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1.0 Int~oduction 

1.1 Background 

GEORGE ;s an ecosystem model of the fish and fisheries 

of Georges Bank. 

The model's intended audi ence i ncl ude three di sti nct users 

i. Policy makers 

ii. Fisheries researchers 

iii. Simulation modelers and analysts 

Each user brings unique skills to bear on the research and 

management questions pertinent to Georges Bank. Policy makers 

can provide relevance to the overall modeling exercise by asking 

the applied questions that scientist can often overlook. In 

addition to asking the critical questions about the operation and 

val i di of the proposed ecosystem model, staff researchers can 

provide their considerable experience and intuition about the key 

biological processes affecting the ecosystem's behavior. The 

modeler can answer the questions posed by the management and 

research staff by designing appropriate models gi en the 

constaints of time and available data. 

To be successful, all three groups should work together 

while studying a particular problem. The simulations can be made 

more realistic wi h the cooperation of researchers of management, 

fisheries biology and ecosystem simulation modeling back-

grounds. looking over each others shoulders, a g ea er 

understanding of the ecosystem and one l 5 fello reseacher1s 

desciplines can be nurtured. 



-2-

To encourage this important sort of cooperation, the simula

tion model GEORGE was intentionally made lIuser friendly.1I These 

interactive programs allow the users to stipulate a scenario's 

initial conditions; to run simulations and to analyze the 

results@ Because the programs are designed to be accessible to 

people with little or no computer programming experience, the 

modeling task is opened to a wider circle of potential users. 

The purpose of this user manual is to first explain the 

processes and assumptions that are woven into GEORGE. Given this 

understandi ng of the model I s conceptual underpi nni ngs, the manual 

then explains how to design, run and analyze simulation studieso 

i. Designing a simulation: The initial conditions and 

control parameters are explained. An interactive 

program, SETUP allows format free input of data and run 

parameters. The program's interactive dialogue is 

designed to help computer neophytes use the programs 

ii Running the simulator: The simulator is named 

GEORGE. The simulator takes e instructions generated 

SETUP and runs the simulation study. The simulation 

interactively allows the user to select and displ 

time series graphs and tables, and phase plane plots of 

populations of interest. These graphs are intended to 

aid n the first visual analysis of the simulation. 
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iii. Flow Analysis: A more detailed analysis of the 

ecosystem model is internal flows is made available via 

a Flow Analysis program. Section 2.4 briefly describes 

the theory and applications of Flow Analysis. 

The analytical package allows the fisheries biology and 

the modeling staff to double check the plausibility of 

the simulation results It also helps describe and 

quantify the subtle changes resulting from parameter 

changes. 

1.2 The Intent of the Model 

Researchers who have expended considerable time and 

effort studying an ecosystem like Georges Bank often have an 

intuitive grasp of the quantitative and qualitative dynamics of 

the system. This ecosystem model attempts to organize this back

ground information in simulation studies, for those interested 

parties less familiar with the system. The utility of this model 

is its abili to familiarize those unfamiliar with the eco stem 

with the subtleties of behavior and the sensitivity of ecosystems 

to certain changes. Besides testing the staff researchers 

preconceptions of ecosystem processes, the model can also serve 

to communicate the researcher's understanding of complex 

ecosystems to a wider circle of interested users 

T e credibili and u ili of an ecosystem model is related 

to its simplici and focus on a specific issue The nebulous 
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generality of the large scale International Biological Program 

(IBP) Biome models often hindered attempts to simulate and 

predict specific phenomena (K.E.F. Watt, 1975). To those intent 

on using models as predictors, the IIjack-of-all-trades Vias master 

of none. 1I 

Ecosystem modeling's greatest problem isn1t a dearth of 

creative equations or a shortage of II cr itical mechanisms.1i For 

sometime, modeling1s weakest aspect has "been the ability to 

analyze and test the consequences of a model IS hypotheses and 

initial conditions. 

This model is specifically designed to examine the con

sequences of predator-prey interactions of a marine ecosystem. 

To do this, the model places an equal emphasis on the interactive 

simulation and the analysis of the model 

Ecosystem modelers have long recognized that the dynamics of 

natural systems are not just the summation of the component pro

cesses. V. Watson and o. Loucks (1979) suggest that some of the 

complexities stem from the recycling within and among system 

components. Recognizing the relevance of input/output modeling 

to the analysis of simulation model results, the simulator GEORGE 

is linked to a flow analysis package developed by Je Finn 

(1977). 

Models can be classif ed in terms of their purposes: to 

forecast or to provide insight (H. Caswell, 1976; E.C. Pielou, 

1981) GEORGE is a research and teaching tool GEORGE is not a 

forecaster. The simul or GEORGE is designed to suggest he 

directions and relative magnitudes of stem c anges esulting 
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from the assumptions programmed into the model and initial con-

ditions specified by the user. In doing so, it should assist in 

familiarizing the users with the dynamic behavior of the 

ecosystem. 

,eosrsr," ~ 
,",em T 

.... 

Figure 1 

2 0 Modeling: The Ecosystem 

2.1 T e System Design 

By itself the integration of a stem of different al 

equations is insufficient to in estigate a stem's dynamic 

behavior There are in fact three distinct facets to a modeling 

system. Figure 1 illustrates the relative roles of: 
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i the simulator 

ii. the differential equation based model 

iii. the analytical package 

The model GEORGE in reality is a library of linked computer 

programs. The looped program structure allows the user to 

iteratively simulate scenarios, display results (tables and 

graphs), and analyze results. By updating initial conditions and 

control parameters, the user can re-enter the simulator to carry 

out further simulations and analyses. Because all da and time 

series files are stored on computer disc files, the users can 

economically model the program over a series of days without 

having to reconstruct scenarios each time they log onto the 

computer. 

2.2 The Simulation System 

The simulator is the interactive portion of the 

modeling system that allows the user to manage the biological 

model and the analytical programs available. The simulato con

sists of 0 programs: SETUP and GEORGE. The first program 

(SETUP) allows the user to interactively specify the initial 

abundances of the benthos and fish The user is also allowed to 

specify the biological attributes of these populations This 

includes specifying the number of age classes and the per capita 

eights for these organisms. In addition, the user can tailor 

the feeding and reproductive processes 

class specific control parameters. 

rough species and size 
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Once these parameters are set, the user is ready to run the 

model using these initial conditions. The program GEORGE allows 

the user to specify the number of years to be simulated. The 

program also allows the user to name for future reference, the 

input and output files to be used and created. 

The program then allows the user to print on-line labelled 

time series tables of the changes in abundances, per captia 

weights, yields and biomasses for compartments of interest. The 

simulator also allows the user the option of plotting selected 

time series on x-y line graphs. Besides time series plots, the 

user can generate phase-plane plots [(X1,t -vs- X2 ,t)], to inves

t i gat e i n t e r d e pen den c i e sam 0 n g the pop u 1 a t ion s (R. t~ ay eta 1 • , 

1979),. 

Besides setting up runs and displaying the results, the 

simulator also allows the user to analyze the inter- and intra

compartmental flow dynamics of the system over specificed days. 

The Flow Analysis option generates a flow matrix F(i,j) which 

traces the transfer of matter from compartment j to compartment 

i. To place this activity in a simpler perspective, a normalized 

flow matrix N(i,j) displays 

predatori1s diet 

e proportionate partioning of 

(i.e, N(i,j) = the fraction preYj contributes to 

predator; s diet). 

At his point it is possible for the user to terminate he 

simulation session to examine these tables and graphs, since all 
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events of the simulation are stored in the computer disc memory 

banks, for future reference. 

After analyzing the results of a scenario, the user can set 

up new initial conditions through SETUP and redesign the 

scenario. The simulator1s looped structure emphasizes the 

experimental role of a simulator. The interactive looped program 

allows the users to repeatedly simulate and examine the conse-

quences of their system manipulations. 

2.3 The Ecosystem Model: Processes and Assumptions 

GEORGE focuses on the predator-prey interactions 

operating within the fish stocks on Georges Bank. To do this 

imagine that there exists a system of n-compartments, with 

potentially n2-interconnecting pipes The dynamics of GEORGE 

depends on whether the valves are open between these n-

compartments, and the rates of flow between these compartments. 

The flows in GEORGE are dependent on three processes: 

i. daily ration demands 

ii. prey selection to meet these demands 

iii. stochastic recruitment processes 

The daily rations are based on the 1 i erature and laboratory 

studies Durbin et al (1980) The pr selection processes 

are based on feed I1g functions originally developed Ande sen 

a d Ursin (1977 ) D '"'" I I se ection parame ers are based on the 
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Food Habits datasets (NEFC, Woods Hole) and the analytical work 

by Hahm and Langton (1983). The recruitment process is based on 

recruitment records of Hennemuth et al. (1980), and Patil and 

Boswell (1981). 

There are presently six major compartments in the model 

representing the benthos, yellowtail flounders, cod, haddock, 

silver hake, and herring. With the exception of the benthos 

(which has only four size classes), each of the compartments are 

subdivided into the five size classes. This results in a total 

of twenty-nine compartments. For the fish, the five size groups 

represent the pre-recruits, the first year recruits, the two year 

olds, the three year olds, and the adult fish that are four or 

more years old 
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2.3.1 Daily Ration Demands 

f· . 
1.J 
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) 1 

f· J,O 
f .. 
J , 1 

Compartmental Modeling Notations 

Figure 2 

Figure 2 illustrates the labelling convention of flow 

diagrams. Fl w between compartments (xi and Xj) are labeled by 

fi ,j' where the first subscript is the recipient and the second 

subscript is the donor (Patten, 1971). The subscript 0 signifies 

all that is external to e system 

For the ith compartment denoted as (xi)' f;,j represents the 

h contribution to daily ration the j prey compartment (Xj) 0 

meet maintenance, growth, respiration and reproducti e 

acti For s mplici , this demand is est mated to be a 
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fraction, a{i,day) of the consumer1s weight, ranging between 2% 

and 0.5% per day (Durbin et al., 1980). It then follows that the 

feeding demand, (d i ) of the ;th predator xi population is: 

d. = a(i,day) . (n .. w.) eqn.1a 
111 

where: d; = food demand of predator xi (uni t = kg wet 

weight/day) 

ni = predator abundance 

wi = predator weight (wet weight) 

a(i,day) = fraction of its own weight that a 

predator consumes. a(i,day) can vary over the 

season. 

