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INTRODUCTION

The ultimate goal of the US IBP Grassland Biome project is to gain a
sutficient understanding of the ecosystem to permit the construction of a
mathematical model and sSubsequent simulation of the system's functions.

The small herbivorous mammals are a conspicuous element in the grassland
ecosystem and presumably exert a gignificant role in the functioning of the
ecosystem. The small mammal modeling effort has as a primary objective the
delineation of this role,

small herbivorous mammals form one of several arbitrarily-separated
groups which have been designated as primary consumers on the Pawnee Site
of the Grassland Biome. The small-herbiverous-mammal complex on the Pawnee
Site is made up by about 25-30 specles, ranging in size from 40 g mice,
through 1,000 g prairie dogs, to 3,000 g jackrabbits., Eleven of these 25-30
small herbivores have been selected for study, the selection being made on
the basis of estimates and opinions of relative densities, with the hope that
the majority of the small mammal biomass will be included in a model simulating
the demographic behavior of the 11 species. Eight of the species are rodents, and

three are rabbits or hares.

APPROACH TO THE PROELEM
One of the goals of a recently completed Information Synthesis Project in
the Grassland Biome was to form an initial understanding of the nature and
cxtent of the role of small herbivorous mammals in the functioning of the
Grassland Biome. The information would have been used as a conceptual core for
initial modeling efforts, Although the general nature of a number of plant-

animal interactions was described in the synthesis effort, two facts were
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clearly evident: first, both the nature and extent of the role of small
herbivorous mammals in the functioning of the system depends on periodic changes
in animal speciation and changes in density of the dominant animal species:
second, changes in speciation and changes in density are frequently caused by
changes in the ecosystem, principally in the composition and condition of

the wvegetation. 1In a very real sense, the role of the small herbivorous

mammals in the functioning of the grassland ecosystem depends in part on the
impact of the ecosystem on the small herbivorous mammals.

Thus, the primary producers and primary consumers are linked by sets of
negative- and positive-feedback loops, with the function of each influenced
partially but not completely by conditions in the other. Since both the plant
and animal complexes are in constant states of change, the problem of building
a model seems to become one of locating a reference point where sufficient
information is available to frame a conceptual mechanism of function. Since
biomass (or density) seems to be the single most important element in the role
of small herbivorous mammals in the functioning of the ecosystem, the basic
problem in the small mammal complex becomes one of explaining the causative
factors responsible for observed densities.

The small-herbivorous-mammal modeling effort has been attacked initially
as a problem in defining the role of the ecosystem in the biomass dynamics of
the small herbivorous mammal populations. The approach taken in the initial
modeling effort is to describe the nature and extent of feedback locps from
the environment te the animal populations, Subsequently, by using the plant-
to-animal side of the feedback loop as a reference point, the remaining side
of the loop, i.e., the effect of small herbivorous mammals on the ecosystem,

may be more explicitly described.
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CONCEFT OF THE INITIAL MDDEL
Functional Concepts

The fundamental ecological problem can be simply stated: why does there
exist, at any glven place at any given time, a certain biomass or density of
animals? If animal populations maintained static densities, the explanation
would be greatly simplified. But in most populations, densities change
through time and space. Explanations of intrinsic densities thus must include
explanations of short-term fluctuations. The philosophy upon which we have
based the conceptual mechanism that would explain short-term fluctuations is
summed up by Lucas (1964):

"An argument which seems not to be resolvable is whether the

real universe has some truly random aspects, or whether the

real universe i1s completely deterministic. The concept of

randomness may have evolved simply as a device to cope with

ignorance about the causes of events. Such ignorance can

certainly make some things appear to be random. It seems

clear enough, however, that the real universe, if not completely

deterministic, has a core of deterministic features. Such must

be so; otherwlse science would be fruitless.'

A number of basic deterministic concepts have been published which are
intended to explain the causative agents responsible for population fluctuation,
any of which could perhaps form the nucleus for a demographic and life-history
simulator. However, for the initial modeling efforts, three conceptual
demographic mechanisms have been selected for inclusion in the model's functions.

The core of the model is based on the concept of Wagner et al. (1965),
who delineated the mechanisms of short-term fluctuations into two separate
entities, population balance and population mean density: (1) Balance (the
tendency of a population te return to & mean density following a departure

from mean density) 1is achieved by causative agents whose influences are related

to the density of the population; (2) Differences in mean density between
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geographic areas may result from causative agents whose influences are independent
of the population's density; and (3) Mean density in any given area is achieved
by the combined action of factors influenced and factors uninfluenced by the
population's density. The Wagner conceptual mechanism is particularly relevant
to this study because specific demographic behavior is related to a broad
category of regulating factors which include the condition of the habitat.

The second concept which seems to be relevant for developing a simulation
model appropriate for the entire Grassland Biome is that of Mullen (1968),
who proposed the severity of action of within-population factors (in achieving
population balance) increases with decreasing latitude. By deduction, Mullen's
concept supplies a perspective that the role of the ecosystem in the functioning
of small-herbivorous-mammal populations may vary with latitude, and thus in the
more southerly grasslands where density-dependent mechanisms may exert pronounced
balancing influences, the ecosystem may exert little effect on variations in
densities of small mammal populations. Exactly where the Pawnee Site fits into
this latitudinal framework will be one of the initial analysis goals of the
simulation studies.

The third concept which has been built into the model has been considered
In different forms by a number of authors, including Ricker (1954) and Salt (1967).
The concept inveolves a security density below which the effects of a detrimental
pracess normally no longer are effective. Although the mechanism is viewed as
being basically functional between predators and prey, populations may reac: in

a similar fashion to other environmental variables.

Integration Framework
The conceptual mechanisms of Wagner et al. (1965), Mullen (1968), and Salt

(1967) have been integrated into a general functional framework (Fig. 1} according
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to a basic natality-mortality-density conceptual mechanisms first developed by
Leopold (1955) and further developed by Gross (1969). 1In Fig. 1. specific-
natality rates and specific-mortality rates are shown to be primarily functions of
population density. According to our review of the small-herbivorous-mammal litera
ture, specific-natality rates in natural populations tend to remain relatively
constant over a wide range of densities. We therefore deduced that changes in
specific—mortalicy rates contribute the primary dynamic properties of small-
herbivorous-mammal populations. Thus in Fig. 1, specific-natality rates for a
given latitude hold constant with changing population densities while specific-
mortality rates change with changes in population densities.

The foregoing basic pattern is altered by several factors. First, specific-
natality rates of many small herbivorous mammals typically change with changes in
latitude. Thus, latitudinal changes in specific natality rates (and corresponding
changes in specific-mortality rates) are included in the framework. The concept
of Mullen (1968) is included as latitudinal variations in the response of specific-
mortality-rate changes to changes in population density, and thus as latitudinal
changes in the magnitude of density fluctuation. The increasing influence of
density-dependent mortality dampening tends to dampen population fluctuaticns
as geographic locations occur nearer the equator. The concepts of Wagner et al.
(1965) are included in three framework perspectives: mean density tends to he
higher in good hahitat and lower in poorer habitat (habitat-dependent variation
in mean density), the magnitude of populatien fluctuation tends to be greater
in good habitat than in poorer habitat (habitat-dependent variation in
magnitude of density fluctuations) and the rate of population change rends tu be
greater in good hablitats than in poor habltats (habitat-dependent changes in ner
production). The concept of Salt (1967) is included as positive net production

that chauges little in the lowest density ranges.
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PROCESSES OF THE SIMULATOR
Simulation Functions

The initial problem in developing the demographic simulator was one of:
(1) constructing a bookkeeping mechanism with sufficient sensitivity and
complexity to realistically process initial system—condition data; and (2)
outputting reasonably realistic numerical behavier of real-world populations
from which the initial system—condition data were gathered. Both of the
foregoing preblems were resolved by feeding blocks of discrete initial-system-
condition values into a stepwise or time-segmented information pProcessor
tAppendices A, B, and C).

The basic demographic mechanism to be simulated and the primary initial
system—condition information to be gathered are shown schematically in Fig. 2.
The demographic mechanism consists of: (1) a certain number of individuals
that enter the simulation period (one vear) and thereafter die off at certain
rates; and (2) a certain number of new individuals that are produced during the
simulation period and subsequently die off at certain rates. Initial svstem
condition information include data on periodic adult demsities and periodic
production. When properly processed, the initial system condition should provide
valid periodic caleculations on: (1) adult numbers, (2) juvenile numbers, (3)
total numbers, and (4) total numbers dying (Appendix D). When secondary initial
system condition information, {.e., age-specific weights, food consumption, and
fecal production are supplied and integrated with initial svstem condition
information, basic energy transfer information into and cut of the small mammal
complex is calculated (Appendix D).

The ability of the simulator to faithfully duplicate the behavior of the

real-world population is determined by comparing measured final system



congitions with simulated final system conditions., Two final-system-condition
parameters are being used in the initial model to check the bhehavior of ti.
simulated system: (1) total numbers of animals alive at or near the end of the
simulation period, and (2) percentages of juveniles in the population during

and following the reproductive season.

analvtical Functions

The basic functioning of the simulator is built around parameters chat
can be negsured with reasuvnable accuraecy in real-world populationms. However,
soume parameters which constrain the behavior of the population (particularly
juvenile moriality rates) and the nature and extend of the feedback mechanisms
between plant and animal complexes are difficult if not impossible to measurc in
the field. Thus, Initial synthesis functions of the simulator will be to
supply information that cannot be measured or to generate optimum or maximum—
likelihood combinations of variables that will produce known final-system
conditions. Initial analyses will involve the generation of juvenile mortality
rates that will produce age ratios measured in real-world populations, and then
correlation of the mortality pattemrms with changes in weather wariables thar are
suspect of influencing Juvenile survival.

Finallv, the simulator will {nclude analytlcal mechanisms tor delineating
the role of certain environmental and population facters In the functicning o!
Llie small manmal populations. The initial effort in this area revolve: arvund
the rele of cutrition in reproductive dynamics, and will be pursued through a
suomodel that calculates various nutritional interactions between animal papula-
tions and between each animal population and plant populations (Appeudlces E, T,
annd G}. TInitlal svstem conditions for the submodel are dietary composition of
each animal species, availability in the field of items in the diets, and

population information calculated in the demographic simulator.
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APPENDIX A

INPUT DESCRIPTION--PROGRAM SMAMMAL

Columns Variable Description

CONTROL (315)
1-5 NSP Number of species to be simulated (<15)
6-10 NYR " " years L . (<10}

11-15 NLONG 1f NLONG is greater than 0, all output will be
inhibited except plots of biomass and density
for the species with index NLONG

16-20 MSPLT 1f MSPLT is greater than 0, all cutput will be
inhibited except plots of biomass and density
for all species.

SPECLIES NAMES (BA10)
1-16 NAME(1) Alphameric identifying name for specles 1

11-20 NAME (2) . " LA LI

71-80 NAME ( 8) " . B "B

Second card (if NSP=8):
l_lD NA}E{Q} P L1} LE] [A] P g

11-20 NPLH:E(].].} " " " " " 10

NS5Pth 10 cols NAME(NSF) it i oo " NSP
INDIVIDUAL PARAMETER PRINT-OUT CONTROL (1515)
1-5 IBOP If IBOF is greater than 0, BOP is printed out.
6-10 TPAQUT If IPAOUT 4s ™ " " PAOUT is printed our.

11-15 IPJOUT If IPJOUT " ™ "' o pyour " "

16-20 LPTOUT " IPTOUT " " "o prouUT " e o

21-25 ICON " rcow oo™ "M CON o i

2630 IFEC “ IR M W " " FEC et i

31-35 IDEAD " IDEAD " b " " DEAD M i Y

Jb-40} LTARII " LARJT " "o ARTI L "

41-45 MOAT " MOAL il n "' MOAJ will he executed#®

FIRST WEEK OF BREEEDING SEASON {1515)

1-5

6-10
11-15

*

*

71-75

IBP(1) first week of breeding season for species 1
(from Jan 1-7)

1BP(2) first week of breeding season for species 2

IBF{B} 1] i L1 L1 1] L1 L1] 3

IBP{J—SJ n m L1} ] n ] L1} 15

*Routine MOAJ should not be used until proofing is accomplished.



