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PREFACE 

This document is the result of studies originating within the North
east Fishery Manage1"'~ Task Force, The T Foree, organized in 1979 
by the New England and Mid-Atlantic Fishery Management Councils and 
funded by the NMFS, seeks to promote discussion and dialogue on the 
major issues of fishery management and to explore the effects of various 
fishery management alternatives. 

Composed of representatives from the fishing industry, Regional 
Fishery Management Councils, federal and state agencies, academic in
stitutions, and general public, the Task Force will operate in three phases. 
The first phase will assemble background information for identifying and 
analyzing management options. The second phase will examine this 
background information to determine the data requirements, regulatory 
measures, administrative procedures, and enforcement methods 
associated with each management option. The third phase will critically 
review the various options for application to specific fisheries, particularly 
the Atlantic demersal finfish fishery. 

This document is one of eight developed under Phase I operations, 
all of which are being issued in the NOAA Technical A1emorandum 
Nl\1FS-F/NEC series. This document and six others functionally serve as 
appendixes to the eighth and leading document for Phase I operations
"Overview Document of the Northeast Fishery Management Task Force, 
Phase 1." 

Jon A. Gibson, Coordinator 
NOAA Technical Memorandum N~\1FS-F INEC series 
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INTRODUCTION 

Fisheries management is always difficult, for it 
involves many complexities. For example, fish stocks are 
naturally variable, making it difficult to predict their 
abundance; fishing is often intense, giving the impres
sion that stocks are overfished; and limited communica
tion between fi"hing and r"~il:Rtory groups generates 
continuing confliLt T:1". n It' lust some of th", eLf 
ficulties that contribute trJ tilt;! fact that an explicit 
multiple-species approach to fishery management has 
seldom been pursued. 

Prior to 1976, fishery management in what is now the 
U.S. conservation zone was not in general addressed 
directly: in fact, management tended to be reactive and 
piecemeaL lacking overall goals. However, in 1976, the 
Fishery Conservation and ~'fanagement Act (FCMA) 
was passed to alleviate this problem by requiring 
strategic decision-making and public participation in 
the fishery management process. But, implementation 
of these new requirements would be dimcult; new and 
different management institutions would be needed. 

When the FC:VIA was enacted, the domestic New 
England fishery management environment had not been 
examined in terms of the complexities that it faces to
day. The :-Iew England Fishery Management Council 
had relatively little information for decision-making; it 
was thought that many of the stocks were overfished; the 
fishery was based on at least 20 species and stocks re
quiring simultaneous consideration; and fishermen at 
different ports had varying objectives, capabilities, and 
outlooks. Further complicating the already difficult 
fishery management environment, the FCMA specified 
rigorous and sometimes abstract conditions for manage
ment. The :-Iew England fisheries catch and effort data 
base concentrated on the traditional species. The 
research-vessel trawl survey which began in 1963 
provided a very valuable fishery-independent set of data 
on the fish stocks over the whole region. Certainly one of 
the most comprehensive assessment and management 
regimes in the world was developed under the Inter
national Commission for the :-Iorthwest Atlantic 
Fisheries (IC~ AF). However, two things became ap
parent very quickly when the Councils began to work. 
The delivery of assessment information to the Councils 
in the IC~AF format was not meeting the needs of the 
more localized domestic management problems; and the 
available data on economic and social structure were 
neither adequate nor in the right format for easy and 
quick application. It was evident that~ the evolving 
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regulatory would be rife with time-consuming, 
redundant, and costly paperwork. 

The .:\ew England Fishery Management Council 
began its work on haddock and yellowtail flounder, using 
a preliminary management plan prepared by the U.S. 
Department of Comrnerce a" a point of departure. Sim
,,',I (;L~,ltas werL' Ilcbn:h,d1 i:, 0 first to develop 
management 11leaSurt;.- L v.il" soon realized, however, 
that the desired effects could not be obtained by simple 
quotas, and as a result, a number of "patchwork" 
procedures were put into place. Even now, addit ional 
temporary procedmes are contemplated. The potential 
effects of some of these "patchwork" management 
measures were unfortunately not always clear when the 
measures were adopted, pointing up the need for 
analysis and cliscussion of new management measures, 
so that at the very minimum. decision-makers-e.g., 
Council members--·have a common understanding of the 
complex potential eftects of even simple management 
measures. 

Given the difficulties of the fishery management en
vironment, it is not surprising that management in the 
C.S . .:\orth Atlantic waters operates reactively rather 
than strategically, and that the existing management 
system is perceived as producing frequent and confusing 
regulatory changes. Furthermore, there is a lack of con
fidence in quotas, data, and stock assessments, and a 
general concern with the adequacy of the management 
process. t 

In the face of all of these difficulties, the Councils have 
made substantial progress toward development of 
management plans. It becomes clear, though, that 
management plans by themselves do not ensure a totally 
successful fishery-management regime. There are other 
components in the system that must be given explicit at
tention with respect both to their internal workings, and 
to the way that they interrelate to various parts of the 
5ystem. These part5 include statistics gathering, 
statistiCal summarizing, the development of manage
ment rules and regulations, the deployment of fishing ef
fort, and enforcement. In addition, it is essential that the 
budgetary and human resources of all entities involved 
in fishery management-the Councils, the States, the 
Research Centers and the Regional Offices of the 
),"ational :'vlarine Fisheries Service ()iMFS)-be brought 
to bear in an appropriate fashion to solve the problems of 
fishery management. 



The Northeast Fishery IVlanage'1lem Task Force was 
organized to consider and develop possible management 
options directed toward these problem" as they exist in 
the North Atlantic and elsewhere. Thi" paper is 'a con
tribution to the deliberations of the Task Force. Its pur
pose is to provide a framework and methodology for the 
identification and analysis of management options or 
systems. (For example. some that have been discussed 
are: eliminating quotas and managing only by means of 
closed areas and adjustment of mesh sizes: providing 
"tax" incentives and 'or disincentives to encourage 
fishermen to adopt particular management strategies; 
maintaining the status quo: stock certificates; laissez
loire: self-management: and a fishery development 
bank.) The paper considers: (1) why it is necessary to 
develop a management system. (2) methodology for 
analyzing management objectives. (3) the framework for 
developing management options. (4) some of the criteria 
that can be used to select management options. and (5) 

the next steps for implementation. 

