duming the fatst 5 years? T SR
rTo answer this question you need the following 1nformation.-
“In our particular forest it ‘has been estimated that 1100 - a
~ moths are required for easy mage location, Each female Qf
" smoth-lays about' 15 eggs that hatch to form the next gen-.
- eration.  ‘Each genération takes onhe year..“There is?enough

« food to support 500, 000 moths. e L L PR

NOTE'. TRIS QUESTION HAS BEEN INCLUDED TO ALLOW C‘ONTINUIT.Y OF . o . .
- . SUBJECT POR THE ENTIRE, POP SERTES. 'A FIGURE FOR .
" THE. REQUIRED MINIMUM DENSITY IN THE CASE OF ‘THE -
" GYPSY MOTH IS NOT AVAILABLE. IF ACCURACY .IS MORE ™
- IMPGRTANT THAN CONTINUITY, SEE P.17 IN THE RESOURCE
.MANUAL FOR ALTERNATE ORGANISMS FOR Pops MODELING.

e

‘v,

Computer Question ;;' 7;;' SRR 'Correctllnpnt' )

P(P)? Ceeraml L2 0 (any number that the | o
fehéwer_toxthe question,) .-~

s

v

s\/ rmx UNIT PER cnnmnom ‘ ,.._.__._ -‘(Ye;u-)

T (mmmc CAPACLTY? e 500000 (ake sure nd-

RUE TR v _J- 'f_,;;:_ e R ‘commas -are used )
'-...‘_AI\,WHAT .POPULATION--ARE LOW-DENSITY = ' .. . ~ SR -_.-_-.- L
+. EFFECIS FIRST.NOTEDT . = - oo n 100 - (N 90“"“55-)-‘

. . \

— (5 or mpre any number ;alpgﬁf;ﬁ
L acceptable) '

1 or 3 desirable (qny respahse
allowable)
";fiAnf'populntion of. 10-. thqn S‘dieu out. A populgtion of 5 organiuns fff~fij
7 remding ‘it that-hisber: . X-population of. 6 brgnni-no"t‘" “ e
x stQVth. (8 \?amplo Ruris 3., b. and\cm) -




U rax POPS. Moba'r, 19 A umm" IN ITS PREDICTION ~- -
-OF POPULATION CHANGE, 15 IT. NECESSARY 20 KILL: . - -
- ALL THE ANPMALS'IN A Popumron IN ORDE'R 10 - PR
| KILL THE POPULAZION OFF? - WAY? " RN #@1 -

ffkccording to POP3, Qt io not necoﬁaary to kill‘pvcry animal tolé-' :

. ‘cause_ the population to did off, . If the popul tion is rgiuced
© 0 to very. low: levels,’ low-density %ffocts q;y cause. the ex nction
: u._of the population without any additional alaughter._:-~-:p

Sk e - e

b ‘ Co

"~frHHAT OTHER RROBLEMS BESIDES MATIWG ETGHT ANLMALS
:_-(OR PLANTSD‘HAVE AT LOV DENSITLES? -d Lo
Animala that use 1arge ndhbers for n;otection would have .o
_ problems at low: densities, ‘Also - -animals .with complex )

.- .soclal organizations, such as man or. the bee, would: have .
tow-dansity problems if there weére.too few 1ndividua13 ‘;'“
o £111 the necessary roles in-the society.ﬁ. T

3) HOH’DO MMNY WELD POPULATIUNE& SUCH AS DEER aR BUFEALO,

: AVDID THE RROBLEMS OF LOW’MMTING DEMSITIESR '

‘Deer andlbuffalo keep Ehéir ﬁensities high‘ either by herding
;or by.- congregating in certain ‘locations.’at mating: seqsons.-,r.;.’.
" (Many other species exhibit such grouping activities;~have ' . ...
- students investigate to see if the reasons for’ these activ-~-:"
. '.:lt:iea might be. to ovoid low—densitﬁ problems.) . -

) WHAT OTHER RETTWEMENZS DO YOU mHIMK WDULD BE NECESSARI
".BEPQRE ‘POP3 COULD BE USED TO ACCURATELY PREDICT THE
POPUZATIDN aFﬂMAN IN THE‘XEMR 2000? S

: Man does hot 1live for just one" generation, neither are all the. j_
" .children produced in-a single. year. Other modificationa which
COuld be made 1nclude the following oo . P

 ;1"3) A lifa tpln factor . f[_'.\ z:’;,"-”
b)), A changing limiting“factor o

.";.c) A factor for ‘the number -of - pooplc not having familiol ;f}j}r fti: A
"fﬂf'd) A factor for th;-tiﬁn aftor birth that narriago takol pluce.;~-':‘" ;

PR P
4 o W .._”

any ~oth¢r modtftaatim ahauZd bc cquutcd by thc atudcnf:c. Thc abjcctipa
of thie g o.t-ton ‘18 to demonstrate that modeling hup populatiam tc,

Jﬂw ault mtcrprtu sven with the hclp pf T

'“7
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DEC EDUCATIONAL;PUBLICRIIONS |
IR .'...,. RS AP

/-;, A partial ¥ist of ‘the publications in the continuing ssr%es of : W
. curriculum material published by DEC for 'use with EduSystems e
~ and RSTS ‘are listed below. Please inquirq directly for prices

. on classroom quantities. e S R S

Additional publications may be obtained from: |

' R - T a
< [ { ~ o,

Software Distribution Center L ;v

o Digital .Equipment Corporation .
3 e Maynard Massachusetts 01754 K
w{_ V_‘.__/I . .4' 3 oo SR _ - | '. o .
Populution- Self-teaching BASIC Workbook -f_' SRR $2.00

L BASIC Matrix Operations _ - : ':,'. $1.00
g ‘*Computer-Augmented Calculus Topics \ S $1f5°.§

LA s o B
'Problems: For Computer Mathematics x4 81,25 0

. Advanced Problems For Computer Mathematics V_" % $2.00. .
BASIC Application‘Programs R | S e e
~Mathematics I PP S come A 8. 00 _ -
- Mathematics 'II . - : ' o ot 11,000 .
~ Science : C SR - 1,00 - = o
Business and Social Studies L . o "l.Op_f '
Plotting IR . : e .o 1.00¢
Huntington I Application Programs o | -i:'_ . o o };
MATHEMATICS = . e SR $2.00 -
TEACHER ASSISTANCE - - e - . .1.00
| Huntington I Slmulation Programs N - : S
BIOLOGY R - o B .Y 81.00
CHEMISTRY S e T e : - 2.00
~-EARTH ' SCIENCE. o . ' ' ' . 1.00 .
.~ - PHYSICS L S - 2.00
g : A SOCIAL STUDIES ._('1 R ) | _ A ul,OO
Huntington II Simulation Modules: - o
- Student Workbook y o L $O 30
‘Teacher's Guide - o JoT e .30
- - Resource Handbook - = . . . '~ «50 o
Program Paper Tape ' ' C o .1.00 *'_
5 &w 'Qi."*"f:*' _ _ A .. _ | \‘ Sy, 3
| | | . 3 SR X ~ ",".Ln
* & B | . ‘? ' T
\) .) E - '
‘ B ".‘."".
.. .. . , :“ .’/




MANUAL

: ! D ' ¢ '
A Developed by: - A S -
i L. Braun, State University of New York,
- ‘ " ¢ ~ Stany Brook, New York -
‘ J. Friedland, D. MacArthur High $chool
C , . “ Levittown, New York
Programmed .by: o - : « o L .

o T T O R . A O * o T , . v
. " I . R : . . . . & . .
’. A " e . Al [1 . BI' un - . . . [ ] ' B b
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NETERTEES ABOU‘P THE GYPSY MO'I‘H SRR

</
.

