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INTRODUCTION
Much of the literature of fisheries science is concerned with the management of single-species populations of fish. But most of the world's fish
populations do not live in isolation from other fish populations.
On the
contrary, most live in association with many other species, and many
are caught in association with others in various kinds of fishing gear.
It is against this background that many different kinds of fisheries are
grouped under the heading of the term "muItispecies."
The papers of
Clark, Newman, and Gulland and Garcia (all this volume) each allude
to some of the considerations involved. It seemed logical for our group
first to describe a typical situation, then to suggest how the various
kinds of multispecies fisheries might be claSsified and what management
measures might be taken to achieve certain objectives, and finally to
consider the implications of the foregoing for research.

"

What Is a Typical "Multispecies Fishery" Situation!
A typical and somewhat stylized example of a multispecies fishery as
described by Pauly (personal communication) involves artisanal fishermen
who take many of the same species plus some other species with which
they may interact. Characteristically, the fishery is prosecuted initially
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(Phase A, Fig. 1) by artisanal fishermen, the total catch is not large,
and the abundances of only some of the species in the catch are substantially influenced by fishing (2). With the introduction
of large-scale
trawling (Phase B), resulting in competition with artisanal fishing, total
fishing effort steadily increases and total catch quickly increases until
it more or less levels off (2-4, 6). As total fishing effort further increases,
total catch may be maintained but there are changes in the species composition of the catch, the higher valued species often being the first
to disappear, and the artisanal fishermen take a smaller proportion of
the total catch (1, 5). With still further increases in effort, total catch
fluctuates,
and with each decline in catch there are strong pressures
from the artisanal
fishermen for intervention
on their behalf (Phase
C).
This pattern

has been followed

in fisheries
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FIG. 1 Three phases in the developmentof a multispecies fishery. A:
"Development" of fishery, based on a given type of gear (1); B: transfer
of an increasing proportion of the total multispecies catch from gear
1 to gear(s) 2, which may be. more efficient, more capital intensive, subsidized, etc. The model assumes more or less constant total multispecies
catch (massive changes in species and size composition are implicit)
and indicates the reason for outside intervention at times when one sector
of the fishery (using gear 1) turns to politicians for support. This model
applies to competition between artisanal vs. modern, small vs. large,
sports vs. commercial, local vs. foreign, subsidized vs. non-subsidized
(etc.) fisheries. More than two gears may be incorporated either in temporal succession, or simultaneously competing with each other. (Derived
from material in (1-5), and from (6), especially Figs. 16 and 17.)
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and is eSl?ecially common throughout the tropical seas. With only slight
modification,
the same pattern may be applied to a very wide variety
of fisheries for which there would be the expectation that with an increased rate of exploitation there would be a change in the species composition of the catch, and in the absence of intervention,
a change in
the "species composition" of the "catchers."
It is not essential that the
catch of each kind of gear should comprise all of the available species,
for it is the aggregate effect of all of the vessels on all of the species
that decides the overall character of the fishery.
The essential features of this scheme are also readily extended to several
types of gear, which in rapid transitions are successively squeezed as
they become relatively ineffectual, and as well to the situation in which
recreational
and commercial fishermen compete for the same resource.
It will not, of course, apply to those rare situations in which several
species continue to be harvested with only a single type of gear, but
even here it may be observed that intensive fishing induces changes in
species composition.
In responding to the complaints of the operators of gear types that are
squeezed, the manager's key problem is, having assumed a level of total
catch and species mix, how to allocate the resource amongst the variety
of users. Assuming that "the manager" is abstract and omnipotent, rather
than a bureaucrat, the obvious choices are a) do nothing, b) set a biological
objective such as maintaining all of the species or maintaining the total
weight of catch, c) set a social objective such as the maintenance of
the various groups of fishermen, d) set an economic objective such as
improvement of the benefit/cost ratio where costs include the expenditures
on research and management,
or e) some combination of alternatives

b, c, and d.
With this brief introduction
of "multispecies" fisheries.

we may turn to considering

.

the classification

THE CLASSIFICATIONOF MULTISPECIESFISHERIES
Classification of multispecies fisheries has little Intrinsic Importance
but can serve to Identify the nature of likely management problems.
In the simplest cases that might come to mind, there would be no Interactions or, at most, weak (or unknown?) interactions amongst the species,
and single-purpose vessels would fish without targeting with particular
effectiveness on any particular species (WI of Table 1). Alternatively
(and more likely), various kinds of vessels would be targeting on a

'
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TABLE 1 - Considerations in a scheme for classifying multispecies
fisheries.