The fracti on is: 

a ( i , day) = [Amax(i)+Amin(i)] - [Amax(i)-Amin(i)].cos[2II.(day+Lag)] 
2 2 CL 

eqn. lb 

where: Amax(i) = maximum a(i,day) (i.e., approximately 2%) 

Amin(i) = minimum a{i,day) (i e., approximately 0.5%) 

CL = days per cycle (days/radian) 

Lag = phase in days. 
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Figure 3 

Examination of eqn. lb reveals that feeding demands can be 

modified by varying the maximum and minimum daily rations. 

Figure 3 shows that the variation of feeding activity is 

determined not only by the maximum and minimum values of 

a ( i , day), but a 1 sot hen u m be r 0 f sea son a 1 fee din g m a x i m a • 

If (CL = 180), days/radians, one maximum occurs per year If 

(CL = 90), two maxima are simulated. A peak feeding pattern 

is suggested if feeding is elevated during the fall and spring 

For the special case where Amax = Amin, there is no variation of 

feeding demand over the course of the year. 

This flexibili is incorporated into the computation of 

a(i ,day) since some fish may be more voracious an others (i.e., 

silver hake vs. flounder). It is then possible to consider the 

consequences of different pes of feeding behavior on species 

coexistence 
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2.3.2 Prey Selection 

The choice of flows between compartments is not 

based on a fixed and preconceived diet, as in the Parrish (1975) 

model. The trophic linkages of GEORGE are dependent on prey 

vulnerability and prey abundance over time. The linkage 

equations allow for switching behavior and to some extent 

variable diet preferences. 

The feeding selectivity is based upon an empirical analysis 

of stomach contents. Hahm and Langton (1983) found that there 

seems to be a central tendency in prey selection based upon the 

relative predator to prey weight ratios. The distributions of 

these ratios (tn(Wi/wj))' where wi = predator weight and Wj = 

prey weight, suggest that predators select prey whose weight is 

within a certain fractional range of their own. The mean, ETA, 

of the weight frequency distributions of prey found in their 

stomachs (Figure 4 (tnwi/wj) -vs- frequency) indicates the 

relative weight of the average victim. The central tendencies of 

the distribution can be explained biologically. Predators shun 

very small prey as a waste of energy and effort. Conversely, 

predators avoid large prey candidates as potential threats. The 

standard deviations, SIGMA, of the frequency distributions 

indicate how selective a.predator is. The larger the standard 

deviation, the greater the size variability of prey are consumed 

by the predator. The inverse is a so true. 

By plotting the mean (ETA) and standard deviations(SIGMA) of 

these frequency distributio s, e predators fall naturally into 

groups with similar feeding patterns hich are in agreement with 
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field observations (Fig. 5; Hahm and Langton, 1983). Simulation 

of this prey selection process is based on the North Sea modeling 

work of Andersen and Ursin (1977). 

In GEORGE, the feeding of fish is broken down into a two 

s t e p pro c e s s .. I nth e fir s t s te p, the v u 1 n era b i 1 ; ty 0 f prey to a 

predator is based on the previously mentioned feeding preference 

distributions (Figure 4). The measure of the relative vulner

ability of the ith prey to the jth predator is g(i,j). This 

vulnerability measure is derived from the mean Eta(j) and 

standard deviation Sigma{j) of the jth predator's feeding 

preference frequency distribution~ In the second step, the 

actual feeding is modified by prey availability and selectivity 

e(i,j) of the predator. 

Step 1: Estimating Vulnerability of Prey to a Predator 

g( i ,j) = f(w;, Wj' ETA, SIGMA) 

g(i,j) = exp[~n(Wi/wj) - ETA)2/ 2 (SIGMA 2 )] 

where: wi = weight of predator 

Wj = weight of prey 

eqn. 2a 

eqn. 2b 

ETA = mean of feeding distribution (see Fig. 6) 

SIGMA = standard deviation of feeding distribution 

(see Fig .. 6) 

Equation 2b computes g( i ,j), where wi is he predator l s per 

capita weight and is the prey's pe capita weight. Figure 6 
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is a plot of equation 2b over a range of tn(Wi/wj). The function 

is bell shaped, and reaches a maximum of g(i,j) = 1.0, at 

[tn(Wi/wj)] = ETA. The function drops to near zero as tn(Wi/wj) 

becomes much larger or smaller than ETA, (g(i,j) = 0.). 

ETA ( i ) = 1 n ( Vii / W j ) 

Figure 6 

ETA ( 1) 
ETA (i ) 

S I Gi"1A (i ) . 

Pa rameters 

Feeding function parameters and an 

i lustration of feeding overlaps. 

For a predator of weight wi' the prey of varying weight Wj 

ha e different vulnerabilities to capture The value ranges from 

1 = ve vulnerable to 0 = unsuitable for consumption. 3y 

chaos; ng ETA( i) and SIGMA( i) on the basi s of the stomach pr 

distributions (Figure 3), it is possible to partition he 

resources among the predators 
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Step 2: Determining Feeding and Mortality Rates 

Let ~1{;,j) be the amount of biomass of prey(j) that is 

vulnerable to predator(i). Then: 

eq n. 3 

The product n(j)"w(j) represents the biomass of prey(j) avail

able. The term, g(i,j) represents the portion of n(j)"w(j) that 

is vulnerable to predator(i). The term e(;,j) ;s a selectivity 

coefficient set between 0 and 1. It allows the user to modi 

the food habits of a predator. If food habit studies reveal that 

pre d a tor ( i) n eve r fee d son prey ( j ), the n e ( i , j) = O. ( N B :< Eve n 

though prey(j) maybe the perfect sized morsel for predator(i), 

habitats do not always overlap.) 

The total amount of prey available to predator(i) is the 

summation: 

nprey 
~2 ( i ) = Z 1>1 ( i , j ) 

j = 1 
eq n. 4 

The total amount of prey available to a predator should be 

greater than the daily ration d(i), (see eqn. 1a) required by the 

predator. With 1>2(i»d(i), the prey are removed in proportion to 

the; r e1 ecti vi (e(i,j)) and abundance. The jth species 

mortali due to predation is then: 

pred 
~~2(j) = Z 

=1 

[1>1( ,j) d(i)] 

<P 2 ( 1 ) 

e q n. 5 
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The numerator represents the amount of biomass from 

compartment(j) that is consumed by compartment(;). The mortality 

for a prey is the sum of all its donations to other predators, 

divided by the prey's biomass. 

2.3.3 Recruitment 

GEORGE is affected by recruitment fluctua-

tions. The benthic production is made consistent with historic 

data (Cohen et al., 1980). Recruitment of the fish is based on 

the historical recruitment records of Hennemu et al. (1980). 

The fish recruitment ;s a o step process In the first step, 

the fish spawn a portion of their biomass. 

P(i) :: s(i).n(i).\~(i), eqn 6 

P(i) is the pool of spawning products and s(i) is the portion of 

adult biomass spawned. The adult population biomass is reduced 

by p(;). The number of potential pre-recruits is then: 
P ( i ) no :: ~) , where Wo is the average weight of a pre-recruit. 

o 

Stochastic methods are then used to set upper limits for the 

number of pre-recruits that actually reach commercial size and 

recrui t. 

R(i) :: NORAN ( -x, s d.) eq n. 7 

NORAN is a rand number ge erator h ch produces outpu whose 

-distribution s normall dis ributed wi h a mean = x and a 
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standard deviation = s.d. One restriction is that the number of 

surviving recruits is less than or equal to the upper limit 

R(i). The surplus of pre-recruits that do not survive, enrich 

the benthos (BE = Benthic Enrichment). 

n 
BE = i: [n o (;) - R(i)]. 

;=1 

2.3.4 The System of Equations 

eqn .. 8 

GEORGE involves a system of four differen-

tial equations. 

Abundance 

Growth 

Yield 

Biomass 

dn 
a't = ADD(i) - [(Ml+M2.).n.J - [f .. n.] 

1 1 1 1 

dy = at fie ni" Wi' where f; = fishing mortality 

dB 
df 

dw. 
1 

= n; ~ .. Wi 
dni 
dt 

The system of equations is integrated through time with a 

Euler integrator. The year is defined as having 360 d s, with 

30 day months. 0 1 represents the first day of fal The 

desired time step is on the order of 6 d s Present y, per 

eqn. 9a 

eqn. 9b 

eqn. 9c 

eqn. 9d. 
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capita weights are interpolated over the course of the year. See 

eqn. 9b. By specifying the weight of each cohort, and by 

interpolatng growth, the model simulates an asymptotic growth 

curve for the fish. The fish abundances result from a balance 

between additions into an age group (ADD(i)) and mortality due to 

natural mortality and predation. The age subscript is i. The 

ith comparment contains all fish between (i-I) and i years of 

age. When ;=1, ADD(i) is the recruitment of pre-recruits to the 

second age class. When i>l, ADD(i) is the aging process shunting 

survivors of n(i-l) into age group n(i) at the end of a year. 

2.4 The Analytical Section: Flow Analysis 

The goal of the analysis loop is to decipher the 

voluminous results of the simulator Experience has shown that 

many models have an uncanny ability to generate believable 

results through unbelievable means. 

