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1.0 Introduction
1.1 Background
GEORGE 1is an ecosystem model of the fish and fisheries
of Georges Bank.

The model's intended audience include three distinct 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
validity 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 given 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 with the cooperation of researchers of management,
fisheries biology and ecosystem simulation modeling back-
grounds. By looking over each others shoulders, a greater
understanding of the ecosystem and one's fellow reseacher's

desciplines can be nurtured.



To encourage this important sort of cooperation, the simula-
tion model GEORGE was intentionally made "user friendly." 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 1ittle 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
understanding of the model's conceptual underpinnings, the manual

then explains how to design, run and analyze simulation studies.

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 the instructions generated
by SETUP and runs the simulation study. The simulation
interactively allows the user to select and display
time series graphs and tables, and phase plane plats of
populations of interest. Thess graphs are jantended to

aid in the first visual analysis of the simulation.



iii. Flow Analysis: A more detailed analysis of the

ecosystem model's 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 ability to familiarize those unfamiliar with the ecosystem
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
acosystems to a wider circle of interested users.

The credibility and utility of an ecosystem model is related

to 1%ts simplicity and focus on a specific issue. The nebulous



generality of the large scale International Biological Progran
(IBP) Biome models often hindered atfempts to simulate and
predict specific phenomena (K.E.F. Watt, 1975). To those intent
on using models as predictors, the "jack-of-all-trades was master
of none."

Ecosystem modeling's greatest problem isn't a dearth of
creative equations or a shortage of "“critical mechanisms." For
sometime, modeling's weakest aspect has been the ability to
analyze and test the consequences of a model's 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 Tong recognized that the dynamics of
natural systems are not just the summation of the component pro-
cesses. V. Watson and 0. 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 J. Finn
(1977).

Models can be classified in terms of their purposes: to
forecast or to provide insight (H. Caswell, 13976; E£.C. Pielou,
1981). GEORGE is a research and teaching tool. GEORGE is not a
T

forecaster. ne simulator GEORGE is designed to suggest the

directions and relative magnitudes of system changes resulting



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.

2C3SYSTIM

ARAL ST
Cimouter
aragrams

|

290624 et
LI3RARY | ,
T =

L/

€T

DHTTAL
IIMOLTIONS ayTyT
373R4G6E
{disc)
| WA
CVAX 11/78
| .
Mce————

! Freliminary
ua Jiazgnestics
Jacza:Tiol2s & Quga Irzars

)

Figure 1

2.0 Modeling: The Ecosystem
2.1 The System Design
By itself the integration of a system of differential
equations is insufficient to investigate a system's dynamic
behavior. There are in fact three distinct facets Lo a modeling

system. Figure 1 illustrates the relative roles of:



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
itératively 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 data and time
series files are stored on computer disc files, the users can
economically model the program over a series of déys 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 simulator con-
sists of two 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
weights for these organisms. In addition, the user can tailor
the feeding and reproductive processes through species and size

class specific control parameters.



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 compaftments 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 [(Xl,t -VS§- Xz,t)]a to inves-
tigate interdependencies among the populations (R. May et al.,
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 the proportionate partioning of

predator;'s diet

(i.e., N{(i,3J) = the fraction prey; contributes to

predatori's diet).

At this point it is possible for the user to terminate the

simulation session to examine these tables and graphs, since all



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 simulator's 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 fisnh 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 T1iterature and Taboratory
studies by Durbin et al. (1980). The prey selection processes
are based on feeding functions originally developed by Andersen

and Ursin (1977). Prey salection parameters are based on the



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 nerring. 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.



2.3.1 Daily Ration Demands

[

Figure

Compartmental Modeling Notations

Figure 2 illustrates the labelling convention of flow

diagrams. Flow between compartments (x; and xj) are labeled by

f where the first subscript is the recipient and the second

1,32
subscript is the donor (Patten, 1971). The subscript 0 signifies

all that is external to the system.

For the ith compartment denoted as {(x3), f represents the

th

1,3

prey compartment {(x;) to

~contribution to daily ration by the j j

meet maintenance, growth, respiration and reproductive

activity. For simplicity, this demand is astimated to be a
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fraction, a(i,day) of the consumer's weight, ranging between 2%
and 0.5% per day (Durbin et al., 1980). It then follows that the
feeding demand, (d;) of the jth predator x; population is:

di = a(i,day) . (ni . wi) eqn. la

where: d; food demand of predator x; (unit = kg wet

;
weight/day)

n; predator abundance

Wi predator weight (wet weight)
al{i,day) = fraction of its own weight that a
predator consumes. af{i,day) can vary over the

season.

The fraction is:

_ [Amax(i)+Amin(i)] - [Amax(i)-Amin(i)l.cos{2m.(day+Lag)]

a(1,day) 5 _ 2 cl

eqn. 1b

where: Amax(1i) 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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a(i,day) as a function of time.
‘ Figure 3

Examination of eqn. 1b 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 also the number of seasonal feeding maxima.

If (CL.= 180), days/radians, one maximum»occurs per year. If‘
(CL = 90), two maxima are simulated. A two 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 flexibility is incorporated into the computation of
a{i,day) since some fish may be more voracious than others (i.e.,
silver hake vs. flounder). It is then possible to consider the

consequences of different types of feeding behavior on species

coexistence.



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 (zn(wi/wj)), where Wi = predator weight énd Wi =
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 (znwi/wj) -vs- frequency) indicates the
relative weight of the average victim. The central tendencies of
the distribution can be explained biologically. Predators snun
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 Targer the standard
deviation, the‘greater the size variability of prey are consumed
by the predator. The inverse is also true.

By plotting the mean (ETA) and standard deviations(SIGMA) of
these frequency distributions, the predators fall naturally into

groups with similar feeding patterns which 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
step process. In the first step, the vulnerability of prey to a
predator is based on the previously mentioned feeding preference
distributions (Figure 4). The measure of the relative vulner-
ability of the jth 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 j"th 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,3) = flw;y, Wi, ETA, SIGMA) eqn. 2a
g(i,3) = explan(™i/w;) - ETA)Z/2(SIGMAZ)] eqn. 2b
where: w; = weight of predator
Wy = weight of prey
ETA = mean of feeding distribution (see Fig. 6)
SIGMA = standard deviation of feeding distribution

(see Fig. 6)

Equation 2b computes g(i,j), where w; is the pradator's per

capita weight and W is the prey's per capita weight. Figure &
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is a plot of equation 2b over a range of zn(wi/wj). The function

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

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

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

ETA(T)

ETA(1)=ln(wi/w-)
J SIGMA(1)

Parameters : © Dverlaps

Figure 6. Feeding function parameters and an

illustration of feeding overlaps.

For a predator of weight w;, the prey of varying weight W3

have different vulnerabilities to capture. The value ranges from

i

1 = very vulnerable to O unsuitable for consumption. By

choosing ETA({ 1) and SIGMA(1i) on the basis of the stomach prey

i

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

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

Let,@l(i,j) be the amount of biomass of prey(j) that is
vulnerable to predator(i). Then:
o, (1,3) = g(i,3)7e(i,3) 'n(3) w(i). eqn. 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 vu1nerab]e to predator(i). The term e(i,j) is a selectivity
coefficient set between 0 and 1. It allows the user tO‘modffy
the food habits of a predatbr. If food habit studies reveal that
predator(i) never feeds on prey(j), then e{(i,j) = 0. (NB: Even
though prey(j) maybe the perfect sized morsel for predator(i),
nabitats do not always overlap.)

