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PREFACE

A problem facing all state fisheries agencies is evaluating
how best to allocate limited financial resources to meet particular
goals., Given the angler~day as a measure of output from a fisheries
program, how can a management agency allocate its resources to
increase angler-day production within a relatively fixed budget?
For example, how many angler-days accrue from investments in the
following: (1) building additional lakes; (2) improving support
- facilities at existing state-owned lakes; (3) stocking various
species and numbers of fish; (4) managing intensively as with lake
fertilization and fish population manipulation; (5) educating
the angling public; (6) enforcing laws; and (7) improving access
to fisheries. Some state agencies have additional methods of
increasing the number of angler-days, while others have fewer
alternatives.

As part of a research project supported by the Division of
Federal Aid, Fish and Wildlife Service, United States Department
of the Interior, the authors addressed the problem of developing
a methodology which could be used to allocate limited financial
resources to meet particular goals. The specific objective of
the project was to develop methodology for predicting output
(angler-days) resulting from state fisheries management agency
programs and expenditures in order to better allocate Dingell-
Johnson funds,
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ABSTRACT

A basic job of fisheries management agencles is to forecast
the demand and produce the necessary supply of fishing opportunitieb.
Present day angling consumption rates often exceed managers'
ability to supply fishing opportunities of the desired quality,
Therefore, a primary means for improving fisheries management may
be to regulate angling consumption. Operations research techniques
are well suited for handling the complexities involved with
-planning multiple action policies for regulating angler consunption,

PISCES is a computer-implemented simulator of the inland
fisheries management system of Tennessee, but is adaptable for use
in any state, The purpose of PISCES is to aid in planning fisheries
management decision policies at the macro-level. PISCES generates
predictions of how fisheries management agency activities will
affect angler use for a fiscal year. Subjective probability
distributions for random variables and Monte Carlo simulation tech-
niques are employed to produce an expected value and standard
deviation for each prediction. Test runs under realistic hypothetical
sltuations and discussions with personnel of Tennessee Wildlife
Resources Agency suggest that PISCES may help fisheries management
agencies to improve budget allocation decisions, to formulate
multiple action policies for regulating angler use, and to enhance
fisheries develanment A btr?ethetical a;}plicatinﬂ of DPTEOES 4
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Tennessee is given.






INTRODUCTION

Fisheries are systems consisting of aquatic biota, aquatic
habitat, and man, interacting through time and space (Fig. 1).
Fisheries management is the practice of making and implementing
decisions to maintain or alter the structure, dynamics, and
interactions of fisheriee to achieve specific human objectives.
Throughout the United States, agencies In state government have
fisheries management as their legal mandate. These agencies
make decisions about where and when to stock fish, how long to
hold seasons, how much to charge for licenses, and how to allocate
millions of dollars in public funds.

Choosing among decision alternatives is a difficult task
for fisheries agencies. A state fisheries management system
contains many different fisheries types (i.e., lakes, ponds,
streams, etc.), each complex and interacting. The impact of
implementing different decisions in the management system may
not be clear.

Methods for predicting the impact of alternative management
decisions include rules of thumb, past experience, standard
population models, experimentation, trial and error, and pure
guess (Lackey 1974). Each has a place in fisheries management,
but the complexity of fisheries may reduce the relinbility of
such predictions to unacceptable levels. Therefore, fisheries
agencies may be inconsistent in their ability to choose the best

decision alternatives.

Recognition of the problem of choosing among decision
alternatives prompted the Division of Federal Aid, Fish and Wildlife
Service, United States Department of the Interior, to sponsor
a research project at Virginia Polytechnic Institute and State
University. The objective of the research was to develop a
methodology for predicting the consequences of fisheries management
agency activities and expenditures on angler use of fisheries
(angler~days). PISCES, a computer simulator, was developed in
partial fulfillment of the project objective. The purpose of
PISCES is to aid in planning fisheries management decision policies
at the macro-level in state agencies.
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Regulating Angling Use

Angling use is one of the major interactions of man with
aquatic biota and habitat (Fig. 1); and thus, angling use should
be a major concern of management agencies, Consumption trends
of recreational fisheries are generally ocut of control (McFadden
1968). Functionally, consumption trends are nearly always viewed
as phenomena extrinsic te fisheries management, but they are
only partially extrinsic. Virtually all agency programs and
activities have an effect on the location and intensity of angler
consumption. Land acquisition, dam construction, pollution control,
fish stocking, and access development are common examples.

Planning in fisheries management is largely involved with
forecasting the demand and providing an adequate supply of future
angling opportunities. Producing or maintaining the necessary
supply of angling opportunities may be difficult. All agencies
have political, technical, and biological constraints, and limited
financial resources. Angling demand. threatens fo exceed managers'
ability to supply angling opportunities of the desired quality.

Management policies are usually designed to respond to angling
use trends, but rarely to shape them. If fisheries management
policies were designed to regulate angling use, greater sociletal
benefits might be achicved from the fisheries resource, Regulation
of angling use could be achieved by limiting licenses, but such
a tactic is not politically or culturally acceptable in most cases.
A less dictatorial approach based on the relationships between
individual management activities and angling use might also be
effective.