To evaluate the activity and validity of a simulation, an 

eye is kept on the intercompartmental flows. The flow matrix 

F{i,j,t) represents the n2-flows of an n-compartment system at 

time t. A normal ized version of this F-matrix, N( i ,j ,t) repre-

sents the normalized flow into a predator. That is, 

N(i,j t) = 
F(i,j,t) 

n 
2: F( i , j , t ) 

j = 1 
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Reading each row of the matrix, the analyst can determine the 

contribution of each prey type (column element) to the predatoris 

(row element) diet. Initially, analysis is used to debug the 

computer model IS al ogri thms.. The 1 arger purpose is to interpret 

and illustrate this system1s dynamic behavior. 

Flow analysis is a descendent of the input/output economic 

modeling techniques of Leontief (1970). Given a time series of 

intercompartmental flows, it is possible to generate system 

coefficients that describe the patterns of flow, recycling and 

component interdependencies. It is possible to evaluate the 

merits of alternative simulated senarios through the examination 

of their respective system coefficient~. 

The flows between the ecosystemls compartments are described 

by the general equati on: 

d15Jdt = AX (eqn~ 1) 

where dX/dt is the change of nutrient level in~. That is 

dX./dt 
1 

n 
= I: 
j=l 

(a .. * X.) 
1 , J J 

(eqn. 2) 

There are n2 linear combinations possible in this n-compartment 

sy stern Flow analysis examines the network of flows 

f .. = a .. * X. 
1,J 1,J J 

( eq 3 ) 
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between compartments. By definition, the throughflow of a 

compartment is the combination of incoming flows from other 

compartments (f; J')' the env; ronment (Ii 0) and internal storage , , 

(x:). Throughflow, using the symbols of Figure 1 is: 
1 

n 
T. = [2: 

1 j=l 

.. 
f .. ]-[X:+ z.] 

1 ,J 1 1 
(eqn .. 4) 

The flows (f· .) can then be expressed in terms of fracti cns , ,J 

(q .. ) of donor throughflow 
1 ,J 

q. . = f. . IT . 
1,J 1,J 1 

Thus equation 4 in matrix form is 

.. 
T =(Q * I) + (X-+r) 

(eqn 5) 

(eqn.6) 

Solving algebraically for the throughflow vector we find: 

(eqn. 7) 

Intuitively, equation 7 solves for the dynamics of Figure 

1 • The t h r 0 ugh flo w (T i) i sam e as u reo f the act i vi ty oft he i t h 

compartment. The inverse matrix (I_Q)-l is called the normalized 

inverse matrix (N**). In it, the activi of the ith compartment 

is apportioned among the inputs to the (n-1) other compartments 

and itsel f I is shown hat the acti i of +he l· th t t " compar men 

is a function of (X-+?J, i e. T. :: f X: +Z.). 
,- 1 1 1 
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n ** . 
T. = L: [no .* (X: + z.)] 

1 j=l 1,J 1 1 
(eqn" 8) 

** ** The elements of N , n. . represent the apportioned throughflow 
1 ,J 

caused by a unit input into the ith compartment. The compart-

mental recycling index is derived from this normalized inverse 

matrix: 

** ** RE. = (n .. -l)/n .. 
1 1 1 1 1 

The cycling index in turn is, 

n 
CI = ( L RE. * T;)/TST 

j=l 

(eqn 9) 

(eqn" 10) 

The total system throughflow (TST) is the systE::m equivalent of 

the Ti and is the sum of all the systemis compartmental 

throughflows" 

TST = 
n 
L: 

;=1 
T. 

1 
(eqn" 11) 
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3.0 Using the Model: A IICookbook li 

3.1 Background 

The simulation model GEORGE was originally developed on 

Woods Hole Oceanographic Institution's Honeywell SIGMA-7 

system. It has since been converted to run on VAX 11/780 and 

PRIME 750 virtual memory systems. The programs are written in 

ANSI-77 FORTRAN. 

To model a problem, the user has the choice of four 

programs. SETUP allows the user to change the initial conditions 

and control parameters discussed in the preceding Section 2.3. 

GEORGE allows the user to run a simulation based on the SETUP 

controlled coefficients. FLOWF sets up the model's output for 

Flow Analysis. Finally, FLOWAN is used to run the model output 

through the Flow Analysis program. 

3.2 Technical Details: Running GEORGE on the VAX 11/780 

Sy stern 

The interactions you'll have with the VAX 11/780 can be 

grouped under the following headings. 

3.2.1. Copying the model into your own account 

3.2.2. Dealing with an Operating System 

a. Setting up the terminal/CRT 

b. File naming conventions 

c Running Programs/Correcting Errors/Hard 

Copies 
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3.2.3. Dealing with GEORGE 

a. The Dialogue 

b. The Occasional Pauses 

Before you can do anything, youlll need to copy versions of 

GEORGE into your own computer account. Once you have a copy of 

the model you are free to run or edit it to your heart's 

content. To use thi s model, however, you 111 need to deal wi th 

the: 

1. VAX operating system and 

2 GEORGE. 

When you log onto the computer, you 111 fi.rst not; ce that 

every line begins with a dollar sign ($). This is called a 

system prompt. This prompt signifies that the VAX operating 

system is ready to accept and process your commands. Only the 

most rudimentary VAX operating system commands are given in this 

manual. For a more complete coverage of the subject, refer to 

the VAX/VMS Command Language User's Guide. 

Now for a comforting note It is all but impossible to 

destroy a main frame computer from the vantage point of your 

keyboard. It is, however, possible after only a cursory reading 

of this manual to get over your head in the software of this 

modeling system. If you1re confused hile the terminal churns 

au nonsense, push the II rese t button. II Tis turns all p ograms 

off, whi e not lIbreaking anyth ng. 1I On the VAX, t e !Rres:~t 

button ll i 01 es tapping the CONTROL key and he C k 

simultaneously. 
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3.2.1. Copying the model into your own account 

To use GEORGE, youlll need a National 

Marine Fisheries Service computer account. The following program 

files should be cqpied for your use. The names and purposes of 

each file are as follows: 

File 

GEORGE.EXE 

SETUP EXE 

FLOWF.EXE 

FLOWAN EXE 

IC01.DAT 

File Library 

Purpose 

Simulator Program 

Program at sets up initial conditions for GEORGE 

Program that sets up data file for Flow Analysis 

Flow Analysis Program 

Standard initial conditions for the model 

To copy these files into your account, the following 

commands are necessary. 

SCOPY [713.WKH1] GEORGE.EXE GEORGE EXE 

$COPY 

$COPY 

$COPY 

SCOpy 

[713.WKH1] SETUP.EXE SETUP.EXE 

[713.WKH1] FLOWF.EXE FLOWF.EXE 

[713.WKH1] WHFLOW29.EXE WHFLOW29.EXE 

[713.WKH1] IC01.DAT IC01.DAT 

3.2.2. Dealing i the V Operating System 

The VAX Operating System is essential y a 

highly sophis icated program developed the Dig tal Equipment 

Corpration (DEC) that allows a user to con rol the VAX 
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computer. The operating system allows the user to operate 

selected programs. It also allows the user to feed data files to 

these programs and to store the results of these programs. The 

principle activities are as follows. 

a. Setting up the Terminal 

You have ·the choice of using either a CRT such as the 

VT100 or a matrix head printer such as the LA-120 DEC-writer 

(Figure 7). Both terminals allow you up to 132 columns of 

printed characters To set the wide format enter the command: 

$PLOTTER 

The more efficient terminal is the CRT. It is faster and it 

avoids the accummulation of printed output. All results are 

stored on disc and, as shall be shown, are easily recalled from 

memory disc files when necessary. 

b. File Naming Conventions 

The programs you are about to run require and generate 

data. Table 1 lists the files that are processed and produced by 

each program. The interactive design of the programs allows the 

user to select and name the input and output data files. There 

s a convention for naming these files 
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File Name Format 

Name Purpose 

ICnn.DAT: Initial conditions for biological model (e.g. 

lC15.DAT) 

Rnnn.DAT: Results of the simulation: A data file (e.g. 

R251.DAT) 

Gnnn.DAT: Graphics file: Plots and Tables stored on disc (e.g. 

G25'2.DAT) 

FlJn.DAT: Flow Matrix file (e.g. FIJ5.DAT) 

The user is free to label each file by inserting appropriate 

identification (nnn, nn, n) suffixes to the files. The suffix 

c h a rae t e r s m ay bed i 9 its (0 - 9) 0 r 1 e t t e r s (A - Z ) 0 f the 

alphabet. The number of characters per label are limited to the 

number of nls in the file name conventions shown above. 

c . Run n i n 9 P r 0'9 ram s / Cor r e c tin 9 Err 0 r s / H a r d Cop i e s 

The simulator is a library of four (4) computer 

programs. The names, function, and files required for input and 

output purposes are given in Table 1. 

The programs SETUP, GEORGE, FLOWF and FLOW are stored as 

compiled load modues. To run these programs one need only pe: 



$RUN (program name): 

e . g • : 

$RUN SETUP 

$RUN GEORGE 

$RUN FLOWF 

$ RU N. FLOvJAN 
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note: If you make mistakes while using the CRT, just 

hit the DELETE key and retype your response 

If you are using the DECWRITER, it may be 

simpler to hit CONTROL X and just retype the 

1 i n e • 

The four programs are as the term goes:; !luser friendly. II 

This means that the programs are designed with an interactive 

dialogue. The program alternately informs you of your choices 

before asking for your response. Your responses are format 

free. You needn I t 'Nor about the number of spaces or decimal 

places you use. The program also tries to weed out accidental 

errors. If an error that could IIcrashll the program is detected, 

your answer is rejected and the question is repeated. 

