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Abstract

This document contains a selection of the scientific papers presented at meetings of
the Scientific Committee and Working Groups of the Scientific Committee in 1992.
Abstracts of the papers and captions of tables and figures are translated into the
official languages of the Commission (English, French, Russian and Spanish).

Préface

Le présent volume contient une sélection des communications scientifiques
présentées aux réunions du Comité scientifique et de ses Groupes de travail en
1992. Les résumés des communications ainsi que les légendes des tableaux et des
figures ont été traduits dans les langues officielles de la Commission (anglais,
frangais, russe et espagnol).

Pe3wMe

HacTosmuilt TOM coAepXUT nNoA6opKYy HayuHbIX paboT, MpeAcTaBJIEHHBIX
Ha coBemaHUsix HayuHoro koMuTeTta W pabouux rpynn HayuHoro
KoMuTeTa B 1992 r. Pe3wMe, Ha3BaHUs TabJ UL M MOANMUCH K PUCYHKaM
nepeBeAeHbl Ha oduuMaJbHble sA3bKM  KoMuccuu  (aHTVIMACKHM,
(ppaHLYy3CKHUNA, pPYCCKHH U UCTTAHCKUIA),

Resumen

Este volumen contiene una seleccién de los documentos cientificos presentados en
las reuniones del Comité Cientifico y de los Grupos de Trabajo en 1992. Los
resiimenes de éstos y los titulos de las tablas y las figuras estdn traducidos a los
idiomas oficiales de la Comisidn (inglés, francés, ruso y espafiol).
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CATCH-AT-AGE ANALYSIS APPLIED TO NEW FISHERIES: THE CASE OF
DISSOSTICHUS ELEGINOIDES

A.V. Zuleta! and C.A. Moreno?
Abstract

Traditionally, the approach used in the assessment of new fisheries has
been based on research surveys, making it possible to estimate the
standing stock and potential yield of a resource by coarse methods. The
main aim of such surveys is to monitor fishing operations in order to
develop a comprehensive sampling design which will provide data in
line with assessment procedures that are quite similar to those
commonly used in the statistical sampling theory. These procedures
are, to a certain extent, limited by the complex fishing strategies of the
operators and by the movements of fish stocks, which seriously affect
model assumptions. This paper demonstrates that for the new fishery,
analyses using catch-at-age data derived from reseach cruises may
provide an alternative to other methods of estimating the parameters of
fish stocks. This alternative method is applied to the new fishery of
Dissostichus eleginoides off the south of Chile which is being
conducted in accordance with CCAMLR regulations.

Résumé

L'approche de I'évaluation des pécheries nouvelles est traditionnellement
fondée sur les campagnes de recherche, permettant ainsi 1'évaluation du
stock existant et du rendement potentiel par des méthodes
approximatives. L'objectif principal de ces campagnes est de controler
les opérations de péche afin de développer un modele d'échantillonnage
détaillé, propre a fournir des données conformes a des procédures
d'évaluation quasi-similaires a celles généralement utilisées par la théorie
de l'échantillonnage statistique. Dans une certaine mesure, ces
procédures sont limitées par les stratégies de péche complexes des
opérateurs et par les déplacements des stocks de poissons qui affectent
grandement les hypotheéses du modele. Les auteurs démontrent que
pour la nouvelle pécherie, des analyses utilisant des données sur la
capture a un dge donné provenant des campagnes de recherche peuvent
s'avérer une nouvelle méthode d'évaluation des parametres des stocks de
poissons. Cette nouvelle procédure est appliquée a la nouvelle pécherie
de Dissostichus eleginoides menée conformément 2 la réglementation
de 1a CCAMLR au large du sud du Chili.

Pe3oMe

TpaAULIUOHHBIN MOAXOA K OLleHKE HOBBIX NMPOMBIC/IOB OCHOBAH
Ha HayUHO-UCCJAeAOBATEJbCKUX CheMKaX U AA€T BO3MOXHOCTb
OLIEHHUTb 6UOMAacCy U MOTEHIMAJIbHBI BBIJIOB KaKoOro-Jju6o
pecypca ¢ TNpHUMEHEHHEM "MpUBJH3HUTEJIbHBIX" METOJZOB
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pacueTa, I'1TaBHOM LieJ1bI0 TAKUX CbEMOK SIBJSIETCSI IPOBEJZIeHWe
MOHUTOPUHIa TPOMBICJOBBIX oONepauuil ¢ TeM, uTobbl
paszpaboTaTb BceobfbeMAI Y0 CXEMY B3sITHsSI P06, pe3yIbTaThl
KOTOpOU B JAOCTATOUHON Mepe 6yAyT COOTBETCTBOBATb

npoueaypaM  pacueToB,  OBbIUHO  MCMNOJb3yeMbIX B
CTATUCTHUECKOUN TEOPUU B3SITHS NPO6. B KaKOM-TO CTENEHU 3TH
npoueaypsl orpaHUueHsbl CJIOXHBIMHU CTpaTerusiMu

NMPOMBIC/IOBUKOB U TepeJIBUXEHUEM 3allacoB pbi6, uTo B
3HAUMTeJNIbHON Mepe BJIMsIET Ha JoNyHeHWUss B MoJeJisiX.
MaHHasi pab6oTa MOKa3bIBAET, UTO B CJyuae HOBOI'O NMPOMbBIC/A
npopejieHre aHaJIi3a ¢ MOMOMbI JaHHBIX MO COCTAaBY YJIOBOB
Mo  BO3pacTy, MNOJIyUeHHbBX B  pe3yJbTaTe HayUHO-
HCCJIEAOBATENBCKUX PEHCOB, MOXET INOCJYXHUTh aJbTepHa-
TUBOM JAPYTrMM MeTOoJaM OLL€HKY NapaMeTPOB PbIGHBIX 3aMaCOB,
ITOT AaJbTEPHATUBHBIA METOJA [MpHMEHseTCsT K HOBOMY
npombicaty Dissostichus eleginoides oxoJ1o 10XHOro no6epexbs
Yuau, KOoTophii BeAeTCS B COOTBETCTBUH ¢ MepaMu AHTKOMa.,

Resumen

Tradicionalmente el enfoque de la evaluacién de las nuevas pesquerias
ha estado basado en pescas de investigacion, procedimiento que permite
una estimacién del “standing stock™ de un recurso y su rendimiento
potencial utilizando métodos crudos. Las caracteristicas de estas
operaciones es el control sobre las operaciones de pesca y su énfasis
estd en desarrollar un plan de muestreo exhaustivo, el que proporcionard
informacién en conjunto con los modelos de evaluacion que no difieren
escencialmente de procedimientos comunes en la teorfa estadistica de
muestreo. Estos métodos estdn, en cierta forma, limitados por las
complejas tdcticas de pesca de los pescadores y por los movimientos de
las poblaciones de peces, que vulneran las presunciones del modelo.

1. INTRODUCTION

At the 1990 and 1991 Meetings of CCAMLR, concerns were expressed about the
problem of new and developing fisheries (SC-CAMLR, 1990; SC-CAMLR, 1991). In relation to
this subject, the Working Group on Fish Stock Assessment (WG-FSA) has specified the
definition of a new fishery, and also identified the information required to evaluate the initial
catch level for such a fishery. Traditionally, the methods used in evaluating new fisheries are
based on research fishing procedures which provide information for evaluation of the standing
stock of a resource and its potential yield utilising coarse methods similar to those proposed by
Gulland (1971). Typically, these evaluations require monitoring of fishing operations and
implementation of a comprehensive, statistically-based sampling plan. In developed fisheries,
the evaluation strategy is usually based on information obtained from long term sampling
programs of commercial fisheries, managed so as to collect series of data which can be analysed
in conjunction with stock dynamics models.

An interim approach is to conduct research surveys designed to find a compromise
between the objectives of the commercial fishery and those of stock evaluation. Information
obtained from such surveys can be used to evaluate the viability of the fishery, not only from an
economic point of view, but especially in terms of its sustainability. Regarding this last aspect,
conditions for conducting commercial fishery operations should be flexible, whilst maintaining



the requirement for the acquisition of information from scientific research programs. From the
point of view of a developing country, this option appears to be the best way of performing
scientific research in remote areas in an economically feasible manner. A common way of
utilising information from a new fishery is to apply CPUE methods such as De Lury methods
(Ricker, 1975). These methods are, to some extent, limited by complex fishery tactics which
adversely affect model assumptions. Another way of optimising this type of research is to use
evaluation methods based on catch composition data. This paper explores the application of
catch-at-age analysis for the Dissostichus eleginoides fishery south of Chile, where a new
fishery is beginning, with objectives similar to those of CCAMLR, i.e., to estimate levels of fish
abundance and potential yields so as to ensure that initial levels of exploitation are potentially
sustainable (de la Mare, 1986).

CCAMLRs concept of a new fishery specifically stresses the lack of information as being
the distinctive attribute qualifying such a fishery. According to this concept, various fisheries
can belong to this category: those that have developed in the past and for which no information
has been received for at least the last two fishing seasons, as well as those based on previously
unexploited stocks. The catch-at-age model proposed below relates to this last type of fishery.

2. EVALUATION MODEL

The basic assumptions of the catch-at-age model are as follows:

» the stock of D. eleginoides belongs to a closed population;

» the stock is in a state of equilibrium before the commencement of research surveys
(recruitment = mortality); and

» fishing mortality is separable by age (Doubleday, 1976).

Catch-at-age for all recruited year classesi (i =+¢, ¢, + 1, ..., t,,) can be expressed as

Ci=wN; (D
where
_ Fi( -
W; = Z (1 —e ) (2)
N; = Rexp (- M(i -1 +A)), 3)
Z; =F; + M, and S
Fi =rF &)
where  C; = catch at age i during survey

N; = numbers at the beginning of the research survey

p; = exploitation rate

F; = fishing mortality

ri = relative fishing mortality coefficient at age

F = fishing mortality for completely recruited fish

M = natural mortality

t = research survey duration (in years)

R = recruitment

t, = age atrecruitment

t, = terminal age

A = time between the beginning of the year and the beginning of the research

survey.




So as to reduce the number of parameters, the specific exploitation pattern at age, r;, can
be estimated by

_ _i%exp(=b-i)
max(ia exp (- b- l))

(6)

where a and b are constants (Deriso et al., 1985).

This function was particularly suitable for representing patterns of partial recruitment for
the very old fish characteristic of longline fishing.
3. ESTIMATION OF MORTALITIES

Since the slope of the catch curve gives information on mortality, and recruitment is only

a scale factor on this curve, mortality can be estimated from the proportion of the total catch of a
research survey to the catches at age:

% L (-Mi) (1 _ e—TZi)

D, 7

i T 2%_8(-1\4-1')(1_8—121')

The parameters of model (6) can be estimated using a non-linear least-squares approach,
which minimises the function

$SQ = X(pi- i) +AP(®) ®)
i

where 2 is a penalisation factor and P(6) is a quadratic function which represents a number of
restrictions that permit the introduction of values of some estimated parameter from an
independent source (e.g., M) or mark off the parametric space within the most probable range.

4, RECRUITMENT ESTIMATION

Replacing (3) in (1) and summing over all ages, we may calculate recruitment:

so

® T e[ M5+ )

9)

S. ESTIMATION OF INITIAL TAC

A TAC for a new fishery can be calculated in the usual way, by performing the following

 projecting stock size at the beginning of the fishing season, based on stock age
composition estimated at the beginning of the research survey;

+ estimating or calculating recommended fishing mortality level; and
» totalling catches at age by weight.




6. APPLICATION TO A NEW FISHERY SOUTH OF CHILE

During the period September 1991 to June 1992, a research survey was carried out by a
fleet of seven longliners south of Chile, over the continental slope area, between parallels 47° and
57°S. This fishing operation was authorised by the Chilean Subsecretarfa de Pesca de Chile,
under an agreement on technical collaboration between the Instituto de Fomento Pesquero
(IFOP) and national fishery companies, with the purpose of expanding the exploitation options
of the southern demersal fishery, currently targeting hake (Merluccius australis) and pink ling
(Genypterus blacodes).

On board each vessel, the IFOP used technical personnel to perform intensive
haul-by-haul sampling of catches, with the aim of identifying the growth parameters presented in
Table 1.

Catch data were available for two years (1991 and 1992), which could be analysed
independently, extending the evaluation to two seasons; however, in order to illustrate the
procedure, data are presented as belonging to a single season - 1991/92 (split-year).

Auvailable information, originating from an exploratory fishery carried out previously in
the same area by the longliner Frio Sur V, suggested the following restrictions:

« F20
e M=02
+ T.,=10and 10.5 years

* b=b,(08<b,<1.6)

These were incorporated into the objective function

§SQ = Z(Pi —pi) +

/’L((M —~0.2)% + (max(0,~F))* + ((tca exp(=b-1, )) / max(tca exp(-b-1, )) - 0‘5)2 +(b-b, )2)
| (10)

In order to obtain the least-square parameters, a simplex minimiser algorithm
(Nelder-Mead) from the program library 386-MATLAB was used, with A = 20 and a tolerance
factor of 0.01.

The smallest residual (SSQ = 0.0014) was obtained for ¢, = 10, F = 0.85, a = 20.9 and
b = 1.6. Another satisfactory result (SSQ = 0.0052) was obtained with ¢, = 10.5, F = 0.51,
a=20.6,M=0.2and b=1.5.

A value of M = 0.15 improved the residual (SSQ = 0.0012) with other parameters
constant. When natural mortality continued to decrease (e.g., M = 0.1) the residuals increased
(SSQ = 0.0028). It was also observed that, for these values of natural mortality, F decreased to
values close to 0.65 and the coefficient a of the exploitation pattern stabilised at a value of 20.

The recruits (calculated from equation (9)), for the estimated parameters corresponding
to the residuals $SQ = 0.0014 and $SQ = 0.0012, were 1.4 and 1.0 million fish respectively.
7. DISCUSSION

This paper shows that for new fisheries, analyses using catch-at-age data derived from

research cruises may provide alternatives to other methods of estimating the parameters of fish
stocks.



In the absence of a time series of data, efficient use of catch-at-age methods may require
additional information from the fishery in order to restrict the model parameter space to within
reasonable bounds. However, the generation of the base data, catches at age, is relatively rapid
giggn good techniques for age determination of fish, and so the total data demand may be quite
modest.

When time series data or other qualitative data are available, the sums-of-squares
function provides an objective way of incorporating these data in the model. On the other hand,
because of the low ratio of the number of observations to the number of parameters, the sums of
squares is very sensitive to the tails of age distributions. This suggests that the target function
should be weighted by the variance of the data.

The ability to estimate abundance and fishing mortality at age gives the possibility of
estimating the TAC early in the history of a fishery for a certain biological reference point, for
example F,;, and of evaluating the effect of regulations on the exploitation pattern.

Regarding the results, the most interesting feature of the analysis is the detection of
patterns of partial recruitment at ages greater than 12. This raises doubts about estimates of M
and Z obtained from catch curves that assume a constant recruitment pattern after a certain age.
In fact, this could explain the high M obtained with these methods when they are fitted to catch
curves that come from virgin stock. Also, the results suggest that the most reasonable value of
M would be within the range 0.1 to 0.2, perhaps very close to 0.15.

It is too early to assess the usefulness of this method at present. It is necessary to test it
for other sets of data, and to analyse its operation in relation to procedural and observational
errors, such as, for example, variations in the accuracy of recruitment and catch data.
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Table 1:  Growth and age composition parameters of the Dissostichus eleginoides catches
south of Chile, from the 1991/ 92 survey.

K =0.066 t,=- 0.477 years We.=97.153 kg
Age Catch Age Catch Age Catch
(N) (N) (N)

4 3.846 10 116.126 16 32.309

5 13.280 11 129.356 17 18.416

6 18.017 2 145.641 18 14.378

7 18.451 13 105.385 19 1.796

8 42.519 14 79.372 20 1.058

9 83.937 15 56.400

Légende des tableaux
Tableau 1: Parametres de croissance et de composition en dges des captures de

Dissostichus eleginoides effectuées au cours de la campagne d'évaluation de
1991/92 au sud du Chili.

CIUCOK TabJnL

Tabsuna 1: MapaMeTpsl poCTa U BO3PACTHOro cocTaBa B yJaoBax Dissostichus
eleginoides, nosyueHHBIX B XOJle ChEMOK Ha wre oT YMJH - CbeMKa 3a
ce30H 1991/1992 r,

Lista de las tablas
Tabla 1: Pardmetros de la composicion por edad y de crecimiento de las capturas de

Dissostichus eleginoides en el extremo sur de Chile obtenidas de la
prospeccion realizada de 1991 a 1992.
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MODELO ITERATIVO DE CONSTRUCCION DE CLAVE EDAD-LONGITUD
PARA ESTIMAR LA COMPOSICION DE LA CAPTURA POR EDAD EN LA
PESQUERIA INCIPIENTE DE DISSOSTICHUS ELEGINOIDES EN CHILE

H. Robotham V. y Z. Young U.*
Abstract

Traditional estimation of age composition of catch requires that
age/length data and random length frequency have been sampled from
the same population. If such sampling is not possible the estimates of
the age distribution could be biased. By using an iteration algorithm it
is possible to overcome this limitation. The age composition of catch
for Dissostichus eleginoides was obtained with the application of a
single age/length key to the monthly length distribution using the
non-linear model (Hoenig and Heisey, 1987). We found that age
distribution derived from the model is not significantly different from
the one obtained by using traditional methods.

Résumé

La mortalité naturelle (M) de Dissostichus eleginoides a été calculée
d'aprés Sparre (1989) a partir des données provenant de la pécherie a la
palangre chilienne dans la sous-zone 48.3 (N = 7 848). Les parametres
de croissance de von Bertalanffy obtenus indépendamment par trois
auteurs ont été utilisés. Trois variables ont été examinées: le lieu de
péche, la profondeur de péche et le type d'hamecon. 11 a été établi que
la valeur de M ne variait pas de maniere significative lorsqu'elle était
estimée en fonction de la profondeur de la péche ou du type d’hamegon
avec différents paramétres de croissance mais variait en fonction des
sites de péche. Par ailleurs, en comparant les différentes valeurs
moyennes de M pour les différentes variables, on a pu observer des
différences notables selon les lieux de péche et entre les hamegons
courbes N214 et les hamegons droits N2 22, La valeur moyenne
générale de M calculée pour les 44 situations analysées €tait de
0,14 £ 0,03.

PeswomMe

OlleHKa BO3PAaCTHOIO COCTaBa B YJIOBaX OGBIUHBIM TNyTeEM
TpebyeT, uTo6bl JaHHbIE MO BO3pACTy/AJMHE U CJayudyalHOM
yacToTe AJIMH 6panuch U3 OJHOM U TOM Xe nmonyJasiuyuu. Ecau
3TO YCJIOBME He cobJojaeTcsi, BO3MOXHO  MOJIYUUTH
CMemeHHble OLIEHKH paclpejeseHUs BO3PaCcTHHX rpynn. Mbl
MOXEM npeoAoJeTb 3TO orpaHuueHue HCNOJ/b3y S
UTEPATUBHBII aaroputM. BospactHoit coctaB Dissostichus
eleginoides B ynoBax 6bl/1 pacCUWTaH C NPUMEHEHUEM OJHOTO
pPa3sMEpHO-BO3PACTHOI'O KJIUA K €XEMECSUHOMY pacrnpeje-
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JIEHUIO ZIJIUH UCNOJIb3Y sl HeJIMHeHY 1o Moeab (Hoenig and Heisey,
1987). HoJayueHHast HaMHM C MNOMOIBK MOJeJH KapTUHA
pacnpejesneHus BO3pacTa He OTJMUAETCS B 3HAUUTEJbHOM
Mepe OT pacnpezesieHUs], MNOJyUeHHOro TpaAULMOHHBIMU
MeTOZaMHU, :

Resumen

El método de cdlculo empleado cominmente para estimar la
composicién de edad de la captura requiere que los datos de
edad-longitud y frecuencia de longitud sean muestreados aleatoriamente
de la misma poblacién. La vulneracién de esta premisa puede llevar a
estimaciones sesgadas. Mediante el uso de modelos que utilizan
algoritmos iterativos es posible llegar a corregir este problema. De la
aplicacién del modelo log-linear propuesto por Hoenig and Heisey
(1987) en Dissostichus eleginoides, se tiene que al emplear una misma
clave edad-longitud a las distribuciones de longitud mensual, se genera
una composicién de edad de la captura cuyo patrén es similar al
obtenido con el método tradicional. Este método iterativo resulta ser
una herramienta de alternativa frente a restricciones del uso del método
tradicional.

1. INTRODUCCION

La composicién de edad de la captura constituye un dato de entrada relevante en la
aplicacién de los métodos tradicionales de evaluacion de stock que se basan en la estructura
etaria de la captura.

Para obtener la composicién de la captura por edad, el método tradicional de
construccién de la clave longitud-edad (CLE) desarrollado por Fridriksson (1934) sigue siendo
un método frecuentemente usado; sin embargo, una de las principales limitantes de la CLE radica
en que ésta no puede ser empleada para aplicarse a distribuciones de longitud de otras dreas o
periodos distintos de la cual fue extraida la muestra (Kimura, 1977, Westrheim and Ricker,
1978). Frente a esta situacion, hay desarrollos alternativos interesantes para construir claves
longitud-edad mediante algoritmos iterativos (CLEI) (Kimura and Chikuni, 1987; Hoenig and
Heisey, 1987). '

En el presente trabajo se usa el modelo formulado por Hoenig and Heisey con el método
iterativo EM (Dempster et al., 1977) para estimar la composicién por edad de la captura en el
caso de la nueva pesquerfa de Dissostichus eleginoides que se desarrolla en el sur de Chile. La
gran ventaja del método iterativo en ésta aplicacion es que, disponiendo sélo de una clave para el
perfodo, es posible reconstruir la composicién de la captura por edad mes a mes, permitiendo de
esta manera efectuar un seguimiento més estricto del impacto de la actividad extractiva, situacién
que puede incluso ser casi instantdnea a la obtencién de la distribucién de frecuencias de
longitud del mes o periodo de interés.

2, METODO

La estructura del modelo de Hoenig and Heisey (1987), se corresponde con un modelo
Log-Linear en el que se usa el algoritmo EM para cdlculos iterativos de estimaciones mdximo -
verosimiles. Este tipo de algoritmo ha sido también empleado por Kimura and Chikuni (1987) y
discutido con mds detalle en Akamine and Matsumiya (1992).
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El algoritmo EM consiste en usar una etapa E de esperanza seguido de una etapa M de
maximizacion, cuando los datos son considerados como informacién incompleta. Esta dltima
condicion estd presente en el modelo, dado que en la muestra de longitudes extraida del
muestreo de la captura, los datos sélo se clasifican por categorfas de longitud, omitiéndose la
correspondiente lectura de edad, las que deberdn ser estimadas con la clave longitud-edad
previamente construida.

El modelo sostiene el supuesto que la tasa de clasificacién o distribucién de probabilidad
a la edad P(i/j) de que un individuo de la edad j (j = 1,...a) se encuentre en la longitud i
(i = 1,...n), sean iguales tanto, en la primera muestra (k = 1) usada para estimar la clave
longitud-edad como, en la segunda muestra (k = 2) usada para estimar la distribucién de
longitudes, es decir:

P(i/j)k=1 =P(i/j)k=2

La funcién de distribucién del modelo propuesto se ajusta a una multinomial dada por

e fk}) A TTTT(RG/ )Py
k+1 Hnmjku =1 j=1

i=1j=1

Tanto P(i/j), la distribucién de longitud a la edad, como P, probablhdad alaedadjenla
segunda muestra deben ser estimadas por el modelo. P( l/j ) incorpora la informacién
proporcionada por las dos muestras a la estimacién. Las cantidades n;j y n.k, representan las
frecuencias observadas por categorfas de longitud i ala edad jen la muestra k y la frecuencia
total en la muestra k, respectivamente.

3. ALGORITMO EM DE HOENIG AND HEISEY
3.1 Indices

i=1.2,.n Categorfas de longitud
ji=12,.a Categorias de edad

k=12 Muestras

5s=1,2,. Iteraciones

Suma sobre indices

3.2  Pardmetros

nij: Niimero estimado de peces de longitud i de edad j en la segunda muestra
i1 Nimero de peces de longitud i de edad j en la primera muestra

PG/ j): Probabilidad condicional estimada a la longitud i dada la edad j

p j2 - Probabilidad estimada a la edad j en la segunda muestra

L: Logaritmo de la funcién de verosimilitud, sin incluir términos constantes

3.3  Etapas del algoritmo

2 ni2nijt

niy (1)
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En la etapa 5, si D no es menor que una magnitud de error médxima permitida, el
- algoritmo debe volver a la etapa 2.

El término L del logaritmo de la funcién de verosimilitud a maximizar sin incluir
términos constantes, estd dado por

n a
L=3 > n;log®G/ j)Pi)+ T35 fip 08B / E)
i=1j=1 i=1j=1
4, APLICACION EN EL RECURSO DISSOSTICHUS ELEGINOIDES

Entre los meses de septiembre de 1991 y junio de 1992, en el drea del Pacifico Oriental
entre los paralelos 47° y 57°LS, se realizé una prospeccién exhaustiva con la participacién de
una flota de 10 barcos palangreros factoria, buscando un compromiso entre los objetivos de una
pesca comercial y la adquisicién de datos que aporte a la evaluacién de la pesquerfa. El estudio
fue ejecutado por el Instituto de Fomento Pesquero (IFOP) y empresas pesqueras nacionales, a
solicitud de la Subsecretarfa de Pesca, con objeto de evaluar el recurso D. eleginoides en la
perspectiva de expandir nuevas opciones de explotacién de la Pesqueria Demersal Sur Austral.

Los datos colectados por personal técnico del IFOP a bordo de las embarcaciones,
permitieron disponer de muestras de escamas para lecturas de edad y de frecuencias de longitud
de la captura en el perfodo cubierto. El muestreo de escamas se basé en un muestreo aleatorio
estratificado por categorias de longitud, leyéndose un total de 3.655 escamas.

En la captura de bacalao aparecieron representados 18 grupos de edad, que van desde el
grupo 3 al 20. El rango de edades de los machos fluctué entre 3 y 16 afios, observdndose una
mayor frecuencia en los 11 afios. Por su parte en las hembras, fluctué entre los 3 y 20 afios y la
moda estuvo en el grupo de edad 12. En general se aprecia que los machos son mds abundantes
en la captura hasta la edad 13; en tanto, en las edades superiores el predominio de las hembras
es evidente.

El andlisis se efectud sin diferenciar por sexo, teniendo en consideracién que el
crecimiento entre machos y hembras no presenta diferencias significativas (Young et al., 1992).
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La figura 1 muestra la distribucién de frecuencias y la composicion de la captura por
edad en cada uno de los meses de estudio, obtenida con el modelo de Hoenig and Heisey. Se
deduce que no todas las clases de edad estuvieron soportando igual esfuerzo de pesca o
proporcionalmente el mismo en cada mes. En efecto, durante los 3 primeros meses la pesca de
investigaci6n, se aprecia una mayor proporcién de ejemplares juveniles en la captura, periodo en
el cual la flota operé a menor profundidad donde la proporcién de ejemplares pequeiios es
ma);or, debido a la estratificacién por talla que presenta el recurso en sentido batimétrico (Young
etal., op cit),

La distribucién total de la composicion de edades de la captura para el periodo, se obtuvo
como producto de la suma de cada mes a la respectiva edad.

La comparacién de la composicion de la captura por edad obtenida por el modelo iterado
y el tradicional, muestra diferencias en las distribuciones (tabla 1; figura 2); no obstante, las
diferencias por efecto de aplicar estos dos métodos distintos no indican la presencia de un
“error estructural” importante (Rivar, 1989).

5. DISCUSION

Los resultados indican que el método propuesto constituye una alternativa interesante de
explorar, ;principalmente en pesquerias para las cuales no existe informacién de clave
longitud-edad para cada perfodo y/o zona de pesca.

Este método presenta ventajas interesantes respecto al tradicional. De hecho, este
método permite sin incrementar los costos que significarfa obtener una clave mensual
longitud-edad, reconstruir la composicién por edad de la captura mensualmente y realizar un
seguimiento estricto del comportamiento de la captura. Ademds, permite proyectarse a zonas y
dreas atin mds localizadas, siempre que se disponga de una adecuada distribucién de frecuencia
de longitud y matriz de clasificacién P(i/j). Si la especie no sufre alteraciones importantes en la
matriz P(i/j) de un periodo a otro, es posible mantenerla y aplicarla recursivamente (Robotham et
al., en prensa).

6. AGRADECIMIENTOS

Este trabajo es un resultado de aplicacién de un proyecto de investigacién sobre métodos
de construccién de claves longitud-edad iteradas, financiado por la Universidad Diego Portales.
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Tabla 1:

Composicién de edad de la Captura de D. eleginoides, empleando el Método Iterado

y el Método Tradicional
Método
Edad Iterado % Tradicional

3 485 0,06 788 0,09

4 3846 044 6890 0,78

5 13280 1,51 11605 1,32

6 18017 2,05 18003 2,05

7 18451 2,09 28664 3,26

8 42519 4,83 55122 6,26

9 83937 9,52 85562 9,72

10 116126 13,18 106982 12,16
11 129356 14,69 122082 13,88
12 145641 16,54 134447 15,28
13 105385 11,97 108287 12,31
14 79372 9,01 82075 9,33
15 56400 64 57512 6,54
16 32309 3,67 29262 3,33
17 18416 2,09 16816 1,91
18 14378 1,63 12631 1,44
19 1796 0,20 1760 0,20
20 1058 0,12 1378 0,16
Total 880772 100,00 879866 100,00
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Figura 1: Composicién por talla y edad de la captura de Dissostichus eleginoides.




FRECUENCIA (%)

Dissostichus eleginoides

20
15+ ‘l"\
l”
I/l
101
L/
0"
'/
54 ;l
"' |
0 ‘l' ] T 1 T ‘l T
2 4 6 8 10 12 14 16 18
' EDAD
—— MET.ITERADO  =*=- MET. TRADICIONAL
Figura2: Composici6n de la captura por grupo de edad.

20

19




Table 1:

Figure 1:
Figure 2:

Tableau 1:

Figure 1:
Figure 2:

Tabauna 1:

PucyHoK 1:

PucyHok 2:;

20

List of Tables
Age composition of D. eleginoides catches obtained by using iterative and
traditional methods.
List of Figures

Age/length composition of D. eleginoides catches.
Age composition of D. eleginoides catches obtained by using iterative and
traditional methods. September 1991 to June 1992.

Légende des tableaux
Composition des classes d'dges des captures de D. eleginoides obtenue par les
méthodes itérative et traditionnelle.

Légende des figures
Composition ages/longueurs des captures de D. eleginoides.
Composition des classes d'dges des captures de D. eleginoides obtenue par les
méthodes itérative et traditionnelle. De septembre 1991 a juin 1992.

CIIUCOK TaBJ ML

BospacTHoit cocTtaB B yJsoBax D. eleginoides ¢ vcnoJsib3oBaHHeM
UTEPATUBHBIX U TPAAULMOHHBIX METOJOB BHIUUCJIEHUS],

CrnycoK pUCYHKOB
Pa3MepHO-RO3pacTHOI cocTas B yJoBax D. eleginoides.
BospacTHoii cocraB B yJaosax D.eleginoides c uncnoJ/ib30BaHHEM

UTEPATHUBHBIX U TPAJULHUOHHBIX METOZAOB BBIUUCJIEHUS. CeHTA6Db
1991 - HU0OHBL 1992 1.



WG-FSA-92/21 REV. 1

NOTAS SOBRE MORTALIDAD NATURAL DE DISSOSTICHUS ELEGINOIDES
DE LA SUBAREA 48.3

C.A. Moreno y P.S. Rubilar*
Abstract

Natural mortality (M) of Dissostichus eleginoides was calculated after
Sparre (1989) from the data obtained during the Chilean longline
fishery in Subarea 48.3 (N = 7 848). The von Bertalanffy growth
parameters obtained independently by three authors were used. Three
cases were considered: fishing site, fishing depth and hook type. It was
determined that there were no significant differences in M estimated by
fishing depth and hook type with different growth parameters although
there were differences in M between fishing sites. On the other hand,
when comparing various mean values of M for the different cases, it was
found that there were significant differences between fishing sites and
between curve hooks No. 14 and straight hooks No. 22. The general
Bnean value of M calculated for the 44 analysed situations was
.14 £0.03.

Résumé

La mortalité naturelle (M) de Dissostichus eleginoides a été calculée
d'aprés Sparre (1989) a partir des données provenant de la pécherie a la
palangre chilienne dans la sous-zone 48.3 (N = 7 848). Les parametres
de croissance de von Bertalanffy obtenus indépendamment par trois
auteurs ont été utilisés. Trois variables ont été examinées: le lieu de
péche, la profondeur de péche et le type d’'hamegon. 1l a ét€ établi que
la valeur de M ne variait pas de maniére significative lorsqu'elle était
estimée en fonction de la profondeur de la péche ou du type d’hamegon
avec différents parametres de croissance mais variait en fonction des
sites de péche. Par ailleurs, en comparant les différentes valeurs
moyennes de M pour les différentes variables, on a pu observer des
différences notables selon les lieux de péche et entre les hamegons
courbes N°14 et les hamegons droits N®22. La valeur moyenne
générale de M calculée pour les 44 situations analysées était de
0,14 £ 0,03.

PesoMme

EctecTBeHHast cMepTHocTh (M) mo AaHHBIM UYHJIHHCKOTO
sipycHoro npowmbsicaa Dissostichus eleginoides B loapaiioHe 48.3
(N =7 848) 6bls1a BrIuMCJIEHA IO MeToAy Cnappe (Sparre, 1989).
Beli1  UCMOJIB3OBaHbl MapaMeTpbl pocTa bBepranaHddu,
NoJIyueHHble  TpeMsl  OTAeJIbHBIMM  aBTOpaMU.  Bbliau
pPacCMOTpPEHBl TPU CJlyuasi: TPOMBICJIOBBIN yUuacTOK, rJy6uHa
JIOBA U TUN KPIOUKa, BbIJIO YCTAHOBRJIEHO, UTO HE CYIECTBYET

Instituto de Ecologia y Evolucién, Universidad Austral de Chile, Casilla 567, Valdivia, Chile
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3HAUUTEJbHBIX pa3HUL, B BeJsHuuMHax M, olLleHeHHBIX No
ray6uHe JIoBa U TUNY KPIUKA NPH pa3/IMUHBIX NapaMeTpax
pocTa, HO WMEJUCh pa3HULbl B BeJauuuHax M Mexay
MMPOMBICJIOBBIMU yuacTKaMu, C Apyro#l CTOpPOHbBI, CpaBHUBas
pa3/iMuHble cpeJHUe BeJIMUWHbl M A1 pa3/iMuHbIX CUTYAaL Ul
HabJ0Aa/10Ch 3HauHTeJbHOE pasauuue MeXay
MPOMBICJIOBBIMM ~ YYAaCTKaMU M MeXAY  OKpYIJIeHHbIMU
KpwoukaMu N2 14 » nnpaMmbiMu kproukaMu Ne 22, O6masi cpeHss
BeJMUMHa M ass1 44 npoaHa/M3UPOBAHHBIX  CHUTYALLUIA
paBHsieTcst 0,14 * 0,03. -

Resumen

Se calcul6 la mortalidad natural (M) siguiendo a Sparre (1989), con las
muestras provenientes de la pesqueria chilena de palangre en la
Subdrea 48.3 (N = 7848). Se utilizaron los parametros de
von Bertalanffy obtenidos independientemente por 3 autores y se
considerd como variables el sitio de pesca (caladero), la profundidad de
pesca y el tipo de anzuelo. Se determiné que no hay diferencias
significativas, en el valor de M, en los casos considerados con los
diferentes pardmetros de crecimiento, a excepcién de entre sitios de
pesca. Por otra parte, al comparar los diferentes valores promedios de
M para las diferentes variables se encontrd que existen diferencias
significativas entre caladeros y entre anzuelos curvos N° 22 y rectos
N° 14. El promedio general de los M calculados en las 44 situaciones
analizadas fué de 0.14 = 0.03.

1. INTRODUCCION

Desde que Shust et al. (1990) presentaron valores de mortalidad natural (M) para la
poblacién de Dissostichus eleginoides de las islas Georgia del Sur entre M = 0.16 y 0.18, el
grupo de trabajo de evaluacién de poblaciones de peces (WG-FSA) not6 que estos valores
parecian altos comparados con el valor del pardmetro K de crecimiento de von Bertalanffy de
0.072, implicando que muy pocos peces llegarfan a la edad adulta. Antes de estos valores el
grupo de trabajo utilizé ademds el valor obtenido por Kock, Duhamel and Hureau (1985) de
M =0.06. Durante la reunion de 1991 se volvieron a usar los mismos valores en Gasiukov et al
(1991) y Everson (1991) respectivamente, sin que existieran nuevas evidencias para acercarse al
valor mds adecuado de este pardmetro.

Tales discrepancias pueden tener variados origenes; se han mencionado la selectividad de
los anzuelos (SC-CAMLR, 1990) y la eventualidad de que existan diferencias espaciales de la
distribucién de individuos de diferentes edades, tanto verticales como a lo largo del talud que
afecten la estructura de talla de las capturas, con las subsecuentes consecuencias para los valores
obtenidos de mortalidad natural. Especialmente a partir de los métodos que utilizan
distribuciones de talla o de edad en sus cédlculos. Otra fuente potencial de variacién para los
valores de la mortalidad natural son las variaciones de los pardmetros de las ecuaciones de
crecimiento, especialmente la constante Ky L.

Una manera de explorar las causas de variacion de los valores de mortalidad es haciendo
un andlisis, en base a una seleccién de métodos de entre los sugeridos por Sparre (1989),
aplicados a las capturas obtenidas en diferentes caladeros (sitios de pesca) dentro de la
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Subdrea 48.3 cuyas estructuras de edad y tamafios son diferentes y utilizando las tres
ecuaciones de crecimiento de D. eleginoides conocidas para esa drea: la indicada por Zacharov
y Frolkina (1976), Shust et al. (1990) y la recientemente aportada por Aguayo (1992).

2. METODOS

Los datos para los diferentes cdlculos de mortalidad provienen de la serie de datos en
escala fina que fueron tomados durante la temporada 1991/92 por la flota palangrera chilena en
la Subdrea 48.3 (véase Agnew and Moreno, 1992).

De cada lance se tomé: posicién geografica, profundidad, nimero y tamafio de los
anzuelos, captura total y una submuestra de 30 ejemplares por lance, de los cuales se obtuvo la
composicién por talla de la captura, medida en cm de longitud estdndar (LS). Para estandarizar
los valores de las distribuciones de tallas obtenidos con los de las ecuaciones de crecimiento
existentes todos los cdlculos de M se hicieron en base de longitudes totales (LT).

De esta manera fué posible considerar como variables de la mortalidad:

. Tipos de anzuelo;

. Sitios de pesca (caladeros);

. Profundidad de pesca.

Las ecuaciones de crecimiento consideradas para los cdlculos fueron:

. Zacharov and Frolkina (1976): L; = 204.3 [1-¢ -0.0563{1+0.545}]

+  Shustet al. (1990): Ly = 174.8 [1-¢0.07117{1-0.0049]]

«  Aguayo (1992): Ly = 210.8 [1-¢"0.0644{¢+0.7832}]

Los algoritmos de cdlculo de la mortalidad natural (M) fueron:

. Berverton and Holt (1956) (basado en edad)

donde, ¢’ es la edad totalmente reclutada, y 7 es el promedio de peces a la edad ¢’ y mds viejos.

. Beverton and Holt (1956) (basado en longitudes)

M(=7) =K==k
T-L

donde, L, y K son pardmetros de la ecuacion de von Bertalanffy, L’ es la longitud totalmente

reclutaday L es la longitud promedio de los peces a la longitud L’ y mayores.

. Robson and Chapman (1961)

M(=27) = 1n(1+:——1—')
t—1t
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donde, ¢ es la edad totalmente reclutada, y ¢ es el promedio de peces a la edad ¢’ y mds viejos.
. Alverson-Carnee segtin Sparre (1989): |

3K

ME= Z)=eTK—1

donde K es la constante de Brody de la ecuacién de von Bertalanffy y T es la edad donde
N/* W, toma su valor miximo.

3. RESULTADOS
3.1  Efecto del sitio de pesca

En la tabla 1 se observan los valores calculados para los tres diferentes caladeros
identificados para la flota palangrera chilena por Agnew and Moreno (1992).

Los valores calculados en Shag Rocks usando los pardmetros de las tres ecuaciones de
crecimiento son significativamente diferentes (Kruskall-Wallis test H = 7.2692: 2 gl y P<0.05),
siendo superior los valores de M determinados con los pardmetros estimados a partir de Aguayo
(1992). Respecto de los valores de M calculados para el caladero norte y sur de las Georgias,
no existen diferencias estadisticamente significativas al utilizar cualquiera de las tres ecuaciones
de crecimiento. (KW test para el caladero Norte, H = 3.8307: 2 gl vns; KW test para el
caladero Sur, H = 2.2868: 2 gl vns).

Se observa al comparar entre caladeros, que los promedios de la mortalidad natural de las
poblaciones capturadas al norte y al sur de la isla Georgia son practicamente idénticos, sin
embargo ambos difieren significativamente del caladero ubicado en Shags Rocks (KW test,
H=9.2988: 2 gl P<0.01) (Prueba de comparacién miiltiple STP = U(a =0.05) = 112.54,
P<0.05: N-S SR).

3.2  Efecto del tipo de anzuelo

En la tabla 2, se presentan los valores de M calculados a partir de los pardmetros de
crecimiento de las 3 ecuaciones y las distribuciones de tallas de los peces separados por el tipo
(forma y nimero) de anzuelo. Los anzuelos utilizados por la flota chilena se pueden separar en
6 categorfas: Tamafios 3, 5, 7, 9 (diferentes tamafios de anzuelos semi-curvos); 14 (recto sin
ojal) y 22 (curvo).

Al comparar con la prueba de comparaciones miiltiples STP, se puede concluir que con
un nivel de significancia de a. = 0.05, el anzuelo 14 (recto sin ojal) difiere de los tipos 22 (curvo)
y de los tamafios 7 y 9 de anzuelos semi-curvos. En un nivel de o = 0.01, sélo difieren €l 14 del
22, no existiendo diferencias significativas entre éstos y los demds tipos de anzuelo en el cdlculo
de la mortalidad natural (M).

Dentro de cada una de las categorias de anzuelos, los valores promedios de M calculados
a partir de las diferentes ecuaciones de crecimiento, no son estadisticamente diferentes.
3.3 Efecto de la profundidad de pesca

Separando las estructuras de tallas de las pescas en 1 200 m de profundidad, se observa

que al comparar los resultados de los valores M calculados dentro de cada profundidad no se
encontraron diferencias significativas; tanto para el caso de las profundidades menores a
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1200 m (KW test H = 5.6538: 2 gl vns) ni para el de las mayores (KW test, H=2.00: 2 gl
vns) (Tabla 3). Por otra parte, tampoco se observan diferencias significativas entre todos los
valores calculados para ambas profundidades (KW test, H = 1.0800, gl = 1 vns; ANDEVA 1-22 gl
F=0.801, vns.).

El valor promedio total y su desviacién tipica, es decir de los diferentes métodos de
cdlculo de M y de las diferentes profundidades, tipos de anzuelo y sitios de pesca fué de
0.14 £ 0.0381.

4. CONCLUSIONES

Los valores de M (= Z) calculados por cuatro diferentes métodos han mostrado ser mds
sensibles al sitio de pesca (caladero) que a la profundidad de los lances y al tipo de anzuelo
utilizado. Por otra parte, los pardmetros de las ecuaciones de crecimiento utilizadas no muestran
tener una gran influencia debido a que en muy pocos casos se encontré diferencias significativas
dentro de cada situacidn, cuando la variable a comparar fué el valor de M calculado con las
3 ecuaciones de crecimiento mencionadas.

En consecuencia, no todos los factores mencionados por el WG-FSA durante la reunién
de 1991, son causas importantes de variacién en el valor promedio de M de D. eleginoides de la
pesqueria de palangre de la Subdrea 48.3.

La raz6n que parece primar en las diferencias encontradas en cada caso (por ejemplo
entre caladeros) fué la frecuencia de ejemplares de tallas superiores a 1 m en las distribuciones
de tamafios. Eso al menos concuerda con el efecto de selectividad conocido de los anzuelos
curvos (Moreno, 1991). Por otra parte, una alta frecuencia de juveniles en las capturas,

influencia el valor de L y L’ y consecuentemente el valor calculado de M.

El valor de M sefialado por Kock et al. (1985) de 0,06 corresponde a la poblacién de la
Patagonia y utilizando un método indirecto cuya precision es puesta en duda por Sparre (1989).
En cambio los valores derivados por Shust et al. (1991) son mds cercanos a los nuestros. Sin
embargo, al andlisis de Longevidad (Mg, = - In(0.01)/M) sugiere una edad mdxima de 25 afios,
lo cual parece poco para una poblacién que alcanza tamaifios de mds de 2 metros en aguas frias,
por lo cual esa mortalidad natural debe estar sobrestimada. Nuestro valor promedio de
0.14 sugiere una edad mdxima de 33 afios, en cambio el valor de 0.06 resulta en una longevidad
de 77 afios, la cual esta lejos de las experiencias de medicién del crecimiento y edad.

Lo anterior sugiere, que 1a mayor prioridad de investigacion respecto a D. eleginoides es
validar, por métodos alternativos, los datos de edad y crecimiento obtenidos de las lecturas
de escamas.
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Tabla 1:

Mortalidades naturales determinadas para 3 sectores de pesca en la Subdrea 48.3 de

la CCRVMA.
Pardmetros de crecimiento de:

Método Zacharov and Shust et al. Aguayo

Frolkina (1976) (1991) (1992)
SHAG ROCK
Beverton and Holt (longitud) 0.1343 0.1184 0.1705
Beverton and Holt (edad) 0.1608 0.1514 0.1945
Robson and Chapman 0.1491 0.1410 0.1777
Alverson-Carnee 0.1709 0.1442 0.2175

M =0.1609 £ 0.0273
SOUTH GEORGIA (N)
Beverton and Holt (longitud) 0.1008 0.0911 0.1227
Beverton and Holt (edad) 0.1194 0.1235 0.1526
Robson and Chapman 0.1128 0.1165 0.1421
Alverson-Carnee 0.1526 0.1260 0.1945
M =0.1296 £ 0.0276

SOUTH GEORGIA (S)
Beverton and Holt (longitud) 0.0816 0.0688 0.1004
Beverton and Holt (edad) 0.1020 0.1004 0.1397
Robson and Chapman 0.0971 0.0957 0.1308
Alverson-Carnee 0.1709 0.1442 0.2175

M =0.1207 + 0.0421
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Tabla2: Mortalidades naturales determinadas para 6 tipos de anzuelos en la Subdrea 48.3 de

la CCRVMA.
Pardmetros de crecimiento de:
Método Zacharov and Shust et al. Aguayo
Frolkina (1976) (1991) (1992)
Anzuelo N° 3
Beverton and Holt (longitud) 0.1048 0.0953 0.1275
Beverton and Holt (edad) 0.1310 0.1278 0.1575
Robson and Chapman 0.1231 0.1203 0.1463
Alverson-Carnee 0.2144 0.1872 0.2727
M=0.1506 £ 0.0511
AnzueloN° 5
Beverton and Holt (longitud) 0.1005 0.0890 0.1226
Beverton and Holt (edad) 0.1266 0.1218 0.1258
Robson and Chapman 0.1192 0.1149 0.1525
Alverson-Carnee 0.1709 0.1448 0.2175
M =0.1338 £ 0.0342
Anzuelo N° 7
Beverton and Holt (longitud) 0.1133 0.1040 0.1376
Beverton and Holt (edad) 0.1395 0.1368 0.1677
Robson and Chapman 0.1306 0.1282 0.1550
Alverson-Carnee 0.1362 0.1095 0.1740
M=0.1360 £ 0.0216
Anzuelo N°9
Beverton and Holt (longitud) 0.1110 0.1017 0.1349
Beverton and Holt (edad) 0.1372 0.1344 0.1650
Robson and Chapman 0.1286 0.1261 0.1527
Alverson-Carnee 0.1913 0.1645 0.2434

M= 0.1492 + 0.0386
Anzuelo N° 14

Beverton and Holt (longitud) 0.0766 0.0623 0.0946
Beverton and Holt (edad) 0.1022 0.0936 0.1240
Robson and Chapman 0.0973 0.0895 0.1169
Alverson-Carnee 0.1215 0.0946 0.1555

M=0.1024 + 0.0244

Anzuelo N° 22

Beverton and Holt (longitud) 0.1618 0.1519 0.2044
Beverton and Holt (edad) 0.1948 0.1854 0.2351
Robson and Chapman 0.1112 0.1071 0.2112
Alverson-Carnee 0.1526 0.1260 0.1945

M= 0.1749 £ 0.0361
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Tabla3: Mortalidades naturales determinadas para 2 profundidades de pesca en la

M= 0.1270  0.0377

Subdrea 48.3.
Pardmetros de crecimiento de:

Método Zacharov and Shust et al. Aguayo
Frolkina (1976) (1991) (1992)

Profundidad < 1200 m.
| Beverton and Holt (longitud) 0.1075 0.0967 0.1310
Beverton and Holt (edad) 0.1337 0.1292 0.1611
Robson and Chapman 0.1255 0.1215 0.1494
Alverson-Carnee 0.1526 0.1259 0.1945

M= 0.1357 £ 0.0511

Profundidad > 1200 m.
Beverton and Holt (longitud) 0.0898 0.0797 0.1096
Beverton and Holt (edad) 0.1157 0.1118 0.1394
Robson and Chapman 0.1095 0.1060 0.1305
Alverson-Carnee 0.1709 0.1443 0.2175
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THE 1991/92 FISHERY FOR DISSOSTICHUS ELEGINOIDES IN SUBAREA 48.3

WG-FSA-92/28

D.J. Agnew! and C.A. Moreno?

Abstract

The 1991/92 longline fishery for Dissostichus eleginoides in
Subarea 48.3 was open from 4 November 1991 to 10 March 1992. A
total of 3 382 tonnes was taken by one Bulgarian, five Russian and eight
Chilean vessels. The maximum catch taken in a five-day period was
375 tonnes. Catch rate was not influenced by fishing depth, time of day
or soak time, but was dependent on type of hook and geographical
position. Fish caught around Shag Rocks were larger than to the north
and southeast of South Georgia. CPUE varied markedly among fleets
and was about 1 kg/hook in the Chilean fleet, 0.2 to 0.4 in the Russian
and 0.2 in the Bulgarian. These differences were probably a result of
the different hook types used by the fleets.

Résumé

En 1991/92, 1a péche a la palangre de Dissostichus eleginoides dans la
sous-zone 48.3 était ouverte du 4 novembre 1991 au 10 mars 1992. Au
total, 3 382 tonnes ont été capturées par un navire bulgare, cinq navires
russes et huit navires chiliens. La capture maximale était de 375 tonnes
pour une période de cing jours. Le taux de capture n'était pas influencé
par la profondeur de péche, I'heure ou le temps de trempage; par contre,
il était fonction du type d'hamecon et de la position géographique. Les
poissons capturés étaient plus grands autour des flots Shag qu'au nord
et au sud-est de la Géorgie du Sud. La CPUE variait nettement entre les
flottes: 1 kg/hamecon dans la flotte chilienne; de 0,2 a 0,4 dans la flotte
russe; 0,2 dans la flotte bulgare. Les différents types d’hamecons
utilisés expliquent vraisemblablement ces différences.

PeswomMme

B lloapafiioHe 48.3 sipycHbIl npoMbicen Dissostichus eleginoides
66171 OTKPBIT € 4 HOsI6psa 1991 r. mo 10 MapTta 1992 r. Bcero
6b1710 MoJyueHo 3 382 TOHHbI OAHUM 60JrapCKUM, MSIThIO
POCCHICKUMU u BOCbMbIO YHJIUHCKUMU cyAaMu,
MaxcuMaJabHBIM BBIJIOB - 375 TOHH 3a OJUH NSITUAHERHBIN
nepuoA. Ha HMHTEHCHBHOCTb JIOBa He BJHMSAJU TIIy6HHA JIOBa,
BpeMsi CYTOK UJIM BpeMsl HaXOXJEeHUsl sIpyca B BOJE, OJHAKO
MHTEHCHBHOCTb JIOBa 3aBMCeJla OT TUMa KpKOUKa MU
reorparueckoro MecTOIIOJIOXEHUA JioBa. BoJee KpynHble
ocobu BBIJIABJIMBAJNCE BOKPYr ckaJj llar, ueM B palioHax K
ceBepy U wro-Boctoky oT IOxHon TI'eoprum. CPUE B
3HaYUTEeJIbHON Mepe KoJiebaJicsl MeXJAYy HMNPOMbBICJOBBIMU
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¢oraMu: 1 Kr/KpoUyok y uMJauHckoro dJaora; 0,2-04 vy
poccuiickoro ¢gJoTa U 0,2 y 6oarapckoro ¢gJoTa. 3TH pa3juuus
BEPOSITHO SIBJASIJIMCh CJIEJCTBHEM MCIMOJIb30BAHUS ¢JioTaMH
KPIUKOB Pa3/I{UHbIX TUITOB.

Resumen

La temporada de pesca de palangre de 1991/92 de Dissostichus
eleginoides en la Subdrea 48.3 estuvo abierta del 4 de noviembre de
1991 hasta el 10 de marzo de 1992. Un total de 3 382 toneladas fueron
extrafdas por un buque pesquero bilgaro, cinco rusos y ocho chilenos,
déndose un mdximo de captura de 375 toneladas en un periodo de cinco
dias. El nivel de captura no se vio influenciado por la profundidad de
pesca, hora del dia o tiempo de calado, pero sf dependi6 del tipo de
anzuelo y de la situacién geogrifica. Se pescaron peces mds grandes
alrededor de las rocas Cormordn que al norte y sudeste de Georgia del
Sur. El CPUE vari6 significativamente entre las flotas, siendo de
1 kg/anzuelo para la flota chilena, 0.2 a 0.4 para la flota rusa y 0.2 para
la flota bilgara. Es posible que esto haya ocurrido debido a los
distintos tipos de anzuelos utilizados por las flotas.

1. INTRODUCTION

The 1991/92 fishery for Dissostichus eleginoides opened on 4 November 1992 with a
TAC of 3 500 tonnes, and was closed on 10 March 1992 when a total of 3 364 tonnes had been
taken. A further 18 tonnes was taken by Bulgaria before it ceased fishing on 24 March. The
maximum catch taken in a five-day period was 375 tonnes (Figure 1).

The fishery was prosecuted by one Bulgarian, five Russian and eight Chilean vessels,
fishing for different periods (see Figure 2). Vessel size was reported as 500 to 1 000 tonnes for
Bulgaria and Russia, and as shown in Table 1 for Chile.

1.1 Data Sources

Catch and effort data were reported by five-day periods and in fine-scale longline format.
These data were used in the following analysis. In addition, length frequency data were reported
by Chile and Russia in standard format. Chilean data were extracted from logbooks and
included the weight, but not the number, of fish caught, thus precluding some calculations in the
following analysis.

1.2 Fishing Strategies

, Two clear fishing strategies were identified in the Russian fishery. Some vessels set all

their lines (usually three to four) in the early morning, and then commenced hauling; others set
and hauled lines alternately to maintain a standard soak time for the lines. This lead to very
different times in the water for the first group of vessels, but more consistent times for the
second. These strategies are shown schematically in Figure 3.

There was no significant correlation between the time that hooks were in the water and

the number of fish caught or CPUE (both in numbers and weight) for either the Bulgarian or
Russian fishery. Thus, it appears that the strategies shown in Figure 3 have no bearing on
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expected catch rates and are significant only for logistic reasons. However, there was a positive
relationship between mean number of fish caught per haul and the number of hooks on the line
for the Russian fishery over the whole season (Figure 4).

The number of hooks per line, and the size of hooks varied considerably among vessels
(Tables 1 and 2). In the Chilean fleet six different hook sizes of four general types were used:

. Type I - hooks with parallel sides and in a single plane (“parallel, flat”’) [Mustad
sizes 3 and 5; width 20 to 25 mm (Moreno, 1991)];

. Type II - hooks slightly recurving at the barb and twisting out of a single plane
“semicurved, twisted””) [Japanese brand, sizes 7 and 9; width 30 to 35 mm];

. Type III - hooks fully recurving, in one plane (“curved, flat”) [Mustad size 14;
width 27 mm (Moreno, 1991)]

. Type IV - hooks parallel, twisting and without an eye (all the above are eyed)
(“parallel, eyeless™) [Japanese hooks size 22; width 28 mm)].

On some vessels more than one type of hook was used, even on the same longline. This
strategy was attributed to vessels moving to the Dissostichus fishery having recently targeted
other species, such as pink ling (Genypterus blacodes) and hake (Merluccius australis) in
Chilean fisheries, and to trying to determine the most effective hook for D. eleginoides
(SC-CAMLR, 1992b). With the exception of vessel (e) (Table 2), the hooks used in the Russian
fishery were probably of type 1.

A number of different baits were used in all fisheries: squid (Loligo, Ilex), Sardinops,
Mackerel and Horse Mackerel (including Scomber). By-catch mainly comprised skates and
macrourids, reported occasionally by Russian and Bulgarian fleets. Two reports from early
December by the Russian fleet indicated some incidental mortality of unidentified birds but
subsequent reports indicated zero mortality.

The position of all catches is shown in Figure 5 (a to ¢). The Chilean fleet showed most
movement between areas, with the Russian and Bulgarian fleets remaining to the north and close
north-west of South Georgia. The depth of fishing for the Russian, Bulgarian and Chilean
fisheries was similar, with means of 1 334 m, 1 378 m and 1 473 m respectively and
distributions typically ranging from 1 000 to 1 800 m with strong modes between 1 300 and
1400 m. :

Hook size was reported for only some of the length frequencies recorded by Chilean
vessels. From these data it appears that within a type of hook, larger hooks catch larger fish;
however, hooks of type I caught larger fish than the larger type II hooks, and the curved hooks
of type III caught markedly larger fish then any others (Figure 6).

Combining all data from the Chilean fishing season it is possible to identify three major
areas of fishing, defined as northwest of South Georgia (“Shag Rocks”), north of South
Georgia and southeast of South Georgia, each with a characteristic length frequency distribution
(Figure 7). The mean weight of fish from the Russian fishery in the northwest area (west of
41°W) was 9.78 kg (n = 153 hauls, SD = 2.09), while from the northern sector it was 8.86
(n =347, SD 2.48), significantly lower than in the Shag Rocks area (t test, p<0.001). This result
is similar to that seen in Figure 7, where there is an increasing proportion of larger fish in the
northwest area. Mean weights from the Bulgarian fishery showed similar, but insignificant,
differences between regions (7.11 kg northwest, 6.95 kg north). However, the length frequency
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data reported from the Russian fishery (Figure 8) appear to show a contrary trend, where there
is an increasing proportion of larger fish in the north than the northwest areas!.

Mean weight of fish in the Russian and Bulgarian fisheries did not change over the
period of the commercial fishery, but did appear to increase during the Russian research fishery
from April to June (Table 4). However, some vessels caught significantly smaller fish than
others, especially vessel (a) which seemed to improve its performance later in the year.

CPUE

Daily CPUE, expressed as kg/thousand hooks for comparative purposes between fleets, is
shown in Figure 9 (a to c). The CPUE for Chilean vessels was far in excess of that for Russian
and Bulgarian vessels, with the former having a mean CPUE in February of about 1 000
compared to between 200 and 400 for Russian vessels and about 200 for Bulgarian vessels.

Whilst the CPUE for Chilean vessels showed a decline throughout the season, Bulgarian
and Russian vessels did not experience this; on the contrary, it appears from Figure 9 that the
Russian CPUE increased in late February and March. A more detailed analysis of the Russian
and Bulgarian CPUE (numbers/thousand hooks) (Table 3) shows the increase in overall CPUE in
March to be a result of vessel (e) entering the Russian fishery. Although the catches were in
similar positions and at similar depths to catches by other vessels, vessel (e) used larger hooks
and shorter lines than other vessels (Table 2). It thus appears that gear differences may have
been the cause of the higher CPUE values for vessel (e), seen both in Table 3 and Figure 4.

DISCUSSION

The 1991/92 fishing season for D. eleginoides was rather shorter than previous seasons,
primarily because of the entry into the fishery of the large Chilean fleet with its very high CPUE.

There were large differences in CPUE among and within fleets. All fleets were operating
in similar areas (apart from the extra area southeast of South Georgia exploited by the Chilean
fleet), at similar depths over similar times, but the line characteristics of the fleets were different.
Chilean vessels used longer lines, larger hooks and a different types of hook from the other
vessels. It is perhaps significant that the one Russian vessel to use a larger hook achieved a
much increased CPUE over February to March. The UK reports of an attempted inspection of a
Russian longliner and an inspection of the Chilean Mar del sur III (SC-CAMLR, 1992a and
1992b) found that the Russian longlines retained less bait and caught fewer fish than the
Chilean vessels. It appears that the differences in CPUE between these two fleets may have been
due to the different types and sizes of hooks used, but there is probably also a large component
of fishing skipper experience in the choice of appropriate sites for setting the longlines, even
within the generalised areas shown in Figure 5.

Both Russian and Chilean fleets caught larger fish in the west of the Subarea 48.3,
towards Shag Rocks, than in the east. However, the average weight of fish caught by the
Russian fishery was lower than the mean weight assumed for this species by the Working
Group on Fish Stock Assessment (WG-FSA) in 1991 (9.14 kg compared to 10.82). Chilean and
Russian CPUE have been superimposed on the data extracted from STATLANT reports by
WG-FSA in 1991 (assuming 10.82 kg/fish). The Russian data appear to show a decline in CPUE
for this species; however, there may be some effect of interaction among the fleets since up to
now this has been a single fleet fishery. These data, supplied in haul-by-haul formats, have
proved extremely useful in understanding the mechanics of the D. eleginoides fishery.

1 Reported total lengths from the Russian fishery were converted to standard length for comparison with the

Chilean data using the relationship TL=1.247+1,118SL given in Kock et al., (1985).
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Table 1:

Chilean fleet characteristics, 1991/92 season.

Vessel Length GRT Hold Capacity Hook Sizes
Name (m) (tonnes) (m3)
Mar del Sur 1 46 349.5 380.7 Mixed (see text)
Mar del Sur II1 48.8 299.4 290 “ “oo
Chaval 42.5 325 350 “ “ o
Antonio Lorenzo 50 650 500 “ “ oo«
Isla Sofia 48.5 449 505 “ oo
Cisne Verde 44 .4 327.1 562 “ oo
Cisne Blanco 46.7 437 457 “ “ o
FriosurV 54 975 746 Japanese No. 22
47.6 466.5 473.8

Table 2:  Line characteristics of Russian and Bulgarian vessels.
Vessel Hook Size Hook Spacing | Number of Hooks

Russian a 20t0 25 mm 120 cm 2800 - 5600
Russian b 20t0 25 mm 120 cm 2400 - 4800
Russian ¢ 20 to 25 mm 120 cm 2400 - 4800
Russian d 20 to 25 mm 120 cm 13500

Russian e 25 to 30 mm 120 cm 3200

Bulgarian 25 to 30 mm 120 cm 1125 - 9000
Chilean (vessel 25 to 30 mm 200 cm 11700

undefined)
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Table 3:

CPUE and calculated mean fish weight by month.

Russia:
Month Vessel | Mean CPUE SD Mean Wt SD n
number x (kg)
103 hooks
12 a 29.6 (23.8) 6.70 (1.6) 50
12 b 29.0 9.4) 10.03 (1.0) 30
12 c 29.2 (14.3) 9.02 (1.2) 25
Total 29.3 (18.4) 105
1 a 32.9 (14.7) 5.44 (0.6) 30
1 b 28.7 (14.1) 10.87 2.0) 30
1 c 33.8 (16.8) 9.27 (1.4) 70
Total 32.4 (15.8) 130
2 a 259 (11.0) 5.52 0.9) 42
2 c 43.8 (16.1) 9.93 0.7 21
2 d 20.0 6.3) 9.02 ©0.1) 7
2 e 47.6 (19.1) 9.38 0.2) 23
Total 34.9 17.7 93
3 a 34.4 (13.2) 8.05 (2.4) 10
3 c 38.7 (17.3) 10.87 (1.5) 29
3 d 14.9 (3.5) 9.00 (0.0) 9
3 e 74.7 (17.9) 9.71 0.1) 34
Total 50.5 (26.9) 82
4 a 40.4 (13.8) 11.67 (1.4) 8
Total 40.4 (13.8) 8
5 a 17.0 9.2) 9.89 (1.8) 7
5 b 28.3 12.7n 10.53 (1.1) 10
Total 23.6 (12.5) 17
6 a 20.3 (10.2) 12.62 (0.9) 36
6 b 40.8 (16.8) 11.12 (1.5) 29
Total 29.4 (17.0) 65
Total Total 9.14 2.4 500
Bulgaria:
Month Vessel | Mean CPUE SD Mean Wt SD n
number x kg)
103 hooks
12 1 23.6 (20.9) 7.66 1.4) 67
1 1 19.8 (12.3) 6.86 (1.3) 56
2 1 329 (13.1) 7.11 (1.0) 36
3 1 30.0 (16.5) 6.29 (1.1 45
Total 7.04 (1.4) 204

37



Chile
7

Russia

B Bulgaria

400

300 A
200
100

(sauuo}) pouad Aep-g Jed sayojed

Time from 1 December (months with 5§ day periods marked)

| D. eleginoides fishery, 1992 season. Catches by five-day period.

Russia
B Bulgaria

Chile
%

.
.

Y™

NN

.”//o//ﬂ- -

I
(@]
~—

Figure 1
15

S|9SSB8A JO JaqunN

L9°¢E
S'€
ge’e
Li'e
>
EB'C

G'¢
eeg’c
Li'e
4
£8°}

(months in 5 day periods)

Time from December

Number of vessels taking part in the fishery.

Figure 2

38



L24OO hrs i 1200 hrs - | 2400 hrs

A
set % —_— e
haul Ll
B
set — _— . —
haul
previous
day's
haul

Figure 3: Schematic diagram of fishing strategies shown by the Russian and Bulgarian fleets.

300 , :
-
200 + - 4
e ox
.' b.
5 Ra s
100 - a, . -
bg-
a'l
0 1 1
0 5000 10000 15000

HOOKS

Figure 4: Relationship between catch (numbers of fish per haul, as mean over whole season)
and effort (numbers of hooks per haul) for Russian vessels a - € (see Table 2).

39




LAT

LAT

50

! T T

i ' E

51 pomeeemmeeenen 4 —eron
? ; L

52 Lo e e
i i E

53 e _, - _, e , e
L AR S R
H . LT H

54 b _, - ._,' ......... , ...........
: i i

55 bemeies ., e _,._._, SN
| |

56 L _' - _r ——— 1 SR
i i |

57 L ' :
4

50

50

30

51 et teimeneas
52 b—e— e
53 i
B4 b
55 |—

56 b—eremmerimmmnen
57

LAT

i i i
E—— Lromearimsssssssens I —
S S S SO _]

| i
- : *

t - &El_.h »r

50

50

51

e ¥

56

K

57

S0

Figure 5:

© shag Rocks

» \\ South Georgia

A. Bulgaria

B. Russia

C. Chile

Position of all hauls in Subarea 48.3, 1992 season.



w

&

Hook Nr 3

8
| l

Hook Nr 5

il

Hook Nr 7

Hook Nr 9

16+
124
B L
] II ll
20 ——v—.-ll A . . l-- +
Hook Nr 14
16+
124
8 N
44
29-———1111. —
20 Hook Nr 22
| |
16+
124
8+
i I
0 y | §

40 50 60 70 80 90 10G 110120 130 140 150 160 170 180

L.T. (cm)

parallel, flat: 24mm
n=813

parallel, flat; 20mm
n=3345

semicurved, twisted; 34mm
n=981

semicurved, twisted; 30mm
n=822

curved, flat; 27mm
n=729

parallel, twisting, eyeless; 28mm
n=1003

Figure 6: Normalised length frequencies of D. eleginoides caught by Ch.ilean'vcssels (total
length converted from standard length using the relationship given in Kock et al.

(1985)).

41




Bkl vl rlshes

500 500

4504 ) Shags Rocks 450 S.Georgia (North)
400 4001
7]

3501 3 350 4
300 & 300
2501 S 250
200 .é 2001

- = 4
150 2 150
100 100 4
50 501

40 50 60 70 80 90 1€0 110 120 130 140 150 160 170 180 40 50 60 70 80 90 100 110 120 120 140 150 160 170 180

Standard length (em) Standard length (em)

50

. ) /
52 | /

53

South Lat.

-54 4 '/‘ .
N 4—////’
£
55 Area 48.3
D.eleginoides + + +é3:

56 /

57
50 48 46 44 42 40 38 36 34 32 30

West Long.

500
450
400
350
300
250
200
150
100

50

S.Georgia (South)

Number of Fishes

40 50 63 70 80 90 100110120130 140150160170 180
Standard Length {em)

Figure 7: Length composition of D. eleginoides taken by Chilean vessels (reported by haul).

42



900 900
800+ West Sector % 8004
7004 N=4299 - 700
600 1 < 00
500 4 "6 500 -
400+ § 400
3001 'é 300 4
200 S 200+
=
100 A 1004
0 ~RERN AR . 04 -
40 50 60 70 80 90 100 110120 130 140 150 180 170 180 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Standard length {cm ) ‘ Standard length (cm )

LAT

-57 i i i
—-50 —45 —40 —-35 -30

Figure 8: Length composition of D. eleginoides taken by Russian vessels (reported by
summary catches).

43



cpue (kg/thousand hooks)’

Fig. 9a: Chilean flest

3000

2000 -

1000 -

800

Fig 8b: Russian fleet

600

400

200

800

Fig- 8c: Bulgarian fleet

Figure 9:

CPUE (weight) in Chilean, Russian and Bulgarian fleets, 1992.




—— Russian flest
———— Chilean flest

150

s)ooy puesnoy} Jed Jequinu

T6-KeN
T6dy
643N
T6-97:4
NO.:_;.
16230
16-00N
16-P0
16-dos
16-9ny
16-10
16-unp
16-AeN
16-1dv
16-3eN
16934
16-usf
16-220
16-AON
16-1°0
16-das
16-30y

p- 16-10f

06-unf
06-Ke
06-4dy
063N
06-92:1
06-uef
06-23d
06-20N
06-0
06-d3s
06-3ny
06-10f
68-unf
68-Ae
68-4dy
68-4e
68-92:1
68-us[
68-23Q
68-A0N
68-10

month and split-year

CPUE for the most recent season superimposed on the data presented in the 1992

WG-FSA report (SC-CAMLR-X, Annex 6).

.
.

Figure 10

45



Tableau 1:
Tableau 2;
Tableau 3:

Figure 1:
Figure 2:
Figure 3:
Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:
Figure 10:

Tabauua 1:
Tabauua 2:

Tabauina 3:

PucyHok 1:

PucyHok 2:

PucyHok 3:

Légende des tableaux
Caractéristiques de la flotte chilienne, saison 1991/92.
Caractéristiques des palangres des navires russes et bulgares.

CPUE et poids moyen calculé des poissons par mois.

Légende des figures
Pécherie de D. eleginoides, saison 1992. Captures par période de cing jours.
Nombre de navires prenant part a la pécherie.
Diagramme schématique des méthodes de péche des flottes russe et bulgare.
Rapport entre la capture (nombre de poissons par trait, en moyenne sur toute la
saison) et l'effort de péche (nombre d'hamegons par trait) des navires russes
a - e (voir Tableau 2).
Position de tous les traits dans la sous-zone 48.3, saison 1992.
Fréquences de longueurs normalisées de D. eleginoides capturé par les navires
chiliens (longueur totale obtenue en convertissant la longueur standard selon la
relation donnée dans Kock et al. (1985)).

Composition en longueurs de D. eleginoides capturé par les navires chiliens
(déclarée par trait).

Composition en longueurs de D. eleginoides capturé par les navires russes
(déclarée par des récapitulations des captures).

CPUE (en poids) des flottes chilienne, russe et bulgare, 1992.
CPUE pour la derniére saison superposée aux données présentées dans le
rapport du WG-FSA de 1992 (SC-CAMLR-X, Annexe 6).

Crnucok Tabann
XapakTepHucTUKU Uuauiickoro gJora, cesoH 1991/92r,
XapakTepUCTHKU SIDYCOB Ha POCCUICKUX U 60/IrapCckUX cyAax.

CPUE u cpeZiHUI Bec pbI6bl 1O MecsiLaM.

CnucoK pUCYHKOB

llpombicen D. eleginoides, ce3on 1992 r. BelJIOB MO NSATHUAHEBHbIM
HEepPUOAAM.

KoanuecrBo CYyAOB, 3aHUMAIIUXCsT MPOMBICJIOM,

CxeMaTHuecKasi juarpaMma INMpPOMbBICJOBBIX CTpaTervil poCCHMCKOIo
U 6onarapckoro ¢JoToB,



PucyHok 4:

PucyHok 5:

PucyHox 6:

PucyHoxk 7:

PucyHoK 8:

PucyHox 9:

PucyHok 10:

Tabla 1:
Tabla 2:
Tabla 3:

Figura 1:

Figura 2:

Figura 3:

Figura 4:

Figura 5:
Figura 6:

Figura 7:

CBsi3b MEXAY YJIOBOM (CpeJiHee KOJIMUECTBO pblb 3a TpaJieHUE 34 BECh
Ce30H) U YCUJMEM (KOJIMUECTBO KPWUKOB 3a TpaJeHue) Aas
POCCHIICKUX cyAOR a-€e (cM. Tabauuy 2).

MecTomnoJioXeHUsl Bcex TpaJeHuil B [loapaiioHe 48.3, ce30H 1992 T,
HopMa/aM3oBaHHBIE UacTOTBl  AJMHBI  ocobeit D. eleginoides,
BBIJIOBJIEHHBIX YUJAUNCKUMU cyaMH (cTaHpapTHas AJUHA
npeo6pa3zoBaHa B obmyw AJUHY C HCMNOJIb3OBAHUWEM OTHOIIEHUs,
B3siTOoro us pa6orsl Koka u ap. (Kock et al, 1985).

PasMepHbIli cocTaB ocobeit D. eleginoides, BbIJIOBJIEHHBIX UUWJIUMHCKUMU
CyZaMU (3aperucTpUPOBaH MO KaX/AOMY BbIJIOBY).

PasMepHblil cocTaB ocobeli D. eleginoides, BbIIOBJAEHHBIX POCCUNCKHUMU
cyAaMHU (CBOAHble JaHHBbIE).

CPUE (Bec) A1 YUJMICKOro, poccuiickoro U 6osrapckoro ¢JoToB,
1992 r.

CPUE 3a caMbiii [ocJeJHUM Ce30H, HaJIOXEeHHbhH Ha JAaHHble,
npeicTtaBjieHHble B oTuete WG-FSA B 1992 r. (SC-CAMLR-X,
IIpusoxeHue 6),

Lista de las tablas
Caracteristicas de la flota chilena, temporada 1991/92.

Caracteristicas del palangre utilizado por las embarcaciones rusas y bulgaras.

CPUE y peso medio del pez calculado mensualmente.