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

summation:
‘1(1,3) egn. 4

The total amount of prey available to a predator should be
greater than the daily ration d{(i), (see eqn. la) réquired by the
predator. With o,(i)>d(i), the prey are removed in proportion to
their electivity (e(i,3j)) and abundance. The jt0 species

mortality due to predation is then:»

egn. 5
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The numerator represents the amount of biomass from
compartment(j) that is consumed by compartment(i). 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 1is affected by recruitment fluctua-
tions. The benthic production is made consistent with historic
data (Cohen et al., 1980). Recruitment of the fisnh is based on
the historical recruitment records of Hennemuth et al. (1980).
The fish recruitment is a two step process. In the first step,

the fish spawn a portion of their biomass.
Pli) = s{i).n(i).w(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{i). The number of potential pre-recruits is then: |

ng, = W—%T) , where w, is the average weight of a pre-recruit.
Stochastic methods are then used to set upper limits for the
number of pre-recruits that actually reach commercial size and

recruit.
R(i) = NORAN ( x, s5.d.) agqn. 7

NORAN is a random number generator which produces output whose

distribution is normally distributed with a mean = Xx , 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 = £ [n_(i) - R(i)]. egn. 8
2.3.4 The System of Equations

GEORGE involves a system of four differen-

tial equations.

Abundance %% = ADD(i) - {(M1+M21).n1] - [fi°ni] eqn.
Growth %% = w (1) +[wo(1+l)3gowo(i) * DAY] eqn.
Yield %% = fi‘ Ni- Wi, where fi = fishing mortality eqn.
Biomass 9% =n, ;;i - Wy %%i , eqn.

The system of equations is integrated through time with a
Euler integrator. The year is defined as having 360 days, with
30 day months. Day 1 represents the first day of fall. The

~

desired time step is on the order of 6 days. Presently, per

9a

9b

9¢

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 wmortality due to
natural mortality and predation. The age subscript is i. The
jth comparment contains all fish between (i-1) and i years of
age. When i=1, ADD(i) is the recruitment of pre-recruits to the

second age class. When i>1, ADD({i) is the aging process shunting

survivors of n(i-1) 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 resuits of the simuiator. Experience has shown that
many models have an ﬁncanny 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 normalized version of this F-matrix, N(i,j,t) repre-

sents the normalized flow into a predator. That is,

N(i,i,t) = Fli.d.t)

Fli,5,t)

{1 g e |
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Reading each row of the matrix, the analyst can determine the
contribution of each prey type (column element) to the predator's
(row element) diet. Initially, analysis is used to debug the
computer modé]'s alogrithms. The larger purpose is to interpret
and illustrate this system's 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 coefficients.

The flows between the ecosystem's compartments are described

by the general equation:
dX/dt = AX (egqn. 1)

where dX/dt is the change of nutrient Tevel in X. That is:

dx,/dt =
J

e =
=1
%
>
—

. iy (eqn. 2)

There are n% linear combinations possible in this n-compartment

system. Flow analysis examines the network of flows
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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 environment (21,0) and internal storage

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

W~ S

Ty = 1
J

1

The flows (fi j) can then be expressed in terms of fractions

(qy, ;) of donor throughflow
q. . = f. ./T. (egn. 5)

Thus equation 4 in matrix form is

T =(Q * T) + (X7+2) (eqn. 6)

~

Solving algebraically for the throughflow vector we find:

T = (1-)7h x (X7 1) (eqn. 7)

Intuitively, equation 7 solves for the dynamics of Figure
1. The throughflow (T;) is a measure of the activity of the i th
compartment. The inverse matrix (I-Q)'1 is called the normalized
inverse matrix (N%*). In it, the activity of the jth compartment
is apportioned among the inputs to the (n-1} other compartments
and itself. It is shown that the activity of the ith compartment

is a function of (X'+1), i.e,. Ti = f(Xi +Z$),
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n kx oL :
T: = I [ni,j (X; + )] (eqn. 8)
j=1
* % * K .
The elements of N, ns j represent the apportioned throughflow

caused by a unit input into the jth compartment. The compart-
mental recycling index is derived from this normalized inverse
matrix:

. * % * *

1

The cycling index in turn is,
n
Cl = ( ¢ RE, * Ti)/TST {egn. 10)
The total system throughflow (TST) is the system equivalent of
the T; and is the sum of all the system's compartmental

throughflows.

n
TST = 1 T, (egn. 11)
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3.0 Using the Model: A "Cookbook"
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 1in
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
System
The interactions you'll have with the VAX 11/780 can be

grouped under the following headfngs.

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, you'll 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 this model, however, you'll need to deal with
the:

1. VAX operating system and
2. GEORGE.

When you log onto the computer, you'll first notice that
every line begins with a dollar sign (§). This is cailed a
system prompt. This prompt signifies that the VAX operating
syétem 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 covarage of the subject, refer to
the VAX/VYMS 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 vou're confused while the terminal churns
out nonsense, push the "reset button.” This turns all programs
of f, while not "breaking anything." On the VAX, the "réset
button" involves tapping the CONTROL kay and the T key

simultaneously.
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3.2.1. Copying the model into your own account
To use GEORGE, you'll need a National
Marine Fisherias Service computer account. The following program
Tiles should be copied for your use. The names and purposes of
each file are as follows:

File Library

File Purpose

GEORGE.EXE Simulator Program

SETUP.EXE Program that sets up initial conditions for GEORGE
FLOWF .EXE Program that sets up data file for Flow Analysis
FLOWAN.EXE Flow Analysis Program

ICAL.DAT 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 [713.WKH1] SETUP.EXE SETUP.EXE

$CoPY [713.WKH1] FLOWF.EXE FLOWF.EXE

$COPY [713.WKH1] WHFLOW29.EXE WHFLOW29.EXE
$COPY [713.WKH1] IC@1.DAT IC@L.DAT

3.2.2. Dealing with the VYAX Operating System
The VYAX Operating System is 2ssentially a
nighly sophisticated program developed by the Digital Equipment

Corpration (DEC) that allows a user to control the VAYX
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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). Botn 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. A1l 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 ybu 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

is a convention for naming these fTiles.
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File Name Format

Name Purpose

ICnn.DAT: Initial conditions for biological model (e.g.
IC15.DAT)

- Rnnn.DAT: Results of the simulation: A data file (e.g.
R251.DAT)

Gnnn.DAT: Graphics fi]é: Plots and Tables stored on disc (e.g.
G252 .DAT)

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

The user is free fo label each file by inserting appropriate
identification (nnn, nn, n) suffixes to the files. The suffix
characters may be digits (0-9) or letters (A-Z) of the
alphabet. The number of characters per label are Timited to the

number of n's in the file name conventions shown above.

c. Running Programs/Correcting Errors/Hard Copies

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 FLOWAN are stored as

compiled load modues. To run these programs one need only type:
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$RUN (program name):

e.g.:

$RUN SETUP

$RUN GEORGE

$RUN FLOWF

SRUN.FLOWAN

note: If you make mistakes while using the CRT, just

nit 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

Tine.