The programs also allow you to route all output (tables and 

graphs) to your disc storage file (e.g. Gnnn.D ), when you want 

copies of a large quanti of output. It is faster and more 

economi cal to route all your graph; cs to these di sc fi {:;s and 

have hem printed on e high speed line p in e a the WHOI 

computer center. You can fi st preview the file wi he on-line 
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EDITOR (see EDT Editor Manual) with the command $EDIT filename. 

Another option is to enter the command $TYPE filename. This just 

displays the file on your terminal. To have the results printed 

on the high speed line printer use the command $PRINT filename. 

3.2.3. Dealing with GEORGE 

a. The Dialogue 

The dialogues in SETUP and FLOWF are simple 

since they only deal with reading in run condition parameters and 

initial conditions. The interaction be een the user and the 

program is much more flexible in GEORGE 

There are three dialogue modes in GEORGE In the first the 

user is simply providing names of the data files and storage 

files that will be used by GEORBE. In the second mode the user 

is allowed to run the model specified in the previous step and 

display the results in tables and graphs. In the third mode the 

user can analyze the results using either phase plane plotting 

methods or Flow Analysis. 

In the following sections describing GEORGE, note that it is 

possible to hop between these three modes 

it is necessary to jump be een 

i. deciding/designing run parameters 

ii. displaying results 

iii. analyzing results 

To tackle a problem 
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The program allows the user to make these transitions. It also 

allows the user to IIback Upll the model and rerun portions of the 

year under different conditions. 

b. The Occasional Pauses 

The VAX 11/780 is configured as a time-sharing 

system. When the system is very busy the turn around time slows 

down. The best time to run large runs is early in the morning or 

later in the afternoon. 

After completing the simulation there i~ a pause, that 

results from the time it takes to emp the system da arrays 

onto the disc storage files, (Rnnn.DAT, Goon.DAT, FIJn.DAT). Do 

not turn the terminal off until the message $FORTRAN STOP appears 

on the screen. If you log-off before this, you've aborted the 

job. See Section 3.4 for details. 

3.3 SETUP: The Input of Run Coefficients 

INPUT FILE: ICij.DAT: Standard Initial Conditions 

OUTPUT FILE: ICkl :DAT: Revised Initial Conditions 

The program SETUP allows the user to design the 

simulation run. ICOl.DAT contains the standard run 

coefficients. When run, the program SETUP displays the standard 

run coefficients, and allows the user to interactively change any 

alue to fit the desired scenario. All responses are read by the 

computer in free format Therefore, he user needn't worry about 

placing the numbers in the proper format Remember to hit re urn 
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after entering your response. The program can also detect 

improper responses and reacts by flagging an error and asking the 

question again. 

Here's an example: 

==) HOW MANY SIZE CLASSES ARE THERE IN EACH FORM? 
SEPARATE NUMBERS WITH COMMAS (MAX=29) 

===>YOU HAVE EXCEEDED THE MAXIMUM' NUMBER OF COMPARTMENTS(29):TRY AGAIN 

So relax.$oYou can't break the machine. 

The SETUP session is initiated by logging onto account 

713. To run SETUP, enter the command: 

$RUN SETUP 

The system responds: 

PROGRAM:WHSETUP 
THIS PROGRAM DISPLAYS AND CHA S INPUT SPECS 

The first set of questions ask you to specify names for the 

file to be altered, and the name of the new file to be created 

INFILE IS THE INPIJT DATA FILE TO BE MODIFIED 
OUTFILE IS THE NEW DATA FILE 

FILE SPECIFICATIONS 

1 SPEC FY AN 8 CHARACTER INFILE NAME 
CONVENTION IC __ DAT 

IC01.DAT 
2 SPECIFY AN 8 CHARACTER OUTFILE AME 
CONVENTION: IC __ DAT 

IC05tDAT 
;============================================================ 
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In this example the input file is leOl.DAT. The new file created 

is IC05.Dat. 

The second question concerns the number of life forms there 

are in the model. The third question asks how many age classes 

there are in each animal type. Note that questions are preceded 

with arrow prompts (==». In this example, the user responds 

that there are six (6) major animals (the benthos, yellowtail 

floun~er, cod, haddock, silver hake, and herring). 

The response to the third question signifies the number of 

size classes there are for each respective compartment. There 

are 29 compartments among six animal types. There are four size 

classes of benthos, and five age classes apiece for the 

flounders, cod, haddock, silver hake, and herring. You are also 

asked how many compartments are non-fish This is because non-

fish compartments are treated differently by the model. 

==)FOR STARTERS,HOW MANY LIFE FORMS ARE THERE? 
6 
==> HOW MANY SIZE CLASSES ARE THERE IN EACH FORM? 
SEPARATE NUMBERS WITH COMMAS (MAX=29) 

==)HOW MANY OF THE LIFE FORMS ARE NOT FISH? 
1 
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The program then sets the values Ml (the natural mortality 

rate of fish). To change this value, enter either 1 or 3 alon~ 

with the new value. The program just moves along if 3,0 is 

entered. Hi= 0.5000000[-01 PI= 0.2000000 
==}WHICH VARIATE DO YOU WISH TO CHANGE? 
l=Ml 2=PI 3=NONE OF THE ABOVE 
==}ENTER RESPONSE CODE AND NEW VALUE ~SEPARATE BY COMMA 
3,0 

The user is then given a series of coefficients that control 

the system equations of the 29 compartments. If no changes are 

desired, enter a zero. 

=)WOULD YOU LIKE TO EDIT THE MAXIMUM DAILY RATION AS A Z OF BODY WEIGHT(PER YEAR) 
ENTER 1=YE5 ELSE ENTER A ZERO,(O) 

o 

=)WOULD YOU LIKE TO EDIT THE MINIMUM DAILY RATION AS A % OF BODY WEIGHTCPER YEAR) 
ENTER 1=YE9 ELSE ENTER A ZERO,(O) 

o 

=)WOULD YOU LIKE TO EDIT THE FISHING MORTALITY (PER YEAR) 
ENTER 1=YE5 ELSE ENTER A ZERO,(O) 

o 

=)WOULD YOU LIKE TO EDIT THE ABUNDANCE 
ENTER =YE8 ELSE ENTER A ZERO,(O) 

o 

=}WOULD YOU LIKE TO EDIT THE PER CAPITA WEIGHT IN KILOGRAMS 
ENTER l=YES ELSE ENTER A ZERO,(O) 

o 

=}WOULD YOU LIKE TO EDIT THE PREY SELECTION COEFFICIENT (1!2*(SIGMA**2» 

A v 

ENTER =YES ELSE ENTER A ZERO (0) 

=)WOULD YOU LIKE TO ED T THE PREY SELECTION COEFFICIENT MEAN(LN(W( W(J 
ENTER =YES ELSE ENTER A ZERO (0) 

o 
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The size specific coefficients are: 

i. Al(i) = maximum daily ration *360. Therefore if MDR=2%, 

Al(i)=7.2/yr. This is Amax(i) in eqn lb. 

ii. A2(i) = minimum daily ration *360. Therefore if MDR=.5%, 

A2(i)=l .. 8/yr. This is Amin(i) in eqn. lb. 

iii. Fl(i) = Fishing mortality on a yearly basis. See eqn. 9a 

and eqn. gc. 

i N( i) = The number of i ndi i dual organ; sms in each 

compartment that would be expected on the first 

fall day of the simulation. 

v.. W(i) = The individual weight in kilograms 

vi. GAMMA(i) = (2*SIGMA 2 )-1 where sigma is the standard 

deviation in the feeding function as in Figure 

4 . 

if. ETA(i) = The mean of the feeding function as in Figure 4 

For example, to change the prey selection coeff cient the 

user responds with a 11111 to the sixth question: 

-----------------------------------------------------------
=) aULD YOU LIKE TO EDIT THE PREY SELECTIO COEF ICIE~T ,1;~ (SIG A*~2j, 

ENTER l=YES ELSE ENTER A ZERO,(O 
1 
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The SETUP program then displays the standard values for 

the s.e s i z e s pee i fie val u e s 9 

VARIATE: PREY SELECTION COEFFICIENT Cl/2*(SIGMA**2» 

COMPARTMENT SIZE CLASS COEFFICIENT, 
1 1 0.1000E+00 
1 2 0.1000£+00 
1 3 O?1000EtOO 
1 4 0.1000E+00 

==)ENTER SIZE CL~SS AND NEW COEF:(ENTER 0 IF NO CHANGES ARE NEEDED) 
o 
,0 

2 
2 
2 
..... 
..::. 

2 
==>ENTER 

O;d) 

3 
3 
:3 
3 
3 

==>ENTER 

4 
4 
-4 
4 
4 

==>ENTER 

5 
c
.J 
c
.J 

c
.J 

5 
==>ENTER 

6 
6 
6 
<S 
6 

==>ENTER 
() () 

SIZE 

SIZE 

SIZE 

SIZE 

SIZE 

1 
'"I ..:. 

3 
-4 
5 

CLASS 

1 
2 
3 
4 
5 

CLASS 

1 
'i .;.. 

-. 
jo 

4 
5 

CLASS 

1 
2 
"7 
.j 

4 
5 

CLASS 

1 
'j 
.;.. 

3 

5 
CLASS 

0.1280E+00 
0 .. 1280E+00 
O.1280EtOO 
0 1280£+00 
0+1280E+00 

AND NEW COEF!(ENTER 0 IF NO CHANGES ARE NEEDED) 

0+8900E-01 
0+8900£-0:1. 
o t 8900E~"() 1 
0.8900E-01 
0.8900E-01 

AND NEW COEFt(ENTER 0 IF NO CHANGES ARE NEEDED) 

0.1030£+00 
0.1030£+00 
0.1030E+00 
0+1030E+00 
0+1030E+00 

AND NEW COEFt(ENTER () IF NO CHANGES ARE NEEDED) 

O~1122E+OO 

0 .. 1122E+OO 
0.1122E+00 
01-1122E+00 
0+1250EtOO 

ANl) NEW COEF!(ENTER 0 IF NO CHANGES ARE NEEDED) 

O+1280EtOO 
O.1280E+00 
0 1280E+00 
0+1280E+00 
0 1280E+00 

i~ND NEW COEF (ENTER 0 IF NO CHANGES ARE NEEDED) 
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Again, if there are any changes to be made just enter the 

size class and new value desired (i.e., '1 size class, value). 