Lista de las figuras

Pesquerfa de D. eleginoides, temporada 1992. Capturas por periodos de
cinco dias.

Niimero de embarcaciones que toman parte en la pesqueria.

Diagrama esquematico de las tdcticas de pesca empleadas por las flotas rusas
y bilgaras.

Relacién entre la captura (niimero de peces por lance, expresado como la media
para la temporada completa) y el esfuerzo (nimero de anzuelos por lance) de
los buques rusos a - e (ver tabla 2).

Posicién de todos los lances en la Subdrea 48.3, temporada 1992,

Distribucién normalizada de frecuencia de tallas para D. eleginoides capturado
por las embarcaciones chilenas (la longitud total fue transformada utilizando la
longitud estdndar obtenida de las relaciones presentadas en Kock et al. (1985)).

Composicién por tallas de D. eleginoides de la captura chilena (notificadas
por lance). ‘

47
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(LONNBERG 1906) IN SUBAREA 48.3 FOR THE 1990/91 AND 1991/92 SEASONS
G. Parkes*

WG-FSA-92/27

NOTES ON THE USE OF VIRTUAL POPULATION ANALYSIS FOR STOCK
ASSESSMENT OF THE MACKEREL ICEFISH, CHAMPSOCEPHALUS GUNNARI

Abstract

Following on from the apparent failure of the CCAMLR Working Group
on Fish Stock Assessment (WG-FSA) to satisfactorily assess in 1991 the
status of the Champsocephalus gunnari population in Subarea 48.3
using VPA, attempts were made to re-work the analysis using
Laurec-Shepherd and ADAPT tuning techniques, from 1991 back to
1977. The predicted age structure, dominated in recent years by the
1987 year-class (1 year olds in 1988), was quite robust, despite the use
of various combinations of survey and CPUE indices for tuning.
According to the VPA the population in 1991/92 was composed of a
large proportion of 5 year olds, which was not observed during the
survey on Falklands Protector in January 1992, Breakdown in the
credibility of the VPA results in most recent years is attributed to the
invalid assumption of constant M and contradictions in the input data.
A conservative approach to management for 1992/93 is recommended,
based on the results of surveys by Falklands Protector in 1990/91 and
1991/92.

Résumé

Suite & I'apparente incapacité du Groupe de travail de la CCAMLR chargé
de l'évaluation des stocks de poissons (WG-FSA) a évaluer proprement
en 1991 le statut de 1a population de Champsocephalus gunnari par la
VPA dans la sous-zone 48.3, de nouvelles tentatives d'analyse ont été
effectuées par les technlques d'ajustement Laurec-Shepherd et ADAPT,
en remontant de 1991 a 1977. La structure d'dge prévue, dominée ces
derniéres années par la classe d'dge 1987 (4gés d'un an en 1988) était
assez robuste, en dépit d'une ajustement effectué par plusieurs
combinaisons d'indices de campagnes d'évaluation et de CPUE. D'apres
la VPA, la population de 1991/92 comportait une proportion importante
d'individus de 5 ans, ce qui n'avait pas été observé lors de la campagne
du Falklands Protector en janvier 1992. La baisse de crédibilité des
résultats de la VPA de ces dernicres années est attribuée a I'nypothese
invalide d'un M constant et aux contradictions dans les données
d'entrée. Pour 1992/93, une approche conservative de gestion, fondée
sur les résultats des campagnes d'évaluation du Falklands Protector de
1990/91 et 1991/92, est recommandée.

Renewable Resources Assessment Group, Centre for Environmental Technology, Imperial College of Science
Technology and Medicine, Exhibition Rd., London SW7, United Kingdom
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PesoMe

B cBSI3U C TEM, UTO Ha coBemaHUM WG-FSA B 1991 r. He yAaJoCh
YAOBJIETBOPUTEJNBHO OLIEHUTb  COCTOsIHUE nonyJsiiu
Champsocephalus gunnari 8 TloapaiioHe 48.3 ¢ HCNOJIb30BAaHUEM
VPA, 6b1JIU IpeANPUHSITHI MOMNbITKH YyCOBEPIMEHCTBOBATD aHAJIUS,
HCTIOJIb3ysl MeTobl HacTpolKU Jlopeka-lllenepaa U ADAPT 3a
nepuoa 1977-1991 rr. lIporHo3upyeMasi BO3pacTHasl
CTPYKTYpa, B KOTOpOil B mocJeAHHe TOoAbl npeo6Jsanan
rozoBoii kjaacc 1987 r. (oaHoJieTHUe ocobu B 1988 r.), 6niaa
ZIOBOJIPHO YCTONMUMBA HECMOTPsi Ha TO, UTO NMpPU HACTPOIiKe
HUCMOJIb30BAJIUCh  pa3/iiuHble  KOM6UHAaLlMH  CbE€MOUHbIX
HHAeKcoB U UHAeKkcoB CPUE. CyJasl no pesyJ/ibTaTaM aHaJiu3a
VPA nonyJasiuust B 1991/92 r. cozepxaJja 6oJblIYI0  AOJIO
NSTUJIETHUX ocobeil, KoTopasi He HabJoa/1ach B XO/l€ CbeMKH
cyana Falklands Protector B sinBape 1992 r. Heyjaua pacueTos
VPA 33 caMble MocJieZlHUe IoJbl o6bsiICHsIeTCs] HelnpaBUJIbHbIM
npeAnoJioXeHueM o MOCTOSSHHOM BeJIMUMHE M n
NpOTUBOPEUUSIMU B BBOJHBIX AaHHbIX. Ha  OCHOBaHUU
pe3yabTaTOB cbeMoK cy AHa Falklands Protector, npoBe€HHBIX B
1990/91 wu  1991/92 rr., peKoMeHAyeTcs  NPUMEHUTH
NpeAOXPaHUTEJbHbI MOAXOA K YMNPaBJEHUK MPOMbLICJOM B
1992/93 r.

Resumen

Luego del malogrado esfuerzo del Grupo de Trabajo para la Evaluacién
de las Poblaciones de Peces de la CCRVMA, por evaluar
satisfactoriamente el estado de la poblacién de Champsocephalus
gunnari en la Subdrea 48.3 en 1991 mediante el VPA, se traté de volver a
aplicar el andlisis utilizando las técnicas de ajuste de Laurec-Sheperd y
ADAPT desde 1991, en regresion, hasta 1977. La distribucién de edades
prevista, la cual ha sido dominada por la clase del afio 1987 (ejemplares
de 1 afio en 1988) fue muy abundante, a pesar de la utilizacién de
distintas combinaciones de indices y de CPUE de prospecciones para el
ajuste. De acuerdo al VPA, la poblacién de 1991/92 estuvo compuesta
en su mayoria de ejemplares de 5 afios, lo que no se vio en la
prospecci6n del Falklands Protector realizada en enero de 1992. La
baja credibilidad del VPA experimentada en los ultimos afios se atribuye
al supuesto invélido de una M constante y a contradicciones en los
datos de entrada. Se recomienda por tanto un planteamiento de gestion
conservador durante la temporada 1992/93, basado en los resultados de
las prospecciones del Falklands Protector en 1990/91 y 1991/92.

1. INTRODUCTION

Attempts were made at the 1991 meeting of the CCAMLR Working Group on Fish Stock
Assessment (WG-FSA-91) to assess the status of the Champsocephalus gunnari population in
Subarea 48.3 using virtual population analysis (VPA). Two assessment papers were presented
(Gasiukov, 1991; Parkes, 1991) which showed highly divergent stock sizes, largely due to
differences in the use of tuning data. Two VPA runs were made at WG-FSA-91, using the
Laurec-Shepherd tuning method (MAFF DFR VPA version 2.1), which followed the same general
trends of the two assessments above (SC-CAMLR-X, 1991).
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Despite the huge difference between estimates of the overall stock size in 1990/91, all of
these VPAs indicated that the biomass that year was dominated by 4 year old fish. Negligible
catch was reported for 1990/91, hence projections to 1991/92 predicted that the somewhere in
the region of 40 to 50% of the fishable biomass (age 2+*) would be composed of 5 year olds.
Accordingly, TAC levels based on fishing mortality Fy 1 were proposed under the assumption
that these fish would form a considerable proportion of the catch. The observed age distribution
from a stock assessment survey in Subarea 48.3 in January 1991 (Everson et al., 1992a),
however, did not confirm the age distribution estimated by the VPA for that year (Figure 1).
Concern was expressed at WG-FSA-91 that the large biomass of S year olds predicted by the VPA
for 1991/92 might be an artefact of the analysis, In the absence of this year class, the TAC
would be extracted from the younger, less abundant year classes, with potentially catastrophic
effects on a population already apparently under considerable stress (Everson et al., 1991; Kock
et al., 1992). Concerns over the credibility of the VPA and resulting uncertainties in the
estimation of total stock size lead to the closure of the fishery for C. gunnari in Subarea 48.3
for the 1991/92 season (CCAMLR, 1991).

A stock assessment survey of the same design as that in January 1991 was undertaken
by the RV Falklands Protector in January 1992 (Everson et al., 1992b). Figure 2 compares
predictions of age structure in 1992 from VPAs presented to the working group in 1991
(age 2+) with that observed during this survey. The samples taken during the survey were
dominated by 2 and 3 year old fish, with 5 year olds comprising less than 5% of the fishable
population biomass. Assuming the survey provided a representative sample of the population, it
appears that the VPAs presented to and performed at WG-FSA-91 provided a misleading
representation of the current structure of the C. gunnari population in Subarea 48.3.

Closure of the fishery in 1991/92 resulted in no commercial catch in the most recent
year, and hence no terminal Fs for the VPA. This report presents notes on a reworking of the
VPA runs made at WG-FSA-91. Forwards projections to 1991/92 were made in an attempt to
reconcile the estimated population structure with that observed during the UK stock assessment
surveys of the last two years.

2. MATERIALS AND METHODS

Two VPA programs were used: MAFF DFR VPA version 2.1 (MAFF 1988) using the
Laurec-Shepherd tuning module, written in Fortran, and a version of ADAPT VPA translated from
APL and Fortran versions (authored by V.R. Restrepo and J.E. Powers) into Pascal by
Dr K. Patterson (for algorithms see Gavaris, 1988).
2.1  Input Data

Input data were the same as those used at WG-FSA-91, except where indicated below.

2.1.1 Natural Mortality

Natural mortality M was fixed at 0.48 throughout the analyses. The absolute value of M
was not thought to be of major concern since the initial purpose of the exercise was to compare
the outputs of various runs rather than produce a definitive VPA result.

* ”
here and below, “age 2+” means “age >2
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2.1.2  Survey Indices

The method of standardising the survey indices to account for variations in the
commercial catch between the ‘birthday’ at the start of the split-year and the time of the survey
used in Parkes (1991) (equation 1) was criticised at WG-FSA-91, because it included values of
different dimensions. For the month of the start of the survey ¢ (July = month 1, August =
month 2 etc.), and known catches C in month i, the number of fish N of age a on 1 July was
approximated to:

N,=Ng -« e(%M) + S;icai . e(%M) (1)
-

This would be valid if N were considered to be an absolute measure of abundance,
however it is generally regarded to be a relative index I, such that:

Isurvey =q- Nsurvey (2)

where ¢ is the catchability. Equation (1) then becomes:

I,=Tye e(%M) *+4q. t—icai * e(%M) 3)

i=1

The application of equation 3 in Parkes (1991) assumed that ¢ was 1 (i.e., equation (1)),
however, the Laurec-Shepherd tuned VPA provides estimates of predicted g, from the series of
survey indices I, which can be used to re-estimate values of I, from equation (3). In running
Laurec-Shepherd tuned VPAs for this report this procedure was iterated until the values of g,
and, therefore estimated abundance, stabilised.

Additional VPA runs were performed with ‘raw’ unstandardised survey indices for
comparison with the results of those tuned using standardised indices. Raw and standardised
survey abundance indices are given in Tables 2(a) and 2(b). The age distribution from the
US/Polish survey in 1987/88 has been slightly amended since that presented in Parkes (1991),
following the discovery of a small error in the allocation of ages 2 and 3 in the age/length key
used previously (Basson et al., 1989).

2.1.3 Effort Indices

VPA runs tuned to indices of CPUE used at WG-FSA-91 (Gasiukov, 1990 and 1991) were
performed for comparison with the performance of survey tuning. An attempt was also made to
combine the raw survey and standardised CPUE indices in one index to allow their use in a
single run of the MAFF VPA. Using both survey and CPUE indices in one VPA run at WG-FSA-91
proved to be impossible, due to the absence of a CPUE index for 1991 (SC-CAMLR, 1991). A
more recent version of the MAFF VPA is understood to have been written, which allows
specification of separate weights for estimation of mean In ¢ from different tuning indices
(allowing specific down-weighting of a dummy value of CPUE for 1991), however, this version
was not available at the time of writing.

A standardised, combined index was simply derived as follows:

For years y and ages a with both survey indices I,y and CPUE indices U,y, the combined
index A4y was estimated as:
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where T is the mean survey index at age a over all years and U, is the mean CPUE index at age
a over all years,

For years with survey indices only:

I

&

Agy =

Jumad

a

and for years with CPUE indices only:

Agy =

ay — 17
a

Equation 4 assumes equal weighting between the two indices in years when they are both
available. The indices used here are shown in Table 2(c).

2.1.4 Bottom Row (Terminal Age) Fs

These are calculated in the MAFF VPA as a fixed proportion of the mean of Fs from a
specified number of younger Fs for that year. The default is one times the mean of the four
younger Fs (i.e., for C. gunnari age 1 to 6+ this represents the mean of'ages 1 to 4). The
bottom row Fs for the MAFF VPA runs presented here were calculated as the mean of ages 2 to
4. The bottom row Fs in the ADAPT program were population weighted averages of all younger
Fs, except for the final year, which was based on the selection pattern, averaged over the four
most recent years.

2.2  VPARUNS

Several VPA runs were performed for comparison, using both Laurec-Shepherd and
ADAPT tuning techniques.

2.2.1 MAFF VPA, Using Laurec-Shepherd Tuning

Survey indices were prepared for Laurec-Shepherd tuning in both raw, unstandardised
form and standardised according to the method described in Section 2.1. The calculation of
predicted g was either weighted by the inverse variance of the survey estimates, as in Parkes
(1991), or it was unweighted. The details of inputs to individual runs are given in Table 2.

2.2.2 ADAPT VPA (Pascal Version)

Raw survey indices and standardised indices of fishing effort (Gasiukov, 1990 and
1991) were used both separately and in the same run for tuning the ADAPT VPA. Details of the
inputs are also provided in Table 2. The indices were input as two fleets in the ADAPT3 run and
as one combined index in the ADAPT4 run (as for run MAFF6). Initial estimates of population
size in the final year for the ADAPT tuning were taken from a Laurec-Shepherd tuned VPA run
with the same input data. The ADAPT procedure was constrained by limiting the possible
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difference between this initial estimate and the new estimate produced by minimising the sum of
squared differences between observed and predicted abundance (Gavaris, 1988). In practice this
constraint was set at different levels for each set of input data to assess whether the ADAPT
procedure had genuinely converged or had simply reached its limits. Diagnostics from each
iteration of each run were available to monitor the progress of the analysis.

3. RESULTS OF THE VPAS

3.1 MAFF VPA Runs

The outputs from the various MAFF VPA runs described in Table 2 are summarised in
Tables 3 to 8. Total biomass (age 2+) is shown in Figure 3. Of the runs tuned to survey
indices only (1 to 4) all show similar patterns of dynamics with the population in the most recent
years dominated by the year class spawned in late 1985/86, recruiting as 1 year olds in 1987/88,
The relative strength of the year class varies between runs, being particularly strong in run
MAFF1. MAFF3 is similar to run 1 in Parkes (1991). The overall biomass is slightly larger, but
the revision of the standardisation method and difference in calculation of bottom row Fs have
had little effect on the dynamics of the population. The effect of using the standardised survey
indices with equal weighting (run MAFF4) was to greatly reduce the overall estimated abundance
due to higher g values, however, the standard errors on the predicted values of In g4 were the
largest of the survey tuned runs by a large margin, indicating an unreliable result.

The run tuned to CPUE (MAFFS5) resulted in a much larger estimated population size in
recent years (up to 1990) than the survey tuned runs. The population was again heavily
dominated by the year class recruiting as 1 year olds in 1987/88. Combination of the two
indices in the final Laurec-Shepherd tuned VPA (run MAFF6) resulted in an abundance estimate
in between runs MAFF2 and MAFFS, It was, however, much closer to the former than the latter,
due to the lack of a CPUE index for the most recent year of the VPA (1991). Some weighting
factor could be introduced into equation 4 to adjust the balance of influence between the two
indices if required. The fishable biomass in 1990/91 was again dominated by 4 year olds, as
with all of the Laurec-Shepherd tuned VPA runs,

Age distributions of the biomass, projected to 1991/92 (age 2+) from runs 1 to 5 are
illustrated in Figure 6, along with the age distribution from the Falklands Protector survey in
January 1992. The population structure predicted by the VPA appears to be fairly robust with a
variety of inputs. Comparison of these predictions with the observed age distribution highlights
the same problem as illustrated in Figure 2. The large proportion of 5 year olds consistently
predicted by the VPA was not observed during the survey.

3.2 ADAPT Runs

ADAPT runs 1 to 4 provided no satisfactory results. The constraint was set to its
maximum possible value (initial estimate £99%), however, in all cases one or more of the age
groups reached their limit of abundance, indicating that the procedure was unable to converge.
Diagnostics of runs ADAPT1 and ADAPT? are presented in Table 9 as an illustration. These
tables show the abundance (numbers of fish) by age group in the projected year (1992 for
ADAPTI and 1991 for ADAPT2).

The failure of the ADAPT to produce reasonable estimates for age group 2 in the
projected year is understandable, due to the uncertainty associated with the estimate of
recruitment (1 year olds) in the final year of the VPA. Table 9a, however, shows that run ADAPT1
was aiming to produce estimates in excess of double those produced by Laurec-Shepherd
tuning (abundance + step) and similarly predicted a large proportion of 5 year olds in 1991/92.
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Table 9b shows that run ADAPT2 (tuned to effort indices) produced estimates of
abundance for ages 2 and 3 within the set limits, however, age group 4 reached the lower limit of
its permitted range. The initial estimates for ADAPT2 came from MAFF5 (Table 7). It appears
from Table 7 that the 1987 year class (4 year olds in 1991) was probably over estimated by
MAFFS, and ADAPT2 would have reached a more sensible result had it not been constrained by
the lower limit for this age group. A further ADAPT run was performed (ADAPTS), with a more
appropriate starting estimate and limits for the 1987 year class. This run succeeded in
converging within its limits and the results are shown in Table 10, with residuals plotted in
Figure 5. No attempt was made to re-run the analysis following the masking of outlying
residuals.

Total biomass (age 2+) from runs MAFF5 and ADAPTS, both tuned using the
standardised effort data from Gasiukov (1990 and 1991) is compared in Figure 6. ADAPTS
produced much lower estimates of abundance in the most recent years than MAFFS5. The picture
of year class strength, however, is consistent with other runs, and projections from the end of the
VPAl again predict a high abundance of 4 year olds in 1990/91, and hence 5 year olds in
1991/92.

4, DISCUSSION OF THE VPA RESULTS

All of the VPA runs presented in this document show inconsistencies between the age
structure for 1991/92 and that observed during the UK survey in Subarea 48.3 in January 1992,
It is not expected that these two independent estimates should coincide completely, however, had
a TAC been set for 1991/92 based on the assumption that the VPA results were reliable, the
fishery would have probably targeted 2 and 3 year old fish, due to the apparent absence of the
predicted abundance of 5 year olds. This could have had a potentially catastrophic effect on the
population, which was already under stress according to the results of the 1990/91 UK survey
(Everson et al., 1992a; Everson et al., 1991 and Kock et al., 1992). The decision taken by
CCAMLR to close the C. gunnari fishery in Subarea 48.3 for the 1991/92 season appears to
have been vindicated by the results of the recent UK survey (CCAMLR, 1991; Everson et al.,
1992b).

The reasons for this discrepancy are uncertain, however, a number of possible sources
are potentially responsible. The VPA assumes constant M both between years and between ages
over the period of the analysis. This assumption is almost certainly violated to some extent in all
fish populations, however, both UK and Soviet surveys in Subarea 48.3 during 1989/90 and
1990/91 revealed that there had been a massive reduction in the standing stock of C. gunnari
between these two seasons, in the absence of commercial fishing (SC-CAMLR, 1991).

The UK survey results between 1989/90 and 1990/91 can be used to estimate values of
total mortality Z by year and age class using Baranov’s method (Baranov, 1914), where:

Z= —ln[ﬂw] (5)
Na,y

The results are presented in Table 11. Given the large uncertainty associated with survey
abundance estimates, this method should only be employed with caution, however, it is worth
investigating. There has been virtually no reported catch of C. gunnari in Subarea 48.3 in
1990/91 and 1991/92, hence these values of Z could be considered to be indicative of either
natural mortality or a loss of fish from the area by some other mechanism such as migration.
Whatever the mechanism, assuming the fish will not return at some future time, they can be
considered to be lost to the fishery. This could therefore be represented in the assessment as an
increase in M for that particular period. These results are clearly not particularly reliable,
although the values for 3, 4 and 5 year olds in 1991 and 4, 5 and 6 year olds in 1992 are
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reasonably consistent, and they do serve to emphasise the magnitude of the change in apparent
mortality. Changes in M were not taken into account in the VPA and may therefore represent
one explanation of its failure to produce credible results for the most recent years.

There may also be problems with the catch at age data itself. The tendency for
C. gunnari in years of high abundance to aggregate in age specific groups has been reported
(Kock, 1979; Parkes et al., 1990). Given the likelihood that the commercial fishery exploits
aggregations as they are encountered, the exploitation pattern in a given year may depend more
upon which aggregations are encountered rather than the selectivity of the trawl. During the UK
survey in January 1990, for instance, commercial trawlers were observed exploiting an
aggregation to the north west of South Georgia, which was sampled and found to consist almost
exclusively of 3 year old fish. No length distribution from the commercial fishery was available
for that period. It was necessary to use information from samples collected during the survey to
produce an ad hoc commercial length and age distribution for the catch-at-age in that year
(Parkes, 1991). Other aggregations were encountered during the same survey, however, which
apparently consisted almost exclusively of 2 year olds, calling into question the validity of the
assumed age distribution of the catch in that year. Similarly in other years the assumed
commercial age distribution will depend upon where the length and age samples were takcn
from, in comparison to the actual distribution of the fishery.

The overall length distributions for the surveys are calculated by weighting samples from
individual stations by the catch rate. In order for this distribution to be representative of the
population in years when aggregations are encountered, it must be assumed that the catch rates
encountered at the aggregations are proportional to the abundance and the length frequency
samples taken are representative of the whole aggregation. The degree to which this is true is
unknown, hence the overall length distribution may contain unknown bias. This may be true for
the 1989/90 survey at least in terms of the proportions of 2 and 3 year olds. Unfortunately
insufficient fine-scale catch and biological data is currently available through CCAMLR to
investigate this further.

No aggregations were encountered during the surveys of the following two seasons
hence they probably do not suffer from the same problem. It is possible that the 4 and 5 year
old fish predicted by the VPA in 1990/91 and 1991/92 respectively were aggregated into patches
which were missed by the surveys. There is evidence, however, from other sources that the drop
in abundance between 1989/90 and 1990/91 indicated by the surveys was genuine. Commercial
trawlers failed to locate any viable concentrations of C. gunnari in Subarea 48.3 in
December/January 1990/91 and acoustic surveying between and around sampling stations
during both the 1990/91 and 1991/92 did not detect any fish concentrations.

The ‘background count’ of C. gunnari biomass outside the aggregations during the
1989/90 Hill Cove survey was of the order of 7 600 tonnes. This indicates that there may be a
‘sink’ effect which draws fish spread out over the shelf in towards these areas of high
abundance. The hypothesis that the 1990/91 and 1991/92 surveys missed aggregations, which
were present on the shelf, suggests that the observed standing stock represented this
‘background count’. Assuming the observed ratio between the background biomass and
aggregated biomass in January 1990, for the two proceeding surveys to have failed to detect the
aggregated biomass, the total biomass in 1990/91 and 1991/92 would have to have been of the
order of 400 000 tonnes, which seems unlikely. The more plausible scenario is that the fall in
standing stock indicated by the surveys is genuine and needs to be taken into account in the
assessment.

5. ASSESSMENT FOR 1991/92
The VPA has apparently broken down in the most recent years due to conflicting

information in the input data. It is therefore necessary to devise an alternative method of
assessing the current status of the fishery and the potential effect of setting a TAC for 1992/93.
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One approach is to use the results of the two most recent surveys, which show a reasonably
consistent picture of total biomass, and project forwards to 1992/93 and 1993/94, assuming
either no catch (maintenance of the current closure) or a catch based on a target F, such as Fy ,
in 1992/93. Projected recruitment of 1 year olds was input as a mean value with a log-normal
error. Mean recruitment and the variance of log, recruitment were taken from the VPA between
1977 and 1986, prior to the period where the analysis apparently broke down. These parameters
were very consistent between runs and were taken from the MAFF6 run (898 000 individuals and
0.45 respectively). Annual recruitment, R was generated independently for each year on each
Tun as follows:

%)
R=Rse (6)
where R = mean recruitment

X =« 02 oZ

o2 = variance of log, recruitment

Z = normal (0,1) random variable

The value of 62 was well within the range of values listed for other marine species
(Beddington and Cooke, 1983). Each projection was run 500 times to simulate recruitment
uncertainty and 95% confidence limits. The results of all projections are presented in Table 12
and Figure 7.

The survey biomass estimate from January 1991 (with 1 year olds in 1991 replaced by
the simulated value) was projected forwards one year and compared to the survey result in
January 1992, The projected biomass of 2 to 6 year olds in 1992 was higher than that estimated
from the survey, largely due to the size of the 2 year old age class. This may be an indication
that the recruitment of 1 year olds in 1991 was lower than estimated using mean recruitment
from the early part of the VPA. The 1992 survey estimate was then projected forwards 2 years,
with the 1 year olds being replaced by a simulated value, firstly with no fishing in 1992/93 and
then assuming a catch at the Fo; level, calculated under the same assumptions used in Parkes
(1991) and at WG-FSA-91 (Fg.1 = 0.39, with knife edge selection at age 2).

In the absence of fishing the mean biomass was projected to grow to about
137 000 tonnes (95% confidence limits L; = 62 700, L, = 277 000) by 1993/94, with a healthy
increase in the biomass of 4 and 5 year olds.

The Fypy catch level in 1992/93 was estimated to be in the region of 24 000 tonnes (95%
confidence limits L; = 15 200, L, = 43 600), however, about 50% of this was composed of
2 year olds and was thus highly dependent on the estimated recruitment of 1 year olds in
1991/92. The mean recruitment from the VPA was estimated over a period when the fishery was
generally in a more healthy state than it appears to be at present. Any projections relying heavily
on this mean recruitment should therefore be treated with caution. Following this catch in
1992/93 the biomass was projected to grow to about 111 000 tonnes (95% confidence limits
L1 =49 400, L, = 241 000) in 1993/94. The lower limit of the 95% confidence interval on the
total biomass, however, was lower in 1993/94, following the catch, than it was in 1992/93.

Given the uncertainty surrounding the current status of and future recruitment to the
C. gunnari fishery in Subarea 48.3, a conservative approach to management is appropriate in the
immediate future. The wisdom of re-opening the fishery and setting a TAC in 1992/93 is
questionable. A more prudent policy would be to maintain the current closure until the degree
of uncertainty in the stock status is reduced. In the event that a TAC is considered appropriate,
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the lower 95% confidence limit given above (15 200 tonnes) is likely to allow the stock a
reasonable chance of recovery over the next few years. The proportion of 2 year olds in the
projected catch in 1992/93 at this level is reduced to about 25%, thus relying less heavily on the
assumed recruitment of 1 year olds in 1991/92.

6. SUMMARY

1. Attempts were made to run a satisfactory VPA on C. gunnari in Subarea 48.3 using
Laurec-Shepherd and ADAPT tuning techniques, from 1991 back to 1977.

2. Various combinations of survey and CPUE indices were used.

3. The VPA does not account for the massive decline in population size detected by the

surveys between 1989/90 and 1990/91 in the absence of fishing.

4. According to the VPA the population in 1991/92 was composed of a large proportion of
5 year olds, which was not observed during the survey on Falklands Protector in
January 1992.

5. Breakdown in the credibility of the VPA results in most recent years is attributed to the
invalid assumption of constant M and contradictions in the input data.

6. A conservative approach to management for 1992/93 is recommended, based on the
results of surveys by Falklands Protector in 1990/91 and 1991/92.
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Table 1:  Data inputs into VPA runs.
Run Period Source of Source of M Tuning Weighting
Code Catch-at-Age | Mean Weight Indices of Mean in g
at Age
MAFF1 | 197710 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Raw survey Inverse variance
indices of surveys
MAFF2 | 1977 t0 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Raw survey Equal weighting
indices
MAFF3 | 1977 t0 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Standardised | Inverse variance
survey indices | of surveys
MAFF4 | 1977 t0 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Standardised | Equal weighting
survey indices
MAFF5 | 197710 1990 | WG-FSA-91 | WG-FSA-91 | 0.48 | Fishing effort | Equal weighting
indices
MAFF6 | 1977 10 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Combination | Equal weighting
of fishing
and raw survey
indices
ADAPT1 | 1977 t0 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Raw survey --
indices
ADAPT? | 1977 10 1990 | WG-FSA-91 | WG-FSA-91 | 0.48 | Fishing effort -
ADAPT3 | 1977 t0 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Raw survey --
indices and
fishing effort
ADAPT4 | 197710 1991 | WG-FSA-91 | WG-FSA-91 | 0.48 | Combination --
of fishing
effort and raw
survey indices
ADAPTS | 1977 t0 1990 | WG-FSA-91 WG-FSA-91 | 0.48 | Fishing effort -
adjusted
starting value




Table2:  Tuning data for VPAs.

2(a) unstandardised survey indices
MAFF1 and MAFF2

Year Effort 1 2 3 4 5 6+
1987 100 17265 298562 181115 15760 1831 257
1988 100 18858 36456 52004 5248 570 202
1989 100 364220 57940 29350 15696 2156 663
1990 100 93622 721231 164021 10382 760 1688
1991 100 190078 53809 42303 17741 1039 343

2(b) standardised survey indices with inverse variance weighting

Final iteration, MAFF3
Year Effort 1 2 3 4 5 6+
1987 100 20361 386123 393315 19685 2952 436
1988 100 27444 40603 250980 17764 21182 5841
1989 100 464062 230921 104067 23952 18234 3958
1990 100 114350 880914 200336 12681 928 2061
1991 100 241636 68574 54401 22570 1324 437

2(c) standardised survey indices with equal weighting

Final iteration, MAFF4
Year Effort 1 2 3 4 5 6+

- 1987 100 21581 558201 442349 24449 4824 747
1988 100 33312 80530 298979 51662 64483 17630
1989 100 476836 987750 122175 39959 54354 11220
1990 100 114350 880914 200336 12681 928 2061
1991 100 241636 69391 54571 22642 1332 439

2(d) combined survey and effort indices

MAFF6; ADAPT4
Year Effort 1 2 3 4 5 6+
1981 100 1869.8 85589 28273 1985.3 1554.8 2464.6
1982 100 21280.3  17080.3 9720 25026.5 19051.3 33089.6
1983 100 258258 16851.1 12112 19269.2 16264 27478.7
1984 100 74962 205774 72229 7961.6 1311.5 411.5
1985 100 53772 13945.1 13715.7 7748.6 1092.3 3809.2
1986 100 10319.3 8619.6  3500.2 8119.7 2798.2 10759
1987 100 2706.7 8783.6. 18601.3 8681.1 9053 3503.2
1988 100 3931.3 960.7 5616.6 8040.9 161459 19625
1989 100 21038.1 49829  2739.5 9163.5 21177 174105
1990 100 4292.8 163049 212375 7217.3 3501.3 134121
1991 100 13893.7 2303.5 45119 13683.3 8173.4 5439.3
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Table 3:  Output: run MAFF1.
Table 3a: Fishing Mortality F at age (Table 8)
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 0 00112 0.0002 0 00012 00195 00572 0.1694 0.0049 0.0367 0.0846 0.0095 0.0768 0.0166 0
2 00136 09682 0.0334 01226 0.5333 02685 0.5092 0.8977 0.0569 0.0618 0.8211 02928 0.2612 0.0402 0.0032
3 28582 03615 0.0285 0.1615 0.1823 0271 14655 14773 10712 0.1933 11724 11619 09779 0.116  0.0052
4 40118 08608 0.0346 04592 0.1085 04226 09637 25751 0.8839 0.1383 02175 0.6374 0.6427 0.8855 0.0006
5 22945 07302 00322 02478 02747 03207 0.9794 1652 0.6816 0.133 0737 06974 06281 0.3479 0.003
+gp 22945 07302 0.0322 02478 02747 03207 09794 1652 0.6816 0.133 0737 0.6974 0.6281 0.3479 0.003
Table 3b: Stock number at age, start of year (MAFF output Table 10)
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 189300 328747 684480 1260337 2267894 826719 586741 791778 1348092 756022 107093 1140116 174089 138022 463068
2 32614 117135 201166 423476 779875 1401621 501660 342878 413609 830065 450978 60894 698788 99762 83996
3 209650 19909 27526 120387 231796 283120 663053 186557 86460 241786 482837 122775 28115 333012 59296
4 228126 7443 8582 16555 63384 119529 133604 94762 26349 18328 123318 92511 23772 6543 183502
5 41615 2555 1947 5130 6472 35189 48470 31539 4465 6737 9877 61391 30262 7735 1670
+gp 4957 1400 1312 3255 4309 25674 16597 6311 1339 1307 1642 16714 6084 3762 835
Table 3c: Stock biomass at age with sop correction, start of year (MAFF output Table 14)
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 5012 9384 19629 35701 65590 23397 17977 26119 38698 23066 3075 30292 4909 4337 13429
2 2471 9570 16511 34332 64553 113532 43990 32373 33981 72483 37060 4631 56398 8972 7453
3 32348 3312 4600 19873 39067 46694 118387 35864 14463 42990 80790 19010 4620 60981 10713
4 59151 2081 2410 4592 17952 33128 40087 30614 7407 5476 34675 24071 6565 2013 55712
5 15996 1059 811 2109 2717 14458 21559 15104 1861 2984 4117 23679 12389 3529 752
+gp 2602 793 746 1828 2471 14407 10082 4128 762 791 935 8805 3402 2344 513
age 2+ 112568 16815 25078 62734 126760 222219 234105 118083 58474 124724 157577 80196 83374 77839 75143
Total 117580 26199 44707 98435 192350 245616 252082 144202 97172 147790 160652 110488 88283 82176 88572




Table 4:

Output: run MAFF2.

Table 4a: Fishing Mortahty F at age (MAFF output Table 8)

age 1977 978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 0 0.01 12 0.0002 0 0.0012 0.0196 00575 0.178 00051 00378 0.0899 0.0213 0.1209 0.0313 0

2 00136 09685 0.0334 0.1227 05337 02686 0.5113 09057 0.0604 0.0643 0.8591 03151 07082 0.0657 0.0061

3 28584 03617 0.0285 0.1616 0.1824 0.2713 1.467 14935 1.0962 0.2069 12613 13156 1.1274 04767 0.0085

4 4012 08611 0.0346 04595 0.1086 0423 09659 25936 09135 0.1441 02365 0.7636 0.8834 1.3159 0.003

5 22947 07304 0.0322 02479 0.2749 0321 09814 16661 0.7014 0.1405 0.7857 0.7981 09064 0.6196 0.0059

+gp 22947 0.7304 0.0322 02479  0.2749 0321 09814 16661 0.7014 0.1405 0.7857 0.7981 09064 0.6196  0.0059

Table 4b: Stock number at age, start of year (MAFF output Table 10)

age 1977 1978 1979 980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 189266 328554 684062 1259483 2267011 824119 583570 753795 1297820 734238 101027 513483 112791 73883 307084

2 32602 117114 201046 423218 779346 1401075 500051 340915 390134 798957 437499 57141 311040 61846 44309

3 209646 19901 27513 120313 231636 282797 662716 185572 85283 227262 463591 114659 25801 94794 35837

4 228124 7441 8577 16547 63339 119430 133404 94570 25789 17632 114345 81263 19037 5171 36415

5 41614 2555 1946 5127 6467 35161 48409 31420 4374 6401 9447 55850 23432 4869 858

+gp 4957 1400 1311 3253 4306 25653 16576 6287 1312 1242 1571 15206 4711 2368 429
Table 4c: Stock biomass at age with sop correction, start of year (MAFF output Table 14)

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 5011 9379 19617 35676 65564 23324 17880 24866 37255 22402 2901 13643 3181 2322 890545

2 2471 9568 16501 34311 64510 113487 43849 32188 32052 69766 35952 4345 25104 5562 3932

3 32348 3311 4598 19860 39040 46641 118327 35675 14267 40407 77570 17753 4240 17359 6475

4 59151 2080 2409 4590 17939 33101 40027 30552 7250 5268 32152 21144 5257 1591 11056

5 15995 1059 810 2108 2715 14446 21532 15047 1823 2835 3938 21542 9592 2221 386

+gp 2602 792 745 1827 2469 14395 10070 4112 747 751 894 8010 2634 1475 264

age 2+ 112567 16810 25063 62696 126673 222070 233805 117574 56139 119027 150506 72794 46827 28208 22113

Total 117578 26189 44680 98372 192237 245394 251685 142440 93394 141429 153407 86437 50008 30530 31018
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Table 5:

Output: Tun MAFF3.

Table 5a: Fishing Mortallty F at age (MAFF output Table 8)
1980

age 1977 978 1979 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 0 0.01 12 0.0002 0 00012 00196 00575 01788 0.0051 0.0378 0.0916 0.0165 02365 0.0182 0

2 00136 09685 0.0334 0.1227 0.5337 02686 0.5112 09053  0.0604 0.064 0.8622 0.3226 0.5032 0.1418 0.0035

3 28584 03617 0.0285 0.1616 0.1824  0.2713 1467 14933 10952 02071 12514 1.3293 1.1837 0.2753 0.0193

4 4012 0861 0.0346 04595 0.1086 0423 09659 25932 09132 0.1438 02369 0.7482 09099  1.5577 0.0015

5 22947 07304 0.0322 02479 02749 0321 09814 16658 0.7009 0.1404 0.7835 08 08663 0.6591 0.0082

+gp 22947 0.7304 0.0322 02479 02749 0321 09814 1.6658 0.7009 0.1404 0.7835 08 0.8663 0.6591 0.0082

Table 5b: Stock number at age, start of year (MAFF output Table 10)

age 1977 1978 1979 980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 189267 328558 684070 1259502 2267031 824149 583702 753156 1303047 732554 99163 661075 60706 126617 336023

2 32603 117114 201049 423223 779358 1401087 500070 340997 389739 802192 436458 55988 402366 29652 76939

3 209646 19901 27513 120315 231639 282804 662724 185583 85333 227018 465592 114033 25091 150530 15923

4 228124 7441 8577 16547 63340 119432 133409 94574 25795 17661 114194 82428 18675 4753 70727

5 41615 2555 1946 5127 6467 35162 48410 31422 4376 6405 9464 55757 24137 4652 619

+gp 4957 1400 1311 3253 4306 25654 16576 6287 1313 1243 1574 15180 4853 2262 310
Table Sc: Stock biomass at age with sop correction, start of year (MAFF output Table 14)

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 5011 9379 19617 35677 65565 23324 17884 24845 37405 22350 2847 17564 1712 3979 9744.61

2 2471 9568 16501 34311 64511 113488 43851 32195 32020 70049 35867 4257 32474 2667 6827

3 32348 3311 4598 19861 39040 46642 118328 35677 14275 40364 77905 17656 4123 27565 2877

4 59151 2080 2409 4590 17939 33101 40029 30553 7252 5277 32109 21447 5157 1463 21473

5 15995 1059 810 2108 2715 14446 21532 15048 1824 2837 3945 21506 9881 2122 279

+2p 2602 792 745 1827 2469 14395 10070 4112 747 752 896 7997 2713 1410 190

age 2+ 112567 16810 25063 62697 126674 222072 233810 117585 56118 119279 150722 72863 54348 35227 31646

Total 117578 26189 44680 98374 192239 245396 251694 142430 93523 141629 153569 90427 56060 39206 41391




Table 6:

Output: run MAFF4.

Table 6a: Fishing Mortality F at age (MAFF output Table 8)

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 0 00112 0.0002 0 00012 0019 00577 0.1839 0.0052 00384 0.0943 0.0264 02787 0.0998 0

2 00136 09686 0.0334 0.1228 0.534 02687 05123 09095 0.0624 0.0654 0.8819 03343 09769 0.1735 0.0204

3 28585 03617 0.0285 0.1617 0.1825 02715 14678 15018 1.1087 0.2148 1.3044 1422 12774 09294 0.0241

4 40121 08612 00346 04596 0.1086 04233 0.9671 2603 09293 0.1471 02479 0.8351 1.1187 21739 0.0076

5 22948 07305 0.0322 0.248 0275 03212 09824 16732 0.7116 0.1446 0.8114 0.8638 1.1243  1.0923 0.0174

+gp 22948 07305 0.0322 0.248 0275 03212 09824 16732 07116 0.1446 08114 0.8638 1.1243  1.0923 0.0174

Table 6b: Stock number at age, start of year (MAFF output Table 10)

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 - 1990 1991

1 189249 328458 683853 1259058 2266570 822803 582048 733938 1276133 722118 96451 415789 52471 23903 262146

2 32597 117103 200987 423088 779083 1400802 499237 339974 377862 785538 430000 54311 250590 24570 13386

3209645 19898 27507 120276 231556 282635 662548 185073 84719 219670 455289 110153 24057 58374 12782

4 228123 74400 8575 16543 63316 119381 133305 94474 25506 17299 109655 76440 16443 4150 14260

5 41614 2554 1946 5126 6465 35147 48379 31360 4329 6231 9241 52955 20520 3324 292

+gp 4957 1400 1310 3252 4305 25643 16565 6275 1299 1209 1536 14417 4125 1617 146
Table 6¢: Stock biomass at age with sop correction, start of year (MAFF output Table 14)

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 5011 9376 19611 35664 65551 23286 17833 24211 36632 22032 2769 11047 1480 751 760225

2 2470 9567 16496 34300 64488 113465 43778 32099 31044 68595 35336 4130 20225 2210 1188

3 32347 3310 4597 19854 39026 46614 118297 35579 14172 39057 76181 17055 3953 10689 2309

4 59150 2080 2408 4589 17933 33087 39998 30521 7170 5169 30833 19889 4541 1277 4329

5 15995 1058 810 2108 2714 14440 21518 15018 1804 2760 3852 20425 8401 1516 131

+gp 2602 792 745 1827 2468 14389 10063 4104 739 731 875 7595 2307 1007 90

age 2+ 112564 16807 25056 62678 126629 221995 233654 117321 54929 116312 147077 69094 39427 16699 8047

Total 117575 26183 44667 98342 192180 245281 251487 141532 91561 138344 149846 80141 40907 17450 15649

<9




Table 7:  Output: run MAFFS5.
Table 7a: Fishing Mortality F at age (MAFF output Table 8)
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 0 0.0111  0.0002 0 00012 0.018 0.0539 0099 00035 00265 0.0271 00047 0.0562 0.0117
2 00137 09649 0.0332 0.1217 05277 02671 04852 0.8174 0.0318 0.0437 05228 0.0829  0.1198 0.029
3 28592 03646 0.0283 0.1602 0.1807 02668 14475 1.3077 0.855 0.1025 0.6784 04718 0.1768 0.0477
4 40193 08622 0.0349 04561 01075 04176 09368 23754 0.6346  0.0947 0.1042 0229  0.1385 0.071
5 22974 07382 0.0322 02507 02719 03172 09565 1.5002 0.5071 0.0803 04351 02613 0.1451 0.0492
+gp 22974 07382 0.0322 02507 02719 03172 09565 15002 05071 0.0803 04351 02613 0.1451 0.0492
Table 7b: Stock number at age, start of year (MAFF output Table 10)
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 189707 331067 689494 1270696 2278520 858280 622322 1304431 1887491 1041284 325409 2323563 235716 981493
2 32386 117387 202601 426579 786285 1408197 521190 364892 730619 1163835 627487 195972 1431084 137889
3 209631 19768 27676 121275 233714 287043 667111 198526 99701 437933 689347 230198 111619 785586
4 228061 7434 8495 16648 63933 120715 136025 97074 33222 26237 244595 216452 88864 57873
5 41598 2535 1942 5076 6529 35529 49198 32985 5585 10898 14768 136369 106520 47875
+gp 4955 1390 1308 3221 4347 25922 16846 6600 1675 2115 2456 37127 21415 23283
Table 7c: Stock biomass at age with sop correction, start of year (MAFF output Table 14)
age 1977 1978 1979. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 5023 9450 19772 35994 65897 24290 19067 43031 54182 31770 9343 61735 6647 28463.3
2 2454 9590 16628 34583 65084 114064 45703 34451 60026 101628 51565 14902 115501 12401
3 32345 3288 4625 20019 39390 47341 119111 38165 16678 77864 115344 35642 18343 143855
4 59134 2078 2386 4618 18108 33457 40814 31361 9339 7839 68776 56319 24541 17809
5 15989 1051 809 2087 2741 14597 21883 15797 2327 4827 6156 52599 43607 21839
+gp 2601 786 744 1809 2493 14546 10234 4317 954 1279 1398 19559 11974 14506
age 2+ 112523 16793 25192 63116 127816 224005 237745 124091 89324 193437 243239 179021 213966 210410
Total 117546 26243 44964 99110 193713 248295 256812 167122 143506 225207 252582 240756 220613 238873
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Table 8:  Output: run MAFFe.

Table 8a: Fishing Mortality F at age (MAFF output Table 8)
1

age 1977 1978 979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 0 00112 0.0002 0 00012 00196 00574 0.1734 00051 0.0371 0.0849 0.0183 0.0624 0.0171 0

2 00138 09682 00334 0.1226 05332 02685 05096 09018 0.0584 0.0632 0.8362 0.2942 0574  0.0323  0.0033

3 28617 03665 0.0285 0.1615 0.1823 0271 14652 14807 1.0839 0.1992 1.2214 1.22 0.9868  0.3361 0.0041

4 4022 08658 0.0352 04592 0.1085 04226 09635 2571 0.8899  0.1412 0.2257 0.7039  0.7235 - 09055  0.0019

5 22992 07411 00324 02526 02747 03207 09794 16512 0.6774 0.1345 0.7611 0.7394  0.7614 04246  0.0031

+gp 22992 07411 0.0324 02526 02747 03207 09794 16512 06774 01345 07611 0.7394  0.7614 04246  0.0031

Table 8b: Stock number at age, start of year (MAFF output Table 10)

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 189301 328758 684483 1260391 2268091 826174 585116 774641 1319370 747083 106679 597966 212866 134033 359725

2 32247 117136 201173 423478 779908 1401743 501323 341872 403017 812292 445447 60638 363316 123752 81528

3 209586 19681 27526 120391 231797 283140 663128 186351 85857 235233 471841 119442 27957 126636 74140

4 228038 7414 8442 16555 63387 119530 133617 94804 26231 17972 119269 86073 21819 6449 55995

5 41588 2528 1930 5043 6472 35191 48470 31546 4485 6666 9656 58891 26347 6549 1613

+gp 4954 1386 1300 3200 4309 25675 16597 6312 1346 1293 1606 16033 5297 3185 807
Table 8c: Stock biomass at age with sop correction, start of year (MAFF output Table 14)

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1 5012 9385 19629 35702 65595 23382 17927 25554 37873 22793 3063 15887 6003 4212 10432

2 2444 9570 16511 34332 64556 113541 43961 32278 33111 70931 36606 4611 29323 11129 7234

3 32338 3274 4600 19873 39067 46698 118400 35825 14363 41824 78951 18494 4594 23189 13395

4 59128 2073 2371 4592 17953 33129 40091 30627 7374 5370 33537 22396 6026 1984 17000

5 15985 1048 804 2074 2717 14458 21559 15108 1869 2953 4025 22715 10786 2987 726

+gp 2601 784 739 1797 2471 14407 10082 4129 766 782 914 8446 2062 1984 496

age 2+ 112496 16749 25025 62668 126764 222233 234093 117967 57483 121860 154033 76662 53691 41273 38851

Total 117508 26134 44654 98370 192359 245615 252020 143521 95356 144653 157096 92549 59694 45485 49283




Table 9a: Diagnostics from ADAPT run 1.

Age Step
2 479375.0
3 87561.4
4 90385.9
5 18317.84
Iteration 3

Age Step
2 401364.3
3 90106.2
4 97896.9
5 18243.62
Tteration 4

Age Step
2 421498.4
3 90550.2
4 083279
5 11522.07

Sum of Squares Before = 7.6989
Sum of Squares After=  7.6371

Sum of Squares Before = 7.6989
Sum of Squares After=  7.6247

Sum of Squares Before =  7.6247
Sum of Squares After=  7.6247

Iteration 1
Sum of Squares Before = 16.1489719
Sum of Squares After=  7.69898365
Age Step Abundance
2 758927.1 511994.7
3 68532.9 48967.7
4 61048.2 39522.2
5 -8464.519 13974.22
Iteration 2

Abundance

511994.7
48967.7
39522.2

32292.07

Abundance

511994.7
48967.7

39522.2-

40389.74

Abundance

511994.7
48967.7
39522.2

40389.74

Lower

56888.3
5440.9
4391.4

4487.748

Lower

56888.3
5440.9
4391.4

4487.748

Lower

56888.3
5440.9
4391.4

4487.748

Lower

56888.3
5440.9
4391.4

4487.748

Upper

511994.7
48967.7
39522.2

40389.74

Upper

511994.7
48967.7
39522.2

40389.74

Upper

511994.7
48967.7
39522.2

40389.74

Upper

511994.7
48967.7
39522.2

40389.74
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Table 9b: Diagnostics from ADAPT run 2.

Iteration 1
Sum of Squares Before = 24797
Sum of Squares After = 2.0307
Age Step Abundance
2 114988.7 213126.1
3 72360.4 147940.3
4 - -1092739.0 91727.6
5 -33484.48 6585.022
Iteration 2
Sum of Squares Before = 2.0307
Sum of Squares After=  1.7111
Age Step Abundance
2 102845.7 213126.1
3 -142262.0 16437.8
4 -51958.0 91727.6
5 8077.638 14662.66
Iteration 3
Sum of Squares Before = 1.7111
Sum of Squares After = 1.4163
Age Step Abundance
2 -41128.5 171997.6
3 43415.7 59853.5
4 -88923.5 91727.6
5 -3257.323 11405.34
Iteration 4
Sum of Squares Before = 1.4163
Sum of Squares After = 1.3283
Age Step Abundance
2 -65508.9 106488.7
3 17594.5 77447.9
4 -61969.6 91727.6
5 1087.835 12493.17

Lower

23680.7
16437.8
91727.6
6585.022

Lower

23680.7
16437.8
91727.6
6585.022

Lower

23680.7
16437.8
91727.6
6585.022

Lower

23680.7
16437.8
91727.6
6585.022

| Upper

213126.1
147940.3
825548.1

59265.2

Upper

213126.1
147940.3
825548.1

59265.2

Upper

213126.1
147940.3
825548.1

59265.2

Upper

213126.1
147940.3
825548.1

59265.2
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Table 9b (continued)

70

Iteration 5

Sum of Squares Before = 1.3283
Sum of Squares After = 1.2975

Age Step
2 -13089.2
3 -14931.7
4 -44679.8
5 -296.8229
Iteration 6
Sum of Squares Before = 1.2975
Sum of Squares After =
Age Step
2 -7697.1
3 7268.0
4 -50192.0
5 -225.2508
Iteration 7

Sum of Squares Before = 1.2926
1.2904

Sum of Squares After =
Age Step
2 -1700.9
3 -4586.5
4 -45321.2
5 103.072

1.2926

Abundance

93399.5
62516.2
91727.6
12196.35

Abundance

85702.4
69784.2
91727.6
11971.1

Abundance

84001.6
65197.7
91727.6
12074.17

Lower

23680.7
16437.8
91727.6

6585.022

Lower

23680.7
16437.8
91727.6
6585.022

Lower

23680.7
16437.8
91727.6
6585.022

Upper

213126.1
147940.3
825548.1

59265.2

Upper

213126.1
147940.3
825548.1

59265.2

Upper

213126.1
147940.3
825548.1

59265.2




Table 10: Output: run ADAPTS.

Table 10a: Fishing Mortality F at age

age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 0 0.01  0.0002 0 0.0012 0.019 0.0581 0.163 0.0049 0.0354 0.0511 0.0194 0.0787 0.0172
2 00092 1.0984 00299 0.1227 0.5135 02623 04925 09174 00544 00613 0.7771 0.1643 06246 0.0413
3 28274 02317 00351 0.1432 0.1824  0.2558  1.3853 1.351 1.138  0.1837 1.1525 1.015 04056 03841
4 41552 0.8204 0.0205 0.6029 0.0947 04242 08725 18852  0.6895 0.154 02048 0.6132 0479  0.1959
5 31714 09092 00298 0.1388 0417 02717 09871 1.21 0.2563 0.0907 08769 0.6358  0.5867 0.2228
+gp 3.1714 09092 0.0298 0.1388 0417 02717 09871 1.21 0.2563 0.0907 0.8769 0.6358  0.5867 0.2228
Table 10b: Stock number at age, start of year
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 175528 365897 683090 1299238 2317218 849700 578295 820957 1359158 782804 174179 562472 169960 422354
2 47838 108613 224157 422616 803946 1432140 515871 337632 431601 836914 467546 102406 341365 97207
3 209897 29329 22408 134618 231305 297698 681692 195073 83473 252933 487068 133008 53766 113108
4 227137 7685 14394 13387 72185 119259 142638 105560 31261 16552 130250 95197 29826 22178
5 38132 2204 2093 8727 4533 40632 48285 36885 9915 9707 8780 65669 31904 11431
+gp 4545 1206 1414 5539 3014 29624 16529 7391 2980 1881 1457 17870 6398 5565
Table 10c: Stock biomass at age with sop correction, start of year
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
1 5090 10611 19810 37678 67199 24641 16771 23808 39416 22701 5051 16312 4929 12248
2 3971 9015 18605 35077 66728 118868 42817 28023 35823 69464 38806 8500 28333 8068
3 35473 4957 3787 22750 39091 50311 115206 32967 14107 42746 82314 22478 9086 19115
4 64507 2183 4088 3802 20501 33870 40509 29979 8878 4701 36991 27036 8471 6299
5 16054 928 881 3674 1908 17106 20328 15529 4174 4087 3696 27647 13432 4812
+gp 2613 693 813 3185 1733 17034 9504 4250 1713 1082 838 10275 3679 3200
age 2+ 122617 177754 281741 684885 129960.05 237188 228365 110748 646957 122079 162646 959359 630008 414943
Total 127707 28386.4 47983.7 106166 197159.37 261829 245135 134556 104111 144780 167697 112248 67929.6 53742.6
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Table 11:

Estimates of Z from surveys using the Baranov method.

agein 1991 >> 2 3 4 5 6

Z 1990 to 1991 0.55 2.84 2.22 2.30 0.80

agein 1992 >> 2 3 4 5 6

Z 1991 to 1992 0.10 * 1.21 1.92 1.36

* N age 3 in 1992 > N age 2 in 1991.
Table 12:  Projection results.
, Total Biomass (tonnes), age 2+, Subarea 48.3
199091 1991/92 199293 1993/94 1992/93 1993/94

Survey Survey Projection Projection Catch Projection
without catch | at Fp; | With Catch
Upper 95% 154139 277226 43621 240564
Mean 22400 cv 16% | 38000 cv 18% 87005 137350 24289 110791
Lower 95% 52065 62707 15175 49371
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Figure 1: Age distribution of biomass (age 2+) - observed and estimated 1990/91.
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Figure 2: Age distribution of biomass (age 2+) - observed and predicted 1991/92.
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THE CHOICE OF PROCEDURE FOR DECIDING WHEN TO CLOSE FISHERIES
REGULATED BY CCAMLR: A SIMULATION MODEL

D.J. Agnew*

Abstract

The methods, described in CCAMLR Conservation Measures, used for
deciding the closure date for fisheries monitored by the Secretariat of
CCAMLR, have been difficult to implement because of the variation in
catch rates shown by the fisheries. Non-fluctuating random and
fluctuating random catch histories are simulated and the performance of
four models for making closure decisions is investigated under a variety
of circumstances,

The model described in the existing conservation measures is shown to
have a high probability of allowing large over- or under-shoots of the
TAC. The most successful model determines the trend of catch rates
using linear regression over the latest four reporting periods, and closes
the fishery if these rates indicate that the TAC will be taken before the
next report is received by the Secretariat. The probability of large
over-shoots of the TAC is reduced if reporting periods are small (five
days) and the reporting delay is minimal.

It is recommended that in future conservation measures, methodologies
for deciding the date of closure of fisheries should incorporate a

formulation of Model 4, given in this paper.

Résumé

Les méthodes décrites dans les mesures de conservation de la CCAMLR,
servant & déterminer la date de fermeture des pécheries controlées par le
secrétariat de la CCAMLR, sont difficiles & appliquer en raison de la
variation des taux de captures des pécheries. L'historique des captures
aléatoires fluctuantes et non fluctuantes sont simulées et la performance
de quatre modeles de décision de fermeture soumis a des conditions
diverses est examinée.

Avec le modele décrit dans les mesures de conservation en vigueur, le
taux de capture a toutes les chances d'étre bien en-dessous ou bien
au-dessus du TAC. Le meilleur modele détermine la tendance des taux
de captures par une régression linéaire effectuée sur les quatre derniéres
périodes de déclaration; il ferme la péche si ces taux indiquent que le
TAC sera atteint avant que la prochaine déclaration ne parvienne au
secrétariat. La probabilité d'un dépassement important du TAC est
réduite lorsque les périodes sont courtes (cing jours) et le délai de
déclaration minime.

Il est recommandé, pour les prochaines mesures de conservation,
d'inclure la description du Modele 4 donnée dans cette communication
dans toute méthodologie relative a la décision d'une date de fermeture
des pécheries.

*

CCAMLR Secretariat, 25 Old Wharf, Hobart, Tasmania 7000, Australia
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PeswoMe

B cBsa3uM ¢ KoJjebaHUSIMU YJIOBOB B TNEPHOA INpoOMbIcJia, B
NMPOMWJIOM 6b1JIO CJIOXHO UCHNOJIb30BATb METOA pPacueTa CPOKOB
33KPBITHSI  Te€X IIPOMBICJIOB, KOTOpbI€ = KOHTPOJIMPYIOTCs
CekpeTapHuaToMm AHTKOMa, 3TH MeTon OMUCaH B
COOTBETCTBYIIMUX MepaxX MO coxpaHeHUw, CPopMyaHpOBaHbI
MOJAeJIM, OINUCHIBAIIHE CAYUAHHO TIeHEepUpOBaHHbIE CEepHH
yJIOBOB C KoJie6aHUSSIMU W 6e3 KoJjebaHuil, HayueHa
3¢ PeKTUBHOCTb UEeThipeX MoAeJiel IMPUHATUS pelleHH O 3a-
KPbITUH TPOMBICJIA B 3aBUCHMOCTH OT Pa3HblX O6CTOATE/LCTB.

MokaszaHO, uUTO onucaHHasi B CYHECTBYWOIHWX Mepax [o
COXpaHEHHUI MOZIeJIb UMEEeT BhICOKYI0 BEPOSITHOCTDb NOJIyUEeHUs
6ONbWIMX TMPEBbIEHUI WAM HeJonoJsydeHud TAC. Camas
sa¢pPexTHBHAST MoJe b onpeAesieT TeHASHUHWKWw U3IMEHEHUs B
pasMepax BblIJIOBA C UCNOJIb3OBAHUEM JIMHEHHOM perpeccuu 3a
nocJieAHWEe UeTbipe OTUETHbIE NMEePUObl U 3aKPBIBET NMPOMBbICEJ
‘B TOM CJlyuae, eCJd UHTEHCHUBHOCTb BbIJIOBA YKa3bIBAET Ha
AocTuxeHue TAC A0 mnocTynJjeHusl cJjejywllero oTueTa B
CekperapuaT. BeposiTHOCTb 60JbMUX npeBbilieHUN TAC
MéeHbIlle, €CJM OTUETHbIE NEPHUOAbl KOPOTKH (MATb AHEN) U
NMPOMEXYTOK BpEMEHU 10 NoJyueHUust oTueTa MUHUMAJIEH.

PexoMeHayeTCs, UTO B JaJibHEHIMUX Mepax 10 coXpPaHEHUI
MeToJbl NPHHSTUA pEemleHUl O CpPOKaxX 3aKpbITHUs IPOMbICJA
AOJIXKHBI  BKJAWUUTL B cebsl  Kakywo-aubo ¢GopMyJUpOBKY
Mogeau 4, npureieHHOMN B HacTodAl el padore,

Resumen

Los métodos contemplados en las medidas de conservacién de la
CCRVMA y que han sido utilizados para decidir el cierre de las
pesquerias controladas por la Secretarfa de esta organizacion, han sido
dificiles de llevar a la practica debido a la variacién en los indices de
captura experimentada por la pesqueria. Se simulan las capturas
histdricas aleatorias fluctuantes e invariables y se prueba la aplicacién de
cuatro modelos para decidir el cierre de las pesquerias bajo diversas
condiciones. Se ha constatado que el modelo descrito en las medidas de
conservacion actuales tiene una alta probabilidad de permitir excesos y
déficit significativos con respecto al TAC. El modelo mds exitoso
determina la tendencia de los indices de captura mediante una regresion
lineal de los tltimos cuatro periodos y determina el cierre de la pesqueria
cuando estos indices indican que el TAC serd alcanzado antes de que la
Secretaria reciba el préximo informe. La probabilidad de que se exceda
el TAC de manera considerable se ve reducida si los perfodos de
notificacion son cortos (cinco difas) y el tiempo entre notificaciones es
minimo.

Se recomienda que en las futuras medidas de conservacién, la
formulacién del Modelo 4 (presentado en el documento) sea
incorporado en los métodos para decidir la fecha de cierre de las
pesquerias.




1. INTRODUCTION

CCAMLR manages fisheries in its Convention Area! by a number of traditional means
(mesh size regulation, closed areas, Total Allowable Catches (TAC) etc.). At present CCAMLR
has no rationally managed quota system for ensuring TAC control on the fisheries. Instead,
TACs are administered by the CCAMLR Secretariat. Reports of catches are made to the
Secretariat by all countries engaged in a specific fishery, and the Secretariat determines when the
TAC has been taken.

There have now been two seasons for which the Secretariat has had to implement a
closure of fisheries regulated by catch limits in Subarea 48.3. The history of these fisheries is
described in CCAMLR (1990 and 1991).

TAC conservation measures set at CCAMLR-VIII and CCAMLR-IX specified that:

. catches should be reported to the Secretariat by 5-day reporting period, reports
falling due at the end of the period following that in which catches are taken;

. the Secretariat should calculate the date of closure of the fishery using the catch
rate from the most recent reporting period; and

. when the cumulative catch is 90% (Conservation Measure 17/VIII) or 80%
(Conservation Measure 25/1X) of the TAC the Executive Secretary shall notify
Members that the fishery will be closed from the date shown by his calculations to
be that on which the TAC will have been taken.

The central problem in all closure methods is that it is not possible to close the fishery at
exactly the same time that the TAC is reached because of the time delay between catches being
reported to Member countries, those catches being reported to the Secretariat, and any
notification of a closure decision being transmitted from the Secretariat to fishermen via their
nlational management bodies. This means that the Secretariat must attempt to predict dates of
closure.

The types of predictive method outlined in conservation measures to date rely upon
fishing effort being constant and having low variance. In the case of the Champsocephalus
gunnari fishery in 1989/90 and the Dissostichus eleginoides fishery in 1990/91, this method
was inadequate for predicting the correct date of closure of the fishery. Contributing factors to
this failure were:

. the variation of catch rates was quite high (coefficient of variation 0.2 to 0.3);

. the catch rates were high in the C. gunnari fishery in 1989/90 (about 1% of the
TAC per day) and very low in the D. eleginoides fishery in 1990/91 (0.05 to 0.5%
of the TAC per day); and

. catch rates sometimes varied in an almost cyclic way, by a factor of 10 or more.
The catch history for the 1991 D. eleginoides fishery is shown in Figure 1.

As a result of these factors, catches were greater than the TAC in 1990 by 1% and the
method was found to be unworkable in 1991. In this latter year, a second method was
developed (Model 2 in this paper) that resulted in catches being 4.3% less than the TAC.

This paper describes a simulation model constructed in order to investigate further the
performance of various methods of arriving at a closure decision and to develop methods with a
higher performance than those presently in use.

1 Except in the French EEZ around Kerguelen which is managed by France.
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2. MODEL PARAMETERISATION
The model was constructed so that it would reflect the progress of a real fishery as much

as possible. Whilst the fishery was modelled on a daily basis, the only information available to
the Secretariat was assumed to be the catch for a single reporting period.

2.1 Catch Rates

Catch histories for fisheries were modelled on a daily basis in order to allow different
reporting periods to be tested. All catches were expressed as proportions of a TAC.

Two models were used:

« Type I catch - random catch rates

C=c+S,p

where C is the catch rate for one day, ¢ = mean catch, S, = standard deviation (derived from the
coefficient of variation cv.), and p is a normally distributed random deviate; and

« Type II catch - regularly changing catch rates, modelled by a sine function overlaid
with a variance that is proportional to catch rate '

C=c+o-c, sin (8)+8-S,-p
where o is the amplitude of the sin wave, 0 is the position of the sinusoidal cycle at time ¢
computed from the equation 8 = 6,+ n/ A (¢ is time in days, A = period of sin wave in days, 9, =
start position, randomly determined), and 8 is an adjustment of the variance that is proportional
to C.

An example of a simulated Type II catch is given in Figure 2 and can be compared with
the catch history of the D. eleginoides fishery in 1991 (Figure 1).
2.2 Catch Reporting

The date that a catch report arrives at the Secretariat was modelled by:
D=P+d+s;-p

where D is the total time from the end of a reporting period to the arrival of the report at the

Secretariat in days, P = length of the reporting period in days, d = mean delay, s = standard
deviation and p is a normally distributed random deviate.

Unless other values are mentioned in the text, the following values should be assumed
for the simulation runs:



P=5

¢ = 0.005, 0.01, 0.02

(reporting period in 1990 and 1991 was 5-days)

(0.5%, 1%, 2% of TAC per day; similar to mean rates for
D. eleginoides in 1991 (see Figure 2) and C. gunnari in

(coefficient of variation, slightly lower than CV of catch by
period in 1989/90; see discussion under ‘results’)
(mean reporting delay in 1990/91)

(coefficient of variation of reporting day in 1990/91)
(amplitude of cycles in 1990/91 is approximately 0.5)

(period of cycles in 1990/91 is about 80 days)
(limit for decision in Model 1 as given in Conservation

1990 respectively)
Ve =0.2
d=35
Va =0.5
a=0.5
A =80
L=0.38
Measure 25/1X)
23  Decision Making Models (DMM)

Four decision making models were tested:

Decision to Close Fishery

Rate Determined By

Closure Effective From

1. Percentage model: this
is the model described
in the existing
conservation measures

If cumulative catch is
greater than a specified
level L

Catch rate of most recent
period

The end of the reporting
period within which the
predicted date? of TAC
completion falls

2. Time delay: used as an
ad hoc method by the
Secretariat in 1990/91

If predicted date falls in
the period immediately
following the period in
which the report was
received, or sooner

Catch rate of most recent
period

The end of the reporting
period within which the
predicted date falls, or the
end of the period in
which the report was
received, whichever is
later

3. Time delay: Modified 1

If predicted date falls
before the next report is
expected (taking into
account the reporting
delay and its variance)

Catch rate of most recent
period

The predicted date, or the
date that the report was
received, whichever is
later

4. Time delay: Modified 2

If predicted date falls
before the next report is
expected (taking into
account the reporting
delay and its variance)

Catch rate is predicted
using the trend of catch
rates from the last n
reporting periods (a linear
regression is performed)

The predicted date, or the
date that the report was
received, whichever is
later

The Fortran code for these decision models is given in Appendix A.

24 Performance

The performance of DMMs was assessed by monitoring the final catch that would be
taken by the time of the decided closure of the fishery and comparing this to the TAC. An
example of a frequency distribution of these differences (“over-shoot”) is given in Figure 3.
Differences between the observed catch and the TAC were characterised by the mean and

2 Predicted date means the date on which predictions show that the TAC is expected to be taken. It is
calculated using the catch rate determined by the previous box and the quantity of TAC that remains to be
caught. The predicted date is always rounded down, so that a predicted date of 145.56 days becomes
145 days.
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standard deviation of the magnitude of the over-shoot, the proportion of runs that produced a
catch greater than the TAC, i.e., greater than the TAC+5% and greater than the TAC+10%, and
were calculated from 20 x 400 iterations of the simulation.

Mean over-shoot was almost always positive, and in many cases the frequency histogram
of over-shoot values was quite heavily skewed (Figure 3). Over-shoots rather than under-shoots
were considered as performance indicators because they are potentially more damaging to the
fish stocks. The chances of similar magnitudes of under-shoot were almost always lower than
for the over-shoots because of the skewed nature of the distributions.

3. RESULTS

All models were highly sensitive to catch rates as a proportion of TAC (¢), to the length
of the reporting period (P), and to the length of the reporting delay ().

In general the mean over-shoot and its standard deviation increased with increasing catch
rate. However, Model 1 showed local minima of the probability of significant over-shoot that

occurred at different values of L for different levels of ¢ (Figure 4). Best performance was

attained with L = 0.9 if ¢ was 0.005, L = 0.8 if ¢ = 0.1 and L. = 0.6 if ¢ = 0.02. This implies that
the use of Model 1 in a conservation measure must incorporate a mechanism for adjustment of
the limit for a decision, L, in relation to the catch rate.

All models showed decreases in performance with increasing length of reporting period
(Table 1), and this was exacerbated by increasing catch rates.

All models performed less well with the Type II catch than with Type 1. However,
although there was little difference between the performance of Model 1 and Model 2 at low
catch rates and with Type I catches, the performance of Model 1 was significantly lower at
higher catch levels and Type II catches than Model 2 (Table 2). DMMs of classes similar to
Model 2 are clearly preferable to Model 1 under most circumstances.

Two refinements to Model 2 were made, creating Model 3 and Model 4 by changing the
decision path and the way the rate was determined. Individual simulations established that the
optimal number of periods to use for the calculation of trend for Model 4 was four. Table 4
shows that Model 4 performs more successfully with changing catch rates (Type II) than either
Models 2 or 3, although it appears to perform less well with catches of Type I than Model 3.

The effect of the coefficient of variation (CV) of the mean catch rate is unpredictable. For
instance, increasing cv, from 0.2 to 0.8 with catch = 0.01 and using catch Type II with Model 4
decreases the chance of more than 5% over-shoot but increases the chance of greater than 10%
over-shoot. The CV used for the simulations (0.2) is similar but slightly lower than that found
for the catches of Champsocephalus gunnari reported by 5-day period in 1989/90. The CV of
catches by period (cv.) computed by the simulation is less than this, about 0.15, because the cv
is applied to each catch by day, and adding catches by period removes some of this variation.
However, it was considered that since no direct information on CV of catches by day was
available, and vessels may change their fishing strategy by 5-day (week) periods rather than by
day, that the cv, value of 0.2 was realistic until further information becomes available.

4. DISCUSSION
There is clear evidence that Models 2 to 4 perform more successfully than Model 1.

Models 2 to 4 all use a decision based on the time to completion of the TAC in relation to
reporting periods, whereas Model 1 was based on a proportion of the TAC. This means that the
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time interval over which it is necessary to predict catch rates is reduced. Since the uncertainties
in all these models arise because they have to use information from past catch rates to
extrapolate future catches up to when the TAC is taken, models that reduce the extrapolation time
should reduce the over- or under-shoot in TAC,

Table 4 shows that there is a significant advantage in using a model that combines the
features of short extrapolation periods with an element of trend analysis. In this case, using the
past four reports to infer a trend gave the best results (but under other conditions of a and A, for
example, this could change). The decrease in probability of greater than 5% over-shoot from
0.47 to 0.27 with a change from Model 1 to Model 4 (catch = 0.01) demonstrates the increased
performance of the latter model.

A fifth model was trialed, which used mean catch rates over a number of previous
periods to calculate closure date (i.e., trend assumed zero). This offered no advantages over
Model 3 and was not pursued further.

It must be emphasised that extrapolation of information from past catch rates will always
contain an element of uncertainty, for some methods more than others. The more complex the
analysis of trend the better the model might be expected to perform, but in this paper only
simple linear regression techniques have been used. Large, unpredictable changes in rate such
as happened at the end of the 1991 D. eleginoides fishery, can never be realistically anticipated
by these models without further information being provided, such as anticipated changes in fleet
structure.

Model 4 performs better under fluctuating conditions (Type II catches) than the others
described here, although it appears to perform slightly worse than Model 3 when catches are of
Type 1. The choice of model may thus depend on the type of catches from the fishery.
However, it should be noted that a fishery need not be cyclical to benefit from the adoption of
Model 4; if a fishery starts consistently and then declines or increases effort towards the end of
the season, Model 4 will perform better than others.

The latter situation can often be expected since fishermen receive feedback on the
progress of the fishery from the Secretariat. If Method 4 had been used in 1991, the fishery
would not have been closed when it was, but later, and would probably have avoided some of the
4.3% shortfall in catches from the TAC.

The probability of serious over- or under-shoot of a TAC can be further minimised by:

. low catch rates and coefficient of variation (at catch rates of less than 0.005,
Models 3 and 4 perform similarly);

. short reporting periods (5-days); and

. short reporting delays.

The details that should be incorporated into a conservation measure based on the
implementation of Model 4 are given in Appendix B.
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Table 1:

Effect of length of reporting period on performance.
probability of greater than 5% over-shoot (in parentheses).