Present day angling regulations, information distribution,
and education programs address human components in fisheries
management, but such efforts alone cannot be relied upon to direct
angling use in a desirable direction. One or two actions in a
complex management system are probably inadequate to achieve the
desired change. For example, while information and education
efforts are working to direct angler consumption along a particular
course, other agency activities may be working subtly against that
course, Multiple actions, each moving in the same direction with
correct timing and proper force, are needed to regulate angling
use successfully.
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Operations Research

Operations research can be used effectively to identify
optimal decision policies for complex systems., The performance
of a policy is evaluated through a mathematical model representing
the system under study. The effectiveness of operations research
techniques for evaluating complex systems in many disciplines was
well established in the past several decades. Impressive progress
in operations research was due, largely, to the parallel development
of the digital computer. Computer calculating speed and information
storage capacity have enabled workers to address the large-scale
computational problems typical of operations research. The current
wide application of operations research techniques in industry,
the military, and government serves to emphasize their effectiveness
(Schmidt and Taylor 1970).

Operations research is identified primarily with use of
mathematical models which can be divided into two categories:
mathematical programming and simulation. A mathematical programming
model is a set of symbols which represents the decision variables
of a system (Taha 1971). The solution to most mathematical
programming models defines the values of decision variables which
maximize or minimize a given objective function.

4 simuiation model 1s a digital representati W
the behavior of a system. Statistics describing measures of change
in the state of the system are accumulated as the simulator advances
(Taha 1971). The performance of alternative decision policies is
evaluated based on their effect upon system statistics.

pro. wlemd Aln drad b
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The complexity of natural resource systems (il.e., fisheries)
makes operatioms research techniques potentially useful for formulating
and evaluating management policles. MAST is one example of a
mathematical programming model developed for wildlife management
(Lobdell 1972). In MAST, linear programming techniques are used
to define optimal budget allocation for two common managerial
objectives: (1) minimize management cost, subject to production
requirements; and (2) maximize the value of management, subject to
capital constraint.

The deer hunter participation simulator (DEPHAS) developed by
Bell and Thompson (1973) is an example of a computer simulator for
predicting outputs resulting from state wildlife agency activities.
DEPHAS is designed to allow state wildlife administrators to
analyze interaction between input and output of their proposed
management policies., Many other examples of operations research
models for use in natural resources management are given by Titlow
and Lackey (1974), Mills (1974), and Bare (1971).
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Qperations research, in general, and computar simulation, in
particular, were chosen to fulfill the objective of this study

because:

(1)

(2)

(3)

(4)

(3)

{(6)

Operations research forces formal problem definition,
and formulating the exset problew under review is a
step toward the solutien,

Operationg research wmethods include ways of structuring
and measuring uncertainty which erhance declsion-making.

A computer simulator allows experimentatiocn with various
decision alternatiwves without endangering the resource.

Simulation models are more flexible than mathematical
programeing models, and hence, may be used more easily
to rvepresent a system as zomplex as a fishery.

Simulation wathods can be applied in systems, such as
fisheries, where much information ig lacking or incomplete,

Onca constructed, a2 marhematical programming model
optimizes a aysten for a single set of gbjectives and
custralnis, but a simulator can he used o evaluate

the system using dififerent objectives.






PROCEDURES

Tennessee's state fisheries management system was used as a
case study for simulator development. Tennessee Wildlife Resources
Agency literature, planning reports, and budget allocation records
were analyzed to gain an understanding of the management system.
Personal communication with Agency personnel was an integral part
of the study.

A simulator, PISCES, was developed in four phases: (1) system
components were identified; (2) important interactions between the
couponents were ldentified; (3) mechanisms for the interactions
were quantified; and (4) components and interactions were arranged
in a logical order.

General Description of PISCES

In its present form, PISCES is a model of the inland fisheries
management system of Tennessee, but it can be modified for use in
any state. Decisions which constitute the fisheries agency's
management policy for a fiscal year are treated as input. Simulator
output includes a prediction of the number of angler-days (man-days
of angling) which will occur within the year and predictions of how

resource consumptlion (measured in angler-days) will be affected by

the management policy.

Management activities may produce angler-days, cause angler-
days to decrease, or cause angler-days to be displaced from one
location to another. One example of an agency activity which
produces angler-days is stocking catchable trout. A decrease in
angler-days may result from decisions such as increasing the license
fee. Access area development is an example of an activity which
causes angler—-days to be displaced from one locationm to ancther.

Angler-days are classified by their physical location (i.e.,
management area) and fisheries type (Fig. 2). Fisheries types
considered in PISCES are typical of many states: (1) warmwater
.streams; (2) marginal trout streams; (3) natural trout streams;
(4) ponds and small lakes; and (5) reservoirs and large lakes.

In the simulator output, an angler-day in one part of the state
can be distinguished from one in another part, and an angler-day
on a natural trout stream can be distinguished from one on a
reservoir. ' :
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In planning, evaluations of management policles should be
based on their performance toward reaching objectives and their
cost of implementation, Angler—day predictions from PISCES are
designed to serve as performance measures for fisheries management
policies, and the cost of implementing the policies can be ascertained
from simulator input., The planning sequence. recommended for identify-
ing the best management policy with PISCES is similar to other modes
of decision analysis (Fig. 3).

PISCES was developed and tested on an IBM/370 computer., The
pregram is written in FORTRAN IV, has an execution and compilation
time of less than 5 min on a level "G" FORTRAN compiler, and requires
120 K bytes of storage.

