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Introduction 

Problems of stock depletion, low incomes and overcapitalization 
of commercial fleets have been, and are still, evident in fisheries 
throughout the world [10j. The multiple and often poorly ex
pressed objectives of fishery management; the inflexibility, limited 
jurisdiction, and poor coordination of fishery management agen
cies; the lack of scientific information; allocation among user 
groups; interdisciplinary disputes over management strategies; 
the cost of enforcement; and multiple use conf/icts are common 
and persistent difficulties in fisheries management [1; 29j. 

While the assertion of coastal state property rights in marine 
fisheries creates the potential for more effective fisheries man
agement, the history of freshwater and near shore marine fisher
ies that have always been within territorial waters indicates that 
fisheries management as practised is not capable of realizing this 
potential. Extended jurisdiction itself, without the ability to plan 
and implement comprehensive, rational management schemes, 
will not effectively deal with the problems of the fishery. The 
fisheries management planning milieu is characterized by corn pet
ing interests, scarcity of information, and uncertainty. This paper 
lays out an approach to planning that will allow a management 
authority to take advantage of its right to control the fisheries as 
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the citizens' trustee. There are four facets of this approach; (a) 
public, interagency, and interdisciplinary participation in planning 
and evaluation; (b) the use of analytical multiple criteria decision 
making (MCDM) aids; (c) analysis of dynamic systems From a 
managerial point of view; and (d) the implementation of adaptive 
management with the aid of management system simulation. 

Interest Group Identification, Goals Identification and 
Alternative Plan Formulation for a "Typical" Commercial Fishery 

The interests involved in fisheries management planning might 
typically consist of professional biologists and economists from 
fisheries management agencies, commercial fishermen and their 
organizations, fish packers and processors, the government treas
ury, sports fishermen and their organizations, and politicians 
representing constituencies where fishing is an important activity. 
These groups are the source of much information, in the form of 
preferences and informed judgements, about the fishery. This 
kind of qualitative data may form the bulk of the information 
available for fisheries management planning; hence the motiva
tion for making the best use of this limited information ta provide 
an analytical foundation for rational choice. 

A participa tory management planning effort for this hypothet
ical fishery might turn up the following goals] for the fishery: 

A - Conserve preferred stocks (high market and/or recreational 
value). 

B - Reduce over-capitalization in the commercial fleet (control 
fishing effort and improve the efficiency of capital resource 
allocation). 

C - Improve fishermen's incomes. 

0- Maintain employment in commercial fishing and fish pack
ing and processing. 

E - Ensure a stable supply of fish for the packing and processing 
industry. 

F - Utilize coarse fish stocks (low market and/or recreational 
value). 

G - Increase recreational fishing opportunities. 

H - Reduce public management costs. 

ISee Il; 2; 7; 8; 9; 10; 12; 13; 16; 22; 23; 24; 26; 27; 28; 29; 331 for discussions 
of the wide-ranging goals of fisheries management. 

The formulation of alternative plans out of available strategies 2 is 
a somewhat messy business, since the strategies are not mutually 
exclusive - any or ail of them may be applied simultaneously. Var
ious agencies or groups have a tendency ta advocate certain com
binations of strategies no matter what the specific nature of the 
problem. Often, these groups will have strong opinions on what 
should be done before there is any comprehensive understanding 
of the objectives for the fishery. The following could be consi
dered as a representative range of such alternative proposais:j 

1	 Plan I: Fishing and gear restriction alternative. 
1 

The management agency with jurisdiction over the fishery is 

!	 likely ta be dominated by biologists whose chief concern will be 
with declining stocks and whose proposed solutions will concen
trate on defining and enforcing sorne sort of allowable catch to 
protect spawning stocks. Very likely the fishery will already have 
sorne gear and season regulations imposed on it. A typical exten
sion of this approach might consist of (i) commercial size limits 
for preferred stocks, (ii) closed seasons during spa wning, (iii) 
larger net mesh regulation, (iv) freeze on new entry to the com
mercial fishery. 

Plan II: Limited entry alternative. 

There willlikely be another agency, possibly at a different level of 
government, where economists have considerable influence. They 
will place emphasis on limited entry as a solution. A typical plan 
arising from this source might include (i) attrition of commercial 
fishermen and gear through retirement, (ii) imposition of a tax on 
commercial landings, (iii) an end to vessel and gear subsidies for 
commercial fishermen. 

Plan III: The user-pays alternative. 