) . %

k
. ty(
L o L. L CTE
. “ - .v.iu- ,-v}hv’ moth (Iym.mtria Lllbpur) is a ﬁ]unt pest.- Lhat; Jhas . been re-— A

R

7punnihlx Wt complete defoliatlan of entire forests. 'Unfortunately e
has h:<om< 4 dommon inhdbltant of the New Fngland woods and has beern ex= “\
:pundlnp fLe. range [ntu thv Mtd- At]auLLc and Midwestern States. o .‘

F e yvpsy moth ds nat Tve rg hurope AQIe aqd northern Africa' ~1in
these aregs (1 e aled hoplant pest. . But in tts native environment, ik,
s wsnat by bopt uoder contral by oLer .insect parasites and predators.,
CThe wepes moth was introduced Into this countxy in 1869 in, an effort to '’
miate it to the silk orw, then a cornerstone in the economy of the' New.
Dl Land m}li~ lvnntua]ly a numbér of' the maths escaped from. the Medford
Misiachusetos) Tabovatory  and established themselves in the loecal woods.
By I H&Y ink][1liﬂn bad in(reased to over 360 square milles. Today many -«

Chotsands ot qUILO wlles of forest are destroyed every year by~ this
.)[)(‘\";'." -

-

] - o ¢
The rnntwnti;fnbititv'of'phe gypsy moth to strip the woeds of its . .
ol Lage s ddue to o number of factors. When broyght into this country, .
LU i J.'Lum its natural cnemie%, the New England woods contained
Vow prodakor? (o llmit its prowth. ‘The caterpillars (larvae) of this
Spegiy s cat-nearly any type of foliage; including conifers such as the
plac sod’ thi spruce, - While certaln specles of tree are prefefred,
s b ) Pl oo wlll be (oneumed if there are large numberg of- larvae.
e temale hn( thv 1b111Lv to produce up to 500 eggs that over—wintér
1\lt.n1.h'n¥ e ,»plflg Naturally not all .these eggs aurvive the rigors
ot winter. {this i3 the .veason that. the figure of 15 offspring has been.
Adgpted f tho SIDEN MANUAL.)Y ©  These eggs are laid in, a yellowish
;Junn{::-uinw-un WY 1v111ab1e surface that has some protection. *Each
e T abewtt J o mm oan diameter. Given a mild winter"most of these eggs
will tarch juty hangry aLvrp[]larb. e . . 13

Fiﬁnru 1.1, ) ey mngsi b) harvn;.—c) bqpa; d) gfmale.adnlt; e) male adult,
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Vs ly haaehed JSYvue grow from about 1/16tw of ‘an inch up to neanly o
2 hwheﬂ in, l'em,th during May -and Iune‘ at this time ‘they eat neat‘ly non- " .
d “gtop any. fo}Lage avalluble to them. . The larvae are- soot=colored’ with T

_,-." . darker rqlored spotsdlong the body. “Thg yellow of the head is continued o N

- . dugg th& body by a central qrrlpe. _Prom Luberculés alofig the sides of RER
. ' .. the. ]arvag extend long hairs. . : : T

o . : . : . : . a

. .
2 A — p)

’ ﬁ%&carly’ﬂulv thvse destrutfive ldrvne age ready ‘to Eupate. They - ¥ ii“
-tumain in-Clifs "vestlng stage' from 7+to 17 days while ‘they undergo meta- '
o morphusts Inth thofaduir form, '7he aﬁults that. katchiare naf destrpctivg,
oL tiredr rolg being to mate and, - lay® ®ogps for the next generation.

ST Wooe e s ., L ] S ;

N .. hd

.- = The ﬂppkdrdnte arid the bohdvlof Qf the males -and females vary: greatly.
The male s brown in golor, with lig‘t brgwn wings. The wings have.wavy .=

. o band mavkings with dark-.doty along the outer margir’; wingspread 1is about. o ~

o 4 L@ inches.  The' female ifs-white in color, with-a yellowish abdomen. - Shp. e . R

A  Ls much loager, and heavier-and is incapable of flight even though she 45" - ) '

' C equrpped wiTh 24%-inch wings. -She must.wait:for the male to-locate and ° - T e

oo ‘fertilize her, gince she cannpt move far from the 1ocatioh in which she

L puputed J After. laylng lor ep ?s she dies. ' cor - .

.y

U . ~The eggg are :laid 1n 1@ e July or Au;ust but remain dormant until the
' fot]dwing spring. 'Thn% thérc 1s only one gcneration per year and the adults .
o - Tngver (nte ract with their offepring (Thib is a critical ‘assumption of the -
o T POP’serié‘ brogrqms ) e - - ) R o
SR : S 1 \-;J.‘r. ‘ 5 - ' ' T :
e ~ ' Becauuc the fomxlv iq meoblle most of the spread of;the'species
- across the Unltod Statv .ocgurs durtng the larval stage. - ‘Outbreaks far J .
L awav, from kriown intostations have been explained by sto¥m ‘winds blowing
_ ot the light.larvae many milés into a new area. . Egg masses have also been ) ,
o e, triquortod to new ?rvxs by. (hrlstmaqitrop shipments from infected areas. L
.. . ’ Ak
R o _ - houtrol vffgrt« in rP(enr years have: used DDT applications from the
R - mir. Because of. recent. doubty. about sthe qcologlqal wisdom of applications
N, . of porunstent posticidus,-mmphdrls has beén placed on natural controls. + ..
' Jmported natural parasitaes and predators are,being Antroduced into this
K coputry to restore the natural balance, A bacterial disease specific to v
" gypav moths, talled wilt, is also being investigated In addition, new . .
short -1 'ved pvhti(ldv% such Zas.tarbaryl have been used in conjunétion _ ‘ R

_ with traps (ontdlniny seX Attrlatants. _ . . ' v
» P
. o L
LL 4

' .';:.,
Figure 3.2. Gypsy .Moth Trap- e

. . . . . v o . n

- L - . @ "
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II AbSUMPTlONb OF THL: POP SPRIES MODPLg AND HOW THk.GYPSY MOTH MEETS THEM

/l.'." C l. .-.

POP [UF LXPONLNPlAL MODhL _.-ﬂ
. J . ¢ . ‘ v . . V. .
Assumpt.ions: . S ‘ ’ ' :
.o ) N - [ _~ R .
y 1) There fg no limit té the specles growth. T : .

25, . Z)J?ha.adult&rlive forfonly'aqu genergtion. . .., e s e e e I VUSR RV
“'. o ‘[ . # -0 . ’ T "4” . L . o '

. - " 3) The generations are distinct and S0 dratu, for exampie thefe_is no

- ’ . matifdg between gener ations ’ '

aathel Lot *@%ﬁhﬁ”ﬂhﬁ@engtrﬂhment 1g*4n no“@ﬁy cotit¥ulling orflimiting at any. time.

. s ' ) s e .. e ' . . .

€

ANY

5) Reproductive rate is constant from generation. to genération.

