
0

ID 179 ,1111
0

.00cessol'issont

Si 429 , 497

AUTHOR / Braun, Ludwig:,Friedlanil,..James .
TITLE ../ Huntington II/Simulation Program - 40E, Student

Workbook, Teacher's Guide, and ResoUrce'Hindbook.
INSTI UnON - ,Digital Egui2ment Corp., Haynardt: Hasa.; StliVe Univ.

of . New York,' Stony Htook. Huntingtpt Computer
* Project. , ..

spOws AGENCYc National Science Foundation, Washingtcnk A.C....
PUS DATE Mar 71 ,

i G ANT NSF-CIW-508.3 ,

TA.- 68E1.1 For related documents, see sg 029 .434-440,and -

AD .09.3; 644-645: Not* available. In hard' copy due to
marginal legibility of original.docUment

EDS .PRICZ HF01 Plus...Postage. PC Not Available. froia ICES.
*DESCRIPTORE *Computer Assisted. InstructiOn: *Ecology:. Entomology;

Environment; Geime Theory: Models: .4*Fopu1ation:
Edu,Cation: *Population Growth: Science Education:: ..1Secondary Tducati.ont,:*SimUlation: Zoolbgy: .

A8STRACT -

. Described the p6pulation growth coxFuter 'model
''POP.ft This priogrwamis designed to allow a .student 'with:little
mathekatical Aickground to exElere various simple Mathematical modils
of population growth. .Student-exerciseS revolve atOund'the grOwth of
a .gypsy-Aoth popUlation. 'Three tariationt of. populaticn modeling'are
included in POP: :POP I, simple exponentiaigrowth: FOP,
an elivironmental limiting factor: .andVOP 3, a. model with an .

environmental limiting factor and,, other mOdificatio.rd.4. (Authoi/RE)

.

.10

-
7%.

4. Y.

.

i***;40*******************1*************ii;*A*******p********** .%

Reprodsictions .mOppliet by. DIV are the.- butt that- dav be mad4o. *
*- Jaik fro. the otiginki. dodusint. . *..
*4441******,.******4%*******41102*****W*********;********4*,***41****

..

.



C

DIGITAL EQUIPMENT CORPORATION

HUNMIGTON II Simulation

,

U $ DEARTA1ENT OF'HEALTH.
EMUCATION WELPARE
NATIONAL INVTITUTEOF

EDUCATION

6,

too, DOCUME NI TIA% !WEN . RE PRO
ODLE D E XIC TI.Y A!, RE CIDIED F ROM
THE PE' RSON OR oRGANIIA I ION ORIDIN
At INF, I t POIN IS OF %Of W OR OPINIONS

.AT.ED DO 1401 NE(ESSF.Ric'e REPRE-
St N F OF F I AL NA I IONA! 1NO ITU TE OF
EDUCATION POSI ?ION POt ICY

"PERMISSION TO REPRODUCE THIS
MATfRIAL HAS BEEN GRANTED BY

es

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)"

I



.
. :

el .

.DEC EDUCATIONAL KiBLIPATIONS

A partial list of the publications in the, continuing series of
.purriculum material pubiiihed by DECfor use with EduaYstems
and RSTS are listea beldw. PleaseAmquire clirectly for prices
on classroom quantities.' ' Ap

. s.
.

.

Adaitional publications may be obtained-from:
4. 4.

.

Software Distribution Center .

Digital EquipmeneCorporation
'Maynard, Massadhusetts 01754

Populution: 'Self-6aching BASK Workbook

BASIC Matrix Operations
, Computer-Augmented Calculus Topics

Problems For Computer Mathematics
Aavanced Problems For Computer Mathematics

BASIC'Application Programs
Mathematics I
Mathematics II
Science
Business and Social Studies
Plotting .

Huntington I. Application Programs
MATHEMATICS
'TEACHER ASSISI'ANCE

Huntington I- imulation Programs
BIOLOGY
CHEMISTRY
EARTH SCIENCE
PHYSICS
SOCIAL STUDaES

'Huntington II Simulation Modules
Student Workbook

- Teadher's Guide
Resource Handbook
Program Paper Tape

.

1.00
.00

r

$1.90
.2.00
1.00

i

210
,

1

1$.0.30'J'
,30.

!! .50
1.00



AT4REE 'MODELS OF POPULATION

,

'

.;

:FEMALf . MOTH.

. LARVA

HUNTINGTON. TWO COMPUTER PROJECT

*Copyright 0 19:/3,. 90aV U92),Iers17ty of New York' .

March 103

THE WORK OF THE'HUNTINCTON'TWO'COMPUTER PROJECT IS PARTIALLY..
SUPPORTgD 8 THE NATIONAL,SCIgNU FOUNDATION,: GRANT GW-5883.

''



.

. .

POP SERIES

STUDENT MANUAh

.
.

.

.

Mc tWJ,t1' l_tittrest.ed IA what:will happen: En the. futur ., Can am/ne
. tor.10,11-.,the luture? ye' have 411 been told that that is fin ossibl . Then

11,.w 1::.01 AW ,pApc6'maRe pLediorons on the poputation in the year-4000?
Are the, I....labels. .tul. or faise? I

,

..\

.:,i.

.
.

.:-

.

.16hvi,,u-;Iv. we, will-hot.know how true these projections, art for ,tiaily
.

.

-
veAr0, but it .is_pof;:lible to got some idea,aboAt the/r accuraca by exam-.

t-
inilw. now :Tuch projection.ar.e maO:. All projec.tions are,base on models.

.1 modol :tirplane refiPcts manY aspects c) a real a,i.rpl e, popula".
IL.n m6dek mix;t take into necount.those thilcs whieh influence pdpulations-

'' . . .e.La- 141e 14Al woi Id... y
.

..

(I '

fw-

. .. ..
. . . .

.

A :,10. 1' a i rp 1 alto (1:.:1.1not:' he', a, ttue copy of the real: thing . ,-wouldn't
wan't t mo( ol i.tr.i.),Ian0 to tie true to size, 1.nstt-umentabhion, cOntro s, etc.
It w,,Itl,d nIal:J.'.. thy model-too expensive and very hard te;lhandle. Th saMe..

r poim 1 A t i.o.0 mode 1. s . We
.

musC icAve out many aspeCtS f.actual..
powil;iliow: ii we Are to'undorstand ant handle .the problem of makin a pre-
,tHri,A ,1 iltt,d,, popuLation size. WI_ A leaving LheSe aspecUs out etiouky
.111cct Lii",, ik:....uraiw ot crur prediction?

.
.-. .

.

,

h 1,,.,, i ne I uded I h ree d it. te nent mode4s.for you to examine. ,.Eael

,11,.(.,A.;ive 1:0dei'incorporates an additional factor that. might.affect. le
. ..

l't11.ali. Do Ille!.,e'mod'ilications affect theanswer? in what says?
.

_

0 ,

POPI I Ihvled 2n a very simple model,of population.growth. The name
'given to thi:; model is thi euonentIal model. The population model'inclu es
birth tau(' (and death rate), number of oft-4ring, and ..6lo time. necessary
for goneration t.0 mature, A

While these are all IMportant f tors, there are many factors that are
foot inHnden in thin model. Such fan rs as the amakint of food and Water,'
lhc quality oT the environment, the am nt of Itving space, etc: are not
cOlp;idered. For this reason it is said that We exponentlal .model of popu-
latFon growth allpww.firpwth without _limit.

,

5



t

'4

f.

1

. ... . . -. .. .

USing-POP1.1 -. Before we. can ask the ebMputer- to apply...the exponential medel
.

.. .

. .< 1
and make .a. prediction as Josthe, future -papulation.size of.a plant or anital
specie5, .it is necessary to.suppTY.thecompUter With certain informatien-

..

c.)ti cnrrent'c'onditions.. -When you asift.the computer.to_RUN the. pfogram., the
.. ... k ,.

-computer-Wili ask:. . .

.

.

P (p) Referf to'the population at t4e
, .current tithe (time

. -

AtEk0. 'RATE? .Refers to the.average number of.offspring
'that each individual:in the.populationtcan.
be expected-to produce for-the-next'Oheration.

The key. word:ia aVerage'number. For. ex mple;
Town B eaCh womari will. have. 4 " child.ren,

what w11.1 be.the reproductive rate?. The-

easwer is 2, since wOmen make up only-half'
of the populatIon'and we.Must divi'de the
number of Offspting by 2 in-ordetto.get
the.reproductive rate (offspring per person).

TIME. UNIT PER GENERATION?
.

Refers to the time necessary forAndividUals
to'produce offspring of...their own:.

11.
.11a

NO. OF.GENERATIOW
:Refers to the nt4er of generations into.
the futupre for w4ch.You.want the population
yrojected.

OUTPUT DESIRE611=GHART, 2=CRAPH, 3.=BOTH?
Refers to the-format of the outpt. The chart
is- more accurate, but the graph is better fot
underStanding patterns of population -change.

4

,

(NOTE: YOH EASE OP. VIEWING, BE SURE TO

TURN,THE GRAPH SIDEWAYS.)

Here is,the-necessarY information for a few animals that you may wish to
Investigate with POPI:

. ..

ANIMAL REPP. RATE GENERATION TIME,-- .

t '4
, about 12 day

labout 5 about10 years
it F. ly alsout 25o. s.

Bacteria , .2 ., : about 20 minutes.
, -

11,

ar
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Your Iiroblem mAy work 'on tho sample prob 1.em given be-.1pw ',or on
anorher p'rob Lem as,s i gr'ied by" your tenche r ,AfitiCit-- you
riaye coMp 1 e Cod 'tati.k.; you .intglit.. try solving tile
amo probole6 1 or some o I ehe an inals ted 'above .

. .
. .

fit art. Ch one nil ey :and onw -. f emale .gylisy moth., how many ge.ri'er.at.i oS
wi .1 .1 1)0 requived i*9 proAuce 10,000 of.fspring in a singt e gene rat Lon?

ro ii 4111,:r* to swer this (.1 ties.
Frit orma,t. o14:

weed tlul Col Lowi.ng.

lc!. gypsy mot.h about 1_5 'eggs per se.as.an that .survi've
t in . t he ne.-xt-...gen,e i it IQfl . The iIu Lt.'s.. generally 1 L ve
Out, its , so t ha t the t ime on i I .pe r genera t ron is eci.ualtm
ow!.

11e you ),,o to tht, computer , you can prepicre your. inp4t.s us ing input
t.rt

.

" 3
S

:

.

A
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,..

:',..-
lt.PT .CHA14.-#1 (bSE ONLY.-WITH POPI) I'v

ANIN4r P-441IT BEING ..NR)DELED

,

:

RATE,

a

.......

Meanthg'

.. . .

..

;
#

popuIat;ion at the.., beginning

of 'the. popUlation stay....
.L.

Numb.er .of of fspring prodUcea.:

i.by each .f.ema,le (divide by

if hall 'of Population is Male).

II.

TIME pNiT. PER GEN. Number. Of years (or, weeks, or. ..

days).,necessary f. the females
t.o. produce offspring'.;

4141.,47:1"tt. -

. -1;0
No., QF GENERATIONS The number of generations. you

want. the .cOmputer to projqSt
.

Into the future..
:,

. '
-...

Oin:Pur ,DES.1RED:.-. The. 'chart *gives more accurate
.. 1...CHAR1 .hurnbers; the -graph gisies. a ......

.
"=CRAP-1-1..... better. idea, Of.'patt.erns.

. .....

. .

- 3,zAdT11.; . . .

. t. \

.

Correct Input

.

.,
'.

. :- ,.....,,
:-1 . When yoU havle, completed this chart and checkid it with your: te*cher

(it n6Cissary),4.yo4 are, r4ody: td: .ruw'the progi4m-POPAgh
.

.:
yor

v

. . . * .

4 N.
v

. .
'4
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So Me quetitions tesuI;ta:.
... .

As We: said befare., evvY. model-must:
,is.peets....of a Pro.))1:em the.-zispects;.

-letr out are SO impO'rtant that. die ,answer .the
. model gives s not realistic. Does -the .answer .

to the ':populat.ion prOhj,em given by yogi segm.
realistle?.. Why *.or why not? .

:

.2) :If yoth-fat the scautiOn of fer,ed :by POP1 was
unrealisic, Itkat. a.spects...of .pcipuiatiOn .control

Sbauld be added t the model:to .thAke i give a
realistic, a.nswer? (You mar wish to teread the
introducton to 139p1.:0- -

7,
. : ' ,

. .

,13.) The Model. that POP1- _is :based on is; called the. -......

eXpOnent:i.al .modeii of population iirowth '. . Does ....-
:population grow at an.,even rate .usiiig thi.. ;. ,.

... r
mo-del..? t

1!_ , .

E'Apialei yoUr own words. how Populat.ion :grows
us'ing the *exponential growth .model.

,

V.

.5 ..bo7-ythu think .that it would be fair tb.use.. the
e0onentlal model to forecast.rman's;population.
*100 yearS fronow? ctr Why not?'

,
#.

. . I.

-LALZ, i



POPULATION *MEL #2 POPZ
..

Popqation...00e1 #1; the 64)orieh.tial. gx.owt3 modit inclUded tinly the
. very .,bas.tc .nt.).:jpec of Popdlation. cont4.040.h.analcfpg.#$ prolection.. . You::.

. ziy have nOtice4 that many f acto:ts. that*e;jiliii.Prearii. th determining
ulat ion: size. were et, &it ; . - :,, .- _

I

4t:

-

. POP1 ad fOwed .popultWion .growth oithOut .limii.; bUt ,eVen in our-ev ry- '
daY existence it .1.s.,c1e.ar that. linviAS almost' always.. ext:st: IF.or exaMple',

,-- . .

-aNpopulation of do.0 cannot grow. without' limii . . There. is 'dilly :a limited.
. .. . :

.-. amouya ,of .f ood ;.',' -e. May be a lirliited.. amount of shelter. Or -water ..fot

...'tlierw.. .1)0P21 usc.- 'an onentiat model: that :in'corPorates the.Aidea of liiait--
-ing, tag tors. The term vrii-t-i4-14.t2taiv is.. used ea : reftt. to ...these liMitS

to grc!?wth. .'' ...
-,

. -
1..

14 our examt)16: of,. ...' deer, we noted thre&P,OsSible limiting °factors :-'

f;ded supply, :thel ter anciewater. These are 'examPles Of denoity-dependen:t. ..
.

Z.isri t tng lac ors . . Wh.en 'the. populat ion. is loW, the denSity.-depend.ent:. *, ....'.

I imiting: fabtors 'do not affect Ow popui4ion since ther-e..will 1?-e-\p:lent* .'.

...:(-.4 f-'0.0.1, ..etc.. But as the population increases, So do,:the 'effe<ctS.
lfirifing factors ;. .an,d fwer and -fewer 'offspring Will tx4; able .t.6. - - -. .4.',4...'"i to reProduce in. futui-e generatiOns, ,...

. .

C... , . . ..-' l
!:' <!le. : . - ' :

,'--' `,0.: When. Vhe imiting factor that is -in ShorteSt. Suppi,..r.is:bein
iti.4...,
.. aSed, by the popliEction;.. no. extra .organisms. cad:be aaded .Witho#,,t1...

.. . konsequen'ces to .the t youp as...a whole: The population size
...itmiting ..f aC tor-. is being conbumed .'at ..the same .. rate ''.that . 4...4.?.430.pkt:pro-..-..
.duceql .ic called :the carrying ..capacit. : .. . .

