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ABSTRACT

BIRD is a simulation model which projects the dynamics of age classes
of bird populations using basic 1ife history information and calculates the
metabolically based energy demands of this simulated population. Here we
describe the various subroutines of the model in terms of their coding and
computational mechanics, and document the interrelationships of these
subroutines. Detailed éxamples of model output are provided, employing
data from a Dickcissel (Spiza americana) population at the tallgrass

Osage Site In Oklahoma.



CHAPTER 1
INTRODUCT ION

The purpose of this technical report is to provide a modeling
description of the BIRD Model. Descriptions of the biologlical assumptions
are found in Wiens and Innis (in press) and Wiens and Innis (1973).
Fig. 1.1, taken from Wiens and Innis (in press), is a Forrester (1961)
diagram of the basic model structure that is reported here. However, a
model such as BIRD, which is developed as a mul ti-purpose tool, Is
subject to continuing revision and sharpening, ‘We thus include several
sets of calculations which are not part of the structure described in
Wiens and Innis (in préss). These additional functions or calculations
are clearly indicated where they occur.

The model first simulates population dynamics using the 11fe history
information and initial conditions for the populations. Once the
population density in each age class is determined, then weights for each
age class are determined. Weight, together with ambient temperature, determines
the existence (metabolic) energy requirements for Individuals in each age
class. These requirements are further modified by such things as egg and
molt costs, digestive efficiencies, activity costs, and growth costs to
determine the energy requirements of individuals in each of the age classes.
The individual energy requirements in each age class are summed to give a
population energy demand for the class, and then sums over the various classes
are computed to give a total population energy demand. Readers Interested
in the biological assumptions are referred to the papers mentioned above

for more details. In this document our focus will be on the computer
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code which implements this model; it purports to provide interested

users with a sufficient description of the model structure to allow

them to operate and modify the model in its reported and extended forms.
The study began as a collaborative effort invelving Wiens and Innis.

Wiens provided the biological information, and Innis structured the Initial

forms of the model. Chuculate joined the group later, first executing

a large number of model runs and them making a number of modlfications

and improvements in the mode!l. Miskimins assisted in the sharpening and

extension of the model from the form reported in Wiens and Innis (in press).



(1-8)0

FLUw = 0,
(f'3)o

FLUW = 0,



CHAPTER 2
S IMCOMP

The model Is coded in SIMCOMP Version 3.0. This is a simulation
language developed at Colorado State University (Gustafson and Innis
1373, Stevens and Gustafson 1973) and is quite similar to the DYNAMO
language developed at MIT. This language is basically a flow-orlfented,
difference equation-based simulation language designed specifically to
support biological simulations.

The reader will notlce rather quickly that much of the real power of
SIMCOMP has been left unuséd in this modeling effort. Indeed; the main
reason for coding in SIMCOMP was to use that system's organization and
its input-output capabilities. The reason for this unusual structure
is that we originally coded the model in accordance with the Forrester
(1961) diagram of Fig. 1.1. The population submodel consisted of a
sequence of flows of animal numbers from one age class to the next for
each species. Clearly, as the number of species changed, the numbers of
flows that had to be incorporated in the model had to change. This
was unfortunate because every time we changed the number of speciles,
we actually had to change the structure of the model by either inserting
or deleting flows. After some experience with the model In this
form and finding that we could not make these changes without occasional
errors, we decided to solve the difference equations in CYCLI (the
block of code appearing at the end of SUBROUTINE CYCL1). The two dummy
flows which appear in the code are a concession to the system which was
designed to take flows; at last report, they generated diagnostics if
the simulation was coded without any flows and generated errors

if the model was coded with just a single flow.



SUBRUUT [NE START
UIMENSTUN CG(20)
C NSK IS ThE NUMBER OF SPECIES BEING CONSIDERED,
LU L 1 = ] 4NSP
L0 ¢ U=z],.3
c Ct(Iid)=U.
K = St([w])se
C CGly 18 JUST AN INTERMED LATE VAR ABLE ,
CG(1) = tXP(-AKIIJ*PNll))
IF(F“(I}.tU.Uo.ANU.HMW(I).tu.u.) GU T0 3
BO(L) = (HMN(I)—FN(I))/(FH(I}*Cb(I)—HMH(I))
AG(Ll)Y = HMW (L) # () .0 « Bo(l))
C B6 AND AG AKE CONSTANTS UStY IN THE NESTLING GHOWTH HATE .
4 .

L0 TO
3 Ac(l) = ¢,
BG(L) = 0.
4 CONTINUE

1 A(K) = pS({)



SUBROUTINE START

SUBROUTINE START serves the purposes of initialization of variablas,
the computation of constants, and the normalization of certain Input
variables,

The DO loop through the statement labeled I at the beginning of START
sets the CE (cumulat]ve energy) array to zero. The first Index 1s for
species, and the second indéx is for age class (reader is referred to
Chapter 4 for a complete variable list). The state variables (the X
array in SIMCOMP) are defined as follows:

X(1) = source/sink

X(2)

[}

adult numbers for species 1

x(3)

egg numbers for species 1

X(4) = nestling numbers for species 1

X(5) = fledgling numbers for species 1
X(6) = juvenile numbers for species 1
X{7) = adult numbers for species 2

X(8) = egg numbers for species 2, etc,

I'n general then, adult numbers of species I (I = 1, NSP [NSP is the
number of species being considered]) are located in state variable X{K) where
K=25%*(I-1) + 2. The last statement of the DO loop to the statement labeled
1 sets the adult population of species I to PS(I), the population at the
start of the run. |

The intervening block of code establishes the constants AG and BG in
the logistic equation for nestling growth rate, given the fledging weight
(FW) and the hatching mean weight (HMW) for each species. AG and BG are

then used as the constants in the logistic equation later In the simulation.
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NORMALIZATION OF DIET SELECTION

ﬁﬁﬁ###ﬁﬁ%ﬂﬂﬂﬁ###ﬁﬁﬁ%ﬂﬂ#ﬁ##ﬁ&%ﬂ###ﬂﬁﬁﬁ##ﬁ#ﬁﬂ##ﬂ#ﬂ##iﬁ##ﬁ##*ﬁﬂ“ﬁ##ﬁﬂ

DIET(IsJeK} IS THE AMOUNT OF THE TOTAL FOOD INTAKE B8y SPECIES K
OBTAINEU FROM FOOU CATEGORY I ON The JUTH MEASUREMENT DAY

CALV(I} IS THE CALORIC VALUE OF FOOL CATEGORY [ (KCAL/GMS DRY WT)

NDA IS TrE NUMBEK OF MEASUREMENT DAYS

NCAT IS THE NUMBER OF FOOQD CATEGORIES

NDT IS A FLAG, IF NDT=]swE DO NOT MAKE CALCULATIONS ABOUT THE DIET,

IFf NDT=0swE DO MAKE CALCULATIONS ABOUT THE DIET,

IF(NDT.EQ.1) GO TO 600

NDAT (J)  ARE THE DAYS (SINCE JAN 1} ON WHICH THE DATA ARE RECORDED

DO 8002 K=])4NSP

U0 8002 J=1sNDA

INITIALIZFE SUMMING VARIABLE

SUMM=0,0

DO 8001 T=1.nNCAT

SUMM=SUMM+DTET (1 9JeK)

CONT INUE

IF(SUMM.EGOOO) SUMM=10

DO 8002 T=}«NCAT

DIET(IeJeK)=UIET (19JoK )} /SUMM

CONTINUE

DO 8005 TI=1,.NCAT

DO 8005 H=].NSP

TOT(leK)=0.0

CONTINUE

[FINOACB.EW. 1) RETURN



The next block of calculations is concerned with diet composition and
is not included in the version of BIRD reported by Wiens and Innls (in press).
Immediately following the statement labeled 1, we check the flag NDT (no
diet selection) which is set equal to 1 if no calculation of diet composition
is to be undertaken and if it equals 0 when this section of code is to be
employed. |If dietary calculations are performed, each of the bird species,
K, selects a diet from several prey categories, I, 1 < I < NCAT; MCAT is the
total number of prey categories considered (NCAT < 20). The same prey
categories are used for all species considered in a run, and the diet
composition routine is applied to al] of the bird species included.

For each of several days, NDA, during the run, a measurément
(percentage total volume or weight, etc.) is entered for each prey
category, I, of the diet of bird species K. The measurement which was
taken on the Jth measurement day is stored in DIET(I,J,K). This array
is normalized in order that the entry DIET(I,J,K) is the fraction of the
diet of bird species K filled by prey category I ﬁn the Jth measurement
day,

The variable TOT(I,K), which Is the amount (g/mz) of prey category
I consumed during the season by bird species K, is initialized at 0.

Following these diet normalization calculations, we check the flag NOACB
{no activity budget) which is set to 1 if there will NOT be any activity
budget calculations. In the event there is an activity budget calculation,
the remaining block of code in START is executed. The rationale and
assumptions underlying activity budget calculations are described by Wiens

and Innis (1973).
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ﬁ##&ﬁﬁfﬂﬁﬂ*ﬁ##ﬁﬂﬁﬁﬁﬂ*#ﬁﬂﬂ##ﬁ*#ﬁﬁ##ﬁﬁﬁi#

*NORMALLIZATION Of ACTLIVITY BUDGET DATA®
#######ﬂﬁ#ﬂ#ﬁﬁ#ﬁ#ﬁ#iﬂ#ﬂ#ﬂ*#####ﬁ####ﬁﬂ#
AMACT (IoJeK) IS THE TIME SPENT BY AMALE OF SPECIES K ON THE ITH
ACTIVITY OGN THE JTH MEASUREMENT UAY .
AFACT(TadeK) IS THE SAME VARIABLE AS AMACT EXCEPT FOR FEMALES
ACTC(I K} IS ThE COLFFICIENT OF ENERGY EXPENDITURE OF THE KTH SPECIES
ON THE ITH aCTIVITY
DO 20003 K= 4MSP
LG 20003 U = 1sNuMUY

C INTIALIZE SUMMING VARIABLES

SUMM1=0,0

SUMF 1=0.0
C NURMALIZE UATA

Vg 20000 1=]1.7

SUMMl'—'SUMleIAHACT(IQJQK)

SUME 1 =SUMF 1 +AFACT (LsusK)
20000 CONTINUE

LF {SUMM] ,tGeu,) SUMMLl=],.

IF (SUMF 1l sk WoUe) SUMF =1,

Ul 20003 I=1,.7

AMACT (L eusk) = ACIC{I,K)“AMACT(Iod;K)/SUMMl

AFACT (I yueK) = ACTC(I;K)*AFAC](I,d,h)/SuMFl
20003 CONTINUE
C AMACT(IsJden) AND AFACT (TsJsK) ARE LATER CHANGED TO ThHE ENERGY EXPENDITURE
C BY A MALE AND FEMALE UN Tre LTH ACTIVITY ON THE JTH UAY OF MEASUREMENT
C ( K REPRESENTS THE SPECIES )., .
KE TUKN
EnD

OO0 O O
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Activity budgets for males and females, stored as AMACT(I,J,K) and
AFACT(I,J,K) respectively, are entered as numbers indicating the proportion
{fraction, hours) of the 24-hr period on day J when the species K Is in
activity I. In order to prevent the person supplying these data from
having to be sure that these activities sum to one or 24 or whatever his
unit might be, these values are normalized by first summing all of the
activities for each date and each species, and then dividing AMACT and
AFACT by the appropriate sum.

There are, however, different energy costs assocliated with diffefent
activities; so rather than have this activity cost appearing time and
again later in the model, it is presented here as ACTC(T,K) thch is
indexed by activity I and species K, and this is multiplied by the
normalized activity budget. Thus, upon exit from this activity budget
calculation, AMACT and AFACT contain a '""normal Ized weighted" activity

budget.
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SURROUTINE CYCL]) 12
NAMW IS A FLAG., NAMW=] INDICATES AMW(I) IS CONSTANT THROUGHOUT
A RUN. UTHERWISE, WE USE AMWA (Js 1) AND INTERPOLATE
DA(Js1) IS AN ARRAY OF DATES (FROM JAN 1) ON WHICH AVERAGE ADULT
WELGHTS OF SPECIES I ARE RECORDED
IF NAMW IS NOT 1, THEN
AMWA (Js1) IS THE AVERAGE ADULT WEIGHT OF THE ITH SPECIES ON DAtUWI)
AND
AMW (I) IS A LINEAR INTERPOLATION OF THE ARRAY AMwA
NUDAS (I} IS THE NUMBER OF ACTUAL ENTRIES FOR SPECIES I IN THE ARRAY
VA(JsI)e THE REST OF DA(JyI) IS FILLED IN wiITH ZERQS.,
IF (NAMW,EG, 1) 60 TO 32
DO 31 I=1NSH
NU=NUDAS (1)
DO 11 J=1a.NU
IF(TIME.GT.0A(Je[))11v12
CONTINUE
IF(J.EQ.1) 14415
AMW (T)=AMWA(Ls1)
GO TO 30
IF(J.EQ.NU.AND.TIME.GT.DA(JvIl)17018
AMW{I) =AMWA (NU,I)
60 70 30
L=J=1] :
AMN(I}=AMWA(L)*(AMNA(J)-AMWA(L))/(DA(J;I)-DA(L.I))*(TIME-DA(LvI))
CONT INUF
CONTINUE
CONT INUE

a#nGnua#ﬂuﬁ**##ﬁ%*##u####nﬂﬁ#*##iﬁﬁﬁ##i#uﬁﬁﬂb####ii#ﬁﬁﬁ&*ﬂ#iiﬁﬁﬁﬂu
CALCULATION OF DIET COMPOSITION

ﬂﬂ-##ﬂ*#%ﬂ-ﬂ'ﬂ’ﬂ'ﬂ'%ﬁ'ﬂ'#ﬁ#ﬁ'ﬂ'-ﬂr'ﬁﬁ'ﬁ'#ﬂ'ﬂ'i:-ﬁ-ﬁ-ﬂ-###ﬁﬁﬂ##ﬁ##ﬁﬂﬁﬁ*ﬁ#ﬁﬁ#ﬁ*ﬁ“iﬁﬁ#“ﬁi*#

OIET(I,sJeK) IS THE AMOUNT OF THE TOTAL FOOD INTAKE BY SPECIES K
OBTAINED FROM FOOD CATEGORY I ON THE JTH MEASUREMENT DAY

CALV(I) IS THE CALORIC VALUE OF FQOD CATEGORY I (KCAL/GMS DRY wT)

NOA IS THE NUMBER OF MEASUREMENT DAYS

NCAT 1S THE NUMBEk OF FOOD CATEGORIES

NDAT(J)  ARE THE DAYS (SINCE JUAN 1) ON WHICH THE DATA ARE RECORDED A

NDT IS A FLAG. IF NDT=1+WE DO NOT MAKE CALCULATIONS ABOUT THE DIET.
IF NDT=0.WE DU MAKE CALCULATIONS ABOUT THE DIET.

IFANLUTLEQLL) GO TU 601

INTERPOLATE DIET ARRAY

DO 69 I=]4NCAT

00 70 K=]eNSP

OGPREY (I4K)=0,0

BO 71 Js1+NUDA

IF(TIME SGT JNUAT(J)) TleTe

CONT INUE

IF(JabtBal) Tae7%

AVDT=DIET (I+1eK)

GO0 TO 76

IF(JeBG NDALAND G TIME (6T NDAT (J)) 77,78

AVDT=CIET (I 4nDAsK)

60 TU 76

L=J-1

AVDT=UIET(I.L1K)+(UIET(I.J.K)-UIET(I.LsK))/(NDAT(J)-NDAT(L})*

(TIME=NDAT (L))

Te CONTINUE
CaveeoVDT IS THE INTERPOLATED DIET CUMPOSITION
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SUBROUTINE CYCL1

SUBROUTINE CYCL! contains five major components., The first two
components are recent additions and are not included in the description
in Wiens and Innis (in press). The first section of code permits the adult
mean body weight (AMW(I)) to be treated as a variable rather than a constant.
[f the flag NAMW is set equal to 1, the adult mean weight is held constant
and Is initialized by input data. |If NAMW is not equal to 1, then adult
mean weight is treated as a variable. In this case, a linear }nterpolation
function is used to obtain the dally adult mean weight from the tables AMWA.,
the dependent variable, and DA, the independent variable.

For each bird species, I, the adult mean weights are recorded for a
selected number (NUDAS(I)) of days. The Julian dates of these days are
entered into the array DA(J,I), and the corresponding adult mean welghts are
entered into the array AMWA(J,I). Note that the entries iIn the array NUDAS
are integral and those in DA{J,I) are floating point.

The results of the linear Interpolation of the array AMWA(J,I) are
stored in the array AMW(I) and enter into the calculations where appropriate.

The next block of code couples diet composition to energy demands., |f
the flag NDT is equal té 0, indicating that calculations of diet composition
are to be undertaken, the array DIET(I,J,K) will contain as entries the
fractions of the diet of bird species K filled by prey category I on day J.
There are NSP bird species, NCAT prey categories, and NDA measurement days.
The Julian dates of the measurement days are entered in the array NDAT(J).

A linear interpolation function, using NDAT as the independent variable
and DIET as the dependent variable, calculates the daily fraction (AVDT)

which prey category I contributes to the diet of bird specles K. This value
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CeveesGBPREY (I44) IS THe DAILY CONSUMPTION OF CATEGORY I BY
C SPECIES K (GMS/M#%2)

OPREY (T sK)=GPREY ([4K) + { AVDT = ERA(K) ) , CALV(I)
CooeeeTOT(I4K) IS THE TOTAL SEASONAL CONSUMPTION OF CATEGORY I
C RY SPECIES K (GMS/Meup2)

TOT(IsKI=TOT(L9K) + GPREY (I ,K)

70 CONTINUE
69 CONTINUE

DO 8010 T=1.iCAT

PTOT(I})=0.0

PREY(I)=0.0

DO BO0O9 K=].NSP
CovweesPTOT IS THE TOTAL SFASONAL CONSUMPTION OF FOOD CATEGURY I

PTOT (I} = PTUT(I) + TOT (1K)

CeeeaoPREY IS THE TOTAL DAILY CONSUMPTION OF FOOD CATEGORY I
8009 PREY(I) = PREY(I) + GPREY(IsK)

H010 CONTINUE

601 CONTINUE

CooeUATE ARRAY CONTAINS UATE IN DAYS SINCE 1 Jan

Coae TEMPC ARKAY CUNTAINS TEMPERATURE (DEG C) AT DAITE

Cees AVLUEGC = LINEAR INIERFPOLATIUN FUK AVERAGE TeMP ESTIMaTE
vl 1 I=1«NOTMP
LF (TIME G JUATE () ) lae

I CUNTINUE
€ IF(IJEQai) 445
4 AVDEG = TEMrPCLI(])
GU Tu o
9 AF (lekGNUT MPoANUTIME sGTLUATE (1)) 7+8
[ AVOEG = TEMPC (NUT MP)
LO TO 6
B AVODEG = TEMHC(E-i}) + (TEMPC(l) - TEMPCCi=-1))/(DATE(]) - UATE(I~1)

®O)R(TIME=QATE(I=-1))

& vl 3 [ = 1eNSP
T = TIME=-FI(])
EVICLY = EVST(Tel)
EPLE1) = EPUZ(Tey)
1 = T-PN(I])
EVZ2{l) = EVST(Tel)
EPZ2{1) = EPDC(Tyi}

io= T=rF(])
PVICD) = EVSTE(Tey)
EPICL) = EPLE(Ty1)

JEHR(I=1) v g
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(AVDT), multiplied by the energy requirements (ERA(K)) of the Kth species
and divided by the caloric value {CALV(I)) of the Ith prey category

(kcal/g dry wt), vields the dally consumption (g dry wt/mz) of prey
category I by species K (GPREY(I,K)). GPREY(I,K) Is then added to TOT(I,K)
to update this cumulative consumption of prey category I by species K. In
addition, the variables PREY(I), the total daily consumption of prey
category I by all NSP bird species, and PTOT(I), the cumulative consumption
of prey category I by all species, are calculated.