There may be a third government agency, say the Treasury 
Department, whose concern is chiefly the high cast of fisheries 
management to the public. Its main thrust will probably be the 
user-pays theme. Consequently, its recommendations might be (i) 
set an angler licence fee, (ii) impose a substantial commercial 
licence fee, (iii) end subsidy programs, Uv) eut back on manage
ment and enforcement programs. 

Plan IV: The enhancement/subsidization alternative. 

The commercial fishermen will have strong views on manage
ment arising from their concern with maintaining and improving 

2See [5; 6; 8; 17; 321 for discussions of various strategies for commercial 
fisheries management. 
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their economic positIon and traditional values. They are very 
likely to feel that they have sorne sort of proprietary rights in the 
fishery and are likely to favour strategies that enhance this prop
erty and support their activities like (il enhancement of preferred 
stocks, (ii) a priee subsidy on coarse fish, (iii) vessel and gear sub
sidies, (iv) reduction of fishing effort through a voluntary "buy 
back" program financed by the government. 

Plan V: The enhancement/regulation alternative. 

The industrial lobby may also have its own views on how the 
fishery should be run. Its main concern will be in maintaining a 
steady supply of fish at a reasonable priee. Therefore, it might 
advocate (i) enhancement of preferred stocks, Oi) easing of gear 
restrictions, (iii) dropping season restrictions. 

Plan VI: The recreational alternative. 

Organized recreational fishermen will usually have radically dif
ferent proposaIs, perhaps favouring (il areas closed to commercial 
fishing, (ii) elimination of commercial fishing for sorne preferred 
stocks, (iii) subsidized coarse fish removaL (iv) reduction of the 
size of the commercial fishing fleet, (v) stocking exotic game 
species. 

This could be regarded as a fairly typical set of objectives, 
interest groups, and alternatives for a regional fisheries manage
ment plan. Work on specifie regional fisheries will, of course, 
reveal different sets of goals, interests, and alternatives. 

Multiple Criteria Decision Making (MCDM) Methods 

Interest in explicit analysis of multiple criteria decision situations 
was stimulated by dissatisfaction with conventional evaluation 
techniques such as benefit-cost analysis, which attempted to col
lapse ail considerations into a single, numerical indicator [18; 34]. 
ln the same vein, although not with the same rigorous calcula
tion, sorne fisheries scientists have considered rolling aIl fisheries 
management objectives into one measure of everything - "opti
mum sustained yield" [21] or "maximum social benefit" [2J. These 
approaches have led to similar dissatisfaction in the fisheries man
agement field. 

While optimization may be theoretically possible,. in practice 
the satisficing rule for decision making is the only practical rule. 
The early work on MCDM [18; 301, and much of the subsequent 
development of these techniques, was based on the satisficing 
principle. AlI these methods require interval scale data. There is a 
third, less elegant, principle of choice - the compromise principle 

-which is particularly appropriate where multiple criteria and mul
tiple decision makers with different priorities are involved. This 
principle states that the best solution is one that reflects a com
promise among priorities and that the discrepancies between out
cornes and the target levels of the various decision makers are 
traded off against one another by means of preference weights. It 
is a particularly apt principle for interactive MCDM methods [34]. 
This decision principle is not only amenable to the interactive, 
multi-group, conflicting priorities situation, but, because the anal
ysis is based only on dominance relationships (a > b; read, "a is 
preferred to b'l interval, ordinal, or partially-ordered data can be 
employed. The latter two categories are of primary interest here 
since this is the kind of information most likely to be obtained 
From interagency, interdisciplinary, multiple interest group parti
cipation programs. 

Ail MCDM analyses require information on (1) objectives, (2) 
alternative plans, (3) importance of objectives, and (4) impact of 
alternative plans on achievement of objectives. 

Goal weighting schemes have often involved the assumption 
of an interval scale of importance. This assumption and the 
mathematical operations it makes possible may lead to meaning
less results for objectives for which there is no common quantita
tive measure. Generally, it is unrealistic to expect that people can 
weigh the importance of qualitative, incommensurable goal state
ments on an interval scale. 

People who have preferences in regard to goals for the fishery 
(one can assume that they would not participate if they did not 
carel can, however, express these preferences on an ordinal scale. 
This seems logical since the idea of order is inherent in the con
cept of preference. Analysis using ordinal data is restricted by the 
permissible mathematical operations. In general, addition and 
multiplication for ordinal data are meaningless, as is any operation 
that changes the order of the objects that were ranked and there
fore entails a loss of information. Counting is the prevalent 
allowable operation, and equality and inequality are the only 
meaningful realtions [3I]. While these considerations Iimit the 
rigor of analysis with ordinal data, the opportunity for sorne type 
of formai analysis does exist. 

