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THE ASSESSMENT OF EXPLOITED ANTARCTIC FISH STOCKS
Abstract

Comments on the status of exploited fish stocks in
Antarctica are provided in the context of assessing the
methodology used by Kock et al (1984).. Attention is
drawn to the problems of interpreting the management
guidelines of Article II of the Convention for the
Conservation of Antarctic Marine Living Resources, that
is to ensure that stocks should not fall below the
level at which their net productivity is at maximum.
The yield per recruit relationship may be viewed as a
possible indicator of net productivity. However,
attempts to manage on the basis of this relationship
have an associated risk of recruitment decline. Some
possible solutions to this problem are considered
including the Kock et al (1984) approach to adopt

Fp,1 as a target fishing mortality. The stochastic
nature of recruitment makes the problem more compli-
cated., In general all of these imply the need for

a conservative management policy aimed at ensuring
stable recruitment.

The usage of catch per day fishing as unit of CPUE
adopted by Kock et al (1984) is duscussed. Catch

per fishing hour is more likely to reflect the changes
in stock abundance than catch per day. Separate
analyses of CPUE by target species would be more.
desirable.

Certain results of the Kock et al analyses seem clear
regardless of whatever methodology might be used.

The biomasses of the spawning stocks of several
species, particularly Notothenia rossii, Dissostichus
eleginoides and Pseudochaenichthys georgianus, have
been reduced to levels where their stable recruit-
ment must be in doubt. The status of the noto-
theniids gives most cause for concern, as Kock'et

al report on a number of studies which indicate

that there is a substantial by-catch of juvenile
nototheniids taken in the krill fishery around

South Georgia.

Accordingly it is clearly necessary on the basis
of available evidence to consider the immediate
adoption of conservation measures for certain
stocks in the convention area.
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EVALUATION DES STOCKS DE POISSONS EXPLOITES EN ANTARCTIQUE

Résumé

La condition des stocks de pcissons exploités en
Antarctique est discutée dans le contexte de
1'évaluation de la méthodologie utilisée par Kock

et ses confreéres (1984). Sont également soulevés
.les problémes d'interprétation des directives de
gestion données par l'Article II de la Convention
pour la Conservation de la Faune et la Flore

Marines de l'Antarctique, c'est-a-dire de faire en
sorte gque les stocks ne périclitent pas jusqu'a un
niveau au-dessous duquel la productivité nette de ces
stocks est a son maximum. La relation rendement-
par-recrue peut éventuellement &tre interprétée comme
un indice possible de la productivité nette. Toute-
fois, des tentatives de gestion sur la base de

cette relation sont liées & un risque de déclin du
recrutement. Des possibilités de solutions & ce
probléme sont examinées, y compris 1l'approche de
Kock et ses confréres (1984) adoptant Fp 1 comme
mortalité~cible par péche des poissons. Le
caractére stochastique du recrutement rend le
probléme plus compliqué. En général, tout ceci
implique le besoin d'une politique conventionnelle
de gestion dont l'objectif est d'assurer un
recrutement stable.

L'utilisation de la prise par jour de p&che comme
unité de la CPUE adoptée par Kock et ses confréres
(1984) est discutée. La prise par heure de péche
est davantage susceptible de traduire les change-
ments survenant dans 1'abondance des stocks que la
prise par jour. Des analyses séparées de la CPUE
par espece-cible serait plus souhaitable,

Certains résultats des analyses de Kock et ses
confréres semblent clairs quelle que soit la méthode
utilisée. Les biomasses des frayéres de plusieurs
espéces, notamment Notothenia rossii, Dissostichus
eleginoides et Pseudochaenichthys georgianus, ont été
réduites a des niveaux n'assurant pas forcément le
recrutement stable de leur espéce. La condition des
notothénides est la plus préoccupante, ainsi que Kock
et ses confréres le démontrent dans de nombreuses
études’ indiquant que la prise secondaire de jeunes
notothénides constitue une capture importante des
opérations de pé&che de krill aux alentours de la
Géorgie du Sud.