The third component of CYCLI encompasses the block of code down through
the statement labeled 8. This block of code is used to Interpolate within
the table TEMPC (which contains the air temperature In degrees centigrade)
on the dates (DATE) to provide the temperatures at a given time during
the simulation. The calculation is a straightforward linear interpolation.

The next block, which is the first nine 1ines of code within the
DO loop to the statement labeled 3, that is, the first nine instructions
following the statement labeled 6, are used to compute the ''potential
number of nestlings, fledglings, and juveniles for the flrst clutch (EVI,
EV2, EV3, respectively) and the potential numbers of nestlings, fledglings,
and juveniles for the second clutch (EP1, EP2, EP3, respectively).

This is called the potential number of animals of this age because it

is actually a calculation of the number of eggs that were produced at

the proper time in the past to result in animals of that age c¢lass on the
given date. These potential numbers are reduced as a resuilt of losses;
calculated in the last block of code in CYCLI.

The last block of code in CYCLI begins with the computation of

the index J. This is an index of the location of the adults of species I.



C THE NUMBER OF ADULTS 1S

-18-

CALCULATED in THIS FLOW (X(J))
t = FLIN(PS(I}OPDU(IJ9|S(I)9TlN(l)9TIME) +

W FLIN (K(\J)gPt(I)y1U(I);TE(I)0]IHE)
lFtTlME.LE.TS(I))F = Psi(i)

IF(TIMELGE,TE(])) F = A(Jr = NM(I)*PE(I)/(363.-TE(I))
IF(TIMt-GT.TlN(I).ANU.TIME.LT.TU(II} F = X{J)
F = (F=X(J))/DT - ADR(L)*Xx ()
AJISX(J)+FapT
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In the next block of code the numbers of adults in the population is
calculated from 1ife history information. The variable F ig computed first
as the sum of two terms, the first of which gives the Immigration rate and the
second provides for the negative of the emigration rate, The FUNCTION
FLIN provides for a linear interpolation between points with Y values as
the first and second arguments, associated X values as the third and fourth
arguments, and the fifth argument Is the independent variable. |If the
independent variable lies between the thijrd and fourth arguments, then a
linear interpclation is performed. (f the independent varlable lies outside
the interval specified by the third and fourth arguments, theﬁ FLIN returns
Zero as a value (see the discussion of FUNCTION FLIN in Chapter 3). The
variable TS represents the time of the start of the run. If time Is
earlier than TS, then setting F equal to PS (population at the start of the run)
resutts in the adult Population being held at the level PS until the time
TS arrives. The population then rises approximately linearly to the population
breeding density (PBD) at the time Initiation of hesting (TIN). The population
begins its departure on date TD (time of departure), and emigration proceeds at
@ constant rate to the population PE {(population at the end of the run) which
is achieved at time TE (time of the end of the run)., In the event time proceeds
beyond TE, winter mortality (WM) sets in and animals are lost at a constant rate.
Between the time of initiation of nesting and the time that emigration
begins, the population remains constant unless there is an adult death
rate (ADR) operational.

The rather clumsy appearance of this code stems from the fact that
much of our information is essentially state variable information from which
we compute rates. However, we must then operate on these rates, because

we want the model to be sufficiently general to deal with situations in
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C THE NUMBEK OF E6GS Is CALCULATED HERE (K{usl))
¥ TiME
k EVST(T,]1) = EVI(D) () ,=RS5(]))
L EPDe(Ty1) - EFII)#(Lla=H5(])
F (F +G)#x(y)
AlJ+1)=X{Jel) +FayT

C Thrt EGGS WHICH SURVIveE TU PHuDUCE NtSTLlNGS 1S CALCULATED HERE (X(J+2))
Fo= (eVI(I) + EPL(L)) ®*HS (1) FHEU (1)
Aid+l)=X(Jel)~FHyl
AlJ+2)=x{de+g) +F #u]

C THE MOURTALILIVY OF NESTLINUS 1S CALCULATED Hth
F = -(tV{(I)*tPZtl))”ll.-FS(l))“HS(I)“PBU(I)
Ald+eoy =X {Je2) +F =0T
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which there is not an active adult death rate nor an active winter mortality,
as well as with situations in which one or both of these functions are
operational.

The number of eggs at any point in time is determined by adding those
eggs produced on that date to the egg population and subtracting from the
population those eggs that hatch. F represents the additions to the
population (EVST), as a result of new eggs from the first clutch being
formed, minus eggs which hatch (EV1), adjusted for hatching success (HS). G
represents the same calculation for the second clutch, The total number of
eggs produced is then determined by multiplying this egg production per adult
in the population (F + G) times the population breeding density at the time
of production (X(J)). The last equation merely updates the state variable.

In the next block of code the number of eggs which survive to produce
nestlings is calculated. EV1 and EP] are the potential number of eggs which
would hatch on a given day. If we muttiply that sum by the hatching success, we
obtain the number of eggs per adult which would actually hatch on that day;
to obtain the number of eggs which actually hatch, we have to multiply that by
the poputation breeding density (PBD). Those eggs which hatch have to be
removed from the egg compartment and an appropriate number of individuals
entered into the nestling compartment. The next two equations are
simply the solutfons to the difference equations for egg hatching -~ removal
from the egg state variable and addition to the nestling state vartable.

The mortality of nestlings is just those nestlings which do not fledge,
Thus we take the total number of nestiings (EV2 + EP2) multiplied by the
hatching success times the population breeding density and multiply that
by 1-FS, where FS is the fledging success. The minus sign on F is to indicate

that the flow is out of X(J+2) and not into it.
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C THE NESTLINGS wHICH SURVIVE TO BE(LUME FLEDGL INGS 1S CALCULATED HEKE (x(Je+3)
F = (EVE(I)ttPECI}J*HS(I)“FS(!)*PBU(I) T
X(Je2)=X(J+2)~F¥yl )

AlJe3)=X(Je3) sFspT

C THE FLEDGLING MUKTALLTY 1S CALCULATED HeRE

F = -(EV3(1)+EP3(I})*(1.-PFS(I))*FS(I)#HS(I}*PBU(I)
AlJd+3) =X (J+3)+FuyT

C Tht FLEDGLINGS WHICH SURVIVE TO sbkCome JUVENILES S CALCULATED HERE (X(Je4)}
t = (EV3(I)+tP3(1))*be(l)*Fb(I)*HS(I)*PBU(l)
AlJed) =X (JU+3)=Fuyy
AlJeg) =X (Jea) +Fap]

C MIOKATION 1S CALCULATLD HErxE
F o= FLIN(X(J+4)90.,TUu11),Tﬁdtl),iIME)
F O ATIME LT TDJCLIIF = X(Jeg)

F o= (F=A(Je4} )0l - JURCL) ¥X (Jrg)
AKldea)=X(Jea) +F a7

3 CONTINUE
e TUKRN
WD
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The nestlings which fledge are simply the nestlings which are formed
(EV2 + EP2) times the hatching success (HS) times the population breeding
density (PBD), but then multiplied by the fledging success {FS). These
fledglings come out of X(J+2) and go Into X(J+3), and thus we have the two
difference equation solutions.

Fledgling mortality is computed as all birds that fledge but do not
become juveniles. Thus we take EV3 + EP3, multiply that by the fledging success,
the hatching success, and the population breeding density, and then multiply
all of that by 1 minus the post-fledging success (PFS). Again; F is computed
as negative because the flow is out of X(J+3), not into |t.

The fledglings which do not die become juveniles, and the next sequence
of three equations applies.

Finally, we have to be concerned about the emigration of Juventles, for
which we use the FUNCTION FLIN 3gain. Notice that this function is set up
so that during the time interval from the time of departure of juveni!les
(TDJ) to the time of the end of the Juvenile run (TEJ), all of the Juveniles
X(J+4) emigrate. The IF statement sets the emigration flow to zero if time
Is less than the time of departure of the Juveniles (TDJ) and the next line
corrects the flow rate for a juvenile death rate (JDR) when JDR is nonzero.
And again the juvenile population equation is updated.

As indicated earlier, thls last part of CYCLT is where the dlfference
equations for the population are solved. This block of code would normally
not exist in the SIMCOMP program but would be handled by the compiler. The
chief advantage is that we can simply write a DO loop, (DO 3 T = 1, NSP)
where the upper limit is NSP, the number of species being considered, Thus,
we are able to change the number of species considered by simply changing

input variables.
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oMTOT Oe

ANTOT 0. % ATOT = 0. % ANFTOT = 0. $ ANFUTO = @,
TEITOT = 0. $ ERATOT = 0, % ERFTOT = 0, § LRNTOT = 0.

VO 1 I=1eNSP

J2+(1-1) %5
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The effects of these calculations on adult population density are shown
in Fig. 2.1. Here we see that from the start of the run to TS, the population
is held constant at the number PS. This poputation corresponds to the
'resident" or 'permanent' population at the site. From TS to TIN the population
rises as immigration occurs. Over the period from TIN to TD the population
either remalns the same or drops as a result of adult death. And from TD
to TE the population drops sharply as a result of emigration. From TE to

the end of the run the population drops as a result of winter mortality.

SUBROUTINE CYCL2

On entry in the subroute CYCLZ the population variables égve all been
updated. TIME has been advanced from TIME to TIME plus DT (daily time
Increment), and we are in a position to perform the energy calculations in the
lower half of Fig. 1.1. This routine also accumulated a number of variables
for output and contains a wide variety of options for different kinds of birds
and different kinds of runs. |In large part, the complexity found in this submodel
stems from the calculation of these accumulations and the provision of the
many options.

The first three lines of code initialize variables for biomass accumulation
(BMTOT), numbers accumulation (the next line}, and energy requirements
accumulations (the next line).

Having initialized these variables, we enter into a DO loop which occupies
essentially the remainder of SUBROUTINE CYCL2. Within this DO loop we perform,
species by species, all the calculations that are needed to obtain the energetics
requirements of individuals, species, and finally communities.

The first line of code sets J to the index of the adult populations of

the species under consideration.
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DO 2 K = 145

KK = K = 1 + J

IF(X(KK) L T,400000001) A(KK) = g,
2 CONTINUE

A2 = X(J)+X(u+a)
IF(A2.LE.0.)30,3}1
30 ERA(I) = o,
ER=0.0
Al(I) = O
G0 TO 34
31 CONTINUE
CALL APER (NP(I)QAMH(I)!AVDEGQER)

FACZ2 = 1.4%ER



The DO loop to 2, which sets X(KK) equal to zero if X(KK) Is sufficiently
small, is a concession to the vagaries of numerical computation. In the
population computations, for example, hatching success determines the number of
eggs that produce nestlings, and one minus hatching success determines the
number of eggs which die. One would expect algebraically that these two
computations would remove all eggs of a given age from the egg population;
unfortunately, HS + (1-HS) may not add to 1, exactly, in a diglital computer.

In order to avoid having to explain extremely small numbers of eggs, fledglings,
hestlings, etc., this block of code was inserted to set any population which

8kmz) to zero.

got sufficiently small (less than 1 animal, or egg, per 10
We begin the next block of code by determining if the summed adult
and juvenile populations are positive. 1If they are not, that Is, if A2 is
less than or equal to zero, then the energy requirement of adults {(ERA(I))
is set to zero, a branch is made to the statement labeled 34 where the
biomass of adults is also set to zero, and the cumulative adult energy
requirement is not increased. In the event there.are either adults or
Juveniles in the population, a branch to the statement labeled 31 is
executed where, as a first stage for the energy calculation, SUBROUTINE
APER Ts called. APER is discussed in detail in Chapter 3. It is important
to note, for the present discussion, that it takes the flag NP, indicating
whether the birds are passerines or nonpasserines, the adult mean welight
(AMW}, and the average temperature in degrees centigrade (AVDEG) and returns
the variable ER {energy requirement) for passerines or nonpasserines of

the given adult weight at the given temperaturel/. Next FAC2 which is 1.4

times ER is computed. The factor 1.4 is a generalized correction factor

Y A basic modification of these calculations is discussed on P. 37.
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FACl = 0,0

IF (TIMESGELDOM] (1) oANDWTIME.LT,DOML (1) +PM1{I).AND.DOM] (I)NE.O,)
IFACl = L12%ER

IF(TIME.GE 4DOM2 (1) sANDoTIME LT.DOM2(1) +PM2 (1) . ANDeDOM2 (1) ¢NE.D.)
IFAC1 = .12%ER

FACI = 0.0
IF(TIME.GE ,DUMY () . AND TIMELLT.OOM)I(I) +P

L] L] L] L ] - Ml(l’
-1 CaAaLL MOLT(UUMI(I).PMl(I);AMw(I),TIMEyFACID

IFATIME.GELNOM2(1) AND JTIME (LT .DOM2 (1) +P
- - L] L] "2(1’.AN - -
1 CalLL MOLT(DUMZ(I)’PME‘I)OAMN(I)’TIME,FACI) D DOME(I) NE.O.)

+AND.DOM1(I).NE,O,)
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for activity; in the event the option is taken to use the activity budget,
then the 1.4 is replaced by a more detailed calculation.

The factor FACI is computed in the next three FORTRAN statements (requiring
five lines of printed information)., FAC1 is a factor which represents the
effect of molt on energy requirements. Normally, FAC1 Is zero, which represents
the situation in which the birds are not moiting. |If, on the other hand, we
are either in the first or second molt period, corresponding to the two IF
statements, then FAC1 is computed as 12% of the metabolic energy requirement,

An alternative form of the calculations for molt costs calls SUBROUTINE
MOLT, which in essence calculates the cost of a complete molt as a function
of body weight and then distributes this cost over the molt period, rather
than calculating a fixed proportion of the daily existence energy requirement,
as was done above. The two methods may yield rather different results: for
Dickcissels undergoing a 30-day molt, for example, the former method (using
SUBROUTINE MOLT) gives a total molt cost of 197 kcal, the latter method
a total cost of 47 kcal. The former procedure probably does provide a valid
estimation of total molt costs, but ignores the effects of alterations in
activity costs or thermoreguiatory abilities which may accompany molt.

Until better information on the energetics of molt is available, it is
probably best to follow a conservative approach and employ the latter
procedure (i.e., exclude SUBROUTINE MOLT) .

The next several lines of code are used to compute the egg costs iIn
energetic terms, if egg costs are to be considered. The flag IDDAT, which
is indexed by species, can be used to determine that no egg cost will be
calculated, that is, IDDAT is zero, or that passerine, shorebird, cormorant,

or alcid data are used, corresponding to IDDAT of 1, 2, 3, or &, respectively.
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«l0I) = (fac, «+ Fal?ye DeEF
IFlIDDAT(l).tQ.OJ 60 TU 33 :
THE vaRIABLE IUDAT (1) IDENTIFEES THEe DATA BLOCK TO BE Ustu 7o CALCULATE
EGG LOSTS '
ILDAT (1) = ) PASSERINE DATA ARE TO BE USED
10DAY (1) = < SHOREBIRD UATA AKE TO Be USED
10DAT (1) = J :
IDDAT (1) = & ALCID DATA ARrEe TO BE ustD
IF 10DAT = ¢ NO LEGG COST |s CALCULATED.
ECl(I) 0.
eCedl) 0.
1CALL EGOG (IcJoECI(IJoloIDDAT(I})
lFtTIME.GE.DUIE(l)-CSE(l)-J..ANU.TIME-LE.DCI&(I))
ICALL EGG (quoECd(IJ¢291UDAT(1))
EC1 IS THE DalILY INDIVIDUAL ENEROGLY COST ASSOCIATEQD WITH PRODUCING THE

Hnon

ALty = alq]) teC1¢l) + Ece(l)) = DEF)

IF (NOACB .Ew, ) 6U TO 32
CALL EZ(TIMES I ER)
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As with molt, in general, the egg costs are zero because the birds are not
producing eggs. Therefore, EC1 and EC2 (daily energy cost to produce clutch
1 and clutch 2, respectively) are set to zero. However, should the time be
right for the production of a clutch, SUBROUTINE EGG is called which
determines the energetic demands for egg production. The variable Al is
then increased by this €gg production term and all of the factors multiplied
by the variable DEF which represents digestive efficiency. For the purpose
of this model, all the birds are assumed to have approximately 70% digestive
efficiency; therefore, they must take in 43% more than their metabolic
(existence) energy requirements in order to provide for those ‘energy
requirements. DEF thus generally equals 1.43, From here on then, the
energy demand that we are working with is really the load or burden that
the birds place on the system in which they feed, rather than the
physiological energy needs of the bird. The variable Al is in the units
of kilocalories per bird-day.

I'f NOACB (no activity budget) is to used, that is, if NOACB |[s equal
to 1, we then branch to the statement labeled 32 and proceed with the
calculations. On the other hand, if there is to be an activity budget
calculation, the SUBROUTINE EZ Is called. The routine EZ is discussed in
more detail in Chapter 3, but suffice it to say that EZ returns two values:
TEDF (total daily energy demand for females) and TEDM (total daily energy
demand for males), where the word total Is meant in the sense of totaling
over the activities in which the bird participates for the given day,

The energy demand of the female individual of specles I (FA1) is then
computed as the sum of the molt cost, the accumulative energy demands from
activities, and the egg costs (where this latter has to be divided by the

proportion of the population that is breeding females (PPBF) in order to
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C FAL(IY IS THF ENERGY OEMAND OF a FEMALE INDIVIDUAL OF THE ITH SPECIES.,
CesenslEF IS TwE DIETAwY EFFICIENCY OF ADULTS
FAL(I) = (Fa(Q] TERFLI) + (FC1(1) + EC?(I))/PPBF(I))* DEF
C MALII) IS THF Eurkay DEMAND OF A MALE INDIVIDUAL OF THE ITH SPECIES.
ConessDFF IS TrE DIETErY FFFICIENCY OF ADULTS
MAL{T)Y = (FLCl + TEOM(I))® DEF
C uald(ly Iy TwHF ENERGY LEMAND FOR A JUVENILE OF THE ITH SPECIES,
CoseeelFF IS TrE DIETARY FFFICIENCY OF ADULTS
JAL(]) = (le=PPLF (I})#MAL(]) + PPBF (I} ® {(FAC] + TEDF (1) )% DEF)
ALUI) = PPRE(I)®ral(]) + (1a=PPEF(I))#*MA] (])
C a1 1S THE INGIVIDUAL ENERGY DEMAND wITH UNITS KCAL/BIRD-DAY.
ERA(T) = (X(U)®AL(I) + Klu+a) 2 jal (1)) #*] E=6 -
G T0 3a )

32 CONTINUE
ERA(I)=(K(J)*A1{I)+X(J*4)#(A1(I)-((ECI(I) ¢+ EC2(1))%1443))) %] E-b
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convert it from an egy cost per individual to an egg cost per female), all
multiplied by DEF for digestive efficiency. The énergy demand of a male
individual of species I (MA1) is simply the demand assocjated with molt plus
the energy demand from activities multiplied by the digestive efficiency.
The energy demand for a Juvenile of species I (JA1) iIs computed by assuming
that the juveniles have the same ratios of females to males as the adult
population. Also, the activity pattern for the juveniles is assumed to be
exactly that of the adults with the exception that juveniles are not egg
producers. Thus, we multiply the energy demand for male individuals times
1-PPBF and add to that PPBF times the energy demands from molt and activities
for the females.

