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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). 

Preface 

Le present volume contient une selection des communications scientifiques 
presentees aux reunions du Comite scientifique et de ses Groupes de travail en 
1992. Les resumes des communications ainsi que les legendes des tableaux et des 
figures ont ete traduits dans les langues officielles de la Commission (anglais, 
fran~ais, russe et espagnol). 

Pe3IOMe 

HaCTOSIII(I·fl':f TOM CO,llep:>KHT no,l(60pKy Hayt.IHbiX pa6oT, npe,llCTaBJieHHbiX 

Ha COBeii(aHHSIX Hayt.IHOro KOMHTeTa H pa6ot.IHX rpynn Hayt.IHOro 

KOMHTeTa B 1992 r. Pe3IOMe, Ha3BaHHSI Ta6JIHIJ; H no,l(nHCH K pHCYHKaM 

nepeBe,l(eHbl Ha o<J>Hu;HaJibHbie SI3biKH KOMHCCHH (aHrJIHikKHH, 

<J>paHIJ;Y3CKHH, pyccKHH H HcnaHCKHH). 

Resumen 

Este volumen contiene una selecci6n de los documentos cientfficos presentados en 
las reuniones del Comite Cientffico y de los Grupos de Trabajo en 1992. Los 
resumenes de estos y los tftulos de las tablas y las figuras estan traducidos a los 
idiomas oficiales de la Comisi6n (ingles, frances, ruso y espafiol). 
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WG-FSA-92/22 

CATCH-AT-AGE ANALYSIS APPLIED TO NEW FISHERIES: THE CASE OF 
DISSOSTICHUS ELEGINOIDES 

A.V. Zuleta1 and C.A. Moren02 

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 e/eginoides off the south of Chile which is being 
conducted in accordance with CCAMLR regulations. 

Resume 

L'approche de revaluation des pecheries nouvelles est traditionnellement 
fondee sur les campagnes de recherche, permettant ainsi revaluation du 
stock existant et du rendement potentiel par des methodes 
approximatives. Vobjectif principal de ces campagnes est de contrOler 
les operations de peche afin de developper un modele d'echantillonnage 
detaille, propre it fournir des donnees conformes it des procedures 
d'evaluation quasi-similaires it celles generalement utilisees par la throrie 
de l'echantillonnage statistique. Dans une certaine me sure , ces 
procedures sont limitees par les strategies de peche complexes des 
operateurs et par les deplacements des stocks de poissons qui affectent 
grandement les hypotheses du modele. Les auteurs demontrent que 
pour la nouvelle pecherie, des analyses utilisant des donnees sur la 
capture it un age donne proven ant des campagnes de recherche peuvent 
s'averer une nouvelle methode d'evaluation des parametres des stocks de 
poissons. Cette nouvelle procedure est appliquee it la nouvelle pecherie 
de Dissostichus e/eginoides menee conformement it la reglementation 
de la CCAMLR au large du sud du Chili. 

Pe310Me 

Tpa,ltlU~HOHHbIW no,ltxo,lt K OLl,eHKe HOBbIX npOMbICJIOB OCHOBaH 

Ha HaYlIHO-HCCJIe,ltOBaTeJIbCKHX CbeMKax H ,ltaeT B03MO}KHOCTb 

OLl,eHHTb 6HoMaccy H nOTeHLI,HaJIbHbIW BbIJIOB KaKOrO-JIH60 

pecypca C npHMeHeHHeM "npH6JIH3HTeJIbHhlX" MeTO,ltOB 

1 Instituto de Fomento Pesquero, Casilla 8-V, Valparafso, Chile 
2 Universidad Austral de Chile, Casilla 567, Valdivia, Chile 

3 



paC1.IeTa. r J1aBHoti ~eJIbIO TaKHX CbeMOK SIBJISIeTCSI npOBe,lleHHe 

MOHHTOpHHra npOMbICJlOBbIX Onepa~Hti C TeM, 1.1 T06bI 

pa3pa60TaTb Bce06beMJIIOIl1YIO CXeMY B3SITHSI np06, pe3YJIbTaTbI 

KOTOPOti B ,llOCTaT01.lHoti Mepe 6Y,llYT COOTBeTCTBOBaTb 

npO~e,llypaM paC1.IeTOB, 06bI1.IHO HCnOJIb3yeMbIx B 

CTaTHCTH1.IeCKoti TeOpHH B3SITHSI np06. B KaKoti-To CTeneHH 3TH 

npO~e,llYPbI OrpaHH1.IeHbI CJIO:>KHbIMH CTpaTerHSIMH 

npOMbICJIOBHKOB H nepe,llBH)I{eHHeM 3anaCOB PbI6, 1.ITO B 

3Ha1.lHTeJlbHoti Mepe BJlHSIeT Ha ,llOnYIl1eHHSI B MO,lleJISIX. 

i{aHHaSI pa60Ta nOKa3bIBaeT, 1.ITO B CJIY1.lae HOBoro npOMbICJIa 

npOBe,lleHHe aHaJlH3a C nOMOIl1bIO ,llaHHbIX no COCTaBY YJIOBOB 

no B03paCTY, nOJIY1.IeHHbIX B pe3YJIbTaTe HaY1.IHO­

HCCJIe,llOBaTeJIbCKHX peticoB, MO:>KeT nOCJIY)I{HTb aJIbTepHa­

THBoti ,llpyrHM MeTO,llaM o~eHKH napaMeTpOB pbI6HbIX 3anaCOB. 

3TOT aJIbTepHaTHBHbIti MeTO,ll npHMeHSIeTCSI K HOBOMY 

npOMbICJlY Dissostichus eleginoides OKOJIO IO:>KHOrO n06epe:>KbSI 

llHJIH, KOTOPbIti Be,lleTCSI B COOTBeTCTBHH C MepaMH AHTKOMa. 

Resumen 

Tradicionalmente el enfoque de la evaluaci6n de las nuevas pesquerias 
ha estado basado en pescas de investigaci6n, procedimiento que permite 
una estimaci6n del "standing stock" de un recurso y su rendimiento 
potencial utilizando metodos crudos. Las caracterfsticas de estas 
operaciones es el control sobre las operaciones de pesca y su enfasis 
esm en desarrollar un plan de muestreo exhaustivo, el que proporcionara 
informaci6n en conjunto con los modelos de evaluaci6n que no difieren 
escencialmente de procedimientos comunes en la teoria estadfstica de 
muestreo. Estos metodos estan, en cierta forma, limitados por las 
complejas tacticas 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 
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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 eZeginoides 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. eZeginoides 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 classes i U = tr, tr + 1, ... , tm) can be expressed as 

where 

Fi (1 -tzi) Jli = - -e 
z· l 

Ni = R exp ( - MU - tr + ~», 

Fi = ri F 

where Ci = catch at age i during survey 
Ni = numbers at the beginning of the research survey 
J.1i = exploitation rate 
F i = fishing mortality 
r i = 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 r = age at recruitment 
t m = terminal age 
L\ = time between the beginning of the year and the beginning of the research 

survey. 

(1) 

(2) 

(3) 

(4) 

(5) 
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So as to reduce the number of parameters, the specific exploitation pattern at age, ri, can 
be estimated by 

ia exp (- b· i) 
r· = 

J max(ia exp (- b· i)) 
(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: 

~~ . i-M .i)(1_ e-tzi ) 

Pj = ~ F: (-M· i)( -rZi) 
~-·e 1-e 

Zi 

(7) 

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

(8) 

where A is a penalisation factor and P(9) 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 (l) and summing over all ages, we may calculate recruitment: 

Lei 
R= i 

Llli exp(-M(i - tr + .1)) 
(9) 

5. ESTIMATION OF INITIAL TAC 

steps: 

6 

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). 

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

• F~O 
• M = 0.2 
• T c = 10 and 10.5 years 
• b = bo (0.8 ~ bo ~ 1.6) 

These were incorporated into the objective function 

SSQ = L(Pi - J\)2 + 

A((M - 0.2)2 + (max(0,-F))2 + ((tc a exp(-b· tc ))/max(tc a exp(-b· tc))- 0.5)2 + (b - bo f) 
(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 tc = 10, F = 0.85, a = 20.9 and 
b = 1.6. Another satisfactory result (SSQ = 0.0052) was obtained with tc = 10.5, F = 0.51, 
a = 20.6, M = 0.2 and 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 SSQ = 0.0014 and SSQ = 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. 
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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 
given 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 T AC early in the history of a fishery for a certain biological reference point, for 
example Fo.l> 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 

Age 

4 

5 

6 

7 

8 

9 

Tableau 1: 

Ta6JIHl.(a 1: 

Tabla 1: 

to = - 0.477 years Woo = 97.153 kg 

Catch Age Catch Age Catch 
(N) (N) (N) 

3.846 10 116.126 16 32.309 

13.280 11 129.356 17 18.416 

18.017 12 145.641 18 14.378 

18.451 13 105.385 19 1.796 

42.519 14 79.372 20 1.058 

83.937 15 56.400 

Ugende des tableaux 

Parametres de croissance et de composition en ages des captures de 
Dissostichus eleginoides effectuees au cours de la campagne d'evaluation de 
1991/92 au sud du ChilL 

CnHCOK Ta6JIHl.( 

IIapaMeTpbI pOCTa H B03paCTHoro COCTaBa B YJIOBaX Dissostichus 
eleginoides, nOJIyqeHHbIX B XO,lle CbeMOK Ha lOre OT 11HJIH - CbeMKa 3a 

ce30H 199111992 r. 

Lista de las tablas 

Parametros 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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WG-FSA-92/23 REV. 1 

MODELO ITERATIVO DE CONSTRUCCION DE CLA VE 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. YoungU.* 

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 eZeginoides 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. 

Resume 

La mortalite naturelle (M) de Dissostichus eZeginoides a ete calculee 
d'apres Sparre (1989) a partir des donnees provenant de la pecherie a la 
palangre chilienne dans la sous-zone 48.3 (N = 7848). Les parametres 
de croissance de von Bertalanffy obtenus independamment par trois 
auteurs ont ete utilises. Trois variables ont ete examinees: le lieu de 
peche, la profondeur de peche et le type d'hame90n. Il a ete etabli que 
la valeur de M ne variait pas de maniere significative lorsqu'elle etait 
estimee en fonction de la profondeur de la peche ou du type d'hame90n 
avec differents parametres de croissance mais variait en fonction des 
sites de peche. Par ailleurs, en comparant les differentes valeurs 
moyennes de M pour les differentes variables, on a pu observer des 
differences notables selon les lieux de peche et entre les hame90ns 
courbes NQ14 et les hame90ns droits NQ 22. La valeur moyenne 
generale de M calculee pour les 44 situations analysees etait de 
O,14±O,03. 

Pe310Me 

O~eHKa B03paCTHoro COCTaBa B YJIOBaX 06blqHbIM nYTeM 

Tpe6yeT, qTo6bI ~aHHble no B03paCTY / ~JIl'lHe YI cJIyqatlHoH 

qaCTOTe ~JIYlH 6paJIYlCb Yl3 O~HOH YI TOH :>Ke nonyJI5I~YlYI. ECJIYI 

1)TO YCJIOBYle He co6JIIO~aeTC5I, B03MO:>KHO nOJIyqYlTb 

cMellleHHble O~eHKYI pacnpe~eJIeHYl5I B03pacTHblx rpynn. MbI 

MO:>KeM npeO~OJIeTb 1)TO OrpaHYlQeHYle YlCnOJIb3Y51 

YlTepaTYlBHbIH aJIrOpYlTM. B03paCTHOH COCTaB Dissostichus 
eZeginoides B YJIOBaX 6bIJI paCCQYlTaH C npYlMeHeHYleM o~Horo 

pa3MepHO-Bo3pacTHoro KJIIOQa K e:>KeMeC5IQHoMY pacnpe~e-

* Instituto de Fomento Pesquero, Casilla 8-V, Valparaiso, Chile 
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JIeHHIO ~JIHH HCnOJIb3Y5I HeJIHHeHYIO MO~eJIb (Hoenig and Heisey, 
1987). IIOJIYtIeHHa5I HaMH C nOMOmblO MO~eJIH KapTHHa 

pacnpe~eJIeHH5I B03paCTa He OT JIHtIaeTC5I B 3HatIHTeJIbHoti 

Mepe OT pacnpe~eJIeHH5I, nOJIYtIeHHOrO Tpa~H~HOHHbIMH 

MeTo~aMH. 

Resumen 

El metodo de calculo empleado comunmente para estimar la 
composici6n de edad de la captura requiere que los datos de 
edad-longitud y frecuencia de longitud sean muestreados aleatoriamente 
de la misma poblaci6n. La vulneraci6n 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 
aplicaci6n del modelo log-linear propuesto por Hoenig and Heisey 
(1987) en Dissostichus eleginoides, se tiene que al emplear una misma 
c1ave edad-Iongitud alas distribuciones de longitud mensual, se genera 
una composici6n de edad de la captura cuyo patr6n es similar al 
obtenido con el metodo tradicional. Este metodo iterativo resulta ser 
una herramienta de alternativa frente a restricciones del uso del metodo 
tradicional. 

1. INTRODUCCION 

La composici6n de edad de la captura constituye un dato de entrada relevante en la 
aplicaci6n de los metodos tradicionales de evaluaci6n de stock que se basan en la estructura 
etaria de la captura. 

Para obtener la composici6n de la captura por edad, el metodo tradicional de 
construcci6n de la c1ave longitud-edad (CLE) desarrollado por Fridriksson (1934) sigue siendo 
un metodo frecuentemente usado; sin embargo, una de las principales limitantes de la CLE radica 
en que esta no puede ser empleada para aplicarse a distribuciones de longitud de otras areas 0 
periodos distintos de la cual fue extraida la muestra (Kimura, 1977; Westrheim and Ricker, 
1978). Frente a esta situaci6n, hay desarrollos alternativos interesantes para construir c1aves 
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 metodo 
iterativo EM (Dempster et al., 1977) para estimar la composici6n por edad de la captura en el 
caso de la nueva pesqueria de Dissostichus eleginoides que se desarrolla en el sur de Chile. La 
gran ventaja del metodo iterativo en esta aplicaci6n es que, disponiendo s610 de una c1ave para e1 
periodo, es posible reconstruir la composici6n de la captura por edad mes a mes, permitiendo de 
esta manera efectuar un seguimiento mas estricto del impacto de la actividad extractiva, situaci6n 
que puede inc1uso ser casi instantanea a la obtenci6n de la distribuci6n de frecuencias de 
longitud del mes 0 periodo de interes. 

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 calculos iterativos de estimaciones maximo­
verosimiles. Este tipo de algoritmo ha sido tambien empleado por Kimura and Chikuni (1987) y 
discutido con mas 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 
maximizaci6n, cuando los datos son considerados como informaci6n incompleta. Esta ultima 
condici6n esta presente en el modelo, dado que en la muestra de longitudes extraida del 
muestreo de la captura, los datos s6lo se clasifican por categorias de longitud, omitiendose la 
correspondiente lectura de edad, las que deberan ser estimadas con la clave longitud-edad 
previamente construida. 

El modelo sostiene el supuesto que la tasa de clasificaci6n 0 distribuci6n 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), se an iguales tanto, en la primera muestra (k = 1) usada para estimar la clave 
longitud-edadcomo, en la segunda muestra (k = 2) usada para estimar la distribuci6n de 
longitudes, es decir: 

P{i / j)k=l = P{i / j)k=2 

La funci6n de distribuci6n del modelo propuesto se ajusta a una multinomial dada por 

Tanto P(i/j), la distribuci6n de longitud a la edad, como Pj2, probabilidad a la edadj en la 
segunda muestra deben ser estimadas por el modelo. P(i/j) incorpora la informaci6n 
proporcionada por las dos muestras a la estimaci6n. Las cantidades nijk Y n .. k. representan las 
frecuencias observadas por categorias de longitud i a la edad j en 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 
j = 1,2, .. a 
k= 1,2 
s= 1,2, .. 

Categorias de longitud 
Categorias de edad 
Muestras 
Iteraciones 
Suma sobre indices 

3.2 Parametros 

nij2: 
nijl: 

N6mero estimado de peces de longitud i de edadj en la segunda muestra 
N6mero de peces de longitud i de edadj en la primera muestra 

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

Probabilidad estimada a la edadj en la segunda muestra 
Logaritmo de la funci6n de verosimilitud, sin incluir terminos constantes 

3.3 Etapas del algoritmo 

(o~ _ ni.2nijl 
n' -I] m.1 (1) 
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,. .. (s+l) (nijl + n~fi) 
P{l/J) = ( A( 1) n '1+ n ~ .] .] 

P,. (. / .)(S+I) A(S) . 
A(s+l) _ I J n.j2 nz.2 
nzj2 - a 

:LP(i / j)(s+l) n~i 
j=1 

(2) 

(3) 

(4) 

(5) 

(6) 

En la etapa 5, si D no es menor que una magnitud de error maxima permitida, e1 
algoritmo debe volver a la etapa 2. 

El terrnino L del logaritmo de la funci6n de verosimilitud a maximizar sin inc1uir 
terrninos constantes, esm dado por 

4. APLICACION EN EL RECURSO DISSOSTICHUS ELEGINOIDES 

Entre los meses de septiembre de 1991 y junio de 1992, en el area del Pacffico Oriental 
entre los paralelos 470 y 57°LS, se realiz6 una prospecci6n exhaustiva con la participaci6n de 
una flota de 10 barcos palangreros factoria, buscando un compromiso entre los objetivos de una 
pesca comercial y la adquisici6n de datos que aporte a la evaluaci6n de la pesqueria. El estudio 
fue ejecutado por el Instituto de Fomento Pesquero (IFOP) y empresas pesqueras nacionales, a 
solicitud de la Subsecretaria de Pesca, con objeto de evaluar el recurso D. e/eginoides en la 
perspectiva de expandir nuevas opciones de explotaci6n de la Pesqueria Demersal Sur Austral. 

Los datos colectados por personal tecnico del IFOP a bordo de las embarcaciones, 
perrnitieron disponer de muestras de escamas para lecturas de edad y de frecuencias de longitud 
de la captura en el periodo cubierto. El muestreo de escamas se bas6 en un muestreo aleatorio 
estratificado por categorias de longitud, leyendose un total de 3.655 escamas. 

En la captura de bacalao aparecieron representados 18 grupos de edad, que van desde e1 
grupo 3 al20. El rango de edades de los machos fluctu6 entre 3 y 16 aiios, observandose una 
mayor frecuencia en los 11 aftos. Por su parte en las hembras, fluctu6 entre los 3 y 20 aiios y la 
moda estuvo en el grupo de edad 12. En general se aprecia que los machos son mas abundantes 
en la captura hasta la edad 13; en tanto, en las edades superiores el predominio de las hembras 
es evidente. 

El amHisis se efectu6 sin diferenciar por sexo, teniendo en consideraci6n que el 
crecimiento entre machos y hembras no presenta diferencias significativas (Young et al., 1992). 
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La figura 1 muestra la distribucion 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 0 

proporcionalmente el mismo en cada mes. En efecto, durante los 3 primeros meses la pesca de 
investigacion, se aprecia una mayor proporcion de ejemplares juveniles en la captura, perfodo en 
el cual la flota opero a menor profundidad donde la proporcion de ejemplares pequefios es 
mayor, debido a la estratificacion por talla que presenta el recurso en sentido batimetrico (Young 
et al., op cit). 

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

La comparacion 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 metodos distintos no indican la presencia de un 
"error estructural" importante (Rivar, 1989). 

5. DISCUSION 

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

Este metodo presenta ventajas interesantes respecto al tradicional. De hecho, este 
metodo permite sin incrementar los costos que significarfa obtener una clave mensual 
longitud-edad, reconstruir la composicion por edad de la captura mensualmente y realizar un 
seguimiento estricto del comportamiento de la captura. Ademas, permite proyectarse a zonas y 
areas aun mas localizadas, siempre que se disponga de una adecuada distribucion de frecuencia 
de longitud y matriz de clasificacion P(i/j). Si la especie no sufre alteraciones importantes en la 
matriz P(i/j) de un perfodo a otro, es posible mantenerla y aplicarla recursivamente (Robotham et 
al., en prensa). 

6. AGRADEC~NTOS 

Este trabajo es un resultado de aplicacion de un proyecto de investigacion sobre metodos 
de construccion de claves longitud-edad iteradas, financiado por la Universidad Diego Portales. 
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Tabla 1: Composici6n de edad de la Captura de D. eieginoides, empleando el Metodo Iterado 
y el Metodo Tradicional 

Metodo 

Edad Iterado % Tradicional 

3 485 0,06 788 0,09 

4 3846 0,44 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 6,4 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: Composici6n por talla y edad de la captura de Dissostichus eleginoides. 
Sept. 1991 - Junio 1992. 
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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 
mean value of M calculated for the 44 analysed situations was 
0.14 ± 0.03. 

Resume 

La mortalite naturelle (M) de Dissostichus eleginoides a ete calculee 
d'apres Sparre (1989) a partir des donnees provenant de la pecherie a la 
palangre chilienne dans la sous-zone 48.3 (N = 7848). Les parametres 
de croissance de von Bertalanffy obtenus independamment par trois 
auteurs ont ete utilises. Trois variables ont ete examinees: le lieu de 
peche, la profondeur de peche et le type d'hame~on. 11 a ete etabli que 
la valeur de M ne variait pas de maniere significative lorsqu'elle etait 
estimee en fonction de la profondeur de la peche ou du type d'hame~on 
avec differents parametres de croissance mais variait en fonction des 
sites de peche. Par ailleurs, en comparant les differentes valeurs 
moyennes de M pour les differentes variables, on a pu observer des 
differences notables selon les lieux de peche et entre les hame~ons 
courbes NQ14 et les hame~ons droits NQ 22. La valeur moyenne 
generale de M calculee pour les 44 situations analysees etait de 
0,14± 0,03. 