§) There iglno'immigrution o, ‘emigration of the species in question.

n - '

How ‘the pypsy moth_meetﬁ‘ghcse aséumptions:

A

Obviouslx no gpocies, man included, can continue to grow forever without
bimit; but a new infestation of gypsy moths ean grow without ~limit initially.
For .this teason we can say that, at least tnitially, Assumption #1 is met

The .gypsy moth's 11 fe ¢ycle Is such that the adults live a very short
tlme (see p. 6 thismanual) § therefore,-Assumption #2 is satisfied. Be-~ g
cause the cpgs laid by the adults require cold winter -weather in order to
hatch, we find distinct and geparhto generations: of one per year,: which is- o
rvquirod by Asaumptlon 3. . Y ¥ "
' 14
_ : N . R
ClUdIIV Assumptions 4 and #5 above are not often met by any qpecies. En—
vironmental condittons. often change. In the gypsy moth's case, ‘the species S
fyself is very likely to cauge a drastic change in thé environment. U.S. De- .. ' e
partment of Agriculture studies have shown that defo]iation, even 'for one _ P
gypsy-moth season, 19 enough to kill many of our more céfman trees. Whenever | R
the environment changes there is usually a change in the net reproduqtive rate.".fiﬂ?'
In the defoliation case,. the severe shortage of food for the caterpillars would i '
rewult {n teWer caterpillars rgdching adulthood and also fewer eggs per adult.
X - ; :
Assumption #6 can be true for the gypsy moth. Because the female adult is
not mobile, s8he must remain very neatr the place in which she pupated Since it
is the female that lays the eggs, the next genération %11l not occur far from
the location of the previous generation. This is one reason tRat the spread of -

the gypsy.moth has been so slow, wp to recent yéars. The.U.S.D.A. now belfeves

for a gyyqy~moth popul.ation . _ : b LT ‘ '

W . v

_that the incregse In gypsy-moth infestations in widely .séparated, areas is a re=. -'_-',

sult of fncreased human ‘transport .u¥fforts are belng made to make campers and

others in the woods aware of the g¥psy moth, so‘that they will inspect their . A
equipment for ng'masses Should a single egg mass be tramsported into a mew . )
area, there (s a possibllity of‘ gypsy—moth tnfestation far from the current . .
problem areas. . :




' Y . ' k"
POP2 -~ THE LOGISTIC'MODEL

*
[4
A}

-, »

Assumptions:

.

Assumptions #2 and #3 ‘from above. : '
- ) e b
’ . W . R : ' ' . ' '
T 77)“The” environment can support.a comstant number of the species from genera-
. e tion to generation; i,e:, there is a fixed, unchanging carrying
capacity. T e C

.

8) At the carrying capacity the population is.uéing the limiting resource.
.as quickly as it becomes available.
B _ . . .

9) As p0pulation increases towards the carrying capacity, reproductive
rate will fall. At the carrying capacity reproductive’rate will
always equal one, (The population will remain constant in number.) . .

- N . ¢
-« 10) Should the population exceed-the carrying capacity, the reprodudtive
* rate will fall lower than one. (The population will fal

11). Single individuals' can reproduce, even with ng mate present!,

——

A)

How the gypsy moth meets these ddditional assumptions: ‘

o ~ While the environment can support a certain number of organisms at any 3
w ‘partictlar time (the carrying capacity), this number does not -Temain fixed
and cdnstant. It is subject to variation .from many sources, botf biotic and
ablotic. In the ¢ase of the gypsy moth, Assumption #7 fails most noticeably
after thé gypsy moths have exceeded the carrying capacity. The trees-should
I " “have 'betn defoliated and many of tHem should have died; this would lower" the
. - carrying capacity for the next year, "POP2 keeps the carrying capacity constant
7 _however. THIS SHOULD BE POINTED OUT TO THE. STUDENTS AS THEY QUESTION THE
. MODEL IN. THE FOLLOW-UP DISCUSBION. . :

o ' The Assumptions #8, 9, and 10 are generally tliought to be true for most .-
" species. "At the carrying capacity there is just enough of the resource to
supportiithe poputation. If additional organisms are added, -an equal number
will in some way be eliminated as there is not eno gh of the resodrce to
_support the-additional population.. : ’
Assumption #11 1s definitely not true for the gypsy moth, ‘A male must
" locate the female within.the female's brief adult 1ife in order for repro-
duction to take place. ‘ )

]
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Agssumptions #2,

N N 'f'  ' .  IR  : a
-POP] - LOCISTIC MODEL WITH A LOW-DENSTITY MODIFICATION -

- T : e

“Assumpt ions

3, 7 Qe 9, 10 from above.

-112) At low populatieon densitieé, the reproductive rate will be depressed.

' o

How fhe gypsy moth meets this additional assumption:.
'T'_ .f i . 3

There {s little data available to support this assumption for the gypsy
moth, but such effects have been recorded for organisms as diverse as musk-
rats and flour bectles :

Actual research data indicateq that the male can detect the presence
of" a virgin female gypsy moth over great distances. The female secretes a
sex attractant known as a phetomone., When a male moth detects the sex
attractané, he begins to fly upwind until he locates the non—flying female.
Once the female has.mated and laid her eggs, she dies.- o

This problem has been retained in the STUDENT MANUAL to maintain con—~

tinuity.
area.
are requ
support

in this

the student’ problem inyolves a study of a 10-square-mile forested

We have made the -assumption that. 100 moths (50 male and 50 female)

ired for easy mate location. While there is absolutely no data to
this contention, it may not be completely unreasonable,

series, we have included on p.16/ of this section two alternative
the muskrat and the heath hen., ‘It should be

-To the extent that these vtolated assumptions- are {hportgnt

animals which can be modeled: :
pointed out, however, that no animal can truly meet the-assumptions of these .
simple models,- ’ ' - ‘ e '

SUMMARY \

The gypsy moth dBea;meet a surprising number of the above assumptions.
But“there is at Teast one assumption present for each model that is violated,
the POP Series
cannot he expected to give an entirely .acturate projection as to population
changes in a true life. situatlon. /

dht an 9xtreme1y accurate model is not our goal, Our primary aim in the’
POP Series programs is to help students deve10p a critAcal attitude about
population modeling, by presenting an examplé of the sequential method of
refinement that ib necessagy tb produce a vtab]e model '

»

15

. For those individuals who feel accu;£cy is more 1mp6rtant than continuity
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. °, IIL, THE POP SERIES MODELS - --

ROPL

IJ-‘———-—- \ : . '

. . - The so-called population explosion is.modeled by POPL, This model
‘assumes’ that the population under study 1s increasing without limit. Id
other words, the environmental factors are not affecting the reproductive

- rate of this species. A graph of’ reproductive rate-vs, population size.

for this modol would result in a straight line (see Figure~3, 4 below)

J-

L4

g

Reproductive- .

Rate
1 4

Populat i‘(’)u} Stze

Figure 3.4,
. \' 4
’ ) -
“This congtant reproduction rate’ leads to a geometric rate of Mincrease
in population size. This model for population growth led Reverend Malthus
to believe.that 1f food supply increased arithmetically, there must come a
time of extreme shortage of food and wi espread starvation. This" 18 the
so-called Malthusian Dilemma. .

. . -
' A .

.

“ . L

_ . L Flgure 3.5, Dbashed line ( — — - ~) indjcnton the arithmetic growth that

_ & = Malthus predicted for Food_pupply The solid line ( —r——)

. ' " indfcates the exponéntial growth oxpootvd of a population grow-
. . ing without limtt. At the point where the 1ines cross, Malthus

: ' . predictod that Famine or some other diﬂaster must take place.

-

-
- - . -

S 7 43
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" Thus when the gypsy moths reach the carrying capacity, they consume all

. 1 - -
\ ] oy T ' .
‘ N . . T L i *
N . . 4

POP2 SR : o A

' Most populations are not increasing explosivély however; clearly, ' . .
something must be limiting the growth of these populations. Those con- S

ditions limiting pepulation growth are called limiting factors. Food <
supply, amount of shelter and the like are called (enﬁity~ ependent

lmiting factovs; thev do not affect a population at very low population
densities, but as the population grows they come into short supply and
eventually-llmft the population fucrease. POP2 allows the student to

model a population that is subject to such density-dependent limiting
factors, In the program we use the term carrying capacity to represent

the maximum ability of the environment to support the species in question,

shoulfl continud & Increase beyond the carrying capacity, they will strip ;*ku;& ' i~
the rees of leaves, which in turn will cause.a food shortage; this short- oo T

age will leave  tow pypsy moths to reproduce., : L,

theé iéavés thd{ the trees are capable of produging. If thelr population
t

‘A plot 6f-repr0du¢tlve rate vs. population for POP2 would look like 7

the graph in Figure 3.6 below. "At low populations the reproductive rate
is high, reflecting ‘the good environmental conditions., As population
continues to grow, conditipns become less ldeal and reprodictive rate.
falls. - ¢ :

SR

le

Reproducrzive Ra

Poputlation Size

e

‘Flgure 3.6. Only at the lowest ponulations does reproductive ratu'equal'\
or near the blotic patential R(@). A« population ‘'size in-
creases, the actual reproductive rate drops, untul at'the o
carrying capacity (C) the reproductive rate equals 1,




Population

- lead to many different population vs..time plots.