Again, the energy demand for an individual is computed as the proportion
of the population that is breeding females (PPBF) times female energy demand
plus 1 minus PPBF times the male energy demand. Finally, to get the energy
demand per m2 for the adults and juveniles of the species, we simply take the
number of adults times the energy demand per individual plus the number of
juveniles times the energy demand per juvenile individual and divide that by
106, the number of m2 in a kmz°

In the event the no activity budget option was chosen a few statements
earlier, the energy requirement for adults per m2 would be computed
by taking the number of adults times the adult energy requirement plus the
number of juveniles times the juvenile energy requirement, which Is the adult
requirement reduced by the costs associated with egg production. Thus,
the coefficient of the juvenile population is somewhat smaller than that for
the adult population in the event egg costs are involved. Again, the

multiplicative factor of 10_6 adjusts from km2 to m2.
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34 BMA(L) = (K{J) + X(Jed)})oAMW(1)®#,000001]
CAEK (1) = CALRI(I) + ERA(I)®DT
[F(ERA(T} 4LT.PAER(IIIPAER (L) =ERAL(])
CeoeesVEF IS THE DIETARY EFFLCIENCY OF ADULTS
CEC{D)=CECHI) +((((ECL(I)+ECZ(L) )% OLF)#X{(J))®]l.E=6)2DT

BMNZ = 0.
BMN(]) 0.
tRN{E) = 0.
AMPY = 1,
IF (A{u+2) sbUWe0e} GO TU 10
MA = MAXT(DOLYM(I) o TIME=-PL(L)=PN(I))
MEB = MINJ(DCLII{I) o TIME~PL (1))
IF (MB=-MA ,GT.49) 50,51
53 FRINT 8000 +MAsMpo |
000 FURMAT(1h 15915419/ /9s1n % MB IS TOO LARGE#)
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The statement labeled 34 determines the biomqss of adults and juveniles on
a per m2 basis by multiplying the population times the mean weight for adults
times the 1078 factor.

The cumulative adult energy requirement (CAER) is Increased by the adult
energy requirement rate times DT (daily time increment) at each time step so that
the array CAER contains the total demand that the population has imposed on the
ecosystem up to the present time in the run. The peak adult energy requirement
(PAER) is computed in the next statement and is useful in accessing the time at
which this peak arrives, particularly in comparison to the fogd availability at
that time. The costs of egg production, expressed as population demands per
mz, are cumulated at each dally (DT) time step to give the array CEC (cumulative
egg production costs}. This value is useful in determining the proportional
allocation to egg production in terms of total energy flow.

The next four large blocks of code compute the energy demand for
nestlings of the first and second clutch and fledglings of the first and
second clutch, respectively. Because of the similarity of these blocks
of code, we shall describe only one of them in detail.

First, a number of intermediate variables are initialized at either 0
or 1. Next, we check to see if there are nestlings in the population;
if there are none, we skip to the statement labeled 10. In order to compute
an average weight for nestlings, we must know the numbers, weights, and
age distribution of nestlings which are derived from the first clutch. We
compute, therefore, MA and MB which are the beginning and ending Julian
dates for nestlings of the first clutch of this species. If MB minus MA is
greater than 49, then we must print a diagnostic because the array PCT (the
percent of the total number of nestlings present in a specified time interval),

used later, contains only 50 locations. MB minus MA is the number of different
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GO TO 1

CONTINUE

PCTT = 0.

IF {(MB.LT.MA) GO TO 13

DO 11 K = Ma.MB

CK = K

KA = K=MA+]

PCT(KA)= EVSTICK,1)

PCTT = PCTY + PCTI(KA)

IF (PCTT.EQ.0.) GC TO 13

DO 12 K = MAJMB

KA = K=MA+]

PCT(KA) = PCT(KA}Y/PCTT

AGE = TIME~K=PI(])

WTN = WNSLGU(IVAGE)

BMN(I) = BMN{I) + WTIN#PCT(KA)
CALL APER (NP(I)sWTNsAVDEG+ER)
ERN{I} = ERN{I) + ER#PCTI(KA)

CessSECOND CLUTCH NESTLING ENERGY CALCULATION

Coene
13

14

15

10

IF(PPRF2(1) .EQ.0,) GO TO 10

MA = MAX1 (DOIZ2Z(I)»TIME=-PI(I)=PN(]))
MB = MINI(DCIZ2(I)+sTIME=-PI(1))

IF (MB=MA,GT,.49) GO TO 50

IF (MB.LT.MA)GO TO 10

PCTT = 0.

DO 14 K = MA.MB

CK = K

KA = K=MA+]

PCT(KA)Y= EPD2(CK+I)

PCTT = PCTY + PCT(KA)

DO 15 K = MA+MB

ERNZ = 0,

IF (PCTY.,EQ.0.) GO TO 10

KA = K=MA+]

PCT(KA) = PCT(KA)/PCTT

AGE TIME~-K=PI(I)

wTN WNSLG{I+AGE)

BMNZ = BMN2 + WTINBPCT(KA)}

CALL APER (NP(I)sWTINSAVDEG+ER)

ERNZ2 = ERN2 + ER#PCT(KA)

IF (ERN{I)®ERN2.NE.0.)AMPY = .5
ERN(I} =(ERN(I) + ERN2)

ERN(T) ERN(I)#]1,988%.000001%X(J+2) #*AMPY
BMN(I) (BMN(T) + BMN2)#AMPY®#X(4+2)#,000001

-+
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age classes of nestlings of the given species. Thus, if this number exceeds 50,
we would have to enlarge the PCT array. The variable PCTT (a summing variable
used to normalize PCT) is set to zero to be used to accumulate the nestlings

of a given age, and then the DO loop to the statement labeled 11 actually
performs that accumulation, storing the total number of nestlings In the populatio
in the PCTT array. [f that sum turns out to be zero, then we exit (GO TO 13);
otherwise we enter the DO loop to the statement labeled 12 in which we actually
compute the weights and energy requirements of the individuals. The PCT array
is divided by PCTT which is the sum of the PCT array, and therefore, PLT is
reduced to a decimal fraction between 0 and 1. The AGE of a éiven class within
the nestling group is computed, and then the routine WNSLG (weight of nestling)
is called to return the weight of the nestlings for species I of age AGE. The
weight of an average individual is then accumulated by taking the welght of a
specific individual times the proportion of the population which Is at that
weight and accumulating that in the BMN (biomass of nestlings) array. Given

the average weight WTN, the energy calculation routine APER is called which
returns the energy requirement ER. Then, in the statement labeled 12, the
energy requirement for the average nestling is computed by taking ER

and multiplying it by the PCT for the appropriate index.

The block of instructions from the statement labeled 13 down to the
statement labeled 10 perform the same function for the second clutch of
nestlings. The statement labeled 10 and the one following it recalculate the
energy requirement for nestlings and the biomass of nestlings on a unit area
basis (the multiplication by 10_6) for the population (the multiplication
by X(J+2)) corrected for growth and digestive efficiency, NDEF {the

multiplication of DEF by 1.2), and averaged if the two clutches overlap



.-.37_

{then AMPY |s set to 0;5). Although these averaging procedures are approximate
and there is the potential for some error in the event of the overlap of two
clutches, repeated runs of the model indicate that these calculations do
provide an adequate approximation to the animal weights and energy requirements.

The next block of code computes the fledgling energy requi rements for |
animals of the first clutch using a procedure very similar to the one described
for nestlings. The fourth block of code computes the biomass and energy
requirement for the second clutch of fledglings for a given species (not shown
on facing pages --- see Chapters 5 and 6).

At this point it is necessary to describe a fundamental ﬁodification of
the energy calculations in CYCL2 which was developed subsequent to the
description in Wiens and Innis (in press). When calculated as described
above, existence energy requirements (ER) include the costs of thermoregulation
at ambient temperatures below the thermoneutral zone. When the calculated
values of ER are then multiplied by 0.12 to account for molt costs or by
1.4 to account for activity costs, the costs of thermoregulation are also
muitiplied by these factors. The effect of this procedure is quite small
at relatively high ambient temperatures (we calculated errors of 0.8% to
3.2% in the total breeding season energy demands of 3 to 6 species communities
in a series of temperate North American grassland runs), but at low temper-
atures (e.g., arctic habitats, winter season runs) the overestimation of
energy demands may be substantial (15% for a run on longspurs at Point Barrow,
Alaska). To adjust for this, several changes in the above calculations were
imptemented. The first modification immediately follows the statement
labeled 31. As before, SUBROUTINE APER is called, but now TC(I) Is sub-

stituted for AVDEG., TC(I) is the lower critical temperature (the lower
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31 CONTINUE

CALL APER (NP(I)sAMW(IJoTC(I)oEHJ
CALL AFER (NP(I);AMW(I);AVDEG.EHT)
THERM(I) = gRrT -tk

IF(THERM(I).LE-U.O) THERM (L) = ¢,¢
FACZ2 = },.4%¢R

AL{L) = (FACL + FAC2 + THERM(I) )®DEF

C FALLL) IS THE ENERGY UEMANL OF A FEMALE INDIVIDUAL OF THE ITh SPECIES.
CevasvsDEF IS THE DIETAKY EFFLICIENCY OF ADULTS

FAL(I)=(FAC) +TEUF(]) *TRERM (L) + (ECLI(I) » EC2(I)) /PPBF (1)) #UEF
C MAL(L) IS THE ENERGY DEMAND UF A MALE INDIVIDUAL OF THE 1TH SPECILES,
CeceasVEF IS THE DIETARY EFFICIENCY OF ALULTS

MAL(L) = (FaCl + TEDM(L) « THERM (1) ) =pEF
C JAL(I) 1S5 THE ENERGY UEMANU FUR a4 JUVENILE OF THE ITH SPECILES,
CoaceoeDEF S THE DIETAKY EFFLCIENCY OF ADULTS

JAI(I)=(1.-PPBF(1))*MA1(I)#PPBF{I)*((FACI*TEUF(I)*THERH(I))*DtF)
AlL(L) = PPBF(I)%FAL(L) + {le=PPuF (1))#MAL(])

CoeesCTHER IS THE CUMULATIVE THERMORE GULATION ENERGY COST

CTHEH(I)=CTHtR(I)+{(THtHM(l)*X(d)*THERF(IB*X(J#3)
% 0THEHM(1)*X(J+4))*I.E-GJ*UT

BMNCI) = BMN(I) « WwIN®PCT (KA)
CALL AFER(NP (1) sWTNeTCHL) sER)
1 EnNIL) = ERNCL) tR#FCT (KA)

BMNZ = HBMNZ + WINSFPCT (KA)
caLL AP&H(NP(IJ!NTNOTL(I);tHJ
195 ERNZ = ERNZ ER*PCT(RA)

BMF (1) = BMF (1) « WIF#PCY (KA}
CALL APtH(NP(I)vWTF-TC(l);tH)
LaLL APEH(NP(I)owTk;AVUtbotHTl
THERF (1) zbR| =t K
lFirﬂthtl).LE.u.U) TRewrF (1) =¢,.0
22 ERFL(]) = ER#PCT (KA + enF (])
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Timit of the thermoneutral zone) for the Ith species, and is supplied as
input. This statement returns ER, which now represents the existence

energy demands for passerines or nonpasserines of the given adult weight

at thermoneutrality (temperature TC(I)) and is thus constant for a species
throughout a simulation run. The following statement calls APER and, using
AVDEG, returns ERT, which is the temperature-dependent daily exlstence
energy requirement. The difference ERT - ER thus represents the costs of
thermoregulation below the thermoneutral zone for the Tth species (THERM(I)).
The relationships among these components are depicted in Fig..2.2. Now,

the calculations of FAC1 and FAC2 are based on ER, the dally existence energy
requirements at thermoneutrality. When the variable At{I) is then calculated,
the thermoregulation costs must be added as a separate entry. Similarly,

if an activity budget is used (NOGACB = 1), the computations of the daily
energy demands of females (FA1(I)), males (MA1(I)), and Juveniles (JA1(1))
must include THERM(I). Following the calculations of CAER, PAER, and CEC,
the population costs of thermoregulation {per mz) are cumulated by daily
increments in the array CTHER(I). Finally, the energy calculations for
nestlings and fledglings must also be adjusted to reflect the new meaning

of ER and the thermoregulation costs. Nestlings are assumed to devote

no energy to thermoregulation (i.e., they are maintained at thermoneutrality
(TC), either by the sheltered nest microclimate or by brooding adults).

Thus when APER is called in the nestling calculations, TC(I) rather than
AVDEG is used, Fledgling thermoregulation costs are computed as are those
of adults and juveniles, but are coded differently (THERF) to allow separate

consideration of age classes.
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BMF2 = HMFZ2 + WTF#PCT(KA)
CALL APER(NP (1) owTF+TC (L) oL R)
CALL APER(NF{I) swTFsAVUEGLIERT)
THERF (1} =ERT=LR
IF(THERF (1} atbo0a0) THERF (L) =0.0

29 ERFZ2 = ERFZ + ER*P(T(KA)

IF (ERFAI)*ERFZ2.NEL0,.) AMPY = .5
ERF (1) ={ERF{I) + ERF¢)

CoaaeoFDEF IS ThE UIETARY EFFLICIENCY OF FLEUGLINGS

THERF (L)) #FDEF ) #,000001%X (Je3) #*AMPY

¢u FUEF=DEF
ERF (L) = ((eRF({])*]l,15 +
BMF (1) =(BMF (1} + BMF2)#aMPY#X(J+3)%,000001

CeasCOMPUTE POPULATION TOTALS

Coae

ANCL) = X(J) + x(u+2)

ANF (L) = AN(L1) + X(J+3)
ANFUILL) = ANF (L) + X(J+4)
ANTUT = ANTU) «+ ain(l)

ATOT = ATOT + A(J)

ANFTOT = ANFTOT + ANF (1)
ANFTO = ANFTUT

ANFJTO = ANFJUTO +« ANFJ(])
ANFJUT = ANFJI1O

TEICI) = ERACL) +brF (1) +ERN(])
CTEICI) = CYRI(I) + FJEL{1)
TBM(L) = BMN(I) + GMF (1) + BMa(])

CoaeTHERE IS NO BIUMASS COMPUTED Fur EvGS

TEITOT = TEIIOT « TEL(D)
TEITO = FEITUT

HMTOT = BMTOT + TBMI(]])
ERATOT = ERATOT + ERAC(L)
ERATO = ERATOUT

ERFTOT = ERFTUT + ERF (1)
ERFTO = ewFTUT
ERNTUT=ERNTUT+ERNC])
ERNTO = ERNTOUT

LE(Lel) = Ce(lsl) + LI4ERAC(])
CE(I92) = Cb(ls2) + DI¥ERF(I)
CEL{Le3) = CL(ie3) + OFserin(])
CUNT L NUE

KE TUKRN

Ewp
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The last large block of code in SUBROUTINE CYCLZ consists of approximately
20 statements concerned primarily with the accumulation of variables for the
purposes of output. First, population numbers for adults and nestlings are
computed; then, to that is added the fledgling population to obtain adults,
nestlings, and fledglings; and finally, juveniles are added to get adults,
nestlings, fledglings, and Juveniles, each for species I. In the next five
lines, we get accumulations for the entire population of adults, nestlings, and
fledglings; and adults, nestlings, fledglings, and Juveniles. Two statements
are used merely to reduce the number of characters in the variable names
from 6 to 5 for plotting purposes (a limitation of SIMCOMP), -

In the next line of code, TEI (total energy requirement for species I)
is computed by adding energy requirements for adults to that for fledglings
to that for nestlings. Next the cumulative total energy requi rement for
species I (CTEI)} is gotten by adding CTEI to TEI. Thus, CTEI is an accumulation
to the present day in the run of the energy demands on the system. The tota]
biomass is computed as the sum of the biomass in nestlings, fledglings, and
adults. (Notice that there is no weight associated with eggs.) The next
nine lines of code produce energy variables summed over all the species.
TEITOT is the total energy requirement summed over all species; BMTOT is
the same for biomass; ERATOT is energy requirement for adults; ERFTOT
is energy requirement for fledglings; and ERNTOT is energy requirement for
nestlings. Finally, the three calculations involving the variable CE
calculate the assumulations of energy demand for the species I In age class
1 for adults, 2 for fledglings, and 3 for nestlings for the entire run,

At this point, we can see the reason for the early statement that
CYCL2 is the main part of this entire program. It certainly contains the
heart of all of the energy demand calculations for the individuals, species,

and populations.
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SUBROUTINE FINES
PRINT 8000
FORMAT (204, *CUMULATIVE ENERLY REWUIREMENTS®//
”tUXQ*NSP*v1lXQ*NhSrLINbS*QlUK;*FLtUBLINGS*O14X9”AUULTS*)
FRINT 8001, ((l!Lt(I!Jl!Ct(lod’yt&(lyl))o I = 1lsNspP)
8001 FORMAT (20X913!3LEU-10’
FRINT BO02s ((PAER (i) el) ol
002 FORMAT(Z0X,
InU, = #,]3)
KETURN
ceiND

8000

= LeNSH)
*FEAK ADULT ENEKGLY HEWGUIREMENT = *9E£U.IUQIUX,“SPECIES



~44-

SUBROUTINE FINIS

SUBROUTINE FINIS is called only once after the simulation is complete
(Gustafson and tnnis 1973, Stevens and Gustafson 1973). The respensibility
of SUBROUTINE FINIS is to print out the cumulative energy requirements of the
various species by age class and the peak adult energy requirement for eéch

species. An example of this result is found in Chapter 8.
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SUBROUTINE APER(JsYsTER)
c...
CeesY=AVERAGE WEIGHT
Coee«T=TEMPERATURE IN DEG C.
CeasER=ENERGY REQUIREMENT.
C..l
IF{Y.LE+CGs)1000101
100 ER=0.
RETURN
101 GO TQ (10+20)9+J
Cee+SUBROUTINE TO CALCULATE THE ENERGY REQUIREMENT FOR NON-PASSERINES
10 Tl = 4.3372%{Y)##,53
T2 = 5464 (Y)##,7545
21 ER=FLINZ2(T1+T2¢0.430,s7T)
RETURN
Ce+sSUBROUTINE TO COMPUTE ENERGY REQUIREMENTS FOR PASSERINES.
20 Tl = 4,3372 #{Y)##,5]
T2 = 1.572 #* (Y)#&,62]
GO 10 21
END
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CHAPTER 3

USER-DEFINED FUNCTIONS

A great many of the detailed calculations are carried out in function and
subroutine subprograms supplied by the user. Placing these activities in
subroutines facilitates the organization of the program and also simplifies
modifications. There are basically two kinds of subroutines; the first
provides biological input to the main Program, and the second performs purely
mathematical functions. We shall describe the biological routines first and

the mathematical functions second.,

SUBROUTINE APER

This subroutine is called with four arguments--J, Y, T, and ER. The
argument J is used to determine whether nonpasserine or passerine equations
are used to compute the energy demand, depending on whether J is 1 or 2,
respectfvely; Y is the weight of the bird in grams; T is the air temperature
in degrees centigrade; and ER (energy requirement for an individual of the
given weight at the given temperature, expressed in kilocalories per day) is
the variable returned by the subroutine.