ANGTH OF BEEEDING SEASON

1-5 LBP(1) length
6-10 LBE(2) "
11-15 LBP(3) =
71-75 LEP(15) "
LENGTH OF WEANING PERIOD
i-5 LW{l) age in
71-75 LW(13) won

LENGTH OF FIRST JUVENILE PERIOD

1-5 LIP1(1)}
71=75 LIP1{15)
LENGTH OF SECOND JUVENILE PERIOD
1-5 LIP2(1)
6-10 LIPZ(2)

71-75 LIJP2({15)
LENGTH OF THIRD JUVENILE PERIOD
1-5 LIP3(1)

E-10 LIBE3(2)

7175 LIP3(15)

LENGTH OF FOURTH JUVENLILE PERIOD

1-5 LIP4(1)
6-10 LIP&(2)
?1:?5 LIP4(15)

NOTE:
adults at age PIW(I).

ry

length

length

length

length

LIP1(I)+LJP2(1)+LIP3+LIP4 = PJW(I) =< 52,

(15I5)
in weeks of the breeding season fur sped.os
" i L1 n i n " 1 2
" L1 L1 L1 ] LL] L1] r Pl 3
11 L1} ir rr (1] L] mn N} 15
(1515)
weeks at weaning of species 1 juveniles
L L1} " rr L1} 15 L
(1515)
in weeks of first juvenile period, species |
L I LLI L1} i 1] FF J..J'
{151I5)
in weeks of second juvenile period, species 1
11 L1 L1 " " n " 2
L1} L1 " 111 L1 1] " 15

(1515)
weeks of third juvenile period,
L1}

Li [ T '

species
i

(1515)
in

L1 FF A L1] 1]

Animals are assumed to become

q

weeks of fourth juvenile period, species 1
" i "

15
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AGE OF JUVENILES AT ATTAINMENT OF ADULT WEIGHT {1515}

1-5 PJW(1) week of age that juveniles reach adult weight, species 1

EI-].U Pm{z) L1] L1 L1 T 1] ] L1] " i 2

?1;?5 PJH(].S} It L1 i 1L} 4] " 1" L1 L 15

CRITICAL POPULATION DENSITY (15I5) (Used with routine MOAJ)

1-5 PAC(1) density above which population growth is constrained,
species 1

6-10 PAC(2) density above which population growth is constrained,
apecies 2

71-75 PAC{15) density above which population growth is constrained,
species 15

CRITICAL JUVENILE

CARD 1
1-5

6-10

71-75
CARD 2
15

6=10

71-75

AGES WITHIN WHICH PAC IS EXECUTED (15I5) (used with

LCI(1) Initial week when population control is
species 1

LCI(2) Initial week when population control is
species 2

LCI(15) Initial week when population contrel is
species 15

fused with Toutine MOAJ)

routine MOAJ)

applied,

applied,

applied,

LCE(1) Final week when population control is applied,
species 1

LCE{2} Final week when population control is applied,
species 2

LCE(15) Final week when population control is applied,
specles 15

NOTE: LCI and LCE values must coincide with beginning and end of one or
several combined LJP periods.



END OF HIBERNATION

1-5 NLWH(1)
6-10 NLWH {2}
71-75 NLWH(15)

START OF HIBERNATION

1-5 MEFWH(1)
6-10 NFWH(2)
71-75 NFWH{15)

JUVENILE WEIGHT-AT-AGE

(1515}

week when hibernation ends for species 1
I L1 n L1 L1} i 2

(leave blank if species T does not hibernate)

week when hibernation ends for species 15

(1515)

week when hibernation starts, species 1
L1} L1} " (] L1} 2

{leave blank if species 1 does not hibernate)

week when hibernation starts, speciles 15

(15F5.0)

BLOCK 1: species 1 juvenile weights-at-age

CARD 1

1-5 WI(1,1)

G-10 Wi(1,2)
71-75 WI(1,15)
CARD 2

1-5 WJ(1,16)
71-75 WJ(1,30)

mean welght of animals aged one week
" " " " " two weeks

1" L1 L L1 LA 15 WEEkE

L1] " " (A1 AL} lﬁ WEEkF‘-

LL L1} ke 1 L1} 30 weeks

NOTE: Use only enough cards to read in LJ(1) values)



-

-

welghts—at-age

mean weight of animals aged one week

Use only encugh cards to read in LJ(2) wvalues.

Species NSP juvenile welghts-at-age

BLUCK Z: species 2 juvenile
CARD |
i Wi(2,1)
n—1i Wl(2,2)
7175 WI(2,15)
CARD 2
1-5 WI(2,16)
711-75 WI(2,30)
NOTE:
SLOCK NSP:
CARD 1
1-5 WI(NSP,1)}
J1=-75 WJ(NSF,15)
S0TE:

mean weight of animals aged

Use onlvy envugh cards te read in LJ(NSP) values.

ADULT WEICGHTS

-5

Hi-10

il=15

WWWVENTLE FDOD CONSUMPTION-AT-AGE

WA(L)
WAL2)

WA(L1S)

(15F5.0)

twa "

15 weeks

16 weeks

30 weeks

one week

15 weeks

weight of an adult of species 1

] i AL " "

(15F5.0)

i

15

slecks of cards in same format as above; each block contains for one species thoe

mean food consumption per week of juveniles of each week of age.

SLOCK l: species 1 juvenile
CARD 1
1-5 CJ(1,1)
7i-75 2L 1 15)
I Hev oomly ennugl cards

food consumption rates

weekly food consumption by an individual aped 1 week

te redad In LI(1) wvalues.

15 weeks



BLOCK Z: species 2 juvenile food consumption rates

CARD 1
1-5 CI{2.,1) weekly food consumption by an individual aged 1 week
71-75 CI€2,15) o " " " ! " " 15 weeks

NOTE: Use only enough cards to read in LJ(2) values.

BLOCK N5P: species NSP juvenile food consumption rates

CARD 1
1-5 CI(N5P,]1) weekly food consumption by an individual aged 1 week
711-75 CJ(NSP,15) " " " e " " 15 weeks

HUTE: Use only enough cards to read in LI{NSP)} wvalues.

ADULT FOOD CONSUMPTION (15F5.0)
1-5 CA(L) weekly food consumption by an adult of species 1
?1_?5 Cﬂ(lj) LA L1} i L1} " LL] L1 L1] 15
JUVENILE FECAL PRODUCTION-AT-AGE (15F5.0)

Blocks of cards in same format as above; each block contains for one species the
mean fecal production per week of juveniles of each week of age

BLOCK 1: fecal production rates by juveniles of speciles 1

CARD 1
1-5 FI{1,1) weekly fecal production by an individual aged 1 week
?l“?fl FJ{].-J.E] L 1" L1 A r " ti 15 WEEkE

NOTE: Use only enough cards to read in LJ(1) values at 15 values per card)

BLOCK 2: fecal production rates by juveniles of species 2

CARD |
1-5 FJ(2,1} weekly fecal production by an individual aged 1 week
?];?5 FI{2;15] . L " i W M " 15 waeks

#OTE: Use only enough cards to read in LJ(2) wvalues.



BLOCK NSP: fecal production rates by juveniles of species NSP

CARD 1
| - 1-5 FJ(NSP,1) weekly fecal production by an individual aged 1 week
71-75 FJ(NSP,15) " " " wen " = 15 weeks

NOTE: Use only enough cards to read in LJ(NSP) values

ADMLT FECAL PRODUCTION (15F5.0)
1-5 FA(L) weekly fecal production by an adult of species 1
?l_?i FA{].S} (1] (1] (1] n L1} (1] "W L1} 15
JUVENILE SURVIVAL CURVE SLOPE PARAMETER (15F5.0)

There are 4 cards; each card contains the expomential coefficlents of decrease in
survival rate with density for one juvenile stage for all species.

CARD 1: survival curve slopes for first juvenile period

1-5 DDM(1,1) slope coefficient for first juvenile period, species 1
6-10 DDH(Z.]_] " " T T " " v 2
_: L1] n L1] L1] P " i
s 71-75 poM(15,1) 15
CARD 2: survival curve slopes for juveniles for second juvenile period
1-5 PDM(1,2) slope coefficient for second juvenile stage, species 1
ﬁ_lﬂ Dm{z.z} 1 = n " n L1 ¥ 2
71-75 DDH{I_S,Z} i " " " " " " 15
CARD 3: survival curve slopes for Juveniles for third juvenile period
1-5 bDM(1, 3) slope coefficient for third juvenile atage, species 1
6-1ﬂ DDH{Z, 3] e n n " n LL} [T} 2
71=-75 Dm{lﬁ.j} "w " 1] 1 " " " 15
LCARD 4: survival curve slopes for juveniles for fourth juvenile period
1-5 DDM(L,4) slope coefficient for fourth juvenile stage, species 1
4-10 DDH(Z,':#} " L n n " " " 2
FL= UDM{15,4) H " " " " " vo1s



JUVENILE DENSITY DEPENDENCE THRESHHOLD

(15F5.0)

There are 4 cards; each card contains the total specles biomass necessary to
cause survival rate in a juvenile stage to begin to decrease with further

total biomass increase

CARD 1: threshhold biomass necessary to
in first juvenile period
1-5 BCO(Ll,1) threshhold
species
6-10 BCO(2,1) threshhold
species
71-75 BCO(15,1) threshhold
species
CARD 2: threshhold hiomass necessary to
second juvenile period
1-5 BCO(1,2) biomass
6-10 BCO(2,2) " #
71-75 BCO(15,2) " !
CARD 3: chreshhold biomass necessary to
in third juvenile period
1-5 BCO(1, 3) bilomass
6-10 BCO(2,3) h
71-75 BCO(15,3) e &
CARD 4: threshhold biomass necessary to
in fourth juvenile period
1-5 BCO(1,4) biomass
6-10 BCO(2,4) 5 "
71-75 BCO(15,4) - "

LOW DENSITY JUVENILE SURVIVAL RATE

for second period
i

initiate density dependent mortality
biomass for first period of Juvenile,

1

biomass for first period of juvenile,
2

biomass for first periocd of juvenile,
15

initiate density dependent mortality in

of juveniles, species 1
" L1] " 2

15

initiate density dependent mortality

for third period of juveniles, species 1
L1 L1} "

L 2

15

initiate density dependent mortality

for fourth period of juveniles, species 1

L1] L 2

15

{15F5.0)

There are 4 cards, in same formar as above; each card contains the low
density weekly survival rates of juveniles of one stage for the species

CARD 1:
1-5 s0(1,1)
6-10 S0(2,1) "

low density weekly survival rates for first juvenile peried
survival rate for unweaned juveniles, species 1

L) Ll L1 i " 2



~ 71-75 50(15,1) survival rate for unweaned juveniles, species 15

CARD 2: 1low density weekly survival rates for second Juvenile period

1-5 50(1,2) survival rates for second juvenile period, species 1
ﬁ-lﬂ 50(2,2} L1} mn 1] n 4] " L1} 2
?l-?E 50{15,2} " LLI I " LL| " Ul 15
CARD 3: low density weekly survival rates for third Juvenile period
1-5 80(1,3) survival rates for juvenile period, species 1
6-10 53(2,3} " " " " " 1 2
?1‘_?5 80{15,3} [1] L 1] (1] [1] 1] L1 15
CARD 4: low density weekly survival rates for fourth juvenile period
1-5 50(1,4) Survival rates for fourth juvenile period, species 1
ﬁ_lﬂ Sﬂ (E’ﬁ‘) m i (] L1] n L1} n 2
?1—75 50[15'&} L1 L1 L1 LA rr " T 15
N
COMPETITION MATRIX (15F5.0)

There are NSP cards. The ith card should contain the relative value of a unit
of biomass of each other species in affecting survival rates of juveniles
of species 1.

CARD 1: relative effects of biomass of other species on survival rate of weaned
Juveniles of specles 1

1-5 COM(1,1) (leave gll 1,1 positions blank)

6-10 COoM(1,2) effect of unit of spcies 2 blomass on specles 1
survival

71-75 COM(1,15) effect of a unit of species 15 on species 1
survival

CARD 2: relative effects of other species on species 2

1-5 CoM(2,1) effect of a unit of species 1 biomass on species 2
survival
6-10 CcoM(2,2) (leave all 1,1 positions blank)
11-15 coM(2,3) effect of a unit of species 3 blomass on speices 2
survival



71-175 COM(2,15) effect of a unit of species 15 bilomass on specieg 2
survival

CARD NSP: relative effect of other species on species NSP

1-5 COM(15,1) effect of a unit of species 1 biomass on specles 15
survival
6~-10 COM(15,2) effect of a unit of species 2 biomass on species 15
survival
71-75 COM(15,15) (leave blank)
ADULT POPULATION ESTIMATE (I2,4F10.0)

Each card should contain two estimates of adult population density (at two different
weeks) for one species. The two estimates are used to calculate weekly adult
survival rate. Cards need not be in order.

CARD FORM: (There should be NSP cards, one for each apecies)

1-2 IND index or number of a species
3-12 Pl first (early) adult population estimate for the specles
13-22 P2 second (late) adult population estimate for the specles
23-32 Wl week of first population estimate (from Jan. 1-7)
33-42 w2 week of second population estimate (from Jan. 1-7)
ADULT SEX RATIO (15F5.0)
This program version assumes that sex ratic of adults is constant over time
1-5 SR(1) sex ratlo (females/males) for species 1 adults
?l‘?i Sﬂ[li} L] L] L1} " L1] n 15 L1}
REPRODUCTION CONTROL (I5)
1-5 IREAD If new seasonal birth patterns &re to be read in

for each year, set IREAD=1. Otherwise, leave
card blank. If IREAD=1 then card sequences #24
and #25 must be repeated NYR times, with each
sequence containing reproductive rates for one

Vear.
PROPORTION BREEDING (15F5.0)
There should be NSP blocks of cards, each block containing the LBP(I) weekly values
of birth rate for species I females, 15 weekly values per card. 'birth rate"

is defined here to be the proportion of females actually giving birth during
a waeeael,



BLOCK 1: weekly birth rates for species 1 females

L CARD 1
L-5 PB(1,1) birth rate during week 1
71-75 PB{1,15) birth rate during week 15

CARD 2:
1-5 PB(1,16) " " " " 16

NOTE: Use only enough cards to read in LBF(1) values.

CARD 1

1-5 PB(2,1) birth rate during week 1
71-75 PB(2,15) " M e " 15
CARD 2

1-5 PB(2,16) " e "ol

NOTE: Use only enough cards to read in LBP(2) wvalues.