The next set of variables to be examined are the recruitment 

and spawning coefficients. 

==)DO YOU WISH TO REVIEW THE 
RECRUITMENT COEFFICIENTS? l=YES O=NO 

1 

The program prints out at the terminal the compartment 

n u m b er (1 - 2 9 ) , the me an r e c r Ij i t men t 1 eve lob 5 e r v e dan d the 

standard deviation of recruitment records. Also specified are 

the season of spawning (1=fall, O=spring) and a maturity index 

indicating whether or not a given age class spawns (1=ye5, O=no). 

The last column indicates the percentage of female biomass 

that would be spawned as eggs. 

RECRUITMENT AND SPAWNING COEFFICIENTS 

MEAN RECRUIT 
0.5000E+10 

2 0.5000E+10 
3 0.5000E+10 
4 O. 5000E+1 0 
5 O.OOOOE+OO 
6 0.6435E+08 
7 0.6435E+08 
8 0.6435£+08 
9 0.6435E+08 

10 O.OOOOE+OO 
11 0.2933E+08 
12 0.2933£+08 
13 0.29331::+08 
14 0.2933£+08 
15 O.OOOOE+OO 
16 0.4956E+08 
1: 0.4956£+08 
18 0.4956£+08 
19 0.4956£+08 
20 O.OOOOE+OO 
21 o. 8623E+09 
22 0.8623E+09 
23 0.8623£+09 
24 0.8623£+09 
25 o.OOOOE+OO 
26 0.1833£+10 
27 001833£+10 
28 0.1833£+10 
29 0.1833E+10 

==>SPECIFY ROW AND 
SPECIFY 0,0,0 IF NO 
(), 0,0 

STD.D£V. SEASON 
0.0000£+00 O.OOOOE+OO 
0.0000£+00 0.0000£+00 
0.0000£+00 0.0000£+00 
0.0000£+00 0.0000£+00 
0.0000£+00 0.1000E+01 
0.1517E+08 0.1000E+01 
0.1517E+08 0.1000E+01 
0.1517£+08 0.1000E+01 
~.1S17E+08 0.1000£+01 
O.OOOOE+OO 0.0000£+00 
0.7653£+07 0.0000£+00 
0.7653E+07 O.OOOOE+OO 
0.7653E+07 O.OOOOE+OO 
0.7653£+07 O.OOOOE+OO 
O.OOOOE+OO O.OOOOE+OO 
0.1010E+09 0.0000£+00 
0.1010£+09 O.OOOOE+OO 
0.1010E+09 O.OOOOE+OO 
0.1010E+09 0.0000£+00 
0.0000£+00 0.1000E+01 
0.6204E+09 0.1000E+01 
0.6204E+09 0.1000E+01 
0.6204£+09 0.1000E+01 
0.6204E+09 0.1000£+01 
O.OOOOE+O.o o. OOOOE+OO 
0.1039E+10 O.OOOOE+OO 
0.1039E+10 O.OOOOE+OO 
0.1039£+10 O.OOOOE+OO 
0.1039E+10 O.OOOOE+OO 

COL TO CHANGE AND NEw COEF 
CHANGES ARE DESIRED 

==>ARE THERE ANY MORE CHANGES?l=YES O=NO 
o 

MATURITY 
0.1000£+01 
0.1000£+01 
0.1000E+01 
0.1000£+01 
O.OOOOE+OO 
0.1000E+01 
0.1000£+01 
0.1000E+01 
0.1000E+01 
O.OOOOE+OO 
0.1000E+01 
0.1000E+01 
0.1000E+01 
0.1000E+Ol 
O.OOOOE+OO 
0.1000E+01 
0.1000E+01 
0.1000E+01 
(1.1000E+01 
O.OOOOE+OO 
I) • 1 000 E + 0 1 
0.1000E+01 
0.1000E+01 
0.1000E+01 
O.OOOOE+OO 
0.1000E+01 
0.1000E+01 
0.1000£+01 
0.1000E+01 

% INTO EGGS 
0.1000E-03 
0.1000£-03 
0.1000£-03 
0.1000£-03 
0.0000£+00 
0.1000£-02 
O.1000E-02 
(). 1000£-02 
0.1000E-02 
0.0000£+00 
0.1000£-02 
0.1000E-02 
O.1000E-02 
0.1000£-02 
0.0000£+00 
0.1000£-02 
0.1000E-02 
0.1000E-·)2 
0,1000£-02 
O.OOOOE+OO 
0.1000E-02 
o .1000E-0.2 
0.1000E-02 
0.1000£-02 
O.OOOOE+OO 
0.1000E-02 
0.1000E-02 
0.1000£-02 
0.1000E-02 
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The final piece of information required before a simulation 

can be run is the selectivity matrix (see equation 3). 

For an n-compartment system there are n2 possible 

interactions. Obviously not all of these occur. The E-matrix 

establishes whether or not a linkage exists between two 

compartments (l=linkage, O=no linkage). SETUP displays the E-

matrix. To change an element: enter the row, column, and e· . 
1 ,J 

elt:?ment. As always hit return when no further changes are 

desired" 

THE E(I,J)MATRIXtFLOW FORM J TO I 
NOTE THAT THE VALUES ARE ROUNDED TO F3.1 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1~0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.~ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 i.O 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0,0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 L.O 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 i.O 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1>0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
==)CHANGING THE E(I,J)MATRIX: 

ENTER I,J,VALUE tLET 1=0,0,0 IF ALL IS WELL 
0,0,0 
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o n c e the i--ma t r i xis com p 1 e t e, the pro 9 ram w r i t est hen e \'1 

scenario·s input data to a datafile labelled ICk 1.DAT. The 

program then terminates. 

==)YOUR RUN PARAMETERS ARE FILED. 
FORTRAN STOP 
$ 

3.4 The Simulator: GEORGE 

INPUT FILE: ICk 1.DAT: Initial Conditions 

OUTPUT FILES: Ri j k.OAT: Simulation Results ---
Rl m n.OAT: Review File Option 

G2.l. ~. 0 AT: Graphs and Tables 

FIJn.DAT Flow Matrices 

Run command file GEORGE.713: RUN GEORGE 

The programs are accessed with the command $RUN GEORGE. The 

system responds: 

======================~====~=~======~==~~~~~~~~=~=~=~~~~~: 

GEORGE : A MULTISPECIES ECOSYSTEM 
==============================~=~===~~=~==~~==~=====~~=== 
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The execute command file requires four files. ICk 1.DAT is 

the data input file generated by SETUP. The state variable time 

series storage file ~i~.DAT is a storage disc file. You can 

also specify a previously run ~~~.DAT file to review it. 

FIJ .DAT is a flow matrix file generated by this simulator. You 

specify these names. 

FILE SPECIFICATIONS! 

1.SPECIFY A UNIQUE FILE NAME TO STORE THE RESULTS 
OF THE NEW SIMULATION. USE A 8 CHARACTER 

NAME IN FORM OFt R ___ ?DAT 

R051.DAT 

2.SPECIFY A UNIQUE FILE NAME FOR GRAPHIC OUTPUT 
8 CHARACTERS IN FORMAT OF: G ___ .DAT 

GOS1.DAT 

3.IF YOU ARE REVIEWING THE RESULTS OF A PREVIOUS 
SIMULATION RUH ••• SPECIFY THE 8 CHARACTER NAME 

OF THE ARCHIVED RUN FILE: R ___ .DAT 

ROSO DAT 

4.SPECIFY THE INITIAL CONDITION FILE NAME 
8 CHARACTERS: IC __ tDAT 

IC01.DAT 

5.SPECIFY THE OUTPUT FILE FOR THE 
FLOW ANALYSIS F(I,J) MATRIX! FORM=FIJ_ DAT 

FIJ1.DAT 
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The simulator takes the initial conditions and control 

coefficients specified in IC~~.DAT and runs them through the 

model. Upon completion, the simulator then displays the results 

of these simulation specifications. The results of the 

simulation are stored on the storage disc file (in this case, 

RO 5 l.DAT). To make a permanent record of each simul"ation, 

define a unique file for each simulation, before accessing 

GEORGE. 

The first decision to be made is whether to run the model 

based on the new input file (lCO l.DAT) or to review the results 

of the simulation stored on the disc. 

GEORGE : A MULTISPECIES ECOSYSTEM 

==)DO YOU WANT TO REVIEW THE RESULTS OF THE 
PREVIOUS SESSION? YES~l NO=O 

o 

The next set of questions follow. 

==)ENTER THE NUMBER OF DAYS PER TIMESTEP(INTEGER) 

6 
==)HOW MANY YEARS DO YOU WISH TO SIMULATE? 
==)WITH A TIMESTEP OF 6 DAYS, YOUR M~X IS 

5 
THE SIMULATOR IS RUNNING ••• t. 

Once the integration time-step is set the simulator 

calculates on the maximum number of years that can be stored on 

the output storage file The user then specifies the number of 

years be simulated. 
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If the user opted to review the previous session, the 

program immediately sets up the table and graph generators. 

IF THE USER OPTED TO SIMULATE A NEW RUN, THE COMPUTER WILL 

PAUSE FOR A FEW MINUTES. BE PATIENT. ON BUSY DAYS, TIME-SHARING 

COMPUTER SYSTEMS CAN BE SLOW. 