Pe310Me 

ECTeCTBeHHa5.1 cMepTHocTb (M) no ~aHHbIM 1.IHJm:HCKoro 

5.lpYCHoro npOMbICJIa Dissostichus eleginoides B IIo~paHoHe 48.3 
(N = 7 848) 6bIJIa BbI1.IHCJIeHa no MeTo~y Cnappe (Sparre, 1989). 
BbIJIH HCnOJIb30BaHbI napaMeTpbI pOCTa BepTaJIaH<pqm, 

nOJIY1.leHHble TpeM5.I OT ~eJIbHbIMH aBTOpaMH. BbIJIH 

paCCMOTpeHbI TpH CJIY1.la5.l: npOMbICJIOBbIH Y1.laCTOK, rJIy6HHa 

JIOBa H THn Kp101.IKa. BbIJIO YCTaHOBJIeHO, 1.ITO He cYlllecTByeT 

* Instituto de Ecologia y Evoluci6n, Universidad Austral de Chile, Casilla 567, Valdivia, Chile 
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3Ha1HUeJlbHbIX pa3HlUJ. B BeJlHlIHHaX M, 0l.J.eHeHHbIX no 

rJly6HHe J10Ba H THny KprollKa npH Pa3J1HlIHbIX napaMeTpax 

pOCTa, HO HMeJlHCb pa3HHl.J.bI B BeJlHlIHHaX M Me)l{,l{y 

npOMbICJlOBbIMH YllaCTKaMH. C ,l{pyroH CTOPOHbI, cpaBHHBa51 

Pa3J1HlIHbIe Cpe,l{HHe BeJlHlIHHbI M ,l(J151 Pa3J1HlIHbIX cHTyal.J.HH 

Ha6J1IO,l{aJlOCb 3HallHTeJlbHOe pa3J1HlIHe Me)l{,l(y 

npOMbICJlOBbIMH YllaCTKaMH H Me)l{,l(y oKpyrJleHHbIMH 

KprollKaMH N~ 14 H np5lMbIMH KprollKaMH N~ 22. 06Il(a51 Cpe,l(H5I5I 

BeJlHlIHHa M ,l(J151 44 npOaHaJlH3HpOBaHHbIx CHTyal.J.HH 

paBH5IeTC5I 0,14 ± 0,03. 

Resumen 

Se calcu161a mortalidad natural (M) siguiendo a Sparre (1989), con 1as 
muestras provenientes de la pesqueda chilena de pa1angre en la 
Subarea 48.3 (N = 7848). Se utilizaron los panimetros de 
von Bertalanffy obtenidos independientemente por 3 autores y se 
consider6 como variables el sitio de pesca (caladero), la profundidad de 
pesca y el tipo de anzue10. Se determin6 que no hay diferencias 
significativas, en e1 va10r de M, en los casos considerados con los 
diferentes parametros de crecimiento, a excepci6n de entre sitios de 
pesca. Por otra parte, al comparar los diferentes valores promedios de 
M para 1as diferentes variables se encontr6 que existen diferencias 
significativas entre caladeros y entre anzuelos curvos N° 22 y rectos 
N° 14. El promedio general de los M calculados en 1as 44 situaciones 
analizadas fue de 0.14 ± 0.03. 

1. INTRODUCCION 

Desde que Shust et al. (1990) presentaron valores de mortalidad natural (M) para la 
pob1aci6n de Dissostichus eleginoides de las islas Georgia del Sur entre M = 0.16 Y 0.18, el 
grupo de trabajo de evaluaci6n de poblaciones de peces (WG-FSA) not6 que estos valores 
paredan altos comparados con el valor del parametro 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 utilizo ademas 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 mas adecuado de este parametro. 

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 
distribucion de individuos de diferentes edades, tanto verticales como a 10 largo del ta1ud que 
afecten la estructura de talla de 1as capturas, con las subsecuentes consecuencias para los valores 
obtenidos de mortalidad natural. Especialmente a partir de 10s metodos que utilizan 
distribuciones de talla 0 de edad en sus calculos. Otra fuente potencial de variaci6n para los 
valores de la mortalidad natural son 1as variaciones de los parametros de las ecuaciones de 
crecimiento, especialmente la con stante K y Loo' 

Una manera de explorar las causas de variaci6n de los valores de mortalidad es haciendo 
un analisis, en base a una selecci6n de metodos de entre los sugeridos por Sparre (1989), 
aplicados alas capturas obtenidas en diferentes caladeros (sitios de pesca) dentro de la 
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Subarea 48.3 cuyas estructuras de edad y tamafios son diferentes y utilizando las tres 
ecuaciones de crecimiento de D. eleginoides conocidas para esa area: 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 cruculos de mortalidad provienen de la serie de datos en 
escala fina que fueron tornados durante la temporada 1991/92 por la flota palangrera chilena en 
la Subarea 48.3 (vease Agnew and Moreno, 1992). 

De cada lance se tomo: posicion geografica, profundidad, numero y tamafio de los 
anzue1os, captura total y una submuestra de 30 ejemplares por lance, de los cuales se obtuvo la 
composicion por talla de la captura, medida en cm de longitud esmndar (LS). Para estandarizar 
los valores de las distribuciones de tallas obtenidos con los de las ecuaciones de crecimiento 
existentes todos los caIculos de M se hicieron en base de longitudes totales (LT). 

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

• Tipos de anzuelo; 
• Sitios de pesca (caladeros); 
• Profundidad de pesca. 

Las ecuaciones de crecimiento consideradas para los cruculos fueron: 

• Zacharov and Frolkina (1976): Lt = 204.3 [l-e -O.0563{t+0.545)] 

• 

• 

Shust et al. (1990): 

Aguayo (1992): 

Lt = 174.8 [l_e-O.07117{t-O.0049)] 

Lt = 210.8 [l_e-O.0644 {t+O.7832)] 

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

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

1 
M(=Z)=---

t-t' 

donde, t' es la edad totalmente reclutada, y t es e1 promedio de peces a la edad t' y mas viejos. 

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

M(= Z) =K
Loo

-[ 
L-L' 

donde, Loo Y K son paramt:;tros de la ecuacion de von Bertalanffy, L' es la longitud totalmente 

reclutada y L es la longitud promedio de los peces a la longitud L' y mayores. 

• Robson and Chapman (1961) 

M(= Z) = In(1+~) 
t-t' 
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donde, t' es la edad totalmente reclutada, y t es el promedio de peces a la edad t' y mas viejos. 

• Alverson-Carnee segun Sparre (1989): 

3K 
M(=Z)= TK 

e -1 

donde K es la constante de Brody de la ecuaci6n de von Bertalanffy y T es la edad donde 
N,* W t toma su valor maximo. 

3. RESULTAOOS 

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 parametros de las tres ecuaciones de 
crecimiento son significativamente diferentes (Kruskall-Wallis test H = 7.2692: 2 gl y P<O.OS), 
siendo superior los valores de M determinados con los parametros 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 identicos, sin 
embargo ambos difieren significativamente del caladero ubicado en Shags Rocks (KW test, 
H = 9.2988: 2 gl P<O.OI) (Prueba de comparaci6n multiple STP = U(<< =O.OS) = 112.S4, 
P<O.OS: 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 parametros de 
crecirniento de las 3 ecuaciones y las distribuciones de tallas de los peces separados por el tipo 
(forma y numero) de anzuelo. Los anzuelos utilizados por la flota chilena se pueden separar en 
6 categorias: Tamafios 3, 5, 7, 9 (diferentes tamafios de anzue10s semi-curvos); 14 (recto sin 
ojal) y 22 (curvo). 

Al comparar con la prueba de comparaciones multiples STP, se puede conduir que con 
un nivel de significancia de« = O.OS, e1 anzue10 14 (recto sin ojal) difiere de los tipos 22 (curvo) 
y de los tamafios 7 y 9 de anzuelos semi-curvos. En un nive1 de« = 0.01, s6lo difieren el14 del 
22, no existiendo diferencias significativas entre estos y los demas tipos de anzuelo en e1 ca1culo 
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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1 200 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 10s 
valores calculados para ambas profundidades (KW test, H = 1.0800, gl = 1 vns; ANDEV A 1-22 g1 
F = 0.801, vns.). 

El valor promedio total y su desviaci6n tipica, es decir de los diferentes metodos de 
calculo de M y de las diferentes profundidades, tipos de anzuelo y sitios de pesca fue de 
0.14 ± 0.0381. 

4. CONCLUSIONES 

Los valores de M (= Z) calculados por cuatro diferentes metodos han mostrado ser mas 
sensibles al sitio de pesca (caladero) que a la profundidad de los lances y al tipo de anzuelo 
utilizado. Por otra parte, los parametros de las ecuaciones de crecimiento utilizadas no muestran 
tener una gran influencia debido a que en muy pocos casos se encontr6 diferencias significativas 
dentro de cada situaci6n, cuando la variable a comparar fue 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 reuni6n 
de 1991, son causas importantes de variaci6n en el valor promedio de M de D. eleginoides de la 
pesqueria de palangre de la Subarea 48.3. 

La raz6n que parece primar en las diferencias encontradas en cada caso (por ejemplo 
entre caladeros) fue la frecuencia de ejemplares de tallas superiores a 1 m en las distribuciones 
de tamaiios. 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 seiialado por Kock et al. (1985) de 0,06 corresponde a la poblaci6n de la 
Patagonia y utilizando un metodo indirecto cuya precisi6n es puesta en duda por Sparre (1989). 
En cambio los valores derivados por Shust et al. (1991) son mas cercanos a los nuestros. Sin 
embargo, al analisis de Longevidad (Ml% = -In(O.OI)/M) sugiere una edad maxima de 25 aiios, 
10 cual parece poco para una poblaci6n que alcanza tamaiios de mas de 2 metros en aguas frias, 
por 10 cual esa mortalidad natural debe estar sobrestimada. Nuestro valor promedio de 
0.14 sugiere una edad maxima de 33 aiios, en cambio el valor de 0.06 resulta en una longevidad 
de 77 aiios, la cual esta lejos de las experiencias de medici6n del crecimiento y edad. 

Lo anterior sugiere, que la mayor prioridad de investigaci6n respecto aD. eleginoides es 
validar, por metodos altemativos, los datos de edad y crecimiento obtenidos de las lecturas 
de escamas. 
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Tabla 1: Mortalidades naturales detenninadas para 3 sectores de pesca en la Subarea 48.3 de 
laCCRVMA. 

Parametros de crecimiento de: 

Metodo 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 detenninadas para 6 tipos de anzuelos en la Subarea 48.3 de 
laCCRVMA. 

Panimetros de crecimiento de: 

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

AnzueloN° 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 

AnzueloN°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 

AnzueloN° 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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Tabla 3: Mortalidades naturales determinadas para 2 profundidades de pesca en la 
Subarea 48.3. 

Metodo 

Profundidad ~ 1200 m. 

Beverton and Holt (longitud) 
Beverton and Holt (edad) 
Robson and Chapman 
Alverson-Carnee 

Profundidad > 1200 m. 

Beverton and Holt (longitud) 
Beverton and Holt (edad) 
Robson and Chapman 
Alverson-Carnee 

Panimetros de crecimiento de: 

Zacharov and 
Frolkina (1976) 

0.1075 
0.1337 
0.1255 
0.1526 

0.0898 
0.1157 
0.1095 
0.1709 

Shust et al. 
(1991) 

0.0967 
0.1292 
0.1215 
0.1259 

M= 0.1357 ± 0.0511 

0.0797 
0.1118 
0.1060 
0.1443 

M= 0.1270 ± 0.0377 

Aguayo 
(1992) 

0.1310 
0.1611 
0.1494 
0.1945 

0.1096 
0.1394 
0.1305 
0.2175 
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THE 1991/92 FISHERY FOR DISSOSTICHUS ELEGINOIDES IN SUBAREA 48.3 

D.J. Agnew1 and C.A. Moren02 

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. 

Resume 

En 1991/92, la peche a la palangre de Dissostichus eleginoides dans la 
sous-zone 48.3 etait ouverte du 4 novembre 1991 au 10 mars 1992. Au 
total, 3 382 tonnes ont ete capturees par un navire bulgare, cinq navires 
russes et huit navires chiliens. La capture maximale etait de 375 tonnes 
pour une periode de cinqjours. Le taux de capture n'etait pas influence 
par la profondeur de peche, l'heure ou le temps de trempage; par contre, 
il etait fonction du type d'hame<;on et de la position geographique. Les 
poissons captures etaient plus grands autour des 110ts Shag qu'au nord 
et au sud-est de la Georgie du Sud. La CPUE variait nettement entre les 
flottes: 1 kg/hame<;on dans la flotte chilienne; de 0,2 a 0,4 dans la flotte 
russe; 0,2 dans la flotte bulgare. Les differents types d'hame<;ons 
utilises expliquent vraisemblablement ces differences. 

Pe3IOMe 

B IIo~paHoHe 48.3 5.lPYCHbIH npOMbICeJI Dissostichus eleginoides 
6bIJI OTKpbIT C 4 H05.l6p5.1 1991 r. no 10 MapTa 1992 r. Bcero 
6bIJIO nOJIYlleHo 3 382 TOHHbI O~HMM 60JIrapCKMM, n5.lTbIO 
POCCMHCKMMM M BOCbMbIO lIMJIMHCKMMM cy ~aMM. 
MaKCMMaJIbHbIH BbIJIOB - 375 TOHH 3a O~MH n5.lTM~HeBHbIH 
nepMo~. Ha MHTeHCMBHOCTb JIOBa He BJIM5.lJIM r JIy6MHa JIOBa, 
BpeM5.I CYTOK MJIM BpeM5.I HaXO)l{~eHM5.I 5.lpyca B Bo~e, O~HaKO 
MHTeHCMBHOCTb JIOBa 3aBMCeJIa OT TMna KpIOlIKa M 
reorpaqmllecKoro MeCTOnOJIO)l{eHM5.I JIOBa. BOJIee KpynHbIe 
OC06M BbIJIaBJIMBaJIMCb BOKpyr CKaJI IIIar, lIeM B paHoHax K 
ceBepy M IOrO-BOCTOKY OT IO)I{HOH reOprMM. CPUE B 
3HallMTeJIbHOH Mepe KOJIe6aJIc5.I Me)l{~y npOMbICJIOBbIMM 

1 CCAMLR Secretariat, 25 Old Wharf, Hobart, Tasmania 7000, Australia 
2 Instituto de Ecologia y Evoluci6n, Universidad Austral de Chile, Casilla 567, Valdivia, Chile 
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<pJlOTaMH: 1 Kr/KpI04oK y 4HJlHticKoro <pJlOTa; 0,2-0,4 y 
poccHticKoro <pJlOTa H 0,2 Y 60JlrapCKOro <pJlOTa. 3TH Pa3J1H4HSI 

BepOSITHO SIBJlSIJlHCb CJle.llCTBHeM HCnOJlb30BaHHSI <pJlOTaMH 

KPI04KOB Pa3J1H4HbIX THnOB. 

Resumen 

La temporada de pesca de palangre de 1991/92 de Dissostichus 
eleginoides en la Subarea 48.3 estuvo abierta del 4 de noviembre de 
1991 hasta ellO de marzo de 1992. Un total de 3382 toneladas fueron 
extrafdas por un buque pesquero b6lgaro, cinco rusos y ocho chilenos, 
dandose un lllliximo 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 0 tiempo de calado, pero si dependi6 del tipo de 
anzuelo y de la situaci6n geografica. Se pescaron peces mas gran des 
alrededor de las rocas Cormoran 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 b6lgara. 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 fme-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 schematic ally 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 11 - 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 I. 

A number of different baits were used in all fisheries: squid (Loligo, /lex), 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 c). 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 
1400m. 

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 IT hooks, and the curved hooks 
of type ill 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 oflarger fish in the north than the northwest areas l . 

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 I 46 349.5 380.7 Mixed (see text) 
Mar del Sur III 48.8 299.4 290 " " " 
Chaval 42.5 325 350 " " " 
Antonio Lorenzo 50 650 500 " " " 
lsla Sofia 48.5 449 505 " " " 
Cisne Verde 44.4 327.1 562 " " " 
Cisne Blanco 46.7 437 457 " " " 
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 20 to 25 mm 120 cm 2800 - 5600 
Russian b 20 to 25 mm 120 cm 2400 - 4800 
Russian c 20 to 25 mm 120 cm 2400 - 4800 
Russian d 20 to 25 mm 120 cm 13500 
Russiane 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 MeanCPUE SD MeanWt 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 04.3) 9.02 (1.2) 25 

Total 29.3 (18.4) 105 

1 a 32.9 04.7) 5.44 (0.6) 30 
1 b 28.7 04.1) 10.87 (2.0) 30 
1 c 33.8 06.8) 9.27 (1.4) 70 

Total 32.4 05.8) 130 

2 a 25.9 01.0) 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 09.1) 9.38 (0.2) 23 

Total 34.9 (17.7) 93 

3 a 34.4 03.2) 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 07.9) 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 03.8) 8 

5 a 17.0 (9.2) 9.89 (1.8) 7 
5 b 28.3 02.7) 10.53 (1.1) 10 

Total 23.6 (12.5) 17 

6 a 20.3 00.2) 12.62 (0.9) 36 
6 b 40.8 06.8) 11.12 (1.5) 29 

Total 29.4 07.0) 65 

Total Total 9.14 (2.4) 500 

Bulgaria: 

Month Vessel MeanCPUE SD MeanWt 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 32.9 (13.1) 7.11 (1.0) 36 
3 1 30.0 06.5) 6.29 (1.1) 45 

Total 7.04 (1.4) 204 
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CnHCOK Ta6JIH~ 

XapaKTepHCTHKH t:(HJIHHCKOro <pJIOTa, ce30H 1991192 r. 

XapaKTepHCTHKH 5IpYCOB Ha POCCHHCKHX H 60JIrapCKHX cy ~ax. 

CPUE H cpe~HHH Bec PbI6bI no MeC5I~aM. 

CnHCOK PHCYHKOB 

PHCYHOK 1: IIpOMbICeJI D. eieginoides, ce30H 1992 r. BbIJIOB no n5ITH,llHeBHbIM 

nepHo~aM. 

PHCYHOK 2: KOJIHt:(ecTBo cY ~OB, 3aHHMalO~HXC5I npOMbICJIOM. 

PHCYHOK 3: CxeMaTHt:(ecKa5I ~HarpaMMa npOMbICJIOBbIX cTpaTerHl';{ POCcHHcKoro 

H 60JIrapCKOro <pJIOTOB. 
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Composici6n por tallas de D. eleginoides de la captura rusa (notificadas en el 
resumen de las capturas). 

CPUE (peso) de las flotas chilena, rusa y bulgara, 1992. 

CPUE para la ultima temporada superpuesta sobre los datos presentados en el 
informe de 1992 del WG-FSA (SC-CAMLR-X, anexo 6). 



WG-FSA-92/27 

NOTES ON THE USE OF VIRTUAL POPULATION ANALYSIS FOR STOCK 
AS.~ESSMENT OF THE MACKEREL ICEFISH, CHAMPSOCEPHALUS GUNNARI 
(LONNBERG, 19(6) IN SUBAREA 48.3 FOR THE 1990/91 AND 1991/92 SEASONS 

G. Parkes* 

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 
1991192. 

Resume 

Suite a l'apparente incapacite du Groupe de travail de la CCAMLR charge 
de l'evaluation des stocks de poissons (WG-FSA) a evaluer proprement 
en 1991 le statut de la population de Champsocephalus gunnari par la 
VPA dans la sous-zone 48.3, de nouvelles tentatives d'analyse ont ete 
effectuees par les techniques d'ajustement Laurec-Shepherd et ADAPT, 
en remontant de 1991 a 1977. La structure d'age prevue, dominee ces 
demieres annees par la classe d'age 1987 (ages d'un an en 1988) etait 
assez robuste, en depit d'une ajustement effectue par plusieurs 
combinaisons d'indices de campagnes d'evaluation et de CPUE. D'apres 
la VPA, la population de 1991192 comportait une proportion importante 
d'individus de 5 ans, ce qui n'avait pas ete observe lors de la campagne 
du Falklands Protector en janvier 1992. La baisse de credibilite des 
resultats de la VPA de ces demieres annees est attribuee a l'hypothese 
invalide d'un M constant et aux contradictions dans les donnees 
d'entree. Pour 1992/93, une approche conservative de gestion, fondee 
sur les resultats des campagnes d'evaluation du Falklands Protector de 
1990/91 et 1991/92, est recommandee. 

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

49 



Pe310Me 

B CBSl3M C TeM, 4TO Ha COBem aHMM WG-FSA B 1991 r. He y ~aJIOCb 
y~OBJIeTBOpMTeJIbHO o~eHMTb COCTOSlHMe nonyJISI~MM 
Champsocephalus gunnari B IIo~paHoHe 48.3 C MCnOJIb30BaHMeM 

VPA, 6bIJIM npe~npMHSlTbI nonbITKM ycoBepmeHcTBoBaTb aHaJIM3, 

MCnOJIb3YSl MeTO~bI HacTpoHKM JIopeKa-IIIenep~a M ADAPT 3a 

nepMo~ 1911-1991 rr. IIporHo3MpyeMaSl B03pacTHaSl 

cTpyKTypa, B KOTOPOH B nOCJIe~HHe rO~bI npeo6JIa~aJI 
ro~oBoH KJIaCC 1981 r. (o~HOJIeTHHe OC06H B 1988 r.), 6bIJIa 

~OBOJIbHO YCToH4MBa HeCMOTpSl Ha TO, 4TO npM HaCTpOHKe 

MCnOJIb30BaJIHCb Pa3JIM4HbIe KOM6HHa~HH CbeM04HbIX 

HH~eKCOB M MH~eKCOB CPUE. Cy~SI no pe3YJIbTaTaM aHaJIH3a 

VPA nonyJISI~MSI B 1991/92 r. co~ep)J{aJIa 60JIbmylO ~OJIIO 
nSlTMJIeTHMX oco6eH, KOTopaSl He Ha6JIIO~aJIaCb B xo~e CbeMKM 

CY.llHa Falklands Protector B SlHBape 1992 r. Hey~a4a pac4eToB 

VPA 3a caMbIe nOCJIe~HHe rO~bI 06bSlcHSleTcSI HenpaBHJIbHbIM 

npe~nOJIo)J{eHMeM 0 nocToSlHHOH BeJIM4MHe ~ M 

npOTMBope4MSlMM B BBO~HbIX ~aHHbIx. Ha OCHOBaHMM 

pe3YJIbTaTOB CbeMOK cy~Ha Falklands Protector, npoBe~eHHbIx B 

1990/91 H 1991/92 rr., peKoMeH~yeTcSI npHMeHMTb 

npe~oxpaHMTeJIbHblH no~xo~ K ynpaBJIeHHIO npOMblCJIOM B 

1992/93 r. 