B naturc of the logistic model (see p. 21 this section).

“

POP? agsumes that as the population reaches the carry}ng capacity, the _
reproductive tate falls tof1l offepring per generation per individual. This

. means the population of the (n+1st) generatioh will be qual to the nth _ ?
generation 1f the population equals the carrying capacjity

Should the population exceed the caﬁrying cap city, the reproductive
rate will fall below one and -the next gerieration will be sm ller in number
than the current generation. This shifqﬁng of the reproduct ve rate can

For a population.with a
relatively low effective reproductive rate, we should expect ‘& curve similar
to (a) in Figure 3.7 below. For a more rapidly reproducing species, an

oscillation about the carrying capacity is possible (b)'. For an exploding
population completely out of control, (c) might occur. The section on fu;*
ther student investigations will allow students to explore the v?riable

, o \‘.

8 QU sy sy — ——
o
Q.. .
o
!
[y y
: \
p.. ]
{
| ‘ "\‘
o _ +
Tine (b>
- v
’ Q
———————— ®
b ]
 Time. - o .
T @ - S A
. I }"
. \
. , .
Figure 3.7, See text for detalls. Dotted lines ( — — ~ -~ ) indicate : .
o . carrylng capacity. o \ ‘ '
t - ( t ] . . !
LIRS ~_l ¢ N ) \ /




© POP3

i It 18 easy to see that overcrowding 1n an. environment will ‘cause a
. fall 1in.the reprodugtive rate, but scientists have discovered- that. under- .

crowding can have a similar effect, POP3 is: designed. to let the student
investigate how the added feature of a low~density reproductive- effect
changes the response of a population model.

Q

.One problem that can result from undercrowding is that the males and
the females have a poor 'chance of locating one another for mating, since
a 'male and female may no} even meet each other: during a mating season.
Another problem was discxvered by studying grasshoppers. When the grass- -
hopper population was large, there was a very small chance of being eaten’
by a bird, so the chances for: reproduction were high.. But as the popula~
tion size decreased, the chance of being eaten increased, so that the -
chance- of reproduction became 'smaller. Scientists call this predation

-EPQSS :

Incorporating this 1ow~density effect into the previous model pro-
* duces the graph- shown below (Figure 3.8). We find-an optimum population
" level that falls off on both the high~density and the low-density sides.
This. represents the combined ‘effects of overcrowding and undercrowding

[ A

o s ;
RO ¢ . . _ |
_ -
Q. A . _
o3 5
v -
- 4 \
ol
e
3
e
n ' )
3 .
' = W e g U Gt (it o G e ——-.———n:—ov-yﬂ-‘-n-—--.--— —————— d +
(o — f
1 Y
) \Population Size S . (.
" Figure 3.8. At both high and low populations,, the reproductivc rate
' is supprossed (Carrying capacity indtcated by C. )
- Suggestions for further investigation of this model can be found'
on p. 22 of this section. . :
. NOTE: THE ACTUAL SHAPE OF ALL\THE GRAPHS SHOWN IN THIS. SECTION . o
WILL VARY FOR DIFFERENT SPECIES ' _ '
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.,.,Y
V' ' . .
’ . . f. ) . *'. . ; ' T ! . . ! . . . '
'Variables - A ) . . . . :
. - .. . . .'i‘
L ‘ ’ . ’ ’ .I)}k :
‘ A = low~dcnqity populdtion correction factor . - ) i
Al <;= low-dens ity effcct Limiting population'
Lo o= cnvlrondental carrying Capacity S __7“' ;.uil
E L = current generation being modeled . a |
M = log CRa)
M2 = mode of ouﬁput_,
. N = “number_of generations to'be modeled D ;
P = populatlon size T : %
. B \ ' ' Lo
, It
P2 = thtial population size (P(¢)) : . '
. \ . .
: , Y .
maximum population size 2 ] ' o ;
. . ) - ° L. ) ‘
reproductive pdtemtial:in ofgapring/organism/generaticn' I
actual reproductive rate -
Y. \ . []
VA =  AXP/E
'29' = population model number . : _ S . _ : R
v ; Y = tlme unit per generation o )
Formulae : o
. . S The basic formula for calculating the population is given by thﬂ L
_ \ . following expression: _ N . o
\ . y ' o . — ' . T DR < g  ')~.’.
) ot , : P(I + 1) = R*P (1) .. " ’ ot
o 'y . : » . '
..\_ l ’
o t €., the population of the current generation is equal to the: active repro~
ducttve rate times the population of the last, generation.
N \\‘ . ) ‘. ‘% .:
RIS SR
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The actual reptoductive rate’ (R) is different ﬁ?% each model' \ﬂ" L ' '

P : . B - ot S

R = R¢ - . L - | S
. [ . et . § L - '\.‘”- : ) ".

\.‘- ‘ . . = IR .

The reproductive rate is a konstant equal to the reproductive S

pq;ential '

For POPl

o . : '_ o

For POB2 = R = R * EXP (-M * P/E)

r -~

The reproductive ratc varies in such a way that it is equal to the
..reproduttive potential (@) where the. population'is zerao, but’ less Lhan
R¢ when -the population is greater than zero. -

h . -
. . : , : "

_For'POP3' R = R¢'*'EXP7(~MP/E) * (l-EXQ,(fZ)) e .

)
l

The reproductive; raLe varies exponentially 'y both low and high '“-gﬁ_ﬁ - o

*

The éétual population equations for the three models aréjg;Vén‘beloﬁ:

For POP1 * P = R§ * P

———— . ) E
" For POP2  P'= INT[R@ * EXF"(-M * P/E) * P + .%] - P ’
‘ ‘/

For PoP3 ' P = INT[RS * EXP (-M B/E) * (L-EXP (-2)) * P + .
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- $: -'-'1;; B 'T‘,g-' -: v. PROGRAM LISTING S b o

“ 149 REM POP ~ THREE POPULATION MODELS o L
.. 118 REM. = | EXPONENTIAL MODEL - . . | | -
120 REM o - 2 EXPONENTIAL MODEL ADJUSTED FOR LIMITIVC FAGTORS .
. C 139 REM. - 3 MODEL. MODIFIED FOR. LOW POP.. DENSITY EFFWCTS :
140 REM COPYRIGHT 1972 -STATE UNIVERSITY OF NEW YORK

. 150 RFM DEVELOPED R8Y. L. BRAUN - -
=7 160 REM PROGRAMMED BY. L. BRAUN ., %Je FR!EDLAND, 5. HQLLANDRR
170 RFM EATEST REVISION 9-§-72 . . S
180 PRINT ‘ o b
© 190 PRINT' ' "pOPuqulow GROWTH. SIMULATION" o _Wm;hh,-"“~vgw
PA3 PRINE . Pt AR Y g
alm.pRin"wnarh popuLATrov MODFL? (1, 2, OR 3).'TYPF IM NUWQFP"'
oo FupuTEg ‘ ,
R3IN IF(79=-1) k(%9 9)*(/q~ ><>urnvm19@
: 249 LET T=m . N T : S '
] .7 .' . gr‘sg PHI'\} r . ;/' . . - . - ) | . - . a| ' . ._,‘
' 264 PRINT, ' ST o S L -_/ -
T 72T PRINT. Yo T)=n / S : : o o [
o o, 287 INPUT P ’ ¢
T 208 1R mesinT 0y THEY 270 ,
AGY IF Pe=m THEN/270
313 LET p2z2 -/ S :
' 3920 LET e3=P . [/ - 2 o e
. 33A-PRINT “RERHO RATE="; i o o
« - . 343 INPUT [ o A

3SU LET V=L 0G ¢ )
360 PRENT "UIME NIT PER GENFRATIOV™:

) S AT INPUT Y i . o . L.
' ARA [ o=t hnNasy o : : : _ - :

S 399 PHINT "UARKRYING CARACITY'™S
. lll_’)q I:\)\)"_j i' 1’7' . .