Sometimes particular strategies may have been subjected to 
sorne sort of evaluation in a particular fishery. Hatcheries as a 
means of preferred stock enhancement may have been ruled out 
by an unfavourable benefit-cost analysis, for instance. More likely, 
however, will be a situation in which what will work and what 
will not work is a matter of opinion. If judgement is the only 
means of evaluation available, the pooled judgement of an inter
disciplinary group of professionals augmented by people with 
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experience in various aspects of the fishery should provide a more 
reasonable basis for impact identification and assessment th an \ 
that of a single individual or of a sm ail group whose members 1 

1have similar backgrounds. Although the discussions may be long J 

and heated, with skilled facilitation it should be possible to pro
duce information on possible impacts of alternative plans on an 
ordinal scale. Figure 1 shows a plan impact matrix which ranks 
alternatives in terms of their relative effectiveness in reaching 
each of the specified goals. 

Figure 1 

PREDICTIVE PLAN IMPACT MATRIX WITH 
ORDINAL SCALE OF MEASUREMENT 
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Restrictions 2 2
 3 2 3 

Il. Limited Enlry 5 6 6 2 6 3 3 5 

III. User-Pays 5 3 3 2 2 4 6 

IV.	 Enhancementl 
Subsidization 6 3 5 6 5 6 5 

V.	 Enhancementl
 
Deregulation 2 4 5 4 2
 

VI. Recreational 3 4 5 6 

Earlier attempts to deal with MCDM based on qualitative data, 
such as qualitative and rank order concordance analyses [34], 
assumed that the goal perference structure could be adequately 
depicted as a vector, with one position on the rank-order scale 
corresponding to each goal. These methods were based either on 
the assumption that there was one decision maker, or that the 
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different preferences of multiple decision makers could somehow 
be aggregated into a single preference structure. 

ln fisheries management planning, the complexity of the prob
lem and the diversity of interests will almost always ensure that 
the rankings of goal importance cannot be realistically aggregated. 
ln this case the preference structure must remain as a goals
interest group matrix. While this is more difficult to deal with 
analytically than a single goals weighting vector, it does have the 
advantage of preserving information which would necessarily be 
lost if the different preferences were aggregated. 

Figure 2 illustrates several sets of divergent priorities which, 
when tested, do not yield any justification for assuming a single 
underlying preference structure. 3 This is very awkward to ana
lyze, given the very few operations that are permissible with 
ordinal data. One recently published technique, the numerical 
interpretation method [35], is illustrated here. The method hinges 
on the combination of the "evaluation matrix", R (the ordinal 
impact matrix of Figure 1, with rows and columns interchanged) 
and the "priority matrix", W '(the ordinal importance weighting 
matrix of Figure 2, also with rows and columns interchanged). In 
the interests of clarity these two "new" matrices are shown in 
Figure 3. The operation of combining these two matrices is facili
tated by the construction of a set of Q matrices (Figure 3C), each 
of which con tains information on pairwise dominance of one plan 
over another in terms of impact and of one goal over another in 
terms of importance weighting by participants. In this method 
there are J goals and 1 alternatives 50 that the R matrix with 
elements rji is Jx I. There are N interest group weightings. The 
W matrix with elements Wnj has dimensions N x J. The example 
being pursued in this paper has six alternatives and six different 
interest group weightings 50 that there will be 1 (1-1) N :: 180 of 
these Q matrices to be constructed. 

The elements of the Q matrix take on the values 1, 0, -1 
according to the foJlowing ruIes: 

ü' - 'f -. >.. d . > .,qjj' - 1 1 1 JI _ r JI, an w nJ _ WC\) , 
..,
 

q~' :: 0 if rji :2: rji, and Wnj < Wnj' or if rji > rji'
 
and Wnj:2: Wnj', and 

..,
 
q~, :: -1 if rji < rji' and Wnj < Wnj'.
 