.

behaves quite differeittly with different.. pOpulations.

understand this' model fully; it, is important that you
f.er&nt' organi,sMs. 'But first you may want 'to continue.
moth PrOblem'd . Tit r .. :

. .

mo
If .you wish tb
try Several .dif.-...

With. -the Psx-,
.0

-.As You savi -in. P.01, the gypEky-mo.th population grOws ,dkplosi'velY when.

liMiting f!_ict.or..-.1.7,hat happens to. such...a ,poPulation when .it .

.ne:ars the darrying capacity? ' kJ' . ,
a

. ,
.

.Yourl%roblem. Startitig with two sypsy moths, :one:male and one
feMale, how will pop!..dation sizp vary 'over ten SeArcitions, if 'the
10-squaietile forest in which the.. Moth's liv-e ca.n 'support onlY
500,000 moths? 1 . '

. ,
.

, . .

Remembe'r that'seaCh female,..Moth..prpOirs-ahont 15 .:gs.which

SUrviVe to 'reprodtgce, arid that: the: :life ..span . is only .bne,. year.'

, .

:Before. you :tr this model...you 'may :want to. enter. you r. itiOuts on, Inp.ut,''cha.r.t.
_.

.

4010' '.

.'Aa!
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AN IMA1, Ot .PTIAN'f .B.-E I NG MOD EL ED

VrisTi. OP ?
1

, Meattins .

.1P (4) P.o.ptd at t.Q1l the
of -the. poplaaion .7iStilidy::

, REPRO ..\.1% 1...:: Numb =,_ r p.f. off sp r i itg .prliducyd
.

by each. temale (drvi.de.:ty. 2 -
-i f the

d
population. is. hal'f-,. .

-,ritale...4 half female) . :' .r., .... .
-- c, ;

, '
..... ,

,,A

.?. '. 4 t" -,
,.... tI W:.. ii. N 1 I j .(:li;p1.. 1..: Num

0. ;

ber of- years (or 1...ipek -os; r
4

.

. ..., days) ne4.:.eAry for...the,femaies 7 .'..
. ..

0'

. .1

Corruct Input

o

4. 4' .

Cf.A.KRyiNg.JWPA(: I TY.

0

NO 1')F p;-1:1\i,F;RAIVIONS.'

pur DES I REO.:

3.i.BOTH

: 'A ,,
. ., . 4 I i .

r . . 4 .. .. . .
0 A

AY***:Y***********************VX4*******g****01:**4********.*********4"f44*.
_ . I,

proance4offspriUg
.

ThQ 51zitO1 the popul at 1.oin that
uses up... t. limit tilg. ar .4 .

j t b06Omes. available.
(PK ,.;;URT'' 71-0 N

N IITTT.1/ 7 i 1 ,r.; prouRE.)
, -

.

The ntimbe'r generations .cyciu A4,

ANLiult. the comptite.); prol4fet
.

.1 IA o the f ut
1

V

4,,

1.s:
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tflif.

.'4*01111',,tt.:J, ( aboZtf. 1)4..)1J12..;resttl.
,

a*

ir1)1'
411.1

, 41111K :

.
0 . "

. .

--,150t.' ; 111'. ).1,1 J.. (110170.- ,re.a Lit.; t lc
, . .

p 10v. c ov, o u L4, --,.`...han-g,;;Stian. POP 1 ?
t is stl..-1 )rip.;:a 1..st fe.--4bout- the , model.?

. .......,,K: . .

01..,mr,i,i,..,:, i L:m-,' . t Lte, I [mi. t.. i lig. ['actor was food- .
, uPp 0,74..;DiLq.,,,y1.;gY. psi.d qv; ; who,',tive by :.eat ing.

,..

, Nr. :rhe ..iel"yo.s f rom t r.e.ei..;; , t.:1*.ver- 1-,-ic2h this limit
pg. I ac t-oit? orii.0 reading .i....v. the :Library, may

`\0:)...., 'fi.Q(.'e,:-;;ary ;If (tle.r0 aro no gypsy moths in_

-

1.our area -
S. fIi c.

. .

ry, are Ole i t.ingfLie tors thqe'3)
lme mt. 1 yea.r rbun7f. for an.:anirna.-1. -'s.uch.. c,

t he 0,,ype..jy mot 1.iow won. 1 d they: ch4figeT

.4% 4)
16'

Aro al 1 1 t.'httg- f actors 1.11' the enyironMent
duns it:y7de.pendenq

5) .-frey9ti ..invo.suigD-Lv tli;.. PpP 2 -model fur,tlher ,..
'Oat d I. f. fo,rtncds did york f rid' belween species

.. with Jow. .i.ites oL.p:!produ.. t ion . and. spe.cies..
I

: wi Hi h i.Ah.,rat;es , surij,) as 'the gypsy moth?' ,.

(

,

;

" .bY

8



1.Ars" ;' . '''

v "

tr
.,e.

r; ,

.\' .` ' e

,.' - ..' i , .

", ':, 4.- :- -'..1'
. 1,-, ..; .: ,. .. . , .. .. ... . '.., .,

, 4. . , . . . . ,.. .; . ....--.. .. .. .. .1 ',, ,.4. ; ( , ,.. . , , ..... . .... .'i, ., ti .. . ka...), ,
,# .. . 1 .

: : ..:(/.." ::.*1?() 1? t r I YU 004A)W1.11( Mt) 1 ) VII I ' #3. :' ' lig. ' :'; "- V`,.. '' '. ,, '..4 .,1,,.'':-,^.=C4.':'..-'1'... .4 ..; a

1.... ' .4. '
0.,. *. . : ; 4 ...'

i .,. ;
. .. .. .

I I , . ' , : 1 ',.... ,: .. 1.' 1,% ... . . . . . . .
. i .'

loP3
.1' 't

. ..
.i...... . .... 0. .: .411 .440 ...t:o.t.(1. .a i .\:tht,t 10.*ntifilI "del CA: .1:11i a -...inAnui ri,:. ..040.11. cop. .t.node.i would -.... :... y ., : -.......

. . .

: . ; . , . . : I 124:lttq k., .v-a4.-),,)f ..,.t (-,) 4i t 1.,tr LI. liKatf .in.l...Alj..t.,1.);;:: :I tr43-on'i;i A4.: '. ni1 q'i itia 4 c.t.j..tig.-"4.. mor tv 44C9iiii a . ic'.. .. ,'' . :,.':'

.o.f:,,,t. 0 ii 'Of: P 0 01,:i I .z..i.C.I C.iii*, (.1.1a ligo 'POP1 4,xiiiiirilf).4.: 11,64. i,t ;i-) t.ii)0 III t7:2,t on. WQ ut 4 :' V.
-, .,

. , . . ,

. 4P.i ..... :. .
.

.:.,..'. , : -. Y v ! :' P.' row; w:t tlth).24t, 1..1, -0.1 I: 131.g' .1'...0.).-: tor44'. . :.. . . xanw 1,aid it he ert.4..i.!"t; '-.E''. .4 .4.11n1. .1,ng ... .

- ;

,...
.: c,,i,c-I' 0 r. I. 1.4.8 -t. h o 011V 1 li0i1(.110111: .Q.11... p.4..) p kA .1, A t i. 1,- tr,',ii6TOIN.::. PO4'.3 adds* ' alio th.e i enitisid4;1:-

1:4VA 04A. t;-y, proh ..1. p '7!. 4:it...IS C.1.4.1 vopuLa0orw,.. ''thr tA.
.

itto ). .

. .

. .
. . .\

. 4 . .
.

.
,.. .... . L.`v t .t.;+,01,1,:t: 14 /,':it .to 16:10 u r: qw.fisie.ptits*h ...p.rohl.orp;.' NI- ten El ',e a:.i 0. ,..` 0.0. s tAtt o.d w i t; h : ,........o ::.

, .

4 . OrAty i.e.) ill() L'11:3 .:.(6(1.9.. Hli.1171,, i'lltd Oho. fis.ina 1 0 ). i ii'''' a "Wh010. I: 6 r op t ...'-i if- nthe *illb.../.._. ';.._. :. .-...:,.....7._, ....... ---. . --.

0 , / ..-au.nlizb,..-uty.iii;:criti .wo..t..v. 1:4 c,floc...di.. In (1.14-4 t an t. too n 11..onoI. what! is . thc. ttiowe atilt . . ... -, . ,

.;'.....:" . .. . ', '... t I )1:rna i i_). wok-CI d 417)kd.° Eht 1 ternale :In t. inio. t o inAf ici.?. Ry'en t la9 ugli' thw m9 tk).0 ,='.' . - ::. :. .... .. .. :: ..
. . : .

-.'. ciro: equ I. pN? d w 1. %h. 41. ye. tit. -.good. 0 y an t on) for. 40 A.0 a Li. on..f as.: your teaqhf!, r , .'.: '' -. .'' '-'. .. . ..
-,a. ':. ,;.; ..... ....i.......rntoi-...hliv'e! J'ili d' ..jkoh.) , It kl.t.Y6 IA . /..)((ltu,..titn;)t. t ho '.iii:L.neeq :, 0 f .in-st.trig. Wou4.d....liotlk; t?PY

.
. . .., . . . .41 ..

. .,1 .o!, .. :, g 9 4 -.)(t 'Cli {,,;:; . . f,, :IF1 .1.)rkit4 1 ok...1)f -1 ow nia t.....Int,'"de.usity .Mten. t here are . nvallY.... j.. a ...ille. ,.

. ..; ii66..ti'l 11.1...i on 010 do)ln L.s a a Id . IT 0 1w±. It i gli; And ill,* e 4 are q.ably o f in,d;';:t-wlie)*1 .. :.a. .
..

. . .
. t:1710re..:4t1.4...f)..0. qt. t.tii? flopia At- I On. tind. tile doh).4 J. t. y ',LA Tow, matt '... c aticin e4.0 - ' :::- ar..

. . . . -1*.io. io.1.-.y 41 I. Y f..rk:..11.1 s .. ..:.1.11 1:(1.(ti cl. 0 0. . t....0 .inal).1..ng . p r oh .1 enn-3 4 Wiiiit, ' .o t. her .4oblcg:ms
-.,, ,..;,..,

..
1.

14a1.1..-It. ferrIvi..i:ptiI ill'i Owl ' :74. 1 ow A16118 I. 0 i. s 'it. ... . . -. . .. 4. :: ., .
.

. . -'4'. . ; ' ..,,. _11 . 1 .
.

, :1 el : /loon. ypo 1 I.1 t),iP3 . (1.14Y com)titei7 wilt : i.i.i..;k tec.t.- 'Hat :fit. Lowing.. additiona
.

s,

. . , . . .. : .-

.,.;:$.4. .!:. o H is (:: t 1 .

.
... -. II' t .K.,,t- 0 4) r. r 11 f. 0 ruut t-,t.f)j., .!) 4 ) .t. b . USU t '. t N.),

.: o . ,
.

.,IOw Auating-densi LI
! .

. . .
.,

. . . .

; .: ..totAir 'Aton o FAS af:YY. ,F.F.FEC'T'S FIRST NOTO?
a.

. . . .-,, .
. .

..
.. . . . .

.
.

.-
. ....

r.:' . ; -i-:::-.'
...

.

: : .; -.. ..: ,-, -4-- 7 '7-44n,a.F:"rtri.t a 1., ..,i. I...1.f Kt': .1.4 i,L. L.()Inf)tit.L.,.y!. r,ii t.1:-.;1,triast.f.Vit t :. he. nil a i.Inum n Unthe r 0i..... AO tits ....0tal: -.. ,.. ,..... :..
.. .

. .... .. . . - .-' : . . ,... .. . , -fro. I',,N IA t j:1,4:1 I;tu- lit04.1 t'41., ...to {.) C. C.ti .r. -t).iii,) L 1 ya. . . .. -..:. ... .
.

. . . . . . . .. . .. ... _ .. .. ..., , .. i. .., .. - .-.,,....,- , .4.. .. . . ..-..... . - ..
. . . .

.. . . ...,..... c. ... .

.. p , . ..; ....;. .. ,..., - ...:
.

. " `-' . .n: .....;::.\`'iii,r 1)..f.i ; I pa', -- 'idii,i,t- ,-, I t4...;.t.16 I owos I... III trill) c-r 0 f mot1.18 I. hat. will.-rosuLt. in. .4. : -. :-....... :. ...!-%. .'.. . .

. - .4., . ..o - ..:7-- -k, y.1.* tug .popu &s:4-ilon ;. -. 14..1. h 0. .(.1...r.s t; Ir...Lir,-,tr, yet...! rs ??.. : ... .. .... . .
. ...- .-,4... Si ' : 41 .

. ... .
.. . , C ' ,.., . . . .. . . . ... . ..

i. . '1.'..Q -:iiA4,0:1!%t 4:IV-. (1140ilt:...I.01c..,-. ly01.4.,, Lived ..t.h0:. rto.1 I.Owitoti-... 1 nf ortnatt.lon..t ....,:: .....;.... .... ,.' ...; ....:...'.....;'
.

. - , .. . . - -., .. . *. . ..i., ...,4' .. It.. ..... .. . ! it
.'''' .4'' .....'1. ; hi -4 )tiejr 0 .4r 1. totlf m r : LO-444.iiit-174,-741.f.t.i.:..;. f Lir01.4.:.1:,...1. L. ''IS t..,,t4 Millar, 0 d',.iittl.i.t, ,...,'':: , o , ....,.

.... .. ....,t. -I% ... ","%,,_.. 9 0o .0).kil..iii,..nyfi.;!, reb.4.4etka.:'.. t-tit.....01Sy.: nutt 0-tot at:1,0;4 .... 6. Alftil et 1:deAl.: .....,-.. ,.,.,::
,' : '..v. : -....*: Itomt-t, t 1 o ci'l "('-4-io. h toy:01.6 ':-Lfiy 4 ob()14 ,.0,1p80 1....41it, witvittitvh '..., ,....

. .

. . .. : -....,.::-. f4r n-the': .1 ti.:1( t...34410,ki-iit.' .1 0 0 .. ....14a11 on4AtiftTini ,tAitmk,"(1w....yor..:: .,a. ,,;,......:. . . ..

a... , .. Ti ki,. r 6 ''.'1: $.4.1,0 1 i t0. f 0 1: ...t.b, .Pif,440ot,t....*: .5 VO ,Ogo th(sti:,. .......,;.. :-........,-,,id....

I .,.....

'

,qek'
.. .



r77,*,1: t : '
. i ,

. . fe.:

i-77;r2:Zsil7";T:1157).:
4, . ' ..41r

,

, . , . 4' f , ;,; ;: . :0 , (,.'; A"

. ,

I.

, ..
'

.

.

't.'''.' 41. ,
. . .

!rl

.

r.).,,

. ,fi

' *OP 1, , ti,AK14;, .#3'\ cDSE.s.44106;i4,t3LA,r}4P P.,361
. ,

,ii
. ..

. I . .' . 11:', . 4.

.
V. . t ...

.:4 ANI.O.A4(* PLANT '..BEING *MODELED' ..

. .
;

:

,. '1

4 , Ctputer Iklp .ut. ,
..

: 'Maltning ''. :. .4.11111011111

. , -.)av

.4... ,.;
. ;

.1 '
.
.. . . . ( 1

.:. -. 1 N.\

KO). .. ', . -' ; yopulation at the teginni.ivi';. .

..
..

'of your. probaem. . :

t .. . . .

. 4
. ,

..'.
.

: . . ,..... ..,

0, . REPIZO:v '11Airt'.6.: ''!' :NUmbgr Of offspring. jyrodu04). ..

:.1)y..* _each .female .(diliide tiy,2'., "..:..