En conséquence, en se fondant sur l'évidence disponible,
il est clair gqgu'il est nécessaire de considérer
1'adoption immédiate de mesures de conservation de
certains stocks dans la zone de la Convention.
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OLIEHKA 3SKCIJIYATHPYEMRX PHEHHX 3ANACOB AHTAPKTHUKH

Peswme

3aMeYaHHua 10 COCTOSHHK 3KCIVIYaTHPYEMHEX PHOHHX
3aracoB AHTAPKTHKH MPENOCTABJIEHH B CBSA3H C
OLI€HKOM MEeTOINOJIOI'HH, KOToOpaf 6kUla HCIOJIb30Ba=-
Ha KokoM H ap. (1984 r.). BHMMaHUE NpUBJIeKa-
eTcsa K BOIpOCaM HHTepnpeTalMH yKazaHHH 1o
yIpapJieHUw, copepxamuxcs B Cratbe II KOHBeH-
IIUM O COXPaHEHHM MOPCKHX XWBHX PECYPCOB AHT-
APKTHUKH, TO eCThb ObecreueHus TOro, 4YTOOH 3ana-
CH He COKpamaJIMCk HHXEe TOI'0O YPOBHS, Ha KOTO-
POM HX YHCTasg HNPOAYKTHBHOCTBH MakKcCHMajJbHa. OT-
HOMEeHHEe BEJIMYUHH BHUIOBA K EeOHHHIE NONOJIHEeHHS
MOXHO pacCMaTpPHBATh KaK BO3MOXHHE HHOHKaTOPR
YHUCTON NPOOYKTUBHOCTH. TeM He MeHee, IMOMNHTKH
OCymecTBJIEHHA YIpaBJIeHHR Ha OCHOBE 3TOr'C OT-~
HOWEeHHSI BHOCHAT CONYTCTBYKIHI 3TOMY PHCK CO-
KpameHHs INOINOJIHeHusi. PaccMaTpHBaAKTCA HEKOTO-
PEHEe BO3MOXHHE BapHaHTH pa3pemeHHs 3TOH Ipo-
6JieMH, BKJIOYAas IIOAXON, NpenyOoXeHHHM KOKOM M
op. (1984 r.), cocToamu#i B TOM, UTO BEJIMUHHA
FO [IPHHUMAETCsa 3a LeJIeBON YPOBEHBL INPOMHECIIO-
BO# CMepTHOCTH. CTOXAaCTHUYECKas npupoma IIpo-
Hecca TMONOJIHEHUA eme 6oJiIee OCNOXHSEeT 5TOT BO-
npoc. B ofmeM, BCe BHIIEYNIOMSHYTOE O3HayaeT
HEeO6XOOHMMOCTE KOHCEPBATHBHOI'O miomxoma X
YIIpapJIEHHUKW, HAaANpaBJIEHHOI'O Ha obecredeHude
YCTONYHUBOI'O TIOIIOJIHEHHA.

O6cyxmaeTcs HCIOJIb30BaHHEe BEJIHUHHH BRUIOBa 3a
OeHb IIPOMECJIA, NPHEATOX Kokom ¥ gp. (1984 r.)
3a enuHuily CPUE. BHUIOB 3a 4ac IIpOMHCIA 6onee
BEpPOSTHO OTPa3HT HM3MEHEeHHs BeJHUYHWHH 3anaca,
YeM BHUIOB 3a IeHb. OTnenvBHe asanusna CPUE no
KaXgoMy OTIHenbHOMY BHIOY OHUIM Om 60Jice Xeja-
TEeNbHH. '

HekoTopHe pe3yJbTaTH aHANH30B, NPOBEIEeHHHEe
KokoM M Op., NPenCcTaBIAKWTCHA SCHEMH, HEe3aBHCH=-
MO OT HCHONb30BaHHON METONOJIOTHM. BHOMAacCCH
HepecTyWMmMUX 3alacoOB HECKOJIBKHX BHIOB, a OCO-
6eHHo Notothenia rossii, Dissostichus elegi-
noides u Pseudochaenichtys georgianus, co-
KPaTHIMCEL OO TaKOI'O YPOBHA, INIPH KOTOPOM HX
CTa6HUNIBHOE IONOJIHEHHE HAXOOUTCH IOT COMHEHH-
eM. COCTOsHHE 3anacoB HOTOTEHHHOOB JaeT Hau-
6oNnpmUe OCHOBAHHA OJIS 6ECIOKORNCTBA, MNOCKONb-
Ky Kok ¥ Op. NpencTasBigwT pe3yJbTaTH pana HC-
CrnefoBaHUK, KOTOPHE YKa3HBAKWT Ha 3HAYHTEJbHHMN
NMOGOYHHII BHUIOB MOJIOOM HOTOTEHHHIOOB INPH IpPO-
MEICJI@ KPHNsT B panoHe [0xHON I'eopruu.