WHY A MANAGEMENT SYSTEM? 

Management is basically a decision-making activity. 
In some instances management decisions are simple-(if 
today's price of apples is less than five cents a pound, 
store the apples and wait for tomorrow). In more typical 
instances. though, management decisions involve much 
greater complexity. In fisheries, for example, the 
managers must identify important management ques
tions; obtain appropriate data; synthesize data; generate 
management rules or regulations dependent upon the 
data: deploy and monitor fishing effort to the extent re
quired by regulation; and institute cost-effective en
forcement and administrative regimes. 

To be effective. management must coordinate and 
organize all of these diverse and complex activities so 
that the total management process is beneficial, cost
effective, and reasonably predictable. Coordination and 
organization will not happen by themselves, but require 
a system for their accomplishment. Such a system will 
resolve many difficulties that are inherent in contem
porary fishery-management. 

By analog\!. ('Jl1sider a large complicated fi~hing 

operation. It~ Sl,U'C'S" requires teamwork: the Caj!Lain is 
the manager, 1 be engineer makes sure that the hardware 
works, the electronics specialist ensures that the fish
sensing and communication devices are at the state-of
the-art and in good working order. the leading fisherman 
uses his intuition and the electronic devices to locate the 
fish, and the officers select the fishing grounds (a 
business decision balancing running costs with potential 
catch). These people, the engineer, the electronics 
specialist, the leading fisherman, and the rest of the 
crew, might individually be the best in the world, but if 
they do not understand the captain's objectives, or if 
they communicate poorly, then the fishing operation will 
be poorly managed and unprofitable. These difficulties 
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could be remedied by development of a system for 
management. one which provides for simultaneous and 
planned consideration and integration of all aspects of 
management. Important events take place and they take 
place on time because it was planned that way. 

A management system is more than a management 
plan. It is a mechanism that facilitates: (1) preparation 
of fishery management plans that address the "right 
questions," providing approaches for th~ir solution; (2) 

the actual working of the plan: (3) system~tic revision of 
the plan: and (4) the development of a structure for 
relating management plans to one another as required. A 
conventional fishery management plan might be com
pared to an automobile engine which is in perfect work
ing order, but which is completely useless because it has 
no gauges. wires, fuel tank, transmission, etc. A manage
ment plan might be the best in the world, but without 
accessory parts-a management system and the neces
sary information to make it work-the plan cannot be ef
fective. 

Development of a successful management system re
quires a strategic approach. Strategy implies "doing the 
right thing" as opposed to "doing the thing right." The 
strategic approach may be compared with short-range 
tactics: 2 

Strategic 
Approach 

• Broad scope 

• Long time horizon 

• Considers relation of one 
problem to the others 

• Concentrates on objec
ti ves 

Short-range 
Approach 

• Karrow scope 

• Short time horizon 

• Considers only solution 
of particular problem 

• Concentrates on 
feasibility 

The comparison shows that even the best short-range 
approach may have limited utility since it could be ad
dressing the wrong management problem. On the other 
hand. an excellent management strategy that ignores 
aspects of the short-range implementation questi{m~ will 
result in inefficient and muddled execution. 

A responsible decision-maker will insist on a manrU;e 

ment system that has sufficient strategic content so that 
it: 

• deals directly "with changing patterns of multiple pur
poses and objectives ... " dealing with all relevant 
variables whether or not they are easily measured. 

• views the decisions that are made in the context of 
other decisions. 

• is innovative and creates new values or norms where 
necessary. 

• does not subordinate longer-range considerations for 
short-term solutions. 



Responsible decision-making can arise only from 
systematic analysis of the problem it addresses. In 
carrying out such an analysis, one must consider objec
tives, options, criteria, and the consonance of con
clusions with objectives. It is evident that responsible 
decision-making requires various options or systems for 
management and that development of such systems or 
options is a critical task in fishery management. 

METHODOLOGY 
FOR THE IDENTIFICATION OF 
MANAGEMENT OBJECTIVES 

Identifying fishery management objectives is a critical 
t:;,'-:. O)'jectives must be realistic and achievable. They 
must abu be mutually understood by those involved. If 
objectives are not clearly stated, then individuals in the 
management system may think they are striving to at
tain a common objective, while they work at cross pur
poses. If, however, objectives are clearly stated and there 
is disagreement with respect to their rationality or in
tent, then it is possible to focus on differences, resolve 
points of contention, and possibly arrive at even better 
objecti ves. 

In t his section we discuss some of the general problems 
of objective identification and then consider specific 
issues related to fishery management objectives. 

GENERAL PROBLE:VIS OF 
OBJECTIVE IDENTIFICATION 

A number of studies have developed general criteria 
fot objective identification. These criteria are important 
for management system development because, as in
dicated earlier, efficiency in any management option or 
management system is promoted by rational, 
operationally .sensible objectives. 

There are two particular pitfalls to worry about in 
developing criteria to identify and evaluate objectives. 
The first is setting objectives which are too idealistic to 
be useful practically. and the second is setting objectives 
which take into account only a small part of the entire 
problem. 

Objectives that are too idealistic are commonly called 
"motherhood" objectives. or in systems jargon, 
"overdetermined" objectives. Typical overdetermined 
objectives are stated in such terms as "for the maximum 
benefit of mankind", "maximize social welfare", or 
"catch all the underutilized fish in C.S. waters." A little 
ret1ection will reveal that objectives stated in such terms 
have different meanings for different people, by 
themselves providing little operational guidance. 

The second class of objectives, those that take into ac
count only a small part of the entire problem, are 
frequently called "suboptimal objectives," since concen~ 
tration upon such objectives may yield an optimal solu-
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tion for a small piece of the problem, but not for the 
object of concern, the entire problem. Taking a strategic 
approach as previously outlined is the best safeguard 
against this pitfall. 