4

I

.

'.* . the 'populat.lr is Ralf
4 '.inal .arid half 'fdmale).: .

1.

.4

7 glKE PEK-..0'N,.

., .

v.

.

. . .

. Number, of I y4ars. (or Weeks v.
dairs) tnecessery for .f.eniatOs to

prod.r.teg Xhe i'lext.sner.titionof
offspring.

. . :,4; . . ' .. .,

. ,CAIRYING.. CAPACITV :' .....: ..: The' iii.iz,e of the topl4latiO4 ''') ii .

, - ''' .. that juat,....uses- up the.tlimit-.. . . n
.. .r. . .. . .. ^.. .- . i0.4 factor. -..* . . .

....'
- ...

4. (

.!!

4"',,4

.AT WHAT POPULATION .; th`e. !Axe of: the
EFFECTS' a Pcipulaii.on 'nece'sia.

FILtgf. ROTED:_ "! 'easy!) plate Iodation? '
? . .- . ...,!- .

. Ng- .0 0.kriticATIops .4.- The n,tmlber`Of generations you...--2., ' : ,

s
. . .. ": watit the, 46mp'uter 'to- ptolect,

.

' into.lthe future.
..,i ,..-: . .. ......... . , . , ...0 ..-. ,; ,4

(.

a.
'. '

1. ..
I. ;

s . . 4, ;

I

0".

'

.

W '4
ft/

' 1.,1/2

C .

Xv 44.'

'.

: ; ..; '
. . :. ' ..,./1, 01.,.4

qUTPUTMESIREDI.:: '' ..#
. . '

l ':. '1" k
4

'
e , e t . ... .. Ti.. .,..;-''' :;..0.

.. .,i;..: :' 4.* .-'. ;')' :',;.. :,..,,, .,0.! .. ,. . ... :'... , :?.- . .t-/ ...
:...:i;,..,'.. '... .... .!* :ti .4' ''' :.'l 264GRAP IL. .

.. ..
P

. .

..
...

. . ': .

. 1 . .

...*' 4,*,..7. V ... ..:f.,... .' 34E0T-41- °- , ... 0.''..'14.. . .- ..
. , .

4
. . . , .. , . . . . .' i!. ;

..
,... 1,, ,. ' . 4 .. . . . ..

,'. ,

,.. . . . - ..1 el. .' . 'Atg.1 d. . ' ; .
.

. ,

.

.. 4. .. /.4 . , *. ''''7. ' *** 0/4 ***.* Of **,#./ ****.**.*****Akif trift*****.*** 41.1*.titit*******4************-*****40!**19*.*:kt ' ,, , 1,,
t.

.
,s .4 . . t .

. .
. .1

.
**. ,* I '

' .

. ....
*4 " .

. :,,; .,, . .. .. , 4, t
.".

v

!I..

.* ' v A. 74 6" '; ,ak '
'.4;,16 , , ' Y.^ .'' .:. .., , ' ., . ' ,' , ! ; , v.44'54

rt , . , , . , ' ' v.



.
* '

:
, A

ss,

. fl

cs

.If. the POiq model-iS:acourate in its.precaction
of Oopu4t1on.Aange; Is '1.tnecesseity.tOtill,:
all the%ni,ulaisr..,in a PpPulation in'brder to
.1!Atr Xhe'.1)Opulation.oft,

2 ,;;.W11,..a.t pthqr poblems: beside.s.
gnima14' (oy. pThrits). 'have at. low densities?'

.,.

5:.'%;
.4 .

v ,.:".,4*. - . .

:How. d2 m'any Wild popiO.Ett:' ,4*.p ;deer
.or.. buffalo., avol_d..the ,problOs.151. loW meting

Aensitieb? . .

r

. 10. .
. t. . *: : .. .. . .

.
41. . .. . .

4 ) -.Alat:666r 'refiriements..iio. you. think'4.would i

hp-neceesary bOo.rt....P.OP.3 .couid.b.eused to:
::.4. 1 iti -CI:n-.:..- .... 4ccurliter- y pre .c. .. p popultttork .Orfrman. ,

.- .tn the Year :2000:7. -.! .. :' . , .: .. 4. .. :

s

14-!.
.

.$

.,..;.::,...',. .;. ,/ :*,- -.:41... :4,.7iif! 'A?.; 1.:*...-:..i:)'r,- ..., ,,, i .,,,,,,,
. , . . -

.1-4':'Hi:.;:ttt;t:?.'lLA ;r1iilitiiiiieltitithatr;skitaiiiigtkkiit'. itedilkildtC.:.11.6aiiihilt.',4ka,..e:IA...-t-J4if:'...r,44,;.A,d;fI ,-::.:4b.h..!, *:,1 et



s'



,

. It,
,.

.

ucATloWiii Ppt cOirklior

; A par?tiitl list of the. PUblicatioAs In the continuing series 'of
,curriailum-material publiahedgby DEC for 440.e withEduSystems
apd RSTS are listed. be1ow. Please inquire?, directly: for prices

claearoom quantities. ., .

ditiOnal Oubl ications .may-be Qltained ,romt -

. . . , .

.. .

.11!1.
Software Distribution /Center .

....
Digitil Equipment Corporation

... maynapd, . Massachusetts'? 01754
. 4D. . ,...> . .

. : .:.,.:,

populutions 'Self-teaching, BASIC Workbok 42.00
..,.

IIASIC matsix: Operations .

. ,

$1:00..
Computer -Augmented' Calculus Topics $1.50

- . . '

,.., , .

- Probleis ..For Computer Mathematics ' ,

Advanced ProbleMs For' Computer MathematiCs
,.4.

BASIC Application Programs "' ,
....Mathematics. 1 . ..'
Mathematics XV ,

.- Seience. : .

4, i, Btriness and Social Studies
Plotting . 2 '

..

.$1.25
$2:00,

Huntington .I Applica,,tion. Program -

MATHEMTIcs t
1 $2.00t

TEACHER'ASSISTANCE 1.00
,

Huntingion 1 Sitnulittion
BIOLOGY . ."
CHEMISTRY

'''EART14:8C/ENCE*.
Pitys.xeB ;

. SOCIAL .sTuDIts ..... .,. .

Huntington II: SiMutitti6n...Moilulea
.Stiident: WarrOOk-:'

.

... ,

.:1,eacherv.s..
'Resaurde.HandbOOk
..:Program. papal.' Tape:

..,

;

i 4.



t

. *
oi

.

0
THREE: HODELS.OF POPULATION GROWN

1

:

3.

Vt
ettitimum#45444

lidNiciarav

.1

0
3.

. 11 -----,
- / : ....

.. ....ri.<1:<.< <1....< ;4..1,,..*
,,i

-'.
.

..T.E A C il E 1.
, ...

4,

. " 1.4147'.
..

... .::- M A NV A L- .1 . .. .
...., . .

. . t
« <1:14",:.: -4 -4 ..9 <3 <1 <1-.11 <I <1 '.0:1 .<1

:,.. ..,

.. . t- ;
'3; . tieveloged .byr

.
.

0 -
. 4

°
. . L. Btkaun, State Univeratty of 'New yo,rk, ,

. Stony Szook; Ndw York
**-J. Fried14n4'D.-MadArtihur !Ugh' School

Levittown, New York. ,' _ .0,

if

4.

e

f
Programmed byi-.

, . p

L. Braun .
a

'J Friedland
SA 11(43:ander, State University of New York'

a

SUpport Material byi .

. .

,, . . .

J. Friedland . ',; ... -

K..Moy, Stkte Universit'y.o:f'New Uric;* . .

/11ustratkons by:.
,

,..
,

.., ., -
,...

; M. Y.oula, State versity 'of .New York ..,.
4, , 4 ' .

,

di

HUNTINGTONVWO.,.gONRUTErTHOJEGST." .
- .

k_,
.ss ftr

,
4, ?

. . Copyrighi0.1073,'Ititte,U vereiiy'of Niw York'.

!.;

, .

e

i.e

11.

. 4 , , ,
, .

.. e
.

`41/ 1' '..: . , e a.)0' Maxch 1.9. .1.
,.. i,

. i
W

., . .,e, . 0 1, v'.''4 4

" . * TH t woRK 011'..THE HUNTINdfON TWO.`d0i4OUTER 'PROJECT IS PAIETiALLY., , . , .. , .. . . , . .

',.' .''. SUPPb ED. Et THE AATIONAL !ZINO; ,POUNDOION , GRANT 'GW.-i$803 ;: ,. . .

ii

I ,

; .
.'V' k... `

e 4" 6. ;

A'

3

*



TEACHER MANUAL .

. .

.

'0/.f). .

.Table. of Contents

4-

Basic'AnfOrmation. .
.0:: . :

4:! .

f.

us9

--It.\Initi:iductIon. tb::Teache
. . . 4.. 2

. .

-aample' Runs Of POP. Series S.

.IV: :Running.l'OP Seiles...FrOgfams .
J... . .t ,

$he POi) Ser.ies.Piograms

'in the ClaSstOOm*.

.
S. ..4.1

II.

4

6.6 6 . t8



almmumuummummumrinemilMaing.

. .

10P MISS

TEACHER MiNUAL.,

'

..

, . . .

4ASIC 'INFORMATION' ABOUT 'TER 'IROT

. *Z.
.0 .

Sul:elect Area:

Specific Topic:

Grdea

A Coordinated
CoMpUter Programs: BOP 1 POP 2, POP 3

. .

Biology.

PopUlltion 'OrAth' Modeling '-
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-: The:POP SERIES , program? are. detained' tc; allow. a.
: student''w*th.14.ttle 'mathematital backgro4d to- explOre.
:various Simple mathematial TICeodStii of population :growth.,

:..Student exeicises.teVolve about studies of the growth .

, Of a *gypsy-moth p0pUlation. The gypsy tnoth Itas .choilen
as the/ primary stl.,ania for investigation because of ita -.. .,

Abstsact :

A :

. cUrrent ecolbitcal interest as -an imporeafit seecies
with few natural enemiest,and` because its. lioPulation.:
meets the assumptions of the modela presented in the
POP SERIES .

.The follOwipg models are e*PlorOl in the pop SERIES .

POP1 .- 'simple exponent 41: growth

(poOulation 'expldaion)

POP2. %ode]: .

(env*ronigental liiiting ffctor).
.

..

.
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1100 z-, logistic mcidel.With.a.low7densit);

V q modification
..

, .. ,t -v..

.

_a- Each. of ' these vrog anis fa general enough:. so , that- -
6 P

it' can be used to model other ptant_ /Lod, anifte.4. Ropu-
latidm :The neasitary information- for :using.;the.,,
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: . . . ifII . INTRODUCTION TO TEACHER MANUAL. .0 .

. t

:

tie materi4s .1n this .section were Written under the -asslimption
that you "wil'Ing. the, 'STUDENT MANUAL. As the firsi part of the . .

documentation'for the .piagrams.. -Far other applications of the POP
, Series ,progrlims', please 'skip first.' to the RESOURCE MANUAL.. '"

et .
, . . .

4 All, stUdenta....are coneerned with the fuettre World itr.14 ich they
. will have to: live. Often they read -.ot hear 4predictiond4 il.40the'viist .

, .,papulationS tha't ,will be I3reSent by the Year 200pf ,:,

t..

IF

::

'...T.oday there are Some hreebillLo hu'hi
%ping§ on the planet. 4tioutt270.,00&
infants are tforn. -daily\or avopulation
increase. evgi4y. month- ,eq ivalent;,t0,- that
of :chi sqt oflpopulatiOn
cannot COnt4tue- much longer.-... :by the::
yeat 2000 :the.' world's. population .would-
dpuhld.rodaY's.."*,

4."

oe

4.

0.

.

*7

How ,are such figures:, arrived at? The ROP Series ..atiempti.,to
itudenta:with .the strengths , as welt as t4e wèaknessets"; orpoVulation
prolect -on .by bicatninifte ferent- popUlatiOn7grolt Ode14..
give v stly different pfote4liona far 'a sample p'optdation'Slgtstith;

-.At ;di slime 41.*ma_ the fitude$:- is linproduCed to the concept -oh. SuCceSsive...
iefi ement of a model, .since.each successive: POP Series modei.:/S.

.. ref i snient of the' previoud..model. :

tfi;
;

........ While.- the whole'POP 'SerieS.,used., together:pravides' an .ntroditCtion
. ,

to : population.. Modeling, the:POP progrsems :.can'alSo -he - used eparatellf:
..Por -example',-- -a teacher Currently preNenting ..the Malthimian ThAory." might
A

. elect, for his studenta to itudy Only POP'1, sinCe -the .POPIi, Model- give's-
the gedMetrical .increase that 'RelierSnd. MalthuS :predicted. -far pOpulauioti :

. groWth .'More infotmation. * these 'single applications appeixe in the .
' RE:5OURCE' MANUAL:, - , l.' . .

i ' .# d .

.4

04.'

1.:

EcylroGy, t ors.; f )3aO4S.
. Time-PLI le Hooka-, tiew.tOrk, '1,90 p.1.01

.

/ '

o'

6

:41 .

.

,

,
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; 4.

if
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;.NOTE:' THE ..POLEIPWING.. ARE ANSWER.RUNii 3: PROBLEMS. POSEP.Ilit,THE *STUDER -Mill*

. .

IP' I, . THE aprvrtyAL Pqrsts: ON EACH GRAPH HAVE-BEEN-OONNECTED POR SABY
. VIEWING: . .t.

e.

*RUN.. -
,.

. .

0PM:Ai1ON.OR6WTH-SIMPL4T/P4

wHICH .popuCATI coo moD0.7: U, P, Txt;.F: 1r4 Al PER?

Vi<0.)i.?
REPRI4RATEOgr,7'.9.

UNI.T. 'PER .GMF4ATIOtsIt 1
.6. tillt TOE GE4ERADI OW' 1 .

OUTPLT DESIRFD!..laTABLEs kuldRAPH,
,

! TIME
I. .

moo or lib As

:0.; . .2-

15

1103 .

844:
0328
47461
355957
Z466908E+6-
2..002258Et7::
145016948+8.
L026270E+9'

41140t....t

0 4-'..POPULATION-.....>
. - 1.1g6270E+9

GEN. +/++++++++++++++++++++4+++++++'+++*+++*40.+++4++/++++
si-0 : + J

-

,

3293.041N?'.3

. . .

." .

RUN 1

#
I.

.

,)

sjIP

..

-J .

a'

a
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Chi P0PUtt..AT1 ON, MO CiEj.? .9

REPRO:RATE= 7 5 -:
TIME UN I T PER GENieRATION7 1

CARRYING CAPAC rt7 UMW
'Or GENIVATIONS7 '90

.OUTPUT.DESIREDr raTABLE, mGflH, .3"0r" 2

TYPE. 1.0 -NitN4RER7::e
4

?/

s'.:

.:

9 ;.

. .

RUN 2

- ..---..7 . .i
I. . .

7. O. 1,-. POPULATI O'N -,->. 677402, .

:GEN* /+++++++++++++++++++++++++++++++++++++++++++++++++/++++.
CI +

. '9

+.f
9.

. .

`1.1)

t

.

4 44.

+31

.

.
.

.

.

'

+ .
4.

. 4 +
'1

.4.

+
4

,. +1. .1

12
. .

+.

+ .

-OA. + 4.

. a' 1:

+

. .

.18. .t.
. :4.

.
Ris +

+

C .,. ..

C.

Ntr

.

.,

4 e
i.v.

.1
V

e lb r"
..-

9

O.

. .

. .