If the average weight is less than or equal to zero, the subroutine
sets ER to 0 and returns. Otherwise, a branch to the statement labeled 10
or the statement labeled 20, depending upon J, chooses the appropriate set of
energy equations from Kendeigh (1970):

for both passerines and nonpasserines,

0°C

T1 + 4.337 Y'53 for T

for passerines,

62

T2 = 1,572 y* for T = 30°C
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SUBROUT INE EbG(IOJJY!K!Ll
UIMENSION Tth(lbgﬂl-TbAN(1594quAHL1(151’TABLZ(IS}’NUH(4)

C TBEw IS A TwO DIMENSIUNAL ARKAY CUNTAINING ALL LGS wkIGHT UATA ‘

C THEWINs L) = EGG WEIGHTY FUR FASSERINES N = lecreastNUM(L)

C TBEW{NI2Z2) = 66 WEIGHTS FUR SHOREBIKDS N2 sy ese s NUMI2)

C TEEW(NsI) = EGG WEIGHTS FUR CURMURANTS N = 192940, NUM(3)

C ThEW{Ns4) = EGG WEIGHTS FUur ALCIUS N .= 1eZvaaeriUM{4)

C THAW IS A TwO UIMENSIUNAL ARKAY CONTALINING ALL ANIMAL WELlGHT DATA

C THAW(Ns1) = ANIMAL WEIOHTS FUR FPASSERINES, N = 1929aaasUMI])
C TaWw (Ne2) = ANIMAL wEIGHTS FOH SHOREBLIRDS N = 1s2veeetNUMI2)
c TUAW (N3} = ANIMAL WelGHTS FUR CURMORANTS N = le2ssassNUM(3)
C TeAw({Ns4) = ANIMAL wtloHTS FUKR ALCIDS N = 192940qsNUMLY)

UATA THEw/

10-9-74'1-04'1'3’1092’2¢33l3-0893.41'4.23!6.“&'7.13' 1“.27' 12‘05!
#16.,15+20.000 .
2Uer0eT19.37512019170742806987,5954,3360.96%04y

JVaeray, '48-!‘9"‘-!51.'58.’?0. !8*0-'

40-!2‘0.!52. 1S5, vbb.’94.7110.9113.9150- 0%,/

DATA THAw/
lU.!b. 'B-'llo’917-1022.5'30-'3719'51-6'b7.?’91u5.168.3'20&.3'
#396.3¢7004 0
20-026.7143.6959.9109.31212.1!#75.,750.!1100-96“0.l
3U.11760.ol&?U.|EUUU.Od43U.iZbUU.r4000.v5*0.9
“U.!lab.|k25.!450.0500.!700.|9JU.11000.g13000’6“0-/
C
C NUM(L) IS THE NUMBER UF SI{GNIFICANT ENTHRIES IN THE L-TH BLOCK. L=1ls2y3, OR &
UATA NUM/19s9ele%/
C
C I IS THt INUEX FUR SPECIES. J IS The INOEX UF ThE STATE vamIABLE REPHESENTING
C THE ADULT PUFULATION UF Tre ITH SPECIES. no1S A FLAG, [F K = 1 THEN wE USE
C THUSE CALCULATIUNS INVOLVING THE FIwST CLUTChn, AN = ¢ CUKRESPUNLDS Tu SECOND
C CLUTCH EWUATIONS. ’
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for nonpasserines,

T2 = 0.546 v*7% for T = 30°¢
The temperature T1 corresponds to the energy demand at 0°C, and the temperature
T2 corresponds to the energy demand at 30°C. The return variable ER is
calculated at the statement labeled 21 where FLIN2 (a linear Interpolation/
extrapolation function) extrapolates or interpolates for the temperature T,
given the values T1 and T2 at 0° and 30°C, respectively. The functions T1

and T2 are illustrated in Fig. 3.1.

SUBROUTINE EGG

SUBROUTINE EGG computes not only the weight of the individual eggs as
a function of adult weight, but also computes the energy requirement for the
production of these eggs. It is called with five parameters I, J, Y, K and
L. I is the species index; J is the {ndex locating the adults of species I
In the state variable array (J = 5 % (I-1) + 2); and Y is the energy requirement
for egg production in the units of kilocalories per adult per day. Thus,
it is the total energy requirement for the production of that fraction of
the clutch produced on that given day per adult. The index K is 1 for
computation of first clutch costs; it is 2 for second clutch costs. L is
used to determine whether the egg weight/adult weight calculation is based
on passerine, shorebird, cormorant, or alcid data depending on L being 1,

2, 3, or 4, respectively.

SUBROUTINE EGG contains separate tables of egg weights and adult weights for
passerines, shorebirds, cormorants, and alcids. It is assumed that egg weight
is a function of adult weight, and the actual weight of the eggs in any
given run is determined by linear interpolation from the adult weight for the

appropriate bird type to determine the egg weight. In order to do a generalized



100
80
60
50
40
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20

KCAL /{BIRD X DAY)
(£ S N NDODOO .

Fig. 3.1
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-

o

- Maintenance Metaboilgm

» Al Birds 0°C Tiz4,3372
w0..'530

Nonpasserine Mulnienonce Metabolism
30°C T2:-0.5464 w°‘7545

Passerine Maintenance Metabolism
30°C T2:1.5720 w°'62'

i 1 1 15t 1 L1111

1 Ll
2 3 4 56 78910 15 202530 40 50 60708090100
WEIGHT IN GRAMS

- Relationship between body weight and daily indlvidual

existence energy demands, as considered in SUBROUTINE APER.
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N = NUM(L)

UO 100 M = 14N

TABLZ (M) = Tobw (My)
TABLL (M) = TBAW (ML)

100 CONTINUE
CALL TABLP(TABLI;TABL&;NoAMH(I)ng)
Ew 15 THE EGG wt 1GAT,
VO TO (l1+2) K
1 FH=(UUIL(I)-CSI(1)-3.+UC11(1}1/8.
IF{TIME .GT o TH) Gu FO 3 ‘
Y=Cbl(I)*#.*(TIMt-UOIlll)+CSl(I)+3.J
1/(DLII(I)-DOII(I)+CSI(1)*3.1**2
THE ABOVE EQUATIUNS ARE USED In URUER TO UDISTRIBUTE ENERGY COST OVER
THE TIME AVAILABLE FOKR EGO PRULUCTLIUN, :
Y=1al0%] 37%EWeYSPPHF (] )
RE TURN
3 Y=C51(Il*4.*lDCIl(1)-TIMt)/(UCIl(I)-DUII(I)+CSI(I)+3.)*“2
YSlelUs]l  37#EWhYSFPEF (1)
RETURN
c TH=(UUIZ(I)-CSZ(I)—3.+UC121I))/d.
IFA(TIME.GT.TH) GU T0 4
Y=C32(I}*a.*(TIMt-UOIE(l)+de(l)*3.)
1/(0CIZ(I)-DUIZ(I)+CS2(1)+3.)**2
Y=1e10%] 3THEWRYSPPEF2(])
RETURN
4 Y2052 1) %4 . (DCL2 (L) =T IME)
1/(DCIZ(I)-DUIE(I)~CS£(1)+3.)**¢
Y=1lel0®] 3790 weYRPPRFZ(])
RETURN
END
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table look up, two dummy tables are set up at TABL1 and TABL2, and then the call
to TABLF is made. The variable EW (egg weight in grams) is returned by TABLF.
Total energy required to produce a clutch is the product of egg weight,
clutch size, 1.23, and 1.37. According to King (1973), the caloric value
of a gram of eqg for passerines is approximately 1.10 kcal. Production
efficiency for eggs is estimated at 73% by El-Wailly (1966) and King (1973),
resulting in the additional factor of 1.37 (= 1/.73). However, it is desired
that the cost of producing the clutch be distributed as the clutch is distributed
over the total period of egg production. In SUBROUTINE EVST, we explain how
this distribution of the eggs over the egg production interval is obtained. In
SUBROUTINE EGG, we do the same things except we distribute the cost over a
somewhat longer period, that being from DOI1(I)-CS1{I)-3 to DCIN1(I) (where DOI
is the date the first female of the population to complete a clutch initiates
incubation, CS is the mean number of eggs, and DCl is the date the last female
in the population to complete a clutch initiates incubation), This longer -
interval is associated with the fact that egg production begins approximately
three plus the number of eggs in the clutch days prior to the appearance of the
first egg. This distribution is handled by the equation Y = 1,190 + 1.37 «
EW « Y', where Y' is the amount of the clutch produced on the day TIME
and its value is given by:

CS1(1) « & - (TIME - DOI1(I) + CsS1(1) + 3)
(DCr1(1) - DONI(T) + CS1{1) + 3)2

Y=

if time is less than or equal to

DCI1(T) + DOIT(T) - cS1(T) - 3
2
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FUNCT fOUN EVSTiTey}
C...
CoweFUNCTION JO CUMPUTE c66 »RULUCT LU PEr DAY PeEr PRUOLDUCING FEMALE
C--- -
1 1P(T.LT.uUll(I).UH.T.bl.ULlltl))lluslll
1lu evsT = g,
He Tukrh
111 1L = ULEL () =0OL L))
iF (TL.LEsu,} LU U 11y
I = (UU]I(IJ+UC11(1))/£.
1F (T.Lt.TM)llJyli#
113 bvsT =C51(L)*PPnr(1)*4.*(T-Uu11(1))/(TL*TL)
E TUuRMN
1le bvsd =L51I1)*Pphr(I)*a.*tucli(l)-f}/(IL*{Li
HE TUKN
LNy
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and by

yre CSI(I) - 4 . (bCI1(1) - TIME)
(dCI1(1) - poI1(1) + CS1(1) + 3)2

when time is greater than

DCI1(T) + DOl1(1) - €s1(1) - 3
2

Thus, the block of code following the 6o To (1,2) K merely carries out these
calculations. |If k is 1, then we are performing computations for the first
clutch; if K js 2, we are performing computations for the second clutch.

In each case decisions based on TIME are needed to choose the ‘appropriate

equation.

FUNCTION EVST

The function SUBROUTINE EVST is called with two variables, T and I,
Egg production Per producing female for the species I js assumed to be
distributed (see Fig. 3.2) over the time interval from DOI1(I) to
DCIT(I) for the first clutch. Ip order to have the average clutch sjize
be given by CS1 and the production rate be given as in the figure,_we obtain
the equations

BVST = €51(1) « PPBF(I) « 4. « (T - DOI1(1)/(DC1] - DOI1(1))?
if time T is less than the time at the mid-point of the interval (DOII(I) +
DCI1(1)/2 and the equation

EVST = ¢S1(1) - PPBF(1) + 4, - (pc11(1) - T)/(0C11(1) - poit(1))2
it time is greater than or equal to the time at the mid-point of the interval,
DCIT(I) must be at least 2 days greater than DOI1{I) for the function to

genherate meaningful output.
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EGG PRODUCTION
PER DAY

CSI(I)%* PPBF(I)% 2
DCTI(I)— DOII(T)

I
DOTI(I) DOT I (I) + DCII(T) DCI I(T)
2

TIME

Fig. 3.2. Distribution of edg production through time,

as calculated
in SUBROUTINE EVST. See text,
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FUNCTION EPLe(T 2 1)

IF (T.LT.DUId(I).UH.T.b1.DLI£(1)) 110+11
tPUe = 0,0

HE TURN

L = pCie(y) - buictl)

P (TLeLE L 0.u) GU TO llu

IM = (LOUT2(I) + LLlzilrrrsze.o

IF (Talb TM) 1135114

ErDe =CSe () PEbrZ(l)® 4,0 = (T=vule ¢
HE TUKRN

EPO2 =CSE(]) # pppFe()) « 4.l # (DCIZ(I)
HE TUKN

END

SUBROUT INE Ee(Tefisti)
C J wltl INUEX The DaYs uF MEASUREMENT, | INDEXES THE SPECIES. M S

THE |

NDEX FUR TrE ACilvITics,

EEATM(LSI) 15 Tht Encwoy EAPENDI TuRE rOR A MA
LTr aCTiviry, LEATF |S The SAME FOR FemaLts,
THE wCTivITlES ARE AS FOLLuwS

I=y,
Ce
Ja
“.
Y e
b.
/.

INACT Ve

SINGING

FLIOHT

FUHAGING

AbetSSlUN ANp UisrFLay
LUUHIthF

lNLUUA]th ANL bHUUU NG,

T mErmESENTS Timt .
LF{l.ut.Tt(l)) Gu TU BsS

€66 LAYING PATTERN FOR SECUND CLUTCH

1

ISRVARIR A ()

=Ty/7(TLsTL)
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The IF statements in EVST merely check to be sure the time is in the
appropriate interval for the given species for egg production., |f not,
EVST is returned as zero. Otherwise, the block of code from the statement
labeled 111 to that labeled 114 is used to carry out the computations indicated

above.

FUNCTION EPD2

This function is used to carry out precisely the same computations as
EVST, but for the second clutch rather than the first. Since all of the
calculations are identical, it is unnecessary to describe this function in

detail.

SUBROUTINE EZ

SUBROUTINE EZ computes the energy demand for males and females of a
given species from activity budget information. It is called only if the
variable NOACB is set to a value different from 1, and it has three parameters
T, I, and ER. T is the time; I is the species index; and ER is the energy
requirement as calculated in SUBROUTINE APER.

This routine considers seven "activities" of individuals: (i) inactive,
(ii) singing, (iii) flight, (iv) foraging, (v) aggression and display,
(vi) courtship, and (vii) incubation and brooding. Specification of the
activities included in each category is not rigid and may be altered to suit
the investigator's purposes. The entire routine is really concerned with 3
linear interpolation/extrapolation in the arrays AMACT and AFACT, which were
set up in START as normalized weighted activity budgets.

On entry into the routine, we first check to see that TIME has not

exceeded the time of the end of the run (TE) for the species I, If it has,
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C NUMUY 15 THE NUMBER UF ENTWIES IN Tt DAY ARKAY.

81

87

Ha
83

B8s

86
&/

g
C 1D

KENUMDY -]

FF AT WL TLUAY (L)) ]e2

U 8l M=],.7
EEATM(MQI)=FLIN6(AMALT(Myltll9AMﬁCT(M’EyI)QUAY{IJ,DAYIHJOT)*ER
tEATF(M;I)=FLINZ(AFACT(Mqul)9AFACT(Hsavl)sUAY(l)vUAY(C)QT)“ER
IFCEEATM My 1) JLT.u.) EEATM(My]) = ¢y,

IF(tEATF(Myl).LT.Uo) EEATF (Mo ]) = o,

CUNT INUE

GO TO 87

LF AT 4GTJDAY (NUMDY) ) 304

LU 82 M=],.7
tEATM(M;I)=FLINd(AMALT(M!Kol)oAMACT(MoNUMUYol)yUAY(K)yUAY(NUMUY)Q
11)#tw
ttATF(M;I)=PLIN£(AFACT(Myﬂs[)’AFACT(MQNUMDYgl)yUAY(K)vUAY(NUHDY)9
1) ¥R

IF(EEATM(My 1) sl TouL) EEATM (M ])
LECEEATE (Mo 1) oLV au.) EEATF (My ]}
LCONT INUE

vwd TU b7

UU 83 J=jeK

L=J+]
lF(T.Lt.UAY(LJ.ANU.T.bt.UAY(d))bobJ

UU H4 M=) .7
tEAIM(M9[)=FL1Nd(AMAC](MoJol)9AMALT(M¢L9[)vUAY(J)oDAY(L)QT)*EH
ttAif(M-1}=FLINK(AFACT(M9J91)QAPALT(MQL!IJQUAY(J)oDAY(L)oT)*EH
CONT INUE

CONT INUE

vu Tu B¢

Uub B6 M = 47

EeaTM{Mye]l) = gy,
ceATE (My]) = g,
CONT INUE
feidm(y) = y,

TEuF (1) = u,

Uu 88 LI = 1471

TEDM{L) = TEUM(I) « teEaTM(ILo])

TEDF (i) = TtwF(l) + EEaTr (LLa1)
Moely IS irt MaLp FUTAL eNFrGY DEMANU FUR ALL ACTIVITIES COMBINED TEDF ()

Ve
O.

C Is THE SAME FUK FEMAalLES. TALIr UNLITS ark KLAL/BlRU-DAY

HE TUKIY
vy
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then control is transferred to the Statement labeled 85, wherein the
intermediate variables EEATM and EEATF are set to 0. EEATM and EEATF are,
respectively, the male and female energy requirements for activity M of
species I (these two arrays each have two indices).

If time is less than DAY(1), where DAY(1) is the first date on which an
activity budget is specified, then the DO loop to the statement labeled 81 does
a linear extrapolation to determine EEATM and EEATF. Similarly, if time is
greater than DAY(NUMDY) (NUMDY being the number of entries in the array
day), the DO loop to the statement labeied 82 carries out a linear extrapolation
to determine these two indexed arrays. Normally, however, thé branch leads to
the statement labeled 4, where time is somewhere between DAY(1) and DAY (NUMDY) .
In this case, a linear interpolation is performed in the AMACT and AFACT arrays.

in any event, we eventually branch to the statement labeled 87 where,
after initializing two arrays TEDM and TEDF, we enter the DO loop to the
statement labeled 88 in which EEATM and EEATF are accumulated to form TEDM
and TEDF, respectively. TEDM and TEDF are the total energy demands for males
and females for all activities combined, respectively, in the units of kilo-
calories per bird-day. These variables appear in storage and, hence, are
effectively returned to the main program in spite of the fact that they are

not call parameters.

SUBROUTINE MOLT
This subroutine has four input arguments'and one output argument. It

calculates the energy cost of molt according to the relation:
M = 8.375%(W**,959)

where M = total cost of a complete molt, and W = adult mean weight (AMW). The

total energy cost of molting is normally distributed over a period of P days.
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SURROUTINE MOLT{(UsPoewsl oM)

kEAL MyMU
CawoesTHIS SUBROUTINE CALCULATES THE MOLTING COST WHICH IS NORMALLY
Coanva DISTRIBUTED UVER A PeRIOD OF P DAYS AND STARTS UN DAY D

Coaosew IS THE ADULT MbEAN WEIGHT AND T IS THE TIME(IN DAYS)
Coense THE MOLTING COST 15 GIVEN HBY

Cennna MGLT=8,375% (wee ,959)
CevaasM IS THE MOLT AT TIME T+,.5
F1=3.14159

CeessaCALCULATFE SGUARE KOOT UF 2 P]
SRZPI=SURT (2#P])

Covoeee CALCULATE DISTHRIBUTION MEAN
MyzD+P /2,

CeoeseCALCULATF STANDAKD DEVIATION
SIG=P/6,

CoveveCALCULATF MULT CUST AT Te+,.5
Rl /{(SIG%Sk2PI)
S=(TFea5-MUY/SIG
Y=R¥EXP (=, H8545)

Mz (1e/e9GT3) 48,370 (We y59)ay
RETUKRN
EN{D

FUNCTLION wNSLL (LsAGLE)

(.4'.‘
CoasFUNCTEON TGO CUMPUTE NESTLING WELIGHTS
(l.l
wiNSLO = A0}/ LU + Boll)oE AP {(=-aK(])#AGE)})
KE TUKN
LNU
FUNCTTION wii Gl enbt )
CI..