— BLOCK NSP: weekly birth rates for species NSP females

CARD 1

1-5 PB(NSF,1) birth rate during week 1
71-75 PH(NSP,15) " " " " 15
CARD 2

1-5 PB(NSP,16) o g4 o " 16

NOTE: VUse only enough cards to read in LBP(NSP) cards.

WEEKLY LITTER SIZES {15F5.0)

Format as above. There should be NSP blocks of cards, each block containing
the LBP(I) weekly values of mean litter size for species I, at 15 values
per card. "litter size" is here defined to the mean number of young
actually born per female that actually gives birth during the week.

BLOCK 1: weekly litter sizes for specles 1 females
CARD 1
1-5 SLT(1,1) litrter size durlng week 1 of breeding season



— 71-75 5LT(1,15) litter size during week 15 of breeding season

CARD 2
1-5 SLT(1,16) " " " "1 M " "

NOTE: Use only enough cards to read in LBP(2) values.

BLOCK NSP: weekly litter sizes for species NSP females

CARD 1

1-5 SLT(NSF,1) litter sizes during week one of breeding season
71-75 SLT(:\'SP .lj} " " " "o1s T i T
CARD 2

1-5 SLT(NSP,IE} 1" n " " 16 " L] "

NOTE: Use only enough cards to read in LBP(NSP) values

POPULATION AGE RATIO (15F5.0)

Format as above. There should be NSP blocks of cards, each block containing the
ARJ1(I) weekly values of percentage of juveniles in population for species
I, at 15 values per card, and total potential of 52 values.

BLOCK 1: Age ratio values for specles 1

- CARD 1
1-5 ARJI(1,1) percentage of juveniles in population, week 1
ﬁ_lD ARJI(].,E] n " n n " " 2
?l—:"_":l ARJI.{J...J.E} L " n 1 n " 15
CARD 2
1=2 ARJI(1,16) A " " " " " 16
2t 6=10 mIEl,l?} " 11 " 1] 1 " 17
71-75 .FLRJI(l,BD] " " " " " T 30
CARD 13
1_5 ARJI(].-.J].} H . n " LL} 0 31
6-=10 ARJI{I,32} " 1] 1" 1" 1] =t 32
?l_?rﬂ ERJI(IJJFS) " L i L1} T " I‘S



CARD &

1-5 ARJI(1,46) percentage of juveniles in population, week 46

6-10 ARJI(1,47) " . " " " "o47

31-35 ARJI(1,52) il " " " " " osg
BLOCK 2:

Same as BLOCK 1



APPENDIX B
FORTRAN Listing for PROGRAM SMAMMAL
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114P:1ﬁ]qLﬂPiLH].PDIIﬁtﬁdliﬁﬂiIb}-ﬂftlh},lUUH{IHIer[lﬁlh
fLJ[lhluHi-Lﬂtlk!:FJrlb|:£IrFAllHIrJJEIH-bEJIHﬂilﬁ}r
JFJ!I:'HHP!PH[lﬁiiLJrJBﬁwpﬂHLPiihllHUﬂlihii HuJdt1lS)
Hﬂﬁhﬂ13f}1UU1{Ihllﬁl,UUN[15|‘F1ﬂCUI]514libuflbi*|l
1JUVHILHJ|ELT‘15!5&}1Ptﬂilbnﬁd}1CuNt1=l53}!Nﬂﬂtilﬁﬁi
hLJPHElel“TﬂUTtlthPIIPHUUTllﬁlﬁﬂitBTJl15}|5ﬁUDIIU}!
FPJHILﬁ;-PJHUTIIH-hajtﬁﬂlibltdﬂﬁtlbtbdllﬁJﬂllirilr
”in15!“81thﬂiibtﬁdquUHJtlﬁibEj-NLHH{IBJ-NFHHilﬁll
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b inap ok U, 99999 sTOR
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rhad lide (amMe (1) ezl snse)

HEAL lHHIlHﬂpu[PHUUT!IPJUUTthFﬂUF.ICUNgLFLﬁ.lutﬁu,IAHJI;HHﬁ}

REad Lade LIHP (T eIz aiisP)

e lﬂﬂ*iLHF{Ill[=1IN5Hl

HEAL LUGs {LWlL)el=1aN3R)

HEAL Lpde (LJP1I (T2l snsE)

HEALD Lt e (LIP2 e ]2l emSF)

rEA LO0s L JFA (T el vrisF)

FEA Lide tLIFa (1) elzlensH)

FEAL LiuletPrdwil)eley enNsP)

MEud Lole(PACE])el=yaisP)

HEAL L0 LCI T eIz ok )

HE &L Lute (LCE( T el eNSP)

HEAU Lune (i wH{T)eTelenSP)

HEuu Lathe (MFWH (T g1=l NS

v 2l [=lelygP

LAtLli=|FTawPdwi]))

Ll i)

HEou Lody fd gl fyd) eg=leiLi)
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Lulelwdtlyelzs] NP

L= 1 wiusH
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! ;"h||-ii:‘|!]'Lu}
bpbatio i al=1,M5F)
= R

(11

Lile Pt g wa=lep

Lyls lFA(T)el=] N5
L=t wu

Ll inM Tl a1=lensPy
| =1 sta

Ll ICU [T wl) wr=]leNSr)
L=l e

LyletaulisLlrIalonse)
=l aigsp

lyleiCUMITpd) o =l enNSF)
=| yMEP

L4 L snPiePlacil v

SALINU = iPesPLIRe ] S ine=nl]))
FALNU ) =Rl (Sa(IND) a®w])

HAKEF
k=l

AR

3 I A
mE
mEau

L uwdgee 4]
L Tk
[FIVE N |
IFqlv

[

T
FHIMNT

HH T
FRTMNT

R e
FHlw]

Ll ELE |
BPHIAT

Fe T
FHImnT
BT T

He T

e [T

e AN

Hed Tia T
FHT T
PH|W1

] LFLLY
Ll ad

LF L
el = e

flmb)=FA | T

i1

d=1 el

Y =St

Lyl e tSROLY el NSF)
Lgus [ =EAL
Mgl HTTION LR L X T
Ay

il LyH=lgymyr
HeaT, 1) GO TO wu

LT ouT CcoMTRO) INFORMATIUN UF FIRST

AUy INBME ([ o721 aNSP)
Aubei ITHR(]) 1=l 4NSH)
cleel LHP [} ,1=2]4NSP)
SUss i Lwil)lsj=EleNSP)
EN3alLJdPl ([} o7l eNSP)
20U e (LJPZ2(]) 12l 4NSP)
1B (LJPI(1) 41=] 4 NSP)
elToildPatlrer=laNSPy
flds (LaiTieTalenNSP)

les (NLaH(]) s 1=]l e NSP)
Elas INFuriIler=laNSP)
AUfel  wWh{I)a1=laNSP)
20nat Calllarely NSPF)
il Falllap=lensF)
ZlUst sa(ll.r=laeNSPy
ellei PATllaT=]aN5F)
Aldel BRIL),1=14NSF)

Falalafnh g JREADLEW.D0) U TUu ~l

=1l «nsSP
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W3s302T0

ITEHATIUN
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SMamMmAL

b2
€9

b1

bg

a2n

C #eges

C #eghs

HNG
Hln

2y
2g

blR

U0 82 ]=1snSP
LL=LHM ()

HEAU LOLle(SLT(IvJ)o mlioll)

o 990 JT=i,NSE

FUHTHAN EXTENDFL VERSION 2.0
ox REAU l0Lle(PB{IleJd)edmloLl)

HEAU LOLe(ARJI(LoNwK) sNWKm] 452)

LunTINUE

Ul 59 [mlsnsP
IDUM i) =D
JUVA(L)mO,
LU0 82U NwKka]*s?
OMwh (WK ) ml,
FECINUynwK) a0,
LﬂNlNU'NNﬂ}Iu.
FTOUT (NOsNwK ) m( 4
FAQUT (NOPNWK ) m(,

03s30/70

1le

FJOJT (NOeNwK )=,
VEAU (NO yNWK ) m0 ,
HUwT®=y,

UU o620 Jm]4NO
CONJ{JeNWK ) =m0,
CONTINUE
aug=,05
SIMULATION
LD L0 Im]sNSP
Li=l

LITADJmO
VIFF=9,
UIFREFm,99
SIMULATION
O TU K10
LI=LLL

U0 10 Nwhs_Ts52

IF({Ll1+EQs1)G0 TO 25

LLmb[+NAGE () =]
U0 24 |PelI4LL
LSeLP=1BP([)+]
SApUILS) =0,
CUNTINUE

FHaHm,o8FA(T)® (] ,+58([))

Bdilel)=ld,

= SPECIES

- WEEKS

LF (WA GGE o IBP (1) yANDaNWK LT, (IBP(I ) +LBP (1)) ) 102

Li1=]uP i)

IF(LITADJLEQ.0}B0D T 618 pEioes LS e
SLTU(IoNwWRaITT4l)mSLT(IoNwKa]lIlel)sADJOSLT (IoMUK=]I]*])

CONTINYE

PJ(lsl)mPEAR®PE ([ yNWK=]T1+1)®BR (1) ®SLT (JoNWKeITIlel)

JJdamJd )
JImlwW (]
CON{IonwK ) =m0,

IF (NWK.LToNLWHII) ,0RNWK«GT.NFWHI(T)) GO TO 20

LON{IoNWK ) =mPBAR®SCA(T)_ T o P s e
IF (CON (T aNWK) FQu0, )CONCIoNWK ) mwA (T)#® TES®T  0*PEARS 00
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2t

G

ite
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AL

By

Bl

FADUT (Jemvwn j=Pa (1)

FADUT([enNaK)sl,

cUw (1) =0,

owlil)=0,

BTJlll=d,.

BA(l)aPHAREwA ] ]

FEC|{Isnar)zPHAReFA [ T)

IF(vwR GT L {IBP L)+ LRP(T)I+LJ(L)))IGU TO B)
LD 3 Jalsddd

wEPJ(led)owd (4]

IF {JabEabWtI) I HUNIT ymBUNW (L ) *w

IF {JatiTolwtl)) Bwd(1)aBWJ(])+W
BTJI1IadTJ(I) ew

PIOUT (T sNwK ) 2P JOUT {TeNwK) ePJ (e d)
LONT IWYE
CONTIMNUE
BOP(JewwWk)aHTU(I)+BA LI

FTOUT (L eNWm ) aPA0UT {ToNwK) +PJOUT (T eNuR)
ARJC (L yNwr ) =P JOUT (] yNuK ) FPTOUT (T oNWk)
IF (MODAJ«NELL) GO Tn obpe

MAGE (L)y=T
IF (riwK  NE ,IBP (1) +NAGE(L)IGOD TO BO%
ITTEAR S1ZE ADJUSTMENT COMPUTATION
UIFFeapJCI{lsNWEK ) =AR JI L1 anwK )

[F tuBS (DIFF) LT 44001 )ARJCILIoNWK ) mARJI (] 4yNNK)

LF1aB> (JIFF )« Tes001)0IFFEQ U

PRINT 374+ DIFFsARYC (19NWK) s ARY NWK) ¢ L8 T, T
FORMAT (# DIFFe®Flg 3% ARJCS®Fl0,3% ARJIw®Fl0,3% | BPaslle
113)

IF(OIrF.Ed 04130 To 610
IF{L.II"_HEF.LT-D.,..ﬂNU_UIFF.LT.ﬂ.IlDJ-.ﬂE__ _
IF (UDIFHEF sGT o0, 4AND ,DIFF sGT 404} ADJm=,05

IF (UIFKEF oL Ty o AND,DIFF.GT,0,) AUJuADJ/ (=240)
LF (UIFKEF2GT a0 e AND UIFF oL ToUs) ADJRADJI/ (=240)
UIFREF=DILFF
LITADJml
LLL=IoP(l}

Lo %3 gmlyJddd
Fdiled)ymu,u
Pa(l)=PaudT (L. 1)
L0 TO Hi5
IF({LITADJLERD)IGU Tn BO&

UIFREFm.Y%

ITO=NSPe ]

IF (LT, LT LlSiNaME (ITU)=10H

bC-n.I-

JdaL JI]1)

VEAU (T enwK) =0,

IF (Nwr Gl (TP (L) eLaPII)«LJ(I)))GU TO B2
UUH‘U-U

AC{ L) =FAUUT (] sNWK )

UMY 30 L

U = JTmledld

Hhk.'

tlan
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SALMMAL  FurTrRAaW EXTENDFL vERSIUN 2,0 Qas3usTo 11.%

JEld=JdT+1

IF LT LE.LJPa(I)) | =&

LF Ul aGTalJPe () s AND e Tl o (LJP&(T) oL JPI(]))) Lm3

LF (UT, 6T tLJPG (I el JP3(1)) «ANU,JT LE (LJP#(I)+LJPI(I}eLUP2(1)1)
i L:Iﬁ

LE ldT qu Tl aiLJPE (I ) e JPIIL1)oLJPZ2 (L)) «AND o JT4LEsLJII)) Lm]
IF(ACUL) o LEBCO(L oLy )SUlley)mSU (o)

AF(ACTTI  wtsT oHCOCTaL 1St s ) =SU (I oL} ®EXP (=DDM(IoL)®# (AC(]) =

LHCO (LI vl) ) BN T b o S :
IFfJabbalWiT))SJIIs ) mSI (Lo d)®SALT)
AVGERPJ(Trl 5% (] esdilnd))

