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Introduction tams, what species of fish are landed -
or indeed whether the peaple get more
One main purpose of carrying out protein to eat in the form of, say,
stock assessment studies is to advise chicken or meat rather than fish. The

governments on whether the current
amount of fishing on a stock is teo high

or too low, and what adjustments in the
amount of fishing would be needed teo
bring the fishery into a more desirable
state. -

In some rare situations the step of
maoving from the scientific work of
assessment to the more general work of
advice (with its economic, social and
political implications) will present no
difficulties. The assessment work will
result in a curve relating to the amaunt
of fishing (as measured in some accep-
table manner), and the sustained yield,
with a sharp peak (the MSY). It is
cleacly desirable to maintain the fish-
ery at or very close to the peak. In
practice matters are less simple. The
yield curve may be fairly flat near the
maximum, so that it is not clear exactly
what the optimum point is. Also many
assessments using analytical (age- or
length-structured) models result in ex-
pressions of yield-per-recruit as a func-
tion of the amount of fishing (stcictly
fishing mortality), while the manager is
interested in the actual yield, These
coansiderations result in modifications
in the way the scientific results are
presented.

Objectives

The objectives of a fishery manager
are varied, and can be inconsistent.
Especially in developing countries, food
production is clearly a major objective.
This, however, does not necessarily mean
aaximizing the catch from a given stock.

In terms of the total food supply to the
country, it does not matter much, provi-
ded due account is taken of national cus-
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obstacle to greater food production is
usually one of shortage of inputs (espe-
cially, in developing countries, capital
and money for fuel and other operating
expenses). Even if increased fishing an
a moderately heavily fished stock would
result in some increase in catch, this
would be a misuse of resources, if the
same resources could achieve a greater
increase in food supply if applied else-
where, e.g., in a less heavily fished
stock. Thus, if managers are looking at
a given stock the context of the
whole national economy (or at least the
whole national fishery), achieving some-
thing like MEY (Maximum Economic Yield)
is likely to result in a higher total
supply of food than achieving the MSY.

in

Thus, the pursuyit of economic targets,
rather than purely biological ones,
which is being increasingly put forward

as the proper objective in developed
countries, can apply also in developing
countries. These, of course, have other
objectives, including increased earnings
of foreign exchange (e.g., from exports
of shrimp), or reducing demands for
foreign exchange (e.g., for imports of
engines or fuel), maintaining employment
(especially in rural communities), pro-
tecting the interests of the small-scale
artisanal fishermen and so on.

Few of these objectives will be

best met by fishing exactly at the top
of the yield curve. Usually a position
on the left hand shoulder of the yield

curve will serve most objectives rather
better. Staying a little to the left of
the peak can allow the costs of fishing
to be kept down with only 8 very small
reduction in total catch. The exact
pasition of the optimum will vary bet-
ween objectives. .  Even for a specifiec
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objective such as maximum net economic
return, optima can vary from year to
year, due to changes in, for example,
the relative prices of fish and fuel and
other costs. This implies that a speci-
fic position on the yield curve cannot
be determined as the optimum target of
manegement on biological grounds alone,
but requires knowledge of the objective
of menagement, and, for many objectives,
the result of economic and other ana-
lyses. This can raise difficulties when
the biologist comes to present his
results to a manhger, and explains why
many results (e.g., from the use of pro-
duction models) continue to be expressed
in terms of estimates of MSY, and the
amount of fishing (fishing effort or
fishing mortaelity) corresponding to the
MSY.

Biological considerations

The true curve relating the amount
of fishing to the sustained yield sel-
dom, if ever, resembles the simple,
sharply peaked, curve of some tradi-
tional models (e.g., the parabola
obtained from th\e Schaefer model) and in
practice it may be difficult to deter-
mine clearly, particularly at the higher
levels of fishing. The curve often has
a rather flat top. At the left hand
side, small increases in fishing qgive a
significant increase in yield, but
beyond that there can be a wide range of
effort over which increasing amounts of
fishing will result in some, but very
small, increase in total catch. It must
also be stressed that the yield curve
represents average conditions. Because
of environmental and other factors,
actual catches (for @ given effort) can
vary from year to year about the ave-
rage, and often these variations become
larger at higher levels of fishing. It
can therefore be very difficult to deter-
mine the locstion of the MSY, especially
in relation to the smount of fishing.
That is, it may be poasible to determine
thet the greatest catch that can be
taken from a stock is around 25,000
tons, but mueh harder to determine
whether the greatest sustained catch
would be taken with, say, 1.000 or 1.500
units of effort.
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When the biological assessments are
made using production models (e.g., by
relating catch per unit effort to total
effort), the results can, with the abave
qualifications, be used directly to
determine MSY and related quantities,
such as the effort at MSY. This is not
true of most age- or length-structured
models., The output from these models,
except in their more complicated forms,
is in terms of the yield-per-recruit, or
some equivalent units. The maximum
total yield, i.e., MSY, will occur at
the fishing mortality F correspon-
ding to the maximum yieyﬁxper recruit
only if the averasge recruitment does not
change with adult stock size, at least
at stocks corresponding to that level of
fishing. This is unlikely to be precise-
ly true,‘ since at FMA the stock will
be moderately heavily ¥ished, and this
is likely to have at least some effect
on recruitment. That is the MSY is
likely tp occur at some value of fishing

: F .
mortality, FMSY less than MAX

Choice of target

was accepted that,

From the preceding sections it is
clear that the fishery biologist daes
not have a simple task when asked for
specific advice in terms of a single
figure for the desirable amount of fish-
ing (number of trawlers to be licensed,
etc.) even after he has completed the
biological assessments. To some extent
he can passs the problem back to the
managers by providing optiona, and spel-
ling out the consequences of different
options, In'principle this is probably
the most desireble . procedure, but it
cannot slways be followed. The problem
was met in particularly acute form by
the scientific committee of ICNAF in
the early 1970's. At that time most of
the demersal stocks in the Northwest
Atlantic were heavily fished, and con-
trol of fishing effort was needed. It
for the reasons
already mentioned, the control should
preferably be set rather below FH v
However, because of the nature of §he
provision of advice and of taking deci-
sions, it was slmost essentisl that the
target fishing mortality (and hence the
target catch quotas) should be set in an
objective and clearly determinable
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fashion, which was provided at that time
only by F .

