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I. ABOUT THE GYPSY MOTH

The gypsy moth (Lymantria dispar) is a plant pest that has been re-
sponsible for complete defoliation of entire forests. Unfortunately it
has become a common inhabitant of the New England woods and has been ex-
panding its range into the Mid~Atlantic and Midwestern States.

The gypsy moth is native to Europe, Asia and northern Africa; in
these areas it is also a plant pest. But in its native environment, it
is usually kept under control by other insect parasites and predators.
The gypsy moth was introduced into this country in 1869 in an effort to
mate it to the silkworm, then a cornerstone in the economy of the New
England mills. Eventually a number of the moths escaped from the Medford,
Massachusetts, laboratory and established themselves in the local woods.
By 1889 defoliation had increased to over 360 square miles. Today many
thousands of square miles of forest are destroyed every year by this
species.

The fantastic ability of the gypsy moth to strip the woods of its
foliage is due to a number of factors. When brought into this country,
it was freed from its matural enemies; the New England woods contained
few predators to limit its growth. The caterpillars (larvae) of this
specles eat nearly any type of foliage, including conifers such as the
pine and the spruce. While certain species of tree are preferred,
nearly all foliage will be consumed if there are large numbers of larvae.

The female has the ability to produce up to 500 eggs that over-winter
and hatch the next spring. WNaturally not all these eggs survive the rigors
of winter. (This is the reason that the figure of 15 offspring has been
adopted in the STUDENT MANUAL. Y These eggs are laid in a yellowish
globular mass on any available surface that has some protection. Each
egg is about 1 mm in diameter. Given a mild winter, most of these eggs
will hatch into hungry caterpillars.

a)

Figure 3.1l. a) egg mass; b) larva; c) pupa; d) female adult; e) male adult.



Newly hatched larvae grow from about 1/16th of an inch up to nearly
2 inches in length during May and June; at this time they eat nearly non-
stop any foliape available to them. The larvae are soot-colored with
darker colored spots along the body. The yellow of the head is continued
down the body by a central stripe. From tubercules along the sides of
the larvae extend long hairs.

By early July these destructive larvae are ready to pupate. They
remain in this "resting stage' from 7 to 17 days while they undergo meta-
morphosis into the adult form. The adults that hatch are not destructive,
their role being to mate and lay eggs for the next generation,.

The appearance and the behavior of the males and females vary greatly.

The male is brown in color, with light brown wings. The wings have wavy
band markings with dark deots along the outer margin; wingspread is about
1% inches. The female is white in color with a yellowish abdomen. She

is much longer and heavier and is incapable of flight even though she is
equipped with 2%-inch wings, She must wait for the male to locate and
fertilize her, since she cannot move far from the location in which she
pupated. After layving her eggs she dies.

The eggs are laid in late July or August but remain dormant until the
following spring. Thus there is only one generation per year and the adults
never interact with their offspring. (This is a critical assumption of the
POP series programs.)

Because the female is immobile, most of the spread of the species
across the United States occurs during the larval stage. OQutbreaks far
away from known infestations have been explained by storm winds blowing
the light larvae many miles into a new area. Egg masses have also been
transported to new areas by Christmas-tree shipments from infected areas.

Control efforts in recent years have used DDT applications from the
air. Because of recent doubts gbout the ecological wisdom of applications
of persistent pesticides, emphasis has been placed on natural controls.
Imported natural parasites and predators are being introduced into this
country to restore the natural balance. A bacterial disease specific to
gypsy moths, called wilt, is also being investigated. 1In addition, new
short~lived pesticides such as carbaryl have been used in conjunction
with traps containing sex attractants.

Figure 3,2. Gypsy Moth Trap
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IT. ASSUMPTIONS OF THE POP SERIES MODELS AND HOW THE GYPSY MOTH MEETS THEM

POP1 - THE EXPONENTIAL MODEL

Assumptions:

1) There is no limit to the species growth,
2} The adults live for only one generatiom,

3) The generations are distinct and separate; for example, there is no
mating between generatioms.

4) The environment is in no way controlling or limiting at any time.
5) Reproductive rate is constant from generation to generation.

6) There is no immigration or emigration of the species in question.

How the gvpsv moth meets these assumptions:

Obviously no species, man included, can continue to grow forever without
limit; but a new infestation of gypsy moths can grow without limit inditially.
For this reason we can say that, at least initially, Assumption #1 is met
for a gypsy-moth population.