There are two consequences of taking too narrow a 
view. In the first, the view or definition of the problem is 
suboptimal. In the second, the approach to the solution 
of the problem is suboptimal in the sense that there is an 
over-concentration of effort on only parts of the problem, 
so that a total solution, however superficial, is never 
arrived at. Analysis which concentrates only upon deter
mination of objectives and which ignores the process for 
attaining the objectives is a typical example. 

While the identification of appropriate and useful 
objectives is critical, the development of procedures for 
attaining the objectives is abo of considerable impor
tdllC€'. 1':""" the best objectivt's wiil n,"'('r hp attained 
unle::;" there is a process in place for their attainment. 
Thus, the development of any management system or 
option for management requires as much concentration 
on the system for attaining the objectives as on the 
objectives themselves. 

SPECIFIC FISHERY OBJECTIVES 

In this section, specific fishery objectives are 
considered in the context of our general discussion on 
setting objectives. First, we discuss objectives set forth 
in the FC:\IA; next, we review typical fishery 
management objectives. 

The FC:\tlA adopts the principle of optimum yield 
WY) as its guiding light for an ideal management 
regime. The Act says that optimum yield shall be taken 
from each stock that comes under the authority of the 
Act (principally stocks that are fished in the conserva
tion zone, generally :3-200 miles from the coastline). The 
Act defines optimum yield as the catch. ", .. which will 
provide the greatest overall benefit to the nation with 
particular reference to food production and recreational 
opportunities." The ACI not only defines optimum yield, 
but it also specifies a process for its calculation, saying 
that optimum yield shall be determined by first 
calculating maximum sustainable yield (:'vlSYl and then 
modifying :\1SY by relevant economic, social, and 
ecological factors. 

The definition of OY and the process described for its 
calculation raise a number of issues which must be ad
dressed ~o appreciate fully the role which optimum yieid 
is evidently imended to play, under FC:\tIA. as a 
management objective. \Vith respect to the definition of 
UY. how shall " .. ,the greatest overall benefit to the na
tion with respect to food production and recreational op
portunities" be interpreted') 

\Vith respect to the process, how do we interpret 
":\1SY')" How are OY and. :VISY ultimately integrated to 
give a consistent approach to fishery management? 



The Greatest Overall Benefit to the Nation 

Benefits must be perceptihle on a national scale in 
order to .iudE!e among alternatiYE benefits, concludinE! 
that some particular activit~, will yield" ... the greatest 
overall benefit to the nation." It is relatively easy to es
timate the effect of a chanE!e in steel or oil production on 
the national economy (one would think L but it is not 
easy to perceive the effect of a small change in fish 
production upon either the national economy or the 
national food industry. If the economic impacts of the 
commercial fishing industry are difficult to perceive, 
then the benefits of providing recreational opportunities 
must be even more difficult to quantify. 

When considering "benefits to the nation" in terms of 
per-capita food consumption, fish are seen to be a 
relativelv small component. Similarl~-, while there have 
been no 'studies, to our knowledge, of the contribution of 
sport fishing to total recreation, the time spent sport 
fishing must be only a small fraction of total recreational 
time. 

\\'hile contribution of fishing to food supply or recrea
tion may be perceived as very small in terms of total 
national benefits. it can be argued that this apparent un
importance is merely a func:ion of the way in which the 
statistics are computed. The value of fish may be 
underestima~ed, became a national calculus for 
measuring food or recreational benefits understates the 
great impact that fish have in certain regions, where they 
mav be the basis of important recreational or commer
ciai compOnEnts of the economy. Furt her, the degree to 
which derivative industries such as the tackle and bait 
industries or the restaurant industry depend upon the 
ayailability of fish is neither fully understood nor in
cluded in national analyses of oenefits. 

The discussion reflect;:. that it is probably impossible, 
at this time, to estima~e how much fish contribute to the 
relative or absolute "national benefit," or to quantify the 
abstraction: "maximum benefit to the nation in terms of 
food and recreational opportunities." If "maximum 
benefit to the nation" is an abstraction. it follows that 
"optimum yield" is itself an abstraction. 

Because of this. it is important to de\"€lop 
operationally relevant approximations to optimum 
yield. In deriving such approxl];',·;;!,n .. , it ;,; (,~"ential Lil 

c,_,mpare the optimum-yield ubJt'ct;ye with the proce~s 
for attaining that objecti\"€ for consistency between the 
objective and the process. In other words, is there a 
logical consistency between "A yield that generates the 
greatest o\"€rall benefit to the nation with respect to food 
production and recreational opportunities" and "MSY 
as modified bv social. economic, and ecological factors?" 
If we assume: as it is reasonable to do, that benefits to 
the nation may accrue in social, economic, and 
ecological terms, then we can see that MSY does not 
necessarilv limit the outcome of the optimum yield 
calculatio~ (According to FCMA, MSY needs only be 
calculated before the social. economic, and ecological 
factors are reckoned.); OY. \'v'e recall, is determined by 
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first calculating ~1SY, then estimating a de\'iation from 
~1SY. h~' gi\'ing appropriate weig-~,l te' "social. e~'onomic. 
and ecological factors." 

MSY: Economic, Social, and Ecological Deyiations 

In this section, the utility of MSY and the nature of 
economic, social, and ecological deviations from MSY 
are considered. 

First, it is important to determine how MSY relates to 
optimum yield. As discussed above, the Act permits ap
parently great deviations from MSY as a result of 
ecological, social. or economic considerations. Because of 
the large deviations permitted, one could argue that 
apart from the specification that it be calculated, the 
MSY parameter was of little importance or use. 

In understanding the role of MSY, it is important to 
recognize what it is and how it arrived at its present state 
of disrepute. 