Sal,

LF INWK.LTWNLWA(I) ,nR«NWKBT.NFWHI(TI}) GO TO 21
SesCJilad)®uvi

IF (SeLEsug) SEWJ{I,J)#*,75%,00T®AyG
CONJ{L yNwe) aCONJ (] ,8NK) ¢S

CONIIoNwWR ) mCON{]goNyK) +5 s =
FECILIonwRK ) =FEC [l oNwk) +aAVGR*FJ (14 J)

2] LONTIMNYE - — PR i
UEAD (L yNWe ) sDEAD (T oNwE)+PJ (o J)®WJ(IsJ)®({le=S5J (I Jd) )
LF(MOHJ.EQalaANDs Nuk GELIBP(2)  AND NWK.LTLIBP(I)*NAQE(]))GO TO R2
LO Ty 23

€2 LSmimR=IHBP 1) +] e
SAUU (LS ) =2S5AUD LS +P Ul ed) ®wd (I )l =S5 J(leJd))

€3 IF{JauT,tlwil)+]))inyuMMYmDUMMY P (I ,J)
Pldiled)eFJtled)aSd|ed)

IF(NwR EW,52) DUMBOLMeP J(]0 ) N e
IF(Jetidaddo AND JNWK NE S22 )DUuMaPJ [ [ sJ)
LF (JybTodJ)PI(LaJdelymPY(lny)
g LONTINUE
B2 CONTINYE
CoLLECT ToTALS FOR OUTPUT

UnNT CULLECT [F LITTER SIZE IS BEING ADJUSTED AND IS NOT YET COMPLETED
IF (DIFFenELUL) GO TQ B1S
HBUWTEd W T+HUN(])

DEAU (L yNwK ) mUEAD (L onwK) +PA(T)®wA (L) ® (] =«SA(])) _

IF LITTE® SIZE IS NOT TU BE ADJUSTEDy SKIP THIS SEGMENT
IF (MuaJ.NELLY GO To 816 . o T
LL=ldr (1)

LUusbLL+*NabGE ([) =] :

IF LAST UHECK ON LITTEp SIZE NOT MADE YET, SKIP THWIS SEGMENT
IF (Nwh  GE LL v AND e NWK s LEwbL M) GO TO B]S o
WURL TEa2% [ [YH=1) +Nwk
LF (MwpaMNELLU+1) GO TO Bl [

ACCUMULATE TUTALS FOR THE NAGE=]1 WEEKS WHICH WERE NOT ENTERED UNTIL

THE LITTER SIZE ADJUSTMENT wAS COMPLETED,

U0 HBl7 L=miLLylLu

HMwr (L)sdmwe (L) «BOPLoL) s

FTOJT (UL ) sPTOUT (Nnwl ) +PTOUT (L,L)
PAUUT (nOoL ) =PADUT (NOL) +PAOUT (L oL)
FAOouT (noeL 1 mPUnUT (sl ) +PJOUT (T 4L}
LONINJy L) =CONINDsL) +CONTLoL)
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nl7
Hle

127
Hig

11
L=

ly

Iw

FECINUGLI=FECtMOsL) FECITIaL)

Ls=zL=LlHP(])+1l

UBAU(LsL)=0EAD (I4L) +SAUD(LS)

HEAL INUGSL ) =DEAD (NO,( ) +UEAD ¢ IoL)

LF (MLUNG G EW 0 (AND umgPLTEG,0)B0 TU B)T

LF (MSPLT.HE«D) WRITE(L) NOPLTwPTOUT(I4L)eBOP(IsL)

Ll1.%

LF (MSPLT.EQe0 AND NLONGWEQ.l) WRITE (1) NOPLTWPTOUT(L 4l ) sHOP (] 4L )

CUOMT INUE

CONT INUE . o o
MW s sAMAK (NWK ) LBOR (T e pgwK )
FTOUUT [nd e NWK ) mPTOUT (NO g NWK) +PTOUT (] sNWK)
FALGUT (NUs ek ) mPAOUT (NOgNWK ) « PAOUT (T s NWK)
FJOUT (NOsNWK) @PJOUT (NOyNWK) «PJOUT (1 oNWK)
CONINU WK ) mCON(NDy WK ) «COM | [ g NWK )
FECINJUgNwe ) aFEC (NOyNWH) +FEC (L gNWK) .
LEAU (MUsNwK ) SDEAD (NN 9NWK) +DEAD (I s NWK)
LF (NLUNG4EW,0.AND«MSPLT4EQ,0)60 TO 722
IF(MSFLTNELO)wRITE (1INOPLT #PTOUT (IoNWK) s BOP (I +NWK)

LF (MSPLT.EW.0.AND 4N ONGLEQ, I)WRITE (1)NOPLTPTOUT (I 4NuK)
LoBUP (1 eniwr)

CUNTINUE e e

LF (NwK ,GTo (IHP (1) +LRPITI)+LJ{])=2) I DUM=D,
FAtL)=pailisSa(])+DM
JUVA(L)SJUVA LT ) +DUM

LF (MUAJGNE,l) GO Tn &
MCILI=aCiI)«DUMMY
LF(UCI]) oG TuPAC(I)YI0OUM (] ) =]
IF(ACIL1) aLELPACII) (aANU ,IDUM(]) dEQ@eDIGO TO #

TF (VR LT2(LCI(T1)+18P (1)) +ORJNWK,BT, (LCE(L)+1BP(1)))00
110 &

FTOUT ([+52)=PAREF (]} T St g St
FJOUTII+52)mPTOUT(1,.,52)=PAREF (1) ®#SA(])en(52)
NClmlBP(l)eLJP1(I)
NC2aNCL1+LJP2I(1)
NCA=NCZ2+LJPI( T
NCaaNCIeLJPG (1)

LF (NC4,EW,.52)60 TO 11
FJOUT([sNCa) P JOUT (Te52)
B0 TO |2 o g e L
FJOUT LLoNC4)=PUOUT {Te52) /{SA(])e®({82u(NCé=l)]))
IF((LC1 () +I8P (1)) ,AE.NCI) GO TO 1@ T
LFt(LCI (1) +IBP (1)) ,BELNC24ANU, (LCE(I)+IBP (1)) +LE.NCI)

1D TO 1s

LF (ILCI(1)+IBP(I)) ,REaNC1aAND, (LCE (1) ¢IBP (L)) «LEJNCZ)

LGy TO 17

IF((LCT(1)+IBP (1)), GELIBP (1) AND, (LCETT)*IBP (1)) LELNC])

ley 10 LH

5J011Ire)mSU(Llya)

SULe S =2 (PJOUT (TeNCa) /PJOUT LI wNCI) ) ##(],/ INCA=NCI))
g T &

PJUUTITaNCI) =P JOUT (TaNCH) / (Sullsé) ) ®® (NCO=NCI)
SJCHIIvd)=50(]43)

S00Led) = PJOUT (TeNCA) /PJOUT (L aNC2) ) ®## (] ,/(NCI=(NCZ)))
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By T 4
- Ly PJOUTELaNCe) =P J0UT (TenC3) 7/ (SUiLe3) ) #® (NC3=NC2)
o SUC{LIa2)=5ule2) B
SO(Le2)=2 (P oUT (LaNC2) /PIUUT (ToMCL) ) #® (], / (NC2=NC]1])
LU 10 «

L PIOUT LT aNCL)=PJOUT (1eNC2) 7 (SJlTe2) )8 (NC2=NC1)
adUile il =s50¢(I,41)
5 Lax=ldP (1)
hDI1:1;=1PJHUT¢I.NE1IJPJDuTtle!IJ1'*11.!1&;1-11111
o CONTInWUE
I COMITINUE
C #%a#® prNu OF SPECIESe whEK LUOPS
u & FRINT OUT SUMMAKY FOR THE YEAR
FF(NLONGa T 060 To 1112
HTEMP=nD o o TP g —=
[F(NTEMP o LE 15 ) NAME (NTEMP ) m10H TOTAL
IFtIBUPLEG,N) GO To Bé
5 FRINT 30U (NAME(]) 21=L4NTEMP)
LD 70 [=l452 o
T PRINT 306414 (HOP(JeT) 9 mLlaNSP) o BMWK (1)
Ba LF ([PauUT.EQeD) GO TU H5 - -
FRINT 301y (NAME (1) 472l NTEMP)
f L 1 I=1+52
Ty PRINT 406414 (PAQUT {el)sJ=]enD]
85 [F{IPJUUT4EQe0) GO TO HE
PRINT 302y (NAME (1) o7ml 4NTEMP)
Lo 72 [=l.52 o
=] T2 FRINT 305+l (PJOUT(jel)sJdm]enD)
He IF{IPTOUT.EGe0) GO TO RT B
PRINT 3034 (NAME () 1=l 4NTEMP)
e Ug 73 Jm=l,.52 - o
T4 PRINT 3006414 (PTOUT(jol)eJ=leNO)
U 87 LF{JCUNstUsn) GO TO B8

PHRINT 3049 (NAME(I) s 1=l NTEMP)
DO T4 [=l,y52 -
Te PRINT 306415 (CON(JeT) vumlenNG)
HR IF({IFEC.tu.0) GO TO B9
5 FHINT 305 INAME () wr1=l s NTEMP)
WO f5 f=mlyh2

/s PHINT 300y I+ (FEC(J,1) s JmlsND)
By IF{lUtalWEW,0)G0 To 900
PRINT H09s (NAME (1) 4721 4NOQ}
i Ul fe [=l452
T FRINT 3064, (DEAD (U 1) wJmlyNU)
HUp PRINT 3]0y (NAME(I) 1=l 4NSP)
Uy 910 [=].52
9ln FRINT JllrlolﬂﬂdlId.ll-ﬂHJClJrIIIJEIrHSP}
=] LF (YR GT L1160 TO 1111
LF (LU Gk U) GO To 1111
L1le LF(MSPLT.ae. 0G0 To Isl
HEwINU 1
WHITE(Ee 3L NAME (NLANG)
u CALL PLOT(2+80Ps1)




I G A

=

10

N

181
eel

2en

117

LA XY

elu

laz
2lu

Ly
lug
10
1up
103
20n

£
202
2U4
2us
20%
£lr
217
£Un
207
elm
20a
2l
€ll
213
2lu
gl"'r
Iun
AU
vz
AUy
Ady
Jiy
IUg
A07
Jum
AUy

M FURTHuUN ExTEMNDFL vEKS[ON £,0 U3 ausro

O T 1111

WHITE [hege])

FORMAT { 1IHI#*NUMRER® £ 1 HU )

LALL PLOT(114FTOUT 41

RHTTE (Reden)

FUSMAT (1AL ®H I UMASS® ,1HN)

CALL PLUT (LlynnPaly

LOnT INUE
“®  ENU OF YEAR LUOP

HEwlNU 1

LF (NYH W LIGD TU 77

LF tMSPLTebw 0360 Tn le2

WHITE (hy2lHINYR

FURMA | {lhl®SUMMARY FOR®[s® YEARS®/® NUMBERS®)

CALL FLOT{L1+PTOUT NYR)

bl 10 T7

WHITE (Be2l9)NAME (NLANG) s NYR

FORMAT (|H]#SUMMARY FOR SPECIES®*al0s FoRe]4e YEARS®)
LALL PLOT (2,BOPsNYRY
00 TO 1000
FurMallaly)

FORMAT (L9FS U
FORmAT (Hal0)

FORMAT (IZ244F 10,0}
FORMAT (#1MARK =,013 SMALL MAMMAL SIMULATOR® /808,50 ®
lBASIC [NFUT SUMMARYe/®0%s5 7K #SPECTES® /0% 5xp12A410)
FORMAT (#ALHP w1210y
FOHMAT (#aLBP #12110)
FORMAT (#alw  ®]2T10,
FORMAT (mALJPL®12110
FORMAT (AL JP2=]12110}
FORMAT (# LJP3#12110
FGHMAT‘iﬁLJPh*IEIIQI o
FOHMAT (% LJ wey1g1q0)
FUORMAT (#AWA ®]2FLl0, %)
FORMAT (#4CA  @]12F 10 %)
FORMAT (#4Fa  @]2F1p &)
FURMAT [®a5n  #]12F10,4)
FURMAT (eara  «12Flp &) T ¥
FOWMAT (#ASK  #]2F10 4)
FORMAT (#AnLwHe12110)
FORMA] (#ANFWH®]12] 10,
FORMAT (#Ll23a0Xs2TOTAL BlUMASS SUMMARY®/#O0WEEK #12410)

FORMAT (#leyalx #aD T NUMBERS SUMMARY® #(WEEK #]12A4]10)

FORMAT (#1®940x,#*JUVENILE NUMBEHS SUMMARY®/®0WEEK ®]3A)0)
FORMAT (#ley4Ux,#TOTAL NUMBERS SUMMARY®, eQWEEK®*124l0)

FUORMAT (wless0x,#F00Nn CONSUMPTION SUMMARY®/®0WEEK *12A10)
FORMAT (®ley40x,#FECAL PROUDUCTIUN SuMMARY®/®0WEEK *)124]0)
FORMAT (1HAy T4 42Xs12F10,3)

FUMMAT (ol®y U, ®#PLOT OF SPECIES =410}

FOKMAT (#1®,40x,#T0OTAL BIOMASS UVER ALL SPECIESe)
FORMAT (#]® 340X ®WEFKLY DEATH SUMMARY (BIOMASS LOST)®/eQwEEK *
ilAalog




HROokaM

SMaMMAL FORTRAN EXTENDEU vERSION 2,0 03/30,70 1l.%

31p FORMAT (#1#,30x,*MEAQURED PERCENTAGE OF JUVENILES®

1* AND CALCULATED PERCENTAGE OF JUVENILES®/#QWEEK®]]

e(Al0elxy o )
31) FORMAT(LH 41342X,1]1 (2FSe2v1X))
312 FORMAT (1H1#PLOT OF mIOMASS AND 100 TIMES NUMBERS FORe

Lalo/1Hg)

END R :
SUBHOUTINE PLOTINry NYR)
UIMENSION v (15452) ,PLATE(101)5TAMP(] 1,[55;1 1pelvidly .