Resumen 

Luego del malogrado esfuerzo del Grupo de Trabajo para la Evaluacion 
de las Poblaciones de Peces de la CC R V M A, por evaluar 
satisfactoriamente el estado de la poblacion de C hampsocephalus 
gunnari en la Subarea 48.3 en 1991 mediante el VPA, se trato de volver a 
aplicar el amHisis utilizando las tecnicas de ajuste de Laurec-Sheperd y 
ADAPT desde 1991, en regresion, hasta 1977. La distribucion de edades 
prevista, la cual ha sido dominada por la clase del ano 1987 (ejemplares 
de 1 ano en 1988) fue muy abundante, a pesar de la utilizacion de 
distintas combinaciones de indices y de CPUE de prospecciones para el 
ajuste. De acuerdo al VPA, la poblacion de 1991/92 estuvo compuesta 
en su mayoria de ejemplares de 5 anos, 10 que no se vio en la 
prospeccion del Falklands Protector realizada en enero de 1992. La 
baja credibilidad del VPA experimentada en los ultimos anos se atribuye 
al supuesto invalido de una ~ con stante 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 VP A version 2.1), which followed the same general 
trends ofthe 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 Fo.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 5 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 defmitive VP A 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 t (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: 

(t-1M) t 1 (i-1M) 
N = N • e 12 + ~ C .• e 12 a at £..J aI (1) 

i=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: 

I survey = q • N survey (2) 

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

(t-1M) t 1 (i-1M) 
I = I • e 12 + q ~ C .• e 12 a at a£..J aI (3) 

;=1 

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

Additional VPA runs were perfonned with 'raw' un standardised 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 
perfonned for comparison with the perfonnance 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 VP A. 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 q 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 lay and CPUE indices Uay, the combined 
index Aay was estimated as: 
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_(lay Uay) 1 A - -+-- .-ay r U 2 
a a 

(4) 

where la is the mean survey index at age a over all years and U a is the mean CPUE index at age 
a over all years. 

For years with survey indices only: 

and for years with CPUE indices only: 

_ Uay 
Aay --=­Ua 

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 (Tenninal 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 MAFFVPA, Using Laurec-Shepherd Tuning 

Survey indices were prepared for Laurec-Shepherd tuning in both raw, un standardised 
form and standardised according to the method described in Section 2.1. The calculation of 
predicted q 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 ADAPTVPA (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 ADAPf3 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 obsetved 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 sutvey 
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 
MAFFl. 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 sutvey 
indices with equal weighting (run MAFF4) was to greatly reduce the overall estimated abundance 
due to higher q values, however, the standard errors on the predicted values of In q were the 
largest of the sUIVey tuned runs by a large margin, indicating an unreliable result. 

The run tuned to CPUE (MAFF5) 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 MAFF5. 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 VP A 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 obsetved during the sutvey. 

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 ADAPTl and ADAPT2 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 
ADAPTl 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 ADAPTl 
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 
MAFF5, 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 (ADAPT5), 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 ADAPT5, both tuned using the 
standardised effort data from Gasiukov (1990 and 1991) is compared in Figure 6. ADAPT5 
produced much lower estimates of abundance in the most recent years than MAFF5. The picture 
of year class strength, however, is consistent with other runs, and projections from the end of the 
VPA 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 T AC been set for 1991/92 based on the assumption that the VP A 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 = _In(N(a+1,Y+l)) 
Na,y 

(5) 

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 taken 
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 7600 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 FO.l, 
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 10& 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 
run as follows: 

where R = mean recruitment 

X = {di.Z 
0 2 = variance of logc recruitment 
Z = normal (0,1) random variable 

(6) 

The value of 0'2 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.1 level, calculated under the same assumptions used in Parkes 
(1991) and at WG-FSA-91 (FO.I = 0.39, with knife edge selection at age 2). 

In the absence of fishing the mean biomass was projected to grow to about 
137000 tonnes (95% confidence limits LI = 62 700, ~ = 277 000) by 1993/94, with a healthy 
increase in the biomass of 4 and 5 year olds. 

The FO.l catch level in 1992/93 was estimated to be in the region of 24000 tonnes (95% 
confidence limits Ll = 15200, L2 = 43600), 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 
LI = 49 400, ~ = 241 (00) 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 T AC 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 T AC 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 q 

at Age 

MAFF1 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Raw survey Inverse variance 
indices of surveys 

MAFF2 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Raw survey Equal weighting 
indices 

MAFF3 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Standardised Inverse variance 
survey indices of surveys 

MAFF4 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Standardised Equal weighting 
survey indices 

MAFFS 1977 to 1990 WG-FSA-91 WG-FSA-91 0.48 Fishing effort Equal weighting 
indices 

MAFF6 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Combination Equal weighting 
of fishing 
and raw survey 
indices 

ADAPT 1 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Raw survey --
indices 

ADAPT2 1977 to 1990 WG-FSA-91 WG-FSA-91 0.48 Fishing effort --

ADAPT3 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Raw survey --
indices and 
fishing effort 

ADAPT4 1977 to 1991 WG-FSA-91 WG-FSA-91 0.48 Combination --
of fishing 
effort and raw 
survey indices 

ADAPTS 1977 to 1990 WG-FSA-91 WG-FSA-91 0.48 Fishing effort --
adjusted 
starting value 
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Table 2: Tuning data for VPAs. 

2(a) un standardised survey indices 
MAFFl 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 8558.9 2827.3 1985.3 1554.8 2464.6 

1982 100 21280.3 17080.3 9720 25026.5 19051.3 33089.6 

1983 100 25825.8 16851.1 12112 19269.2 16264 27478.7 

1984 100 7496.2 20577.4 7222.9 7961.6 1311.5 411.5 

1985 100 5377.2 13945.1 13715.7 7748.6 1092.3 3809.2 

1986 100 10319.3 8619.6 3500.2 8119.7 2798.2 1075.9 

1987 100 2706.7 8783.6 18601.3 8681.1 9053 3503.2 

1988 100 3931.3 960.7 5616.6 8040.9 16145.9 19625 

1989 100 21038.1 4982.9 2739.5 9163.5 21177 17410.5 

1990 100 4292.8 16304.9 21237.5 7217.3 3501.3 13412.1 

1991 100 13893.7 2303.5 4511.9 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 0.0112 0.0002 0 0.0012 0.0195 0.0572 0.1694 0.0049 0.0367 0.0846 0.0095 0.0768 0.0166 0 
2 0.0136 0.9682 0.0334 0.1226 0.5333 0.2685 0.5092 0.8977 0.0569 0.0618 0.8211 0.2928 0.2612 0.0402 0.0032 
3 2.8582 0.3615 0.0285 0.1615 0.1823 0.271 1.4655 1.4773 1.0712 0.1933 1.1724 1.1619 0.9779 0.116 0.0052 
4 4.0118 0.8608 0.0346 0.4592 0.1085 0.4226 0.9637 2.5751 0.8839 0.1383 0.2175 0.6374 0.6427 0.8855 0.0006 
5 2.2945 0.7302 0.0322 0.2478 0.2747 0.3207 0.9794 1.652 0.6816 0.133 0.737 0.6974 0.6281 0.3479 0.003 

+gp 2.2945 0.7302 0.0322 0.2478 0.2747 0.3207 0.9794 1.652 0.6816 0.133 0.737 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 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 0.0112 0.0002 0 0.0012 0.0196 0.0575 0.1786 0.0051 0.0378 0.0899 0.0213 0.1209 0.0313 0 
2 0.0136 0.9685 0.0334 0.1227 0.5337 0.2686 0.5113 0.9057 0.0604 0.0643 0.8591 0.3151 0.7082 0.0657 0.0061 
3 2.8584 0.3617 0.0285 0.1616 0.1824 0.2713 1.467 1.4935 1.0962 0.2069 1.2613 1.3156 1.1274 0.4767 0.0085 
4 4.012 0.8611 0.0346 0.4595 0.1086 0.423 0.9659 2.5936 0.9135 0.1441 0.2365 0.7636 0.8834 1.3159 0.003 
5 2.2947 0.7304 0.0322 0.2479 0.2749 0.321 0.9814 1.6661 0.7014 0.1405 0.7857 0.7981 0.9064 0.6196 0.0059 

+gp 2.2947 0.7304 0.0322 0.2479 0.2749 0.321 0.9814 1.6661 0.7014 0.1405 0.7857 0.7981 0.9064 0.6196 0.0059 

Table 4b: 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 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 8905.45 
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 
-- ---- --- ... ---.----... ---~ --------

ffi 
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Table 5: Output: run MAFF3. 

Table 5a: 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 0.0112 0.0002 0 0.0012 0.0196 0.0575 0.1788 0.0051 0.0378 0.0916 0.0165 0.2365 0.0182 0 
2 0.0136 0.9685 0.0334 0.1227 0.5337 0.2686 0.5112 0.9053 0.0604 0.064 0.8622 0.3226 0.5032 0.1418 0.0035 
3 2.8584 0.3617 0.0285 0.1616 0.1824 0.2713 1.467 1.4933 1.0952 0.2071 1.2514 1.3293 1.1837 0.2753 0.0193 
4 4.012 0.861 0.0346 0.4595 0.1086 0.423 0.9659 2.5932 0.9132 0.1438 0.2369 0.7482 0.9099 1.5577 0.0015 
5 2.2947 0.7304 0.0322 0.2479 0.2749 0.321 0.9814 1.6658 0.7009 0.1404 0.7835 0.8 0.8663 0.6591 0.0082 

+gp 2.2947 0.7304 0.0322 0.2479 0.2749 0.321 0.9814 1.6658 0.7009 0.1404 0.7835 0.8 0.8663 0.6591 0.0082 

Table 5b: 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 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 5c: 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 9744.67 
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 

+gp 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 
- -- ... _--- --------

1 
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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 

1 0 0.0112 0.0002 0 0.0012 0.0196 0.0577 0.1839 0.0052 0.0384 
2 0.0136 0.9686 0.0334 0.1228 0.534 0.2687 0.5123 0.9095 0.0624 0.0654 
3 2.8585 0.3617 0.0285 0.1617 0.1825 0.2715 1.4678 1.5018 1.1087 0.2148 
4 4.0121 0.8612 0.0346 0.4596 0.1086 0.4233 0.9671 2.603 0.9293 0.1471 
5 2.2948 0.7305 0.0322 0.248 0.275 0.3212 0.9824 1.6732 0.7116 0.1446 

+gp 2.2948 0.7305 0.0322 0.248 0.275 0.3212 0.9824 1.6732 0.7116 0.1446 

Table 6b: Stock number at age, start of year (MAFF output Table 10) 
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

1 189249 328458 683853 1259058 2266570 822803 582048 733938 1276133 722118 
2 32597 117103 200987 423088 779083 1400802 499237 339974 377862 785538 
3 209645 19898 27507 120276 231556 282635 662548 185073 84719 219670 
4 228123 7440 8575 16543 63316 119381 133305 94474 25506 17299 
5 41614 2554 1946 5126 6465 35147 48379 31360 4329 6231 

+gp 4957 1400 1310 3252 4305 25643 16565 6275 1299 1209 

Table 6c: 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 

1 5011 9376 19611 35664 65551 23286 17833 24211 36632 22032 
2 2470 9567 16496 34300 64488 113465 43778 32099 31044 68595 
3 32347 3310 4597 19854 39026 46614 118297 35579 14172 39057 
4 59150 2080 2408 4589 17933 33087 39998 30521 7170 5169 
5 15995 1058 810 2108 2714 14440 21518 15018 1804 2760 

+gp 2602 792 745 1827 2468 14389 10063 4104 739 731 

age 2+ 112564 16807 25056 62678 126629 221995 233654 117321 54929 116312 

Total 117575 26183 44667 98342 192180 245281 251487 141532 91561 138344 
-----.-.-----~ .... -.--.-- --- .. _- --- - ..... _-- - --_ .. _- _ ... _-

1987 1988 1989 1990 1991 
0.0943 0.0264 0.2787 0.0998 0 
0.8819 0.3343 0.9769 0.1735 0.0204 
1.3044 1.422 1.2774 0.9294 0.0241 
0.2479 0.8351 1.1187 2.1739 0.0076 
0.8114 0.8638 1.1243 1.0923 0.0174 
0.8114 0.8638 1.1243 1.0923 0.0174 

1987 1988 1989 1990 1991 
96451 415789 52471 23903 262146 

430000 54311 250590 24570 13386 
455289 110153 24057 58374 12782 
109655 76440 16443 4150 14260 

9241 52955 20520 3324 292 
1536 14417 4125 1617 146 

1987 1988 1989 1990 1991 
2769 11047 1480 751 7602.25 

35336 4130 20225 2210 1188 
76181 17055 3953 10689 2309 
30833 19889 4541 1277 43291 
3852 20425 8401 1516 131 
875 7595 2307 1007 90 

147077 69094 39427 16699 8047 

149846 80141 40907 17450 15649 
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Table 7: Output: run MAFF5. 

Table 7 a: 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 0.0012 0.0188 0.0539 0.0996 0.0035 0.0265 0.0271 0.0047 0.0562 0.0117 
2 0.0137 0.9649 0.0332 0.1217 0.5277 0.2671 0.4852 0.8174 0.0318 0.0437 0.5228 0.0829 0.1198 0.029 
3 2.8592 0.3646 0.0283 0.1602 0.1807 0.2668 1.4475 1.3077 0.855 0.1025 0.6784 0.4718 0.1768 0.0477 
4 4.0193 0.8622 0.0349 0.4561 0.1075 0.4176 0.9368 2.3754 0.6346 0.0947 0.1042 0.229 0.1385 0.071 
5 2.2974 0.7382 0.0322 0.2507 0.2719 0.3172 0.9565 1.5002 0.5071 0.0803 0.4351 0.2613 0.1451 0.0492 

+gp 2.2974 0.7382 0.0322 0.2507 0.2719 0.3172 0.9565 1.5002 0.5071 0.0803 0.4351 0.2613 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 
--- ... --.. -~ ... 



Table 8: Output: run MAFF6. 

Table 8a: 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 0.0112 0.0002 0 0.0012 0.0196 0.0574 0.1734 0.0051 0.0371 0.0849 0.0183 0.0624 0.0171 0 
2 0.0138 0.9682 0.0334 0.1226 0.5332 0.2685 0.5096 0.9018 0.0584 0.0632 0.8362 0.2942 0.574 0.0323 0.0033 
3 2.8617 0.3665 0.0285 0.1615 0.1823 0.271 1.4652 1.4807 1.0839 0.1992 12214 1.22 0.9868 0.3361 0.0041 
4 4.022 0.8658 0.0352 0.4592 0.1085 0.4226 0.9635 2.571 0.8899 0.1412 0.2257 0.7039 0.7235 0.9055 0.0019 
5 2.2992 0.7411 0.0324 0.2526 0.2747 0.3207 0.9794 1.6512 0.6774 0.1345 0.7611 0.7394 0.7614 0.4246 0.0031 

+gp 2.2992 0.7411 0.0324 0.2526 0.2747 0.3207 0.9794 1.6512 0.6774 0.1345 0.7611 0.7394 0.7614 0.4246 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 328.758 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 2962 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 
- .. _--- ----- -_ .. _-

2j 



Table 9a: Diagnostics from ADAPT run 1. 

Iteration 1 
Sum of Squares Before = 16.1489719 
Sum of Squares After = 7.69898365 

Age Step Abundance Lower Upper 

2 758927.1 511994.7 56888.3 511994.7 

3 68532.9 48967.7 5440.9 48967.7 

4 61048.2 39522.2 4391.4 39522.2 

5 -8464.519 13974.22 4487.748 40389.74 

Iteration 2 
Sum of Squares Before = 7.6989 
Sum of Squares After = 7.6371 

Age Step Abundance Lower Upper 

2 479375.0 511994.7 56888.3 511994.7 

3 87561.4 48967.7 5440.9 48967.7 

4 90385.9 39522.2 4391.4 39522.2 

5 18317.84 32292.07 4487.748 40389.74 

Iteration 3 
Sum of Squares Before = 7.6989 
Sum of Squares After = 7.6247 

Age Step Abundance Lower Upper 

2 401364.3 511994.7 56888.3 511994.7 

3 90106.2 48967.7 5440.9 48967.7 

4 97896.9 39522.2· 4391.4 39522.2 

5 18243.62 40389.74 4487.748 40389.74 

Iteration 4 
Sum of Squares Before = 7.6247 
Sum of Squares After = 7.6247 

Age Step Abundance Lower Upper 

2 421498.4 511994.7 56888.3 511994.7 

3 90550.2 48967.7 5440.9 48967.7 

4 98327.9 39522.2 4391.4 39522.2 

5 11522.07 40389.74 4487.748 40389.74 
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Table 9b: Diagnostics from ADAPT run 2. 

Iteration 1 
Sum of Squares Before = 2.4797 
Sum of Squares After = 2.0307 

Age Step Abundance Lower Upper 

2 114988.7 213126.1 23680.7 213126.1 
3 72360.4 147940.3 16437.8 147940.3 
4 -1092739.0 91727.6 91727.6 825548.1 
5 -33484.48 6585.022 6585.022 59265.2 

Iteration 2 
Sum of Squares Before = 2.0307 
Sum of Squares After = 1.7111 

Age Step Abundance Lower Upper 

2 102845.7 213126.1 23680.7 213126.1 
3 -142262.0 16437.8 16437.8 147940.3 
4 -51958.0 91727.6 91727.6 825548.1 
5 8077.638 14662.66 6585.022 59265.2 

Iteration 3 
Sum of Squares Before = 1.7111 
Sum of Squares After = 1.4163 

Age Step Abundance Lower Upper 

2 -41128.5 171997.6 23680.7 213126.1 
3 43415.7 59853.5 16437.8 147940.3 
4 -88923.5 91727.6 91727.6 825548.1 
5 -3257.323 11405.34 6585.022 59265.2 

Iteration 4 
Sum of Squares Before = 1.4163 
Sum of Squares After = 1.3283 

Age Step Abundance Lower Upper 

2 -65508.9 106488.7 23680.7 213126.1 
3 17594.5 77447.9 16437.8 147940.3 
4 -61969.6 91727.6 91727.6 825548.1 
5 1087.835 12493.17 6585.022 59265.2 
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Table 9b (continued) 

Iteration 5 
Sum of Squares Before = 1.3283 
Sum of Squares After = 1.2975 

Age Step Abundance Lower Upper 

2 -13089.2 93399.5 23680.7 213126.1 
3 -14931.7 62516.2 16437.8 147940.3 
4 -44679.8 91727.6 91727.6 825548.1 
5 -296.8229 12196.35 6585.022 59265.2 

Iteration 6 
Sum of Squares Before = 1.2975 
Sum of Squares After = 1.2926 

Age Step Abundance Lower Upper 

2 -7697.1 85702.4 23680.7 213126.1 
3 7268.0 69784.2 16437.8 147940.3 
4 -50192.0 91727.6 91727.6 825548.1 
5 -225.2508 11971.1 6585.022 59265.2 

Iteration 7 
Sum of Squares Before = 1.2926 
Sum of Squares After = 1.2904 

Age Step Abundance Lower Upper 

2 -1700.9 84001.6 23680.7 213126.1 
3 -4586.5 65197.7 16437.8 147940.3 
4 -45321.2 91727.6 91727.6 825548.1 
5 103.072 12074.17 6585.022 59265.2 
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Table 10: Output: run ADAPT5. 

Table lOa: Fishing Mortality F at age 
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

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 0.0092 1.0984 0.0299 0.1227 0.5135 0.2623 0.4925 0.9174 0.0544 0.0613 0.7771 0.1643 0.6246 0.0413 
3 2.8274 0.2317 0.0351 0.1432 0.1824 0.2558 1.3853 1.351 1.138 0.1837 1.1525 1.015 0.4056 0.3841 
4 4.1552 0.8204 0.0205 0.6029 0.0947 0.4242 0.8725 1.8852 0.6895 0.154 0.2048 0.6132 0.479 0.1959 
5 3.1714 0.9092 0.0298 0.1388 0.417 0.2717 0.9871 1.21 0.2563 0.0907 0.8769 0.6358 0.5867 0.2228 

+gp 3.1714 0.9092 0.0298 0.1388 0.417 0.2717 0.9871 1.21 0.2563 0.0907 0.8769 0.6358 0.5867 0.2228 

Table lOb: Stock number at age, start of year 
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

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 lOe: 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 

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 17775.4 28174.1 68488.5 129960.05 237188 228365 110748 64695.7 122079 162646 95935.9 63000.8 41494.3 

Total 127707 28386.4 47983.7 106166 197159.37 261829 245135 134556 104111 144780 167697 112248 67929.6 53742.6 
~--- ... _ ... _--- .. -.-~--.-- -- -- - -- ----------_._._--_ .. _-- ---- -- ---- .. _-- _ .. _- - -- --_._------- _ ... _-- -- .-.. -.... -.-- .... --~-~-.-- ... ----

1991 

1991 

1991 



Table 11: Estimates of Z from surveys using the Baranov method. 

age in 1991 > > 2 3 4 5 6 

Z 1990 to 1991 0.55 2.84 2.22 2.30 0.80 

age in 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 

1990/91 1991/92 1992/93 1993/94 1992/93 1993/94 

Survey Survey Projection Projection Catch Projection 
without catch at FO.l 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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CCAMLR-X/BG/9 

THE CHOICE OF PROCEDURE FOR DECIDING WHEN TO CLOSE FISHERIES 
REGULATED BY CCAMLR: A SIMULATION MODEL 

DJ. 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 perfonnance 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 
T AC. 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 T AC 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. 

Resume 

Les methodes decrites dans les mesures de conservation de la CCAMLR, 
servant it detenniner la date de fenneture des pecheries contrOlees par le 
secretariat de la CCAMLR, sont difficiles it appliquer en raison de la 
variation des taux de captures des pecheries. L'historique des captures 
aleatoires fluctuantes et non fluctuantes sont simulees et la performance 
de quatre modeles de decision de fermeture soumis it des conditions 
diverses est examinee. 

Avec le modele decrit dans les mesures de conservation en vigueur, le 
taux de capture a toutes les chances d'etre bien en-dessous ou bien 
au-dessus du TAC. Le meilleur modele determine la tendance des taux 
de captures par une regression lineaire effectuee sur les quatre demieres 
periodes de declaration; i1 ferme la peche si ces taux indiquent que le 
T AC sera atteint avant que la prochaine declaration ne parvienne au 
secretariat. La probabilite d'un depassement important du T AC est 
reduite lorsque les periodes sont courtes (cinq jours) et le delai de 
declaration minime. 

I1 est recommande, pour les prochaines mesures de conservation, 
d'inclure la description du Modele 4 donnee dans cette communication 
dans toute methodologie relative it la decision d'une date de fermeture 
des pecheries. 

* CCAMLR Secretariat, 25 Old Wharf, Hobart, Tasmania 7000, Australia 
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Pe310Me 

B CB5I3H C KOJIe6aHH5IMH YJIOBOB B nepHO.z. npOMbICJIa, B 
npOWJIOM 6bIJIO CJIO)KHO HCnOJIb30BaTb MeTO,ll paClIeTa CPOKOB 
3aKpbITH5I TeX npOMbICJIOB, KOTOpbIe' KOHTPOJIHpYIOTC5I 
CeKpeTapHaTOM AHTKOMa. 3TH MeTo.z. onHcaH B 
COOTBeTCTBYIOII(HX Mepax no coxpaHeHHIO. CcpOPMYJIHpOBaHbI 
Mo.z.eJIH, onHCbIBalOII(He CJIYlIatiHo reHepHpOBaHHbIe cepHH 
YJIOBOB C KOJIe6aHH5IMH H 6e3 KOJIe6aHHti. H3YlIeHa 
3cpcpeKTHBHOCTb lIeTbIpex Mo.z.eJIeti npHH5ITH5I peweHHti 0 3a­
KpbITHH npOMbICJIa B 3aBHCHMOCTH OT pa3HbIX 06CT05lTeJIbCTB. 