The MSY concept is quite simple and has been used as 
a point of departure for the management of many fish 
stocks. In Europe after World War II the MSY 
model-owing to its simplistic pooling of such critical 
population-dynamic variables as growth, recruitment. 
natural mortality, and fishing mortalit~'-became sub
sen'ient to the yield-per-recruit type of model since this 
took into account all of the factors mentioned except, 
recruitment. ::\evertheless, the !v1SY model defines, 
within some strict and probably realistic assumptions, 
the macrnitude of catch that offsets natural population 
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increase; not only do we obtain estimates of IhlS 
equilibrium catch, but we also find that level of effort 
which yields the maximum equilibrium catch, the MSY. 
This is a convenient concept for the manager. 

The utility of the MSY concept ha~ been its definition 
of a single ~alue. As we enter the realm of ecological. 
economic. and social factors. however, we mUSI deal with 
the reality of multiple factors. The science of ecology as 
applied to the marine ecosystem has not pro\ided much 
practical ad\'ice on how its modifying force may be con
sidered. The studies in recent years have become more 
relevant to management concerns: nevertheless. there is 
st ill a certain "fuzziness" in t he concepts. \' ery basical
Iv. there are two aspects importRnt to management. To 
\;·)..,;H O\:ll';lt is the recfui! l '.",; ,f ;'>11 '.ubject to en
\ir0nmemal factors COmpUfCl1,U spawning stocks'? Hmv 
do species interactions modify the implications dra\vn 
from single-species studies? 

With respect to economic benefits, the concept of 
social surpius is used as an index. Basically. this concept 
states that producers and consumers have an interest in 
anv commoditv. Benefits to the consumer are measured 
as' a maximal' quantity of a commodity at the lowest 
possible price; benefits to the pr<?ducer derive from 
production of a maximal quantity of a commodity at the 
highest price. Maximum social surplus, is the maximum 
joint Lenefit to both the consumer and the producer. In 
general, changing the status quo in regard to social sur
plus involves lowering the cost of production of fishing or 



increasing the demand for fish. If we maximize social 
surplus, then for the purpose of our first approximation, 
we say that \\:e are being economically efficient. It is im
portant to note that even if data are not available, the 
directional influence of certain management actions on 
social surplus can often readily be ascertained. 

For example, for some resources, domestic markets are 
weak or nonexistent, yet significant foreign markets exist 
or could be developed. The export alternative broadens 
the consumer sector an~ may increase the social surpJus. 

:Vlaximization of social surplus and economic efficien
cy are just part of the picture. There is also the question 
of how the "maximum wealth" is distributed among 
members of society; the distribution of wealth is an im
portant sociological consideration. The social-surplus 
calculul' provides a first cut at distribution, in that it 
specifte~ the ~~~~(~re...;, 'J:' ~)r()diJcer~ and COll:::\l:ners. l(~ ('P-
tions beyond thi,; ate 50 numerou" ,h:~' con
sideration should be given to each fishery. 

Optimum Yield, .:vISY, and Time 

It is important to recognize that optimum and 
physical yield change with time, and that both are 
calculated quantities. Optimum yields are calculated on 
the ba,.;is of actual or theoretical social values, MSY's on 
the basis of actual historical yields or theoretical biologi
cal models. The quality of the estimates has important 
consequenres which must be considered (Figure 1). 

Commonly Used Objectives in Fishery Management 

In this section. commonly used objectives in fishery 
management are discussed relative to the principles for 
identification of objectives outlined above. 

Some management objectives are phrased in such 
1!erms as "maximizing the overall good to society." Such 
"overdetermined" objectives can be interpreted in many 
different ways, and as a practical matter, without 
further detailed specification, they are not likely to be 
measurable or attainable. 

For objectives related to multiple-species fisheries, 
there is always a question whether management should 
focus on one, several, or all of the species. Analysis of 
such a question requires the costs and benefits of each 
alternative to be examined. If only some species are in
cluded in the management strategy and there is no 
analysis of the rationale for their inclusion, then there is 
a serious danger of suboptimization-that is, optimizing 
the management of the selected species. when optimiza
tion for another set of species, or for all of the species in 
the fishery, would yield the maximum net benefit. 

Objectives phrased in terms of maintaining a par
ticular stock size, a minimum stock size, or a particular 
number of spawners also cause problems. There is often 
little or no theoretical guidance on the appropriate stock 
size and if there were, there would be uncertainty as to 
when t he stock had actually reached the appropriate 
theoretical level. In any event, manipulating stock size is 
really a method to achieve some social goal. 

Objectives that are intended to operate over too long a 
time period presen t t heir own difficulties. For example, 
multiple-year planning horizons are theoretically ideal, 
but the fact must be recognized that the period can be so 
long that the risks of planning exceed the benefits. To 
take an extreme example, financial planning for the year 
2079 involves so much uncertainty that its practical 
benefits are difficult to perceive. This problem is 
reduced by improvements in our ability to forecast the 
future, and by adopting plans that are sufficiently flexi
ble to accommodate any uncertainty. 

It is important to develop alternative objectives. This 
is of course much more difficult than criticizing extant 
ob.iectives. Since so many objectives tend to be 
overdetermined, it is necessary to develop criteria for 
settill~ more praf'rical objectives which are hnth at
tair.ah'£, 8:'(:, ·'ut<Hnt with the 1:::;:'(: ph::"c,.,)hic:al 
"asking the r:ghc 

Practical objectives are attainable in measurable 
terms. It would be difficult to know if many overdeter
mined objectives were in fact attained simply because 
such objectives are often. so as to defy measure
ment or evaluation. 

The availability of information i-8 thus one important 
criterion for setting the appropriate of "deter
mination" in an objective. For example, compare two 
hypothetical objectives. The first is to catch 10 tons of 
fish and the second is to maximize net social benefits. 
The information required for the first is simple, but that 
required for the second is most complex, so much so in 
fact, that an index of net social benefits would be almost 
impossible to agree upon. 

The best available fishery information is most often 
limited when compared to the amount generally thought 
to be required for management. Practical objectives 
must therefore be consonant with strategic objectives, 
but they must also not require information beyond that 
readily available unless plans for acquiring more data 
and information accompany them. Areas where data 
tend to be lacking include stock variability, interspecific 
interaction, and the relationship among biological, 
economic, and social variables. 