The next phase of the program involves the display of the 

results in the form of 

i e Time series tables and plots, 

ii. phase plane plots, and 

iii. tables of intercompartmental flows. 

i. Time Series Plots and Tables 

The first decision to be made is which time series is to 

be displayed. There are n-time series per category in an n-com-

partment system. 

=========================~~=~=~=~==~~=~=~===~~~~=~~~~=~~==~===== 

OUTPUT SECTION 
========================~~=~~=~~~======~~=~~=~~~~~~===:~~=~~=~== 

==)SPECIFY OUTPUT OPTIONS: 
l=ABUNDANCE 
2=INDIVIDUAL WEIGHT 
3=YIElD 
4=BIOMASS 
5=NONE OF THE ABOVE 
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In this instance the biomass time series are to be dis

played. The user is then directed to specify the table format. 

The table format specifications include: 

i. The first and last day of the time series. Since there 

are 360/days/year in this model, 5 years = 1800 days. 

The user is free to plot Days ~ (n years *360j. 

==>TIMESPAN: SPECIFY THE FIRST AND LAST DAY 

1,3600 

ii~ The interval between records. On some occasions 

(debugging sessions) it may be of interest to see the 

changes one time step at a time. On others, brief 

ouputs are adequate. 

==)INTERVAL : SPECIFY iDAYS BETWEEN OUTPUT: 

MAKE IT EQUAL TO OR A MULTIPLE OF THE TIMESTEP 

90 

iii. Since the number of compartments are variable, the user 

can print up to 12 compartments at a time. If, as in 

this case, there are more than 12 compartments simply 

ouput several tables with 12 compartments apiece, and a 

short table with the remaining compartments 

==)HOW MANY COMPARTMENTS PER LINE? MA!~12 

12 
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iv. Specify compartments to be displayed. 

==)ENTER THE SPECIFIC COMPARTMENTS 
SEPARATE EACH ENTRY WITH A COMMA. lEt (1,2,3.ttNJ 

The first decision is whether the tables should be viewed 

immediately, or routed to a remote printer for faster printing. 

==)OUTPUT OPTION: 
ENTER 6 FOR TERMINAL ENTER 20 FOR THE LINE PRINTER 

6 

When the table is ready for output, the simulator prompts: 

==)OUTPUT READY ENTER A ZERO (O)<~= 

o 

This allows the user to position the print head of the com-

puter terminal at the top of the page for a neat copy. 

DA Y ! 1 2 3 'I! _, 6! 7 ! 8 ! 9 HI! j i :i. 2 
IC ! .300£+10! .300E+10!.300E+101 .300E+10! .392£+041 .257E+07!.892£+071 .132Et08! ,145£t081 .113£+05! .5~7Et07!,165E+08 

6! .300E+l0!.298E+10!.298E+10!.299Et101.469E+04! .260Et071.899E+07!.13JEt0B!.1~4E+08! .412£+07! .108£+08! .252E+08 
96! .295E+l01.273£+10!.278E+10!.290Et101 .674E+05! .307Et07!.10jEtOa!.148E+08!.i2~EtOB! .375£+071 .115£t08!.305Et08 

186! .291Etl0! .258£+10! .266E+l0! .283£+10!.924Et061 .360E+07! .114E+081.165Et08!.]07Et081.946Et05! .225£+07! .191E+08 
276! .268E+l0! .250E+l0! .257£+10!.278£+10! .136£+08! .397E+07! .12&E+08! .182EtOB!.919Et07! .496Et05! .306Et07! .233E+08 
366! .257E+10! .248£+10! .255Etl0!.277£+10!.27~E+05!.136Et07!.440Et07! .139EtOB!.27BEt08! .529E+051 .407£+07!.282E+08 
456!.270E+l0!.2~5E+l0! .251Et101.273E+10! .492E+06! .145Et07! .4S8Et07! .154E+OA!.2J8£tOB! .100Et051 .539E+07! .340E+08 
5461.276E+l01.244E+l01.249£+101 .272Etl0!.725E+07! .152£t071,533Et07! .169f.+08!.201Et08! .12iE+061 .175EtOIt!.699Et07 
636! .263E+I0! .246E+I0! .250E+l0!.271Etl01.114Et09! .154£+07!.574E+07! ,183£+08!.j7~Et08!.6jOEt05! .235E+04! .852£+07 
726! .111Etl01 .252E+I0! .257E+l0!.27~Etl0! .299E+051 .218E+071 .168Et071 .622£t071 .J48Et08! .173£+06!.310£+041.103E+08 
816!.211Et10! .251Etl0! .254E+I0!.272Et10! .558£t06! .218£t07!.182Et071 .6BIEt07!.296E+08! .320E+05! .406E+04! .123Et08 
9061.245E+10!.251E+I0! .253£+10! .271Etl0! .862£t07! .214Et07! .195£t07!.739Et07!.252£tOB! .1~3Et06! .638£t041 .521E+04 
996! .244£tl0! .253£+10!.255E+to!.272E+10! .139E+091 .209E+07! .206E+07! .795£t071.214E+09! .102£+06! .847E+04! .632E+04 

10B6! .114E+l0! .259£+10!.262£t10!.276£+10! .248E+05! .334£t071 .223£+07! .221£+07! .268£+08! .3~OEt06! .111Et05!.760E+04 
1176! .212Etl01.259Etl0! .261£+10!.275£+10! .492£t06!.339£+07! .240E+07! .211£t07!.227£+08! .199f.t06! .iIt5Et05! .911Et04 
1266! .246£+10! .260£+10! .261E+101.275£+10! .813£+07! .344E+07! .257E+07! .261£+071 • 193E+()fl! • 13.{)Et06 !. 14I1E+06! .186£+05 
1356! .244E+10!.262£+10! .264£+10!.276£+10! .136Et091.360Et071 .276Et07! .283E+07! .16~Et08! .290£+06! .193£+06! .226E+05 
14 46! • 11 7 E t1 O! • 267 E t1 0 ! • 269 E t1 0 ! • 279 E +1 O! • 183 E t 0 5 1 • 293 E t 0 7 1 • 405 E t 0 7 ! • 30 1 E + 0 7 I • 1 7 1 E + 0 B! • 159 f + 0 7 ! • :2 5:=; E + 0 6 ! • 272 Et 0 5 

5361 .213E+10! .266E+10! .268E:t101 .279E+101 .362Et061 .338E+07! .451Et07! .333Et071 .147E+08! .340£+07! .337E+061 .328E1-05 
1626! .246£+101.267E+10! .268E+101.280E+10! .595£t07! .393Et07! .501£+071 .367Et07! .126£+08! .9~3E+05! .612£t07! .439E+06 
1716! .250Et10!.268Etl0! .269£+101 .280Etl0! .984£t08! .465£+071.558E+07! .406£+07! .10B£t08! .396Et06! .832£+071 .537E+06 
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After printing out the table the user can then plot out any 

of these time series plots. To do this, four questions must be 

answered. 

============================================================ 
TIME-SERIES PLOTS 
==)SPECIFY COMPARTMENT(1-29)TO PLOT. 

IF NONE ARE NEEDED ENTER A ZERO 

==)WHICH UNIT PLOTS DATA? 
ENTER 6(TERMINAL PRINTER) OR ENTER20(LINE PRINTER 

==)THERE ARE 300 RECORDS ON FILE. 
ENTER THE FIRST AND LAST RECORD TO PLOT(1000=MAX) 

lOG TRANSFORM OPTION: 
IF THE DATA VARIES OVER ORDERS OF MAGNITUDE 
LOG ITt LOG TRAN=l NO TRANSFORM=O 

ENTER A TITLE FOR THIS PLOT 



-45-

The user is given the choice of using the line printer to 

display the graph for immediate inspection. It is advisable to 

use the computer center1s high speed line printer to shorten turn 

around time. The user can pick the portion of the time series to 

be plotted to view subtle details, by selecting the first and 

last record to be included on the graph. For convenience, a 10g-

transform can be done on the data before plotting. For the 

record, a label is attached to every graph. The responses on the 

previous page would route a plot of the first compartment (300 

records) to the lineprinter. 

The following response would route the plot to the user1s 

computer terminal. This is convenient but time-consuming. 

=========~=~======~~~==~=~=~~=~~~~~=~==========~=!==== ====== 

TIME-SERIES PLOTS 
==)SPECIFY COMPARTMENT(1-29)TO PLOT. 

IF NONE ARE NEEDED ENTER A ZERO 

1 

==)WHICH UNIT PLOTS DATA? 
ENTER 6(TERMINAL PRINTER) OR ENTER 20(LINE PRINTER 

6 
==)THERE ARE 300 RECORDS ON FILE 

ENTER THE FIRST AND LAST RECORD TO PLOT(1000=MAX) 

LOG TRANSFORM OPTION: 
IF THE DATA VARIES OVER ORDERS OF MAGNITllDE 
LOG IT! lOG TRAN~l NO TRANSFORM=O 

o 

ENTER A TITLE FOR THIS PLOT 

COMPARTMENT 1: DEMONSTRATION PLOT 
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The user can generate as many plots as desired. When 

finished, leave the loop by entering a zero. 

TIME-SERIES PLOTS 
==)SPECIFY COMPARTMENT(1-29)TO PLOT. 

IF NONE ARE NEEDED ENTER A ZERO 

o 

Leaving the graphing loop, the program returns to the 'output 

section allowing the user to generate time series tables and 

plots of other categories. Enter a zero when you have all the 

time series data you need. Before exiting the time series for 

good,' the system asks if you1d like a time series of other data 

types. If you1re finished with all time series plots, enter a 5. 