Species
interaction

Sing Ie-purpose
vesse I s

5ingl e-purpose
vessels

Mul tipurpose
vesse Is

non targeted
fishing

targeted
fishing

targeted
fishing

weak
interaction
strong
interaction
Elements of the matrix could be further
onshore/offshore stocks, habitats, etc.

divided by numbers of species,

particular species or a group of species (W2). Finally, multipurpose vessels
may be able to target on several species over the course of a fishing
trip or over a fishing season (W3)'
A similar group of three kinds of fishing operation (51 2 3) can be distinguished for situations in which there are strong interactions
amongst
species. Thus, although one might imagine that some vessels catch only
cod and others only herring, together they would constitute a "multispecies
fishery," because cod eat herring (and vice versa).
Different types of multispecies
fisheries can be readily accommodated
in the classification of Table 1. For instance, the simple predator-prey
system of Gulland and Garcia (this volume) would fall into category 52'
their multi-single-target
fishery would fit within W3, and their singlemulti-target
fishery could be classified as 53' Clark (this volume) reorganizes fisheries within each of the columns of the table, and Newman
(this volume) discusses types of fisheries which could be allocated to
categories WI' W3, and 52' respectively.

It should also be noted that mixes of the elements defined by the fishing
operation are also possible within one fishery. From this kind of reasoning
it becomes apparent that virtually all fisheries may be classed as

- - - -
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Management

multispecies
fisheries either because they take several species in one
kind of gear or because in taking one species they influence the abundance
9f species taken in other fisheries.
Multispecies fisheries management
could even be made virtually synonymous with regional fisheries management, with all that is implied in the definition of boundaries of regions.
Particularly for those who theorize, it may be useful to distinguish fisheries
on the basis of the number of species, with categories such as one species,
two species (predator-prey,
competitors, symbionts, etc.), three species
(one predator, two prey) and many species.
From an empirical point
of view, it may also be useful to distinguish situations in which there
are from four to ten species from those with several hundred species.

In particular situations it may also be desirable to think in terms of stocks
rather than species as the units ("multistock" fisheries), and while anadromous salmonids may come first to mind, there are many other species
for which stocks are probably the most appropriate units to consider.
There may also be value in classifying on the basis of habitat (pelagic,
demersal, coral reef, and so on) or on the basis of which and how many
trophic levels are harvested.
In any event, the classification
should be based on the catches rather
than on the landings, because the latter, residue after discards, do not
reflect the true nature of the fishery. In a similar vein, it should be
remembered
that the use of some kinds of gear may have effects on
the environment that are harmful to species other than those being caught,
an "indirect technological effect" that may be the equivalent of being
caught and discarded.

An implication of any scheme of classification is that the different classes
might require different kinds of management. For example, a fishery
which harvests a group of competing species at one trophic level may
pose quite different questions ~or the manager than a fishery which harvests a hierarchy of superpredator, predator, and prey. If there is a
variety of single-purpose vessels, each type targeting on a particular
species, the management options may be more clear-cut than if several
types of vessel are fishing the same mix of species. There are many
obvious variations that would illustrate that management practices would
not be the samefor the varioustypes of multispeciesfisheries.
OBJEC11VES OF MANAGEMENT
While it is difficult to establish a single objective

