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ABSTRACT

A conceptual model of the decision-making process in fisheries management is presented in
conjunction with applications of computer and systems analysis to this process. One of the
most _difficult problems to solve is selecting objectives to be used for management evaluation.
An objective function based on some or all of the components of yield, species, size desirability,
and environmental quality is needed. Systems analysis and computer technology in data pro-
cessing and simulation may be used in many situations to evaluate decision alternatives as an

aid in developing management strategies.

Dramatic technological advances in our so-
ciety in the last several decades have often
produced equally dramatic changes in natural
resource management. Resource managers
have witnessed the advent of modern com-
puters, the widespread adoption of manage-
ment science techniques, the development of
a dynamic social structure, as well as the myr-
iad psychological problems associated with
rapidly expanding technologies. But techno-
logical advances have also allowed the re-
source manager to deal more effectively with
some of the complexities of natural resource
systems.

Computer technology is one obvious exam-
ple of the rapid development in technology.
Modern computers can perform routine com-
putational tasks, but this blessing is mixed
with the uncompromising demand for sound
models in order for the information generated
to be meaningful. As processed data become
readily available to the decision-maker, more
demands are placed upon the individual to
make rational use of this increased infor-
mation.

Originally, most of the “computer-oriented”
individuals in resource management were as-
sociated with the management science and
operations research fields. Their concepts
have now spread to ecology and other sciences
to the point that sysitems analysis appears to

*Present address: Connecticut Department of En-
vironmental Protection, Marine Region, P.0. Box 89,
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be integral to many disciplines, particularly
management aspects of those disciplines (Watt
1966, 1968; Patten 1969). Optimization strat-
egies now appear regularly in the ecological
literature (Spivey 1973; Ahmed and Geor-
ganas 1973) and “planning” in resource man-
agement has been stressed as being of para-
mount importance (McFadden 1969; Uleck
1971, Gabriel 1970; Phenicie and Lyons
1973).

But through the years, recreational fisheries
management, as most of natural resources
management, has remained a relatively quali-
tative field. Statistical methods are common,
but many problem-solving tools such as linear
programming (Taha 1971), dynamic pro-
gramming (Bellman and Dreyfus 1962), and
decision analysis under risk and uncertainty
(Raiffa 1970; Halter and Dean 1971) are
neglected. Currently, the mnewly-graduated
fisheries manager is likely to be trained more
in data acquisition techniques than in sys-
tems management. Since management of fish-
eries systems is complex and does not readily
lend itself to dissection, managers tend to
rely solely on experience rather than attempt-
ing to formalize strategies. Furthermore, the
resource manager has historically been handi-
capped by staff commitments at such a low
level that exploration of non-crises situations
has been infeasible.

In a review of potential computer applica-
tions in fisheries science, it appears relevant
to include a discussion of the decision-making
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process and how computer analysis may aid
in this process. As such we will present a dia-
gramatic model of the decision-making pro-
cess in fisheries management as we perceive
it. At each step we will discuss the potential
use that computer and systems analysis may
have for the manager and what role this anal-
ysis may be in decision-making.

THE DECISION MODEL

Decision-making in recreational fisheries
management is a complex process, but we have
pared it to the bare essentials to facilitate
discussion. The conceptual model (illustrated
in Fig. 1) is not an original idea since it is
followed implicitly by most decision-makers,
but it is rarely formally defined. By defining
the process explicitly, we can discover the
areas in which we lack methods or information
and determine if computer science and/or
systems analysis can fill this gap.

Selecting Objectives—Step 1

The first question we as decision-makers
must ask is: What are the objectives? Many
objectives in recreational fisheries manage-
ment revolve around vague terms such as
maximizing recreational “benefit” or making
“best” use of the resource. These objectives
have a strong emotional appeal and are philo-
sophically valid, but they are too ambiguous
for developing meaningful management strat-
egies. Quantifiable objectives (even though
they might be subjective in origin) which are
defined at all levels of the organization, from
the local manager to the head, will inevitably
make our management more efficient.