The gypsy moth's life cycle is such that the adulis live a very short
time (see p. 6 thismanual)y therefore, Assumption #2 is satisfied. Be-
cause the eggs laid by the adults require cold winter weather in order to
hatch, we find distinct and separate generations of one per year, which is
required by Assumption #3,

Clearly, Assumptions #4 and #5 above are not often met by any species. En—
virommental conditions often change, In the gypsy moth's case, the species
itself is very likely to cause a drastic change in the environment. U.S5. De-
partment of Agriculture studies have shown that defoliation, even for ome
gypsy-moth season, is enough to kill many of our more common trees. Whenever
the enviromment changes there is usually a change in the net reproductive rate.
In the defoliation case, the severe shortage of food for the caterpillars would
result in fewer caterpillars reaching adulthood and also fewer eggs per adult.

Assumption #6 can be true for the gypsy moth. Because the female adult is
not mobile, she must remain very near the place in which she pupated. Since it
is the female that lays the eggs, the next generation will not occur far from
the location of the previous generation. This is one reason that the spread of
the gypsy moth has been so slow, up to recent years. The U.S.D.A. now believes
that the increase in gypsy-moth infestations in widely separated areas is a re-
sult of increased human transport. Efforts are being made to make campers and
others in the woods aware of the gypsy moth, so that they will inspect their
equipment for egg masses. Should a single egg mass be transported into a new
area, there is a possibility of a gypsy-moth infestation far from the current
problem areas.



POP2 - THE LOGISTIC MODEL

Assumptions:

Assumptions #2 and #3 from above.
7) The environment can support a constant number of the species from genera-
tion to generation; i.e., there is a fixed, unchanging carrying

capacity.

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

9) As population increases towards the carrying capacity, reproductive
rate will fall. At the carrying capacity reproductive rate will

always equal one. (The population will remain constant in number.)

10) Should the population exceed the carrying capacity, the reproductive
rate will fall lower than one. (The population will fall.)

11) Single individuals can reproduce, even with no mate present,

How the gypsy moth meets these additionmal assumptions:

While the environment can support a certain number of organisms at any
particular time (the carrying capacity), this number does not remain fixed
and constant. It is subject to variation from many sources, both biotic and
ablotic. In the case of the gypsy moth, Assumption #7 fails most noticeably
after the gypsy moths have exceeded the carrying capacity. The trees should
have been defoliated and many of them should have died; this would lower the
carrying capacity for the next year, POP2 keeps the carrying capacity constant,
however. THIS SHOULD BE POINTED OUT TO THE STUDENTS AS THEY QUESTION THE
MODEL IN THE FOLLOW-UP DISCUSSION.

The Assumptions #8, 9, and 10 are generally thought to be true for most
species. At the carrying capacity there is just enough of the resource to
support the population. If additional organisms are added, an equal number
will in some way be eliminated as there is not enough of the resource to
support the additional population.

Assumption #11 is definitely not true for the gypsy moth. A male must
locate the female within the female's brief adult 1ife in order for repro-
duction to take place,



POP3 -~ LOGISTIC MODEL WITH A LOW-DENSITY MODIFICATION

Assumptions:

Assumptions #2, 3, 7, 8, 9, 10 from above.

12) At low population densities, the reproductive rate will be depressed.

How the gypsy moth meets this additional assumption:

There is little data available to support this assumption for the gypsy
moth, but such effects have been recorded for organismsg as diverse as musk-

rats and flour beetles,

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

This problem has been retained in the STUDENT MANUAL to maintain con~
tinuity. The student problem involves a study of a l0-square-mile forested
area. We have made the assumption that 100 moths (50 male and 530 female)
are required for easy mate location. While there is absolutely no data to
support this contention, it may not be completely unreasonable.

For those individuals who feel accuracy is more important than continuity
in this series, we have included on p.16 of this section two alternative
animals which can be modeled: the muskrat and the heath hen. It should be
pointed out, however, that no animal can truly meet the assumptions of these
simple models.

SUMMARY

The gypsy moth does meet a surprising number of the above assumptions.
But there is at least one assumption present for each model that is violated.
To the extent that these violated assumptions are important, the POP Series
cannot be expected to give an entirely accurate projection as to population
changes in a true life situation,

But an extremely accurate model is not our goal. OQur primary aim in the
POP Series programs is to help students develop a critical attitude about
population modeling, by presenting an example of the sequential method of
refinement that is necessary to produce a viable model.



III, THE POP SERIKS MODELS

POPL

The so-called population explosion is modeled by POP1. This model
assumes that the population under study is increasing without limit. In
other words, the envirommental factors are not affecting the reproductive
rate of this species. A graph of reproductive rate vs. population size
for this model would result in a straight line (see Figure 3.4 below).

RO)

Reproductive

Rate

"

Population 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, there must come a
time of extreme shortage of food and widespread starvation. This is the
so~called Malthusian Dilemma.