for multispecies

fishery
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management in general, it is likely that the objective for a particular
fishery will comprise a mix of biological, economic, social, and political
elements. On the biological side, by contrast with single-species fisheries,
there may be less concern for short-term prediction of abundance and
the setting of annual regulations. Because the total catch in a multispecies
fishery may be more or less constant over the short term, the emphasis
may be shifted to guarding against sudden and unforeseen changes in
species composition that reflect a profound structural
change in the
fish community.
It may be only rarely that fisheries threaten species
with extinction, but the possibility should not be shrugged off. Multispecies
fisheries management should aim for preservation
of the full ensemble
of species that occur naturally, as well as for optimal utilization of the
complex of species of greatest commercial interest, although it is recognized that in some cases these goals may be incompatible.
Tl1e tendency of most contemporary
managers, for reasons that stem
from political sources, is to preserve the status quo, at least in the short
term. In the longer term it might be desirable to diversify the fishery
over as full a range of species as possible, both to avoid the waste of
discarding and to foster maintenance of a more stable species composition.
It may also be desirable to maintain or encourage diversification
of a
fishery to ensure that it can respond quickly, selectively, and opportunistically to unpredictable
local increases in the abundance of particular
species. This, incidentally, is an excellent rationale for taking measures
to ensure that a substantial proportion of the total fishing effort resides
with artisanal fishermen.
Thus, although it will almost certainly be desirable in many instances to take a large portion of the total catch in a
more cost-efficient
manner, the ostensibly inefficient (but often actually
very efficient) smaller fishing units should also be seen as a useful part

of the total fishery mix.

.

In considering the economics of multispecies fisheries, it is important
to include the full spectrum of social benefits and social costs, including
the costs of research and management that are often conveniently forgotten. For some fisheries it is even doubtful that the value of the catch
is equal to the cost of research and management.
This should not be
cause for concern if the expenditures on research are seen as an investment
which will reap rich rewards in the future. At the same time, it must
be acknowledged that for some fisheries (Canada's, for example) the
costs of research have been high for many years but the fisheries are
currently no more rewarding financially than they were twenty years
ago. To the extent that this kind of situation might arise from the failure
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293

it is like running hospitals

The social and political objectives of multispecies fishery management
are as varied as the social philosophies of the various countries that
have fisheries, but they have this in common: they must all recognize
that many fishermen may not easily find other employment.
This is
a central fact of all contemporary fisheries management and is particularly
to the fore in multispecies fisheries in which there is such intense competition amongst fishermen using the different kinds of gear.
MEASURES OF
There is a wide
ager, and these
of the resource,

MANAGEMENT
range of measures that may be taken by a fisheries manmeasures can be conveniently considered as manipulations
or of the fishery, or of the infrastructure.