PourtHiR RUN? KYES.L. NOmo)? I

4;

...e.

.4

A
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,

,
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4a.

*k.

. ..

:,

:a

.

,

.

.

rPt POPULAT ON MODEL? (Yr :2 'OR 3).0 :TYPE. IN NUM130311 3 .

,

P...13.)11:2 .

.HEOfta; FietTp. 1,4 7 1.5 _

,o

RUN 3 ( it)

... .: :.tititt oNIvIli.ER GE4ERAT1.ON?:;' ,. . lti . .

CARRYING dAPAC I TY?.. gefog. , '- ..-;.;',,-
. . .:,Al 'WHAT POP, Ara. Low ur:.tvbI1 Y.' KF1.4 EC .1.. i11.1 .. NO.-I kl)? --- IVO'

NO: ...Olt GENRRAT I ONSI.."10 .:. - -- '- .: . ,
...

OUTPUT, PEA! 4..EDS 1 intik,RLEss.,22.16RAPili 3.ia1siOiRl- 3 4. .... *., v.
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.. -.:.:? - -,..--,. 0, .... .;.4'2,., f.'.... ,%.).. ' ',''.fiP4:

I- t
e.

/; 1JNNZNc POP 8ER4S'PRO9
,...,...-..-....,,:;#::.,-.....,...-.4',..; ... h .o .

. ... ,.') . I ', :"" '. ".' -' -.° '.` ' r't!i4 ) .:.. ...",. '1 1 . ,'
- . . ...-10.; .

. , .

Y.4.. ''. .L. ;::'1.- . . : Tha OP'.4.*140,.".prNmatIr -are:,..qupplii .. on .a ., single .. a r t . howeveri
k ::A.'e ''' .'. 'saCh'.040iirai fiketto" 'IndikpendiNtly :of fthe,. others andP P pbe Use$,.d .separateIY:

.*

.
ft

411 1. : ',.;,P0 011 a .simplei iiponetytial (Milthusian). model.
4 ,

.,f " . , .6.ist,a. logiatiC model.;' with a- density-dependent . ,, . . . . .

,
. rfacto. . -. ,

V.
, ..:TOP3;:ii a 'modified logistiC 'model With a116w-denaity ,

: . . .'cortettion that limits repro4Uctionosof 'the.,

, : populatión. cat' very low population' dentities..
.

. . . c

:

. . ., .
tines instructions within" 4ke body...of:the computer program are. minital ,

.e. :. .::', it .,is: esaential :that the. Materials tn. the.,.STUDENT MANUAL be used along with.,
..' . the 'prcitiem... Thia holds :tcue even if :some plant or animal population Other,

than .the, gypey . Moth is Used. , In addition to inetrvtione the STUDE'NT : .;

0. :. , MkNUAL inaudeie :b.lickground informatron, thpUt:srfeets, 'and ,afollow-up *. ;---,---,
A., :.:..; -.questions .,,for each program. .2 ..'!'" .' - ,. . .,

..-..
..... .. 4 k...... . . !; ....., X.:. i* .. t

''. I..- di) t e,. Each-program' wia. begin by aals.ing. a c r ai , number of quedtions . Explana7,.-.; ., . ......

41 ..

. ...

...

:

--: .. .. ..inathematical '..operatibas... and' ov,pplito th...pOpulation 'inforMition either,aea ,

.

. ....:*ns .0f. these questions. are -, found 'in:. the. STUbENT MANUAL. ..- Once
'.:

...-- . tione have ''beeir.answered.i the- CoMputer..program ..carrieS:. out; all the necesear.Y. ..'.11.°-... .,',:.

:
,

:

..,.:. dramatIpally..tke."explosive. na5nre tif t.,tie; gyoly.i.floth 1 s lopulation gront.k.. ,., 'I. :...-.. ,-..: --,

,,. chart, ..a. graph or both.,..;The:"chatt,;.is more. aaCurate, .-bUt the .graph..dtsplays .: ."

, . ",. ...,.i .
. ,

... .

..
. , . P

..t ....
ft . e

.., :-. TO aiA:ii.l'.'ttle;Iritiuti 'of. correc*.;aeswers.. 'co- ,:the, computer queation', Student .-,74,7-...- ..= '., . . .

. ,,,- :tinput.:bheiti, have;:teet.0.04.Iti#0. ''', These 'are i tgodAn.:.0.0.. 'appropriate Sec ttOTis....."-...,... ,!- ': ...-
1'''.Of :' the.glimer .4asuAt..1/4. .. f...t

i.i,04;44.01,44,..3411.A.--',AIT .40 9:i...-177' ..-: ..-.. .. .

,
.. .. -

. ;I .

. V ...usipti.TH* E :POP .SRRIRPROOtRAMS Irsi .lniE. CLASSROOM. :..11

- . ..4.. . II t

*,.. ^41,.'

*. , "A. Necessary Bacqramd for Students,

.... .: . ." :
5.

li-,Cron0,0 'of :a. biologicilL-population..:. . . .

- ..:
e''

-

A
0 . .. ..: .. ?. ' ..

.

.: : ' '.1 ' 01 . t : . :et'. . . ........ 1 . . e.

:..:, ' , ; .
. 1. C,,s. ., .

**. .olideptori.41116t*.ti*il'.
.,

,. ..
.

-
.

.
... . :.

... ..- the.' time. newssary : for. .1 leneratio . :' -.. :,...,:f-7'-....:.4...,'":,.
.- .-) ! , ....m, produce: ifs: tnOr'ofii`prieg. .(fiiiik. :.....:- .: .,.:,;: ...,,,.,.).;''...

... . ''' -... : - )likext teSeta4on), . ,:i.... ..'.... . . ..:...:.,......- 41,..;,.. :...:_:,..:,:,:_.-...-,... ...., ;. -. ......:.,
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one ,hirthrate ,
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""-.. A ft' -.

. .. . .

..

' 0 ! Ai ittirikte akaCtly equa1s7,the4deathrater, ,-; ." . . '.. . .
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ser .es hoe Orbir,fitkizte, refers.
.'..average n8ór .of Off eprint(oakih .individual. -

44.±. 'contribute to.:the: 'next 'generations
: . . .

,

s.1,571ithe, .prOiplation'...isi half 'male,: the:
aviiraike..4Mlber of offsti.r.;pg par telhale.,,

. .

WiU.ha4e. to he divided ..

*. ,

'),... E ie 1,:f in, Zawit. A,,,every feMale dog
4hasid'abotit 14 pppPies, in he lifetime, .

: the iaverige birthrate 1s..15/2 or. 7.5
: -pumbies per dog pergeneration.

, 4
°

qeVirthrate ectuala 'oae,. 'each
-indi*idualeitrjuSt Veing replaced-.

the. next .getiexatiOri: This .iseans

. , .. -.
ConCept 'Of exponential -grwth

- .

4.. (0) p t i es n a 1 . 7 y8ur .stUdente 'may _be allowed to.
' develop their own ideas during ihvestigatiOn. '.

of the' POP libel.) .' .*. .i-s,1 : ,t 0
. .

4.

..'e
I V!

,ClaisroOm Ifsp- - 4, .. .1 .. . i .

11

s' .

PrOgr.:ai4 AesigRed..with three possible 'aPpriniches
in mind: ) S a claspbOktool; :2).as a laboratol; and 3)* fOrtUdividual
of small uaage.4:1E0fitia:'ai. extra worti, While i4e 'agree that we have
q91,10,11: 0114c.0.04;*it these'a air/ .cre. thihk that you will,. fkind:i.at'leaet-one Of 614'01.!..44ve joroaches :Satisfactory with your .stUdents.

.

.,.. . .
1. As a-CiaasrOom: tOol. -.The PbP Series prtgrams have ***

' been Wide ari 'iteneral as poseible. ghilVihe.olijective
oi the vitire._series iii-ko.-hhti Studenty deielop a 0
critical sehse'abbut populationptojection' any ,single
part of the series mew provide the; teacher with., a Valu-

,,able"Idemohsratidn tool .witiiih.. the 4,assrool. , A risiqe
0, example 'bf 1itik.1010,104tOtkaliout*'Iht '14altihtisia1 concept .., .

, of1geOmetrictil'ivoiptin;pdp4ation:* '1:iti3le'a teacher may.. ',',.,... '..
attempt fo give, sal: Oimp.le of. *this. ty.pe .of groythi the: 1"

students generally.. will pose:104i .04 6 . "'types'. of ques;,; 4 /
$

: tiona. , rf. *he -tilthar hadePext ,aVailable4,to.'him in 'the ;

classtoom, idiot- ot.thoeikNhat, if" ofidestioni'ckn be 44.
ilk aniwereC AData 'tot' 0641si11e 8nimalc that a teacher *ay

.. w*sh to use.with TI.- ate siven mi. pages .15-16 aethe RE'SOU'ECE. .

.
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.. .,2 iit liibOitory .... There areAeveral, approaches thatOikvi '.

.'''!.... p oiiid uas ul /Or :differeneteitahera.. .:SOMS'':teii0ers Wilt .......4 ..
.,?;'' ,'find it *attest to Attie a POP ,Serieir program .J.0 conjunation.

: '',:' : With another..laboOtorY., rotating the- claes ,thrOugh each:
, .- '..tiket df exertios Oiler ae4erar laboratory ..petiodei' otbir.

:teach:x*411 prefer :to 'have their,..entirt. class use a.
. ingle POP Serie* pirogram within. a laboratOry. sesSiOn.... i,

. POP Serieseaterials were designed- in ..atie.h a-,Way -that
:either approack cOuld be,:attempted. . . ,. .'`'. :.,

,. . .

a)- Rotation with .aaiither experimen4 etruld be,
. ble. for 'you ..to devote a majoritt.of your lime to. the 6

°bulk of the class, carrying .Out ;the' ieguitar la%boratOry,
especially if your dtudents fiitVe..u4sed. a compuliter simu- ..
lation previously.. Thoie students..dtding the POp peries
laboratorY'shoulil .he tsstied: th4 MEV *NW ,Attleasit
one day . befOre the lab perioa . rrIET.E' time. tbey
should design 'their inputs On the *computer input sheets ,.(see SfIENr MANUA)' so that. they will be .p.repared to
Otati en theV enter' the .lab. After wins the com-
putec, they ,,can answer the: follow-uP 'questions and
submit the .package as a .laboratory report to' yds.

1

b) Laboratory for, the entire .clasir.- Instead *of attempt-. .
v. - ing the entire:POP Series, it: is suggested that you.

. atteMpt op, program at a. tiMe-.. -(It is best itert
. ..with POP1.)'' . ,b

fif

- ,.
. ,. .. .

. .. 'Divide :the Cilibs into Atkin oups,- and issue to the
.. students the'. portion of the. . .TTJDEi T 11APWAL tObe ...:

'.
coVered.,'in. lab t thip should' e done at :least 'one ,

. . _ ., . .

... 7 day befoie."the. lab Session.. tf the..studenta design ...:
,, . their inputi on the .cOmputer input sheets' bifore :.

., .: - .0:ass,: each. Student . should. he' able to .recelie and,
. interptet:his.'results .during A sinfle labOratbry .ses.7

.. ; sion. ..In 'addition to the .labOyatory ripirt,. you:
.. .. .might have your 'students-ask .1fai,a, tabUler oUtput .

It 'each...case in . addition :to the. COmPuter graph: .. This.
*All alfow student! to :. regraOh the .results.ein -a more.%.

. conventional .rforin and yield more .*.aCcuilite -graphe. at
thisoime time.. (This 'actiVity will also giVe .groups,
that' have hact first %.ae4ss to the ,computer.:something...

. useful:to, do'*in :the meantime.) ... .. -.. .

. .. '

-.......'' ,':-.::: :If otin feta: t in rtant;.that each . gioup...heye a,., ..,,....,, . .-....-4...,_,...:.......,.....-:' ,.,-- ,.*,--..;-----,---;.......-.---- ..:-.,..diftereitt.Pr leiii,,.yoU.iaay .be interested in, alter-,
, ,, . nativisodel mala noted :in 'the SVDENT, kANUAZ T

.

AO on.. pages. 13-16... orthi RESOURCS yArMAZI...
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.
, .-thdividus1 Stnts or :Small: :trot:Pa.:5)f iudimio. on , ,

heir o 11.hit D .NT M4N(JAL shouU be !guff itient for '
10

.;

i stu ent with average. 'ability tO functiOn on his own.st. ..

'he hoe had 'arty ,experienc., With. other 4iMulatiot)s. roi
. students of &virago abilitY; invietigStions 'using. the '. ,-.:

... POP Ser.,ies grogram,. with 'other' anipials.may proye inter-
_

. ,, .

.eitingeand enlightening. Svggestions. for other ta.nimSl. .. : ': ...-\...
.4..1. . populations 'to model *tin.be fount On pp. ,15-16 of the

RESOURCE' MANUAL. ,T,
1

.

. . .

VI, OUTCOME FOR THE POP SERIES

-A. pôrrect Inputs tor .POP1 (If,!using glpsY"raoth :problem)

C.

QUSISTION:, Startiig,with one male- and one female icipsy moth, how roanY
. generations will be required to produce 10,000 of fspririg

. in. a single generation? Mame that the female mothilaye
15 eggs that hatch and that these young live one year.

s
Computer Question t Correct Input

?to?

,

REPRO: itATE?

1S1 .

4;

TIME UNIT. PER GENERA ION? .

4 NO.. OF GENERATIONS?
44.

ii . ,

,..

', OUTPUT DEE/RED: 1-CHART, 226GRAPH,, 321110TH1'
.. . .

., . .. . , ,
,. .

,
^1.4. .

I,
. '. .

,

7.5 :OWE: *newer equals .

15/2 Since one ,half
..of the population 4
is ma1e..4):

. 1 (Year is underitood)'

*-:

:

Any ntisber, greater - .
than .4 and less-

- than 20

. , . .

1 2'
.

or,

, .

'ANSWER rOR POP1 STUDENristisaTION

4ft
, .11111.1ertit

' . . The 5th. 8144;ion Of. offspr,ing
,f

sFoattitilithaii440.1141004,7!'.:II' the ith, ene,ratiom will be, oyez" 47,000.
. ,

. (Seq.:Sample,. &in I (p:3):for..t 'Output: for the-061/.4
, .

.
,

r'tr;

4

: : ' ; 4. *. .

'414-
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&ingested answers: to. POP1 qUestions 4, t(t
are Only. 41=0 ise\of correct responses i)

1

1 ) A.S .WE. SAID .BEPQRE, EVERY, MODEL MUST LEAVE .

CEATAIN,ASPECTS OF A PROBLEM 00T. SOMETIMES

THE ASPECTS !ZIT. OUT ARE $O IMP,ORTANT THAT

ANVER.TH M)DE1 C1VES IS NOT REALISTIC.
amis. re ANSWER. TO THE POPULATION PROBLEM .

". GIVEN. BY .POP1 SEEM REALIS2'IC? WHY OR wily yor?

.

.

. .

Afiter the ,:bth VenerA..on, .tb.ere 'are .uvi -a. Milli* gYPsY:.. mothS-.
in the ya7,sqUarci,mi fotest This would lettd ..to... severe food..
shortages 'end the population.. growth 'would haVe to sloW e . . . .

4

2)-:* IP YOU. FELT THE ,SOLUTIaN *OFFERED BY POP1 'WAS ,
.

.) UNREALISTIC, WHAT ASpECTS- OF ,POPULATION, CON-.