- L AN IF,‘.".fza_w,\"mfe-\J/mm _ : : ot . g
. A2 PRI AT uuAT POPs NO LOY DENSITY EFFFCTS FIRST REGIN':
S ST 8 S TEL R | v
N AN T AcsTYRCAY THREN. 420 '
T BB LET Ymyen i | o
_ "7 a6% PUINT VVO.\QK-GWVFRﬁTTONS"z
; e CATA INPUT W . B <
e AR TF Ne> INLCDNTHEY 2160 ' S
_'//.;,/// 490 TF N<ITHRN A\ | B
VAR 5% PRINT Q) I'PUT DESIRED: 1=TABLE, 2=GRAPH, 3=ROTH";
T .. B10 INpur w0 .
500 1k <41-1)r<wo-o>*<f°~1><>m THFV 590
330 PRINT
540 IF M0z Tm\) 550 . . - T
: 557 PRINT "OFEN ", "TIMEY, 'POP " . ' .
o 560 PRT\)I e - ",",.,.,_._,._u’c.c____,_?,." . "
'(J 573 PRINT I,I1+Y,P - Yoo r o .
584~ FOR I=t TO N (. : : : T _
594 GO5UN 1133 . ' - P . o -~

L 6AR TFP<1E36 THEN649
o . AR IR THEN T30
. 623 PRINT"POPULATION 1S Gaqurﬂ THAN CAN RFE Rrroanm"
' . . 637 G0T0730 - _

“BAN 1R P<=n 'I"HFN 717 “

. ~ 650 TF P«<P3. THEN 674 - ' : .
.\ 660 LET p3=p S 5 ¢
"y \B70 IF MRe2 THEN 699 _ TRy
o N \6B8 PRINT I, 1%¥, INTCP+.5) '




- . . L ) L
. . q.. - e » . [ L o

78%° GOTO 738 . - o e :
7100 1F MAa=2 THEN. 738 . A T
.. 720 PRINT 1, I*Y,P;"POPULATION DIFD our"- oL
. 1309 IF M2=1 THEN 105@ R : ST
740 RRINT ' ' |
750 .PRINT S . S
760 LET P=pp S [
779-LF%»F°=IVT<r*50/93+6 5y ° . o : T
780 PRINT* A" TARC24)8 " <~= POPULATION =-=> ' "3 INTCP3+.5)" ¢
790 PRINTMGFNG +1+++++++++++++++++++++++++++++++++++++¥+++++++++++[+++"
‘380 FOR [=A TO.N . - -
310 1F IVT<1/°><>1/°Tdegqm T ST " . S
20 PRINT 13 TN U —
537 1LET Da=IVF<Sﬁ*°/P?+6) o , : | -
L RAG IFZ9s1THENSAD - : :
JRSA IF EP>61 THEV RRO , o o B
RGA IF R2<P4 THEN 904 - ' - y o ty L
AATRTF EOSP4 THEN 924 . S , o
CRBA PRINT. TARCS) 3 "4+*3 TAREPA) 3 mECOT R
89% GOTO N30 ] b , - .
909 PRINT TARCS5) 3" +%; TAB(F?):"C";TAR(PQ);"*" ) : ~/,).-
.919-60T0 Q3> - : o '1.
IR0, DIINTTARCSE); 4" rnncoa>;"*";ranczp>;"c" Y S , <
930 GASUR 1130 ‘ . o | .
949 I¥P<1F36FHFV07Q \ ’ - B T
950 VIVT"POPUIATIOV 1s GRFATFR THAN._CAN . RE RECORDED" : o
960 POTD 11159 . o A B '
979 IF pa=q THEN 101@
L OR PRIJT[«n<>),"+"

799 NFXT 1 o I . CL .
10008 GOTO 1153 0 : R e . o T '
1417 PRINTTARCS); "+ ‘ I . _ , -

120 IFTVT(I+l/°)<>(I+l)/§THFNl@40 ST u S o, -

1030 PRINT 1+13 ; e -

L 340 pwzvrr\ncq>;"** POPULATION nrgn our" TR -

17154 DRINT - . L

1069 PRINT “ANOTHER RUN? cyrSal, Vo-n>"' .

1974 TIPUT 7.9 ~ . S

1% TF79=1THEN2AN
1093 FOK I=1 TO 8.
1109 PRINT

1110 NEXT I

1120 GOTO1R40 : : : V. _ .
1133 1F79s>1 THRNI 1 60 . _ \ : .

1140 LETP=20%P Y N ) ~ -

1159 GOTO1230 o . e

1160 LETZR=1 - | v LT

1179 IFZ9<3THEN1220 : o . ' : L ( P
11RO LETZ=A«P/E TR | : ‘ , §
1197 1F7Z<SATHENI217 : “ ' - )
1297 LET7Z =50

T

19214 LET78=1=-FEXP(=7%) IR R §
1200 LETP=INT(ROKEXP (= ﬂ*P/E)*78*P+-5) S R T
1234 RETURN R

la/{n ':\)r) ‘ - ‘o '.:“ -_‘. ' '.. . 4 - 't -h‘ . . .
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. . VL. USING OTHER ANIMALS OR PLANTS. IN THE POP. SERIES PROGRAMS - . St
c ) ‘-.. - ) ) ) ' . . .' - .. . . -

. . A ) EE ‘ N RS _. B

-U'Mapy teachers wfll:waﬁt'tp-sub&tituce a‘mbre familiar pant or animal
lurmghéir students to use in their study of population modeling. _Agaia it ,

oL I8 dmportant to émphustze that the POP Seriés <s not designed to give
, : CMeorrect” answers th population.sizes, but is designed to allow students - :
Lo, o lnvestigate scyenalwgimpluzpopuiuttonrgruuﬁkfmgdelsevasukongyaa this e

s kept In mind, 1t isoften possible te substltMte another organism for
gtudent study. ' ' o ‘

K

-

- . . . . S - : :
.  : . ;t"; _ ﬁi¥9ﬂ§ source foré%gpngfidEg:1§f2£mat19%{99_plapgi_qnd q ﬁ&aLs'§§£“;l@Lm¢_3@g
- the Fieldboor of Naturadl History by E. Laurende Palmer.”™ 1f thl® book 1s " . .

: , not in the tyacher's library, copies may be available in a™local libracy. B
- Many other natural history guldebooks will also furnish equivalent infor- -
— “mation.  To use each”Of the POP Series brograms, the following information
oo ' ‘st be' developoed: . ' - gt oL S

-
.- .

i ‘ _— POT1 : . Reproduction rate and generation time :
. ' - POP2 : Reproduction rate, géneratidp_time, and . T
! B .carrying caphcity of’ the environment

T POPY 1 . Above information and low-dengity mating effect, _

L +

‘ -7 Information on the'last two factors s always difficult to find. .,
o  Carryiug capacity is highly ‘dependeht. on environmental factors apd because
~of this can vary dver a wide rangé; Figures for Tow-density mating factors .
~tan occasional v be found in ecolugy texts. . The best procedure may-be for . -
© o the teacher and the “class to make an acceptable egtimate_for both the equi- - \
Librium population and the population for which there will be low-density
mhtgnx problems, after d[scusslﬁg any information they may have been able ° L
“teogather concerning the plant or animal in question. ' : - 1

- 3 o - - .
" . ’ . ] .l s 3. ' N ¢
‘ Other animals which may be modeled with' the POP Series
oI T ey e e ~ o

" : LS

’

. _ Nivti:  Not@all the animals ligted below meet the assumptions of the POP . :‘-

P T sertes programs as well as the gypsy moth, This will ‘present o
'Iv . " tew problems 1f both the teacher and the student are éwarq_ '
T of the basic objective of the POP Series: to Introduce the ¢oncept

/. .f‘"' of populdtion growth modeling. .