Secondly, we must ask if the management
objective is achievable. If the “objective” is
merely a general direction, there may be no
way to evaluate the relative success of manage-
ment activities, other than by comparative
numbers of complaints (Lackey 1974). The
achievability of a management objective is
contingent upon its measurability; but, how
do we measure recreational “benefits”? His-
torically we have attempted to maximize yield,
primarily because it is easy to measure, but
in recreational fisheries such an objective ne-
glects other important aspects in the fishing
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F16URE 1.—Simplified decision-making model used to
trace representative decisions in fisheries manage-
ment.

experience, such as species and size prefer-
ences (McFadden 1969).

Then how can we select objectives? The
public should supply input by choosing pref-
erences within existing constraints. of the re-
source bio-sociceconomic system. Ranking
procedures have been employed on similar
problems to determine some public preferences
concerning a hunting resource (Lee 1973).
Such techniques involve ordinal scales of pref-
erence that quantify relative preference while
minimizing sampling bias (Churchman and
Ackoff 1954). Other indices of consumer be-
havior (utility) have been developed and/or
used by von Neumann and Morgenstern
(1947), Halter and Dean (1971), Stimson
(1969), Fishburn (1968), and Kennedy
(1970). Indices of human behavior allow the
decision-maker to maximize individual utility
rather than dollar income, total weight of fish
removed, or angler-days.
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In developing usable measures of manage-
ment objectives, some basic tenets must be
evaluated. Is maximum yield desirable? To
an angler, catching fish may be of secondary
importance. The quality of the surrounding
environment and of the aesthetic experience
may be more important (Moeller and Engel-
ken 1972). Therefore, our present research
needs include development of a management
benefit unit which will integrate some or all
of the components of yield, species and size
desirability, and environmental qualities into
a common denominator.

Selection and quantification of management
objectives is one of the most difficult prob-
lems facing recreational fisheries managers
and is by no means a simple task. We need
a specific objective toward which we can
work. Without one we are subject to random
wandering, are easily diverted, and our man-
agement lacks continuity.

Are Objectives Met—Fisheries Assessment—
Step 2

Initially there must be recognition that a
problem exists in a fishery (Fig. 1); indeed,
have our objectives been met? Sources for
problem recognition and identification tra-
ditionally have come from field surveys, re-
ceipt of complaints, and prior experience.
From these sources the “key” statistics must
be identified as indicators of system response
and then must be monitored. ’

If fishery output coincides with the manage-
ment objective, then management effort will
usually be allocated in other areas (Step 2-A).
If the objective is not being met, the manager
must decide how much money to spend in
order to alleviate the problem. In other words,
the manager must (within his fixed budget)
move the total program toward the objective.
Such problems have been addressed by Lob-
dell (1972) and Bell and Thompson (1973)
in the development of management systems
concerned with allocation of funds for a state
agency’s hunting resources.

One means of assessing a fishery in relation
to the objectives which is familiar to us all
is the creel census. An example of such a
census in which computer technology has
helped the process is that of the Virginia
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Commission of Game and Inland Fisheries
on state-owned lakes. The census system is
computerized for quick tabulation (Zuboy,
Lackey, Prosser, and Corning 1974). Using
such a system, potential problems may be
identified before they become insurmountable.
Identification of the key statistics requires
adequate financial support, i.e., the monitoring
system costs money, but it is necessary for
proper management of the fishery.

Survey Alternative Strategies—Step 3

What are the possible ways to meet manage-
ment objectives? This step involves identifica-
tion of the decision possibilities, i.e., the avail-
able alternatives. These can be enumerated
by relating past experience, discussion with
other managers, and a review of relevant lit-
erature. It-must be reiterated that in order
to systematically list the alternative decisions
a clear objective is needed. Without an ob-
jective, alternative strategies are meaningless.

Evaluation of Alternative Strategies—Step 4

Initial evaluation should eliminate those de-
cision alternatives which are technologically
infeasible. Many such alternatives can be dis-
carded immediately. For example, it may be
infeasible to establish selective harvest be-
tween two species because the available har-
vest methods cannot differentiate between the
two. Other alternatives that may be disre-
garded are those that will obviously exceed
a budgetary constraint.

The next step (whether identified implicitly
or not) in lowering the number of decision
alternatives is in using experience and the
literature. What has been the most common
procedure? Given similar problems, what was
done before? But, it is dangerous to accept
these decision alternatives in all cases be-
cause it causes perpetuation of the “conven-
tional wisdom” that may have caused the
problem. If we analyze alternatives obtained
from experience and choose them as the “best”
alternatives, then we have made a decision.
In essence, we must make a decision and if
we accept the status quo, it must be done be-
cause this is the best alternative.