. OL SHOULD BE,ADDED TO THE.MODEL..TO MAKE

GIVE AiRpt,,,ronrc OMR? ..(YOU MAy-V.ISH 'TO

REREAD .THE.0INTRODUCT1tN TO POP.1)

. a
.Unew e r. for this question depends on the responses., above. )

A beCessary cOrrective factor. could limit Nigh' populations :

in-some way; (This ä actually' done 1>y .lititing thy. repro:-

.. ductive capaetiy at: h*shi poititatioa deroi.ties.y

3) THE MoDEL THAT POP1 IS BAS.ED:ON IS CA4,ap THE
EXPONENTIAL MODEL OF POPULATIOrGROWTH. DOES

POPULATION GROW AT AN EVEN' RATE USING THIS.MODEL?

No, the rate of popUlatiOn ;growth, while constant , caudes the

population. to grow at au ever-fincreasiug nuMberPper unit time.,

.

4) MAIN .IN 'Mt& .OWN WORDS HOW POPULATION. . .

GROWS USING THE EpONENTIAt GROWTH MODEL. .
,4.

. . . .

.

y answer that indlCates that population grows iloWly it first

.
*and then 'more tapidlY" as ties goes on should he accePtable.

5 DO Y011 TRINX THAT IT WOOIID BE PAIR TO USE THE
EXPONENTIAL MODEL 'TO FOREVAST ,MAN'S POPIILATION
100 YEARS )14tOM NOW? kr OR par 'Nov

.
This is a matter , 01,stpn -among., 'demographer"; it, LL

aien aprcui el°

'



; Correct Inputs .f9frp2.(ip :Wring lopsyrmoth.'probleM) .t

. ...

6 6 -,.. . .. . ... . . .

WINSTION:. Starting. again 'with tvlo gYpsy.MothEr, 'onel..lare', and :one .femalfi:k.'-'"
. . ,.. - .

.. how .will the population ..yary -over..pWenti:seneritiona; if the

....fOre'st-` in. Mach, they live.' has enough food to 1 sUpport only.
500,000 .-Mothe?.° ..riel emale moth praducei abOut 15 eggi. that '.

.. suriive the- 'winter to ...hatch and; reProdlice the :next year.
.

... The.",.ki
)
fe..,

.

;span' .is:.only pne .,year; . ': -.-.." :',- -,,t, ,

.-

. . .

',CoMOuter QUeStio

:2.

REPRO, itATE?'

'

. .

TIME UNIT \ZER GENERATION?:

ARRYING.CAPACITYll

: NO. OF GENERgIONS
.

7,5 (See POP1)

OUTPUT DESIRED t 1-CHART;, :20GRAPN, 3BOTH?

sAle(PLE ANSWR FOR POP2 QUAITION.

4

: 500000 (Make sure no commas
_. H are, . ,

. . . .

.
'20

1,

or

. .

Every ttie the population. excepds the. carrying caPacity, the
pbpalatioti for the next year 6r4s befow .the .carrying capacity..
At this point the cycle repeata itself. (See,SampleItUn .

!.

StiagestionEave the Students 'select either the, graph output the 'graph .

and.:t4h1e. (outtput Belectioti: 03) since- 'this ..questtion. is' involved. , .

with a pattern.of grOWth.. Onde they: have the outinit, suggest to' ....
them *that they connect the.pointi. on the graph. .4Thie lakes
the,.pattert} siuch -clearer.): . ,; . :

. 2.
. It, raiy:be neceleary to ekplain: thattr.with compuLer .graphs, .

11mi...the etuather .May bt;t,,not
, itre only 'approximate -that. is , if, a' the :

neceeaatilyzero The. Point '. larked by "C":1ori,the*..graph is
-the carfyitig ' Capacity :



cO .P9P2. (Mee tiOn", '
1 A .1.
'OE: v. 411.

1).::..b0E.57.: THE, POP4:410DEL GIVE-A.:MORe -1144.rjrzg
rmkozmpkor POPULATION MANOR PQP ?
.riliAr Is sizat:avitsu.rquo ABOUT' THE' moog. .4. .`'

4

46.
*4

POr2 gived'a.-Mere realistic answer'than..POP4 but the antiwar
. is *till Unreaiisti4c.. .Yor instance, 'Ott-overpopulation .of '

:. Ahths should redudi the .carrying capacity of the foredi;:es.
. trees will ,latt deatloyed. .. *.

,.

'. ,-. . .

..;._ .. .:

.2) ....IVOR- PROBLEM, THE -1,2MITIAV FAcTOR -,

ias ,-..00p.SUPPLY. ' DO. GYM' MOTHS,: ki0 .
LIVE . BY BATINO j'HE LEAm. MN :gimes; .. .

..r t f..... EVER REACH :THIS LIMITING FACTOR? CSOME 'A - ;

: REANwc. IN' THE LIBRARY MAY BE. NECESSARY.; :

'....-Tr. WOE Ala NO OYPSY mom: IN.:.YOUR AREA: 1 ... 0,
. . : ..

0 , .: . , . , .
. . .

..: -. .. Yes , man)i areas of New .England.' and certain' areai in the ..

' °c Mid740cIantic :and .Midwestern States have been defoliated
. by. the gyplY moth. ,ISee.biblicigraphir for -referen,ces iii -...
' periodicals l4terature.4 ..:. .... -. ..1 :

3 IN REAtiTY ARE iHE LIMITING .FACTORS THE .

IA* ALL . YEAH ROUND FOR .44V -ANIMAL SUCH AS
THE GYPSY MOT"? HOW WPM THEY Cpwar et,

r No, no. alwthyl. For example,. 10 .ceitain seasotininich -as,

. or the fall. This Would me a"lower cariying capacity
in

food might be. more available th,an- in :the.. sumer

theaummer.or. the. fall.

4 ARE ALt tIMITING FACTORS IN THE' ENVIRONMENT

DENSITY-DEPENDENT?.
.

. .

No. An-,examp),* 'of a density-independent, limiting factor
'( woUld tit oni that would ffect populations "pf any. site
... 0. irt the Same. manner.. An example of.:thip might be the- /,

. temperature.. ,.. . ,, .. . . .
: 4

... .. . .

116il .INVEST.KGATED THE -POP2 k1DEL FURTHER,.
'WHAT.. 15171771RENCES DID YOU FIND. DAMEN SPECIES.

, ,anw LOW' RATES OF RNPRODUCTION -AND SPECIES.'

NITH gaiRATEgiSUP1i..4!5 FRE GOV MO? . ."' :

,

niwVei-wOuld:depend cin'whidh -animals,Were,..investigatad...

:

1141-?`,.



Correc, t Inputs foi POP3 (If iising gypdy-moth problem) ,..,

. .
t'NOTE:POP3 requires student investigation. To arsive at a correct solution. .. .

1-071e foliowing question., ieveral tZial runs will. be ..requiredr thus. this
*rogdein may not be aPpropriete.for.a class leboratOry. ..

. .

QUESTION : . what's ihe-smallebt 'lumber oi mo
. growing popuAation 41tring the f

sthtw±ll reeuit.ln
at .5.yearsl

.-.To answer this :queStion you need the. fOlowing 'information.
,./i

'In .ou'r particular foreat it .has been-estimated..that
moths', are requited for .easy .m4e location.. ...Each :female. "-

,. ../moth lays about15 'eggs that hatch to form -the. next. ,gen-.
. erationi.' 'Each generation takes' one yeai... "There.,,ig.lenotigh

. t :food to :support 509,000 moths...- 4..
. . . 4 -. .

. NOTE : rare .QESSTION HAS BEEN *LIMED TO ALLOW. CONTINUITY OF
*SUBJECT FOR THE ENTIRE. POP SERIES A FIGURE '.FOR .

THE.. REQUIRED'. MINIMUM. DENSITY SIT .THE CASE OF THE
. GYPSY MOTH IS NOT. AVAILABZE IF ACCURACY ..IS MORE'

IMPORTANT THAN CONTINUITY, SE P-.17 IN. THE : RESOURCE:
MANUAL FOR . ALTE1?NATE ORGANISMS 'FOR ..Fpf 3 MODELIO,

. .

CompUter uestion' .

i

Correct InOut

pow . .

I.

(Any number that the
. student feels might .'be an

thawer to the question.)
. 7.5

.

'f REPRO.iATE?

TIME UNIT PER GENERATION?

CARRYING. CAPACITY?.

AT
\

WHAT POPULATION ARE -LOW-DEMSITY
.EFFEGTS. FIRST NOTEp?.:

OF..G;NERATIONS? .

t1. -s. ,, ' ..., . , .. ,. .... .., . ,
.,.

..ouiTyt.:DisT 3:1C1AitTs.-21.q.4.fx,ib lasonn,.., 1. or 3' desitable (any 'reepctnse

.--------r- allowable) ..
.. . .

.
SAMPtE ANSWER. FOR QP3 QUESTION

. ,

', .,.. Anfpoputation of. 1:eee then r,dieti out. A population. of 5
;'' .'reticiini -ittlat:likither; , it'iopilationi of C., biganisse '''

, . . .. . .

, 'growth'. -(Se Sample'Ruits. 3al bo, end'c.) .` ., .

..

1. (Year)

500000 (Make. sure nd :

commas -are used .1

4

100 (No. conimae).-

_ :(5or more; any .number
acceptable)..

.

,
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Spuetted. sWere,to tibe POPI'ueltioni:.' 1..; ::: .....''-..'. . ,'...... ... !..:.:.... ... .......:....... ....;,,. .....:-.-',z,
. .. .

. .. . , ,.. . ,:.- ,. . . .. . ...
. , .. . - .

. .... , .

2) THE POPS MODEL IS A MATE IN rrs PR:DICTION
OP POPUL4TION CHANGE, I IT NECESSARY TO nu, ,

ALL THE 412M4Z1 IN A 'POPULATION IN ORDER, TO
xra THE POPULATION OPP? WHY? '.

***ecording to 1)0?3, ie. TiOt neceimary to kill every animal to
..ciuse the pOpulation to:.411 off. If the popul tion,is y duced

to very low. levels , 10w...density Iffedts. *may clUee the tX nction
of the poPulatiOn withoUt 'Any additional .elatighter... . .

:
2) win OMR PROBLEMS BESIDES MATING MIGHT ANNALg . ..4 .

(OR PLANTS) WAVE. AT .LOW DENSITIOS? .. , .

;..
A , A .

Animtla thet uie .large:.nulabers:forAroiection'would have ....
. . . . : .. a

...

.. TirOblems at low densitiesb. Also:animals..iith complex .. ...-
. . .

.

- - .. social organizations, Such 'as man. or.the bee, wouldhaVe. e .).owl-densityproblems :it there Were;too 'few-individuals. .

.. '..... :...-.: tO fill the :necessary rolel inthe .society.....; : 4.. , .:

... -.. :.: ., ,-.;.. : .. ..-..... -4 ,...
. .

3). HOW 'DO MANY WILD Poingo.rohs., .Stm As bms OR BUFFALO,
AMID THE PROBLEMS OF- LOW. MATING . DENSITIES3 :.. l.

. . .

.
,. . . .

.
. . I, . .

.4. .

: .. .Deer : an& buffalo keep., their..:idensitiefi :high; either by :herding:..
-or by :congregating in certain 1ocatioris:4at Mating:seasons. ,- .... . .

*: (lian)t .other eviCies eXhibit .8116 grouping activitielyhave
.: students investigite to see .if the. reaiono.rfor'these"activ,...--,-:: :.

: - - Ities might ba . to aVoid..low-densitt .problems.) . ....,'," .: -- . ..
. .. ,.

i .. . , ..
- It .

4). WHAT OTHER REFINENNT$ -pa YOU THINK WOULD BE 1:0ECESSARY
. : BEFORE POI'S COULD 1E USED TO ACCURATELY PREDICT VIE

..- POPULATION' OF MAN IN THE YEAR : 200p? . . a.

I .

a.o

. *an dites.-nOt live for:JUst .onege'neration; *tither are all' the.
. children produced 'in-a single:year... :Other. Modificationel which.:*:

:life:span .factor . ... . ..

-). . . .

. .

b). A changing limitingdfactor
c) A factor for the number of. people .nOt
d) A f'actor for the,time after birth that marriage takes place.. ... .

. .

I

Many ,othe `modifloiMtions shal.stql ble..eugisitta* by tho eudna. rha objaatipe
'of *hi* ation.40 :Oo demonetrati that ;smodeting pepulatfons .1., a .

4 *.., , 40.411 '#4;t1interpriire 6.4th *he., heti? .p ,
. .

, A ,4,4!'

,

!.*

,

.0 . .

i
.1 , i .,

., z ... ' 1 -..s 1
., -,..: ,

.
,

,

',r ii ! .. N. v. '., ..,,,,.44,,4?-1-!;...
. % ! : t...,.. , ,('',. ::, f . ' ' . . . ,.. r

r

i. ,,' ....,.. iP.4 A. y ; ,,A4 1441.+11i 4 r4.,. i'V
trcilittijki` '' 4.''' l'SM.114Llik '' '' PIL,,,..',',;,::;!...1:1VIYIVI:,4:1.;.,,...i414k i',, ,,.....4,:1,4 . ,,,:.,.. kid ti.,,..,.P.
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T. ABOUT THE' GYPS? MO;111

k

.

,!TIte moCh (i,ymautri4,dispar) is a Cant pesL.that,,has,been re,74,x
tg.or complete defoliatitIn of =i-it.ire .f.Orests.. lOnfortuitaelY it

ha.!-; beeot'lle 4 Common inhab( tant of ehc; NeW,f,ngland.woods and has been ex--,r N.
lianding Intti.the Mid-Atlantic and Midwestern States.

. 4

The wiw natIve to Europe, Asia aqd northern Africa; 'in
rhe!le 0, 'it; als,YllplaPt pest. . But in i7V native environme9t,
hi a;mailv tept nade.r control by otker.insect:parasites and .predatorg...

11a. 'gvp..;:i moth wits tntroduced I...hto this .eountry in 1869 in,an effort to
mate it to the Wtxorm, then a'coenerstone in the economy of the New.

EventUally a nuMber of th0 moths pscaped Irom.thq Medfo.rd,
Mm,s,1.-hu,,etti.lahora,tory and estabftshed themselv.es in the local woods.
hy deieltation :had inc.reased. /to oyer.360 square.miles. Today many -
'(.11oltJhiL ot ...quote milps of f.orest are destroyed every'year Wthis
spec

.

!he of the gypsy moth to strip the woods of its
Aue to d Humber of fact:Ors.. When brought into-this country,

! iis.natura4 enemies;. the New England woods contained
1.0w7of..d.o.ur-!' to. limit iis'growth.' The caterpillars (larvae), of this

aay type of foliage,- including .cOhifers such as the-
pht ;atX the, .Trat;.e., Whiie...!..=.ertain species of tree are prefefted,
-000LH , J 1 will be consumed if.there are large humber&-of larvae..

a.

Tilt, 1,T1d.k. hNs the ability to produce up to 500 eggs that. oVer7winOr
;IniElt(E'tEo-titt_Tving! Naturally not. all these eggs survive the rigorst. . .

el wtot..c. (This is thereason that.the figure.of-15 offspring has been.
i u t h C ,SDI:liK' MANUAL.) These eggs are laid in,. a yellowish

,i..,1,.bul :: q...I.. u11 ,oly oval Labje surface that has some Trotection. 'Each =

cw, .a),,u 4 mm in diameter.. rdven-a mild winter;' moat of these eggg
w'ill Lil'ch ,iuttd hOngrY caterpillars:

Figure 111. a)

41.

egg ma§st, b) harva;.- c) pupa;

_,_

tc\

d) frale- adult; e) male adult

-.