The four programs are as the term goes, "user friendly."
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't worry about the number of spaces or decimal
places you use. The program also tries to weed out accidental
errors. If an error that'cou1d‘“crash" the program is detected,
your answer is rejected and the question is repeated.

The programs also allow you to routé all output (tables and
grapns) to your disc storage file (e.g. Gnnn.DAT), when you want
copies of a large quantity of output. It is faster and more
economfca? to route all your graphics to these disc files and
have them printed on the high speed line printer at the WHOI

computer center. You can first preview the file with the on-1ine
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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 between the user and the
program is much more flexible in GEORGE.

There are tnhree 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 GEORGE. In the second mode the user
is allowed to run the model specified in the previous step and
display the results in tables and grapns. In the third mode the
user can analyze the results using either phase plane plotting
methods or Flow Ana]ysis.>

In the following sections describing GEORGE, note that it is
possible to hop between these three modes. To tackle a problem

it is necessary to jump between

i. deciding/designing run parameters
ii. displaying results

iii. analyzing results
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The program allows the user to make these transitions. It also
allows the user to "back up" the model and rerun portions of the

vear under different conditions.

b. The Occasional Pauses

The VYAX 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
lTater in the afternoon.

After completing the simulation there is a pause, that
results from the time it takes to empty the system data arrays
onto the disc storage files, (Rnnn.DAT, Gnnn.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: ICk1:DAT: Revised Initial Conditions

The program SETUP allows the user to design the
simulation run. ICO1.DAT contains the standard run
coefficients. When run, the program SETUP displays the standard
run coefficients, and allows the user to interactively change any

value to fit the desired scenario. A1l responses are read by the

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

placing the numbers in the proper format. Remember to hit return
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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?T
EFARATE NUMBERS WITH COMMAS (MAX=29)

D B T

r G550 8

Hodw 030

>Y0U HAVE EXCEELED THE HAXIMUM’ NUHBER OF CONPARTHENTS(29)3TRY AGAIN

So relax...you 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:

PROGRAMIWHSETUF
THIS FROGRAM DISFLAYS AMND CHANGES IMFUT SFECS

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 IMPUT DaTaAa FILE TO RE MODIFIED
DUTFILE IS5 THE NEW DATA FILE

1.5FECIFY aM 3 CHARACTER INFILE HAME
CONYENTION: IC__.DAT
ICO1.0AT

2.8PECIFY AM 3 CHARACTER
CONVENTIOND IC...DAT
ICO3.DAT

OUTFILE HAME
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In this example the input file is ICOL.DAT. The new file created
is IC05.Dat.

The second question concerns the number of 1ife 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 examb]e, the user responds
that there are six (6) major animals (the benthos, yellowtail
flounder, cod, naddock, 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.

==3:>FOR STARTERS.HOW HaMY LIFE FORMS ARE THERET

3

=x HOW HMANY SIZE CLASSES ARE THERE IN EACH FORHAT
EFARATE NUMRERS WITH COMMAS (MAXK=Z29%)

4+5:H95:505

*HOW MaAMY OF THE LIFE FORMS ARE MOT FIESHT

BT
& 7



The program then sets the values M1
rate of fisn).

with the new value.

entered.

The user is then given a series of coefficients that control

the system equations of the 29 éompartments.

desired,
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(the natural mortality

To change this value, enter either 1 or 3 along

The program just moves along if 3,0 is

e e o o

Ml= 0,300G000E~-0L FI=
==>WHICH YARIATE 00O YOUu UI H TB CHHHGE?
1=M1 2=PI 3=NONE OF THE AEJVE
==>ENTER RESFONSE CODE aND  NEY
320

VALUE SSEFARATE BY

If no changes are

enter a zero.

v s en soe v mewe bes s S ewe s v e e e My ne e S b Mt Aeim i e e e s e M Seaa Sl TR ey b MBS eh eis S Mm B T G e i i A0 e 4 e et e wemt lem Tm et S ame s o

ENTER 1=YES ELSE ENTER A ZERG» {07

4] :

=-WOULD YOU LIKE TO EDIT THE HMINIHUM DaIlLY RATION AS A % OF EBEODY WEIGHT(FER
ENTER 1=YES ELSE ENTER A ZERQ:{(0)}

O

==WOULD YOU LIKE TD EDIT THE FISHING HMORTALITY (FER YEAR)

“WOULD YOU LIKE TO

ENTER 1=YES ELSE

EDIT THE HMAXIMUM DaAILY RATION AS & % OF EBODY

ENTER A ZEROD» (03

SWOULD YOU LIKE 70

EMTER 1=YES ELSE

EDIT THE ABUNDANCE
EMTER & ZERD. (0D

WEIGHT{PER

CoMra

YE&R:

YEARD

=-WOULD YOU LIKE TO EDIT THE PER CAPITA WEIGHT I KILOGRAMS
CEMNTER 1=YES ELSE ENTER A ZERO-.(0)

=:-WOULD YOU LIKE TO

ENTER 1=YES ELSE ENTER & ZERO» (3D

=+-WOULD YOU LIKE TO EDRIT THE PREY SELECTION COEFFICIENT
EHTER 1=YES ELSE EMTER A ZERO:{0)

EDNIT THE PFREY SELECTIOHN LDEaFI“ItNT (1/72%(SIGHARK2))

FER N
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specific coefficients are:

The size
i. Al(1)
i1, A2(1i)
iii F1(1)
iv, N(i)
v.  W(i)

yii.

maximum daily ration *360. Therefore

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

minimum daily ration *360. Therefore

A2(i)=1.8/yr. This is Amin(i) in eqn.

Fishing mortality on a yearly basis.

and eqn. 9c.
The number of individual organisms in
compartment that would be expected on

fall day of the simulation.

The individual weight in kilograms.

if MDR=2%,
1b.

if MDR=.5%,

1b.

See eqn. 9%a

gach

the first

vi. GAMMA(i) = (2*SIGMA2)~L where sigma is the standard

For example,

ETA(1)

deviation in the feeding function as in Figure

4.