Population size

Figure 3.5. Dashed line ( — —— ~ ) indicates the arithmetic growth that
Malthus predicted for food supply. The solid line ( —— )
indicates the expeonential growth expected of a population grow-
ing without limit. At the point where the Lines eross, Malthus
predicted that famine or some other disaster must take place,
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POP2

Most populations are not increasing explosively however; clearly,
something must be limiting the growth of these populations. Those con-
‘ditions limiting population growth are called limiting factors. Food
supply, amount of shelter and the like are called density-dependent
limiting factors; they do not affect a population at very low population
densities, but as the population grows they come into short supply and
eventually limit the population increase. POP2 allows the student to
model a population that is subject to such density-dependent limiting
factors. In the program we use the term carrying capacity to represent
the maximum ability of the enviromment to support the species in questdion.
Thus when the gypsy moths reach the carrying capacity, they consume all
the leaves that the trees are capable of producing. If their population
should continue to increase beyond the carrying capacity, they will strip
the trees of leaves, which in turn will cause a food shortage; this short-
age will leave few 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, conditions become less ideal and reproductive rate

falls.

r{0)

Reproductive Rate

1 e e v e T — e o s vt oo G v v oo o

Population Size

Figure 3.6. Only at the lowest pepulations does reproductive rate equal
or near the biotic potential R{({). As population size in-
creases, the actual reproductive rate drops, untul at the
carrying capacity {(C) the reproductive rate equals 1.



Population

POP2Z assumes that as the population reaches the carrying capacilty, the
reproductive rate falls to 1 offspring per generation, per individual. This
means the population of the (n+ lst) generation will be equal to the nth
generation if the population equals the carrying capacity.

Should the population exceed the carrying capacity, the reproductive
rate will fall below one and the next generation will be smaller in number
than the current generation. This shifting of the reproductive rate can
lead to many different population vs. time plots. For a population with a
relatively low effective reproductive rate, we should expect a curve similar
to (a) in Figure 3.7 below. For a more rapidly reproducing speciles, an
oscillation about the carrying capacity is possible (b). For an exploding
population completely out of contrel, (¢) might occur. The section on fur-—
ther student investigations will allow students to explore the variable
nature of the logistic model (see p. 21 this section).
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Figure 3.7. See text for details. Dotted lines { — — — — ) indicate

carrying capacity.



POP3

It is easy to see that overcrowding in an environment will cause a
fall in the reproductive rate, but scientists have discovered that under-
crowding can have a similar effect. POP3 is designed to let the student
investigate how the added feature of a low-density reproductive effect
changes the response of a population model.

One problem that can result from undercrowding is that the males and
the females have a poor chance of locating one another for mating, since
a male and female may not even meet each other during a mating season.
Another problem was discovered by studying grasshoppers. When the grass-
hopper population was large, there was a very small chance of being eaten
by a bird, so the chances for reproduction were high. But as the popula-
tion size decreased, the chance of being eaten increased, so that the
- chance of reproduction became smaller. Scientists call this predation

pressure.

Incorporating 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 combined effects of overcrowding and undercrowding.

R{o)

Reproductive Rate

B o mrs m— wrT— T  WIP  WN Am: aee e — e —

|
!
{
!
c

Population Size

Figure 3.8. At both high and low populations, the reproductive rate
is suppressed. {(Carrying capacity indicated by C.)

Suggestions for further investigation of this medel can be found
on p. 22 of this section.

NOTE: 'THE ACTUAL SHAPE OF ALL THE GRAPHS SHOWN IN THIS SECTION
WILL VARY FOR DIFFERENT SPECIES.
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IV, PROGRAMMING CONSTANTS AND FORMULAE

Variables

low-density population correction factor

Al low~density effect limiting population
E environmental carrying capacity

I current generation being modeled

M log (R®)

M2 mode of output

N number of generations to be modeled

4 population size

P2 initial population size (P(#))

P3 maximum population size

R@ reproductive potential in offspring/organism/generation
R actual reproductive rate

Z A*P/E

zZ9 population model number

Y time unit per genmeration

Formulae

The basic formula for calculating the population is given by the

following expression:

P(I+ 1) =R * P (1)

i.e., the population of the current generation is equal to the active repro-
ductive rate times the population of the last generation.

11



The actual reproductive rate (R) is different for each model:

For POP1 R = R¢

The reproductive rate is a constant equal to the reproductive
potential.

For POF2 R =R@ * EXP (-M * P/E)

The reproductive rate varies in such a way that it is equal to the
reproductive potential (R@) where the population is zero, but less than
R$ when the population is greater than zero.

For POP3 R = R¢ * EXP (-MP/E) * (L-EXP (-Z))

The reproductive rate varies exponentially at both low and high
population densities.