IIOKa3aHO, lITO onHCaHHa51 B CYII(eCTBYIOII(HX Mepax no 
coxpaHeHHIO Mo.z.eJIb HMeeT BbICOKYIO Bep05lTHOCTb nOJIYlIeHH5I 
60JIbWHX npeBbIweHHti HJIH He.z.onOJIYlIeHHti TAC. CaMa51 
3cpcpeKTHBHa51 Mo.z.eJIb onpe.z.eJI5IeT TeH.z.eHUHIO H3MeHeHH5I B 
pa3MepaX BbIJIOBa C HCnOJIb30BaHHeM JIHHetiHoti perpeCCHH 3a 
nOCJIe,llHHe lIeTbIpe OTlIeTHbIe nepHo.z.bI H 3aKpbIBeT npOMbICeJI 
B TOM CJIYlIae, eCJIH HHTeHCHBHOCTb BbIJIOBa YKa3bIBaeT Ha 
.z.OCTH)KeHHe TAC.z.o nocTynJIeHH5I CJIe.z.YIOII(ero OTlIeTa B 
CeKpeTapHaT. Bep05lTHOCTb 60JIbWHX npeBbIweHHti T AC 
MeHbwe, eCJIH OTlIeTHbIe nepHo.z.bI KOPOTKH (n5lTb ,llHeti) H 
npOMe)KYTOK BpeMeHH .z.o nOJIYlIeHH5I OTlIeTa MHHHMaJIeH. 

PeKOMeH.z.yeTC5I, lITO B .z.aJIbHetiwHx Mepax no coxpaHeHHIO 
MeTo.z.bI npHH5ITH5I peweHHti 0 cpOKax 3aKpbITH5I npOMbICJIa 
.z.OJI)KHbI BKJIlOlIHTb B ce651 KaKYIO-JIH60 CPOPMYJIHpOBKY 
Mo.z.eJIH 4, npHBe.z.eHHoti B HaCT05lIl(eti pa60Te. 

Resumen 

Los metodos contemplados en las medidas de conservacion de la 
CCRVMA y que han sido utilizados para decidir el cierre de las 
pesquerias controladas por la Secretaria de esta organizacion, han sido 
dificiles de llevar a la pnictica debido a la variacion en los indices de 
captura experimentada por la pesqueria. Se simulan las capturas 
historic as aleatorias fluctuantes e invarlables y se prueba la aplicacion de 
cuatro modelos para decidir el cierre de las pesquerias bajo divers as 
condiciones. Se ha constat ado que el modelo descrito en las medidas de 
conservacion actuales tiene una alta probabilidad de permitir excesos y 
deficit significativos con respecto al T AC. El modelo mas exitoso 
determina la tendencia de los indices de captura mediante una regresion 
lineal de los ultimos cuatro perfodos y detennina el cierre de la pesquerfa 
cuando estos indices indican que el T AC sera a1canzado antes de que la 
Secretarfa reciba el proximo informe. La probabilidad de que se exceda 
el T AC de manera considerable se ve reducida si los periodos de 
notificacion son cortos (cinco dias) y el tiempo entre notificaciones es 
mfnimo. 

Se recomienda que en las futuras medidas de conservacion, la 
formulacion del Modelo 4 (presentado en el documento) sea 
incorporado en los metodos para decidir la fecha de cierre de las 
pesquerfas. 



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 T AC control on the fisheries. Instead, 
T ACs 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/IX) 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 T AC 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 
national 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 e/eginoides 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 T AC 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 T AC 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. 

! 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 T AC. 

Two models were used: 

• Type I catch - random catch rates 

where C is the catch rate for one day, c = mean catch, Se = standard deviation (derived from the 

coefficient of variation cve), 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 

where (l is the amplitude of the sin wave, 9 is the position of the sinusoidal cycle at time t 
computed from the equation 9 = 90 + 7t / A (t is time in days, A = period of sin wave in days, 90 = 
start position, randomly determined), and 0 is an adjustment of the variance that is proportional 
toC. 

An example of a simulated Type IT 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: 

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, a = 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: 
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P=5 (reporting period in 1990 and 1991 was 5-days) 

C = 0.005, 0.01, 0.02 (0.5%, 1 %, 2% of T AC per day; similar to mean rates for 
D. eJeginoides in 1991 (see Figure 2) and C. gunnari in 
1990 respectively) 

eVe =0.2 

d=5 
eVd = 0.5 
a. = 0.5 

A= 80 
L=O.S 

(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 ill 1990/91) 
(amplitude of cycles in 1990/91 is approximately 0.5) 

(period of cycles in 1990/91 is about SO days) 

(limit for decision in Model 1 as given in Conservation 
Measure 25/IX) 

2.3 Decision Making Models (DMM) 

Four decision making models were tested: 

Decision to Close Fishery Rate Determined By Closure Effective From 

1. Percentage model: this If cumulative catch is Catch rate of most recent The end of the reporting 
is the model described greater than a specified period period within which the 
in the existing levelL predicted date2 of TA C 
conservation measures completion falls 

2. Time delay: used as an If predicted date falls in Catch rate of most recent The end of the reporting 
ad hoc method by the the period immediately period period within which the 
Secretariat in 1990/91 following the period in predicted date falls, or the 

which the report was end of the period in 
received, or sooner which the report was 

received, whichever is 
later 

3. Time delay: Modified 1 If predicted date falls Catch rate of most recent The predicted date, or the 
before the next report is period date that the report was 
expected (taking into received, whichever is 
account the reporting later 
delay and its variance) 

4. Time delay: Modified 2 If predicted date falls Catch rate is predicted The predicted date, or the 
before the next report is using the trend of catch date that the report was 
expected (taking into rates from the last n received, whichever is 
account the reporting reporting periods (a linear later 
delay and its variance) regression is performed) 

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

2.4 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 T AC were characterised by the mean and 

2 Predicted date means the date on which predictions show that the T AC is expected to be taken. It is 
calculated using the catch rate determined by the previous box and the quantity of T AC 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+1O%, 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 (c), to the length 

of the reporting period (P), and to the length of the reporting delay (d). 

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 c (Figure 4). Best performance was 

attained with L = 0.9 if c was 0.005, L = 0.8 if c = 0.1 and L = 0.6 if c = 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 11 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 11 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 eVe 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 Champsoeephalus gunnari reported by 5-day period in 1989/90. The cv of 
catches by period (cve) computed by the simulation is less than this, about 0.15, because the eVe 

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 CVe 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 T AC in relation to 
reporting periods, whereas Model 1 was based on a proportion of the T AC. 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 T AC. 

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 (Le., 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. eJeginoides 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 11 catches) than the others 
described here, although it appears to perform slightly worse than Model 3 when catches are of 
Type I. 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 T AC. 

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. Mean over-shoot and 
probability of greater than 5% over-shoot (in parentheses). 

Model 1, catch Type I, 
Catch2 = 0.005 0.01 0.02 L=0.8 

5-day reporting period 0.007 (0.027) 0.015 (0.071) 0.093 (0.715) 
lO-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) O.OlO (0.038) 0.018 (0.220) 
lO-day reporting period 0.013 (0.012) 0.023 (0.220) 0.034 (0.209) 

2 As proportion of TAC 

Table 2: Performance of Models 1 and 2 with Catch Types I and 11. 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 IT 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) O.OlO (0.038) 0.018 (0.220) 
Catch Type IT 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 11. Probability of 
over-shoots greater than 5% and lO% (in parentheses) (mean over-shoot is not 
given). 

Catch Type I Catch = 0.005 0.01 0.02 

Model 2 0.002 [0] 0.038 [0.001] 0.220 [0.040] 
Model 3 0[0] 0.025 [0] 0.219 [0.025] 
Model 4 0.001 [0] 0.036 [0.001] 0.230 [0.038] 

Catch Type 11 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 0.025 [0] 0.269 [0.023] 0.342 [0.167] 
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Figure 1: Progress of the D. eZeginoides fishery in 1991. Catches are by five-day period and 
are expressed as a proportion of the T AC of 2 500 tonnes. 

Figure 2: 
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Simulated progress of a fishery with Catch Type II: mean catch = 0.005 of the TAC 
day-I, 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 1,9. = 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 defmed in Conservation Measure 25/IX) with Catch Type 1. 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 T AC. The curves are interpolated by computer, and show 
local minima which occur at different values ofL with different catch rates. 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Ugende des tableaux 

Repercussions de la duree de la periode de declaration sur la performance. 
Depassement moyen et probabilite d'un depassement superieur a 5% (entre 
parentheses). 

Performance des modeles 1 et 2 pour des captures de type I et IT. Depassement 
moyen et probabilite d'un depassement supeneur a 5% (entre parentheses). 

Performance des modeles 2, 3 et 4 pour des captures de type I et IT. Probabilite 
d'un depassement superieur a 5% et a 10% (entre parentheses) (le depassement 
moyen n'est pas donne). 

Legende des figures 

Deroulement de la pecherie de D. eleginoides en 1991. Les captures sont 
presentees par periode de cinq jours et exprimees en pourcentage du T AC de 
2 500 tonnes. 

Deroulement simule d'une pecherie avec des captures de type 11 : capture 
moyenne = 0,005 du TAC jour- i , avec d'autres parametres sinus te1s qu'ils sont 
donnes dans les methodes. Les captures sont presentees par periode de cinq 
jours. 

Distribution de frequence des depassements exprimes en pourcentage du T AC, 
apres 1 000 simulations. Elle est derivee du Modele 1, pour une capture de 
Type I, ~ = 0,005, L = 0,70 et presente les caracteristiques de depassement 
moyen et d'ecart-type = 0,0071 et 0,029 respectivement et une probabilite de 
depassement >5% et > 10% de 0,086 et 0,002 respectivement. 

Modele 1 (defini dans la me sure de conservation 25/IX) pour une capture de 
Type I. Effet de L, limite de capture a l'origine de la decision d'une fermeture, 
sur l'efficacite de la Methode 1, exprlme en tant que probabilite selon laqueUe le 
depassement final de la capture est superieur a 5% du TAC. Les courbes sont 
tracees par ordinateur et illustrent les minima localises pour differentes valeurs 
de L et differents taux de capture. 

CnHcoK Ta6J1H~ 

BJlH~HHe npOaOJl~HTeJlbHOCTH OTqeTHOrO nepHOaa Ha 

;:)<p<peKTHBHOCTb paCqeTa. CpeaHee npeBbImeHHe H BepO~THOCTb 
nOJlyqeHH~ npeBbImeHH~ 60Jlee 5% (B cKo6Kax). 

3<p<peKTHBHOCTb MOaeJleti 1 H 2 C BbIJlOBOM THnOB I H n. CpeaHee 

npeBbImeHHe H Bepo~THoCTb nOJlyqeHH~ npeBbImeHH~ 6oJlee, qeM 5% 
(B cKo6Kax). 

3<p<peKTHBHOCTb MOaeJleti 2, 3 H 4 C BbIJlOBOM THnOB I H n. 
Bepo~THoCTb nOJlyqeHH~ npeBbImeHHti 60Jlee 5% H 10% (B cKo6Kax) 

(cpeaHee npeBbImeHHe He aaeTC~). 
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PHCYHOK 1: 

PHCYHOK 2: 

PHCYHOK 3: 

PHCYHOK 4: 

Tabla 1: 

Tabla2: 

Tabla 3: 

Figura 1: 

Figura2: 
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CnHCOK PHCYHKOB 

Pa3BHTHe npOMbICJIa D. eleginoides B 1991 r. YJIOBbI no n5ITH,llHeBHbIM 
nepHo,llaM BbIpa)l{eHbI KaK npOnOpU;H5I TAC, YCTaHOBJIeHHOrO B 2 500 
TOHH. 

HMHTaU;H5I pa3BHTH5I npOMbICJIa C BbIJIOBOM THna II: cpe,llHHH BbIJIOB 
= 0,005 TAC ,lleHb -1 - OCTaJIbHbIe bImT napaMeTpbI onHcaHbI B MeTo,llax. 
Y JIOBbI no n5ITH,llHeBHbIM nepHO,llaM. 

qacToTHoe pacnpe,lleJIeHHe npeBbImeHHH, BbIpa)l{eHHOe KaK npou;eHT 
TAC nOCJIe 1 000 HMHTaU;HoHHbIX nporoHoB. 3TO pacnpe,lleJIeHHe 6bIJIO 
npoH3Be,lleHO C HCnOJIb30BaHHeM MO,lleJIH 1, THnoM BbIJIOBa I, Q=0,005, 
)l = 0,70 H HMeJIO xapaKTepHcTHKH: cpe,llHee H SD npeBbImeHH5I= 0,0071 
H 0,029 COOTBeTCTBeHHO, H Bep05ITHOCTb nOJIY4eHH5I npeBbImeHH5I 
>5% H >10% B 0,086 H 0,002 COOTBeTCTBeHHO. 

MO,lleJIb 1 (CM. onpe,lleJIeHHe B Mepe no coxpaHeHHIO 25/IX) C THnOM 
BbIJIOBa I. BJIH5IHHe nepeMeHHOH L, T.e. orpaHH4eHHe Ha 06beM 
BbIJIOBa, ,llOCTH)I{eHHe KOToporo npHBO,llHT K npHH5ITHIO pemeHH5I no 
nOBO,llY 3aKpbITH5I npOMbICJIa, Ha 3<p<peKTHBHOCTb MeTO,lla 1. 3TO 
BJIH5IHHe BbIpa)l{aeTC5I KaK Bep05ITHOCTb Toro, 4TO OKOH4aTeJIbHOe 
npeBbImeHHe BbIJIOBa 6Y,lleT 60JIbme 5% OT TA C . KPHBbIe 
HHTepnOJIHpOBaHbI KOMnbIOTepoM H nOKa3bIBaIOT JIOKaJIbHbIe 
MHHHMaJIbHbIe 3Ha4eHH5I npH Pa3JIH4HbIX 3Ha4eHH5IX L H 
HHTeHCHBHOCTHBhlJIOBa. 

Lista de las tablas 

Efecto de la duracion del perfodo de notificacion en el funcionamiento del 
modelo. Exceso medio del objetivo y probabilidad de exceder el objetivo 
superior a15% (en parentesis). 

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

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

Lista de las figuras 

Desarrollo de la pesquerfa de D. eZeginoides en 1991. Las capturas se 
presentan por periodos de cinco dias y se expresan como una proporcion del 
TAC de 2500 toneladas. 

Desarrollo empirico de una pesqueria con capturas de typo H: captura 
media = 0.005 del T AC por dia, con otros parametros del seno, segun se ha 
especificado en los metodos. Las capturas se presentan por perfodos de cinco 
was. 



Figura 3: 

Figura 4: 

Distribuci6n de frecuencia de exceder el objetivo expresada como porcentaje 
del TAC, luego de 1000 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 desviaci6n tipica de 0.029 y una probabilidad de exceder el 
TAC superior al5% = 0.086 y superior allO% = 0.002. 

Modelo 1 (definido actualmente en la Medida de conservaci6n 25/IX) con una 
captura,de tipo 1. El efecto que produce L, la captura maxima que se requiere 
para instituir el cierre, en el funcionamiento del modelo 1, expresado en 
terminos de la probabilidad de exceder el objetivo final de captura superior al 
5% del T AC. 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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SUBROUTINE MODEL1(CUMCAT,ILASDAY,EFFRATE,IREPDAY, 
&DECLIM, IPERIOD, IENDDAY) 

C cumulative catch CUMCAT assumed to be out of 1 so amount to go =l-cumcat 
C ILASDAY is the day the report came in 
C EFFRATE is the effective rate of catching used (calculated in main prog) 
C DECLIM is the limit of catch for decisions 
C IREPPER is the end date of the report period 
C lEND is the end date 
C IENDPER is the end date of the end period 
C 

APPENDIX A 

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

IEND=ILASDAY+INT«l.-CUMCAT)/EFFRATE) 
rENDPER=IPERIOD*«(IEND-l)/IPERIOD)+l) 
IREPPER=IPERIOD*«(IREPDAY-1)/IPERIOD)+1) 

C 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=-l 
ENDIF 
RETURN 
END 

c *********************************************************** 

SUBROUTINE MODEL2 (CUMCAT,ILASDAY,EFFRATE, IREPDAY, IPERIOD,IENDDAY) 

C cumulative catch CUMCAT assumed to be out of 1 so amount to go =l-cumcat 
C ILASDAY is the day of last catch 
C EFFRATE is the effective rate of catching used (calculated in main prog) 
C IREPDAY is the date the report was recieved by Secretariat 
C IPERIOD is the number of days in the period for reporting 
C IENDDAY is the date of the closure; set to -1 if no closure decision 
C 

IEND=ILASDAY+INT«l.-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=-l 
ENDIF 
RETURN 
END 

c *********************************************************** 
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SUBROUTINE MODEL3(CUMCAT,ILASDAY,EFFRATE,IREPDAY, IPERIOD,IENDDAY) 

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

IF (EFFRATE.EQ.O.) EFFRATE=.OOOOOOOOl 
IEND=ILASDAY+INT((l.-CUMCAT)/EFFRATE) 
IENDPER=IPERIOD+IREPDAY 
IF (IEND.LE.IENDPER.AND.IEND.GT.IREPDAY) THEN 

IENDDAY=IENDPER 
ELSE IF (lEND. LE. IREPDAY) THEN 

IENDDAY=IREPDAY 
ELSE 

IENDDAY=-l 
ENDIF 
RETURN 
END 

C *********************************************************** 

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

C this model fits a regression line to the last "NO" data points 
C (data point = catch/period) and calculates the change in catch rates 
C fitting this to estimate next catch level 
C ARREG(30) holds the latest reported catch 
C NO is the number of previous catch reports to be used in the regression 
C IENDDAY is the returned date of closure 
C 
C regression model: linear 
C 

REAL ARREG (30) 

SUMX=O. 
SUMY=O. 
SSUMX=O. 
SUMXY=O. 

C this code fills up ARREG from the bottom with the latest "NO" catches 
DO 10 N=l,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(l) .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=l-CUMCAT 
TOTCAT2=ARREG(NO) 

C WRITE (*,'(4F8.4)') B,A,RATESTART 
DO 20 I=l,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,TOTCAT1 
IF (TOTCAT1.GT.REMAIN) GOTO 30 
TOTCAT2=TOTCAT1 
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20 CONTINUE 
IENDDAY=-l 
GO TO 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(I) 
&-(TOTCATI-REMAIN)/(TOTCATI-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 (lEND. LE. IREPDAY) THEN 

IENDDAY=IREPDAY 
ELSE 

IENDDAY=-l 
ENDIF 

ELSE 
IENDDAY=-l 

ENDIF 
40 RETURN 

END 
C *********************************************************** 
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CONSERVATION MEASURES INCORPORATING MODEL 4 
WOULD HAVE THE FOLLOWING FEATURES: 

APPENDIXB 

• 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 T AC 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 fishety 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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STATUS OF KRILLTARGET STRENGTH 

K.G. Foote1, D. Chu2 and T.K. Stanton2 

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. 

Resume 

Les estimations empiriques de la reponse acoustique du krill sont 
extraites des publications. Elles sont limitees aux mesures des 
concentrations d'euphausiaces vivants et ne devraient pas etre affectees 
par une cause frequente de biais dans les mesures des individus, a savoir 
l'identification du seuil. Les estimations theoriques de la reponse 
acoustique sont derivees du modele de diffusion en cylindre deforme, 
presumant des series specifiques de parametres physiques et 
d'orientation reposant sur une base empirique. Les estimations 
tMoriques mettent en evidence une dependance non monotone entre la 
reponse acoustique et a la fois la taille des individus et la frequence de 
transmission, en depit des limites admises. Quelques mesures de 
reponse acoustique prises recemment sur des individus vivants (un par 
un) d'especes d'euphausiaces et d'especes apparentees aux euphausiaces, 
effectuees dans des conditions dans lesquelles le rapport signal-bruit est 
elevee, suivent le modele general. Plusieurs recommandations 
specifiques sont avancees pour une meilleure determination de la 
reponse acoustique du krill a l'avenir. Basees sur les comparaisons, les 
courbes generales de prediction de la reponse acoustique presentees 
sont applicables a tout un eventail de longueurs, de frequences 
acoustiques et de parametres d'orientation. 

1 Institute of Marine Research, PO Box 1870, N 5024 Bergen, Norway 
2 Woods Hole Oceanographic Institution, Woods Holes, MA, USA 
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Pe3lOMe 

3Mnl1pH4eCKHe Ol\eHKH CHJIbI l\eJIH KPHJI5I 6bIJIH B35ITbI H3 

Pa.3JIH4HbIX ny6JIHKal\HH. OHH KaCaIOTC5I TOJIbKO H3MepeHHH 

npOBe,lleHHbIX Ha CKOnJIeHH5IX )l{HBbIX 3B<PaY3HH,ll H Ha HHX He 

,llOJI)I{eH OK a.3 bIB a Tb BJIH5IHHe "noporOBOH 3<p<peKT", KOTOPbIH 

4aCTO BbI3bIBaeT cMellleHHe H3MepeHHH, npOBe,lleHHbIX Ha 

e,llHHH4HhlX )l{HBOTHhlX. TeopeTH4eCKHe Ol\eHKH CHJIhl l\eJIH 

nOJIY4eHbI C nOMOlllblO MO,lleJIH pacceHBaHH5I ,lle<popMHpO­

BaHHbIM l\HJIHH,llPOM, npe,llnOJIaraJIH HaJIH4He KOHKpeTHbIX 

Ha6opOB <pH3H4eCKHX H opeHHTal\HOHHbIX napaMeTpOB, ,llJI5I 

KOTOPbIX HMeeTC5I 3MnHpH4eCKoe 060CHOBaHHe. HecMoTp5I Ha 

HMelOlllHeC5I B paC4eTax He,llOCTaTKH, TeopeTH4eCKHe Ol\eHKH 

YKa.3bIBaIOT Ha OTCYTCTBHe MOHOTOHH4eCKOH 3aBHCHMOCTH 

CHJIbI l\eJIH KaK OT pa.3Mepa )l{HBOTHOro, TaK H OT 4aCTOTbI 

nepe,llaT4HKa. HeCKOJIbKO npOBe,lleHHhlX He,llaBHO H3MepeHHH 

CHJIbI l\eJIH )l{HBbIX 3B<PaY3HH,ll H 6JIH3KHX K HHM BH,llOB, 

npO,lleJIaHHbIX B YCJIOBH5IX BbICOKoro COOTHOrneHH5I CHrHaJIa K 

rnyMy, COOTBeTCTBYIOT o6111eH KapTHHe. IIpHBO,llHTC5I p5I,ll 

KOHKpeTHbIX peKOMeH,llal\HH no YJIY4rneHHlO onpe,lleJIeHH5I 

CHJIbI l\eJIH KPHJI5I B 6Y,llYllleM. Ha OCHOBe cpaBHeHHH, ,llaIOTC5I 

o6111He nporHo3HpyeMble KpHBble CHJIbI l\eJIH, npHMeH5IeMbIe K 

rnHpoKoMY ,llHana.30HY ,llJIHH, aKycTH4ecKHx 4aCTOT H 

0pHeHTal\HOHHbIX n apaMeTpoB. 