YyHuTHBas BHIIEH3JIOKEHHOE, SCHO, YTO HMMEeeTcs
HEeoO6XOoOHMOCTE Ha OCHOBAHHMHM HMMEKIHXCsT JaHHHX
paccMOTpeThb BOIIPOC O He3aMeOJIHTENbHOM IIPpHHA-
THHN Mep 10 COXpPaHeHHKW B OTHOIMEeHHHM HeKOTOPHX
3arnacoB B 30HEe NeNCTBHS KOHBEHUMH.
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EVALUACION DE LAS RESERVAS EXPLOTADAS DE PECES ANTARTICOS
Sinopsis

En el contexto de la evaluacidn de la metodologia

usada por Kock et al (1984) se proporcionan comentarios
respecto al estado de las reservas de peces explotados
en la Antdrtida. Se observan los problemas de
interpretacién de las pautas administrativas del
Articulo II de la Convencién para la Conservacidn

de los Recursos Vivos Marinos Antédrticos, destinadas

a asegurar que las reservas no deberian bajar del nivel
en el cual su productividad neta se encuentra en su
punto mdximo. El rendimiento por cria puede considerarse
como un posible indicador de la productividad neta.

Sin embargo, los intentos de administracidn en base

a esta relacién representan un riesgo asociade con una
disminucién en el restablecimiento. Se han considerado
algunas soluciones posibles de este problema, incluyendo
el enfoque de Kock et al (1984) de adoptar Fp,] como una
meta de mortalidad de peces. La naturaleza fortuita del
restablecimiento hace el problema mds complicade. En
general todo esto implica la necesidad de una politica
de administracidén conservadora, dirigida a asegurar un
restablecimiento estable.

Se discute el uso de captura por dia de pesca como unidad
de CPUE adoptada por Kock et al (1984). Es mids probable
que la captura por hora de pesca refleje los cambios en
la abundancia de reservas que la captura por dia. Seria
mejor realizar andlisis separados de CPUE por especie
objetivo.

Algunos resultados de los andlisis de Kock et al parecen
claros cualquiera que sea la metodologia usada. Las
biomasas de las reservas en desove de varias especies,
especialmente, Notothenia rossii, Dissostichus eleginoides
y Pseudochaenichthys georgianus, han sido reducidas a
niveles en los cuales su restablecimiento estable deber ser
puesto en duda. La situacién de los nototheniids es causa
de la mayor preocupacién, segin lo informan Koch et al

en una serie de estudios que indican que se pescan
accidentalmente nototheniids jévenes de manera considerable
durante la pesca de krill en el &rea de Georgia del Sur.

Por lo tanto, en base a la evidencia disponible es obviamente
necesario considerar la adopcién inmediata de medidas de
conservacién para ciertas reservas en el drea de la
Convencidn.
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Introduction

Until recently the main source of information on the -exploited
fish stocks of the Southern Ocean was the Report of the Second Work-
shop on Antarctic Fish Biology (BIOMASS, 1980). In its deliberations
last year, the Scientific Committee -agreed to review this document and
to seek comments from scientists from member states on the status of
Antarctic fish stocks. The Scientific Committee is fortunate this
year in Thaving available from BIOMASS a comprehensive review of the
problem which extends and updates the earlier work (Kock, Duhamel and
Hureau, 1984). Here we will comment on the status of the fish stocks
largely in the light of this second document. ‘

The Jjustification for this decision is obvious as the second

document contains much new material. However it is clear that like
the earlier BIOMASS report the review by Kock et al suffers from a
lack of data from the main commercial fisheries. To that extent the
results may be viewed as provisional. Nevertheless there . is suf-

ficient consistency in the available data to warrant confidence in the
results.

