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SOME GENERAL CONSIDERATIONS OF METHODS OF CONTROLLING THE AMOUNT OF FISHING

by

J. A. Gulland

SUMMARY

The paper discusses the general problems that have to be considered when setting regulations to
control the amount of fishing. The firast important step is to determine the objective of the
regulation. 'Usually this will include a combination of biological and economic factors, and
will be expressed as the attainment of a certain position on a curve relating yield to fishing
mortality.

The fishing mortality is not easily measured directly, but is estimated from one or other of
the more readily observed quantifies of fishing effort or catch. The relation between mortality
and effort will vary with the value of the catchability coefficient g, which is in turn deter-
mined by the efficiency of the fishery units concerned, the distribution of fish etc. The re-
lation between catch and mortality depends on the abundance of the stock. Which of catch or
effort measures fishing mortality the better depends on the type and nature predictability of
the variations of catchability coefficient, and abundance.

Whichever measure is used, the actual control can be achieved either by a single quota - with
free fishing until the 1limit is reached - or by some system of allocation. Though both will
have the same blological consequences, the economic implication of the two systems can be sub-
stantially different.

RESUME

Le présent rapport fait état des problémes généraux dont il faut tenir compte lors de 1'établisse-
ment de réglementations visant & contrdler le volume de la péche. Il faut tout d'abord, ce qui

est important, définir le but visé par la réglementation. Ceci met généralement en jeu un ensem—
ble de facteurs biologiques et économiques, et est représenté en termes d'une certaine position
atteinte sur une courbe mettant en rapport le rendement et la mortalité due & la péche.

Il n'est pas aisé de calculer directement la mortalité due & la péche, mais on peut 1'estimer a
partir de l'une gquelconque des valeurs de 1l'effort de péche ou de la capture les plus évidentes.
L relation entre la mortalité et l'effort variera suivant la valeur du coefficient q de disponi-
bilité, qui est pour sa part déterminé par le degré d'efficacité des unités de péche en jeu, de
la répartition du poisson, etc. La relation entre la capbure et la mortalité dépend de 1'abondan-
ce du stock. Le degré de précision possible des variations du coefficient de disponibilité, ainsi
que 1'abondance, déterminent celui des deux éléments, capture ou effort, qui permet de mesurer
plus exactement la mortalité due & la péche.

Quelle gue soit 1'unité de mesure employée, le contrdle proprement dit peut 8tre appliqué au moyen
d'un quota unique -~ avec péche libre & concurrence de la limite établie - ou & travers un systéme
d'assignations. Bien que les deux méthodes entrainent les mémes conséquences biclogiques, leurs ré-
percussions éconcmiques pourraient différer sensiblement.
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RESUMEN

El documento trata de los problemas generales que han de ser considerados a la hora de establecer
unas regulaciones para el control del volumen de pesca. Bl primer paso importante es determinar
el objetivo de la regulacidn. Este objetivo, por lo general, es la consecuencia de una combinacidn
de factores biolbgicos y econdémicos, y serd expresado mediante una cierta pogicidn en una curva

que ponga en correlacibénm el rendimiento con la mortalidad de pesca.

No es fhcil de medir la mortalidad de pesca directamente, pero se puede estimar a partir de al-
guna de las cantidades mAs féacilmente observadas de esfuerzo pesquero o captura. La relacion entre
mortalidad y esfuerzo variara con el valor del coeficiente de posibilidad de captura g, que a su
vez es determinado por la eficacia de las unidades pesqueras lnteresadas, la distribucidn de los
peces, etc. La vrelacién entre captura y mortalidad depende de la abundancia del stock. La mortali-

dad de pesca se mide por la captura o el esfuerzo y depende de la posibilidad de predecir la na-

turalesa de las variaciones del coeficiente de posibilidad de captura, y la abundancia.

Cualquiera que sea la medida utilizada, el control real puede lograrse bien sea mediante un cupo
de capturas tGnico - con libertad de pesca hasta alcanzar el limite - o bien por algun sistema de
asignacidn de cupos. Aunque ambos tendrén las mismas consecuencias biolégicas, las implicaciones

econdmicas de los dos sistemas pueden ser sustancialmente diferentes.
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Introduction

The present note has been prepared to provide some background material,
and basis for discussion, for the ICCAT Working Group on Yellowfin. No atteapt
has been made to go into the subject in as much detail as has been done in
other documents (e.g. some of those of ICNAF). The intention is rather to
outline the major points. In addition, since most of the detailed studies
have teen made with reference to cod or other long-lived demersal speocies,
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mention is made hers of special comsiderations appropriate to funa.