The actual population equations for the three models are given below:

For POP1 P =RY * P
For POP2 P = INT[R$ * EXP (2 % P/E) * P + hﬂ
For POP3 P = INT[?@ % EXP (-M P/E) * (1-EXP (-Z)) * P + .5]

12
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129
138
140
156G
166
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1849
193
220101
214
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330
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3849
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V. PROGRAM LISTING

HEM POP -~ THREE POPULATION MODELS

HEM - 1 EXPONENTIAL MODEL

REM = 2 EXPONENTIAL MODEL ADJUSTED FOR LIMITING FACTORS
REw - 3 MODEL MODIFIED FOR LO¥W P0P. DENSITY EFFECTS

REM COPYRIGHT 1972 STATE UNIVEASITY OF NEW YORK

REM DEVELOPED BY L. RRAUN

HEM PROGRAMMED BY Le BRAUN » Jeo FRETEDLAND, S. HOLLANDER

REM LATEST REVISION 0=-5-72

PRINT

PRINT® "5 "POPULATION GROWTH SIMULATION®
PRINT

PRINTPWHICH POPULATION MODEL? (1, 2, OR 3). TYPE

INPUTZ?
IF(Z9=1)%(79=2)%¢Z9~3)<>@ THEN 193
LET I=9

PRINT

PRINT

PRINT “PCO)="3

INPUT P

IF P<>INT (P> THEN 270

IF P<=8 THEN 279

LET P2=p

LET P3=p

PRINT "REPRO RATE=":

INPUT a6

LET M=LOG(RG)

PRINT "TIME UNIT PER GENERATION":
INPUT Y

1FZ9=1THEN460

PRINT "CARRYING CAPACITY":

INPUT B

IF70<3THENAGA

INPUT A

IF A<>INTC(AY THEN 420

LET A=3%L/0

PRINT *N0. OF GENERATIONS™:
INPUT N

IF Ne>INTON)Y THEN 46d

IF N<GTHENAGKS

PRINT AT WHAT POPe DO LOW DENSITY EFFRECTS FIRST REG

=t

b=d

PRINT "OUTPUT DESIRED: 1=TABLE, 2=GRAPH, 3=RBOTH':

INPUT M2

IF (M2-1)%(M2=-2)%(MP=~3)<>F THEN 540
PRINT

IF M2=2 THFN 539

PRINT "GENe. s "TIME", "POP."™

PR'{:\]‘T T v e ooy o o !!" L N, fi,'f ______ w
PRINT I,I®Y,P

FOR I=1 TO N

GOoSUR 1134

IFP<1KE36 THENG64T

IFM2=0THENT 33

PRINT"POPULATION IS GREATER THAN CAN RE RECORNDED

GOTO7309
IF P<=0 THEN 717
IF P<P3 THEN 675
LET P3=P
I¥ M2=2 THEN 699
PRINT I:1%Ys INTC(P++5)
13

IN NUMRER®™:
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697 NEXT 1

798 GOTO 739

716 IF M2=2 THEN 7379

728 PRINT TI,I4Y,P,"POPULATION DIED oUT™

738 1IF ¥MZ2=1 THEN 16573

740 PRINT

158 PRINT

768 LET P=pP2

TTE LET E8=INT(EX*53/P3+6.5)

783 PRINT™ AN TAR(2A) "<~~~ POPULATION =-=> HIINT(P3+5)
T3 PRINTYGEEWN. +I+++++++t4ttd+sdbbdttddtdbrdbbbtdtdttrbdttbdbdbbt s+ Thae
833 FOR I=% TO N

8@ IF INTCI/23<>T/2THENG3E

B2 PRINT I3

&30 LET Pa=INT(59%xP/P3+6)

840 IFZ9=1THENSHA

8560 IF E2>81 THEN 380

B60 IV E2<D4 THEN 946

278 IF E2>P4 THEN 924

883 PRINT TARCSB)I; "+ TARCP4Y S 7"

893 GOTO 639

90 PRINT TABCS)I 3 "+"3TABC(E2)ISYC": TAB(P4); *x"
9218 G0TO 939

927 PRINTTAM(SIIV+YITARCEPAIIX" I TARC(ER2) 3 "CY
930 GOSUB 1138

947 IFP<]E368THENGTO

959 PRINTY“POPULATION IS GREATER THAN CAN RBRE RECORDED™
964 GOTC 1450

Q73 IF P<=3 THEN 18104

QR7 PRINTTAB(S)S Wam

996G NEXT 1

1888 GOTO 1450

1318 PRINTTABC(SYS "+"

1320 IFINTCI+1/2¥<>(I+1)/2THENIGAD

1638 PRINT I+1:3

13460 PRINTTAR{G): "+ POPULATION DIED OUT"
1256 PRINT

1368 PRINT "ANOTHER RUN? (YES=1, NO=G)"3
1973 INPUT 79

1983 IF29=1 THENR2AA

19923 FOR I=1 TO 8

1169 PRINT

111@ NEXT 1

1129 GOTo1249

1139 IF79>1THENL1IGD

1148 LETP=RO%P

1158 80TO1234

1169 LETZ8=1

1179 IFZ9<3THEN1Z229

1180 LETZ=A%P/E

11960 1FZ<5OTHENIZ21d

1290 LETZ=54

1210 LETZ8=1-EXP(-Z)

iz2ef LETP=INT(RAXEXP(~MxP/E)*7Z8xFP+.5)

1239 AETURN

1240 END

14



VL. USING OTHER ANIMALS OR PLANTS IN THE POP SERIES PROGRAMS

Many teachers will want to substitute a more familiar pilant or animal
for their students to use in their study of population modeling. Again it
is important to emphasize that the POP Series is not designed to give
"correct' answers to population sizes, but is designed to allow students
to investigate several simple population growth models. As long as this
is kept in mind, it is often possible to substitute another organism for
student study.