=========================~======~===~===~==~~~=~~~~~~~=~~=~==== 

OUTPUT SECTION 
============================~=====~=~==~~~~=~~~~~~~===~=====~== 

==)SPECIFY OUTPUT OPTIONS: 
l=ABUNDANCE 
2=INDIVIDUAL WEIGHT 
3=Y ELD 
4=BIOMASS 
5=NONE OF THE ABOVE 
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ii. Phase-Plane Plots 

Upon leaving the time series plots, the user can 

examine species relationships. To operate this section the user 

responses are very similar to the time series section1s. The 

single difference is that it is necessary to indicate the com-

partments to be plotted on the x- and y-axes. The z-time axis is 

perpendicular to the plane of the (x-y) plane. 

------------------------------------------------------------------------_ ... ------_ .. _----------_ ... _ ...... __ ....... _ .. --.- .. - _ .... -._----- _ ................................. _ .... - _ .. ..... _ .. ... -

PHASE PLANE PLOTS:CHOOSE DATA SET OF INTEREST 

--------------------------------------------------------------------------------------_._-----_._------ - ---_ .. _----- _ ........ - .... - _ .... - -~- .. -.. -.-.-- ..... ~ .. - ..... ---
OUTPUT SECTION 

==)SPECIFY OUTPUT OPTIONS: 
l=ABUNDANCE 
2=INDIVIDUAL WEIGHT 
3=YIELD 
4=BIOMASS 
5=NONE OF THE ABOVE 

4 

================~======== 

P SE PLANE PLOT ROUTINE 
------------------------------------------------
==)ENTER THE X-AXIS AND Y-AXIS lDtS 
==)OR ENTER A ZERO IF NO PLOTS ARE DESIRED 

1 !'A 

==}THERE ARE 300 RECORDS ON FILE. 
ENTER THE FIRST AND LAST RECORD TO PlOT(1000=MAX) 

1,300 

==)WHICH UNIT PLOTS DATA? 
ENTER 6(TERMINAL PRINTER) OR ENTER 20(LINE PRINTER 

6 

==>OUTPUT READY ENTER A ZERO (0)<== 

o 
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iii. Flow Analysis: 

Upon exiting the phase plane plot section, the program 

enters its final phase. 

FLOW MATRIX OPTION: 
YES=l NO=O 

============================~===~=~~~~=~~~=~~~~~=~~==~~=====~=== 
1 

The user then specifies the day that is to be analyzed for 

intercompartmental flows. Because the raw and normalized tables 

of intercompartmental flows cover considerable paper the user is 

allowed the option of having these tables printed down the 

street, or onto a disc file. 

SPECIFY THE DAY TO BE FLOW ANALYZED 

90 

==)ENTER AN 80 CHARACTER COMMENT FOR FILE LABEL 

DAY 90 : DEMONS~RATIDN RUN 

PRINT OPTIONS: 
COMPLETE FLOW OUTPUTtENTER 1 
SUPPRESS ALL PRINTour:ENTER 0 
PRINT JUST A SUMMARY!ENTER 2 

SELECT OUTPUT MEDIAlTERMINAL=6 LP~20 

6 
==)OUTPUT READY ENTER A ZERO (0) 

o 
FILE Ll~BELtDAY 9 DEMONSTRATION RUN 

FLOW MATRIX FOR DAY 
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In the tables below, for example, F(i,j) reports the flow in 

kilograms from compartment j to compartment i. N(i,j) is the nor

malized flow from j to i. N{i,j) is then the percentage contri

bution of the jth compartment to the ith predator. 

--COMPARTMENTAL FLOWS---
F(14, 1)=0.837E+02 F(14, 2)=0.290£+05 F(14, 3)=0.138E+06 F(14, 4)=0.262E+06 
F(14, 5)=0.423E+02 F(14, 6)=0+798E+04 F(14, 7)=0.994E+04 FC14, 8)=0.781E+04 
F(14, 9)=0 432E+04 F(14,10)=O.244Et05 F(14,11)=O.585Et04 F(14,12)=O.424Et04 
F(14,13)=O.181Et04 F(14,14)=O.OOOEtOO F(14,15)=O.392E+03 F(14,16)=O.853Et04 
F(14,17)=O.712Et04 F(14,18)=O.545Et04 F(14,19)=0.726E+04 F(14~20)=O.419E+03 
F(14,21)=0.122Et06 F(14,22)=O.109E+06 F(14,23)=O.746Et05 F(14,24)=O.501Et05 
F(14,25)=O.200Et F(14~26)=O.431E+05 F(14,27)=O.272Et06 F(14,28)=O.231Et06 
F(14 29)=0.377E+ Fe 

---NORKALIZED FLOWS 

N(14, 1)=0.464E-04 N(14, 2)=0.161E-01 N(14, 3)=0.766E-01 N(14, 4)=O.145EtOO 
N(14, 5)=0.234E-04 N(14, 6)=0.442E-02 N(14, 7)=0.550£-02 N(14, 8)=O~432E-02 

N(14, 9)=O.239E-02 N(14,10)=O.135E-Ol N(14,11)=O.324E-02 N(14,12)=O.235E-02 
N(14,13)=O.100E-02 N(14,14)=O.OOOE+OO N(14,15)=0 217E-03 N(14,16)=O.472E-02 
N(14,17)=O 394E-02 N(14,18)=O.302E-02 N(14~19)=O.402E-02 N(14,20)=O.232E-03 
N(l ,21)=0.674E-01 N(14,22)=O.602E-Ol N(14,23)=O.413E-Ol N(14,24)=O~277E-Ol 
Nel ,25)=0. 11E-02 N(14,26)=O 239E-01 N(14,27)=O.151E+OO N(14,28)=O.128E+OO 
N(14 29)=0.209E+00 N( 



-50-

An alternative to the detailed output of flow and normalized 

matrices is the summary option. The summary output lists the 

mortality losses to the 29 compartments due to natural cause, 

(Ml(i)), fishing (FM(i)), and predation (PR(i)). 

NATURAL,FISHING AND PREDATION SUMMARIES 

M1( 1)=0.246E+07 Hi( 2)=0.229Et07 Ml( 3)=0 233Et07 Ml( 4)~O+242E+07 

Hi( 5)=0,471E+02 H1( 6)=O,253E+04 Ml( 7)~O.838E+04 Ml( 8)~O~123E+05 

Hi( 9)=0.104E+05 M1(10)=O.317Et04 Ml(li)~O.lJ9Et05 Ml(12)=O.251Et05 
M1(13)=O.415Et05 M1(14)~O.502E+05 M1(lS):=O.362E+02 Ml(16)=O.552E+04 
M1(17)=O.184Et05 Ml(18)=O.476Et05 Ml(19)=O.888Et05 Mi(20)~O.424Et03 
Ml(21)=O.447E+05 M1(22)=O+655Et05 Ml(23)=O.735Et05 Ml(24)=O+836Et05 
M1(25)=0.349E+03 Ml(26)~O.614Et04 M1(27)~O+119E+06 Ml(28)~Ot200E+06 
"Ml(29)=O.385Et06 Mi( 

FM( l)=O+OOOE+OO FM( 2)=0.000E+00 FMC 3)~O.OOOE+OO FM( 4)~OtOOOE+OO 
FM( 5)=0.000E+00 FM( 6)~O+OOOE+OO FM( 7)~O+OOOE+OO FMC 8)=0.000E+00 
FMC 9)=0.104E+06 FM(10)=0.OOOEtOO FM(11)~O.OOOE+OO FM(12)=O.OOOEtOO 
FM(13)=0.OOOEtOO FM(14)=0.502Et06 FM(15)~O.OOOE+OO FM(16)~O.OOOE+OO 
FM(17)=O.OOOEtOO FM(18)=O}OOOE+OO FM(19)=O.888Et06 FM(20)=O.OOOEtOO 
FM(21)=O.OOOEtOO FM(22)=OtOOOEtOO FM(23)~OtOOOEtOO FM(24)~O+8~6E+06 
FM(25)=O.OOOEtOO FM(26)~O.OOOE+OO FM(27)~O.OOOE+OO FM(28)~O~OOOE+OO 
FM(29)=O.OOOEtOO FM( 

PRe 1)=0.133Et07 PRe 2)=0.190E+08 PRe 3)~O 157E+08 PRe 4)~Oi653E+07 

PRe 5)=0.614E+04 PR( 6)~O.314E+05 PR( 7)~Ot270E+05 PR( 8)=0.180E+05 
PRe 9)=0.881E+04 PR(10)=O.183Et06 PR(11)~O.121E+05 PR(12)=O.747Et04 
PR(13)=O.18iEt04 PR(14):O>OOOE+OO PR(15)~O.599E+04 PR(16)=O.248Et05 
PR(17)=0.144E+05 PR(18)=O.937Et04 PR(19)~Oti21E+05 PR 20)~O.584E+05 

PR(21)=0.443Et06 PR(22)~Ot32~E+06 PR(23)~Ot185E+06 PR 24)=0.107E+06 
PR(25)=O.105Et06 PR(26)=O.294Et06 PR(27 ~O,925Et06 PR 28)~Ot625E+06 

PR(29)=O.930E+06 PR( 
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iv. Further Runs 

By now, you the user, should be sitting on quite a pile 

of tables and graphs. The sensible things to do would be to sit 

back and analyze the results of the simulation. By invoking $RUN 

SETUP 713, the user can vary the initial conditions and do a com-

parative run by changing the disc file and executing GEORGE.713. 

The alternative is to continue the simulation to extend the 

run further into the future. 