The resource
manipulations
involve the maintenance
and creation of
habitat as well as direct measures to propagate desired species.
One
of the most obvious kinds of habitat manipulation is the construction
of artificial
reefs, but there may be more than meets the eye in their
deployment.
Some claim that such constructions
provide a good way
of creating habitat for reef fishes, even though initially the effect may
be more to attract fish than to increase production.
The ulterior motive
in building reefs may be to make trawling too risky, thus establishing
a refuge for other kinds of fishermen.
Propagation of young fish for release in the wild may in some circumstances be highly effective (Pacific salmon, for example). In the circumstances of most multispecies fisheries, however, there is often considerable
skepticism
about such measures.
Young released improperly may be
nothing but a tasty snack for predators, but recently developed stocking
strategies
may hold promise for successful mass propagation.
Young
may be released initially irrtosemi-wild
conditions,
thereby reducing
initial mortality.
As shown by the Japanese experience with Paneaus
japonicus, such activities can be successful if combined with the proper
choice of location for release, construction of artificial coastal nursery
grounds, partial regulation of tidal water level, and control of predator
populations on releasing grounds prior to stocking (mainly juvenile fish).
Japanese stocking is carried out with the aim of supporting small-scale,
local fishermen.
Since prawns tend to migrate offshore as they grow
larger, the mesh size for inshore fishermen was reduced (Rosenthal,
personal communication).
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The control of predators to enhance the survival of their prey species
is frequently proposed as a device of resource manipulation.
In situations
in which the prey may be temporarily highly concentrated
and easily
captured, local control of predators may be effective,
but as a more
general practice, predator control is far more expensive than is usually
justifiable.
A complicating factor is that many of the top predators
evoke strong and emotional support from conservation
groups. It may
take a strong-minded
manager to carryon
with a control program on
marine birds such as gulls or marine mammals such as seals.
Many other examples could be cited of resource development in general
and propagation techniques in particular.
Without exception, they should
be viewed as experimental
until there has been an adequate scientific
evaluation.
Performance frequently falls far short of promise, especially
in the context of multispecies fisheries. The need for research and evaluation at each step of the way will be especially important in the forthcoming
age of biotechnology.
The introduction of exotic species is another technique of resource manipulation which is commonly mooted if not attempted.
The introductions
of Pacific salmon to the Atlantic and the Antarctic are the best-known
examples, and it can be expected that many more such ventures involving
salmon as well as other species will be launched in the future. The effects
of such introductions cannot be predicted.
It can only be said that most
attempted introductions are failures, and the successes have often proved
to have surprising consequences for indigenous species.
One hundred years hence, it is conceivable that much of the world's food
production from the sea will come from sea ranching and aquaculture
rather than from "hunting expeditions" for fish. The world has already
witnessed some steps in that direction, but enthusiasm for further development should not override precautions
for adequate protection
of the
integrity of natural ecosystems.
It will probably never be possible to
bring the sea under the sarpe degree of control as the land, and natural
production should always be fostered.
The ICES code of practice on
transfer and introductions of a non-indigenous species should be strictly
followed.
The manipulation of the fishery sector is a far more complex and comprehensive way of influencing multispecies fisheries.
Of all of the possible
measures of regulation, the control of effort by simultaneously limiting
entry and the fishing power of vessels is seen as being potentially the
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most effective.
Unfortunately, this kind of measure is not usually implemented in the development stages of a fishery, and in consequence, there
are too many overcapitalized
units in the fishery and the downward adjustment of effort must depend in large part on the attrition of the fleet
as it ages. It should be noted in passing that in limited-entry
fisheries
it is difficult to hold to a non-replacement policy.
In general, the practice of establishing a total allowable catch (TAC)
for each individual species is neither practical nor sensible with or without
an overriding total allowable catch for all species that is less than the
sum of the individual TAC's. To implement individual TAC's it is necessary
not only to have real time catch data, but also to assume a level of inspection of catches (or reporting of catches by fishermen and processors)
that is unrealistic.
These problems multiply with the number of species
and in tropical seas are virtually insurmountable.
An additional problem
arises when the harvest of some species is predominantly
fish of less
than one year of age, and TAC's are perforce on a very short time basis.
In the words of one of the group, at best TAC's control landings, not
catches; at worst they are meaningless.
Moreover, TAC's must be negotiated every year, while a reduction in effort has a lasting impact.
If TAC systems are not generally practical, it seems reasonable to ask
why they have been so widely used in attempts
to regulate fisheries.
The answer seems to be that they have been used as second-best solutions
to the problem of limiting effort.
Thus, in ICN AF, from which much
of the present practice of setting TAC's was derived (spawned?), quotas
were far more readily negotiated than effort. Though TAC's have served
a useful conservation purpose, they have not solved the economic problem
of too much fishing effort chasing too few fish.
The Atlantic fisheries of Canada may be developing as an exception
to the general rule. TAC's for all major commercial species have been
in eCfect for several years. In the offshore groundfish Cisheries of Newfoundland, TAC's for nine species are now allocated, on a proportional
basis, to individual fishing corppanies under a system of "enterprise allocation" (Canada Dept. of Fisheries and Oceans, 1983). Early experience
indicates that this system could effect significant savings in fuel and
other costs because the companies would no longer be forced into a competitive scramble Cor the limited total catches.
It should be kept in mind in attempting
there is an inevitable trend to technological

to control fishing effort that
improvement and accumulation
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of experience.
Thus it always pays to limit entry to less than the number
that one would speculate as appropriate.
The restriction
of effort is
somewhat more difficult when there is more than one kind of gear, for
the fishermen using each gear type do not wish to be differentially
restricted.
The safest approach is to reduce each by the same proportion,
rather than on the basis of a calculation of relative fishing power.
One of the major shortcomings of controlling effort rather than catch
is the difficulty of preventing the harvest of depleted species. It may
be possible by arranging a judicious mixture of gear types and area and
season closures to provide some measure of protection, but some species
will probably have to be virtually written off in the interests of reaching
an optimum compromise of gear types and species caught.
The regulation of mesh size has the merit of simplicity and can compensate
for excessive effort. The disadvantages are the common failure to consider
recruitment
overfishing and the difficulty of enforcement.
Mesh size
regulation is much easier to enforce if it is coupled with measures to
limit entry. In some instances, seasonal and area closures may be as
effective as mesh size regulation in preventing recruitment
overfishing.
The use of variable effort coupled with variable mesh size has not been
adequately explored as a management technique for multispecies fisheries.
The manipulation of infrastructures
is a powerful tool in the management
of multispecies fisheries. The development of new markets can encourage
the use of by-catches that might otherwise be discarded or used for fish
meal production. The development of processing facilities can give added
value to catches and expand markets for fish products. The species composition of the catch can be influenced by taxing landings of some species
and subsidizing landings of others. In these and other ways the infrastructure can be used to influence the fishery. The converse is also true.
When a fishery is in trouble it can create political pressure for subsidies
of various kinds, and indeed, it has often been remarked that in some
situations the fishermen fish for subsidies rather than for fish.