= The mean of the feeding function as

user responds with a "1" to the sixth question:

in Figure 4.

to change the prey selection coefficient the

AUOULD Y

1

EHTER

TO EDIT THE
3

R
3E ENTER & ZER
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The SETUP program then displays the standard values for

these size specific values.

i an S 00 S e (wm A w2 ) WD D w0 A3 s aed CewS seve w0 WD GO Smm anm mae M e WED e et Wes b GO ek Nt s e N et Ml MaS ek W0 e e a0 min WeS et G A e e e e Mas e wee

0
»Q

Q0

1]
H

Ll
@
<

20

i

<2
<x

FENTE

SENTE

==>ENTER

(SO N SN I R B OV %

*ENTER

'

s A .

i
Z
]
"
o

P ) R R

A G O O O O

iT
-
-
M

I3 0l G Gd D G

SIZE

5IZE

e
[ ]
i~
i

SIZE

SIZE

3I7ZE

CLASS AND

AL IR S SN

CLASS AND

[ e S A 0 W

(e}
™
I+
1]
iy}

g O B

CLASS AMD

LOLL W SO VN B N

CLASS AND

UL I A S B SN O

CLASS AMD

VARIATE: PREY SELECTION COEFFICIENT
- COMFARTHENT SIZE CLAES COEFFICIENT:.
1 1 0.10Q0E+00C
1 2 9,1000E+00
1 3 0.1000E4+00
1 4 D+ 1000E+00

NEW COEF{{ENTER

0,1280E+00

0 1280E+00

0. 12B0E+00

0,1280E+00

0, 1280E400
MEW COEF3I{ENTER

0,3900E-01
0,3900E-01
0.8900E-01
0.8900E-01
0.8900E-01
MEW COEFI{ENTER

0, 1030E+00
0.1030E+00
0:.103GE+0D
0.1030E+00
- 0.1030E+00
MEW COEFI{ENTER
0, 1122E+00
0. 1122E+00
0,1122E400
05.1122E+00
D,1250E+00
NEW COEFIJENTER

C 0L 1280E+00
0.1280E+00
0.1280E400
0,1280E4+00
0,1280E+00

HEW COEFIIEWNTER

IF

IF

IF

(1/72%(BI0MA%ER2)

MO CHAMGES

ARE

MO CHAMNGES

MO

CHAMNBES ARE

MO CHAMGES

ARE

M0 CHANGES

M3 CHAMGES ARE

NEEDEL

MEEDELD?

MEEDED?

MEEDED

MEEDELD:

HEEDED
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Again, if there are any changes to be made just enter the
size class and new value desired (i.e., ? size class, value).
The next set of variables to be examined are the recruitment

and spawning coefficients.

==3>00 YOU WISH TO REVIEW THE
RECRUITHMENT COEFFICIENTST 1=YES O=NO

The program prints out at the terminal the compartment
number (1-29), the mean recruitment level observed and 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 (l=yes, O=no).

The last column indicates the percentage of female biomass

that would be spawned as eggs.

RECRUITMENT AND SPAWNING COEFFICIENTS

HEAN RECRUIT STU.DEV, SEASON HATURITY 4 INTO EGGS
1 9.5000E+10 0,0000E+00 0,0000E+00 2.,1000E+01 0.1000E-03
2 0.5000E+10 0,0000E+Q0 0.0000E+00 0.1000E+01 0.1000E~03
3 0,3000E+10 0.0000E+00 0.,0000E+00 0.1000E+0L 0.1000E-03
4 0.35000E+10 0.0000E+00 0,0000E+00 0,1000E+Q1 0,1000E-03
S 0,0000E+00 0,0000E+00 0,1000E+01 9,0000E+00 0+0000E+0Q
B} 0.64I3E+08 0.1517E+08 0,1000E+01 0.1000E+01 2.1000E-02
7 0.46435E+08 0.1517€+08 0,1000E+01 0,1000E+01 0.10Q0E-02
8 0.6433E+08 0.1517E+08 0,1000E+01 0,1000E+01 0.1000E-02
4 0.4643SE+08 0.13517E+08 0.1000E+01 0.1000E+01 0.10Q00E-02
10 0.0000E+00 0.0000E+00Q 0,0000E+00 0.0000E+00 0.0000E+GO
11 0.2933E+08 0.7453E+07 0,0000E+00 G.1000E+01 0. 100QE-02
12 0.2933E+08 0.76353E+07 0,0000E+00 0.1000E4+01 0.1000E-02
13 0.2933E+08 0.7653E4+07 0,0000E+00 0,1000E+01L 0.+1000E-02
14 0.2933E+08 0.74633E+07 0,Q000E+00 0,1000E+01 0, 1000E~-0Q2
13 0,0000E+00 0.0000E+00 0.0000E+0Q0 3.0000E+00 0.0000E+00
156 . 0.4956E+08 0+1010E+09 0.0000E+00 0,1000E+01 0.1000E-02
17 0.49J6E+08 0,1010E+09 0.0000E+00 0+1000E+01 0.1000E-02
18 0.4996E108 0.1010E+09 0.0000E+Q0 9, 1000E+01 0. 1000E-92
19 0.4956E+08 0.1010E+09 0.0000E+0C 0.1000E+01 0.,1000E-02
20 0.0000E+00 0,0000E+00 0.,1000E+01 0,0000E+00 0.,0000E+00Q
2 0.8623E+07 0,6204E309 0.1000E+01 2.1000E+01 +1000E-02
22 0,3623E+09 0.86204E4+09 0.1000E+01 0.1000E+01 0,1000E-02
23 0.8623IE+09 0, 6204E+09 0,1000E+01 0+1000E+01 0,1000E-02
24 0,3623E+09 0.6204E+09 0.1000E+01 G+1000E+01 0.1000&8-02
23 0.0000E+00 0+0000E+00 0,0000E+Q0 0,0000E+Q0 3.0000E+00
26 0.,1833E+10 0.1039E+10 0.00C0E+00Q 0.1000E+901 0.,1000E-02
27 0,1833E+10 0.103%9E+10 0,0000E+0Q 0+1000E+01L 0+1000E-02
28 0.1833E+10 0.103%E+10 0,0000E+0Q0 0.1000E+01 0.1000E-02
29 0.,1833E+10 0.1039€E+10 0.,0000E+00 0.1000E+01" 0.1000E-02

==3>SPECIFY ROW AND COL TO CHANGE AND NEW COEF
SPECIFY 0s0+0 IF NO CHANGES ARE DESIRED

PERER)

==>ARE THERE ANY MORE CHANGES?1=YES 0=nN0

0
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Once the E-matrix is complete, the program writes the new
scenario's input data to a datafile labelled ICk 1.DAT. The
program then terminates.

==7Y0UR RUN FARAMETERS ARE FILED:

FORTRAN STOF
$

3.4 The Simulator: GEORGE
INPUT FILE: ICk 1.DAT: Initial Conditions
OUTPUT FILES: Ri j k.DAT: Simulation Results
RI1 m n.DAT: Review File Option
Gi j k.DAT: Graphs and Tables

FIJn.DAT : Flow Matrices

Run command file GEORGE.713: RUN GEOQRGE
The programs are accessed with the command $RUN GEORGE. The

system responds:
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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 Ri j k.DAT is a storage disc file You can
also specify a previously run R1 m n.DAT file to review it
FIJ .

DAT is a flow matrix file generated by this simulator. You
specify these names.