CaesbUnLILON TOQ CuUtruTe frHe FLEUDLLLING aelGHTS
AFLO = FLINGFW{L) saMw (1} sUas PF(L1)eAGE)
HE FUKN
tivo
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Molt begins at the start of day D, and hence, stops at the end of day
D+P -1,

The subroutine is constructed so that the beginning of day D corresponds
to the mean, MU, minus three standard deviations, and the end of day
D+ P - 1 corresponds to MU Plus three standard deviations, As this
construction corresponds approximately to 99.73% of the area under a normal
curve, the constant (1./.9973) is included in the calculations to compensate
for this approximation. An additional adjustment in the calculations is
taken which evaluates the normal distribution, on day T, at T + .5. This
step is included in order that the Riemann sum more accurately

approximates the area under the normal curve.

FUNCTION WNSLG

This function uses the logistic equation to compute the weights of
nestlings. There are two call parameters, T and AGE. The index I determines
the species, and the variable AGE is the nestling age of the individuals in
question; that is, it is the number of days that these individuals have been
nestlings. The two constants AG and BG were computed from other parameters

in SUBROUTINE START.

FUNCTION WFLG
This function is similar to FUNCTION WMSLG, except that it computes
the weights of fledglings. Again I and AGE are the two call parameters,
I is the species index, and AGE is the fledgling age of the individuals.
The weight is computed by Tinear Interpolation between the fledge weight (FW) and
the adult mean weight (AMW) where the independent variable AGE runs from 0

to the period of fledgling (PF).
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FUNCTION FLINCAsBCoDei)
CQI.
CoasGENERAL LINEAK INTERFOLATLON RUUTiiNE
Caae
LE AT aGT aDaURaT oL T oU) Ll we
1 rLIN=Q,
HETUKN
¢ CONTINUE
IF (DJEWLC) d44
3 FLIN=(A+E) /2.0
HEe TUHIN
4 FLIN={(H=A)/(U=C)¥{{=(C)+A
KE TURN
CaweTHIS CUMPUTES A LINEAR IwTERFPOLATIUN dETWEEN A AT T = ¢ AND B AT T =
tee O USING T AS Trk INDEFPENDENT VARLABLE
C IF T LILS OUTSIDE THe INTEmVAL C TO U THE FUNCTIUN RETURNS THE VALUE 0.
END

C'l'....ll.....l...

FUNCTION FLINZ(AsBsCoUsT)
C FLINZ 1S A LINEAK INTERPOLATION wHICH EXTRAPULATES L1F T FALLS QUTSIOE
C THe INTERVAL C TU U. ’
IF Lok WaD) lae
1 FLINZ=(A+B) /2.
HE TURN
¢ FLINE=(B=A)/(D=CIo(T~C)+A
HE TURN
END

C...lll..l..ll..l‘.

SUBHUUTINE TaBLt (TABLLsTaBLcyNsAsY)
UIMENSTON TasLl(1S)+TasL2(15)
C TAstl IS THE INDEPENULENT VALUESSs WHILE TABLZ IS THE UEPENUENT VALUES,

IFTALETABLLI(L)) GO Tu 19
IF (A LE.TABLL(N)) GO TU cu
Ud 100 [ = £oN
iF(ALLELTABLLIC(L))Y 6O TU 50U

100 CONT INUE

Ju Y=(A~IAuLl(l-l))*(lAuLatl)-TAch(I-l))/(TABLL(I)-TAHLI(I-I)}
1+FAdL2(l~1)
~E TURN

2 Y=TApLZ (iv)
e TURMN

lu y=TawL2t(l)
HE TUKN
£ iND
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Mathematical Subroutines

There are three mathematical subroutines used to perform )inear inter-
polations/extrapolations and table look ups. The first is FLIN, which has
five call parameters A, B, C, D, and T. T is the independent variable; if
T lies between C and D, then a linear Interpolation is performed between the
points (C,A) and (D,B). If T is not between C and D, then the function
returns to the value 0. In the event ¢ = D, then the value (A+B)}/2 is
returned. The second |s FLINZ, which has the same five call parameters and
performs the same function except that for T outside the interval from C
to D, the function does a linear extrapolation.

The third such mathematical subroutine is SUBROUTINE TABLF, which also
has five call parameters (TABL1, TABL2, N, A, and Y). This function does a
linear interpolation is a table of dependent variables (TABL2) given
another table (TABL1) of independent variables; N Is the number of entries
in these two tables; A is the independent variable; and Y is the return value,

If A is less than or equal to TABLI (1), then TABL2 (1) 1Is returned.
If A is greater than or equal to TABL] (N), then TABLZ2 (N) is returned. In
any other case, which would be the more normal use of the function, a
linear interpolation is performed between the points (TABL2(I-1},TABL1(I-1))
and (TABL2(I),TABL1(I)). The routine assumes that the TABL1 array is in

monotone increasing order.
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CHAPTER 4

VARIABLE LIST

This chapter contains a list of the variables which appear In the bird
mode). They are separated Iinto two groups, input variables which must be
assigned in the data deck and temporary variables which are essential to
the understanding of the simulation, but which are computed internal to the
system. There are alsoc a number of other varfables in the model which are
used as temporary variables and which are not defined in this 1ist. Such
temporary variables (the call parameters In the mathematical subroutines as
described above, for exampie) may take on different meanings for different
calls and really have biological meaning only in the context of the particular
calculations under consideratjon. It is therefore necessary for the
latter group of variables to spend some time with that part of the code in
which they are used to determine Just what the variable means. Any such
variable of the third class should be explicable in terms of the variables

listed below.
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BUGUR SRR B G LG
#VARTABLF LIST®
Ly e L Iy
INPUT VARIABLES. THE FOLLOWING VARIABLES NEEU TO BE ASSIGNED VALUES IN THE
" ' DATA DECK,
THE INDEX I APPEARING IN THE VARTAHBLES OF THE LISH wlILL ALWAYS DENUTE
SPFCIES WHFTHER INDICATED OR NOT.
ACTC(Ja1) WEIGHTING COEFFICIENT (ACTIVITY CcOST) QF THE JTH ACTIVITY FOR

THF TTH SPECIFES,
AGRYLT) ADULY DEATH RATE  (PERCEMNT /DAY
AFACT (JaK4I) TIME SPENT UN THE JTH ACTIVITY ON THE KTH DAY OF MEASUHEMENT BY
& FEMALE COF THE ITH SPECIFS. (HOURS)
AK(T) GROWTH CONSTANT USED IN THE NESTLING GROWTH FUNCTION.
AMACT (teKs 1) TIME SPENT ON THE JUTw ACTIVITY Oin THE KTH UAY OF MEASUREMENT BY
A MALE OF THE ITH SPECIES . (HOURS)
AMW { T) THE AVERAGE ADULT WEIGHT OF THF ITH SPECIES, (GRAMS)
AMWA () )  THF AVERAGE ALULT BODY WEIGHT OF THE [TH SPECIES ON DatJsl),
(GRAMS)
CALV (I} THE CALOKIC VALUE OF THE ITH PREY CATEGORY. (KCAL/G DRY wT)
CS14(1 THE MEAN NUMBER OF EGGS IN A CLUTCH FOR THE FIRST BRUOD,
CS?2( THE MEAN NUMBER OF EGGS IN A CLUTCH FOR THE SECOND BROOD.
Datdal)d NDATES ON WHICH MFASUREMENTS OF MeEAN ADULT BODY WEIGHT OF SPECIES 1
ARE. RECORDED, (DAYS SINCE JAN 11}
DATE{I) DATES 0ON wHICH TEMPERATURES ARE RECORDED. (DAYS SINCE JAN1)
DAY (K) THE DAYS OF MEASUKEMENT USED IN THE ACTIVITY HUDGET.(DAYS SINCE JAN])
PCTICIY  THE DATE ON WHICH THE LAST FEMALE IN THE POPULATION TO COMPLETE
A FIPST CLUTCH INITIATES INCURATION, (DAYS SINCE JAN1I)
OLIZtTY)  THE DATE ON wHICH THE LAST FEMALE IN THE POPULATION TO COMPLETE A
SECOND CLUTCH INTIATFES INCUBATION. (DAYS SINCE JAND)
DFEF DIGESTIVE OR ASSIMILATION EFFICIENCY OF ALL SPECIES CONSIDERED
IN A RUN, (1,0/FERCENT OF ENERGY INTAKE ASSIMILATED)
DIFT(Tedsk) AMOUNT (G DRY wTs PERCENT OF TOTAL PREY) OF THE ITH PREY
CATEGORY ON THE JTH MEASUREMENT DAY IN THE DIET OF THE KTH
SPECILES, :
BOT1(TY  THE DATE Ot WHICH THE FIARST FEMALE In THE POPULATION TO COMPLETE
A CLUTCH INIATES INCUBATION. (DAYS SINCE JAN1)
noIz¢m THE DATE ON wHICH THE FIRSYT FEMALE IN THE POPULATION TO COMPLETE
A SECOND CLUTCH INITIATES INCUBATION, (DAYS SINCE JaNl}
NOMTI (T} DATF OF ONSET OF THE FIRST MOLT,. (DAYS SINCEF JANI]}
NoMzLT) DaTE GF ONSET OF ThE SECOND MOLT , {DAYS SINCE JaN1)

Fsily NECIMAL FRACTION WHICH REPRESENTS THE NUMBER OF NESTLINGS WHICH
SURVIVE TO THE FLEDGLING STAGE.

Fw{l) FLEDGL ING WEIGHT OF SPECIES I. (GRAMS)

HMW (1) THE AVERAGE NESTLING WEIGHT AT HATCHING FOR THE ITH SPECIES (GRAMS) ,

RS (1) FECIMAL FRACTION WHICH REPRESENTS THE HATCHING SUCCESS FOR THE ITH
SPECTES,

INDAT (I} A FLAG WHICH DETERMIMES WHETRHER AN EGG CUST IS TO HE WUN. IF AN EGG
COST IS TO BE RUN THEN IT ALSO INDENTIFIES THE YYPE OF DATA TO 8E

HSED,

JOR(T Y JUVENTLE DEATH KATE, (PERCENT/DAY)

NAMW A FLAG WHICH DETERMINES WHETHE® ADULT BOUY WEIGHT IS CALCULATED
AS A CONSTANT OK A VAK]IABLE.

NCAT NUMHFR OF PREY CATFGORIES CUNSIDGERED IN THE DIET ARRAY,

NDA NUMBER OF ENTRIES IN THE ARRAY NDAT(J) .

NODAY C.)  DATES ON WHICH MEASUREMENTS OF DIETaRY COMPOSITIUN ARE RECORDED.
(DAYS SINCE JAN })

NOT A FLAG USED TO IMDICATE wHETHER DIET COMPOSITION CALCULATIONS
ARE TO BE RUN.
NOACR ©FLAG USED TO DETERMINE WHETHEK AN ACTIVITY BUDGET SHOULD BE

CALCULATED,
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NOTMP
NPT

NSP
NUDAS
NUMDY
PHRO(T)
PELT)
PFtIy -
FFES(I)
FI(I)

PMY ()
PM2 (1)
Praity
PPRF (I
PPHF2 (1)

PS(I)

TCe)

Thil)
ToJ(I)
TE(L)
TEJI(T)
TEMFC (1}
TEND
TIN(]D)
TS

TSTRT
wM(T)
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NUMBER OF TEMPERATURES FHOVIDED IN THE TEMP, TABLE ,

A FLAG WHICH IOENTIFIES THE ITH SPECIES A% A PASSERINE OKR
NON=-PASSERINE. ' ' ’

NIIMHER OF SPECIES MUDELED,

NUMBER OF ENTRIES' IN THE ARKAY DA (JeI).

THE NUMBER OF ENTRIES IN THE ARRAY DAY,

POPULATION BREEDING DENSITY FOR SPECIES {o (INDIVIDUALS/KME®2)
ADULT POPULATION DENSITY AT TIME JECD) L (INDIVIDUALS /KM )

- THE LENGTH OF TIME FOR A FLEOGLING TO GROW TO A JUVENILE. (DAYS)

THE NECIMAL FRACTION OF FLEDGLINGS WHICH SURVIVE TO BECOME JUVENILES.
THE LENGTH OF TIME BETWEEN THE COMPLETION OF A CLUTCH AND THE
HATCHING OF THAT CLUTCH. (DAYS) '

PFRIOD OF FIRST MOLT, (DAYS)

PERIOD OF SECOND MOLT.(DAYS)

THE LENGTH OF TIME FOR a NESTLING TO GRGW TO A FLEDGLING. (DAYS)
ODFCIMAL FRACTION OF ADULTY POPULATION WHICH IS BREEDING FEMALES FOR
FIRST RROOD.

PECTMAL FRACTION OF ADULT POPULATION WHICH IS BREEDING FEMALES FOR
THE SECOND RROUD,

ADUL Y POPULATION DENSITY AT TIME TSI W (INDIVIDUALS /KM% 52)

LOWER CRITICAL TEMPERATURE (THE | OWER LIMIT OF THE THERMONEUTRAL
7ZONE) OF THE 1TH SPECIES. (DEGREES CENTIGHADE)

TIME AT WHICH EMIGRATION BEGINS FOR SPECIES l. (DAYS SINCE JAN])

"DATE ON WHICH JUVENILE EMIGRATION BEGINS, (DAYS SINCE JAN])

TIME AT WHICH EMIGRATION IS COMPLETED FOk SPECIES I.{DAYS SINCE JANI)
NATE ON WHICH JUVENILE EMIGRATION ENOS. (UAYS SINCE JAN])
TFMPERATURES, (DEBREES CENTIGRADE)

TIME OF END OF RUN, (DAYS SINCE JAN])

TIME OF COMPLETION OF IMMIGRATION. (DAYS SINCE JAND)

TIME OF ARRIVAL OF THE FIRST IMMIGRANT INDIVIDUALS OF SPECIES )

(NAYS AFTER uaN 1),

TIME OF START OF RUN, (DAYS SINCE JANL)

THAT PORTION OF THE ADULT POPULATION AT TIME TE(D) WHICH DIES PRIOK’
T0 TIME TEND.

F FOLLOWING VARIABLES ARE NOT INPUT VARIABLESs BUT ARE ESSENTIAL IN UNDER=-
STANDING THE SIMULATIpN.V

AG(T)
AuvE

AT (D)
AN
ANF (T
ANFU(T)

ANFUT

ANFTO
ANTOT
ATOT
AYNEGQG
AVDT
o1y
EMALT)
RMF {1
RMN T
EMTOT
CaFR({(I)

Cetlau}

CeC(T)

A PARAMETER USED IN THE NESTLING GROwTH FUNCTION. (GRAMS)

AN INTERMEDIATE VARIABLE USED IN CALCULATING GHOWTH, (DAYS)

DATLY ENERGY REQUIREMENT FOR AN'ADULT.(KCAL/KM*'Z—INDIVIDUAL)

THE NUMBER OF ADULTS AND NESTLINGS OF SPECIES 1,

THE NUMBEFR OF ADULTS, NESTLINGS, AND FLEDGLINGS OF SPECIES I.

THE NUMRER OF ADULTS, NESTLINGSs FLEUGLINGSs AND JUVENILES OF
SPECIFS I,

THE TOTAL NUMBER OF ADULTS, NESTLINGSy FLEDGLINGSs AND JUVENILES (ALL
SPECTES).,

THE TOTAL NUMBEKR OF ADULTS, NESTLINGSs AND FLEDGLINGS (ALL SPECIES)
THE TOTAL NUMBFR OF ADULTS AND NESTLINGS (aLL SPECIES)

THE TOTAL “NUMBER OF ADULTS (ALL SPECIES)

THE CALCULATED DAILY TEMPERATURE , (DEGRELS CENTIGHRADE)

THE CALCULATED ULAILY DIET COMPOSITIUN,

A PARAMETER USFD IN THE NESTLING GROWTH FUNCTION,

RIOMASS OF ADULTS aND JUVENILES OF THE ITH SPECIES. (GRAMS /RM#42)
HIOMASS OF FLEDGLINGS OF THE ITH SPECIES, (GRAMS/KMea )

RTOMASS OF NESTLINGS OF THE [TH SPECIES . (GRAMS /KM#52)

FOTAL HIOMASS OF THE ENTIWE POPULATION (ALL SPECIES) . (GRAMS/KM##2)
CUMUL ATIVE ENERGY REQUIREMENT FOR ADULTS OF THE ITH SPECIES. NOTE
CAER(I) = CE(Ie1), THE VALUE OF CAER (I} IS PRINTED DAILY WHILE
CF(l+d) IS PRINTED AT THE END OF THE RUN. (KCAL/KM#=2)

THE CUMMULATIVE ENERGY OF NESTLINGS (J=1)y FLEDGLINGS (J=2)s AND
ADULTS (J=3) OF SPFCIES T (KCBL /KMEw Q)

CUMULATIVE ENERGY REQUIREMENT FOR EGG FRUDUCTIUN (BOTH BROUDS), *
(KCAL/ZINDIVIDUAL)
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CTEL(I) CUMULATIVE TOTAL ENERGY INTAKE FOR ALL ORGANISMS OF THE ITH SPECIES.
(KCAL /KM#%p)

CTHER (1) CUMULATIVE ENERGY REQUIREMENT FOR THERMOREGULATION BY ALL AGE
CLASSES OF THE ITH SPECIES. (KCAL /M#w2) ' '

FCI(I) DAILY ENERGY COST TO PRODUCE A CLUTCH IN THE ¢ LRST BkOOD,
(KCAL/FEMALE-DAY)

FC2(I) " Dally ENERGY COST TO PRODUCE A CLUTCH IN THE SECOND BROOD,
{KCAL/FEMALE-DAY)

EEATF (Jo1) ENERGY EXPENDITURE BY A FEMALE OF SPECIES I ON THE JTH ACTIVITY

T (KCAL/KME¥P_FEMALE)
EFATM(JWT) ENEREY EXPENDITUNE BY A MALE OF SPECIES I ON THE JUTH ACTIVITY
{KCAL /KMB#2aMALE)

EPJ(IN J=1+7+3, INTERMEOIATE VARIABLE SERVING THE SAME PURPOSES AS EVJL(I)
EXCEPT FOR THE SECOND CLUTCH.,
ER THE NAILY MINIMAL EXISTENCE ENERGY HEQUIREMENT-(KCAL/DAY-INDIVIDUAL)
fFr THE NATLY EXISTENCE ENERGY REQUIREMENT AT TEMPERATURE TC (1),
(KCAL /DAY - INDIVIDULAL)
Fra(I ENER:Y REGUIREMENTS F Ow ADULTS AND JUVENILES OF THE ITH SPECIES,
{(KCAL /kMea ) ‘ ’ ’
FRATO TOTAILL ENERGY REGUIREMENT FOR ADULTS (aLL SPECIES}) . (KCAL/KM#52)
ERFI(I) ENRGY REGUIREMENTS FOR FLEDGLINGS OF THE [TH SPECIES, (KCAL/KMu#2)
FRFTO TOTAL ENERGY REGUIREMENT FOR FLEDGLINGS (ALL SPECTES) . (KCAL/KMe#2)
ERN(]) FNERGY REAUIREMENTS FOR NESTLINGS OF The ITH SPECIES, (KCAL /KM#w2)
ERNTQ TOTAL ENFRGY REQUIREMENT FOR NESTLINGS (aLL SPECIES) . (KCAL/KMuaD)
ERT THE DAILY EXISTENCE ENERGY REGUIREMENT, (KCAL/DAY = INDIVIDUAL)

FvJdil) J=1s2e3, INTERMEODIATE VARIABLE USED TO DETERMINE ‘THE NUMBER OF EGGS
PRODUCED PER DAY PER FEMALE (J=1) .NESTLINGS (J=2) + AND FLEDGLINGS
1J=3) FROM THE FIRST CLUTCH,

Ew EGG WFIGHT. (GRAaMS)
FOEF DIGESTIVE EFFICIENCY OF FLEDGLINGS,
GPREY (14k) AMOUNT OF PREY CATEGORY | CONSUMED BY THE KTH SPECIES.
(G/MuRp)
NOEF DIGESTIVE €FFICIENCY OF NESTLINGS,
PAER(T) PFAK DAILY ENERGY REQUIREMFNT FOR ADULTS,. (KCAL /KMu92)
FCT (K) IS A VARTABLE REPRESENTING THE PERCENT OF THE TOTAL NUMBER
OF NESTLINGS (FLEDGLINGS) PRESENT IN A SPECIFIED TIME INTERVAL.
PCTT A SUMMING VARIABLE USED T0 NORMALIZE THE VARIABLE PCTIK) .