.

-a

Lk . | P . ' : X
K ¢ Palmer, F Laurvnce,.FleZd%dék of -Ngtyral Higtory. . S SN T
A . New York: McGraw HLL1 Book Company, 1949: o ‘




ORGANISMS, 'REPRO RATEMY - *TIME/GEN. " CARRYING'CAP.  LOW DENSITY .

LE

" eyt g s F ORI - - - * S e

T ,- o . ':' ] N o . R

© Bactepla . 2 . T 207(mm.) e R

. ’1 W ; 2 '. i
Oyster - 77 10,000%%* . b (year) } R e
Elephant ¢ - 5 .7 7770 (vears) . L T o
Lmu Fly 250, qhu2(days) . - Lo o oo
o 3 '\ ' . . POP2) Ty o o
. ) [ I . ,. - r- . 9 ’ . . - . -._ V .~
© ORCANISMS-  'REPRO. RATE% - - TIME/GEN.  CARRYING CAP.  LOW DENSITY .~ ' =
ce S . R R B
*Paramecium ~ ‘about 2 ﬂ' | (day) 375 (fml) L D
. » o, ¢ e e « b ' ) ) ’. o . T
_ Yeast Cells - . 2 a2 (hours) . 665 (/ml). . . P
. ‘Austrakia . (have .students investigate’thisj 7 .mtllion . "~ . 7| SRS
v, . o A o : - , R At - .. .
. o * | pop3 R S ‘ .

-!'ORG_ANISMS ':gEPRo._' RATE* ' |, . TIME/GEN. CARRYING CAP, - LOW DENSITY -

Muskrat . 4 (up to 20) - 1 (year) 300 - 130
B - (Estimatad) .

‘t

S "‘yhe,abOVL approxima oo ig based on 150 acres of marsh. Any .
TR ! figures that’ seem dppr%priate for the users location should 'qfi:f
“be adopted ) - (~ . "

LI

.Heath Hen on . Co e e T SR
‘Martha's o S a _ S .
»  Vineydrd’ 5 (up to .10 eggs)” -1 (year), - 2000 ' -7 300
A . ' . _
~ Since figures for low-dengity populations. are ‘difficult. tOfTJ:ZLQCT;L Ly
*" . .ebtain, these figures are based on many assumptions which— Pl
" may - vary from one location' to another’. - o -y

a o aearcagmn

- *
h .
o4

T

% y 7 ' 2
. *For sexual 8pecies you may divide this number in 2. IR _
**Actually the oyster can produce over 100, OOO 000 eggs per year, T T e £

~

'

. .
B : . ' : : , e S AR
. - . . [ -
. »” . . . .. " :. u b ) . L N . - . , -
- : . . ) . , - " . . u ‘e . DR S - .
N ° e ) . ~ e
. : : : ' ¢ Sy, i e
. . » ¢ Y . . . ) - A . Dk I
‘. . . ' Loy . . T
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: - ' ; ﬁ ;
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T vn".- usmc MAN AS: A srum' oacxmsu IN THE POP smmss pnoths*
O et ...,..‘-. . ’ . . . "’ . ‘ . )
R WhLIe many tuachers will feel that man should be- treated a8 the study‘:
DL e . organtsm in the PGP(QerLes man was'not uded because he, violates key g -
' ‘ aasumpttons madé in the POP Series models (see pp. 4--6).-« The assumption oY
&g_that one.. goneratlon does not rebroductivelv infteract with the next is not T )
G strictly .true of ‘man.. In addition, nan's generations are not distinct as. o
el . was ‘the case wilth the’ gypsy math; generations ovetlap to. such an extent '
3 Lo that it iq difchuLt to separate one generation from another. o : ~ _
_‘bl.:.“-:.- ] . « g . . » : ' .
- o WhiLe ob1evtlons to using man in the FOP Series are seriOus, thev do .- -

© not rule.out. using man as a study organism ‘provided the students are highly
critleal of both the inputs and the results. : ' .

' Suggested Ihﬁats for fOPl, 2, and 3

)

"P(d) = 548 We suggest this rumber sincé in the _year 1650 there were.
. ‘approximately 545 million peop¥e in’ the world and all
, _ , numbers can be multiplied by one million ‘to contrast
S reqults of model to actual data L

_ S Altornate sugges;ionsnfor P(Q) inglude P(¢)n2 for a Cce S
S b pro1oo{ion,oﬁ~the future population starting off with 2
© Individuals (1 male and 1 female, of cButse); or P(B)=3,
y\ i 3 L SR .. to represent the 3§ billion persons in the world today.-

k4

>
=
e ]
~
=
S
-

2

B

oo ; _ Select nugber based..on the students in your class. Re-
TS . menber fo divide ‘the. humber oF children per fdhily by 2,
o

_ o ! as.man is # sexual animal. Also takeé into account the ;

X N S . Tact that your students may not be from families -that are -
¢ . o _ .7 . complete; ‘that is, more thldren may ‘be born into these'

. ' L Eamilies  at a later date. ‘It might be best to ask: ~”How '

S e many childron do you think your parents will have?" o

. TIME UNET PER-GENERATION = 35(years). - <
: This flgure may seem to be too high, but it {s based on
: N the assumption® that many couples have children starting
A v - at.about age 25 and are finished with their families by
Lo B . . 45.. years of qge : L ) .
Y : . “a -, . . ) w

e, CARRYTNL CAPACTTY = 7. . -

- . ‘Again it will be necessary to talk-to your students about"_
- ~ what factors limit man's population and how these factors ' —
't -+ are clianging. Many scientists feel that man's population

is increastng at a much faster.rdate than his resources.
Others’ feel that.man will be dble to extend his resources in

A . .7 ‘time to allow his” increasing population to exigt far into the
o o e an future, The ultimate limit-to man s,papulation 1s gurrently
. T a very controversial sclentific question; so when using POP2
ol ~ 7 or POP3 with your‘students;-be-sure to gtrese #he hypothetwal
B : ' nafure pj‘the pqnzlzbrzum pqpulaizon qu_

-

. . R - . R
- .- [ . HERRTS

Ve
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POPULATION ARE‘LOV—DENSITY EFFECTS FIRST NOTICED?

you are following for the P(@).
~..our convention, you might reword,the question to read:

" HOW MANY PEOPLE SPREAD. ACROSS THE FACE -OF THE EARTH. WOULS
(Rememher to divide-

BE NECESSARY FOR EASY MATE LOCATION?

The response to this question reats on what’ conventionr 2
If “youy -dwe following' [

by one million, ‘as in the P(@) con%ention ) ‘Best results

can be obtained by discussion of this hygotbeticsl ques- :

: tton with. your students.

._’.

., . oLy -
_ ) L Y i
e hes to HumapPopulation ;

Using POPl may make 1t.possib1e for-your students £O 1n5estiga

L'p The last two questions will be important onljiif you elect to use POP2
or POP3, -7 L

;o

. .

hon

a change in family size could 'affect the future population gsize %f the e

(' 1

world.. This can be accomplished by setting P(#) equal”td the current popd~
. : 1ation of the world (3 representing 3 billion people), setting tige unit-
peEggeneration’ equal-to 35 years, and varying the renroductive rvate. The
years can be keyed in the folloging fashion' . B P T
. . L] . . i ',r . ‘ .
. o Gen Year’ .- v oo~ Tl e
o\ 1960 R SR AT
1 T - R 5 .
, 2 2030 o L ?
3 . 2065 FoTE :
4 ‘ 2100 - - ~ R P
5 2135 S AR ‘
N 2170, ete. .