INTEGER PLATESTAMP
UATA (STAMP(I)sIm]y12)/1He1H®y |Hu M s HBglH=s ] He,1H>
LylH<slHI LHSr1HI/
Tsan-lqu|‘!||l-|’
XLayYL=(0,0
LYR=D
I[yr=l
LF (NYR,EW.]1,ANDyN,GT+2)G0 TO 3§
DD 30 1ml,.52
READ(LINPLT Y (Qpl)avi2eyl)
Yi2elimY(2:])%,1]
40 Y(lellwY{lol)®*10s
HFEwINU 1
G0 TO 20
35 I[F({NYR,EW,11GD TO 2n
IF(N,6T.2)60 TO 21
€5 U0 &2 Jml 52
27 HEAD(L)NPLT Y (LoNPLT) Y (2oNPLT)
G0 TO 20
£) DO _23 J=l.52
00 23 IslsN
€3 REAU(LINPLTsY(IsJ) 4DUN
GO TO 20
2 U0 28 wly52 2 — -
00 24 [=lasn
€4 REAU(LINPLTsOUMeY(L,w) . —
20 CALL MAX(Ys22,NsYVU)
LYR=LYRs]
IFFeLYR®52+]
JF(LYR,GT411G0 TO 31
SINCYm{YU=YL) /100,
ARINCY® (YU=YL) /10,
Uo 1 lalsll
1 SCaL(l)mYLe(I=))®MINCY
FRINT 2000.SCAL
PRINT 3000, (TSCALyKmlvll)
41 VD 100 LCTRaIYR.IFF
U0 & Islslol
4 PLATE(L)w]H
IF(LCTR4EQ,1)GD TO 105
U0 3 IalenN
3 IV ®Y (19 CTR=1)/SINCY*+1.:8
NCTReMOD (LCTR=1410}
UD 5 Kmlash
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SHMuMMAL  FoHRAaN EXTENOFL VERSLION 2,0 Vis3auysTu

Ly

10
1%

lug
10

10Un
l1aun
Juln
200p

Impr=Iyiny

LF{LIREFLGTLIULIGD Tn 5

rE=f=1

Ll B J=leKK

LF LY IR ab@alY (Jd) stinUaReNELLIGD TO 10

LUNTINUE

FLATE [1HEF )=STaMP (K

el 10 &%

FLATELIREF ) =STAMP (] 2)

CONTINYE

IF (WCTR)LUBs LUy 1l0R

SCALX=FLUAT(LCTH=1)

FRINT JUUL4SCALX+PLATE

e0 TO 1luo

HRINT J0004+PLATE

CONT INUE

LYR=sLYR®5Z

LF [NYH GT o] ANDaNLLF o2 8NU . LYRLE«NYR)GO TO 25
IF (NYR 6T 1 JAND«N+GT2.ANDLYRSLE.NYR)GO TO 21
IF (NYH,GT,1, AND.N,AT«2«AND4LYR,LE ,NYRe2)G0D TO 286
LF {NYH ,EWd. 1) RETURN

HETURN

FORMAT [leénsm,mel0lATY)

FORMAT (1AsFl0,34%> ,8sl0lal)

FORMAT (13X+10A10eA]1Y

FORMAT (TAsl1F1lp,3)

END

11,4



APFENDIX C
Listing and Definition of Variables Used in PROGRAM SMAMMAL

-
L SMaMbAL P TRAN EXTENDFL VERSLIUN 2,0 03/30s70 lla0

FHIHAR A SMiMMa)_
===:=::la=====l==;::;g::nt:::t::i;-I:n:--:.lIIIIIlltllll--Il:‘-..-Il
VARluaoLe Jer [WITIONS
4ClII1=eFFECTIvVE nENSLITY THAT INITIATES DENSITY
=ULFENUENT WEDUCTIUN UF PUPULATION (SIMULATES A
~FETURN TO AVERant RREEDING DENSITY)
GHJCTLstidR)=CALCIILATELD PEHCENTAGE OF SPECIES I
=JUVENILES In PORPULATION IN NWK WEEK
ARJI i LyNwK) =MEAS|IRED PERCENTAGE OF OF SPECIES I
=JUYEWILES IN PopULATION IN wEEK N
MVOU=AVERAGE NUMBER OF JUVENLLES J WEEKS OLD OF
ESFECIES 1 IN WEER N
gu=mEAn HIUmMASS nF ADULTS OF SPECIEs I ALIVE IW
EWEERK o
HC =
BCU(T L) =THRESHOLD DENSITIES (IN TERMS OF BiUHASY) - -
=0F CUMHINED SPEcIES NECESSARY TO INDICATE DENSITY
=UEPENDENT MORTA_LTY
HMwr (Nwh ) =TOTAL MEAN HIOMASS FOR ALL SPECIES IN
2WEER N
BUF=TUTAL MEAN HTQOMASS OF SFECIES I IN wEEK N L
BTJiTI=10TaL BIoMASS OF JUVENILES OF sFEcIE I IN
EwWEER N
BUW({l)=sTUMASS OF UNWEANED JUVENILES J wEEKS OLD OF
#S5FECLIES [ IN WFER N
dwJ(l1=Al0UMASS nF WEANED JUVENILES J wEEKS OLD or
#SPECLES I IN WEFK N
LCA(])=NURMAL WEEKLY FUUD CONSUMPTION oF ADULT OF
#0F SPECIES I N
LJ(lyJ)=mNORMAL wrEKLY FOOU CONSUMPTION OF J WEEK OLD
#JUVENILES OF SPECIES I cempmio=—ea
COM{leJ)wRELATIVE EFFECT OF VALUE OF A MEMBER OF
#SPECLES J IN INDUCING DENSITY DEPENDENT MORTALITY saas
#0F SPECIES I JUVENILES
Lol LaNwK) aUNCONSTRAINED FOUD HIOMASS CONSUMPTION
#8Y AUULTS OF SPECIES 1 IN WEEK N
COM(LenwK)=FOOL qIUMASS CONSUMED BY AQULTS PLUS
#JUVENILES uF SPECIES I IN WEEK N
COM(NUyNWK) mTOTAL FOOD BIOMASS CUNSUMED BY ADULTS S
#PLUS JUVENILES nf alLL SPECIES IN WEEK N
UUM{LeL)mDENSITY DEPENDENCE MOKTALITY RATE COEFFlCw
#1enTS FOR SPECIFS I AND L TH JUVENILE PAGE (Lelw
#FIHS] POST=WEANFDs L=3m2 NU PUST=WEANED
UEsii{lelNwK)mHTOMASS OF SPECLIES 1 DYING DURING wEEK N
UEAL(lsNWK)=TOTAL NUMBER OF ANIMALS OF SPECIES I -
ALY ING HURING WEER N - o
VBB INUNWe ) sTOTAL NUMBER OF ANIMALS UYING IN WEEK N
UUM=nuMuER F SPECIES | JUuveENILES BF AGE J IN WFEK
#N TuU HE ADDEL Tn ADULT PUPULATION IN WEEK N+l
FA(l)=WURMa| wEEkLY FECal PRODUCTION UF ADULT UF
=SPECIES I
FEC(lsnwwx) =mEAN plumASS OF FECES PRUDUCED BY ADULYS
£0F SPeECIES 1 In wEEK N

(A T a2 o el o e e T ol o B ol e W il ot ot ol ol B Rl e e i IR RS o o il o e e E o i e I e T o i o B o T T e



Fetilugr oy 1

LA

[ B o ot ol o BT A e = SOt ] 6 i B il G O i MEL i i 0 Tl e B 1520 5 BTt o - - e S 000 i i B ot i il B e o T ol e B o s MG i o

Fosiant g fFENIFEL yERS WY 2,0 Uasaugsfo

FhLileummlsmbal nlumass Ub FECES RRODUCEL BY AuiiLTs
AMLLS uVEnTLES nk SHPEL JES L In wWeEER ™

FRELimdenwt pzli)le) MEAd Alumass nF FECES PRUUDUCEDY Hy
AL S wLus JuvenN[LES UF ALL SPECIES IN wWEEK W
FAdllau) =aURMAL wrbrLY FECAL PRUNUCTION OF J whEK ULD
FAUveEnNILF uF sFErles |

L=k UF SFECTES WwlTH NAME ]

LI=wiim=y Vur]laHF SERVING 4% SPECIES CUUNTER
Lll=uuMeky varlad b FOH IWN[TLAL webK OF dHEEDING
LHUHsETL = nUIVINUAL PARAMATER CONTRULS FOR SUMMARY
=PRI AT uuT (Mg PHINT s l=PRINT)

loP L=t [R5 HNRpFLING WEER FUOH SPECIES I

LN zsHEC[ES NaME INDEA NUMBER

lebEnii=ndf B ING paTlERs CHaNGE CoNTROL CARD
LTu=iwuMeFH OF TTFHATLIUNS

JEaLe | wermS OF JUVENILES OF SPECLIES 1 IN wWeEEK M
JEREVEHSEU THNUEX=RUE [N WEERS UF JUVENILES OF AGE
Elite WEER N

JAdEpUMay VARTAHBLF FUOR LENGTA OF JUVENILE PERIODU
JdspumsayY VaklABLE FOR LENGTR UF NURSING PERIOUD
Jdd=oummy yaRrTap B O FUR LENGTH UF JUvENILE PERIOD
JI=

duvns

LHF L) =LENGTH {(wFERS) UF oREEUIWNG SEASUN FUR SPECIES |

LLE(T)=wEE® wHEN BUTTLENECK POFPULATIUN REDUCTIUN

=15 CU4HLETE

LCL(ll=wEEK wHEN BUTTLENECK PUPULATION REDUCTIUN

=15 [NLITIATED

LJilIsLENGTH UF JuvENILE PERIQU TO FIRST REPRODUCTION
2Fuw SHECIES I

LL=pidMiy varlani v Fuk LENGTH OF HREELING PERLOUL
LO(Iy=cruMMy yAWTabLE FOW LENGTH OF JUVENILE PERIUD
#FUp SpPeEclrs 1

LJF Ll =LENGTIH 0F FIRST PUST=WeEaNING JUVENILE PERIOD
FUR SPrcles

LAl =LENGTH OF SECUND POST=wEANING JUVENILE PERIOQD
£FUR BPECLes I

Lard{lr=Len>TH oF ThHIKYD JUVENILE PEGIuY FOH SPECIES 1

LdPe ili=LENtTA oF FOURTH JUVENLLE PERIUD FUR SPECIES |

LwillBLEnNGTH UOF wbkanlnG PERIOD FOH SPECIES I
ASHLTSCUNTRUL Capl FUR MASS PLUT=IF MSPLT = 1 MaASS
=FLUT 15 PROVIDENLIF MSELT =0 MaSsS PLOT IS INHIBITED
MOk J=lF ~0a,) 1S sET EwbalL T 1 THE MORTALITY RATES
=Fun JUVENILES 0UF A SPECLFLED AGE WILL BE ADJUSTED
=Tu MuKE SImULATED JUVEMNILE AGE HATIOS EWUAL TO
=MEASUNED AGE RATIUS

wWAME (L) =-amE OF sPECLES ]

WEWn ([ )=weEr UF ST1ART UF AIceRnaTION FUKR SPECIES |
#i=il [MPLIES NO pIogRNATIUNEIF NU HIBERNATION INSERT
EHLAMNR SPACE FUm SPECIES L IN WLwH CARU

BLULBSTUTAL SUMMAFIES HERINTED UUT IF NLOWNG = O
w1l ) =wEEr F gNip UF HIpERMNATIUN FOR SPECIES I

mik= MY SPECIEe (HEAT MG COLUMM Fuw QuTPUTTING

Lla%
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il et i e e T e 15 e AN TR O ) 0 S e i Rl o B - R R et A, 1 Al Ty A A S Y e N T ettt R T gt i e 1. Rt - ol 4

FitHlmar FaTENIFLD YEHSLUN £.4 U3as3usT0

ETUALS
HUPLTEWbFR b STsmubaT lum
dstzitimnk ke F SPFCLES Lt SIMULATION HuUN

Myh=wEeRk Uk SImMULATIUN

YRz dURmHER OF YR aks Tu sImuULAaTE

Flap [RST FOHULATTUN MEASUMEAENT

Fe=ab QUMD PUPULATIVN MEASURLMENT

Falpl=snwuMdER OF aUULTS OF SPECIFS 1 (PER UNIT aAREA)
FAL[vVE AT HEGINMTMG OF SIMULATION YEAR

Fulll=aUMee R OF sl TS gF SPECIES 1 SURVIVING WEEK N
FLLULLULES YUUNG THaT LWwOw INTU AUDULT CLASSIFICATIUN)
Pul (| t=max MU AvERAGE UENSITY nF SPECIES 1
Foll«J)=PROFORT NN OF SPECIES 1 FEMALES GIVING BIRTH
£l wekn J FRUOM gTART OF bREEULING SEaSON