PREY(T) AMOUNT OF PREY CATEGORY [ CUNSUMED BY aLL NSP SPECIES. (G/Me##2/DAaY)
PTOT(T) TOTAL SEASONAL CONSUMPTION OF THE ITH PREY CATEGORY BY ALL SPECIES

(G/MunD)
THM (T TOTAL BIOMASS OF THE ENTIRE POPULATION OF SPECIES I.(GRAMS)
TEI(I) TOTAL ENERGY INTAKE FOR ALL ORGANISMS OF THE ITh SPECIES, (KCAL /KM#a2}
TEITO TOTAL ENERGY INTAKE OF ENTIRE POPULATION (aLL SPECIES).(KCAL/KM*“EJ

THERF (1) THE ENERGY COST OF THERMOREGULATION FOR FLEDGLINGS OF THE ITH
SPECTIES,. (KCAL/DAY - INDIVIDUAL)

THERM(T) THE EMERGY COST OF THERMOREGULATION FOR ADULTS AND JUVENLILES OF THE
ITh SPECIES. (KCAL/UAY - INODIVIDUAL)

TOT(T.K) aMOUNT OF PREY CATEGORY I CONSUMED RY THE KTH SPECIES OVER THE
DURATION OF A RUN (GrMzaz) |

WTF AN INTERMEDIATE VARIABLE USED IN CALCULAVING FLEDGLING BIOMASS,
(GRAMS)

WTN AN INTERMENDIATE VARIABLE USED IN CALCULATING NELSTLING HIUMASS, (GRAMS)
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CHAPTER 5
INPUT LIST

This chapter contains simply a 1ist (in old jargon, an 80-80 1ist) of

the input deck which is used to perform the sample simulation contained

in Chapter 7.
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CTARGALAFZRUNME ,TI50,(M]15000.6GS1 /800

ATTACH,SIMCOMASTMCOMI 4 IDZNRFL 4CY=] oMR=] ., }CONTRO'- CARDS

€ CC{T)y IS OUST AN IMTERMELITATE VAL ARLE,
CR(L) = EXP(~AK(I)%#PN(]})
TFAFWIT) oFQu0, e ANU S HMw (1) JEW.0.) GO TO 3
BG(IY = (MW T =F WD) 2 FWLT) = CGT)=HMW (D))
BA(TY = MMWIIY®(1,0 « RG(I})
f Ff6 ANN AG ARt CONSTANTS USED 1IN THE NESTL ING (R
GO TO 4
3 AGLDY
RH(I)
4 CONTTINUE
1 Xtk) = PS¢t

0.
0‘

N

OwlH RATE.

CIMCOM,
. ™
<TORAGE, THERF (20) N
STORAGE, MCAT 4GPREY (20+20) ¢ TOT (20420
STORAGE, =~ PREYT120) «PTOT (20)
STURAGE , DIET(20920520) «NOAT(20) « CALV (#0) +NDA ¢NOT
CTNRAGE, THERMIZ20) 4+ TC (20}
SYORAGF, ™~ CTHER(20)
STONAGE , NSP,AVDEG sNOTMP NOACR4NP (20) «NUMDY
STORAGE , TEMPC (26) +DATE (26)
stORAGE, ~ 7 'TS(?nl;PS(201.PE(zo),PHD<205.TIN¢20).TD(EO).Tslaol
STORAGE, PPRE(20) +HS (200 «PT1(20)+D011(20) 4UCL1 (20 «PPEF 2 (20)
STORAGE , PRL20) sFSUZ0)aPFST20) 4PF (20) yAMW(20) o HMW (20) +DOT2 (20)
STORAGE , T CFWL20) . ADR(20),DCI2(20) C
STORAGE , WIFoWTNsAN(20) s ANF (2G) s ANFU(20) Z
STORAGE , ERF(20)sERA(20) «TET(20) +ERNILO) +CTET (20) wo
STORAGE, - CE(2093)+PCT(50) «WM (20}« TODAT (203 gl&
STOHAGE .. DEF «NDEF o FDEF rs
STORAGE , AG(20) +BG(20) +AK (20) roq
STOARAGE, C - EVI(20)4EV2(20) 4EVI(20) +EP1 (201 +EP2(20) sEP3(20) 5;3
STORAGE , BMN (20) sAMF (20) +BMA (20) « TEM(20) »BMTOT Ty
STOHAGE , TDJ(20)-TEYL20) o
STORAGF : ATOT AANTOT S ANF TO o ANF UT
STORAGE , ERNTOSZERFTOLWERATOGTEITO
CTONAGE , AMACT (74159200 s AFACT (74154200 sACTC(7520) +DAY (26)
STCRAGE, ' FEATF(7320) sEEATM(7420)
STOWAGF, CS1(20)+CS2(20)
STORAGE , DOML(20) 4DOM2(20) +PM]1 (20) +PM2(20)
STARAGE, FC1(20)+EC2(20)
STORAGE, CAER{ZD) «FAER(20)
CEOAGE . CECt20)
STORAGE, Al(20) +TEDM(20) s TEDF(20) «FAL (20)
STORAGF , AMWA (10+20) s NUDAS (20} sDACL0+20) « NAMW J
KEAL, JIR(20)sMAT(20) s JA]{20)
rt.- ’
f..‘
(1"?}-

FLOW = o, :
(=33,

FLOW = 0. }FLOWS
r‘l.

SURROUTINE START

DIMENSTON CG(20) 3
f NSP TS THF NUMBER OF SPECIES BEING CONSIDERED.

NOC 1 I s ]4NSP

nn ? J:l.?

? CF(l. =0, -
NI bl R ggﬁ'rmes

r *%ﬁﬁ#ﬂﬁ&ﬁﬂﬂ%ﬁ*%ﬂ*ﬂﬁ%%ﬁﬂ#ﬁ%ﬁ%###ﬁﬁ*ﬂQ#*#*%*ﬂ##ﬂ#ﬁﬁ##*ﬁ#ﬁiﬁﬁﬁﬂi##ﬂﬂ#
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C NORMALIZATION OF OlbT SELECTIUN

s Giﬂ#ﬂ###ﬁﬂ*ﬁ#iﬁﬂﬂ###ﬂﬂQ#G#ﬂ#ﬂ%ééﬁﬁ%ﬁ#ﬁﬁ#ﬂ#ﬁ*ﬂ#ﬁ#*#####iﬁ#ﬁ##ﬂ&ﬁ###

C

f DIET(I.JsK) IS ThE AMOUNT OF THE TOTAL FOUD INTAKE BY SPECIES K

r OBTAINED FROM FOOD CATEGORY [ ON THE JUTH MEASUREMENT DAY

r CALV(T) IS THE CALORIC vALUE OF FOOD CATEGORY | (KCAL/GMS DRY WwT)

e NDA IS THFE NUMRER OF MEASUREMENT DAYS

¢ NCAT IS THE NUMRER OF FOUD CATEGORIFS

s MDT 1S A FLAG, IF NDT=1,wE DO NOT MAKE CALCULATIONS ABOUT THE DIET.

c ' ' - If NDT=0eWF DU MAKE CALCULATIONS ABOUT THE DIET,
IF(MNDT FQ,1) GO TO w00

C NDAT () ARE THE DAYS (SINCE UAN 1) ON wHICH THE DATA ARE RECORDED
PO BONP K=14NSP ‘
DN BOOP J=].NDA

(. IMITIALIZE SUMMING VARIABLE

SiMM=0_ 0
DO B00]1 l=1.NCAT
SUMM=SIIMM+T TET (T 4y oK)
RO01 CONTINUE
]F ‘SUMM.EQQOG" SUMHzlo
00 RO02 I=}.NCAT
DIFT(I VIR =DIET (I v dak) #SUMM
HON2 CONTINUF
DO BNOS 1=]1NCAT
NO B00E K=] NSP
100% TNT{l.K)=0.0
600 CONTINUF
TF(NOACRLFO.1Y RFTURN
Hﬂﬁ#ﬁ##nﬁﬂ##ﬁﬁbﬁﬂﬂ###ﬁbﬁ##ﬁ*#éﬁ#*“%#ki#
SNOHMAL TZATION OF ACTIVITY BUDGET DATA®
éﬂlﬁ'Qﬁ#ﬂ*##ﬂ#&#ﬂ###ﬂ##*#ﬂ##i&ﬁ&ﬁ#ﬂﬂ##ﬁ
AMACT (TaJeK} IS THE TIME SPENT HBY AMALE OF SPECIES K ON THE IThH
ACTIVITY ON THRE JThH MEASUREMENT LAY,
AFACT (Tadsk) 1S THE SAME VARIABLE AS AMACT EXCEPT FOR FEMALES
ACTCUTK)Y IS THE COFFFICIFNT OF ENERGY FXPENDLTURE OF THE KTH SPECIES
On THF ITH aCTIVITY
P 20003 K=14NSP
NO 20003 g = 1«NUMDY
€ INTIALIZE SUMMING VARIAHLES
o SHMMI=0,0 ’
SUMF1=0,0
C NORMALTZ2F DATA
0N 20000 T=1.7
SUMM] =SUMM] +AMACT (14 U4k}
SUMF 1 =SUMF1+AFACT (1sJaK)
20000 CONTINUF
IF(SUMML i ,0,) SUMMI=],
TE(SUMF1.FQ.0.) SUMFl=1},
PO 20003 T=1.7
AMACT (T U K) = ACTC (T oK I #AMACT (T odeK) /SUMM]
AFACT (T sk} = ACTClI.K)*AFACTCI;J;K)/SUMFl
20003 CONTINUF
C AMACT (TwedeK) AN AFACT(TsJeK) AwE LATER CHANGED TU THE ENERGY EXFPENDITURE
¢ RY A MALE AN{ FEMALE ON THE ITH ACTIVITY ON THE JTH DAY OF MEASUREMENT
r ( K REPRESFNTS ThE SPECIES ).
RETURN
END
SUBRROUTINF CYCL]
enss NAMW 1S A FLAG, MNAMw=] INDICATES aMw(E) IS CONSTANT FHROUGHOUT
sa e A RUN, OTHERWISE S WE USE AMWA(JeI) AND INTERPOLATE
seas DA{JSIY IS AN &LRRAY OF DATES(FROM JAN 1) ON WHICH AVEHAGE ADULT
cene WEIGHTS OF SPECLES [ AKE RECORDED
sees IF NAMW JC NOT )4 Thel
sese AMWA(UL1) IS ThE AVEWAGE ADULT WEIGHT OF THE [TH SPECIES ON DA(JsI)
AMD

DOTEO Y

f

B T
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AMW (1) IS A LINEAR INTFRPOLATION OF THE ARRAY AMWA

NUDAS(T) IS THE NUMHEK OF ACTUAL ENTRIES FOR SPECIES I IN THE ARRAY
DACULT) . THE REST OF DA(J.I) IS FILLED IN WITH ZEROS,

TF(NAMW EQ 1) GO TO 32 '

N 31 I=1.N5P

NU=NUNAS (1)

0 11 u=1.ND

IFLITIME ,GT.DA(UCTI))]1]1,.17

CONTIMUIE

TE(JFTIL TV 14415

AMH(I):AM&A(I-I)

G0 T0 3n

'IF{J.FQ.Nu;AND.TIME.GT;DAtJ-I1)17-18

ﬂMH(I):AMwA(NU-I)

60 To 30

Uouml - A -

AMH(I):AMHA(L)o(AMHA(J)-AMNA(LI)/(DA(J-I)-DAIL,I))“(TlHE-DAIL;I))

CONTINUF

CONTINUF -

CONTINUE

#iHGﬁd#iGﬁ#ﬁ#ﬁ%##aﬁﬂﬁ#ﬂﬂd#ﬁ##ﬁ#d#ﬂ%ﬂ#ﬁG**ﬁ#*i#ﬁﬁﬂ###%ﬁ#ﬁ##ﬁﬁﬁﬂﬁﬁ#*
CALCULATIUN OF UIEL COMPOSITION

#GGG“##G#%Q*##ﬁﬁ#ﬂ*ﬁ###ﬂﬁGﬂ#ﬁﬂﬂ&ﬂ#ﬂ*#a###ﬂﬁﬂ#ﬁ#ﬁﬁ#ﬁ%ﬁ#ﬂ%##ﬂﬁ§ﬁﬁﬂ##

CIET(Iedek) IS THE AMOUNT OF THE TOTAL FOOD INTAKE BY SPECIES K
GBTAINED FROM FOOD CuTEGORY I ON THE UTH HtASUREMENT Day
CalLViIy IS THF CALORIC VALUE OF FOOR CATFLORY 1 (RCALC/GMS DRY wT)
NNA IS TAF NUMKE R OF MEASUREMENT 0AaYS
NCAT IS TwF NUMHEW UF FOOD CATEGORIES
NDAT (J) ARF THE DAYS (SINCE JAN 1} ON WHICH THE DATA ARE RECORDED
NOT IS A FLAG, IF NDT=1.wE DO NOT MAKE CALCULATIONS ABOUT THe DIET.
IF NOT=04wE {0 MARE CALCULATIONS ABOUT THE DIET,
IFINDTLEQ,1) GO TO 07 :
IMTERPOLATE DIET ARRAY
DO 69 1=1.NCAT
On 70 K:lcNSP
GPREY (T+K)=0,0
DO 71 J=}.NDA
IFITIME ,GT.NDAT {U)) T1.72
CONT INUE
IF(J.Fa. Taud75
AVDT=DTIFT (T 4] K}
a0 TO 76
IF(J.EQ.NDA.AND.TIME.GT.NDAT(J)! TTs7R
AVDT=DIET (T .NDA W)
GO TO 7a
L=u~-]
AVDT:DIET(I.L-K)*(U]ET(IquK)-DIET(IoL-K))/(NUAT(J)-NDAT(L)}*
(TIME-NDAT!LI)
CONTINUE

cese s AVDT IS ThF INTERPOI ATED DIET COMPOSITION
CenneeGHREY(T.K) IS THE DaIly CONMSUMPTION OF CATEGORY 1 BY

SPECIES K (GMSsmnsg)
CPREY ({TWK)SGPREY ([4K) + { AVUT = ERA(x) ) o Calv(I)

Caesss TOT{IWK)Y 1S THE TQTaL SEASONAL CONSUMPTION OF CATEGURY |

IS

C

in
AY

=Y SPECIES K (GMS smuap)
TnT [TaKI=TOT(Tak) o GPREY (T 4K}
CONT INUE
CONT INDIE

N0 8010 I=].NCAT
PTOT(I)=0,0
PREY(1)=0,0
N0 BHOS K=].NSP

sesesPTOT IS TrE TOTaL SEASONAL CONSUMEFTION UF FOOU CATEGORY |

PTOT{I) = PTUT (1) + TUT (14x)
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CeseeoPREY IS THE TOTAL DAILY CONSUMPTION OF FOOD CATEGORY I
H009 PREY(I) = PREY(I) + GPREY(I.K) -
A0L10 CONTINUE
&N1 CONTINUFE
CoceDATF ARRAY CONTAINS DaTt IN DAYS SINCE 1 JAN
Couoo TEMPC ARRAY CONTAINS TESFEHATURE (DEG CY AT DATE
CoasAVDFGC = LINFAR INTERPOLATION FOR AVEKAGE TEMP ESTIMATE
DO 1 I1=1.NOTMP
IF {TIME.GT . DATE(I)) 142

1 CONTINUE -~
2 IFil.r a1y 4.5
4 AVDEG = TEMPC(1)
60 TO & T T
7 AVDEG = TEMPC(NOT MP)
G0 Yo T T
A AVDEG = TEMPC(I-1)} + (TEMPC(L) - TEMPC(I—I[)/‘DATE(I) - DATE(I=1)

Y (TIME-DATE(I~1))
6 DO 31 =TTWNSFT
T = TiIME=PI (I
fFvitily FVsT(T.1)
EPI(IY = EPDZ(T. 1)
T = T<PN{T])

Evz(l) EVST(T,I)
EP2(1) =EPH2(T.T)
T = T-PF (1)

EV3(IY = EVST(T,I)
FPIMT) = EPNA(T 1)

JEBH(Te]) 2
C HERF ]S WHERE THE ACTUAL FLOWS ARKE CALCULATED.
( X(J) WHERE J = S8#(Jal) + 24 1 = 1424444eNSP IS TRE STATE VARIABLE REPRESENTING
¢ THF ADULT POPULATION,
(.I........Q.I.....
¢ TokE NUMBER OF ACULTS 1S CALCULATED IN TrIS FLUW {X(J))
F = FLIN(pS‘I)lpE‘{J(I)lTS‘I)QTIN(I)OTIME." +
n FLIN (X(JYWPECL) 2T (L) o TE(T) « TIME 3
TF(TIME LLELTSTUINIF = PS(I)
IF(TIMEGELTELI)) F = X(J) - WM(I)%PE(])/(365,~TE (1))
IF(TIME .GT . TIN(I}LAND.TIME LT, TO(I)) F = XidJ)
F o= (F=XTJY}/DT = AURIT)ex(d) i )
XtJd)=X(J)+F=DT

r-.c--l.l'l.c-.o...

€ THE NOMBER OF EGGS 1S CALCULATED HERE (% (Je1))

T = TIMF

F o= EVST(TI) = Ev1tIdeql.=HS(])}
G = EPN2(T41) = FPL(I)2{]1 ,~HS(I})
F = (F +G)Y#x{J)

X!d*])=¥(d*l)*+*ﬁT
r...-l.l.....ﬂ-.....
C THE EGLGS WHICH SURVIVE TO PRODUCE NESTLINGS IS CALCULATED HERE (X(J+2))
F = (FV){I[ + Epl(I)) RS (1) #FxD(1)
XtJ+1y=X{d+1)=F ;T
X{Jeg) =X (J+2) +F+07
(........I-l...Q.I.
€ THE MORTALITY OF NESTLINGS IS CALCULATED HEKE
F = ~(FV2(1)+EPE(I)J*(l.-FSCI))*HS(I}QPHU(I)
X(J+2r=X{J+2) +F &N
f‘.......‘........_.
t THF NESTLINGS WHICH SURVIVE TO HECUME FLEDGLINGS IS CALCULATED HERE (X (J+3))
Fo= (EV2UNEPZIT) ) oHS(TI&FS (1) #PBD(])
XiJ*2)=X(Je2)=F=DT
X{J*+3)=X({J+3)+F DT
r,.....l...l...‘.ll
€ TaE FLEDGLING MORTALITY IS CALCULATED HERF
F = -(FV3(I}‘FP3(I))*(l.—PFS(I)J*FS(I)“HS(I)*PHU(I)
X(Je3)=X{J+3)+FanT
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(...............‘..'.