Resumen 

Los valores empfricos de la potencia del blanco del kri! han sido 
extrafdos de las publicaciones. Estos se limitan a mediciones hechas en 
cardumenes de eufausidos libres y no debieran ser afectados por una 
fuente de desviacion frecuente experimentada en las mediciones de 
animales individuales, es decir, por la formacion de umbrales. Los 
valores teoricos de la potencia del blanco son deducidos del modelo de 
dispersion del cilindro deforrnado, suponiendose una serie especffica de 
variables ffsicas y orientacionales para las cuales existe una base 
empfrica. Los valores teoricos muestran una dependencia no-monotona 
de la potencia del blanco con respecto al tamafio del animal y a su 
frecuencia de transmision, a pesar de las reconocidas limitaciones. 
Algunas mediciones recientes de potencia del blanco en eufausidos 
vivos y en especies afines, hechas en condiciones de alta relacion 
seiial/ruido, son consecuentes con el modelo general. Se formulan 
varias recomendaciones especfficas para mejorar las futuras 
estimaciones de potencia del blanco del kril. Sobre la base de las 
comparaciones, se presentan las curvas de prediccion general para la 
potencia del blanco que son aplicables a una amplia gama de tallas, 
frecuencias acusticas y parametros 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 kriU 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 (FIB EX), 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 
et al., 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, 
back scattering cross section, and mean volume backscattering coefficient and strength are 
defined. Empirical studies of krill target strength, based on measurements of the mean volume 
back scattering 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. DEFINmONS 

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, 

Pine = A exp [i(k· r - rot)], 

where A is the amplitude, k is the wave vector, r is the position where the incident pressure field 
is to be evaluated, (0 is the angular frequency, and t 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( -i(O t), 

Um 

r~oo p = Afexp(ikr)/r, 
se 

where fis the far-field scattering amplitude. The backscattering cross section, 0' or O'bs, is 
defined in terms of the far-field backscattering amplitude fb thus: 

(1) 
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The quantity C1bs is also called the differential scattering cross section in the 
backscattering direction. Because of the frequently large range in values of C1 or C1bs for the 
same or similar scatterers, a logarithmic measure is convenient. This is the target strength TS, 

0' 
TS = 10 log - = 10 log O'bs' 

41l' 
(2) 

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 
back scattering cross section by the square of the length of the body, provided of course that the 
body is elongated. In this paper, krilllength 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, 

(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 C1, C1bs, 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 

(4) 

Theory 

a(L) = feO'(L,8)fe(8)d8 (individual), (5) 

o = fL o(L )fL (L)dL (aggregation), (6) 
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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 e, or both 
behaviour and length through e and L, respectively. Equations (5) and (6) are the respective 
theoretical counterparts, where Ix 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 0' and O'bs. 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 (J' / 4n) = 10 logO" bs' (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 Sv is related to the mean backscattering 
cross section and the number density p of scatterers (Stanton et al., 1987), 

0" -
Sv = p- = pO" 4n bs' 

(8) 

where the usual convention of not indicating the average nature of Sv 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, 

Sv = 10 log P + TS (9) 

where Sv 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 Sv 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 SlRENGTH 

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 
Sv, 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 RMT8 catches varied from 37 to 44 mm. Measurement 
of Sv, 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 Sv 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 Sv, 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 IlS 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 Sy, 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 
revision: that the BIOMASS-predicted TS for the observed 22.8 mm mean length be.reduced by 
13 dB 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 Sy 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 krilllength 
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 Sy, 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 180 and 
5.40

, respectively. In Emerald Basin, Sy was measured over the depth range from 210 to 242 m. 
In LaHave Basin, Sy was measured from 190 to 230 m. In both cases, Sy 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 krilllength 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 onkrill 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 krilllength 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: 

_ -i f ~ (_)m i2kfrFposI - I ib - - 4.Jbm 1 e drpos' 
p 'pos m=O 

(10) 

where r pos is the position vector of the axis of the cylinder, r i is the unit vector in the direction 
of the incident field, m is the modal index number to the modal series solution, and bm is a 
coefficient that is determined by the (circular cylinder) boundary conditions. 

The exact expression for bm is always quite complicated and is typically expressed as the 
ratio of two determinants. bm 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 bm 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. This is a 
simplification ofthe 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 

(Hi) 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 ~ ka ~ 3 that includes the upper limit of the Rayleigh scattering region (ka « 1) and lower 
limit of the geometric scattering region (ka ~ 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;; 2. The data do not, however, follow closely any 
single presented curve. These authors hypothesise that the source of the variability is due to: 

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

(ii) 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. 

6.2 Data Quality 

Of the cited eleven empirical data sources, nine involve measurement of the mean volume 
backscattering strength Sv. 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 detennination of krill density by trawling. No comments 
are made by the author on this sampling method. 

In the other studies based on measurement of Sv, 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 detennination 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 infonnation about the possible coincidence of acoustic and optical sampling 
volumes, so no assessment can be made here as to the accuracy of this density detennination. 

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-Ievel 
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 tenns of imperfections in: 

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

The defonned cylinder model, which is inherently an approximate solution, has been 
shown under some conditions to be most accurate when the scatterers are of very high aspect 
ratio (~5:1Iength to diameter ratio) and near nonnal incidence. Furthennore, 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 
kriU is appropriate under some conditions. Certainly kriU 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 lengthwise axis. However, one must be cautious when applying 
the model to free swimming animals in situ, especially if a substantial fraction of the angles of 
incidence are far away from normal or "broadside". If the echo sounder 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 nonnal 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 et al. (1990) is the work by Chu et 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 et 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 et 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 et 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 (un averaged) 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 nuUs, there is still some residual dip that is of the order 
5 to 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 et 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 kriU 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 kriU 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 M eganyctiphanes 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 a 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: 

114 

(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; 

(ii) 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 kriU. 

The target strengths are estimated from measurements of Sv and p. V is echo sounder frequency, I 
mean length, p number density, Sv volume scattering strength, and TS estimated average target 
strength. 

Investigators V (kHz) i (mm) p (m-3) Sv (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 0.50 -38.3 
17.4 6.38 -64.4 -72.4 0.48 -37.2 
17.2 14.87 -66.0 -77.7 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 -72.3 -73.3 0.46 -37.7 
12.4 2.03 -80.3 -83.5 0.34 -45.4 
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 -79.6 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 7.75 -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 42.0 50.0 -51.0 -68.1 2.27 -40.5 
et al. (1986) 42.0 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 39.4 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 
30.9 7231 -87.8 0.32 -57.6 
30.1 3750 -83.6 0.31 -53.2 
35.3 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) Sv (dB) TS (dB) ka RTS(dB) 

33.5 3827 -87.6 0.34 -58.1 
32.8 15317 -89.1 0.34 -59.4 
31.5 8173 -86.6 0.32 -56.6 
38.4 7846 -84.2 0.40 -55.9 
31.5 3788 -86.9 0.32 -56.9 
31.3 7635 -88.3 0.32 -58.2 

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 0.98 -44.2 
35.3 4404 -74.8 1.15 -45.8 
32.2 13154 -75.6 1.05 -45.8 
31.2 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 1.25 -47.1 
31.5 3788 
31.3 7635 -80.7 1.02 -50.6 

Kasatkina 20 43.0 -76.6 0.23 -49.3 
(1991) (cage) 47.1 -71.3 0.26 -44.7 

46.5 -72.9 0.25 -46.2 
47.1 -72.6 0.26 -46.0 
44.7 -75.2 0.24 -48.2 
44.0 -76.4 0.24 -49.2 
43.9 -76.2 0.24 -49.0 
45.3 -72.4 0.25 -45.5 
45.3 -71.3 0.25 -44.4 

Kasatkina 20 44.7 -77.8 0.24 -50.8 
(1991) (in situ) 49.9 -72.3 0.27 -46.3 

30 53.6 1.43 -69.7 -71.8 0.44 -46.4 
53.7 5.6 -67.7 -75.7 0.44 -50.3 
53.9 1.3 -74.3 -75.4 0.44 -50.0 
54.2 0.14 -77.5 -69.0 0.44 -43.7 
47.3 3.6 -72.5 -78.3 0.38 -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 
47.7 2.4 -71.7 -75.5 0.39 -49.1 
38.1 3.49 -74.7 -80.1 0.31 -51.7 
36.0 164.6 -60.3 -82.4 0.29 -53.5 

136 47.1 -68.1 1.73 -41.6 
46.5 -68.5 1.71 -41.8 
47.1 -68.1 1.73 -41.5 
46.4 -68.5 1.71 -41.8 
46.3 -68.9 1.71 -42.2 
47.1 -68.5 1.73 -41.9 
48.9 -67.9 1.80 -41.7 
45.9 -68.8 1.69 -42.1 
47.7 -68.1 1.76 -41.6 
45.1 -68.8 1.66 -41.9 
46.2 -68.5 1.70 -41.8 
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Table 1 (continued) 

Investigators V (kHz) 1 (mm) p (m-3) Sv(dB) TS (dB) ka RTS (dB) 

Watkins 120 40.0 31.5 -58.7 -73.6 1.30 -45.6 

(1991) 40.0 37.4 -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 -74.4 1.30 -46.4 
40.0 13.0 -60.2 -71.3 1.30 -43.3 
40.0 14.7 -58.8 -70.4 1.30 -42.4 
40.0 185.7 -52.0 -74.6 1.30 -46.6 
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Figure 1: 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 
individiuals) normalised by the number of i~dividuals (equation (9)). The number was estimated 
from 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 
superimposed on a subset of data from Figure 1. 
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These data are derived from the following sources: Artemov (1983), Nakayama et al. (1986), 
Shimadzu et al. (1989), Foote et 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 
PcIL = 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 (LbIL) to them (Lb = 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 LbIL = 0.76 is used 
for each curve. 



-30 

0000 caged aggregation data 

-40 
deformed cylinder model 

§ 
Z 
u:I 
~ 

t; 

tl 
0 

~ 
Cl 
tj 
;J 
Q 
~ 
~ -55 

-80 

-60 
0 0.5 1 ,1.5 

-90 
0 1 2 3 4 5 6 7 

ka 

Figure 3: Backscatter data from Foote et 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 et 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 et al. (1992). 
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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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CnHCOK PHCYHKOB 

llaHHble no aKYCTH4eCKOMY pacceHBaHHIO H3 .lleB5ITH ny6JIHKaI..\HM, 

KacaIOII(HeC5I p5I.lla THnOB rH.llpOJIOKaTOpOB, HX 4aCTOT H IIIHpOKoro 

.llHana30Ha .llJIHH )l{HBOTHbIX. 

I1pHMepbI HeCKOJIbKHX BapHaHTOB nporH030B C HCnOJIb30BaHHeM 

,l{e<popMHpOBaHHoro I..\HJIHH.llpa, HaJIO)l{eHHbIX Ha 4aCTH4HbIM Ha60p 

.llaHHbIX H3 PHCYHKa 1. BbIJIH HCnOJIb30BaHbI .llaHHble CJIe.llYIOII(HX 

aBTopOB: Artemov (1983), Nakayama et al. (1986), Shimadzu et al. (1989), 
Foote et al. (1990) H Watkins (1991). 

llaHHble no aKycTH4ecKoMY pacceHBaHHIO H3 pa60TbI cDYT H .llp. 

(Foote et al., 1990) - CKOnJIeHHe oc06eM HaX0.llHJIOCb B ca.llKe. 

llaHHble no aKycTH4ecKoMY pacceHBaHHIO Ha 4aCTOTe 420 Krl..\ H 

MO.lleJIb H3 pa60TbI BH6e H .llp. (Wiebe et al.,1990) - 6bIJIH ycpe.llHeHbI, 

HaHeceHbl Ha rpa<pHK H cpaBHeHbI C MO.lleJIbIO pacceHBaHH5I 

.lle<popMHpOBaHHbIX I..\HJIHH.llPOM. llaHHble no 39 OT .lleJIbHbIM pa4KaM 

pa3HOrO pa3Mepa. 

125 



PHCYHOK 5: 

Tabla 1: 

Figura 1: 

Figura 2: 

Figura 3: 

Figura 4: 

Figura 5: 

126 

llaHHbIe no aKYCTHlIeCKOMY pacceHBaHHIO B ,l\Hana30He 300 - 650 KrU; 
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OC06S1M pa3HOrO pa3Mepa, OCpe,l\HeHHbIe no pe3YJIbTaTaM 20 
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CALm RATION 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*l and R.P. Hewitt1 

* 

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 SA gain and TS gain. The total spread in SA 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 SA gain parameters should be meticulously 
measured, measured frequently, and matched to the pulse length used 
and the water temperature in the survey area. 

Resume 

L'auteur expose la theorie et les procedures d'etalonnage d'un systeme 
d'echo-integration acoustique avec une sphere standard. n presente les 
resultats de l'etalonnage extensif d'un echosondeur scientifique Simrad 
EK500 equipe d'un transducteur a faisceau fractionne de 120 kHz dans 
un reservoir refrigere de 10 m de profondeur. Les parametres 
d'etalonnage sont etudies en fonction du materiau de la sphere (WC et 
Cu), de la temperature de l'eau (de 0,5 a 5,5°C), de la duree de la 
pulsation transmise (0,1, 0,3 et 1,0 ms), de la profondeur de la cible (de 
0,8 a 7,5 m) et de la duree (149 jours). L'intervalle total du gain TS, 
tenant compte des effets de la temperature, de la sphere standard et de la 
duree est de 2,9 dB. Les valeurs du gain calibrees avec la sphere de Cu 
sont, sauf dans le cas de la duree de la pulsation, inferieures a celles de 
la sphere de WC. Les tendances generales sont regulieres entre les gains 
de SA et TS. L'etendue totale du gain de SA, Y compris les effets de la 
temperature, la sphere standard et la duree~ est de 2,1 dB. Ainsi, la 
precision de la sphere standard en tant que valeur de reference de 
reponse acoustique, la duree de la pulsation, l'intervalle de temperatures 
de l'eau et l'instabilite de l'equipement tout au long d'une campagne 
peuvent contribuer a former des erreurs significatives en matiere de 
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justesse et de precision d'une campagne acoustique par echosondages. 
Pour reduire ces effets au minimum, les parametres des gains de TS et 
de SA devraient etre mesures meticuleusement et frequemment et 
ajustesa la duree de la pulsation utili see et a la temperature de l'eau dans 
la zone concernee. 

Pe310Me 

HaCTOSHQaSI pa60Ta onHCbIBaeT TeopHIO H npou,e,l{ypy 
KanH6poBKH aKycTHqeCKOR CHCTeMhl 3XO-HHTerpau,HH C 
nOMOlQblO CTaH,l{apTHOro mapa. IIpe,l{CTaBneHbI pe3ynbTaTbI 
BcecTopoHHeR KanH6poBKH HayqHOrO 3xonOTa THna CHMpa,l{ 
EK 500 C nOMOlQblO npe06pa30BaTenSI C paclQenneHHbIM nyqOM B 
oxna:>K,l{aeMOM Ca,l{Ke rny6HHoR 10 M. IIapaMeTpbI KanH6poBKH 
H3yqalOTCSI no OTHomeHHIO K MaTepHany mapa, (Bonb<ppaMoBbIR 
Kap6H,l{ - WC; H Me,l{b - Cu), TeMnepaType BO,l{bI (O,S-S,SOC), 

npO,l{On>KHTenbHOCTH nepe,l{aBaeMOro nynbca (0,1, 0,3 H 1,0 MC), 
r ny6HHe HaXO>K,l{eHHSI u,enH (0,8-7,S M) H BpeMeHH (149 ,l{HeR). 
06IQHR ,l{Hana30H TS -ycHneHHSI, BKnlOqaSI BnHSIHHSI 
TeMnepaTypbI, cTaH,l{apTHOro mapa H BpeMeHH, COCTaBnSIeT 2,9 
,l{B. BenHqHHbI YCHneHHSI, KanH6poBaHHble C nOMOlQblO mapa H3 
Cu, 3a HCKnlOqeHHeM ,l{nHTenbHoro no npO,l{On>KHTenbHocTH 

HMnyJIbCa, HH:>Ke qeM B cnyqae mapa H3 WC. 06IQHe TeH,l{eHu,HH 
Me>K,l{y SA_ H TS-ycHneHHeM 6blnH nOCne,l{OBaTenbHbIMH. 06IQHR 

,l{Hana30H SA_ -ycHneHHSI, BKnlOqaSI BnHSIHHSI TeMnepaTYPbI, 

CTaH,l{apTHOro mapa H BpeMeHH, COCTaBnSIeT 2,1 ,l{B. TaKHM 
06pa30M TOqHOCTb CTaH,l{apTHOro mapa KaK KOHTponbHoe 
3HaqeHHe TS, npo,l{On>KHTenbHocTb nynbca, ,l{Hana30H 
TeMnepaTypbI BO,l{bI H HeycTORqHBOCTb npH60poB BO BpeMSI 
CbeMKH MoryT npHBecTH K ,l{OnYlQeHHIO 3HaqHTenbHblX omH60K 
B TOqHOCTH aKycTHqeCKOR CbeMKH C Hcnonb30BaHHeM 3XO­
HHTerpau,HH. B u,enSIX CBe,l{eHHSI K MHHHMyMy TaKHX 
nOCne,l{CTBHR cne,l{yeT TlQaTenbHO H qaCTO H3MepSITb 
napaMeTpbI TS H SA_ -ycHneHHSI H ,l{enaTb nonpaBKy Ha 

Hcnonb3yeMYlO npO,l{On>KHTenbHOqTb HMnynbca H 
TeMnepaTYPY BO,l{bI B paROHe CbeMKH. 

Resumen 

En el presente trabajo se describen la teorfa y la pnictica de la calibraci6n 
de un sistema de ecointegraci6n acustica con una esfera estandar. Se 
explica la calibraci6n 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 parametros de calibraci6n respecto 
del material de la esfera (WC y CU), temperatura del agua (0.5 a 5.5°C), 
duraci6n del impulso transmitido (0.1, 0.3 y 1.0 ms), profundidad del 
blanco (0.8 a 7.5 m), y tiempo (149 dfas). El valor total de TS gain, que 
comprende el efecto de la temperatura, la esfera estandar 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 e1 impulso mas largo. Los 
valores de SA gain y TS gain son coherentes. La amplitud total de 
SA_ gain, inc1iiyendo el efecto de la temperatura, esfera estandar y 
tiempo, es 2.1 dB. Por consiguiente, la precisi6n de la esfera estandar 
como valor de referencia de TS, duraci6n del impulso, gama de 



temperatura del agua, y la variabilidad instrumental durante la realizacion 
del estudio pueden ocasionar errores importantes en la prospeccion 
acustica ecointegrada. Para reducir este efecto, los parametros de TS 
gain y de SA gain deberan medirse con cuidado y frecuencia, 
ajustandolos ala duracion 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 fITst 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. 

2L2 
far-field > T 
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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 (eu) resists 
corrosion in sea water and is inexpensive and machineable (Foote, 1984a and b). Tungsten 
carbide (we) 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 we spheres are commonly more precise than those of eu 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 Mn. 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 athwart ship 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 (On a, 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 n 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) to 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 (Tt) ±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 Tt±0.2 to Tt±l°C depending on the time of day. 

The main components of the acoustic system included a Simrad echo integration system 
(EKSOO), 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 echo sounder (Foote, 1981). 
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The nominal equipment and environmental parameters were: 

Transducer model: 
Frequency (kHz): 
Pulse Length (ms): 
Pulse Rep. Freq. (Hz): 
Bandwidth (kHz): 
Transmit power (kW): 
Angle Sens. (deg.): 
2-Way Beam Angle (deg.): 
3-dB Beamwidth (deg.): 
Sample Distance (cm): 
Sampling Freq. (kHz): 
Nom. Water Temp. eC): 
Salinity (%0): 

Simrad ES 120 (split-beam) 
119.047 (centre) 
0.1 short, 0.3 med, 1.0 long 
1 
12.0 (Wide), 1.2 (Narrow) 
1 (Normal) 
17.0 
-18.5 
9.0 
3 
50 
5.5, 5.0, 3.5, 3.0, 1.0,0.5 
34.0 (±0.5) 

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 40l0g(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. 

TSalongship = 0.40E>~ongship - O.llE>alongship - 44.23 

TSathwartship = 0.38E>;thwartship - O.OlE>athwartship - 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: 

. TSmeasured - TSsphere 
TS gain new = TS grunold + 

2 

TS gainold 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 340/00 
(Mackenzie, 1981). TScom 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 PLo The total spread in TS gain, 
including the effects of temperature, standard sphere and time, is 2.9 dB. 

Gain values calibrated with the eu 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 TSsphere 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 (SA) is based upon integrated and averaged echo 
samples. The theoretical value, used as a calibration reference, is: 

where '0 is the standard reference distance for backscattering (1 m), crbs is the backscattering 
cross-section of the sphere, 'I' is the equivalent two-way beam angle, and, is the target range. 
The calibrated integration gain is: 

10l0g(S IS ) • • Ameasured A theory 
SA gamnew = SA gamold + - - 2 

SAmeasured is the average of three or more measurements taken while the target sphere was stable 
on the beam axis (±O.2 for short, ±OAo for medium, and ±1.0 degree for long PL). 

The general trends are consistent between SA 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 SA gain, including the 
effects of temperature, standard sphere and time, is 2.1 dB, i.e., 0.8 dB less than the total range 
ofTS gain. 