JThese data yield a low and insignificant value for Kendall's coefficient of 
concordance, W, one statistic that may be used to test for an underlying 
"standard" used by the various decision makers. If such a standard appears 
to exist, there is some justification for using a single pooled ordering as the 
relevant preference structure [31: 2371. In this case, there is no such 
justification. 
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Figure 2 
Figure 3 

ORDINAL GOAL WEIGHTING MATRIX	 \ 
•	 lNFORMA TION REQUIRED FOR NUMERICAl 
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A. Conserve preferred stocks 8 7 7 1 7 4 

B. Reduce overcapitalization 1 3 1 5 6 

C. lmprove fisherman income 4 8 5 7 2 6 

D. Maintain employment 5 6 4 6 3 8 

E Ensure stable supply of fish 6 5 2 4 8 5 

F. Utilize coarse fish 7 4 6 2 5 2 

G. lncrease recreational fishing 3 2 8 3 1 7 

H. Reduce management cost 2 1 5 8 4 3 

The Q matrices are constructed by overlaying information 
from the evaluation matrix, R, and the priority matrix, W. Figure 
3D shows how information can be transferred directly from the 
R matrix to the Q matrix format for any pair of plans. Figure 4 
illustrates the combination, or overlaying, of the information 
from the two sources to form the final Q matrix. Each of the Q 
matrices yields information in the form of a net frequency, m, 

obtained bx, counting the q;;: elements in the matrix. The frequen
cy of Qjjl' for interest group MA (the management agency) as 
shown in Figure 4 is 22 - 11 := 11, for example. 

The frequency information from the Q matrix set for each 
interest group is aggregated in an M matrix of I x I dimensions 
and a preference score, Si, for each alternative plan for each inter
est group can be taken from the row su ms (summation of fre
quencies, Figure SA). Finally, the preference scores for each inter
es t group are collected in an I x N preference mat rix, S (Figure 
SB). The alternative yielding the largest sum across interest 
groups is the preferred alternative; in this example it is Plan IV. 

INTERPRETA nON METHOD 

J 
A. Evaluation Matrix, R B. Priority Matrix, W1 (dimensions JxI) (dimensions Nx]) 

1 Il	 III IV V VI ABC 0 E F G H 

A 2 5 1 6 4 3 

1 6 5 3 2 4 

2 6 3 5 4 1 

4 2 3 6 5 1 

3 6 2 5 4 1 

1 3 2 6 4 5 

2 3 2 5 1 6 

3 5 6 1 2 4 

MA 
B CF 
C W = SF 
o GTR =
 
E
 IN 

F PL 

8 1 4 5 6 7 3 2 

7 3 8 6 5 4 2 1 

7 1 3 4 2 6 8 5 

1 5 7 6 4 2 3 8 

7 6 2 3 8 5 1 4 

4 1 6 8 5 2 7 3 

G 
Note: Ordinal data for W matrix 

H transferred From Figure 2. 

Note:	 Ordinal data for R matrix
 
transferred From Figure 1
 

C. Format For Q Matrices D. Transferring Data From R 
(dimensions Jx]) Matrix to Q Matrix Format 

Example: For Plans Il and IV 
ABC 0 E F G H 

i'" Plan IV 
A 
B 1	 1 1 1 1 1 1 1 

c
0';' = 0 1 1 1 1 1 1 1 1 1 

li' 
E 

Il IV ci 
Qi;' = i1.

G 

H 

~~ 
A B C 0 E F G H 

6 3 t.J fi 5 6 5 1 

A 5 ../ ../ ../ ../ ../ 
B 6 ../ ../ ../ ..; ../ V../ V 
C 6 ../ ../../ /../ /..; ..; 

0 2 -/ 
E 6 V V ../ J vv ./ 
F J V Iv' 
G 3 -/ V 
H 5 ./-/ ../ vI/' 

Note: -1 indicates Ci, 2= fi;·· 

ln constructing these numerous Q matrices an interesting
1 property of the procedure begins to emerge. Although each of the 

six interest groups began the process with a different goal prefer
ence structure, which is part of the information included in the Q1 
matrix, when the plan impact information was combined with it 
the differences between groups decreased. The net frequency 
scores for each pair of alternative plans does not vary greatly 
among groups (Figure SB). It appears that by considering what\ 

)
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Figure 4 

CONSTRUCTION OF Q MATRIX 

A.	 Intermediate Q Matrix Showing Wnj' :2: Wji' 
By Interest Group (Information from 
W Matrix, Figure 3A) 

J 
ABC 0 E F G H 

A 

B 

C 
Example: 

0 
For Interest Group MA, QW= J E 

F 

G 

H 

v v ..; v v' ...; v' 

...; V v 

...; v y v 
...; v ..; y y 
v v y ...; y V 
V 

V 

B.	 Intermediate Q Matrix Showing fji:2: fji' 
For a Pair of Alternatives (From R Matrix, 
Figure 3A) 
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Figure sA 

EXAMPLE Of M MATRIX FOR MANAGEMENT AGENCY (MA)
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will work, the groups begin to converge from their different 
perspectives on a common choice. 