Simple conceptual models may be used to
choose from remaining decision alternatives.
Such models do little more than force the
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decision-maker to organize the decision-mak-
ing process, but this in itself can be valuable.
With the advent of programmable calculators,
models can be applied to more complicated
decision problems, and alternatives may be
chosen using a Bayesian decision framework
(Halter and Dean 1971).

More complex analytical systems can be
developed to evaluate management (Saila and
Hess 1975; O’Heeron and Ellis 1975; Patten
1975). These methods employ mathematical
and computer models to evaluate the relative
success of decisions. Another example is the
CAtchable Trout Fishery Simulator (CATS)
(Hammond and Lackey 1975). CATS asks
the manager to provide inputs relevant to his
particular catchable trout fishery and to apply
the management decisions. The stocking and
fishery statistics are then computed and tab-
ulated for the user. Many computer models
are too expensive in time and money for most
managers, but time-sharing systems are avail-
able to the manager and these may be finan-
cially feasible for a management agency.
Time-sharing systems could bring the field
manager in contact with more complicated
analysis and the expense (in relation to the
costs of experimentation with the real system)
is small.

Other evaluation tools involve the large
scale problems associated with diverse re-
sources of a state agency. The agency must
allocate its funds to provide the public with
the amount and kind of desired recreational
experience within bio-socioeconomic  con-

straints (Lobdell 1972).
Are Objectives Reachable—Step 5

At this point the decision-making process

is usually re-evaluated. Are the objectives .

reasonable? Perhaps none of the alternative
decisions are capable of meeting the manage-
ment objectives. In this case the objectives
should be restructured. Program re-evalua-
tion is a continual process that is allied with
monitoring, as previously discussed.

If the alternatives produce unsatisfactory
results the process can revert back to step 1
to recycle through the model again. Perhaps,
no feasible solution exists and it would be bet-
ter to spend time and money on some other

activity. Perhaps, doing nothing is the best
alternative. Note that this is a positive action,
a decision, and very much different than the
passive action of not making a decision.

It is important to see where research may
fit into our conceptual model (Step 5-A).
Research may be used to develop or evaluate
a potential management solution. Basic re-
search is needed, but often fisheries research
is undertaken within a broader decision-
making framework. Management-oriented re-
search should be methodical and problem-
oriented (i.e., seeking answers to specific
questions). Such a viewpoint does not pre-
clude nondirected research, but it should be
identified as such. Basic research may be
found in management agencies but more often
in academic environments. A government
agency will often have to justify to the public
the expense of basic research in terms of its
objectives. If this cannot be done, basic re-
search will usually be left to academisa.

Implement the Best Strategy—Step 6

When the “best” strategy has been identi-
fied, it must be implemented, i.e., it must be
put into use on the fishery. For example,
creel limits may be set or a certain stocking
regime implemented. Decisions have been
made and the fishery will in part be a prod-
uct of those decisions, but the decision process
does not stop here. Ideally, the system must
be monitored to see if the management strat-
egy is effective and the entire decision-making
process must be continually re-evaluated. Ob-
jectives may change (i.e., people may change
their preferences for species) and the fishery
itself may be influenced by external factors
(subdivisions, road buildings, etc.).

CONCLUSIONS

The value of our decision-making model is
that it puts a complex process into a describ-
able system, so that areas of weakness may
be identified. The process is then broken
down into its solvable components. In our
view, the key point in this process is the first
step: formulating objectives. Many manage-
ment decisions fail because the first step is
not included.
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This model and the more complicated anal-
yses ‘mentioned previously are signs of the
evolution of fisheries management from de-
velopment of techniques to development of
strategies. Organizing the decision process
will lead to the advancement of recreational
fisheries management and fisheries science in
general.

LITERATURE CITED

Anrwmep, N. V., anp N, D. Grorcanas, 1973. Op-
timal control theory applied to a dynamic
aquatic ecosystem. J. Fish. Res, Board Can.
30(4) : 576-579.

Beri, E. F, anp E, F. THompson, 1973. Planning
resource allocation in state fish and game agen-
cies. Trans. North Am. Wildl. Conf. 38: 369-
377.