Components of Angler-day Prediction

The major components of predictions of the number of angler-days
which will occur in the planning year are: (1) estimates of the
number of angler-days which occurred in the previous year; (2) the
projected trend in angling popularity in the state; and (3) the
change in angler-days resulting from the proposed management policy.
The first two components are part of the input and the third is
calculated by the simulator. All three components are added to
obtain the final prediction. '

Angler~day Estimates from Previous Year

Estimates of the number of angler—-days which occurred in the
year previous to the planning year must be provided as input.
Angler-days realized on each fisheries type in all management
areas must be estimated. Methods suitable for making the estimates
include making surveys, extrapolating from existing data, direct
counting, and random sampling. The method used should be the one
which will obtain the most accurate estimates at a cost which the
agency can afford.

Popularity Trends

Many factors extrinsic to fisheries management, such as human
population growth, influence resource consumption. The sum of many
extrinsic factors may be expressed as a popularity trend, data which
most state fisherles agencies possess. High, low, and most probable
estimates of the statewide change in popularity for each fishery
are part of simulator input,
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Change in Angler~days Resulting from Management

The largest part of PISCES is coded to calculate changes in
sngler~days resulting from management policy decisions. Knowledge
of how management declsloms affect resource consumption should give
agency planners insight into which decisions are bﬁst for achieving
their management objectives.

Mathematical Techniques

Fisheries management systems contain many complex variables
which are poorly understood. Some of these variables, such as
weather, appear to act randomly from year to vear. In years with
good weather, more anglers take to the field than in years with
poor weather. Thus, the accuracy of prediciions of the number of
angler~days in a year depends, in part, upon the weather. It is
difficult to obtain accurate predictions under such uncertain
conditions, but management decisions must be made, regardless.
Two techniques which can be applied to account for random variation
in making predictions are the use of statistics and Monte Carlo
simulation. PISCES is designed to use both techniques.

Statistics

Present—day statistics may be defined as decision-making under
uncertainty. A range or pattern of possible values of a random
variable can be determined based on past experience or experimental
data (Hicks 1964). A measure of uncertainty asscciated with a given
prediction can be calculated and the visks ascertained fer each
management decision.

Many of the random variables in a fisheriee¢ management system
describe events which have never occurred in the past or for which
very little or no data exist. Traditional statistical techniques
for assigning objective probability distributions cannot be applied
to such variables. PISCES uses a technique of subjective probability
assignment developed by Lemb (1967) and modified by Clark and
Lackey (1975). It is a method of fitting Weibull probability
functions by utilizing best available subjective and objective
information about wvariables. Low, most probable, and high estimates
of the variables are used to develop the Weibull probablllty
distributions (Appendix A).
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Monte Carlo Simulation

Monte Carlo simulation is the process of producing frequency
distributions for simulator outputs. One iteration of a simulator
produces one set of output values, but iterating a number of times
in a simulator contalning random variables produces frequency '
distributions on the output variables.

Output for PISCES contains predictions of angler-day change.
Producing frequency distributions for these predicticns allows
calculation of an expected value (mean) and standard deviation for
each. Expected values are considered as the actual predictions
and standard deviations are considered as a measure of risk
associated with basing decisions on the predictions. A measure
of risk in decision-making is an important statistic, For example,
two different decision alternatives may produce the same predicted
result, but the result may be much more certain for one alternative
than for the other. If the costs of implementing each of the two
alternatives are equal, then the alternative with the lesser
risk is the better choice.

- PISCES employs 50 iterations to produce an expected value
and standard deviation for each prediction.



PROGRAM SEGMENTS

The activities of inland fisheries management agencies in most
states can be encompassed in the following categories: (1) trout
hatcheries; (2) access area development; (3) information and
education; (4) land acquisition; (5) regulations; (6) research;

(7) warmwater hatcheries; (8) pollution control; and (9) water
development. Each category influences angling use and is considered
in PISCES (Fig. 4).

Many factors influencing angling use are totally or partially
independent of fisheries agencies. PISCES directly accounts for
several of these factors such as reservoir construction, federal
trout stocking programs, and popularity trends. Other independent
factors, such as weather, are not directly addressed in the simulator,
but are considered the cause of the random variation im the
probability distributions.

Main Program and Subroutine TALLY

The main program has two functions: the subprograms are called
in their proper order; and projected popularity trend changes are
assigned to the appropriate fisheries type. The three components
{L.e., last year's estimate, popularity irend projection, and change
resulting from management policy) of the angler-day prediction are
accumulated by subroutine TALLY.

Subroutines INPUT, ENVIRO, and OUTPUT

The purpose of subroutines INPUT and ENVIRO is to read the
simulator input (Fig. 4). INPUT reads values describing the
management policy for the year such as budget expenditures,
locations of new access areas, and regulation changes. ENVIRO reads
values which characterize the state fisheries management system such
as costs of different management activities, inflation rate,
regression coefficients, and high, low, and most probable estimates
for Weibull distributions. Once the data for ENVIRO are obtained,
they become a semi-permanent part of the simulator and need only
slight maintenance in accordance to feedback. A complete list of
gimulator input in proper order and format is in source deck list
of PISCES {(Appendix G).

Subroutine OUTPUT instructs the computer to prlnt the
simulator output in an appropriate format.