The numerical interpretation method may not, at least on the 
first attempt, provide a preferred alternative. Indeed, in the 
example provided here, it cannot be said that the method is sensi
tive enough to distinguish between Plan Il and Plan IV, although 
these two are clearly distinguished from their competing alterna
tives. A second round of participation and analysis might seek to 
confirm the initial result by concentrating on just these two 
alternatives. Or another approach wou Id be to break down each 
of the preferred alternatives into their component strategies and 
submit these strategies to an impact analysis and iterate the mul
tiple objective analysis on this more detailed level. 4 ln the case 
illustrated, one would expect the final plan to be some combina
tion of the best elements of Plan Il, limited entry, and Plan IV, the 
enhancement/subsidization alternative. 

The Adaptive Management Concept and its Potential in Multiple
 
Objective Regional Fisheries Management
 

The preceeding section demonstrated a method for selecting a 
reasonable initial fisheries management plan under conditions of 
scarce data and competing interests. The third salient characteris
tic of this type of regional resource management problem, uncer
tainty, can be dealt with via the adaptive management approach. 

Adaptive management, which is simply an organized approach 
to the time-honored method of trial-and-error, borrowed consid
erably from the cybernetic concept of the "black box" [3]. In vary
ing the controllable inputs to the box and recording resultant 
output, the experimenter looks for repetitiveness, a pattern in the 
box's behaviour. Thus, he may arrive at an understanding of 
input-output relationships that are sufficient for him to control 
the box (that is, gain the desired output) without the necessity of 
understanding the mechanism that works inside iL 

Holling et al. [19J have provided an operational approach for 
the application of the adaptive control approach to environmental 
management. They properly give the aspects of uncertainty and 
risk of irreversibility emphasis in their approach. The use of mod
els to abstract the essential properties of the management system, 
mimic system behaviour, direct the use of indicator information, 
and pre-test a wide range of alternative management" policies lies 

'This approach, which is consistent with the "mixed-scanning" approach to 
planning theory [14J may be particularly appropria te to very large problems 
where it is only possible to examine a limited number of alternatives at 
various levels of detail. 

1) 

at the heart of their method. The models consist of interrelated 
black boxes and utilize the concept of linking the experimenters 
(workshop participants) to the black boxes in a series of learning 
loops [3, 4J. The adaptive management approach allows a cau
tious, incremental approach to change which is appropria te in an 
environment of risk and uncertainty and at the same time avoids 
the disadvantages of a "disjointed" incremental approach [14] _ 
constant, uncoordinatined changes; lack of a comprehensive pro
gram; discouragement of participation - which were observed in 
the Canadian government's approach to management planning 
for the B.e. salmon fishery [26J. The approach of Holling et al. 
[19J encourages participation and provides, through the modelling 
process, a coordination framework for incremental changes in pol
icies and objectives, and thus a rational approach to planning. 

This incremental, rational, adaptive planning is compatible with 
the developing paradigm of the "displaced ideal" [36J. This theory 
encompasses partial decision taking, a qualitative, directional adjust
ment of the decision situation, under conditions where goals are 
incompletely specified and preference structures are fuzzy. The 
theory of the displaced ideal provides, of not a paradigm, at least 
an interesting philosophical basis for multiple objective planning 
with qualitative information that is perfectly compatible with the 
adaptive management approach. 

The adaptive management approach presents special challenges. 
Not only are the problems complex, but the solutions will be 
necessarily complex as weil. Implementation of a comprehensive 
fisheries management plan requires the application of several 
strategies to numerous decision that must be made in a recurrent 
fashion. This presents the need for an analysis of the manage
ment system. In a goal oriented system, the propose of manage
ment is to make decisions and take actions that drive the system 
toward those goals. The analysis of the management system can 
be facilitated bya model, but it will not resemble the ecosystem or 
population models that have become familiar in fisheries biology. 
It is a simplification that focuses on control. The natural and socio
economic subsystems comprising the fishery will be treated as 
Beer's [4J "unthinkable" system. The manager does not seek to 
organize this system, which is large, complex and self-organizing. 
The resource manager needs to organize his interaction with this 
system, and this is what a management coordination model 
should accomplish. 