A good source for appropriate information on plants and animals is
the Fieldbook of Natural History by E. Laurence Palmer.® If this book is
not in the teacher's library, copies may be available in a local library.
Many other natural history guidebooks will also furnish equivalent infor-
mation. To use each of the POP Series programs, the following information
must be developed:

POP1 : Reproduction rate and generation time

POP2 : Reproduction rate, generation time, and
carrying capacity of the environment

POP3 : Above information and low-density mating effect.

Information on the last two factors is always difficult to find.
Carrying capacity is highly dependent on environmental factors and because
of this can vary over a wide range. Figures for low-density mating factors
can occasionally be found in ecology texts. The best procedure may be for
the teacher and the class to make an acceptable estimate for both the equi-
librium population and the population for which there will be low~density
mating problems, after discussing any information they may have been able
to gather concerning the plant or animal in question.

Other animals which may be modeled with the POP Series

NOTE: Not all the animals listed below meet the assumptions of the POP
Series programs as well as the gypsy moth. This will present
few problems if both the teacher and the student are aware
of the basic objective of the POP Series: to introduce the concept
of population growth modeling.

% .
Palmer, E. Laurence, Fleldbook of Natural History.
New York: McGraw Hill Book Company, 1949.

15



POP1 |

ORGANTIEMS

REPRO. RATE#* TIME/GEN. CARRYING CAP, LOW DENSITY
Bacteria 2 20 (min.)
Oyster 10,000%% 1 (year)
Elephant 5 10 (years)
Fruit Fly 250 i2 (days)
POP2
ORGANISMS REPRO. RATE* TIME/GEN. CARRYING CAP. L.OW DENSITY
Paramecium about 2 1 (day) 375 (/ml)
Yeast Cells 2 2 (hours) 665 (/ml)
Sheep in
Australia (have students investigate this) 7 million
POP3
ORGANISMS REPRO. RATE#* TIME/GEN. CARRYING CAP. LOW DENSITY
Muskrat 4 (up to 20) 1 (vear) 300 130
(Estimated)
(The above approximation is based on 150 acres of marsh. Any
figures that seem appropriate for the users' location should
be adopted.)
Heath Hen on
Martha's
Vineyard 5 {up to 10 eggs) 1 (year) 2000 300

Since figures for low-density populations are difficult to
obtain, these figures are based on many assumptions which

may vary from one location to another,

*For sexual species you may divide this number in 2.
#*Actually the oyster can produce over 100,000,000 eggs per year.

16



- VIT. USING MAN AS A STUDY ORGANISM IN THE POP SERIES PROGRAMS*

While many teachers will feel that man should be treated as the study
organism in the POP Series, man was not used because he violates key
assumptions made in the POP Series models (see pp. 4~6)., The assumption
that one generation does not reproductively interact with the next is not
strictly true of man. In addition, man's generations are not distinct as
was the case with the gypsy moth; generations overlap to such an extent
that it is difficult to separate one peneration from another.

While objections to using man in the POP Series are serious, they do

not rule out using man as a study organism provided the students are highly
critical of both the inputs and the results,

Suggested Inputs for POP1, 2, and 3

P(B) = 545 We suggest this number since in the year 1650 there were
approximately 545 million people in the world and all
numbers can be multiplied by one million to contrast
results of model to actual data.

Alternate suggestions for P(®) include P(g)=2, for a
projection of the future population starting off with 2
individuals (1 male and 1 female, of course); or P(f)=3,
to represent the 3 billion persons in the world today.

REPRO.RATE = Select a number based on the students in your class. Re-
member to divide the number of children per family by 2,
as man is a sexual animal. Also take into account the
fact that your students may not be from families that are
complete; that is, more children may be born into these
families at a later date. It might be best to ask: "How
many children do you think your parents will have?"

TIME UNIT PER GENERATION = 35(years).
This figure may seem to be too high, but it is based on
the assumption that many couples have children starting
at about age 25 and are finished with their families by
45 years of age.