€ THF FLEDGLINGS WHICH SURVIVE TO RECOME JUVENILES IS CALCULATED HERE (X(J+4))
F = (EVIID)Y+EPI(I) ) #PFSILI#FS(I)+HS (1) #PBD(I)
X{J+3)=X{J+3)=F=DT
X(J+4)=X(J+6) +F =0T
r—..l..--..t.--l.ﬂ‘-
C MIGRATION IS CALCULATED HERE
F o= FLINIXIJ+4)40.oTOJ(I) o TEJ{I) o TIME)
IF (TIME,LT,TDJ(LIIF = X{J+&)
Flz (FaX(J+4)1) /DT = JDR(I}2X(J+4)
X(Jeb)=X(Jeo)+FaDT

ro.-.-o.o‘o.oon-n..

3 CONTINUE

RFTURN

END
V( I...’.V.....”..;.‘.-.;..“

FUNCTION FVST(TAI)
rl.l
Coso FUNCTION TO COMPUTE EGG PRODUCTION PER DAY PER PRODUTING FEMALE
(l..

1 TF(T LT DOT1(I) OReT 6T ODCI1(1))110.111
110 FVST = 0, = 7 ’ '
RE TURN
111 T4 = DCIY(I)=DOTL1 ()
I (TLL.LE.D.) GO TO 110
T™™ = (DOT3(I)Y+DCIY(IY)Y /2,
IF (T LE.TM)113.114
113 FVYST =CS1(IV#PPRF (1) #a .o (T=DOI1 (I} /(TUETL)
RFETURN
114 FVST =CSI(I1#PPHF (1) %4, #(DCTY (1)=TYZ(TL®TL)
PETURM
END

{-..C.‘..DIUCIOI—...

FUNCTION FPD2(T «1)

r.‘.
Teeo FUNCTION TO COMPUTE £6G LAYING PATTERN FOR SECOND CLUTCH
r..- V
1 IF (Tl T.D0I2(I)4ORJTLGTLDCIZ(IYY 1104111
110 EPNZ2 = 0.0
RETURN
111 Tt = nrlgtly -~ NOT2(1})

IF (TLLLE,.0.0) GO TU 110
™ = (DOIZ(I}Y + DCIZ2(L))Yr/2.0
IF (T.LEL.TMY 1134114
117 EPD2 =CS2(I) # PPRF2(1)% 4,0 = (T=D0I2 (I))/(TL®TL)
RFTURN
114 FPDZ =CSZ2(1) % PPrFA(I) # 4,0 & (DCIZ(I)=TY/Z{TL®TL)
RETURN
Fa
r...'......‘.-..--..
FUNCTION FLIN(A4H«CeDoT)
r...
CeneFFNEFRAL LINFAR INTERFOLATIUN ROUTINE
r

TF (T BT L, 0R TLTLC) w2
1 FLIN=0,

RETURN
? CONTINUF

TF (D.FNR.T) 3a4
A FLINS(A+H) /2.0

RFTURN
4 FLINS(R=-n8) /(D=C)#{T=C)+n
RFTURS:
Cone THIS COMPUTFS A LINEAR INTERPOLATION BETWEEN A AT T = C AND B AT T = *

Case N USING T aS THE I~DEFENDENT VARIARLE
C IF T LJES OUTSIDE THE INTERVAL € TO D THE FUNCTION RETURNS THE VALUE 0.
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END
r..............'...

FIINCTION FLINZ2(AsBsCallyT) )
€ FLINZ IS A LINEAR INTERPULATION wnICH EXTRAFPOLATES IF T FALLS OUTSIDE
¢ TmFE INTERVAL C TO D.

TF(C.EQ.DY] 2

1 FILLINZ=(A+R) /2,
RFTURM
2 FLIM2=(B=8)/Z(D=C)=#(T=C)+A

RF TURW

END
(.‘...I.....OID'..I

T SUBROUTINF TABLF (TABLYS»TABLZ2sNsAsY)

DIMENSTON TABL1(15).TABL2(15)
¢ TABL1 IS THE INDEPENDENT VALUESs WHILE TAHLZ IS THE DEFENODENT VALUES.

TF(ALF,.TABLI(1}) GO TO 1o

IF(A,GF,TABLL(N)) GO TO 2o

DO 100 T = 2.8 7

IF(ALLF.TABLI(I)) GO TO 30

100 CONTINUF
30 Y=(A=TARLLI(I=1))#(TABLZ2(I)-TABL2{I-11)/(TABL1(1)-TABLIC(I-1))
T O leTABLZUII-1)
RFTURN
20 Y=TABL? (M)
RFTURM
10 Y=TAALZ2 (1)

RFETURN

EsD
r......l.l.il.l.l..

FUNCTION wNSLEG (] +AGE)

r'..
CaaoFUNCTION TO COMPUTE NESTLING wEIGHTS
(.O.
WNSLG = AG(IN/Z(1.0 + BOIIYREXP(=AK{[)#AGE))
RFETURMN
Frh
(-....l.-.'..I--.‘..
FONCTION WFLG(IAGE)

rl.l

CousFUNCTION TD COMPUTE THE FLEDGLING WEIGHTS

(...
WFLG = FLIN(FWI{I) 4 AMW (I} 904w PF (L) entc}
RFETURN
END
(-.......I‘....'.l...
SURROUTINF APER (J«YoTWER)
r..‘

(ees YTAVERAGE WwF JGHT
Coeoe T=TEMPERATURFE IN DEG C.
(U ew o FR=ENFROY REQUIREMENT,
(..l
TE(Y LF.D.)1004101
100 FR=0,
RE TURM
101 GO TO (1020) o
CoaeoeSURBROUTIME TO CALCULATE THE ENERGY KERUTREMENT FOR NUN=-FASSERINES
10 TY = 4,3372%{Y)we G5}
T2 = ,5464#{Y) &2 7545
2l FR=FLINZ{T)1«T240,430,4T)
R+ TURM
( 44+ SURPOUTINE TO COMPUTE ENERGY REUWUIREMENTS FUR PASSERINES,
20 T1 = 44,3372 #({Y)#e,53
T2 = 1,877 & (Y)#ue,62]
N TO Py
FaD

r..o..---.c.oo...-.
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SUBROUTINF EGG(IessYsKyl)
DIMENSTON TBEWIISvé)sTBAh(l&c#)aTAbLl{lb)oTABLE(IS)oNUM(h)
THEW IS A TwD DIMENSIUNAL ARRAY CONTAINING ALL EGG WEIGHT DATA

TREW(NWs1) = EGG WEIGHTS FQR PASSERINES N = le2sacasNUM(])
THEW (N+?) = EGG WEIGHTS FOR SHORKEHIKDS N = 1e2rasasNUM(Z)
THEw(NeT) = EGG WEIGHTS FOKR CORMURANTS N = 102v44esNUM(3)
TREwW(N+4) = EGG WEIGHTS FOR ALCIDS N = 1o20ueesNUM(4)
THAW TS A TWO DIMENSIONAL ARKAY CONTAINING ALL ANIMAL wbIGHT GATA

FRAW(NJ1) = ANIMAL WEIGHTS FOR PASSERINES, N = 1e2vesasNUM(])
TRAW(NGZ) =" ANIMAL wEIGHTS FOP SHORERIRLS - N = 142seaasNUM(2)
TRAW(Ns3) = ANIMAL WEIGHTS FOR (ORMURANTS N = 142s40asNUM(3)
THAW(N«4) = ANIMAL WEIGHTS FOR ALCIDS N = 1o2seeersNUMI4)

DATA TREW, ' T '

10.v074y1.04!1.39l.9202-3593.0303.4194.239b-02!7.13910-27y12.051
#16.15420.000

20- 95-7‘!9. 17'12.1917.‘7'280‘6!-47-5!54-3960-90*00"
Hﬂ.'ﬁq.o46.9&4.v51.!58.970.98*0.-
40.924-052.155.-65.994.QllU-ol13.1150.16*0./

DATA TRAW/
]0-06.'8-.11n7'17.1'22:8!30..37.9!51.6.67.7997.5!168.3!206.39
2366 ,34700, i
?0-926.71ﬁ1.60§9-910%-30212.10475.9750-01100-96*0.1
30.v]7“009]870.92000.-2430.cdf)OO.;‘!OOD.QU“"U-.-
40;v1?5;3425;9450.-500..700.0930.91000.11500-;6*0-/

NUMIL) IS THE NUMREwR OF SIGNIFICANT ENTRIES IN THE L-TH BLOCK. L=1424s3s OH 4
DATA NUM/1549,7,4, ' '

I IS THE INDEX FOP SPECIES. J 5 THE INDEX OF THE STATE VARIABLE REPRESENTING
THE APULT POPULATION OF THE ITH SPECIES. K IS A FLAG, IF K = 1 THEN WE USE
THOSE CALCULATIONS INVOLVING THE FIRST CLUTCH, K = CURRESPONDS TG SECOND
CLUTCH EQUATIONS,

N = NUM(Lj

G0 100 M = Tan
TARL? (M) = THFW(M,.L)
TABL1{M) = TBAW(M,L)

100 CONTINUF
caLtb TABLF(TAHL]9TAhL2.N.AMwll),Ew)
EW 1S THE FGG WEIGHT,
GO TO (1421 K
1 TH:(DOI!(I)-C%](I)-3.+DC11(1))/2.
IF{TIMF 6T, TH) GO TO 3
Y=CSI(I)*a.*(TIMF-DOIl(IJ+CSl(I)+3.)
1/(DCIl(I)-DUII(I)+CSI(I)03.J“*2
THF AROVE FQUATIONS ARE USED IN ORDER TO NISTRIRUIE ENERGY COST OVER THE TIMF
AVATLARBLF FOR EGG FrRODUCTION,
Y=lalO#], 37#F wYsPFAF (])
RFTURN
3 Y=CSI(IJ*a.*(DCIl(I)-TINE)/(DCI](I)—DﬂIltl]‘CSl(I)*3.)**2
¥=1a10%] ,3T2EWeYRPRLF (1)
RFTURL
2 TH:(DQIE(I)-CGEII)—3.+DCI?(I):/2.
IF(TIMF JGT.THY GO Tu 4
V=CSEII)*G.*(TIMF—UUIE(I)*C52(1)43-)
lltDCI?(II-DﬁIE(I)+CSE(I)+3.)**8
Y=1al06]  A7¢F WY aPPSF2(1)
RFTURN
4 Y=CSPUT)eq,#(DCI2(1)-TIME}
1/(DCIP(I}—DHIE(1)‘C52(1)+3.i“*2
Y=1.10*1.?T*Ew*YﬁPPHFelll
RFTURN
END

S LSO BLEP P ennas

SURROUT INF MOLTIDsPsweT omM)
REAL MeMU
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Ceeses THIS SUBROUTINE CALCULATES THE MOLTING CUST WHICH IS NORMALLY
Faseee DISTRIBUTED OVER A PERIOD OF P DAYS AND STARTS ON DAY 0
CevoaeW IS THE ADULT MEAN WEIGHT AND T IS THE TIME(IN DAYS)
CeaaseTHE MOLTING COST IS5 GIVEN dY

Canene MOLT:B.BT"'—)*(W*J”-(;SC))
r-.--oM IS THE MOLT AT TIME T".c)
Pi=3,1415¢

CooeasCALCULATE SAUARE RUOT OF 2 PI
SRPPI=SQRT (2#P])

Caeues CALCULATE DISTRIBUTION MEAN
M=N+pP /7,

CeeeasCALCULATE STANDARD DEVIATION

" S1G=Pse,

rooonoCALCULATE MOLT COST AT T"-'j
R=],/(S16G#SR2PT)
S=(T+.5-Mu) /516
Y=R&F AP (- ,5#5%5)
Mz (]1,/7.9973)4#Q,375# (Ws# ,65G) =y

TRFETURN

EMD
r'....l...ll‘l....l

SURPOUTINF CYCL?
rl..

(c-u THIS FOUTIME REALLY DOFS ALL TrE WO“K.
Case MOST INTEREFSTING OUTPUT IS COMPUTED HERE ,
(-...
AMTOT 0.
AMTOT 0. & ATOT = n. % ANFTOT = 0, % ANFJTO = 0.
TEITOT = 0, % ERATOT = 0. % FERFTOT = ¢, % ERNTOT = 0,
NGO 1 I=1.15P
Cese INNEX CALCULATION TU GO TO MNEwW SPECIES,
J=24(I-1) 45
DN 2 K = 145
KK = &k = 1 '+ J
TE{XARK) L. T, .00000001) X(KK) = 0,
2 CONTINUF
A2 = X(Jd)+X{J+s)
TF(AZ.LF.0.)30,3]

an FRA(T)Y = o,
FR=0,0
ATy = 0.
GO TO 34

3) CONTINIF
CALL APER (NP (1) 2AMa (I} 4TCHI) «ER)
CALL APER (NP(1)+AMW(T} 4AVDEGERT}
THERM(]) = ERT =-ER
IF{THEPM(1) JLEL0.0) TRHEFMII) = (.0
FACZ2 = 1.4%FR
( NP IS A FLAG, IF NP=) THE NONPASSERINE EGUATIONS ARE USEU, IF NP=2 THE
 FPASSERINE EQUATIONS AKRE USED.
FACl = 0.0
IF(TIMF.GF.DOMI(I).AND.TIME.LT.DOMI(1)+PM1(I).AND.DOMI(I).NE.U.)
! CALL MOLT(DOMI{1)+PMI (L) oAMW (I} oTIMF «FALL)
IF(TIMF.GF.HOM?(I).AND.TIME.LT.DUM?(I)‘PMetl).AND.DUMZII).NE.O.J
1 CALL MOLT(DOM2(1)+FM2(T) yAMW{E) 3 TIME JFAC])
CaneeosDEF IS THE DIETARY EFFICIENCY OF ADULTS
A1tI) = (FACl + FACZ + THERM(L) )&DFF
IFCINDAT(IYEQ.0) GU TO 33
( THF VARTAnlLE IDDATI(I) IDENTIFIES THE LATAE BLOCLK Tu HE USED TO CALCULATE
C FGG COSTS
r I0ODAT (I}
' IDDaATD)

1 PASSENRINE DATA ARNE TU BE USFD
i 2  SHOKREHBIHIL DATA ARE TU BE USEU
¢ [0DaT (1) 3 CORMORANT DATA anrk Tu BE USED
r IDDAT(IY = 4  ALCID DATA ARE TO HBE USED
C Ir ITDDAT = 0 nO EGG COST IS CALCULATED.

FCY(IY = n,
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EC2¢I) = .

IFtTIME.GE.DOII(I)-CSJ(I}-3..AND.TIME.Lt.UCIl(1))

ICALL EGG (I.J'FCI(IJ.l,IUDAT(Ia)

IF(TIMF.GF.ﬁOIB(I)*CS?(I)-3..AND.TIME.LE.UCIE(I))

1CaLL FGG (IquFC?(I);Z-IUDAT(I))
C FC1 IS THE DATLY INDIVIDUAL ENERGY COST ASSOCIATED WITH PRODUCING THE
C FIRST CLUTCH
C FC?2 IS THF Samf VARIABLE FOR THE SECOND CLUTLA,
CennnalFF IS THE DIETARY EFFICIENCY OF ADULTS

AT(TY = A1(I) + (EECLI(IY + EC2(])) % DFF)

33 CNNTINGIE

IFIMDECH,EG,Y) O To 32

caLl E?(TIMF.I.EP)
CALCULATE SFX SPECIFIC INDIVIDUAL ENERGY DEMAND S
f FAItLI) IS THE ENERGY DEMAND OF A FEMALE INDIViIDUAL ©F THE ITH SPECIES.,
CaeeaalFF IS THE DIFTARY EFFICIENCY OF ADUL TS

FaltIy=(Facy *TEDF (1) +THERM(L) o (eC1(I) + ECE(!))/PPBF(I))*UEF
C MALGIY IS THE ENERGY DEMAND OF A MALE INDIVIOUAL OF THE ITH SPECIES,
CaeeesDFF IS THE DIETaAKY EFFICIENCY OF ADUL TS

MA1(I) = (FAC] » TEUM(I) THERM(T) )«DEF

JAI(I)=(1.-PPHF(I))*MA1(I)*PPUF(I)*((FAC1+TEUr(I)+THEHM{I))*DEF)
Aty = PPRE(I)=FAL(]) «+ (lo~FPAF (1)) wMa] ()
C A1 IS THE INDIVIDUAL ENERGY DEMAND wWITH UNITS KCAL/BIRDL-DaAY,
FRA(L) = (XY =AL() » XOJra )8 AL (T #] F-g ’
G0 TO 3a
32 CONTINUF
FPA(I)=(X(J)*A1(I)*K(J*é)*(A](I]-((ECI(I) + ECd(Il}“l.43)))*1.F-6
4 BMALLY = (X(Jd} «+ X(J*4))*AMN{IJ*.OOHOOI
CAEF (I} = CAER(I) + ERA(I) #DT
IF(EPn(IJ.GT.PAER(I))PAER(I)=ERA(I)
feeeasDFF IS THE DIETAkY EFFICIENCY OF ADULTS
CFC(I)=CEC(I)+((((ECI(I)+EC2(I))* DEF)“X(J})*1.5~6)*DT
Caa o CTHER 5 THE CUMULATIvE THERMORE GULAT [ ON ENERGY COST
CTHEQ(I):CTHEPfI)+((1HEHM(IJ*K(J)+1HEHF(I]*X(d*d)

C CAER AND PAER ARE THE CUMULATIVE aApuLT ENFROY REQUIREMENT, AND THE PEAK
C ADULT ENERGY REQUIREMENT RESPECTIVELY,

r‘.-

(...THIS FLOCK OF COLE COMPUTES THE ENERGY DISTHIAUTLION IN THE NESTLINGS

feesIN THE FIRST CLUTCH ACCORDING T0 AGE LISTRIBUTION
¢

FuNe = g,
RMN(T) = g,
FRNI(I} = n,
AMpPY = ),

1F (X(J§2).FD.U.I GO TO 10
Mp = MAXI(ﬂOII(I).TIMF-PI(I)—PN(I))
Mo = MINI{DCII(I).TIME-PI(I))
IF (MR-MA 2T 45) 50951
50 PRIMT rRapqQ eMA MR, T
HOO00 FORMAT ( 1+ ‘15~15-Ib-//qlh v MB IS TOO LuarGE#)

GN TO
=1 CONTINUE
FCIT = g,

IF (MELLLT . Ma) 6D TO 134
no 11 k = MA ¢ MR
(K = kK
Ka = K-MA«]
PCTra) = FVST(CK T}
11 PCTT = PCTT « PCT{(Ka)
1F (PCTT.FB.0,.) GO TO 12
ho 12 k = MA Ml
K& = KeMpy]
PCT{ka)y = PCT{rRAY sPCTTY
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AGE = TIME-K-PI(1)

WTN = WNSLG(I,AGE)

RMN(T) = ABMN(I) + WTNsPCT(KA)

CALL APER(MNP(T) +WTINWTC (I} 4FH)
12 ERN(I) = FRN(T} + ER¥PCT({KA)

r...