Management Guidelines

The main guideline to the management of the living resources of
the Southern Ocean is in Article II of the Convention. The relevant
portion of this article may be paraphrased as indicating that har-
vesting should be regulated to ensure that stocks should not fall
below the level at which their net productivity is at a maximum.
There are some problems in interpreting this article for top predators
such as fish because their productivity may be expected to be closely
related to the abundance of their main food supply (May et al 1979,
Edwards and Heap 1981). Nevertheless, !at present levels of exploita-
tion of krill it is unlikely that the productivity-of the fish stocks
has Dbeen eroded although the problem of the by-catch of the young of
certain species, referred to by Kock et al, could be eroding that
productivity and is considered below.

At this point it is pertinent to raise the question: what is the
stock 1level at which net productivity is maximised? Conventional
fisheries theory offers some guidelines. The yield per recruit (Y/R)
may be viewed as a possible indicator of net productivity; this varies
with the level of fishing mortality (F), and the age specific pattern
of recruitment to the fish ry. ~If for the purposes of discussion we
assume knife edge recruitment at a certain optimum age (tc) or length
(lc) . then the picture is as illustrated in Figure 1. In Figure 1la
yield per recruit is maximised at some finite value of fishing morta-
lity (Fmax). Associated with that level of fishing mortality is an
equilibrium spawning stock biomass level (Smax)' The degree of deple-
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tion of the spawning stock biomass may be conveniently represented by
the ratio of S , to the unexploited spawning stock biomass level
(So).

In Figure 1b yield per recruit is not maximised at any finite
value of F and no convenient spawning stock size is associated with
the maximum yield per recruit. Mathematically, maximum yield per
recruit occurs at infinite fishing mortality and zero stock size.
This is clearly biologically absurd, but the absurdity highlights a

problem of the approach. Even in the situation depicted in Figure 1la
the degree of depletion of the spawning stock may be sufficient to
affect the recruitment. Examples abound where severe reduction in

spawning stock biomass is associated with much reduced recruitment.
Hence attempts to manage on the basis of a maximum yield per recruit
will have an associated risk of recruitment decline. This implies
that the overall productivity will not be maximised.

It is possible to treat such a problem formally by incorporating
a stock recruitment relationship into the analysis. Maximum net
productivity (MNP) is then found at the stock level where the product
of expected recruitment and yield per recruit is maximised. Such an
approach does not at present seem advisable in the Southern Ocean
context. The relationship between stock and recruitment for the fish
stocks of the Southern Ocean is unknown and other studies indicate
that in the vast majority of cases elsewhere recruitment 1is only
loosely linked to spawning stock size. Yet it is also clear from such
studies that significant reduction of the spawning stock to below some
20 to 30 per cent of the unexploited level has been associated with
dramatic reductions in recruitment.

A pragmatic approach to the problem has been proposed by Kock et
al, who suggest that an adoption of a target fishing mortality of
F(O.l) might be appropriate. The choice of a particular target
fishing mortality is clearly arbitrary and it is appropriate to con-
sider what level of spawning stock reduction is associated with this
level of fishing mortality.

Another option is to manage under the constraint that spawning
stock biomass 1is not reduced below some arbitrary percentage of the
unexploited level, say 20 or 30 per cent.

Whatever choice 1is made it will be to some extent an arbitrary
one. Nevertheless the guidelines for the choice are clear. The stock
should not be reduced to a level below which its stable recruitment is

threatened.  Indeed that is part of the wording of article II of the
convention.

An important rider to this discussion is that the question of
random variation in stock size has not been addressed. The stochastic
nature of recruitment implies a variable stock even in the abserice of
fishing. Hence the deterministic concepts of unexploited stock size,
equilibrium stock level 5., etc need refining. Beddington & Cooke
{1984) outline the way in which such considerations can be incor-
porated. In general they imply a more conservative management if
policy is aimed at ensuring stable recruitment.
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Methods for assessing the changes in abundance of exploited stocks

There are three basic sources of information on changes in stock
abundance that are currently available; Catch Per Unit Effort (CPUE),
direct abundance estimates (swept area methods) and mark recapture.
Kock et al use the two former techniques for a variety of species and
Burchett and Ricketts (1984) used mark recapture methods to estimate
abundance of Notothenia rossii around South. Georgia.