-

1.SPECIFY A UNIQUE FILE MAME TO S5TORE THE FES T8
OF THE NEW SIMULATION. UZE & B CHARACT
NaME IN FORM OF:

l

Reoo0AT
ROSL.DAT

2.8PECIFY A UNIGUE FILE MAME FOR
3 CHARACTERS IN FORMAT OF:

GRAOFPHIC QUTRUT
T

Go._.DA

BOSL.0AT

3.IF YOU ARE REVIEMWING THE RE
aTs

SULTE OF A PREVIOUS
SIMULATION RUM..,.SPECIFY THE 3 CHARACTER MNAKE
OF THE ARCHIVED RUN FILES Ro__..0AT

ROS0.DAT

4, 8PECIFY THE IHMITIAL CONDITION FILE MNAHE
8 CHARACTERS? IC__,DAT

IC01.0AT

S.8FECIFY THE OQUTFUT FILE FOR THE
FLOW AMALYSIS F{I.Jd) MATRIX! FORM=FIJ_.DAT

FIJLl,na7
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The simulator takes the initial conditions and control

coefficients specified in ICO 1.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 1.DAT). To make a permanent record of each simulation,
define a unique file for each simulation, before éécessing
GEORGE.

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

based on the new input file (ICO 1.DAT) or to review the results

of the simulation stored on the disc.

FREVIOUS SESSIONT YES=1 MO=C

o

The next set of questions follow.

ENTER THE HNUMBER OF DAYS PER TIMESTEP(IMTEGER:

ii
i

~HOW HMANY YEARS 00 YOU WISH TO SIHULATE?
*WITH A TIMESTER OF & DAYS. YOUR  HAX IS is YEARS

i o

o

o
] .
THE SIMULATOR IS RUNMING: o444
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 to beksimulated,
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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. 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.

==>8PECIFY OUTFUT OFTIONS?
1=ABUNDIANCE
2=INDIVIDUAL WEIGHT
3=YIELD
4=BIGHASS
S=HONE OF THE ARBOYE
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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 *3607.
===TIMESFANS SPECIFY THE FIRST AND LAST DAY

113600
ii. The interval between records. 0On some occasions
(debggging sessions) it may be of interest to see the
changes one time step at a time. On others, brief
ouputs are adequate.
==2INTERVAL ¢ SPECIFY #DAaYS BETWEEN OUTRUTS

AAKE IT EQUAL TO OR & HMULTIFLE QF THE TIMEESTEFR

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 HadY COHPARTHENTS FER LIMET mMars=12

12
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iv. Specify compartments to be displayed.

==-ENTER THE SFECIFIC COMPARTHENTS
SEFPARATE EACH ENTRY WITH A& COMMa, IE. (122923, ..N

1922324594627 28:9210211-12

The first decision is whether the tables should be viewed

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

==3x0UTPFUT OPTIONZ
ENTER o FOR TERHMINAL ! ENTER 20 FOR THE LINE PRINTER

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

==0UTPUT READY ! EMTER A ZERD (Od)<=-=

<

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

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

nayY! 1 ! 2 ! 3 4 4 ! sl ! & ' 7 ! 8 ! 9 [t Vil vooaa
IC 1 .300E+10¢.300E+101.300E+101,300E+10! ,392E404!,257E4+07 1 . 892E4071,132E408!,i45E+08! ,113E4+05!.557E+407!,1465E408!
61 ,300E+10!,298E+10! . 298E+10),299E+101,4469E4041 . 260E+071 ., G99E4+07 ¢, 13JE+08!, 14464084, 412E4071.108E+08!,.252E+08!
961 .295E+101.273E+10!,278E+10!,290E+101,674E4051,307E+071 . 101E+08!,148E+08! ., i24E+0R1 ,375E+07¢ . i45E+08! . 30SE+08!
1861 ,291E4+10! ,25G8E+10! . 266E+101,283E+101,924E4061 .360E+07! . 11AE+08B1,163E408!,.107E+081, 944E+05),228E4+07 1., 191E+08!
2761,288E6+101 . 250E+101,257E+10!,278E+101,134E+08! . 397E+071 ., 124E+081,182E+08!1,917E+07 1, 496E+051 . 3084E+07 1, 233E+08!
3661 ,297E+101 ,248E410! . 255E+101,277E+101,274E+051 . 1346E4071.440E+071 . 139E+08! . 27BE408! . 52YE+051 JA07E+071 . 2B2E+08!
45461 ,270E+101 24564101 ., 251E+101.273E4101 . A92E+06 1. 145E+07! ,48BE+07 1, 1T4E+081,2UBE+08! L 100E+05! . SIPEH07) . J40E+08!
5441 ,276E+104 (244E4101,249E+101 . 272E410! ,725E+07 1 152E407 1, 333E+07! . 149E+081 ,204E408! (121E+06 !, 170E+041,5699E+07!
4361 263E+10!) ,244E+10! \250E+101,271E+101,114E4091 . 154E+071 ,S74E+07!,183E+08!,174E+081,610E+051 ., 225E+041.852E+07!
7261 111E+101,252E410! . 257E4+101,275E4101 ,299E+051 . 218E+07 1, 168E+071.822E407 ! . 348E+081 . 173E+061,310E+041¢.103E+08!
8161 ,211E+101,251E4101 ,254E4+101,272E4101 . S5RE+06! . 218BE+07! . 182E407! . 4R1E+Q7! ,294E+08B! ,3R0E+051,404E+04 !, 123E+08!
9061 ,245E4101,251E4101 ,253E+10!.271E+101 . 862E+07! . 214E+07! . 195E+07}, 73964071, 252E1081 . 1A3E+0461 63BEF041 . 321EF04!
9961 ,244E+10! ,253E+10 1 28SE4H101 . 272E4+101 139E4+09 ! . 209E+071 L 20SEH0G7Y ,799E407 1, 21AE+0B1 L 102E+06 1 . BATEFO4 1, 432EL04!
108461, 114E410! . 259E+101 . 2462E4101 (2746E+101,.248E405! ,334E+071 ,223E+07 1, 221E407 1 . 248E+08! . 340E+06 L, 1L1EF0S51,7460E+04!
11761,212E+104 . 259E+104,261E+101,27SE+10! . 492E+04! ,339E407 1. 2406407, 241E+407 1, 227E4081 L i99E+061 , 145E+051,911E404!
12661, 246E+10! . 250E+101,261E+101 . 27SE+10! .313E+071 ,344E+07 ! . 257E407 1, 241E+071 193E+031 . 134E4+061 . 14AE+061, 1B4EFOS!
13561 244E+101  262E+101 ., 264E4+101,276E+10) ,134E+09! (340E+07 1 . 274E4071,283E+07 1, i64E4081 ,290E406} ., 193E+061 . 224E4051
14461, 117E+10! . 267E+101,269E+10!,279E+10! . 183E+051 ,293E407! . 405E407 ! ,301E+071 . 171E4+08Y . iS9E+071 . 2SRE+061 ., 272E4051
15341, 213E+101 . 266E+101 ,2688+101 ,279E+101,382E+041,338E+07) . AS1E407 1, 333E+071,1475408) . 340E+071,337E+061,32BE+05!
16261 ,2446E4101 ,267E4101 . 268E+101,2B0E+101,595E407 !, 393E+0Q71.501E407 1, 3JA7E407! . 124E+0B) ,P43E405) . 612E407 1 . 439E+04:
17161, 250E+101 (24BE+10!,26PE4101,280E+10! . 9B4E+08!,4463E+071 ,SSBE407! . 406E407! . 10BE+08! . IFSE+04 1 \BAREH07 ), G37EH0!
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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 he

answered.