Mean over-shoot and

Model 1, catch Type I,

5-day reporting period 0.007 (0.027) | 0.015 (0.071) | 0.093 (0.715)
10-day reporting period 0.019 (0.073) [0.052 (0.511) |0.294 (0.982)
Model 2, catch Type I, Catch =0.005 |0.01 0.02

5-day reporting period 0.005 (0.002) | 0.010 (0.038) | 0.018 (0.220)
10-day reporting period 0.013 (0.012) |0.023 (0.220) | 0.034 (0.209)

2 As proportion of TAC

Table2:  Performance of Models 1 and 2 with Catch Types I and 1. Mean over-shoot and
probability of greater than 5% over-shoot in parentheses.
Model 1,L =0.8 Catch =0.005 |0.01 0.02
Catch Type I 0.007 (0.027) {0.015(0.071) 0.093(0.715)
Catch Type II 0.046 (0.435) |0.061 (0.466) | 0.155(0.817)
Model 2 Catch=0.005 |0.01 0.02
Catch Type I 0.005 (0.002) |0.010(0.038) |0.018(0.220)
Catch Type I 0.014 (0.073) |0.026 (0.417) |[0.155(0.521)
Table 3:  Performance of Models 2, 3 and 4 under Catch Types I and II. Probability of
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over-shoots greater than 5% and 10% (in parentheses) (mean over-shoot is not

given).
Catch Type 1 Catch =0.005 |0.01 0.02
Model 2 0.002 [0] 0.038 [0.001] | 0.220 [0.040]
Model 3 010] 0.025 [0] 0.219 [0.025]
Model 4 0.001 [0] 0.036 [0.001] | 0.230 [0.038]
Catch Type I Catch =0.005 |0.01 0.02
Model 2 0.073 [0.001] |0.417[0.087] |0.521[0.341]
Model 3 0.050 [0] 0.350 [0.035] | 0.478 [0.254]
Model 4 1 0.025 [0] 0.269 {0.023] | 0.342[0.167]
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Figure 1: Progress of the D. eleginoides fishery in 1991. Catches are by five-day period and
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Figure 2: Simulated progress of a fishery with Catch Type II: mean catch = 0.005 of the TAC
day-1, with other sin parameters as given in the methods. Catches are given by
five-day period.
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Figure 3: Frequency distribution of overshoots expressed as percentage of TAC, after 1 000
simulation runs. This was produced using Model 1, Catch Type I, ¢ = 0.005,
L =0.70 and had the characteristics of mean and SD over-shoot = 0.0071 and 0.029
respectively, and a probability of >5% and >10% over-shoot of 0.086 and 0.002
respectively.
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Figure 4: Model 1 (currently defined in Conservation Measure 25/IX) with Catch Type I. The
effect of L, the catch limit required to trigger a closure decision, on the performance
of Method 1 expressed as the probability of the final over-shoot in catch being
greater than 5% of the TAC. The curves are interpolated by computer, and show
local minima which occur at different values of L with different catch rates.
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Tableau 1:

Tableau 2:

Tableau 3:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Tabauna 1;

Ta6auna 2:

Tabauua 3:

Légende des tableaux

Répercussions de la durée de la période de déclaration sur la performance.
Dépassement moyen et probabilité d'un dépassement supérieur 2 5% (entre
parentheses). -

Performance des modeles 1 et 2 pour des captures de type I et II. Dépassement
moyen et probabilité d'un dépassement supérieur & 5% (entre parenthéses).

Performance des modeles 2, 3 et 4 pour des captures de type I et Il. Probabilité
d'un dépassement supérieur a 5% et 2 10% (entre parentheses) (le dépassement
moyen n'est pas donné).

Légende des figures

Déroulement de la pécherie de D. eleginoides en 1991. Les captures sont
présentées par période de cing jours et exprimées en pourcentage du TAC de
2 500 tonnes.

Déroulement simulé d'une pécherie avec des captures de type II : capture
moyenne = 0,005 du TAC jour-1, avec d'autres parametres sinus tels qu'ils sont
donnés dans les méthodes. Les captures sont présentées par période de cing
jours.

Distribution de fréquence des dépassements exprimés en pourcentage du TAC,
aprés 1 000 simulations. Elle est dérivée du Modele 1, pour une capture de
Type I, ¢ = 0,005, L = 0,70 et présente les caractéristiques de dépassement
moyen et d'écart-type = 0,0071 et 0,029 respectivement et une probabilité de
dépassement >5% et >10% de 0,086 et 0,002 respectivement.

Modele 1 (défini dans la mesure de conservation 25/IX) pour une capture de
Type 1. Effet de L, limite de capture & 1'origine de la décision d'une fermeture,
sur l'efficacité de la Méthode 1, exprimé en tant que probabilité selon laquelle le
dépassement final de la capture est supérieur 2 5% du TAC. Les courbes sont
tracées par ordinateur et illustrent les minima localisés pour différentes valeurs
de L et différents taux de capture.

CnucokK Ta6Jiulg

Bausinue APOAOKUTEJNbHOCTH OTUETHOro nepuoga Ha
3¢pdekTUBHOCTL pacueTa, CpeaHee IpeBbllIeHHE U BEPOSITHOCTH
NnoJiyueHus: npeepbiieHUs 6osiee 5% (B ckobkax).

3dpdexkTUBHOCTL MogeJeil 1 U 2 ¢ BoljioBoM Tunos I u II, CpesHee
npeBbllleHHEe U BEpOSITHOCTDb NMOJIyUeHUsl NpeBbilieHUs1 6oJiee, ueM 5%
(B ckob6Kax).

3ddexkTHBHOCTL Mogeneit 2, 3 U 4 ¢ BbiJloBoM TUnoB I u IL

BepositTHOCTb noJiyueHUsl npeBbilieHU 6osee 5% u 10% (B cKobKax)
(cpeAHee npeBbllleHUE HE AaeTCs).
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PuicyHOK 1:

PucyHOK 2:

PucyHok 3:

PHCYHOK 4:

Tabla 1:

Tabla 2:

Tabla 3:

Figura 1:

Figura 2:
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CIUCOK PUCYHKOB

PaseutHe npoMmbicia D. eleginoides 8 1991 r. YJIOBbI MO MSITUAHEBHBIM

nepuoAaM BbIpaKeHbl Kak nponopuust TAC, yCTaHOBJIEHHOI'O B 2 500
TOHH,

HMHTAaLMs] pa3BUTHS MPOMbIc/a C BblloBoM Tuma II: cpelAHUIl BbIJIOB
= 0,005 TAC AeHb! - ocTa/ibHBIE BIIT NAPAMETPBI ONMHUCAHBI B METO1AX.
YV 10BBI 1O NATUAHEBHBIM MEPHOAAM.

YacTOTHOE paclnpeeneH’e NpeRbIlIeHUH, BBIpaXXeHHOE Kak NMpOUEeHT
TAC nocJe 1 000 UMUTAIHOHHBIX TPOrOHOB, 3TO pacnpeiesieHue 6b110
NpOU3BEIEHO C UCIOJb30BaHUEM Moaenu 1, Tunowm BeisioBa I, £=0,005,
O = 0,70 U MeJIO XapaKTEPUCTUKHU: cpeiHee U SD NpeBbllleHUst = 0,0071
1 0,029 COOTBETCTBEHHO, U BEPOSITHOCTb MOJyUEHUsI MpEBbINEHM
>5% u >10% B 0,086 1 0,002 cOOTBETCTBEHHO,

Moaesb 1 (cM. onpeaeneHue B Mepe nNo coXpaHEHUIO 25/1X) ¢ Tunom
BbloBa 1. BJMsIHME NepeMeHHol L, T.e. orpaHuueHue Ha OfbeM
BBIJIORA, JOCTUXEHHE KOTOPOro NPUBOAUT K NMPHHSTUI pelleHns no
NOBOJAY 3aKpbITUSI NMpOMbic/a, Ha 3(PPEeKTUBHOCTD Merona 1. 3To
BJMSIHUE BHIPaXKaeTcsl KaK BEPOSITHOCTb TOrO, YTO OKOHYATEJbHOE
npeBblleHUe BblIOBa 6ByJer 6oapme 5% ot TAC. Kpusbe
UHTEPNOJIUPOBAHbBI  KOMIBIOTEPOM UM TMOKa3blRalOT  JIOKAJbHBIC
MHHUMAaJIbHBIE  3HAUeHUs] TNpU  pPasjHUHBIX  3HaUeHUsIX L u
HUHTEHCUBHOCTH BbIJIOBA.

Lista de las tablas

Efecto de la duracién del perfodo de notificacién en el funcionamiento del
modelo. Exceso medio del objetivo y probabilidad de exceder el objetivo
superior al 5% (en paréntesis).

Funcionamiento de los modelos 1 y 2 con capturas de tipo I y II. Exceso
medio del objetivo y probabilidad de exceder el objetivo superior al 5% (en
paréntesis).

Funcionamiento de los modelos 2, 3 y 4 con capturas de tipo I y IL
Probabilidad de exceder el objetivo superior al 5y 10% (en paréntesis) (no se
presenta el exceso medio del objetivo ).

Lista de las figuras

Desarrollo de la pesquerfa de D. eleginoides en 1991. Las capturas se
presentan por perfodos de cinco dfas y se expresan como una proporcién del
TAC de 2 500 toneladas.

Desarrollo empirico de una pesqueria con capturas de typo II: captura
media = 0.005 del TAC por dfa, con otros pardmetros del seno, segin se ha
especificado en los métodos. Las capturas se presentan por perfodos de cinco
dias.



Figura 3:

Figura 4:

Distribucién de frecuencia de exceder el objetivo expresada como porcentaje
del TAC, luego de 1 000 simulaciones. Esta fue producida utilizando el modelo
1, captura de tipo I, ¢ = 0.005, L = 0.70, y dio un exceso medio del objetivo de
0.0071, con una desviacién tipica de 0.029 y una probabilidad de exceder el
TAC superior al 5% = 0.086 y superior al 10% = 0.002.

Modelo 1 (definido actualmente en la Medida de conservacidn 25/IX) con una
captura de tipo I. El efecto que produce L, la captura méxima que se requiere
para instituir el cierre, en el funcionamiento del modelo 1, expresado en
términos de la probabilidad de exceder el objetivo final de captura superior al
5% del TAC. Las curvas fueron interpoladas por computador y muestran el
minimo local que ocurre a distintos valores de L con diferentes indices de
captura.
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APPENDIX A

SUBROUTINE MODEL1 (CUMCAT,ILASDAY, EFFRATE, IREPDAY,
&DECLIM, IPERIOD, IENDDAY)

cumulative catch CUMCAT assumed to be out of 1 so amount to go =l-cumcat
TLASDAY is the day the report came in

EFFRATE is the effective rate of catching used (calculated in main prog)
DECLIM is the limit of catch for decisions

IREPPER is the end date of the report period

IEND is the end date

IENDPER is the end date of the end period

TENDDAY is the returned date of the closure; set to -1 if no closure decision

IEND=ILASDAY+INT ( (1,~CUMCAT) /EFFRATE)
IENDPER=IPERIOD* { ( (IEND-1) /IPERIOD) +1)
IREPPER=IPERIOD* ( ( ({IREPDAY-1) /IPERIOD) +1)
WRITE (*,*) IEND,EFFRATE,CUMCAT,DECLIM
IF (CUMCAT.GE.DECLIM.AND,IENDPER,.GE,IREPPER) THEN
IENDDAY=IENDPER
ELSE IF (CUMCAT.GE.DECLIM,AND.IENDPER,.LT,IREPPER) THEN
IENDDAY=IREPPER
ELSE
IENDDAY=-1
ENDIF
RETURN
END

Ak KKK KA AKRAK KA KA KRR I AR A AR AR IR AT IR kAT h A hhk Ak khrkhhkkkhkkkdohkk

SUBROUTINE MODEL2 (CUMCAT, ILASDAY, EFFRATE, IREPDAY, TPERIOD, TENDDAY)

cumulative catch CUMCAT assumed to be out of 1 so amount to go =l-cumcat
ILASDAY is the day of last catch

EFFRATE is the effective rate of catching used (calculated in main prog)
IREPDAY is the date the report was recieved by Secretariat

IPERIOD is the number of days in the period for reporting

TENDDAY is the date of the closure; set to -1 if no closure decision

IEND=ILASDAY+INT ( (1.,~CUMCAT) /EFFRATE)

IENDPER=IPERIOD* ( ( (IREPDAY-1) /IPERIOD) +2)

IREPPER=IPERIOD* ( ( (IREPDAY-1) /IPERIOD) +1)

IF (IEND.LE.IENDPER,AND,IEND.GT.IREPPER) THEN
IENDDAY=IENDPER

ELSE IF (IEND.LE.IREPPER) THEN
IENDDAY=IREPPER

ELSE
IENDDAY=-1

ENDIF

RETURN

END
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SUBROUTINE MODEL3 (CUMCAT, ILASDAY, EFFRATE, IREPDAY, IPERIOD, TENDDAY)

same as model 2 except with closure date on that date rather than on
the end of the period, and with determination by catch within next
xx days, where xx=IPERIOD

o NeNeN®]

IF (EFFRATE.EQ.0.) EFFRATE=,000000001

IEND=ILASDAY+INT((1,~CUMCAT) /EFFRATE)

IENDPER=IPERIOD+IREPDAY

IF (IEND.LE.IENDPER.AND.IEND.GT.IREPDAY) THEN
IENDDAY=IENDPER

ELSE IF (IEND.LE.IREPDAY) THEN
IENDDAY=IREPDAY

ELSE
IENDDAY=-1

ENDIF

RETURN

END
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SUBROUTINE MODEL4 (CUMCAT, ILASDAY, ARREG, NO,
&IREPDAY, IPERIOD, IENDDAY)

this model fits a regression line to the last "NO" data points

(data point = catch/period) and calculates the change in catch rates
fitting this to estimate next catch level

ARREG(30) holds the latest reported catch

NO is the number of previous catch reports to be used in the regression
IENDDAY is the returned date of closure

regression model: linear

oo NoNeEeRe e NSNS

REAL ARREG (30)

SUMX=0.
SUMY=0.
SSUMX=0.
SUMXY=0.

C this code fills up ARREG from the bottom with the latest "NO" catches
DO 10 N=1,NO
IF (N.LT,NO) THEN
ARREG (N) =ARREG (N+1)

ELSE
ARREG (N) =ARREG (30)
ENDIF
C WRITE (*,'(5X,I5,F8.4)') N,ARREG(N)

SUMX=SUMX+N

SUMY=SUMY +ARREG (N)

SSUMX=SSUMX+N**2

SUMXY=SUMXY+N*ARREG (N)
10 CONTINUE

IF (ARREG(1l) .NE.-1.) THEN
C the equation of the fitted line is Y=A+B(X)
B= (NO*SUMXY-SUMX*SUMY) / (NO*SSUMX-SUMX**2)
XMEAN=SUMX/NO
YMEAN=SUMY /NO
A=YMEAN-B*XMEAN
C find the catch rate appropriate to the first unreported period
RATESTART=NO*B+A
C set up a safetycatch for number of periods
MAXPERIOD=IREPDAY-ILASDAY+2
C calculate remaining catch, and find last catch=totcat2
REMAIN=1-CUMCAT
TOTCAT2=ARREG (NO)
C WRITE (*,‘'(4F8.4)') B,A,RATESTART
DO 20 I=1,MAXPERIOD
C use equation for uniform accelleration to calculate catch in period I
TOTCAT1=RATESTART*I+0,5%B* (I**2)
C WRITE (*,'(3X,I4,F8.4)') I,TOTCATL
IF (TOTCAT1.GT,REMAIN) GOTO 30
TOTCAT2=TOTCAT1



20 CONTINUE

IENDDAY=-1
GOTO 40
C find proportion of last period at which TAC was taken
C from this find total number of periods (real) at TAC, and then days
C if limit was found, iend is the day before it was reached,
C otherwise iend is a safetycatch day, maxperiod
30 IEND=ILASDAY+INT (IPERIOD* (REAL(TI)

&— (TOTCAT1-REMAIN) / (TOTCAT1-TOTCAT2)))

C the rest is identical to Model 3
IENDPER=IPERIOD+IREPDAY
IF (IEND.LE.IENDPER.AND.IEND.GT,IREPDAY) THEN
IENDDAY=IENDPER
ELSE IF (IEND.LE.IREPDAY) THEN
IENDDAY=TIREPDAY
ELSE
IENDDAY=—-1
ENDIF
ELSE
IENDDAY=~1
ENDIF
40 RETURN

END
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APPENDIX B

CONSERVATION MEASURES INCORPORATING MODEL 4
WOULD HAVE THE FOLLOWING FEATURES:

Catches should be reported by 5-day period to the Secretariat, the deadline being the end
of the reporting period following that in which the catches are taken.

The progress of the fishery should be reported by the Secretariat to all Members every
month, and to Members fishing for that species being reported at the end of each reporting
period.

The Secretariat should calculate the trend in catches using linear regression on the last
four catch reports.

This catch rate trend should be extrapolated to calculate the “predicted date”, the day on
which the TAC is expected to be taken, using a rounding down function.

If the predicted date is within one reporting period of the date on which the Secretariat
received the report of the catches the fishery will close on that day or on the day on which
the report was received, whichever is the later (i.e., if the calculation indicates that the TAC
will be taken before another report would be received by the Secretariat [received day plus
one reporting period], the fishery should close).
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WG-KRILL-92/11

STATUS OF KRILL TARGET STRENGTH

K.G. Foote!l, D. Chu? and T.K. Stanton?

Abstract

Empirical estimates for the target strength of krill are extracted from
publications. These are confined to measurements on aggregations of
live euphausiids and should not be affected by a frequent cause of bias
in single-animal measurements, namely thresholding. Theoretical
estimates for the target strength are derived from the deformed-cylinder
scattering model assuming specific sets of physical and orientational
parameters, for which there is an empirical basis. The theoretical
estimates show a non-monotonic dependence of target strength on both
animal size and transmit frequency, notwithstanding admitted
shortcomings. Some recent single-animal measurements of target
strength for live euphausiids and euphausiid-related species, made under
high signal-to-noise-ratio conditions, are consistent with the general
pattern. Several specific recommendations are made for future,
improved determinations of krill target strength. Based on the
comparisons, general prediction curves for the target strength are
presented that are applicable to a wide range of lengths, acoustic
frequencies and orientation parameters.

Résumé

Les estimations empiriques de la réponse acoustique du krill sont
extraites des publications. Elles sont limitées aux mesures des
concentrations d'euphausiacés vivants et ne devraient pas étre affectées
par une cause fréquente de biais dans les mesures des individus, a savoir
l'identification du seuil. Les estimations théoriques de la réponse
acoustique sont dérivées du modele de diffusion en cylindre déformé,
présumant des séries spécifiques de parameétres physiques et
d'orientation reposant sur une base empirique. Les estimations
théoriques mettent en évidence une dépendance non monotone entre la
réponse acoustique et 2 la fois la taille des individus et la fréquence de
transmission, en dépit des limites admises. Quelques mesures de
réponse acoustique prises récemment sur des individus vivants (un par
un) d'espéces d'euphausiacés et d'especes apparentées aux euphausiaceés,
effectuées dans des conditions dans lesquelles le rapport signal-bruit est
élevée, suivent le modele général. Plusieurs recommandations
spécifiques sont avancées pour une meilleure détermination de la
réponse acoustique du krill a I'avenir. Basées sur les comparaisons, les
courbes générales de prédiction de la réponse acoustique présentées
sont applicables a tout un éventail de longueurs, de fréquences
acoustiques et de parametres d'orientation.

1

Institute of Marine Research, PO Box 1870, N 5024 Bergen, Norway
Woods Hole Oceanographic Institution, Woods Holes, MA, USA
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PesoMe

IMIUPUUECKUE OLEHKH CHJbl LEeau KpuJs GblM B3ATHL U3
pasauuHbIX ny6saukanuit. OHHU KacawTCs TOJIBKO U3MepeHH
NpOBEAEHHBIX Ha CKOMJEHUSIX XUBbIX 3B(ay3UHA U Ha HUX HE
JIOJIKEeH OKa3blBATb BJIMsIHUE “MOPOroBoM 3ddekT’, KOTOPBIA
UaCTO BBI3BIBAET CMeENl€HUe UW3MeEpPEHUH, MpoOBeAeHHbIX Ha
eAUHUUHBIX XUBOTHbIX. TeopeTHUUyecKkue OLEHKH CUJbl LEJIU
MOJIyueHsl C MOMOWbI0 MOJEJIM pacceuBaHUsi AedpopMUpO-
BaHHBIM LIAJUHAPOM, NpeAnoJarajd HaJAule KOHKPEeTHBIX
HabopoOB (U3NUECKUX U OPEUHTALMOHHbIX NapaMeTpoB, A/
KOTOPbIX UMeeTCsl 3MInupHueckoe o6ocHoBaHUe. HecMOTpsi Ha
UMepmUecss B pacueTax HeJOCTaTKH, TeopeTUueckue OLEHKH
yKa3blBal0T Ha OTCYTCTBME MOHOTOHHUECKOW 3aBUCUMOCTH
CUJIbI LleJIM KaK OT pa3Mepa XHWBOTHOrO, Tak W OT UACTOTDI
nepesaTuuka. HeckoJsbko NMpOBeAEHHBIX HEAABHO U3MepeHu
CUJIBI LleJIM XUBBIX 3Bday3uua U 6JU3KUX K HUM BH/IOB,
NpoAeJIaHHbIX B YCJIOBUSIX BBICOKOIO COOTHOWEHMS! CUIrHaJjia K
MyMy, COOTBETCTBYWT o6mei kaptuHe. IIpuBOAWUTCS PSA
KOHKPETHBIX pPEeKOMEHJaUuui Mo yJayulleHUo onpeAeeHns
CHJIBI LieJIM KpuJsi B 6yaymeM. Ha ocHOBe CpaBHEHUH, AalTCS
ofbmue NMPOrHosUpyeMble KPpUBbIE CHJIbI LieJIH, TTPpUMEHsIEMbIE K
WMPOKOMY  AMana3oHy JAJIMH, aKyCTUUECKUX YacToT M
OPUEHTALHOHHBIX MapaMeTPOB.

Resumen

Los valores empiricos de la potencia del blanco del kril han sido
extrafdos de las publicaciones. Estos se limitan a mediciones hechas en
cardimenes de eufdusidos libres y no debieran ser afectados por una
fuente de desviacién frecuente experimentada en las mediciones de
animales individuales, es decir, por la formacién de umbrales. Los
valores teéricos de la potencia del blanco son deducidos del modelo de
dispersi6n del cilindro deformado, suponiéndose una serie especifica de
variables fisicas y orientacionales para las cuales existe una base
empirica. Los valores teéricos muestran una dependencia no-monétona
de la potencia del blanco con respecto al tamafio del animal y a su
frecuencia de transmisién, a pesar de las reconocidas limitaciones.
Algunas mediciones recientes de potencia del blanco en eufdusidos
vivos y en especies afines, hechas en condiciones de alta relacién
sefial/ruido, son consecuentes con el modelo general. Se formulan
varias recomendaciones especificas para mejorar las futuras
estimaciones de potencia del blanco del kril. Sobre la base de las
comparaciones, se presentan las curvas de prediccién general para la
potencia del blanco que son aplicables a una amplia gama de tallas,
frecuencias acusticas y pardmetros orientacionales.

1. INTRODUCTION

The echo integration method (Forbes and Nakken, 1972; MacLennan, 1990) has been
applied to krill (Euphausia superba) in the Southern Ocean (Miller and Hampton, 1989). In
order to convert measurements of echo strength to biological quantities, such as the number
density of scatterers, knowledge of target strength is essential. Notwithstanding the degree of
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interest in krill biomass, as witnessed, for example, by the scale of international involvement in
the Biological Investigation of Marine Antarctic Systems and Stocks (BIOMASS) program,
measurements of krill target strength have been quite scarce.

In fact, at the time of the Post-FIBEX Acoustic Workshop in 1984 (Anon., 1986) only
several measurements on E. superba had been reported in the literature. In order to establish a
target strength-size relationship for use in interpreting the measurements of the First
International BIOMASS Experiment (FIBEX), recourse was made to measurements on other
zooplankton. These included measurements on preserved, defrosted and even live specimens of
other species. In many cases, the measurements were performed on single specimens. It is the
authors’ contention that such measurements, while being inherently difficult for weak,
zooplankton scatterers, are vulnerable to the effect of thresholding.

Thresholding, or the discarding or rejection of signals as noise because of their low
amplitude, low spectral level, or other inferior characteristics, has been recognised as an
important phenomenon in fish-scattering measurements (Weimer and Ehrenberg, 1975; Foote
etal., 1986). Its recognition in zooplankton acoustics has been less common. Clearly its
mention in the literature as a possible source of bias in single-scatterer measurement has been
rare. The kind of review attempted here may consequently be justified for gathering together
diverse, generally recent references on scattering by live euphausiids that avoid or otherwise
address the effect of thresholding.

The organisation of this paper is the following. The quantities of target strength,
backscattering cross section, and mean volume backscattering coefficient and strength are
defined. Empirical studies of krill target strength, based on measurements of the mean volume
backscattering strength are summarised, and a theoretical model for krill scattering is described.
Both measurements and theory are combined. On this basis, target strength-size relationships
are proposed for current use in acoustic surveys of krill aggregations or stocks. In addition to
considering both the presented measurements and theoretical computations, comparisons are
made with data involving individuals, and recommendations are made for improving the
determination of krill target strength.

2. DEFINITIONS
Target strength gives a measure of backscattering or echo strength intrinsic to the
scatterer itself. It is useful sometimes to keep in mind its origin in basic scattering physics. A

plane, harmonic wave is assumed to be incident on an isolated, finite body in a homogeneous
fluid medium. In terms of pressure,

Pinc = A exp [i(k-r—or)],
where A is the amplitude, £ is the wave vector, r is the position where the incident pressure field
is to be evaluated,  is the angular frequency, and ¢ is time. The scattered pressure field in the
far-field of the body is typically expressed in terms of the spherical wave exp(ikr)/r.
Suppressing the time dependence exp(-iw 1),

lim

r—oeo p,, = Af exp(ikr)/ r,

where fis the far-field scattering amplitude. The backscattering cross section, ¢ Or oy, 18
defined in terms of the far-field backscattering amplitude fj, thus:

0 = 4n0y, = 47[|be2. (1)
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The quantity op is also called the differential scattering cross section in the
backscattering direction. Because of the frequently large range in values of o or oy for the
same or similar scatterers, a logarithmic measure is convenient. This is the target strength TS,

o
TS = 10 log — = 10 log oy, 2
g47[ Og Ops ()

where the backscattering cross section is expressed in SI units. The TS of an idealised, perfectly
reflecting sphere of 2 m radius at very high frequency is 0 dB.

Theoretical and empirical studies show that it is sometimes useful to normalise the
backscattering cross section by the square of the length of the body, provided of course that the
body is elongated. In this paper, krill length refers consistently to the distance from the anterior
end of the eye to the tip of the telson. When the length is not defined in the cited data source, it
is assumed to be tantamount to this. Expression of the normalised cross section in the
logarithmic domain results in the reduced target strength,

RTS = 10 log {0/(47rL2)} = 10 log (04 /12) = s - 10 log 1%, 3)

It is convenient to represent RTS as a function of the equivalent cylindrical radius a of the
body, normalised by the multiplicative factor k. The advantage of presenting RTS versus ka is
that data spanning a wide range of lengths and frequencies can be compared on the same plot.
The present definitions of o, ops, TS, and RTS apply strictly to harmonic waves. Although useful
as a concept, such continuous waves are fictional. A backscattering cross section or target
strength can also be defined for finite-duration waves or signals (Foote, 1982). However, the
continuous-wave or harmonic-wave approximation is excellent for the several data sources
considered in the next section. This is due to the fact that the distance spanned by a ping is
much larger than any dimension of the animals.

The above definitions also pertain only to single realisations of the scattering from
individuals. Accordingly, the state of an animal is defined by a unique combination of
orientation, body shape including bend, taper and roughness, and physical properties. Adding to
the complexity of the description of the scattering are the facts that (1) echoes from individual
krill tend to fluctuate from ping to ping as the animals change shape and orientation, and (2)
echoes from animals that are not acoustically resolved or separated, because of overlap with
echoes from other animals, also tend to fluctuate from ping to ping because of the stochastic
nature of the interference between the echoes from each animal. In order to describe the

scattering involving the fluctuating echoes, the following averages of the above quantities are
defined:

Data
- 1 X
°c=x Yo @)
j=1
Theory
o(L) = jec(L,e) fo(8)d®  (individual), (5)
6 = [ oL)fL(L)L  (aggregation), (©)
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The definitions are divided into two broad categories. Equation (4) represents the
measured backscattering cross section averaged over N pings. This equation could be applied to
repeated observations of the same individual or many observations of different individuals.
Thus the average might involve, for example, behaviour through the tilt angle 6, or both
behaviour and length through 6 and L, respectively. Equations (5) and (6) are the respective
theoretical counterparts, where f, denotes the appropriate probability density function of variable
X. Equation (5) is typically more appropriate for use in the laboratory where animals are
studied on an individual basis, while equation (6) is more applicable in the field where an
aggregation of animals over a range of lengths will typically exist. The above averages apply to
both o and op;. All averages involve the addition of energies (cross sections) because the energy
is most appropriate for describing the incoherent addition of echoes from animals in
aggregations. Finally, the above theoretical averages are shown with just a few variables over
which the averages are made. Generalisations are possible for inclusion of other effects, such as
the degree of bend or flexure of the animal, as represented by its radius of curvature, or the
degree of roughness of the body.

The “average” target strength can be defined in terms of the average backscattering
Cross section as

TS = 10 log (o/4x) = 10 logo,,, (7)

where the averaging is performed before the logarithm is taken. The average reduced target
strength is defined in a similar manner.

The mean volume backscattering coefficient Sy is related to the mean backscattering
cross section and the number density p of scatterers (Stanton et al., 1987),

o
S, = Py = PO | ®)

where the usual convention of not indicating the average nature of S, by an overhead bar is used.
This quantity can be determined through the sonar equation (Urick, 1975), given knowledge of
the transmit and receive conditions, including beam pattern characteristics. In the logarithmic
domain,

S, = 10 log p + TS ©

where Sy is the mean volume backscattering strength. This or similar volume scattering
quantities are typically what are measured in the field, especially when the animals are not
resolved by the sonar. Relating raw echo levels to S, requires knowledge of sonar system
parameters such as ping duration and beam pattern. Single animal target strengths can only be
measured directly when the echoes from the different animals are not overlapping.

3. EMPIRICAL VALUES OF TARGET STRENGTH

Estimating the target strength of zooplankton is far from straightforward because of the
behaviour of the animals and thresholding of the sonar system. When the animal is insonified
at or near broadside incidence, the resultant echo is strong and the sonar will be most able to
record it. However, at or near end-on incidence, the echo is quite weak. When measuring target
strengths of (resolved) individuals in the laboratory or field, the echoes from end-on incidence
may be below the noise level or “detection threshold” of the sonar, hence the echo goes
unrecorded. The average from measurements of individuals will involve only the average of
values above the threshold, causing an overestimate (threshold bias) of target strength. In the
other case, when the animals are measured collectively, i.e., when the animals are not resolved by
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the sonar, the echoes from some animals may be above the threshold while those from others
may not. The resultant echo from this aggregation is detectable and an average target strength is
determined by normalising the echo level (or energy) by the total number of animals regardless
of whether all of them would have been detectable individually. The threshold bias in this latter
case is much less than with the measurements involving individuals, hence providing a more
accurate estimate of target strength, assuming that the number of animals is known.

In order to eliminate threshold bias in this study, only aggregation measurements are
used. Table 1 summarises the data from the published experiments, which are more fully
described in the paragraphs below. Most of the experiments were performed in situ on
aggregations of sufficient density so that the received echoes were due to a superposition or
average of echoes from many individuals of various sizes, shapes and orientations. The average
target strength is thus determined from acoustic measurements of the volume scattering strength
and direct measurements of numbers of animals, whose values are directly inserted into
equation (9).

Pieper (1979) measured E. pacifica in situ at 102 kHz. The animals were distributed in
layers at depths from 130 to 280 m in the San Pedro and Santa Catalina basins off southern
California in, respectively, March and July 1976. Sampling was accomplished by a Tucker trawl
with acoustically controlled open-close command. Other animals were caught, but E. pacifica
was the predominant species. The target strength was inferred from acoustic measurements of
Sy, with 1 ms pulse duration, and estimates of p determined by catching. A total of 18 TS values
are given for krill of mean lengths from 11.6 to 18.6 mm and mean masses from 2.09 to
10.0 mg (dry weight). These authors accept Pieper’s speculation that the effective mouth
opening of the net is equal to the area of the net on the codend of the trawl. Consequently, the
tabulated values of TS are here adjusted downwards by 4.8 dB.

Everson (1982) measured E. superba in situ at 120 kHz. The krill were in a large
concentration just north of South Georgia at the time of measurement in March 1980. The
entire water column, from surface to 250 m, was sampled both acoustically and physically by
means of a Rectangular Midwater Trawl with 8 m2 mouth opening (RMT8) and surface nets.
The modal sizes of krill according to five RMTS8 catches varied from 37 to 44 mm. Measurement
of S,, with 0.6 ms pulse duration, and determination of p by trawling allow solution of equation
(9) for TS. Everson (1982) specifies two TS numbers: -81.3 dB in the daytime and -89.2 dB at
night-time. Tabulation of S, values, however, allows extraction of a total of two values each for
daytime and night-time TS.

Artemov (1983) measured euphausiids in situ in the Black Sea or Atlantic Ocean at
49.5 kHz. By measuring Sy, with 0.3 ms pulse duration, and estimating p by trawling, equation
(9) prescribes TS. The result is that TS = 84.3 dB for a euphausiid of mean length 45 mm and
mean mass of 0.6 g.

Nakayama et al., (1986) measured E. superba in situ in the Indian sector of the Southern
Ocean at 200 kHz. The krill occurred near the surface, apparently with uniform density, where
they were observed about one hour before sunset on 29 January 1984. The krill were measured
over the depth range 13.5 to 14.5 m for three minutes and over the depth range 12 to 13 m for
two minutes. The mean volume backscattering strength was measured with a 200 kHz
transducer, with 0.6 ms pulse duration. A second transducer, with operating frequency of
455 kHz, was used to determine the number density of krill according to the echo counting
method (MacLennan, 1990). This was facilitated by use of a pulse of 20 ps duration, hence with
nominal resolving power of 15 mm. The mean densities for the two observation periods were
50 and 62 krill/m3. These determined respective target strengths of -68.1 and -68.3 dB. The
mean total length was 42.0 £+ 0.28 mm and the corresponding mean mass was 0.62 £ 0.014 g.

Everson (1987) measured E. crystallorophias in situ in Port Foster, the caldera of

Deception Island, at 120 kHz. The krill was observed in March 1985 in the daytime in compact
swarms deeper than 80 m, and in the night-time in a thick diffuse layer between 20 and 40 m.
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By measuring S,,, with 1 ms pulse duration, and determining the number density p by 8 m2

Multiple Rectangular Midwater Trawl, the TS could be determined. Problems with net avoidance

were recognised by Everson (1982), but the very large discrepancy between the sampled density

and that estimated from the BIOMASS equation (Anon., 1986) suggests the following major

rlzvciision: that the BIOMASS-predicted TS for the observed 22.8 mm mean length be reduced by
B to -81.7 dB.

Shimadzu et al., (1989) measured E. superba in situ in the Scotia Sea north of
Livingston Island, South Shetland Islands, in January 1988 at 200 kHz. The quantity S, was
measured, with 1.2 ms pulse duration, on board the research vessel. An accompanying
commercial trawler caught along the precise track of the research vessel, with monitoring of the
height of the mouth opening of the trawl, nominally 28 m, to ensure operation according to
design specification. The depth of the krill aggregation as measured by the depth of the ground
rope varied from 35 to 80 m. The density was thus determined, and equation (9) solved for TS.
Estimates varied from -71.4 to -63.1 dB, with overall mean of -66.7 dB. The average krill length
was 47.5 mm, and the average mass was 0.873 g.

Foote et al. (1990) measured E. superba in a cage of 0.1 m3 volume at 38 and 120 kHz.
The cage was maintained under measurement at constant 15 m depth in the harbour of
Stromness on South Georgia in January and February 1988. Since the density was known
a priori, measurements of S, with 1 ms pulse duration, could be converted directly to values of
TS. In 14 separate measurements series, lasting from 15 to 65 hours each, the effective mean TS
varied over the range from -89 to -83 dB at 38 kHz and from -81 to -74 dB at 120 kHz. Mean
lengths varied from 30.1 to 39.4 mm. Additional measurements revealed a mass density
contrast of 1.0357 + 0.0067 and sound-speed contrast of 1.0279 * 0.0024, where the limits are
those of the first standard deviation of the underlying measurements.

-Hampton (1990) measured E. superba in situ off Coronation Island and Elephant Island,
in March 1990, at 38 and 120 kHz. The mean surface backscattering strength (MSBS) was
measured at both frequencies for 200 discrete krill swarms in the Coronation Island region and
for 50 swarms in the Elephant Island region. The pulse duration was 0.9 ms at 38 kHz and
1.0 ms at 120 kHz. The depth range of examination was 5 to 100 m. Aimed commercial
midwater trawls determined the size distribution in each region. Differences in corresponding
values of MSBS were attributed to differences in TS. This has been observed to be 7.1 dB off
Coronation Island and 6.9 dB off Elephant Island, with the value at 120 kHz exceeding that at
38 kHz. The mean lengths of krill for the two localities were 48.8 and 46.0 mm, respectively.

Cochrane et al. (1991) measured M. norvegica in situ in two deep basins of the Nova
Scotia Shelf, in June 1988, at 50 and 200 kHz. The pulse duration at the two frequencies was
2 and 5 ms, respectively. Beamwidths, as measured between opposite -3 dB levels, were 18° and
5.4°, respectively. In Emerald Basin, S,, was measured over the depth range from 210 to 242 m.
In LaHave Basin, S, was measured from 190 to 230 m. In both cases, S, at 200 kHz was
significantly greater than that at 50 kHz. The differences were 10.5 and 7.4 dB in Emerald and
LaHave Basins, respectively. Biological sampling with the Bedford Institute of Oceanography
Net and Environmental Sensing System (BIONESS) established that the mean krill length was 28
mm,

Kasatkina (1991) measured E. superba both encaged and in situ. A series of cage
measurements with live specimens was carried out in April 1983 in the vicinity of the South
Orkney Islands at 20 kHz. For krill of mean lengths from 43.0 to 47.1 mm the effective mean
TS varied over the range from -77 to -71 dB. Measurements on encaged krill at 136 kHz
yielded values of the effective mean TS from -69 to -68 dB for mean lengths from 45.1 to
48.9 mm. Combined acoustic measurements of the mean area backscattering coefficient and
trawl measurements of absolute number density were performed at 30 and 20 kHz.
Measurements at 30 kHz were performed near Bouvet Island in December 1979 on krill of
mean lengths from 53.6 to 54.2 mm, with effective mean TS from -76 to -69 dB. On the Maud
Banks, in February 1980, krill with mean lengths from 36.0 to 50.0 mm were observed to have
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values of effective mean TS from -82 to -71 dB. Measurements at 20 kHz were performed near
the South Orkney Islands in May 1983 on krill of mean length 44.7 mm, for which the effective
mean TS was observed to be -78 dB. Measurements were performed at the same 20 kHz
frequency near South Georgia in June 1983 on krill of mean length 49.9 mm, with effective
mean TS of -72 dB. The standard deviation of the observed length distributions was close to or
less than 10% of the mean length in every case.

Watkins (1991) measured E. superba in situ during the night-time in swarms off South
Georgia in February 1990, at 120 kHz. Concurrent in situ photographic observations of the
respective swarms determined density values spanning the range from 13 to 186 krill/m3. The
mean krill length was 40 mm. Use of density values with the corresponding measurements of
mean volume backscattering strength determined values of effective mean TS from -75 to
-70 dB.

4, THEORETICAL MODELS OF TARGET STRENGTH

To date, there is no theory that adequately describes the scattering of sound by
zooplankton. The animals are morphologically complex as they are elongated, bent, have legs
and antennas, and are inhomogeneous in composition. Also, the animals change shape and
orientation as they move through the water which further complicates the problem. Recently, the
deformed cylinder solution has been applied to several sets of data with some success (Stanton,
1989; Wiebe et al., 1990; Chu et al., 1992; Chu et al., in press; Stanton et al., submitted (a);
Stanton et al., submitted (b)). The formulation is general enough to take into account the length,
bend, taper, roughness, orientation and non-uniform composition. The modal-series-based
solution used in this work is not valid for end-on or near end-on incidence. In that region, the
solution predicts zero response while data show the animals to have small, but finite, scattering
cross sections at that angle.

The general far-field backscatter solution to the deformed cylinder is:
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where 7 ps is the position vector of the axis of the cylinder, 7; is the unit vector in the direction
of the incident field, m is the modal index number to the modal series solution, and b, is a
coefficient that is determined by the (circular cylinder) boundary conditions.

The exact expression for by, is always quite complicated and is typically expressed as the
ratio of two determinants. b,, depends upon acoustic frequency, radius of cross section of body,
and material properties (such as fluid surrounded by fluid or fluid-filled shell surrounded by
fluid). A list of references to articles that present derivations and expressions for by, for various
boundary conditions is given in Stanton (1990).

The deformed cylinder formulation has been applied to a wide range of cases including
geometries in which averages over angle of orientation and length were carried out (Cochrane,
1991; Chu et al., in press; Stanton et al., submitted (b)). For the analysis in this article, the
average given in equation (6) is used. The most reliable distribution used in the averaging is the
one involving length as it is derived from net samples or direct measurements in the laboratory
scattering work. At this writing, only independent measurements were available to help estimate
the distribution of orientation. Because of the importance of taking this latter quantity into
account, angular distributions similar to those observed by Sameoto (1980), Kils (1979 and
1981), Endo (1989) and Kristensen and Dalen (1986) are used in this article. A distribution of
bend could not be used because of the lack of data on this subject. Fortunately, calculations
demonstrate that due to offsetting effects, target strength averaged over angle of orientation is
relatively insensitive to bend (Stanton et al., submitted (b)). Hence for the purpose of this
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article, a reasonable fixed value of radius of curvature for the animals is used. In order to
replicate the tapered shape of the body and also avoid spurious end effects if the ends were
(unrealistically) large and flat, the calculations included tapering.

Finally, the animals are modelled as being composed of a homogeneous “weakly”
scattering fluid, where the term weak refers to the fact that the mass density and speed of sound
for the animal body is very close (to within several percent) of the surrounding fluid. Thisisa
simplification of the actual body that has an outer shell and inhomogeneous (fluid-like) interior.
The weak scatterer assumption can be substantiated for several reasons:

(i) the shell is very thin when compared with the wavelengths of sound typically used
in acoustic studies, hence to a first approximation one can ignore the shell and only
take into account the fluid-like interior (Machlup, 1952; Stanton, 1990);

(ii) the studies published by Foote et al. (1990) and Foote (1990) show that the
compressional wave speed and density for live euphausiids are indeed only several
percent different from the corresponding properties of the surrounding water; and

(iii) a new simple ray model derived by Stanton et al. (submitted (a)) that assumes
weak scattering predicts deep nulls such as those observed by Chu et al. (1992).

5. COMBINATION OF TARGET STRENGTH ESTIMATES

In order to compare the scattering levels involving animals of various sizes and sonars of
various frequencies, all data are presented on the dimensionless scale of reduced target strength
(RTS) versus ka, where a is the estimated average cylindrical radius of the thorax section of the
animals. Since in most cases a was not directly measured or reported, it is estimated in this
analysis from the (total) length L by the approximate relation a = L/16, as derived from
drawings of E. superba given in Mauchline and Fisher (1969).

The empirical data are shown in Figure 1. Because of the diversity of sources of data,
the data are divided into two categories: caged (solid circle) and in situ (open circle). As
discussed in a later section, the data involving caged animals provided more reliable estimates of
target strength because the numbers of animals are precisely known. All data lie in the range
0.3 Ska <3 that includes the upper limit of the Rayleigh scattering region (ka « 1) and lower
limit of the geometric scattering region (ka 2 1). These ka values are consistent with the fact that
the animals are generally not detectable in the Rayleigh scattering region. Hence it is apparent
that the frequencies of the sonars used by the various investigators were in accordance with the
size range of the animals of interest so that the scattering would be in or near the stronger
geometric region.

A subset of the data, which from the formal record is believed to be free of at least large
biases, is plotted in Figure 2. Each of these data sets, like those of the entire data collection,
involves a different set of animals, location, environment and behaviour. Presented with the
subset of empirical data in Figure 2 is a class of theoretical curves based on the deformed
cylinder model, but spanning a range of conditions. Predictions involve averages over length
and angle of orientation of the backscattering from tapered bent cylinders. The taper was
carefully constructed so as to resemble the taper of the krill. The cross-sectional radius
decreased non-linearly from a maximum, near constant value in the thorax region to 50% of the
thorax value at the tail end. In order to isolate effects due to experimental bias, environmental
conditions and behaviour, a comparison between the theory and data from Foote et al. (1990)
alone are presented in Figure 3. The entire data set is presented in the main plot while several
data pairs are illustrated in the inset. For each (two-frequency) pair, all conditions such as
environment, time of experiment etc. were held constant. The curves superimposed on the
different pairs were generated by varying orientation parameters. A more detailed analysis of
this two-frequency set of data is presented in Chu et al. (in press).
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6. DISCUSSION
6.1 General Observations

The target strength data in Figure 1 span an implausibly wide range in target strength for
similar values of ka. For ka roughly equal to 0.4 to 0.5 and near 1.5 the range is 25 dB. The
only trends evident in the data occur where there are few data, for ka greater than about two.
Clearly, as elaborated in the next section, the data are of uneven quality and their attempted
comparison here may be misleading.

The subset of data presented in Figure 2 display a correlation that is generally lacking in
the data of Figure 1. The empirical data presented in Figure 2 are consistent with two expected
trends, namely the transition from Rayleigh to geometric scattering regimes about ka = 1 and
constant level in the geometric regime, for ka S 2. The data do not, however, follow closely any
single presented curve. These authors hypothesise that the source of the variability is due to:

(1) the variety of conditions and environments under which the data were collected
which cause changes in animal behaviour and hence scattering levels; and

(i) errors in the data collection/analysis specific to each experiment.

The dependence upon behaviour is illustrated in Figure 3 where there is correlation
between the data from the controlled experiments of Foote et al. (1990) and the curves,
especially when the data are presented on a case-by-case basis (Chu et al., in press) as in the
inset. Hence there is some promise as to the predictability of scattering levels if the behaviour of
the animals is known or at least constant.

Analyses (not shown) involving the Hampton (1990) and Cochrane et al. (1991) data
indicated the relative levels to be consistent with averaged bent tapered cylinder predictions.

Finally, while all curves predict an oscillatory pattern of RTS vs ka, the data were not
collected at intervals that are sufficiently closely spaced in order to test the accuracy of the
pattern. This behaviour is observed in laboratory data discussed in section 4 of this discussion
section.

62  Data Quality

Of the cited eleven empirical data sources, nine involve measurement of the mean volume
backscattering strength S,. The remaining two sources consist of comparative measurements
performed at different pairs of frequencies and are not considered further here.

In the majority of the data sources, the number density p of krill was determined by
trawling. Pieper (1979) expressed doubts about the effective size of the trawl mouth opening.
Everson (1982) mentioned the possibility of avoidance reactions, but attributed the large
differences in target strength values between day and night to systematic differences in
orientation. However, Everson (1987), using the same method of target strength determination,
attributed the large observed difference in target strength between day and night to avoidance
reaction, a cause of bias in the determination of p by trawling. This is also documented in
Everson and Bone (1986). Everson (1987) states that the validity of abundance estimates
derived from daytime trawl hauls must be doubted.

Artemov (1983) considered avoidance reactions in trawling to be minimal for the
particular species and, presumably, circumstances of catching operations. Direct observational
evidence for this in the case of small fish is offered through citation of Vyskrebentsev (1966).
Shimadzu et al. (1989) also consider biasing in the trawl estimated of p, among other error
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sources. They conclude that this is negligible for their particular study. Several of the studies
reported by Kasatkina (1991) involved determination of krill density by trawling. No comments
are made by the author on this sampling method.

In the other studies based on measurement of Sy, p was determined by non-trawling
means. Nakayama et al. (1986) determined p by echo counting with a second transducer
operating at a rather high frequency and with quite short pulse duration. Among other error
sources considered by Nakayama et al. (1986) were those of the sampling volume and
differences in target strength at the two frequencies. The cumulative effect of the several error
sources was expressed through confidence limits. Shimadzu et al. (1989), however, have
challenged the basic result because of claimed problems in determination of the beam pattern,
hence sampling volume, although without sufficient detail for further critical evaluation.
Watkins (1991) determined p by means of in situ photography. The reference is preliminary,
however, and lacks information about the possible coincidence of acoustic and optical sampling
volumes, so no assessment can be made here as to the accuracy of this density determination.

In two studies, krill were measured in cages. However, because of the degree of control
implicit in cage measurements, the several problems mentioned above are avoided. In the study
by Foote et al. (1990), p was determined by counting the number of encaged animals and
relating this to the nominal cage volume. The cage was held in the axial region of the
measurement transducers, hence the sampling volume is known. The effect of confinement on
animal behaviour is not known, although visual observation by means of a low-light-level
underwater television camera suggests that the effect at times, as during swarming within the
cage, was negligible. The cage experiments reported by Kasatkina (1991) can be presumed to
have been similar, but insufficient detail is given in the reference to state this.

In summary here, at least several of the cited empirical data sources, represented in
Figure 1, are very likely biased.

6.3  Model Quality

Along with inaccuracies in the data are imperfections in the theoretical predictions.
These latter drawbacks can be categorised in terms of imperfections in:

(i) the deformed cylinder model itself;
(ii) simplifications in the modelling; and
(iii) the physical parameters used in the modelling.

The deformed cylinder model, which is inherently an approximate solution, has been
shown under some conditions to be most accurate when the scatterers are of very hlgh aspect
ratio (2 5:1 length to diameter ratio) and near normal incidence. Furthermore, any changes in
morphological properties must be slowly varying along the lengthwise axis. At end-on
incidence, the solution completely breaks down and predicts a zero response where, in fact, the
animal actually does scatter sound at that angle although very little. Application of the model to
krill is appropriate under some conditions. Certainly krill are elongated enough (L/2a ~ 8:1) to
satisfy the aspect ratio condition. Also, the dominant scattering features (outer boundary of the
animal) change slowly along its lengthw1se axis. However, one must be cautious when applying
the model to free swimming animals in sztu espemally if a substantial fraction of the angles of
incidence are far away from normal or “broadside”. If the echosounder and/or animals are
oriented in such a way such that the animal is never at broadside incidence, then it is likely that
predictions based on the model will tend to underestimate the scattering. Thus the model under
that condition would not be appropriate. If the mean angle of incidence is near broadside
incidence, the model would be most accurate, even if some of the angles are far from normal
simply because the more accurate near normal incidence values will dominate the other less
accurate lower values arising from far off broadside. In the modelling in this paper, the animals
were assumed to have a mean orientation within 40° of normal incidence which is the region in
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which the model is most accurate. Under this “best” condition of near normal mean incidence,
high aspect ratio body, and slowly varying features, error was introduced into the modelling due
to the natural approximations in the theory.

There are simplifications in the modelling of the animals. Modelling the animals as bent
cylinders with or without tapering and composed of homogeneous fluid material is a great
simplification of what one sees with the eye. Studies have indicated that acoustically the animals
do tend to behave like bent cylinders, but nonetheless the legs, shell and inhomogeneities of the
body volume were ignored in the modelling, rendering the model as being approximate at best.
It is not practical, of course, to include all body parts, but ignoring even small parts builds error
into the predictions.

In addition to imperfections of the mathematical aspect of the deformed cylinder
solution, the information regarding physical properties of the animals is flawed hence adding
another component of inaccuracy to the predictions. In order to make predictions with the
model, it is essential to know the distribution of shape and orientation of the body as well as the
density and speed of sound contrast of the material of the body. There are very few data
concerning the distribution of orientation and no specific information on shape. Also, the
information on material properties is extremely limited. All of these parameters have a profound
impact on the predictions, thus it is essential that one obtains the most reliable values of the
parameters for any predictions. In this article, the most reasonable values of distribution of
orientation and density and speed of sound contrast were chosen although for the most part
those parameter values did not involve the animals studied in the survey, hence introducing error.
The shape distribution was not known at all and effects due to changes in shape were totally
ignored causing more error. However, as mentioned before, simulations have shown that when
the predictions are averaged over orientation, the results are relatively insensitive to the degree of
bend. Hence the shape was held fixed at a reasonable mean bend.

While an exhaustive error analysis has not been performed with respect to uncertainties
in the above parameters, errors introduced by the uncertainties are large enough so that final
choice of the parameters must be tested by comparing predictions with scattering data whose
relevant parameters are known.

6.4 Other Data

While the empirical estimates of target strength in the article involve aggregations of
animals, it is useful to compare the results with crustacean zooplankton data collected in the
laboratory. Although the threshold bias is greater in this latter case and the animals are of
different taxa than krill, the results are quite revealing with respect to the basic physics of the
scattering process. The following paragraphs review the results of Wiebe et al. (1990) and Chu
et al. (1992) and compare the measurements and modelling to the results presented above.

Wiebe et al. (1990) measured the backscattering of 420 kHz sound by 43 live individual
macro-zooplankton and micronekton of various taxa, one of which was a euphausiid (Euphausia
pacifica). All animals were crustaceans except for two of the taxa and we will limit our
summary of their results to the crustaceans. The scattering measurements were conducted in a
cage filled with filtered seawater deployed off a dock at Friday Harbor, Washington. The
animals ranged in length from 5 to 90 mm. An attempt was made at maintaining the orientation
of the animals so that either their dorsal or ventral sides were facing the transducer. This was
aided by having anaesthetised all animals prior to the measurements and used an acoustically
transparent tether on the larger animals. Hundreds of pings per animal were recorded so that the
statistical nature of the target strengths could by analysed.

Complementing the research by Wiebe ez al. (1990) is the work by Chu er al. (1992)

where only two live individuals were involved (decapod shrimp - Palaemonetes vulgaris), but
using a broad band sonar that covered about an octave of frequencies (300 to 650 kHz). A chirp
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signal was used so that each animal could be insonified simultaneously with the entire range of
frequencies before it had a chance to change orientation. The measurements were conducted in
a seawater-filled laboratory tank at the Woods Hole Oceanographic Institution, Woods Hole,
Massachusetts. The animals were 13.5 and 19.8 mm in length and were anaesthetised and
tethered so that their dorsal side was facing the transducer. As a result of using a broad band
sonar and two different sizes of animals, ka, where a is the cylindrical radius of the animal,
spanned the values of two to six continuously. Since the amplitude of the echoes varied from
ping to ping due to changes in shape and orientation of the animals, many echoes were recorded
allowing a statistical analysis to be performed.

Figures 4 and 5 summarise some of the results from the studies of Wiebe et al. (1990)
and Chu ez al. (1992). All data involve averages over a number of pings as the animals changed
shape and orientation while at the same time maintaining a principal angle of orientation (mostly
via tethering) broadside to the incident acoustic signal. A truncated bent cylinder model in
which the modal series solution was truncated to include just the first two modes of vibration
was used to describe the Wiebe ef al. (1990) data. Regardless of model, both data sets show
that there is structure in the data, especially in the data collected by Chu et al. (1992). In the
latter data set, there is a distinct dip in the data at the ka = 2 and 3.5 values - the positions of
which are predicted by the fluid cylinder theory (the dips were confirmed in a more complete
experiment by Stanton ef al. (submitted (b)). The structure in the Wiebe et al. (1990) data set is
less pronounced although a dip is suggested in the ka = 2 region.

While the overall levels and/or general trends of these laboratory data sets may not
coincide exactly with the target strength estimates presented in Figure 1 (the reasons possibly
due to thresholding effects discussed earlier in this article and differences in animal type), the
structure exhibited in the laboratory data sets is important. In a figure not presented here
involving single (unaveraged) echoes, Chu et al. (1992) show that this dip can be quite distinct
and is sometimes as much as 30 dB below the levels of the scattering at surrounding values of
ka. In spite of the effects of averaging the echo over distributions of angle of orientation and
length which tend to “smear” out the nulls, there is still some residual dip that is of the order
5to 7 dB below the surrounding values. As shown in Stanton et al. (submitted (a)) the presence
of the dips is due to interference between the echoes from the front and back interfaces of the
animals. The smearing effect has been successfully modelled in Stanton et al. (submitted (b))
It is quite apparent from the laboratory studies that the TS/length relationship for zooplankton is
not monotonic.

7. SUMMARY, CONCLUSION AND RECOMMENDATIONS

An attempt has been made to specify the target strength of krill through reference to a
particular kind of measurement and by exercise of a scattering model. To avoid possible
threshold-induced bias with single-animal measurements, only measurements on aggregations
have been used. Many of these, however, have depended on physical sampling by trawl in order
to determine the number density of observed krill. Because of the generally unknown effect of
such sampling on the targeted animals, related acoustic measurements dependent on trawling
must be suspected. The data collected by Kasatkina (1991) and Watkins (1991) are not
considered further here because of their admitted or evident preliminary state of publication.
Only some of the cited empirical data sources thus remain as candiates for use. These are those
by Foote et al. (1990), Hampton (1990), and Cochrane er al. (1991). The measurement
methods described by Nakayama et al. (1986) and Watkins (1991) are also potentially valuable,
as would be the direct dual-beam or split-beam measurement methods, of which the first
split-beam measurements have recently been reported by Hewitt and Demer (1991).

Numerical computation by means of the theoretical scattering model (Stanton, 1989)
offers an attractive alternative to measurement, especially as the model is not limited to a
particular size or frequency range. However, the model does depend on a knowledge of the
animal’s physical properties, e.g., mass densities of and sound speeds in muscle and other
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tissue, in addition to morphometry. To relate the result of computations to measurements in the
wild, it is also necessary to know something about the orientation characteristics of krill during
the conditions of surveying. In the present work, values for the physical properties and
orientation distribution have been assigned according to independent measurements.
Unfortunately, the degree to which these parameter values are representative is unknown.

The authors thus find themselves in the classic dilemma of wanting to solve a problem -
specification of the target strength of krill - for which there are few plausible direct
measurements and for which a plausible theoretical model lacks basic data on its underlying
parameters, which are required for its proper exercise. A provisional resolution is, however,
suggested.

The empirical data collected by Foote et al. (1990) seem to escape the major problems
associated with many other data on krill target strength. The cited data apply strictly to encaged
E. superba. Hampton (1990) has performed extensive, comparative measurements on the same
species in situ and at the same frequencies of 38 and 120 kHz. The difference in target strength
at the two frequencies is the same for the measurements on encaged and wild aggregations.
Additional in situ measurements, performed at 50 and 200 kHz on Meganyctiphanes norvegica
by Cochrane et al. (1991), support the same general finding. Given that the model calculations
with averaging show a fair agreement with these measurements, the following conclusion is
drawn.

7.1 Conclusion

For the time being, in the absence of new data, the target strength of krill may be
determined from the curves shown in Figure 2. Since this displays the reduced target strength
as a function of ka, an absolute target strength must be derived for the particular application,
hence frequency and animal size, according to equation (3). Lacking more detailed data, the size
parameter @ may be determined from the measured total length L by the relation a =L/16.

To address the various shortcoming noted above, the following recommendations are
made for improved determinations of krill target strength in the future:

(i) measurements of the kinds reported by Foote et al. (1990), Hampton (1990), and
Cochrane et al. (1991) should be repeated for a wider range of animal sizes and
frequencies;

(i) measurements of the kind reported by Nakayama et al. (1986) should be
performed with particular care being given to the sampling volume of the second,
high-frequency, short-pulse transducer used to determine number density by echo
counting;

(iii) measurements should be made using dual-beam or split-beam echo sounding
systems;

(iv) the physical properties of krill should be measured: (a) whenever possible to
determine the range of variation in such properties and causative mechanisms; and,
(b) in conjunction with studies performed along the lines of recommendations (i)
to (iii); and

(v) the orientation and shape characteristics of krill should be determined whenever
possible, especially under conditions when the animal would be surveyed.
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Table 1: ~ Summary of empirical data involving aggregations of krill.

The target strengths are estimated from measurements of Sy, and p. v is echo sounder frequency, [
mean length, p number density, S, volume scattering strength, and TS estimated average target

strength,
Investigators | V (kHz)| [ (mm) | p (m3) Sy (dB) TS (dB) ka | RTS (dB)
Pieper (1979) | 102 17.0 1.14 -75.8 -76.4 0.47 -41.0
14.7 1.75 -74.3 -76.7 0.41 -40.0
16.0 2.26 -72.3 -75.8 0.44 -39.9
15.0 0.38 -79.2 -75.0 0.41 -38.5
18.0 3.29 -68.0 -73.2 050 1-38.3
174 6.38 -64.4 -72.4 0.48 -37.2
17.2 14.87 -66.0 -71.7 0.48 -42.4
18.6 8.33 -67.2 -76.4 0.51 -41.8
14.9 0.24 -78.3 -72.1 0.41 -35.6
16.6 1.25 -712.3 -73.3 0.46 -37.7
12.4 2.03 -80.3 -83.5 034 |-454
12.6 0.90 -79.0 -78.5 0.35 -40.5
14.1 0.32 -79.5 -74.6 0.39 -37.6
12.5 1.38 -78.1 -719.6 0.35 -41.5
11.6 1.10 -78.8 -79.8 0.32 -40.5
11.6 2.62 -76.5 -80.7 0.32 -42.0
18.2 0.17 -82.7 -75.2 0.50 -40.4
18.6 0.13 -83.2 -74.5 0.51 -39.9
Everson 120 44 12.5 -74.3 (day) |-85.3 1.43 -58.2
(1982) 37 8.61 -86.8 (night) | -96.2 1.20 -67.5
39 775 -78.9 (night) | -87.8 1.27 -59.6
37 11.48 -78.9 (night) | -89.5 1.20 -60.9
37 11.78 -78.9 (night) | -89.6 1.20 -61.0
Artemov 49.5 45 -84.3 0.60 -57.4
(1983)
Nakayama 200 420 50.0 -51.0 -68.1 | 227 -40.5
et al. (1986) 420 61.6 -50.4 -68.3 2.27 -40.8
Everson 120 16.8 -84.3 0.55 -48.8
(1987) 17 -84.2 0.55 -48.8
19 -83.3 0.62 -48.8
21 -82.4 0.68 -48.8
23 -81.6 0.75 -48.8
25 -80.9 0.81 -48.8
27 -80.2 0.88 -48.8
29 -79.6 0.94 -48.8
Shimadzu 200 47.48 -66.7 2.57 -40.2
et al. (1989)
Foote 38 394 4769 -84.1 0.41 -56.0
et al. (1990) 31.8 2365 -82.6 0.33 -52.6
33.8 3375 -82.8 0.35 -53.4
309 7231 -87.8 0.32 -57.6
30.1 3750 -83.6 0.31 -53.2
353 4404 -85.1 0.36 -56.1
32.2 13154 -85.5 0.33 -55.7
31.2 7567 -88.0 0.32 -57.9
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Table 1 (continued)

Investigators | V (kHz) | I (mm) | p (m?3) S,(dB) | TS(B) | ka | RTS (dB)
33.5 3827 -87.6 034 |-58.1
32.8 15317 -89.1 034 |-59.4
31.5 8173 -86.6 032 |-56.6
38.4 7846 -84.2 0.40 |-55.9
31.5 3788 -86.9 032 |-56.9
31.3 7635 -88.3 032 |-582
120 39.4 4769 -75.9 1.28 |-47.8
31.8 2365 -74.5 1.03 | -44.5
33.8 3375 -76.2 1.10 |-46.8
30.9 7231 77.3 1.00 |-47.1
30.1 3750 -74.6 098 |-44.2
35.3 4404 -74.8 1.15 |-45.8
322 13154 -75.6 1.05 |-45.8
312 7567 -76.5 1.01 |-46.4
33.5 3827 77.0 1.09 |-47.5
32.8 15317 -79.7 1.07 |-50.0
31.5 8173 -78.0 1.02 | -48.0
38.4 7846 75.4 125 |-47.1
31.5 3788
31.3 7635 -80.7 .02 | -50.6
Kasatkina 20 430 776.6 023 [-493
(1991) (cage) |47.1 71.3 026 |-44.7
46.5 -72.9 025 |-46.2
47.1 72.6 026 |-46.0
447 -75.2 024 |-482
44.0 -76.4 024 |-49.2
439 -76.2 024 | -49.0
453 724 025 |-45.5
453 -71.3 025 |-44.4
Kasatkina 20 44.7 -77.8 0.24 -50.8
(1991) (in situ) |49.9 -72.3 027 |-46.3
30 53.6 1.43 -69.7 -71.8 044 |-46.4
53.7 5.6 -67.7 -75.7 044 |-50.3
539 1.3 -74.3 75.4 0.44 |-50.0
54.2 0.14 -71.5 -69.0 0.44 |-437
47.3 3.6 72.5 -78.3 038 |-51.8
50.0 1.24 -70.0 -70.9 0.41 |-44.9
46.4 16.2 -70.3 -82.2 0.38 [-55.5
477 2.4 “11.7 75.5 039 |-49.1
38.1 3.49 74.7 -80.1 031 |-517
36.0 164.6 -60.3 -82.4 029 [-53.5
136 47.1 -68.1 1.73 | -41.6
46.5 -68.5 171 |-41.8
47.1 -68.1 173 |-415
46.4 -68.5 1.71 | -41.8
46.3 -68.9 171 |-422
47.1 -68.5 173 |-41.9
48.9 -67.9 1.80 |-41.7
45.9 -68.8 1.69 |-42.1
477 -68.1 1.76 |-41.6
45.1 -68.8 1.66 |-41.9
46.2 -68.5 170 |-41.8
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Table 1 (continued)

Investigators | V (kHz) | I (mm) | p (m3) S, (dB) TS (dB) ka | RTS (dB)
Watkins 120 40.0 31.5 -58.7 -73.6 1.30 | -45.6
(1991) 40.0 374 -57.9 -73.6 1.30 | -45.6

40.0 27.1 -58.1 -72.4 1.30 |-44.4
40.0 15.7 -59.2 -71.2 1.30 -43.2
40.0 25.1 -60.5 -714.4 1.30 |-464
40.0 13.0 -60.2 -71.3 1.30 |-43.3
40.0 14.7 -58.8 -70.4 130 |-42.4
40.0 185.7 -52.0 -74.6 1.30 | -46.6
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Backscatter data assembled from nine publications involving a variety of sonar types
and frequencies and a wide range of animal lengths.

The data were put onto the dimensionless scale of (average) reduced target strength versus ka for
comparison where a is the estimated radius of the thorax of animals. All target strengths were
estimated from volume scattering strength (typically involving overlapping echoes from multiple
individivals) normalised by the number of individuals (equation (9)). The number was estimated
fro(;n net data, echo counting, specimen counting, or in situ photography (more details in Table 1
and text).
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Figure 2: Examples of several sets of predictions using the bent tapered fluid cylinder
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superimposed on a subset of data from Figure 1.

These data are derived from the following sources: Artemov (1983), Nakayama et al. (1986),
Shimadzu et al. (1989), Foote ef al. (1990) and Watkins (1991). Each curve represents the
average scattering levels due to different animal behaviour where the average is with respect to
Gaussian distributions of tilt angle N[mean angle, standard deviation] and length [standard
deviation = 0.1 x mean length]. The integrations to calculate the averages spanned the range +2
standard deviations about the mean of each variable. The radius of curvature relative to the length
pc/L = 3.0 for each curve. The relative mass density and speed of sound of the animals was
assumed to be 1.0357 and 1.0279, respectively. The modal series solution is converged in each
case. The theoretical values of RTS were adjusted by adding 20 log (Lp/L) to them (Lp = total
length - length of telson, L = total length) to account for the fact that the thin telson most likely
does not contribute substantially to the scattering. Since the TS data were normalised by 20 log L,
the adjustment was required to compare similar scattering bodies. A value of Ly/L = 0.76 is used

for each curve.
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Figure 3: Backscatter data from Foote ef al. (1990) where the aggregation of animals was
encaged.

The entire set of data is shown with a single curve in the main portion of the plot while subsets
from single experiments are displayed along with best-estimate curves in the lower right corner.
Each pair of points represents data from the 38 kHz and 120 kHz systems. The distributions of
(mean angle, standard deviation) are (20, 20), (20, 20), (27, 27) and (30, 30) for the curve in the
main plot and upper, middle and lower curves in the inset, respectively. Most data pairs not
shown follow trends similar to those illustrated in the inset.
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Figure 4: Backscatter data at 420 kHz and model from Wiebe er al. (1990).

The data from 39 individual crustaceans of different sizes were averaged, plotted and compared
with the bent cylinder model. The modal series solution was truncated with the hypothesis that

the rough animals do not support higher modes of vibration.
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Figure 5: Backscatter data in the range 300 to 650 kHz from Chu ez al. (1992).

The data from two individuals of different sizes were shown from an average of 20 realisations.
The data illustrate the structure of the scattering regardless of the averaging process.
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Ta6auna 1:

PucyHox 1:

PucyHok 2:

PucyHok 3:

PucyHoOK 4:

Légende des tableaux

Récapitulation des données empiriques concernant les concentrations de krill.

Légende des figures

Données de rétrodiffusion provenant de neuf publications concernant différents
types et fréquences d'échosondeurs et un intervalle important de longueurs
d'animaux.

Exemples de plusieurs jeux de prédictions utilisant le cylindre de fluide coudé
et en fuseau, superposé a un sous-jeu de données de la Figure 1, a savoir celles
dérivées des sources suivantes: Artemov (1983), Nakayama er al. (1986),
Shimadzu et al. (1989), Foote et al. (1990) et Watkins (1991).

Données de rétrodiffusion de Foote et al. (1990) lorsque les concentrations
étaient en enceinte.

Données de rétrodiffusion a 420 kHz et modele de Wiebe et al. (1990) dans
lequel on a établi la moyenne, on les a tracées et comparées des données de
39 individus de crustacés de tailles différentes au modele de cylindre coudé.

Données de rétrodiffusion comprises dans 1'intervalle de 300 & 650 kHz de Chu
et al. (1992) dans lesquelles les données de deux individus de différentes tailles
sont présentées sur une moyenne de 20 essais.

Cnucok TabJuiL

Crogka SMINNUPpUUECKUX AaHHBIX, MOJMYUEHHbIX Ha CKONJIEHUSAX KpUJIid.

CnucoxK pyCyHKOB

HaHHBIE TTO AKYCTHUECKOMY PAacCEeUBaHUK U3 ZEBSITU my6JMKallU,
Kacaomuecs: psia TUNOB I'MAPOJIOKATOPOB, UX UACTOT U MHUPOKOro
AWara3oHa JJIUH XUBOTHBIX.

le/IMepr HECKOJIbKUX BapHMAHTOBR IIPOrHO30OB C UWCMNOJIb3OBaAHUEM
Zle(bOpMI/lpOBaHHOl"O OUWJIUHAPA, HaJ/JOXEHHbIX Ha UaCTUUHBIN Ha6op
AaHHbBIX U3 Pncym(a 1. Beisin HCTOJIb30OBaHBbI AaHHble CJEAYIIUX
aBTOpoOB: Artemov (1983), Nakayama et al. (1986), Shimadzu et al. (1989),
Foote et al. (1990) u Watkins (1991).

[aHHbIE MO aKyCTHUUECKOMY pacceHBaHHi U3 paboTel OYyT U Ap.
(Foote et al., 1990) - ckonJeHHe ocobell HaXoAUJIOCH B CaJIKeE.

Zla”HHbIe O AaKyCTUUECKOMY pacceuBaHHIW Ha uyactorte 420 xI'y M
Moze b U3 pa6otsl Bube u ap. (Wiebe ef al.,1990) - 6bls11 yCpeHEHD!,
HaHeceHbl Ha TrpadUK U CpaBHEHbBl C© MOJeJIbI pacceupaHUs
AepopMUpOBaHHBIX UUJIUHAPOM. /[laHHble MO 39 OTAE/bHbIM paukaM
PasHoOro pasMepa., '
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JaHHbIE MO aKyCTUUECKOMY pacCeUBaHUI B AuanazoHe 300 - 650 kI'l
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CALIBRATION OF AN ACOUSTIC ECHO-INTEGRATION SYSTEM IN A DEEP
TANK, WITH SYSTEM GAIN COMPARISONS OVER STANDARD SPHERE
MATERIAL, WATER TEMPERATURE AND TIME

D.A. Demer*! and R.P. Hewitt!
Abstract

This paper outlines the theory and procedures for calibrating an echo
integration acoustic system with a standard sphere. It presents the
results of an extensive calibration of a Simrad EK500 scientific
echosounder with a 120 kHz split-beam transducer in a refrigerated
10 m deep tank. Calibration parameters are studied in relation to sphere
material (WC and Cu), water temperature (0.5 to 5.5°C), transmitted
pulse length (0.1, 0.3 and 1.0 ms), target depth (0.8 to 7.5 m), and time
(149 days). The total range in TS gain, including the effects of
temperature, standard sphere and time, is 2.9 dB. Gain values calibrated
with the Cu sphere are, with the exception of the long pulse length,
lower than those from the WC sphere. The general trends are consistent
between So_ gain and TS gain. The total spread in S5_ gain, including
the effects of temperature, standard sphere and time, is 2.1 dB. Thus,
the accuracy of the standard sphere as a reference TS value, the pulse
length, the water temperature range, and equipment instabilities during
the duration of a survey can contribute significant errors to the accuracy
and precision of an echo integration acoustic survey. To minimise these
effects, the TS gain and S5_ gain parameters should be meticulously
measured, measured frequently, and matched to the pulse length used
and the water temperature in the survey area.

Résumé

L'auteur expose la théorie et les procédures d'étalonnage d'un systéme
d'écho-intégration acoustique avec une sphére standard. Il présente les
résultats de 1'étalonnage extensif d'un échosondeur scientifique Simrad
EK500 équipé d'un transducteur a faisceau fractionné de 120 kHz dans
un réservoir réfrigéré de 10 m de profondeur. Les parametres
d'étalonnage sont étudiés en fonction du matériau de la sphere (WC et
Cu), de la température de 1'eau (de 0,5 a 5,5°C), de la durée de la
pulsation transmise (0,1, 0,3 et 1,0 ms), de la profondeur de la cible (de
0,8 2 7,5 m) et de la durée (149 jours). L'intervalle total du gain TS,
tenant compte des effets de la température, de la sphere standard et de la
durée est de 2,9 dB. Les valeurs du gain calibrées avec la sphére de Cu
sont, sauf dans le cas de la durée de la pulsation, inférieures a celles de
la sphere de WC. Les tendances générales sont réguli¢res entre les gains
de S5 _et TS. L'étendue totale du gain de Sa_, y compris les effets de la
température, la spheére standard et la durée, est de 2,1 dB. Ainsi, la
précision de la sphére standard en tant que valeur de référence de
réponse acoustique, la durée de la pulsation, I'intervalle de températures
de l'eau et 1'instabilité de 1'équipement tout au long d'une campagne
peuvent contribuer a former des erreurs significatives en matiére de
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justesse et de précision d'une campagne acoustique par échosondages.
Pour réduire ces effets au minimum, les paramétres des gains de TS et
de Sp_devraient étre mesurés méticuleusement et fréquemment et
ajustés a la durée de la pulsation utilisée et & la température de I'eau dans
la zone concernée.