Another .method of assessing stock size and status is via direct
estimates of fishing mortality. Unfortunately such estimation tech-
nigues critically depend on estimates of natural mortality which
themselves are highly uncertain. This is particularly so in the
present case as age/length samples are unavailable for the early
stages of the fishery where fishing mortality would have been a small
component of natural mortality. We do not consider them further in
this paper other than to remark that the review by Kock et al indi-
cates reasonable agreement between such estimates and other tech-

nigues.

CPUE

The basic unit of CPUE adopted by Kock et al is the catch in
tonnes per days fishing. Data were available only for Polish traw-
lers. These were obtained either from direct sources or from the FAQ
Statlant 08B forms. The Statlant 08B forms also give information on
the number of hours spent fishing. This latter measure would be

preferable as a unit of effort as it avoids periods of stop catch.
CPUE measured as catch per fishing hour is therefore more 1likely to
affect changes in stock abundance rather than catch per day. Kock et
al present analysis of CPUE for only one species Champsocephalus
gunnari. Their data indicate marked changes in availability of the
stock by month which in any assessment of changes over seasons needs
to be taken into account.

A further problem is that the Statlant 08B forms indicate a range
of species caught with the same unit of effort. In the absence of
further information it is difficult to assess correctly the way in
which the fishing operation has targeted on different species during
different periods.

The appropriate way of dealing with monthly variation when inves-
tigating trends in abundance is via an analysis of variance. Although
the data are unreplicated and confounded in statistical design, it is
possible to produce an approximate analysis. As an example of this
type of analysis we have calculated the trend in CPUE measured as the
deviation from the monthly means catch per trawling hour. Data were
obtained from the Statlant 08B forms for Polish vessels around South
Georgia. Initially, in order to avoid the problem of changing target
species, the analysis was performed for all fish species ccmbined.
The results indicated a significant decline in biomass (P <.0l1) ‘of
around 46% from 1977 to 1981. Separate analyses by species type
indicated a highly significant decline in the species Pseudochaeni-
chthys georgianus (P <.001) to around 2.3% of its initial abundance in
the period 1977-81 although in other species showed no significant
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change. However, since exploitation begain in 1968 and peaked in 1970
(Everson 1977) the total decline from the initial unexploited stocks
will have been much greater.

Swept area methods

Kock et al present results from trawl surveys of estimates of
trawlable biomass for the period 1975-81 for seven different species.
The confidence regions around the estimates are large, but the picture
of declining biomass for all species around South Georgia seems clear.
It 1is also worth noting that there is a decline in Pseudochaenichthys
although not as great as the estimate from the CPUE analysis described
above.

Mark Recapture

Burchett and Ricketts (1984) used a mark recapture technique to
estimate the abundance of nearshore Notothenia rossii around South
Georgia in the season 1978/9. This estimate was then extrapolated to
the offshore adult population. The total biomass estimated was some
117,000 tonnes of which 54% was calculated to represent the nearshore
population. There are some problems with these calculations as the
estimated mortality rates seem rather high. However the general
picture of a stock well below its original pre-exploitation abundance
is clear. Catches in 1969/70 were some four times the estimate of
abundance in 1978/9.

Concluding remarks

Whatever the decision concerning the methodology for assessing
the level of maximum net productivity, certain results for the
Atlantic sector fish stocks seem clear. The biomasses of the spawning
stocks of several species particularly; Notothenia rossii, Dissos-
tichus eleginoides and Pseudochaenichthys georgianus, have been
reduced to 1levels where their stable recruitment must be in doubt.
The status of the nototheniids gives most cause for concern, as Kock
et al report on a number of studies which indicate that there 1is a
substantial by-catch of juvenile nototheniids taken in the krill
fishery around South Georgia.

/

Accordingly it 1is clearly necessary on the basis of available
evidence to consider the immediate adoption of conservation measures
for certain stocks in the convention area.
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