It is relevant to observe that fishermen may not be socially mobile, perhaps
for reasons of temperament as well as for lack of alternative opportunities.
Whatever the reasons, it is often not easy to reduce the number of participants in a fishery, and the creation of new alternatives by infrastructure
manipulation can be a constructive adjunct or alternative to other management measures.
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REQUIREMENTS FOR INFORMATION
The various measures that may be taken by management imply the need
for different kinds of information.
In general, the amounts of information
that seem to be required are functions of the number of fisheries and,
to a lesser degree, th.e number of species.
It should be noted that if
these are exponential functions, or even linear functions, the requirements
become so enormous as to suggest the need for looking at the whole
complex at a more encompassing level of aggregation than species.
It
is widely agreed that one of the prime requirements
for multispecies
modelling is measurement of the strong interaction coefficients between
species.
Because the potential interactions
increase as the square of
the number of species, it is essential either to identify a few strong dominating species interactions,
if indeed there are only a few, or to find
some other means of depicting the dynamics of the association.
There is a wide range of views on the best course for management and
with each view there is an associated need for information.
The most
pragmatic emphasize that when a fishery is evidently in a sad state,
the amount of information that is needed may be very small. Where
there is a will for a change, the prophet who simply says that fewer boats
will mean more fish per boat may well be heard. More commonly there
is a desire to preserve the status quo, and even very large amounts of
information fitted to highly sophisticated
models may fail to convince
fishermen and their managers that changes should be made. If a fishery
is not in desperate straits, it may well be that the small changes that
are politically acceptable
will eventually allow the fishery to creep to
some optimum. But the optimum may be local, and to discover if there
are other and better optima may require bold experimentation
that takes
risks to gain knowledge. Even if it is known that the fishery can be moved
quickly to a desired optimum state (bang-bang), the disruption to the
fishery, however short-lived, may be seen as intolerable.
Such considerations
lead directly to the question "what kind of model
of the fishery should the manager use to guide his lily-livered or bold
decisions, and how much and what kinds of information are needed for
what kinds of model?" A widely accepted rule of thumb has been that
the more parameters
a model contains, the more precise It should be
and the more information is needed.
But there are many exceptions
to this general rule, the simpler model often describing the relevant
processes better than the more detailed "correct model." Leaving those
considerations
to his expert staff, the manager must nevertheless
first
decide how much precision he can afford.
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A second consideration is what the model is designed to predict.
The
interests of management are likely to focus on such matters as total
catch, catch per unit effort, and biomass, and since some will be easier
(and cheaper> to predict than others, it pays to be precise about what
and how precisely you wish to predict. A particular need of multispecies
fisheries managers is for models that will predict the likelihood of changes
in speci~s composition because the changes have large consequences.
It should be emphasized that a large number of models is available and
that there is a wide variety of alternatives in modeling. The "thoroughly
modern manager" should almost certainly a) consider several models
for addressing each of the aspects of his multispecies fishery, b) continually
evaluate
their cost effectiveness,
c) continually develop new models
to replace the old, and d) both create and exploit opportunities to critically
evaluate whatever models he is currently using. At the present time
there is a very wide spectrum of opinion about the merits of various
kinds of models for describing multispecies
fisheries dynamics.
This
the group found encouraging but they could agree on little more, except
perhaps that between the extremes of overly simple and horrendously
complex there was a vague but promising middle range of models characterized by "appropriate" aggregation procedures.
IMPLICATIONS FOR RESEARCH
In the course of our discussions we were frequently reminded that much
of the conventional
wisdom concerning multispecies
fisheries is based
on anecdotal evidence. There is a dearth of thorough monographic studies
on multispecies fisheries that could serve as the foundation for developing
generalizations.
It may perhaps be too much to expect that each monograph would include a review of the biology, the management decisions,
the industry, and the environment, but it is this kind of comprehensiveness
that is sorely needed.
Research should be concentrated
on the problem of predicting major
changes in species compositi.on, particularly when there are large changes
in fishing mortality.
It may be unrealistic to make predictions at the
species level, except for communities with few dominating species. There
is therefore a ~elated research need on the criteria for aggregating the
elements in a fish community. Is it best to group by size, by food habits,
by taxonomic similarity?
Do different groupings reveal different things
about the species assemblages?
Regardless