15«
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Computing Instructions

_ Six subroutines which serve as computer instructions

for calculating angler-day changes are HATCH, ACCESS, INED,
RESEAR, REGULA, and WATER. FEach subroutine calculates the
increment of angler-day change expected from their respective
management activities and ocutputs the result (Fig. 4).
Subroutine HATCH contains instructions for calculating the
change in angler-days resulting from catchable trout program;
subroutine ACCESS from the access area development program;
subroutine INED from the information and education program;
subroutine RESEAR from the research program; and subroutine
REGULA from regulation change. Subroutine WATER accounts for
management activities (i.e., pollution abatement and land
acquisition) and other activities (i.e., posting by landowners
and reservoir construction) which cause changes in the amount
of water available for angling. The sum of the increments of
angler-day change calculated by these subprograms is the third
component of the angler-day prediction.

Subroutine DRAW

A management activity, such as providing a new access area
to a3 regerveir, usually Increases the number of angler—~days on
the reservolr. Many of the increased angler~days are newly
generated, but many may be redirected to the reservoir from
nearby fisheries. Subroutine DRAW uses subjective probability to
calculate the number and source of redirected angler-days.

Distance between fisheries and similarity in fisheries types
are two factors in DRAW which are considered to influence angler-day
displacement. Displacement is assumed to be significant only
between adjacent management areas, and more angler—-days are assumed
displaced between fisheries types which are similar (i.e.,
reservoirs and ponds) than between those which are not similar
(i.e., reservoirs and natural trout streams).

Mathematical Subroutines

PISCES contains five subroutines which describe mathematical
relationships throughout the program: (1) subroutine WEIBHL calculates
parameters for a Weibull distribution given high, low, and most
probable estimates of a variable; (2) subroutine RANDU generates
uniformly distributed random variables; (3) subroutine RANDOM contains
a Weibull process gemerator; (4) subroutine MODEX defines a modified
exponential relationship between a given management activity and
angler—days; and (5) subroutine STAT calculates the mean and standard
deviation for the output distributions.
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Subroutine RANDU was developed by International Business
Machines Corporation. The mathematical development of subroutines
WEIBUL, RANDOM, and MODEX is given in Appendices A, B, and C,
respectively. Results of sensitivity experiments on the important
variables in subroutine MODEX are given in Appendix D.



HYPOTHETICAL APPLICATION 1IN
TENNESSEE

Utilization of PISCES will be illustrated by a hypothetical
application in Tennessee. Input data for the application are
realistic hypothetical values derived from historical data provided
by the Tennessee Wildlife Resources Agency (hereafter called "Agency').
A complete list of input values used for the application is given
in Appendix F.

Definition of Varisbles

The first step in applying PISCES is to define the following
variables: (1) management areas; (2) fisheries types; (3) water
closed to fishing; (4) angler-days; (5) developed and undeveloped
access areas; (6) trout hatcheries; (7) research activities; and
(8) information and education activities. Definitions of wvariables
are only restricted to what seems reasonable for a particular state.

Tennessee is divided into four management regions by the Agency.
Each reglon is divided into three management areas. The areas were
numbered 1 through 12 for the application (Fig. 5). Fisheries types
were defined as follows: (1) warmwater streams include streams too
waxrm for trout stocking; (2) marginal trout streams include streams
stocked with trout; (3) natural trout streams include streams not
stocked with trout but which support reproducing trout populations;
(4) ponds and small lakes include all manmade impoundments (except
Tennessee Valley Authority and United States Army Corps of Engineers
reservoirs) and natural lakes under 1,000 acres; and (5) reserveirs
and large lakes include Tennessee Valley Authority and United States
Army Corps of Engineers reservoirs (including those under 1,000 acres)
and natural lakes over 1,000 acres.

The types of water closed to fishing were defined as: (1) polluted
water where fishkills recently occurred; (2) continuously polluted
water in which fish are few or nonexistent; (3) water posted by private
landowners; (4) water inundated by reservoirs or ponds; and (5) streams
severely damaged by channelization.

Angler-days were defined as any part of a day a person spends
fishing.

A developed access area consists of a parking lot, boat ramp,
access road, and picnic area in a single location. An undeveloped
access area 1s either a parking lot, boat ramp, access road, or a

‘combination of two or three of these facilities.

«lQ.
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The Agency operates four trout hatcheries, Erwin, Flintville,
Tellico, and Buffalo Springs, 1In the BUDGET and COST arrays in
PISCES, these hatcheries correspond to array members 1 through 4,
respectively, -

Research activities were defined as all research projects
conducted in the planning year and the stocking of exotic warmwater
fish species (i.e., striped bass and muskellunge).

Information and education activities were defined as popular
publications and brochures, talks given by persomnel, advertisements,
and news releases.

Definition of Objectives

Most fisheries management agencies have objectives such as
"to protect and reclaim fisheries habitats" or "to provide the
best possible angling." PISCES requires definition of objectives
pertaining to angler use which is consistent with other agency
objectives, In the hypothetical application, the objective is
"to reduce angler-days on trout streams." A constraint in achieving
the objective is "the number of catchable trout stocked cannot be
reduced."” Other objectives which can be used in PISCES are discussed
under OBJECTIVES FOR FISHERIES MANAGEMENT .

Background Data

Background data needed for PISCES include estimates of angler-days
occurring in the previous year, estimates of random variables, and
other information characterizing Tennessee. A list of background
data used for the hypothetical application is given in Appendix F.

Estimates of angler-days occurring in the previous year were
extrapolated from angling demand inventories taken in 1979 by the
Tennessee Wildlife Resources Agency. High, low, and most probable
estimates of random variables are hypothetical. Data classified as
information characterizing Tennessee were taken from Tennessee Figh
and Game Commission (1970a, 1970b, 1971a, 1971b) surveys.

