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concepts and methods that "work", i.e., which can be used
to answer most of the key questions explicitly asked by
fishery managers and administrators, or implied by their
general request for advice.
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In 1931, when Russel published his landmark paper
on overfishing, he effectively defined the field of fisheries
biology as one concerned primarily with defming unit
stocks and fisheries and their sizes, studying fish growth in
and recruitment to these stocks, as well as investigating
the natural mortality in and catches from investigated
stocks (Fig. 1).
This research thrust, by putting emphasis on factors
which, although often difficult to estimate precisely, at
least can be approximated with sufficient accuracy,
provided the conceptual basis upon which other authors,
such as Beverton and Holt (1957) and Schaefer (1954,
1957) could build their models.
With regard to these models, two schools of thought
can presently be defined. One advocates departure from
the "classical population dynamics" approach it has
spawned (Sharp and Csirke 1983; Bradbury and Reichelt
1981), suggesting instead that environmental factors or
emergent system properties (i.e., holistic approaches)
respectively, should receive greater emphasis. The other
school, to which this author belongs, believes in refining,
expanding and adapting the classical models. The basic
reasons for the conservative stance are that
environmentally driven ecosystem models of which
exploited fish populations represent only a component
often lack generality (Le., applicability outside of the area
for which they were developed) and that "holism" is
probably more a general research mode than a concrete
program of investigation around which, for example,
student theses or postdoctoral studies can be structured.
Thus, when confronted with the need to translate
Russel's axiom (in Fig. 1) to the multispecies situation
prevailing, say, in Southeast Asian demersal fisheries, two
approaches can be taken. The holistic approach would
require here, I presume, treating each single species stock
individually (but how does one get the data?) defming aU
interactions between species (how?), then developing a
model that predicts the emergent properties of the system
(presently an impossible task).

Abstract
Fisheries research is an applied discipline based in part on
population and marine biology, with selected inputs from the social
sciences. Fisheries research is successful when it provides concepts
capable of helping fisheries management to make rational, explicit and
enforceable resource allocation decisions. Successful concepts and
models need not be as complex as the reality from which they are
derived, and to which they are applied. Rather, successful concepts and
models must capture and help express essential, and preferably
quantifiable features of the reality that is modelled.
This contribution reviews a number of concepts, models and
methods - some of them derived from approaches developed for highlatitude, single-species fisheries - which have proven useful in the
context of the multispecies, multigear fisheries of tropical Asia. It is
suggested that, overall, fisheries biologists working on tropical stocks do
have the tools they need to do their job; the point now is to use them.

Introduction
Fisheries science investigates processes taking place
within fish populations and within "populations" of fishing
gears, but concentrates especially on the interface and
interactions between fish and gears. Fisheries research is
closely related historically and in various methods, models
and assumptions, to marine biology and/or biological
oceanography, but unlike them fisheries research is highly
applied. While the success of fisheries research in a given
country, for obvious reasons, cannot be assessed via the
status of that country's fisheries, it remains true that
success in our field can and must be measured by its
relevance (potential or actual) to real fisheries.
It is my contention, which I will attempt to support in
this contribution, that our discipline has matured to the
extent that fishery scientists, including those working in
tropical Asia, now have at their disposal an array of
15
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The other, "tinkering approach" would involve
treating the whole species assemblage as if it were a single
species (Gulland 1971), then fitting some production
model to it (FAO 1978), or separating out subcommunities
(pauly 1979; Ralston and Polovina 1982; McManus, this
vo1.),and then applying standard models to them.
The second approach, as experience shows, besides
providing neat theoretical insights, has the crucial
advantage that the job gets done, and that management
measures based on the results can be readily formulated. I
believe that gross errors are less likely to occur in this
"reduced" mode than if a large-scale (simulation) model is
built from first principles (see also Larkin and Gazey
1982).

Growth studies: no real problems,
just plain work
Growth is an important aspect of the dynamics of
fish stocks. It is the only process which replenishes the
biomass taken from a stock by fisheries or by predators,
diseases and parasites. Growth rate estimates also provide
the "chronological backbone" for mortality estimates.
Quantifying growth, e.g., in the form of parameters of the
von Bertalanffy growth equation is not anymore a
scientifically daunting task. The main job for fishery
scientists, especially in tropical Asia, is to acquaint
themselves with current methods for assessing the growth
rate of fish and exploited invertebrates, rather than to
repeat the mistakes of often ill-informed experts from
colder climates, many of whom still assert that tropical
fish cannot be aged because they lack the scale or otolith
annuli of herring and cod fame.
Among the methods ideally suited for the study of
fast-growing small tropical fisheries (or various molluscs,
including squids) are: (i) the analysis of daily otolith rings,
discovered by Panella (1971) and confirmed by numerous
scientists for all fish and squids so far examined, but still
not used much in Asia (note the absence of papers on this
topic among the 230 papers presented at this Forum); and
(ii) detailed analysis of length-frequency data using
computer-based methods, which are superior to the
"Petersen method" documented about 90 (!) years ago
(petersen 1892), but which is still discussed by some
colleagues in a fashion suggesting that it has never been
improved upon.
Fig. 2 shows the application of one of these newer
methods, the ELEFAN I program, to length-frequency
data. As might be seen, the occurrence of a protracted
spawning/recruitment season with two peaks per year has
not prevented the program from identifying a single
optimum growth curve for this data set Note also that this
method can correct for bias due to gear selection using

information embedded in the original length-frequency
data themselves, and also pick up seasonal growth
oscillations which, incidentally do occur in tropical waters
(pauly 1982).
Growth studies using daily rings are very tedious and
error-prone. Similarly, application of ELEFAN I to bad
data can produce misleading results. This, however, is true
for any method. The point here is that powerful methods
(which can also be used concurrently) are available to
estimate the growth of virtually any tropical fish. One
should learn about and refine them by applying them.