Hohr=ME an NiMEER OF SPECIES I ALIVE IN WEEK W
FauyT (il svwhysNUHBER OF ADULTS UF SPECIES I ALIVE IN
gwb bk w(FUR SUMMAKTY PRLINT QUT)

HAUVGT (U shwR ) =TOTAL NUMHER UF ADULTS ALIVE OF ALL
ESFECLES In WEEK N{FUK SUMMARY PHINT QOUT)
FJUiT (L enwg ) =NUpakH OF JUVEWILES OF SPECLES I aLIvE
#l4 wbrer N O (FOH sUMMARY PrINT OQUT)
FJUT G e Nwkr ) =TOTAL NUMBER UF JUVENILES ALIVE OF ALL
#SFECLES Lid wEEr NIFOH SUMMREY PHINT QUT)
FdugT(TenCsy=0EnglTy UF SPECIES I JUVENILES DURING
=wEEHK nC4 WHEN Nré EW. wEEK 52

PJUuuT(lenNCaeysOENSITY W SPECIES [ JUVENILES DURING
—WEER L% wHEM Kré | T, =2

PJUUT L eNC3Yy=DEMNSLITY UF SFECIES 1 JUVENILES DURING
Ll L = ST

FJUUT T «NCAY=UENsITY OF SPECIES 1 JUVENILES DURING
=whbEr P

FouuTilanCli=0Ens] Ty OF SPECIES | JUVENILES DURING
=wbEEF nCI

PTUT(Lynwky=TOTAL ~NUMBER OF ANIMALS ALIVE oOF SPECIES
#] 1w WEER MIFOR SuMMaky ANU GRAPHIC PRINT OUT)
Plugl fulbeNwr ) =ToTAL NUMBER UF ANIMALS ALIVE OF ALL
#SPLULES In wEEw NFUR SUMMARY PRINT OUT)

HTUOT (] sa ) =ARM I THARLY ESToasLISHEY NDENSITY OF SPECIES
=l LuUH NG wEEK &2 (CAN BE TREATED AS A4 STOCHAST]C
Vil IMBLE UK AS FNVJRUONMENTALLY CUNTHRULLED VARIABLE)
PJdilled) sNUMHRER 0F JUVENILES NF aGek g OF SPECIES I
Esuuyv Iy ING WEER w

Pdilsde [y SALUVANCE WF ABLE UOF JUVENILES UNE WEEK
FJsnlMse R NF JUVeENILES UF 1 TH SPECIES PROUUCEUD

#lw owbEber N(NUMHFR OF L#WEEK2OLY JUVENILES)
Hlapll=wFEr THAT SPFCIEs | JUVENILE REACHES ADULT
Ewl | T

SALLI=suaVIvAL waTES UOF AUULTS

SJlled)=SUy VAL RATE UF JUVENLILES J WEEKS OLL OF
ESFELLIFES 1 TN WERR |w

SLI(Ted)=LITTER sl2F UF  SPECIES | FEMALE ON wEEE U
£0F AREENING SEASUN

SUlleb) =5Ueyivag WATES IN ADSENCE UOF DENSITY DEPENDENT

bI]le%
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U o B A e e TR e T O o O B A B il o R T B o o

=T RE LT Fudirad ExXTENGFL yERST UM .l U3,30,70

FEFFELIS (SURSCHIPTS AS ABOVE) WwHEN HIOMASS IS LESSs
Flram AL00IWL)

PULTe%)=SURVIVAl HATE OF SPECIES I JUVENILES DURING
—JUVENLLF BERLIN &

3l 931=SURVIVAL KATE UF SPECIES I JUVENILES DURING
=JUVENILE PEwIun 3

aUljeg)=SURVIVA] kaTE OF SPECIEs ] JUVENILES DURING
=Jduyben Lk PERHLION 2

AUT 2l 1 =SURVIVAL HATE UF SPECIES | JUVENILES DURING
=JUvFINILE PERTUD ]

IH=SE A RHAT LU OF ALULTS

ASULMMY VARTAHLE WEPRESENTING JUVENILE BIOMASS goF
ESHECIES 1 I wWEEK N

“l=wkbEr OF F[PST PUPULATIUN MEASUREMENT (INLTI&L WEEK
Bt lmlnG AN, 1)

w2=wkbn OF SECUNM PUPULATLIUON MEASURFMENT

whill=wt [GHT OF sFECIES | AUULT

wJllleJdi=Mean weklahT OF J wEEK OLD JUVENILES OF
=5HECles |

ll.%



APPENDIX D
SUMMARY PRINTOUT *

PROGRAM SMAMMAL

WABT -, 000 BRALL MAMMAL BIMULATOR
MEIC IPUT sl

L {3141
CITTR| ciTer) craw Homm  pIromD ouTLIV PIREAN  WICOCW LEFTOM LEPC L $TLAUD
I 14 14 ] F 1 3 L] L] L L L]
v | L ] ] L L n L 1] n n n
LELS . 4 a 4 ] | ] ] . .
™ . [ 1 a 4 3 3 4 ] s 4
L . . 4 4 4 2 2 5 3 3 ?
LT 1 1 ! 2 2 2 i 1 H 2 4
LP3 1] 1 » 2 L s s 2 a 4 z
(o _F] 1 L] T 2 ] 8 & 1 1 13 4
- "’ 4 ] ] 0 (] (] ] ] ] ]
L n n ] 8 ] [ L] L] ] L] L
" TH9.0000 180.0000 9R0.2000 110.0000  43.0000  16.0000  29.e800 BO. 0000 Z2300.0000 2B00.0000 1986, 0000
(1] LB -8 -h. -0, -9, -0. 8. -8, -0,
Fa =0, =0, =8, -8, =8, =4, L =b., =k,
1 N .31 .maTe N 8 L1 A q 1 - .oars
ra .M 1.4l 2.9033 ATEY 2.8 17.M00M « S . 5 A
- S N _11] L LS00 - 81l S - BEa0
Adppendix D is a dummy printout obtained from initial-system—condition information
synthesized from the literature and should not be interpreted as function fer

rhe Pawnee Site.
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CIvTR]

-, e
T W
L o 1]
L1 FY
LIRL o AT
A, IR
Lt
apdd, T T
42507
A9E .00

PRd2 . TAT
Ll BT
ihi, 1M
aier.u12
0T, 188
BINE. 140
TR, BER
TETR. 20
§0Ta, Tan
LLE L PR
Arer. | %
LIT P ]G]
LTaT. ban
LELL IS 1k ]
amey. ol
APER. AT
Bo4l, 224
Borg. 188
AT
8TE, 330
AN Ba4
LLLAMN 1 3]
LLAN I A
ANE, THE
ARET_ 3NN
LLELIN ] ]
LLFE Bl
A0y, THT
4. TV
atEY_ Tee
atdn, a7
aTrR. 20T

CITRPI

MM, ™
MDY M
M.
. ?
Az .are
1. am
po3 N T H
378 ind
B0z
.
M TR
ney. e
FIa. 0
. e
F L1 RN 1]
T 40
LHITS L, ]
il 11
dpde. 187
Baw apn
1M.0Ta
[TRENT1]
T W
BE00. 485
4118, Y08
944, 214
LTI YR T
Ba34. 387
BITR. e
dgre, TR
4690199
adild_oge
EF 10 B
MHa1 TS
13 7% B L
304,078
M
Hr;,] i?
34T, B08
AN, TR
3409, TR
IB.874
1%%2. 020
%0, 04
1548, 874
I3R2.M7T
3200, M
nTAaY
LFLL N LT
290,374
2ICW. 989
VimE. Ta

£ FLuD

PRI
ITeT, pal
M4, 04
Jaad, M9
FIAT A T
T M
had.nr?
nis.m
. T
AT M
TR0, 07
Pl T,
ITH. 8
1780, M9
J830. 697
IMER. 45T
b4l Ml 1]
). ™
128,143
LT 1T
3407, 904
My el
Jagz. Bew
394 117
IMmT.0M
mm.nr
1540852
LR R
IAzo.ewtT
1299 430
13dm, 218
srse. o7
IZeT_ 104
11T T
LAR I W AL
3102, 437
b{ITHW L
Iere. 172
1984, 608
2TIR, 187
PR 1-M L]
1879040
TR, 1A
14B2. 809
rEYB, T Y
1587, 988
1570.9%
1540610
LR 2 T 1]
AL R-1-1 ]
TART.ENE
R L

TOTL BIOWMAES PUSRLET

L e

Jal) . 814
48, M
T4, i
1M, TH
M8, 12}
2347 407
JRRT. 4R
LIRS AT
22T, 47H
2267, T4}
24N, T
12N, B4
1237820
123.2'8
J347, 138
1552. v
Jawe. a3
FRAL ™ 1]
o008, 815
150,082
3 1a7
IRTR.Z00
AR L]
ANIT 27
d%48. 063
a¥t1. %010
388 &T0
d1fa, 1§
a1gy w2
Ieed, 139
LRI B
LI LT F
L35 BRYY ]
My
1THE, 009
5THY, Y83
Stic.ew
AN, e
AT 06N
2. 826
L, TS
%5198
»mi.an
02, 0%
MTEH, RAR
B4k, w04
312,20
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ag L8 0. -0, 0. =0. LA =0, 0. =0, AR -8, 50 =0, 3 =0, B. -0, i .03 -0, -8
41 8. 0. 8. B, -8, 32 <0, 0. -0, L0 =0, 9 -0, B T - 03 -0, 8 -0, .
a2 0. 8. =l B, -8, ML T 58 -0, 21 =0, LA -8, 8. -8 =0, .M -0, -
43 9. 0. 19 . =0, 00 -0, 9. =0, .59 -0, 00 -0, AT =4, 6. -8, 0 =8, N - N ]
4 g, 0. Fe. b, -0, 08 =0, 0. -8, 39 -0, 8. -8, i =g, 6. =8, LT -0, ‘T -0, N
% . . Fe. B, -0, A -0, 0. -0, M -0, . =80, AT =8, 0. -8, .12 -0, TR =0, N 1]
48 0. 0. Fo. [ B -0, A =0, 0. =0, .38 -§, - =0, M -0, b, -0, 47 =g, AT -0, 80
LR B . b -0. 00 -0, b -0, =8, . =8, A% -b. 0, -8, .62 -0, 8 -0, N
L. 0. In. 0. 0. 8, 0. 8. -0 20 =4, B =0, =0, 0. -, M -8, M =0 N .
ap Q. [ 0. 0. -0, Q. -0, 0. =0. 28 =0, 0. =0. 0 -0, g. =8, -, -0, e
LU P 0. 8. -8, b, -8, B -8, S -0, [ -8, 00 -0, 8. =0, e =8, M T N
L1 [ 0. [N 0. =8, [ =0 0. -8, 1 =0, 0. =8, 00 -0, 0. =0, L8 =0, LA -5, ¥
L S i 0. b, -0, B -0, 0. -0, S -0, 6. =8, Lo08 =8, @, -8, LA =, it wr



Columns

Variable

APPENDIX E

INPUT DESCRIPTTON--PROGRAM DIETCMP

Description

there are NPER blocks of cards. Each block contains complete control data
tor the kth week of computations.

BLOCK 1: Control data for week 1
CONTROL DATA

-5
6-10
11-15
PLANT SPECIES
CARD 1:
15
6-10

11-15

76=80

CARD 2:
1-5
6=10

11-15

/6-R0

(1615)

NANM Number of animal species

NCAT Number of plant species (or categories)

NPER Number of weeks to be simulated

NAME AND DIETARY COMPOSITION (A5,15F5.0)

PNM(L) alphameric identifying name, plant species 1

PLT(1,1) percentage occurrence of plant species 1 in animal
species 1

PLT(1,2) percentage cccurrence of plant species 1 in animal
species 2

PLT(1,15) percentage occurrence of plant species 1 in animal
specles 15

PHM(2) alphameric identifying name, plant species 2

PLT(2,1) percentage occurrence of plant species 2 in animal
species 1

PLT{Z,2) percentage occurrence of plant specles 2 in animal
species 2

PLT(2,15) percentage occurrence of plant spcies 2 in animal

species 15

SOTE:  Use only enough cards to read in PNM(NCAT) values.

PLANT AVAILABILITY

1=-5
6-10

fr=Hil

PLTAV(1)
PLTAV{2)

FIAAVELR)

(16F5.0)

biomass available for consumption, specles 1
[} L1] L1 ] m L1} 2

ik se onldy enouph cards to read in FPLTAV(NCAT) values.