s rme m mee sn i mre veam e rese e ot man et o wem sees by den mt dp ded e s s M im b e e SR s T A e sess ip S e b e ke ot mad e MeD s SR b ey e s mee mam
priagelge P g gt bR R pe e e fede - fe B - R R ] mmSSzD=mS==

IF MONE ARE NEEDED ENTER A& ZERD

==:WHICH UMIT PLOTS DATAY
EMTER S(TERMINAL PRINTER) OR EMTER 20(LIME PRINTER

==:THERE ARE 300 RECORUS ON FILE.
ENTER THE FIRST AND LAST RECORD TD PLOT(1000=HAX)

LOG TRAMSFORM OFTIONZ
IF THE DATA VARIES OVER ORDERS OF HAGNITUDE
LOG ITY LOG TRan=1 N TRAMSFORM=0

ENTER A4 TITLE FOR THIS FPLOT
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The user is given the choice of using the 1ine printer to
display the graph for fmmediate inspection. It is advisable to
use the computer center's high speed 1ine printer to shorten turn
around time. The user can pick the portion of the time serjes to
be plotted to view subtle details, by selecting the first and
last record to be included on the graph. For convenience, a log-
‘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 line printer. |

The following response would route the plot to the user's

computer terminal. This is convenient but time-consuming.

e o S s e A0 ot sn tem o ey bt e o e o ) e o s S=o i e el S e Ghm M wp NI eMm oy fGm i e AT e MMM I D Y M e v P awos el vm e res S em S S m o e mm e
S S S I T S N N I I I T T N ST T TN T NN SN N SN RS I mmER D S E S mE

TIME-SERIES PFLOTS
==>GPECIFY COMPARTHENT{(1-2937T0 PLOT.
IF MOME ARE MEETED ENTER A ZERQ

==>WHICH UNIT FLOTS nATA?
EMTER ACTERMIMAL PRINMTER) OR EMTER 20(LIME PRINMTER

i O

=>THERE ARE 300 RECORDS OW FILE.
ENTER THE FIRST aAdD LAST RECORD TO PLOT(100O0=HAX}

1+300

LOG TRANSFORM OFTION:
IF THE DATA UﬁhIED QVER GEWEF: OF HMaGRITULE
LG ITY LOG TRa= MO TRANSFORM=D

EMTER & TITLE FOR THIZ PLOT

COMPARTHENT 11 DEHONSTRATION PLAOT
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The user can generate as many plots as desired. When

finished, leave the loop by entering a zero.

oM o T v s S e e tm SN S M M MED tew D Mum s M > S mE SR D wme e vew Sk S e Y Mn TR S OADS KO e i et mem mt s em GGw awm foem s e e &

TIME-SERIES FLOTS
==+8FECIFY COMPARTMENT(1-29)T0 PLOT.
IF NONE ARE MNEEDED ENTER A ZERD

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 you'd 1ike a time series of other data

types. If you're finished with all time series plots, enter a 5.

o M e o s rm e it s o o et e me Mo mm miw m md a e s S0 s e e o e it S T Mar S s e s M S tmo M i WA o e mm e M rs tm i e e e e i e mm

T fm e s mmy mm ar ome e e e e te e ot e ime o et e ad St ol e Tt s o e s M s e e e e e S -

==+GPECIFY DUTPRUT OPTIONS!?
1=ARBUNDANCE
2=INDIVIDUAL  WEIGHT
3=YT1ELD
4=RIDMASS
S=NONE OF THE AROVE

i
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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 séction’s. 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.

0 m e o> o> owm e WGD MED Iow wx ms wee ms S WSO SO NID mwe WDS MMt WOD (D Mo MG MuS WD Twe LD WGO WES e D Wma WS D B s G0 MED maD M te¢ ey Mwe ar e Sme SN e e ks v e NS S ums mep W v e s s

FHASE PLANE PLOTSICHOOSE DATHS 3ET OF INTEREST

o o e e @ ww v dep e e e me oy W b e TG S sy s e e fed et My Moo e w0 mus e Mm iee em Moe e sy s un ey e S Mw ss WO wmp e s Yum Mom i o s Lo D 4acm e Sme em iaes e e rovs v
R I T S S T T T T S S S TN NN SISO NSNS ToronIIorooomomomoTmm T =

0 g mmw e s amo s s wew w0 rmm ow mas mam o e Mw mm ma o M e e T o mm M T ot o s m T Ao it frr mm s amS e b e e e e mm T e e s s ot e vew tmm e e e

==>5PECIFY OUTPUT OFTIONSE
1=ARBUNDANCE
2=INDIVIDUAL WEIGHT
3=YIELD
4=RI0NASS

G=NOME OF THE AROVE

o v e w0 0 e e e mas med P st s seas teks ey NS M sy st e ea e mms e
SEESESESSSTNIEoDouinETI S omassmE

e s i w3 aa pere dss i s s temt ee mas WD wes s mas Man mom wvo e mbe we iewd
e~ e e S e B - R R iR

ENTER THE X-AXIS aND Y-

== AXIS IDES
==>0R ENTER A ZERD IF WO FLOTS

. ARE LESIRED
1.4

==>THERE ARE 300 RECORDS ON FILE.
ENTER THE FIRST AMU LAST RECORD TO PLOT(L1000=MaX}

1:300

==3WHICH UNIT PLOTS DATA?
ENTER S(TERMINAL PRINTER) OR EWTER 20(LIME FRINTER

==>0UTPUT READY § ENTER & ZERO (0i==

0
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iii. Flow Analysis:

Upon exiting the phase plane pliot section, the program

enters its final phase.

o sy e e e e 0 mmp s e tom g e Mk R MmO D WUD e W wen D wma
I s e sma e e s smm W o mor s e min 1® e vy mm o M e cmm Tae el Mm e Jam g s s o ame KD Mey S o sy S D T tem 00 map S rme e s Nm s vt e

FLOW HMATRIX OFTION:
YES=1 NO=0

T s b w0 m mms mms mme M swe mme TS ey A e Tm we TR e e e T e e b e S ton Mme OE e s W s e sme e fwa ee e s 2ot s

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.