S.

'If
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.

batthed Iiiervao grow from about 1/16th' of an inch up.to neaviy
2 inche'ti 1.0.1:enoh Auring'May -and June; at this time'they eat nearly non-

any.follage aliztill0Ale to them. . The'larvae are-soot4colordd.with.. ,

darker colored' spots'dlong thc? body. The y,elloW of the head is coneinued
'44114) .044 hody.hy.4 con.tj;a1 stripe. Vrom tubereulds along the.,sides of.- .

the.14tvae e]sted.long,hairs.,..
: 4:

...;!:-
. f

*Asea.rly-Juty tflege -destrucrive,iane aze read;;..to tupate. .They ^.
. . e.

remain in...e,Ws "cesting stAgeV froM 7,to 17 days while..they undergo meta-
Mbfrph.0.9.LS .i.n0 the,.aailt forM: l'ile AlUlf"s-that.hetch:.are nof destrpctiv9,
tirelr role heingjo mate and, 11ay,44e,gs for the next generation. ..

.. .
-,;: ." 4,4 .' , ;,4 .s .

The appearance. and the behavlot f the 'males -and females vary greatly..

. The' ma 1 e fs brow i.e color, . with 114 'pry:we wings . The wings have. wavy
,..ban(1 markings witil d,ark.c.ddt;.4 'along the. outer marAire; wingspread,. is about.

laik ihi.d.les. _The fomale is 'white, in color. With: a yellowish abdomen:- Shp.
is much longer. einti.heavier;and is iheapable of flight -even though she -1.7s
tYquippk.,A1 win 2k1,-inch wing5. She must . wait c for the male- to-locate and

-Y tiicr ti Li ze pher, wince -she canqt move fat froM the locatioe in which..she-q
. :pupated ,:', After- laying. her eggs s'he cites'.

.. a
-.

1.

egg$ are:laid in tate July or August but remairi dormant until the
1:911awf.n9.spt1ng. Thus there 'is only one generation per year and the adults
never Interact with their offspring. (This- is a Critical assumption of the
POP' serii,s. riims

.

N 1 '

BV.cal.1!). the: 1- e,ma 1.0 l mmOb Ile , Most of the spread of ;the species
across, the Uri( ted oc9urs during the larval stage-. Outbreaks far
away, f rom known infest-at lonS have been explained by Sto*.-"winds blowing
the ight..clarvae ucansy nil les into a new area... Egg masses have also been
tnwspor t-ed to new 4.1reas by. ChrtstmasItree shipments from .infected aieaa.

,

rot t;f.fo.rts I r rec.ent years have- used .DDT applications froia the
r Bec:ause. Of recent doubt:i. about., the 9cologthcal.wit.s.cioll1 of applications

ot rs I steht pes dtis , rophalr: Ls has been pl aced on 'natural contr4s .
Importvd natural. pnrasitqs and. uredatLors are,being -introduced into this

kin try to rest;ore t.ht mitura4t. balanee. A bacterial 'disease' specific to
gypsy tAoth4,:tal...l.ed i.lt, is also: being thves'agata. In addition, new
short 1 i'ved e ti icicles such As. tarharyl have been used in conjuriCtion
with. traps containing sex art ractant$

. :

.A
IF

'*.

dr

Figure 1.2. Gyty,Moth' Trap

11

.
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,
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4 '

4

ORIGINAL,INFESTATION - 1869-

INFESTED - 1914

IHIUJI INFE:iTED - 1934

JFESTED 1952

INFESTED - 1961

.... 1 NEP:STE() 1970

INFESTED - 1971 TREATED
AND APPARENTLY' Mtn tcATM

* IA ST VOUND ,I966 ERADICATED

COPNTIES WHERE MALE MOTHS
,

TR A PPED

if 1970 c, 197 1

Plgure 3.3% Mqp of'Gypsy..Moth infe'station
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"' 11. ASSUMPTIONS OF THE POP SERIES MODELIg-AND HOWJHF...dliPSY MOTH MEETS THEM

PON. Tt EXPONENTIAL MODEL

Assumpticuits:

A) There is no limit id the species growth.

2)-Theadultsylive for!'only ()au gener$ition.

3) The gonerattans are distinct and separate4 for example, there is no
matielg betwi,.en generations:

ErYVAPh4. envt no.1005, cOn ei,t) 11 ing .or-ifimiting at any:. t inn;t.
.

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

, Thex.e is.ao immtgration dr, emigration of thir species in qdestion.

.

. How -the gypsy moth meets these asSumptions:

0,bv1ously.-no fnecies, Man incIuded, cam continue to growlorever withoUt
itmit; but a.nod infestation of gy04y moths can grow without'limlt initially.
For-this reason we can say that, at least initially, Assumption #1 is met
.for a gyriy-moth populatioh. 0.

The.gypsy moth's life 0/cle Is such that the adults five a very short
time (see p.6 this manual) : therefore,Assumption #2 is satisfied. Be-

:cause the eggs laid by the adults require cold' winter-weAther'in order to
, hatc0,%we find distinct and sepaAte generatfons'of one per year,!which is.
requira by Assumgion 1/3.-

'o

4 .

Clearly, Assnmptions.#4 and #5 above are not en met-by. any Species.
vironmental condttions. often change: In the gypsy. moth's case, the.species
itself is very likely tp cause a dras.tic change in the environMent1
partment of 4riculture studies haveshown that defOliation, even'for one
gypsy-Moth:season, 14 enough to kill many of our mOre c*Ion trees. Whenevet ,

the environment chan ges there.ls-usuaIly a change in the net reproducktive rate.
In the defoliation case, the severe shortage of food 'for he caterpillars would
regult In fewer caterpillars reaching adulthOod and also fewer eggs per adult...

AssUmption A can he true for the gypsy moth. :Because the female, achat

not mobile, She must -remain very near the piaci in which she pupated, Since it
48 the female that'layS the eggs,the next gen4Ystion i1l n6t .c,Ccur:far from

the location of the previous generation. This is one reabon tikat the spread of
the gy0Sy.moth has been so slow,41p to recent YearS. The.U:S.D.A.. now believes

that_the increape In gypsy-moth infestations in.widely.separated,areas is a,re7-
suit of inereaoed human transPoq.01"!Efforts are being madeto make campers and.
others in the woods aware of the in8y moth', so.'that they Will ihspect,eheir .

equipment for egg masses. ShoulAd a single egg mass'be tramported into A neW.,

area, there is a possiLlity ofIlt typ67-moth infestation igr from the .current
problem areas..

,
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p0P2 THE LOGISTI9140DEL

Assumptions:

Asgumptions #2 and #3'from above.

,

support.a constant number of the speciea from genera-
tion to generation; i.e:, there is a fixed, unchanging carrying
capacity.

g) At the carrying capacity the population is using the limitingresource-
ss quickly os it becomes available.

. .

.

9) As population increases towards the carrying capacity, rePtoductive
rate will fall. At the carrying capacity reproductive'rAte will
always equal one. (Tha,population will remain constant in number.). .

- - 10) Should the population exceed-the carrying capacity,the reproda tive
rate will fall lower than. one.. (The population.will fal

.

11),-single individuals'can reproduce,.even, with nq mate present.

m th meets t ese Zdditional assum tions:

While the environment can.support a certain number:of organisms at any
patticUlar time (the carrying capacity), this number does hot °remain fixed
And c4nstant. It is subject to,variation..from many sources, bote biotic and
abiotic,. In the case of the gypsy mOth,,Assumption #7 fails MO-St noticeably
after thgypsylmotha have exceeded the carryidg CapacitY. The trees-should

-haVe-bOn defoliated And Many of tHem should have died; this would lowerthe
, carrying capacity for the next year$-.P0P2 keeps the carrying capacity constant,
.however. THIS SHOVLDBE POINTED OUT TO THE,STUDENTS-AS TT QUESTION THE
"-MODEL 11 THE FOLLOW-UP DISCUZION.

The Aisumptions #8, 9, and 10 Are:generally thought tO be true or most
speCies. 'At the carrying capacity there is just enough of the resource to
support.the populaticia. If additional organiams are added, an equal number
will in 4lome way be eliminated as there ia not.eriotagh of the reaodrce to.
support the.additienal population.H. P

Assumption 111 is definitely not true for.the gypsy moth. 'A.male must
:locate the female id:thin:the females brief adult lifg in order for repro,_
duction to take place.

.
. .
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POP3 LOGIO'IC MODEL WITH A LOW-DENSITY MODI1WTION-

Assumptions:

Assumptions 112, 3, 7-, 8 9., 10 from above.

At tow population densities, the 'reproductive rate will be depressed:

How the upsy moth meets this additional assumption:.

There is little data'avallable to support this assumption for the gypsy
aoth, but such effects have been recorded for organisms as diverse as muSk.
rats and flour beetles.

Actual 'research data indicates that the male can detect the presence
or a virgin female gypsy moth over great distances, 'the female secretes a
sex attractant known as a.pheromone.. When a male Moth dttects the sex
attractant, he begins to -fly upwind 'until he locates the nen-flying female'.
Once the female hasmated and laid her eggs, she dies.-

This probl.em has been.retained in the STUDENT MANUAL .0 maintain con-
tinHity. the student' problem involves a study of a lOrsquare-mile forested
area. We have made the-assumption that:100 moths (50 male and 50 female)
are required for e.ay mate location. While there is absolutely no 4:ata to
support this contention, it may not be completely unreasonable.

01.

1(

. For those individuals who feel accur cy is more important than tontinuity
in this series, we have included on p.16 of this section two alternative
aniMats whlth can be modeled: the muskr and the heath hen. (It should be
pointed out, however, that no animal can truly meet theassumptions of these
simple models.. ,

surimAgy

The gypsy moth doe4,-meet a surprising number.Of the above assumptions.
. BUt'there is at least one'assumPtion present fqf each model that is violated.
...To the extent that these vidiated assumptionsare iMportant, the,POP Series
cannot be expected to giVe an entirely -adeUrate.prOjection as to popUlation
changes in. a title life.situation.

OUt an extremely accurate model is hot our goal.. Our primary aim in thp'
, POP Series programs is to 'help students develop a crit/ital attitude about

.

population modeling, by presenting an exampli of the Sequential method of .

ryfinement that iwnecessary tb produce a vtable'model.

6
4

4
I.
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III: THE POP SERIES MODELS

The so-called population explosion is..modiled by POPf. This model
.assumes.that the population under study is increasing without limit. 1.a
other words, the environmental.factors are not affect!the reproductimp
rate of thts species. A graph ofreproductive rate-Jvs.. population size_
for this modei would result in a straight line (see figure-3.4 below).

populati"on Size

Figure 3.4.

'This constant reproduction rate'leads to a geometric rate .of/increase
in population size: This.model for population growth led Reverend Malthus
to believe.that if food supply increased arithmetically, tkere'must come a
time of extreme shortage of food and wi espread starvation. This'is the .

so-called Malthusian Dilemma.

-

/

9

Time

01

.5

I.

_Figure 3.5. Dashed line ( - ) indicates the arithmetic growth that
Malthus predicted for food,pupply. The soltd line ( ) .

inatcntom the expontial growth expected of a population grow-
ing without limit. At the point where the lines cross, Maltqus
predicted that famine or some other disaster must take place.

7 4 6
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POP2
.

.

( Most wopuiations are not increasing explosively however; clearly,
.

something. muse be limfling the growth of these populations. Those con-
dtiorts limiting population growth are called iinrting. facp9r8-. Yocid t ,

.:

supply, amoun,t. of,shetter and the like are called cenaity-de&ndent .

limiting factors; they do not affect a population at very low populatio'n
densities, but as the population grows they.cOme into short supply and
eventually-jimit the popitlation increase. POP2 alIowS the student to
model a population that is subjact 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 tha species in question.
Thus when the gypsy moths reach the carrying capacity, they consume'all
the l.aves thk_the trees are capable of Orodueing. 'If their population .

shoull continu increase beiond the carrying capacity, they will strip
the t eus of loaves,. which in,turn. will, cause.a food shortage; this short-

4io

i

age lin leavt.tow gypsy moths to reproduce.

.A plot Of.reproductive rate vs. population for POP2 would look like
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, conditi4ms become less ideal and reprodUCtive rate.
falls.

it(0).'

Population Sire

r2ty

Tigure 3.6. Only at the 10wet popuistions,docs reproductive rate equal**.
or near the biotic potential R(0). As population 'size in-
creaseq, the actual reproductive rate drops, untul at'the
carrying. capacity (C) the yeproductive rate equsls I.

4.

.

1 .



POAr asaumes thaf as the population reaches the carrOng capacity,' the
'reproductive tate falls toq offspring per Seneration,per Individual.. This

. means the population of the (n+lst) genetatioh will be qual to the nth
enprhtion if the population equals the carrying capac

Should the population exceed the carrying cap city, t90 reproductive
rate will fall below one andthe next gerieration will be sm ller in nuMber
than the current generation. This shiffiing of the reproductve rate can
lead to many different population vs..time plot's. For a popu ation.with a
relatively.low effective teproductive rate, we should expect curve similar
to (a) in Figure 3.7 below. For.a more' rapidly'reproducins sp cies, an
oscillation abobt the carrying capacitt is possible (b).. For ai exploding
population cOmpletely out of control,(c) might occur. The sect on on fur
ther,student investigations will allow students to explore the Tiable
nature of the logistic model 4see p. 21 this.sectionY.. .

0,

00101111 QOM.

Time
(a)

TiNe

Figure 3.7. See textfor details. Dotted ( ) indicate
, carrying capacity..

9
4 8
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POP3
'

IOs easy to see that Overcrowding in'an.enVironment-'will'caUse a

fali-in,the.reproductiVe rate; but scientists have discovered'that under
crowding'can have a similar effect. POP3'isAesigned:to let the student
investigate how the added feature ota low-density reproductive:effect
changes the response of a population model.

1
46.

.0ne probleM that can result from undercrowding is that the males and
the females hive a poorchance of locating ne another.for mating; since
e'male and, female may not even meet each-other.during a mating season:
Another Oroblem was disc4vered.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 sive decreased, the chance of being eaten Increased, so that the--
chance-of reproduction became-gmallet.. Scientists call this predation
pree,sure..

Incorponting this low-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 cotbipe.deffectS of overcrowding and undercrowding:

R(o

,

\Population Size

Figdre 3.8. At both high and low populationsthe reproductive rate
is suppressed; .(Carrying caOacity indicated byvC.).

. Suggestions for further investigation of this model,dan be found'
on p. 22 or this section.

, NOTE; THE. ACTUAL SHAPE OF ALL \VIE GRAPHS SHOWN IN THIS.SECTION4
MILL VARY FOR 'DIFFERENT SPECUS.



'Variables

-A loW-,density population correction factor

Al low-dehsity f.ffect Limiting population'

1
E = environMentai carrying capacity

1 current generation being modeled

M log (0)

M2 mode of output._

N = ,number of geherations to'be modeled

population Size

P2 Onitial population sfze (P(0))

P3 maximum population size

.4

reproductive potenitial;in off.apring/organism/generation.
..

actua,1 reproductive rate

A*P/E

population model number .

ttme unit per generation

Fo rmu ae

.The basic formula for calculiiting-the popUlatiOn is given by te
following expression: . .

P(I + 1) m R * P (;)

411b

popUlation Of the current generatioh.is equal to tbeactive repro-.
ductive rate times the population of the lagt:generation,

)-.



, A

:.The actual.reproductive rate.() is.d Oerw V each madel:. c:

For POP1-

t

'Tile reproductiverate is a )constafit equal to the reproductive
pcttential.