Objectives

The objectives of controlling the amount of fishing are best seen with
reference to the curves relating the total catch (end the catch per unit
effort) to the amount of fishing (Figure 1; see also Figure 1 of the 1972
report of the Standing Committee on Research and Statistics, pe50 of the
1972 Council proceedings). In general discussion these curves are often
referred to as relating catch to the "amount of fishing", or "fishing eoffori'.
It should be stressed that strictly these curves are derived from the
biological characteristics of the stock, and that therefore the quantity
along the x-axis is the fishing mortality (or fishing mortality coeffioient)
i.0. the proportion of the stock that ig caught per wait time. Usually the
distinction is not important, and the curves relating ocatch to fighing
effort will have the same form. The distinction con be important when the
objeotive of management is to ensure that the Tishory is kept at or moved
to a particular point or region on the curve.

The catoh~fishing mortality curve for yellowfin and the present position
of the fishery on this curve, are not known precisely, as is shown by the
variety of alternatives given in Figure 1 of the 1972 SCRS report, although
there is no doubt that the fishery has reached the point at which further
inoreases in fishing mortality will give little or no increase in sustained
yield, end may couse a substanticl decrsoro. If the yield ourve hos & aharp
peak, a3 in $he cass of the "(Gencralized model" of the SCRS Figure 1
(broken lina) it is most important that the fighing mortality be keplh
close to the valus giving the maximum sustained yield (for economio
reagons i1t may be desired to exert a slightly lower fishing mortality,
but the difference is not great). Alternatively, the yield curve may be
flatter, with no marked peak. The yield per recruit curve shown in the
SCRS figure (crosses) is probably extreme, and g curve that is less
improbable as the true relation between fishing mortality and yisld in
the Atlantic yellowfin is shown in Figure 1 (full line). This curve is
fairly flat, which has two important consequences. First it is in
practice diffioult 4o determine the precise value of the fishing mortality
that corresponds to the maximum in the yield curve. Second, the main
differences between fisheries exerting different mortalities over the
rangs are in the input (mortality, effort and costs) rather than oubput
(catoh in weight or value). If the biological background to the fishery
is well described by this curve, the objective in terms of the chosen
value of the fishing mortality is likely to be to exert a mortality
towards the lef% shoulder of the curve, ie where the ykeld is high, though
not necessarily a maximum, and where the mortality (and hence potentially
the costs) is moderately low. Another important reason for preforming the
left hand shoulder, rather than the estimated position of the absolute
maximun is Yo minimize risk. Even when the population dynamics of a
fish stock are believed to be well understood - and +thisg is far from being
the case for the Atlantic yellowfin tuna — the actual events in the stock
may differ from whai is expected, TFor example, though it may appear from
all available evidence that the maximum sustainable yield will be taken at
quite high fishing rates, these high rates might possibly weaken the ability
of the stock to withstand unusual environmental conditions and lead to a
sharp fall in stock and catch. This risk of instability and possible
sustained declines in the stock ocannot be quantified, but may be real,
and will certainly be reduced at lower valuss of fishing mortality.



In brief, therefore, the objoctive of the Commipsion, in setting
controls on the amount of fishing, will, so far as the effect on the
gtock is concerned, be to maintain the fishing mortality at some specified
value. This value will be chosen on a combination of the maintainencs
of a high yield, reduction of the risk of unexpected disasters, and
opportmities for reductionse in cost. Acceptance of the third point
implies also that the implementation of the control of fishing mortality
should allow the chosen mortality te be achieved efficiently, at a low comt
even if not necessarily at minimum costse.

To achleve the desired level of mortality two decisions need o be
taken — how to measure the mortality (either by catch or by effort) and
how to impose a limit (cither by allowing free fishing by all participsats,
up to a certain datse, or by allowing fishing for all or most of the year
by & limited number of participants).