SPECIEY THE DAY TO BE FLOW AMALYZED
90
===ENTER AN B0 CHARACTER COMHENT FOR FILE LAREL

nayY 20 ¢ BEﬁQNSTRﬁTIDN RUM

PRINT OFTIONG:

COMPLETE FLOW OQUTPUTIENTER 1

SUPFRESS ALL PRIMTOUTIENTER O
FRINT JUST A SUMMARYIENTER 2

]

SELECT QUTPUT HETLIAITERMIMaAL=4A LF=20

0o~

=X0UTPUT READY ENTER & FERD (43

LARELIDAY 20 ! DEMOMSTRATION RUM

el
i
~—
{7t

- FLOW HMATRIX FOR Lay P00I8 STOREDY  On THE FIJ-.DAT DIGD FILE
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In the tabies 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 1.

bution of the jth compartment to the i

N(i,3)

th predator.

is then the percentage contri-

in s v e D mes s M VRIS NS G ks A (e e G AR e e R N0 GO Mk My MOS (NS MMM MM D SHED Suih ies S GS A CHN WSO WOV MED D VS MES S A e a0 WND ES EED (e M b M LY S St e GO MaS et At M MR G T as GO W e e e e e wete beme -

~~COMPARTMENTAL FLOWS---

Fiid, 1)=0.837E4+02
F{i4, 33=0.,423E+02
Fild4y 22=0.432E+04
Fi14,13)=0.181E+04
F{14-,173=0,712E+04
F{14-210=20,122E+06
FL{14,25)=0,200E+04
F(14,29)=0,377E+04

-—-MORMALIZED FLOWS

M{1d, 13=0,4464E-04
M{14s 353=0,234E-04
M{l4, 93=0,239E~-02
M{14,133=0.100E-02
H{14-17)=0,.394E-02
N {14-,21)=0.4674E~-01
H{14,25)=0,111E-02
H{14,29)=0,202E+00

Fiid, 29=0.290E+0S
F(l4d, 6)=0.798E+04
F(145,10)=0.,244E+08
F{145,14)=0.000E+00
F{14,18:=0.545E+04
F{l4:,22)=0.109E+06
F(14:26)=0,431E+03
Fe

M{1l4, 2)=0,161E-01
M{l4, 61=0.442E-02
N(14,10=0.133E-01
N(14,143=0.000E+00
N{14,18)=0.302E-02
H{14:,22)=0.5602E-01

Fiil4, 3)=0,138BE+04
Fil4, 7)=0.92%4E+04
F{(14,11)=0.383E+04
F(14,15)=0.392E+03
Fila:.1925=0,726E+04
F{14,23)=0,744E+03
F{14:27)=0,272E+04

N(14, 33=0,766E-01
H{l4, 7:;=0.350E-02
M(14,113=0,324E-02
M(14,15)=0,217E-03
Ml14-,190=0.402E-02
M(14,237=0,413E-01

Fild, 43=0.262E406
F(i4, 8)=0.781E+04
F{las123=0.423E+04
F{14,146)=0.853E+04
F(14,20)=0.419E+03
F(14,24)=0.501E+05
Fill4:283=0.231E+06

N(1l4r 43=0,143E+00
N{ld, B)=0,432E-C2
N(14,12)=0.233E-02
M{145,16)=0,472E-02
N(C14,200=0,232E-03
M{14:243=0.277E-01

N(14,26)=0,237E-01 N{14,27)=0.131E+00 N{14,28)=0,128E+00

N(
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An alternative to the detailed output of flow and normalized

matrices is the summary option. The summary output Tists the

mortality losses to the 29 compartments due to natural cause,

(M1(i)), fishing (FM(i)), and predation (PR({i)).

e o D e e e e e G P W S I WS WD G e e D GE) S eas W G mee seew 0 R Moe e Mo WaD s fvem WO e et Moe e WA ey mew e e e - o e et o e tate s ea e

NATURAL ,FISHING ANMD PREDATION SUMHARIES
M1¢ 10=0,246E+07 HM1{ 27=0,229E407 Hi{ 3i=0.233E4+07 Mid{ A)1=0,242E+407
M1( S50=0.471E402 ML{ 45)=0.233E+04 Mi( 7)=0.333E+04 H1{ 31=0.1Z23E+05

M1{ 23=0,104E+05
M1{13)=0.,415E405
M1{17)=0.184E+05
M1{21)=0,447E4+05
M1(25)=0,249E+03

C M1(293=0,385E4+04

FMO 1)=0,000E+00
FH( 33=0.000E+00
FHM{ 9)=0.104E+06

FHM{133=0.000E+00C
FM{17)=0.000E+00
FM{21)=0,000E+00
FH{25)=0.000E+00
FHM{29)=0,000E+00

FR(O 1)=0,133E407
PRO S3=0.514E+04
FR{ ?)=0.881E+404
FR{I13)=0,181E+04
FRO177=0.,144E+05
FR{213=0.443E+04
FRI231=0.103E+05
FRI293=0.230E+04

M1C103)=0,317E+04
M1{14)=0.502E+00
Mi{18i=0.,474E+05
H1(22)=0,4655E4+008
ML(263=0.561L4E+04
M1¢

Fri¢ 23=0,000E+00
FH{ A41=0.000E+00
FHO10)=0,.000E+Q0
FH(14)=0.302E+04
FH{13y=0.000E+00
FMi22)=0,000E+00
FUMiR240=0,000E+00
FHd

FRO 23=0,190E+08
PRO $51=0,.31aE+05

PRI10)=0,1B3E+04
PR{14Y=0,000E+00
PRO18)=0,937E+04
PR(22)=0,322E+06
PR(24Y=0,294E+04
PRI

MLIi1i0=0,117E+05
M1iLl33=0,342E+02
ML{19:=0,388E+00
Hi{233=0,735E+05
W1i275=0,117E+04

FH{ 27=0.0050E+00
FHe Zi=0.000E+00
FMiil)=2,000E400
FH{12¥=0,000E+00
Fril?:=0,.388E+04
FM{Z2Z23=0.000E4+00
Frit27=0.000E+00C

FRO 31=0.1537E+08
FRO 71=0,270E+05
PROLL)=0,121E+05
PRO1SY=0.577E+04
FROL? =0, 121E+00
PRIZ231=0.138E+04
FRO27 =0, 925E+04

HiO1l2y=03,2518+03
[Mii1ai=0.352E+04
HL{20)=0.,424E4+03
Mii243=0.834E+05

M1{2353=0.200E+04

Friv 43=0.000E+20
FM{ 83i=0.0300E+00

FiHi12r=2,000E+00
Fr{1a)=0,.000E+00
FHE20)=0.000E+00
FH{Z24:=0,83aE+05
FRIZBI=0.000E+00

FR{ 4)=0,453E407
PRI 37=0.1B0E+0F
FRO12)=0,747E404
FRO141=0,243E+05
FR{201=0,5R4E+05
FRO243=0.107E+04
PRIZEI-0.425E404
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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 execufing GEORGE.713.
The alternative is to continue the simulation to extend the

run further into the future.

- sme e s s e s s e ace s e vess dems seen
4 e o S o e e e iy s N S S s e O Mw TmS v e o Map soe e S e S mD e we 3 WY e smo ts smo e = es e 1t sa tme v m P
NS S N T S T T S N N T N T N R ST SN SRS DTSN oD mm oI Immmmm = = mEmZomEmrmIms

ENTER THE DAY YOU WOULD LIRKE T0O 5THRT THE HODEL OH
EMTER A ZERO IF YOU DONT WANT 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: ==»STHULATION EMDED
Wait for the system to respond: SFORTRAN STOP
CAUTTION $

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

YOU HAVE INADVERTANTLY DELETED THE ARCHIVE FILES R .DAT,

G _.DAT, and FIJ_.DAT. THE PAUSE BEFORE THE § PROMPT'S
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. To access the file, log into account 713 and

enter: SRUN FLOWF

The system responds:

ENTER THE FILE 70 BE ANALYZEDIFORM= FI.J_,DAT

FIJ1.DAT

The user must first label the run with a title and specify

how many compartments are included in the model.