CARRYING CAPACITY = ?
Again it will be necessary to talk to your students about
what factors limit man's population and how these factors
are changing. Many scientists feel that man's population
is increasing at a much faster rate than his resources.
Others feel that man will be able to extend his resources in
time to allow his increasing population to exist far into the
future. The ultimate limit to man's population is currently
a very controversial scientific question; so when using PO?2
or POP3 with your students, be sure to stress the hypothetical
nature of the equilibriwn population of man.

*Another HUNTINGTON TWO simulation, USPOP, will attempt to model a human population.
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AT WHAT POPULATION ARE LOW-DENSITY EFFECTS FIRST NOTICED?

The response to this question rests on what convention
you are following for the P(@#). If you are following
our convention, you might reword the question to read:
HOW MANY PEOPLE SPREAD ACROSS THE FACE OF THE EARTH WOULD
BE NECESSARY FOR EASY MATE LOCATION? (Remember to divide
by one million, as in the P(@) convention.) Best results
can be obtained by discussion of this hypothetical ques—
tion with your students.

The last two questions will be important only if you elect to use POP2
or POP3,

Alternate Approaches to Human Population

Using POP1 may make it possible for your students to investigate how
a change in family size could affect the future population size of the
world. This can be accomplished by setting P(#) equal to the current popu-
lation of the world (3 representing 3 billion people), setting time unit
per generation equal to 35 years, and varying the reproductive rate. The
years can be keyed in the following fashion:

Gen, Year

0 1960
1 1995
2 2030
3 2065
4 2100
5 2135
6 2170, etec.

It is important to keep the following considerations in mind when
modeling human pepulations with the POP Series:

1) The POP Series will only give the population inerease
in each generation. It makes the assumption that
the parents of the offspring are no longer in the
population.

As you know, this may have been true when the life
expectancy was very low; but due to the long life
expectancy of man, adjustments must be made in
the answers given by the programs.

2) The POP Series are essentially static programs. The
models on which the POP Series are based assume
ne changes due to limiting factors or low-density
effects other than in the reproductive rate. This
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3)

4)

The

The

means that changes in food production, economic
conditions, and societal structure cannot be
represented. For these reasons the POP Series'
projections might, at best, be valid for only very
short periods of time, because man has created a
world based on change.

POP Series assumes a population with a uniform
age structure. This is definitely not the case
for man. Man's current population structure has
many more young than is accounted for in the POP
Series. This is the reason that even if man
should cut his reproductive rate to 2 children
per couple (1 per person per generation), the
population will continue to rise until at least
the year 2000.

assumptions on which each program of the PQOP
Series is based were given on pp. 4-6., These
assumptions should also be kept in mind.
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VIIT. FURTHER STUDENT INVESTIGATIONS

The POP Series programs are designed with the hope that they will
stimulate interested students to perform further investigations. These
investigations could take one of several paths, but two possibilities
occur to us at the outset.

First of all, some students may wish to research one of the subject
organisms they used in class; if, for example, they used the gypsy moth
they might want to investigate the behavior of the moths in order to
confirm or deny the behavior of the POP Series models. This research
could take the form of either library work or field study, and either
approach could lead to useful reports.

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

The following sections are written for the student and will
attempt to suggest activities with appeal for a wide range of
ability levels. These suggestions may in turn lead to other
student investigations.

A, Basic Investigations

1. Using POP1

a) How does POP1l predict population changes for different
organisms?

In the STUDENT MANUAL there are listed several other
animals that you may want to use for comparisom. The
information you'll need for correct inputs can also be
found on these pages.

If you want to model other animals, yvour teacher may be
able to guide you 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 all your results onto a single graph so that dif-
ferences will be easy to see,
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b)

How would a change in birthrate affect the growth of
a gypsy-moth population as predicted by POPL?

If you have not already done so, carry out the gypsy-
moth investigation in the STUDENT MANUAL. In that
investigation you set the birthrate equal to 15, but
in nature the birthrate is not always constant. For
example, after a very cold winter the birthrate will
be much lower since many of the eggs will be killed;
after a mild winter, however, the birthrate may be
much higher since fewer than the normal number of eggs
will have been harmed by the cold.

To answer the above question, you may have to run
several experiments using a different birthrate
each time. After you have gathered your data,
decide the best way to present your results,

2. Using POP2

a)

b)

How do different carrying capacities affect the behavior

of the gypsy-moth population as predicted by POP2?

If you have not already done so, carry out the POP2
problem in the STUDENT MANUAL. In this investiga-
tion we used a carrying capacity of 500,000 moths.

In reality the carrying capacity must vary from year
to year, because environmental conditions do not re-
main the same. Your job is to investigate how the
POP2Z model reacts to changes in the carrying capacity.

To carry out this investigation you will have to run
POP1l several times, changing the carrying capacity
each time but holding all other wariables constant.

Once you have gathered your data, you may wish to
present it on a single graph for easy comparison.
For this reason it is important to obtain your out-
put in table form; this will give you numbers which
you can put on the same graph.