Rules for determining what is included and what is left out of 
the management coordination model are based on the "sure thing 
principle" of rational decision making. Those things that are not 
affected by the choices made by decision makers are unsuitable 
objects for rational decision making. Rational decision makers can 
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only make choices regarding those things over which they may 
exercise some degree of control [nJ. 

In order to analyse the management system the goal state
ments must be related to some at least partially controllable part j 
of the management system. The goal statements are, then, the " 

logical place to start the construction of a management coordina
tion mode!. The assumption is that if participants in management 
planning can identify a goal for the system, they also have in 
mind some particular part of the system to which it applies. By 
limiting the modeling efforts to the subsystem which is of direct 
concern to management, a great reduction in complexity is achie
ved. The steps in building such a model from this base, again 
using the available knowledge and judgement of participants in 
the planning process, are outlined below and the example of the 
typical fishery is subjected to this process in Table 1 and Figures 6 
and 7. 

1 - Identify management goals. 

2 - For each goal identify a corresponding management system 
component (state variable). 

3 - For each state variable identify a feasible (available or readily 
obtainable) indicator of the level of the state variable (Table 
1). 

4 - Prepare an interaction table for state variables (Figure 6A). 

5 - From the interaction table prepare a simple block diagram of 
the state variables and indicate the logical connections among 
them with appropriately directed arrows (Figure 6B). 

6 - Insert rate (decision) variables between connected state vari
ables and identify these with appropriate labels. Insert rate 
variables that logically connect components of the manage
ment coordination model with the outside world. 

7 - Insert information (indicator) variables with information 
flows (shown by broken arrows) From the state variables 
they describe. Insert the goals themselves as auxilliary vari
ables connected by information flows to decision variables 
which determine the level of the state variable to which the 
goal applies (Figure 7). 

8 - Overlay the control processes; that is, show whire a goal, a 
strategy, and information are brought together at each deci
sion variable. Control processes are depicted as information 
flows (see Figures 9 and 10). 

Thus a management coordination model, in the form of a flow 
diagram, has been constructed which organizes a set of goals, a 
set of strategies (the preferred plan) and a set of indicators to be 
applied to a set of decisions. 

Table 1 

IDENTIFICATION OF GOALS, STATE VARIABLES. AND INDICATORS 

Goal Management System 
Component 

Indicator 

A. Preserve preferred 
stocks 

Preferred stocks Abundance indices 

B. Reduce over
capitalization 

Commercial fleet No. of vessels 

C Improve fisher
men's inconl.es 

Fisherman income Av. annual gross 

D. Maintain employ
ment 

Commercial fishermen 
Packing and processing 
workers 

No. employed 

No. employed 

E. Ensure stable 
supply of fish 

Commercial catch Tonnes/yr. by supp. 

F. Utilize coarse fish 
stocks 

Coarse fish stocks Abundance indices 

C. Increase recrea
tional fishing oppor
tunities 

Sport fisherme n No. of licences sold 

H. Reduce manage
ment costs 

Management budget Revenue: Expenditure ratio 

The management coordination model shown in Figure 7 bor
rows heavily from the work of Forrester [15]. Its advantages are 
that (1) it is directly related to the plan to be implemented, having 
been derived from the same base, (2) the multiple goals and 
strategies intended to achieve them are shown in direct relation 
to the components of the system which can produce the desired 
results, (3) information is related directly to its source and its use, 
(4) goals, strategies and information are integrated into control 
(decision) loops, and (5) ail the separate management decisions 
that must be made in pursuing multiple objectives are shown in 
logical relationships to one another. 5 

Generally, the structure of decisions is simple. Using Forrester's 
[15] conventions, the decision process for a controlled situation 

sThis approach to management coordination was originally conceived as part 
of a fisheries management project conducted for the Ontario Ministry of 
Natural Resources on Lake Erie [20). 
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Figure 6A 

INTERACTION TABLE - f1SHERIES MANAGEMENT 
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(employing negative feedback) can be depicted as in Figure 8A. 
The essence of the decision lies in the comparison of observed 
results with desired results and exercising the control necessary 
to bring the two together. Consider, as an example, a small seg
ment of the model in Figure 7 and focus on the investment deci
sion in commercial fishing (Figure 8B). In an unmanaged fishery, 
the fisherman always wants to increase his share of the catch in 
order to increase or maintain his income. He has an incentive to 
invest in his equipment to out-compete other fishermen. If catch 
is poor he must increase his share of the catch to main tain his 
income. If catch is good, he will want to increase his ability to 
catch fish so as to take advantage of a profitable situation and to 
compensate for declining prices. Typically, this positive feedback 
situation leads to serious overcapacity in the commercial fleet, 
overfishing, decline of stocks, and decline of income. 