PesioMme

Hactosimasi pa6oTa oOnuchiBaeT TEOpUK U TNpoUeaypy
KaMUB6pOBKM aKyCTUUECKOI CUCTEMbl 3XO-WHTErpanuu ¢
MOMOUIbI0 CTaHAAapTHoro mapa. llpeacTaBieHbl pPe3yJabTaTbl
BCECTOPOHHEN KaJUGPOBKM HayuHOro 3xoJsoTa TUna CuMpajn
EK 500 ¢ noMon b npeo6pa3oBaTeJisi C pacilenJeHHbIM JIyuoM B
OXJaXJaeMOM caZike riaybuHoil 10 M. IlapaMeTpsl KaJu6pOBKU
H3yualTCd 10 OTHOUWEHHI0 K MaTepUaJy mapa, (BoJbppaMoOBbIi
Kap6ua - WC; u Meab - Cu), temneparype Boan (0,5-55°C),
NpPOAOJIKUTENbHOCTH nepeAaBaeMoro nyJabcea (0,1, 0,3 u 1,0 Mc),
riay6uHe HaxoxaeHus nean (0,8-7,5 M) U BpeMeHu (149 aHer).
06muit  aguanasoH TS-ycUJEeHUs, BKJOUAsA BJIMSTHU 1
TeMIlepaTypbl, CTAaHAapTHOr'oO Mapa U BpeMeHH, CocTarMsieT 2,9
AB. BesMUUHBI yCUJEHUS, KaJU6pOBaHHbBIE C MOMOU[bI0 apa U3
Cu, 3a HCKJIOUEHUEM AJUTEJIBHOIO MO NPOACXKHUTENBbHOCTH
HMIyJIbCa, HUXe UeM B ciaydae mapa u3 WC. O6uire TeHAeHIUH
Mexay Sa_ U TS-ycuJeHHeM 6blJIM noceA0BaTeNbHbIMU. O6m Uit
AUANa30H SA -YCUJEHUd, BKJOUAsT BJIMSAHUS TeMIEPATYpHI,
CTaHJapTHOI'O Hapa U BpeMeHH, cocTaBasieT 2,1 1B, Taxum
o6pa3oM TOUHOCTb CTaHZapTHOro mapa KaK KOHTpOJbHOE
3HaueHue TS, MNpPOAOJ/IKUTEJNbHOCTb IIyJbCa, AUANa3OH
TEMIEPATYPbl BOAB U HEYCTOMUUBOCTb NPUOGOPOR BO BpEMs
CbEMKU MOI'YyT NMPUBECTU K AOMYI[EHUI0 3HAUUTEJbHBIX OMHBOK
B TOUHOCTH aKyCTHUECKOI CbEMKU C HCHOJb30OBAHUEM 3XO-
HHTerpauuM, B Henssix cBeJeHUsT K MUHHMYMY TaKux
NnocJaeJACTBUIL  cJjeAyeT THAaTeJbHO M UaCTO UIMEPSTH
napaMeTpnl TS M SA -ycu/JeHUss U JeJiaTb TMOMNPaBKY Ha
HCNOJIb3Y EMYI0 PO AOJIXHUTENbHOUTD UMNyJabca 12
TEMINEPATYpPY BOAbI B palioHe CbeMKU.,

Resumen

En el presente trabajo se describen la teorfa y 1a préictica de la calibracién
de un sistema de ecointegracién acistica con una esfera estindar. Se
explica la calibracién de un ecosondas Simrad EK500 con un transductor
de haz doble a 120 kHz, en un tanque refrigerado de 10 m de
profundidad. Se han estudiado los pardmetros de calibracién respecto
del material de la esfera (WC y Cu), temperatura del agua (0.5 a 5.5°C),
duracién del impulso transmitido (0.1, 0.3 y 1.0 ms), profundidad del
blanco (0.8 a 7.5 m), y tiempo (149 dias). El valor total de TS gain, que
comprende el efecto de la temperatura, la esfera estdndar y el tiempo, es
2.9 dB. Los valores de ganancia calibrados con la esfera de Cu son
menores que con la esfera WC, exceptuando el impulso mds largo. Los
valores de Sp_gain y TS gain son coherentes. La amplitud total de
Sa_gain, incluyendo el efecto de la temperatura, esfera estindar y
tiempo, es 2.1 dB. Por consiguiente, la precisién de la esfera estdndar
como valor de referencia de TS, duracién del impulso, gama de



temperatura del agua, y la variabilidad instrumental durante la realizacion
del estudio pueden ocasionar errores importantes en la prospeccién
acustica ecointegrada. Para reducir este efecto, los pardmetros de TS
gain y de Sp_gain deberdn medirse con cuidado y frecuencia,
ajustdndolos a la duraci6n del impulso y a la temperatura del agua de la
zona.

1. INTRODUCTION

Successful management of fisheries invariably requires accurate information about fish
size, distribution and abundance. To acquire this information over large survey areas, echo
integrating instruments are commonly used. Hydroacoustic instruments are attractive to
researchers due to cost, survey speed and apparent ease of data analysis. However, a practical
application of echo integration theory requires a meticulous and cautious interpretation of the
data with respect to the many theoretical assumptions. The main contributions of bias in an
echo integration acoustic survey are due to errors in calibration and target strength
measurements (Tesler, 1989). Therefore, if a quantitative hydroacoustic study is to produce
results of adequate accuracy, a highly accurate calibration is necessary.

Outlined first is a currently accepted methodology for calibrating a hydroacoustic system
with a standard sphere (Johannesson and Mitson, 1983). The theory and procedures have been
adapted to the Simrad EK500 scientific echosounder, a commonly used instrument in fish stock
assessment. Both the electrical and acoustic parameters pertinent to the calibration are defined.
Then, the results of an extensive calibration experiment, performed in a deep tank, are presented.
Possibilities for improving the calibration equipment and procedures are suggested. Finally, the
ramifications of the results on the accuracy of a hydroacoustic study are discussed.

2. CALIBRATION

Calibration is the process of standardising a measuring instrument. Typically it is
performed by determining the deviation from a standard so as to ascertain the proper correction
factors. In the context of hydroacoustic instruments, a popular method of calibration is to
insonify a standard target on the beam axis and at a prescribed depth, calculate the difference
between the standard and the measured target strength (TS), and adjust the system gain
parameters to compensate for the discrepancy. Spherical standards are commonly used for
fisheries calibration because the TS remains stable, they are independent of orientation, and no
additional electronic equipment is required (Blue, 1984). Furthermore, the method is repeatable,
thus allowing performance changes for the entire system to be monitored over time.

In order to realise the potential accuracy of the standard target technique, considerable
care must be taken to position the target on the acoustic axis of the survey transducer (Robinson,
1984). Then, unless the beam pattern is known, the resulting calibration refers only to the axis.
Knowledge of the transducer beam pattern permits relative gain compensation algorithms to be
effected off axis. Calibration should be performed under the complete range of operating
conditions and equipment settings. It should be performed with no effect from the water
column boundaries so that only spherical waves reflecting from the target return to the
transducer. The water should be homogeneous and isotropic. The water temperature and
salinity should be measured to correct for absorption losses. The standard target must be held
stable, but spatially adjustable, in the acoustic far-field.

2
far-field > 2%
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where L is the longest dimension of the transducer face and A is the wavelength of the
transmitted pulse. The factor of two is commonly included in quantitative acoustics to be certain
of far-field operation. Finally, the ambient noise level must be low.

Standard targets are solid elastic spheres typically made from tungsten carbide or high
purity copper. The sphere diameter is selected to provide a desired target strength and to
minimise the temperature dependence on TS. Operating at 120 kHz, the optimal sphere diameter
for commercial, high purity copper was suggested by a preliminary investigation to be
30.05 mm (Foote, 1981). Improved knowledge of the elastic properties has recently enabled
better sphere designs (Foote, personal correspondence). Electrical grade copper (Cu) resists
corrosion in sea water and is inexpensive and machineable (Foote, 1984a and b). Tungsten
carbide (WC) is extremely hard and therefore has highly elastic acoustic characteristics. Due to
its extreme hardness, it is sintered into a spherical shape rather than machined. Consequently,
the diameters of WC spheres are commonly more precise than those of Cu spheres.

To suspend and move the sphere in the beam, a typical set-up includes multiple
monofilament lines connected to the sphere and manipulated using fishing reels, stepping
motors, or similar apparatus. Attaching the lines to the sphere without affecting its acoustic
properties is difficult, but a fine mesh nylon bag or monofilament net is commonly used.
Before deploying, the surface of the sphere should be cleaned and deaerated in a solution of
soap and fresh water.

Calibration data is normally supplied with a new transducer. This data usually includes
the leakage resistance, beam pattern, beam width, impedance, directivity index, transmitting
response, receiving sensitivity, and electro-acoustic efficiency. The manufacturer may test the
transducer in a configuration completely different than that used in the actual deployment. It
may be tested with a different transmission cable length, mounting configuration, water
temperature and salinity, transmitted power, and/or pulse length. The electrical and material
properties of the transducer are susceptible to changes over temperature and time.

Ideally, all of the calibration parameters should be re-checked under the actual operating
configuration, over the entire range of anticipated survey settings and conditions, and as often as
possible. In usual practice, however, only the leakage resistance, beam axis and beam width are
tested explicitly while the remaining factors are either accepted from the manufacturer’s
specifications (beam pattern, effective beam width and directivity index), or lumped into the
system gain settings (impedance, transmitting response, receiving sensitivity, and
electro-acoustic efficiency).

Leakage resistance refers to the sum of electrical resistances between the hull of the ship
and the transducer cable screen and between the individual transducer leads and the cable screen.
These resistances should be measured with the deck and/or towing cable(s) attached to the
transducer. Leakage resistance values should be many MQ. A low leakage resistance may
cause excessive noise due to ground loops. The resistance of the transducer (single-beam), or
each transducer section (dual- or split-beam), should also be checked between each pair of
transducer leads. Transducer resistances should be measured at all accessible points along the
connecting cable (i.e., pig-tail, winch slip-rings, back of echosounder, etc.). If repeated
frequently, these measurements will warn of connectivity problems - a concern particularly in
towed systems.

To measure the beam width, TS data should be collected from the on-axis signal level of
the main lobe to a level less than 6 dB down in both alongship and athwartship directions
(Simmonds, 1984a and b). A two-dimensional polynomial is fit to these data to approximate the
angle between half power points and to determine the offset angles of the beam axis. Another
method of estimating beam angles and offsets is to fit a surface of TS data points to a modified
Bessel function (Ona, 1990).
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The impedance, transmitter response, receiving sensitivity, and electro-acoustic efficiency
are typically measured collectively while calibrating with a standard sphere to adjust the overall
system gain. The EK500 processes the signal digitally immediately following the receiver front
end. Therefore, changes in gain are effected by altering software parameters (TS gain and
volume scattering strength gain, Sv gain), rather than an analog gain.

To be thorough, the transducer impedance, transmitter frequency, pulse length, pulse
repetition rate, and transmitted power can also be tested. The impedance of the transducer
should be measured in the survey configuration (i.e., all connecting cables, slip-rings, etc.
attached). Transducers made of piezoelectric ceramic materials are capacitive, and the impedance
has one maximum at the nominal resonance frequency. Ideally they are tuned at this frequency,
using a coil and transformer, to be purely resistive. Practically, however, the complex impedance
of the cable plus transducer will exhibit some phase difference between the voltage and the
current. Although the impedence of transducers is usually tuned in the factory to be 60 Q at the
nominal operating frequency, the true impedance with the cable attached may be significantly
different.

As electronic settings drift over time, the transmitter operating frequency, pulse length
(PL), and pulse repetition rate (PRR) may also move outside the specified limits. However, Foote
(1981) measured the effect of modulating the centre frequency and the transmit pulse duration
by +1% and +0.5 ms to total less than +0.05 dB on the TS of one sphere.

3. EQUIPMENT AND PROCEDURES

An extensive calibration was performed on a Simrad EK500 echosounder with a 120 kHz
split-beam transducer in a deep tank facility at Scripps Institution of Oceanography (Figure 1).
Calibration parameters were studied in relation to sphere material (WC and Cu), water
temperature (0.5 to 5.5°C), transmitted pulse length (0.1, 0.3, and 1.0 ms), target depth (0.8 to
7.5 m), and time (pre- and post-cruise). The calibration was in preparation for an acoustic
survey of Antarctic krill (Euphausia superba) in a study area around Elephant Island.

The deep tank is a cylindrical steel structure, approximately 10 m deep by 3 m in
diameter. It was filled with ocean water pumped from the end of Scripp’s pier. A pump and
refrigeration unit allowed the water inside the tank to be chilled from ambient ocean temperature
(~15°C) t0 0.5°C. A second pump was used to vertically circulate the tank water, keeping it well
mixed so that temperature strata would not develop. The outside of the tank is fully insulated
and fitted with multiple observation ports. Before each set of measurements, a calibrated
thermistor (YSI 44008 30K) was used to profile the tank temperature at 1 m depth intervals
from the surface to 10 m. Uniform temperature profiles (target temperature (T;) +0.2°C) were
achieved over most of the tank (2 to 10 m). The temperature of the surface water (0 to 2 m)
varied from the T#£0.2 to T£1°C depending on the time of day.

The main components of the acoustic system included a Simrad echo integration system
(EK500), a UNIX work station for postprocessing (Sun Sparc Station 1+), and a Simrad 120 kHz
split-beam transducer (ES120). The transducer was tethered radially with three nylon cords in
the centre of the tank at a depth of 0.5 m. It was connected to the EK500 through a 50 m towing
cable, a 13-conductor slip-ring set, and a 75 m deck cable.

The acoustic characteristics of a 33.17 mm (specified as ~33 mm) WC sphere from
Biosonics and a 30.05 mm (specified as 30.05 mm) Cu sphere from Simrad were compared
versus temperature, pulse length, and time. In successive trials, each sphere was suspended and
controlled by three monofilament lines connected to three fishing reels. The lines were attached
to the WC sphere by a monofilament knotted bag and to the Cu sphere by a loop of
monofilament nylon affixed into a single shallow bore. The effect of the bore is still
undetermined in the case of the 120 kHz echosounder (Foote, 1981).
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The nominal equipment and environmental parameters were:

Transducer model: Simrad ES120 (split-beam)
Frequency (kHz): 119.047 (centre)

Pulse Length (ms): 0.1 short, 0.3 med, 1.0 long
Pulse Rep. Freq. (Hz): 1

Bandwidth (kHz): 12.0 (Wide), 1.2 (Narrow)
Transmit power (kW): 1 (Normal)

Angle Sens. (deg.): 17.0

2-Way Beam Angle (deg.): -18.5

3-dB Beamwidth (deg.): 9.0

Sample Distance (cm): 3

Sampling Freq. (kHz): 50

Nom. Water Temp. (°C): 5.5,5.0,3.5,3.0,1.0,0.5
Salinity (%o): 34.0 (x0.5)

A wide receiver bandwidth was used with the short and medium pulse lengths and a
narrow bandwidth was used with the long pulse length. For all three pulse lengths, the noise
margin was 0 dB, the depth range was 10 m, and the time varied gain (TVG) was set to 40log(r).

Temporal variations were evaluated by repeating parts of the experiment pre- and
post-cruise. The pre-cruise calibration experiments were conducted from 16 to 19 November
1991, and the post-season experiments were performed from 17 to 18 April 1992, a 149 day
separation.

4. DATA ANALYSIS

To determine the centre of the main lobe and to estimate the effective beamwidth,
pre-cruise TS measurements were recorded from the WC sphere at 5+1 m depth, over £6.0°
alongship and athwartship angles, and at 0.5° C (Figure 2). By maintaining near zero offset
(+1°) in one of the two directions, the alongship and athwartship data were independently fitted,
in the least squares sense, with second-order polynomials.

2
Tsalongship = 0.40®a_longship - O.ll@alongship - 44'23

2
TS snwartship = 0°38®athwartship — 0.010,warship — 44.27

The maximum value of these equations provides a good estimate of the beam axis
location. Therefore, the beam is centred at -0.1° alongship and 0.0° athwartship angles. The
echosounder was adjusted for this slight offset. Since a target was measured, rather than a
microphone, the total gain is a product of the transducer's transmit and receive gains. Therefore,
solving the equations for the -6 dB points indicates a beam widths of 7.8° and 7.9° alongship
and athwartship, respectively. The vendor specified beamwidth at half-power points for this
transducer is a symmetrical 9.4°. However, since the measurements of angle are made by the
same sounder as is calibrated, the actual beam width and the measured beamwidth may differ.
In fact, the angle sensitivity parameter, or the conversion factor between electrical and mechanical
angles, will change the measured beam width.

The theoretical near-field / far-field transition distance is approximately 1.02 m from the
transducer (A= 1.25 cm, L = 8 cm). Pre-cruise TS measurements taken from the WC sphere at
0.5°C and distances of 0.8 to 7.5 m confirmed that transition occurs at a distance of
approximately 1.1 m (Figure 3). Beyond the transition range, however, the maximum target
strength values taken on-axis had a large range of 1.1 dB (-43.9 to -42.8 dB). It is unclear
whether this spread is inherent in the system and target or if the Deep Tank boundaries are
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causing significant reverberation from the side-lobes. Range uncertainty, due to the 3 cm
sampling distance, may also be suspect. To minimise the effect of this variation, a constant
target depth of 5 m was chosen for the remainder of the measurements.

The target strength measurement (TS) is based upon the maximum sample value of the
standard sphere echo:

TS

measured TSsphere

2

TS gain,., = TS gaingy +

TS gaingg was held at a constant reference value of 23.0 dB throughout all of the testing. The
TSsphere Values are from the vendor supplied data sheets at the appropriate sound velocity.
Biosonics claims the TS accuracy to be within 0.2 dB for pulse lengths of 0.5 ms or more.
Simrad’s data sheet (TS versus sound velocity) included no claim about accuracy. The sound
velocity was calculated at each temperature and at a depth of 5 m and a salinity of 34%
(Mackenzie, 1981). TScomp Values are the maximum sample values of the echo from the sphere,
taken on-axis (Table 1 and Figure 4). On-axis stability decreased with increasing pulse length.
Therefore, if no data were collected exactly on axis, the nearest data to the axis were used after
being multiplied by a beam pattern compensation factor.

There is a possible trend of increasing TS gain values with increasing pulse length (PL).
This trend is consistent between the short and medium PL gains. However, with the small
number of data points and the possible range of TSsphere values (0.4 dB) , this cannot be stated
with any certainty. The gain values associated with the long PL have the greatest variance.
TS gain exhibits a flat, if not slightly increasing trend over the 5°C temperature range. This is
consistent with the observation by Foote (1984a and b) who reported the TS of a tungsten
carbide and a copper sphere to vary by +0.2 dB and 0.1 dB from 0 to 30°C, respectively.
TS gain values were higher for short PL than for medium PL. The total spread in TS gain,
including the effects of temperature, standard sphere and time, is 2.9 dB.

Gain values calibrated with the Cu sphere are, with the exception of the long PL, lower
than those from the WC sphere. Since the WC sphere diameter was slightly larger than specified,
the true TSgphere may be different from that reported by Biosonics. Foote (1984) calculated the
effect of a £0.1 mm variation in sphere diameter to be £0.02 dB on TS. This corresponds to an
increase of TSsphere by approximately 0.04 dB.

The integrated backscattering area (Sp) is based upon integrated and averaged echo
samples. The theoretical value, used as a calibration reference, is:

_ 4mrgo,,(1852m / nm)?
Atheory - \_I;r2

where rq is the standard reference distance for backscattering (1 m), oy, is the backscattering
cross-section of the sphere, ¥ is the equivalent two-way beam angle, and r is the target range.
The calibrated integration gain is:

1Olog(SAmeasured /SAtheory )
2

SA_ gainpey = SA_ gaingg +

S Ameasured 18 the average of three or more measurements taken while the target sphere was stable
on the beam axis (0.2 for short, 0.4° for medium, and +1.0 degree for long PL).

The general trends are consistent between So_ gain and TS gain (Table 2 and Figure 5).
Again, the gain values for the medium PL are consistently higher than those for the short PL,
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those associated with the long PL have the greatest variance, and the values for the Cu sphere are
generally lower than those from the WC sphere. The total spread in S5 gain, including the
effects of temperature, standard sphere and time, is 2.1 dB, i.e., 0.8 dB less than the total range
of TS gain.

Resistances (Q) of the deck-cable, slip-rings, tow-cable, and transducer quadrant were:

Quadrant: 1 2 3 4
Pre-cruise: 8.5 8.4 8.4 8.4
Post-cruise: 8.9 8.8 8.9 8.9

All leakage resistance values were greater than 32 MQ both pre- and post-cruise.

Summarising, the ranges of both the TS gain and the S5 gain have been tabulated versus
temperature (5.5 to 0.5°C), time (~149 days), and sphere material (WC, Cu) for each of the three
pulse lengths (Table 3). Over the 5°C temperature spread, the ranges of TS gain and S5 gain
were greatest for the long PL (1.2 and 1.1 dB, respectively). This may be due to second echo
interference or reverberation from the tank walls. Both TS gain and S5 gain were consistently
higher for short PL than for medium PL. Temporal drift of the system calibration ranged from
-0.1 to -1.3 dB for TS gain and -0.2 to -1.2 dB for S5_ gain, including the effects of PL and
standard sphere. In general, the drift in gain increased with increasing pulse length and all of the
changes were negative. The increase in resistance for each quadrant is consistent with the latter
observation. TS gain and S5_ gain differed between spheres by as much as 1.5 and 1.0 dB,
respectively.

5. DISCUSSION

Foote et al. (1984a and b) stated that precision calibrations to within 0.5 dB are possible
by means of standard calibration spheres. Assuming an accuracy of 0.5 dB for calibration with
a standard target, the error of estimating mean target strength will be 1 dB (Tesler, 1989).
Robinson and Hood (1984) asserted that if the specifications of the best currently available
equipments are used, and assuming that the equivalent beamwidth can be measured to 0.1 dB, it
is currently only possible to state that an acoustic system can be calibrated to within £0.6 dB
(95% confidence). He stated that the acoustic absorption coefficient is not known to better than
45 dB/km at 120 kHz. Thus, calibration accuracies at a range of 50 m, influenced by this
parameter alone, can be no better than +0.5 dB. At greater ranges, the biases are proportionally
larger (Robinson, 1984).

The results of this experiment indicate that variations in PL, time and choice of standard
sphere can cause corresponding variations in the system gain of 1.2, 1.3, and 1.5 dB,
respectively, all else being equal. Therefore, while using a currently accepted procedure for
calibrating, a commonly used echosounder and a short pulse length, the error in mean target
strength estimates of animals in 0.5°C water could be as high as 3.0 dB. This error due only to
one's choice of calibration sphere.

However, the reader should note that multiple changes in the experimental equipment and
procedures may provide less troubling results. For instance, if the ES120 transducer is used, an
angle sensitivity of 15.7 is a better factor to match the mechanical angles with the measured
phase angles (Ona, personal correspondence). Simrad currently supplies a 23.0 mm Cu sphere
with a nominal TS of -40.5 dB to calibrate at 120 kHz. This sphere exhibits a smaller TS change
with temperature. If WC is to be used, Foote (personal correspondence) currently recommends a
38.1 mm diameter sphere. Also, if calibrations are performed in a tank, the sphere should be
suspended just outside the near-field/far-field transition zone. A closer range than used
throughout these experiments may reduce or eliminate the effects of side-lobe and second-echo
reverberation from the tank boundaries.
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6. CONCLUSIONS

Calibration of an echo integration system for use in biomass estimation is critical for
understanding and quantifying the accuracy and precision of the resulting measurements. The
calibration must be performed with the system configuration used during the survey and over
the range of equipment settings used and water temperatures encountered during the survey.
The calibration should be repeated at least twice, before and after the survey. The results of the
calibration should be included in the statistical analysis of the biomass estimates.

The accuracy of the standard sphere as a reference TS value, the pulse length, the water
temperature range, and equipment instabilities during the duration of a survey can contribute
significant errors to the calibration accuracy of an echo-integration acoustic system. To
minimise the effects of these parameters on the accuracy and precision of an acoustic survey, the
TS gain and So_ gain parameters should be meticulously measured, measured frequently, and
matched to the pulse length used and the water temperature in the survey area. Furthermore,
additional comparative studies should be performed to understand the practical, opposed to
theoretical, accuracies and precisions of the two most commonly used calibration sphere
materials (WC and Cu). Particular attention should be paid to variations in calibrated gains
versus water temperature.
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Table 1:  Calibration data for TS gain.

Date Sphere  Pulse  Temp. TScomp Depth  Along Athwart Sound TS TS
Mat.  Length (©) (dB) (m) (deg)  (deg.) Speed sphere gain

(ms) (m/s) (dB) (dB)

11/16/91 WC 0.1 55 -42.5 5.1 0.0 0.0 1514 -40.7 2.1
11/16/91 WC 03 55 -429 5.1 0.0 0.0 1514 -40.7 219
11/16/91 WC 1.0 55 -412 52 0.0 15 1514 -40.7 228
11/1691 WC 0.1 5.0 -42.7 5.1 0.0 00 1512 -40.7 220
11/16/91  'WC 0.3 50 -43.2 5.1 0.0 0.0 1512 -40.7 218
11/16/91 WC 1.0 50 -41.7 52 -02 00 1512 -40.7 22.5
11/17/91 WC 0.1 3.0 -42.6 52 0.0 0.0 1503 -40.6 220
11/17/91 WC 03 3.0 -43.1 52 0.0 00 1503 -40.6 21.8
11/17/91 WC 1.0 3.0 -41.2 53 0.0 0.0 1503 -40.6 22.7
11/17/91 WC 0.1 25 -42.6 52 0.0 0.0 1501 -40.6 22.0
11/17091 WC 03 2.5 -432 52 0.0 0.0 1501 -40.6 21.7
11/17/91 WC 1.0 2.5 -43.4 53 0.7 03 1501 -40.6 216
11/1891 WC 0.1 1.0 -42.9 52 0.0 00 1495 -40.6 219
11/18/91  WC 03 1.0 -43.0 52 0.0 0.0 1495 -40.6 218
11/18/91 WC 1.0 10 -43.0 53 0.0 02 1495 -40.6 21.8
11/19/91 WC 0.1 0.5 -434 5.1 0.0 0.0 1492 -40.6 216
11/19/91  WC 03 0.5 -43.6 5.1 0.0 0.0 1492 -40.6 215
11/19/91  WC 1.0 05 -42.5 53 0.0 0.0 1492 -40.6 221
04/18/92 WC 0.1 0.5 -43.7 5.1 0.0 0.0 1492 -40.6 21.5
04/18/92 WC 0.3 0.5 -439 5.1 0.0 0.0 1492 -40.6 214
04/18/92 WC 1.0 05 -43.1 52 0.0 05 1492 -40.6 218
11/19/91 Cu 0.1 0.5 -414 5.1 0.0 00 1492 -36.2 204
11/19/91 Cu 03 05 -40.2 5.1 0.0 0.0 1492 -36.2 210
11/19/91 Cu 1.0 0.5 -38.2 52 0.0 0.0 1492 -36.2 220
04/18/92 Cu 0.1 05 -42.3 50 0.0 00 1492 -36.2 20.0
04/18/92 Cu 03 0.5 -42.4 5.0 0.0 00 1492 -36.2 199
04/18/92 Cu 1.0 0.5 -409 5.1 0.7 03 1492 -36.2 20.7
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Table 2:

Data used to calculate calibrated So_ gain.

Date Sphere Pulse Temp. Depth Sa_ Sa_theory S, gain
Length (c) (m) measured (m2/nm?) (dB)
(ms) (m?/nm?)
11/16/91 wC 0.1 55 5.1 6155.0 9318.6 22.1
11/16/91 wC 0.3 55 5.1 5541.0 9318.6 219
11/16/91 wC 1.0 55 52 4534.0 8963.7 21.5
11/16/91 wC 0.1 50 5.1 5907.0 9318.6 220
11/16/91 wC 0.3 50 5.1 5346.0 9318.6 21.8
11/16/91 wC 1.0 50 52 7402.0 8963.7 22.6
11/17/91 wC 0.1 30 52 5829.0 91724 220
11/17/91 wC 0.3 30 52 5536.0 91724 219
11/17/91 WwC 1.0 30 53 4436.0 8829.6 21.5
11/17/91 wWC 0.1 2.5 52 5972.0 91724 22.1
11./1791 wC 0.3 2.5 5.2 5089.0 91724 21.7
11/17/91 wC 1.0 2.5 53 5738.0 8829.6 22.1
11/18/91 wWC 0.1 1.0 52 5779.0 91724 220
11/18/91 wC 03 1.0 52 5407.0 91724 219
11/18/91 wC 1.0 1.0 53 6057.0 8829.6 222
11/19/91 wC 0.1 0.5 5.1 5359.0 9535.7 21.7
11/19/91 wC 03 0.5 5.1 5164.0 9535.7 21.7
11/19/91 wC 1.0 0.5 53 4758.0 8829.6 21.7
04/18/92 wC 0.1 0.5 51 4767.0 9535.7 21.5
04/18/92 wC 0.3 0.5 5.1 4627.0 9535.7 214
04/18/92 wC 1.0 0.5 52 2947.0 9172.4 20.5
11/19/91 Cu 0.1 0.5 5.1 10086.0 26263.4 20.9
11/19/91 Cuo 0.3 0.5 5.1 10202.0 26263.4 209
11/19/91 Cu 1.0 0.5 52 11959.0 25263.0 214
04/18/92 Cu 0-.1 0.5 50 8709.0 27324.5 20.5
04/18/92 Cu 0.3 0.5 5.0 9039.0 27324.5 20.6
04/18/92 Cu 1.0 0.5 5.1 10417.0 26263.4 210
Table 3:  Ranges in gain over sphere material, pulse length, water temperature, and time.
Ranges over temperature: Ranges over spheres: Ranges over time:
TS gain: TS gain: TS gain:
0.1ms 03ms 1.0ms 0.1ms 03ms 1.0ms 0.1ms 03ms 1.0ms
wC 0.5 04 12 wC 01 -01 03 Pre 12 0.5 0.1
Cu 04 -11 -13 Post 1.5 0.5 1.1
Sa_gain: Sa_gain: Sa_gain:
0.1ms 03ms 1.0ms 0.1ms 03ms 1.0ms 0.1ms 03ms 1.0ms
wC 04 0.2 1.1 wC 02 03 -12 Pre 0.8 0.8 0.3
Cu 04 03 04 Post 1.0 0.8 0.5
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REVIEW OF LENGTH-WEIGHT RELATIONSHIPS FOR ANTARCTIC KRILL

V. Siegel*

Abstract

Length-weight relationships for krill, Euphausia superba (as well as
relationships for other Antarctic euphausiid species), are listed for
ash-free dry weight, dry weight, and wet weight. The accuracy of
length-weight relationship calculations is improved when information
on sex and dominant maturity stages is taken into account. The
influence of seasonal changes on length-weight relationship parameters
is discussed. Recommendations for possible uses of reviewed
length-weight relationships are presented.

Résumé

Les relations longueur-poids du krill, Euphausia superba, (ainsi que les
relations relatives aux autres especes d'euphausiacés antarctiques) sont
données pour le poids sec sans cendres, le poids sec et le poids
humide. Toute information sur le sexe et les stades de maturité
dominants permet d'améliorer la précision des calculs des relations
longueur-poids. L'influence des variations saisonniéres sur les
parametres des relations longueur-poids fait 1'objet d'une discussion.
Des recommandations sont présentées pour les utilisations possibles
des relations longueur-poids révisées.

PeswmMe

OTHomeHUst "AnuHa/Bec” aust Kpuasi, Euphausia superba, a. Taxxe
AJs1 Apyrux BUJOB aHTAapKTHUeCKUX 3Bday3uuj, AaHbl MO
KaTeropusiM 6e330JIbHOTO CYyXOI'0 Be€Ca, CYXOro Beca U
Mokporo Beca. IIpuHaTUEe BO BHHMaHHe UWHPoOpMaUUU O
MOJIOBON  NPHHAAJEXHOCTH W  JOMHUHAHTHBIX  CTaAUSIX
MOJIOBO3PEJIOCTU yJayuumaeT TOUHOCTDb BbIUMCJIEHUN
OTHOWmMEHUN "AJUHa/Bec”., O6CyXJaeTCcs BJMUSTHUE CE30HHBIX
N3MeHeHUW B napaMmerpax “AavHa/Bec”. [laeTrcss  psiA
peKoMeHAal Ui MO HUCIOJIb30OBAHUK NPUBEJAEHHBIX OTHOMEHUH
" AJIHa/Bec”,

Resumen

Se presenta una lista de las relaciones talla-peso para el kril, Euphausia
superba (asi como las relaciones para otras especies de eufdusidos
antdrticos), en funcién del peso seco sin ceniza, peso seco, y peso
himedo. Los célculos de estas relaciones son mds fiables cuando se
toman en cuenta la informacién sobre sexos y las fases de madurez
predominantes. Se discute la influencia de los cambios estacionales en
las variables de la relacién talla-peso y se dan recomendaciones para el
posible empleo de las relaciones talla-peso revisadas.

Institut fiir Seefischerei, Palmaille 9, 2000 Hamburg 50, Germany
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1. INTRODUCTION

A knowledge of length-weight relationships of aquatic organisms is useful for a variety
of studies related to fisheries biology. Biomass and production estimates from net samples and
hydroacoustic surveys are expressed as wet weight and are derived from length frequency data.
Physiological studies usually convert length into dry or ash-free dry weight. Length
measurements can easily and rapidly be carried out on board vessels during surveys, while a
direct precise measurement of weight of sorted species or specimens is often difficult and
time-consuming. Various length-weight relationships have been established over the years for
Antarctic krill Euphausia superba, but this information is widely spread throughout published
scientific literature.

A comprehensive assessment of length-weight relationships has already been carried out
by Morris et al. (1988), who also investigated the importance of maturity stages in improving
the precision of calculating weight from length data. Since Morris et al. (1988) did not consider
possible seasonal variations in weight, it would be helpful to summarise published
length-weight relationships from the point of view of their seasonal variations.

2. DISCUSSION

Tables 1 to 4 summarise the available length-weight relationships for E. superba by
season and contain information on the dominant maturity stages of krill. Table 5 lists the few
data available for other Antarctic euphausiids. Most length measurements were made using
total length AT (front of the eye to the tip of the telson), while other length categories are
indicated in the respective tables. Another length measurement sometimes used is TT (tip of the
rostrum to tip of the telson). Since this is not significantly different from AT (in E. superba),
the results are directly comparable and are not listed separately in the tables. A few authors
have used different kinds of length measurements (e.g., S1, S2, S7, BT; for definitions see
Mauchline, 1980), but these are not included in Tables 1 to 4. Additional information was
often collected during laboratory experiments and may be difficult to compare with field data,
however the reader may refer to Morris ef al. (1988) which contains a detailed reference list.
Some data were published as the linearised logarithmic version of the regression function.
These results have been re-calculated to facilitate direct comparison with other published
coefficient values.

Tables 1 and 2 show the regression parameters for ash-free dry weight and dry weight
relationships respectively, while Tables 3 and 4 contain wet weight data. In most cases krill
were separated according to sex. In their comprehensive study, Morris et al. (1988) analysed
the improvement in the precision of predictions using length-weight relationships. They split
their samples into single maturity stages or sexes and compared the goodness of fit tests of the
regressions by examining their variances. They found that the simple classification of ‘males’,
‘gravid females’ and ‘non-gravid females’ increases the precision in prediction for both dry
weight (Table 2) and wet weight (Table 3).

Morris et al. (1988) noted that ‘surprisingly, the simple division of krill into male and
female categories is of little practical use in improving the precision of any prediction of
weight’. However, Morris et al. (1988) only analysed samples taken over a short period
during the spawning season (end of February to beginning of March 1985), when most adult
krill were still in the gravid maturity stage. The result they obatined was to be expected,
because for the spawning season, covariance analyses of length-weight relationships indicated
no differences between male and female krill (Siegel, 1986a and 1989). Gravid-stage males
and females were of the same weight.

The situation changes throughout the year, i.e., during the annual maturity cycle of krill.

Morris et al. (1988) applied various published length-weight relationships to data obtained from
a single acoustic survey around South Georgia and found great differences in the estimated total
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biomass (25% for wet weight and a 35% deviation for dry weight between the results obtained
for different length-weight relationships). However, they did not take into account the seasonal
or dominant maturity stage composition factor which underlies length-weight relationships. A
simple example which uses coefficients from overall length-weight relationships (see Table 4)
demonstrates the seasonal change in krill weight. For different months (with different
dominant adult maturity stages) a S0 mm krill would attain the following weights:

October resting stage 787 mg
December most gravid 927 mg
January gravid + spent 913 mg
February all gravid 931 mg
February all spent 912 mg
March spent 860 mg
June resting stage 796 mg

Data for February were collected in different years and indicate the timing of spawning
varies from year to year. The seasonal variation in krill weight clearly shows that the results
may differ by 15% when using length-weight relationships for krill at different dominant
maturity stages. Siegel (1986a and 1989) has already noted that length-weight relationships
during the post-spawning and winter seasons are significantly different from those obtained
during the spawning season, with minimum weight during winter. This seasonal variability
partly explains the variation in estimated biomass obtained by Morris et al. (1988). Moreover,
a difference in the weight of both sexes has been noted by Nemoto et al. (1981), Retama and
Quintana (1982) and Siegel (1986a), with males being heavier than females at similar sizes.
However, this difference in weight between males and females is statistically significant only
during the post-spawning period, when females have shed their eggs (Siegel, 1989). After the
ovaries had recovered and during the winter resting stage there was no significant deviation
between the weight (length-weight relationship) of males and females.

Based on the above observations, it is recommended that:
(i) when data are available on stock composition by size, sex and maturity stage:

(a) during the summer spawning period use separate length-weight relationships
for males, gravid females and non-gravid females (Table 3);

(b) during the post-spawning period use separate length-weight relationships for
males, gravid females, non-gravid females and spent females (Table 3);

(¢) during the winter and pre-spawning periods use general length-weight
relationships (Table 4, depending on month, although differences between
months are not significant during this period);

(i) when data are available on stock composition by size and sex, but no information
can be obtained for maturity stages:

(a) during the late spawning and post-spawning periods use separate
length-weight relationships for males and females (Table 3);

(b) for other periods use general length-weight relationships (Table 4); and
(iii) when data are available on population composition only by size:

(a) for all periods use general length-weight relationships based on data
collected during a minimum period of one month (Table 4).

Because spawning may occur in different months during different years, dominant
maturity stage is more important than month in choosing the correct length-weight relationship.
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Table 1;

Length-weight relationship for krill (Euphausia superba) males (M) and females (F),

WARD = a * LY for ash-free dry weight (in mg) and total length (AT in mm).
Month | Sex | Regression Coefficient | Size Range| Number | Dominant Adult | Reference
a b (mm) of Krill | Maturity Stages
. Siegel
October | M | 0.0005 3.022 13-58 138 3A resting stage | (1986a)
F | 0.0008 2.906 13-59 141 3 A resting stage _
December | M | 0.00011 | 3.527 | 23-60 114 3B gravid (%e8g6e;)
F | 0.00014 3.460 23-60 114 3C, D gravid
3A, B gravid- Siegel
F | 0.00066 3.041 23-60 114 3D/E gravid-
' spent ]
February | M | 000007 | 3720 | 1658 129 3A spent (%%ggal)
F  0.00026 3.205 16-59 132 3E spent

Table 2: Length-weight relationship for krill (Euphausia superba) males (M) and females (F),
and total ALL, Wp = a * L for dry weight (in mg) and total length (AT in mm).

Month | Sex | Regression Coefficient | Size Range| Number | Dominant Adult | Reference
a b (mm) of Krill | Maturity Stages
Jazdzewski
Feb/Mar | aLL | 0.00010 | 3.799 145 ot al. (1978)
Jan/Feb | ALL | 0.00007 3.760 28-58 114 P"esgprz‘ji‘glmg‘ Kils (1979)
October | M | 0.00060 | 3.030 13-58 138 | 3A resting stage (figegggi)
F 0.00080 2,971 13-59 141 3A resting stage _
November | M | 0.00076 3.071 10-57 406 3A resting stage (USI:[e)lgl?)ll
data)
F | 0.00105 2.965 10-57 458 3A resting stage _
December | M | 0.00019 | 3435 | 23-60 114 3B gravid (%%gg;)
F | 0.00025 3.357 23-60 114 3C, D gravid
3A, B gravid- Siegel
January | M | 0.00036 3.277 23-60 114 spent (19362)
F | 0.00075 3.066 23-60 114 3DJ/E gravid-
spent
Siegel
February | M | 0.00009 3.694 16-58 129 3A spent (19862)
F | 0.00031 3.306 16-59 132 3E spent .
Feb/Mar | M | 0.00238 2.93 34-57 1861 gravid M(zrlf;%g; al.
F | 0.00024 3.55 37-58 1404 gravid-spent
only non-gravid
(F) | 0.00139 | 3.0737 37-58 933 fernalos
only gravid
(F) | 0.00199 | 3.0438 41-58 471 o e
ALL | 0.00106 3.15 31-58 3265 gravid-spent
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Table 3:

Length-weight relationship for krill (Euphausia superba) males (M) and females (F),
Wy = a « LY for wet weight (in mg) and total length (AT in mm).
Length classes indicated by * refer to Standard 2 body length of Mauchline

(1980).
Month | Sex | Regression Coefficient | Size Range| Number | Dominant Adult | Reference
a b (mm) of Krill | Maturity Stages
Several | M | 0.0034 3.1761 3-61 all stages L((fg%;r
years F 0.0009 3.5792 3-61 all stages
Several | M | 000128 | 3.428 all stages flef?l"g“g 5
years F 0.00352 3.144 all stages (one
example out
of several
stations)
Jan/Feb | wm | 000423 | 3170 | 31-55 92 3B gravid Reéfl%ﬁd
F 0.00573 3.080 31-55 58 3B prespawning (1982)
Dec/Feb | M | 0.0019 3.36 Stﬁlggﬂg()"’a
E | 0.0009 3.56 .
Feb/Mar | M | 0.00265 | 3464 | 23-47¢ | 2325 R‘E’fg{{)“"
F | 000531 | 3256 | 23-46* | 2757 _
October | M | 000236 | 3.251 13-58 138 | 3A resting stage (%%gg;)
F | 000242 | 3247 13-59 141 | 3A resting stage ’
November | M | 000315 | 3207 | 10-57 406 | 3A resting stage (5119"5%
F | 000430 | 3.102 10-57 458 | 3A resting stage .
December | M | 0.00083 | 3.561 15-59 114 3B gravid (%%gg;)
F | 000115 | 3457 15-59 114 3C, D gravid '
January | M | 0.00156 | 3.403 23-60 114 3A, S%egrfft‘“d‘ (f;‘%gg;)
F | 000282 | 3234 | 23-60 114 3DJE gravid-
spent '
February | M | 0.00111 | 3507 | 16-58 129 3A spent (fgeggg;)
F | 000211 | 3302 16-59 132 3E spent '
June | M | 0.00328 | 3.176 | 21-59 380 | 3A resting stage (%%gge;)
F | 000441 | 3084 | 2155 340 | 3A resting stage _
FebMar | M | 0.00613 | 30776 | 34-57 1882 gravid M‘zﬁfésggg al.
F 0.00289 3.270 31-58 1417 gravid + spent
(F) | 0.01088 | 29077 | 31-58 940 | Ony fon-gravid
(F) | 0.00975 | 29809 | 41-58 | 477 orly gravid
(®) | 0.03548 | 2500 | 39-56 65 only spent
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Table 4.

Length-weight relationship for krill (Euphausia superba) not separated for males

and females, Wy, = a « L for wet weight (in mg) and total length (AT in mm).

Length classes indicated by * refer to Standard 2 and ** to Reference body length

of Mauchline (1980).
Month | Regression Coefficient | Size Range| Number | Dominant Adult Reference
a b (mm) of Krill | Maturity Stages
Several Chekunova and
months | ©0-00056 3.62 24-58 30/mm Rynkova (1974)
Jan/March | 0.00229 3.35 22-42%% 49 mostly adolescent | Clarke (1976)
: Sahrhage
April 0.0018 3.3436 20-61 1085 spent (1978)
Feb/March| 0.0018 3.3831 145 Jazdzewski et
al. (1978),
identical to
Rakusa-
Suszczewski
_ (1981)
Jan/Feb | 0.00158 3.40 28-58 114 Presgplgjfigmg‘ Kils (1979)
Feb/March| 0.00298 | 34232 | 23-47* 5082 ﬁ‘gg‘i)‘” al.
Feb/March| 0.00385 | 3.20 26-59 | 3299 | gravid-spent ?{‘gg"g etal.
April 0.0017 3.4327 20-60 708 probably spent | Miller (1986)
October | 0.00236 3.251 13-58 279 resting stage | Siegel (1986b)
December | 0.00086 3.551 15-59 250 gravid Sieg)el (unpubl.
‘data
January | 0.00205 3.325 23-60 228 gravid-spent | Siegel (unpubl.
data)
February | 0.00083 3.561 13-60 228 gravid Siegel (unpubl.
data)
February | 0.00165 3.380 16-59 261 spent Siegel (1986a)
March 0.00193 3.325 30-62 143 spent Siegel (1986b)
June 0.00353 3.151 21-59 339 resting stage | Siegel (unpubl.
data)

152




Table 5: Length-weight relationship for other Antarctic euphausiid species than krill
(Euphausia superba). Wy, = a » LP for wet weight (in mg) and total length (in mm).

Month Sex | Regression Coefficient | Size Range | Number Dominant Adult | Reference
a b (mm) of Krill | Maturity Stages
Thysanoessa macrura
Dec-Feb | ALL | 0.00482 3.063 11-28 68 (resting?) Rakusa-
Suszczewski
and Stepnik
(1980)
Euphausia crystallorophias
Dec-Feb | M | 0.0113 2.79 118 (spent-resting?) | Rakusa-
F 0.0055 3.4 129 Suszczewski
and Stepnik
(1980)
November | ALL | 0.0017 3.373 17-37 150 prespawning- | Siegel
gravid (unpubl.
data)
Euphausia frigida
March | aLL | 0.040 2.339 8-23 80 resting stage | Siegel
(unpubl.
data)
Euphausia triacantha
May ALL | 0.0383 2.495 13-38 115 resting stage | Siegel
(unpubl.
data)
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Légende des tableaux

Relation longueur-poids pour le krill (Euphausia superba) mile (M) et
femelle (F), Wapp = a « Lb pour le poids sec sans cendres (en mg) et la
longueur totale (AT en mm).

Relation longueur-poids pour le krill (Euphausia superba) mile (M) et
femelle (F), et total (ALL), Wp = a » LP pour le poids sec (en mg) et la longueur
totale (AT en mm).

Relation longueur-poids pour le krill (Euphausia superba) mile (M) et
femelle (F), Wy = a « Lb pour le poids humide (en mg) et la longueur totale (AT
en mm). Les classes de longueur indiquées par * se rapportent a la longueur
du corps Standard 2 de Mauchline (1980).

Relation longueur-poids pour le krill (Euphausia superba), mile et femelle
combinés, Wy = a « Lb pour le poids humide (en mg) et la longueur totale (AT
en mm). Les classes de longueurs indiquées par * se rapportent au Standard 2
et ** 3 la référence de longueur du corps de Mauchline (1980).

Relation longueur-poids pour les especes d'euphausiacés antarctiques autres
que le krill (Euphausia superba). Ww = a « LP pour le poids humide (en mg)
et la longueur totale (en mm).

Criucok Tabauil

OTHomeHue “aauHa/Bec” aAass camnoB (M) U camok (F) xpuasa
(E.superba), Wapp=2a* Lb g cayuae 6€330/1bHOrO CyXoro Beca (B MT) U
obueit aJuHbl (AT B MM).

OTHomeHUe "AauHa/Bec” aAas camuos (M), camok (F) u o6oero noJa
(ALL), kpuas (E. superba), Wp=a-* Lb B ciyuae gyxoro Beca (B Mr) u
obueit AauHbI (AT B MM),

OTHomeHUe "AauHa/Bec” gaas camiuo (M) u camok (F) xpuas
(E. superba), Wy, =a ¢ Lb B cayuae Mokporo Beca (B Mr) 1 obmeit AJUHBI
(AT B MM). PasmepHble KJjacchl, o60O3HaueHHble *, OTHOGSATCS K

>

usMepeHUsiM CTaHZapTHoM AauHbl 2 (Mauchline, 1980).

OTHOIleHUe "AJMUHa/Bec” Aast Kpuas (E. superba) o6oero nonaa, Wy, =
asLbp c/lyuae MOKpOro _Beca (B Mr) U ofmeit Aaunsl (AT B MM).
PasMepHble KJlacchl, OB60O3HaueHHble *, OTHOCSTCS K HU3MEPEHUsIM
CTaHAAPTHOM AJIUHBI 2, U #+ - KOHTpoJbHOM AmHbl (Mauchline, 1980).

OTHOomeHUe “AJMHA/Bec” JJAs BUJOB AHTAPKTHUECKUX 3Bday3suun
nomumo kpuas (E. superba). Wy, =a+Lb B cayuae Mokporo Beca (B Mr)
U obmert AJMUHBI (AT B MM).

Lista de las tablas
Relacién talla-peso del kril (Euphausia superba) macho (M) y hembra (F),

WAFD = a « Lb para peso seco libre de ceniza (en mg) y longitud total (AT
en mm).



Tabla 2;

Tabla 3:

Tabla 4:

Tabla 5:

Relaci6n talla-peso del kril (Euphausia superba) macho (M) y hembra (F), y

combinados (ALL), Wp = a * LP para peso seco (en mg) y longitud total (AT
en mm).

Relacién talla-peso del kril (Euphausia superba) macho (M) y hembra (F),

Ww = a » LP para peso himedo (en mg) y longitud total (AT en mm). Las
clases de talla indicadas con un * se refieren a la talla estdndar 2 de la talla
corporal de referencia de Mauchline (1980).

Relacién talla-peso del kril (Euphausia superba) combinada para machos y
hembras, Wyw = a » LP para peso himedo (en mg) y longitud total (AT en mm).
Las clases de talla indicadas con un * se refieren a la talla estdndar 2, mientras
que las marcadas con dos ** , a la talla corporal de referencia de Mauchline
(1980).

Relacién talla-peso de otras especies de eufdusidos antdrticos aparte de kril

(Euphausia superba). Wy = a + LP para peso himedo (en mg) y longitud total
(en mm).
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KRILL BIOMASS IN AREA 48 AND AREA 58: RECALCULATIONS OF

FIBEX DATA

P.N. Trathan!, D.J. Agnew2, D.G.M. Miller3, J.L. Watkinsl, I. Everson!, M.R. Thorleyl,

E. Murphy!, A.W.A. Murray! and C. Goss!

Abstract

FIBEX acoustic and length frequency data held in the BIOMASS database
were used to provide estimates of mean density and biomass for the
Indian Ocean sector and the West Atlantic sector as well as for FAO
Statistical Area 41, and CCAMLR Subareas 48.1, 48.2, 48.3, 48.6 and
Division 58.4.2. Density estimates were calculated using the target
strength relationships used at the original FIBEX acoustic workshop.
Estimates for the different areas were also calculated using the target
strength relationships of Green et al. (1990). The new estimates were
on average 4.76 times larger than the old estimates for those cruises

(seven out of the nine considered) that used an echosounder frequency
of 120 kHz.

Résumé

Les données acoustiques et de fréquence des longueurs provenant de la
FIBEX et stockées a la banque des données BIOMASS ont fourni les
estimations de densité et de biomasse moyennes pour les secteurs de
l'océan Indien et de 1'Atlantique ouest, de méme que pour la zone
statistique 41 de la FAO et les sous-zones 48.1, 48.2, 48.3, 48.6 et la
division 58.4.2 de la CCAMLR. Les estimations de densité ont été
calculées au moyen des rapports de réponse acoustique utilisés lors du
premier atelier acoustique FIBEX. Pour les diverses zones, les
estimations ont également été calculées a 1'aide des rapports de réponse
acoustique de Green et al. (1990). Les nouvelles estimations étaient en
moyenne de 4,76 fois plus élevées que les anciennes estimations des
campagnes (sept sur les neuf examinées) qui utilisaient une fréquence
d'échosondeur de 120 kHz.

PeswMe

AKycTuyecKkHde JaHHble U JaHHbIE IO PasMEPHOMY COCTaBY
KpUJisi, MoJiyueHHble B nepuohd FIBEX M xXpaHsimuecsi B 6ase
AaHHbIXx BHOMACC, 6bl/IM HCNOJIb3OBaHbl C LieJb MOJIyUeHUs
OLEHOK CcpeZHel NMJOTHOCTHU U 6HoMacchl B UHAOOKEAHCKOM U
3anagHoaT/JaHTHUECKOM CEeKTopax, a TakXe CTaTUCTUUECKOM
pafioHe OAO 41 v nozaparioHax 48.1, 482, 48.3, 48.6 u YuacTke
58.4.2 AHTKOMa. OueHKU TNJAOTHOCTU 6bIJIM BBIUUCJEHDI
HCNOJb3ysl BEJIMUUHBI OTHOIIEHUS CUJIbI LIeJIU K AJUHE KPpUJI,
TPUHSATbIE Ha NepBOHauaJbHOM paboueM ceMuHape FIBEX mno
akycTuke, OLeHKU MO 3THUM palioHaM TaKXe 6blJIU BbIUUCJIEHBI C

1 British Antarctic Survey, High Cross, Madingley Road, Cambridge, CB3 OET, United Kingdom

2 CCAMLR Secretariat, 25 Old Wharf, Hobart, Tasmania 7000, Australia
3 SeaFisheries Research Institute, Private Bag X2, Roggebaai 8012, South Africa
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HCMoJIb30BaHUEM BEJIMUMH OTHOWEHUH CHJIbI LeJu,
npuBeJeHHbIX B pabore I'puna u ap. (Green et al, 1990). B
CpeAHEM HOBble OLIeHKU 6blid B 4,76 pasa 6oJiblle CTapbiX
OLIEHOK, MOJIyUEeHHbIX B pe3yJ/bTaTe PENCOB (CEMb U3 JIEBSITH), B
X0Jle KOTOPbIX HCMOJIB30BaJIach YacTOTa 3xoJoTa 120kI'w,.

Resumen

Se utilizaron los datos actsticos y de frecuencia de tallas de FIBEX
archivados en la base de datos BIOMASS para obtener valores de la
densidad media y biomasa en los sectores del océano Indico y del
Atldntico occidental, as{ como para el Area estadistica 41 de la FAO y las
Subdreas 48.1, 48.2, 48.3, 48.6 y la Divisién 58.4.2 de la CCRVMA.
Los valores de densidad fueron estimados a partir de las relaciones de
potencia del blanco utilizadas en el primer taller de actstica de FIBEX.
También se calcularon valores para las distintas zonas mediante las
relaciones de potencia del blanco de Green et al. (1990). Los nuevos
valores fueron, en promedio, 4.76 veces superiores a los antiguos
valores para aquellas campaiias (siete de las nueve consideradas) que
emplearon una frecuencia de sonido de 120 kHz.

1. INTRODUCTION

In 1991 the Commission for the Conservation of Antarctic Marine Living Resources
(CCAMLR) set precautionary catch limits for krill in Statistical Area 48 (Conservation
Measure 32/X). These limits were based on calculations undertaken by the Scientific
Committee’s Working Group on Krill (WG-Krill) (SC-CAMLR, 1991a) using estimates of krill
biomass established from results of the First International BIOMASS Experiment (FIBEX)
(Anon., 1986).

An important parameter in the estimation of krill abundance from acoustic survey data is
acoustic target strength (TS) (¢f. Miller and Hampton, 1989). Kirill TS has recently been
re-assessed (Foote et al., 1990) and there is now a general consensus that the TS values used
during the FIBEX analysis (reported in Anon., 1986) were too high, thereby resulting in
unrealistically low biomass estimates (Everson et al., 1990). WG-Krill has recommended that a
revised TS/length relationship should now be used (SC-CAMLR, 1991b) for analysing acoustic
survey data.

In order to refine the krill biomass and subsequent yield estimates used to set the
precautionary catch limits, SC-CAMLR has requested that the FIBEX data should be re-analysed
using the most recent TS estimates (SC-CAMLR, 1991b) (Task 1). This re-analysis should not
only calculate krill biomass by statistical subareas within Area 48 (West Atlantic) but should
also be extended to other statistical areas, subareas or divisions wherever possible (Task 2).
This paper presents the results of these analyses.

2. MATERIALS AND METHODS

The original FIBEX analysis was carried out by the BIOMASS Acoustic Working Group
in September 1984. The report of that workshop (Anon., 1986) and other archived material
(listed in Anon., 1986 - Appendix I) were used extensively for primary reference. The analysis
reported here was undertaken at the BIOMASS Data Centre, British Antarctic Survey,
Cambridge, UK.
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2.1  Data Availability

A list of areas surveyed by the 11 vessels concerned is given in Table 1. Survey areas
in relation to statistical subarea divisions are depicted in Figures 1 and 2.

2.1.1 LengthData

Length frequency data were available from net hauls for all cruises except Kaiyo Maru
and Nella Dan. A single mean length was available for the Kaiyo Maru (41.4 mm) (Anon.,
1986 - p. 46), but no information was available for the Nella Dan.

2.1.2 Acoustic Data

Data were available as the acoustic parameter Mean Volume Backscattering Strength
(MVBS) for all cruises except Odissey and Dr Eduardo L. Holmberg, where krill densities were
expressed in tonnes * n mile2. To ensure that all data were available in equivalent units prior to
analysis, MVBS values for these two cruises were calculated following the procedures outlined
in Appendix I of this paper. Correspondence with Dr K. Yudanov and Dr W. Tesler (USSR)
indicated that the methods described in archived material from Anon. (1986) were appropriate
for Odissey. Correspondence with Lic. E. Marschoff (Argentina) and a subsequent visit to
Argentina by Dr I. Everson (UK) established that the original data from Dr Eduardo
L. Holmberg could not be used. The original FIBEX acoustic echocharts were therefore
examined by Dr A. Madirolas (Argentina) and Dr Everson and the deflection in millimetres
determined. These deflections were subsequently converted to MVBS following the approach
outlined in Appendix I of this paper.

The Umitaka Maru and Melville cruises comprised only single transects. These data
sets could be used to provide a mean but not a variance and therefore were not included in the
calculations of total biomass reported in Anon. (1986). They were not considered further in the
present analyses.

The final analyses were based upon a total transect length of 22 131 km, surveyed by
nine vessels during the period 16 January to 12 March, 1981.

2.2 Data Analyses Carried Out

Every attempt was made to ensure that the current analyses were comparable with those
of Anon. (1986). Wherever possible, the original analysis methodologies and area definitions
were used. As a check, the FIBEX results were recreated using original TS values and strata
prior to undertaking any analysis with new TS values and area definitions. The analyses
themselves were carried out as follows so as to address the two tasks outlined above.

2.2.1 Task (1) - Recalculation of FIBEX Results

Phase 1: Krill densities by individual cruise were calculated and Table VIII in Anon.
(1986) was recreated. The TS relationships used by Anon. (1986) and the new relationships
specified by WG-Krill (SC-CAMLR, 1991b) were incorporated into separate calculations. This
allowed for comparison between the original FIBEX results in Anon. (1986), recalculated results
using the original FIBEX TS values and results derived from the new TS values.
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Phase 2: Krill densities within strata (where strata were based upon geographic area and
were originally defined in Table IX of Anon., 1986) were calculated using the new TS values.
Estimates for the overall biomass in the Indian Ocean sector and in the West Atlantic sector
were calculated.

2.2.2 Task (2) - Extension of New TS Analysis to Statistical Subareas

Most cruise survey transects ran meridionally and therefore could be allocated to new
strata on the basis of longitude (with the exception of Walther Herwig where further division on
the basis of latitude was necessary). These new strata were assigned to statistical areas or
subareas and densities and biomass estimates by area or subarea were calculated.

2.3 Analysis Details

Analyses followed those described in Anon. (1986) (for a full description of their
statistical basis see also Jolly and Hampton, 1990).

2.3.1 Length (J) to Weight (w) Relationship

The following length-weight relationship (Anon., 1986 - equation 15) was used to
calculate mean weight from length frequency data:

w = 0.0009251 355 (w in mg, [ in mm).

2.3.2 Target Strength (TS) to Length (/) Relationship

The following TS/length relationships were used in the calculation of mean weight
density (gm2) from available MVBS values for the original FIBEX analysis reported in Anon.
(1986) and were also used in this report in the recalculations carried out for comparison with
the original results. Some of these TS/length relationships are shown in Figure 3.

120 kHz
TS = 19.9logl - 95.7 (Anon., 1986 - equation 11)

50 kHz
TS = 19.91ogl - 90.5 (Anon., 1986 - p. 46)

200 kHz

The Kaiyo Maru mean weight densities reported in Anon. (1986) were derived using a
TS value of -68.10 dB for a mean animal length of 41.4 mm for the cruise. Since no length
frequency data were available for Kaiyo Maru, this TS value was based on information collected
during the Second International BIOMASS Experiment (SIBEX). These same values were used to
recalculate density estimates for comparison with the original results reported in Anon. (1986).

The new TS/length relationship recommended by WG-Krill (SC-CAMLR, 1991b) is that of
Greene et al. (1990). This new relationship was used to calculate new mean weight density
estimates (gm2). This TS/length relationship is shown in Figure 3.

120 kHz
TS = 34.85logl - 127.45 (Greene et al., 1990)
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50 kHz '

In the absence of new information on krill TS at 50 kHz the method of Greene et al.
(1990) was used to estimate an adjustment factor (-10 » log(120/50) = -3.80) to provide the
following revised TS/length equation at 50 kHz.

TS = 34.85log] - 131.25

The TS/length relationship at 50 kHz given in Klindt and Zwack (1984), which
corresponds to a TS of -63.86 dB for a 40 mm krill, was also used for comparative purposes.

TS =0.211 - 72.26 (Klindt and Zwack, 1984)

200 kHz

No new information was available from experimental studies at 200 kHz. The method
of Greene et al. (1990) was therefore applied to estimate the appropriate adjustment factor (that
is -10 « 10g(120/200) = + 2.22). This provides a new TS/length relationship at 200 kHz.

TS = 34.85logl - 125.23

For the Kaiyo Maru, with a mean animal length of 41.4 mm, this gives a TS of
-68.85 dB. This new TS is very close to that used for Kaiyo Maru in Anon. (1986).

2.4  Areas and Strata

The area estimates for strata were obtained from Table VIII in Anon. (1986) and with the
exception of Walther Herwig values were not recalculated (see Table 5 and the discussion
below).

In accordance with the procedure outlined in Anon. (1986), strata were defined by
cruise unless the areas overlapped. Areas of overlap identified in Anon. (1986) were present in
the Drake Passage (Itzumi and Professor Siedlecki cruises) and the Bransfield Strait (again
Itzumi and Professor Siedlecki).

Stratification of the Bransfield Strait caused few problems. The area covered by each
stratum was taken from Table VIII of Anon. (1986). Survey strata were allocated to the
“Central Bransfield” area (Itzumi Transects 1-16: Area = 24 900 km?2, Professor Siedlecki
Transects 12-21: Area = 29 100 km?2) and to the “East Bransfield” area (Izzumi Transects 17-24:
Area = 8 600 km?2).

The definition of strata reported in Anon. (1986) for the Drake Passage was more
complex and required the division of individual transects surveyed by the Professor Siedlecki,
however, the criteria for this division were not recorded. However, the mean density for the
three Drake Passage strata calculated from both the Professor Siedlecki and the Itzumi was
0.39 gm2 (Anon. 1986 - Table IX) compared to 0.39 gm2 for the Professor Siedlecki stratum
alone (Anon., 1986 - Table VIII). Given this similarity, and the difficulty of objectively
dividing the Professor Siedlecki transects, the mean density from the Professor Siedlecki data
was taken as representative of the Drake Passage stratum as a whole. Therefore, Itzumi
transects falling within the Drake Passage stratum were not included in the area estimation of
biomass (see Table 3 below) although they were included in the estimation of biomass by cruise
(see Table 2 below).
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Only data collected during the daytime were used in analyses by strata. Transect length
was calculated by summing the lengths of the relevant echo-integrator! intervals. This is in
keeping with the original FIBEX approach (Anon., 1986).

2.5 Calculation of Biomass

The mean weight density for each echo-integrator interval was calculated using
equation 1 in Appendix II (this report). In the original FIBEX analysis (Anon., 1986) length
frequency data from individual net hauls were assigned to specific echo-integrator resets. Since
the criteria for such assignments were not archived it was impossible to recreate exactly the
results reported in Anon. (1986). To avoid some of the sampling problems highlighted by
Watkins et al. (1990), the present analyses utilised acoustic data from each stratum together
with the combined length frequency distribution from all net hauls (excluding neuston net
catches) taken in a cruise. Integrator interval densities were combined for each transect and
weighted by echo-integrator reset length using equation 2 in Appendix II (this paper) (Anon.,
1986 - equation 3) to provide an estimate for transect density (px). The mean density by
stratum (p, ) weighted by transect length, was then calculated using equation 3 in Appendix II
(this report), and biomass derived through multiplication by stratum area. The within-stratum
density variance was estimated using equation 4 in Appendix II of this paper (Anon., 1986 -
equation 4).

As described above, the Central Bransfield Strait was the only stratum in the current
analysis where two survey sections overlapped. A single stratum value for (p,) was obtained
by combining the individual survey section densities, having weighted these by the inverse of
their variance using equations 5 and 6 in Appendix II of this paper.

3. RESULTS AND DISCUSSION
3.1  Task (1) - Recalculation of FIBEX Results

Phase 1: The first task assigned by SC-CAMLR was the recalculation of density and
biomass by cruise and region (SC-CAMLR, 1991b). Table 2 shows density by cruise taken
from Table VIII of Anon. (1986) compared with results recalculated using the TS/length
relationships from Anon. (1986) and the new TS/length relationships recommended by WG-Krill
(SC-CAMLR, 1991b). The recalculated densities using the old TS/length relationships were
mostly close (+£10.0%) to those reported in Table VIII of Anon. (1986) with the exception of
I tzugu’ in the Drake Passage, Odissey around South Georgia and Dr Eduardo L. Holmberg in
the Scotia Sea.

Since the allocation of transects for Itzumi and Odissey were recreated exactly, it is
impossible to determine the exact cause of the large differences observed. It is assumed that
only small differences would have been brought about by variations in the krill length
frequency distributions within individual nets allocated to particular echo-integrator resets in the
analysis reported in Anon. (1986).

For the Dr Eduardo L. Holmberg the very large difference may be attributed to the very
different methods used for providing density estimates. The original estimate, the derivation of
which is described in Anon. (1986) Appendix G, was based upon a conversion factor
determined from targeted net hauls. Examination of the details of the method, together with the

The amount of acoustic energy returned from krill for an interval (set either on the basis of time or on
distance steamed) of ship’s track was measured by analogue or digital echo-integration. MVBS values were
then stored in the BIOMASS database for individual Echo-Sounder Distance Units (ESDU) corresponding to
specific echo-integrator resets by time or distance.
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difficulties of reproducing the calculations, suggested that the method described in Appendix I
(this paper), was more reliable and that the associated estimate was probably a better
assessment of the biomass in the strata.

By contrast, a much wider range of differences between density estimates using the old
TS values and the new TS values are apparent; these varied from 0.98 times for Kaiyo Maru to
40.92 times in the case of Walther Herwig. For the Kaiyo Maru, the similarity can be
accounted for by the minor difference between the 200 kHz TS value used in Anon. (1986) and
the value derived from Greene et al. (1990). For the Walther Herwig, the large increase can be
accounted for by the major difference between the TS value used in Anon. (1986) and the new
value. For a 40 mm krill this reflects a change in TS value at 50 kHz from -58.62 dB to
-75.35 dB. The density estimated using the 50 kHz TS value given in Klindt and Zwack
(1984) (see above) was somewhere between that from using the TS value given in Anon.
(1986) and that from using the value derived from Greene et al. (1990), but somewhat closer to
the former (see Figure 3). Reservations have been expressed that extrapolating individual TS
values to frequencies below 120 kHz may give spurious results (Greene et al., 1990).
Furthermore, extrapolation over a wide range of frequencies using an approach similar to that
of Greene et al. (1990) may result in spurious projections since the backscattering amplitude
varies dramatically (Chi et al., 1992). Nevertheless, a new 50 kHz TS value somewhat lower
than that used in Anon. (1986) and less than that at 120 kHz appears reasonable.

In the absence of krill length frequency information, it was not possible to recalculate
mean weight density estimates for Nella Dan (see Table 2). This problem was further
compounded by a lack of acoustic data essential to the determination of the coefficients of
variation for the recalculated results and for the results using the new TS values. Consequently,
new density estimates were not made. However, a multiplication factor was calculated from the
ratio of p, [new]/p 5 [recalculated] from all other cruises using 120 kHz (N = 11 strata from
Table 2) and was applied to the results for Nella Dan reported in Anon. (1986). The results
reported here (see Tables 2, 4 and 6) use the original Anon. (1986) estimates of density and
biomass for Nella Dan unless otherwise indicated. The same is also true for estimates of the
coefficient of variation.

For 120 kHz, the average new mean density estimate is 4.86 times the recalculated
estimate using the TS values from Anon. (1986). This difference supports the conclusions of
Foote et al. (1990) and Everson et al. (1990) that the TS values originally used in Anon. (1986)
led to significant underestimates of krill biomass. For 120 kHz the mean difference
(4.86 times) between the new and old estimates is close to the multiplication factor (5.7 times)
used by WG-Krill (SC-CAMLR, 1991a) to account for differences in older TS values (e.g., Anon.
1986) and used by WG-Krill in the conversion of FIBEX biomass estimates to absolute values.

Phase 2: To eliminate problems associated with the estimation of biomass in areas where
cruise survey areas overlapped new strata were used (Table 3). Areas of overlap occurred
between the Marion Dufresne and Kaiyo Maru cruises as well as between the Professor
Siedlecki and Itzumi cruises. The recalculated densities using the old TS values are similar to
those given in Table IX of Anon. (1986).

The results from combining strata to provide total estimates of biomass for the West
Atlantic and Indian Ocean sectors are given in Table 4. Table 4 is comparable with Table X in
Anon. (1986). In the West Atlantic the recalculated estimate of biomass using the old TS value
is larger (1.5 times higher) than that reported in Anon. (1986), however, the substantial
increase in the estimate for the area surveyed by Dr Eduardo L. Holmberg largely accounts for
this. In comparison, the estimate for the West Atlantic using the new TS values is even higher
(8-times higher) and is due solely to the changed TS values. In the Indian Ocean sector the
recalculated estimate using the old TS value is very similar to the estimate reported in Anon.
(1986), whilst the new estimate is only twice the old figure. The relatively small increase
obtained using the new TS values in the Indian Ocean sector is largely due to the very small
changes in TS value at 200 kHz.

163



For the estimates using the new TS values, some of the large difference in the West
Atlantic sector is attributable to the large change in TS value at 50 kHz. The Walther Herwig
surveyed a large area and so even a small difference in TS will exert a large influence on the
calculated biomass. In the absence of more precise estimates of TS at 50 kHz and further
information concerning the distribution of krill within the area surveyed by Walther Herwig,
extreme caution needs to be exercised in further interpretation of these particular results. Taken
together these uncertainties underline the need for more information on the TS of krill at
50 kHz.

3.2  Task (2) - Extension of New TS Analysis to Statistical Subareas

The second task assigned by SC-CAMLR was the calculation of density and biomass by
statistical subarea (SC-CAMLR, 1991b). Most cruise survey transects ran meridionally and
hence could be allocated to statistical subareas on the basis of longitude. Part of the Walther
Herwig survey however, contained transects which extended beyond the limits of CCAMLR
Subareas 48.1 and 48.2 into FAO Statistical Area 41. These transect sections were allocated
into a new stratum (Table 5).

The overall combined biomass estimates for particular subareas using the new TS
relationships are presented in Table 6. These results can be compared with similar estimates for
Subareas 48.1, 48.2 and 48.3 undertaken by Everson (1991). Multiplying Everson’s biomass
indices (Everson, 1991 - Table 2) by the mean density increase (4.86 times) attributable to the
most recent TS value from Greene et al. (1990) indicates that the current estimate for
Subarea 48.3 is more or less directly comparable, the current estimate for Subarea 48.2 is
about twice that expected and the current estimate for Subarea 48.1 is about three times that
expected. These differences are largely due to two factors, firstly, the large change in TS at
50 kHz, the frequency used by Walther Herwig for surveying one of the largest areas of the
FIBEX programme and secondly, the large increase in biomass attributable to the area surveyed
by Dr Eduardo L. Holmberg following recalculation of the MVBS values.

4. SOME IMPLICATIONS ARISING FROM RE-ANALYSIS OF THE FIBEX RESULTS

In carrying out the re-analysis of the FIBEX survey results a number of issues are
highlighted. These include:

(i) appraisal of the survey design and whether it was appropriate;

(if) assessment of the analysis methods reported in Anon. (1986) and whether they
were correct, or whether a more suitable method should have been utilised;

(iii) consideration of whether the survey was truly synoptic or whether it actually
covered an extended period;

(iv) estimation of whether the survey area was representative of the known distribution
of krill and the densities actually observed;

(v) and lastly, estimation of whether the survey area is typical of the areas where the
precautionary catch limits were set.

Most easily appraised are the survey design and the correctness of the analysis methods
used. The design of the survey is considered unbiased (Anon., 1980) and the method of
analysis appropriate (Jolly and Hampton, 1990), to the extent that this method was utilised in
this paper for the re-analysis.
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That the survey was quasi-synoptic and covered a large area, were attributes that were
emphasised by WG-Krill as being important in order to account for krill advection between
subareas (SC-CAMLR, 1991a). The start of the FIBEX survey was 16 January 1981 and the end
was 12 March 1981 (excluding Umitaka Maru and Melville) a period of 56 days (Anon.,
1986 - Table 1). Within the limitations of a large-scale multi-ship survey this time interval is
probably as close as it is possible to get, to a truly synoptic survey for such a large area.

When assessing whether the FIBEX survey is representative of the known distribution of
krill and of the densities actually observed, it should be emphasised that the FIBEX survey was
limited to only one season and was carried out over a decade ago. In contrast, there are now
several national data sets from specific areas within Statistical Area 48 which span a number of
years (some of these have been summarised in Everson 1988; Nast et al., 1988; Siegel 1988).
In general, it would appear that:

(i) biomass estimates may vary within single surveys depending upon the sampling
techniques or interpretation method being applied (e.g., Klindt and Zwack, 1984;
Klindt 1986; Nast et al., 1988);

(i) there may be an order of magnitude in variation of biomass which is attributable to
seasonal effects (e.g., Siegel, 1988; Everson, in press); and

(iif) year-to-year variability is hard to assess given that surveys may also have been
taken at different times of the season, but for some years it may be substantial, for
example, Priddle er al. (1988) present evidence of large scale fluctuations in the
annual biomass of krill around South Georgia.

When estimating whether the FIBEX survey area is representative of the areas where krill
precautionary catch limits were set by CCAMLR, it should be stressed that the area covered by
FIBEX is substantially less than that of the CCAMLR subareas (Figures 1 and 2). Furthermore,
the FIBEX survey covered areas that were thought to be regions of krill abundance (Anon.,
1979). Everson and Goss (1991) have demonstrated that high concentrations are to be found
on the shelf, or close to it and this has been confirmed by more recent studies in Subarea 48.1
(Ichii et al., 1991; Marin et al., 1991). This would indicate that most of the krill biomass in
Subareas 48.1, 48.2 and 48.3 was within the geographic limits set for the FIBEX survey. This
supports the original FIBEX survey strategy, at least in the West Atlantic, which assumed that

the areas outside the FIBEX survey were areas that were characterised by low krill abundance
(Anon., 1979).

The biomass estimate used to set the precautionary catch limit contained in Conservation
Measure 32/X, (SC-CAMLR, 1991a - paragraph 6.54) was based upon the best scientific
information then available. The re-analysis undertaken here, however, has highlighted various
problems so that there now appears to be some justification in exploring ways to improve upon
the current results. Important considerations in this regard are:

(i) whether further large-scale surveys such as FIBEX are necessary; and
(ii) and whether FIBEX results can be more meaningfully applied to specific ecological
or fishing areas as opposed to statistical areas or subareas.
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Table 1:  Ships, areas and acoustic frequencies used during FIBEX.