How does POP2 behave for other animal populations?

You may have already investigated the POP2 model for
population growth of the gypsy moth and wondered if
POP2 would behave the same way for other animals,

In the POPLl section of the STUDENT MANUAL , there is
a table with the necessary information for using other
animals. This table will give vou proper inputs for
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P(0), REPRO. RATE, and TIME UNIT PER GENERATION,
Use a carrying capacity of 500,000 for all your
runs so that you can compare the population growth
(or decline) of these other animals with the be-
havior of the gypsy-moth population.

Present your results for all the animals used,
including the gypsy moth, on a single graph.

(You may wish to plot the number of offspring

on the y-axis and the generation number on the
x—axis; using a different~colored pencil for each
animal will produce a clearer -- and more inter~
esting —— graph.) Since you will need actual
numbers for plotting your graph, be sure to ask
for your output in table form.

3. Using POP3

a)-

b)

How does POP3 behave for other animal populations?

Your teacher can supply you with information on
other populations you can model using the POP3
program. This information.can be found on pp. 15-16
of the RESOURCE MANUAL.

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

Does the carrying capacity affect the minimum
population necessary to maintain a growing
population?

First carry out either the investigation in the
STUDENT MANUAL (p.9), oT the investigation
listed above. Establish the minimum population
that is necessary for growth when the carrving
capacity is 250,000.

To answer the above question (3bh), it will be
necessary for you to run POP3 several times,
keeping all inputs the same each time except
for the input to the question: "AT WHAT POPULA-
TION ARE LOW-DENSITY EFFECTS FIRST NOTICED?"

After you have arrived at an answer to your question,
try to decide if POP3 is accurate in its prediction.
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B. Advanced Investigations

1. Using POP1 - Investigation as to the role of 1life span in
population growth,

Each of the POP Series programs assumes that all the adults
die after reproduction. While this is true of the 2YPsy
moth and several other species (such as salmon) this is
clearly incorrect for many of the more familiar plants

and animals. In this modified investigation, we will

make the following assumption: adults do not die after

one generation but they do not carry out further repro-
duction.

To make the investigation more meaningful, select a slower-growing
species. You can either make one up or use the values for the
elephant in the STUDENT MANUAL (p.2 ). Information for other
slower-growing species can be investigated in the library,

Design the inputs for your sample organism and decide how
many generations the animal will live. Enter your inputs
into the computer and ask for your output in either the
table form or combined form (the table and the graph),
since you will need the actual numbers.

The table will give only the number of offspring produced
for the current generation, not the entire population for
the current generation. To obtain the total population,
it will be necessary for you to add the number of off-
spring for the current generation to the remaining

number of offspring from previous generations.

For example, Organism A lives a total of 5 generations.
The computer has outputed the following information
about an Organism A population:

GEN. TIME POP.
0 0 2
1 1 4
2 2 8
3 3 16
4 4 32
5 5 64
6 6 128
7 7 256
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Total population can be figured in the following way:

GEN 0 2 (since we assume no previous
generations in area)

GEN 1 2-+4=6

GEN 2 2+4+8=14

GEN 3 24+448+16=30

GEN & 2+4+8+16+32=62

GEN 5 4484+164+324+64=124 (the first 2 are

' missing since

they died after 5
generations.)

GEN 6 8+16+324+64+128=248

Your question asked you to investigate the effect of different

. 1life spans (be sure to include a life span of 1 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
yvour data, vou will have to decide on 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 this you will either have to modify the
POPLl program, write a new program, or re-run POP1l for each
yvear. If you select the third option, run POPLl for one
generation, figure out your reproducing population, and
then run POP1l again with P(@) equal to the reproducing
population. The program will give you the number of
offspring for the next generation. By repeating the

above process, vou can obtain the number of offspring

for any number of generations.)

Using POP2 ~ Investigation of the role of carrying capacity in
determining reproductive rate in the POP2 model.

As you may have noticed when you first tried POPZ, the popula-
tion does not necessarily grow at the same rate at the same
times, as it did in POP1. When the population density is far
below the carrying capacity, the actual reproductive rate is
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near the number that you inputted as REPRO. RATE; when the
population nears the carrying capacity of the environment,
the reproductive rate seems to drop.

The reason for this behavior is as follows: The number that
you entered into the computer is called the potential repro-~
ductive rate; this means that this rate can exist only under
ideal conditions. In reality these ideal conditions mever
exist, and there are always some offspring that die. Actual
reproductive rate is therefore always less than the potential
reproductive rate. This is true even in man. In this inves—
tigation you are asked to determine how the POP2 population
growth model relates actual reproductive rate and carrying
capacity.

Procedure

You may elect to run this experiment using the gypsy-moth
example found in the STUDENT MAWNUAL, or you may decide

to use another species as your experimental animal. In any
case the answer will be clearer if you select a species with
a large reproductive rate, as changes in the rate will be
more noticeable.