Measurement of mortality

Since fishing mortality cannot be measured or recorded directly
some other quantity that can be observed and controlled must be used as
an indireot measure. The oatch, and some index of fishing effort (number
of vessels, total days spent on the fishing grounds) are those most commonly
used. As the relation between the chosen measure and the fishing mortality
will not Dbe exaot, account should be taken of +the resulits of failure to
achicve the target fishery mortality. These errors may be of several
types — random errors affecting all participante (countries, users of
different gear, etc.) equally; random errvors affecting participanis
differentially, and long-term trends affecting some or all vartiocivants.

The basic eguations descridbing the relations between mortality and catch or
affoxrt are:

for efford F = qf -oocacqoooocoooooooocoa(l)
or Fln qlfl oooo-oooaoo-o»ooooscooo(Z)
whera F = fishing mortality

q = ocabtchability coefficient
f = fishing effort

and the subscript i describes the mortality and effort exorted by a
particular segment of the fishery e.g. Fronch bait-boais

end for catch
F = C/—é .........‘C...Q..n..’.'(})
OI' Fi- Ci/B '......9?....‘..‘.....0(4)
where C = catch in weight
B = average population size (biomaﬁs) during the year

The success of control of effort or catch in achieving a target level of
mortality therefore depends on the degree to which the catchability or
population biomass varies. The similarity betweon the two paris of equations
are obvicus, though it may be noted that whereas in (2) q, is different for
esach gear or other segment of the fishery, B is the same }or all. (Strictly
the value of B to be used for a particular gear is obtained as the weighted
average population throughout the year, weighted in accordsnce with the cuich
taken in esach period. The difference will only be important 1f there ars big
changes in true population size during the year, and kig differences in the
goaronal distribution of catohes by different gears.
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The other difference between the equations is that +he catchability
coefficient g is wnaffected by the values of £ op ¥, so that, for a particular
Yyear and a particular gear, the relation bebtween the two ism directly proportional.
The average biomass B is affected by the amount of fishing, so that thers will,
in a given year, be a curvilinear relation betwesn catch and mortality.

Lffort as a mcasure of mortality ‘

The immediate practical problem in controlling mortality through effort
in the yellowfin fishery is the determination of the appropriate values of g,
the catchability cocfficient for each gear. Though a number of theoretical
pethods for comparing the relative efforts — in effect the catchability
coefficients -~ of different gears have basen discussed, based for example on
the size of nets used, the only way that seems practicable for the yellowfin
fishery at present is by comsidering the relative catches by the different
gears in some base year or years. This is therefore to some extent control
by catoh rather than by effort and if there were no changes in the system
there would be no difference. Changes in population between the base period
and the year in which management measures are to be introduced will not
affect the mortality exerted, bub changes in catchability during this pericd
will be important.

Some changes, of a random and transient nature, can be expected from
year—to—year changes in natural facters - ocean currents, etc. = which may
make the fish partioularly accessible, 1oy for example, small purss-—seiners
operating off the Ivory Coast. This is not serious, except in s¢c far as all
gearg are unlikely to be affected equally.

More serious problems can arise from the strong incentive to increase ths
catchability i.e. the mortality caused by a nominal unit of gear e.g. a day
on the grounds of a given size-class of purse—seiner. Rconomically justified
improvements are of course desirable, and should not be discouraged by the
management system, but unless adjustments are made to the target level of
nominal effort the target fishing mortality will be exceeded. Further,
unless each group of fishermen improves their efficiency to the same extent
their relative shares of the total catch will change. In a multi-national
fishery this may not be acceptable for more than a short periocd, end could
probably require regular re—calculation of the effort units on the basgis of
relafive catches.

Catch az a measure of mortality

The use of caich as a measure of mortality avoids most of the problems
of comparison between countries. Apart from the non-negligible question of
conversion from landed weight (whole, gutted, gutted heads off, etc.) a ton
of fish is the seme anywhere. Difficulties arise because the catch does not
bear a constant proportional relation to the mortality caused. Within any
one year the relation between catch and mortality will be a curved line
similar to those shown in Figure 2. This has been drawn on the supposition
that the fishery has been, for some time, in the state indiocated by point 4
in Figure le Doocauwse hoovy fishing will reducs the stook the line ocurves
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downwards, but not to the same extent as in the long-term relations shown
in Figure 1 (For a fish such as the
yellowfin, which may remain in the fishery for two or three years, one year
is not long onough for the Tull effects of differsnt levels of fishing to
be apparent, in addition theroe may be longer-ferm effects on recruitnent )
Equally if fishing is reduvced, the catch will be greater then expooicd by
the relative decorcase in fishing mortality,; but will be less then the long-
term catch from that mortality.