Management Policy

A detailed list of decisions constituting the management policy
for the hypothetical application is given in Appendix F. The policy
was formulated by testing several alternative decision schemes in the
planning system (Fig. 3) recommended for PISCES.
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The following is a summary of the decisions which allowed
satisfactory achievement of the objective of reducing angler—days
on trout streams: (1) no access areas were developed on trout
streams; (2) information and education and resesrch efforts were
increased on warmwater streams while decreased to minimal levels on
trout streams; {3) catchable trout stocking was maintained at
levels nearly equivalent to those of the previous year to satisfy
the constraint; and (4) the trout season was closed in November,
December, January, February, and March.

Tables 1 through 18 show the angler-~day predictions for the
chosen policy as given in the output of PISCES using input values
summarized in Appendix ¥. The important events which occurred in the.
application year and resulted in a change in angler~days are:

(1) A public pond was constructed in management area 2
(Table 6). As a result, access areas were developed
(Table 4) and substantial information and -education
efforts were allocated (Table 8) to area 2 on pond and small
lake fisheries.

(2) The Tennessee Valley Authority opened a new reservolr to
angling on the border of management areas 6 and 7 (Table 6).
Consequently, access areas were developed (Table 4) and
information and education efforts were allocated (Table 8)
to areas 6 and 7 on reservoir and large lake fisheries.

{(3) The new pond and reservoir inundated warmwater streams in
areas 2, 6, and 7 and marginal trout streams in area 7
{Table 6).

(4) The tailwaters of the new reservoir increased the acreage
of marginal trout streams in area 6 (Table 6).

(5) Varmwater streams in area 4, marginal trout streams in
areas 8 and 11, ponds and small lakes in areas 4 and 9,
and reservolrs and large lakes in area 10 were lost to
Tennessee's fisheries system (Table 6).
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OBJECTIVES FOR FISHERIES
MANAGEMENT

A reasonable objective for a state fisheries management agency
is to maximize total angling benefits derived from the state's
recreational fisheries within the limits of its fixed budget. Total
angling benefits are a function of a number of factors, but the most
significant and encompassing factors are quantity and quality of
angler-days. That is,

TOTAL ANGLING BENEFITS = QUANTITY OF QUALITY PER
E £ iiANGLER“DAYS, ANGLER-DAY ....

Maximizing angling benefits in an operations research model
requires definition of the above function and precise measurement
of quantity and quality of angler-days. Unfortunately, no totally
acceptable definition of the exact functional relationship or method
for measuring the quality aspect of angler-days has been developed.
Research efforts should be directed toward developing acceptable
formulas and methods, but managers cannot stop and wait for the
answers, One immediate solution for management would be to use
other, more quantifiable objectives to approximate maximizing
angling henefits. Two such objectives are maximizing the quantity
of angler-days and minimizing crowding of occurring angler-days.

It is desirable that a functional relationship, however
imprecise, between quantity and quality of angler-days be defined.
Many natural resource managers accept the premise that crowding
reduces the quality of an cutdoor experience (Stankey 1973, Moeller
and Engelken 1972, Shafer and Moeller 1971, and Lime and Stankey
1971). If the premise is correct, crowding or quantity of angler-
days occurring simultaneously in a fishery has some form of inverse
relationship with quality. Thus, the quality of each individual
angler~day would decrease as the quantity of angler-days increases
(Fig. 6),.

If the relationship in Fig. 6 is correct, two general shapes
for the curve relating total derived angling benefits and the
number of angler-days sustained in a fishery in a given time period
are possible (Fig. 7). Which relationship, I or II, is true depends
upon the slope of the curve in Fig. 6. Present inability to measure
the quality aspect of angler-days prevents exact determination of the
slope, so the true relationship between total benefits and number
of angler~days cannot be specified.
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Figure 6. General relationship between number of angler~-days

sustained 1n a fishery and t

he quality per angler-day,
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TOTAL ANGLING BENEFITS

NUMBER OF ANGLER-DAYS

Figure 7. Two possible relationships between total angling
benefits derived and number of angler-days sustained in a
fishery in a given time period.
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Maximizing Angler—-days |

Maximizing the number of angler-days has one particularly
important advantage as an objective: the performance of management
pelicies is relatively easy to measure and evaluate., Intuitively,
maximizing the number of angler-days appears to approximate
maximizing total angling benefits, but close inspection reveals
that maximizing the number of angler~days has undesirable ramifications.
First, if the true relationship between total benefits and number of
angler—-days follows curve II in Fig. 7, maximizing angler-—days
may produce angler—day numbers greater than the number corresponding
to maximum benefits. Second, the relationship between quality per
angler-day and number of angler-days (Fig. 6) shows that maximizing
the number of angler—-days is equivalent to minimizing the quality
per angler-day. And finally, maximizing the number of angler-days
may accelerate deterioration of fisheries resources through excessive
use.

Minimizing Crowding ‘.

Minimizing crowding consists of dispersing existing resource
use as evenly as possible among fisheries in a state or in proportion
to the avallable tvescurce in a particular part of a state, If the
inverse relationship between quantity and quality of angler-days
(Fig. 6) is accepted, then by minimizing crowding of a specific
number of angler-days (i.e., the number expected to occur in a

planning year), the quality per individual angler-day is maximized.