Ship Country Area Echosounder

Frequency (kHz)
Walther Herwig Germany 48 50
Dr Eduardo L. Holmberg Argentina 43 120
Itzumi Chile 48 120
Odissey USSR 48 120
Professor Siedlecki Poland 48 120
Melville* USA 48 50
SA Agulhas South Africa 48 120
Kaiyo Maru Japan 58 200
Marion Dufresne France 58 120
NellaDan Australia 58 120
Umitaka Maru® Japan 88 120

*  Not used in present analysis (see text for explanation).
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Table 2: Mean density and biomass estimates from FIBEX acoustic survey cruises, with original BIOMASS results (BIO), recalculated results
(OLD) and re-analysis using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL; area in km?2 =
AREA ¢ 103; density in gm? =pA; biomass in tonnes = Bw ¢ 103; coefficient of variation (%) = CV].

Ship/Strata Transect| TL Area Pa Ratio Bw CcvV
Number pA
BIO OLD NEW | OLD:NEW BIO OLD NEW BIO OLD NEW
Walther Herwig 1-13 | 3549.5| 220.7| 1.7 17 | 70.1 | 40.92 3720 381.8 {15479.2| 28.0 | 279 | 27.9
Dr Eduardo L. Holmberg 1-22 [ 26274} 83.8| 2.8 | 18.6 | 82.8 4.45 234.0 | 1559.4 | 69374 | 55.0 | 349 | 349
Itzumi (Bransfield) 1-24 | 14409 26.5(32.3 | 32.6 | 159.6 4.89 854.0 | 864.3 | 4228.7 | 20.0 | 19.7 | 19.7
Itzumi (East Drake) 34-40 313.0 83| 8.8 | 13.7 | 66.9 4.89 73.0 113.5 55521 940 | 650 | 65.0

Itzumi (West Drake) 26-33 240.08 471240 | 188 | 919 4.89 112.0 88.3 432.1 | 34.0 | 43.1 | 431
Odissey (South Georgia) 51-58 497.8| 25.3(15.6 | 12.6 | 59.7 476 | 395.0| 317.8 | 1511.1 | 38.0 | 379 | 379
Odissey (Scotia A) 1-13 ] 2196.0 68.3|17.3 | 18.8 | 89.3 476 | 1185.0 | 1284.0 | 6102.5 | 23.0 | 20.1 | 20.1
Odissey (Scotia B) 14-15 3221 3331 35 35 | 168 4.76 1150 | 1173 5519 70| 75| 175
Prof. Siedlecki (Bransfield) | 12-21 520.4| 29.1| 47 52 | 219 4.24 136.0 | 150.5 638.2 | 420 | 37.7 | 377
Prof. Siedlecki (Drake) 1-11 | 22459| 160.1| 0.4 0.4 1.5 4.24 62.0 56.4 239.2 | 310 | 31.1 | 31.1

SA Agulhas 1-9 3037.3] 576.0) 1.1 1.2 8.0 6.78 | 610.0 | 682.6 | 46264 ) 19.0 | 229 | 229
Marion Dufresne 1-3 1493.1} 240.3| 0.2 0.2 1.0 4.84 50.5 50.2 2429 | 43.0 | 41.1 | 411

Kaiyo Maru 1-6 1894.6| 537.5| 4.3 44 4.3 0.98 | 2310.0 | 2300.0 | 2230.0 | 28.0 | 30.5 | 30.5

Nella Dan* - 3000.2 { 1091.6 1.5 - 7.1%  4.86" | 1578.0 - 7696.9% 38.0 - -

691

Difference in TOTAL Bw is + 2.1%; BIO = 6.27 * 10° tonnes; OLD = 6.41 + 06 tonnes (excluding Nella Dan and Dr Eduardo L. Holmberg).

* For Nella Dan the NEW py is derived by multiplying the BIO estimate by the mean incrase due to the new TS value (see text for details).
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Table 3: Mean density and biomass estimates for various strata from FIBEX acoustic survey cruises, with original BIOMASS results (BIO),
recalculated results (OLD) and re-analysis using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL;
area in km?2 = AREA ¢ 103; density in gm2 = pA; biomass in tonnes = Bw * 103; coefficient of variation (%) = Cv].

Ship/Strata Transect| TL Area pA Bw cv
Number
BIO OLD NEW BIO OLD NEW BIO OLD NEW
CENTRAL BRANSFIELD
Central Bransfield - 1431.6 | 249 6.3 6.8 28.2 155.9 170.1 703.1 310 73.8 88.7
Itzumi 1-16 911.2 24.9 32.3 353 172.8 854.6 | 9358 | 4302.2 | 20.0 22.9 229
Prof. Siedlecki 12-21 520.4 29.1 4.7 52 21.9 136.0 150.5 638.2 420 37.17 37.7
EAST BRANSFIELD
Itzumi | 1724 | 5297 | 8.6 | 272 | 28.0 | 1369 | 234.1 | 2406 | 1177.0 | 410 | 415 | 415
DRAKE PASSAGE
Prof. Siedlecki | 1-11 | 22459 | 160.1 | 04 | 04 | 15 | 620 | 564 | 2392 | 310 | 311 | 311
INDIAN OCEAN
Marion Defresne | 2-3 | 800.2 | 81.7 | 0.1 | 0.1 | 0.5 ’ 8.0 | 8.7 ’ 41.9 | 45.0 ‘ 28.2 ' 28.2
Table 4: Mean density and biomass estimates from FIBEX acoustic survey cruises for the West Atlantic sector and the Indian Ocean sector,

with original BIOMASS results (BIO), recalculated results (OLD) and re-analysis using new CCAMLR TS (NEW). See text for further
details. [Transectlength in km = TL; area in km? = AREA » 105; density in gm?2 = pA; biomass in tonnes = Bw « 106; coefficient of
variation (%) = CV].

Sector/Strata TL Area pPA Bw cv
BIO OLD NEW BIO OLD NEW BIO OLD NEW
‘West Atlantic 13399.87 0.63 4.46 6.60 5233 2.65 4.13 3271 1400 23.60 16.67
Indian Ocean 8732.29 2.29 1.97 2.03* 3.74* 451 4.63* 8.55* 19.70 24.02* 20.79*

*  Uses BIO density and variance estimates for Nella Dan - see text for details
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Table 5: Mean density and biomass estimates for three strata [Subarea 48.1 (southwest), Subarea 48.2 (east) and Statistical Area 41
(northwest) from FIBEX Walther Herwig acoustic survey cruise, using new CCAMLR TS (NEW). See text for further details.
[Transect length in km = TL; area in km2 = AREA « 103; density in gm-2 = pA; biomass in tonnes = Bw « 103; coefficient of
variation (%) = CV].

Ship/Strata Transect pA Bw cv
Number TL Area NEW NEW NEW
Walther Herwig 6-7 773.1 56.5 35.6 2008.7 40.1
(East)
Walther Herwig 1-5
(South West) 8-13 1892.4 89.4 94.2 84204 38.0
(South of 60°S)
Walther Herwig 1-5
(North West) 8-13 884.0 74.8 48.9 3657.4 29.6
(North of 60°S)
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Table 6: Mean density and biomass estimates for strata combined according to statistical areas and subareas from FIBEX acoustic survey
cruises, using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL; area in km? = AREA * 105; density
in gm2 = pA; biomass in tonnes = Bw * 106; coefficient of variation (%) = CV].

Area/Subarea/Strata Ship/Strata TL Area pPA Bw CcV
41 Walther Herwig (North West) 884.0 0.75 48.90 3.66 29.57
48.1 Walther Herwig (South West) 6099.5 2.83 37.24 10.54 35.00
Central Bransfield
East Bransfield
Drake Passage
48.2 Walther Herwig (East) 5918.6 2.42 64.52 15.61 22.19
Dr Eduardo L. Holmberg
Odissey (Scotia A)
Odissey (Scotia B)
48.3 Odissey (South Georgia) 497.8 0.25 59.73 1.51 37.95
48.6 Agulhas 3037.3 5.76 8.03 4.63 22.95
58.4.2* Marion Dufresne 5695.0 17.11* 2.29* 3.93*  32.00"
Kaiyo Maru
Nella Dan*

* Uses BIO density and variance estimates for Nella Dan - see text for details.
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Figure 1:
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FIBEX survey areas and CCAMLR statistical subareas in the West Atlantic sector.
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Figure 2: FIBEX survey areas and CCAMLR statistical subareas in the Indian Ocean sector.
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Légende des tableaux
Navires, zones et fréquences acoustiques utilisés pendant la FIBEX.

Densité moyenne et estimations de biomasse a partir des campagnes
d'évaluation acoustique FIBEX, avec les résultats originaux de BIOMASS (BIO),
les résultats a nouveau calculés (OLD) et 1a nouvelle analyse utilisant la nouvelle
réponse acoustique CCAMLR TS (NEW). Se référer au texte pour davantage de
précisions. [Longueur de la radiale en km = TL; aire en km? = AREA x 103;
densité en gm-2 =pA; biomasse en tonnes = Bw x 103; coefficient de
variation (%) = CV].

Densité moyenne et estimations de biomasse de diverses strates a partir des
campagnes d'évaluation acoustique FIBEX, avec les résultats originaux de
BIOMASS (BIO), les résultats a nouveau calculés (OLD) et 1a nouvelle analyse
utilisant la nouvelle réponse acoustique CCAMLR TS (NEW). Se référer au texte
pour davantage de précisions. [Longueur de la radiale en km = TL; aire en
km?2 = AREA x 103; densité en gm-2 = pA; biomasse en tonnes = Bw x 103;
coefficient de variation (%) = CV].

Densité moyenne et estimations de biomasse a partir des campagnes
d'évaluation acoustique FIBEX pour les secteurs de 1'Atlantique Ouest et de
l'océan Indien, avec les résultats originaux de BIOMASS (BIO), les résultats a
nouveau calculés (OLD) et la nouvelle analyse utilisant la nouvelle réponse
acoustique CCAMLR TS (NEW). Se référer au texte pour davantage de
précisions. [Longueur de la radiale en km = TL; aire en km? = AREA x 106;
densité en gm2 = pA; biomasse en tonnes = Bw x 109, coefficient de variation
(%) = CV].

Densité moyenne et estimations de biomasse pour trois strates [sous-zone 48.1
(sud-ouest), sous-zone 48.2 (est) et zone statistique 41 (nord-ouest)] a partir de
la campagne d'évaluation acoustique du Walther Herwig de la FIBEX, en
utilisant la nouvelle réponse acoustique CCAMLR TS (NEW). Se référer au texte
pour davantage de précisions. [Longueur de la radiale en km = TL; aire en
km?2 = AREA x 103; densité en gm-2 = pA; biomasse en tonnes = Bw x 103;
coefficient de variation (%) = CV].

Densité moyenne et estimations de biomasse pour des strates combinées selon
les zones et sous-zones statistiques a partir des campagnes d'évaluation
acoustique FIBEX en utilisant la nouvelle réponse acoustique CCAMLR TS
(NEW). Se référer au texte pour davantage de précisions. [Longueur de la
radiale en km = TL; aire en km2 = AREA x 105; densité en gm-2 = pA; biomasse
en tonnes = Bw x 106; coefficient de variation (%) = CV].

Légende des figures

Secteurs d'étude FIBEX et sous-zones statistiques de la CCAMLR du secteur
Atlantique occidental.

Secteurs d'étude FIBEX et sous-zones statistiques de la CCAMLR du secteur de
I'océan Indien.

Rapport entre la réponse acoustique (TS) et la longueur du krill.



Tabauna 1.

Tabauia 2:

Tabauna 3:

Tabauna 4.

Tabauna S:

Ta6auua 6;

PucyHok 1:
PucyHok 2:

PucyHok 3:

Criucok TabJul

CyZza, pafioHsl M aKyCTHUECKHE UYacTOThl, UCIOJIb3OBAHHbIE B XOJ€
akcriepuMeHTa FIBEX,

CpeaHsiss TMJIOTHOCTb U OLEHKM 6uoMacchl Ha  OCHOBaHUU
aKycTUueckux cbeMoK FIBEX, a TakXe nepBOHayaJibHblE Pe3yJbTATbl
BHOMACC (BIO), nepepaccuuTaHHble pe3yJbTaThl (OLD) U NOBTOPHbIM
aHaJU3, TMOJIyueHHbleé C WCMOJb30BAHUEM HOBBIX BeJIMUUH TS,
npuHsiToix AHTKOMoM (NEW). [leTa/iu CM. B TE€KCTe. [[IJIMHA pa3pe3a B
KM = TL; naomazab B KM2 = AREA x 10% NJOTHOCTb B I'M 2= pA;
fuomMacca B TOHHaX = Bw x 103, ko3¢ puureHT BapHauuu (%) = CV].

CpeAHsisi MJOTHOCTb U OLleHKU 6MOMacChl B Pa3/IMUHbIX palioHaX Ha
OCHORAHUU aKycTUUeckUX chbeMoK FIBEX, a TakXe NnepBoHauaJbHble
pesyabTaThi BHOMACC (BIO), nepepaccuuTaHHble pe3yJ ibTaThl (OLD) u
NMOBTOPHBIN aHAJ/IU3, MOJyUeHHble C UCMOJIb30BaHUEM HOBBIX BEJHUNH
Enl AHTKOMa (NEW). JeTasu CM. B TeKCTe. [JiIMHA paspesa B KM = TL;

naomazb B KM2 = AREA x 10% nJjoTtHocTb B M2 = pA; 6MoMacca B
TOHHax = Bw x 103, koappuuipeHT RapHanuu (%) = CVl].

CpeaHsis TMJOTHOCT W OLEHKU 6uomacchl Ha  OCHOBAaHUHU
akycTuueckux cbeMok FIBEX, npoBeJleHHbIX B 3anajHoaTJ/aH-
TUUECKOM M UHJOOKEaHCKOM CeKTopaxX, a TaKXe IepBOHauaJbHbie
pesyJibTaTel BUOMACC (BIO), mepepaccuuTaHHbie pe3yabTaThl (OLD) U
NMOBTOPHBIN aHAJ/N3, NOJYyUEHHbIE C UCMTOJIb30BAHUEM HOBBIX BeJUUHNH
TS, npuHsTBIX AHTKOMoMm (NEW). [[eTaJiid CM. B TEKCTE. [AJIMHA pa3pe3a
B KM = TL; nJjomazabp B KM2 = AREA X 105 MJOTHOCTb B I'M™2=pA;
6uoMacca B TOHHax = Bw x 10%, koadduLueHT Bapyauuu (%) = CV],

CpeAHsisi MJOTHOCTb U OLlEHKH 6UoMacchl B Tpex palloHax ([loapalioH
48.1 (oro-sanap), llogpaiioH 48.2 (BocTok) CTaTUCTUUECKUIN palioH 41
(ceBepo-3amaj)) Ha OCHOBaHMM JaHHbIX, CO6paHHBIX B XoJe
aKyCTUUECKOro CbeMouHoro petica cyaHa Walther Herwig,
NMoJiyueHHble C UCNOJIb3OBAHHUEM HOBbIX BeJWUYHH TS, NPHUHSATHIX
AHTKOMowM (NEW). /leTasiu cM. B TeKcTe. [AJIMHa pa3pe3a B KM = TL;
njomaab B KM2 = AREA x 10% nJoTHOCTb B M2 = pA; 6uomacca B

TOHHaX = Bw x 103, koaddpuumneHT Bapuanuu (%) = CV].

CpeAHsisl MJOTHOCTb U OLIEHKU 6MOMACCHl B CJIOSIX, O6beAUHEHHBIX MO
CTATUCTHUUYECKHMM  palioHaM U  NoJpalloHaM Ha  OCHOBaHHWMU
aKyCTHUUECKUX CbeMOUYHBIX peiicor  FIBEX, mnoJyyeHHble C

MCMOJIb30BAHUEM HOBBIX BEJWUWH Ebl, NpuHATHIX AHTKOMoM (NEW).
JleTanau cM. B TekcTe, [JJIMHa pa3pesa B KM = TL; nJomajb B KM? = AREA

X 10% naoTHocTb B I'M2=pA; 6uoMacca B TOHHax = Bw x 108
Koap UL HeHT BapHaluu (%) = CV].

CnvcoK pHCYHKOB

CbeMouHble palioHbl FIBEX u CTaTHcTUUeckHe noapaiionst AHTKOMa B
3anaHOATJ/IAHTHUUECOM CEKTODE,

CbeMouHble paiioHbl FIBEX u CtaTHcTUUeckHe noapaiordsl AHTKOMa B
HHJOOKEaHCKOM CEKTOpE.

COOTHOMEHUS CUJIBI LieJiH KpUJas (IS) K AJIUHE,
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Lista de las tablas
Buques, dreas y frecuencias acusticas utilizadas en FIBEX.

Densidad media y cdlculos de biomasa de los cruceros de prospeccidn acustica
FIBEX, con los resultados originales de BIOMASS (BIO), resultados calculados
de nuevo (OLD) y nuevos andlisis mediante el nuevo CCAMLR TS (NEW).
Véase el texto para mds detalles. [La longitud del transecto en km = TL; drea en
km? = AREA x 103 densidad en gm? = pA; biomasa en toneladas = Bw x 103,
coeficiente de variacion (%) = CV].

Densidad media y cdlculos de biomasa de varios estratos de los cruceros de
prospeccién acustica FIBEX, con los resultados originales de BIOMASS (BIO),
resultados calculados de nuevo (OLD) y nuevos andlisis mediante el nuevo
CCAMLR TS (NEW). Véase el texto para mds detalles. [Longitud del transecto
en km = TL; drea en km? = AREA x 103; densidad en gm2 = pA; biomasa en
toneladas = Bw x 103, coeficiente de variacion (%) = CV].

Densidad media y cdlculos de biomasa de los cruceros de prospeccién acustica
de FIBEX en el sector Atldntico occidental y el sector del océano Indico, con los
resultados originales de BIOMASS (BIO), resultados calculados de nuevo (OLD)
y nuevos andlisis mediante el nuevo CCAMLR TS (NEW). Véase el texto para
més detalles. [Longitud del transecto en km = TL; drea en km? = AREA x 106;
densidad en gm?2 = pA; biomasa en toneladas = Bw x 106, coeficiente de
variacién (%) = CV].

Densidad media y cdlculos de biomasa de tres estratos [Subdrea 48.1
(suroeste), Subdrea 48.2 (este) y Area estadistica 41 (noroeste) a partir del
crucero de prospeccién acustica del Walther Herwig, mediante el nuevo
CCAMLR TS (NEW). Véase el texto para mds detalles. [Longitud del transecto
en km = TL; drea en km? = AREA x 103; densidad en gm2 = pA; biomasa en
toneladas = Bw x 103, coeficiente de variacién (%) = CV].

Densidad media y cdlculos de biomasa de estratos combinados de acuerdo con
las dreas y subdreas estadfsticas de los cruceros de prospeccién actstica de
FIBEX, mediante el nuevo CCAMLR TS (NEW). Véase el texto para mds
detalles. [Longitud del transecto en km = TL; drea en km? = AREA x 105;
densidad en gm? = pA; biomasa en toneladas = Bw x 10¢, coeficiente de
variacién (%) = CV].

Lista de las figuras

Zonas de prospeccioén de FIBEX y Subdreas estadfsticas de la CCRVMA en el
sector del Atlantico occidental.

Zonas de prospeccion de FIBEX y Subdreas estadisticas de la CCRVMA en el
sector del océano Indico.

Relacién entre la potencia de blanco (TS) y la longitud del kril.



APPENDIX I
RECREATION OF ODISSEY AND DR EDUARDO L. HOLMBERG MVBS DATA

ODISSEY

Density values (p;) expressed in tonnes * n mile? were used to calculate MVBS values
(Sv) following the reverse of the procedure given in archived material from Anon. (1986).

Sv =10 ¢ logio(py) + TS
where the following 120 kHz TS/length relationship applies:
TS =20log/ - 77.2 (l in cm)

and

p, = —Ps
V' (3.43wAR)

and the conversion from n mile?2 to km?2 is 3.43 (1.8522), and py is density in gm2, py is density
in tonnes * n mile2, w is mean weight (g) and AR is the integration depth range.

The following constants were used for particular regions:

for South East Scotia Sea: w=0.61g,/=43cm
for South Georgia: w=036g,[=37cm.

DR EDUARDO L. HOLMBERG

The integrator deflections, D, measured from the Dr Eduardo L. Holmberg acoustic
echocharts archived from the FIBEX cruise were substituted into the following equation
(SIMRAD, 1975) and re-arranged to give MVBS (Sv):

Sv=10logD — 10logR — SL — VR+TVG - 10logy — 10logL+10log C - G

where the QM integrator with a 50 mm full scale deflection required an integration factor, E, of
3.8 in order to convert echogram integration values to 50 mm scale; the integration range (deep -
shallow: 100 - 4 = 96 m) is R; the source level, SL, is 215.0 dB; the voltage response, VR, is
-108.1 dB; the maximum time varied gain, TVG, is 47.0 dB; the velocity of sound in seawater, c,
is 1 500 m s-1; the pulse duration, 1, is 0.6 ms; the beam pattern factor, 10 log y is -18.0 dB; the
integration distance is L; the conversion factor C, needed to convert the integrator deflection on a
50 mm scale to V2 per n mile » m-1 is 1.54; and the integrator gain, G is 10 dB.
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APPENDIX II
EQUATIONS USED DURING CURRENT ANALYSES OF FIBEX RESULTS

EQUATION 1: MEAN WEIGHT DENSITY PER ECHO-INTEGRATOR INTERVAL

The mean weight density per echo-integrator interval, p; is:

>
n.lé
p;= cARiIOO'l.[(gv)‘ B ] ”
2 njl lO leB

where a and c are constants in the length/welght expression:

Weight=c 2 €))
and B and D are constants in the TS/length relationship:

TS = B logl + D (b)
and ! is length, AR is the depth range (deep - shallow), i is the reset interval, j is the length class,

njis the number of animals in length class j, Sv is the MVBS. Note also 0.1B = b and 10%-1D = =d

where b and d are constants in the equation relating mean reflectivity of scatterers to length (see
Anon., 1986 - Appendix A).

EQUATION 2: COMBINATION OF RESET DENSITIES WEIGHTED BY RESET LENGTH

The mean weight density for transect k, p is:

_ 1 Me
pr =—2.(Pc),(Di)s
Ly i=1

where py; is the mean weight density for the i-th reset interval on transect k, M, is the number of
intervals in the k-th transect, Dy; is the length of the i-th interval on the k-th transect and the
length of the k-th transect, L, over which data is selected (i.e., during the daytime), is given by:

M,
Ly =), (D),

i=1
EQUATION 3: MEAN DENSITY BY STRATUM WEIGHTED BY TRANSECT LENGTH

The mean density for a stratum, pa4 is:

K —,
> peli

pa =L
ZLk
k=1
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Biomass is derived through multiplication by the stratum area. Densities from
overlapping strata (i.e., Central Bransfield Strait) were combined with separate density estimates
being weighted by the inverse of their variance.

EQUATION 4: VARIANCE OF DENSITY IN STRATUM

The variance of density in a stratum was estimated using equation 4 of Anon. (1986):

K _ _ 5,
(P —Pa) Lk

Var(py ) = =]

R

EQUATIONS 5 AND 6: CALCULATION OF COMBINED MEAN WEIGHT DENSITY FOR
OVERLAPPING STRATA

The mean weight density for overlapping strata, p is:

N
Pc= Zwi(pA)i
i=1
where the weight, wj, for each separate density estimate is:

1

Var(p, );.
1

Wy = g

N

igi Var(p, );
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ABUNDANCE, SIZE AND MATURITY OF KRILL (EUPHAUSIA SUPERBA) IN
THE KRILL FISHING GROUND OF SUBAREA 48.1 DURING THE 1990/91
AUSTRAL SUMMER

T. Ichii, H. Ishii and M. Naganobu*

Abstract

Acoustic and net sampling surveys for krill were conducted in the krill
fishing ground north of the South Shetland Islands from 18 January to
3 February 1991. Distinct offshore-inshore heterogeneities in
abundance and maturity of krill were observed. The survey area was
divided into four zones: oceanic, slope frontal, neritic and nearshore
zones. The mean density of krill was low in the oceanic zone
(8.5 g/m2), intermediate in the frontal (37.3 g/m2) and neritic
(28.1 g/m2) zones, and extremely high in the nearshore zone
(134.7 g/m?2). The last zone corresponds to the shelf break or the shelf
area where topographic eddies were generated, suggesting that
hydrodynamic convergence might be responsible for accumulation of
krill in this zone. The total biomass over the survey area was estimated
to be 1.59+0.45 million tonnes (95% confidence limit), of which
1.22+0.42 million tonnes was concentrated in the fishing ground
(frontal + neritic + nearshore zones). Information from other studies
indicated that krill biomass in this region had been lower than expected
until early February 1991. As for maturity stages of krill, spawning
krill (modal body length 49 mm) were dominant in the oceanic and
frontal zones, whereas less mature krill (modal length 45 mm)
dominated in the neritic and nearshore zones. Juveniles, which were
scarce in the survey described, were found restricted mainly to the
nearshore zone. Gravid females were exceedingly abundant in the slope
frontal zone, having a mean density of 23.9 g/m2 (411 000 tonnes), as
contrasted with a low 3.7 g/m? (163 000 tonnes) in the oceanic zone.
Gravid females were nearly absent in the neritic and nearshore zones.
This indicates that slope frontal features may be important for the
formation of favourable conditions for krill spawning.

Résumé

Des campagnes d'évaluation du krill par méthode acoustique et par
échantillonnage au filet ont été menées dans le lieu de péche de krill
situé au nord des fles Shetland du Sud du 18 janvier au 3 février 1991.
Une hétérogénéité distincte est apparue en matiére d'abondance et de
maturité du krill entre le large et la cote. L'aire considérée a été divisée
en quatre zones: la zone océanique, celle du bord de la pente, la zone
néritique et la zone proche de la cote. La densité moyenne du krill était
faible dans la zone océanique (8,5 g/m?), intermédiaire dans les zones
frontale (37,3 g/m2) et nériﬁ%ue (28,1 g/m2) et extrémement haute dans
la zone cotiere (134,7 g/m?). Cette derniere zone correspond 2 la
bordure du plateau ou a la région du plateau d'oll provenaient les

*

National Research Institute of Far Seas Fisheries, Orido 5-7-1, Shimizu, Shizuoka, 424 Japan
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tourbillons topographiques, ce qui laisse entendre que la convergence
hydrodynamique pourrait &tre responsable de 1'accumulation du krill
dans cette zone. La biomasse totale de la zone considérée a ét€ estimée
a 1,59 + 0,45 million de tonnes (intervalle de confiance de 95%), dont
1,22 + 0,42 million de tonnes étaient concentrées dans le lieu de péche
(zones frontale + néritique + cotiere). Des informations provenant
d'autres études indiquaient qu'avant début février 1991, la biomasse de
krill avait été plus faible qu'on aurait pu s'y attendre dans cette région.
En ce qui concerne les stades de maturité du krill, le krill reproducteur
(longueur modale du corps, 49 mm) était prédominant dans les zones
océanique et frontale, alors que le krill & un stade de maturité moins
avancé (longueur modale, 45 mm) dominait dans les zones néritique et
cotiere. Les juvéniles, rares dans la campagne d'évaluation décrite,
étaient généralement restreints a 1a zone cotiere. Les femelles gravides

de la zone du bord de la pente, d'une densité moyenne de 23,9 g/m?

(411 000 tonnes), étaient extrémement abondantes par rapport a la faible
densité de 3,7 g/m2 (163 000 tonnes) observée dans la zone océanique.
Les femelles gravides étaient pratiquement absentes des zones néritique
et cotiere. Ceci met en évidence l'importance potentielle des
caractéristiques du bord de la pente dans la formation de conditions
favorables a la reproduction du krill.

PeswomMe

C 18 saHBaps no 3 geBpadisi 1991 r, IpoOBOAUINUCH aKyCTHUUECKHE
Cbe€MKM H BbIGOpOUHbIE TpaJlOBblE CbEMKM Ha YyuacTke
NpoMbIc/aa Kpuast K ceBepy oT I0xHbix IleTsiaHACKHUX O-BOB,
Habsoaa/uch ueTKMe HEOAHOPOAHOCTU B UMCJIEHHOCTH U
NMOJIOBO3PEJIOCTU KPUJIsSI B NMPUBPEXHBIX BOZaX U B OTKPLITOM
Mope. CbeMKa JeJiJach Ha 4UeTbipe 3OHbl: OKeaHUUecKas,
dpoOHTAJIBHOI'O CKJIOHa, HepuTUueckass W MNpuUbBpexHas.
CpeaHsist NJAOTHOCTb KPUJIsI 6bl/la HU3KOM B OKEAHWUECKO 30He
(8,5 r/m2), cpeAHeil B ppoOHTaJbHOI (37,3 r/M2) U HEPUTUUECKOIA
(28,1 r/M2) 30HaX U OueHb BHICOKOI B MpHUBpEXHOIT 30He (134,7
r/mM2), ITocaeAHsIs 30HA COBMAaJjaeT © rpaHulell meJjbga UAU
paiioHoM 1meJabda, rAe obpa3oBajuch Tonorpaduueckue
BOJIOBOPOTRI. 3TO YKa3blBaeT Ha TO, UTO HaKOMJEHUE KPHUJsi B
3TOM 30He BO3MOXHO BbI3BAHO ruApoHaMHueckoil
KOHBepreHuueH, OueHka obmeii 6uoMacesl B palioHe CbEMKHU -
1,59 * 0,45 MHUIJIMOHA TOHH (JOBepHUTEJIbHBII UHTEpPBaJ - 95%),
n3 uero 1,22 + 0,42 MUJIIHMOHA TOHH 6blJIO CKOHLEHTPUPOBAHO
Ha NPOMBICJIOBOM YyuacTKe (PpoHTaJibHasl + HEpUTHUecKas +
npubpexHast 30Hb). IlonyueHHass B pesyJbTaTe ApPYIUx
HccaeA0BaHUM MHGOpMallsl YKa3blBa€T Ha TO, UTO AO HauaJa
deBpanst 1991 r. 6MoMacca KpuUJsl B AaHHOM palioHe 6blia
HUXe oXHZaHHoN. UTO KacaeTcss cTaAull 3peJsiocTH KpUJsi, B
OKeaHUYecKoH 7! ¢ppoHTANBHON 30Hax npeo6Janan
HepecTyIHI KpUJIb (MOAaJbHas AJMHA - 49 MM), Torja Kak
"MeHee" 3peJblii  KpWJib (MOJaJibHast AJHWHA - 45 MM)
AOMUHUDPOBaJI B HEPHUTUUECKOU W TMNpUOBPEXHOII 30Hax.
MoJaoab, UYHCJEHHOCTb KOTOpPOH 6blJ1a HU3KOU B Xoje
ONMCAaHHON! CbEMKH, B OCHOBHOM OrpaHUUHBAJIACH
NpU6pexXHOi 30HOH. HKpsiHbleé CaMKU 6blJIM HCKJIUHTEJbHO
MHOIrOUMCJEHb B 30He (GPOHTAJbHOI'O CKJOHA, rAe CpeAHss]
NJIOTHOCTb cocTaBUJa 23,9 r/M2 (411 000 ToHH). Tlo cpaBHEHUIO
C 3TUM, B OKEaHUUYEeCKOIl 30He CpeAHsiss NJOTHOCTb 6blya



HuU3Koil - 3,7 r/m2 (163 000). HxpsiHble CcaMKH TIOUTU
OTCYTCTBOBAJIU B HEPUTHUUECKOI U NMpUBpeXHO 30HaxX. ITO
YKa3bIBaeT Ha TO, UTO OCOBEHHOCTU (POHTAJNBHOIO CKJOHA
MOT'yT UrpaTh BaXHYK poJib B OPMUPOBAHUU 6J1aronpUsITHBIX
YCJIOBUH ANl HEPECTA KPpUJISL.

Resumen

Del 18 de enero al 3 de febrero de 1991 se realizaron prospecciones
acusticas y de muestreo mediante redes en la zona de pesca de kril al
norte del archipiélago de las Shetland del Sur. Se observaron claras
diferencias en la abundancia y madurez del kril entre las aguas de alta
mar y las cercanas a la costa. El drea de estudio se dividié en cuatro
zonas: ocednica, talud frontal, neritica y cercana a la costa. La densidad
media del kril fue baja en la zona océanica (8.5 g/m?2), intermedia en la
zona frontal (37.3 g/m2) y neritica (28.1 g/m2), y extremadamente alta
cerca de la costa (134.7 g/m2). La tltima zona corresponde al borde de
la plataforma continental o al drea de la plataforma en donde se generan
remolinos por accidentes topogrificos, lo que sugiere que la
convergencia hidrodindmica puede ser la causa de que el kril se acumule
en esta zona. La biomasa total sobre el drea estudiada se estimé en
1.59 * 0.45 millones de toneladas (limite de confianza del 95%), de la
cual 1.22 * 0.42 millones de toneladas se concentraron en la zonas de
pesca (frontal + neritica + cercana a la costa). Segun la informacién
que se tenfa de esta zona, de otros estudios realizados, la biomasa de kril
fue menor de lo previsto hasta principios de febrero de 1991. En lo que
respecta a los estados de madurez del kril, predominé el kril en desove
(longitud modal de 49 mm) en las zonas océanica y frontal, mientras
que el kril menos maduro (longitud modal de 45 mm) predomind en las
zonas neritica y cercana a la costa. Los juveniles, que resultaron escasos
en la prospeccion estudiada, se limitaron a la zona cercana a la costa. Se
encontr6 una gran cantidad de hembras grdvidas en la zona del talud
frontal con una densidad media de 23.9 g/m? (411 000 toneladas),
comparado con una baja densidad (3.7 g/m2) en la zona océanica
(163 000 toneladas). Casi no se encontraron hembras grdvidas en las
zonas neritica y cercana a la costa. Esto supone que las caracteristicas
del talud frontal podrfan ser importantes en la formacién de condiciones
favorables para el desove del kril.

1. INTRODUCTION

The Antarctic Peninsula region is known as a region rich in krill and has been actively
studied. Siegel (1988) has provided the following information on the distribution and
abundance of krill in this region: “In spring, as the pack ice retreats, krill abundance increases.
In late December to early January it reaches its highest levels which last until the beginning of
March. Interestingly, the krill stock shows a distinct spatial segregation in the maturity stages
during the spawning season. Gravid and spawning adults occur along the continental slope and
in oceanic waters, while nearer to the coast subadult krill dominate and juveniles are confined to
coastal shelf waters.”
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In the Antarctic Peninsula region the krill fishing has regularly been conducted in the
waters north of the South Shetland Islands, which corresponds to spawning and feeding
grounds for adult and subadult krill (e.g., Siegel, 1988). As this area potentially overlaps with
foraging grounds for krill-dependent predators during summer it has now become one of the
“hot-spots”. This paper presents information on biomass estimates and stock structure of krill
in this fishing area during the 1990/91 summer, and also discusses mechanisms for the
formation of persistent concentrations of krill by examining the relationship between the pattern
of krill distribution and oceanographic structure.

2. MATERIALS AND METHODS

The cruise of RV Kaiyo Maru was conducted in two stages (Ichii et al., 1991), although
this paper deals only with research activities of the second leg. Leg 2 covered the waters from
the north of Elephant Island to the north of Livingston Island from 18 January to 3 February
1991 (Figure 1). Transects ran in an offshore-inshore direction with 20 n miles between the
transects. A zig-zag transect pattern in the offshore region of Livingston Island was caused by
weather conditions which hampered operations. The cruise tracks running along the coast
corresponded to the depth contour of approximately 150 m.

2.1  Oceanographic Observation

Oceanographic data were collected using a Sea-Bird SBE-19 CTD. CTD station depths
were down to 1 000 m or closer to the sea bottom in shallower water.

For the study of subsurface current patterns around the islands, four drifting buoys
(model C-2243, TOYOCOM, Japan) were released and tracked using the ARGOS system carried
on TIROS-N and NOAA-A satellites. Typically, twelve locations per day were recorded for each
buoy with an accuracy less than several hundred metres. From the 1987/88 survey krill were
reported to be most abundant over the depth range of 30 to 40 m in this region (Anon., 1989).
Therefore each buoy was deployed with a curtain drogue (4 m x 1 m) at 30 m depth to assess
this subsurface circulation.

2.2  Hydroacoustic Survey

The echo sounder used was an FQ-50 with a digital integrator (Furuno Electric, Japan)
operating at 200 kHz. The operating parameters of the acoustic system are summarised in Table
1. Throughout the survey period, excluding time spent on stations and towing sampling nets,
the Mean Volume Back-Scattering Strength was continuously measured at the constant
horizontal integration interval of 1 n mile for the depth range of 10 to 200 m or 10 m to bottom
if shallower. The top depth of integration (10 m) was changed sometimes to 20 m to avoid
surface noise. The target strength of krill used as a default value was -66.1 dB per 1 g wet
weight of krill (Shimadzu et al., 1989). The actual length compositions of krill during the
current survey were fairly close to the length composition derived from target strength
measurements.

The echo-integrator was calibrated with a hydrophone at the port of Tokyo before
(29 October 1990) and after (26 March 1991) the cruise. Two calibration experiments showed
little reduction in source level and receiving sensitivity.

2.3 Net Sampling

Samples of krill were collected by a rectangular frame trawl (the Kaiyo Maru Midwater
Trawl (KYMT)), which has a mouth area of 9 m2 and mesh size of 3.4 mm. The trawl was towed
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obliquely from a depth of about 100 m to the surface at a speed of about 3 knots, at
pre-determined fixed locations (blind tows). When a dense swarm of krill was detected
acoustically, the KYMT was towed horizontally at swarm depth (aimed tows).

A sample from each haul was preserved in a 10% (buffered) formalin-seawater solution
for later examination in the laboratory ashore. 150 individuals of krill were randomly selected
from each sample for measurement of body length and determination of maturity stage; all
individuals were analysed for small catches of <150 krill. Body length was measured to the
nearest millimetre from the tip of the rostrum to the end of the telson. All measurements were
carried out by a single observer to avoid methodologically biased differences in length
frequency data (Watkins et al., 1985). Maturity stages were identified according to the
classifications of Makarov and Denys (1981). The size and maturity stage compositions from
each sample were weighted by their respective mean density, estimated acoustically over
10 n miles along the transect near its respective sampling station before being pooled.

3. RESULTS
3.1  Oceanographic Features

Figure 2 shows horizontal salinity distribution at 10 m depth. Three different regions
were clearly distinguished: the oceanic (deeper than approximately 3 000 m), slope frontal
(= 500 to 3 000 m depth) and inshore (= 150 to 500 m) region (Figure 3). The frontal region,
known as CBW (Continental Boundary Waters), is characterised by a relatively sharp increase in
salinity towards the south (from 33.7 to 34.2 %o) and is restricted to a band along the island
shelf slope.

The tracks of four buoys demonstrated subsurface current patterns in each region
(Figure 4). In the oceanic region buoy 1 moved continuously towards the northeast on
meandering and eddying currents, reaching as far as the South Georgia region, and then became
trapped in the shelf break area west of South Georgia. In the frontal region buoys 2 and 3
drifted eastward at first, then became entrained in the inshore waters adjacent to Elephant and
Livingston/King George Islands, respectively. These buoys demonstrated the existence of
complex eddies along the shelf break or on the shelf to the north of South Shetland Island.
Buoy 4 was deployed in the inshore region and became entrained in an erratically rotating
current along the shelf break, before becoming trapped in Barclay Bay on the northern side of
Livingston Island. Thus, all the buoys exhibited a distinct tendency to be trapped in
topographical complex eddies generated along the shelf break or on the shelf.

3.2  Hydroacoustic Surveys
3.2.1 Stratification of Survey Region

Figure 5 shows the distribution of krill density along the transects. Krill density tended
to decrease oceanward. In the oceanic region only occasional occurrences of dispersed
aggregations were observed, while in the frontal region dispersed aggregations or small swarms
were frequently detected. The inshore region was characterised by large and dense swarms
concentrated along the shelf breaks or on the shelf where topographical eddies were generated.
In order to reduce the variance in the biomass estimate for the inshore region, this region was
divided into two zones: neritic and nearshore (Figure 6). The latter zone was defined as narrow
bands along the 150 m depth contour where krill were frequently concentrated. The width of the
nearshore zone was assumed to be 3 n miles because the area of high density appeared to be
formed at least over this width along the coast. Consequently, for the estimation of total krill
biomass over the survey region, this area was divided into four zones: oceanic, slope frontal,
neritic and nearshore.
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3.2.2 Day/Night Differences in Krill Density

Because of krill’s tendency to migrate at night towards the surface, where they can be
undetectable acoustically, the difference in overall mean density between day and night was
checked using pooled data (densities over integration intervals) for each zone. Day and night
densities were 7.9 and 10.7 g/m?2; 37.2 and 40.0 g/m2; 25.7 and 39.7 g/m?; and 165.0 and
72.6 g/m2 in the oceanic, frontal, neritic and nearshore zones, respectively. Since no significant
day/night difference in mean density was observed for each zone, all day- and night-time data
were combined for subsequent analyses.

3.2.3 Estimation of Mean Density and Biomass

Mean density and sampling variance were estimated using a transect-based method
adopted at the second post-FIBEX acoustic workshop (Anon., 1986). This method assumes that
the transect means are independent, that the regression of expected number of animals on
transect length should pass through the origin, and that the variance of the number of animals is
proportional to transect length.

Mean density (g/m2) for each zone, the variance (Var) of the mean and 95% confidence
limits (CL) about the mean were calculated from:
N;
D dyLi
d; = k=l

N,
> L
k=1

Var(d;) = k=l

CL(d;) =1t (N; —1,0.05),/Var(d;)

where d; = mean density for i-th zone
dix = mean density for k-th transect in i-th zone
Li = length of k-th transect in i-th zone
N; = number of transects in i-th zone

t(n, o) = student’s t-distribution with p degrees of freedom and proportion o in both
tails.

Biomass (tonnes) for each zone, the variance and 95% confidence limits of the biomass
were given by:

Bi = A,-Ei
Var(B;)= A;2Var(d;),

CL(B;) =1 #(N; —1,0.05)y/ Var(B;)

188



where B; = biomass for i-th zone
; = area for i-th zone.

The total biomass (B;) for an area consisting of M zones, and the variance of the total

M M
biomass were computed as the sum of the zonal biomass (Z Bi) and variance [2 Var(B; )J,
i=1 i=1
respectively. 95% confidence limits of the total biomass were estimated from:

m
CL(B,) == ¢} N; - M,0.05) Var[z B,-] (Mackett, 1973).

i=1

The estimates of mean density and biomass for each zone are shown in Table 2. The
mean density was as high as 135.1 g/m?2 in the nearshore zone, while only 8.5 g/m2 in the
oceanic zone, with intermediate values of 37.3 and 28.1 g/m?2 in the frontal and neritic zones,
respectively. The coefficient of variation (CV) was higher in the nearshore zone (33%) than
other zones (24 to 26%) due to the extremely patchy distribution of krill and the smaller number
of transects in this zone. The total biomass over the survey region was estimated to be
1.59+0.45 million tonnes (95% confidence limit), of which 1.22+0.42 million tonnes was
concentrated in the areas of fishery operation (“frontal” + “neritic” + “nearshore”). A
statistically valid CV (14%) was obtained for the total biomass.

3.2.4 Spatial Distribution of Lengths and Maturity Stages of Krill

The krill stock showed a distinct offshore-inshore separation in size and maturity classes
(Figure 7). Large krill (modal length 49 mm) were dominant in the oceanic and slope frontal
zones, whereas medium-sized krill (modal length 45 mm) dominated in the neritic and nearshore
zones. Small krill (modal length 30 mm) were scarce except in the nearshore zone where they
represent about 30% of the stock. According to the growth curve for krill (Siegel, 1987), length
modes of 45 mm and 30 mm correspond approximately to ages 3+ and 1+ years respectively.
The 49 mm length mode is possibly composed of mostly age 4+ and older, considering the
clear difference in maturity stages between krill with modal lengths of 49 and 45 mm (Figure 7).

All krill were at the spawning stage in the oceanic and frontal zones. Almost all females
were gravid (stage I1ID) and all males had fully developed spermatophores (11IB). On the other
hand, krill were less mature in the neritic and nearshore zones: females were not gravid (IBC),
and a large component (35 to 45%) of males were immature (IIA1-11A3). Juveniles were
generally restricted to the nearshore zone where they constituted 27% of the stock. The
percentages of gravid females in the population were 43%, 64%, 4% and 3% in the oceanic,
slope frontal, neritic and nearshore zones respectively. Multiplying the mean densities of krill
by these percentages, mean densities of gravid specimens were calculated to be extremely high
in the slope frontal zone (23.9 g/m2), as contrasted with the lower values (3.7 g/m2) in the
oceanic zone, while such krill were virtually absent from the neritic and nearshore zones
(Table 3). Gravid biomass amounted to 594 000 tonnes over the survey region, of which as
much as 411 000 tonnes was concentrated in the slope frontal zone.

4, DISCUSSION
The present study divided the inshore region into the two zones (“neritic” and

“nearshore”). This clearly reduced the coefficient of variation of the biomass estimate for the
inshore region (from 38% to 21%), with only a small change in the biomass estimate (decrease
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by 10%). Since the inshore region showed great spatial variability in krill abundance, the
number of transects should be increased (e.g., by setting cruise tracks diagonally across depth
contours) to obtain more reliable estimates.

Kirill density and biomass in the 1990/91 season for this region were at lower levels until
early February, approaching normal levels from mid-February onward (AMLR, 1991). This low
density in early summer influenced krill-eating predators at Seal Island: 20% decline in the
number of penguins occupying nests compared to last season, and longer feeding trips of
Antarctic fur seals in early January (five to nine days) compared to late February (one to three
days) (AMLR, 1991). Ichii ez al. (1991) also reported that the density at the localised fishing
ground north of Livingston Island was approximately less than half of that three years ago
(149 g/m? in 3 February 1991 vs 342 g/m? in 21 January 1988). Later in this season (late
February to early March) krill biomass in the Elephant Island region was estimated to be as
much as 2.12 million tonnes, the same level as in the previous season (AMLR, 1991). Hence, the
estimate of total krill biomass obtained in this study should be regarded not as an
underestimation but as a true reflection of lower biomass at the end of January in the 1990/91
season.

The krill stock showed distinct offshore-inshore heterogeneities in abundance and
biological characteristics, which evidently resulted from both biological and hydrographic
factors:

(i) low values of Chl a were observed in the oceanic zone compared to the other three
zones during the survey (Ichii et al., 1991). This implies that the least favourable
feeding environment might be responsible for the lower krill density in this zone;

(ii) the krill spawning stock distribution was closely associated with the slope frontal
zone, indicating that krill use this zone as spawning grounds. In the Indian Ocean
sector a spawning ground appeared to coincide with the continental slope front
region (Ichii, 1990). The slope region is favourable for spawning for the following
reasons. Firstly, spawning must be much more successful in deeper waters (the
frontal and oceanic zones) than in the shallow coastal region (the neritic and
nearshore zones) because in the shallow region sinking krill eggs would soon
reach the seabed and become exposed to predation by benthic animals, resulting in
a lower survival rate. Secondly, comparing the two deeper zones (slope frontal and
oceanic) the former zone may be more favourable in that the upwelling deep water
may assist upward movement of early larval stage krill (Marr, 1962) and that the
higher phytoplankton concentration may provide a better feeding environment for
spawning krill;

(iii) the neritic and nearshore zones are characterised by sluggish circulation around the
islands. Areas of dense krill concentration tended to coincide with the shelf break
or be on the shelf, where topographic convergent eddies were generated. The
hydrodynamic convergence, therefore, might be responsible for aggregating krill
into the nearshore zone. This mechanical accumulation might also cause the
frequent occurrence of juveniles, which are poorer swimmers than adults, in this
zone.

Krill trawlers which had been operating over the frontal, neritic and nearshore zones
during the study period operated only in the last two zones by the end of February, 1991. Post-
spawned krill were observed in their catches (Kawaguchi, personal communication). Siegel
(1988) and Brinton (1991) suggested that, after spawning, adult krill leave the oceanic and
frontal zones where larvae occur at that time in surface waters, and migrate into the neritic and
nearshore zones. It is therefore considered that toward the end of the spawning season more
and more post-reproductive krill were moving into the neritic and nearshore zones, probably
leading to a considerable part of the krill biomass aggregating in those zones.
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Table 1:

Operating parameters of the echosounder Furuno FQ-50.

Frequency

Equivalent beam width
Pulse duration

Depth range

Depth channel
Integration interval
Attenuator

Threshold

TVG

Gain constant

200 kHz

0.007 sr

1.8 ms

0to200m

10* t0 200 m (9 ch
1 n mile

20 dB

15dB

20logR

78.9 dB

annels)

* The top depth integration was changed to a maximum of 20 m when the sea was rough.

Table2:  Mean density and biomass of krill in each zone.
Zone Area Mean Density Biomass cv n
(103km?2) (g/m?) (103 tonnes) %
E A\ CL E ok * CL
Oceanic 44.0 8.5 4.2 4.7 374 8131] 204 | 24 | 10
Frontal 17.2 37.3 91.5| 21.6 642 | 27069| 372 | 26 | 10
Neritic 10.3 28.1 473 | 159 289 50181 163 | 24 9
Nearshore 2.1 135.1 | 2020.6 | 124.8 284 8911| 262 | 33 5
Total 73.6 1589 | 49129 453 | 14 | 34

E - Mean, V - Variance, CL - 95% confidence limit, CV - coefficient of variation, n - number of

transects, * g2/m?, ** 106 tonnes.

Table 3:  Mean density and biomass of gravid krill in each zone.
Zone % of Gravid Krill Mean Density Biomass
in the Population (g/m?2) (103 tonnes)
Oceanic 43 3.7 163
Frontal 64 23.9 411
Neritic 4 1.1 11
Nearshore 3 4.1 9
Total 37 594
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Figure 1: Cruise track and stations off the South Shetland Islands.
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Figure 2: Distribution of salinity at 10 m depth.

60°

61°

62°

63°S

193



64° 62° 60° 58° 56° 54°W

60°

61°

- 62°

63°S

Figure 3: Bathymetric chart around the South Shetland Islands. Depth in metres. Shaded
area indicates the slope frontal zone.
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Figure 4: Subsurface (30 to 35 m depth) circulation derived from the paths of four
satellite-tracked buoys. Shaded area indicates the slope frontal zone.
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Figure 6: Stratification of the survey area and transects for each zone. The nearshore zone is
defined as 3-n mile wide belts along the 150 m depth contour. Cruise tracks along
these narrow belts were used as transects for the nearshore zone.
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Tableau 1:
Tableau 2:
Tableau 3:

Figure 1:

Figure 2:
Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Tabauna 1:
Tabauna 2;

Tabéuuna 3:

Légendes des tableaux
Parametres relatifs a I'opération de 1'échosondeur Furuno FQ-50.
Densité et biomasse moyennes du krill de chaque zone.

Densité et biomasse moyennes du krill gravide de chaque zone.

Légendes des figures

Trajet de la campagne et stations au large des iles Shetland du Sud.
o stations de CTD

. stations de CTD et KYMT (chalutage non contrdl€)

A station de KYMT (trait dirigé)

A stations de CTD et KYMT (trait dirigé)
Distribution de la salinité a 10 m de profondeur.

Carte de bathymétrie des environs des iles Shetland du Sud. Profondeur en
metres. La partie hachurée correspond a la zone du bord de la pente.

Courants sous la surface (2 une profondeur de 30 a 35 m) dérivés des trajets de
quatre bouées suivies par satellite. La partie hachurée indique 1a zone du bord
de la pente.

Densités moyennes du krill par mille n. du transect. La partie hachurée
correspond 2 la zone du bord de la pente.

Stratification de la zone d'étude et des transects pour chaque zone. La zone
proche de la cote est définie comme étant formée de ceintures de 3 milles n de
large le long de la courbe de niveau de 150 m environ. Les trajets de la
campagne le long de ces ceintures étroites ont servi de transects pour la zone
proche de la cote.

Composition en longueurs et en fonction de la maturité du krill par zones.
A gauche : les barres pleines correspondent au krill de taille
supérieure a 50 mm
Adroite:  les barres en caracteres gras pointillées, hachurées ou
pleines correspondent respectivement aux juvéniles, aux
males subadultes et aux femelles gravides.
Cnucok TabJuiy
Pa6oune napaMeTpsl 3xoJota OypyHo FQ-50.

CpeAHsist NJIOTHOCTb U 6UOMacca KPpUJisl B KAXOI 30HeE.,

CpeaHsisi NJIOTHOCTh U 6lOMacca UKPSIHOT'O KPUJIsI B KAX IO 30HeE,
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198

CrnyUcoK pUCYHKOB

MapupyT nJaBaHUsI W METONOJIOXEHHEe CTaHHUH y IOXHBIX
IleTnaHACKUX O-BOB.

ctaHu U CTD
ctaHuuu CTD u KYMT (HenpHieJibHOe TpaJieHUE)

cTaHUUA KYMT (npuLeJbHOE TpaJieHue)
ctaHuun CTD u KYMT (HernpuuebHOE TpaJieHue)

P> e O

PacnipezeJjieHue COJIEHOCTH Ha riy6uHe 10 M.

BatuMeTpuueckass Kapra paiioHa BOKpyr IOxHbix IleTtyaHACKUX
o-BoB, I'siy6uHa B MeTpax. 3aT€HEeHHasl UacTb - 30Ha (PpPOHTAJIbHOI'O
CKJIOHA.

HoanoBepxHOCTHAas LUPKYJIsALUs (ray6uHa 30 - 35 M), onpeaesieHHas!
o nepeABUXEHUIO YeThlpeX 6yeB, 3a KOTOPbBIMH BEJIOCh CIYy THHUKOBOE
CJIeXeHHe, 3aTeHEHHas UacTh - 30Ha PPOHTAJIBHOIO CKJOHA.

BesnuuHbl cpeAHel INJOTHOCTH KpPWJIs, UHTErpUPOBaHHBIE Ha
eAVHULY AJIUHBI pa3pesa (1 Mopckast MUJIsE)., 3aTEHEHHas 4acTb - 30Ha
(ppOHTANBHOI'O CKJIOHA.

Crpatugukalsg palioOHa CbeMKH W pa3pe3bl AJs KaXAOH 3O0HHBI,
[IpubpexHasi 30Ha onpeAensieTcsi Kak MOoJIOChl HIUPHHON 3 MOPCKHX
MMJIb BAOJIb KOHTYpa NpU6JH3UTENbHO Ha Ir1y6uHe 150 M. Mapupy Thl
MJaBaHUS BAOJDb 3THUX Y3KUX MOJOC HCHOJb3OBAJHCh B KauecTBe
paspes3oB B NpU6peXHON 30He,

PasMepHbIll COCTaB U CTaAHU NOJIOBO3PEJIOCTU KPHJIsI IO 30HAM.

JIerasi cTOpOHa: 3amoOJHEHHble CTOJ6Lb - KpUJb 60Jblie 50 MM

IlpaBasi CTOpOHa: XUPHbBIE MYHKTUPHbBIE, 3aTEeHEHHbIE U 3aM0JI-HEHHbIE
CTOJIOLBI O603HAUAKT MOJIOJAb, He-NMOJORO3PEJBIX
CaMLOB U UKPSTHBIX CAMOK COOTBETCTBEHHO,
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Pardmetros de operacién del ecosonda Furuno FQ-50.

Biomasa y densidad media del kril en cada zona.

Biomasa y densidad media del kril grdvido en cada zona.

Lista de las figuras

Derrota del crucero y estaciones a la altura del archipiélado de las Shetand del
Sur.

o estaciones CTD

. estaciones CTD y KYMT (arrastre sin blanco definido)

A estacion KYMT (arrastre dirigido a ciertas especies)

A estaciones CTD y KYMT (arrastre dirigido a ciertas especies)




Figura 2:
Figura 3:

Figura 4:

Figura 5:

Figura 6:

Figura 7:

Distribucién de salinidad a una profundidad de 10 m.

Mapa batimétrico de la zona alrededor del archipiélado de las Shetand del Sur.
La profundidad se da en metros. Las dreas sombreadas indican la zona frontal
de la pendiente.

Circulacién submarina (profundidad de 30 a 35 m) obtenida de las trayectorias
de cuatro boyas rastreadas por satélite. Las 4reas sombreadas indican la zona
frontal de la pendiente.

Densidades medias del kril calculadas por milla marina del transecto. Las dreas
sombreadas indican la zona frontal de la pendiente.

Estratificacion de la zona de estudio y transectos para cada zona. La zona cerca
de la costa se define como la franja de 3 millas marinas de ancho a lo largo del
estrato de profundidad de 150 m. Las derrotas a lo largo de estas estrechas
fajas se utilizaron como transectos para la zona cerca de la costa.

Composicion por talla y madurez del kril por zonas.

Izquierda: las barras sélidas representan al kril superior a los 50 mm

Derecha: las barras de puntos (en negrita), sombreadas y s6lidas representan
a los ejemplares juveniles, machos subadultos y a las hembras
gravidas, respectivamente.
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DIURNAL VARIATIONS IN BIOLOGICAL CHARACTERISTICS OF KRILL,
EUPHAUSIA SUPERBA DANA, TO THE WEST OF THE SOUTH ORKNEY
ISLANDS, 24 MARCH TO 18 JUNE 1990 - BASED ON DATA REPORTED BY A
BIOLOGIST-OBSERVER

A.V. Vagin, R.R. Makarov and L.L. Menshenina*

Abstract

Investigations of diurnal variations in the size composition of
Euphausia superba were carried out on the commercial trawler Grigory
Kovtun near the South Orkney Islands from March to June 1990.
Observations at six daily stations were carried out in various locations
inside the fishing area. Each station consisted of a series of catches
made using a standard commercial trawl (9 to 12 tows per station, over
one day). An increase in the total average size of animals caught in
periods of light or darkness was noted at several stations. Increases in
the proportion of males in the catch, as well as an increased difference
between average length of males and females in the layer fished were

indicative of these variations. Diurnal variations of females size "

composition were usually less evident. These changes were related to
diurnal vertical migrations of krill which were noted on echosounder
recordings. Trawling depths usually corresponded to the depth of the
largest concentration of krill. Within swarms males initiate diurnal
vertical migrations. In the absence of diurnal migrations (particularly
late in the season), diurnal variations in size composition of krill catches
were less evident or non existent. The significance of these
observations in relation to krill size composition data obtained from
standard surveys (only one sample of krill per station) is discussed. A
gradual decrease in the average size of krill from the end of March to
June was observed in the fishing area. The following three causes of
the observed variations in krill composition are considered:
(i) post-spawning mortality of large specimens; (ii) body shrinkage of
krill due to a decrease in food availability; and (iii) size selectivity of
krill by commercial fisheries.

Résumé

Des études des variations diurnes de la composition en tailles de
Euphausia superba ont ét€ menées a proximité des iles Orcades du Sud
de mars a juin 1990 a bord du chalutier industriel le Grigory Kovtun.
Des observations ont été effectuées a six stations quotidiennes en divers
emplacements dans la zone de pé€che. A chaque station, une série de
captures a été€ réalisée au moyen d'un chalut industriel standard (de 9 a
12 traits par station, sur une journée). A plusieurs stations on a observé
une augmentation de la taille moyenne totale des animaux capturés en
des périodes de jour ou de nuit. On a constaté que ces changements
étaient diis d'une part a4 une augmentation de la proportion de méles
dans la capture et d'autre part & une différence croissante de longueur
moyenne entre les males et les femelles dans la couche de péche. Les
variations diurnes de la composition en tailles des femelles
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n'étaient pas aussi évidentes. Ces changements dépendaient des
migrations verticales diurnes du krill, qui apparaissaient sur les
enregistrements par échosondeur. La profondeur de chalutage
correspondait en général a celle de la plus grande concentration de krill.
Les males dans les essaims sont a l'origine des migrations diurnes
verticales. En l'absence de migration diurne (notamment tard dans la
saison), les variations diurnes de la composition en tailles des captures
de krill étaient moins évidentes ol méme inexistantes. Les auteurs
examinent l'importance de ces observations par rapport aux données sur
la composition en tailles du krill provenant de campagnes d'évaluation
standard (seul un échantillon de krill par station). De fin mars a juin on
a observé une diminution progressive de la taille moyenne du krill dans
la zone de péche. On a examiné les trois causes suivantes des variations
observées dans la composition du krill: i) mortalité de grands spécimens
en période de post-ponte; ii) contraction du corps du krill causée par
une diminution de la nourriture disponible; et iii) sélectivité de la taille
du krill par les pécheries commerciales.

PezoMme

HccneoBaHUsl AHEBHBIX H3MEHEHUMIM B pa3sMEPHOM CoOCTaBe
Euphausia superba npoBOAWJNCH C MapTa Mo UIoHb 1990 r. Ha
6opTy npombicjoBoro cyaHa I'puropuii KoBTyH, paboTaBuero
Ha MPOMBICJIOBOM yUdacTKe oKoJso I0XHbIX OpKHEHCKUX O-BOB,
Habs0/1eHHs1 BBIMOJIHSIINCh Ha MECTU CYTOUHBIX TPaJIOBbIX
CTAHUUSIX B [Mpefenax IMPOMBICJOBOro yuyacTtka. Kax/jas
CTAaHLUSA COCTOsIJIa U3 CEPUM  YJOBOB, MNOJYUEHHbIX
CTAaHAApPTHBIM KOMMeEpUECKUM TpaJjioM (9-12 TpaJjieHuil 3a
CTAaHLUI, B TeueHUMe cyToK), Ha HECKOJbKUX CTaHUHAX
HabsAaJoCh  yBeJUUEeHHWe CcpefHero pasMepa ocoberli,
BbLIJIOBJIEHHBIX TIPU JHEBHOM CBeTe€ WM B TEMHoTe. Bbljio
YCTAaHOBJIEHO, UTO 3TH U3MEHeHUsl O6blIM  CBsI3aHbl C
RO3pacTawliell AoJiell CaMIOB, a TakKXe ¢ pasHULEN cpeHel
AJIMHBI CAMIIOB U CaMOK B o6JlaBJMBaeMOM cJioe. JlHeBHble
U3MeEHEHHs! B Pa3MEPHOM COCTaBe CaMOK O6bIUHO 6bIIM MeHee
OUEBUHBIMU. 3TH HU3MEHEeHHs1 6blJIM CBsi3aHbl C AHEBHBIMHU
BEPTHKAJbHbBIMU MUIpaluUsiIMU KpuJs, KOTOpbie
PErUCTPUPOBAJIUCH 3XOJIOTOM. ['Jly6UHBI TpaJieHUsT OBbIUHO
COBMaJaJu ¢ riy6uHon Hanbosbmel KOHLIEHTpalLUuK KpuJst. Bo
BpEMSI JAHEBHbIX BEPTHUKAJbHBIX MUIpalfl camibl MEPBHIMU
HauaJlU MUrpaiuio NepeABUrasicb BHyTpU ckolJeHui. Korzaa
CyTouHasl MUrpalMsi He HabswAajach (B YACTHOCTU B KOHILie
Ce30Ha) AHEBHble U3MEHEeHUsI B pa3MepHOM COCTaBe B yJOBaX
KpuJst 6bJIM MeHee sIBHBI Wi Booble He ofHapyXuBaanch. B
HacTosimel paboTe paccMaTpuUBaeTCsl  3HaueHUE  3TUX
Hab/01IeHUI1 B OTHOMEHUHW AAaHHBIX NO pPa3MepHOMY COCTaBy
KpUJisi, MOJIYYEHHbIX B pe3yJbTaTeé CTaHAApPTHBIX CbEMOK
(TosbKO oHa Bhi6opka 3a cTaHUupw). C KOHLla MapTa IO UIOHb
Ha TNPOMBICJIOBOM yuacTKe HabJawjajJoch NocTeneHHoe
CHUXEHHE cpefHero pasMepa KpuJasi, PaccMaTpUBalOTCs
ciaeqyplye- MPpUUUHBL OTMEUEHHbIX W3MEeHEeHUH B CcOoCTaBe
KpuJasi: (i) nocJjieHEpeCcTOBast CMEPTHOCTb KPYIHBIX ocoberl;
(ii) cy>XeHHe KpuJsl B pe3yJ/ibTaTe yMeHblIeHUs1 KOPMOBOI 6a3bl;
U (iil) MTpOMBICJIOBAS] CEJEKTUBHOCTD KPUJISL.



Resumen

Desde marzo a junio de 1990, se llevé a cabo un estudio de las
variaciones diurnas en la composicién por talla de Euphausia superba a
bordo del arrastrero comercial Grigory Kovtun, cerca de las islas
Orcadas del Sur. Estas observaciones se realizaron en seis estaciones
diarias ubicadas dentro de la zona de pesca, y consistieron de una serie
de capturas realizadas mediante un arrastre comercial estdndar (de nueve
a 12 arrastres por estacién en un dfa). En varias de estas estaciones se
constaté un aumento en la talla promedio de los animales capturados
durante el dia o en periodos de oscuridad. Se obtuvo una indicacién de
estas variaciones por el aumento en la proporcion de machos en las
capturas, asf como por la gran diferencia entre la talla promedio de los
machos y hembras del estrato de pesca. Generalmente las variaciones
diurnas en la composicién por talla de las hembras fueron menos
evidentes. Estos cambios estdn relacionados con las migraciones
verticales diurnas del kril, que fueron registradas mediante una
ecosonda. Normalmente las profundidades de arrastre correspondieron
a la profundidad de la mayor concentracién de kril. Dentro de las
concentraciones, los machos son los que comienzan la migracién
vertical diurna. A falta de las migraciones diurnas (especialmente hacia
el final de la temporada), las variaciones diurnas en la composicién por
talla de las capturas de kril fueron menos evidentes, o no existentes.
Este documento estudia la importancia de estas observaciones en
relacién a la composicidn por talla del kril obtenida de prospecciones
estdndar (solo una muestra de kril por estacién). Desde el final de
marzo hasta junio, se observé una disminucién gradual de la talla
promedio del kril en la zona de pesca. Se consideran los tres factores
siguientes como causales de la variacion observada en la composicién
del kril: (i) mortalidad de los ejemplares grandes después de la puesta;
(ii) reduccién de la talla del kril debido a la disminucién de alimento; y
(iii) selectividad del tamafio del kril por las pesquerfas comerciales.

1. INTRODUCTION

Routine investigations of the state of the Euphausia superba population which are
carried out during standard surveys, consist of only one sample per station. These samples are
collected on different days and at different times of the day. Therefore, during size-composition
comparisons doubts remain as to whether krill specimens belong to a single or several statistical
sub-populations. This problem is especially so for different areas of various frontal zones.
Until now the only way to resolve these doubts has been by size composition analysis.
Moreover, euphausiids captured in the same place but at different times of the day can show
notable size differences. Diurnal variations of this type are well known. Diurnal variations in
E. superba swarm density have been determined from hydroacoustic studies (Hampton, 1985;
Miller and Hampton, 1989), and net sampling data (Nast, 1982). The situation in respect of
diurnal variations in E. superba size composition is not clear. This information is not normally
obtained from standard surveys.

Diurnal variations in the size composition of krill catches were studied by a

biologist-observer in March to June 1990 on board the Russian trawler Grigory Kovtun near the
South Orkney Islands. Results of his observations are discussed below.
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2. MATERIALS

Six 24 hour stations were carried out by the fishing vessel Grigory Kovtun in the fishing
area near the South Orkney Islands from the end of March to the middle of June, 1990
(Table 1). At each station a series of catches was made using a standard commercial trawl.
From every catch one hundred specimens of E. superba were examined and subjected to
biological analysis. Field observations were carried out by the biologist-observer,
Dr A.V. Vagin.

The location of each station is shown in Figure 1. The starting and finishing points of
every haul were recorded. The stations covered quite a large area and extended from northwest
to southeast. Stations I, IV and V overlapped, as did Stations II and VI. Station II was located
further south.

3. RESULTS
3.1  Diurnal Variations in the Composition of E. superba

Data on average body size of E. superba per haul (for all stations) are given in Figure 2.
These data show different average sizes of E. superba obtained for each station. Measurements
for Stations Ito VI were: 45.8 - 44.4 - 43.5-41.9 - 41.1 - 43.1 mm. Despite the complexity of
the curves this pattern can be also seen in Figure 2 which compares the size curves relative to the
ordinate on each graph. It is also clearly visible, that the average body size of animals changes
during the day. Size differences for Stations I1to Vi were: 1-2.3,11-6.5,11- 2.4, IV-2.7,V-4.7,
VI - 4.00 mm. These differences were estimated using a chi-square criterion at a confidence
level of 0.9.

Differences in total average size of E. superba among stations is also related to the
geographical position of the stations (see Figure 1). For example, Stations II, III and VI
characterised by the intermediate average body size of krill, were positioned along the southern
and western periphery of the regions, whereas Stations IV and V with the smallest specimens
were located inshore. However, areas of the last two stations coincided with the area of Station I
(which contained the largest specimens).

Comparison of length curves for each stations shows, that the average size of animals is
most variable during the light period of a day (Figure 2). All stations may be subdivided into
two groups. Stations I, II, IV and VI tended towards an increase in krill average size. Stations Il
and VI did not demonstrate such a tendency or it was not clearly evident (Station VI).

Comparison shows that the similarity of the length curves for Stations Il and VI may not
be coincidental, because these stations are located close to each other. In the eastern area, where
all other stations were carried out, diurnal variations in the average size of E. superba were
predominant. Data from Stations I, IV and V are particularly similar. These stations were carried
out practically in the same area (Figure 1).

3.2  Consideration of the Possible Causes of Diurnal Variations
in the Size Composition of E. superba Catches

Variations in the size composition of E. superba, described above, are not
straightforward. In the case of random distribution of krill swarms the length curves should be
irregular and dissimilar. The very regularity and similarity of the curves from most stations
prove the regularity of trends and related processes in the E. superba population.
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Analysis shows that the sex ratio and the average size of males change invariably in the
samples (Figure 2). Several examples of this trend may be seen in Figures 3a, b and c. At
Station I variations in the size composition of males were much stronger than for females over
periods from O to 2, 2 to 4 and 6 to 8 hrs (the proportion of males was 27.0, 49.5 and 31.5%
respectively). The same is typical for Station II over periods from 8 to 10, 12 to 14 and 22 to
24 hrs (the proportion of males was 29.8, 41.2 and 33.3% respectively), however more obvious
variations in the size composition of females were also observed. At Station IV variations in total
size composition of E. superba were mainly connected with variations in size composition of
males (proportion of males was 32.0, 38.3 and 33.3% respectively) over periods from 6 to §, 12
to 14 and 18 to 20 hrs. Some changes were also observed in females, but they were less evident
than at Station II.

Similar trends were observed in data from other stations. As a rule, variations in size
composition of males and females took place non-synchronously - but changes were clearly
evident, whereas variations in size composition of females were less obvious.

During late autumn/winter the average size of males was consistently larger than that of
females (Makarov, 1991). It should be stressed that 50% level of sex ratio of E. superba for all
samples from every station corresponded with particular size intervals: 47 to 48 mm for Station
I, 43 to 44 or 45 to 46 mm for Station VII (see Figure 4) and so on.

Variations in the average size of E. superba in trawls catches was found to be unrelated
to changes in rate and difference in size composition between males and females. Graphs for all
size stations and for all hauls further demonstrate these trends. These graphs (Figure 5) show
the relationship between total average size of animals for each catch (sample), size difference
between males and females and proportions of males (% males). Some sets of data were scaled
in order to assist their comparison (see explanation in Figure 5).

Correlation between the total average sizes and the proportion of males is clearly visible
for Stations I and II and more or less clear correlation can be seen on the graphs for Stations III
and V. Correlation is rather weak for Stations IV and VI. Correlation between the total average
sizes and variation in size values between males and females is evident from the data for Stations
I and V, and partially for Station II, however there is no such correlation at the other stations.

Changes in the proportion of males usually corresponds to variations in average size of
E. superba.

The most complex situation was observed at Stations I1I, IV and VI. For most of the day
all three curves on each graph showed poor correlation. Analysis showed that during the first
part of the day (Station I1I), and during the second part of the day (Station VI) the curve of total
average size was influenced by variations in the average size of females (see Figure 6). The last
curve corresponds to the curve of total average size.

Disagreement between curves for the second part of the day at Station III may be
explained by opposing trends of size variation between males and females on the one hand and
the proportion of males on the other.

A very different pattern emerged at Station IV. Agreement between curves occurred in
the middle of the day. As may be seen in Figure 5, curves for most stations increased their
complexity towards the end and at the beginning of the day. This irregularity is possibly typical
at Station IV during the larger part of the day.

One may conclude that the main factor determining variations in total average size of
E. superba in the study area over a one day period is a change in the ratio of males, because in
most cases both of these parameters show synchronous variations.

Variations in the average size of males also determine the total average size of all krill.
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The third factor, namely variations in the average size of females, is only sometimes a significant
factor.

In the course of analysis it is necessary to keep in mind trawling depth. As a rule,
trawling depth corresponds to the layer of maximum aggregation density of E. superba.

Data on this subject are given in Figure 7. Curves of depth changes are shown and are
compared with total average size and the proportion of males.

Three trawling regimes were employed:

(i) surface towing during the night and under surface towing during the day
(Stations II, IV and V);

(ii) surface towing during the day and under surface towing during the night
(Station IIT); and

(iii) towing in a more or less constant layer throughout a 24 hour period (Stations I
and VI).

At Station I hauls were conducted near the surface, while at Station VI hauls were made in
a deeper layer. This difference reflects the seasonal migration of E. superba to the deeper
layers (see Table 1 for the timing of stations). According to the hydroacoustic data krill (at
Stations II, IV and V) tended to occupy surface layers at night, but during the day krill moved
downwards (100 to 200 m depth was the upper boundary of swarms). At Station III diurnal
migrations of swarms showed the opposite pattern.

The combination of diurnal variations in total average size of E. superba and variations
in trawling depth does not show complete correlation, which indicates that both parameters are
comparatively independent (Stations II, IV and V). A direct relationship between these parameters
was observed at Station I, however, the relationship was inverse. The average size of E. superba
decreased as trawling depth increased and vice versa. The same is true for values of the
percentage of males. At Station Il some increases in trawling depth was accompanied by an
increase in the total average size during the first light period of the day but the total average size
remained unchanged in the middle of the night (in spite of a considerable increase in trawling
depth). Finally, irregular variations in trawling depth around Station VI did not influence average
size values for E. superba.

Larger animals first tended to form aggregations when swarms of E. superba moved into
deeper water during the light part of the day at Stations II, IV and V. This segregation is weaker
if swarms are distributed near the surface (Station I), although large specimens also tended to
concentrate here. Diurnal variation in average size were not observed when migration of
E. superba showed the opposite pattern (e.g., at Station III). In the case of non-migrating krill
which occupy deep layers, the segregation by size does not occur (Station VI).

It may be concluded that specimens of various size are distributed initially uniformly. In
the case of migrating swarms larger specimens move up or smaller specimens move down more
quickly (males at first) and larger krill aggregate first. At night they mix with smaller
specimens, which tends to lower total average size of night catches.