The resource manager, while he cannot control the aggregated 
investment decision directly, can seek to influence it by introducing 
(a) a new management goaL and (b) a negative feedback control 
loop. The planners establish the goal of reducing or preventing 
over capitalization in the commercial fleet (Goal El. Then sorne 
target level of the size of the commercial fleet must be set. Say, 
for the sake of illustration, that 100 vessels are thought to be 
adequate to take the sustainable catch and a strategy of vessel 
licence attrition (the reitrement alternative) can be adopted to 
meet this goal (Figure 8C). Unlike the positive feedback situation 
described above, the investment in the commercial fleet should 
decline under this regime and fishermen's incomes should be 
maintained or increased because the share of the total catch for 
each remaining fisherman will increase. This example illustrates 
the simplest controlloop, first order feedback. Implementation of 
more complicated strategies may involve second, third, or even 
higher order feedback loops. In these cases the need for a manage
ment coordination model would be even more obvious. There are 
two important functions of the feedback loop in this model. First, 
it is the means of control. Second, it is a means of learning about 
the response of the state variable (a black box, in terms of the 
earlier discussion) to the management strategy over time. 

No responsible manager is going to implement an adaptive 
management plan for a system as poorly understood as most 
fisheries are without sorne extensive pre-testing of the plan. This 
may be accomplished by simulation of the management system 
response using the management coordination ~odel. There 
are two problems. One is to keep the simulation and modeling 
process reasonably accessible and comprehensible to the partici
pants. The other is to carry out sorne sort of useful simulation 
with the qualitative data that are available. 

Figure 8 

STRUCTURE OF DECISIONS IN FISHERIES MANAGEMENT il 
COORDINATION MODEl 
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Fortunately, a qualitative simulator has been developed. GSIM 
was: 

. intended to be used in a situation in which the only previous 
knowledge about the real system is reduced to the identification of 
the relevant variables, the very basic logical form of the relation
ships among variables, and to some general indication about the 
relative level or size of the variables. The principal advantage of 
this is that it allows one to consider the dynamics of the systems 
and the interactions among variables at an information level that 
usually does not permit the construction of a full simulation mode!. 
[19: 310-311]. 

With the addition of sorne initial values for the state variables, or 
rather the indicators of the state variables, and a target level for 
each objective, the simple Forrester-style management coordi
nation model (Figure 7) is compatible with the GSIM method. 

The setting of initial values for state variables and target levels 
for objectives will again draw on the collective wisdom of the par
ticipants in the planning process. Sorne technical information and 
past experience with the fishery will be available to aid in this 
exercise, but assigning an aribritrary level where information is 
very scarce is admissible since this is, after ail, just a simulation. 
The relationships	 between state variables are qualitative, as are 
the impacts of the strategies of the preferred plan upon these 
state variables. These qualitative relationships are tracked through 
the simulation in the following manner: 

Xt>l = Xt + .6 Xt. t' l 
1 1 1 

where Xi
t 

is the indicated level of the ith state variables in time 
period t and, 

1 if Xi moves toward the target goallevel 

.6 Xt. t.j
i = -1 if Xi moves away From the target goallevel 

a if Xi does not change 

Table 2 provides objective levels and initial indicator levels for 
the beginning of a simulation of the management coordination 
model under the regime indicated by the preferred plan From the 
previous section - Plan IV, the enhancement/subsidization alterna
tive. For the purposes of demonstration, the indicated level of the 
stocks has been used as a driving variable and its value determined 
by selecting a random number between a and 9 ana the subse
quent effect on the commercial catch on sport fishing is assumed 
to be negative if the index falls below 5 and positive if the index 
rises above S. Other qualitative effects can be worked ou t by fol
lowing the logic of the fIow diagram. It is assumed that the index 

is completed prior to the beginning of the season so that there is 
no time lag to account for in this simple illustration. In practice, 
the simulation could involve severallagged effects . 