Berrman, R. E., anp S. E. Dreyrus. 1962, Applied
dynamic programming. Princeton Univ. Press,
Princeton, N. J. 361 pp.

CuurcHMAN, C. W., anp R. L. Ackorr. 1954. An
approximate measure of value. J. Oper. Res. Soc.
Am, 2: 172-187.

Fisusury, P. C. 1968. Utility theory. Manage. Sci.
14: 335-378.

GasrieL, W. J. 1970. An approach to problem
solving. AFRI Misc. Rep. No. 3. State Uni-
versity College of TForestry at Syracuse Uni-
versity. 11 pp.

Havter, A, N, anp G. W. Dran. 1971. Decisions
under uncertainty. South-western Publishing
Company, Chicago. 266 pp.

Hammonp, D. E,, anp Rosert T. LACKEY. 1975.
Application of computer simulation to catch-
able trout fisheries management. Mimeo.

Kennepy, J. J. 1970. A consumer analysis ap-
proach to recreational decisions: deer hunters as
a case study. Ph.D. Thesis. Va. Poly. Inst. and
State Univ. 182 pp.

Lackey, R. T. 1974. Priority research in fisheries
management, Wildl. Soc. Bull. 2(2): 63-66.
Lz, J. M. 1973. Citizen participation in wildlife
management decision-making: the squirrel hunt-
ing season as an example. M.S. Thesis. Va.

Poly. Inst. and State Univ. 164 pp.

LompeLL, C. H. 1972, MAST: A budget allocation
system for wildlife management. Ph.D. Thesis.
Va. Poly. Inst. and State Univ., 227 pp.

TRANS. AM. FISH. SOC,, 1975, NO. 3

McFappEN, J. T. 1969. Trends in freshwater sport
fisheries of North America. Trans. Am. Fish.
Soc. 98(1) : 136-150,

MoEgLLER, G. H., anp J. H. ENGELKEN. 1972, What
fishermen look for in a {fishing experience. J.
Wildl., Manage. 36: 1253-1257.

O’Heeron, M., anp D, Eris. 1975. A comprehen-
sive time series model for studying the effect of
reservoir management of fish populations. Trans.
Am, Fish, Soc. 104(3): 591-595.

Parren, B. C. 1969. Ecological systems analysis
and fisheries science. Trans. Am. Fish. Soc.
98(3) : 570-581.

1975. A total ecosystem model for a cove
in Lake Texoma Texas-Oklahoma. Trans. Am.,
Fish. Soc. 104(3): 596-619.

Puenicie, C. K., anp J. R. Lyons. 1973. Tactical
planning in fish and wildlife management and
research. U.S. Dept. Interior, Fish and Wildlife
Service, Bureau of Sport Fisheries and Wildlife,
Resource Publ. No. 123. 19 pp.

Rarrra, H. 1970. Decision analysis. Addison-
Wesley, Reading, Mass. 309 pp.

Saiwa, S. B., anp K. W. Hess. 1975, Some applica-
tions of optimal control theory to fisheries man-
agement. Trans. Am. Fish. Soc. 104(3): 620-
629,

Seivey, W, A. 1973. Optimization in complex man-
agement systems. Trans. Am, Fish. Soc. 102(2) :
492-499,

Stmson, D, H. 1969, Utility measurement in pub-
lic health decision making. Manage. Sci. 16(2) :
B17-B30.

Tana, H. 1971. Operations research: an intro-
duction. The MacMillan Co., New York. 703 pp.

Ureck, R, B. 1971. The challenge of recreation
planning: Methodology and factors to consider,
Pages 200-210 in W. T. Doolittle, ed. Recreation
symposium proceedings. U.S, Forest Service,
Washington, D. C.

voN Neumanw, J.,, anp O. MORGENSTERN. 1947.
Theory of games and economic behavior. John
Wiley & Sonms, Inc., New York. 641 pp.

Wart, K. E, F. 1966. Systems analysis in ecology.
Academic Press, New York. 276 pp.

. 1968. Ecology and resource management.
McGraw-Hill Book Co., New York. 450 pp.
Zusoy, J. R, R. T. Lackey, N. S. Prosser, anp R.

V. Cornine. 1974, Computerized creel census
systems for use in fisheries management. Proc.
Southeastern Assoc. Game and Fish Comm. 27:

570-574.