Our task was not to compare our results with previously obtained information on this
subject. Here we only refer to a study of Watkins et al., (1986) who dealt with rather small
krill. They reported diurnal variations in total average length of E. superba, i.e., an increase in
this parameter during the night.
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4, CONCLUSION

The above data on changes in various demographic parameters of E. superba swarms
demonstrate a connection between these changes and diurnal vertical migrations of E. superba.
Differences in average size can be as large as 6.5 mm during the day. This fact must be taken
into account in the routine investigation of E. superba. Vertical migrations gradually end at the
beginning of winter and krill form stable concentrations at a certain distance from the surface.

Observed diurnal variations in total average size of E. superba as well as changes in
other demographic parameters, are quite interesting from a methodological point of view. They
show, that this fact should keep in mind when comparing data on size composition of
E. superba captured in different places. Oblique tows through a rather large water volume are
recommended for reliable krill sampling. Single or serial horizontal towing inside a specific
layer only would produce incomparable data (e.g., see data on swarms near Elephant Island
(Watkins et al., 1986)).

Diurnal differences in demographic parameters may be more noticeable in other seasons
e.g., in summer, when E. superba spawns. Krill exhibit much more diverse physiological
characteristics during this period.

Biological investigations carried out on commercial vessels would allow studies on some
aspects of krill biology which cannot be studied during a standard survey. These investigations
should also include collection of relevant information on the environment which is of real
significance when explaining various biological features of E. superba.

Our data also showed that the average size of E. superba decreased during a two and a
half month period in a comparatively small area (cf. data on Stations I, IV and V, whose positions
overlap). There may be several causes of this decrease (see also Vagin, 1991 - Figure 2). It
may be connected with post-spawning mortality of larger specimens. Moreover, this is possibly
a season when body shrinkage of E. superba is taking place (Ikeda and Dixon, 1982) due to a
decrease of food availability. Finally, the possibility of the selective capture of large specimens
of E. superba as a result of commercial fishing activity should not be excluded. Such selectivity
affects animals of intermediate size (Brinton and Antezana, 1984). This problem, however, is
very complex.

These three explanations are not contradictory. However, if spatial differences in the size
composition of E. superba inside the area being fished is taken into account, together with the
possibility of swarm drifting with the current, one may conclude that there is a real possibility of
drift influence (see also Brinton and Antezana, 1984). The time interval between Stations I and
V is sufficient for such a passive movement of swarms to occur. E. superba size distribution is
irregular and, moreover, in a region of dense swarms size distribution is highly variable (see also
Watkins et al., 1986). Therefore sampling at a limited number of stations cannot give a suitable
answer as to the reasons for the gradual decrease of E. superba size over the whole study area.
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Table 1:

Details of sampling stations (South Orkney Islands, 24 March to 16 June, 1990).

Station Time Number of Hauls
Number (samples)

1 27 to 29 March 10

i 10to 11 April 12

I 10 to 11 May 9

v 26 May 12

Vv 9 to 10 June 11

VI 16 June 10
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Figure 1: Location of sampling stations.




| o J o |

| o B o |

[ ot B oo |

e
~ 00
-
!"ﬂ
'l
T
o
|
|
|
|
"

Do ST AN B £
TS FUNEN SN S
™
Il
‘l

R N s

)
o

g1 0H 43 R FE OB M 6 B ¥ OB

st 1
]
46 St

3B
TR NEE S SR & A STAN (S SO R (0 B ST

(]
m <t
-

R e st

al e Sy - —
4 P e
! -~
ah-

B00H # R RE R W HE O BE 83 BN R

Tine,h

Figure 2:  Average total length of E. superba at sampling stations.

211




o
25 1 ¥
281 ¥
15 1| A
z |
" 184 T
i
57 S
A ! 53 x5
i #on ¥ ?
L, an
2-4 b
i
28] Ny . ]
15'{ /P‘——a R AN F
2/ \'*._. P -~ “’,5. ] x
- 18 "}!/ ;,.—-yﬂif.__ \"Ei,‘ ’I
51 i 5 =z, BN
i o - N B— o
9 - - -
¥R ¥ » oy O£ &£ £ £ LW OB NI
TLmn
6-8 h
o
i
48 4 i
31 R f
| VSN £
£ 8y g 1
o 5 S Ao,
1B -‘; X '%{ .B--.-- i TR,
iR g LE N

1L, ne

Figure 3a: Example of size composition of E. superba: T - total, M - males, F - females at
selected points of StationI.

212



)

e

v

5t.11, 8-18 h

48} .
38‘\ P "\'
{ ___.P___. Y
o s AN
184 e Nl
gl a e
I T T LA N . - I § 0
L, 6n
12-14 h
257
28+ //‘\\‘
15- )‘__.(‘I ‘\\ -
18- s B EFTN,
/2 TN
g B g - N
- - .- .
B A = =g
% %3 4 &£ & & i 1
TL, nta
154
12,54
18+
.5
1
2.51;
81

selected points of Station IL.

—yx 5 o IX 0

—2 5 Yt m K O

g 5 a1 M X 0

Figure 3b: Example of size composition of E. superba: T - total, M - males, F - females at

213



5t.1V, 6-8 h

a!
38 ] X ﬁ
FAN ]
25- R
N ;AN F
21 /f’/ \\\ \ %
- 51 _;-3’;:,// AT 1
18- e g T
Al .
4 pEc Ny i c o
g o .;:.::g o g h':l.._\ B G
I T T A O | N K (ST i R A (O M (-
L, ma
19514
12-14 h
o
M
ti
28 1 o~ =
3 E
18 P N
1' el \3 BN T
57 oy .= T
g- e S Ty o
¥o®n o¥ o»owo#H 4L & o4 o4 H o X PO
L, mm
18-28 h
c
25 f
1 p
281 :
r 15 ‘{ '}.’___3“/___.'\ ®
T8 A e %, !
I} X J<8 oo oo
] T = g d i, -
E = = i S e

Figure 3c: Example of size composition of E. superba: T - total, M - males, F - females at
selected points of Station IV.

214



188 -
gd-

> 687
48+
284

S SR /it
R s Sl

198 5

I ;B

35 37 39 41 43 45 47 45 51 53 05

Figure 4: Changes of sex ratio of E. superba for Stations I and IV (% of males).

31 333

3

5 37 39 41 43 45 47 43 51 53 &5 5F 59

215




t A
v 88+ . = e )
S 48 T . B B
c al i~ T el A4S
= 48 '1' i' "'::_'_-.r--.‘:/"v-'--:.“-——'”*'———;é--“ '5—'-“'1-»‘_._! C
3 29 '
: B
.I; AR N R S N X B 1A ot B 5 B O B B

Tine, h

5t.11

-]

.‘ i
v 6a '! — »
N Pl
! 68‘1 E‘: _r‘:ﬁ ‘_—’.‘.ﬁ'{:__\:--_s_ -—-.:"\\ E
n‘ 48 :"&j‘—";’\{;}-" {::'__-"" C——l.:%‘:::‘ g C
i 28 ;-;-/ E——.—-:‘;—:
8- —=
; LI X T = B BT DA o I R R L R W ok

Tine, h

St.I11

681

TR
9

48

Y Moo D> D0

281
17

N~ FH,Y e, Il -~ 2, €T~ wn
1

1 W 4 F O RE RN O M B H¥ R OER

Time, h

Figure 5: Diurnal variations in the size composition of E. superba at each station. A - average
length of males - average length of females x 10; B - % of males; C - total average
length (TL - 40) x 10.

216



S
T S
e ol
o
-
P

S
¢ ogd
¥ 4aJ|
= 3 -
i 257’
= 19'\I
B

a3 P CT

I TR R % N N R 2 YA B TR S B 0 B (A o

Tine, h

5t.U

" .. -~

J ) . 5 ~ -

I A *:.'\"-- \&—--‘_. - = _--""-.‘.—-.J. ——

i e . e

‘I T —E——n Py o _
! —a—" s =~

u §acw B ace e

A~ H,1 esn, B - 2, €C - o

?8_
60 -

CEI Y T =S = S SO VA Vo U U L IR ot R L . R

Tine, h

5t.UI

N -G,1 e, A~ %, €~ et

Figure 5 (continued)

0H 4 R B R M I 2 FROI

Tine, h

(ool e+ ]

[

e ITxo

ol B

COU Yo DO

217




45 - F
44 ‘I " "'l'\ --"'—' 3
3‘.| a \‘\‘ ,.*j"-._ / «E \=_— - = I
E 42'1; .,\\::'/_,Q\ d !// \ c i
E 41"! e \\\ /
48+ =
%
38-
RIS S RS S B 0 BN TR It B Y (LRI S -3
Tine, h
5t.UI
[}
)
48 ~ .
46' ,/“"-._ T
£ 4 . _.__:r":’ ETE
: 24 ﬁ:::;’___a" B\..__'_'I«—_, ——a—3
B T -
49 e e
38

g1 H 4 HHE S WS R WX BRI

Tine, h

Figure 6: Total average length (T) and average length of females (F) of E. superba at
Stations II and VI

218




[ a2} as ]

e s ey
(En Race B acn fn

-~

o |

| o B o ]

g

| aa F b |

-~

o~

o |

Figure 7:

B i /
o c AN S~ eIl N y
= kg — o — S —— —g
- e I e S g Ry
w '~
p -
! -2 <
- -, - - S -
| - = - =
! _ - e -

1251
188+
751
i
25

HOoOH R R B M OHE B REOED A

Tine, h

S5t 11

168
86 -
63+
48 -
28+

F SR S T 3 BN S VR Vot (N 1o S o R O S SV R 3|

Tine, h

St.II1

HOOREOWD W R YRR B

Tine, h

C
depth
]

%, nales
X

L

Catch depth, % of males and total average length of E. superba at each station.
Depth at Station V is scaled by 1:10.

219



| o} o |

1584
125+
188
' 754
A1

fA I

i
[PWE— U b I _ —_ .
e —— -

. o

. ot ad |
g e T

§

IR S = B O VAN TS T B | S R B . (!

Tine, h

5t.U

e, Y
v AL L~
=y T - = . .’.'J 4 .."--_ _-":\_‘; _!_._——"-—'—.
! iy T L Sl
_] e W e TN g -
AN = el s "~ Fe——

-~
.
~

| o |

L ag B ot

158
125}
178 -

i
i

o

-

-l
[T ]
>y i
|

#00F FE OB N BN B3 ¥ nd

Tize, h

St.UI

- * 7 "-___. c — P
s \'-‘ I T - - ,/
., rd - Sy
" I =t
\'~, // .
\, '_-r'-"‘“-.-
e S S S SRR
| Smceesm—— i - W 5.4
= X o, by i Y

™~y .

Figure 7 (continued)

220

8!

o R ST = S 5 S A 1, S S 5 R I ok

Tire, b

o]

depth
B

%, nales

1L




Tableau 1:

Figure 1:
Figure 2:
Figure 3a:

Figure 3b:

Figure 3c:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Ta6suua 1.

PucyHOK 1:
PucyHOK 2:

PucyHok 3a:

PucyHoK 3b:

PucyHox 3c¢:

Légende des tableaux
Dérails des stations d'échantillonnage (iles Orcades du Sud, du 24 mars au
16 juin 1990).
Légende des figures
Position géographique des stations d'échantillonnage.
Longueur totale moyenne d'E. superba aux stations d'échantillonnage.

Exemple de composition en tailles d'E. superba: T - total, M - méles, F -
femelles a des points sélectionnés de la Station 1.

Exemple de corﬁposition en tailles d'E. superba: T - total, M - méles, F -
femelles a des points sélectionnés de la Station II.

Exemple de composition en tailles d'E. superba: T - total, M - méles, F -
femelles a des points sélectionnés de la Station IV.

Changements du sex ratio d'E. superba pour les stations I et IV (% de males).
Variations diurnes de la composition en tailles d'E. superba & chaque station.
A - longueur moyenne des méles - longueur moyenne des femelles x 10; B - %
de miles; C - longueur totale moyenne (TL - 40) x 10.

Longueur totale moyenne (T) et longueur moyenne des femelles (F)
d'E. superba aux stations III et VI

Profondeur des captures, % de males et longueur totale moyenne d'E. superba
a chaque station. La profondeur a la station V est & I'échelle de 1:10.
Cnucok TabJauly

HeTtasu cTaHUUN oT6opa npob (F0xHble OpKHEHCKUE O-Ba, C 24 MapTa
no 16 uioHs 1990 )

CNHUCOK PUCYHKOB
MecTornoJoxeHne CTaHLUII.
CpeaHsist obmas AnuHa E. superba Ha cTaHUuMsIX.,

IIpuMep pasMepHoro cocTaBa E. superba: T - o6mast annHa, M - camiipl,
F - camku o otaesibHBIM TOukaM CTaHL MM 1,

IMpumep pasMmepHoro cocTtaBa E. superba: T - o6mas anuHa, M - caMibl,
F - caMku 1o oTAeabHBIM ToukaM CTaHI MU II.

IIpumMmep pasMepHoro cocTtaBa E. superba: T - o6masa anuHa, M - caMiibl,
F - caMmku no otAebHBIM TOoukaM CtaHUUu IV,

221



PrcyHoK 4:

PucyHok 5:

PuCyHOK 6:

PucyHok 7:

Tabla 1:

Figura 1:
Figura 2:
Figura 3a:

Figura 3b:

Figura 3c:

Figura 4:

Figura 5:

Figura 6:

Figura 7:

222

H3aMeHeHUs B NMOJIOBOM cooTHomeHuu E. superba Ha ctaHuusix 1u IV
(Z caM110B),

lHeBHble H3MEHEHUsl B pa3sMepHOM cocTaBe E. superba Ha xaxzaom
CTaHUMU. A - cpeZiHsIsI AJIUHA. CAMLIOB - CpeJiHssl AJIMHa caMoK X 10; B
- % camuoB; C - o6mas cpeaHsisi AauHa (TL - 40) x 10,

O6masi cpeansia aauHa (T) u cpeaHsiss aauHa caMmok (F) E. superba Ha,
cTaHuusIx I u VI,

Fany6uHa B3sITHS YJIOBOB, % CaMUOB U oO6lasi cpeAHsIsl AJUHA
E. superba na xaxzao#l craHuud. MacmTaf ray6uUHBI Ha
CtaHuuu V- 1:10.

Lista de las tablas

Detalles de las estaciones de muestreo (islas Orcadas del Sur, 24 de marzo al
16 de junio, 1990).

Lista de las figuras
Ubicacion de las estaciones de muestreo.
Longitud total promedio de E. superba en las estaciones de muestreo.

Ejemplo de la composicién por talla de E. superba: T - total, M - machos,
F - hembras en puntos seleccionados de la estacion 1.

Ejemplo de la composicién por talla de E. superba: T - total, M - machos,
F - hembras en puntos seleccionados de la estacion II.

Ejemplo de la composicién por talla de E. superba: T - total, M - machos,
F - hembras en puntos seleccionados de la estacién IV.

Variacién de la composicién por sexo de E. superba para las estaciones 1y IV
(porcentaje de machos).

Variaciones diurnas de la composicién por talla de E. superba para cada
estacion. A - Longitud promedio de los machos - longitud promedio de las
hembras x 10; B - porcentaje de machos; C - longitud total promedio (TL - 40)
x 10.

Longitud total promedio (T) y longitud promedio de las hembras (F) de
E. superba de las estaciones Il y VI.

Profundidad de captura, porcentaje de machos y longitud total promedio de
E. superba de cada estacién. La escala de profundidad de la estacién V es
de 1:10. '



WG-KRILL-92/33

KRILL POPULATION BIOLOGY DURING THE 1991 CHILEAN ANTARCTIC
KRILL FISHERY

A. Mujica R., E. Acuiia S. and A. Rivera O.*

Abstract

Population biology of Antarctic krill, Euphausia superba, was studied
from samples taken in 1991 during krill fishing operations around the
South Shetland Islands on board the Chilean factory vessel Kirishima.
Hauls were made using a commercial midwater trawl (mouth area
approximately 40 x 40 m and mesh size from 1.5 to 3 cm). Two
subsamples of 100 specimens each were taken from 50 samples and
analysed. The fishing ground was divided into two areas: Area A, north
of the South Shetland Islands; and Area B, north of Elephant Island.
The samples were grouped by time of capture: daytime, twilight and
night-time. The specimens were measured (total length, TL) to the
nearest millimetre and weighed (wet weight) to the nearest 0.01 g.
Mean catch-per-hour and mean catch-per-towing time were determined
from a total of 419 hauls. In Area A, a unimodal size frequency
distribution was found; the size range was between 30 and 55 mm TL,
with a mean TL of 45 mm for females and 48 mm for males. A very
weak mode for juvenile specimens between 26 and 36 mm TL was also
found. The sex composition was 65.1% females, 34.4% males and
1.4% juveniles. Of the females sampled, 25.2% bore spermatophores.
Although the smallest specimen found with a spermatophore had a
36.5 mm TL, 80% of the females with spermatophores had a TL larger
than 45 mm. In Area B, a bimodal size frequency distribution and a
larger size range were found, with one mode between 32 and 55 mm TL
(mean length 43 mm for females and 46 mm for males), and the other
(modal length 32 mm) for juvenile specimens between 20 and 39 mm
TL. Females comprised 47.1%, males 40% and juveniles 12.9%. Of
the females sampled, 27.1% bore spermatophores, with a size range
between 35.4 and 56 mm TL, although 80% of them had a TL larger than
45 mm. The size frequency distribution showed no significant
differences between the three time periods. However, when the sex
composition is considered, males are more abundant in night-time
catches while females are more abundant during daytime catches, thus
showing a different trend. Considering all catches, the yield in terms of
tonnes-per-mile and tonnes-per-hour was higher during the daytime
than during twilight and night in both fishing areas. These daytime
catches were also made at consistently greater depths. Research was
financed by INACH (Chilean Antarctic Institute).

Résumé

Etude de la biologie des populations du krill antarctique, Euphausia
superba, fondée sur des échantillons prélevés en 1991 au cours des
opérations de péche de krill autour des iles Shetland du Sud a bord du
navire-usine chilien le Kirishima. Les traits ont été effectués au chalut
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pélagique (surface de I'ouverture d'environ 40 x 40 m et maillage de 1,5
a 3 cm). Deux sous-échantillons de 100 spécimens chacun ont été
prélevés de 50 échantillons, puis analysés. Le lieu de péche était divisé
en deux secteurs: la zone A, au nord des iles Shetland du Sud, et 1a zone
B, au nord de l'ile Eléphant. Les échantillons ont ét€ groupés selon
I'heure de capture: de jour, en période de demi-jour et de nuit. Les
spécimens ont ét€ mesurés (longueur totale, TL) au millimetre prés et
pesés (poids humide) au 0,01 g preés. La capture moyenne par heure et
la capture moyenne par heure du chalutage ont été déterminées a partir
des 419 traits. Dans la zone A, une distribution unimodale de
fréquences de tailles a été observée; la TL variait de 30 & 55 mm, dont
une TL moyenne de 45 mm pour les femelles et de 48 mm pour les
males. On a également observé un mode trés faible pour les spécimens
juvéniles d'une TL de 26 2 36 mm. La composition par sexe a révélé
65,1 % de femelles, 34,4% de males et 1,4% de juvéniles. Des femelles
échantillonnées, 25,2% portaient des spermatophores. 80% des
femelles portant des spermatophores était d'une TL supérieure a 45 mm,
le plus petit spécimen étant pourtant d'une TL de 36,5 mm. Dans la zone
B, on a observé une distribution bimodale de fréquences de tailles et une
gamme de tailles plus étendue, avec un mode pour le groupe d'une TL de
32 & 55 mm (longueur moyenne de 43 mm pour les femelles et de
46 mm pour les miles), et un mode (longueur modale de 32 mm) pour
les spécimens juvéniles d'une TL de 20 a 39 mm. 47,1% étaient des
femelles, 40% des males et 12,9% des juvéniles. Parmi les femelles
échantillonnées de 35,4 a 56 mm de TL, mais dont 80% excédaient
toutefois 45 mm, 27,1% portaient des spermatophores. La distribution
de fréquences de tailles n'a révélé aucune différence majeure entre les
trois périodes. Toutefois, si la composition par sexes est prise en
compte, on remarque que les miles sont plus abondants dans les

-captures de nuit, alors que les femelles prédominent dans celles de jour,

ce qui indique donc une tendance différente. Compte tenu de toutes les
captures, le rendement dans les deux lieux de péche, en termes de tonnes
par mille et de tonnes par heure, était plus élevé de jour qu'an crépuscule
ou de nuit. De plus, les captures effectuées de jour étaient régulicrement
réalisées a des profondeurs plus importantes. Les recherches ont été
financées par 1'NACH (I'Institut antarctique chilien).

PesoMe

BuoJsioruss nonyJasiuuil aHtapktudeckoro kpuass Euphausia
superba uayuajsacb no npo6am, B3SITBIM B XOJ€E MNpPOMbICJA
Kpuiasa y IOxHpix IleTaaHACKMX  O-BOB  UMJHMCKUM
[1JAB3aBOJIOM Kirishima. TpaneHus NPpOBOAUJIHCH
KOMMepUecKUM cpeAHeryay6HHHBIM TPaJIOM C MJOMAablo YCThsl
npubiausurespbHo 40x40 M U pa3MepoM siuen 1,5 - 3 cm. U3 50
npo6 6bs B3sITHI U NPOAaHAJU3UPOBaHb JBe NOABBIGODKH,
cocTosiue U3 100 ocobeil.  IIPOMBICJIOBBII YUaCTOK 6blJ
pasjaesieH Ha JBa pabioHa: PalioH A - Kk ceBepy OT IOXHbIX
IleTnanAckUX o-BOB U Palion B - k ceBepy oT o-Ba djedaHT.
llpo6bl 6bI1M CrpyNNUpPOBaHbl B COOTBETCTBMU C BpPEMEHEeM
BblJIOBA: JHEM, B CyMepKaX M Houbw, Ocofu H3MepslJHCh
(o6mast gauHa, TL) fgo 6uuxalimlero MHJJIMMETpa U
B3BElIMBAJUChL (MOKpbI Bec) zo 6umxanmero 0,01 r. Bcecero
6b1y10 BBIMOJIHEHO 419 TpajieHuil. OnpeAesMUJMCh CpeJHUN
BBIJIOB 33 UaC U CpeJIHUH BbIJIOB 3a BpeMsl TpaJieHUs. B PalioHe



AHa6soAaNOCh OAHOMOJAJbHOE paclnpejesieHiie UacTOThl
AJUH C© JUana3oHOM pasMepoB Mexay 30 u 55 MM TL, cpeaHel
obumelt AJuHONM 45 MM y caMoK U 48 MM y caMuoB. Takxe
HabJjoAaslachk oueHb cJabasi MoJaJibHasl AJIMHA Y MOJIOAH,
obmasi AJMUHA KOoTOopoil 6blja 26 - 36 MM. IIOJIOBOH COCTaB:
CaMKU - 65,1%; camMubl - 34,4%; u MoJaoxab - 1,4%. 252%
obc/ieJOBaHHBIX CaMOK HMeJsio cnepMaTogopbl. HecMoTpsi Ha
To, uTo obmass AJMHA HauMeHbliel ocobu, uMelner
criepMaTogophl, cocTaB asia 36,5 MM, obmas AauHa 80% caMok,
UMeIux cnepMaTtodopsl, npeBbicuJa 45 MM, B PafioHe H 6bly10
OTMeueHO 6UMOoJa/bHOE pacnpeAesieHUe 4YacToThl AJUH U
6osbMUN AUaNa30H AJHH - OJHa MoJa Mexay 32 u 55 MM E/J
(cpeAHs1st AJst caMOK - 43 MM U AJsT caMUoB - 46 MM), JApyras
MoJa 6blyla 32 MM B cayuae MoJsioau, TL KOTopoii 6blyia MeXAy
20 u 39 MM, IlosoBO# cocTaB: caMKHM - 47,1%; camupl - 40%; u
MoJloZib - 129%. 27,1% o6CAeAOBAHHBIX CaMOK UMeJo
criepMaTogopb! M HaXOAUJach B Auana3soHe AJUH 354 - 56 MM
TL, xoTs1 y 80% ocobeit TL npeBbicusa 45 MM. PacnpeZesieHue
YacTOThl AJIMH He YKa3aJo Ha 3HAUUTeJibHblE PacXOXAE€HWUU
MeXay TpeMs nepuoaaMu. TeM He MeHee, ec/d TIPUHSATL BO
BHUMaHUE MOJOBON cocCTaB, 6d4Jibllee KOJUUECTBO CaMUOB
BCTPEYAETCS B HOUHBIX YJOBaX, a 60Jbllee caMOK - B AHEBHbBIX
yJOBaX, YuerT Bcex YJIOBOB ITOKa3bIBAET, UTO BhIJIOB B e AUHUILIAX
"TOHHBI/MUAK" U "TOHHbI/Uac" 6b1J1 Bbille TPpHU AHERHOM CBRETE,
UeM B CyMepKax HJU HOUbKW B O60OMX NMPOMBICJIOBBIX palioHax.
[IHeBHbIE YJOBBl TaKXe peryJsipHo 6nhlJiUM MoJayueHbl B 6oJiee
rayb6oknux BoAaxX. HayuHble uHccseAoBaHUS (GUHAHCUPOBRAJ
UUAUHICKUI aHTApKTUUECKHUI UHCTUTYT,

Resumen

Se realizd un estudio bioldgico del stock de kril antdrtico Euphausia
superba, a partir de 1la muestras recogidas en 1991 por el buque factoria
chileno Kirishima durante sus operaciones pesqueras realizadas en las
aguas del archipiélago de las Shetland del Sur. Se emple6 un arrastre
peldgico comercial (abertura de unos 40 x 40 m y luz de mallade 1.5 a
3 ¢cm). De un total de 50 muestras, se separaron 2 submuestras de
100 especimenes cada una para ser analizadas. Los caladeros se
dividieron en dos zonas: el Area A, al norte de las Shetland del Sur y el
Area B al norte de la isla Elefante. Las muestras se agruparon segtn la
hora de recogida: diurnas, crepusculares o nocturnas. Los especimenes
se midieron al milimetro més préximo (TL, longitud total) y se pesaron
(peso himedo) al 0.01 g més préximo; también se calcularon las medias
de captura por hora y por arrastre de los 419 lances realizados. Para el
Area A, la distribucion de frecuencia de TL fue unimodal y oscilé entre
30y 55 mm, siendo 45 mm la media para las hembras y 48 mm para los
machos. La moda de TL para los juveniles era baja, entre 26 y 36 mm.
La composicién de sexos fue de un 65.1% de hembras, 34.4% de
machos y 1.4% de juveniles. De las hembras muestreadas el 25.2%
tenfa espermatoforas. Aunque la TL mds pequefia era 36.5 mm, en el
80% de los casos la talla superaba los 45 mm. En el Area B, la
distribucién de frecuencia de TL era bimodal con una gama de tallas mds
amplia; una moda oscilaba entre 32 y 55 mm (43 mm de media para las
hembras y 47 mm para los machos) y la otra para ejemplares juveniles
entre 20 y 39 mm (con una moda de 32 mm). Las hembras constituian
el 47.1%, los machos el 40% y los juveniles el 12.9%. De las hembras
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muestreadas el 27.1% tenfa espermatoforas, con una gama de TL que
oscilaba entre 35.4 y 56 mm, aunque el 88% superaba los 45 mm. La
distribucién de frecuencia de tallas no mostré diferencias significativas
entre los tres horarios. Sin embargo, al examinar la composicién de
sexos resulté que los machos eran mds abundantes en las capturas
nocturnas, mientras que las hembras lo eran en las diurnas, lo que
representa la tendencia contraria. Cuando se consideré la captura total
realizada se vié que el rendimiento en términos de tonelada por milla y
por hora fue mayor durante el dia que en las horas crepusculares o
nocturnas en ambas zonas de pesca. Las capturas diurnas se realizaron
a mayor profundidad. Este estudio estuvo subvencionado por el INACH
(Instituto Antdrtico Chileno).

1. INTRODUCTION

CCAMLR has determined that since krill, (Fuphausia superba), is by far the most
abundant marine living resource in Antarctic waters, the major task of its Working Group on
Krill (WG-Krill) should be analysis of the krill fishery. Obtaining information about the size,
distribution and composition of commercial krill catches is one of the key aspects of the work of
WG-Krill. Marin et al. (1991) made a preliminary analysis of the haul-by-haul data collected
during 1991 in the fishing grounds near Livingston Island, Robert Island, Nelson Island and
Elephant Island.

During the 1991 fishing season, scientific observers on board the Chilean factory vessel
Kirishima belonging to the company Empresa de Desarrollo Pesquero (ENDEPES), collected
biological information on krill catches. The main objective of this article is to present an
analysis of that information, in particular in respect of E. superba population biology.

A

2. MATERIALS AND METHODS

Samples were taken (20 February to 25 March, 1991) from 50 fishing tows of a total of
419, on board Kirishima which operated in the Drake Passage off the South Shetland Islands
(Figure 1).

Catches were obtained using a commercial midwater trawl, (mesh size 1.5 to 3 cm and
mouth area approximately 40 x 40 m), which was towed at a mean velocity of 2.65 knots for 5 to
95 minutes, at minimum depths between 25 to 100 m determined by a netsonde device mounted
on top of the net.

In order to determine size frequency distribution and sex ratio, two subsamples of
100 specimens were taken from each haul; a total of 10 000 specimens was analysed. Each
specimen was sexed and measured (Total Length, TL and Cephalothorax Length, CL) to the
nearest millimetre and weighed (wet weight) to the nearest 0.01 g and its maturity stage
determined.

Krill diurnal distribution was analysed using values obtained for mean catch-per-hour
and mean catch-per-distance towed (n miles) from the 419 tows and by dividing the fishing
grounds into areas A and B (see Figure 1) and the catches into three time categories (daytime,
from 90 minutes after sunrise to 90 minutes before sunset; twilight, from 90 minutes before to
90 minutes after sunrise and sunset; and night-time, from 90 minutes after sunset to 90 minutes
before sunrise).
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The tow number, time of tow, date, position, towing velocity and minimum depth of the
tows where samples were taken are shown in Table 1.

3. RESULTS

In Area A north of the South Shetland Islands, close to unimodal size frequency
distribution was found with the main length mode of specimens between 30 and 55 mm TL, a
mean TL of 45 mm for females and 48 mm for males, and a very small mode for juvenile
specimens (sex undetermined) between 26 and 36 mm TL (Figure 2). The sex composition of
the samples from this area was 65.1% females, 34.4% males and 1.4% juveniles or specimens
of undetermined sex. Of the total number of females sampled, 25.2% bore spermatophores, and
although the smallest specimen found with a spermatophore was 36.5 mm TL, 80% of these
females were between 45 and 53.7 mm TL with a mode of 46.5 mm TL (Figure 3).

In Area B north of Elephant Island, a clear bimodal size frequency distribution and a
larger size range were found, with one mode of specimens between 32 and 55 mm TL, (mean TL
of 43 mm for females and 46 mm for males), and the other (32 mm) for juvenile specimens (sex
undetermined) between 20 and 39 mm TL (Figure 4). Females were also more abundant in this
area (47.1%), while males (40%) and juveniles or specimens of undetermined sex (12.9%) were
much more abundant than in Area A. Of the total number of females sampled, 27.1% bore
spermatophores with a size range between 35.4 and 56 mm TL, although 80% of them were
larger than 45 mm TL, with the largest modes between 46 and 47 mm TL (Figure 5).

The analysis of the size frequency distribution of catches taken during the three different
time periods showed no significant differences among them; sizes were between 20 and 55 mm
TL and a bimodal distribution was found. Two maximum frequencies were around 48 mm TL
and between 32 and 34 mm TL for juveniles during the three time periods (Figure 6). However,
when sex ratio is considered, males tended to be more abundant in night-time catches while
females were more abundant in daytime catches (Figure 7), showing a different trend i.e., the
percentage of males in the catches increases from daytime to night-time while the percentage of
females decreases.

Considering all catches, the yield in terms of tonnes/mile (Figure 8) and tonnes/hour

(Figure 9) was higher during the daytime than during twilight and at night in both fishing areas.
These daytime catches were also made at consistently greater depths.
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Table 1:  Tow number, time of tow, date, position, towing velocity and minimum depth of tows
containing a fish by-catch during krill fishing.

Tow Time Date Position Towing | Minimum
Velocity Depth
Latitude | Longitude
AREA A
9 10:00 21.02.91 62°01,2’ 60°29,0° 270 50
10 12:30 21.02.91 62°06,2’ 59°57,3° 3.10 30
13 19:25 21.02.91 62°08,0° 59°55,3’ 2.60 58
14 21:30 21.02.91 62°08,1’ 59°51,5 240 50
20 09:30 22,0291 62°08,9° 59°56,4° 2.60 84
24 17:45 22.0291 62°08,9° 59°54,5° 2.80 55
25 19:55 22.02.91 62°08,7° 59°55,2° 2.80 50
33 12:10 23.02.91 62°23,6° 60°40,5° 220 50
36 16:10 23.02.91 62°31,8’ 61°09,0° 2.50 45
40 23:20 23.02.91 62°30,5 61°21,0° 3.20 52
44 07:05 24.02.91 62°31,3’ 61°24,2° 3.60 50
46 11:30 24.02.91 62°31,5° 61°26,8’ 3.70 45
47 13:30 24,0291 62°32,6’ 61°28,2° 3.10 45
48 15:35 24.02.91 62°32,8’ 61°28,2° 3.30 45
54 16:00 25.02.91 62°29,1° 61°03,2’ 3.00 50
62 06:30 26.02.91 62°40,6’ 61°46,0° 3.20 34
63 08:05 26.02.91 62°40,9° 61°46,5’ 3.40 50
74 08:50 27.02.91 62°40,3’ 61°35,6° 3.80 48
77 14:50 27.0291 62°39,5’ | 61°37,5 2.70 50
93 21:25 28.02.91 62°27,6° 60°58,2’ 2.70 50
05 19:15 01.03.91 62°26,8’ 60°26,8’ 3.20 40
16 18:20 02.03.91 62°19,2’ 60°51,5’ 2.50 50
28 14:40 03.03.91 62°27,6° 61°17,6° 270 50
30 18:20 03.03.91 62°26,0° 61°17,8’ 2.80 40
39 08:30 04.03.91 62°33,5’ 61°22,7° 290 35
57 21:05 05.03.91 62°34,8’ 61°27,3° 2.40 40
66 15:55 06.03.91 62°40,5’ 61°26,3’ 2.60 40
68 18:40 06.03.91 62°40,5’ 61°26,0° 2.60 40
81 17:10 07.03.91 62°41,0° 61°21,5’ 2,70 40
90 10:20 08.03.91 62°40,0° 61°24,6° 3.00 50
91 11:15 08.03.91 62°40,5’ 61°24.6° 2.80 50
95 17:40 08.03.91 62°39,9° 61°33,3° 2.70 40
04 07:35 09.03.91 62°32,7° 61°22.4° 2.50 35
47 18:10 12.03.91 62°00,9’ 59°18,7° 2.20 40
60 19:00 13.03.91 61°54,5’ 58°41,8’ 3.10 40
AREA B
75 07:00 15.03.91 60°51,2° 55°35,2 2.60 45
82 18:15 15.03.91 60°50,7° 55°34,1° 2.20 50
90 07:05 16.03.91 60°52,6’ 55°37,5° 2.30 35
04 07:50 17.03.91 60°52,8’ 55°35,4° 2.10 50
44 04:30 20.03.91 60°59,5° 55°10,4° 2.70 70
59 05:50 21.03.91 60°52,7° 55°22,1° 2.50 50
12 06:10 25.03.91 60°50,2’ 55°50,2’ 2.10 60
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Figure 2: Size frequency distribution of E. superba juveniles, males and females in Area A.
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ALTERNATIVE METHODS FOR DETERMINING SUBAREA OR LOCAL AREA
CATCH LIMITS FOR KRILL IN STATISTICAL AREA 48

G. Watters and R.P. Hewitt*

Abstract

CCAMLR Conservation Measure 32/X sets a 1.5 million tonne
precautionary catch limit on krill (Euphausia superba) in Statistical
Area 48. The measure also implies an application in future of
precautionary limits to subareas or local areas of this area. Nine
alternative methods of determining subarea or local area krill catch limits
are evaluated relative to six criteria: (i) the degree to which information
on biological relationships is considered; (ii) the cost of data collection;
(iii) the reliability of required information; (iv) the ease of enforcement;
(v) the effects on current fishing patterns; and (vi) the potential for delay
in implementing the alternative. An alternative is less likely to adversely
impact dependent species (e.g., penguins and seals) if the ecological
relationships between krill and their predators are explicitly considered
and the potential for delayed implementation is low. Therefore, we
consider the following tradeoff to be important: choosing a biologically
explicit alternative and delaying implementation, or choosing a
biologically unrealistic alternative and implementing a management
scheme immediately. We recognise that other tradeoffs may be equally
important. Alternatives that allocate the 1.5 million tonne limit by evenly
dividing the catch among subareas or by using historical catches to set
limits can be categorised as having a low potential for delaying
implementation, but they ignore information on biological relationships.
Alternatives based on protective zones, critical periods, predator
censuses, and predator-prey models include large amounts of biological
information, but may not be practical in the near future. Alternatives
based on continental shelf area, simple pulse fishing, and krill surveys
are not biologically explicit and result in delayed implementation. None
of the alternatives are categorised as being both biologically explicit and
immediately available for implementation. However, two of the
alternatives (i.e., protective zones and critical periods) are unsatisfactory
only because they would alter current fishing patterns. These two
alternatives could be implemented immediately if the CCAMLR Member
nations are willing to tolerate changes in current fishing patterns.

Résumé

La mesure de conservation 32/X de la CCAMLR fixe la limite préventive
de capture de krill (Euphausia superba) de la zone statistique 48 a 1,5
million de tonnes. Cette mesure implique également 1'application
prochaine de limites préventives aux sous-zones et aires localisées de
cette zone. Neuf nouvelles méthodes de détermination des limites de
capture de krill dans les sous-zones ou aires localisées sont évaluées,
relativement a six critéres: i) jusqu'a quel point sont prises en compte les
informations sur les relations biologiques; ii) le cofit de la collecte
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des données; iii) la fiabilité des informations requises; iv) la facilité de la
mise en application; v) les effets sur les tendances de péche actuelles; et
vi) le risque d'un délai dans la mise en place d'une nouvelle méthode.
Une nouvelle méthode risque de ne pas avoir autant d'effets néfastes sur
les especes dépendantes (telles que les manchots ou les phoques) si les
relations écologiques entre le krill et ses prédateurs sont prises en
considération et si sa mise en place est peu susceptible d'étre retardée.
Ainsi nous reconnaissons 1'importance du compromis suivant: soit
choisir une méthode explicite sur le plan biologique et retarder sa mise
en place, soit choisir une méthode peu réaliste sur le plan biologique et
mettre en place immédiatement un systeme de gestion. Nous
reconnaissons que d'autres compromis peuvent €tre tout aussi
importants. Les méthodes allouant la limite de 1,5 tonne soit & parts
égales entre les sous-zones soit en basant les limites sur les captures
anciennes peuvent étre classées dans une catégorie a risques réduits de
mise en place tardive, mais elles ne tiennent pas compte des
informations sur les relations biologiques. Les méthodes fondées sur
les zones de protection, les périodes critiques, les recensements des
prédateurs, et les modeles prédateurs-proies comportent un grand
nombre d'informations biologiques, mais risquent de ne pas étre
pratiques dans un proche avenir. Les méthodes reposant sur la zone du
plateau continental, la péche par a-coups ordinaire et les campagnes
d'évaluation du krill ne sont pas explicites sur le plan biologique et se
soldent par un retard dans la mise en place. Aucune de ces méthodes
n'est a la fois explicite sur le plan biologique et préte & €tre mise en place
dans l'immédiat. Toutefois, deux des méthodes (a savoir zones de
protection et périodes critiques) sont peu satisfaisantes uniquement du
fait qu'elles modifieraient les tendances de péche actuelles. Ces deux
méthodes pourraient étre applicables dans l'immédiat si les pays
membres de la CCAMLR acceptaient de tolérer des changements dans les
tendances de péche actuelles.

PeswMe

Mepa no coxpaHeHUw 32/X ycTaHaBJMBAET NpeAOXpaHUTEb-
HOe orpaHuueHue Ha BbIOB kpuasi (Euphausia superba) B
CraTHUCTUUECKOM paiioHe 48 pasMmepoM 1,5 MHJJIMOHA TOHH,
MaHHasi Mepa TakXe NpejyCMaTpUBAaeT paclipocTpaHEeHHUE B
6yAylleM NpeAOXPaHUTEJIbHBIX OrpaHUUEHUI Ha MoAPalioHbI
UJH JOKaJbHble paloHbl aToro padioHa. OUeHUBAWTCS! AEBSITb
aJbTEPHATUBHBIX METOAOB YCTAHOBJIEHUsT OrpaHWUEHUN Ha
obbeM BBUIOBA KpPUJIA NO MNoApadoHaM WM JOKaJbHbIM
paiioHaM OTHOCHUTEJbHO MECTU KpUTepueR: (1) CTeneHb yueTa
HHpopMaLlMKi O BHOJIOrMUEeCKUX B3aUMOCBSA3X; (ii) CTOMMOCTDb
c6opa aaHHbIX; (iii) JoCTOBEPHOCTL TpebyeMoit HHpopMauuy;
(iv) cTeneHb OCYWE€CTBUMOCTU KOHTPOJIS 32 NPOMBICJIOM; (V)
MOocJIeACTBUS AJisI NPOMBICJOBBIX PEXUMOB, NMPUMEHSEMbIX B
HacTtoslee BpeMsl; U (vi) BO3MOXHOCTb 33€pPXOK B
MpUMEHEHUHU TOro WJAU UHOro Metoaa. Ta aJjabTepHaTUBA
OKa3XXeT MeEHbINe OTpUllaTeJ/JibHble BO3AEUCTBUS Ha 3aBUcCAUlle
OT KpWJsl NOoNyJsiiuu (HarpuMep, TMUHIBUHB U TRJEHH),
KOTOpasi YUYHUTHIBAET 3HKOJOrHUECKHE B3aUMOCBSA3U MEXAY
XUIHUKAMU U 1noTpebiasieMbIMH BUJAMM H KOTOpasi UMEET
HU3KYI0 BEPOSITHOCTDb 3aAePXKU B NPUMEHEHUH. B CBA31 € 3TUM
Mbl CUMTAa€EM BaXHBIM CJeAYIUI KOMIpOMHCC: U660 BhI6paTh
6HOJIOrMUEeCKH OUEBUAHYKW  aJbTEpPHATHUBY U  OTJOXUTb



ocymecTBaeHHe, 60 BH6paTh 6MOJIOrHUECKH HepeaJibHYIo
aJIbTEPHATUBY M Cpa3y Xe€ BHEJAPHUTb CUCTEMY YINpaBJI€HUS.
Mbl NpU3HAEM, UTO W JApPYyrue KOMIIPOMHCCHI MOTYT O6bITb
OAUHAKOBO  BaXHbIMM. XoTs1 aAbTEepHATHBbBI, KOTOpbie
PaBHOMEPHO pacnpeAeJ/isioT BbJIOB B 1,5 MJH. TOHH MexAy
noApaioHaMM HJIH MCNOJIB3YT [IPOMBICJOBbIE AaHHbIE 3a
npeAbiAyliHe CE30HbI C L1eJIbl0 YCTAaHOBJIEHUS OrpaHHUEeHUI Ha
BBIJIOB, MOXHO OXapaKTe€pU3OBaTb KaK HMeKIiHe HUIKUI
NOTeHIHaJ 3aZepXKH B IpHMEHEHHUU, OHHU BCe-TaKl He
NpHHUMAT BO BHHUMaHUEe HHPOPMALUI0 O 6HOJOrHYECKUX
CBsI3s1X., AJIbTEpHATHBBI, OCHOBaHHble Ha 3aKpbiThIX palioHaXx,
KPUTHUECKUX MNepHojaxX, yueTax XUIMHUKOB U MoJeJasiX
"XUIHUK/NOTpebasseMblil BUJ", NpPeAyCMATPUBAOT HaJUuMue
6oJbliero KoJsuuecTBa 6uoJsioruueckoil UHPopMaluy, OAHAKO
OHHU MOT'YT OKa3aTbCsl HEMPAaKTUUHBIMU B 6J1KalieM 6y ylieM.
AJNbTEpHATHBRB, OCHOBaHHbIE Ha MJOMAaAX KOHTUHEHTAJIbHOro
meJibda, O6bIKHOBEHHOM NYJbCUPYWI[EM NPOMbIC/AE U yueTax
KpuJsi, 6HOJIOrMUecKM He OGOCHOBaHbl U BJIEKYT 3a co6oM
3a/1€pXKU B UX NpHUMeHeHUH, HH oAHA U3 anbTepHaTUB He
MOXeT  6bITb  OXapaKTepH30BaHa  Kak  6HoJoOrvdecku
O60CHOBaHHYI0 U 'OTOBYIO K NpUMeHeHHUIw. TeM He MeHee, ARe
aJbTEepHATHUBbL (T.€. 3aKpbIThle PAaMOHbBI M KPUTHUECKHE
NepUoAbl) SIBJASITCS Hey AOBJETBOPHUTEJbHBIMU JIUIIb MOTOMY,
UTO UX NpPHMEHEHHE U3MEHUJIO 6bl HACTOSIHUI MPOMbBIC/OBBIM
PEXHM. ITH ZIBe aJbTEPHATUBBI MOTJIUM 6bl 6bITb NMPUMEHEHDI,
ecqu 6bl cTpanbi-UsaeHst AHTKOMa corJiacuanch ¢ U3sMeHEeHUeM
B CYI[ECTRYIOIMUX TPOMBICJIOBRBIX pPeXUMax,

Resumen

La Medida de conservacién 32/X establece un limite de captura
precautorio para el kril (Euphausia superba) de 1.5 millones de
toneladas en el Area estadistisca 48. Esta medida también supone una
futura aplicacién de limites de captura precautorios a subdreas o zonas
especificas en este drea en el futuro. Se evalian nueve métodos
alternativos para determinar los limites de captura de kril por subdrea o
zona especifica en conexion a seis principios: (i) la medida en que se
considera la informacién sobre las relaciones bioldgicas; (ii) el coste de
recopilacién de datos; (iii) la fiabilidad de la informacién requerida;
(iv) la facilidad de ejecucion; (v) los efectos en los regimenes de pesca
actuales; y (vi) la posibilidad de retrasar la puesta en marcha del método
alternativo. Un método alternativo tiene menos probabilidades de dafiar
a las especies dependientes (p.ej. pingiiinos y focas) si se toman en
cuenta explicitamente las relaciones ecolégicas entre el kril y sus
depredadores y si la probabilidad de retrasar su aplicacién es baja. Por
lo tanto, consideramos relevantes las siguientes compensaciones: elegir
una alternativa biolégicamente detallada con un retraso en su aplicacion,
o elegir una alternativa biolégicamente poco realista poniendo en marcha
un sistema de gestién inmediato. Reconocemos que otras
compensaciones podrian ser igualmente validas. Aquellas alternativas
que desglosan el limite de 1.5 millones de toneladas en partes iguales
entre las subdreas o las que emplean los historiales de captura para fijar
limites se pueden considerar con pocas posibilidades de retrasar la
puesta en marcha, aunque se desconozca la informacién sobre las
relaciones bioldgicas. Aquellas alternativas basadas en las zonas
protegidas, en periodos criticos, en censos de depredadores, y en los
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modelos depredador-presa, incluyen muchos datos biolégicos pero
pueden ser initiles a corto plazo. Por otra parte, las alternativas
centradas en la zona de la plataforma continental, en la pesca por pulso
simple, y en las prospecciones de kril no contienen informacion
biolégica detallada y resultan en una ejecucién tardfa. Ninguna de las
alternativas se clasifican a la vez como biolégicamente detalladas y
disponibles para ser aplicadas inmediatamente. Sin embargo, dos de las
alternativas (p.ej. zonas protegidas y perfodos criticos) son inapropiadas
por el solo hecho de que pueden alterar los regimenes de pesca actuales.
Estas dos alternativas podrian ser aplicadas de inmediato si los Estados
miembros de la CCRVMA estan dispuestos a aceptar cambios en los
regimenes de pesca existentes.

1. INTRODUCTION

In November, 1991, the Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLR) adopted Conservation Measure 32/X. This conservation measure sets a
1.5 million tonne precautionary catch limit on krill, Euphausia superba, in Statistical Area 48
(CCAMLR, 1991a). Conservation Measure 32/X also requires CCAMLR’s Scientific Committee
to provide the Commission with advice on how the 1.5 million tonne limit could be allocated
between subareas or local areas if the total catch in Subareas 48.1 (Antarctic Peninsula),
48.2 (South Orkney Islands), and 48.3 (South Georgia) exceeds 620 000 tonnes in any fishing
season.

It is important to consider alternative methods for estimating subarea or local area catch
limits before the total krill catch in Statistical Area 48 totals 620 000 tonnes. Reactive
management is not an acceptable, long-term strategy for managing the krill fishery (SC-CAMLR,
1991). Considering alternative catch allocation strategies before 620 000 tonnes of krill are
caught in Statistical Area 48 helps prevent reactive krill management.

The primary goal of any catch allocation scheme should be to minimise the probability
of adversely impacting species that depend on krill as a primary food source (e.g., penguins and
seals); this is mandated by Article II of the CCAMLR Convention. The probability of adverse
impact is affected by our understanding of the relationships between krill, their predators, and
their environment, and the degree to which this understanding can be incorporated into specific
management terms. The probability of adverse impact is also affected by practical
considerations, such as the reliability of information used by the alternative, the complexity of
the management rules, the disruption of current fishing strategies, and, ultimately, the delay in
implementing an effective allocation scheme.

We used the following criteria to evaluate nine alternative schemes for allocating krill
catches among subareas or local areas:

(1) Amount of information on biological interactions explicitly considered in the
alternative: Presumably, as more information is incorporated into an allocation
scheme, the probability of adversely impacting dependent species will decrease.
This may not be the case, particularly if functional relationships are incorrectly
specified or if there is high variability in the data, but, as a first approximation, we
will ignore these concerns. '

(2) Longterm costs of collecting the data required to implement the alternative: Cost
will increase if frequent surveys are required or if sampling effort must be
increased to achieve a desired level of precision. Short-term costs associated with
initial implementation of an alternative are not considered.
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(3) Reliability of the information used in the alternative: Both precision and accuracy
are important. Reliability is high if the required quantities/parameters can be
estimated precisely and without bias.

(4) Ease of enforcing the alternative: Enforcement is difficult when the allocation
scheme is complex and when catch allocations are frequently changed (these make
it harder to maintain consensus in the Commission).

(5) Change to current fishing patterns: Allocation schemes differ in the degree to
which they would change the historical distribution of fishing effort and in the
amount of discretion given to the fishing vessels. Schemes that alter current
fishing patterns usually lead to management delays (see below).

(6) Delay in implementing the alternative: Delays may be caused by political
resistance towards altering current fishing patterns or by data unavailability. We
assume that delay in implementing the alternative increases the probability of
adverse impact on dependent species.

The nine alternatives for allocating krill catches among subareas are:

(1) Historical catches,

(2) Even division among subareas,

(3) Shelf area,

(4) Simple pulse fishing,

(5) Protective zones,

(6) Critical periods,

(7) Predator censuses,

(8) Kiill surveys, and

(9) Models of predator-prey interactions.

This paper is intended to initiate a discussion about alternative methods of allocating the
1.5 million tonne precautionary catch limit in Statistical Area 48 between subareas or local areas.
Since krill catches are usually concentrated near predator breeding colonies (Agnew 1991;
Everson and Goss 1991), an allocation scheme is necessary to protect vulnerable predator
populations and maintain CCAMLR’s ecosystem perspective. The list of alternative allocation
strategies presented in this paper is not exhaustive. The examples discussed in this paper focus
on methods that limit krill catches directly; we do not consider methods to limit the catch by
controlling fishing effort or fishing efficiency.

2. COMPARISON OF ALTERNATIVE ALLOCATION STRATEGIES
2.1 The Historical Catch Alternative

One of the initial proposals for setting a precautionary catch limit on krill in Statistical
Area 48 was to base this limit on historical catches (SC-CAMLR, 1991). This type of strategy
could also be used to allocate the catch between subareas or local areas. Between 1981 and
1991, about 18%, 48%, and 34% of the total krill catch in Statistical Area 48 was taken from
Subareas 48.1, 48.2, and 48.3, respectively (CCAMLR, 1991b). Estimating precautionary catch
limits according to historical catches gives a limit of 270 000 tonnes for Subarea 48.1
(1 500 000 tonnes x 0.18 = 270 000 tonnes), 720 000 tonnes for Subarea 48.2, and
510 000 tonnes for Subarea 48.3.

The historical catch alternative does not consider interactions between krill and
dependent predators. The data used to calculate the historical catch distribution are probably
reliable. There are no costs associated with data collection. The management scheme is not
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complex and is easy to enforce. Fishing patterns can be maintained because past behavior is
used to set current catch limits. Finally, this management scheme could be implemented
immediately. These points are summarised in Table 1.

2.2  The Even Division Alternative

The precautionary limit of 1.5 million tonnes can be evenly divided between subareas or
local areas. For example, the catch limits for Subareas 48.1, 48.2, and 48.3 could be set at
500 000 tonnes each (1 500 000 tonnes/3 = 500 000 tonnes). The catch can be further divided
between local areas. For example, if the catch limit for Subarea 48.1 was 500 000 tonnes, then
localised catch limits for Smith Island, Livingston Island, King George Island, and Elephant
Island areas could be set at 125 000 tonnes each (500 000 tonnes/4 = 125 000 tonnes).

Evenly dividing the total catch between subareas or local areas does not consider
interactions between krill and dependent predators. This alternative does not require data
collection, so data reliability and collection costs are not important concerns. The simplicity of
the even division alternative makes it easy to enforce. This alternative might not affect current
fishing patterns because the largest catch ever taken from a single subarea is just over
250 000 tonnes (CCAMLR, 1991b). However, if fishing effort continues to be distributed
according to historical proportions some of the catch will have to be redistributed from Subarea
48.2 to Subarea 48.1 (compare 500 000 tonnes per subarea to the limits prescribed by the
historical catch alternative). Thus, for the even division alternative, it is difficult to evaluate the
effects on current fishing patterns. The even division method can be implemented immediately.
These points are summarised in Table 1.

2.3 The Shelf Area Alternative

Krill catch limits can be based on the area of continental shelf (say depth 250 m) within
each subarea or local area. The basis of such an allocation scheme is to evenly distribute the
catch throughout the areas where land-based predators and fisheries are most likely to interact.
The total area of seabed in Subareas 48.1, 48.2, and 48.3 less than or equal to 250 m in depth is
about 208 861 km? (Everson, 1987; Everson and Campbell, 1990). Approximately 52% of the
total is from Subarea 48.1, 32% from Subarea 48.2, and 16% from Subarea 48.3. Using these
proportions, catch limits for Subareas 48.1, 48.2, and 48.3 would be 780 000 tonnes
(1 500 000 tonnes x 0.52), 480 000 tonnes, and 240 000 tonnes, respectively.

The shelf area alternative does not explicitly consider the relationships between krill and
dependent predators. The seabed area data presented in Everson (1987) and Everson and
Campbell (1990) are reliable. There are no data collection costs for this alternative, and
enforcement would be easy. The shelf area method would significantly alter current fishing
patterns. Historically, the krill fishery has taken the bulk of its catch from Subareas 48.2 and
48.3 (CCAMLR, 1991b), but the greatest proportion of shelf area is in Subarea 48.1
(Everson, 1987; Everson and Campbell, 1990). Therefore, allocating catches according to shelf
area will concentrate krill catches on the southern edge of the historical fishing grounds. This
redistribution of catch could have adverse impacts on the fishery (e.g., shorter fishing seasons
during years with increased ice cover). The shelf area alternative could be effected immediately,
but, since current fishing patterns would be altered, delays in implementation would be likely.
These points are summarised in Table 1.

24  The Simple Pulse Fishing Alternative

A simple pulse fishing strategy could be used to temporally cycle the krill catch between.
subareas by allowing all 1.5 million tonnes to be taken from a single subarea in a single year.
Then, for the following two years, that subarea would be closed to fishing. For example, if
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1.5 million tonnes of krill were taken from Subarea 48.1 this year, it would be closed to fishing
during the two following years while Subareas 48.2 and 48.3 were subsequently opened and
closed. We do not know if 1.5 million tonnes of krill can be taken from a single subarea, every
three years, without adversely impacting dependent predator populations.

The simple pulse fishing alternative does not make an explicit consideration of
krill-predator interactions, so data collection costs and problems with data reliability are not
significant. This type of allocation scheme would be relatively difficult to enforce because
fishing regulations would have to be changed annually (this would require international
consensus at each meeting of the Commission). Pulse fishing would alter current fishing
patterns. Fishing vessels would have limited flexibility areas when Subareas 48.2 and 48.3 are
closed and ice is abundant. A pulse fishing strategy could be effected immediately, but, because
current fishing patterns would be altered, delays in implementation would be likely. These
points are summarised in Table 1.

2.5 The Protective Zone Alternative

This alternative creates protective zones around specific predator breeding colonies. For
example, krill fishing could be prohibited within a 100 nautical mile radius of any island where
fur seals (Arctocephalus gazella) are known to breed. Protective zones provide a spatial refuge
for breeding predators and their prey. Under this alternative, no allocation would be made
among subareas.

The protective zone alternative accounts for interactions between krill and predators by
considering the foraging range of the farthest ranging predator. Foraging range data is usually
collected with radio tracking equipment (see Amos et al., 1990; AMLR, 1991 for examples), and
this makes initial data collection costs high. However, since foraging ranges only need to be
measured once, there would be no recurring, long-term data collection costs. The data are also
highly variable (some animals swim farther than others), so reliability is a concern. Enforcing
protective zones would be easy, although current fishing patterns would be drastically altered.
Agnew (1991) and Everson and Goss (1991) have clearly shown that krill catches are
concentrated near islands where predators breed. Closing island zones to fishing will force the
fishing vessels farther offshore where krill will be more difficult to find. Vessels would
probably spend considerably more time searching for fishable concentrations of krill. On the
other hand, fishing vessels would not be restricted by subarea catch limits and could freely
pursue operations in those subareas that are most economical. Protective zones could be
prosecuted immediately, but, because current fishing patterns would be altered, delays in
implementation would be likely. These points are summarised in Table 1.

2.6  The Critical Period Alternative

The krill fishery can be closed during “critical periods” corresponding to certain
portions of the predators’ reproductive cycles. This alternative is similar to the protected zone
approach, but the catch limitation is based on temporal rather than spatial considerations. This
method provides a temporal refuge for predators and their prey.

The critical period alternative accounts for interactions between krill and land-breeding
predators during the predators’ reproductive phases. Data are already available to describe the
duration of this period for most predator species, so data collection costs will not be significant.
The available data are also reliable. Enforcement of critical periods would be easy because the
management scheme is relatively simple. However, management according to critical periods
would significantly alter current patterns of fishing. Historically, some of the largest catches in
Subareas 48.2 and 48.1 were taken when land-breeding predators were rearing their young
(Everson and Goss, 1991), but these important fishing times would be closed according to the
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critical period alternative. The critical period alternative could be effected immediately, but,
because current fishing patterns would be altered, delays in implementation would be likely.
These points are summarised in Table 1.

2.7 The Periodic Predator Census Alternative

Krill catch limits can be set for subareas or local areas by periodically censusing
predator populations at important breeding sites and adjusting the catch according to some
relationship between predator abundance (or predator condition) and harvestable krill biomass.
This alternative considers predators as indicator species. The Working Group for the CCAMLR
Ecosystem Monitoring Program (WG-CEMP) has made significant progress towards determining
when predators are most vulnerable to competition from commercial fishing and how this
vulnerability may be manifested (e.g., in lowered chick and pup survival rates). WG-CEMP is
also making progress towards defining the prey requirements of many predators (Croll, 1990;
Croxall, 1990; SC-CAMLR, 1991). Thus, it is apparent that much of the information necessary to
implement this alternative is already being collected. However, more data needs to be collected
in order to know how predators respond to temporal changes in prey availability (i.e., we need a
time series of observations that covers a wide range of krill densities). It may take several years
to arrive at a preliminary understanding of how predators respond to krill fishing.

Using predator censuses to estimate krill catch limits explicitly considers the interactions
that occur between some of the major components of the Antarctic marine ecosystem. There
will be an initial cost to collect the data necessary for defining the impacts to predators caused
by changing prey availability, but, in the long term, we expect the most significant cost to be
associated with conducting periodic predator censuses. Annual or semi-annual predator
censuses should not be required because there will probably be a lag before population level
responses to prey availability can be detected and because some predators are fairly long lived.
The reliability of predator census data is probably good. This alternative would be relatively
difficult to enforce because catch limits would have to be periodically changed in order to
respond to changes in predator abundance or condition. There is potential for this alternative to
change current fishing patterns, but this potential is difficult to evaluate. The periodic predator
census alternative could be implemented immediately. These points are summarised in Table 1.

2.8  The Frequent Krill Survey Alternative

Kirill catch limits can be set as some proportion of the krill biomass surveyed in a
particular subarea or local area. It would be simple to determine a harvest rate based on some
arbitrary notion. For instance, we might say that the harvest rate for krill in any subarea or local
area could not be greater than the annual survival rate of krill in that area. Then, if the
instantaneous rate of natural mortality for krill is 0.8 (the annual survival rate of krill is 0.45),
and a survey determined that 200 000 tonnes of krill were present in a small, local area, the catch
limit for krill in that area would be 90 000 tonnes (200 000 tonnes x 0.45 = 90 000 tonnes).

Using frequent krill surveys to determine catch limits does not explicitly consider
predators; this is essentially a single-species alternative. Frequent estimates of krill biomass are
necessary because patterns of krill abundance and distribution are highly variable in time and
space (see Hewitt and Demer, 1992 for one example). This is in direct contrast to the frequency
of surveys required by the periodic predator census alternative. Allocating catch limits
according to estimates of krill biomass requires more frequent sampling because krill
distributions are more dynamic in time and space than predator distributions. Thus, estimating
catch limits from survey estimates of krill biomass will incur substantial long-term costs
associated with data collection. It is also important to note that estimates of the instantaneous
rate of natural mortality rate for krill are highly variable (Miller and Hampton, 1989). Thus,
using this rate (or some derivative of it) may introduce uncertainty into estimates of catch limits.
Enforcement will be difficult because the catch limits will be frequently changed. Current
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fishing patterns might be altered if fishermen have to wait until the krill surveys are completed
before they can start fishing. CCAMLR’s Working Group on Krill (WG-Krill) has made
substantial progress towards refining survey design and estimating krill target strength
(SC-CAMLR, 1991); therefore, the krill survey alternative could be implemented immediately.
However, because current fishing patterns are likely to change, actual implementation would
probably be delayed. These points are summarised in Table 1.

2.9  The Model Alternative

Simulation models can be used to estimate subarea or local area krill catch limits.
Consider a simple model with the following form:

local TAC = (local krill biomass) - (local number of predators ¢ per capita predator
demand) - “safety factor”

where the “safety factor” is some number that ensures future krill recruitment. This simple
model has substantial information requirements. It requires both predator surveys and krill
surveys to estimate predator numbers and krill biomass, respectively, and to provide periodic
updates for these estimates. It requires information about krill recruitment, immigration, and
emigration in order to calculate a reasonable “safety factor”. Information about per capita
predator demand for krill is also necessary. Also, since most of the data are likely to be spatially
and/or temporally variable, it would be necessary to collect information from every subarea or
local area of interest and to collect this information for a number of years.

Currently, CCAMLR does not have all of the information that a simple model like the one
described above would require. It is important to note, however, that models can be formulated
in the absence of information and gradually updated as more information is obtained.
Preliminary models can be very useful for guiding research or making provisional management
decisions. CCAMLR does have some information (although more information would be
required) on subarea and local area predator abundance and krill density (Shuford and
Spear, 1988; Bengtson et al., 1990; Hewitt and Demer, 1992), and WG-Krill is currently working
on problems associated with krill movement and recruitment (SC-CAMLR, 1991). WG-CEMP
plans to develop some preliminary estimates of predator demand by the summer of 1993
(SC-CAMLR, 1991). In general, however, it will take a number of years for CCAMLR to collect
all of the information necessary to successfully model interactions between predators, krill, and
fishermen. During the first few years of data collection, some of the information that is obtained
may not be very reliable (producing uncertainty in any model’s estimation of a catch limit).
Again, to account for this variability, data will need to be collected over a period of years and for
a number of areas. The commitment to data collection may be further increased if we consider
that some species are long lived; it may take several generations to detect how krill fishing
impacts predator populations.

There are several advantages associated with using models to estimate subarea or local
area krill catch limits. Models, when formulated successfully, allow large amounts of data to be
incorporated into the management scheme. This is advantageous because including all of the
relevant biological and physical information into a catch allocation strategy meets CCAMLR’s
goal of maintaining an ecosystem perspective. Incorporation of economic factors can also
account for changes in fishing dynamics. Simulation techniques (e.g., bootstrapping) can be
used to estimate parameter uncertainty and evaluate management costs (i.e., risk) before
CCAMLR institutes a conservation measure. Thus, models can be used to avoid reactive
management policies.

Estimating subarea or local area catch limits with models incorporates large amounts of
biological information. Data collection will obviously be expensive, and we should expect
uncertainty from model results. Enforceability and effects on current fishing patterns will be
difficult to evaluate until a specific model is proposed. Implementation of the model alternative
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will be significantly delayed while CCAMLR Member nations collect data and debate model
specification. These points are summarised in Table 1.

3. DISCUSSION

Choosing from the list of alternatives is difficult because the choice involves tradeoffs;
none of the alternatives are perfect. Alternatives that require large amounts of information are
good because they represent an ecosystem approach, but it takes time to collect and analyze this
information. This results in delayed management, and predator populations can be adversely
impacted during this time. Alternatives that do not require much information can be
implemented more quickly to prevent uncontrolled expansion of the fishery, but these
alternatives are not biologically realistic.

In choosing an allocation scheme that minimises the probability of adverse impact to
dependent species, we believe that one of the principal tradeoffs is between the amount of
biological information explicitly considered and the potential for delayed implementation.
Essentially, we feel that the following questions are important: “Should CCAMLR select an
alternative that considers interactions between krill and predators even though the delays caused
by data collection and resistance to alter current fishing patterns, may have adverse impacts on
dependent predator populations? Or, should CCAMLR select an alternative that controls
expansion of the krill fishery without being biologically explicit?”” The nine alternatives were
arranged in a tradeoff matrix (Table 2). Alternatives based on even division among subareas and
historical catches can be categorised as having a low potential for delaying implementation, but
they ignore information on biological relationships. Alternatives based on protective zones,
critical periods, predator censuses, and predator-prey models include a large amount of
biological information, but may not be practical in the near future. The shelf area, simple pulse
fishing, and krill survey alternatives are not biologically explicit and result in delayed
implementation. None of the alternatives were categorised as being both biologically explicit
and immediately available for implementation (this reiterates the point that none of the
alternatives are perfect). However, two of the alternatives (i.e., protective zones and critical
periods) are unsatisfactory only because they would alter current fishing patterns. These two
alternatives could be implemented immediately if the member nations to CCAMLR are willing to
tolerate changes in current fishing patterns.

Perhaps CCAMLR should consider two time horizons as it allocates the total catch in
Statistical Area 48 to subareas or local areas. In the short-term CCAMLR should be concerned
with controlling the expansion of the krill fishery. Conservation Measure 32/X, combined with a
provisional catch allocation scheme based on protective areas and/or critical periods, would be an
important step in this direction. Data collection should continue, however, and, in time, sufficient
data would be available to adjust krill management according to the biological goals outlined in
Article II of the CCAMLR Convention.

Finally, we would like to reiterate this paper’s intent. This paper is intended to provide a
basis for discussion and a template for evaluating other alternative allocation schemes. We hope
that people will feel free to add new alternatives (columns) and new criteria (rows) to Table 1,
develop new tradeoff matrices like Table 2, and make their own evaluations of the various
allocation schemes.
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Table 1:  Characteristics of nine alternatives for allocating the 1.5 million tonne precautionary
catch limit in Statistical Area 48 between subareas or local areas. See the text for a
more detailed description of the evaluation criteria and the allocation alternatives.

ALTERNATIVES
Historical | E Shelf | Pulse | Protective | Critical | Predat Krll | Model
CRITERIA éa(:?: Divvi:ir:m Arza Fishis:g gorfesve P;lriods C:lsfxs:; Surveys )

Krill-Predator

Interactions

Considered?

Data Reliability

Long-Term Data

Collection Costs

Easy to Enforce?

Alter Current

Fishing Patterns?

Delay to

Implement?

Table 2:  Tradeoff matrix characterising krill catch allocation schemes based on the amount of

biological information explicitly considered and the potential for delay in
implementation. The probability of adverse impact on dependent species is
minimised when a high amount of biological information is considered and the

potential for delay is low.
Potential Delay in Biological Information Explicitly Considered
Implementation
Low High
Low
High
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Tableau 1:

Tableau 2:

Tabauia 1:

Tabauua 2;

Tabla 1:

Tabla 2;

Légende des tableaux

Caractéristiques de neuf méthodes d'allocation de la limite préventive de capture
de 1,5 million de tonnes dans la zone statistique 48 aux sous-zones ou aux aires
localisées. Se reporter au texte pour la description plus détaillée des criteres
d'évaluation et les méthodes d'allocation.

Matrice des compromis caractérisant les systemes d'allocation de la capture de
krill basée sur le nombre d'informations biologiques examinées explicitement et
le risque de retard dans la mise en place. La probabilité d'effets nuisibles sur
les espéces dépendantes est réduite au minimum lorsque la quantité
d'informations biologiques examinée est €élevée et le risque de retard dans la
mise en place est faible.

CrnucoK TabJuiL

XapaKTepUuCTHKU JAEeBSITU aJbTepHATUBHbLIX BapHaHTOR
pacrnpezesieHUss NpeJOoXPaHUTEJNbHOI'O orpaHUYEeHUst Ha BbIJIOB (1,3
MUJIJIMOHA TOHH) B CTATUCTHUECKOM paiioHe 48 Mexay noJgpaiioHaMH
HJIU JIOKAJIbHBIMU paiioHaMH. BoJiee nopo6Hoe olucaHue KpUTepuesn
OLIEHKU U aJIbTEPHATUB pacrpeZe/ieHUs JaeTCst B TEKCTE.

MaTpuna pacueTa pas/IMUHBIX CXeM pacrnpeAeJieHHsi BbIJIOBAa KPWJIS,
OCHOBaHHasi Ha  oO6beMe  HENOCPEACTBEHHO  YUUThIBAaeMOM
6uoJsioruueckoii  UHPOpPMALMU U BO3MOXHOCTH  OTJIOXEHMs
oCylmecTB/eHHs, BepOsSITHOCTb OTPULIATEJIbHBIX INOCJEACTBUN AJs1
3aBUCHUMBIX BUJIOR MUHMUMAJIbHA €CJU paccMaTpHBaeTcsl 6oJiblioe
KOJIMUeCTBO 6UOJIOrHU€ecKol HHHOPMaLlUU U BO3MOXHOCTD 33€P3KOK
HU3KA,

Lista de las tablas

Caracteristicas de nueve alternativas para distribuir el limite de captura
precautorio de 1.5 millones de toneladas en el Area estadistica 48 por subdreas
o zonas especificas. Refiérase al texto para obtener una descripcion detallada
del criterio de evaluacién y las alternativas de distribucién.

Matriz de compensacién que caracteriza los sistemas de distribucién de
capturas de kril basada en la cantidad de informacidn bioldgica considerada en
detalle y la posible demora de la puesta en marcha. La probabilidad de dafiar a
las especies dependientes se ve reducida cuando se considera gran cantidad de
informacién bioldgica y la posibilidad de retraso es minima.
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WG-CEMP-92/26

HOMOGENEITY OF ADELIE PENGUINS AS KRILL SAMPLERS

E. Marschoff! and B. Gonzalez2

Abstract

A nested ANOVA design was used to measure the variance component
due to differences between individual Adélie penguins in the length of
krill eaten, using data from Esperanza Bay. The variance component
-0.26 was not significantly different from zero (F = 0.093; P = 0.54).
This finding supports the argument for using individual penguins to
estimate parameters of the prey population without discriminating by
sex, weight or other factors pertaining to the predator.

Résumé

A partir de données de la baie Esperanza, on s'est servi d'un modele
ANOVA 2a emboitements pour mesurer 1'élément de variance di a la
différence de longueur du krill ingéré par des individus de manchots
Adélie. L'élément de variance -0,26 n'était pas trés différent de zéro
(F =0,093; P =0,54). Cette découverte soutient 'argument selon lequel
pour ne pas discriminer les sexes, le poids ou d'autres facteurs relatifs
au prédateur, les parameétres de la population de proies doivent étre
estimés a partir d'individus de manchots.

PezwMe

KOMIIOHEHT BapualUM, BbI3BaAHHBIM pasHUlLEe! B AJHWHE KPU.d,
CbeZIeHHOro OTJAEeJIbHbBIMU MUHIBUHAMU AZleJidi U3MepsJIcsl ©
IOMOIbI THE3JOBOIro MeToza ANOVA U C UCNOJIL30BAHUEM
AaHHBIX U3 Npob, cobpaHHbIX B 6yXTe JcniepaH3a. KOMIMOHEHT
BapHaluu (-0,26) He OT/MUAJICS 3HAUUTEJIbHO OT Hy 151 (F=0,093;
3 = 0,54). 3TOT pe3yJabTAT NOAAEPXKHBAET JAOBOJ B MNOJIb3y
HCNOJIb30BaHUs Npob KpUJisl U3 NMUIU NMUHIBUHOB JIVIsT OL€HKU
napaMeTpoB MOIMNYJSLUU KPUJS, HE Aedasl pa3jiMuus o noay,
BeCY WJH APYIrUM dakTopaM, Kak B caydae ApyrUx XUIHHUKOB,

Resumen

A partir de los datos de bahia Esperanza, se utilizé un disefio inclusivo
ANOVA para medir el componente de variancia del kril de distintas
longitudes consumido por algunos pingiiinos adelia. El componente de
variancia -0.26 obtenido variaba poco de cero (F = 0.093; P = 0.54).
Este dato corrobora la tesis de utilizar pingiiinos individuales para
estimar los pardmetros de las poblaciones de presas, sin discriminar
sexo, peso u otros factores propios de los depredadores.

1

Instituto Antartico Argentino, Cerrito 1248, 1010 Buenos Aires, Argentina
Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Pabellon II - Ciudad Universitaria,
1428 Buenos Aires, Argentina
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1. INTRODUCTION

The size of krill eaten by penguins is probably an important factor in assimilation rates
and energetic requirements of these birds. The analysis of length distributions of krill eaten by
penguins will also provide information on the degree of overlap between commercial catches and
predator needs. Unfortunately, the analysis of length distributions obtained from random
samples of a patchy target population is statistically complex.

One of the problems is that krill occur in swarms and are not randomly distributed. This
patchiness determines that, for statistical purposes, individual specimens in a given sample
cannot be considered independent because their lengths are spatially correlated. Sampling
strategies to estimate the population frequencies in each length class should take into account
this fact. Heterogeneity between the lengths of krill in different swarms also has implications on
sampling protocols aimed to the estimation of population parameters (Watkins et al., 1986).
Frequency distributions might prove to be impossible to calculate without knowledge of the
relative volume occupied by the different patches sampled, and the bias introduced will depend
on the relation between sample size, number of samples and properties of the sampling gear.