Sie” T 3 -

It 1s important to keep ‘the following considerations in mind when '.
modeling human populations with the POP Series: ° / : -

Y
L)

1) The POP Series will only give the population increase
in each- generation. * It makesy the assumption that" *
. the parents.of the offspring are no longer in thq
» ‘ L populationg, /.

i

As you know; this may have beén true when the 1ife

\

Z) The POP Series are essentially static programs,

expectancy was very "low; but due’to-the long life -

- expectancy of manm, adjustments must be made in -
the answers given by the programs. . .

The
_models on which the POP Series are based assume

no changes due to limiting factors or low-density .
effedts other than in the’ reproductive rate. This




. L emgma

. L LT means chat; changes in f60d’ production, e.conomic ﬂ

: ] o e conditiOns, and societal structure-cannot be o o >

&S @ T * represefited. - For thése reasons the POP Series' o

u!..' R L . 70 . . projections, might, at best,. be »alid for only- very ) N
S xr e . . short periods of tinme, because man has dreated a - o

WOrld based. on change."

o \E*S)"yhe POP Series assuimes a population with a uniform . S
o I - .. age structure.. This 1s definitely not the case’ . .

S e ;.~ N ‘for man., Man's current population structure has
. . C .. 'many more-young than is accounted for in ‘the POP
W ey : - " Series: - This is the geason that ‘even 1f man
e o “should cut'his reprodjbtive rate to 2 children .
e : per cauple (1l per persgn per. generation),*the A

: T . “population will- contingg to rise untll at least
the year 2000, . ;

.
. s
. ‘ A

3

-+ 4) 'The assumptions on yhich each program of the POP-
R Co Series is basedjweré glven on pp. 4-6. These
. R assumptions should also be kept in mind:

LA SRS

). L J

..
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VIIL, ~§yRiHERESTU9§NI INVESTIGATIONS
B Q} A . . . “ 'I.
The POP Serles pzograms are dQngned with the hope thatcﬁhey will

. . 1

- stimulate interested studenty to perform further investigations. These

investigationq could take one of several paths, but two possibilities
occur to us at the outset., -

-

-

‘ Flrst of all, some students may wish to researc' one of the subject

organisms they used- in class; if, for example, they
they might want to Ilnvestigate the behavior of the soths in order to
‘conflrm or deny the behavior of .the POP series fodels. This research
could take the form of either library work or field study,-and either
appronch could lead to useful reports‘

sed the gypsy moth

K

Other students may want to- investigate tHe POP Series: models in
greater detail,varying birthrates and the like‘ or run the POP Series
programs using other organisms. : C

.

4.

The following sectfons arc written for the student and will
dttempt to suggdSt actlvities with appeal for a wide range of
ability levels. ' Thesc suggestions may in turn 1eJd to other
student investipatiqus . v-

.
Q

,,; v ) . . ’ R ' o
S B : o S

" . .

' ) ' <

A Bdsir anestl&attons

bing POP]" o . e | .

. a) How does poP1 - predict populdtion changes for differeﬁt
- anisms?
1o the  SPHDENT MANUAL  thege are listed several other
anfmals that yuu may want to use for comparison, The

-

3 - _ inﬁgmmtion you'll need for correct inputs can’ also be

foundeon these pages..

1f'you want to model other animais, your teacher may be
able to gulde you to proper books in your library. These
/ books should allow you to estimate correct inputs.

L . - : , .
Since you are Interested in a comparison, you may want to
‘compile ¢41 your results onto a single graph 80 that dif-
3 ferenced will be easy to ‘see.
A L
,“0 4 o
v -
a-F oY
v . ¢ ' Fd
] . ) "..._ .
) _ ' I
\ 20 .
" ’ ¢ ' . s ‘ '
‘ “ . Lo
. oY N o

'. \ o’
e

P




e

‘:.'I.I' | .' o :'b)

2. Usdng poP2 L,

a)

b)

How would a‘chanhge in birthtate affect the growth.of'
a,gypsy-moth populamiun*as predicted~by-POP1?

- If you hnve,ng; already doné so, catrv out the gypsy-

moth investigation in the SW/DENT MANUAL .. . Inthat
fnvestigation you set the birthrate equal to 15, but -
In nature the birthrate is not ‘always constant’.  For
exampley«after a very cold winter the birthrate will
be much lower since many of the eggs will bk killed;

after a midd winter, however, the birthrate may be-
" much higher since fewer than the normal number of eggs

will have been hatmed by the:cold,

To answer therabove questlon, you may have to run

_ Several prcrimentb using a different blthratL'

bach time. After you have gathered your. data,
dcuide the best way to present your results,

i
¢

How do different Earrying Lapécities affact the behavior
of the- gypqyJMOth population as predictgd by POP27

[f you hate not a]ready done so, carry out the POP2

problem in the STUDENT MANUAL.  Ip this- investiga-
tion we used a carrying capacity of 500, 000 moths.

In reality the carrying ¢apacity must vary from year

‘to year, because environmental condition$ do not re-

maip the same. Your job 1is to investigate how the
POP2 model reacts to changes in the carrying_capacity.

To carry out this investigation you will have to run
POP1 sgveral. times, changing the’ carrying capacity
each lee but hotding all other variables constant.

4

Once you have gathervd your data, wou may wish to

- present 1t on a Qinglo graph .for easy comparisan.

For this reason it 1s {mportant to obtain your out-
pat in table form; this will gtve you numbers which
you-can put on the same grapji. :

- %

How does ROP2.behave for other animal-bdpulations?

You may have already’lnvestigated the POP2 model for
population growfh af the gypsy moth and wondered 1f

-POP2 would behave ®he same way for other animala

- : - :
In the P()Pf’lon of the TUDFN’I'M)VU/][: there is :
a table witi@®he necessary Lnformation"for using other x4

. gnimals., THis table will’ glve you propetr lInputs for




_P(O) REPRO. RATE. and TIME UNIT PER GENERATION.
Use a cartying capacity of 500,000 for all your
runs o that you can compare the: population growth

~ (or d;cline) of these other animala with the be- - -
havi%r of the gypsy-moth population. Y
Present your results for all the animals used
including the gypsy moth, on a single graph.’

"(You may wish to plot the number of offspring'
on the y~axig and the generation number on the.

" x—axis; using a different*colored pencil for each
animal wiil produce‘a clearer -- and more' inter-
“esting graph.) Singe ‘you will need actual

" numbeys for plotting your graph, be 'sure to ask
for your output In table form. . y

3. sing POP3

a) - How does POP3=beh ve for other animal populations?

#

Your teacher can syipply §ou with information on
other ‘populations you can mgdel using the POP3
program. This information. can be found on pp. 15-16
of the RESOURCE MANUAL.

. ~ '

First design your inputs just as you.did before.
Again you are to determine what minimum popula—' .
tion is necessary to- allow the population to grow
‘during the first 5 years. -

Does the carrying cap ty"affect the minimum
population necessﬁ maiftain a growing
population” t . '

a——

First carry out either the investigation in the
STUDENT MANUAL - (p.9), or the investigation
" listed above, Establish the minimum population
thiat 1s necessary for growth whéen the carrying\
‘capacity 1s 250 000

To answer the above question (Bb), it will be
. ,Qﬁcessary for you to run POP3 seéveral times,
eeping all inputs _the same each .time except:
for the input to the question: "AT WHAT POPULA-
TION ARE- LOW—DENSITY EFFLCTS FIRST NOTICED?"