For .POP2 R = RO * EXP * PIE)

The reproductiveat varies in such a way that it is equal.to Nthe
.reproduttive potential. (RO) where the, population 'is zero,:but :lets than

.

' when -the population is greater than' zero.

; yor T0P3 R = RO EXP :(-MP/E) * (Z))

The reproductivei rate varies exponentially t both low and high
: population

The actual population equations for the three models are giVen-below:

For POPI ' P = * P
S.

For POP2 P =. INT [RO * EX*17.g..* .P/E) * P +

,
-

For POP3
/

P = INT [RO * EXP (-M P/E) * (1-EXP (-Z)) * P + .5]

rt

0
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: y.:1'ROGRA,M LISTIN.

IMO RE1 4POP:- MEE. POPULATION MODELS.
31.0 REM: %- 1 EXPONENTIAL' MODEL.-
120 REM() . 2 EXPONENTIAL MODEL ADJUSTED FOR LIMITING FACTORS S.

131 RTN. - 3 MODEL, MODIFJED FOR.LOW POP., DENSITY EFFECTS
140 .RFM COPYRIGPIT 1972-STATE.UNIVERSITY OF NEW YORK
150 REM DEVELOPED 11Y. L. TIRAUN
160. REM .PROI1R4ME1) RY.L. TIRAUN, t.J. FRIEDLAND* S. HOT....LAI'DPR
170 REM CAtEST REVISION. 9..5-72._
18M Pir1;11*

190 PRINT" ""s"POPULATION GROWTH. SIMULATION"
200 PilINf
210,.pRINT"V;i3(74t POPUL1TTb9 MODEL? Cl, 2., OR 3.). TYPE fal N-LIVIER";
-2: INPUT7,c).
n IF(7,q-1)*(%9 2)*.,(Z4-!3)<>0I4EI190
241 1,FsT 1=f0

. ,

261 PRINT.
-27Q Pi1INT.C-.1)=";/

-

281 INPUT /

290. IF P!<>INT (P.)/TRE1 270
:A00 IF P<,-4,.1 THFV/270
310 LET P:3.-7P /

32.0 LET P3=P ./
330 PR T "REP4'0' RATE=";
34(,,
.3501..FT Al-L0(;(0)
369:PPANF "Tty'llE !MIT PER GFIFRATION"1
371 Y ,

381 =1tI461.
399 PU\IT "MRYIVG CIWACITY";
411 I.9";.112

/410 I.F7,q<3P-14601
"nT t:LfAT POP. DO Lad DENSITy EFFECTS FIRST PEGIN";Ar, r,11,Tyt

.100 THEN.420
459
461 P"IN1T "\Ifl. OE.0FNERATT'ONS7.
.470 r\TPliT
4Fin IF A<>IVT(V)\TI4EN /t6r1
/190 IF \1T.111-.'N/161\
-.511 PRINr "NFPUT DESIRED; 1=TABLF, 2.2:GRAPH, 3=1ROTH";
.511 INPUT
52(4- TV- (,.-.1.)r:(-2.)4c.C112-3-)<o THE 500
530 PRINF
541 IF N12.='' riFA
559 PRINT "nrN..".,"TIMF","ROP."

.560 PRTAT."
5.70.PRIW-
5.111' FOR ITc) TO V
5q0 GnsUfl 1130 .

.:600 IFP<1E36 TgE`,1641
610 IF:iI2THEN730
620 PRINT"POPULATION IS Gi3kATER.. T4A1 AI RE RECORDED"
631 GOT07.10

.

.641 IFJ)<=r1 THEN 711
650 Jr.' P<PITFIEN'670
660 LET PlmP
670 IF M211=2,THIN 690
6T30 prINT I,I*YANT(13+.5)

. 13



Ji.91...NEXt I

701'GOTO.711
.

710 IF' r412,2 THEN. 731
720 PRINT II ligY,P;"POPULATION InED OUT"
730 rF M2441 WN 1051.

;.741 PRINT
/50 ,PRINT
760 LET 11=q)2
770 LET. E2=INTCE*51/P3+6.5)

-781 PRIN'T" 1";t011(24);"<-- POPULATION IN1CP34:.5).'
790 PRIvp'GEN: +/+++++++++++++++++++++++++++++++++++++++++++++++++I+++fl
01 FOR '1=1 TO
110 IF INT.O.r)..)..I./-2:0F.N8301

...

410 PRINT I;
1.FT-P4INT(51/P34-6)

-\840 IF7.9q1THEN880L
i?ri51 IF EP>61 THEN} 881

IF E?.P/uTHEN 900
E2>P4-TREN 920,

..88/ TAP(51;"+";TA9tP4);"*u.
891 Gal...o 931

r01 PRI4T TAn(5);"+";TANE2):"C".;.T49(P4);*"
.911 GOTO''01- .

92.0 7YINCTN:1(5).;"!+";TAR04pt*";TA8(E2);"C"
9311 D8t!TA 11'30

941 IFp<1F36TKEN970
PRT\IT"p0PULATION IS GREATER THAN4CAN:T3E RECORDED"

960 GOTO 1950
971'1F-P=9 THEN 1111
9R51 PRIn,ITTAT1(5);4u
rrri NEXT I

101( TO 175A
101m PRINTTAn(5);"+"
111 IFI.NT(T+111)*(I+1)-/gtHEN1040
1030 PRINT 1+11
104m PRIVrn9-(5);"s POPULATION DIED 'OUT"'
1050 PRITc..
1060 PHP,IT "AW)TilER RUW? CYES=1,-40=1)";
y171 PIPUT 79

. tqcto tF9=ITLIEN10.11
1090 F(.) t=1 TO 8.
1101 PRI4T
1110 NEY:T I

1120 GOT01240'
4111 1F95.1THEN1161
114m LETP=iil*P
1159 G0T01231 ,

1161 LET7.81
1179.1F7.9<3THEN1221
1031 LETZ=Aieli/E
119m IF7.<51THEN12i0 it

I !.."Iri.LF,T7,='51.1

P1.11 I.ET1,8=1-EXP(-77.)
1 TP=INT(R0*EXP(-M*P/E)*7.8*P+.5)

J231 'HETURN
tp60. END

11.

4
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V I. iismr; OTHER ANIMAus OR PLA11TS. IN THE POP. S ERIES. PROGRAMSI, -

- Many teachers will. want 'to subs:titute 4 more faMiliar plant or animal
tor..thtfir students to use In their study of population modelitm. Again it

..-- is -Importaht to emphasize that the POP Serles -is not designed to_ dive.
.
"corrt...c t." answers t6 population :sizes , but: is designed to _allow students -

41
.,- t o Inv.Qs ti,gfate s e. ye ral .41.mp .1- p4pul a t 1,4a9,..g puw.,41.'N de la .,,,,-- As -Aeon* ae 014,14 -.

. Is skept in Mind, it is. often possible to substiNte another organism for
, .

St uden E s tudy . .,
......

.... . , .
.

.

N goo.11 source for :a pro.pr.Late .inforat iciri;on plants and allizals
t IR,. P 1. -c'cli; , ), ,..), *(-- I' l'i 1 a t u A iritory 13-jr E."%aurenc"-Palmer..* 'If th.5.- book Is.). . 0not. in the ttiacher's 1 ibrary-, copies may be available in a local libracy.
M:my 0,ther natural_ history guidebooks will also furnish equivalent, infor- .

mat ion. -Vo us each-Of the TOP Series programs, Ule following information.
,Must be. deNieloP'ed:

i;b1)1 : Reproduc tth,n rate and generation. time

POP2 Reproduction rate, generation ,time, and
carrying capNacity of' the environment

POP-1 Above information imd low-density matiAng effect.,
I

, .

Int ormat ion on the' ast two factors is always difficult to find..
,Carryi capac i ty is highly "de.pendeht . on environmental: factors apd because
or this can vary,Over a 'wide range: Figures for low-density mating factor's
(.,an ci.i otut 1 lv b ,found In ecology texts.

. The best procedure mty be for
the t eachi.r mid the 'c I ass t'd make _an acceptable esti:mate...for btith the equi-
0).rlum population and tile population-for which there will be low-density

pohlems, 'after discussing any Information-they may have been 4131
-to guther concerniUg the plant or anirpa1 in queStion. .

Other anima Is ctJu1 cli ma/ be modeled with* the POP Series,
9

Not l 1 the animals 1 ipted below meet the assumptions of the. POP
Series programs as well as the' gypsy moth? This will 'present
Few problems f both. the_ teacher and the studen.are aware
of the basic objective of the POP Series: to Introduce the ciincept
of populdtion gr4T th

Palmer, E', Laurence,. Freldb6Ck or- Natisral 11ioory.
New York: McGraw Hill _Book Company, 1949:

e 15
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N.

ORGANISMS

4

.
.RE1IR0i..RATE14,.i. TtME/GEN.. CARRYING 'CAP.:.

Batte,ria -

.0yster

Elephant.,.

Tk*.Ply

4

-).

2

10,000**

5

250

2.

20:(ran,.)

It (year)

'10 (years)

412- (daYS)

.

LOW DENSITY..

6

(-

. '

a. :2

ORGANISMS REPRO,. 'RATE* T1Mg/GEN.
a

CARRYING CAT.

'Paramecium

. Yeast Cells

. Sheep° 'fn.

about 2

2 `.

'Australka (haVe-.students
,

1..(dap,

2 (hours)

.investj,.gate '0.10

3/5 0m1).

.; 66,5 (/m1)".

7.mi11ion

LOW DENSITY
I.

.

.;

-; ORGANISMS REPRO.. RATE.*' .".. TIME/GEN.

4

'YOP3 I .

6.

gaga--

:Muskrat

CARRYING CAP. - LOW DENSITI1

up o 20). , (Year). 360 .

(EstiMated)

t.

4A0: above ,approximatgm i$ based on. 150 'acres of marsh.. Any

fignres Chat. "seem appApiiate: for the users' location shatad:
-be adOpted.)

Heath Hen on
'Martha's

Vineyard' '5 (up to .10e66)- .1 (year). 2000

130

300

Since figures for Iow-density populatiOns. are ediffitult.-01::=A-;Y
obtain.; these figures are basepi on many assumptions- which-

-may-Vary froM One location. to another°.

r

, *Por sexual. bpecies you may divide this number 2.

**Actually the. oyster can produce over 100,000,000 eggs

.

L._

It 5

16

per .year.

s

:".:

.' N .

.

S. ., ....

"
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VtI. UsflG MAN AS. i'sTuwoRgAl'st4 IN TRE POP SEuIES .PROG
. : . . ,

many:teachers wilPfeel that,man ahould betreated Ifs the study.,
orgartiswin tho TW,tSeries, man was'net,used because,he;vialates key.:.-
assumptions mad in the POP Series'Models (see*. 4r-6)01.,, The assumption .

thatone-generatton doeg.not Ve0r.oductively int*act With the next la not
.

strictly,true of:man.. In addition., Man's generations are not:di:1044 ail
was:the ca-he wirh the gvpsy'math; generations overlap to such ah extrent
that it Ls difficult to separate one generation from another.

,

. -

Mhild oblections to Using man in the ?OP Seriet are serious, they O.-
!.not rulabout..usTng man as a stuay organism provlded the students are highly

critical 'ofihoth the inputs and the results._ ..

, .

.. ,

.Sug_sested Inputs for POP1 2 and 3.
m

= 541 We suggest this qumber since in the year 1650 there,were.
approximately'545 million peopYe in.the world-and all'
numbers can be pultiplied.by one million lo contrast
results of model to actual data.

Alternkjte suggesopsAfor P(0) inJu1e P(0),..2,.for a
Projegion..Of- the futurepopulation,starting off with 2
Individuals (1 male and 1 femjae, of c8urse); or
to represent the 4. billion persons in the world today.-

REPRO.R44'E = Select A number hased_on the students in your class. Re-
mervher to divide the.number-Orchildreft Per fakily by 2,

.

as,man is p sexual animal. Also take into account the :

:Tact that your students may nOt.be from families that are
complete-; that is, more children may be born into thes'e'
families.at a later ate. 'It might'be best to Eisk:-'1HOw.

,Tuany children do you think yotir parents will have?"

TIME UNIT PER-GENERAT1ON = 35(years).
Tills 'figure may,seem to be too high, but it is ba'sea on
the assumption'that many Couples have children'starting
at.about age 25 and iire finishTcrwith their families by .

45_years of aie.

1

CARRYING CAPACITY = ? . ..-, -
. :Aggin it will be necessary to talkito your students about

',. what factors limit man's population and how these factors-

., arejlianging. sMany scientists feel that man's pdpulation
is increasing at a much faster.rate than his resOurces.'

.

Others:feel that.gian wIll-be able to extend hig resources in
time tO atlow his-increasing population to exigt far into the

4. .- future. The ultimate.limit.to maes.40pulation is currently
. a very controversial scientific questiorWso when using POP2

or P0P9 with your4301dents';,be:sure. to dtresslihe Jvpothgtical.( , . .4,fri ktiPe pf 0111- ectwitibrium .RopuWv-n #ngn.
`i , n>1

'1.
I

s ,.1.';'

4

*Another HUNTINGTO.NjW0 simulation, USPOP,.will attempt to model a'human population.

ft; 17
0



POPULATION ARO LOW-OENSITY;EOFECTS FIRST NOTICEDT.'.

WM.

The resporise to this question rests on whseconvention
you are folloWing for the:P(0). ,If:.yoy;Ave folIowing
.our convention; you might reword4the questign to read:-
HOW MANY 13EOPLE SPREAD.ACROSS THE FACE,OF THE EARTH'WOUL15,%:
BE NECESSARY FOR EASY MATE LOCATIONT (Remeiber to divide' u--
by One million, as in the P(0) cor4ention.) .'Best'resuls
can be obtained by discussion of 'this bygotheticall
eton witt.your students.

The last two questions will be important only 'if yOu elect to use'POP2
or POP.3..

.

-Alt,ern4t.p Aopro4ohes,to RumawPopulation.

Using POP1 may make it pOssible for'your students .,to inN;estigatle how

a change in family size couldaffect the future population size !rof ehe
world. This can.be accomplished by setting P(0) equal'eà'the cutrent pogd-
lation of the world (3 representing 3'billion people), setting Utile unit-,
pellWeneration equal.to 35 years, and varying.the reProductive rate. The
years can be keyed tn the folloiling.fashion:

.

4

Gen. Year'

c.

0

1

2

4

5

6

.

1960

1995
.

2030

2065

2100
2135

2170,,etc.

It is important to keep.the f011owing.considerations in mind when
- ;modeling hUman populations with the'POP SerieS:

1) ,The-POP Series Will only give the population inerease
in each.gdneration. It makes4the assumption that'.
ehe parentS"Of the offspring are. ho longer ln dick.
population49 I.

. .

As yoU know,.this may haVe,bedn true when the life
expeetancy was very'low; but due'to-the rong life.
expectancy 'of man, adjustments must'be made in
the answers given by the programi.

4) The.POP Series are essentially static'progrmis. The
.models on which*the POP Series are based assume
no changed due-to limiting factors or low-density
effOtS other than in the'reproductive rate. This

. r ,

r
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f4t
means that.cllanges in food production,..6eonomic.
conditions, and societal structurelcannot be
.represented,:- 'For these reasons ihe_POP Series'

), ..projectione,Might, at besty be 'valid .for only-very
short peridds of time, because Man has dreated a
world based,on,change.'.