Table 2 

INfORMATION fOR QUA LITATIVE SIMULATION Of THE
 
MANAGEMENT COORD/NATION MODEl
 

1 Goal	 State Variable Target level Initial Value 

A. Conserve preferred Preferred stocks la 5

} stocks . B. Reduce over- Commercial fleet 100 120 
1 capitalization 

C.	 Improve fisher- Fisherman income 25 17 
men's incomes 1 

D. Maintain employ- Commerical fishermen 500 600 
ment	 Packing & processing 

workers 750 750 

E.	 Ensure stable Commercial catch (PS) 300 200 
supply of fish 

F.	 Utilize coarse fish Commercial catch (CS) 150 60 
stocks 

G. Jncrease recrea-	 Sport fishermen 10000 8000 
tional fishing opportun
ities 

H. Reduce manage-	 Management budget 1:1 1:5 
ment costs 

Figure 9 shows a hand-cranked version of the simulation of 
Plan IV, the enhancement/subsidization alternative which was the 
preferred alternative identified in the MCDM phase for five time 
periods (years). Figures la and 118 show a "run" and comparative 
results for Plan II, the limited entry alternative. 

While it may be argued that these qualitative simulations are 
little more than organized intuition, at least they may be looked 
upon as an improvement over disorganized intuition. The man
agement coordination mode! allows the planners to trace the 
effects of their recommendations through ail the key manage
ment components and to gain sorne appreciation for the interac
tion of management strategies. The simulation gives an indication 
of the direction that key components of the fishery are likely to 
take under different management policies. It may also help to 
unveil unanticipated consequences of specific management strate
gies before they are implemented. 
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Figure 11 

RESULTS OF QUA LITATIVE SIMULATIONS 
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Perhaps more important at this stage, the qualitative simula
tions of different multiple objective plans should point out to par
ticipants in the planning process that partial managem~nt schemes 
do not meet ail objectives, Neither of the two better alternative 
plans is comprehensive. Participants may, at this point, want to 
reformulate alternative plans, perhaps combining what appear to 
be the best features From the better first phase alternatives into 
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ro 
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more comprehensive plans. Thus a new set of plans could be sub
jected to impact analysis, multiple objective evaluation, and simu
lation and the results compared to the results of the previous 
attempt. With the experience gained in the first attempt, partici
pants may even want to refine preference structures, redefine 
goals or adjust target levels, 

In the end, the participants should have designed a feasible 
plan with a comprehensive set of strategies that addressess ail of 
the key management components contained in the management 
mode!. They should be convinced that this plan will have a few 
favourable impact on ail, or at least the more important, goals, 
They should be convinced that the strategies comprising the plan 
will be complementary, They should be confident that the imple
mentation of the selected plan will not cause drastic changes that 
will result in undue hardship for any of those to be affected by 
the plan. 

In the post-implementation phase, the adaptive approach can 
be continued with the aid of the management coordination mode!. 
The coordination model will help to pull together strategies, 
information and annual operating decisions. It can also be used to 
pre-test operational decisions and adjustments in strategies. As 
the model is used in this fashion and as more pertinent manage
ment information is acquired, the model itself will undoubtedly 
become more sophisticated, perhaps evolving into a more power
fu!, quantitative instrument. 

Conclusion 

The main purpose of this paper has been to outline, From start to 
finish, an approach to regional resource management planning 
under conditions of information scarcity, multiple interests, and 
uncertainty. Many of the methods and principles encountered in 
this approach require evaluative research, and only application can 
create the opportunity for this type of research. If this paper has 
achieved anything, it has been to point out that perhaps this 
approach shows enough promise to justify its development. 

In regional fisheries management the problems of resource 
depletion, low fishermen's incomes and chronic unemployement 
are still prevalent. If advantage is to be taken of the new oppor
tunities for effective management created by recent develop
ments, of which extended marine jurisdiction is probably the 
most important, then the inadequate planning approaches and 
incomplete management policies of the past must be replaced by a 
process that more adequately meets the challenges of interagency, 
interdisciplinary, multiple objective, multiple interest group plan
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ning. The approach outlined in this paper, based on the founda 13. Environment Canada. Policy for Canada's Commercial Fisheries. 
tions of participation, multiple criteria decision making, dynamic Ottawa: Environment Canada, Fisheries and Marine Ser
analysis of the management system and adaptive implementation, vice, 1976. 
may be indicative of the direction in which the regional planning \ 14. Etzioni, A. "Mixed-Scanning: A 'Third' Approach to Decision
process may evolve to meet these challenges. 
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