Using an appropriate sampling design however, Marschoff and Gonzalez (1989 and
1990) have shown that it is possible to obtain estimators for mean lengths from samples
obtained from a patchy distribution. These might be used in the assessment of penguin
energetic requirements as well as to statistically compare the lengths of krill eaten by penguins
under different conditions. In order to do this it is necessary to determine if all penguins might
be considered as yielding homogenous samples of their food or if these samples are affected by
varying prey selection at the individual penguin level.

In this paper, we will not attempt to estimate overall krill population parameters or
frequency distributions, but will aim to detect possible sources of variation originating from
differences between penguins.

Finally, we will test the hypothesis that Adélie penguins are uniform with respect to prey
selection.

2, MATERIALS AND METHODS

During summer 1989/90, 27 Adélie penguins from the Bahfa Esperanza rookery were
marked after obtaining a sample of their stomach contents as part of the CEMP related work
being carried out there. Successive recaptures of these specimens yielded replicate samples of
the stomach contents of the same penguins. The experimental design followed the proposal of
Marschoff and Gonzalez (1990). Sources of variation were arranged in a nested ANOVA as
follows:

Level 2: “Penguins” group;
Level 1: “Days-within-Penguins” subgroup;
Level O: Replications (“Krill-within-Days” subgroup).

This design allows the calculation of the components of variance at each level and testing
of the null hypotheses that the variance component added at each particular level is zero
(Bliss, 1967).

The power of the test to detect differences in krill lengths taken by different penguins
whilst maintaining the days-within-penguins variation was evaluated using a simulation
procedure which consisted in adding a fixed value (c) to the lengths of krill from five penguins.
These were randomly selected from the original set of 11 birds. The variance component due to
penguins was then recalculated with different values of ¢ until a significant result was obtained.
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3. RESULTS

A total of 11 marked Adélie penguins (Level 2) were recaptured at least once during the
experiment, yielding a total of 23 samples (Level 1) and 1 062 individual specimens of krill
measure (Level 0).

Table 1 shows the date of sampling, mean length, variance and number of specimens
measured for each stomach content.

The nested ANOVA performed on these data (Table 2) showed that the differences
between sizes taken by different penguins had a null contribution to total variance while
differences due to days-within-penguins were highly significant (P < 0.001).

In the simulation approach, the variance component due to penguins gradually increased
as the krill lengths of the five penguins were increased, until it became significantly different
from zero for C = 2.83 mm, equivalent to 7% of the mean size.

4, DISCUSSION AND CONCLUSIONS

The null variance component due to penguins found in this study implies that at the
Esperanza rookery, from 5 January to 2 February 1990, all penguins seemed to be eating similar
sized krill. Mean lengths derived from stomach contents of penguins are formally equivalent to
mean lengths derived from net samples in the sense that, while bias might exist it is the same for
all penguins in the same way as it is the same for all nets of the same design and use. No
significant sources of variation exist other than those pertaining to the food itself. However, it
should be stressed that this result is valid within the limits of the power of the test used and does
not mean that krill were being randomly selected by penguins.

The fact that a significant difference appears with a relatively small variation in the input
data indicates that the method is powerful enough to detect size preferences in pen guin food and
might be used to explain changes found in other parameter; that is to say that changes in krill
size eaten by penguins will reflect changes in food rather than individual variations of penguins
due to factors like sex, age, weight, etc.
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Table 1:  Mean length and variance of krill taken from each stomach sampled.

Penguin Number of Date Mean Variance
Specimens Sampled

1 74 (09/1/90 4426 23.82

1 71 28/1/90 41.18 16.53

2 52 12/1/90 41.60 32.16

2 66 23/1/90 40.48 26.84

2 70 31/1/90 43.79 20.32

3 19 09/1/90 39.07 13.19

3 27 31/1/90 39.98 27.10

4 30 09/1/90 42.65 14.75

4 25 19/1/90 32.11 31.78

5 41 18/1/90 40.02 15.18

5 39 24/1/90 29.09 19.62

6 66 05/1/90 41.30 26.93

6 73 29/1/90 40.34 17.07

7 42 07/1/90 44.67 2147

7 63 23/1/90 37.66 64.44

8 32 12/1/90 41.46 23.15

8 31 02/2/90 40.27 19.49

9 60 13/1/90 39.79 22.46

9 51 23/1/90 40.44 27.12

10 44 18/1/90 4148 14.23

10 38 28/1/90 41.50 24.17

11 19 20/1/90 39.23 14.45

11 29 29/1/90 37.93 94.74

Table 2:  Nested ANOVA of krill-within-days-within-penguins.
Level Degrees of | Mean F Prob. Variance
Freedom | Square Components
Value | Percent
Penguins 10 460.68 | 0.9270 | 0.54 -0.26 0.00

Days-within-penguins 12 496.95 | 18.8230| <0.001 | 10.15 27.76
Krill-within-days 1039 26.40 2640 | 7224
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Tableau 1:

Tableau 2:

Ta6uuna 1:

Tabuuiia 2:

Tabla 1:
Tabla 2:

Légende des tableaux

Longueur moyenne et variance du krill prélevé dans chaque estomac
échantillonné.

ANOVA 2 emboitements du krill groupé par jour et par manchot.

CHUCOK TabJaunILL

Cpe/:u-lsm AJHUHA H BapUaliuss pa3Mepa KpHJA B KaX0M
o6cre JOBaHHOM Xeayake,

T'HesaoBOM aHaau3 (ANOVA) KOJHUUECTBa CbEeJAE€HHOro NMUHrBHHaMH
KPWJIst IO JAHSIM.

Lista de las tablas
Talla media y variancia del kril procedente de los estémagos muestreados.

ANOVA inclusiva de kril, por fechas y pingiiinos.
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PRIOR TO CALCULATING AN

WG-CEMP-92/11
CAN WE USE DISCRIMINANT FUNCTION ANALYSIS TO SEX PENGUINS

CHARACTERISTIC?

D.J. Agnew*

Abstract

In sexually dimorphic species, morphometric characteristics have
separate distributions for males and females, and these often overlap.
Whilst discriminant analysis can be used to determine the sex of
individuals, it is only able to correctly sex a certain proportion of birds.
Two overlapping normal distributions are used to show that there is a
difference between the real mean characteristic for a sex, and the
apparent mean derived by sexing the birds using discriminant analysis.

When discriminant functions are able to correctly determine the sex of
birds with greater than 80% success, the difference between the true and
apparent mean is likely to be undetectable when fewer than 600 birds
are sampled.

Therefore, under most normal sampling regimes a discriminant function
with greater than 80% success may be used to derive statistically robust
estimates of male and female characteristics.

Combining all data for both sexes is considered as a procedure for
avoiding the necessity of sex determination. However, uncertainty in
sex ratios can lead to considerable Type I and Type II errors. Lack of
knowledge about the sex ratio between years makes combining the data
a very doubtful procedure and use of a discriminant function to
determine sex is recommended as being most practically robust.

Résumé

Chez les espéces a dimorphisme sexuel, les caractéristiques
morphométriques ont pour les méles et les femelles des distributions
distinctes qui se chevauchent souvent. Alors que l'analyse discriminante
peut servir 4 déterminer le sexe des individus, elle n'y parvient que pour
un certain pourcentage d'oiseaux. Deux distributions de Gauf} se
chevauchant mettent en évidence la différence entre la moyenne réelle
d'une caractéristique d'un sexe et la moyenne apparente dérivée de la
détermination du sexe des oiseaux par 1'analyse discriminante.

Lorsque les fonctions discriminantes parviennent a déterminer
correctement le sexe de plus de 80% des oiseaux, la différence entre la
moyenne réelle et la moyenne apparente risque d'étre impossible a
déceler si I'échantillon porte sur moins de 600 oiseaux.

Par conséquent, sous la plupart des régimes d'échantillonnage normaux
une fonction discriminante ayant un taux de succes de plus de 80% peut

*

CCAMLR Data Manager, 25 Old Wharf, Hobart, Tasmania 7000, Australia

INDEX OF A MORPHOMETRIC
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étre utilisée pour obtenir des estimations statistiquement robustes des
caractéristiques se rapportant aux males et aux femelles.

Il n'est plus nécessaire de déterminer les sexes si l'on utilise la
procédure qui consiste & combiner les données des deux sexes.
Toutefois, les incertitudes liées au sex ratio peuvent conduire a des
erreurs considérables de Type I ou II. Le manque d'informations sur le
sex ratio des différentes années rend douteuse la procédure qui combine
les données, et il est recommandé d'utiliser 1a fonction discriminante qui
est la procédure la plus robuste a l'usage.

PezwoMe

¥V BUZOB, UMEIUX IOJIOBOU AUMOp(PH3M, MOpdoMeTpUUecKue
napamMeTphbl CaMILOB U CaMOK UMeEIT pa3JiMuHble
pacrnpeaeJsieHUusl, KOTopble UacTO B KaKOM-TO MEpE COBIAAAIOT,
XoTsA AUCKPUMMHAHTHBIM aHAaJIM3 MOXHO UCNOJIb3OBaTb A
onpeAesieHUd NOJIOBOM NPUHAANEXHOCTH OTAEJbHBIX NTHL, OH
JaeT BO3MOXHOCTb [PaBUJbHO ONPEAEJIUTb IOJIOBYIO
NMPUHAAJEXKHOCTb JUib Kakou-nu6o YacTH MTHLI,
Hcrnosb3ywTcss ABa UYaCTUUHO COBMNAZalMUMX HOPMaJibHBIX
pacnpegeseHUss C TeM, UTO6bl MOKa3aTb CymeCTBOBaHUE
pasHULBl MeXAYy UCTHUHHOHM cpeZHeil BeJUUHHOM NapaMeTpa
Kakoro-Ju6o noJia U Ha6JoaeMoii cpeAHei, NoJydeHHOR nNpy
onpejeqeHUH MNOJOBOU NMPUHAANEXHOCTU NTUL, C NMOMOWbIO
AUCKPUMMHAHTHOI'O aHaJIN3a,

Ecan  AvckpuMHHaHTHass  ¢QyHKUUA  JlaeT  BO3MOXHOCTb
ONpPEAEJIATh MOJIOBYI NPUHALJIEXHOCTbh MTHUL, CO CTENEHbIo
TOYHOCTU 6oJiee 807, TO UMeeTCs] HU3Kasd BEPOSITHOCTb TOrO,
UTO MNMpU Bbi6OpKe MeHblle 600 NTUL pasHULla MEXAY HUCTUHHOM
H HabJ o JlaeMol cpeAiHell OCTaHEeTCs HE3aMeUeHHOMH,

osToMy, 06bIUHO NP HOPMAJIbHBIX peXHMax c6opa npob Aas
NOJIYUEHUsI CTATUCTUUECKU YCTOMUMBBIX OLEHOK XapaKTepM-
CTUK MYXCKOIO M XEHCKOr'o MOJIOBR MOXHO UCHOJIb30BATDH
AUCKPUMMHAHTHYI (PYHKIHIO, YPOBEHb TOUHOCTH KOTOPOM
cBhime 807,

PaccMaTpHBaeTCsl BO3MOXHOCTb O6beAUHEHUs1 BCE€X JaHHBIX
no o6oeMy noJay Aanas  u3bexaHus  Heo6XOAUMOCTU
onpeeseHust MOJIOBOH NMPUHAAJEXHOCTHU. OaHaxko
HeonpeAeJeHHOCTU B UUCJIEHHOM COOTHOWEHUM MOJIOB MOT'yT
MPHUBECTH K cyilllecTBEHHBIM omKbkaM Tuna I u Tuna 1. IIpo6ep
B 3HAHUAX O YUUCJEHHOM COOTHOWEHUU MOJIOB B Pa3Hble FOJAbl
AenawTt obfbeJMHeHUE  J]aHHBIX BecbMa  COMHUTEJILHO
Nnpoueaypoil. PeKOMeHAYyeTC sl UCNOJb30BATD AUCKPUMHHAHT-
Hy10 QYHKLUIO AJs1 ONpeAesI€HHUs NMOJIOBON NPUHAANEXHOCTH,
TaK KaK OHa AaeT HauboJiee yCTONUNBbIE pe3yJibTaThl.

Resumen

En especies que presentan dimorfismo sexual, las caracteristicas
morfométricas tienen distintas distribuciones para machos y hembras, y
éstas a menudo se superponen. Aunque los andlisis discriminantes



pueden ser utilizados para determinar el sexo de algunos individuos,
s6lo pueden acertar en el sexado de una proporcién de las aves. Se
utilizan dos distribuciones normales superpuestas para demostrar que
existe una diferencia entre la media real de una caracteristica para un
sexo dado, y la media aparente deducida al sexar las aves mediante un
andlisis discriminante.

Cuando las funciones discriminantes pueden determinar correctamente
el sexo de las aves con un éxito superior al 80%, la diferencia entre la
media aparente y la real es casi imperceptible cuando se muestrean
menos de 600 aves.

Por lo tanto, en casi todos los regimenes normales de muestreo se puede
utilizar una funcién discriminante que tenga un éxito superior al 80%,
para deducir valores de ciertas caracteristicas masculinas y femeninas
que sean vdlidos estadisticamente.

Se considera que se podria evitar esta determinacién combinando la
totalidad de la informacién de ambos sexos aunque la incertidumbre en
cuanto a las proporciones de sexos puede producir errores significativos
del Tipo 1y II. La falta de informaci6n sobre la proporcién de los sexos
en distintos afios hace que la combinacién de los datos sea un
procedimiento bastante dudoso, por lo que se recomienda - como un
criterio mds valedero - €l uso de una funcién discriminante en la
determinacién del sexo.

1.  INTRODUCTION

In sexually dimorphic species, morphometric characteristics (such as the CEMP
characteristic A1, “weight on arrival”) have separate distributions for males and females, and
these often overlap. Whilst discriminant analysis can be used to determine the sex of
individuals, it is only able to correctly sex a certain proportion of birds. The WG-CEMP has
recognised this problem, in 1991 noting that analyses by Scolaro et al. (1990) and Kerry et al.
(1992) had determined discriminant functions for Adélie penguins that correctly identified the
sex of 87 to 89% of birds. Concern was expressed that it may be necessary to know the sex of
birds with absolute accuracy, and that discriminant analysis may not be sufficient for this
purpose (SC-CAMLR, 1991 - paragraphs 4.8 to 4.12). A suggestion was made that one way to
avoid the problem of sex determination would be to combine males and females for the
calculation of an index.

This paper evaluates the suggestion that male and females should be combined when
monitoring certain CEMP parameters, such as penguin weight at arrival, if sex is not easily
determined. I approach this problem from two directions:

(1) A characteristic such as bill depth has equal variance in males and females but the
means are sufficiently close that there is some overlap between the distributions. If
a discriminant function is used to identify males and females with a certain error, is
this likely to give us a false estimate of the characteristic?

(i) We are required to monitor a characteristic so that we can detect changes in it.
With distributions as (i), if we combine the data from males and females will we
still be able to detect changes in the characteristic with the same sensitivity as if we
considered males and females separately?
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2. METHODS

For the purposes of this analysis, I consider distributions of the morphometric
characteristics bill length, depth and body weight to behave similarly. Thus we may separate
sexes on bill characteristicistics in order to monitor body weight. From now on, then, I make
reference only to an undescribed “characteristic”’. This work is mostly theoretical but in the
cases where real data are used illustratively these were supplied by Dr Knowles Kerry
(Australian Antarctic Division) to whom I am grateful. These data were collected between
22 and 31 December 1990 at Bechervaise Island, Mawson Base (67°36°W 62°49°E) by Judith
Clarke and Grant Else, and comprise measurements of bill, head, flipper and toe dimensions and
body weight of 34 females and 37 males. Birds were sexed by cloacal examination. The
measurements and full methodology are described in Kerry et al., 1992.

In identifying a discriminant function for these data, Kerry et al. (1992) established that
the following criteria for discriminant analysis were met (Klecka, 1980):

(i) no characteristics were linear combinations of each other;

(ii) correlation coefficients between characteristics used for the final discriminant
function were less than 0.60; and

(iii) the variance - covariance matrices were not significantly different: Box’s M

statistic (Pearson and Hartley, 1976) = 55.49: %2u4s) = 43.14, F(45,5460) =
0.9586, P > 0.5;

and discriminant functions are derived using bill length and depth (correct predlctlon of sex of
87% of birds) and an additional factor, flipper width (89%).

3. IMPLICATIONS OF SEXING PENGUINS USING DISCRIMINANT ANALYSIS

Let us assume that we measure a characteristic, x, (such as bill length) which varies with
the discriminant function and is normally distributed in both males and females (Mfemates<Mmales)
with equal variance, and that there is some overlap between the male and female distributions of
the characteristic (Figure 1). We can consider this to be a representation of a single factor
discriminant function with a mean discriminant score equal to v on Figure 1. We are interested
in the mean and variance in males and females, where sex is determined using discriminant
analysis with a proportion of correct identification of sex (= p). It is therefore important to us to
know whether, with the sampling size chosen, the discriminant function will give us mean values
for the characteristic that are significantly different from the true means of that characteristic in
the population.

Consider the case of females in Figure 1, with true mean p and standard deviation o.
Only those females with x<v will be identified as females by the discriminant function, and
therefore the success of the discriminant function (p) is equal to the proportion of area under the
normal curve for females with x<v, where v can be expressed in units of standard deviation. The
apparent population of females is that part of both female and male distributions to the left of v.
The mean and standard deviation of the apparent populations p,,c; can be found by integrating
both distributions over x =-« to v, finding the weighted mean of x, and can be expressed in
terms of the true mean and standard deviation:

W =pn—co forfemales, n3 =N +co for males (1)
o)1= do

where ¢, d are constants, Table 1 shows the ¢ and d calculated for different p.
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Although the variance of the apparent population is obviously lower than that of the true
population, we can make an approximate calculation of the sample size required to detect the
difference between the true and apparent means. The equation given in Sokal and Rohlf (1981)
for finding the sample size needed to detect a given true difference between means! requires

c . . . . . . .
(g), where o is the estimated true standard deviation and 3§ is the difference in the mean that

must be detected. Here, & = —|; = co [equation 1] and therefore

@)

(SN

S.
3

and is independent of o or p.

The sample size required in order to be 80% certain of detecting the difference at the 5%
level of significance is shown in Table 1. At sample sizes of less than 300 for each sex, using a
discriminant function that successfully determines the sex of more than 80% of birds is unlikely
to yield an apparent mean for one sex which is significantly different from the true mean for that
sex. Thus if we are restricted to small sample sizes discriminant functions with success rates of
80% and over are probably acceptable for all practical purposes. This means that the insistence
on completely accurate sexing is not necessary.

True and apparent means of selected Adélie penguin characteristics are shown in Table
2. Bill length and depth behave approximately in conformity with the theoretical values given in
Table 1. For example, apparent mean bill length for females is 0.378 mm smaller than the mean
of females sexed by cloacal examination. Body weight does not behave in a similar way,
presumably because it is not directly related to the discriminant function whereas bill length and
depth are. We are therefore even less likely to be able to detect a difference between mean
weight of the true and apparent populations if we use a discriminant function based on bill
dimensions for sex determination.

4, EFFECT OF COMBINING MALES AND FEMALES

I now turn to the case where we want to be able to detect a change in a parameter. Isit
better to ignore the sex of birds when trying to detect this change, or to sex birds with an
understood error due to the success rate p. Consider first the special case of Figure 1, where the
number of males and females in the sample are the same and ¢ and ¢’ are equal. In this case the
point v corresponds to the mean of the combined sample, p3, and p and w’ and o and ¢’ are the
means and standard deviations of the females and males respectively.

We can calculate py and o3 in terms of units of o:

Wy =v=U+acC 3)
Oy =bo

using the same methodology as described in the foregoing section, integrating instead from -
to +oo, Values of a and b are given in Table 3.

Turning once more to the Adélie penguin data (Table 2), p; is taken to be the midpoint v
between male and female distributions (very close to the calculated combined means), the mean
of the standard deviations of males and females is taken as an estimate of o, and p is known.

1 n22(c/ 5)2 {topv + tz(l_p)[v]}z : see Sokal and Rohif (1981) for explanation
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We can now estimate a and b:

bill length a=0913 b=1.206
bill depth a =0.756 b=0931
weight a=0.949 b=1.118

Referring to Table 3 these estimates of @ and b correspond to p of about 80%. This p
derived for a single characteristic is lower than the success of the discriminant function for two
characteristics described by Kerry et al. (1991) of 87%, as would be expected.

Now, the sample size required to detect a change k in the means p and pj can be
calculated using the equation of Sokal and Rohlf (1981), which as previously stated requires

(%) Firstly, for the mean of females, i, set 4 = % then
S

_O_
A=S=1 “)

=

. 09 . .
For the combined mean U, 52— is required:
2

92.-% since we are looking for a combined change k in males and females
8y ki
= _bo substituting equation (3)
k(L + ac)
__h substituting equation (4) 5
1+ kak sed
We can now calculate the effective sample sizes, required to detect a change k in the means p and
yp for different coefficients of variation of the female population, (r), since ¢ =rp and %

simplifies to .

Table 3 shows values of a and b for different Ap = py— in units of standard deviation,
and the corresponding percentage success of a discriminant function acting through v. Sample

size required to detect a change  is also given, for k= 0.1 and coefficient of variation r = 0.05,
0.1,0.2,04.

If a sample size n is required for a single sex, then 2n would be required to achieve
adequate sampling of both males and females. Therefore only those cases where the combined
sample size is greater than twice the single sex sample size imply that a greater sampling effort
would be required should the data be combined for males and females.

It is clear that when there is a large overlap between male and female distributions (Ap
and p are low) and the coefficient of variation is high then the sample size required to reliably
detect a 10% change in the mean is greater if single sexes are considered than if the sexes are
combined. In terms of the sample number required, there is an advantage in combining the
sexes unless p and p’ are widely separated or r is very small.
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5. THE EFFECT OF SEX RATIO ON COMBINED MALE AND FEMALE SAMPLING

The conclusion of the previous paragraph is dependent on the assumptions of equal
variance and equal numbers of males and females in the sample. The first condition was met in
our sample (variance covariance matrices were similar; see Methods) as was the second (the
number of females was 34, males was 37). However, it is obvious that if the numbers of males
‘and females in a sample vary, then it is likely that false changes in the characteristic may be
identified, or that real changes may be masked. For instance, if all females are sampled one year,
and all males the next, then the characteristic will appear to have increased in size.

Consider the situation of pooled sexes as described in the previous section. If the sex
ratio changes then a in equation (3) will change. Figure 2 shows the effect of a changing sex
ratio on g, where

_a* (6)
a

and a* is the value of a for the a certain sex ratio, a; is the value of a for equal numbers of
males and females (sex ratio = 0.5 = number of males/total numbers). If we expect to get
variation in the means of the combined male and female population purely as a result of variation
in the sex ratio, then what is the magnitude of this error?

Let y = proportional difference in the mean p; that is due to sex ratio variation. If we
sample at the extreme of the sex ratio variation, with p* and a*, then

Po —p*

’Y:
H2

_rapy(l-q)

substituting equations 3 and 6 @)
1+ray

where r = coefficient of variation for females y will have its own distribution dependent on the
distribution of sex ratios. However, if we assume that within a time period we know the
maximum and minimum sex ratio, we can make a ‘worst case’ estimate of the amount of
difference between two means that could be due to sex ratio ‘sampling’ alone.

For example, take the case of body weight in Table 2. Taking the expected combined
mean to be halfway between the male and female mean weights, and the estimated o to be the
mean of the sample standard deviations, we get

combined population mean = 4.386
combined population SD = 0.385

a, from equation 3 = 0.949

coefficient of variation r = 0.344/4.021 = 0.09

Now let us suppose that we sample over a time when we can expect sex ratio to vary
from 0.3 to 0.5 (ratio of males/total). Then g from Figure 2 is 0.74 and thus y= 0.021 from
equation 6. Therefore, if we observe a change in the mean of 10%, 2.1% of this may be due to
changes in sex ratio, and only 7.7% can be said not to be attributable to possible changes in sex
ratio.
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An additional example: if the sex ratio is expected to vary from 0.1 to 0.9 then g =0.33
and 2y = 0.105 (we require 2y because Figure 2 only deals with sex ratios from 0.1 to 0.5). In
this latter case, the usual criterion for changes in an index within CEMP (10% change) could not
be used to indicate that there was a change in the combined mean of the characteristic, as it may
have been due to a change in sex ratio (Type I error). Conversely, it is possible that a change in
characteristic has been masked by an opposite change in sex ratio (e.g., males and females got
smaller, but the proportion of males in the second sample was greater); thus a change of 10%
could in fact be a masked change of up to 20%, a very serious situation (Type II error).

6. DISCUSSION

It is apparent that it would be dangerous to establish a monitoring program using data
from two sexes combined without knowing the sex ratios at the time of sampling. This could be
done for a small sample by cloacal examination, or for example by discriminant analysis.
However, Brennan et al. (1991) have shown that estimating sex ratios by discriminant analysis
requires considerable sample sizes. They estimated that for dunlins (Calidris alpina), using a
discriminant analysis with p = 89% on a population of size 2 000, 300 birds would have to be
sampled to be 95% confident of obtaining a proportion of females within 0.05 of the real ratio.

Sex can also be determined by behavioural means, and Kerry et al. (1991) have shown
that for Adélies, sex ratio of birds on shore is highly sensitive to breeding behaviour and
changes almost daily. Any sampling regime that utilises sex ratio information must be highly
specific in relation to the breeding cycle of these birds, and without sub-sampling for sex it
would appear that combining data from both sexes into one index would be unsuitable for
Adélies.

It is shown in the first part of this paper that using a discriminant function that correctly
identifies the sex of >80% of birds, the estimated mean of a characteristic for males and females
is not likely to be significantly different from the actual mean unless the sample size is very
large. Moreover, the error will be consistent and independent of the sex ratio of the birds so
long as the discriminant function does not change Kerry et al. (1992) note that the discriminant
function may change between populations, but will probably not change significantly between
years within the same population.

The implications of this paper can be summarised as:

If the discriminant function is greater than about 80% successful:

sexes should be separated; and
* sex determination by discriminant analysis will usually give acceptable indices.
If the discriminant function is less than 80% successful:

» sexes should probably not be separated;
* pooling sexes will require a smaller sample size; and
*  sexratio should be known and have low variance.
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Table 1:  Apparent mean and standard deviation of a single sex (e.g., females) sexed by
discriminant analyses of varying success. Values of ¢ and d in equation (1) together
with the sample size required to be 80% certain of detecting the difference between
true and apparent means at 5% significance level (replicates = 2).

% Success of  Apparent Mean Apparent Sample Size
Discriminant in Units of Standard (for single sex)
Function Standard Deviation in
Deviation o Units of ¢
(constant ¢ in (constant d in
H1=p+CO) c1=do)
70.000 0.381 0.675 109
75.000 0.299 0.713 177
80.000 0.224 0.758 314
85.000 0.156 0.808 646
90.000 0.095 0.865 1740
91.000 0.084 0.877 >2000
95.000 0.042 0.928 .
99.000 0.007 0.984

Table 2:  True and apparent mean and standard deviation of male and female Adélie penguins
at Béchervaise Island. True was derived from cloacally sexed birds: 34 females,
37 males. Apparent was derived from birds sexed with the discriminant function
D = 0.601 (bill length) + 1.154 (bill depth), mean discriminant score = 44.96
(Kerry et al., 1992): 32 ‘females’, 39 ‘males’.

True Mean | TrueSD | Apparent Mean | Apparent SD

Females:

Bill length (mm)| 36.953 1.557 36.575 1.227

Bill depth (mm) 18.244 0984 | 18.066 0.830
Weight (g) 4.021 0.344 4.025 0.299
Males:

Bill length (mm)| 40.381 2.197 40.515 1.936
Bill depth (mm) 19.630 0.849 19.705 0.785
Weight (g) 4.751 0.425 4.710 0.483
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Table 3:  The effect of the amount of overlap between two distributions on the mean and standard deviation of the combined populations. a and

b are taken from equation (3). ©/8 and G2/8; are calculated from equations (4) and (5), and the corresponding sample size necessary
to detect a 10% change in the mean with 80% certainty and at a significance level of 1% is shown.

coefficient of variation =
0.40 0.10 0.05
6/3 or 02/82 samplesize O/80r0/d  samplesize O/80rc2/8  sample size
v in units of % success of a,in b,in -
tandard discriminant — —
Sevia ggn function Mo=u+aG  O2=boC
calculation of ©2/02 02/09= 07/07= /0=
0.52 70.00 0.52 1.13 3.73 326 1.07 28 0.55 9
0.67 75.00 0.67 1.21 3.80 338 1.13 31 0.58 10
0.84 80.00 0.84 1.31 391 359 1.21 35 0.63 11
1.04 85.00 1.04 1.44 4.07 388 1.30 41 0.68 13
1.28 90.00 1.28 1.63 4.30 433 1.44 50 0.76 15
1.65 95.00 1.65 1.93 4.64 505 1.65 66 0.89 20
2.33 99.00 2.33 2.53 5.25 645 2.05 100 1.13 31
calculation of G/
o/6=4 3715 o0/5=1 24 0/6=0.5 7
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Figure 1:

g, the ratio of a at the sex ratio seen

to a at the sex ratio 0.5.

Figure 2:
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n true mean of females
W true mean of males

i apparent mean of females after sexing using discriminant analysis
w2 meanof combined distibution = v when sample size is equal
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Explanation of symbols used in the text. The distribution of a parameter of x for
males and females, and the combined distribution is shown. The point v is the
midpoint between the distributions.

Note: This figure shows overlapping normal distributions with the following symbols:

females distribution f mean [ standard deviation (SD) ¢ coef. var. (CV) r
males distribution f° mean [’ standard deviation ¢

point of contact between distributions = midpoint v
a discriminant function is presumed to separate these two distributions at the midpoint v
females identified with discriminant analysis have mean [; SD G,

the combined distribution (equal males and females) has mean iy, SD, G, CV, 5.
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Tableau 1:

Tableau 2:

Tableau 3:

Figure 1:

Figure 2:

Tabauna 1.

Tabauna 2.

Légende des tableaux

Moyenne et écart-type apparents d'un seul sexe (par ex., femelles) qui a été
déterminé avec plus ou moins de succes par des analyses discriminantes. Les
valeurs de ¢ et d de 1'équation 1) considérées conjointement avec la taille de
'échantillon requise pour garantir & 80% que la différence entre les moyennes
réelle et apparente sera décelée a un seuil de signification de 5%
(répliques = 2).

Moyennes réelle et apparente et écart-type des manchots Adélie miles et
femelles de I'lle Béchervaise. La moyenne réelle a été dérivée d'oiseaux dont le
sexe a été déterminé par examen du cloaque : 34 femelles et 37 méles. La
moyenne apparente a été dérivée d'oiseaux dont le sexe a été déterminé par la
fonction discriminante D = 0,601 (longueur du bec) + 1,154 (hauteur du bec),
moyenne discriminante = 44,96 (Kerry et al., 1992): 32 "femelles" et 39
"males".

Effet de 'ampleur du chevauchement de deux distributions sur la moyenne et
I'écart-type des populations combinées. a et b proviennent de 1'équation (3).
o/8 et 62/87 sont calculés a partir des équations (4) et (5) et la taille
correspondante de 1'échantillon nécessaire pour déceler un changement de 10%
dans la moyenne avec 80% de certitude et a un seuil de signification de 1% est
indiquée.

Légende des figures

Explication des symboles utilisés dans le texte. La distribution d'un parametre
de x pour les miles et les femelles et la distribution combinée sont indiquées.
Le point v est le point central entre les distributions.

Effet du sex ratio sur la moyenne d'une population combinée de maéles et de
femelles. Voir explications sur g et a dans le texte.

COUcoK TabJsuly

BuanMoe cpeaHee U cTaHAapTHOE OTKJOHEHHWE NMONyJasiuyvHd OAHOro
nojaa (Hamp, caMKM), TMOJIOBass MNPUHAANEXKHOCTb KOTOpPOIo
ofnpeAesstiach AUCKPHMHMHAHTHBIMU aHAJHW3aMH C [NepeMeHHbIM
ycrnexoM. BesuuuHsl ¢ U d B ypaBHeHHU (1), a TakXe pasMep npob,
HEO6XOoAUMBIH Aast Toro, utob6pl UMeTb 80-NPOLEHTHbI YpPOBEHDb
JOCTOBEPHOCTH  BBISIBJIEHUSI  pa3HHWIbl  MeXAY  HUCTHHHOM U
HabJ/oJlaeMOil cpeAHeN BEeJHWUMUHONI IpU YPOBHE 3HAUMMOCTU 5%
(morTOpEHUA = 2),

HcTtuHHasa u HabawaaeMast cpejHUe BeJUUUHbBI M CTaHAapTHbIE
OTKJIOHEHUsI Js1 CAMLIOB U CaMOK Ha oO-Be DBemepre3s, HCTUHHas
cpeZHsis1 6bljla MOJIyueHa NMYyTeM KJOAaKaJbHOI'O OCMOTpa NTHL: 34
caMKky, 37 camuoB, HabawzaaeMass cpeAHsiss 6blaa MoJyueHa IMyTeM
olnpeAeJieHUsT MNOJOBOU  IIPUHAAJNEXHOCTH ¢  UCMOJb30BaHUEM
AUCKPUMUHaHTHOI ¢yHkuuu D = 0,601 (g1nHa KioBa) + 1,154 (BeicoTa
KJIOBA), CpeJHUI1 TOoKa3aTesb AUCKpUMUHaHTa = 44,96 (Kerry et al.,
1993): 32 “"camkM”, 39 "caM1OB". '
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Tabuuna 3;

PricyHok 1:

PucyHoK 2:

Tabla 1:

Tabla 2:

Tabla 3:

Figura 1:

Figura 2:
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BuusaHue CTElEeHU YaCTHUHOI'O COBNaA€HUs MEXYy ABYMd
pacnpezjejJeHUssMU Ha cCcpeaHee W CTaHZapTHOE€ OTKJIOHEHHE

ofbeZIUHEHHbIX NMONYJSANUil. @ U b B3SITH U3 ypaBHEeHUS (3). o/d U 02/8)
BblUMCJIEHBI MO ypaBHeHUsiM (4) u (5), a TakXe TIoOKa3aH
COOTBETCTBYWIUII pa3Mep Npo6, HEOGXOAUMBIH AJsT TOro, UTO6BI
BbISIBUTE  10-TIpolieHTHOE UWU3MeHeHHWe cpeAHeil IIpd  ypoOBHe
yAocToRepHOCTH 80% U YPOBHE 3HAUUMOCTU 1%,

CnucoK PUCYHKOB

O6bsicHeHUe YCJOBHbIX O603HaueHUN JaeTcst B TekcTe. Iloka3aHbl
pacnpezelieHHe napaMeTpa X AJis CaMIOB M CaMOK, a TakKXe
obbeauHeHHoe pacnpegeneHue. Touka Vv - cepeirHa MeXAy
pacrpeze/ieHUsIMU.

BJlisiHME UMCJIEHHOI'O COOTHOHIEHHSsI NMOJIOB Ha CpejHHe BeJUUUHHbI
ofbeAUHEHHOI MOMYJSIUUU CaMIlOB U CaMOK. llepeMeHHble g U a
o6bsICHEHDbI B TEKCTE.

Lista de las tablas

Media aparente y desviacién tipica de una poblacién de un solo sexo (p. €;j.
hembras), sexada mediante analisis discriminantes con diferentes niveles de
éxito. Los valores de ¢ y d en la ecuacién (1), junto al tamafio de la muestra
necesario para detectar la diferencia (con un 80% de certeza) entre una media
real y aparente a un nivel de importancia del 5% (ntimero de pasadas = 2).

Media real y aparente, y desviacién tipica del macho y la hembra de los
pingiiinos adelia de la isla Béchervaise. La media real se obtuvo de aves
sexadas mediante examen cloacal: 34 hembras, 37 machos. La media aparente
se derivé de las aves sexadas mediante la funcién discriminante D = 0.601
(largo del pico) + 1.154 (grosor del pico), resultado discriminante medio =
44.96 ( Kerry et al., 1992): 32 ‘hembras’, 39 ‘machos’.

El efecto del grado de superposicién entre dos distribuciones sobre la media y
la desviacion tipica de las poblaciones combinadas. ay b se obtienen de la
ecuacion (3). o/8 y 65/, se deducen de las ecuaciones (4) y (5), y se presenta el

tamafio de la muestra necesario para detectar un cambio del 10% en la media
con un nivel de confianza del 80% y un nivel de importancia del 1%.

Lista de las figuras
Explicacién de los simbolos utilizados en el texto. Se presenta la distribucién
de los pardmetros de x para los machos y las hembras, y la distribucién

combinada; v es el punto medio entre las distribuciones.

Efecto de la proporcién de cada sexo en la media de una poblacién de machos y
hembras. Véase el texto para una explicaciénde g y a.
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DIFFERENCES IN DISTRIBUTION AND POPULATION STRUCTURE OF KRILL
(EUPHAUSIA SUPERBA) BETWEEN PENGUIN AND FUR SEAL FORAGING
AREAS NEAR SEAL ISLAND

T. Ichiil, H. Ishiil, J.L. Bengtson2, P. Boveng2, J.K. Jansen? and M. Naganobu!
Abstract

Shipboard tracking studies of krill-eating predators (penguins and
female fur seals) near Seal Island were conducted to identify and
evaluate their foraging areas during early January 1990/91. Penguin
foraging areas were found in inshore regions where krill frequently
occurred but higher density areas of krill (>250 g/m2) were rather
limited. In contrast, fur seal foraging areas were found in offshore
regions where krill occurred only occasionally but in large aggregations
(surface length about 2 to 3 km) of higher densities (>250 g/m?). In the
inshore foraging areas krill undertake diurnal vertical migrations,
tending to be at a deeper range from 50 to 100 m in the day while at a
shallower range from 20 to 50 m at night. In the offshore foraging
areas krill do not undertake any diurnal vertical migrations, staying close
to the surface throughout the day. With regard to body size and
maturity of krill in the inshore foraging areas, middle-sized krill (modal
length 43 mm), which consisted mainly of non-gravid krill, were
dominant with occasional occurrences of juveniles (modal length
21 mm). In contrast, in the offshore foraging areas large krill (modal
length 47 mm) were dominant, the majority of which were gravid
females. Thus, horizontal and vertical distributions and population
structure of krill were totally different in the foraging areas of penguins
and fur seals. The reasons why fur seals chose offshore foraging areas
instead of inshore foraging areas are discussed.

Résumé

Afin d'identifier et d'évaluer les secteurs d'alimentation de certains
prédateurs de krill (manchots et femelles d'otaries) a proximité de 1"le
Seal, des suivis ont été effectués a bord de navires début janvier 1991.
Les secteurs d'alimentation des manchots ont été¢ découverts dans les
régions coOtieres souvent fréquentées par le krill mais rarement en
densité élevée (2250 g/m2). Par contre, les secteurs d'alimentation des
otaries ont été découverts dans des secteurs du large ou le krill n'est que
rarement présent mais en concentrations étendues (d'environ 2 a 3 km
de long) et de densités élevées (2250 g/m2). " Dans les secteurs
d'alimentation cbétiers, le krill effectue des migrations verticales
nycthémérales, se concentrant plutot a une profondeur de 50 2 100 m de
jour alors qu'il fréquente une couche moins profonde, de 20 & 50 m de
nuit. Au large, dans les secteurs d'alimentation, le krill ne migre pas
dans la colonne d'eau pendant la journée: il reste jour et nuit proche de
la surface. En ce qui concerne la taille du corps et la maturité du krill
dans les secteurs d'alimentation cdtiers, le krill de taille moyenne (d'une

1 National Research Institute of Far Seas Fisheries, Orido 5-7-1, Shimizu, Shizuoka, 424 Japan
2 National Marine Mammal Laboratory, National Marine Fisheries Service, 7600 Sand Point Way NE, Seattle,
Wa. 98115, USA
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longueur modale de 43 mm) consistant principalement en krill non
gravide, dominait avec quelques cas de juvéniles (longueur modale,
21 mm). Par contre, dans les secteurs d'alimentation se trouvant au
large, dominait le krill de grande taille (longueur modale, 47 mm)
composé principalement de femelles gravides. Il en ressort que les
distributions horizontales et verticales et la structure démographique du
krill différaient enti¢rement dans les secteurs d'alimentation des
manchots et des otaries. Les raisons pour lesquelles les otaries
choisissent les secteurs d'alimentation éloignés de la cote, plutdt que
cotiers, sont examinées.

PesioMme

B HauaJse siHBaps 1990/91 r.C 6opTa cy/iHa BEJOCh CJIEXEHUE 32
XUNHUKAMM, MUTAOIUMHCS KpWJeM (MUHrMBUHaAMM U CaMKaMH
MOPCKOT'O KOTHKA) OKOJIO ocTpoBa CHJ C LeJblo Oonpeie/ieHus
MU OUEHKM UX HaryJbHBIX apeaJioB. HaryJ/bHble apeaJibl
[MUHIBUHOB 6blIM OBHApYXEHbl B NMPUGPEXHHX palOHax, rae
KPUJIb UaCTO CKallIMBaeTcs, Ho He ofpasyeT MNJOTHBIX
ckomJieHuit (2250 r/m2), Ilo cpaBHEHWI® C 3TUM, HaryJibHble
apeaJibl MOPCKHUX KOTUKOB Ha6/110Ja/TMCh B OTKPBITOM MOD€, T21e
KpWJb BCTpeuaJbecs JUllb BpeMsi OT BpPEMEHU HO B 6oJIbMUXK
arperaiusix (okoJo 2-3 KM ZIJIMHOU Ha MTOBEPXHOCTH) 6O/IbIINX
nJaoTtHocTell (2250 r/M2). B npufpexHblX HaryJibHbIX apeaJax
KpWJIb NMpeAnpUHUMAET CYyTOUHble BEPTHKaJ/bHblE MUIpAlUU -
AHEeM oBbUHO HaxoAsiCb Ha rJiybuHe 50-100 M, a HOUblo 6JHXe
K NOBEPXHOCTU B AuanasoHe 20-50 M. B HaryJ/bHbIX apeaJiax B
OTKPBITOM MOpe€ KpHuJb BOOGImE He NMpeAnpUHUMAET CyTOUHBIX
BEPTUKAJbHBIX MUIPAUUN, NPUAEPXUBASICb JHEM 6JU3KO K
nopepxHocTH, UTO KacaeTcsl AJIMHBI TeJa U MOJOBO3PENOCTH
KpUisi B NpUGPEeXHbIX HaryJbHbIX apeaJjax, AOMHHUpOBaJ
KpUJb CpeAHUX pa3MepoB (MoJaJjbHas AJIMHA - 43 MM), B
OCHOBHOM HEUKpsiHble oCco6U - MOJIOAb BCTpEUaJsach TOJBKO
yHorzaa (MoJaJjbHasi AJUHA - 21 MM). Ilo cpaBHEHUIO C 3TUM, B
HaryJibHbIX apeaJjax B OTKPbITOM Mope€ JOMWHUPOBaJ KpHUJb
fOIbIUX Pa3sMepoB (MOZAJIbHAsT AJMHA - 47 MM), B OCHOBHOM
UKpsiHble caMKHU. HTak, FOpHU3OHTa/JbHOE W BEPTHKAJbHOE
pacnpezeJsieHUe U CTPYKTypa MonyJisiiii KpuJsi B Hary/ibHbiX
apeaJsjiax TNHWHMBUHOB U  MOPCKUX KOTHUKOB  IMOJIHOCTBIO
pas3JIMUHBbI. O6CyXJalTCsl TNPUUYMHB BbI6GOpa MOPCKUMU
KOTUKaAMM HAaryJbHbIX apeaJioB B OTKPbITOM MOpE€, a He B
npubpexHbIX BOJIAX.

Resumen

A principios de enero 1990/91 se llevaron a cabo estudios de
seguimiento de especies kriléfagas (pingiiinos y hembras de lobo fino)
en el mar a la altura de la la isla Foca, para determinar sus dreas de
alimentacién. Se encontraron zonas de alimentacion de pingiiinos
cercanas a la costa en donde generalmente hay kril, aunque las dreas en
las que el kril se encuentra en gran densidad (2250 g/m?) son muy
limitadas. Por otra parte, las zonas de alimentacién de lobos finos se
encontraron en las zonas de alta mar en donde rara vez se encuentra kril
pero cuando hay, se da en grandes concentraciones (extension
aproximada de 2 a 3 km) de gran densidad (2250 g/m?2). En la zona de



alimentacién cerca de la costa se observaron migraciones diurnas del
kril con una tendencia a permanecer a profundidades mayores (50 a
100 m) durante el dia y en capas mds superficiales (20 a 50 m) durante
la noche. En alta mar no se da este fendmeno y el kril permanece cerca
de la superficie durante todo el dia. Con respecto a los estados de
madurez y longitud del kril en las zonas de alimentacién cercana a la
costa, predomind el kril de tamafio medio (longitud modal de 43 mm)
formado en su mayoria por kril sin ovas con alguno que otro juvenil
(longitud modal de 21 mm). Por su parte, en las zonas de alimentacién
de alta mar hubo predominancia de kril de gran tamafio (longitud modal
47 mm), la mayoria del cual correspondia a hembras gravidas. Asf se
desprende que tanto las distribuciones horizontales como verticales y la
estructura de la poblacion del kril diferfan totalmente en las zonas de
alimentacién de pingiiinos y lobos finos. Se presentan las posibles
razones de por qué los lobos finos eligen aquellas zonas de
alimentacion de alta mar en lugar de aquellas cercanas a la costa.

L. INTRODUCTION

The Seal Island area is one of the active sites in the Antarctic Peninsula Integrated Study
Region of CEMP (CCAMLR Ecosystem Monitoring Program). In accordance with CEMP
protocols, studies have been carried out since 1986/87 by NOAA (National Oceanic and
Atmospheric Administration of the USA) to assess and monitor reproductive and foraging
behaviour of krill predators breeding at the island. As part of CEMP-related activities, in the
early summer of 1990/91, a predator tracking study was conducted on board the Japanese
research vessel Kaiyo Maru in cooperation with NOAA (AMLR, 1991). The objectives of this
study were:

(i) to locate foraging areas of predators (penguins and fur seals) and describe
characteristics of prey (krill) distribution and environment in these areas; and

(ii) to monitor foraging behaviour of predators using time-depth recorders and
evaluate how prey availability and environmental conditions may influence
predators’ foraging behaviour.

This paper presents preliminary results of those objectives described in subparagraph (i)
above.

2. MATERIALS AND METHODS
2.1  Radio Tracking

Tracking studies were conducted aboard the Kaiyo Maru from 1 to 8 January 1991.
Four Yagi directional antennae were mounted on the upper bridge of the Kaiyo Maru to assist in
locating fur seals and penguins at sea. These antennae were connected to an automatic direction
finding system which guided the ship while it followed the target individuals. The automatic
direction finding system was operated around the clock during tracking. Information on
instrumentation of predators will be described by NOAA in the near future. Tracking operations
proceeded as follows: the ship waited off Seal Island (approximately 1 to 2 n miles) until a fur
seal or penguin departed to sea on a feeding trip; at that time, the ship followed the individuals as
‘long as possible or until the fur seal or penguin returned to shore at the end of its feeding trip.
Location of the ship was monitored every 15 minutes by radar and a satellite navigation system.
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Tracks to foraging areas were recorded for four chinstrap penguins (Pygoscelis
antarctica) (six trips), one macaroni penguin (Eudyptes chrysolophus) and one female fur seal
(Arctocephalus gazella). Most penguins were tracked for the majority of one entire feeding
trip. The trip of the female fur seal was tracked only on its outbound leg to the apparent outer
limit of her foraging range.

2.2 Hydroacoustic Survey

While the ship was tracking fur seals or penguins at sea, the presence and depth of krill
in the water column were monitored using an echo sounder (Furuno Electric FQ-50) at a
frequency of 200 kHz. Echoes were continuously integrated at intervals of 0.5 n mile for the
depth range of 10 to 150 m or 10 m to the bottom if shallower. Detailed operating parameters
of the acoustic system are described in Ichii e al. (1992).

2.3  Net Sampling

Prey (krill) samples in foraging areas were collected by towing an ORI-200 net (diameter
1.6 m and mesh size 2.0 mm). When a swarm was detected acoustically, the net was towed
horizontally at a speed of about 3 knots at swarm depth. Oblique tows were conducted from
about 100 m to the surface in cases when no swarms were detected.

A sample from each haul was preserved in a 10% buffered formalin-seawater solution
for later examination in the laboratory ashore. 150 individuals of krill were randomly selected
from each sample for measurement of body length and determination of maturity stage; all
individuals were analysed for small catches of <150 krill. Body length was measured to the
nearest millimetres from the tip of the rostrum to the end of the telson. All measurements were
carried out by a single observer to avoid methodologically biased differences in length
frequency data (Watkins et al., 1985). Maturity stages were identified according to the
classification of Makarov and Denys (1981).

24  Hydrographic Observation

The temperature profile of the water column in foraging areas was determined using
expendable bathythermographs (XBTs). During the study period surface salinity was
continuously measured with a thermo-salinograph (NEIL BROWN Inc., Smart CTD A) to identify
the slope front. Subsurface current patterns (30 to 35 m depth) in the foraging areas were
assessed by tracking drifting buoys which were deployed off northern Livingston Island (see
Ichii et al., 1992).

3. RESULTS
3.1  Foraging Areas

Foraging areas were located mainly to the north of Seal Island (Figure 1). Penguin
foraging areas were located within inshore regions; maximum foraging range was 25 km from

the island. By contrast, the fur seal went beyond the continental slope and foraged in offshore
regions. The outer limit of her foraging range was, surprisingly, as far as 240 km from the island.

3.2  Hydrographic Features

The continental slope water front was identified by a relative sharp northward decrease in
salinity (from 34.1 to 33.8%o) over the area from 1 000 m to 3 000 m deep (Figure 1).

276



Subsurface currents in inshore and offshore region were determined from the tracks of
the two buoys (Figure 2). In the offshore region a complex eddying current was observed along
the shelf break (approximately 200 to 500 m deep), encircling Elephant Island in a
counterclockwise direction. The inshore region may be described as an area of hydrodynamic
accumulation and retention, considering that the buoy deployed off northern Livingston Island
(170 km southeast of Seal Island) became trapped in this region. In the offshore region,
however, the buoy moved smoothly eastward along the depth contour of about 3 000 m. Finally,
it reached as far as South Georgia and became entrained in its shelf break area.

Vertical profiles of temperature indicated that the inshore region had a low degree of
stratification, with indications of vigorous vertical exchange processes. Conversely, in the
offshore region warm surface water with a subsurface temperature minimum (“Winter Water”)
a strong thermocline forms in the subsurface (40 to 70 m).

3.3 Horizontal Distribution of Krill

In the inshore foraging areas krill frequently occurred in various forms of aggregations,
but higher density areas of krill (2250 g/m?) were quite limited. It seemed that penguins did
not necessarily forage in the higher krill density areas. In contrast, in the offshore foraging
areas krill occurred only occasionally, but tended to form extensive aggregations (approximately
2 to 3 km across) of high densities (=250 g/m?2) (Figure 3). The fur seal clearly fed on these
aggregations.

3.4 Vertical Distribution of Krill

In the inshore foraging areas krill undertook diurnal vertical migrations, tending to be at
a deeper depth range (50 to 100 m) in the daytime, while at a shallower layer (20 to 50 m) at
night (Figure 4). In the offshore foraging areas, however, krill undertook no diurnal vertical
migrations, staying close to the surface throughout the day, which is probably caused by the
shallow thermocline in the region.

3.5  Size and Maturity of Krill

As shown by accumulated size composition data for each foraging area (Figure 5),
middle-sized krill (modal length 43 mm) were dominant with occasional occurrences of small
specimens (modal length 21 mm) in the inshore foraging areas, whereas large krill (modal
length 47 mm) were dominant in the offshore foraging areas. As for maturity, the majority of
female krill were still undergoing maturation (IIIBC) in the inshore foraging areas, whereas
almost all females were gravid (I1ID) in the offshore foraging areas. Juveniles (I) were restricted
to the inshore foraging areas.

4, DISCUSSION

Contrary to what might be expected, feeding locations of the fur seal were well offshore
during the study period (early January). Later in the season (mid-February) NOAA conducted
another tracking study of fur seals on board the Chilean research vessel in order to compare fur
seal foraging areas early and late in their reproductive season (AMLR, 1991). Foraging locations
of fur seals in mid-February were quite different from those in early January; they were mostly
within inshore regions in mid-February. Moreover, foraging trip duration was shorter in
February (1 to 3 days) than in January (5 to 9 days) (AMLR, 1991). Since krill was less
abundant than usual in January, NOAA suggested that this lower krill abundance during January
may be responsible for the offshore feeding of fur seals at that time. Offshore feeding trips,
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however, may not be specifically linked with seasons of low krill abundance, but a rather usual
event early in summer. The reason for such a conclusion is that tracking studies in 1988/89 and
1989/90 indicated that in January fur seals might utilise inshore as well as offshore areas
(Bengtson and Eberhardt, unpublished data; AMLR, 1990).

The reasons why fur seals often choose offshore foraging areas over inshore ones,
despite the former areas being far more remote from the island, are as follows.

In the case of fur seals, krill consumed during foraging trips is being digested and
processed into milk, high energy concentrated food for pups. This enables fur seals to
undertake long-distance foraging trips and to accumulate a large amount of food in the form of
milk. In contrast, penguins are not capable of producing milk and can only accumulate krill in
their stomachs. This means that for penguins, the amount of energy delivered to the chick per
trip is limited, i.e., a stomach full of krill at most. Hence, long-distance feeding trips by
penguins do not increase the amount of energy delivered per trip and may lead to chick
starvation.

Secondly, the present study revealed that extensive and dense aggregations occasionally
occurred in the offshore region. This may be a typical feature of early summer (Ichii,
unpublished data), and toward the end of summer fewer and fewer krill may be distributed in the
offshore region (Siegel, 1988). The occurrence of these exploitable aggregations is evidently
another important reason why fur seals are attracted to offshore regions in early summer.

Finally, krill aggregations in the offshore region are favoured by predators because:

(i)  krill are present in a shallower depth throughout the day and easily detected; only
shallow diving is required to catch krill, even in the daytime; and

(i)  krill tend to be larger in size and gravid, i.e., of high nutritional value.

Expanding on (ii) above, in terms of energetic value gravid females have as much as
5.45 kJ/g wet weight as compared to 3.84 kJ/g wet weight for males (Clark, 1980). Costa
(1991) suggests that due to the small size and low energy content of krill compared to fish,
hunting krill is only viable for fur seals when only shallow diving is required. In fact, at South
Georgia, fur seals made most dives at night when krill appeared near the surface (Croxall, 1985).

It may be suggested, therefore, that offshore foraging can be energetically advantageous
for fur seals during early summer.
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Légende des figures

Secteurs d'alimentation des otaries et des manchots aux abords de 1'lle Seal du
ler an 8 janvier 1991. Les lignes indiquent le trajet du navire pendant les
opérations de poursuite. La partie hachurée indique la zone du bord de la

pente.

Courants sous la surface (2 une profondeur de 30 a 35 m) dérivés des trajets de
deux bouées suivies par satellite.

Distributions horizontales du krill détectées lors de la poursuite de manchots (a
gauche) et d'otaries (a droite). La partie hachurée indique la zone du bord de la
pente.

Distributions verticales diurnes du krill avec profils verticaux de température
dans les secteurs d'alimentation du manchot (en haut) et de l'otarie (en bas).
Les parties hachurées indiquent la nuit.

Composition en longueurs du corps et en stades de maturité du krill dans les
secteurs d'alimentation du manchot (en haut) et de 1'otarie (en bas).

CHUCOK PUCYHKOB

HaryJabHble apeaJibl MOPCKOIo KOTHKa U IMHUHIBUHOB OKOJIO O-Ba CuJI,
1-8 sinBap4 1991 r. JIMHMM yKa3bBaT Ha MapuIpyT CyZAHa B XoJje
paboThl 110 CJ/IEXEHUK, 3aTeHeHHasl YacTh - GPOHTaJIbHbIN CKJIOH.

IMonnoBrepxHOCTHble TeueHUs (riybuHa 30 - 35 M), onpeAesieHHble NTO
Ny TH Nepe/IBUXEHUsI JBYX 6yeB, 33 KOTOPbIMH BEJIOCH CJIEXEHUE,

I'opu3soHTa/ibHOE pacnpejeseHle KpHJsl, OBHapyXeHHOe B XoJe
CJIEXXEHUSI 3a NMUHIBUHAMHU (JleBasi CTOPOHa) U MOPCKUM KOTHUKOM
(mpaBasi cTOpoOHa). 3aTeHEHHasl UacTb - G$pOHTAJIbHBIN CKJIOH,

CyTOuHOe BepTHKaJbHOE pacrnpeAeseHue KPUJsl U BepTHUKaJbHBIA
npodu/b TEMNEPATYPbl B HaryJIbHbIX apeaJiaX NMUHIBUHOB (BEpXHSA
UacTb) U MOPCKOIo KOTUKa (HHXHSASI YacTb). 3aTeHeHHas UacTb
o603HauaeT HOUHOE BpEMSI CYTOK,

Pa3MepHbill COCTaR U CTaJUM MOJOBO3PEJOCTU KPUJAS B HAIyJbHBIX
apeaJiaX NUHIBUHOR (BEPXHSISI UACTb) U MOPCKOI'0 KOTHKA (HUXHSSA
4yacTh).

Lista de las figuras

Zonas de alimentacién de lobos finos y pingiiinos cerca de la isla Foca, 1° al
8 de enero de 1991. Las lineas indican el rumbo de la nave durante las
actividades de rastreo. Las dreas sombreadas indican el frente de la pendiente.

Corrientes submarinas (profundidad de 30 a 35 m) obtenidas de las trayectorias
de dos boyas rastreadas por satélite.

Distribucién horizontal del kril detectada durante el rastreo de pingiiinos
(izquierda) y lobos finos (derecha). Las dreas sombreadas indican el frente de
la pendiente.



Figura 4:

Figura S:

Distribucién vertical diurna del kril con perfiles verticales de temperatura en las

zonas de alimentacién de pingiiinos (superior) y lobos finos (inferior). Las
dreas sombreadas indican el frente de la pendiente.

Composiciones por talla y fase de madurez del kril en las zonas de alimentacion
de pingiiinos (superior) y lobos finos (inferior).
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DISTRIBUTION OF KRILL (EUPHAUSIA SUPERBA DANA) CATCHES IN THE
SOUTH SHETLANDS AND SOUTH ORKNEYS

D.J. Agnew*

Abstract

A set of concentric zones of 20 km width was defined around selected
colonies of penguins distributed around the coasts of the South
Shetland and South Orkney Islands. Krill catches in these zones are
shown to have a consistent pattern in Subarea 48.1 but an unpredictable
distribution in Subarea 48.2, probably as a result of more variable
hydrographic conditions. About 50% of the catch in Subarea 48.1 from
December to March was taken within 40 km of the coast, and 90%
within 80 km in all years 1988 to 1991. In 1987, 1988 and 1991, 75%
of the catch in Subarea 48.2 between December and March was taken
within 80 km of colonies in the South Orkneys. Estimates of
consumption rates, foraging ranges and population sizes from the
literature are used to show that for some years catches within 100 km of
predator colonies between December and March may be up to 45% of
the land-based predator consumption. Whilst the normal ratio of catch
to consumption is relatively low (less than 27%), and the fishery may
have to increase by a factor of 2 or 3 before ratios of catch to
consumption approach maximum sustainable levels, any competition
between the fishery and predators as a result of large increases in catch
is likely to emerge in areas of high overlap between predators and the
fishery earlier than would be expected considering the fishery as a
whole.

Résumé

Un ensemble de zones concentriques de 20 km de large a été défini
autour de colonies de manchots sélectionnées sur les cotes des iles
Shetland du Sud et des Orcades du Sud. Dans ces zones, les captures
de krill présentent une tendance réguliere dans la sous-zone 48.1 mais
une distribution imprévisible dans la sous-zone 48.2, vraisemblablement
en raison des conditions hydrographiques plus variables. 50% environ
de la capture de la sous-zone 48.1 de décembre a mars avait été
effectuée a moins de 40 km de la cote, et 90% a moins de 80 km de
1988 a4 1990. En 1987 et 1988, de décembre & mars, 75% de la capture
de la sous-zone 48.2 provenait d'un rayon de 80 km autour des colonies
des iles Orcades du Sud. Des estimations des taux de consommation,
des secteurs d'alimentation et de la taille des populations extraites de la
littérature sont utilisées pour indiquer qu'en certaines années, a des
distances variant entre 20 et 60 km des colonies de prédateurs, les
captures peuvent atteindre 48% de la consommation par les prédateurs
terrestres en janvier et février. Bien qu'au total, la proportion
capture-consommation soit relativement faible (27%), toute compétition
entre la pécherie et les prédateurs, 4 la suite d'une augmentation
substantielle des captures, risque de se manifester dans ces zones plus
tOt que ne le porterait a croire un examen global de la pécherie.

*

CCAMLR, 25 Old Wharf, Hobart, Tasmania 7000, Australia
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PesomMme

Ha KkapTe 6blJIM HaHECEHbl CEPUM KOHLEHTPpUUECKUX 3OH,
KaxJast mupuHoul 20 KM.  Bokxpyr HECKOJbKHUX KOJIOHUM
[IUHIBUHOB, PACMOJIOXEHHbHX BJOJb Tobepexbs OXHbIX
MeTtnaHackUuX U I0XHBIX OpKHEMCKUX O-BOB, NMOKa3aHO, UTO
pacnpejiejieHue YJOBOB KpHUJsl B 3TUX 30HAX HoapaiioHa 48.1
MMeeT 3aKOHOMepHbiil xapakTep. B IlozpaitoHe 48.2 TakOM
3aKOHOMEPHOCTH He HabujaTecs, BEpPOsITHO B DPe3yJ/IbTaTe
6oJiee U3MEHUUBBIX FHporpaguueckux ycJOoBUi. ExXerojHo B
nepuoa 1988-1990 rr. mnpubsausutesbHo 507  BbIOBA B .
HoaparioHe 48.1 ¢ Aeka6psi Mo MapT 61710 NMOJYU€EHO B pajauyce
40 kM oT 6epera u 90% B paauyce 80 kM oT 6epera. B 1987 u
1988 rr. 75% BbijoRa B lloapafioHe 48.2 3a nepuoA Aekabphb-
MapT 6b1710 noJiyueHo B paguyce 80 KM OT KOJIOHUH Ha I0XHBIX
IleTAaHACKUX O-BaxX. M3 JIMTEpPATyphl B3sIThl OLIEHKU YypPOBHEMH
norpebjeHUss KpuWJsl, HaryJibHbIX apeaJjloB W pa3sMepoB
NOoNyJsiIiUU XUIMHUKOB UTO6bI MOKa3aTb, UTO AJsI HEKOTOPBIX
JIeT Ha paccTosiHUH 20-60 KM OT KOJIOHUH XUIHHUKOB, B STHBape-
¢erpasie yJOBH MOTrYT COCTaBJAsATbH JO A8%  Kpuas,
norpe6ssieMoro oO6UTaOmMUMU Ha cylie XHUIIHUKaMU. XoTs
oflllee OTHOMEHUE BBHIJIOBA K TMNMOTpe6JIeHHI OTHOCHTEJIbHO
HU3KO (27 %), KOHKYPEHIUsI MEXy NPOMBIC/JIOM M XUIHHKaMH B
pesyJsbTaTe GOJIbWIMX YyBEeJUUYEHWH B BbIJIOBE BEPOSITHO
BO3HUKHET B 3TUX palioHaxX paHblie, UeM CJIEYET OXHUAATb NIpH
PacCCMOTPEHUH NPOMBICJIA B LIEJIOM.

Resumen

Se ha definido un grupo de zonas concéntricas de 20 km de ancho
alrededor de colonias seleccionadas de pingiiinos que estdn distribuidas
a lo largo de las costas de las islas Shetland del Sur y Orcadas del Sur.
Las capturas de kril en estas zonas han mostrado una distribucién
regular en la Subdrea 48.1 pero no en la Subdrea 48.2, probablemente
debido a las condiciones hidrogréficas mds variables en esta Gltima.
Desde 1988 a 1991, alrededor del 50% de las capturas de diciembre a
marzo en la Subdrea 48.1 se realizaron en un radio de 40 km de la costa;
y un 90% a 80 km de la costa. En 1987, 1988 y 1991, el 75% de la
captura de la Subdrea 48.2 fue extraida en un radio de 80 km de las
colonias de Orcadas del Sur en el periodo entre diciembre y marzo. Se
han utilizado las estimaciones publicadas de los niveles de consumo, de
las 4reas de alimentacién y del tamafio de las poblaciones, para
demostrar que por varios afios las capturas realizadas entre diciembre y
marzo - a 100 km de distancia de las colonias de depredadores - pueden
representar hasta un 45% del consumo de los depredadores terrestres.
Mientras la proporcién normal de la captura en relacion al consumo es
relativamente baja (menos del 27%), y 1a pesqueria tendria que aumentar
por un factor de 2 o 3 antes de que la proporcion de captura/consumo se
aproxime a los niveles mdximos sustentables, cualquier competencia
entre la pesqueria y los depredadores que se da como resultado de los
aumentos considerables de las capturas es muy probable que ocurra
antes de lo que se podria esperar en estas dreas, si se considera la
pesqueria en un contexto global.




1. INTRODUCTION

Since 1974 when fishing for Antarctic krill first started in the Southern Ocean a
fundamental concern has been to ensure that harvesting did not proceed like that of seals, whales
and fin-fish, whereby substantial over-exploitation brought at least some stocks to the verge of
extinction. A further concern was that harvesting should not have detrimental effects on species
that depend on krill for their primary food source (Edwards and Heap, 1981). In this light the
Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR) was
negotiated, coming into effect in 1982, the first ‘fisheries’ convention to have a so-called
‘ecosystem perspective’ and to require the well-being of dependant species to be considered in
the management of commercial harvesting.

After an initially rapid expansion to 500 000 tonnes in 1981/82, the krill harvest has
remained stable since 1985/86 at around 300 000 tonnes (Miller, 1989). This is small in
comparison to the tens to thousands of millions of tonnes estimated for the total biomass of krill
in the Southern Ocean (see review of Miller and Hampton, 1989) and in comparison to the total
consumption of krill by birds and seals (estimated by Miller and Hampton, 1989 to be about
144 million tonnes).

CCAMLR divides the Southern Ocean into three major areas, each of which is divided
further into subareas. Everson and Goss (1991) have shown that there is a consistent pattern to
the fishery within the Atlantic Sector of the Southern Ocean, Statistical Area 48, where over 90%
of the total world catch is currently taken. Fishing around South Georgia in the winter months
is followed by a shift to fishing to around the South Orkneys and South Shetlands in the
summer, as the retreating ice allows. Between 24 and 70% of the total world catch of Antarctic
krill is from the Southern part of the Scotia Sea around these two archipelagos, in Subareas 48.1
and 48.2. Moreover, examination of the CCAMLR Statistical Bulletin (CCAMLR, 1992) reveals
that the patterns of catches around these islands is fairly consistent from year to year, and is
located over the shelf break to the north and west of and close to the islands. The study of
Everson and Goss (1991) and data published in the Statistical Bulletin were the first clear
suggestions that the fishery might be regularly located in quite restricted geographical areas in -
proximity to substantial concentrations of breeding sea-birds and seals.

This observation gives rise to the concern that although the total catch of krill in the
Southern Ocean is low relative to estimates of total stock, high localised catches may be having a
detrimental effect on some predators, especially during the months in which they are breeding
and having to forage for food in the vicinity of their breeding sites where these are situated on
land.

The aim of this paper is to make a preliminary assessment of the magnitude of the
overlap between the fishery for krill in Subareas 48.1 and 48.2 and the requirements of
predators. Croxall et al. (1985) have calculated that in the southern Scotia Sea crabeater seals
and penguins are the main consumers of krill, accounting for 45% of the total krill consumed
each year. Crabeater seals (Lobodon carcinophagus), which are not restricted to land-based
sites, and fur seals (Arctocephalus gazella) whose estimated consumption of krill in the
southern Scotia Sea is less than 1%, are not considered here.

2. METHODS
2.1  Predator Consumption
Identification of the times and areas of coincidence between the fishery and predator

foraging areas required identification of the relevant times of overlap, the distances that penguins
are likely to forage over, their population numbers and estimated consumption of krill.
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The three major species of penguin in the southern Scotia Sea are chinstrap, Adélie and
gentoo penguins (Pygoscelis antarctica, P. adeliae and P. papua). These penguins arrive at
their breeding colonies from October to November and the chicks complete fledging in mid to
late February (SC-CAMLR, 1991). Chicks and adults probably continue to be restricted to areas
close to the breeding sites into March (J. Croxall, pers. comm.). Conversely, Croxall et al.
(1985) estimate that total prey consumption declines in November before egg laying. Thus to
cover all periods when predators may be restricted in their foraging range the present analysis
used the four months December to March.

The extent of foraging of these species is estimated as within a 10 to 90 km radius of
breeding sites at these times of year: Adélie penguin, 50 to 80 km (Everson, 1987), 80 to
120 km (Lishman, 1985), 50 km (Sadleir and Lay, 1990; Trivelpiece et al., 1987); chinstrap
penguin 40 to 60 km (Everson, 1987), 66 to 92 km (Lishman, 1985), 27 km (Trivelpiece e? al.
(1986), 25 to 50 km (CCAMLR, 1990); gentoos 10 km (Croxall et al., 1984), 17 km (Trivelpiece
et al., 1986). For the purpose of estimating food requirements of penguins with dependent
offspring they were assumed to be foraging equally over ranges of 80, 60 and 20 km (Adélie,
chinstrap and gentoo) from their colonies.

Although there are penguin colonies throughout the Antarctic Peninsula and on all the
Subantarctic island groups in Statistical Area 48, the selection of colonies for the study was
restricted to the South Shetland and South Orkney Islands (Figure 1). Elimination of the
Antarctic Peninsula colonies was done because the krill fishery in Subarea 48.1 is restricted to
the western side of the South Shetland Islands north of 63°30°S only, and has not so far
exploited the Bransfield Strait (CCAMLR, 1992). This is too far (greater than 80 km) for
penguins from colonies on the Peninsula, Anvers and Brabant Islands to swim to during the
period when they have dependent offspring, and these colonies are therefore unlikely to be
directly affected by fishing activity.

The total number of pairs of penguins in the South Shetlands was calculated from
Woehler (1991) as:

South Shetlands: Adélie 60 000
chinstrap 1457 000
gentoo 34 000
South Orkneys: Adélie 215000
chinstrap 600 000
gentoo 11 000

Croxall et al., (1985) have described detailed calculations of total food consumption by
birds and seals in the Scotia Sea. Using their Table 1 it is possible to calculate mean monthly
consumption rates of krill by selected predators: Adélie (51.6 kg/pair/month), chinstrap (50 kg)
and gentoos (50 kg). More recent calculations have been performed by Croll (1990) for the
South Shetlands, yielding mean consumption over the period December to March of 80, 64 and
68 kg krill/pair/month for Adélies, chinstraps and gentoos respectively. Both models indicate
that for gentoos and chinstraps consumption is depressed by about 15% in December and
increased by 15% in January and February. For Adélies, Croll (1990) estimated that this
increase occurs in December and January. For the present study, intermediate consumption
figures of 65, 57 and 59 are used, and these monthly figures are adjusted by -15% (December),
+115% (January, February) for gentoos and chinstraps, and +15% (December, January) for
Adélies.

2.2  Kiill Catches

The distribution of krill catches in Statistical Area 48 is published by CCAMLR in its
Statistical Bulletin (CCAMLR, 1992 - Figure 25). Kiill catches are displayed in map form, with
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data given for each CCAMLR fine-scale square (1° longitude by 30’ latitude) for each quarter
(three months) of the year. Total catches are shown by a series of ranges, distinguished by
shading on the map corresponding to the ranges 1 to 4, 5 to 24, 25 to 124, 125 to 624, 625 to
2 9b99 anf 23 000 tonnes. Data are available from 1988 for Subarea 48.1 and 1987 for
Subarea 48.2.

Because only ranges of catches are available from CCAMLR (1992) the total catch in each
fine-scale square was estimated by first taking the initial estimate of the catch to be equal to the
lower catch bound for that square, and they applying the calculation.

Estimated catch in a quarter for square =

total catch in the subarea in that quarter
sum of initial estimates for all squares in that quarter

Initial estimate for square x

The total catch in the subarea in a quarter was taken from the STATLANT column of Table 15 of
CCAMLR (1992).

In order to compare catches with predator data, a critical period for predators of
December to March was defined. Total catches in the period January to March were easily
obtained from data for quarter 3, using the calculation above. Catches for December were
obtained similarly using data for quarter 2 (October to December) but a correction factor was
applied which corrected for the proportion of quarter 2 catches which were taken in December.
For Subarea 48.1 this correction is unnecessary because all catches in quarter 2 were taken in
December. For Subarea 48.2 the correction is small because most catches were taken in
December (CCAMLR, 1992 - Tables 9.2 and 9.3).

Having obtained estimated total catches of krill in each fine-scale square for December to
March, the pattern of krill catches in relation to predator colonies was investigated by dividing
the sea into concentric zones around the major colonies with radii in 20 km increments. Major
colonies (greater than 20 000 pairs) of the most abundant penguin species, chinstraps, were used
for this purpose and were identified from Woehler (1991) (Figure 1). For each fine-scale
square, the catches were assigned to different zones in the proportion that each zone covered
water estimated deeper than 50 m (and therefore available to the fishery) within the square.

3. RESULTS

Total catches and estimated penguin consumption by month and zone are shown in
Tables 1 and 2, and Table 3 shows the proportion of the total catch for the split year that was
taken in the four months December to March within 100 km of predator colonies. The total
consumption of krill by penguins from December to March was calculated as 370 000 tonnes in
Subarea 48.1, and 195 000 tonnes in Subarea 48.2, and by far the largest component of this
was due to chinstrap penguins. The former figure is similar to that calculated by Croll (1990)
for the South Shetlands (345 000 tonnes). The total consumption, however, (565 000 tonnes) is
only about a third of the 1 445 000 tonnes estimated by Croxall et al. (1985) for the whole of
the southern Scotia Sea over four months. The difference is explained by the greater population
estimates used by Croxall et al. which apply not only to the South Shetlands and South
Orkneys, but to the Antarctic Peninsula as well. '

The pattern of catches for Subareas 48.1 and 48.2 over the period 1988 to 1992 is
shown in Figure 2. Three areas of high concentration are apparent, north of Livingston Island,
northwest of Elephant Island and northwest of Coronation Island, South Orkneys. The pattern
of catches for Subarea 48.1 was similar for each of the years examined whereas that for Subarea
48.2 changed each year (Figures 3 and 4). In only three years (1987, 1988 and 1991) were the
majority of catches in Subarea 48.2 taken within 100 km of colonies during these months.
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The years with the greatest fishery impact were 1989 in Subarea 48.1 and 1988 in
Subarea 48.2 (Table 3). In these years, the catch within the 21 to 40 km zone was 23 to 27% of
the calculated consumption in this zone for the months December to February. The ratio of the
total catch in theSubarea in December to March to total consumption for these years was 0.26
for Subarea 48.1 and 0.27 for Subarea 48.2. The greatest impact of the fishery was in Subarea
48.2 in 1991, however, when the catch was equivalent to 45% of the predator consumption
(Table 3). In other years and zones the proportionate impact of the fishery was much lower.