CARBOUYDRATE CONTENT (16F5.0)

-9 CARB(1) carhohydrate perce
bh-10 CARB(2) b
76-80 CARB(16) "

NOTE: Use only enough cards to read in

CARBOHYDRATE ENERCY {(16F5.0)
1-5 CBNEG (1) energy content
b=-10 CBNRG(2) " i
T6-B0 CBNRG(16) W "
NOTYE:  Use only enough cards to read in
FAT CONTENT {16F5.0)
1-5 FATS (1) fat percentage
b-10 FATS(2) " "
76-80 FATS(16) " :
NOTE: Use only enough cards to read in
FAT ENERCY (16F5.0)
1-5 FTHNRG(L) energy content
A-10 FTNRG(2) " "
76-80 FTNRG(16) " i
MITE:  Use only enough cards to read in

PROTEIN CONTENT (16F5.0)

1-5 PROT(1)
6-10 PROT(2) ks u
76-80 PROT(16) " "

NOTE: Use only enough cards to read in

CARB(NCAT) walues.

ntage content, specles 1

2

16

of carbohydrates, species 1

" [1] "

CBENRG(NCAT) wvalues.

content, species 1
" ¥i 2

L ] l&

FATS(NCAT) values.

of fats, species 1
m n " 2

LL] L LL] 16

FTNRG(NCAT) wvalues.

protein percentage content, species 1
n

" 2

PROT(MNCAT) walues

2

16



PRUTEIN ENERGY

(16F5.0)

1-5 PRNRG(1) energy content of proteins, species 1
b_]ﬂ FRN“G(:} L) it (1) L] L1} 2
?B_BU I]HNRG{}-&} (] L1 3] " i 16
NOTE: Use only enough cards to tead in PRNRG(NCAT) values.
ANIMAL SPECIES NAMES {15A5)
1-5 ANM(1) alphameric identifying name, species 1
&_10 .IHLNM(Z} LL] " 1 n 2
?]_:,!'5 ANH{]E} " " (1] 1] 15
ANIMAL DENSITIES (15F5.0)
1-5 SP(1) number of individuals per unit area, species 1
[.,_10 Sp(’z} (1] (R} (1] L] L1} L1} (3] 2
?1_?5 SP{].E] L L1} " i " LL} L 15
STOMACH WEIGHTS {15F5.0)
1-5 WT5(1) average weight of stomach contents, species 1
E!—lﬂ 111TS(2) (3 (2] L1 i m mn 2
?1_?5 HTS{_IS} 11 a b " ] L1] 15
STOMACHFULLS EATEN (15F5.0)
1-5 STFLS(1) number of stomachfulls eaten per week, species 1
610 STFLS(2) " " " " " " " 7
f1-75 STFLS5(15) i ! i Wi L " " 15
UNCONSTRAINED FOOD CONSUMPTION (15F5.0)
1=5 UNCONS(1) unconstrained food consumption, specles 1
6-10 UNCONS(2) H M " " 2
71-75 UNCONS(15) " " . ). 15
BLOCK 2: Control data for week 2

Same as in BLOCK 1
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APPENDIX F
PROGRAM DIETCMP
DIMENSION VARIABLES

NIMENSTON PNM{50),PLTI53,15),PLTAVISO),PLTNRG(S0),CARR
LU50) FATS (501 ,PROT(SO) yANM[15)4SPI15)+WTS{15},STFLS(15)
2 TOTCNS(50,15),RINMETN(SO,15), TOTETN(SO0),TOTD2(50),
IRATIOL(50) ,RATINZ2(50),COMP(50,15),CNMINVI50,15]),
hUNEﬂNSIHﬂrl%ITEARHGiﬁﬂl15I1FATGIEU:lﬁifPRﬂTGlSﬂilﬁif
STOTGLIS0,19) ,CARBKI(50,15) 4FATK(50,15),PROTK(50,15),TOTK
ﬁlﬁﬂ,lﬁl.HELPﬁRlEU'l5I1TDTEUHP[EB!rEBNRGiGﬂinTNRGlED!;
TPHNRG(S0) yDIFF(5S0) ,CARBR(50)4+FATRI50),PROTR(S0), TOTR
8(50) ,CARBRK(50) ,FATRK(50) 4PROTRK(50),TOTRK(50),CARBE(S0O
Q,IEI,CARBEKIED.IEI.FhTEi55.1511PRDTEIEU|lﬁlpTﬂTElﬁﬂglﬁl
1,FATEH|HD.1511PRUTEK1Eﬂ,lﬁlgTDTEKlﬁﬂflﬁl|h|1ﬂlqﬂllﬂiqﬂ
20100, TL10) s X(LO),¥Y(10)

READ CONTROL CARD

NANM = NO. OF ANIMAL SPECIES
NCAT = NO. OF CATEGORIES IN ANIMALS DIET
NPER = NO. PERIONS FOR WHICH THE SIMULATION IS TO BE RUN

READIS,LOLINANM ,NCAT ,NPER

START SIMULATION LOOP, ONE PERIOD AT A TIME
nn 99 K=1,NPEH

HEAD INPUT PARAMETERS FOR EALH PERIOD

00 1 I=1,NCAT
READ(S5, 100)PNM{T) 4 IPLTIIyJ)yJ=1,NANM)
PNM{1) = ALPHAMERIC IDENTIFICATION FOR THE ITH PLANT
=SPECIES
PLT(I) = PROPDRTION OF 1TH SPECIES OF PLANT IN THE
=DIET 0OF THE JTH ANIMAL
REAU(S,102)(PLTAV(L)4I=1,NCAT)
PLTAVII) = RIOMASS OF THE [TH PLANT SPECIES
=AVAILABLE FOR CONSUMPT NN
READIS,102) (CARBIT)s1=14NCAT)
CARB(I1) = CARROHYDRATE CONTENT OF THE ITH PLANT
=S5PECIES
READIS,102) (CBNRG(I),1=1,NCAT)
CANRGI{I) = ENERGY CONTENT OF CARBOHYDRATE PORTION
=NF 1TH PLANT SPECIES
READIS, 1021 (FATS(T)yI=1,NCAT)
FATS00) = FAT CONTENT OF THE ITH PLANT SPECIES
READIS , LOZYIFTNRGCT) ,I=1,NCAT]}
FINKRGIT) = ENERGY CONTENT OF FAT PORTION NF [TH
=PLANT SPECIFS
READIS,102H{PROT(1)y1=1,NCAT)
PROT(I) = PROTEIN CONTENT OF THE ITH PLANT SPECIES
READIS5,102) (PRNRGIT)sI=1,NCAT)
PRNRG(T) = ENERGY CONTENT OF PROTEIN PORTION OF ITH
=PLANT SPECIES
READIS, 103V IANM(J) y =14 NANM)
ANMIJ) = ALPNAMERIC IDENTIFICATION FOR JTH ANIMAL
=53PECIES
READIS,102)ISPUJ)eJ=1,NANM)
SPUJ) = NUMBER OF INDIVIDUALS PER UNIT AREA OF THE
=JTH ANIMAL SPECIES



-

READTS . 102) IWTS(d) yJ=1,NANM)
WISLJ) = AVERAGE WEIGHT OF STOMACH CUNTENTS OF JTH
=AN|MAL SPFCIFS

READIS,102) (STFLS(J) ,J=1,NANM)
STFLS(J) = NUMBER OF STOMACH FULLS PER PERIODD EATEN
=HY¥ UTH ANITMAL SPFCIES

00 5 1=1.NCAT

READIS5+102) (UNCONSIT4d)3J=1,NANM)

oo 2 [=1|NCAT
DO 2 J=1,NANM
IFIWTS5(J).EQ.0.0.OR.STFLSIJ).EQ.0.0)GO TO 3

COMPUTE TOTAL CONSUMPTION OF ITH SPECIES OF PLANT BY
=JTH SPECIES OF ANIMAL..VARIABLE TOTCNS(I,Jd)

TOTCNSET 4 J)=WTS(JISSTFLSI(J)*SP(J)*PLT(1,4)/1000.
Gn ™M 2

TOTCNS( Ly JI=BIOMETNIT,J)#SP{J)/1000.

CONTINUE

nNO 4 [=1,NCAT

TATETN(L)=0.0

N4 =1, MANM

COMPUTE MASS OF CARBOHYDRATES FOR ITH SPECIES
=CONSUMED BY JTH ANIMAL SPECIES--VARIABLE CARBGI(1,J)

CARBGII+J)=CARB(I)*TOTCNSI(T,4)

COMPUTE MASS OF FAT FOR ITH SPECIES CONSUMED BY JTH
=SPECIES OF ANIMAL --VARIABLE FATGII,J)

FATGIT s J)I=FATS{I)*TOTCNSI(T,J)

COMPUTE MASS OF PROTEIN FOR ITH SPECIES CONSUMED BY
=JTH ANTMAL SPECIES--VARIABLE PROTG(I,J)

FRUTGA Ly JY=PROT LT I*TATCNSIT 4 J)
CUMPUTE TOTAL MASS OF CARBOHYDRATES, FATS, AND
PROTEINS OF ITH SPECIES CONSUMED BY THE JTH ANIMAL
=SPECTES=-=-VARIABLE TOTGIL[,J)
THNG ULy I =CARBGIT 4 J)+FATG(1,J)+PROTGI(L,J)

CUMPUTE KCAL. OF CARBOHYDRATES IN ITH SPECIES

=CONSUMED BY JTH SPECIES OF ANIMAL..VARIABLE CARBK(I,4)

CARBKIL4J)=CARBG(I4J)*CBNRGI(I)

COMPUTE KCAL OF FAT IN ITH SPECIES CONSUMED BY JTH
=ANIMAL SPECIES —--VARIABLE FATK(1,J)

FATKIT4J)=FATGI1,J)*FTNRG(I)

COMPUTE KCAL OF PROTEIN IN ITH SPECIES CONSUMED BY
=JTH ANITMAL SPECIES--VARIABLE PROTK(T,J)
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PROTKIT4J)=PROTGI(1,J)*PRNRGI(])
COMPUTE TOTAL KCAL OF CARBOHYDRATES, FATS, AND
=PROTEINS IN THE ITH SPECIES CONSUMED BY THE JTH
=ANIMAL SPECIES--VARIABLE TOTKI(I.Jd)
TOTKETwJ)=CARBK (I ,J)+FATK([,J)+PROTKI(I,J)

COMPUTE TOTAL RINMASS OF ITH PLANT SPECIES EATEN BY
=ALL ANIMALS..VARIABLE TOTETN{I)

TOTETN(I)=TOTETN(I)+TOTCNS(I,J)
BEGIN CNOMPETITION CALCULATIONS
DO 12 J=1,NANM
TMT=0.0
TOTCNSL=0.0
DO B I=1L.NCAT
FOTCNSL = TOTAL CONSUMPTION FOR JTH ANIMAL SPECIES
TOTCNS2 = TOTAL CONSUMPTION 0OF ALL PLANTS BY ALL
=ANIMAL SPECIFS EXCEPT THE JTH ANIMAL SPECIES
TOTCNSI=TOTCNSL+TOTONSIL44)
TOT = TOTAL CONSUMPTION OF ALL PLANTS BY ALL ANIMALS
TOT=TOT+«TOTETN(I)
CONTINUF
TOTCNSZ=TOT-TNTCNS1
00 10 L[=1,NCAT

TOTOZ201) = TOTAL CONSUMPTION OF THE ITH PLANT
=5PECTIES BY ALL BUT THE JTH ANIMAL SPECIES

TNTOZCTI=TOTETNC(IY-TNTCNS(T,J)

HATIDLLL) = AELATIVE IMPMNRTANCE NF PLANT SPECIES I
-IN O THE NDLIET OF ANIMAL SPECIES J

RATINLIII=TOTLNSIT+J)/TOTCNS]

RATIOZ2(1) = RELATIVE IMPNRTANCE OF SPECIES 1 IN THE
=DIETS OF ALL ANIMAL SPECIES BUT SPECIES J

RATINZ2II)I=TOTO2(0Y/TOTCNSZ

COMP(T,J) = RELATIVE COMPETITION OF ALL OTHER ANIMAL
=SPECIES AGAINST SPECIES J FOR PLANT SPECIES |

COMPOT,J1=tTOTO2(1)*RATIO2( 1))/ (TOTCNS(I+J)*RATIOLIT))
COMINVILIsJ) = RELATIVE COMPETITION OF JTH SPECIES DOF
=ANIMAL AGAINST ALL OTHER AMNIMAL SPECIES FOR THE ITH
=PLANT SPECIES

COMINVIT,  J)=1.0/COMP(1,4)



10 CONTINUE
12 CONTINUE

DO 31 I=1,NCAT
— TOTCNMP LT 1=0.