Though the Atlantio yellowfin stock is not as highly variable as some
other stocks, there are distincet variations in year—clase strength (pocr
in 1967, 1968, good in 1969). Duc %o these, and other envirommental factors,
as well as to possible variation in fishing (e.g. a regulation to reduse the
amount of fishing) there will be year to year changes in abundancs. This
means that the catch quota for each yoar will probable have to bz medified
in accordance with the expected population abundence (cf the linca in Pigure
2 for high and low Sﬁocksgg Annual modifications may not be egmential if
the variations in stock are not large, and if the effects on the sbock of
variations in fishing mortality about the target level are nol significent
(i.2. if tho yield curve is of the flal-bopped type in Figure 1, xabhor then
sharply peaked)g

Unless these conditions are satisfied, annual adjustments fto the ftarget
catch will be needed,; and in any case regular adjustment muat be done, svan
if not done annually. These adjustments require estimates or forscalbs of
the stock abundance in the forthcoming period. Fortunately small yellowiin
appear in the calches, particularly of some gears, e.g. bait~boats, al leash
a year before they make thelr biggest contribution to the catches as a wholes
Thus some prediction ocan be made of at least the more drastic fluctuations
in abundance, from the detailed examination of the size, and quantitiss of
fish caught, and this may be sufficient for an initial, first order, control
of fishing mortality through control of catch. However, if this mecagure of
mortality is adopted, considerable study will be required into the best method
of geiting eorly and accurate predictions of stock abundance.

Mothod of control

Whatever measure of mortaliiy is used, once the target value of mortality
— and hence of catch (or effort) — has been decided, then there is a choice of
methods of ensuring that +this target value is not exceeded. The main choice
is bhetween the basioc I-ATTC scheme — free fishing until the limit is reached,
with thereafter no fishing, and the ICNAF scheme — division of the total
between participants. There are potentially a number of other methods —
closed areas, predetermined close season, set without explioit reference fo
a particular target figure of catch or effort, restrictions on the iype of
gear used etc. These are generally only succesasful in limiting the fishing
mortality to the extent that they reduce the efficiency of the fishery.
They are therefore not usually desirable except when reduction in fishing
mortality will give a clear increase in fotal yield, i.e. when the oatch-
offort curve has a pronounced peak, and the present position of the fishery
is well to the right of the peak. This is not the present position of the
Atlantio yellowfin fishery. .
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The I-ATTC, single quota sysiem raises two immediate, and one longer—
term difficulty. One immediate problem is to determine sufficiently quickly
the mortality that has been caused (i.e. the catches taken ow the cffort
expended), or will have been caused up to some future dato, so that the cloging
date can be set with adequate precision. This means that (Laking, for
simplicity, catch as a measure of mortality, though the remarks apply with
at loast equal strength to an effort quoﬁa§ information on the total catch
must be available in Madrid with a delay of not more than a wock.

The present ICCAT statistical system does not approach this leval of
timelinesse. A% their meetings in Novembor the Research and Statisiics
Comnittoe has statistics of the previous year that are (aficr morc than
ten months) in some ways still incomplete. The problem ig not insoluble.
I-ATTC gots up~to-date reports. The number of vessels fishing yellowfin
in the Atlantio is not very large. It could however need seme work ab the
national level to ensure the prompt reporting to ICCAT, and mome sirengbthening
of the secretariat to enable them to handle the roporitse.

The other immediate problem concerns the balance between countiies.
As pointed out in the 1972 SCRS report (paragraphs 78-80) the scasonal
pattern of fishing is not the same for all countriese. Therefore a single—
quota system, with the consequent closed season, will affect countries
differentially, depending on the timing of the closed scasen, i.e2. the
choice of starling date for calculating catch. Also comntries differ in the
extent to which they can alfer the seasonal pabtern of their fishery ©.g.
by bringing vessels into the Atlantic yellowfin fishory during the open
SeAS0N.