Resistances (0.) of the deck-cable, slip-rings, tow-cable, and transducer quadrant were: 

Quadrant: 
Pre-cruise: 
Post-cruise: 

1 
8.5 
8.9 

2 
8.4 
8.8 

3 
8.4 
8.9 

4 
8.4 
8.9 

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

Summarising, the ranges of both the TS gain and the SA gain have been tabulated versus 
temperature (5.5 to 0.5°C), time (-149 days), and sphere matenal (wc, Cu) for each of the three 
pulse lengths (Table 3). Over the 5°C temperature spread, the ranges of TS gain and SA_ 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 S A_ gain were consistently 
higher for short PL than for medium PLo 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 SA 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 SA 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 ±O.l 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 
±5 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 ES 120 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 SA 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. TScornp Depth Along Athwart Sound TS TS 
Mat. Length (c) (dB) (rn) (deg.) (deg.) Speed sphere gain 

(rns) (rn/s) (dB) (dB) 

11/16/91 WC 0.1 5.5 -42.5 5.1 0.0 0.0 1514 -40.7 22.1 

11/16/91 WC 0.3 5.5 -42.9 5.1 0.0 0.0 1514 -40.7 21.9 

11/16/91 WC 1.0 5.5 -41.2 5.2 0.0 1.5 1514 -40.7 22.8 

11/16/91 WC 0.1 5.0 -42.7 5.1 0.0 0.0 1512 -40.7 22.0 

11/16/91 WC 0.3 5.0 -43.2 5.1 0.0 0.0 1512 -40.7 21.8 

11/16/91 WC 1.0 5.0 -41.7 5.2 -0.2 0.0 1512 -40.7 22.5 

11/17/91 WC 0.1 3.0 -42.6 5.2 0.0 0.0 1503 -40.6 22.0 

11/17/91 WC 0.3 3.0 -43.1 5.2 0.0 0.0 1503 -40.6 21.8 

11/17/91 WC 1.0 3.0 -41.2 5.3 0.0 0.0 1503 -40.6 22.7 

11/17/91 WC 0.1 2.5 -42.6 5.2 0.0 0.0 1501 -40.6 22.0 

11/17/91 WC 0.3 2.5 -43.2 5.2 0.0 0.0 1501 -40.6 21.7 

11/17/91 WC 1.0 2.5 -43.4 5.3 -0.7 0.3 1501 -40.6 21.6 

11/18/91 WC 0.1 1.0 -42.9 5.2 0.0 0.0 1495 -40.6 21.9 

11/18/91 WC 0.3 1.0 -43.0 5.2 0.0 0.0 1495 -40.6 21.8 

11/18/91 WC 1.0 1.0 -43.0 5.3 0.0 -0.2 1495 -40.6 21.8 

11/19/91 WC 0.1 0.5 -43.4 5.1 0.0 0.0 1492 -40.6 21.6 

11/19/91 WC 0.3 0.5 -43.6 5.1 0.0 0.0 1492 -40.6 21.5 

11/19/91 WC 1.0 0.5 -42.5 5.3 0.0 0.0 1492 -40.6 22.1 

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 -43.9 5.1 0.0 0.0 1492 -40.6 21.4 

04/18/92 WC 1.0 0.5 - 43.1 5.2 0.0 0.5 1492 -40.6 21.8 

11/19/91 Cu 0.1 0.5 -41.4 5.1 0.0 0.0 1492 - 36.2 20.4 

11/19/91 Cu 0.3 0.5 -40.2 5.1 0.0 0.0 1492 -36.2 21.0 

11/19/91 Cu 1.0 0.5 - 38.2 5.2 0.0 0.0 1492 - 36.2 22.0 

04/18/92 Cu 0.1 0.5 -42.3 5.0 0.0 0.0 1492 - 36.2 20.0 

04/18/92 Cu 0.3 0.5 -42.4 5.0 0.0 0.0 1492 - 36.2 19.9 

04/18/92 Cu 1.0 0.5 -40.9 5.1 0.7 -0.3 1492 - 36.2 20.7 
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Table 2: Data used to calculate calibrated SA gain. 

Date Sphere Pulse Temp. Depth SA SA theory SA gain 
Length (c) (m) measUfed (m2/nm2) (dB) 

(ms) (m2/nm2) 

11/16/91 WC 0.1 5.5 5.1 6155.0 9318.6 22.1 

11/16/91 WC 0.3 5.5 5.1 5541.0 9318.6 21.9 

11/16/91 WC 1.0 5.5 5.2 4534.0 8963.7 21.5 

11/16/91 WC 0.1 5.0 5.1 5907.0 9318.6 22.0 

11/16/91 WC 0.3 5.0 5.1 5346.0 9318.6 21.8 
11/16/91 WC 1.0 5.0 5.2 7402.0 8963.7 22.6 

11/17/91 WC 0.1 3.0 5.2 5829.0 9172.4 22.0 

11/17/91 WC 0.3 3.0 5.2 5536.0 9172.4 21.9 
11/17/91 WC 1.0 3.0 5.3 4436.0 8829.6 21.5 

11/17/91 WC 0.1 2.5 5.2 5972.0 9172.4 22.1 

11./17/91 WC 0.3 2.5 5.2 5089.0 9172.4 21.7 
11/17/91 WC 1.0 2.5 5.3 5738.0 8829.6 22.1 

11/18/91 WC 0.1 1.0 5.2 5779.0 9172.4 22.0 
11/18/91 WC 0.3 1.0 5.2 5407.0 9172.4 21.9 
11/18/91 WC 1.0 1.0 5.3 6057.0 8829.6 22.2 

11/19/91 WC 0.1 0.5 5.1 5359.0 9535.7 21.7 
11/19/91 WC 0.3 0.5 5.1 5164.0 9535.7 21.7 

11/19/91 WC 1.0 0.5 5.3 4758.0 8829.6 21.7 
04/18/92 WC 0.1 0.5 5.1 4767.0 9535.7 21.5 

04/18/92 WC 0.3 0.5 5.1 4627.0 9535.7 21.4 
04/18/92 WC 1.0 0.5 5.2 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 Cn 0.3 0.5 5.1 10202.0 26263.4 20.9 
11/19/91 Cn 1.0 0.5 5.2 11959.0 25263.0 21.4 
04/18/92 Cn 0-.1 0.5 5.0 8709.0 27324.5 20.5 

04/18/92 Cn 0.3 0.5 5.0 9039.0 27324.5 20.6 
04/18/92 Cn 1.0 0.5 5.1 10417.0 26263.4 21.0 

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: 
0.1 ms 0.3ms 1.0ms 0.1 ms 0.3 ms 1.0ms 0.1 ms 0.3 ms 1.0ms 

WC 0.5 0.4 1.2 WC -0.1 -0.1 -0.3 Pre 1.2 0.5 0.1 
Cu -0.4 -1.1 -1.3 Post 1.5 0.5 1.1 

SA_gain: SA_gain: SA_gain: 
0.1 ms 0.3 ms 1.0ms 0.1 ms O.3ms 1.0ms 0.1 ms 0.3 ms 1.0ms 

WC 0.4 0.2 1.1 WC -0.2 -0.3 -1.2 Pre 0.8 0.8 0.3 
Cn -0.4 -0.3 -0.4 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. 

Resume 

Les relations longueur-poids du krill, Euphausia superba, (ainsi que les 
relations relatives aux autres especes d'euphausiaces antarctiques) sont 
donnees pour le poids sec sans cendres, le poids sec et le poids 
humide. Toute information sur le sexe et les stades de maturite 
dominants permet d'ameliorer la precision des calculs des relations 
longueur-poids. L'influence des variations saisonnieres sur les 
parametres des relations longueur-poids fait l'objet d'une discussion. 
Des recommandations sont presentees pour les utilisations possibles 
des relations longueur-poids revisees. 

Pe3IOMe 

OTHOmeHH5I ",lIJIHHa/Bec" ,lIJI5I KPHJI5I, Euphausia superba, a TaK)I{e 

,lIJI5I ,lIpyrHx BH,lIOB aHTapKTHlleCKHX 3B<PaY3HH,lI, ,lIaHbI no 

KaTerOpH5IM 6e330JIbHOrO cyxoro Beca, cyxoro Beca H 

MOKporo Beca. llpHH5ITHe BO BHHMaHHe HH<p0pMaI.\HH 0 

nOJIOBOH npHHa,llJIe}l{HOCTH H ,lIOMHHaHTHbIX CTa,llH5IX 

nOJIOB03peJIOCTH YJIY4maeT T04HOCTb BbI4HCJIeHHH 

OTHomeHHH ",lIJIHHa/Bec". 06cY}l{,lIaeTC5I BJIH5IHHe ce30HHbIX 

H3MeHeHHH B napaMeTpax ",lIJIHHa/Bec". ,llaeTC5I p5I,lI 

peKoMeH,lIal.\HH no HCnOJIb30BaHHIO npHBe,lleHHbIX OTHomeHHH 

",lIJIHHa/Bec". 

Resumen 

Se presenta una lista de las relaciones talla-peso para el kril, Euphausia 
superba (as! como las relaciones para otras especies de eufausidos 
antarticos), en funci6n del peso seco sin ceniza, peso seco, y peso 
humedo. Los calculos de estas relaciones son mas fiables cuando se 
toman en cuenta la informaci6n sobre sexos y las fases de madurez 
predominantes. Se discute la influencia de los cambios estacionales en 
las variables de la relaci6n talla-peso y se dan recomendaciones para el 
posible empleo de las relaciones talla-peso revisadas. 

* Institut ffir 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 kriH. 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 IT (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., SI, 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 et 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 50 mm krill would attain the following weights: 

October 
December 
January 
February 
February 
March 
June 

resting stage 
most gravid 
gravid + spent 
all gravid 
all spent 
spent 
resting stage 

787mg 
927mg 
913mg 
931 mg 
912mg 
860mg 
796mg 

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 kriU at different dominant 
maturity stages. Siege1 (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 Siege1 (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 (Siege1, 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); 

(c) 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); 

(ii) 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 

(ill) 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), 
W AFD = a • Lb for ash-free dry wei~ht (in mg) and total length (AT in mm). 

Month Sex Regression Coefficient Size Range Number Dominant Adult Reference 
a b (mm) ofKrill Maturity Stages 

October M 0.0005 3.022 13-58 138 3A resting stage 
Siegel 

(1986a) 
F 0.0008 2.906 13-59 141 3A resting stage 

December M 0.00011 3.527 23-60 114 3B gravid Siegel 
(1986a) 

F 0.00014 3.460 23-60 114 3C, D gravid 

January M 0.00029 3.277 23-60 114 3A, B gravid- Siegel 
spent (1986a) 

F 0.00066 3.041 23-60 114 3D/E gravid-
spent 

February M 0.00007 3.720 16-58 129 3A spent Siege! 
(1986a) 

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, WD = a· Lb for dry weight (in mg) and total length (ATin mm). 

Month Sex Regression Coefficient Size Range Number Dominant Adult Reference 
a b (mm) ofKrill Maturity Stages 

Feb/Mar 0.00010 
Jazdzewsld 

ALL 3.799 145 et al. (1978) 

Jan/Feb ALL 0.00007 3.760 28-58 114 prespawning - Kils (1979) gravid 

October M 0.00060 3.030 13-58 138 3A resting stage Siege! 
(1986a) 

F 0.00080 2.971 13-59 141 3A resting stage 

November M 0.00076 3.071 10-57 406 3A resting stage Siege! 
(unpubl. 

data) 
F 0.00105 2.965 10-57 458 3A resting stage 

December M 0.00019 3.435 23-60 114 3B gravid Siegel 
(1986a) 

F 0.00025 3.357 23-60 114 3C, D gravid 

January M 0.00036 3.277 23-60 114 3A, B gravid- Siege! 
spent (1986a) 

F 0.00075 3.066 23-60 114 3D/E gravid-
spent 

February M 0.00009 3.694 16-58 129 3A spent Siegel 
(1986a) 

F 0.00031 3.306 16-59 132 3E spent 

Feb/Mar M 0.00238 2.93 34-57 1861 gravid Morrisetal. 
(1988) 

F 0.00024 3.55 37-58 1404 gravid-spent 

(F) 0.00139 3.0737 37-58 933 only non-gravid 
females 

(F) 0.00199 3.0438 41-58 471 only gravid 
females 

ALL 0.00106 3.15 31-58 3265 gravid-spent 
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Table 3: Length-weight relationship for kriU (Euphausia superba) males (M) and females (F), 
Ww = a· Lb for wet wei~ht (in mg) and total length (AT in mm). 

Month 

Several 

years 

Several 

years 

JanjFeb 

Dec/Feb 

Feb/Mar 

October 

November 

December 

January 

February 

June 

Feb/Mar 

Length classes indicated by * refer to Standard 2 body length of Mauchline 
(1980). 

Sex Regression Coefficient Size Range Number Dominant Adult Reference 
a b (mm) ofKrilI Maturity Stages 

M 0.0034 3.1761 3-61 all stages Lockyer 
(1973) 

F 0.0009 3.5792 3-61 all stages 

M 0.00128 3.428 all stages 
Nemoto et 
al. (1981) 

F 0.00352 3.144 all stages (one 
example out 

of several 
stations) 

M 0.00423 3.170 31-55 92 3B gravid Retamal and 
Quintana 

F 0.00573 3.080 31-55 58 3B prespawning (1982) 

M 0.0019 3.36 Strelnikova 
(1985) 

F 0.0009 3.56 

M 0.00265 3.464 23-47* 2325 Rojas et al. 
(1981) 

F 0.00531 3.256 23-46* 2757 

M 0.00236 3.251 13-58 138 3A resting stage Siegel 
(1986a) 

F 0.00242 3.247 13-59 141 3A resting stage 

M 0.00315 3.207 10-57 406 3A resting stage Siegel 
(1989) 

F 0.00430 3.102 10-57 458 3A resting stage 

M 0.00083 3.561 15-59 114 3B gravid Siegel 
(1986a) 

F 0.00115 3.457 15-59 114 3C, D gravid 

M 0.00156 3.403 23-60 114 3A, B gravid- Siegel 
spent (1986a) 

F 0.00282 3.234 23-60 114 3D/E gravid-
spent 

M 0.00111 3.507 16-58 129 3A spent Siegel 
(1986a) 

F 0.00211 3.302 16-59 132 3E spent 

M 0.00328 3.176 21-59 380 3A resting stage Siegel 
(1989a) 

F 0.00441 3.084 21-55 340 3A resting stage 

M 0.00613 3.0776 34-57 1882 gravid Morris et al. 
(1988) 

F 0.00289 3.270 31-58 1417 gravid + spent 

(F) 0.01088 2.9077 31-58 940 only non-gravid 
females 

(F) 0.00975 2.9809 41-58 477 only gravid 
females 

(F) 0.03548 2.590 39-56 65 only spent 
females 

151 



Table 4: Length-weight relationship for krill (Euphausia superba) not separated for males 
and females, Ww = a • Lb for wet wei~ht (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) ofKrill Maturity Stages 

Several 0.00056 3.62 24-58 30/mm Chekunova and 
months Rynkova (1974) 

Jan/March 0.00229 3.35 22-42** 49 mostly adolescent Clarke (1976) 

April 0.0018 3.3436 20-61 1085 spent Sahrhage 
(1978) 

FebIMarch 0.0018 3.3831 145 Jazdzewski et 
al. (1978), 
identical to 
Rakusa-
Suszczewski 
(1981) 

Jan/Feb 0.00158 3.40 28-58 114 prespawning- Kils (1979) gravid 

FebIMarch 0.00298 3.4232 23-47* 5082 Rojas et al. 
(1981) 

FebIMarch 0.00385 3.20 26-59 3299 gravid-spent Morris et al. 
(1988) 

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 Siegel (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). Ww = a • Lb for wet wei~ht (in mg) and total length (in mm). 

Month Sex Regression Coefficient Size Range Number Dominant Adult Reference 

a b (mm) ofKril! 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 3.04 129 Suszczewski 

and Stepnik 
(1980) 

November ALL 0.0017 3.373 17-37 150 prespawning- Siege! 
gravid (unpubl. 

data) 

Euphausia Jrigida 

March ALL 0.040 2.339 8-23 80 resting stage Siege! 
(unpubl. 
data) 

Euphausia triacantha 

May ALL 0.0383 2.495 13-38 115 resting stage Siege! 
(unpubl. 
data) 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Tableau 4: 

Tableau 5: 

Ta6JIHIJ,a 1: 

Ta6JIHIJ,a 2: 

Ta6JIHIJ,a 3: 

Ta6JIHIJ,a 4: 

Ta6JIHIJ,a 5: 

Tabla 1: 
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Ugende des tableaux 

Relation longueur-poids pour le krill (Euphausia superba) male (M) et 
femelle (F), WAFD = 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) male (M) et 
femelle (F), et total (ALL), WD = a· Lb pour le poids sec (en mg) et la longueur 
totale (AT en mm). 

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

Relation longueur-poids pour le krill (Euphausia superba), male et femelle 
combines, Ww = a· Lb pour le poids humide (en mg) et la longueur totale (AT 
en mm). Les classes de longueurs indiquees par * se rapportent au Standard 2 
et ** a la reference de longueur du corps de Mauchline (1980). 

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

CnHCOK Ta6JIHLI, 

OTHomeHHe ",lIJIHHa/Bec" ,lIJI5I caMLI,OB (M) H caMOK (F) KPHJI5I 

(E.superba), WAFD = a· Lb B cJIyqae 6e330JIbHOrO cyxoro Beca (B Mr) H 

o6IIleH ,lIJIHHbI (AT B MM). 

OTHomeHHe ",lIJIHHa/Bec" ,lIJI5I caMLI,OB (M), caMOK (F) H o6oero nOJIa 

(ALL), KPHJI5I (E. superba), WD = a • Lb B CJIyqae cyxoro Beca (B Mr) H 

o6IIleH ,lIJIHHbI (AT B MM). 

OTHomeHHe ",lIJIHHa/Bec" ,lIJI5I caMLI,OB (M) H caMOK (F) KPHJI5I 

(E. superba), Ww = a· Lb B CJIyqae MOKporo Beca (B Mr) H o6IIleH ,lIJIHHbI 

(AT B MM). Pa3MepHbIe KJIaCCbI, 0603HaqeHHbIe *, OTHOC5ITC5I K 

H3MepeHH5IM CTaH,lIapTHOH ,lIJIHHbI 2 (Mauchline, 1980). 

OTHomeHHe ",lIJIHHa/Bec" ,lIJI5I KPHJI5I (E. superba) o6oero nOJIa, Ww = 
a • Lb B CJIyqae MOKporo Beca (B Mr) H o6IIleH ,lIJIHHbI (AT B MM). 

Pa3MepHbIe KJIaCCbI, 0603HaqeHHbIe *, OTHOC5ITC5I K H3MepeHH5IM 

CTaH,lIapTHOH ,lIJIHHbI 2, H ** - KOHTPOJIbHOH ,lIJIHHbI (Mauchline, 1980). 

OTHomeHHe ",lIJIHHa/Bec" ,lIJI5I BH,lIOB aHTapKTHqeCKHX 3B<JlaY3HH,lI 

nOMHMO KPHJI5I (E. superba). Ww = a· Lb B CJIyqae MOKporo Beca (B Mr) 

H o6IIleH ,lIJIHHbI (AT B MM). 

Lista de las tablas 

Relaci6n tall a-peso del kril (Euphausia superba) macho (M) y hembra (F), 
W AFD = a • Lb para peso seco libre de ceniza (en mg) y longitud total (AT 
en mm). 



Tabla2: 

Tabla 3: 

Tabla4: 

Tabla5: 

Relaci6n talla-peso del kril (Euphausia superba) macho (M) y hembra (F), y 
combinados (ALL), WD = a * Lb para peso seco (en mg) y longitud total (AT 
en mm). 

Relaci6n talla-peso del kril (Euphausia superba) macho (M) y hembra (F), 
Ww = a· Lb para peso humedo (en mg) y longitud total (AT en mm). Las 
c1ases de talla indicadas con un * se refieren a la talla estandar 2 de la talla 
corporal de referencia de Mauchline (1980). 

Relaci6n talla-peso del kril (Euphausia superba) combinada para machos y 
hembras, Ww = a· Lb para peso humedo (en mg) y longitud total (AT en mm). 
Las c1ases de talla indicadas con un * se refieren a la talla estandar 2, mientras 
que las marcadas con dos ** , a la talla corporal de referencia de Mauchline 
(1980). 

Relaci6n talla-peso de otras especies de eufausidos antarticos aparte de kril 
(Euphausia superba). Ww = a· Lb para peso humedo (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. Trathan1, D.J. Agnew2, D.G.M. Miller3, J.L. Watkinsl, I. Everson1, M.R. Thorleyl, 
E. Murphyl, A.W.A. Murrayl and C. Gossl 

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. 

Resume 

Les donnees acoustiques et de frequence des longueurs proven ant de la 
FIB EX et stockees a la banque des donnees BIOMASS ont fourni les 
estimations de den site et de biomasse moyennes pour les secteurs de 
l'ocean Indien et de l'Atlantique ouest, de meme 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 densite ont ete 
calculees au moyen des rapports de reponse acoustique utilises lors du 
premier atelier acoustique FIBEX. Pour les diverses zones, les 
estimations ont egalement ete calculees a l'aide des rapports de reponse 
acoustique de Green et al. (1990). Les nouvelles estimations etaient en 
moyenne de 4,76 fois plus elevees que les anciennes estimations des 
campagnes (sept sur les neuf examinees) qui utilisaient une frequence 
d'echosondeur de 120 kHz. 

Pe3IOMe 

AKYCTHqeCKHe ,lIaHHbIe H ,lIaHHbIe no pa.3MepHoMY COCTaBY 
KPHJI5I, nOJIyqeHHbIe B nepHO,ll FIBEX H XpaH5I~HeC5I B 6a.3e 
,lIaHHbIX EHOMACC, 6bIJIH HCnOJIb30BaHbI C u;eJIblO nOJIyqeHH5I 
ou;eHOK cpe,llHeH nJIOTHOCTH H 6HOMaCCbI B HH,lIOOKeaHCKOM H 
3ana,llHoaTJIaHTHqeCKOM ceKTopax, a TaK)Ke CTaTHCTHqeCKOM 
paHoHe <DAO 41 H nO,llpaHOHax 48.1, 48.2, 48.3, 48.6 H YqaCTKe 
58.4.2 AHTKOMa. Ou;eHKH nJIOTHOCTH 6bIJIH BblqHCJIeHbI 
HCnOJIb3Y5I BeJIHqHHbI OTHOIlIeHH5I CHJIbI u;eJIH K ,lIJIHHe KPHJI5I, 
npHH5ITbIe Ha nepBOHaqaJIbHOM pa60qeM ceMHHape FIBEX no 
aKycTHKe. Ou;eHKH no :3THM paHOHaM TaK)Ke 6bIJIH BbIqHCJIeHbI 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 Sea Fisheries Research Institute, Private Bag X2, Roggebaai 8012, South Africa 
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HCnOJIb30BaHHeM BeJIH4HH OTHolIIeHHti CHJIbl ~eJIH, 
npHBelleHHblx B pa60Te rpHHa H lip. (Green et ai, 1990). B 
cpellHeM HOBble o~eHKH 6blJIH B 4,76 pa3a 60JIblIIe cTapblx 

o~eHoK, nOJIY4eHHblx B pe3YJIbTaTe peticoB (ceMb H3 lIeB5ITH), B 

xOlle KOTOPblX HCnOJIb30BaJIaCb 4aCTOTa 3XOJIOTa 120Kr~. 