Maximizing qﬁality per angler-day of a number of angler-days,
say X, is equivalent to maximizing the total angling quality derived
from the X angler—days. Total angling qualityis defined as:

TOTAL ANGLING QUALITY _ | uaLtry PER
FOR X ANGLER-DAYS = Ex ANGLER“DAYS} [ANGLER@AY]

If the quantity of angler-days and the quality per angler-day
are accepted as major components of total angling benefits,
it seems reasonable to assume that total angling quality approximates
total angling benefits. Thus, minimizing crowding approximates
maximizing total angling benefits for a given number of angler-days.
That is,

MAX TOTAL ANGLING BENEFITS MAX TOTAL ANGLING QUALITY
FOR X ANGLER~DAYS FOR % ANGLER-DAYS
MAX TOTAL ANGLING = MAX QUALITY PER

QUALITY FOR X ANGLER-DAYS ANGLER~DAY

MAX QUALITY PER MIN CROWDING OF THE

ANGLER~-DAY X ANGLER-DAY
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As an objective, minimizing crowding is not without complexities,
For example, one fishery may accrue more benefits per angler~day than
another fishery, regardless of crowding. Thus, if angler-days are
displaced from the former to the latter fishery, total benefits may
be reduced. Despite such difficulties, minimizing crowding warrants
serious consideration as an objective for fisheries management agencies
for two reasoms: (1) it is a quantifiable objective dealing with
the human component of management; and (2) it approximates maximization
of angling benefits.







EVALUATION OF SIMULATOR UTILITY

The utility of PISCES was evaluated by test runs using hypothetical
data and discussion with fisheries agency personnel, but evaluations should
only be considered preliminary. The best method for thoroughly evaluating
the utility of PISCES is an application study where actual management
problems can be addressed.

Test runs under realistic, hypothetical situations show that PISCES
may help fisheries agenciles in several ways. First, PISCES should improve
budget allocation decisions. Many of the decisions which constitute
the total state management policy (input for PISCES) are budgetary in
nature, and most others can be traced to a budgetary base. PISCES allows
experimenting with alternative allocation policies, and thereby, identifies
the best policy. :

Second, PISCES can be used to formulate multiple-action decision
policies for regulating rescurce consumpiion, Fisheries resource con-
sumption might be manipulated in amounts significant enough to achieve
ocbjectives, such as minimizing crowding.

Third, regiomal fisheries development (i.e., construction of ponds
or stocking fish) may be enhanced through use of PISCES. Angler use
predictions may clarify how fisheries development in one area affects
resource consumption in other areas. This information can be used in
deciding where to locate access areas and state ponds.

A meeting was held with personnel from the Fish Division and Planning
Section of the Agency to discuss PISCES. Some skepticism was expressed
concerning the effectiveness of the use of PISCES in predicting and regu-
lating trends in angler use. Fish Division personnel doubted that the
Agency significantly influenced angling use. Aside from these criticisms,
Planning Section personnel were very receptive to PISCES. Evaluations
concerning simulator utility are inconclusive and concrete results can
only be obtained through further investigation.
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VALIDATION OF PISCES

Validity 18 a vague term which can be defined in many ways.
Mills (1974) discussed different types of validity, and accepted
the general definition that validity is a measure of the extent
to which a model satisfies its design objectives. PISCES is
designed as a pragmatic approach for predicting the effect of
fisheries management upon angler use. Therefore, the validity
of PISCES should be judged by its predictions.

PISCES simulates a system where actual data are very limited,
8o validation through statistical tests of fit to real data is not
practical. One method of evaluating the predictions is through
application. A feedback loop can be created (Fig. 8) which would
evaluate the predictions by comparing them with estimates of
angler~days formulated as the planning year progresses (i.e.,
estimates of the values which were predicted). A consistent bias
between predictions and estimates would be a favorable comparison
and would validate PISCES. A bias which is inconsistent would
indicate input values were faulty or PISCES is invalid.
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APPLY PISCES

TO PREDICT ESTIMATE
NUMBER OF ANGLER-DAYS
»| ANGLER -DAYS |f——m OCCURRING
WHICH WiLL AS YEAR
OCCUR IN PROGRESSES
NEXT YEAR ' i
AT END
OF YEAR
COMPARE
ESTIMATE
USE ANGLER-DAY WITH
ESTIMATE PREDICTION
AS PART OF |
INPUT FOR i
NEXT YEAR'S PISCES
APPLICATION [+ | 1S YES ARE THEY
VALID “ CONSISTENT ?
T [
CORRECT
FAULTY INPUT | vES ARE INPUTS PISCES
VALUES FAULTY? [T IS NOT
WORKING
iwo
MODIEY OR PISCES
ABANDON fetbrmree IS
PISCES INVALID

Figure 8. TFeedback loop which will show if simulator predictions
are accurate or show 1f simulator structure is invalid.




DISCUSSTOHN

Some filsherles management actlvities have clearer relationghips
with angler use than others, and the clarity is usually reflected
by the amount of historical data availsble upcn which to base the
relationship, Adequate historical data exist to derive the relation-
ships between angler-days and access development, water development,
regulation changes, and catchable trout stocking, so these relation-
ships are probably the most relisble inm PISCES. Little historical
data exist to assess the effects of research and information and
education activities upon the number of angler—days.. Therefore, the
segments of PISCES accounting for research and infermation and
education are probably the least rveliable parts of the model.