This means that a single, unallocated, gquota for all its apparvent
simplicity im not in practice a non—-discriminatory measure applying equally
to all participants. Of course few if any measurcs (inoluding for example
size-limits) are entirely non-discriminatory, and some degree of discrimination
may be positively desired. For example, the Indian Ocean Fishery Commission
recommended, in relation to the tuna fisheries of that ocean, that management
moasures should "afford the opportunity to countries not yet significantly
participating in Indian Ocecan tuna fisheries to build up their fishery indusiry
within a rcasonable period to asscciate themselves effectively with programmss
of rational utilization on a basis of equality". (It was implicit in those
discusgsions that the countries concerned were the developing countries
bordering the Indian Ocean.) ICCAT may or may not decide to give some
preference to certain developing countries, but if it does so, it will
certainly wish to do so consciously, knowing with reasonable accuracy the
degree of preference being given. In relation to a single-quota scheme this
implies a careful examination of the results of introducing such a scheme,
with various opening dates, on the balance of catches between couniries.

The long—term disadvantage of a single—quota scheme is economic. There
is no dircot control of the size or capacity of the fleet, which will inocrsase
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as each participant tries to maximize his share of the quota. Thie leads
to a conbinuous shrinking of the scagon, and highly inefficient operaiions
wanless there are alternative uscs for the vessels. In the medium torm
this may not be harmful, and may cven o positively bheneficial. TFor oxanmg
the I-ATTC rules encouraged fishing to the west ard of the traditional m
and (though this is less certain in wview of the smaller distancc, end her
smaller probability of ecastern and western stocks being indcpcndent) a qun
by ICCAT resiricted to the eastern Atlantic could encourage fishing on whab
might be an under—exploited western stocks. However, this expansion connot
continue long, and there is gonoral agreement that, excopt for skipjecl, the
limits of %wna resources are being approached. Though the long-teim difli-
culties of unrestricted capacity are mainly economic, the particular nathod
of conbrol used by I-ATTC can incur probloms as the carrying capacity of
fleet approaches the allowable quota.

These problems are largely removed by alloscation to individual cowntbrics,
though new problems are raised. The need for rapid statistical reporting
becomes less urgent, but the need for acouracy, and confidence in, national
reports of catches is increased. The degree of preferance or ctherviss given
4o each country becomes more explicit, though the nesd for an cxplicit declaion
on the shares or preferences for cach country moy make agreement on this more
difficult. Iinally, national allocations reducs Lhe sconomic problems of
harvesting a given quantity by removing them from the international to the
national scenc. This does not solve them, and for some countries, with for
example constitubional objections to limiting acoess to fisheries, the problaom
may not be solved. However, with allocation, the absence of & golution in one
couritry does not impede the ability of any other cowntry %o dovige means of
ocakching its share in the most efficient mamnsr. '

Q}scussigg

Any mothod to control the fishing mortality on Atlentioc yellowfin ralses
significant problems, and the cholce of method, and the means to overcome the
problems incurred with that method will need carsful study by ICCAT and mombhar
cowntriesa

Examination of trends in other commissions, €sg. ICNAF, suggest that the
method that may be chosen could De national allocation of a catch quota. This
would seem to offer good chances of realizing most of the economic bencefits
that can arise from management. At the same time two major problems need to
e tackled — agreement on allocation, and less obvious but equally vital,
improvement in national statistics so that national reports of yellowfin
catches are on time, correct and seen and accepbed to be correct. I is nolb
the intent of this pote to discuss principles that might be followed in meldng



allocations . These have b““r discussad at length by ICNAF and othor bodica.
Any alloeation of a yzllowfin quota would presumably have to take some soccomnt,
inter elia, of nresuqh and DuQL :ka es of the cateh, any special interesis of

current poarticipents and interasia of new veriicipanis 1n01uﬂ1ug non-imncinbars of
ICCAT, poseibly due to the transfer of vessels from countries 3 o

.

in the yollowfin fishery.
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Figure Legonds

Pigure 1 {above) Possible sustained (steady shate) relations hebwsen
fishing mortality and catel or vateh per wnit effoxt

in the Atlantic yellowfin.

Pigure 2 (bolow) RBelation belweon the fishing moitality in
yeor and the cateh tekon during that yoaw,

Anitbial stock minese
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