Resumen 

Se utilizaron los datos acusticos 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 oceano Indico y del 
Atlantico occidental, as! como para el Area estadfstica 41 de la FAO y las 
Subareas 48.1, 48.2, 48.3, 48.6 Y la Division 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 acustica de FIBEX. 
Tambien 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 campafias (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 kriU abundance from acoustic survey data is 
acoustic target strength (TS) (cf. Miller and Hampton, 1989). Krill 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!1ength 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 kriU 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 Length Data 

Length frequency data were available from net hauls for all cruises except Kaiyo M aru 
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 Lie. E. Marschoff (Argentina) and a subsequent visit to 
Argentina by Dr 1. Everson (UK) established that the original data from Dr Eduardo 
L. H olmberg 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 ofFIBEX 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 (I) 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 3.55 (w in mg, I in mm). 

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

The following TS/length relationships were used in the calculation of mean weight 
density (gm-2) 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. 

120kHz 
TS = 19.9logl- 95.7 (Anon., 1986 - equation 11) 

50kHz 
TS = 19.9logl- 90.5 (Anon., 1986 - p. 46) 

200kHz 
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 (gm-2). This Ts/length relationship is shown in Figure 3. 

120 kHz 
TS = 34.85log1 - 127.45 (Greene et al., 1990) 
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50kHz 
In the absence of new information on laill 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 = 34.8510g1 - 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 laiH, was also used for comparative purposes. 

TS = 0.211- 72.26 (Klindt and Zwack, 1984) 

200kHz 
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 • log(120/200) = + 2.22). This provides a new TS/length relationship at 200 kHz. 

TS = 34.8510g1 - 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 km2, Professor Siedlecki 
Transects 12-21: Area = 29 100 km2) and to the "East Bransfield" area (Itzumi Transects 17-24: 
Area = 8 600 km2). 

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 gm-2 (Anon. 1986 - Table IX) compared to 0.39 gm-2 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-integrator1 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 (Pk). The mean density by 
stratum (PA) 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 A) 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 ofFIBEX 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 (±1D.0%) to those reported in Table VIII of Anon. (1986) with the exception of 
Itzumi 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 

1 The amount of acoustic energy returned from laill 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 krilllength 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 PA [new]/PA [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 byWG-Krill in the conversion ofFIBEX 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. 
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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; 

(ii) 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 kriU 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 
kriU 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; SiegeI1988). 
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); 

(ii) 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 

(ill) 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 et 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 kriU 
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; Mann 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 Gennany 48 50 

Dr Eduardo L. Holmberg Argentina 48 120 

Itzumi Chile 48 120 

Odissey USSR 48 120 

Professor Siedlecki Poland 48 120 

Melville* USA 48 50 

SA Agulhas South Africa 48 120 

KaiyoMaru 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 km2 = 
AREA • 103; density in gm-2 = pA; biomass in tonnes = Bw • 1()3; coefficient of variation (%) = CV]. 

Ship/Strata Transect TL Area PA Ratio Bw cv 
Number pA 

BIO OLD NEW OLD:NEW BIO OLD NEW BIO OLD NEW 

Walther Herwig 1-13 3549.5 220.7 1.7 1.7 70.1 40.92 372.0 381.8 15479.2 28.0 27.9 27.9 

Dr Eduardo L. Holmberg 1-22 2627.4 83.8 2.8 18.6 82.8 4.45 234.0 1559.4 6937.4 55.0 34.9 34.9 

Itzumi (Bransfield) 1-24 1440.9 26.5 32.3 32.6 159.6 4.89 854.0 864.3 4228.7 20.0 19.7 19.7 

I tzumi (East Drake) 34-40 313.0 8.3 8.8 13.7 66.9 4.89 73.0 113.5 555.2 94.0 65.0 65.0 

Itzumi (West Drake) 26-33 240.m 4.7 24.0 18.8 91.9 4.89 112.0 88.3 432.1 34.0 43.1 43.1 

Odissey (South Georgia) 51-58 497.8 25.3 15.6 12.6 59.7 4.76 395.0 317.8 1511.1 38.0 37.9 37.9 

Odissey (Scotia A) 1-13 2196.0 68.3 17.3 18.8 89.3 4.76 1185.0 1284.0 6102.5 23.0 20.1 20.1 

Odissey (Scotia B) 14-15 322.1 33.3 3.5 3.5 16.8 4.76 115.0 117.3 557.9 7.0 7.5 7.5 

Prof Siedlecki (Bransfield) 12-21 520.4 29.1 4.7 5.2 21.9 4.24 136.0 150.5 638.2 42.0 37.7 37.7 

Prof Siedlecki (Drake) 1-11 2245.9 160.1 0.4 0.4 1.5 4.24 62.0 56.4 239.2 31.0 31.1 31.1 

SA Agulhas 1-9 3037.3 576.0 1.1 1.2 8.0 6.78 610.0 682.6 4626.4 19.0 22.9 22.9 

Marion Dufresne 1-3 1493.1 240.3 0.2 0.2 1.0 4.84 50.5 50.2 242.9 43.0 41.1 41.1 

KaiyoMaru 1-6 1894.6 537.5 4.3 4.4 4.3 0.98 2310.0 2300.0 2230.0 28.0 30.5 30.5 

NellaDan* - 3000.2 1091.6 1.5 - 7.1* 4.86* 1578.0 - 7696.9* 38.0 - -

Difference in TOTAL Bw is ± 2.1 %; BIO = 6.27 • 106 tonnes; OLD = 6.41 • Q6 tonnes (excluding NellaDan andDr Eduardo L. Holmberg). 

* For NellaDan the NEW PA is derived by multiplying theBIO estimate by the mean incrase due to the new TS value (see text for details) . 



~ Table 3: Mean density and biomass estimates for various strata from FIBEX acoustic survey cruises, with original BIOMASS results (BIO), 
o recalculated results (OLD) and re-analysis using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL; 

area in km2 = AREA· 1()3; density in gm-2 = pA; biomass in tonnes = Bw· 1()3; coefficient of variation (%) = Cv]. 

Ship/Strata Transect TL Area pA Bw CV 
Number 

BIO OLD NEW BIO OLD NEW BIO OLD NEW 

CENIRAL BRANSFIELD 
Central Bransfield - 1431.6 24.9 6.3 6.8 28.2 155.9 170.1 703.1 31.0 73.8 88.7 

Itzumi 1-16 911.2 24.9 32.3 35.3 172.8 854.6 935.8 4302.2 20.0 22.9 22.9 
Prof. Siedlecki 12-21 520.4 29.1 4.7 5.2 21.9 136.0 150.5 638.2 42.0 37.7 37.7 

EAST BRANSFIELD 
Itzumi I 17-24 I 529.7 I 8.6 I 27.2 I 28.0 I 136.9 I 234.1 I 240.6 I 1177.0 I 41.0 I 41.5 I 41.5 

DRAKE PASSAGE 
Prof Siedlecki I 1-11 I 2245.9 I 160.1 I 0.4 I 0.4 I 1.5 I 62.0 I 56.4 I 239.2 I 31.0 I 31.1 I 31.1 

INDIAN OCEAN 
Marion Defresne I 2-3 I 800.2 I 81.7 I 0.1 I 0.1 I 0.5 I 8.0 I 8.7 I 41.9 I 45.0 I 28.2 I 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. [Transect length in km = TL; area in km2 = AREA· 106; density in gm-2 = pA; biomass in tonnes = Bw • 106; coefficient of 
variation (%) = CV]. 

Sector/Strata TL Area pA Bw CV 

BIO OLD NEW BIO OLD NEW BIO OLD NEW 

West Atlantic 13399.87 0.63 4.46 6.60 52.33 2.65 4.13 32.71 14.00 23.60 16.67 

Indian Ocean 8732.29 2.29 1.97 2.03* 3.74* 4.51 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 • 1()3; coefficient of 
variation (%) = CV]. 

Ship/Strata 

Walther H erwig 
(East) 

Walther H erwig 
(South West) 

Walther H erwig 
(North West) 

Transect 
Number 

6-7 

1-5 
8-13 

(South of 600 S) 

1-5 
8-13 

(North of 600 S) 

TL 

773.1 

1892.4 

884.0 

Area 

56.5 

89.4 

74.8 

pA 
NEW 

35.6 

94.2 

48.9 

Bw 
NEW 

2008.7 

8420.4 

3657.4 

CV 
NEW 

40.1 

38.0 

29.6 



..... Table 6: Mean density and biomass estimates for strata combined according to statistical areas and sub areas from FIBEX acoustic survey 
-....l 
N cruises, using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL; area in km2 = AREA· lOS; density 

in gm-2 = pA; biomass in tonnes = Bw. 106; coefficient of variation (%) = CV]. 

Area/Subarea/Strata Ship/Strata TL Area pA Bw CV 

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* 

KaiyoMaru 

NellaDan* 

* Uses BIO density and variance estimates for Nella Dan - see text for details. 



7S'W 

SO'S 

SS'S 

60'S 

65'S 

7S'W 

70'W 6S'W 60'W SS'W SO'W .tS'W 3S'W 30'W 2S'W 20'W 1S'W 

r-------------------------~------------~------t_SO'S 

...... 
00 
'1" 

~ 
W 
~ 
~ 
P=l 
~ 
rJ) 

70'W 

sun AREA 4R.3 

.1:.1' 

"
'" 

.:.. I 
> 

SUBAREA 41.0 

6S'W 60'W 

sun AREA 48,2 

sunAREA 48.5 

SS'W SO'W 4S'W 40'W 3S'W 

Walbher Herwlg, Eduardo L. Holmberg, Ibzuml, 

Odlssey and Proressor Sledleckl 

MERCATOR PROJECTION 

.".,. 

00 
'1" 

~ 
W 
c::: 
~ 
P=l 
;::J 
rJ) 

30'W 2S'W 20'W 

Figure 1: FIBEX survey areas and CCAMLR statistical sub areas in the West Atlantic sector. 
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Legende des tableaux 

Navires, zones et frequences acoustiques utilises pendant la FIBEX. 

Densite moyenne et estimations de biomasse it partir des campagnes 
d'evaluation acoustique FIBEX, avec les resultats originaux de BIOMASS (BIO), 
les resultats it nouveau calcules (OLD) et la nouvelle analyse utilisant la nouvelle 
reponse acoustique CCAMLR TS (NEW). Se referer au texte pour davantage de 
precisions. [Longueur de la radiale en km = TL; aire en km2 = AREA X 103; 
den site en gm-2 = pA; biomasse en tonnes = Bw x 103; coefficient de 
variation (%) = CV]. 

Densite moyenne et estimations de biomasse de diverses strates it partir des 
campagnes d'evaluation acoustique FIBEX, avec les resultats originaux de 
BIOMASS (BIO), les resultats it nouveau calcules (OLD) et la nouvelle analyse 
utilisant la nouvelle reponse acoustique CCAMLR TS (NEW). Se referer au texte 
pour davantage de precisions. [Longueur de la radiale en km = TL; aire en 
km2 = AREA x 103; densite en gm-2 = pA; biomasse en tonnes = Bw x 103; 
coefficient de variation (%) = CV]. 

Densite moyenne et estimations de biomasse it partir des campagnes 
d'evaluation acoustique FIBEX pour les secteurs de l'Atlantique Quest et de 
l'ocean Indien, avec les resultats originaux de BIOMASS (BIO), les resultats it 
nouveau calcules (OLD) et la nouvelle analyse utilisant la nouvelle reponse 
acoustique CCAMLR TS (NEW). Se referer au texte pour davantage de 
precisions. [Longueur de la radiale en km = TL; aire en km2 = AREA x 106; 
densite en gm-2 = pA; biomasse en tonnes = Bw x 106; coefficient de variation 
(%) = CV]. 

Densite 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)] it partir de 
la campagne d'evaluation acoustique du Walther Herwig de la FIBEX, en 
utilisant la nouvelle reponse acoustique CCAMLR TS (NEW). Se referer au texte 
pour davantage de precisions. [Longueur de la radiale en km = TL; aire en 
km2 = AREA x 103; den site en gm-2 = pA; biomasse en tonnes = Bw x 103; 
coefficient de variation (%) = CV]. 

Densite moyenne et estimations de biomasse pour des strates combinees selon 
les zones et sous-zones statistiques it partir des campagnes d'evaluation 
acoustique FIBEX en utilisant la nouvelle reponse acoustique CCAMLR TS 
(NEW). Se referer au texte pour davantage de precisions. [Longueur de la 
radiale en km = TL; aire en km2 = AREA x 1()5; den site en gm-2 = pA; biomasse 
en tonnes = Bw x 106; coefficient de variation (%) = CV]. 

Legende des figures 

Secteurs d'etude FIBEX et sous-zones statistiques de la CCAMLR du secteur 
Atlantique occidental. 

Secteurs d'etude FIBEX et sous-zones statistiques de la CCAMLR du secteur de 
l'ocean Indien. 

Rapport entre la reponse acoustique (TS) et la longueur du krill. 
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Ta6JIHl.\a 6: 

PHCYHOK 1: 

PHCYHOK 2: 
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CnHCOK Ta6JIHl.\ 

CY,lIa, patioHbI H aKycTHtleCKHe lIaCTOTbI, HCnOJIb30BaHHbIe B xO,lle 

3KcnepHMeHTa FIBEX. 

Cpe,llH5l5l nJIOTHOCTb H Ol.\eHKH 6HOMaCCbI Ha OCHOBaHHH 

aKYCTHlIeCKHX CbeMOK FIBEX, a TaK)I{e nepBOHallaJIbHbIe pe3YJIbTaTbI 

BHOMACC (BIO), nepepaCClIHTaHHbIe pe3YJIbTaTbI (OLD) H nOBTopHbIti 

aHaJIH3, nOJIYlIeHHbIe C HCnOJIb30BaHHeM HOBbIX BeJIHlIHH TS, 
npHH5ITbIX AHTKOMoM (NEW). lleTaJIH CM. B TeKCTe. [,lIJIHHa pa3pe3a B 

KM = TL; nJIOIQa,llb B KM2 = AREA x 103; nJIOTHOCTb B rM-2 = pA; 
6HOMacca B TOHHax = Bw x 103, K03<P<PHl.\HeHT BapHal.\HH (%) = CV]. 

Cpe,llH5l5l nJIOTHOCTb H Ol.\eHKH 6HOMaCCbI B Pa3JIHlIHbIX patioHax Ha 

OCHOBaHHH aKYCTHlIeCKHX CbeMOK FIBEX, a TaK)I{e nepBOHallaJIbHbIe 

pe3YJIbTaTbI EHOMACC (BIO), nepepaCClIHTaHHbIe pe3YJIbTaTbI (OLD) H 

nOBTopHbIti aHaJIH3, nOJIYlIeHHbIe C HCnOJIb30BaHHeM HOBbIX BeJIHlIHH 

EhI AHTKOMa (NEW). lleTaJIH CM. B TeKCTe. [,lIJIHHa pa3pe3a B KM = TL; 

nJIOIlla,llb B KM2 = AREA x 103; nJIOTHOCTb B rM-2 = pA; 6HOMacca B 

TOHHax = Bw x 103, K03<p<PHl.\HeHT BapHal.\HH (%) = CVl. 

Cpe,llH5l5l nJIOTHOCTb H Ol.\eHKH 6HOMaCCbI Ha OCHOBaHHH 

aKYCTHlIeCKHX CbeMOK FIBEX, npOBe,lleHHbIX B 3ana,llHOaTJIaH­

THlIeCKOM H HH,lIOOKeaHCKOM ceKTopax, a TaK)I{e nepBOHallaJIbHbIe 

pe3YJIbTaTbI BHOMACC (BIO), nepepaCClIHTaHHbIe pe3YJIbTaTbI (OLD) H 

nOBTopHbIti aHaJIH3, nOJIYlIeHHbIe C HCnOJIb30BaHHeM HOBbIX BeJIHlIHH 

TS, npHH5ITbIX AHTKOMoM (NEW), lleTaJIH CM. B TeKCTe. [,lIJIHHa pa3pe3a 

B KM = TL; nJIOIlla,llb B KM2 = AREA x 106; nJIOTHOCTb B rM-2 = pA; 
6HOMacca B TOHHax = Bw x 103, K03<p<PHl.\HeHT BapHal.\HH (%) = CV]. 

Cpe,llH5l5l nJIOTHOCTb H Ol.\eHKH 6HOMaCCbI B Tpex patioHax [IlO,llpatioH 

48.1 (IOro-3ana,ll), IIo,llpatioH 48.2 (BOCTOK) CTaTHcTHlIecKHti patioH 41 
(ceBepO-3ana,ll) Ha OCHOBaHHH ,lIaHHbIX, c06paHHbIX B xO,lle 

aKYCTHlIeCKoro CbeMOlIHOrO petica CY,lIHa Walther Herwig, 
nOJIYlIeHHble C HCnOJIb30BaHHeM HOBbIX BeJIHlIHH TS, npHH5ITbIX 

AHTKOMoM (NEW). lleTaJIH CM. B TeKCTe. [,lIJIHHa pa3pe3a B KM = TL; 

nJIOIlla,llb B KM2 = AREA x 103; nJIOTHOCTb B rM-2 = pA; 6HOMacca B 

TOHHax = Bw X 103, K03<p<pHl.\HeHT BapHal.\HH (%) = CVl. 

Cpe,llH5l5l nJIOTHOCTb H Ol.\eHKH 6HOMaCCbI B CJI05IX, 06be,llHHeHHbIX no 

CTaTHCTHlIeCKHM patioHaM H nO,llpatioHaM Ha OCHOBaHHH 

aKYCTHlIeCKHX CbeMOllHbIX peticoB FIB EX, nOJIYlIeHHbIe C 

HCnOJIb30BaHHeM HOBbIX BeJIHlIHH EhI, npHH5ITbIX AHTKOMoM (NEW). 
lleTaJIH CM. B TeKCTe. [,lIJIHHa pa3pe3a B KM = TL; nJIOIlla,llb B KM2 = AREA 

x 105; nJIOTHOCTb B rM-2 = pA; 6HOMacca B TOHHax = Bw x 106, 

K03<p<PHl.\HeHT BapHal.\HH (%) = CV]. 

CnHCOK PHCYHKOB 

CbeMOllHbIe patioHbI FIBEX H CTaTHCTHlIeCKHe nO,llpatioHbI AHTKOMa B 

3ana,llHOaT JIaHTHlIeCOM ceKTope. 

CbeMOllHbIe patioHbI FIBEX H CTaTHCTHlIeCKHe nO,llpatioHbI AHTKOMa B 

HH,lIOOKeaHCKOM ceKTope. 

COOTHOIIIeHH5I CHJIbI l.\eJIH KPHJI5I (IS) K ,lIJIHHe. 
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APPENDIX I 

RECREATION OF ODISSEY AND DR EDUARDO L. HOLMBERG MVBS DATA 

ODISSEY 

Density values (Ps) expressed in tonnes • n mile2 were used to calculate MVBS values 
(Sv) following the reverse of the procedure given in archived material from Anon. (1986). 

Sv = 10 • 10glO(Pv) + TS 

where the following 120 kHz TS!1ength relationship applies: 

TS = 2010g1-77.2 (I in cm) 

and 

P 
_ Ps 

v - (3.43wi1R) 

and the conversion from n mile2 to km2 is 3.43 (1.8522), and Pv is density in gm-2, Ps is density 
in tonnes· n mile2, w is mean weight (g) and dR is the integration depth range. 

The following constants were used for particular regions: 

for South East Scotia Sea: 
for South Georgia: 

DR EDUARDO L. HOLMBERG 

w = 0.61 g, 1= 4.3 cm 
w = 0.36 g, 1= 3.7 cm. 

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=lOlogD - 1010gR - SL - VR+TVG - 1010g'l' - 1010gL+1010g 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 echo gram 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-l; the pulse duration, 't, is 0.6 ms; the beam pattern factor, 10 log", 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-I is 1.54; and the integrator gain, G is 10 dB. 
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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, Pi is: 
N 
:Ln .zt! 

_ _ O.1e [(Sv)j-D] j=1 ] ] 
Pi -cL\RilO --;;N+---

~ n·ZQ.1eB LJ ] ] 
j=1 

where a and c are constants in the length/weight expression: 

Weight = c la 

and B and D are constants in the Ts/length relationship: 

TS = B logl +D 

(a) 

(b) 

APPENDIXII 

and I is length, L\R is the depth range (deep - shallow), i is the reset interval,j is the length class, 
nj is the number of animals in length class j, Sv is the MVBS. Note also O.lB = b and 10°·10 = 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, Pk is: 

where Pki is the mean weight density for the i-th reset interval on transect k, Mk is the number of 
intervals in the k-th transect, Dki is the length of the i-th interval on the k-th transect and the 
length of the k-th transect, Lk, over which data is selected (Le., during the daytime), is given by: 

Mk 

Lk =:L(Dk)i 
i=1 

EQUATION 3: MEAN DENSITY BY STRATUM WEIGHTED BY TRANSECT LENGTH 

The mean density for a stratum, PA is: 
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Biomass is derived through multiplication by the stratum area. Densities from 
overlapping strata (Le., 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): 

EQUATIONS 5 AND 6: CALCULATION OF COMBINED MEAN WEIGHT DENSITY FOR 
OVERLAPPING S1RATA 

The mean weight density for overlapping strata, Pc is: 

N 

Pc = L Wi(P A)i 
i=1 

where the weight, Wi, for each separate density estimate is: 

1 
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WG-KRILL-92/26 

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. N aganobu* 

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 kriU 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/m2). 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 
kriU 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±O.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 kriU, 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/m2 (163000 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 kriU spawning. 

Resume 

Des campagnes d'evaluation du kriU par methode acoustique et par 
echantiUonnage au filet ont ete menees dans le lieu de peche de kriU 
situe au nord des iles Shetland du Sud du 18 janvier au 3 fevrier 1991. 
Une heterogeneite distincte est apparue en matiere d'abondance et de 
maturite du krill entre le large et la cote. L'aire consideree a ete divisee 
en quatre zones: la zone oceanique, celle du bord de la pente, la zone 
neritique et la zone proche de la cote. La densite moyenne du krill etait 
faible dans la zone oceanique (8,5 g/m2), intermeruaire dans les zones 
frontale (37,3 g/m2) et neriti~ue (28,1 g/m2) et extremement haute dans 
la zone cotiere (134,7 g/m). Cette derniere zone correspond a la 
bordure du plateau ou a la region du plateau d'ou 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 etre responsable de l'accumulation du krill 
dans cette zone. La biomasse totale de la zone consideree a ete estimee 
a 1,59 ± 0,45 million de tonnes (intervalle de confiance de 95%), dont 
1,22 ± 0,42 million de tonnes etaient concentrees dans le lieu de peche 
(zones frontale + neritique + cotiere). Des informations proven ant 
d'autres etudes indiquaient qu'avant debut fevrier 1991, la biomasse de 
krill avait ete plus faible qu'on aurait pu s'y attendre dans cette region. 
En ce qui conceme les stades de maturite du krill, le krill reproducteur 
(longueur modale du corps, 49 mm) etait predominant dans les zones 
oceanique et frontale, alors que le krill a un stade de maturite moins 
avance (longueur modale, 45 mm) dominait dans les zones neritique et 
cotiere. Les juveniles, rares dans la campagne d'evaluation decrite, 
etaient generalement restreints a la zone cotiere. Les femelles gravides 
de la zone du bord de la pente, d'une den site moyenne de 23,9 g/m2 
(411 000 tonnes), etaient extremement abondantes par rapport a la faible 
den site de 3,7 g/m2 (163000 tonnes) observee dans la zone oceanique. 
Les femelles gravides etaient pratiquement absentes des zones neritique 
et cotiere. Ceci met en evidence l'importance potentielle des 
caracteristiques du bord de la pente dans la formation de conditions 
favorables a la reproduction du kril1. 