==================~=======~=~=========~~~=~~~~=~=~~===~==== 

==>RUN SCHEDULE 
===================================~~=!~======~~=.=~~=~====== 

o 

EN T E R THE DAY YOU W 0 U L D L I i\ E TO S T i~ R T THE MOD ELI] N 
ENTER A ZERO IF YOU DONT ~ANT TO CONTINUE 

If a non-zero Julian day were entered the initial state 

variables would be set for that day and the process begins anew. 
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Upon termination the system responds: ==>SIMULATION ENDED 

Wait for the system to respond: $FORTRAN STOP 

CA UTI 0 N $ 

IF YOU TURN OFF THE TERMINAL BEFORE THE $ PROMPT APPEARS, 

YOU HAVE INADVERTANTLY DELETED THE ARCHIVE FILES R 

G ____ oDAT, and FIJ_.DAT. THE PAUSE BEFORE THE $ PROMPT1S 

APPEARANCE IS THE TIME REQUIRED TO STORE ALL DATA ON THE VAX 

DISC. ON BUSY DAYS, THIS CAN BE A FEW MINUTES. 
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3.5 FLOWF: Flow Analysis Data Preparation 

INPUT FILE: FIJn .. DAT: Flow matrices to be analyzed 

OUTPUT FILES: FLW1.DAT: Flow data to be analyzed 

with analysis parameters 

MATRIX.DAT: Aggregated matrix and 

vectors 

FLOWOUT.DAT: Flow Analysis Print Out 

The program FLOWF plays an analogous role to SETUP 

This program takes the intercompartmental flow matrix, FIJn.DAT 

(produced by the simulator) and prepares it for a flow analysis 

program to follow. Tu access the file, log into account 713 and 

enter: $RUN FLOWF 

The system responds. 

EN T E R THE F I LET 0 BE,::' N f'j L Y 2 E II t FOR 1'1:::- F J: ... 1 _ ? D f~ T 

FIJ1;.DAT 

The user must first label the run with a title and spec; 

how many compartments are included in the model .. 

TH I S PROGRAM HANDLES UP TO 29 rOl1PARTrlENTS 
==) ER A 68-CHARACTER TITLE : BE BRIEF 

DAY 90 DEMONSTRATION 

==> ER THE NUMBER OF COMPARTi'4Ei',rrS 

29 
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The user then specifies whether: 

1. The initial conditions are required. 

==>PRI'NT OUT OPTIONS 

1 

1.IDIAG=1 INITIAL CONDITIONS PRINTED 
2.IDIAG=2 INITIAL CONDITIONS SUPPRESSED 
==>ENTERIDIAG 

2. Whether the normalized flow matrices of all compartments 

are desired. 
1.IFLOW=O PF:INT N*,N** FOR COMPARTiviEh!TS I~ITH I/O 
2 + I FLO W = 1 P R I N T N :~ AND N ~~ * FOR A I.. L C II M P f; F~ T ii EN T S 
3.IFLOW=2 SUPPRESS PRINT 

==>ENTER IFLOW 

1 

The program is then ready to read in the flow matrices. To 

enter the FIJ_oDAT matrix, enter 1115 11
• If you wi sh to enter a 

matrix by hand, enter 115 11
• 

F-HATRIX:SPECIFY INPUT MEDIA 
ENTER 5tIF F(I,J) IS ENTERED BY HAND~ 

ENTER 15 :IF FILE FIJ_+DAT IS TO BE ACCESSED 

15 
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If there are inputs (z(i)) to the ith compartments or 

outflows (y(i)) from the jth compartments, these must be listed 

in the following i/o. In this case there are none, so all values 

are zero. 

==)ENTER Z-VECTOR <MAX~10 VALUES PER LINE ) 
==)ENTER IN FREE FORMATCSEPARATE WITH COMMAS 

0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0 
Q,Q,O,Q,O,Q,Q,Q,O,Q 
==>ENTER THE V-VECTOR (MAX= 10 VALUES PER LINE > 
==> IN FREE FORMAT(SEPARATE WITH COMMAS 

O,OiO,Q,O,O,Q,O,Q,Q 
0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0 
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It is possible to aggregate the compartments and flows of 

the system to simplify the analYSis task. The following section 

shows how to recombine the 29 compartment model into a 7 

compartment system. A new normalized row and normalized flow 

matrix are displayed. These changes are stored on a disc file 

MATRIX.DAT for future reference. 

---->DAy 90 

------------------------------------------------------------------------~=~= 
THE AGGREGATED MATRIX F(I,J) J---)I IN KILOGRAMS 
----------------------------------------------------------------------------

! 1 ! 2 ! 3 ! .1\ ! 5 ! 6 
1 ! O.OOOOE+OO! O.OOOO£+OO! O.OOOO£+OO! O.OOOO£+OO~ 0.0000£+001 0.0000£+00 
2 ! 0.1212E+071 0.1216E+02! 0.7588£+01' 0.9859£+00' 0~1135E+03! 0.8988£+02 
3 0.1843E+07! 0.6243E+05! 0.8262£+05! 0.5393£+051 0.7514£+06! 0.1951£t07 
4 ! 0.5230£+07! 0.1119£+05! 0.3908E+05t 0.5221£+04' 0.1419£t061 0.3468£+06 
5 ! 0.9728E+071 0.1742£+05t 0.8252£+05! 0.7541£+04! 0.2202£t061 0.5802£+06 
6 ! 0.2558Et081 0.2997£t031 0.6407£t02! 0.9497£+01f 0.2736£t04! 0.1410Et04 

TH£ NORMALIZ£D ROWS 
! ! 1 2 3 4 5 6 
--~---------------------------------------------------------------------------

1 ! O.OOOO£+OO! O.OOOO£+OO! O.OOOO£+OO! O.OOOOE+OO~ O.OOOO£+OO! 0.0000£+00 

2 ! 0.9998£+00! 0.1003[-04! 0.6261£-051 0.7309£-06! 0.9364£-04' 0.7416£-04 

3 I 0.3885£+00! 0.1316£-011 0.1742£-011 0.1137£-01! 0.1584£+001 0.4112E+00 

4 ! 0.9058E+00! 0.1938£-021 0.6769£-02! 0.9043£-03! 0.2458£-011 0.6006£-01 

5 1 0.9058[+001 0.1808£-02! 0.8564[-02! 0.7826£-03! 0.2285E-01! 0.6021£-01 

6 ! 0.9998E+00! 0.1172[-04! 0.2505[-05! 0.3712£-061 0.1069[-03! 0.5511E-04 

THE NORMALIZ£D MATRIX 
1 2 3 5 6 

-----------------------------------------------------------------------------
1 ! O.OOOOE+OOI O.OOOO£+OO! 0.0000£+001 0.0000£+001 0.0000£+001 0.0000£+00 
2 ! 0.2581£--011 0.2590£-06! 0.1616£-06! 0.1887£-07! 0.2417E-05! 0.1914£--05 
3 I 0.3925£--01 ! 0.1330[-02! 0.1760E-02! 0.1149£-02! 0.1600£-011 0.4155£-01 
4 ! o .11l4£+00! 0.2383£-03! 0.8325E-031 0.1112[-03! 0.3023£-02 1 0.7386[-02 
C" 
~J 0.1859E+00! 0.3711E-031 0.1758E-02! 0.1606[-03! 0.4691[-02! 0.1236E-01 
6 0.5448E+00' 0.6384£-051 0.1365£-05! 0.2023£-06! 0 5827£-041 O.3003E-04 
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The program is then ready to read in another matrix to be 

analyzed. If another matrix is to be analyzed the program loops 

back to the beginning of this program. To terminate enter a 

zero. 

THE FILE FLW1.DATA HAS BEEN CREATED 
==>ENTER 1 IF THERE ARE MORE ANALYSES 

ELSE ENTER 0 

The system responds: 

THE AGGRAGATED MATRICES AND THE ASSOCIATED 
NORMALIZED ROWS AND MATRIX ARE STORED IN FILE!MATRIX.DAT 

FORTRAN STOP 
S -

To execute the flow analysis, just say: 

$RUN FLOWAN 

The flow analysis print out is obtained by running FLOWOUT, 

in account 713. 

The system responds by assigning an ID number to the run. 

Log off ... and think. 
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Illustrations 

Figure 1: Loop of refinement 

Figure 2: Compartmental modeling notation 

Figure 3: The daily ration as a function of time 

Figure 4: The frequency distributions of predator/prey 

scores 

Figure 5: The trophic groupings based on predator/prey 

scores 

Figure 6: Feeding function parameters and feeding overlap 

Figure 7: The VT100 and the DECWRITER 
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END 

RUN GEORGE 
Select Initial Condi tions 
Name I/O files 
Simulation begins 

RETURN 

SPECIFY: 
Data type Tables 

Time span made-

Intervals 

Compartment 

RETUR.T\l 

Y 

Y 

SPECIFY: 
Data type 

. Time span 

Comp artment 

SPECIFY: 
Day 
Title 

Plots 
Produced 

RETURN 

Flow r I 
Matrix U 
[J 

SPECIFY: 
Graph 

made 
ment 

Time Spa 



File Name 

LOGIN. COM 

IC01.DAT 

SETUP.EXE 

GEORGE.EXE 

FLOWF.EXE 

FLOWAN.EXE 

TABLE 1. Programs and Files Required to Run GEORGE 

Purpo~e 

Command Files for VAX 

Standard Initial Conditions 

Display and Revise Initial 
Conditions 

Run Simulatio~ Model and 
Display Results 

Prepare Flow Matrix for 
Analysis 

Flow Analysis 

Files Required 

None 

None 

lC01. OAT 

lCnn.DAT 
Rnnn.DAT 

FIJn.DAT 

FLWI. DAT 

Files Generated 

None 

None 

ICnn.DAT 

Rnnn.DAT 
Gnnn.DAT 
FIJn.DAT 

MATRIX.DAT 
FLWI. OAT 

Initial Conditions 

Storage of Simulation Result~ 
Graphics Storage 
Flow Matrix Storage 

Aggregated System Summary 
Input for FLOWI\N 

FLOWOUT.DAT Flow Analysis Results 
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