As an example of a limited-information approach to 
management, consider the following scheme for a shrimp 
fishery. " 

a. Examine the extent or the area involved, and estimate, 
on the basis of comparison with other areas. the likely 
number of trawlers required for operations at the op
timum level Ifor example SO). 

b. Issue jicenses for the operation of rather less than this 
optimum number (say .30). ,-\ condition of obtaining a 
:icense wadel he provision or full statistical data on the 
0iJ<i,'iit;ons, including catches of each size or' shrimp. 
fishing effort. and location ot 

c. Allow the operation of these vessels f0r tWO or three 
..-ears without modification. Then examine the statistical 
~nd other data. a:;sess the stock and obtain a revised es
timate of the optimum number of vessels ie.g .. .5Si. This 
may be above or below the ()riginai estimate. 



d. Issue fur,her license.c LC: ori:1!, the total number of 
vessel~ licensed ciose~ tr:. ";1\ ,;ill helow. thi' rp\'ised es· 
timate o'the omim'Jm 'e.;!" 4,,):. 

e. T\lake E'COnOmlC ;;tudie, te; estimatE- the likely 
profitabi:ilY (1f each boat v:her. thE' fleet approaches it!', 
optim urn size. 

1. Decide. part if this profit is what use 
should be made r,i il. and mtroduce appropriate ad· 
ditionai conditions on license holder~. e.g .. substantlal 
license fees. comml, llient ais': t(1 land defined quantities 
offish. etc 

g. Repeat steps c. LC) f. at intervals. 

A simple scheme for :-:etting alternative objectives 
might involve the following: 

MSY's of various stocks are first determined; 
economic. sociaL and ecological modifications are then 
determined to satisfy OY: catch goals are established 
consistent with these determinations; and the catches 
are moni tored frequentiy and adjusted as necessary. 

It should be possible. based on past experience, to es
timate the likely reproductive success of various parent
stock sizes. A range of alternatives could be computed, 
and keeping in mind the inherent error" in this process, 
it would be possible to :;,et flexible stock-size goals. 

It should also be possible to think of management 
measures that in\'olve as m&.ny species as possible. Start-

with the maximum number of species (perhaps even 
all in aggregate) and reducing the number for prac
ticability might be a better strategy than starting with 
the minimum :1'.lmber and later being incapable of in
creasing the nurn ber of species. 

These obsen'at:ons suggest a need to begin with sim
ple objectives that are consonant with the FC~A. These 
simple objectiws need to be based on the MSY's of the 
stocks under cnr,,,jderation, taking into account ap
propriate ecol1c'll1ic. sociaL and ecological functions. 
Since the:.;e e(·,mcmic. sociaL and ecological functions 
are not likely to be known or even measurable, con
siderable systematic trial and error will be necessary. As 
the stocks increase in value and more knowledge accrues, 
management might need refinement, but this should be 
based upon additional information; the information can 
be acqui;ed directly or indirectly through trial and error. 

IJ1~S ',1 A' ~D A" TAr': -e; 1 c:. ," .:., i"\.c" J .. 11....,-I....., 

OF MANAGEMENT OPTIONS 

In the first part of this paper, the importance of 
objectives and the principles for identifying and select
ing them were discussed. This section considers the 
process for attaining objectives once they are identified, 
concentrating on the design and analysis of management 
options or system. 

At the outset, let us define "management option." 
Such an option includes both an objectit'e and the 
process for attaining that objective. Process is often 
viewed too narrowly; it is expressed simply in terms of 
catches. quotas, or some particular fishing program. The 
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kind of fishery management we aim toward. however, is 
much broader in scope. In adciition to the traditional 
rules on such factOrs as catch OJ effort. it considers data 
collection, storage. and retrieva:; ta,~tics of fishing effort 
deployment: fishing effort moniulring: management per
formance measures: fisher~' development: and improve
ment of the regulatory regime. Management must con
sider these items individually. and also. how they relate 
to one another. not forgetting the personnel and fundi' 
necessary t.o make the entire system work. In other 
words. any particular option for management is a system 
in which all components are identified. each component 
is given appropriate consideration, and inter
relationships among components are planned. Manage
ment is much more than a plan: it is a em that 
del.'elops plans-but it also ena plans to u'orh. 

GE~ERAL PRINCIPLES 
The design and analysis of particular management 

options or management systems are based on certain 
general principles. In the section which f01l0vis. we will 
consider: (1) control and o\'\'Dership. (2) communication, 
and (3) management unit identification. 

In anal:-izing management options or management 
S\'stems, we need to consider the degree to which fishing. 
i~ controlled and the character of the group controlling 
it. To being with, "boundary" conditions for 
management-control and ownership need to be 
examined. For example, "zero control" implies that 
fishing operates on a laissez-faire ba:::is. By contrast, 
"maximum control" implies a management authority 
which controls every fishing action and possibly all 
processing as well. 

Under zero control. fishing ;n,ensity would be m
tluenced by economic considerations rather than by 
regulation. In a "perfect" economy. zero control wouid, 
in fact. be ideal because the amO'J'-lt offish landed would 
be that which consumers desire, and the combined 
benefits to both producers ~nd consumers would be 
maximized. 

The zero-control option implies what is caught is the 
optimal yield, but there are problems which must be 
consider!'(' , 

A. If St(\CKS are intensively fished, t hen the catch per 
unit of effort (CPUE) will decline to a point where it 
will not be profitable to fish. At the point where 
fishing ceases, there should be a residual spawning 
stock capable of perpetuating the population. 
Although it is not necessarily true that the 
"uneconomic point" will negatively affect the 
viability of the stock, there is a point of view that 
high discount rates will cause an uncontrolled 
fishery to have this effect. This is only true, 
however, if the value of catch. is sufficiently high 
relative to the salvage value of the capital in the 
fishery. and if there are no alternative uses for the 
capital. 