Estimating mortalities:
how good is good enough?
Fisheries biologists elaborating on Russel's axiom
have, with regard to mortalities, the job of either
estimating natural (M) and fishing mortalities (F) or, as is
more usually done, estimating total mortality (Z) then
subtracting either F (the older approach) or M (the newer
approach) from Z to estimate the remaining parameter.
One way fisheries biologists working in tropical Asia can
go about this job is to estimate Z based on the size
distribution of fish in representative catch samples, using
either the mean length above a certain critical size (L')
(Beverton and Holt 1956) or a length-converted catch
curve (pauly 1984; see Fig. 2). Then they can subtract
from the estimate of Z the value of M obtained from an
empirical formula (Beverton and Holt 1959; Pauly 1980)
to obtain F.
Some are hesitant to use this approach, and I suspect
that it might have to do with the feeling that the whole
thing may be too simple to be correct. Let us not forget
however, that in the North Atlantic, numerous stocks, e.g.,
of gadoids and herring, have been managed (or
mismanaged, as the case might be) for decades based on
values of "M = 0.2" and "M = 0.1", respectively,these
values being passed from one stock to the other, from one
paper to the other like a sacred incantation, and with no
paper of which I am aware explicitly criticizing the
practice.
It thus seems odd that Gulland (1984) should
suddenly request scientists working in developing
countries to use only values of M that have confidence
intervals around them, and suggest that people should be
particularly wary of M values obtained via the empirical
equation in Pauly (1980).
Be as it may, fishery scientists, given appropriate
samples can now straightforwardly split Z into its two
components and then assess the relative impact of fishing
and natural losses as causes of death in a given stock.
Thus, we have here another concept that works.

--
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Recruitment studies: dealing with
concepts that do not (yet) work
Compared with growth and mortalities studies,
recruitment studies on commmercial fish stocks in tropical
Asia are extremely difficult and in a sense, one could
argue that the recruitment-related concepts used in
fisheries biology actually do not work, either in tropical
Asia or in other parts of the world (see contributions in
Sharp and Csirke 1983). The realization of this state of
affairs has led, however, to a set of focused research
activities, notably the International Recruitment Program
(!REP) coordinated by UNESCO and FAO in the frame of
their Ocean and Living Resources (OSLR) Program
(Bakun et al. 1982). OSLR contributions on recruitment
that are of relevance to the multispecies demersal and
pelagic fisheries of tropical Asia are included in YanezArancibia and Pauly (in press).
Although we do have basic problems predicting
recruitment fluctuations, there are some concepts that
work where our goal is to describe data sets. One of these
simpler concepts is that of a "recruitment pattern", used to
describe the seasonal oscillation of recruitment of fish into
a stock, and which can be derived quite straightforwardly
from length-frequency data (Fig. 2).

Catch, effort and cost data: the
fishery biologist's workhorse
concepts

this literature should not prevent us from realizing that we
are, with items (i) to (iii) on extremely safe ground, and
that any scientific advice based on these three points is
bound to be better than the dangerously naive yet
widespread assumption that more boats and more
subsidies always mean that more fish will be caught.
The inexorability of this becomes even more
apparent when one includes fishing costs into these
considerations. In such cases, even skeptics can be
convinced that subsidizing overfishing is, at least in the
long run, a policy likely to lead to serious social problems
(Smith 1981).
And yet it is here, with their best-founded, most selfevident concept that fisheries biologists and. economists
have least success. Indeed, translations of insights such as
expressed in Fig. 3 (for which numerous well-documented
examples exist in Asia) into a coherent policy aimed at
reducing fishing effort are extremely rare, if not totally
absent.
Possibly, estimating the size of actual or potential
losses due to mismanagement for the fisheries of one
country could help fisheries biologists, working in tandem
with fisheries economists, to get their message across.
Unless these, and related "public relations activities"
happen, it is difficult to conceive how, in the face of
growing fish demand and growing need for export
production, the fish resources of the world, and especially
those of tropical Asia, will continue to feed us.
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Fig. 1. Main factors investigated in stock-assessment :recruitment,
growth (positive factors), capture and natural mortality (negative
factors) and stock size. (N refers to numbers, W to weight).
Feeding and reproduction, although also contributing to stock
dynamics, are generally not considered in single.species stock
assessment (adapted from Russel 1931).
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Fig. 2. Application example of the ELEFAN I and II programs
to length-frequency data, sampled in 1981, on Indian driftfish
from Ragay Gulf, Philippines. The following parameter estimates
were obtained: Leo = 21 cm, K = 1.1 (per year), M= 2.1, F = 3.3,
mean length at first capture"" 13 cm (from Corpuz et al. 1985,
with small modifications).
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Fig. 3. An open-access fishery will tend to equilibrium (E) where
total revenues become equal to fixed, variable and opportunity
costs and no resource rent is earned. Note that beyond the level
of fishing effort corresponding to MSY (fmsy)' subsidies will
have the effect of decreasing catches and total revenues from a
fishery; note also that MEY (j.e., maximum rent) is reached at
a level of effort smaller than needed for MSY (adapted from
Smith 1981).