CaesSECOND CLUTCH NESTLING ENFKGY CALCULATION
(‘.-
13 IF(PPRF2(I1),.E0.0,) GO TO 10
MA = MAXL(DOTI2 (1) «TIME=PI(I)=FNII})
Me = MINL(DCTIZ(T),TIME=-PI(I))
IF(MB=-MA,GT.69) GO TO %0
IF (MB,LT.MA)GO TU 10
prTT = 0a
DO 14 K = MAME
CK = K
KA = K=MA.]
PCT(KAa)= FPUO2{CKW]}
14 PCTT = PCTT + PCT(Ka)
o 15 K = MAGMB
FRPNZ = 0.
TF (PCTT.FN.0.) GO TO 10
KA = K=MA+]
PCT(rAY = PCY(RA) /PCTT
AGE = TIMF=K=-PI(I)
WTN = WNSLG(I.AGE)
BMNZ = BMNZ + WTN#PCT (KA)
CALL APER(NP(T) «WTNeTC{I) ER}
15 ERNZ = ERNZ + ER#PCT{KA)
IF {(ERN(I)YRERNZ ME L 0.)AMPY = .4
ERNIT)Y =(ERN(I) + ERN?)
CesewneNDEF IS THE DIETARY EFFICIENCY OF NESTLINGS
10 NDEF=DEF®),2
ERNI(T} ERN{T)# NDEF#,000001%XK(J+2) #amPY
BMNL{T) (BMN{I) + HMNZ)#AMPYH X (J+2)%, 000001

H M

[ sua

CuaeoCALCULATE FLEDGLING ENERGY REGUIREMENTS AS A FUNCTION OF AGE FOR
{eaeTHF FIRST CiUTCH

r...

AMEY = 1,
FEF(I) = a,
AMER = 0,
PMF (1) = 0.

IF (x{J+3) ,FQ,0.) GO TO 20
MaA = MAXT(DOILI(I) « TIME=PL{I)=FN(L)}=PF(I)}))
MH = MINI(DCEI(I) « TIMF=RPI(I)=rN(]))
IF{ME=MA ,GT.49) GO TU 50
#CTT = 0.
DO 21 K = MA.MR
CK = K
KA = K=MA4]
PCT(xka)= v VSTI(CKa1])
A1 PCTT = PCTT + PCT(Ka)
IF(PCTT E0L.0.) 6D Tu 23
NN 22 K = MALMA
KA = KeMA+]
PCTI(KAY = PCT{KA)} /PCTT
ARF = TIMF=K=PI(I)=-FN(I}
WTF = WFL{TaaGF)
EMF{I}) = mMF(]) + WTF%FCT{KA)
CALL BPER(NP(T) ¢WTF+TC (1) aEr)
CALL APER (NP (]) +WTF «AVDFE Gt RT)
THFRF (1) =FRT=ER
TFATHERF(IY JLELOL0) TRERF (1) =0.0
22 FRF(I) = FR#=PCT(KA)+ ERF (]
Cune
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CososSECOND CLUTCH FLEDGLING ENERGY CALCULATION
r.‘.
23 IF (PPRF2{1).FG.0.) GO TU 2¢
Ma = MAXLI(DOIZ(I)+TIME=PI(I)=FN{I}=PF(]}}
Ma MINY(DCIZ(L) 4 TIMF=FI(I}~PN(L})
IF (MR=MA ,GT,493 GO Tu 50
IF (MR,.LT . MA) GO TO 2n
pCTT = 0-
DO 24 K = MALMB
CK = K
K& = K-Mas+}
PCTIKA)= FPD2(CKLI)
24 PCTT = PCTT + PCT(Kn)
IF (PCTTLFG,0,.) GO TO 20
ERF2 = n,
DO 28 K = Ma,MRE
KA = K=MA+]
PCT(rA)Y = PCT(KA) /PCTT
AGE = TIMF=K=Pl(L})=PN(I}
WTF = WFLGI(]eAGE)
BMFZ2 = BMF2 + WTF#PCT (KA)
CALL APFR(NPI(T) 4WTF+TCHUI) «ER)
CALL APERINP(T) «WTF  AVDEGERT )
THERF (1) =fRT=FR
IF(THERF{I).LF.0.0) THERF (I)=0,0
25 FRF2 = ERF2 + ER#PCT (KA}
IF (ERF(I)#ERF2NELO, )} AMPY = .5
ERFI(I) ={(FRFI{I) + ERF?)

CeesesfDEF IS THE DIETARY EFFICIENCY OF FLEDGLINGS

A0 FNEF=DEF

FRF{T) = ({ERF{I)#1,15 « THERF (1)) #FOEF)1#,000001%X (J+3) #AMPY

BMF (1) =(AMF (I} + BMF2)2aMPY®X(J+3)%,000001

‘t..
Ces o COMPUTE POPUL ATTON TOTALS
(l.C
ANCIY = X(Jd) « X(Jd+?)
ANFI{T) = AN(I}) + X(J+13)
ANFJITY = ANF(I) + X(J+4a)
ANTOT = ANTOT + aANC(I}
ATOT = ATOT + X (J)
ANFTOT = ANFTOT + ANF (1)
ANFTO = ANFTOT
ANFJTO = ANFJUTO + ANFJI(I)
ANFJT = ANFJTO
TEI(T) = ERACI)I+ERF (L) +ERN{L)
CTEI(I) = CTYEI(T) + TEI(1}
TRM(I) = HMNII) + BMF () + BMA{I)
feeoa THERE I35 NO BIOMASS COMPUTED FUH EGGS
TFITOT = TEITOT « TEI(I
TFITO = TFITOT
BMTOT = BMTOT + TEM(I)
FRATOT = FRATOT + ERA{(I}
FRATD = ERATOT
FRFTOT = FRFTOT + ERF ()
ERFTDO = ERFTOT
ERNTOT=ERNTOT+FRN(])
FRNTO = ERNTOT

CE(lal) = CE(I4]) + OT#ERALD)

CF(le2y = CE(I42) + DT®ERF(])

CEtIo3) = CE(T43) + DTRERN(L)
1 CONTINUE

RFETURN

ENG

r-...l......l.l.l.-

SUBROUTINE EZ(Tel,ER)

€ J WItL INDFX THF DaYS OF MEASUREMENT, 1 INDEXES The

SPECIES, M IS
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THF INDEX FOR THE ACTIVITIES.
EEATM(Ls1) IS THE ENERGY EXPENDITUHE FUR A MALE UF SPECIES 1 ON THE
LTH ACTIVITY., EEATF IS_THE SAME FOUR FEMALES,
THF ACTIVITIES ARE AS FOLLOWS
I=1. IMACTIVE
2e SINGING
3. FLIGHT
4, FORAGING
5. AGGRESSION AND DISPLAY
£. COURTSHIP
7. INCUBATION AND BrOODING.
T PEPRESENTS TIME,
IF(TLGELTF(I))Y GO TO A5
NUMNDY IS THE NUMBEKR OF ENTRIES IN THE DAY ARRAY,
K=NUMDY =1
TF(T LT DaY (1)) 1a2
1 DO Bl M=1,7
FEATMIM I =FLINZ2{AMACT {Myl el ) s AMACT (Ma23 1) aDAY (1) DAY (2)sT)#ER
FFEATF (Mol )=FLINZ(AFACT (Mol sAFACT (Ma2s ) sDAY (1) sDAY(2)oT)H*EK
IF{FEATM(MT) L T.0a4)} EEATMIM.L)Y = 101,
IF(EEATF (Mol ) LT.0.) EEATF (Mal) = 0.
#]1 CONTINIE
G0 TO A7
2 IFAT 6T DAY (NUMDY ) Y 3a 4
3 DO 82 M=1.7
FEATM (M, [)=FLINZ (AMACT (MaK 1) s AMACT (MaNUMDY o 1} s DAY (K} 9DAY {NUMDY) o
1T #FR
EEATF (Mg Iy =FLINMP (AFACT (MoK o 1) ¢ AFACT (MaNUMGY o 1) sDAY (K} +DAY (NUMIIY) »
1T)#ER
IF(EEATM(MG]) LT, 04) EFATM(M,I) =
IF(EEATF (M) L To0e) EEATF My = 0,
R2 CONTINUE
G0 TO 87
4 DN B3 J=1.K
L=J+1
TF AT A LF aDAY (L) JAND T GE JDAY () IS5 a8 3
& DN B4 M=1,7
FFATM{My I =FLINZ(AMACT (MaJal) s AMACT (Moo I)sDAY(J) DAY LL) o) ¥ER
FEATF(MeI)=FLIMP{AFABCT(MaJo i) s AFACT (Mol o1) sDAY(J) sDAYIL) »T) #ER
Ma CONTINUF
#3 CONTINUE
GO TO AT
HS NN BA M = 1,
FEA‘M(M-I) = 0.
e FEATF (MLI) =
87 CONTINUF
TFOM (T N
TFDF (1) 0.
ne 88 11 = 1.7
TEFOM(EY = TEOM({I) + EEATM{II 1)
R8 TEDF (1) = TEDF(I) + REATF(IIa1)

R R B Tl el N e B |

-

o

¢ TenM(T) 15 THE MALE TOTaL ENERGY UEMAND Fnk ALL ACTIVITIES CUMBINED TEUF{I) IS

( THE SaMF FOR FEMALES, THEIR UNETS Ak nLAL/BIRKD=-ODAY
RPF TURN
F D

f....--...‘........
SURROUTIN: FINIS
PRINT POOOQ

P00 FORMAT (20X« #CUMULATIVE ENERGY KEGUIREMENTS®//
HPNRe#NSP2 ¢ 1INy #NESTLINGS# g lUX o 8FLEDGLINGS %y JaR o ¥ADUL TH )
PRINT AOOYe (Ul 4Ch(Ivw3teCE(LlalsCE(Is]l))}s I = 14NSP)

001 FORMAT (20Xa1343F20.10)
PRINT ADNZ«{(PAFFE(I)el)s]l = 1.NSP) i

H00Z2 FORMAT (2(0x«#PEAK ADULT ENFROGY REQUIREMENT = #4Eg20,10010A9#SPECIES

ING, = #4]173)
RFE TURN

|

sUB -
ROUTINES
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END
& FILE CARD
AVYDOEG = 0. 8
AHR = Ppou0,
JiKR = 2080, %
Wk =0, % DATA
WiN = 0, %
AN = 20%0. §
ANF = 200, %
ANFU = 2000, $
FHA = 20“0. %
Tv1 = 20#0, %
CTEI = 20%0, %
FRAN = 20%0, ¢
FRF = po#0, %
Prl = 20%0, % PM2 = 20+0, %

nOM] = 20%0, %
"OMeg = 20%0. %

WM = ?0“"0. %

ATOT = 0, $ ANTOT = 0, & ANFTQ = Ge B ANFUT = (0, $ ERNTO = 0, $ ERFTO = 0, %
FATD = 0, %

CAFR = 2020, $ CAER = 20%0, $

MAMy = 1 b 3

turas = 2040 %

AMWA = 20040, %

A = 200%0, %

MGEF = o %

FOFF = n, ¢

NEF = 1,43 &

CTHER = 2020, $

CFC = Poe0, $

10DaT 2040 %

MOACR 1 %

LCTC = 140%0,

1\

FEATM = 140%0, % EEATF = la0=0, %
AMACT = 2100%0, %

TC = 2040, %

THERM = 2080, %

THFRF = 20«20, %

AFACT = 2100%0, %

FC1 = 2040, & FCP = 20#0, %
Xt1)y = 9940, %

LT = 1 %

A = 200 €

MEAT = P0%0 &

FREY = pp®p, %

FTOT = 20%0. %

CalLy = 20%0, %

MCAT = 2080 %

FIET = R2000%0, %

CT = 1.0 %8 DTPe = 5,0 %
FPIPL = 1,0 ¢

LR I | %

TC = 24, %

MPo= PR

TSTHT = 110, %

TERND = 260, %

TS = 122. & PS = 0. § PF =z g, % PHED = Al., % TIN = 132, % TD = 234, %
T+=250. % CS1 = 4,1 § €S2 = 0,0 & PPHF =46 & nS=.6 $ PI= 1. %

Foll = 153, $ DCI1 = 174. % PPHEZ = 0, $ LUIZ = 0, % uCiz = 0. %

Mnas = 7 0§
NOTWP = 7
TEMEC = 13010 21439 19479 24449 26,20 30,50 27.4 §

F*TE = 106, o« 136, o 166« + 1960 & 2264 + 296, 286, %
LMY = s %
AFACT= ‘1'5.7-0.018.7-15.’3!0--“.90--7]oHQU-oQ.‘ble-H-U.oU.qU-!
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6009009949156 40.9000150044,6900030101749¢0000a935,4
6?-5.0-.1205‘?5.090.90..()"bs-7!0-.18-7'13|F‘IOU.00.90- s

CAY= 124,0136.415009170a9200.4750., %

MCACR = 0 %

AMACT = 42.4137.597.011.1.?.!0.90.!4?.!350'4.!1&-’1.11-90.!
4l1ata32401209]11e30le30200lerd47 0028095000l e3rlodeTeslas
49-9029.3!4l8!l1-01.!40!0095505159.!309180590010.‘0- 5

1DBbaAaT = 1 %

Avmwl = ?9.5!27.025.926-927--28-5930-5.3*0. +

A = 125091480165, 0155, 0205, 0220,2230,43%0, %

Moebw = n %

P = 00039 %

JOR o= 002 %

Prv = 9, % FS = 0.%= % PFFS = 0,67 % FF = 2.0 %

FYW oz 2,0 % Fw = 23,0 % TUJ = 236. % TEJ = 250, $ Y

re = LRP4 %

ACTC = .8110oR?ﬁ‘ﬁo’I.391-3§113!0. ‘b DATA
ERE = ) ,43 %

oMz = 22%. %

Mg o= 30, %

FET =0 0%

MA = 6 %

REAT = 13941654105 2054 1640 §

tM v = 4.505.505.3-5.105.ﬁ05.f!4.9,4.4112*0. t

PCAT = A %

TET = a..15..0..20..2..15.-?.,62.»12*0.,2..0.-3..35.,1..10..1.,30.-12*0.y

q.-l?.04.040.oU.-10.94.1?7-9l?*U.-U--B.qU-v19.-0.91&-94-9“ro912*0-’320“0- %)
FrTNT X (2 e X{3) 40X (4) «X(9) e X (6) ™
FRTNT.FRN(I)vFHFllioEHﬂ(llQTFI(I)
CHUINT BMNA{ 1) oBME (1) aBMA (1) o TRME])
PrINT,_ A

FRTHNT FAL(L) «MAY (L) s JAY(])

FRINT,TFITO PRINT
FETAT. FCIO1) oE€2(1) AND
FRINT L CAER (1) PLOT
LRInT. CTEL(1) CONTROL.

PRINT, CFCr1)

FRIHT. CTHER (L)

PRINT, EEATM(1) JEEATM(2) oEFATM {3} sFEE ATM (4)
FLINT, FEATMIS) JEFATM(AY oFEATM ( 7)

FUTRT, FEATF L] ) WEEATF (2) «FEATF (3) «EFATF (&)
BEHINT, FFATF () JFFATF (A) EEATF (7))

PEINT L TEDOML) o TEDF ()

PRINT, THFRM(]) V
FRINT, THERF ())

FrlaT, GPPEV(I).GDPFY(?)-LPRFY(?),GPHEY(Q).GPHFY(S);OPREV(&)9bPHtY(7196PRtY(b}
FrTaT, TOT(I!-IOTIE)oTOT(i)'TOT(uJ.loft%)-THT(H)-TUI(Y).TUT(B)

IR T, PPFYf])-PPFY(?I.PHtY(A);PHtYia}.PPEY(%)oHRtY(b).Pth(Y)yPHLY(B)
T, DTDT(])oPTOT(?)-PTﬁI(?)-PTOT(q)-P1UT(bI.PTUle)-PTUT(T);PTOT(H}
FLET (X 02) « BN ANF « ANF )

PLOT G HERMOY) wER (1) ERACLI) «TET (L)) o (AVLEG 3

O L t0Y)

FIOT L FrL(LY)

LEDT L (MAL )

PLeT (ua1(11)

LLOT (TEITO) PRINT
FIOT. (FEATM{1)JFEATF (1)) F?Lh(!.)[')r
FLOT, (FEATM(2) JEEATF(2))

FLOY, (FEATM(Y) FEATF (1)) ICONTROL

FILOT, (FFATM {4} JEFATF (a})

FLOT, (FFATM(S) FFATF{%})

CFLOT, (FEATM(A) EEATF (K} )

FILOT, (FEATM(7).FFATF (7))

CLOT, (AMW(]))

RLOT L (ECLI LYo EC2 D))

PIOT. (THFEM{]) THERF (1)} .

PLOT. (GPREY (1) eGPREY {2) «uPREY(3) «GPREY (4})

FLOT. (GPREY (%) oGPREY (6) s GFRFY (7} 4GPREY (R} J
#* . FILE CARD
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CHAPTER 6
LISTING
This chapter contains a {isting of the SIMCOMP source deck of
Chapter 5. It is highly redundant with the early text and with Chapter 5,
but provides the reader with a list of the documental program as it

appears after SIMCOMP compilation.
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(02) IV {02} 40314 (02YWAZLY (02) TV ®39YHOLS
(02)2332 *39YH0LS
(02)43vd* (02) 43V *30VHOLS
(0212233%(021 123 “30YMOLS
(02)2ZNWd* (02) TWd* (102) 2H00 (02} TWOQ *30¥H0LS
(02)252¢ (021 15D *39v401S
(024L)WLVYII6 (0242) 41933 *39V40LS
(92)AVA* (02423 IV (024ST9L) LIVAVS (02451 42) 1 IVAY *39Vy01S
: : OLIIL*OLVHI*OL IHI*OLNEI *39Y501S
IPANYSOL ANV LOINY101Y *39VHOLS
(02)r3L4 4023 ralL * 3I9vH0LS
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CHAPTER 7
SAMPLE OUTPUT

The BIRD Model displayed in Chapters 5 and & produced the output in
this chapter using SIMCOMP Version 3.0 as implemented on the CDC 6400
at Colorado State University using SCOPE 3.3 on 7 March 1974. The run
is of an Okiahoma population of Dickcissels (5piza americana) and in-
cludes the activity budget, egg cost, molt cost, thermoregulation cost,
and diet composition subroutines. The first two pages of tﬁe listing
present initial conditions for the run after the data have been read,
but before SUBROUTINE START has been called. The pages entitled SIMULATION
RESULTS: present printed results of a run beginning on day 110 and
going until day 260 -- printed at 5-day intervals. The last few lines
of this output are printed by SUBROUTINE FIN!S and pPresent cumuiative
results for the entire run.

The pages entitled "GRAPHICAL SIMULATION RESULTS'" define the
variables plotted in the 19 graphs which follow. The 19 graphs plot
the variables over the duration of the run. Reference to the first
pages defines the plotted characters, and the scales to which each
graph is plotted are defined on the graphs. The diagnostic found
on plot 3 and others is informative and often indicates (as here) that
one (or more) of the plotted variables was not initialized.

For interpretations of the output the reader is referred to the

papers (Wiens and innis 1973, in press).
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