) The solution of the ICNAF sclen-
tists was to establish a new target;
that of F , where the slope aof the
yield curve is 0.1 of the slope at the
origin. In other words, where the
increase in total catch achieved by
adding one unit of effort (or additional
fishing mortality) is only 10% of that
achieved by the first unit of effort,
when the fishery was first started. The
choice of 10% was arbitrary, though it
has been found to give useful results,.

In practice this approach can
involve some ambiguity. Unless the
stock-recruitment relation has been esta-
blished - or at least it is known that
average recruitment does not change sig-
nificantly with changes in adult stock -
the true value of F|J 1 is not easy
to determine. HWhat c’an be determined
using one or other age- or length-
structured model, is the velue of what
might be denoted as F' s i.e., the
value of fishing mortality at which the
increase in yield-per-recruit resul-
ting from a small increase in fishing
mocrtality is 10% of that resulting from
the same increase in a very lightly
fished stock. "

The difference is probably not
great. B8oth F 1 and F'O will cor-
respond to objecllively detern’n}ned values
of fFishing mortality that match more or
less closely most management objectives.
The chief difference in principle is
that while Fl] will definitely
involve some tra'dle-off' between objec-
tives, i.e., some loss of total catch in
exchange for better economic returns,
F could correspond to a fishing
morfality equal to or above that giving
the MSY, and thus involve no loss of
catch. In such cases F' will be,
on virtually any eriterion, a better
management target than F! s the
fFishing mortality corresponding to the
maximum yield-per-recruit. This could
involve fishing at a rate well beyond
the true MSY.

ODiscussion

The respansibilities of a stock
assesasment scientist do not end when he
has assessed the stocks and produced,
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say, a curve of gustasined yield as a
function of fishing mortality. He has
to report his results to the fishery
administrator, and othecr users of his
results in a Fform that they can under-
stand and apply in their own tasks of
deciding on fishery policy. 1In the
ideal world there will be a continuing
dialogue between scientists and admi-
nistcators about their problems. In
practice scientists will often need to
summarize their tesults in one or two
key numbers. In the past the MS5Y, and
the effort corresponding to the MSY has
secved this purpose, and often, as a
first approximation, served it well.
There are disadvantages; the MSY focuses
attention on the size of the physical
yield as the only objective of fishery
policies, when economic or social
aspects can be equally important., Also,
while the approximate level of the MSY
can be determined reasonably well, it
can be d,if'fiCUl't to say, even appro-
ximately, at what level of effort the
MSY will occur.

The concept of F is put for-
ward as a point of reference against
which advice can be given in terms of
both the likely level of catch, and the
amount of fishing (fishing effort or
fishing mortality). It has been used
successfully in international fishery
commissions, and in some natiaonal manage-
ment schemes. While to some extent an
arbitrary figure, it does allow the bio-
logical assessments to take some account
of the direction of most economic and so-
cial pressures. In the form of F!
(i.e., the corresponding point on Eﬁé
yield-per-recruit curve), it is probably
the most uvseful way of presenting
results from some of the new techniques
using length-structured models.

Appendix

Fl
msy 2" Flgy

from yield tables

Calculatiaon of F

The implications of wusing F
and related concepts, rather than MSYcI br]i
advice were assessed using the yield
tables of Beverton and Holt (1964).
These give the yield per recruit, in
arbitrary units, as a function of two
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o)

logacithms of the re
3uccessivye age
against age,

basic parameters, C, the ratio of L
(the length of firgt capture)tolwo
(the asymptotic length) jp the von
Bertalanffy growth equation, and the
ratio F/M, the ratlio of fishing to naty-
ral mortality . Different tables acte
given for different values of M/K (the
ratio of natural mortality to the parame-
tec in the growth equation describing
the rate at which the fish approaches
its asymptotic length), This form of
presentation is particularly appropriate
when saome of the new length-based modifj.
cations of the traditional age-
structured models (e.g., those of
Beverton and Holt) are being used, since
these often give results in terms of the
ratios of parameters, rather than abgo-
lute values.

Table 1 gives,
of C and H/K,

for sets of values
the values of F/M corres-

Table 1. Target rates of fishing, expressed as the ratio of

(MSY or Fa.1). and ditferent combinations of natural parame

ponding to the maximum yield pPer reccruit
(shown by an asterix jg the

Fecruit, is 10y )
fiahing intenaltles,»(F/M)‘ .
The latter values are
to vaciations jn M/K, though increasing
with increasing values of C, i.e., the
lacgec the fish are, as g proportion of
their maximunm length, the more it payg
to fish haced. The table alsg tends tg
confirm 4 tough ruyle of thumb that the
optimunm fFigshing intensity ig araund the
Point where fishing and natural morta_
lity ace equal,
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be converted to age-~structured. catch
curves in which the observed frequencies
in successive length groups are divided
by the time required for a figh to graw
through each length group and plotted
against the estimated ages of the mid-
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