Once you have chosen your species, decide on the proper inputs
for the computer. A proper investigation will require a number
of runs of the POP2 program. As in the previous investigations,
be sure to keep all inputs constant except for the one factor
being investigated: carrying capacity.

There are several methods of solution; three possibilities are
given below:

a) Try plotting population vs. carrying capacity for a
certain year, e.g., yvear 5. This will not give you
an exact answer, but it will give you an idea of how
carrying capacity affects reproductive rate, since
the higher the population at a particular time the
higher the reproductive rate must have been.

b) Run POP1l and POP2 with the same values for the inputs
they have ia common and plot the results for both runs
on the same graph (population vs. generations). Since
POP1 allows growth without limit and POP2 limits growth
because of carryving capacity, any difference in the
answer between POP1 and POP2 must be due to changes
in the reproductive rate due to changes in the carry-
ing capacity. If you repeat this procedure for many
different carrying capacities, a pattern should emerge.
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c) Figure the actual reproductive rate for each gen~
eration in your experimental run, using the
following formula:

POPnth generation

R =
actual P
in nth
generation

OP(nwl)st generation

¥

where n=1,2,3....

3. Using POP3 - Investigation of explosive and non-explosive
population growths,

If you have carried out the POP2 investigation, you may 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 with the POP2 population growth
model? To convince yourself that there is another kind of
growth model, try modeling a bacteria pepulation (if you
have not already done so). These are the proper inputs:

B(®? 2

REPRO.RATE=? 7.5

TIME UNIT PER GENERATION=? 1 (year)
CARRYING CAPACITY? 500000

NO. OF GENERATIONS? (in this investigation
we will use 20)

OUTPUT DESIRED? (choose the output you think
best suited to answer the
question)

By varying reproductive rate for each run, you should be able
to determine exactly how the reproductive rate influences the
pattern of growth. '
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IX, BIBLIOGRAPHY

Selected Student Text Materials

BIOLOGICAL SCIENCE: AN_INQUIRY INTO LIFE
BSCS (Yellow) 2nd Edition
Harcourt, Brace and World, New York (1968).

Ch.38, pp.734~755: A look at the consequences
of human population growth,

Ch.31, pp.568-570: Exponential growth model
relative to evolution.

BIOLOGICAL SCIENCE: MOLECULES TOD MAN
BSCS {(Blue) Revised Edition
Houghton Mifflin Company, Boston (1968),

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

BIQLOGICAL SCTIENCE: PATTERNS AND PROCESSES
BSCS Revised Edition

Holt, Rinehart and Winston, New York (1970).

p.36: Explosive exponential growth.
pPp.55-60: Population graphing exercise.
BIOLOGY: AN INQUIRY INTQ THE NATURE OF LIFE

Weinberg, Stanley
Allyn and Bacon, Boston (1971).

Pp.243-545: Logistic model development.

pPP.»27-530: Human population explosion.

NOTE: Most texts have appropriate background materials in the sections

indexed under populations.
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College Texts

-

Allee, Emerson, Park, Park and Schmidt
PRINCIPLES OF ANIMAL ECOLOGY
W. B. Saunders Publishing Co., Philadelphia (1971).

Especially Section III: Populations, pp.263-419.

Andrewartha and Birch
THE DISTRIBUTION AND ABUNDANCE OF ANIMALS
University of Chicago Press, Chicago (1954).

Especially Part IV, pp.557-663,

Gause, G. F.
THE STRUGGLE FOR EXISTENCE

Hafner Publishing Co., New York (1969).

Keeton, William
BIOLOGICAL SCIENCE, 2nd Edition
W. W. Norton and Co., New York (1972).

Especially pp.648-656,

Odum, Eugene
FUNDAMENTALS OF BECOLOGY, 3rd Edition -
W. B. Saunders Publishing Co., Philadelphia (1971).

pp.106~138: Limiting factors
pp.162-228: Populations
Slobodkin, Lawrence :

GROWTH AND REGULATION OF ANIMAL POPULATIONS
Holt, Rinehart and Winston, New York (1961).
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Periodicals and U. S. Government Publications

HERE COMES THE GYPSY MOTH by Jean George
Reader's Digest, March 1972 (p.49)

condensed from The (Conservationist (Feb.- Mar,'72 issue)

GYPSY MOTH CONTROL BY THE SEX ATTRACTANT PHEROMONE
M. Beroga and E, F. Knipling
Science, Vol.177, No.4043, p.19 (1971)

THE GYPSY MOTH

Program Aid 910
United States Department of Agriculture (1970)

Washington, D. C.

THE GYPSY MOTH FACT SHEET

Research Service
United States Department of Agriculture (1970)

NOTE: There have been many articles on defoliation
in local papers throughout the infested areas.
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