B. Economic signals are often transmitted with con
siderable time lag; while the performance of a zero
control system might trace the economic optimum, 
oscillations about that optimum might be great 
enough to generate genuine hardship. Time lags are 
particularly critical because investment is often 
geared to conditions at the time it is made. Fish 
stocks are notorious for their Huctuations and once a 
boat is built, it is a financial commitment for a 
number of years, during which stocks may 
deteriorate. 

Thus. a zero-control system will need to take into ac
count questions of minimal stock size and, also, ways of 
dealing with time lags in economic signals, a "market 
failure" situation which may be a significant constraint 
a.:.':~lin;;t optir;~:l It i~ interesting that both of these 
problems can he' dealr. w1:11 in a relatively cost-effecti\'e 
manner. The conservation question involves quotas, and 
the economic'c3ignal problem involves development of 
appropriate data flow and systems models. 

Cnder maximum control, the amount of effort and its 
deployment would be controlled by a single entity, which 
would buy and sell boats, hire fishermen, generate 
fishing strategies, etc. Vertical integration might involve 
control over the processing sector of the industry as well. 
With a single entity managing the fishery, profits and/or 
rent would be maximized, dependent upon the manage
ment entity's ability. 

Such a system has drawbacks: there would be no com
petition to stir inno\'ation, and the marketplace could be 
completely controlled by the management entity, 
leading to a monopoly disadvantageous to the consumer, 
Further, it would be difficult to change the entity if it 
were !"lot competent. 

Let us now examine the question of ownership. 
Ownership could vary from one extreme, at which there 
is complete public "ownership" of the stocks, to the 
other, at which ownership is vested in the private sector. 
The stocks of fish are owned by the public, but because 
public ownership can be abstract and diffuse, the best 
return is not necessarily guaranteed by such ownership. 
Prior to the FC:VIA, public ownership of the stocks 
resulted in management schemes involving extensive 
negotiations with foreign states wishing to fish off our 
coasts. :\tIanagement results often depended upon a 
tradeoff between the motivation of foreign countries to 
fish in our waters and our ability to negotiate the 
magnitude of their catch. 

Passage of the FC:VIA has reaffirmed public ownership 
of the fish stocks, but placed the public trust for 
management of those stocks in the Department of 
Commerce and the quasi-public Regional Fishery 
yIanagement Councils. 

Despite clearer public responsibility for management, 
incentives for cooperation by average fishermen have 
remained more or less as they were. To change the per
formance of the fishing community materially with 
respect to management, new incentives must be 
developed. :VIany approaches are available, some of 
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them not new. (For example, given certain guidelines for 
statistics-keeping and management performance, stocks 
might be leased to a fishing group or company to manage 
to the best of its abili ty.) 

Questions of control and ownership will be central to 
any management option; in fact, the appropriate mix of 
control and ownership may well be the most important 
strategic question in fishery management (see p. 7·9). 
Boundary conditions for management and control are set 
forth below: 

~
I) 
'/}1' 

-I' 
0/ 

Ownership 

Public 
ownership 
and mgmt. 

Private 
Gwnership 
and mgmt. 

Zero 
control 

Complete 
control 

A full discussion of these boundary conditions is 
beyond the scope of this paper. The following comments, 
however, will help to define them. 

With zero control and public ownership and manage
ment, the management system would theoretically res
pond to economic and social signals. There might be 
some additional constraints resulting from fishing mor
tality. Some believe that under the present management 
strategy, quotas are generally not constraining fishing. If 
indeed this is the case, then the present management 
regime fits within the zero-control category. 

With complete control and public ownership and 
management. a governmental agency or a quasi-public 
company (such as the C.S. Postal Service) would "run" 
the fishery. 

With zero control and private ownership and manage
ment, the right to fish in a laissez-faire system would be 
accorded either to an individual who would bid for the 
right to fish, or to a limited group. As such a group 
became larger, though, private ownership and manage
ment would approach public ownership and manage
ment. 

With complete control and priuate ownership and 
management, there would be a shift from controlling the 
catch to controlling the entities that make the catch. 
Cnder this approach, economies of scale might be possi
ble. 

Thus. the range of control-ownership options can be 
bounded. There are no intrinsic reasons why any of them 



should be excluded from analysis. tbougn they need to 

be develooed further in terms of the mechanisms b:. 
which the~' would be executed ie.p .. lease of fish stocks: 
hmited en'tTY: incen~i\'e-d:sincent:ye taxes: laissez-faire: 
and ownership certificates j. One interesting option is the 
creation of a fishery development bank that manages 
stocks. finances development. and provides insurance for 
resource fluctuation". 

Communication is another critical component of 
management """tems: when comm'Jnlcation is good, 
ideas and concepts are interpreted exactly as intended: 
when communication is poor. ideas and concepts are un· 
derstood differently than intended. Good communica
tion permIts a mut~al understanding of \'iews regarding 
the nature of a problem. the kinds of objectives that 
must be sought to resolve problems. and the processes 
required to attain objectives. If communications are 
poor. then situations arise where. for example, a simple 
viewpoint is thought to represent a multiplicity of views, 
or. on the other hand. a complex of views might be in
terpreted a, a simpje idea. Poor communications often 
result in fisher\' managers ha\'ing an inaccurate view of 
t heir decision em·ironment. For example. suppose there 
is a public hearing on whether the size of trawl mesh 
should be increased. There are 100 fishermen, but only 
three think that mesh size sh0uld be increased: 97 do 
not. Fiw fishermen attend the hearing: three are for the 
increase and two are it. The hearing examiner 
would nat urali\ 83surne t hat most fishermen prefer an 
increase in mesh size. Thus. poor communications 
between the fisherme:1 and a management agency can 
result in the agenc:; ha\'ing a distorted view of the real 
world. It is particularly important to realize that the 
dE'cision em'ironment of fishery management requires 
frequent and numerous decisions. Brcause there are so 
many dt·cisions in fishery management (even doing 
nothing implies a decision to do nothing) it is importAnt 
that managers consider the re::-ults of similar, previous 
decisions. Basing new decisions on experience or infor
mation from previous decisions is called feedback. 
Without proper feedback. errors in decision-making can 
be compounded. hut with feedback, errors in previous 
decisions can often be corrected. The feedback problem 
is of special importance in fishery management because 
i1 i" the decisiul1-nH1;;:()'S \Vb" regulate the fishery. L:;t 
the fishermen wh(, oh"ern:' roirectlv the effects 0:' :he 
regulations. ':\'lo~t nh"ervers agree that communication!' 
between the tv·.-o gr()up~ are generally less than efficient. 
Good communications, like good management systems, 
will not simply happen: they need to be explicitly plan
ned and re"ources must be devoted to ensuring their ade
quacy. 