',,The POP .Series assuMes a Ropulation.with a uniform
age structure,. This is'definitely not the case'
'for:man. Man's curreht populatioh,structure has
'many morel,oung than.is accounted for in .the POP
Series;.This is the'vason that.even if man
.should.cut'his reproactive-rate to 2 children
per cquple .(1 pex person pen generation),A*the

-populatibh wi11.couti4p to rise until_ at.least
the year 2000; ,

,

4) The assumptiOne.on. Ithich each program of the.POP.
Series is basedlwere given on pp. 4-6. These
assumptionS shoUldalso be kept in' mind:

44.d*
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411.THERiSTU1NT ItIVESVGATIONg

The POP Series ptograms are dOsigned with the hope thatothey will
stimulate .interested students to perform further idvestigations. These

investl.gations could take oneof several paths, but No possibilities
occur.to us at the outset..

First.of all, some students May wish to researc one of the subject:
4

prganisms they used-in class; if, for exaMpie, they qsed he gypsy moth
they might want to investigate:the behavior.of the oths in'order to
'confirm or deny the behavior of the TOP Series ode's.' This research.

40'
could take the form of eithe'r jibrary work or field study, And either
approach Could lead-to useful reports.

Other studenfs may want toinvestigate the POP Series-models in
greater detail,varying birthrates and the 1ikë or un the POP Series
programs using other organisms.

The following sections are.written for the studenttand will
Attempt to sugg6t activitips wih appeal for awi,de range of
ability 'levels, 'These suggestions may in turn :Leda to other
student investigatiAns.

:

1. Basic investigations
,

1.'Usin$ POPP

a) How-does POPI-predict population changes for different
or(animisT

in the :;TUWAIT MANUAL thereiare listed several other
anlmals that you may want to use for comparison. The

4' fnfoimation You'll need far correct inputs can also be
fotiAd#on these pages.-

If you want to model other animals, your teacher may be
able to guitieyou to proper bookS in your library. These
books should allOw you to estimate correct inputs.

Since you are Interested in a comparison, you may want to
'compile pfI your results onto a single graph so that dif-

,

ferences will be easy°.tosee.
s 3



How would a'chaage in birthrate affect the growth.of
gypsy-moth populatium'as prediqed-by.19P1?

If you haVeAllt afready dond so, carry.out the.gyppy-
moth tnve4tigation.in the S1/DW.M4NUAL0 ,Inthat
investigation you set the biahrate'equal-to 15, but-
in nature the birthrate is not.always constant... Por
example,,,after a very cold winter the'birthrate will
be much lower since maay of the eggs min b6 killed;
-after amild winter, howeVer,.the birthiate,pay be-

much higher since lewer than the normal number of eggs
will have been harmed by thecold.. .

To answer therabove questioD, you.may have to run
'Several experiments using a different birthrate'
,

bach time. A(ter you have gathered'your.data,
decide the best way tO present your results.

2. Usving POP2
I

a) How do different carrying capacities affect the behavior
of the.6psy-both population as predicted by POPn

If you haVe not already _done so, carry out the POP2
problem in the STUDENT MANUAL.- Iii thisjnvestiga-
tioh we used a carrying eapacity of 5004000 moths.
In reality the carrying Opacity must vary'from year
-to year, because environmentacondition'A do not re-
ma1 l! the same. YOUr job is to investigate bow the
POP2 model reaCts to changes in the carfying.caPacity.

To carry out this investigation you will have to run
POP1 s:everal. Limes, changing.the carrying capacity
each time but holding all other variables constant.

Once yoii. have gathered your data"you-may wish to'
present it on a sing16 graphjor easy comparison. .

yor this reason it.ls important to obtain your out-
pnt in talile foTm; this will give you nuMbers which
you-can put on the same gra0i..

b) How does U0P2.behave for other animal-'populations?

You may have already investigated the POP2 model for
population groweh ,a.the gypsy moth and wondered if
POP2 would behave 6he same way,for other animals.

...

In the POPI. -Ion of the STUDENT44ANUAL, there is
a table witi le necessary infOrmation'T5r u4ing other
animals. THIS table will"give you proper inputs.for



(1

.F(0),,.REPRO. RATE, and TINE UNIT PER GENERATION
Us'e a car4ying capacity of 500,400 for all yoUr
runa o that you can'compare Oe:population growth
(or dipclIni) of these other anj.mais with the'be-
hayi* of the gypay-moth popul'a-tion.

Present your results for ell the animals used,
includdng the gypsy moth, on a Single graph.'
(You may wish ta plot the number of.offspring
on the y-axio and the generation number on the
Icaxis; using a different.-cOlored penc.illor each
animal wiil produce,a cleerer -- and more inter-

.esting -111.. graph.) Sinie:you will need actual
numbers Tor plotting your graph, be'sure to ask
for your output in table form. .

3. Using 1OP.3

a) How does POP3,beh vp for other animal populatIons?

Your teacher can s pply you with information on
Other Populations yoru can plodel using the. POP3
program.. This information-can be found on pp. .15-16
of the RE$OURCE MANUAL. .

.

First design your.inputs-just as you.did befOre,
Again you are to.determine what minimum papule--
tion is necessary to.allow the population to grow
during the:first 5 years.

b) Does the carryingicapg*ty affect the'minimum
population necessky ermaintain, a growing
population?

First carry aut,either the inveatigatidt ip the
STUDENT .MANUAL.(p. 9), or the investigation
listed above, Establish.the minimum population
Viet is necessary for growth when the carrying,
Tepacity is 250,000,

To answer the above question .-(3.1)), it will be
teceasery for you to run.POP3.several times,,
eping_all tnputs the.a.ape each.time except:

for the input to the quegtion: "AT .WHAT POPULA-
TION ARE-LOW-DENSITY EFFECTS FIRST NOTICEb?"

p

After'you beve arrived at an:ansWer to your'question,
try to decide.if POP3 is accurate in its prediction.

22
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1 -AdVancQd'Invei-dtgatJons

L. LI.s1,0.g.TPPj_ investlgatton aS 'to the.role of life span in

119114
.

Each of the.WP Serie's programs-assumes that all the adults
"die after reproductiOn. While this is trbe of the gypsy
moth and several other species (such as salm60),this is
clearly incor.rect for. many of the more'famiIiar plants
and animajs. In this modified investigation, we will,0

make the fwIlowing assumption: adult.S.du not_die.after
one ge,neration but ihey do not carry out.fu Miler repro-
duction.

To make the Lnvestigation more meaningful, select a slovier-growing
spi?cLes.. yitt can eithr make. Om, up or use..the values ror tne
elephant in:thy ;:7VIONNT VINUAL (p.2). Information for other
slower-Trowing species c;in be investigatedin the library.

1)0s I gn the inputs .for your sample organism, and decide how .

,many generatibns 'the. animal live. Enter your inputs
nto the computer and aSk for your output in either the
tab Io form or combined form (the, table and the graph) ,

you will. need the aetnal numbers.

MY

The table will give ondy tho.number or offspring pyoduced
tor the current generation, not the out I ri population for
the current genet;ation. To obtain the total population,
it will be tweess:try For von to add the number of off-
:Tring for' the ,i:urrent: gcne'ratto-n to'the remaining

Humber-ofoffspring from pfei/Lous Onerations..

For cy.,Tmp 14' , i. rgan I sill A lives a tot40 of 5 generations.
The comphtfu- 11,1s oulputed the following information'

.1bout an Organi!:m A population:

GEN.. TIAE. POP.

0 0 2

4

1.

16

4 4 32

5. 5 64

6 6 128

7 '156

2,3
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.4

Tot4 40p4l'ation'ean,be'figured

2 (since' we assume no:preiQus
... generations in ara)-:

GEN 1 2+4=6.

. . GEN 2. 2+4+8=14

GEN 3 2+4+8+16=30

CEN 4. ?+4+8+16+32=62

GEN 5 4+8+16+32+64=124 (the first 2 ere'
4. . ..missing sipCe

4
. they died after.5

;4.,

."generationn)
r:

GEN 6 8+16+32+64+1282;248

Your questAon asked you to investigate the effect of.different
life.spans (be sure to include a life span of'l generation) on
total'pOpulation growth.' To do this you maY want to run.POP1
several.times, each time with,a.different life span, and then
compare the results of each-run. OnCe you have 'compiled all
your data, you will have to decide op a method that will allow
for each comparison.

(After you 'have completed this Investigation, you May want
to go further by allowing reproduction over-more.than one
generation. To do ads you will either:have to modify the
POP1 program, write a new program, or re-run POP1 for each
year. f you select the third option, run Popi for.one
generation, figure out. your reproducing population,:-and
then run POP1 again with P(0) .eti al tO the reproducing
population. The program will g e you the number of

4
offspring for the next generati,.n. B r cleating the
above peocess, you can obtain th um e of offspring

' for any number of generations.).

c

2. Using'POP2 -.Investigation of the yole of"carrying capacity in
determining_ reproductive rate In the P0P2 model..

As.you,may have noticed when you first tried POM.thie popula-
tion 4.1!tes not necessarily grow. at.the sameTate- at the-same

times, as ft did in'POP1. When the popniation denity is far
belo i! the carrying capacity,.the attual reproductive.rate is

24
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near the.number th,011 inputted as REPRO..RATE;.When the
populaction nears the Carrying ,cppacity of.the,..environment,:..
the reproductive rtite'sdetits-to

.The reason for this'behavior is.as_foollows: The number that
you entereciinto the computerjs called the potental repro-
ductive rate this- means that, this rate.can exist- only under:-
ideal.conditions. In reality these ideal Conditions.never
exist, and there.are always someoffspring that die. Actual'
reproductive rate 1.8 therefore always less than the .potential.
reproductive rate. This istrue even in man. In this.inves-
tigation you are asked.to determittiehowthe POP2 population
growth model relates actual reproductie rate,and carrying
c'apcity.

/. .

-Procedure,

You may-elect to run this experiment using he,gypsy-moth
example foundJn the STUDENT-MANUAL, or yOu.may d6cide-
to use another species as.your exFiimental animal. In any
case the answer Will be clearer if you select species with'
a large reproductive rate, as d'iahges in the rate will be'
more noticeable.

,Once yOu.have chosen ybur species, decide On the pro-per inputs
for the computer. Aproper investigation:will. require a number .

of runs of the POP2 program. Asin the previous investigations,
be sure to keep all inputs constant except for the_one factor
being Investigated: carrying Oapacity.

0

Thereare several methods'of solution;three possibilities are
given 'below:

a) Try plotting populatiOn vs. carrying capacity for a.

certain-year, e.g., year 5. This will not give.you
an exact answer, but it Will give.you an idea of how
cat-tying capacity affects reproductive rate, -since
the higher the population at a particular time the
higher the reproductive rate mu.st have been.

b) Run POPI and.POP2 with the.same values for the inputs
they have in.common and plot the results for.both runs .

on the same.graph (population vg.-gener o Since
PORI allows growthlwithout limit ahd'POP2 11 s growth:
because of carrying Capacity, any difference n the
answer between POP1 and-POP2AUst be dup. to changes
in the repf6du.tive rate due to changes iiithectirryi,!:
ing capaCity. If.you repeat this procedure for many

.different carrying capacities, a pattern should emerge.



4."

0, Figure' the actual reproductive rate for each,gen-
oration in your experimental run, using the
following formuli:'

actual
in rith

POPnth generation
MI 4

POP
(nu.l)at generation

.

generation,
I)

.where

3. Using P0P3 - Investipay:owof explosive'7and
population growths-.

.

If you'have carried-out ihe POP2 investigation,,you m have
,noticed.that the moths go:through cycles of explosive growth
'followed,by.periods of sharply declining population. Is this
true'of. all species modeled wieh the POP2 population growth'
model? 'To convince yourself that there is 'another kind of
growth model, try modeling a:.bacteria:population (if you'S'
'hovel* slready.done. So). ',Thesq.arephe proper inputs:'

-

a

P(Ø)? '2

REPRO.RATEa? 7.5

1

SINE UNIT PER GENERATION.q. I (year)

CARRYING CAPACITY? 500000

NO. OP GENERATION? i(in this investigation
we will use 20)

ouipur DESIRED? (choose the output you thin
best suited.to answer the
question)

By varying reproductive rate for each,rung you should be ablt
to ddtermine exactly how the reproductive rate influences the
pattern of gtowth."

i

I

I
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lipiLlOGR.APHY.'

Selected Stithent Text Materials.
-

BIOLOGICAL SCIENCE: AN INQUIRY wo LIFE
BSCS (Yellow) 2nd Edition

Harcourt, Brace and.World, New York (1968).

Ch.38, pp,734C-755: A look at the consequgnces

01-. human population growth-
.

. Ch.31, pp.568-,.570: Exporential growth model
relative to evofution:

ou. SCIENCE: MOLECULES TO,NAN
BSCS (Blue) Revised Editiort

Houghton Mifflin Company, Boston.U968).

Ch.27, pp.679-697: Covers almost all the concepts
essential to POP series models.

BIOLOGICAL SCIENCE: PATTERNS AND PROCESSES
lISCS Revised. Edition

Holt, Rinehart an&Winston, New York.(1970)..

p.36: Expl6siverexponential growth.

pp.55-60: f'opulation graphing exercise.

BIOLOGY:AN. INQUIRY INTO.THE 'NATURE OF LIFE
Weinberg; Stanley.

Allyn and Bacon, Boston (1971).
0

pp...543-545: Logistic model development.

pp052/-530: Human poptletion explosion.

WEI Most texts have appropriate background materiais,in the sections
indeked'under.populationg.



. -College Texts .

Allee, Emerson, Park, Park and Schaidt
PRI-NO:CPI:XS OF ANIMAL ECOLOGY \
W. B. Saunders'Publighirig Phi,ladelphlq (1971).;

Especially Section fkbpulatl.ons, p..263-419..

Andrewartha and BIrcla
.THE DISTRIBUTION AND ABUNDANCE OF Amos
UniversitY of Chicago' Press,.Chicago ,(1954)..

Especially Part IV, Pp.557-663,

Cause, C. F.
a

THE STRUGGLE FOR EXISTENCE.'" .

Hafner Publishing Co., New Yothc (1969)..

Kee ton , 44ilr1.ai

BIO.LOGICAL SCIENCE, 2nd Edition'
W. W. Norton and Co., New York (1942).

.Especidlly pp.648-656.

1)clum, Eugene

. PUNDAMENTAL3 OF ECOLOGY;.324d Edition.

W. 8..Saunders Publishing C.,-Ph.itadelphia (1971).,

pp.106-J38:. Limiting fa,ctors t,

pp.162-228: Populations

Slobodkin, Lawrence
"GROWTH AND .1EGULATXON.OF ANIMAL oTwATIoNs
Holt, Rinehart and: Winslon, New York7(1961).

,
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PeriodicAlS and V. S.Government Pubitca.tions

0.

HERE cok's THE avsY mom by .leiln George

Reader's Digest, March 1972 (p.49)
,

condensed from Tho C-onservationist. (Feb.- Mar.'72 iSsue)

4

,

'GYEV.ir MOTH CONTROL 13.Y 'Pl1h1' SEX ATTRACVINT PHER\OMONE

M, Beroga and E. F. Krapilhg

,.!-k-!1,enct!, Vo1.177, No.4043, p.19 (1971)

THE GYPSY MOTH
0.

Program Aid 9.10
United ':4F,epartMent of Agritulture (1970)
Whithing D. C,

THE GYPSY MOTH. FACT SHEET

Research Service

United Statta Department pf Agriculture (19.70)

NOTE:.. There have been many artines on defoliation
fn local' papers throughou the infested areafir
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