PISCES can be improved before it is utilized in decision
analysis. First, the efficiency of the computer program could
be improved. PISCES ig functional, but computer time and storage
space might be saved by altering the program. Second, sensitivity
analysis of input variables would provide important information to
future users of PISCES. And finally, an application study would
reveal any unforeseen problems which might arise in using PISCES.

If PISCES is never used to formulate management decision
pelicies, it is hoped that some of the modeiing techniques emploved
~will prove useful in future efforts to medel natural resource systems,
For example, the technique of subjective probability assignment
used in PISCES has potential for improving decision analysis 1n
resource management {Clark and Lackey 1975). Modeling natural
resource systems is often hampered for two reasoms: (1) system
data may be incomplete and (2) experimental analysis of systenm
variables may be impractical. Subjective probability assignment
helps overcome these two problems by utilizing the best information
about the gystem.

Operations research models, such as PISCES, can be powerful
fisheries management tools, but management expertise must include
modeling skills in order to use them effectively. While understanding
how to use a particular model is fairly simple, obtaining the best
results with it usually requires a degree of skill. Some models may
be "one man dogs" with regard to producing desirable results, and
the man such a model "obeys" is usually its creator. Our conclusion
is that operations research models can be utilized to best advantage
in fisheries management only if the manager and model builder are
the same person.
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APPENDIX A

MATHEMATICAL DEVELOPMENT OF SIUBROUTINE WEIRIL
[See Lamb (1967) and Clark and Lackey (1975)

for greater detail.]
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Let:
X = random varlable
p(X) = probability density function for X
X3 = mode of the probability density function
Xy = lower estimate of X
P, = probability that X is less than Xl
X2 = high estimate of X
PZ = probability that X is greater than X,
The above estimates deséribe properties of the probability

distribution for X and form the basis for the following constraints:

d(p(X))
ax
X
Pl = IO p(X)dx
P, = [ p(X)dX
_2 X
2

H]
o

(1)
Xg

(2)

(3)

Theoretically, there are an infinite number of probability density
functions which would satisfy the above constraints. Since the true
distribution form is not known, the Weibull distribution was assumed
for convenience and for its versatility. The Weibull distribution
takes on a wide variety of shapes, skews left and right, and is
relatively easily solved mathematically.

The three-parameter Weibull probability denmsity function can be
written in the form:

where,

and,

p(X) = B (x-k)m-l

m = shape parameter

-
i

scale parameter

constant

=~
]

exp [-EHH™] )
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The objective is to determine the values for m, K, and L
which satisfy equations (1), (2), and (3). First, it 1is convenient
to determine the cumulative and complementary cumulative
functions for the Welbull density function. The cumulative
function is defined as:

FLY)

J'g'p(x)dx

1 - exp {~(X—;§>m] (5)

The complementary cumulative is:

L}

R(X') =1 - F(X")

exp [-EE)™ 6

Applying the modal constraint in equation (1) to the Weibull
density function in equation (4):
- om,1/m
2D
Equation (7) gives the scale parameter, L, in terms of the shape
parameter, m, the constant, K, and the modal value, XO.

(X5-K) _ ()

Because the complementary cumulative.function reptesents the
probability that X is greater than X', equations (2) and (3) can
be substituted into the expression for R(X') to obtain:

1Py = exp [-(ED) (™) ®
P, = exp [-@L &2 Kym | )
m XO“K

The results are two equations with two unknowns, m and K. However,
these equations cannot be solved directly for these two parameters,
An iterative scheme was employed to solve for m and K,

Selecting an initial value of m, equation (8) is solved for
Kl’ That is:

tn(iop.y - M-l X1-K1.m
ln(}- P}_) (_ﬁ;—) (Xa‘:”ﬁ'i*) 1

or,

XKoo,
= 21) 1
Xy-K, [}mlul (mln(l—Pl)ﬂ fmy
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Let A equal the right side of the equation to arrive at:

X1~XpA
Ry = g

Substituting K. and m, into equation (9), the value of the
complementary &umulative function, call it Pé, can be calculated.
The process is repeated for another value of m, say m,, and a value
P} is obtained. Unless by chance the correct value of m was
sélected, Pé and PE are different from P,. Define:

£ =%, - B
f2=P2—P2

The correct value of m is the one which makes f, equal zero.
The Newton-Raphson technique was employed to seiect progressively
improved values of m as in equation (10).

- mg-my_1
mgy =y - £ TF ) ' (10)

Iteration is continued until f; is essentially zero, In this
study, iteration was ceased when f,<0.00001.

The Weibull probabillity density function is nearly symmetric
(approximating the normal distribution) when the shape parameter, m,
is approximately 3.5. For greater values of m, the distribution
assumes a skewed shape "tailing" to the left, and for values less than
3.5, the distribution tails to the pright. It should be noted, uander
the assumption of an unimodal distribution, m must be greater than
unity, since the Weibull density is monotonically decreasing for
X>Kwhenm < 1. :



APPENDIX b

MATHEMATICAL DEVELOPMENT OF SUBROUTINE RANDOM
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The three-parameter Weibull probability density function can
be written as (Clark and Lackey 1975):

p(X) = B (-R)™ exp [- (X"K ]
Lm
where,
X > K
m> 0
and,

X = random variable
m = shape.parameter
L = scale parameter
K= constant

The cumulative distribution function is:
F(X') = f v(X)ﬁx =1 - exp [~ ( ) ]

To produce a process generator, set R = F(X'), where R is a uniformly
distributed random variable such that 0<R<l. Then:

R=1-exp [~ (——w—ﬁ | (L
Solve (1) for the random variable X'.
X' = K + L (-1n(1-R))1/m (2)

Since R and 1-R have the same uniform distribution, equation (2)
can be written as:

1/m

X' = K+ L (~1n(R)) (3)

Equation (3) can be used to generate Weibully distributed random
variables,



APPENDIX C

MATHEMATICAL DEVELOPMENT OF SUBROUTINE MODEX
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Subroutine MODEX defines modified exponential relationships
between!:

(I} X = information and education expenditures

Y = number of angler-days produced by information and
. education

(II) X = research expenditures
Y = number of angler-days produced by research
(III) X = pounds of catchable trout stocked

Y = number of angler-days produced by catchable trout
stocking

where X is the abscissa and Y is the ordimate (Fig. 9).