Another principle that requires considerable thought 
is the definition of an appropriate management unit. It is 
clear that it will be difficult to consider all ot the stocks 
that live off the northeast coast of the U.S. as a single 
management unit, but \,'hat are appropriate units? As 
with setting objectives, it is too easy to define units on an 
intuitive basis. Logical divisions involve biological, 
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geographic, social. and economic considerations (or any 
com bination of these). 

The criteria for choosing among alternative manage
ment units should include: 

• Control 

• \1anagement capability 

• Economic and social factors 

• Regionai competence of management bodies 

• Costs 

• Variability 

• Net benefits 

THE STRUCTURE OF A FISHERY 
MANAGEMENT SYSTEM 

As a basis. an option for fishery management should 
reflect explicit consideration of the basic components of 
a fishing system. The various options or management 
systems can be structured around the components. 
Figure :2 displays the elements of a fishery management 

system. The system operates in a time frame. Manage
ment is defined on the basis of certain stocks at a par
ticular time. A description of the system must include in 
vv'hatever detail is appropriate a description of the 
stocks. their population dynamics. and the economic 
and social consequences of catching the stocks. 

The system must relate to the kinds of data that are 
collected, the degree to which the data are represen· 
tath'e, and sample sizes. The data must obviously serve 
i1S an efficient link between the condition of the fish 
stocks and the management rules. The management 
rules in dude decisions on the intensity and distribution 
of fishing effort. In addition, management rules must 
contain formulae for determining the performance of 
management in terms of both managers and fishermen. 
Performance evaluation of fishermen with regard to 
management rules or "enforcement" needs to be part of 
any fishery management system. 

As a result of management rules, fishing effort will be 
deployed at T and will modify the stocks at time T+ 1. 
~<C\\' data v:i11 he 11.,;ed 11) "\,,,lti.lTE' the degree to which 

compile;.; with the m;,nagement rules; as a re,:,ult. 
new managemel11 rules will be defined, and the cycle will 
be completed. 

Even a preliminary consideration of Figure 2 reveals 
some of the problems of present management systems 
and potential improvements of those systems: 

Pre-sent System 

• Time interval one year 
or several months 

• Data are collected in
dependent of manage
ment rules 

New System 

• Time interval that is a 
function of needs 

• Data collected need to 
be responsive to 
management rules 



• Fishing effort is 
deployed. then the 
effects are measured 

• Stocks of fish are 
considered by 
individual species 

• Measures of perfor
mance are not explicit 

• Fishing effort can be 
forecast 

• Stocks of fish are 
defined as multi
species economic units 

• :Yleasures of perfor
mance need to be made 
explicit 

Partitioning management activities into planning, 
management, and control functions will relate the 
various stages of the system to one another and promote 
further organizational simplicity. 

The planning function sets goaL; or objectives for 
:: ·.·.;.:C'ment and it structUrE::; t:1<.' ;,;'1 ,,','';5 for attaining 
th""e goals, Preparation of a fi;;hery management plan is 
integral to the planning function. But management must 
be more than a relatively simple statement of what can 
be caught; a plan for management must address data 
collection, the efficiency with which data will be 
transformed into management rules, and how the 
management process is to be evaluated. Management 
must indicate who is to do what and at what time. 
Furthermore. as addressed in the section on objectives, it 
is not uncommon that a plan, because of the way it is 
structured, addresses intuitive and short-term issues 
rather than long-term or strategic ones. Intuition, for 
example. might tell us that the best way of moving traf
fic across a river is by bridge. A plan for the bridge is 
made. It is an excellent plan and the bridge is beautiful. 
However it is later determined that what was really 
needed was a tunnel. An expensive experiment: Thus, 
the planning function must not only result in good plans; 
it must plan the right things. 

Any management function is intended to carry out a 
plan in an efficient way. The management function uses 
conventional management inputs-budget, human 
resources. raw materials-to produce a designated 
product of the management system. In the case of fishery 
management. the public sector utilizes budget, people, 
and data to generate a set of management rules under 
which fishermen produce fish. 

The control function is established to evaluate the 
degree to which the management activi.ty conforms to 
the pian. In other words. the planning function es
tablishes a direction and measures of performance for 
the management function, while the control function 
evaluates the degree to which the management activities 
conform to the plan. 

It is obvi.ous, then, that fishery management involves 
the interrelationship of a great many events. Some are 
natural events. such as the occurrence of a large year 
class of fish. while others, such as a particular manage
ment decision. are part of the planning, management, 
and control process. If the planning, management, and 
control events happen in a reactive and haphazard way, 
then management -,ystem efficiency will probably be 
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quite low. If. however, there is planned coordination 
among the natural and management events, then the in
formation generated can be utilized with maximum ef
ficiency, thus contributing to a more cost-effective 
management 

The most c()l1venient way of handling all of the diverse 
components of information, planning, management. and 
control is through development of a management infor
mation system (MIS). Such a system is a systematic 
ordering of events enabling management to respond to 
their occurrence in the most efficien t, cost-effecti Ile, and 
time Iv manner. A MIS is part of any management op
tion, ;nd therefore it needs to be treated explicitly. 

Figure:3 is an example of the structure of a :\115. 
The successful achievement of management objectives 

depend" upon timely and reliahle informatil)n, Essential 
I" it ::-' ,,,--or-the-art and ciJmputer-!J,ht>\! management. 
information designed to collect, store, proce:::s, 
and disseminate a broad range of information for the 
North Atlantic area. 