THIS FROGRAM HaAMDLES UP TD 279 COMFPARTMENTS
==>ENTER 4 4B-CHARACTER TITLE  EBE BRIEF

DAY 20 1 DEMONSTRATION
==>ENTER THE HUMBER OF COWPARTHENTE

29
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The user then specifias wnether:

1. The initial conditions are required.

==xPRINT OQUT OFTIONS
1.,I0IAG=1 INITIAL CONDITIONS PRINTED
2,IDIa6=2 INMITIAL COMDITIONS SUFFPREGSEED
==3>ENTER IDIAG

2. Whether the normalized flow matrices of all compartments
are desired.
1. IFLOW=0 PRINHT HNik,HEk%x FOR COMPARTHEWRTS WITH 1/0
2. IFLOW=1 PRIWNT M¥ AMND Nix FOR alL TOHPARTHENTS
3+ IFLOW=2 SUFFRESES FRINT
==>ENTER IFLOY

1

The program is then ready to read in the flow matrices. To
enter the FIJ .DAT matrix, enter "15". 1If you wish to enter a

matrix by hand, enter "5",

F-MATRIXISPECIFY INFUT HMEDIA
EMTER StIF F{I,J) I3 ENTERED EY HaND.
ENTER 15 $IF FILE FIJ_.DAT 1S TO BE ACCESSED

15
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If there are inputs (z(i)) to the ith compartments or
outflows (y(i)) from the jEtN compartments, these must be listed

in the following i/0. 1In this case there are none, so all values

are zero.
==ENTER Z-YECTOR «“HMAA=10 VALUES PER LIRKE
==2ENTER IN FREE FORHMAT{SEFPARATE WITH COHMAS
0902090200+ 0:090-0
Qo0s020¢0:07020:0590
09030909020+ 020:G20

==>ENTER THE Y-YECTOR <HMAX= 10 VaLUES FPER LIRE
==3ENTER IN FREE FORMATI(SEPARATE WITH COMHAS

0!0!030!9909090!050
Oe0s090sD+0209Gv050
QeDs0s0Ds090+0:0+90
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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.

{ ! 1 ! 2 ! 3 ] 4 1 5 ! 6
' 1! 0,0000E400! 0,0000E+00! 0,0000E+00! 0.0000E+00! 0,0000E+00! 0,0000E+00
2 1 0,1212E4H071 0,12146E+02! 0,7588E+01! 0,8859E400! 0.113SE+03! 0,8988E4+02
! 3 1 0.1BA3E407! 0.4243E405! 0,B262E+05! 0.5393E405! 0.7514E406! 0,1951E407
!4 1 0,5230E4+07! 0,1119E+0S! 0.3908E+05! 0.5221E404! 0,1419E4+06! 0.3468E+06
! 5 ! 0,872BE407! 0.1742E+05! 0,8252E+05! 0,7541E4+041 0,2202E404! 0,5B02E+06
£ 46 ! 0.,2558E408! 0,2997E+03! 0,6407E4+02! 0.94F7E+01! 0,2736E4+04! 0,1410E+04
THE NORWALIZED ROWS
! ! 1 ! 2 ! 3 ! 4 ! 5 ! 3 !
! 1! 0.0000E+00! 0.0000E+00! 0.0000E+00! 0,0000E4+00! 0.0000E+00! 0,0000E+00
I 2 1 0.999BE+00! 0.1003E-04! 0.6261E-05! 0,7309E-04! 0,9344E-041 0,74146E-04
' 3 1 0.IBBSE+00! 0,1316E-01! 0.1742E-01! 0,1137E-01! 0.15BAE+00! 0,4112E+00
I A 1 0,90SBE+00! 0,193BE-02! 0,467469E-02! 0,9043E-03! 0,2458E-01! 0,6006E-01
!5 ! 0,705BE+00! 0,1BOBE-02! 0,B5464E-02! 0,7824E-03! 0,2285E-01! 0,4021E-01
' 4 1 0,999BE+00! 0,1172E-04! 0,2505E-05! 0,3712E-06! 0.1065E-031 0.5511E-04
THE NORMALIZED HMATRIX
! 1 ! 2 ' 3 t 4 ! S ' 6 '
f 1 1 0.0000E+00! 0,0000E+00! 0,0000E4+00! 0.0000E+00! 0.,0000E+00! 0,0000E+00
{2 1 0,2581E-011 0,2590E-06! 0,1614E-04! 0,1887E-071 0.2417E-05! 0.1914E-0%
t3 1 0,3925E-01! 0,1330E-02! 0,1740E-021 0,1149E~02! 0,1400E-01! 0,4155E-01
i 4 1 0,1114E400! 0.2383E-03! 0.8325E-03! 0,1112E-03! 0,3023E-02! 0,7384E-02
15 1 0,1859E4001 0.3711E~-03! 0.1758E~021 0.1406E-03! 0.44691E-021 0,12346E-01
I 6 1 0.5448E+00! 0,63B4E-05! 0,13465E-05! 0,2023E-06! 0,5827E-04!

0,3003E-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 HMORE ANALYSES
ELSE ENTER O

g -

The system responds:

THE AGGRAGATED HATRICES AND THE ARSOCIATED

NORMALIZED ROWS AMD MATRIX ARE STORED IN FILEIHATRIX.DAT
FORTRAN ETOP

% =

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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ITlustrations

Loop of refinement

Compartmental modeling notation

The daily ration as a function of time

The frequency distributions of predator/prey

scores

The trophic groupings based on predator/prey

scores

Feeding Tunction parameters and feeding overlap

The VT100 and the DECWRITER
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3 RUN GEORGE

Select Initial Conditions
Name I/0 files
Simulation begins

END

RETURN
SPECIFY:
Data type Tables SPECIFY:
. made | Graph
Time span _ Compart- || made ||
_— .
menc
Intervals
, : Time Span
Compartments
L
RETURN
SPECIFY:
Data type
. Time span
~—Plots
Compartmentq Produced
RETURN
SPECIFY:
Day
/ Title Flow
FLOW Matrix
ANALYSIS ™ made
. 7



File Name

LOGIN. COM

ICO1.DAT

SETUP.EXE

GEORGE . EXE

FLOWF . EXE

FLOWAN . EXE

TABLE 1. Programs and Files Required to Run GEORGE

Purpose

Command Files for VAX

Standard Initial Conditions

Display and Revise Initial
Conditions

Run Simulation Model and
Display Results

Prepare Flow Matrix for
Analysis

Flow Analysis

Files Required

None

None

ICO1.DAT

ICnn.DAT
Rnnn.DAT

FIJdn.DAT

FLW1.DAT

Files Generated

Nonhe

None

ICnn.DAT

Rnnn.DAT
Gnnn.DAT
FIJn.DAT

MATRIX.DAT

FLW1.DAT

Initial Conditions

Storage of Simulation Result:
Graphics Storage
Flow Matrix Storage

Aggregated System Summary
Input for FLOWAN

FLOWOUT.DAT Flow Analysis Results
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