E COMPUTE DIFFERENCE BETWEEN BIDMASS CONSUMPTION AND
L =B10OMASS AVAILABLE FOR ITH PLANT SPECIES--VARIABLE
C =DIFF{I]
DIFF(L)=PLTAVII)-TOTETNI(])
L COMPUTE PROPORTION OF DIFF(I) WHICH 1S CARBOHYDRATES
C =FOR ITH PLANT SPECIES~-VARIABLE CARBRIT)
CARBR(I)=DIFF(1)*CARB(1)
C COMPUTE PROPORTION OF DIFF(]) WHICH IS FATS FOR ITH
& =PLANT SPECIES--VARIARLE FATR(I)
FATRIT)=DIFF(I)*FATS(])
# COMPUTE PROPORTION OF DIFF(T]) WHICH IS PROTEIN FDR
L =ITH PLANT SPECIES--VARIABLE PROTRI(T)
PROTRII)=DIFF(I)*PRAT(I)
C COMPUTE TOTAL PROPORTION OF DIFFLI) WHICH IS MADE uP
C =0F CARBOHYDRATES FATS, PROTEINS FOR THE ITH SPECIES
( =[0F PLANT--VARIABLE TOTR(I)
S
TOTRUTI)=CARBR(I)I+FATR{I)+PROTRI(I)
C LOMPUTE KCAL OF CARBOHYDRATES FOR [TH SPECIES PRESENT
E =IMN DIFFII) --VARIABLE CARBRK(])
CARBRK (1 )=CARBRI(I)®CBNRGI(I)
C COMPUTE KCAL OF FATS FOR [TH SPECIES PRESENT IN
# =DIFFUL)--VARTABLE FATRKI([)
FATREI 1 )=FATR(I )*FTNRG(I)
. COMPUTE KCAL OF PROTEINS FOR ITH SPECIES PRESENT IN
C =DIFF{1l)..VARIABLE PROTRKI(])
PROTRK(T)=PROTRIUI )*PRNRG(])
C COMPUTE TOTAL KCAL PRESENT FOR CARBOHYDRATES, FATS,
C =AND PHROTEINS IN ITH SPECIES PRESENT IN DIFF(T)
C =..VARIABLE TOTRKI(I)
TOTREKIL)=CARBRK(T)+FATRK(I }+PROTRK(I)
DU 31 J=1,NAaNM
- COMPUTE TOTAL RELATIVE COMPETITION OF ALL ANIMALS
C =FOR THE ITH PLANT SPECIES--VARIABLE TOTCOMPI(I)

31 TOTCOMP(I)=TOTCOMP(1)+COMP(1,J)
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THE FOLLOWING CONSUMPTION CALCULATIONS BASED ON
=LONSUMPTION OF 100 PERCENT UF THE BIOMASS DF THE
=|TH SPECIES OF PLANT WHICH [S AVA[LABLE

1 ) 1=1L4NCAT
131 30 J=1,NANM

COMPUTE THE CONSUMPTION OF ITH PLANT FOR JTH ANIMAL
=SPECIES OF ALL BIOMASS IS TO BE CONSUMED BASED ON
=COMPETITION INDEX..VARIABLE RELPOR(I,J)

RELPDR(IyJ)=(DIFF(I)/((COMP(I4J)/(TOTCOMP(I)-COMPI(1,J)))+1.01))
1+TOTCNS (T 4d)

COMPUTE CARBOHYDRATE BIOMASS OF [TH SPECIES CONSUMED
=BY JTH ANIMAL SPECIES--VARIARLE CARBE(I,J)

CARBEII+J)=CARB([)*RELPORII,J1}

COMPUTE FAT BINOMASS DF ITH SPECIES CONSUMED BY JTH
=ANIMAL SPECTES--VARIABLE FATE(I,.J)

FATE(I ¢ J)=FATS(I)*RELPORI(1,J)

COMPUTE PROTEIN BINMASS OF ITH SPECIES CONSUMED BY
=JTH ANIMAL SPECIES--VARIABLE PROTE(I,J)

PROTELT yJI=PROTII )1 *RELPOR(T 4+J)
COMPUTE TOTAL PROTEIMN, CARBOHYDRATE, AMND FAT BIOMASS
=OF ITH SPECIFS CONSUMED BY JTH ANIMAL SPECIES--VARIABLE
=TOTELI.Jd)

TOTEL L+ J)V=CARBEI(T+JI+FATE(T 4 J)#PROTE(],4J)

COMPUTE KCAL NOF CARBOHYDRATE OF ITH SPECLES CONSUMED
=0Y JTH ANMIMAL SPECTES--VARIABLE CARBEKI(I,.J)

CARBEK (L4 J)=CARBE(I,J)*CBNRGI])

COMPUTE KCAL OF FATS OF 1TH SPECIES CONSUMED BY JTH
=ANTMAL S5PECIES --VARIABLE FATEK(I,J)

FATEKI I o JI=FATE(L ,J)*FTNRGI(I)

COMPUTE KCAL OF PROTEINS DF ITH SPECIES CONSUMED BY
=JTH ANIMAL SPECIES--VARITABLE PROTEK(I,4)

PROTEK{ ]y JI=PROTE(T 4 J)*EPRNRGIIT)
COMPUTE TOTAL KCAL OF PROTEIN,FATS,AND CARBNHYDRATS
=0F ITH PLANT SPFCIES CONSUMED BY JTH ANIMAL SPECIES-
=-VARITABLE TOTEK(I,J}
TOTER LD 4 JI=CARBEK(] JI+FATEK Il J)+PROTEK{L s J)
3 CONTIMNUE

WRITE RESULTS



C

HRITEIﬁpZﬂﬂlNﬂNHpNE&T,NPER.K
HR]IEI&IEUIliﬂNH‘Jl|J=1|NhNH]
DO 20 I=1,NCAT
20 HR[TE‘&r?Uﬁ}PHH{Il;lPLTiIingJ*lelNH’
WRITE(64203)
D21 T=1,NCAT
21 ﬂR[TEingDE]PNH[I1:PLTA?IIerﬁﬂﬂiIl;EENRG{IlgFﬁT5|]]1
LFTNRGIT)PROTIT )y PRNRGI(T)
WRITE(&,205)
i 22 J=1,NANM
27 HR[TE[&.ZDﬁlﬂNHlJ}!SP[J]‘HT5|J||5TFL5|J]
WRITE(A,210)
DO 24 J=1.NANM
DO 24 1=1,NCAT
2 HRITFI&!EI?}ﬁﬂmldlipNH(I]|ﬂﬁRHG[liJ]oFﬁTG[l!JlipnnTG
l|]rleTUTG[||J11EﬂRHKl11J]fFﬂTKIltJ}nPRDTK[IiJ’!TUTK
2ULyJ) s UNCONSIT,J)
WHITE(&,215)
DO 35 [=1,NCAT
i5 HHITE[&:?lﬁ]PNHI]|rCﬁRER[|i-FATRl[l.PRDTRlII,TUTRI[Jp
lﬂARHRKIIi,FATRKI[]1PHDTRK‘I]|TUTRH[I]
WRITE(&,21T7)
DO 36 J=1,NANM
00 36 1=1,NCAT
ib HRITEI&,ZIZ!ANH[J].PNHIl||ﬂAREE[||J]1FﬂTE[[1J]|PRﬂTEII
11J|1TUTE(11J]vCﬁRBEK[IgJ]|FﬂTEHlIgJ}.PRDTEKTI'Jl|TDTEK
2{144J1
WRITE(&,208)
DO 23 J=],MANM
WRITE(6,20T)ANM(J}
DD 23 I=1.NCAT
23 HRITE{ﬁ;ZQQFPNH[l]iCDHPiIrJ}-EUHIN?[I¢J]

X{K)I=TOTCNS{L,1) 3 YIK)=PROTI(1)

AIKI=CARBGILs1) $ T(K)=FLOATIK) $ BIK)=FATG(1,1) $C(K)
1=PROTGI{L,1])
99 CONTINUE

CORKELATINN EXAMPLE--CNMPARE CONSUMPTION OF BTJR
“WITH PERCENT PROTEIN CONTENT OF BLUFE GRAMMA
LALL CORRIYX,NPER,RXY,B1l,80)
WRITE(&6,220)RXY,B0O,B1
220 FHRHATIlHt*CDRRELﬂTlGNS*IlHD*CUNSUHPTIUN OF BOGR VERSES
LPERCENT PROTEIN CNONTENT FOR BYTJR*/1IHO*CORRELATION®FS,
EE!lHﬂ*1NTERCEPT#ElE.4!1HD*5LDPE*E15.#l
PLOT EXAMPLE

FORMATS USED
INPUT FORMATS
100 FORMAT(AS ,15F5.0)

101 FORMATILAIS)
102 FORMATI!16F5.0)

103 FORMAT(15A5)

OUTPUT FORMATS



00 FORMAT(IHL*NN. ANIMAL SPECIES*[S5* NO. DIET CATEGORIES®
l**] 5% NO. PERIODS 0OF SIMULATION®IS®  THIS [S PERIND#*I[5)

01 FORMATIIH (10X, 100A5,4X)})

202 FURMAT(IHO,AS,FL10.2,5X,3(F5.2,F1l2.2,3X))

203 FORMATIIHD,6X*BINMASS AVAIL CARBOHYDRATES*11X*FATS®
L**] 4X*PROTEINS*/1H , 11X*G.*TX,3{IX*PC*TX*KCAL/G*2X ) |

204 FORMAT({1HO,AS,10F9.2)

205 FORMAT(1HO®ANIMALS NUMBER STOMACH WT STOMACH =
L*FULLS*)

206 FORMATILHO:AS,3F12.2])

208 FORMATI(LHO*COMPETITION IMNDICES®)

207 FORMAT(IHGC,AS,10X,*«COMPETITINN FELT COMPETITION GIVEN®%*)

209 FORMAT{IHO, 10X A5 ,FLO.2,F20.2)

210 FORMAT (LHO, 3BX*ACTUAL COMNS®
L*¥UMPTION*24 X*UNCONSTRAINED CONSUMPTION®/1H *AN[MAL PLA®
JENT*] TX*( 29X *KCAL*/1H ,15X,2(* CARB FATS PRMN=
2xT TOTL =3

212 FORMATIIHO ASy 3Ky AS o PX s BIFT.2,:1%)4Flb.2)

215 FORMAT[IHO*PLANT®3SX*REMAINING BIOMASS®/1H , 30X*G. %29
l*xKCAL*/1H ,15X,70® [CARBE FATS PROT TOTL =)

216 FORMAT(IHO A5, 10X,BIFT.2,1X1)

Z17 FORMAT(LIHO,20X*CONSUMPTION [F ALL BIOMASS IS EATEN®/1H

1 *ANIMAL PLANT*LTX*(,*29X*KCAL*/1H ,15X,2(* CARR F=
JEATS PROT TOTL *})}
END

SUBRNOUTINE CORRI(Y,X,N,RXY,BLl,80)

C THIS SUBROUTINE CALCULATES A LINEAR CORRELATION BETWEEN TWO VAR
G OR A REGRESSION OF ONE VARIABLE ON ANODTHER AND RETURNS THE
C CORRELATION COEFFICIENT, INTERCEPT AND SLOPE OF THE LINE.
C VARIABLES USED
£ X=5INGLF DIMENSIONED ARRAY OF INDEPENDENT WARIABLF
& Y=SINGLE DIMENSIONED ARRAY OF DEPENDENT VARIABLE
E N= NO. 0OF DBSERVATINONS
C REY=CORRELATION COEFFICIENT
C 81=5L0OPE OF LINE
C BO=INTERCEPT OF LINE
DIMENSION XU100) .Y (1001
SX=5Y=55K=55Y=558XY¥=0,0
DO 1L I=1l:+N
SX=5X+X{]])
SY=5Y+Y11)
SSY=557+Y([1=¥(1)
S55X=5SK+X([1*x(1)
I SSXY=S5S5Xy+X([)®Y(])
SCP=SSXY-(SX*SY)/FLOATIN)
HXY=SCP/SORTI(SSK—(SX*SX)/FLOATIN) ) *{SSY-(5Y*SY}/FLOATIN}))
BL = SCP/ISSX={SKX*SX)/FLOATINIDI
RO = (SY/FLOATI{N)I-BLl*{SX/FLOATI{N))
RETURN
EMND
CND OF J0OB

*END
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AR ITMAL

nimal Species 2 No. Diet Categories 2
CLion
ATJR WTJR
.80 .90
.20 10
BIOMASS AVAIL CARBOHYDRATES FATS
G PC KCAL/G FC KCAL/G
90.00 .50 L.ig .30 g.40
Lo.oo .50 4.15 .30 9.40
MUMBER STOMACH WT STOMACH FULLS
100.00 30.00 14.00
100.00 30.00 14.00
ACTUAL CONSUMPT ION
PLANT G.
CARB  FATS PROT TOTL CARB FATS
BOGR 16.80 10.08 6.72 33.60 69.72 94,75
BUDA 4.20 2.52 ).B8 B.4o 17.43 23.69
BOGK 18.90 11.34 7.56 37.B0 78B.43 106.60
HUDA 2.10 1.26 B4 4,20 8.71 11.84
REMAINING BIOMASS
G.
CARE  FATS FROT TOTL CARB FATS
b, 40 5. 48  3.72 iI8.60 3B8.60 62.45
13.70 8.2z 5.48 27.4% 56.85 77.27
CONSUMPTION IF ALL BIOMASS 15 EATEN
FLANT G.
CARB  FATS PROT TOTL CARB FATS
BOGR 20.37 12.22 8.1% Lo.75 B4.55  114.9]
BUDA 17.09 10.26 6.84 319 70.94 96.41
BOGR 24.631 14.78 9.85 kg 25 102.20 138.89
clUDA 2.9} 1.74 1.16 .81 12.06 16,39

APPENDIX G

SUMMARY PRINTOUT
PROGRAM DIETCMP

No. Periods of Simulaticn &
This is5 Period
PROTE NS
FC KCAL/G
.20 5.65
.20 5.65
KCAL
FROT TOTL
37.97 20244
9.49 C0.61
h2.71 227.7h
4.75 25.30
KCAL
FROT TOTL
202 112.07
30.96 165.08
KCAL
PROT TOTL
46 .05 245 .53
38.63 205.98
55.65 296.74
6.57 35.02



COMPETITION INDICES

BTJR

WTJR

AN IMAL

BTJR
BTJR
WTJR
WTJR

COMPETITION FELT COMPETITION GIVEN
BOGR 1.27 .79
BUDA .25 b.oo
COMPETITION FELT COMPETITION GIVEN
BOGR 79 1.27
BUDA 4. 00 .25

UNCONSTRAINED CONSUMPT I ON

PLANT

BOGR 50.00
BUDA 25.00
BOGR 50.00

BUDA 25.00
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