The MIS should be designed to handle both non
biological and biological data, with algorithms to 
extrapolate, project trends, and provide alternate 
"trade-offs." The system should be oriented to 
management-by-exception and timely management 
decision -making. 

Much of the information put into the system will come 
from commercial fishermen. To secure their cooperation, 
it will be important to furnish frequent "feedback" on 
catch dynamics. trends, trade-offs, etc., to these 
fishermen, 

The :-.Jorth Atlantic regional system should be 
designed to interface with other regional :vIIS's and/or 
any future national :'vIIS. 

It should include: 

• Remote terminal input and output capability 

• Data-base management system 

• Variable record length capability 

• Password and privacy-protection capability 

• A scheme for timely updating of files on a continuing 

• A variety of output mediums, e.g .. 

• Visual display terminal 

• Hard copy 

• :Vlicrofilm 

• Plotter 

Since the system is intended as a management tool for 
the Councils, they must participate in its design and 
specifications. including format and content of graphiC 
and printed output. 

IDE)JTIFICATION OF POSSIBLE OPTIO)iS 

A number of approaches to management have from 
time to time been discussed. These include: 



• Eliminating quotas and managing only on the basis of 
closed areas and adjustment of mesh SIzes 

• Pro\'iding "tax" incentive and or disincentive to 
encourage fishermen tn adopt particular management 
strategies 

• ~Iaintaining the swtus quo 

• Issuing stock certifICates 

• Self management 

• Establishing a fishery development bank 

• Limited entry 

These approaches will require analysis, and it needs to 
be stressed that such approaches are not in themselves 
complete management options or management systems, 
v,hich require all system components to be described: 
from statistics colleCtion through the development of 
performance standards as well as cost/benefit analysis. 

Choices will need to be made among management 
systems or combinations of systems. and these choices 
must take into account possible changes in stock struc· 
ture or stock abundance and national or global changes 
in the fish-commodity system (see Figure 4-8 fisheries 
commodity model for forecasting these changes!. In ad
dition. various costs and benefits need to be examined. 
losts include: 

• Data costs 

• Management cost.s 

• Enforcement costs 

• Research costs 

• Administrative costs 

• Costs of possible lost benefits to fishermen and con· 
sumers 

Benefits include: 

• Tonnage of various kinds of fish 

• \' alue of fish ex-vessel and at \'arious levels of the 
eCOl1C1my 

• \1] 

• CODsunwr surplus 

• Re\'emH? and profit 

In addition to these more-or-Iess easily quantifiable 
criteria. it is important to assess the human impact of 
any management system. 
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PHASE II IMPLEMENTATION 

Implementation of the next stage of the planning 
process. Phase II, requires: 

• Teams to work on each management option: iden
tification of team leaders; a work plan which makes 
the work of each team comparable 

• A model relating catch of several species to nominal 
fishing effort 

• A first-phase commodity model 

• A plan for intercouncil communication 

• Specifications for a management information system 

• Development of "data-free" management procedures 

• Detailed discussions on control and "ownership" 

APPENDIX: 
EFFECT OF FOREIGN FISHING 

In considering "benefits to the nation" it is important 
to consider the various alternative uses for fish. The im
plications of one particular use of fish, allocation of fish 
to foreign fishermen, is not commonly understood. Any 
allocation of fish to foreign fishermen will generally 
represent a cost to domestic fishermen, because a foreign 
allocation will increase per-unit-cost of fishing to 
dornestic fishermen. Even if there is no domestic fishery, 
the lowered levels of stock abundance brought about by 
foreign fishing may serve as a disincentive for domestic 
fishery development. 

FOOTNOTES 

1. l'.S. Government Accounting Office. 1976. The LS. fishing 
industry-present condition and future of marine fisheries. 
VoL 1. Report to Congress by the Comptroller GeneraL 
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1973. Questions of strategy in fishery management and 
de\'elopment. J. Fish, Res. Board Can. 30:2017-2030: (2) 
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management of shrimp fisheries. C.N. Indian Ocean 
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Figure 1. Hypothetical time series showing actual maximum sustainable yield (MSY) 
horizontal lines) and estimated MSY (dotted horizontal lines) for each 

year; actual optimum yield (OY) (light continuous line) and estimate of OY 
(dark continuous line) for each year. Several features of this figure ,ue evident: 
(1) once MSY is calculated it usually has a constant value; (2) ttH're is a 
difference between the estimated values of OY and MSY and the actlla I values; 
under- or over-estimation retlects considerahle ecollomic costs; and (:l) while 
MSY tends to be constant over the fishing year, aetnal OY tends to vary 
continually. as does its estimate. 
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Figure 2, Components of a fishery-management system. The figure shows only one cycle 
between time T and time T + 1. Actually, the system would continue 
indefinitely. 
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Figure 3. Hypothetical output from management information system (MIS) showing 
schedule for data synthesis, reports, and various management actions. The 
solid circles represent regularly scheduled events and the open circles represent 
events that are timed on the basis of other events. The systematic arrangement 
permits coordination of all the events and tends to maximize the effectiveness 
of the decision process. 
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Figure 4. A fishery-commodity model which gives a hypothetical view of the economic 
and biological interrelationships in the fishery. This model is a general one, 
designed to show the nature of the relationships; for specific purposes ot.her 
models might be more suitahle. It reflects how various decisions in any par
ticular part of the model affect the rest of the modeL Many of the data that 
would be required to make the model fully operational are current.\y un
available. (MeL= market dearing line; Mep market 
Q=quantity; and QUAL=quality.) 
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Figure 5. The relation between catch-per-unit-of-effort (epUE) and effort usually shows 
a decline in epUE with increasing fishing effort. If A is the amount of effort 
expended by the domestic fleet, then the domestic fleet will have a CPUE of C. 
If, however. in addition, there is foreign fishing the total amount of effort, 
domestic plus foreign, will be B. With the amount of fishing set at B, the epUE 
will drop to D. The difference between C and D reflects the quantity of ad
ditional effort or cost of fishing that a domestic fishermen experiences because 
of foreign fishing. 
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