Relationshipg I and II were derived empirically. Relationship
111 was based on the findings of Butler and Borgeson (1965) and
showed that as catchable trout steocking increased, angling pressure
increased. Crowding effects, such as space limitations, make the
asymptote to relatiomship III seem reasonable.

The general form of the modified exponmential relationship is:

Y = K +ag ¥ (1)
a-< @
g <1
where,
X = absclssa ¥ = asymptote
Y = ofdinate o, B = parameters

Equation (1) describes relationships where the amount of change in
Y dgelines by a constant percentage as X increases (Fig. 10).
Rarameter o represents the distance between Y and K when X = 0.

Fa gpeter B is the ratio between successive increments of Y, A
complete discussion of the modified exponential relationship is given
by Croxton, Cowden, and Klein (1967).
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The asymptote, K, and the parameters, o and B, must be estimated
for each of the three relationships in Fig. 9 to solve equation (1).
K is estimated directly and is part of the input of PISCES. The
asymptotes for these relationships are difficult to determine, but
sensitivity experiments conducted during this study {Appendix D) show
that great changes in the value of X have little effect vpon the final
MODEX prediction. The parameter o is, by definition, equal to
negative K when the curve goes through the origin (Fig. 11).

In each of the three relationships, a value for X, say E,
is known from last year (e.g., last year's budgets for relationships
I and II and the pounds of trout stocked last year for relationship
III). An estimate of the Y value, call it P, can be given a Weibull

distribution as in Appendix A (Fig. 11). Then the following
relationship can be formed:

P=K +a8E _ (2)
Since 8 is the only unknown value it can be calculated as:

g = ({ERL1/E

Now that K, o, and B are known, this year's X value, say M, can be
applied to equation (3) to give this year's prediction.

Prediction = K +ug!t (3)
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P=K+aB"

K=ASYMPTOTE

P=LAST YEAR'S Y VALUE (WEIBULL DISTRIBUTION)
E=LAST YEAR'S X VALUE

a=PARAMETER |

B=PARAMETER

Figure 11. Form of modified exponential curve used in PISCES,
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SENSITIVITY EXPERIMENTS ON SUBROUTINE MODEX
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Control Curve

A control curve was constructed for semsitivity experiments
" on MODEX with the following variable values (see Appendix C, Fig. 11
for variable definitions).

K = 500,000
E = 75,000
P = 30,000 <> 40,000 <> 50,000

Where P varies from 30,000 to 50,000 with a most probable value
of 40,000. Three different values were given to M [Appendix C,
Equation (3)] in three different experimental runs. Table 19 gives
the results of the control runs. It should be noted (Table 19) that
in BRun 2 where M = E, the prediction is very close to the most probable
value of P (39,895 = 40,000).

Experiment 1

Experiment 1 was conducted to test the effect of varying the
width of Weibull probability distribution ranges for P upon the MODEX
prediction. The low and high values of the distribution for P were
varied, while other variables remained consistent with those of
control runs {Table 20).

Results of experiment 1 show two important characteristics of
MODEX: (1) the MODEX predictions are not sensitive to varilations
in range of Weibull distribution for P; (2) the standard deviations
assoclated with the predictions show that the ranges of the output
{prediction) distributions vary in width as the ranges of the P
distributions vary in width.

Experiment 2

Experiment 2 was conducted in two parts. Part A tests the
effect of varying the K value upon the MODEX predictions. Part B
tests the effect of varying the location of the Welbull probability
distribution for P.

Part A

The wvalue of K was varied, while other wvariables remained
consistent with those of control rums. Table 21 gives the results.

The results of Part A show that MODEX is not very sensitive to
variations in the K value. These results are important because of
the difficulty of precisely estimating K.
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Part B

The location of the Weibull distribution for P was varied by
changing the high, low, and most probable estimates. for P, The
values of all other variables remained consistent with those of
control runs. Table 22 gives the results.

Results of Part B indicate that the MODEX prediction is
sensitive to changes in location of the Weibull probability
distribution for P. :
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VARIABLE DEFINITICNS
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INPUT VARIABLES
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APPENDIX F

INPUT FOR HYPOTHETICAL APPLICATION
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Background Data

The following are background data for the hypothetical
application listed according to the formats required by PISCES
(APPENDIX G). Variable nasmes are in the right margin, and
variable definitions are given in APPENDIX E.
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Management Policy Decisions

The following list of data represents the management policy
decisions for the hypothetical application. Data are listed
according to the formats required by PISCES (APPENDIX G}, Variable
names are in right margin, and variable definitions are given in
APPENDIX E.
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APPENDIX 6

SOURCE DECK LISTING OF PISCES
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