4. DISCUSSION

The consistency in the distribution of catches appears to be a feature of the fishery
around the South Shetlands, with its pattern of increased fishing intensity to the north of
Livingston Island and to the north and west of Elephant Island (Figure 2; see also Everson and
Goss, 1991; CCAMLR, 1992). Everson and Goss (1991) have shown that the gross pattern of
krill catches in the Scotia Sea is determined by the extent of ice cover; the major fishing effort
switches from South Georgia in the winter to the South Orkneys and South Shetlands in the
Antarctic summer, following the ice edge as it moves south. Data from Jacka (1983 and pers.
comm.) on mean monthly sea ice edge position along longitudes 60°, 50° and 40°W shows that
for most of these months and years the South Shetlands and South Orkneys were ice-free, and it
is therefore difficult to explain the detailed location of catches with reference to sea-ice
distribution. The only time when the ice edge was close to the South Orkneys (50°W to 40°W)
was January 1989, and the fishery in this year moved further north, taking place over a bank to
the north of the South Orkney Islands around 59°S 44°W. This could explain the major shift in
catch positions and the very low catch within 80 km of predator colonies in 1989 (Table 3).
gllowever, in general the localised distribution of krill catches cannot be explained by ice

istribution.

In Subarea 48.1, krill is known to be generally concentrated to the north of Livingston
and Elephant Islands (Nast et al., 1988; Ichii ez al., 1991). The main hydrographic phenomenon
in the area, the Weddell-Scotia confluence, was implicated by Nast et al., (1988) in producing
the hydrographic conditions that brought about persistent concentrations of krill around
Elephant Island, although it is not clear how it could influence concentrations further west. Ichii
et al. (1991) attribute the concentration of krill to the north of Livingston Island to retention in
topographic eddies or to active swarming around concentrations of phytoplankton.
Hydrographic conditions are much more unstable around the South Orkneys (Sievers and
Nowlin, 1987), and the Weddell-Scotia confluence much more variable from year to year and
this may account for the high variability in fishing pattern in Subarea 48.2. Reference to
Figures 1 and 2 also suggests that the major catches are located over areas of the shelf break and
in very steep shelf slopes, at positions where the bottom topography is considerably disturbed;
this applies to all three major areas of krill catches, north of Livingston and Elephant Islands
and to the west of the South Orkney Islands.

The ratio of catch to natural mortality is important. The assumption that fish (and krill)
populations may show their maximum sustainable yield at the point where fishing mortality
(catch) equals natural mortality (natural predation) (Gulland, 1971) have been challenged by
Beddington and Cooke (1983) who showed through simulations that a ‘safe’ maximum
sustainable yield usually occurs at levels of fishing mortality that are lower than natural
mortality. The assumption here is that predator populations are utilising the food resource
(krill) at levels of natural mortality that allow the same sorts of ratios of catch to be withstood by
the prey stock as in other ecosystems, and that ratios of catch/consumption (p in Table 3) that
approach 1 indicate a stock that is close to the maximum sustainable exploitation rate, with the
implication that these levels will not impact adversely on predator populations.

When calculating the ratio p, it is necessary to take into account all potential predators of
krill. Inclusion of non-breeding penguins, and crabeater seals (calculated by Croxall et al.,
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1985 to consume 45% of all krill in the southern Scotia Sea) if they are in the vicinity of
predator colonies will decrease the ratio of catch to consumption. Other predators important in
the Antarctic as a whole, such as whales, fish and squid (Everson, 1977; Miller and Hampton,
1989) may also be expected to consume krill around the study sites. Details of the consumption
by squid and whales is unknown in the area. Commercial fish stocks in Subareas 48.1 and 48.2
have been at low levels for several years, the last significant catches being in the early 1980s
(Kock and Koster, 1990; CCAMLR, 1991), and despite their known concentrations in areas of
persistent krill occurrence (Nast et al., 1988) are unlikely to be major consumers of krill.

The accuracy of the present estimates of predator consumption may be examined by
application of various estimates of natural mortality rates derived from investigations of the
demographic parameters of krill to current estimates of total krill biomass. The definition of
krill stocks in the Scotia Sea is not yet clear (Miller and Hampton, 1989). However, restricting
the calculations to January to March in Subarea 48.1, Siegel (1991) has calculated that the
exchange rate of water masses within the subarea means that the population of krill around the
South Shetlands will be changed every three months. Based on four years of survey data Siegel
calculated that total biomass around the South Shetlands, including productivity during this
period, would be about 2 million tonnes each year, and this result is similar to that obtained by
Ichii (1991). Siegel and Kalinowski (1991) have reviewed natural mortality estimates for krill,
and if it is assumed that 1/4 of the yearly natural mortality of about 0.9 occurs by predator
consumption in January to March, then about 400 000 tonnes of the 2 million estimated above
should be consumed in this period. The predator consumption calculated in Table 1 of
293 000 tonnes in January to March is only 73% of this estimated total, and therefore p may be
overestimated.

Whilst the results in Table 3 indicate that for some months and years the catches within
the foraging ranges of penguins approached 50% of the estimated consumption, for most years
the fishery was much lower than this, even within the critical periods and zones. For the South
Shetlands and South Orkneys, an historical upper limit for p was calculated as about 0.25 and
0.45. Thus the fishery would have to increase at least three-fold from its current maxima in
Subarea 48.1 and twofold in Subarea 48.2 before it approached a theoretical limit of
sustainability, and more if other predators were taken into account.

However, the overlap between fisheries and predators would be likely to become critical
well before this on local scales, and in particular 20 to 60 km from predator colonies. In
addition, it is possible that predators could respond adversely to temporary decreases in krill
density, the availability of certain swarm sizes or other factors influenced by fishing operations
even though assessments indicate the overall catch of krill to be relatively low. These effects
may be offset by the concentration of krill stocks in the areas of highest consumption as
observed, for example, by Ichii et al. (1991). Whilst there is as yet no evidence that predators
are being adversely affected by fishing operations in these areas monitoring for the effects of
the fishery on predators should concentrate on this zone.

CCAMLR currently has imposed a precautionary limit of 1.5 million tonnes on the krill
catch from Statistical Area 48. Should further regulation be necessary, the consistency of
pattern of the Subarea 48.1 fishery (Figure 3) would make definition of time and space for the
operation of a management plan that utilised closed areas and seasons, and assessment of the
impacts of such a plan on the returns from the fishery, relatively easy to determine. For
instance, a closure of a 40 km zone off the coastline of the South Shetlands from December to
March would exclude the fishery from about 45% of its traditional catch in Subarea 48.1 (50%
[from Figure 3] x 90% [percentage of the catch in Subarea 48.1 taken between December and
March from Table 3]). Determination of the impacts of such plans on the fishery around the
South Orkneys is less easy because of the unpredictability of this fishery.
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Table 1:  Subarea 48.1. Krill catch and predator consumption from December to March at
various distances from penguin colonies. Catches are estimated from CCAMLR
(1992).

Catches by Year, December to March Predator Consumption

Distance
from 1988 1989 1990 1991 DEC JAN FEB MAR Total
colonies

0-20 8206 10890 4318 10551 | 26357 35263 32117 30664 124401
21-40 21415 32819 13031 17613 | 24652 32956 32810 28658 119076
41-60 23070 30383 9744 14526 § 24652 32956 32810 28658 119076
61-80 8594 14477 6559 4117 1121 1121 975 975 4192

81-100 5008 6311 3989 1632
101-120 23 1410 266 158

121-140 549 291 25 128
141-160 667 113 4 29
161-180 949 47 4 10
181-200 117 9 0 1

Total 68598 96750 37940 48765 | 76782 102296 98712 88955 366745

Totalin 68848 96798 37941 49159
Subarea

Table 2:  Subarea 48.2. Krill catch and predator consumption from December to March at
various distances from penguin colonies. Catches are estimated from CCAMLR
(1992).

Catches by Year, December to March Predator Consumption

Distance 1987 1988 1989 1990 1991 DEC JAN FEB MAR Total
from
colonies

0-20 696 13636 83 347 7219 | 14430 17563 16655 13522 62170
21-40 3449 14063 744 3125 28970 | 13866 16830 15921 12957 59574
41-60 5146 10441 1715 6666 33031 | 13866 16830 15921 12957 59574
61-80 4509 2019 3833 12292 18020 3948 3948 3040 3040 13976

81-100 1965 11482 6414 18125 917

101-120 1632 1282 6005 28890 33
121-140 203 34 1919 14862 11
141-160 328 27 1497 4584 4
161-180 120 12 1918 0 2
181-200 23 4 11963 0 1

Total 18071 53000 36091 88891 88208 | 46110 55171 51537 42476 195294

Total in 18103 53004 78254 88890 88211
Subarea
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Table 3:  Catch of krill in the subarea and in the critical period-distance (CPD, defined as
100 km from colonies from December to March inclusive). The percentage of the
total catch in the subarea for the year which is caught in the CPD is given, together
with the catch as a percentage of total krill demand for December to March
(predators + the fishery) which is caught in the CPD. Data from CCAMLR (1992).

Year | Total Catch | Catchin Catch | Percentage| CPD Catch as | CPD Catch as
in Subarea | Subarea within | of Yearly % of % of
for the Year from the CPD Catch Estimated Estimated
December Within the Predator Total Demand
to March CPD Consumption | (predators and
(p-see text) fishery)
Subarea 48.1
1988 78918 68848 66292 84.0 17.9 15.2
1989 105554 96798 94880 89.9 25.7 20.4
1990 42477 37941 37642 88.6 10.2 9.2
1991 64641 47948 48440 749 13.1 11.6
Subarea 48.2
1987 19902 18102 15765 79.2 8.1 7.5
1988 94659 53003 51641 54.6 26.4 20.9
1989 82406 78253 12789 15.5 6.5 6.1
1990 220518 88890 40555 18.4 20.8 17.2
1991 167257 88211 88158 52.7 451 31.1
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§ Figure 2: Estimated distribution of catches from January to March over the period 1988 to 1991. Catches are given as a percentage of total
catch in January to March. The analysis is separated for Subareas 48.1 and 48.2.
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Figure 3: Catches of krill in relation to distance from penguin colonies in the South Shetland
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Tableau 1;

Tableaun 2:

Tableau 3;

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Ta6auna 1;

Tabsuia 2:

Tabauna 3:

Légende des tableaux

Sous-zone 48.1. Captures de krill et consommation par les prédateurs de
décembre a mars, a des distances diverses des colonies de manchots. Les
captures sont estimées selon CCAMLR (1992).

Sous-zone 48.2. Captures de krill et consommation par les prédateurs de
décembre & mars, a des distances diverses des colonies de manchots. Les
captures sont estimées selon CCAMLR (1992).

Captures de krill effectuées dans la sous-zone pendant la période et a une
distance critiques (CPD (période-distance critiques), définie comme étant un
rayon de 100 km autour des colonies, de décembre & mars inclus). Le
pourcentage de la capture totale de 1'année dans la sous-zone, pris pendant la
CPD est donné, conjointement avec la capture en tant que pourcentage de la
demande totale de krill de décembre & mars (prédateurs + pécherie) ayant été
pris pendant la CPD. Les données proviennent de CCAMLR (1992).

Légende des figures

Carte de la zone considérée en mer du Scotia du sud. Les colonies
sélectionnées pour déterminer les zones (cf. texte) (o) et les profils
bathymétriques de 500 et 3 000 m (début et fin du talus continental) sont
représentés. A =ile Anvers, B =1le Brabant, L = ile Livingston, K = iles du Roi
George, E = ile Eléphant, C = ile Clarence, S = ile Smith, O = archipel des
Orcades du Sud et P = péninsule antarctique. Les iles de S a C forment
l'archipel des iles Shetland du Sud.

Estimation de la répartition des captures effectuées de janvier & mars entre 1988
et 1991. Les captures sont données en tant que pourcentage de la capture totale
de janvier 4 mars. L'analyse est effectuée séparément pour la sous-zone 48.1 et
la sous-zone 48.2.

Captures de krill en fonction de la distance des colonies de manchots dans les
iles Shetland du Sud, exprimées en pourcentage de la capture totale de krill
dans la sous-zone 48.1, de décembre & mars.

Captures de krill en fonction de la distance des colonies de manchots aux
Orcades du Sud, exprimées en pourcentage de la capture totale de krill dans la
sous-zone 48.2, de décembre a mars.

Cnucok TabJ il

Hoapaiion 48.1, BblioB KpUJsS U noTpebieHMe XUINHUKOR ¢ JdeKabps
o MapT Ha pPas3jMUHbIX pPACCTOSIHUSIX OT KOJIOHHIH TUHIBUHOB,
OueHKH BblJIORA B3sIThl U3 CCAMLR (1992).

MoapariioH 48.2. Bel/ioB KpuJasi U noTpebieHUe XUIHUKOB ¢ AleKabps no
MapT Ha pa3JIMUHbIX PACCTOSTHUSIX OT KOJIOHUM NMUHIBUHOB. OLI€HKU
BblJ1IOBa B3siThl U3 CCAMLR (1992).

BrisioB KpuJjiss B l'lO,ZIpa,l‘/JIOHC n B KpHTHHGCKI/Iﬁ neproa Ha

KpUTHUEeCcKOM paccTosiHuu (CPD - 100 XM OT KOJIOHUM ¢ flekabpst no
MapT). /[laeTcsl MpoOLleHTHAs AOJs OobuWero BblJOBa, NOJYUEHHOIo B
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PucyHoOK 4:

Tabla 1;

Tabla 2:
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noApaiioHe B TeueHUe Irojia. B CPD, a TaKXe BbIJIOB, NoJAyU€HHbIN B CPD
M BbIpaXXeHHbII KaK NpPOLEHTHas Jo0Js NOoTpe6HOCTH B KpuJe B
nepuoa Aekabpb-MapT (XMIHUKU + npombiced). JaHHble n3 CCAMLR
(1992),

CIMHUCOK PUCYHKOB

KapTa n3zyuyaeMoro paioHa B 10XHOH yacTu Mopst CkoTusi, IokasaHbl
KOJIOHUU, BbIGpaHHbIEe AJis1 ONpeZeseHns] 30H (cM. TekcT) (0) U KOHTYPbl
ray6unbnl B 500 1 3 000 M (HauaJlo U KOHel] KOHTHUHEHTAJbHOI'O
CKJIOHa). A = 0-B AHBepc, B = 0-B BpabaHT, L = o-B JluBuHrcroH, K =
o-B Kunr-Ixopax, E = o-B dsnedpanTt, C = o-B Ksapene, S = o-B CMuT,
O = apxunesar IOXHbX OpKHeENMCKUX O-BOB, P = AHTapkTHUYeckui
nosyoctpoB. OctpoBa S - C npeacraBasiior co6oii apxunenar 10 xHbIX
IleT/MaHACKUX O-ROB,

OueHka pacripeflejieHHs1 YJOBOB KPWJIsI € sIHBapsl 1o MapT 1990 r.
(CCAMLR, 1991). YJ/ioBbl BbIPaXalTCsl Kak NpoOLEHTHast AoJst obuero
BbIJIOBA KPpUJISI C siHBapsl Mo MapT. AHaJUu3 MPOBOJUJCS OTAEJbHO
JJIs1 noZipafioHoB 48.1 1 48.2,

BbIJIOB KpUJIST OTHOCUTEJIBHO PACCTOSIHUS OT KOJIOHUI MUHTBUHOB Ha
I0xHbIX ITeT/IaHACKUX O-BaX, KOTOPHIH BhIPAXAaETCs KaK MPOLUEHTHas
AoJisl ofmero BbIJIOBAa KpWJisl, noJiyueHHoro B IloapalioHe 48.1 B
TeueHue nepyojia Aekabpb-MaprT,

BblJIOB XKpUJISE OTHOCUTEJIBHO PACCTOAHUS OT KOJIOHUM MUHIBUHOB Ha
I0HBIX OpKHEMCKUX O-BaX, KOTOPbI BbIPaXaeTcsA KaK MpOIEHTHast
AoJisl obmero BBIJIOBA KpWJsl, noJiyudeHHoro B IloapaiioHe 48.2 B
TeueHHe nepuosa Aaekabpb-MapT.

Lista de las tablas

Subdrea 48.1. Capturas de kril y consumo de los depredadores en el perfodo
de diciembre a marzo a diferentes distancias de las colonias de pingiiinos. Las
capturas se calcularon utilizando CCAMLR, 1992,

Subdrea 48.2. Capturas de kril y consumo de los depredadores en el periodo
de diciembre a marzo a diferentes distancias de las colonias de pingiiinos. Las
capturas se calcularon utilizando CCAMLR, 1992.

Capturas de kril en la subdrea y en el “perfodo-distancia criticas” (CPD,
definido como la distancia de 100 km de las colonias durante el perfodo de
diciembre a marzo inclusive). Se presenta el porcentaje de la captura total de la
subdrea para el afio, que fue extraida en el CPD, ademds de la captura en el
porcentaje del requerimiento total de krill durante los meses de diciembre a
marzo (depredadores + pesquerfa) que se ha capturado en el CPD. Datos de
CCAMLR (1992). :



Figura 1:

Figura 2:

Figura 3:

Figura 4:

Lista de las figuras

Mapa del 4rea de estudio al sur del mar de Scotia. Se muestran las colonias
seleccionadas para la determinacién de zonas (véase texto) (o) y los perfiles de
profundidad de 500 y 3 000 m (principio y final del talud continental).
A = isla Anvers, B = isla Brabante, L = isla Livingston, K = isla rey Jorge,
E = isla Elefante, C = isla Clarence, S = isla Smith, O = archipiélago de las
Orcadas, P = Penfnsula antdrtica. Las islas desde S hasta C constituyen el
archipiélago de las Shetland del Sur.

Estimacién de la distribucién de las capturas para los meses de enero a marzo
de los afios 1988 a 1991. Las capturas se presentan como el porcentaje de la
captura total en el perfodo de enero a marzo. El andlisis para las Subdreas 48.1
y 48.2 se presenta separadamente.

Capturas de kril en relacién con la distancia de las colonias de pingiiinos en el
archipiélago de las Shetland del Sur, expresadas como porcentaje de la captura
total de kril en la Subdrea 48.1, durante los meses de diciembre a marzo.

Capturas de kril en relacién con la distancia de las colonias de pingiiinos de las

islas Orcadas del Sur, expresado como porcentaje de la captura total de kril en
la Subdrea 48.2, durante los meses de diciembre a marzo.

303







WG-CEMP-92/30

LOCATION AND INTENSITY OF THE SOVIET KRILL FISHERY IN THE
ELEPHANT ISLAND AREA (SOUTH SHETLAND ISLANDS), 1988/89

V.A. Sushin and A.S. Myskov*

Abstract

This paper analyses fine-scale data from the Soviet krill fishery off
Elephant Island (Subarea 48.1) between 59°-62°S and 53°-57°W during
the period from 21 November 1988 to 25 March 1989. Although the
total catch of the USSR in this season reached a maximum, for the last
nine seasons the total fishing intensity by the USSR around Elephant
Island has been low. In 1988/89 only one standard fishing vessel
operated in the area over 40% of the time. The highest catch-per-unit-
effort was observed in January 1989 (7.7 tonnes per hour of trawling on
average), and the lowest in November 1988 (3.5 tonnes per hour of
trawling on average). Fishing strategy in the Elephant Island area
conforms to the following simple pattern: (i) vessels enter the island
near-shore zone (north of Elephant Island) and start searching for krill
concentrations; (ii) krill concentrations are fished and followed as they
drift from the island with the current; and (iii) vessels return to position
(i) when aggregations are dispersed or lost due to storms and other
factors. The velocity of the northeast drift of krill concentrations,
calculated on the basis of vessel relocation, was from 9.7 to 11.1 km/day
(11 to 13 cm/sec). An analysis of the location of fishing grounds by
five-day periods showed that the areas in which the fleet operated
overlap a minor part of the foraging zones of krill predators. Based on
this, and taking into account the low fishing intensity, it was concluded
that the current krill fishery does not significantly affect krill-eating
seals and birds.

Résumé

Analyse des données a une échelle trés précise sur la péche soviétique
de krill effectuée au large de 1'ile Eléphant (sous-zone 48.1) entre
59-62°8 et 53-57°W durant la période comprise entre le 21 novembre
1988 et le 25 mars 1989. Bien que la capture totale de 1'URSS pendant
cette saison ci-dessus ait atteint un maximum, l'intensité de péche totale
de I'URSS autour de 1'lle Eléphant a été faible ces neuf derni¢res
saisons. En 1988/89, un seul navire standard de péche menait des
opérations de péche dans le secteur pendant 40% de la période. La
capture par unité d'effort la plus élevée €tait observée en janvier (en
moyenne, 7,7 tonnes par heure de chalutage), et la plus faible en
novembre (en moyenne, 3,5 tonnes par heure de chalutage). La stratégie
de péche dans le secteur de I'lle Eléphant suit le simple schéma suivant:
(i) les navires entrent dans la zone de 1'le proche du littoral (au nord de
11le Eléphant) et commencent a rechercher les concentrations péchables
de krill; (ii) ils exploitent ces concentrations en les suivant alors qu'elles
s'éloignent de I'ile a la dérive du fil de l'eau; (iii) les navires retournent a
la premiére zone de recherche lorsqu'ils ont perdu la trace des
concentrations par suite d'orages et d'autres facteurs, ou lorsque les

*

AtlantNIRO, 5 Dimitry Donskoy Street, Kaliningrad 236000, Russia -

305




306

concentrations se sont dispersées. La vitesse de la dérive des
concentrations de krill vers le nord-est, calculée a partir des
déplacements des navires, variait de 9,7 & 11,1 km/jour (de 11 a
13 cm/sec). Une analyse de la répartition des lieux de péche par période
de cinq jours a révélé que les secteurs d'opération de la flotte empiétait
sur une partie peu importante des secteurs d'alimentation des prédateurs
de krill. A partir de ces résultats, et compte tenu de la faible intensité de
la péche, il a ét€ déduit que la pécherie actuelle de krill n'affecte pas de
maniere significative les phoques et les oiseaux qui s'alimentent de krill.

PesoMme

B HacTosimellt pa6oTe aHaJUUPYWTCST MeJIKOMacliTabHble
JaHHBIE O COBETCKOMY ITPOMBICJY KPUJSI OKOJIO O-Ba dJyedaHT
(MMoapaiion 48.1) Mexay 59°- 62°m. u 53°-57°p.a. 3a nepuoj c
21Hos6ps 1988 r. mo 25 MapTa 1989 r. HecMoTpst Ha TO, UTO
obmuit BbisiIoB CCCP 3a BbIIEYNOMSIHYTHIHI CE30H JOCTUI
MakCHUMyMa, 3a TMocJeHHe  JIeBsITb  Ce30HOR  ofmas
HpOMBICJIOBasT HHTEHCUBHOCTh CCCP B palioHe o-Ba JdjedaHT
6bls1a  HUzkoM, B 1988/89 r. Jumb OJHO CTaHZapTHOe
IMPOMBICJIOBOE CYAHO paboTaJsio B 3TOM palioHe B TeueHue 407%
JlaHHoTro nepuoAa. HauBricmasi BesiMuuHa C3TY HabJojajach B
siHBape (7,7 TOHHBI 32 yac TpaJli€eHUsl B cpeAHeM), a HauMeHblast
- B Hosi6pe (3,5 TOHHBI 3a UyaC TpaJleHUsI B CpeaHEM).
IIpoMbiCc/IOBasl TaKTHKa CBOJAMUTCSI K cJeaywmed MpocTon
cxeMe: (i) cyZla BXOASIT B NPUBPEXHYI0 30HY (K CEBEPY OT O-Ba
dsedaHT) U HaAUMHAKT pas3blCKUBATh KOHUEHTpalWH KpUJas; (i)
3TU KOHLEHTpaluuu o6/1aBJAMBAIOTCS MO NMyTH UX Apeida oT
OCTPOBAa; U (jiii) cyAa BO3BpalalTCst B paffOH NepBOHAUAJBHOIO
MOUCKA KOTr'Zja KOHIEHTPALUH TEPSITCS B Pe3yJ/IbTaTe NITOPMOR
U npouux ¢akTopoB, CKOpPOCTb CEBEPOBOCTOUHOIO Apeida
KOHLEHTPpALUNA KPUJS], BBIUNCJIEHHAS IO NepeMeENeHUI0 Cy OB,
cocTaBuJa 9,7 - 11,1 xM/aeHb (11 - 13 cM/cekyHAY). AHaJu3
MECTOIONOXEHUS] MPOMBICJOBBIX YUACTKOB MO NSITUAHEBHBIM
nepuoJiaM ykKasaJ Ha UaCTUUHOE COBMNaJeHUE He3HAUUTEbHOMN
YacTH Har'yJIbHbIX apeaJioB MUTAIUXC KPUJEM XUBOTHBIX U
palioHOB BeAeHUs Npombicsa, B CBsA3M € 3THM M NPUHSIB BO
BHUMaHHE HHU3KYK HHTEHCHBHOCTb MPOMbICJA, Mbl NPUIIJU K
3aKJIIOUEHUI0, UTO IIPOMBICEJ KPHJsI B HacTosillee BPeEMsl He
OKa3bIBA€T 3HAUUTEJJbHOI'O BJIMSIHUS Ha IUTAMWXCS KpUJIEM
TOJEeHeW U MTULL,

Resumen

Este documento analiza los datos de microescala obtenidos durante el
periodo del 21 de noviembre de 1988 al 25 de marzo de 1989 de la
pesqueria de kril soviética, realizada a la altura de la isla Elefante
(Subdrea 48.1) entre 59° a 62°S y 53° a 57°W. Aunque la captura total
de la URSS alcanz6 un maximo durante esta temporada, la intensidad de
pesca total de este pais alrededor de la isla Elefante en las Gltimas nueve
temporadas ha sido baja. En 1988/89 sélo un buque pesquero estdndar
faend en esta zona durante el 40% de este periodo. En enero se registr6
la captura por unidad de esfuerzo mds alta (un promedio de
7.7 toneladas por hora de arrastre), y en noviembre la mds baja (un
promedio de 3.5 toneladas por hora de arrastre). Las tdcticas pesqueras



en la zona de la isla Elefante se cifien al siguiente régimen: (i) los
buques entran a la zona costera de la isla (al norte de la isla Elefante) e
inician la bisqueda de concentaciones de kril; (ii) comienzan la pesca de
estas concentraciones, y se desplazan juntamente con éstas, alejandose
de la isla ayudados por la corriente; y (iii) regresan a la posicién (i)
cuando las concentraciones se dispersan o se pierden debido a las
tormentas u otros factores. La velocidad del desplazamiento noreste de
las concentraciones, calculada segiin la nueva posicién del buque,
fluctud entre 9.7 a 11.1 km/dfa (11 a 13 cm/seg). El andlisis de la
asignacion de los caladeros de pesca por periodos de cinco dias
demostré que las zonas en que faena la flota coincide solo en una
pequefia parte de las zonas de alimentacién de los animales krilografos.
Basado en esto, y tomando en cuenta la baja intensidad de pesca, se
concluyé que la pesqueria actual de kril no afecta significativamente a
las aves y focas que se alimentan de éste.

1. INTRODUCTION

One of the tasks of the Working Group on Krill (WG-Krill) is to analyse the operation of
the krill fishery, including catch size and fishing area locations. The results of such analyses are
important in developing measures for managing the krill fishery within the framework of the
Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR). The
information obtained may be useful for stock identification, studying krill drift in fishing areas,
and assessing the potential effect of the krill fishery on other ecosystem components (Marin et
al., 1991). Such information also provides a better understanding of strategies employed in the
krill fishery by various nations. This document presents the preliminary results of an analysis
of Soviet fishing fleet’s activities around Elephant Island (Subarea 48.1) in the 1988/89 season.
An attempt was made to interpret available data in relation to fishing regimes, krill flux from
Elephant Island to the South Orkney Islands, and the potential effect of the fishery on
krill-dependent predators in the Elephant Island area.

2. MATERIAL AND METHODS

The source information was obtained from commercial vessels (Komarevtsev, 1989) and
vessels’ log books (where available).

The following data were extracted from this information and stored as a computer
database:

date, time and haul duration;
coordinates at start of haul;
vessel course and towing speed;
haul depth; and

catch per haul.

* & o o o

At present the database consists of information on 1 200 hauls. This constitutes some
70 to 90% of the total number of hauls made by the Soviet fleet in the area during the 1988/89
fishing season (Komarevtsev, pers. comm.).

Fishing activity was analysed using methods developed in AtlantNIRO (Kadylnikov,

1985). The BMRT vessel of the Grumant class with a 78/420 m trawl was taken to be the
standard fishing unit. It yielded the highest total catch of all vessels engaged in the fishery.
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Calculations and mapping of fishing areas were made with an EC-1046 computer, using
the STARTOP and STARTK programs developed by AtlantNIRO.

The starting co-ordinates of each haul were shown on the maps attached (Figures 1 to 8).

3. RESULTS

Summary results of the Soviet krill fishery in the Elephant Island area (Subarea 48.1) in
1988/89 are given in Table 1.

The information in Table 7 demonstrates that the krill fishery was variable in terms of the
number of vessels operating and their fishing efficiency. Over 40% of the time the average
number of vessels fishing was one to two (standard fishing units) with a maximum of seven
vessels during one five-day period.

Catch-per-day fished and catch-per-hour of fishing by a standard vessel by month were
highest in January 1989. The number of fishing hours-per-day was about 12 hours, while in
other months it was close to 15 hours. In February/March catch-per-day fished decreased from
85-90 tonnes to 50 tonnes. This may have been due to vessels moving to other areas where the
fleet’s catching efficiency increased considerably.

The locations of fishing grounds from November 1988 to March 1989 are shown in
Figures 1 to 5.

In November 1988, the fishery was concentrated within one small area northeast of
Elephant Island between 60°-60°30’S and 54°-55°W.

In December 1988, krill was targetted in a larger area within the broad zone from
Elephant Island to 59°S.

In January 1989, vessels worked in three main areas. The first and most remote area to
the northeast of Elephant Island between 59°45°-60°15’S and 53°-54°15’W, the second one to
the north of Seal Island between 60°-60°30°S and 55°-56°00’W and the third one located to the
west of Elephant Island in the area between 61°-61°30°S and 56°-57°W.

In February and March 1989 the fishery was carried out mainly in one area to the north
of Seal Island, almost in the same area as in January 1989. Compared with February, in March
the fishing area extended further east to 54°30°W.

Figures 6a to 6f show the locations of fishing grounds by five-day period in December
1988 and January and February 1989 (i.e., in months critical for the breeding populations of
penguins and seals).

During the first five days of December 1988 (Figure 6a) the area 60° to 61°S was the
main fishing ground, moreover most hauls were carried out in the small “patch” northeast of
Elephant Island between 60°-60°15’ and 54°10°-54°45°W.

After the second five-day period, the fleet gradually moved northeast (Figures 6b
and 6¢). In the fourth five-day period vessels operated at a considerable distance from Elephant
Island in the northeast corner of the area (Figure 6d) and then moved south. In the last five-day
period of December most vessels worked in two groups, and in the area far from Elephant
Island, 59°30°-60°30’S and 53°-54°W (Figure 6f).

Early in January 1989 some vessels moved closer to Elephant Island and operated in two

fishing grounds (Figures 7a to 7f). The first one, fished throughout the month, was located to
the north of Seal Island between 60°30°-61°S and 55°-56°W. The second one was to the west
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of Elephant Island between 61°-61°30°S and 56°-57°W, where vessels fished only during the
second five-day period. The remote area northeast of Elephant Island (53°-54°30’S and
59°30’-60°30’W) was the main fishing ground in the first half of January 1989.

In the next five-day period vessels started to leave the study area one by one and in the
last ten days of January 1989 fishing in the area had ceased (Figure 7f).

Early in February 1989, krill fishing in the study area resumed and was carried out at
low fishing effort within the coastal zone between 60°45°-61°S and 55°10°-55°45’W. Fishing
then ceased until early in the fifth five-day period (Figures 8a to 8c). When the fishery resumed
in the fifth five-day period, this area became the major fishing ground until the end of February
1989 (Figures 8d and 8e).

4, DISCUSSION

The data presented reveal significant instability in the location of fishing grounds within
the study area over the period concerned, particularly in December 1988 and January 1989.
Some regularities were noted, however, such as the existence of two general directions of vessel
movement relocation during the season: to the northeast of Elephant Island and from the east
and northeast towards the island.

The first one was most apparent in December 1988 (Figures 6a to 6d) and was probably
related to the direction of the krill flux. The direction of krill flux follows the current direction
in the area.

Relocation of vessels in the opposite direction towards Elephant Island was most evident
in the first five days of January and February 1989 (Figures 7a and 8a). It is unlikely that
movement in this direction is related to krill migrations because krill, in this case, should move
upstream. It is more probable that the relocation of fishing vessels had resulted from searching
for previously known locations of krill concentrations.

Fishing strategy in the Elephant Island areas conforms to the following pattern:
(i)  vessels enter the Elephant Island area and start searching for krill concentrations;

(i) fishing is targetted on these concentrations and vessels follow these concentrations
as they drift from the island; and

(iii) if the targetted concentrations are lost due to storm or other circumstances, vessels
return to the area where krill concentrations were initially found.

This strategy has been commonly used by Soviet vessels operating in Statistical Area 48.
As arule, early in the season (November) one or two vessels enter the Elephant Island area and
start searching for krill concentrations.

Assuming that the relocation of fishing vessels to the northeast of Elephant Island
follows the drift of krill concentrations, it is possible to calculate the velocity of the latter. Krill
aggregations drifted northeast for about 105 to 120 n miles (194 to 222 km) from 1 to
20 December 1988 (Figures 6a to 6d). Thus, the average krill drift velocity would be from
9.7 to 11.1 km/day or 11 to 13 cm/sec. The value obtained is within the range determined by
WG-Krill in 1991 (SC-CAMLR, 1991 - Annex 5, Table 1).

Although the Soviet catch from Subarea 48.1 during the season discussed was the

highest one for the last nine seasons and amounted to 20.9 thousand tonnes (CCAMLR, 1991 -
Table 7.2; SC-CAMLR, 1991), fishery intensity was low. Data in Table 1 show that during the
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period critical for the survival of krill-dependent predators from December to March
(SC-CAMLR, 1990 - Annex 4, Table 3), fishing effort never exceeded 1.0 vessel/day, i.e. only
one vessel had permanently worked in the area from 16 January to 20 February.

Comparison of the distribution of fishing grounds with the location of krill predator
foraging zones (during the periods when fishing effort exceeds 1.0 vessel/day*) showed that
they do overlap, although not always entirely. Thus, in the second half of December, the Soviet
krill fishery moved out of the 50 km foraging zone. The vessels worked only in the
northeastern part of the 100 km zone (Figure 6). During the first half of January the majority of
vessels also operated in the northeastern part of the 100 km zone, while in the 50 km zone they
were dispersed and only sometimes (the second five-day period of January) covered up to
one-third of the area (Figure 7b). The highest density of vessels within the 50 km zone was
observed from the end of February (Figures 8d and 8¢). However, the fishing effort applied in
the 50 km zone off Elephant Island was within the range of 13.7 to 25.1 vessel/days per five-day
period at the end of February to March 1989. Such a level of fishing effort would hardly have
any impact on predator populations.

According to the latest calculation the amount of krill caught in the nearshore zone of
Subarea 48.1 at the current rate is comparable with the total amount of krill consumed by
predators inhabiting the area. However, at present there is no evidence of the fishery having a
negative impact on the populations of krill-eating birds and seals as krill biomass is sufficiently
high in the area (Agnew, 1991).

The survey of fishing ground locations and fishing intensity supports the assumption
that krill predators always have a sufficient amount of krill for feeding outside commercial
fishing grounds.
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populated predator colonies in the area (Seal Island and Point Lindsey at Elephant Island) were used to mark
foraging zones (Agnew, 1991). The large circle (radius of 100 km) outlines the outer boundary of the seal
foraging zone and the small one (radius of 50 km) outlines the outer boundary of the bird foraging zone
(SC-CAMLR, 1990 - Annex 4, Table 3).

310




Table 1:  Summary of Soviet commercial krill fishery in the Elephant Island area in 198 8/89
(standard vessel - BMRT Grumant).

Period Total Number of Days  Catch-per-Day  Catch-per-Hour
Catch Fished Fished Trawling
(tonnes) (tonnes) (tonnes/hour)
1988:
21 to 25 November 333 6.6 50.4 3.60
26 to 30 November 1636 29.4 55.6 3.50
Total for November 1969 36.2 54.4 3.50
1 to 5 December 1548 18.9 81.9 4.67
6 to 12 December 764 7.5 101.9 5.30
11 to 15 December 608 53 83.3 4.85
16 to 20 December 1537 20.0 76.9 5.40
21 to 25 December 1091 12.2 89.4 5.55
26 to 31 December 1874 16.6 1129 9.01
Total for December 7422 90.1 82.4 5.70
1989:
1 to 5 January 2900 38.5 75.3 4.74
6 to 10 January 1707 20.9 81.7 6.41
11 to 15 January 664 7.4 89.7 7.45
16 to 20 January 368 1.5 245.3 22.30
21 to 25 January 158 1.0 158.0 15.50
26 to 31 January 209 1.0 209.0 15.40
Total for January 6006 66.4 90.5 7.74
1 to 5 February 310 35 88.6 5.10
6 to 10 February 598 39 153.3 6.54
11 to 15 February - - - -
16 to 20 February 84 1.0 84.0 15.24
21 to 25 February 1935 229 84.5 5.56
26 to 28 February 1244 15.1 82.4 5.28
Total for February 4171 48.2 86.5 5.63
1 to 5 March 1658 25.1 66.1 391
6 to 10 March 2 346 24.6 95.4 6.14
11 to 15 March 1726 19.0 90.8 5.28
16 to 20 March 965 13.7 70.4 5.40
21 to 25 March 706 14.0 50.4 3.95
Total for March 7 401 95.1 77.8 5.07
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Figure 2: Krill fishery location from 1 to 31 December 1988.
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Figure 6a: Kiill fishery location by five-day periods from 1 to 5 December 1988.
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Figure 6¢c: Kiill fishery location by five-day period from 11 to 15 December 1988.
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Figure 6d: Krill fishery location by five-day period from 16 to 20 December 1988.
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Figure 6e: Krill fishery location by five-day period from 21 to 25 December 1988.
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Figure 6f: Kiill fishery location by five-day period from 26 to 31 December 1988.

322



e L L L L ST LR R o d e vkl a el fadeded . b B0 R PO PU SR e 5O BE W W 06 T S0 04 o% Ev wd

s57°W

llllllllllllllllllllllllllllllll ww
- - - .
" Ll -
b4
-
- LR
- L
‘- - . .
- . - - 1 .
” L) 1
- a - s »
" e ¢ weww 1 s
YR TR N A . I"'l-""“ll"l -l"." .................................................
- ! "
- ne” P L L T
II II ‘lll'l-ll.“ ""l
sw i oo
34 - e
- Pod -
b4 » -,
o .o & S
~ . . P . . -,
J LR L E LD LD DLl ol batliahadaind L LR bR talnkain ek adadiabel ‘u-l“ llllllllllllll e oo llll-lllllﬂvll'llll’”lll
-2 iz A : i ,
" e - ’ [ N '~
- ’ [ H .
- - ¢ . . .
." - \‘ .
- \\
- . 13 )
I.'lll!Illlllnullll'lllllllllIII.ll\\.llll. llllllllllllllllllll ..,.llle‘l!.'llllu.lllllll!llll

323

Figure 7a: Kiill fishery location by five-day period from 1 to 5 January 1989.
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Figure 7b: Krill fishery location by five-day period from 6 to 10 January 1989.
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Figure 7c: Krill fishery location by five-day period from 11 to 15 January 1989.
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Figure 7d: Krill fishery location by five-day period from 16 to 20 January 1989.
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Figure 7e: Krill fishery location by five-day period from 21 to 25 January 1989.
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Figure 7f: Krill fishery location by five-day period from 26 to 31 January 1989.
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Figure 8a: Krill fishery location by five-day period from 1 to 5 February 1989.
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Figure 8b: Krill fishery location by five-day period from 6 to 10 February 1989.
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Figure 8c: Kiill fishery location by five-day period from 16 to 20 February 1989.
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Figure 8d: Krill fishery location by five-day period from 21 to 25 February 1989.
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Figure 8¢: Kiill fishery location by five-day period from 26 to 28 February 1989.
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WG-CEMP-92/36

THE FORAGING RANGE OF ADELIE PENGUINS AT BECHERVAISE ISLAND,
MAC. ROBERTSON LAND, ANTARCTICA, AND ITS OVERLAP WITH THE
KRILL FISHERY

K.R. Kerry, J.R. Clarke and G.D. Else*
Abstract

The foraging ranges of six female and four male Adélie penguins
breeding at Béchervaise Island near Mawson Station (Mac. Robertson
Land) were determined by satellite tracking using the ARGOS system.
Birds were tracked over four foraging trips (two females and four
males) during the incubation period (November to December 1991) and
17 trips (four females and two males) throughout January 1992 when
birds were feeding chicks. Most birds made foraging trips to the
continental shelf break (1 000 m isobath) approximately 110 km distant
at its closest point. Birds feeding chicks also made journeys of one to
two days ranging up to 12 km after 17 January when the sea became ice
free to the coast. Concentrations of krill, Euphausia superba, which
have in the past been the subject of a fishery, occur along the shelf break
zone where the birds were foraging. There is potential for overlap
between the foraging range of Adélie penguins breeding along the Mac.
Robertson Land Coast (approximately 150 000 pairs) and any future
harvest of krill in the region. The foraging range of the birds at
Béchervaise Island considerably exceeds the 15 to 50 km determined
for birds in the South Shetland and South Orkney Islands and reflects
the distance offshore of krill, one of their major food sources.

Résumé

Les secteurs d'alimentation de six femelles et quatre méles de manchots
Adélie se reproduisant a 1'lle Béchervaise, prés de la base Mawson
(Terre Mac. Robertson) ont été déterminés par suivi par satellite grice
au systéme ARGOS. Les oiseaux ont été suivis lors de quatre sorties
alimentaires (deux femelles et quatre males) pendant la période
d'incubation (de novembre a décembre 1991) et 17 sorties (quatre
femelles et deux males) pendant tout le mois de janvier 1992 alors que
les oiseaux élevaient des poussins. Les sorties alimentaires de la plupart
des oiseaux les ont menés jusqu'a la rupture de pente du plateau
continental (isobathe 1 000 m) distante d'environ 110 km en son point le
plus proche. Les oiseaux élevant des poussins ont également effectué
des sorties d'un ou deux jours et d'un maximum de 12 km apres le
17 janvier quand la mer s'est libérée des glaces jusqu'a la cote. Des
concentrations de krill, Euphausia superba, qui par le passé ont fait
l'objet d'une pécherie, sont présentes le long de la zone de la rupture de
pente, 12 ot les oiseaux se sont alimentés. 1l est possible qu'a l'avenir le
secteur d'alimentation des manchots Adélie se reproduisant le long de la
cote de la terre Mac. Robertson (environ 150 000 couples) et une
exploitation de krill dans la région se chevauchent. A I'ile Béchervaise,

Australian Antarctic Division, Kingston, Tasmania 7050, Australia
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le secteur d'alimentation des oiseaux, dépassant considérablement
I'intervalle de 15 & 50 km déterminé pour les oiseaux des iles Shetland
du Sud et des Orcades du Sud, refléte la distance du krill, 1'une de leurs
principales sources d'alimentation, par rapport a la cote.

PeswoMe

HaryJbHble apeasibl eCTH CAMOK M UeThipeX CaML OB MUHIBUHA
Aneny, pasMHOXaplUxcsi HA o-Be BemepBe3 OKoJO CTaHU WU
MoycoH (3eMss Mak-Po6epTcoH), 6blJIM  yCTaHORBRJIEHBl C
IIOMOIbI0 CHYTHUKOBOI'O CJIEXEHUS, HCNOJb3ys CUCTEMY
"Aproc", CJexeHue 3a NTULAMU BeJOCh B XOJ€ UeThipex
MNOXOJAOB 3a Muileil (ABe CaMKH W UeTbipe caMlla) B TeueHHe
nepHoAa HAaCUXUBAHUA sivll (HosA6pb-aexkabpp 1991 1) M
17n1oxXoR0B (ueThipe CaMKH U JBa CcaMlla) B TeueHUe sIHBaps
1992 r., xXorjga =nTULB BCKapMJUBaJU CBOUX TMTEHLOB,
BoabmUHCTBO MTUL, COBEPIINJIO NOXOAbI 3a MUIEH Ha FPaHULy
KOHTUHEHTaJbHOro meJbga (U3ob6ata 1 000 M), 6amxaiimas
TOUKA KOTOpOM pacnoJioXeHa MnpubJjausutesbHo 110 KM oT
6epera. [locse 17 siHBapsi, KOrjla MOpe CTaJlo CBOBOAHBIM OTO
Jbza Ao 6epera, MTUIBl, BCKapMJIUBawomle CBOUX ITEHLOR,
COBEpHaJH OJHO- JABYXJHEBHBIE MOXOJbl HAa PAaCCTOAHHE [0
12xM. KoHueHTpauuu kpuas (Euphausia superba), koTopbie B
MPOMJIOM SIBJASINIMCE O6bEKTOM MPOMBIC/IA, BCTPEUAKTCs BAOJIb
rpanuisl mesbda, rae NOTULB HCKaJUM KopM. CymecTtByer
BO3MOXHOCTb UYACTUUYHOI'O COBI3aZIeHUs] MeXAY HaryJbHbIM
apeaJloM IHHIBUHa  AZieJl4, pa3MHOXawlerocssi BAOJIb
no6epexbs: 3eMan Mak-Po6eptcoH (npubausurensHo 150 000
nap), u 6yaymuM IMPOMBICJAOM KpUJsS B JaHHOM palioHe,
HarysbHbIA apeaJi NTUL Ha O-Be BemepBe3 HaMHOTO NpPEBRbINIAET
15-50 kM, ycTaHOBJIEHHBIX AJAs1 NTHL Ha I0XHbIX HleTaaHAcKUX
U IOXHBIX OpKHEMCKUX O-Bax, U OTpaXaeT PacCTOsIHUE OT
6epera MECTOHAXOXJI€HUM KPUJsi, KOTOPHIN SIBJASIETCS OAHUM
U3 OCHOBHBIX KOMIIOHEHTOB pallliOHa [TUHIBUHOB,

Resumen

Se determind la zona de alimentacién de seis hembras y cuatro machos
adelia durante la reproduccion en isla Béchervaise cerca de la base
Mawson (Territorio de Mac. Robertson) mediante el seguimiento por
satélite con el sistema ARGOS. Se siguié el curso de cuatro viajes de
alimentacién (dos aves hembras y cuatro machos) durante el periodo de
incubacién (noviembre y diciembre 1991); y 17 viajes (cuatro hembras
y dos machos) realizados durante el mes de enero de 1992, cuando las
aves estaban alimentando a sus polluelos. La mayorfa de las aves se
desplazaron al borde continental (isébata 1 000 m) el cual queda a unos
110 km de distancia en su punto mds cercano. Aquellas aves que
estaban alimentando a sus polluelos realizaron viajes de uno a dos dias
de duracién hasta una distancia mdxima de 12 km después del 17 de
enero, fecha en la cual el mar estd libre de hielo hacia la costa. Los
cardumenes de kril, Euphausia superba, que en el pasado han sido el
objetivo de la pesqueria, se encuentran a lo largo del borde continental
que es donde las aves se estaban alimentando. Por lo tanto, existe la
posibilidad de que se produzca una superposicién entre la zona de
alimentacién de los pingiiinos adelia, cuyas colonias se encuentran a lo



largo de la costa del Territorio de Mac, Robertson (alrededor de unas
150 000 parejas), y cualquier recoleccion de kril que se pudiera realizar
en el futuro en la zona. La extensién de la zona de alimentacién de las
aves de isla Béchervaise excede en gran medida los 15 a 50 km
determinados para las aves de los archipi¢lagos de las Shetland del Sur
y Orcadas del Sur y refleja la distancia costa afuera a la que se
encuentra el kril, una de sus fuentes de alimento mds importante.

1. INTRODUCTION

The foraging range of Adélie penguins is limited during the breeding season by the time
they must remain in the colony to brood, guard and feed their chicks and the frequency of
feeding visits required. During the incubation period birds make foraging trips of between two
and three weeks. Later in January/February both parents are required to forage to feed the chick
and each bird must provide food every one to three days. It is during this time that the greatest
pressure is placed upon the birds to nourish themselves and their chicks and thus when they are
most vulnerable to the impacts of a fishery on their food source.

The probable overlap of the foraging range of 50 to 100 km of Adélie (and chinstrap and
gentoo) penguins with the krill fishery in the South Shetland and South Orkney Islands was
highlighted by Agnew (1991). He pointed out the theoretical possibility of the existing krill
fishery taking an amount of krill up to 50% of that required by these krill predators to
successfully raise their chicks.

The krill catch in the Indian Ocean sector of the Southern Ocean (Statistical Area 58) has
in the past been significant, with fishing being undertaken by a number of nations, particularly
the Soviet Union, Korea and Japan. The Soviet Union was most active in the region during the
early 1980s, taking a maximum annual krill catch of 119 381 tonnes in 1982 (CCAMLR, 1992).
The location of these catches has not been reported. Fishing by Japan has taken place
intermittently and at a lower level since 1973 (Ichii, 1990); Korea has also been fishing for krill
since 1982 (Anon., 1982). Reports of these fisheries show that much of their catch occurred in
the Prydz Bay region (Division 58.4.2). The Soviet Union has also conducted limited fishing in
this subarea since 1988 and it is likely that a large proportion of their earlier catches also took
place here.

Although there has been no significant harvest of krill in Division 58.4.2 since 1988 it is
likely that further harvests will take place. A CCAMLR Ecosystem Monitoring Program (CEMP)
site has been established at Béchervaise Island (67°35’S, 62°48’E), offshore from the coast of
Mac. Robertson Land near Mawson Station, in order to monitor krill predators in this subarea.
As part of the program the foraging range of Adélie penguins during all stages of the 1991/92
breeding season was determined by satellite tracking. We report here data that show for the first
time an overlap occurring in the Prydz Bay region between the foraging range of Adélie
penguins and the locations of previous krill fisheries.

2. METHODS

The study was commenced in November 1991. Birds in good condition were selected
from breeding birds with eggs or chicks and were marked at the nest. They were caught as they
departed the breeding colony and a Platform Transmitter Terminal (PTT) attached; they were
then sexed by cloacal examination and given an implanted electronic tag (Tiris, Texas
Instruments).
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The birds were tracked by the ARGOS satellite system using either Telonics ST-6 or
Toyocom 2038 PTT set on a 50s repeat transmission cycle. These were packaged together with
their batteries in epoxy resin. The packages weighed approximately 160 g and were slightly
negatively buoyant in sea water. They were virtually identical to those used in the study by
Davis and Miller (1992), both being packaged by Sirtrak in New Zealand. The number of
satellite passes capable of detecting the PTTs averaged 22 per day. Few passes occurred
between 0900 to 1300 hours solar time.

Each PTT was attached to the bird using a Velcro™ patch and cable ties which were
glued to the middle of the bird’s back; the corresponding half of the Velcro™ was glued to the
PTT. The PTT was then placed on the bird’s back and the cable ties tightened over the package.
When required the PTT could be removed after cutting the ties. The Velcro™ patch remained on
the bird to be moulted off later. This system of attachment allowed the bird some flexing of its
back. Birds were logged in and out of their colony by an automated monitoring system (Kerry
etal., 1992). ‘

The location of the fast ice was determined from AVHRR images obtained from NOAA 11
and NOAA 12 satellites and relayed to Hobart from the receiver at Casey Station. The ice front
was determined for each 0.2° longitude at various dates throughout the summer.

3. RESULTS AND DISCUSSION

Ten birds were instrumented utilising seven PTTs. Twenty-one foraging trips were
recorded ranging in duration from 1 to 34 days between 25 November 1991 and 1 February
1992 thus covering the period from early laying to early fledging. The periods over which each
bird was tracked, the stage of the breeding cycle and the distance and the direction of travel are
given in Table 1. The tracks, together with the position of the continental shelf break and the
locations of previous krill fisheries, are shown in Figure 1.

During the incubation period the off-duty birds travelled in a northwesterly direction; the
two females reached distances of 341 and 243 km and the two males 161 km and 164 km from
the colony. All four birds travelled in a generally northwesterly direction until the edge of the
fast ice was reached and then two (a male and a female) travelled in westerly direction along the
edge of the continental shelf at approximately the same speed (1 km/hr) as the prevailing
currents. All four birds appeared to forage at leisure as they travelled away from the colony.
Once the birds started to return they did so directly and quickly following along the edge of the
fast ice to a point north-northwest from the colony and then walking.

The pattern of foraging changed after hatching (24 December onward). The journeys
were less than seven days duration and appeared more purposeful than those made during the
incubation period. Birds travelled directly to points between north-northeast and
north-northwest from the colony and usually spent less than two days at the northern most point
before returning again directly. Journeys were made to the edge of the fast ice, up to 80 km
distant, with some reaching the edge of the continental shelf approximately 110 km from the
colony. Once the sea-ice had blown out from the coast (17 January) penguins spent time within
a few kilometres of the colony before suddenly departing out to the edge of the continental
shelf. Others made short journeys of up to 12 km range and then returned briefly to land before
making the longer journeys just described.

Numerous research cruises and fishing operations have shown the occurrence of krill
Euphausia superba in considerable concentrations at the shelf break along the coast of
Mac. Robertson Land (Higginbottom et al., 1988; Ichii, 1990). This study suggests that the
penguins specifically travel to this region to forage throughout the breeding season. The long
distances of up to 135 km travelled to forage even when feeding chicks are thus in marked
contrast to the suggested foraging range for Adélie penguins in the Antarctic Peninsula region
of 50 km (Trivelpiece et al., 1987) and 15 km (Wilson et al., 1989) although similar to 83 to
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119 km determined by Lishman (1985). The shorter foraging range for birds in the Antarctic
Peninsula region (Trivelpiece et al., 1987; Wilson et al., 1989) reflect the closer proximity of
E. superba to shore and hence to the breeding colony. Since all birds in the present study
carried an instrument package causing considerable drag in water it is expected that
unencumbered penguins would be able to decrease the time necessary for foraging and probably
extend the foraging range. ‘

There is a clear overlap, as Figure 1 shows, between the foraging range of penguins from
Béchervaise Island and the locations of areas where fishing has been undertaken by Korea
(Anon., 1982), Japan (Ichii, 1990) and the Soviet Union (CCAMLR, unpublished data). Breeding
colonies of Adélie penguins with an estimated breeding population of 150 000 pairs (Horne,
1983; Woehler et al., 1989) including those on Béchervaise Island are found scattered along the
coastline of Mac. Robertson Land between 56°E and 65°E. These birds forage in the same
region and their range presumably also extends into the same fishing grounds.

The foraging range of the birds from Béchervaise Island extends only into the southern
end of the fishing grounds. This may be due however to the fishing vessels staying to the north
of the pack-ice. It would appear at present that the penguins are able to obtain sufficient food
without having to extend their range much beyond the continental shelf break. Considerably
more overlap could occur in those years where ice conditions allow the fishing fleet to operate
further south or in poor krill seasons when the penguins are forced to forage further north.

REFERENCES

AGNEW, D.J. 1991. Kirill catches and consumption by land-based predators in relation to
distance from colonies of penguins and seals in the South Shetland and South Orkney
Islands. Document WG-CEMP-91/25. CCAMLR, Hobart, Australia: 14 pp.

ANON. 1982. Summary Report of krill (Euphausia superba) Fishing Ground Exploitation in
the Antarctic Ocean (1981/1982). National Fisheries Research and Development
Agency. Republic of Korea.

CCAMLR. 1992, Statistical Bulletin, Vol. 4 (1982-1991). CCAMLR, Hobart, Australia: 133 pp.

DAVIS, L.S. and D.G. MILLER. 1992, Satellite tracking of Adélie penguins. Polar Biology (in
press).

ICHIL, T. 1990. Distribution of Antarctic krill concentrations exploited by Japanese krill trawlers
and minke whales. Proc. NIPR Symp. Polar Biol., 3. 36-56.

HIGGINBOTTOM, ILR., K.R. KERRY and S.E. WAYTE. 1988. Hydroacoustic surveys of the
distribution and abundance of krill: Prydz Bay region- FIBEX, ADBEX II, and SIBEX II, MV
Nella Dan. ANARE Research Notes, 62: 46 pp.

HORNE, R.S.C. 1983. The distribution of penguin breeding colonies on the Australian Antarctic
Territory, Heard Island, the McDonald Islands and Macquarie Island. ANARE Research
Notes, 9: 82 pp.

KERRY, K.R., J.R. CLARKE, and G.D. ELSE. 1992. The use of an automated weighing and
recording system for the study of the biology of Adélie penguins(Pygoscelis adeliae).
Proc. NIPR Symp. Polar Biol., 6 (in press).

LISHMAN, G.S. 1985. The food and feeding ecology of Adélie and chinstrap penguins at Signey
Island, South Orkney Islands. J. Zool. Lond., 205: 245-263.

TRIVELPIECE, W.Z., S.G. TRIVELPIECE and W.J. VOLKMAN. 1987. Ecological segregation of

Adélie, gentoo and chinstrap penguins at King George Island, Antarctica. Ecology, 68:
351-361

WOEHLER, E.J., G.W. JOHNSTONE and HR. BURTON. 1989. ANARE Research Notes, 71: 36 pp.

341



W
o
38

Table 1: Details of each foraging trip by Adélie penguins as determined by satellite tracking. The bearing is given in degrees true from
Béchervaise Island. Each PTT was used twice as designated by A or B after the PTT number. Where the PTT failed the point of

failure is recorded as the furthest distance; in each case the PTT failed on a north bound track.

PTT No. | Sex Date Days | Latitude | Longitude | Distance | Bearing Approx. Stage of Notes
Departed Away (km) Position of Breeding Cycle
Fast Ice Front
S E S
1396A F |25 November 1991 34 65.7° 56.8° 341 307 66.8° first foraging trip post | travelled along continental shelf
laying
8402A F | 26 November 1991 21 65.9° 59.2° 243 319 66.8° first foraging trip post | travelled along and to north of
laying continental shelf
1397A M | 11 December 1991 23 66.2° 62.0° 164 347 67.0° long foraging trip after | travelled north of continental shelf
first incubation shift before PTT failed
1399A M | 18 December 1991 15 66.7° 59.8° 161 307 672° long foraging trip after | travelled along ice edge south of
first incubation shift continental shelf
8404A F 3 January 1992 3 67.0° 63.0° 62 11 67.2° feeding young chick travelled to ice edge
9 January 1992 6 66.5° 62.0° 128 344 674° feeding young chick travelled to continental shelf
16 January 1992 5 66.5° 61.5¢ 135 335 67.5° feeding young chick travelled to continental shelf
1398A M 4 January 1992 1 2 672° feeding young chicks | only 1 to 2 km from colony
7 January 1992 1 2 67.4° feeding young chicks | only 1 to 2 km from colony
11 January 1992 4 66.9° 63.3° 76 15 67.4° feeding young chicks | travelled to ice edge before PTT
failed
1396B M 19 January 1992 1 5 275 none feeding growing chick | only 1 to 5 km from colony
20 January 1992 1 5 263 none feeding growing chick | only 1 to 5 km from colony
23 January 1992 1 5 263 none feeding growing chick | only 1 to 5 km from colony
26 January 1992 1 4 148 none feeding growing chick | only 1 to 5 km from colony
27 January 1992 4 67.2° 62.9° 43 5 none feeding growing chick | travelling north when PTT failed
8402B F 18 January 1992 7 66.5° 62.2° 125 348 none feeding small chick travelled to continental shelf
1399B M 17 January 1992 1 3 357 none feeding small chick only 1 to 2 km from colony
19 January 1992 45+ 67.5° 62.5° 20 318 none feeding small chick ;m;relling northwest when PTT
ailed
8404B M 27 January 1992 1 67.5° 62.9° 12 11 none feeding large chick short foraging trip
28 January 1992 3 66.7° 63.8° 114 23 none feeding large chick travelled to continental shelf
1 February 1992 1 67.6° 62.3° 6 286 none feeding large chick short foraging trip
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Légende des tableaux

Détails de chaque sortie alimentaire des manchots Adélie, déterminés par suivi
par satellite. L'orientation est donnée en degrés actuels a partir de l'ile
Béchervaise. Chaque plate-forme de terminal de transmission (PTT) a été
utilisée deux fois comme l'indiquent les lettres A et B aprés le numéro de la
PTT. Lorsque la PTT n'a pas fonctionné, le point d'échec est enregistré comme
étant 'emplacement le plus distant; chaque fonctionnement défectueux de la PTT
s'est produit sur une piste se dirigeant vers le nord.

Légende des figures

Pistes de tous les manchots et position de la bordure du plateau continental
(isobathe 1 000 m). La position des pécheries coréenne et japonaise et
l'emplacement des traits commerciaux isolés effectués par 'URSS pendant la
saison 1987/88 (CCAMLR, données non publiées) sont indiqués.

CIUcoK TabJ L

JeTaau KaxJjoro MnoxoJa 3a TNUIEH NHHIBUHOB Anenuy,
ofpejeNeHHble C TOMOIIbI0 CMYTHUKOBOTO CJeXeHusi. Kypc AaeTcs B
HMCTUHHBIX IpaZlycax oT o-Ba Bemepses. Kaxablii nepeAaTuuk (PTT)
HCMOMB30BAJICS ABAXAB, UTO oBo3HaueHo 6ykramu A mau B mocie
HoMepa PTT. B ciyuae npexpameHust pafoTsl PTT, TOUKa npeKpall eHusl
perucTpupoBaJjlach CaMasi JaJIbHsisi TOUKa MOXOoJa 3a numen. B
KaxJoM cJjayuae PTT nepecraBa/j pa6oTaTb Npy NPOJABUXEHNM Ha
ceBep.

CnucoK pUCYHKOB

Kypcbl BCeX NHHIBHHOB W TIpaHHLa KOHTUHEHTAJbHOIO meJsibga
(u306aTa 1 D00 M). ToKa3aHbl METOIMOJIOXEHUS] IPOMBICJIOB Koper U
IMOHMM U TMO3UUUM OTJAEJbHBIX KOMMEpPUECKMX  TpaJleHUH,
npoBeZeHHbx CCCP B TeueHHe ce30Ha 1987/88 r. (Heony6JUKOBaHHbBIE
AaHHbie AHTKOMa).

Lista de las tablas

Detalles de cada viaje de alimentacion de los pingiiinos adelia, segin lo indica el
rastreo por satélite. La direccion se expresa en grados geograficos desde la isla
Béchervaise. Cada transmisor se utilizé dos veces, representado por A 6 B,
siguiendo al nimero de PTT. Cuando el PTT fallg, la posicion del fracaso se
registra como la distancia m4s lejana; en cada ocasién el PTT dejo6 de funcionar
durante la trayectoria norte.

Lista de las figuras

Trayectorias de todos los pingiiinos y la posicién del borde continental (isobata
de 1 000 m). Se muestra la ubicaci6n de las pesquerias japonesa y coreana y
las posiciones de lances comerciales individuales realizados por la URSS en la
temporada 1987/88 (datos inéditos de la CCRVMA).
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CCAMLR ECOSYSTEM MONITORING AND A FEEDBACK MANAGEMENT
PROCEDURE FOR KRILL

AL Constable*

Abstract

The CCAMLR Ecosystem Monitoring Program has been developing a
technique which might detect short-term declines in land-based predator
performance (e.g., reproductive performance) that may be attributable to
loss of prey through fishing activities. The principal fishery in the
CCAMLR Convention Area is the krill fishery and this paper examines
ways in which the information being obtained from the Ecosystem
Monitoring Program might be incorporated into a feedback
management strategy for this fishery.

Résumé

Le Programme de contrdle de 1'écosysteme de la CCAMLR met au point
une technique pour déceler des baisses a court terme de performance
des prédateurs terrestres (le taux de reproduction, par ex.) qui peuvent
étre imputées a une perte de proies résultant des activités de péche.
L'auteur examine des moyens d'incorporer les informations provenant
du Programme de contrdle de I'écosysteme dans une stratégie de gestion
par rétroaction de la pécherie de krill, pécherie principale de la Zone de
la Convention de 1a CCAMLR.

PezioMme

IIporpamma  AHTKOMa 1o  MOHUTOPHMHIY  3KOCHUCTEMbI
paspabaTbiBaeT MeTox, KOTOPbIH MOXET BBISIBUTDb
KPATKOCPOUHbIE CHUXEHHsI B 6HOJIOIHUECKON 3P PeKTHBHOCTH
(Hanp. 3¢pek TUBHOCTb ROCITPOU3ROACTBA) PAa3MHOXANIUXCSI Ha
cylle XUIHHUKOB, BO3MOXHO BbI3BaHHbIE MOTEPSIMU MNUH[U B
pesyJbTaTe NpoMbica., ['/1aBHbIM MPOMBICJIOM B 30HE AEHCTBUS
Konrenuun AHTKOM sBssieTCsl NpOMBICE KPpUJIsl. B HacTosmen
paboTe paccMaTpHUBaEeTCsl KaKUM O6pa3oM MOXHO BKJIKOUUTH B
CTPATErvio ynpasJeHHUsl 3TUM NMPOMBICJIOM ¢ 06paTHOI CBsI3bIO
UHpopMaLHup, MnoJdyuyaeMyiw B paMkax IIporpamMmsl  1no
MOHMUTOPHUHI'Y 53KOCUCTEMBI,

Resumen

El Programa de Seguimiento del Ecosistema de la CCRVMA ha estado
desarrollando una técnica que podria detectar la reduccion, a corto plazo,
en el rendimiento de los depredadores terrestres (por ejemplo, el
rendimiento reproductor) y que podrfa atribuirse a la pérdida de especies
presa causada por las actividades de pesca. La pesqueria de kril es la
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pesqueria de mayor importancia que se realiza en el Area de la
Convencién de la CCRVMA y este documento examina la manera en que
la informacién obtenida por el Programa de Seguimiento del Ecosistema
podrfa incorporarse en la estrategia de administracién interactiva para
esta pesqueria.

1. INTRODUCTION

The need to establish conservation measures on the Antarctic krill fishery to protect both
krill and predator populations has been the subject of many recent discussions (see Nicol, 1991
for review) and resulted in the establishment of a Precautionary Catch Limit of 1.5 million
tonnes in the Atlantic Sector of the CCAMLR Convention Area at the Tenth Meeting of the
Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR, 1991). The
Commission has given a high priority to the establishment of additional precautionary catch
limits in the other parts of the Convention Area as well as the establishment of conservation
measures to ensure that sufficient krill remain available to meet the needs of predators. Also, the
Commission agreed that feedback management should be developed for the krill fishery
(CCAMLR, 1991 - paragraph 4.9).

The Working Group on the CCAMLR Ecosystem Monitoring Program (WG-CEMP) has
the responsibility of providing advice to the CCAMLR Scientific Committee on the effects that
fishing may have on species dependent on or related to the target species. It has been
developing a program intended to detect short term declines in land-based predator performance
(e.g., reproductive performance) that may be attributable to loss of prey through fishing activities
(Anon., 1989; Croxall, 1989).

The development of a useful approach to the maintenance of predator populations,
including the recovery of depleted whale populations, by the CCAMLR Convention requires an
examination of the design of the CEMP so that advice arising from WG-CEMP will not
inadvertently affect other predators and can be utilised in a feedback management procedure by
the Commission. This paper examines some of the issues that need to be addressed by the
Scientific Committee in evaluating how the CEMP can be utilised to protect predators from
adverse effects arising from the krill fishery.

2, FEEDBACK MANAGEMENT

Feedback management uses information on the status of the ecosystem to alter the levels
of harvesting in order to ensure that the desired state of the ecosystem is sustained (de la Mare,
1991). This process relies on a field program that monitors the status of important features of
the ecosystem (such as the krill stocks and predators) as well as the conduct of the fishery (de la
Mare, 1986 and 1991). The Scientific Committee uses this information to advise the
Commission as to whether the ecosystem or some of its components (krill stocks and/or
predators, etc.) are being affected or are likely to be affected by krill harvesting. The
Commission then can formulate or alter conservation measures based on options in Article IX
of the CCAMLR Convention and dictated by the management procedure (see de la Mare, 1991
for discussion).

The important aspect of feedback management is that the monitoring program can

provide information that triggers action by the Commission in sufficient time to ensure that the
objectives set out in Article II of the CCAMLR Convention are not contravened.
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3 APPROACHES TO PREDATOR PROTECTION

Once fishing has begun in a particular area, Article II can be translated, in the case of the
predators, to ask the general question “Will fishing for krill at the specified level cause the
health of predator populations to decline below an acceptable level?”.

There are two issues that arise from this general question. First, the degree of change
(decline) in the predator parameters that is considered acceptable (i.e., for which no management
action is required) needs to be specified. Second, the approach taken to monitor and assess the
status of the ecosystem needs to be one that minimises errors in interpretation and action by the
Commishsion. The above question can be addressed by using either mensurative or experimental
approaches.

3.1  Specification of Acceptable Changes in Predator Populations

The provision of advice by the Scientific Committee to the Commission on the status of
the Antarctic marine ecosystem is contingent on a view established by the Commission as to
what is an unacceptable state of either individual predator populations or of the community at
large. While some attempts have been made to describe positive and negative aspects of change
in predator populations and communities (e.g., Croxall et al., 1988) and the scale at which
interactions between different species needs to be considered (e.g., Murphy et al., 1988) there
has been no systematic evaluation of the status of predators required to maintain ecological
relationships as described in Article II. As a result, the goals in predator protection for the krill
fishery are difficult to define.

3.2  The Mensurative Approach to Ecosystem Monitoring

The current approach used by WG-CEMP to determine the effects of fishing is to
construct models of the predator-prey system in the area in which harvesting occurs and
examine the possible effect that a reduction in prey availability may have on predator
performance. These models are based on knowledge of the diets of predators and estimates of
predator and prey abundances and life history parameters. Although a study of penguins off the
Antarctic Peninsula has indicated that the recent decline of their populations may be attributed to
a shortage of krill (Anon., 1991), the interpretation of short-term changes in predator parameters
are still uncertain due to the inability to relate these directly to changes in krill abundance
(Croxall, 1989) or environmental features, such as ice conditions (e.g., Trivelpiece et al., 1990).

Additional to the problems of understanding how environmental and biological factors
may influence predators is the lack of knowledge on what may have happened to these predator
populations had there been no fishing. Consequently, predictions of future changes in predator
performance in response to fishing pressure are difficult to make.

The uncertainty in these models highlighted by Croxall (1989) has led WG-CEMP and the
Scientific Committee to agree that “analysis and evaluation of submitted CEMP data and
developments of recommendations based thereon did not require, and should not await, the
determination of the precise quantitative nature of predator/prey/environmental relationships.”
(SC-CAMLR, 1990 - paragraph 5.4). While this provides an important opportunity to give advice
on predator status there has been no indication by the Commission of the required precision of
such advice before it will be used to formulate conservation measures for the krill fishery.

3.3  The Experimental Approach to Ecosystem Monitoring

Monitoring of the impact of krill harvesting on predators using a controlled fishing
regime may avoid many of the problems associated with the elaboration of ecosystem models
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fundamental to the current approach in the CEMP (Nicol and Constable, 1991). The
development of experimental fishing regimes to clarify the effects of fishing on the Antarctic
marine ecosystem has been advocated for many years (e.g., Beddington and de la Mare, 1985;
de la Mare, 1986 and 1991; SC-CAMLR, 1991 - paragraph 11.13). The principle approach that
has been proposed is to 1dent1fy management areas based on biological characteristics (e.g.,
Chittleborough, 1987; de la Mare, 1991) and to monitor the performance of predators in selected
areas that are within the proximity of fishing (such as the current CEMP areas) and compare this
to predator performance in control areas that are far from the effects of fishing.

The rationale for spatial and temporal replication of monitoring programs has been
developed mostly for non-fishing human impacts on marine systems (see Green, 1979;
Stewart-Oaten et al., 1986; Underwood, 1990 and 1991, for background and discussion).
However, the principles are easily transferred to fisheries. In the context of the krill fishery,
these designs focus on the question of whether changes in predator performance in areas being
fished are likely to be different from changes that may have occurred in the absence of fishing.
To do this, these authors specify that a number of replicate control areas are required in addition
to the experimental areas (even if only one experimental area is being used). They also
recommend that unambiguous interpretation of changes in predator performance in the
experimental areas is facilitated by having the monitoring program proceed in all experimental
and control areas before fishing begins as well as after it has begun. This is known as the
‘Before-After-Control Impact’ (BACI) design. Here, the prediction is that, if fishing affects the
predators, the naturally occurring differences between experimental and control areas in the
absence of fishing will alter (become smaller or larger) after fishing begins.

Further, the ability to determine the effects of fishing could be facilitated by attempting to
control for environmental parameters, such as ice conditions, and prey abundances.

An elaboration of this approach was discussed briefly at the 1991 Meeting of the
Scientific Committee (SC-CAMLR, 1991 - paragraph 11.13) indicating that control and
experimental sites may be able to be established in the near future.

4, DISCUSSION

There are considerable differences of opinion in the ecological literature as to which
method (mensurative or experimental) is more appropriate. However, the method that is chosen
and the resulting design in the monitoring program should meet the following criteria:

(i) the program has sufficient power to signal that action needs to be taken by the
Commission to prevent the fishery from negatively affecting the predators (or, in
the case of testing the effectiveness of conservation measures, that the predators are
no longer being affected by the fishery) (Peterman, 1990);

(i) its cost is commensurate with the value of the fishery (de la Mare, 1991);
and

(iii) it is feasible.

WG-CEMP now has the data available to begin examining, using analytical and simulation
techniques, the potential designs and analyses of monitoring programs that meet these criteria.
While the mensurative approach has been the focus of WG-CEMP so far this should not preclude
an examination of the experimental approach, despite the existing CEMP sites being concentrated
mostly within only a few areas from which most of the krill catch is taken.

Further, the WG-CEMP needs to examine the long-term implications of recommendations

it gives to the Scientific Committee. For example, its suggestion that it may be desirable to
prohibit fishing from the foraging range of land-based predators during their reproductive
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season in the Atlantic sector, where a high proportion of the krill catch is taken currently
(SC-CAMLR, 1991 - paragraph 6.34), may impact on the capacity for the WG-CEMP to provide
management advice derived from predator performance in these areas. Similarly, the potential
impact of a shift in fishing effort to unmonitored areas, such as whale feeding grounds, would
need to be addressed.

In summary, two important issues need to be addressed by WG-CEMP and WG-Krill:

(i) the status of predators required to maintain ecological relationships as described in
Article II of the CCAMLR Convention; and

(ii)) the design of CEMP that ensures a low probability of errors in interpretation on the
status of the ecosystem and consequent action by the Commission.

In the event that no design of the CCAMLR Ecosystem Monitoring Program is able to
meet the above criteria, the Scientific Committee and Commission will need to examine other
methods for protecting land- and sea-based predators from adverse effects that may arise from
the krill fishery.
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