of the

grouping

criteria,

the essential

requirement

is for
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understanding
of the mechanism of interaction
among groups. It may
well be that the key interactions take place amongst the larval and early
juvenile stages, and further research into the dynamics of these associations is needed.
To expose fully the dimensions of multispecies
fisheries management,
if possible it would be useful to couple models of the biological systems
with models of the economic systems. Economic models of multispecies
fisheries are particularly needed. Many of the existing models are based
on equilibrium assumptions and have the potential for being very misleading
when applied to nonequilibrium
situations.
Research on models that
describe the behavior of fishermen would also be valuable as they illustrate
the microeconomics that underlie the macroeconomics of the fisheries.
The selection of the "best" population dynamics model for management
purposes may be influenced by statistical
considerations.
For example,
Ludwig (unpublished) has used a cohort-structured
model in a computer
simulation to generate data which is then fed into parameter estimation
algorithms for the original model as well as for a simple stock-recruitment
model. Often, better estimates of optimal fishing mortality are obtained
from the simple model than from the "correct" cohort model.

The group was not enthusiastic about "shotgun" oceanography which
too often, at very great expense, accumulates large amounts of information
of little immediate or short-term relevance to management. Such oceanographic studies as are undertaken for fisheries management purposes
should be targeted to answer specific questions, such as the current movements from a spawning area to purported nursery areas.
The group agreed with the other groups in strongly recommending experimental procedures designed to give empirical information about the
consequences of various management regimes and the seizing of opportunities that may be provided by "~atural experiments."
Finally, the group stressed the importance of maintaining a modicum
of basic research in the total program of research activities of management agencies.
As one of the workshop moderators
so aptly pointed
out, there is a difference between data that are gathered to gain understanding and data that are gathered to enable prediction.
It is to be
hoped that the expenditures on basic research will be sufficient to ensure
that the data necessary for gaining understanding will continue to accumulate for the mutual benefit of fisheries science everywhere in the world.
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SOME IMPLICATIONS FOR POLICYMAKERS
As a postscript to our deliberations we spent a few minutes reflecting
on "what's gone wrong." There is enough knowledge at hand to provide
much better management,
yet multispecies
fisheries are in difficulty
in all parts of the world. Why? The answer lies largely in the "tragedy
of the commons" and leads to the suggestion that where it is possible
to give fishermen ownership rights, there is reason to hope for better
management.
lt is also apparent that overcapitalization
gives the tragedy of the commons a special twist in fisheries, for the effects can persist for a long
time. Any developing country that is ambitious to develop its fisheries
should explore the option of renting vessels to harvest surpluses when
they are available.
Along the same line of thinking, it may be cheaper
to contract for some of the chores of research and monitoring than to
undertake doing it all with public servants. It should, however, be acknowledged that many programs of assistance to less developed countries are
available to provide such services and that these programs have stressed
the importance of building at least a core of national expertise as the
best way of ensuring that external advisory services are used to optimal
advantage.
Many multispecies fisheries are also multinational fisheries and therefrom
stem many of the problems of management.
International
agreements
are particularly
valuable for exchange of scientific information and research findings. Wherever they might serve a useful purpose they should
be developed, and indeed, many have. The decisions of management,
however, are best not made by the body that is concerned with the exchange of information.
The exchanges should not be jeopardized because
the parties are unable to come to agreements on management.
The disasters to fisheries that arise (rom failures of countries to agree on management must be documented, if only to serve as reminders of what to avoid
in the future.
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