L4 . 2

After you have arrived at an .answer to your’ question, PRI
try to decide if POP3 is accurate in its prediction.
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: o ' L __j“g Popl - lnvo\klgntion as ‘to the role ot llfo gpan in sy
medaumlgumﬂu ' ' '

y
sach of the POP Sorids probrums'aqqumes that all the adults
dle after reproduction, While this is true of the gypsy
moth and several other species (such as ‘salmon) -this is
clearly incgrrect for many of the more familiar plants
' ., ~amd animals, Do this modLfied investigation,. we will

- . make the following assumptlon: adults  do not die after \ .
S one generation but they do not carry out further repro- . - ¢

duction, . -

<

"

. : To make the [nvvmllyttlnn more monnlngful select a slower-growing

‘ speeles. Y can eithgr make oue up or usc'the values for the N
_ vlmphanr in-the ;rh“lN” MANUAL (p.2). Information for other

e Cslower=growing species 01n be investigated in the library

Design the inputs for your sample organism and decide how
- . ; S omany generatdions the animal will - llve. Enter your inputs
: ' Anto cthe computer and ask [or your output [n either the
table form or combined form (the table and Lhe graph),
«oainee you will need the actaal oumbers. ‘

Aor the vurrent gencration, not the entire population for
the current genegation. To obtain the total population,
} it will be necessiary for vou to add tho number of off- ' ®
- npring fon Lthe current generation to “the rumdiqigﬁ
. s numh.r of nitsp[in& From pfevipus génerations.,

" +

_ _ o .
l : . s The table will give ondy the number of offspring produced {

. g . ’
. For example, Organlsm A livvn a total of 5 generations,
The compitter Tas outputed the following information’
about an Organism A population:

GEN . ' T IMI POP.

0 0 2 . .
g | y ] - f *

' J 2 T8 .

¢ ) o

. } 3 Fo ‘

: ' b b 32 ‘ '
- 9 % 64

oy g G 128 ,
‘ v { 7 2_()()
e ) s ) . ‘ .

EIKTC I. “. "o - - - : . _l ‘u‘ . ‘,l | : ~‘ . | ..

P i e .- ) L o , ¥

L S L o I Y, S U DR
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-4

[

“\i,‘ f _:  GEN

)

~

GEN

 GEN

"GEN

GEN

0

;" Total %hpdlatton‘ban:Be'figuredfihxthe foilowiﬁg ways: .
" A
TGN

"2 (since we assume no previous Sl e

generations in area)

2+4m6
244814 |
2+4+8+16=30 |
- MH4+8+16+32%62 . e
h48+16432464=124 . (the first 2 are
o ' -+ missing sinpce
¢ . they died after 5
> generationd’)
h .
8+16+32+64+128=248 DU

..
£

Your. question abked you to inveStlgate Lhe effect of different
life spans (be sure to include a life span of 1 generation) on

* total’population growth,

To do this you may want to run .POPl

several times, each time with. a different life span, and then

compare the results of each- run.

your data, you will have to decide on a method that will allow
for each comparison. :

L

Once you have compiled all

(After you have completed this investigation, you may want -
to go further by allowing reproduction over-more than one
To do this you will either -have to modify the
POP1l program, write a new program, or re-run POPl for each

generation,

year.

. population.

If you select the third option,
generation, figure out your reproducing population, ~and
then run POP1 again with P(#) eqpal to the reproducing
The program will gjﬁe you the pumber of

run POPl for one

offspring for the next generatidn

. . _ ' 4 r peating the
" "’~above process, you can obtain th umbe® of offspring

for any number. of generations.) -

) o oo
L b
\ S . . :

N Y

%

2 Q_jng_POPZ - Investigation of the role of carryingAcapacity in

As- you may have noticed when you flret tried POPZ

tion

times, as it dld in POP1,.

determtningﬁreproductive rate in the POP2 model.

 below the carrying capaclty, ‘the actual reproductive rate is

l..'

-

K2

‘the popula*_
es not necessarily grow at-the same rate at the: ‘same -
When the population density is far




"near the number thaf\;ou inputted as RFPRO -RATE § when the'
... 7. pupulatdon neats the carrying capacity of. the environment
o L the reproductive ere séems‘to dr0p..:_. .

~

"rhe .reason for this behavior 1s".as £ollows. The number- uhat x e
. : you entered. into the computer is called the potential repro- A
o B duntive rate; this means that this rate can exist only under - o e
ideal conditions. In reality these ideal conditions never _ '
exist, and there are always some: offspring that die. Actual’
Y reproductive rate is therefore always less than the potential -
reproductive rate. This is true even in man. In this inves-
tigation you are asked to dstermiﬁe ‘how .the POP2 population
5rowth model rblatos actual reproduotive rate and catrying
LdpQCIty. o : ./,

‘Procedure, . o - _ C SR

You may-elect to run thls éxperiment using the -gypsy=-moth

. p example found in the STUDENT MANUAL, or you may decide’

. 4 to use another species as your experimental animal. In any
case the answer will be clearer if you select a species with

a large reproductive rate, as (hahges in the rate will be- N
more noticeable, - : o '

o .Ohce you have chosen ybur species, decide on the proper inputs : .
C for the computer. Agmroper investigation.will require a rumber . _ .

. of runs of the POP2 program. As:fn the previous investigations,

be sure to keep all inputs constant except for the one factor

o ' belng lnvestigatcd oarrazng agactﬁy .

<}

There are several methods: of solution, three possibilities are
glven below: . . ‘ _ X .'.
a) Try plotting population VS, carrying capacity for a. '
*  certaln .year, e.g., year 5. ‘This will not give you
an exact answer, but it will give. you an idea of how
carrying capacity affects reproductive rate, since
the higher the population at a particular time the —
higher the reproductive rate must have been.
N _ " b) Run POP1 and-POP?2 with the same values for the inputs
' ' : - they have in.common and plot the results for both runs.

-

- on the same graph (population vs. genera Since vk
.~ PORL allows growth without limit and POP2 ligdts growth ‘
because of carrying capacity, any difference Yn the

answer between POP1 and "POP2 must be dug to changes.

in the reprdductive rate dué to changes in thé”cdrry:=

ing capacity. If.you repeat this procedure for many
e . ~ different carrying capacities, a pattern should emerge. . ) )

!
3

. . . »
() N
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q) Figure the actual reproductive rate for each gen—~;
. - eration in your experimental run, using the - T
e following formula.. o R i ' -
. ""’:,' ' o ara | : - ’ ' '
o | R L POPnth generation
' “actual - POP T
in nth (nﬂl)at generation o

_generation - . . - .where .n-I,2,3.;{.

- e

3, UsiqgﬁPOP3 ~ Investigation .of e losive and non-e losive

o : pgpulation;growths. N 1,._“__ e, L
: . . LT N 3
.- " If you have carriéd'out the POP2 investigation,. you may have

_noticed .that the moths go - through cycles of explosive growth : T
‘followed by periods of sharply declining population. Is this A
. ‘true’ of all species modeled with the POP2 population growth’ 3
¥ model? 'To convincé yourself that there is ‘another kind of Y R
e ~ growth model, try modeling a. bacteria population (if you'- - b /
“ ¢ . "have nqt already done so) These are{%he proper inpuyts:” T

/- . REPRO.RATE=? - 7.5 .

gy

: . | : '
. ' TIME UNIT PER GENERATION=? 1 (year)

* CARRYING CAPACITY? * - 500000

- -

. NO. OF GENERATIONS? _(in. this. investigation ,/"
. we will use 20) R '

OUfoT,DESIRED? : (choose-the Qutput you thin

- b best suited. to.answer the/
. . question) '
N . ‘ - .

By varying reproductive rate for each; run; you should be ablé
to ddtermine exactly how the reproductive rate influences the f'
"0 : pattern of gtowth. v -
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NOTE ¢

Moqt texts have approprtate baxkground matelials in the sections
indeged under pmpulations
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HFIE "OME' THE GYPSY MOTH by Jean George
” Reader’s Digest, March 1972 (p- 49)
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