Pe3IOMe 

C 18 5IHBap5I no 3 <peBpaJI5I 1991 r. npOBO.llHJIHCb aKycTHqeCKHe 

CbeMKH H BbI60pOqHbIe TpaJIOBbIe CbeMKH Ha yqaCTKe 

npOMbICJIa KPHJI5I K ceBepy OT IO)I{HbIX IIIeT JIaH.llCKHX O-BOB. 

Ha6JIIO.llaJIHCb qeTKHe HeO.llHOpO.llHOCTH B qHCJIeHHOCTH H 

nOJIOB03peJIOCTH KPHJI5I B npH6pe)l{HbIX B0.llaX H B OTKPbITOM 

Mope. CbeMKa .lleJIHJIaCb Ha qeTbIpe 30HbI: OKeaHHqeCKa5I, 

<ppOHTaJIbHOrO CKJIOHa, HepHTHqeCKa5I H npH6pe)l{Ha5I. 

Cpe.llH5I5I nJIOTHOCTb KPHJI5I 6bIJIa HH3K0I1 B OKeaHHqeCKOH 30He 

(8,5 r/M2), Cpe.llHeH B <ppoHTaJIbHOH (37,3 r/M2) H HepHTHqeCKOH 

(28,1 r/M2) 30Hax H OqeHb BbICOKOH B npH6pe)l{HOH 30He (134,7 
r/M2). llOCJIe.llH5I5I 30Ha COBna.llaeT C rpaHm~eH meJIb<pa HJIH 

paHoHoM meJIb<pa, r.lle 06pa30BaJIHCb Tonorpa<pHqeCKHe 

BO.llOBOPOTbI. 3TO YKa3bIBaeT Ha TO, qTO HaKOnJIeHHe KPHJI5I B 

3TOH 30He B03MO)l{HO BbI3BaHO rH.llpOHaMHqeCKOH 

KOHBepreH~HeH. O~eHKa 06I1{eH 6HOMaCCbI B paHOHe CbeMKH -

1,59 ± 0,45 MHJIJIHOHa TOHH (.llOBepHTeJIbHbIH HHTepBaJI - 95%), 
H3 qero 1,22 ± 0,42 MHJIJIHOHa TOHH 6bIJIO CKOH~eHTpHpOBaHO 
Ha npOMbICJIOBOM yqaCTKe (<pPOHTaJIbHa5I + HepHTHqeCKa5I + 
npH6pe)l{Ha5I 30HbI). llOJIyqeHHa5I B pe3YJIbTaTe .llpyrHx 

HCCJIe.llOBaHHH HH<popMa~H5I YKa3bIBaeT Ha TO, qTO .ll0 HaqaJIa 

<peBpaJI5I 1991 r. 6HoMacca KPHJI5I B .llaHHOM paHoHe 6bIJIa 

HH)I{e O)l{H.llaHHoH. qTO KaCaeTC5I CTa.llHH 3peJIOCTH KPHJI5I, B 

OKeaHHqeCKOH H <ppoHTaJIbHOH 30Hax npe06JIa.llaJI 

HepecTyIOII{HH KPHJIb (MO.llaJIbHa5I .llJIHHa - 49 MM), TOr.lla KaK 

"MeHee" 3peJIbIH KPHJIb (MO.llaJIbHa5I .llJIHHa 45 MM) 

.llOMHHHpOBaJI B HepHTHqeCKOH H npH6pe)l{HOH 30Hax. 

MOJIO.llb, qHCJIeHHOCTb KOTOPOH 6bIJIa HH3KOH B X0.lle 

onHcaHHOH CbeMKH, B OCHOBHOM OrpaHHqHBaJIaCb 

npH6pe)l{HOH 30HOH. HKp5IHbIe caMKH 6bIJIH HCKJIIOqHTeJIbHO 

MHOrOqHCJIeHbI B 30He <PPOHTaJIbHOrO CKJIOHa, r.lle Cpe.llH5I5I 

nJIOTHOCTb COCTaBHJIa 23,9 r/M2 (411 000 TOHH). llo cpaBHeHHIO 

C 3THM, B OKeaHHqeCKOH 30He Cpe.llH5I5I nJIOTHOCTb 6bIJIa 



HH3KOH - 3,7 r/M2 (163 000). HKp5.lHble caMKH nOl.lTH 

OTCYTcTBOBaJIH B HepHTHl.IeCKOH H npH6pe)l(HOH 30Hax. 3TO 

YKa3blBaeT Ha TO, l.ITO oco6eHHOCTH <ppOHTaJIbHOrO CKJIOHa 

MorYT HrpaTb Ba)l(HYIO pOJIb B <pOpMHpOBaHHH 6JIarOnpH5.lTHbIX 

YCJIOBHH ,llJI5.I HepeCTa KPHJl5.I. 

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 archipielago de las Shetland del Sur. Se observaron claras 
diferencias en la abundancia y madurez del kri! entre las aguas de alta 
mar y las cercanas a la costa. El area de estudio se dividi6 en cuatro 
zonas: oceanica, talud frontal, neritica y cercana a la costa. La densidad 
media del kril fue baja en la zona oceanic a (8.5 g/m2), intermedia en la 
zona frontal (37.3 g/m2) y nerftica (28.1 g/m2), y extremadamente alta 
cerca de la costa (134.7 g/m2). La ultima zona corresponde al horde de 
la plataforma continental 0 al area de la plataforma en donde se generan 
remolinos por accidentes topognificos, 10 que sugiere que la 
convergencia hidrodimimica puede ser la causa de que el kril se acumule 
en esta zona. La biomasa total sobre el area estudiada se estim6 en 
1.59 ± 0.45 millones de toneladas (Hmite de confianza del 95%), de la 
cual 1.22 ± 0.42 millones de toneladas se concentraron en la zonas de 
pesca (frontal + nerftica + cercana a la costa). Segun la informaci6n 
que se tenia de esta zona, de otros estudios realizados, la biomasa de kril 
fue menor de 10 previsto hasta principios de febrero de 1991. En 10 que 
respecta a los estados de madurez del kril, predomin6 el kril en desove 
(longitud modal de 49 mm) en las zonas oceanica y frontal, mientras 
que el kril menos maduro (longitud modal de 45 mm) predomin6 en las 
zonas nerftica y cercana a la costa. Los juveniles, que resultaron escasos 
en la prospecci6n estudiada, se limitaron a la zona cercana a la costa. Se 
encontr6 una gran cantidad de hem bras gravidas en la zona del talud 
frontal con una densidad media de 23.9 g/m2 (411 000 toneladas), 
comparado con una baja densidad (3.7 g/m2) en la zona oceanica 
(163000 toneladas). Casi no se encontraron hembras gravidas en las 
zonas nerftica y cercana a la costa. Esto supone que las caracterfsticas 
del talud frontal podrfan ser importantes en la formaci6n de condiciones 
favorables para el desove del kril. 

1. IN1RODUCTION 

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." 

185 



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. MA1ERIALS 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 kriU (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 swann 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 :S;150 kriU. 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 %0) 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 SUlVeys 

3.2.1 Stratification of SUlVey 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/m2; 37.2 and 40.0 g/m2; 25.7 and 39.7 g/m2; and 165.0 and 
72.6 g1m2 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 (g1m2) for each zone, the variance (Var) of the mean and 95% confidence 
limits (CL) about the mean were calculated from: 

CL(di) = ± t (Ni -1,0.05)~Var(di) 

where di = mean density for i-th zone 
dik = mean density for k-th transect in i-th zone 
Lik = length of k-th transect in i-th zone 
Ni = number of transects in i-th zone 
t(Jl, a) = student's t-distribution with Jl degrees of freedom and proportion a in both 

tails. 

Biomass (tonnes) for each zone, the variance and 95% confidence limits of the biomass 
were given by: 

Var(Bi) = A/Var(di), 

CL(Bi) = ± t(Ni -1,0.05)~Var(Bi) 
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where Bi = biomass for i-th zone 
Ai = area for i-th zone. 

The total biomass (B t) for an area consisting of M zones, and the variance of the total 

biomass were computed as the sum of the zonal biomass (~Bi J and variance (~var(BdJ' 
l=1 l=1 

respectively. 95% confidence limits of the total biomass were estimated from: 

CL(B,l = ± t{:ENi - M.O.OS) var(~Bj J (Mackett. 1973). 

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/m2 in the nearshore zone, while only 8.5 g/m2 in the 
oceanic zone, with intermediate values of 37.3 and 28.1 g/m2 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 ofKrill 

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 IIID) and all males had fully developed spermatophores (IIIB). On the other 
hand, krill were less mature in the neritic and nearshore zones: females were not gravid (lIIBC), 
and a large component (35 to 45%) of males were immature (lIA1-IIA3). 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 kriU 
by these percentages, :tp.ean 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 

189 



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. 

Krill 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 et 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/m2 in 3 February 1991 vs 342 g/m2 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 krin stock showed distinct offshore-inshore heterogeneities in abundance and 
biological characteristics, which evidently resulted from both biological and hydrographic 
factors: 

(i) low values of ChI a were observed in the oceanic zone compared to the other three 
zones during the survey (Ichii et aI., 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 kriU (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). Siege1 
(1988) and Brinton (1991) suggested that, after spawning, adult kri11leave 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 echo sounder Furuno FQ-50. 

Frequency 
Equivalent beam width 
Pulse duration 
Depth range 
Depth channel 
Integration interval 
Attenuator 
Threshold 
'!VG 
Gain constant 

200kHz 
0.007 sr 
1.8 ms 
o to 200 m 
10* to 200 m (9 channels) 
I n mile 
20 dB 
15 dB 
2010gR 
78.9 dB 

* The top depth integration was changed to a maximum of 20 m when the sea was rough. 

Table 2: Mean density and biomass of kriU in each zone. 

Zone Area Mean Density Biomass cv n 
(103km2) (g/m2) (103 tonnes) % 

E v* CL E v** 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 47.3 15.9 289 5018 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/m4, ** 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/m2) (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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Peninsula 

Figure 1: Cruise track and stations off the South Shetland Islands. 

o CfD stations 
• CfD and KYMT (blind tow) stations 
~ KYMT (aimed tow) station 
A CfD and KYMT (aimed tow) stations 

18 Jan. - 3 Feb. 1991 

R/V KAIYO MARU 

54°W 

Figure 2: Distribution of salinity at 10 m depth. 
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Figure 3: Bathymetric chart around the South Shetland Islands. Depth in metres. Shaded 
area indicates the slope frontal zone. 

0: Deployment of 
Argos buoy 

George I . 

. ,-. 
~ 

.. ~Antarctic Peninsula 

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 5: Mean densities of krill per n mile of the transect. Shaded area indicates the slope 
frontal zone. 

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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Figure 7: Length and maturity compositions of laill by zones. 
Left: solid bars indicate krilllarger than 50 mm 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Figure 5: 

Figure 6: 

Figure 7: 

Legendes des tableaux 

Parametres relatifs a l'operation de l'echosondeur Furuno FQ-50. 

Densite et biomasse moyennes du kriU de chaque zone. 

Densite et biomasse moyennes du krill gravide de chaque zone. 

Ugendes des figures 

Trajet de la campagne et stations au large des iles Shetland du Sud. 
o stations de CID 
• stations de CID et KYMT (chalutage non controle) 
Il station de KYMT (trait dirige) 

• stations de CID et KYMT (trait dirige) 

Distribution de la salinite a 10 m de profondeur. 

Carte de bathymetrie des environs des iles Shetland du Sud. Profondeur en 
metres. La partie hachuree correspond a la zone du bord de la pente. 

Courants sous la surface (a une profondeur de 30 a 35 m) derives des trajets de 
quatre bouees suivies par satellite. La partie hachuree indique la zone du bord 
de lapente. 

Densites moyennes du kriU par mille n. du transect. La partie hachuree 
correspond a la zone du bord de la pente. 

Stratification de la zone d'etude et des transects pour chaque zone. La zone 
proche de la cote est definie comme etant formee 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 etroites ont servi de transects pour la zone 
proche de la cote. 

Composition en longueurs et en fonction de la maturite du krill par zones. 
A gauche: les barres pleines correspondent au kriU de taille 

superieure a 50 mm 
A droite : les barres en caracteres gras pointillees, hachurees ou 

pleines correspondent respectivement aux juveniles, aux 
males subadultes et aux femelles gravides. 

CnHCOK Ta6JIHL\ 

Pa60lme napaMeTpbl ;)XOJIOTa <I>YPYHO FQ-50. 

Cpe,l(H5I5I nJlOTHOCTb H 6HOMacca KPHJl5I B Ka:>K,l(oti 30He. 

Cpe,l(H5I5I nJlOTHOCTb H 6HOMacca HKp5IHOrO KPHJl5I B Ka:>K,l(oti 30He. 
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PI1CYHOK 1: 

Cnl1COK P"CYHKOB 

MapmpYT nJIaBaHI1SI 11 MeTOnOJIO)KeHl1e CTaHll;1111 Y IO)KHbIX 

illeTJIaH,llCKI1X O-BOB. 

o 
• 

CTaHll;1111 CID 

CTaHll;1111 CTD 11 KYMT (Henpl1ll;eJIbHOe TpaJIeHl1e) 

CTaHll;I1SI KYMT (npl1ll;eJIbHOe TpaJIeHl1e) 

CTaHll;1111 CTD 11 KYMT (Henpl1ll;eJIbHOe TpaJIeHl1e) 

PI1CYHOK 2: Pacnpe,lleJIeHl1e COJIeHOCTI1 Ha rJIy611He 10 M. 

PI1CYHOK 3: BaTI1MeTpl1qeCKaSI KapTa patioHa BOKpyr IO)KHbIX illeTJIaH,llCKI1X 

O-BOB. r JIy611Ha B MeTpax. 3aTeHeHHaSI QaCTb - 30Ha <i>POHTaJIbHOrO 

CKJIOHa. 

PI1CYHOK 4: IIo,llnoBepxHocTHaSI ll;I1PKyJISIll;I1SI (rJIy6l1Ha 30 - 35 M), onpe,lleJIeHHaSI 

no nepe,llBI1)KeHI1IO QeTbIpex 6yeB, 3a KOTOPbIMI1 BeJIOCb cnYTHI1KOBoe 

CJIe)KeHl1e. 3aTeHeHHaSI QaCTb - 30Ha <i>POHTaJIbHOrO CKJIOHa. 

PI1CYHOK 5: BeJII1QI1HbI cpe,llHeti nJIOTHOCTI1 KPI1JISI, IHTerp"pOBaHHbIe Ha 

e,llI1HI1ll;y ,llJII1HbI pa3pe3a (1 MopcKaSI MI1JISI). 3aTeHeHHaSI QaCTb - 30Ha 

<i>poHTaJIbHOrO CKJIOHa. 

PI1CYHOK 6: CTpaTI1<i>I1Kall;I1SI patioHa CbeMKI1 11 pa3pe3bI ,llJISI Ka)K,lloti 30HbI. 

IIpl16pe)KHaSI 30Ha onpe,lleJISIeTCSI KaK nOJIOCbI ml1pl1Hoti 3 MOPCKI1X 

MI1JIb B,llOJIb KOHTypa np"6JII3ITeJIbHO Ha r JIy611He 150 M. MapmpyTbI 

nJIaBaHI1SI B,llOJIb 3TI1X Y3KI1X nOJIOC I1CnOJIb30BaJII1Cb B KaQeCTBe 

pa3pe30B B np"6pe)KHoti 30He. 

PI1CYHOK 7: Pa3MepHbIti COCTaB 11 CTa,ll1111 nOJIOB03peJIOCTI1 KPI1JISI no 30HaM. 

Tabla 1: 

Tabla2: 

Tabla 3: 

Figura 1: 
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JIeBaSI cTopoHa: 3anOJIHeHHbIe CTOJI6ll;bI - KPI1JIb 60JIbme 50 MM 

IIpaBaSI CTopOHa: )Kl1pHbIe nYHKTl1pHbIe, 3aTeHeHHbIe 11 3anOJI-HeHHbIe 

CTOJI6ll;bI 0603HaQalOT MOJIO,llb, He-nOJIOB03peJIbIX 

caMll;oB 11 I1KpSIHbIX caMOK COOTBeTCTBeHHO. 

Lista de las tablas 

Panlmetros de operaci6n del ecosonda Furuno FQ-50. 

Biomasa y densidad media del kril en cada zona. 

Biomasa y densidad media del kril gravido en cada zona. 

Lista de las figuras 

Derrota del crucero y estaciones a la altura del archipielado de las Shetand del 
Sur. 
o estaciones CID 
• estaciones CID y KYMT (arrastre sin blanco definido) 
~ estaci6n KYMT (arrastre dirigido a ciertas especies) 
.. estaciones CID y KYMT (arrastre dirigido a ciertas especies) 



Figura2: 

Figura 3: 

Figura4: 

Figura 5: 

Figura6: 

Figura 7: 

Distribuci6n de salinidad a una profundidad de 10 m. 

Mapa batimetrico de la zona alrededor del archipielado de las Shetand del Sur. 
La profundidad se da en metros. Las areas sombreadas indican la zona frontal 
de la pendiente. 

Circulaci6n submarina (profundidad de 30 a 35 m) obtenida de las trayectorias 
de cuatro boyas rastreadas por satelite. Las areas sombreadas indican la zona 
frontal de la pendiente. 

Densidades medias del kril calculadas por milla marina del transecto. Las areas 
sombreadas indican la zona frontal de la pendiente. 

Estratificaci6n de la zona de estudio y transectos para cada zona. La zona cerca 
de la costa se define como la franja de 3 mil1as marinas de ancho a 10 largo del 
estrato de profundidad de 150 m. Las derrotas a 10 largo de estas estrechas 
fajas se utilizaron como transectos para la zona cerca de la costa. 

Composici6n por tal1a y madurez del kril por zonas. 
Izquierda: las barras s6lidas 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 alas hembras 
gravidas, respectivamente. 
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DIURNAL V ARIATIONS 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 andL.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 echo sounder 
recordings. Trawling depths usually corresponded to the depth of the 
largest concentration of kriU. 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. 

Resume 

Des etudes des variations diurnes de la composition en tailles de 
Euphausia superba ont ete menees a proximite des lles Orcades du Sud 
de mars a juin 1990 a bord du chalutier industrielle Grigory Kovtun. 
Des observations ont ete effectuees a six stations quotidiennes en divers 
emplacements dans la zone de peche. A chaque station, une serie de 
captures a ete realisee au moyen d'un chalut industriel standard (de 9 a 
12 traits par station, sur une journee). A plusieurs stations on a observe 
une augmentation de la taille moyenne totale des animaux captures en 
des periodes de jour ou de nuit. On a con state que ces changements 
etaient dfis d'une part a une augmentation de la proportion de males 
dans la capture et d'autre part a une difference croissante de longueur 
moyenne entre les males et les femelles dans la couche de peche. Les 
variations diurnes de la composition en tailles des femelles 

* VNIRO, 17a V. Krasnoselskaya, 107140, Moscow, Russia 

201 



202 

n'etaient pas aussi evidentes. Ces changements dependaient des 
migrations verticales diurnes du krill, qui apparaissaient sur les 
enregistrements par echosondeur. La profondeur de chalutage 
correspondait en general a celle de la plus grande concentration de kril1. 
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 etaient moins evidentes ou meme inexistantes. Les auteurs 
examinent l'importance de ces observations par rapport aux donnees sur 
la composition en tailles du krill provenant de campagnes d'evaluation 
standard (seul un echantillon de krill par station). De fin mars a juin on 
a observe une diminution progressive de la taille moyenne du krill dans 
la zone de peche. On a examine les trois causes suivantes des variations 
observees dans la composition du krill: i) mortalite de grands specimens 
en periode de post-ponte; ii) contraction du corps du krill causee par 
une diminution de la nourriture disponible; et iii) selectivite de la taille 
du krill par les pecheries commerciales. 

Pe310Me 

IICCJIe,llOBaHIUI ,llHeBHbIX H3MeHeHHH B pa3MepHOM COCTaBe 

Euphausia superba npOBO,llHJIHCb C MapTa no HIOHb 1990 r. Ha 

60PTY npOMbICJIOBOrO cY,llHa rpHropHH KOBTYH, pa60TaBmero 

Ha npOMbICJIOBOM yt-IaCTKe OKOJIO lO:>KHbIX 0pKHeHCKHX O-BOB. 

Ha6JIIO,lleHH.5I BbInOJIH.5IJIHCb Ha meCTH CYTOt.IHbIX TpaJIOBbIX 

CTaHU;H.5IX B npe,lleJIax npOMbICJIOBOrO Yt.IaCTKa. Ka:>K,lla.51 

CTaHU;H.5I COCTO.5lJIa H3 cepHH YJIOBOB, nOJIYt.IeHHbIX 

CTaH,llapTHbIM KOMMept.IeCKHM TpaJIOM (9-12 TpaJIeHHH 3a 

cTaHU;HIO, B Tet.IeHHe CYTOK). Ha HeCKOJIbKHX CTaHU;H.5IX 

Ha6JIIO,llaJIOCb YBeJIHt.IeHHe Cpe,llHerO pa3Mepa oc06eH, 

BbIJIOBJIeHHbIX npH ,llHeBHOM CBeTe HJIH B .TeMHOTe. BbIJIO 

YCTaHOBJIeHO, t.ITO 3TH H3MeHeHH.5I 6bIJIH CB.5I3aHbI C 

B03paCTalOllleH ,llOJIeH caMU;OB, a TaK:>Ke C pa3HHu;eH Cpe,llHeH 

,llJIHHbI caMU;OB H caMOK B 06JIaBJIHBaeMOM CJIoe. llHeBHbIe 

H3MeHeHH.5I B pa3MepHOM COCTaBe caMOK 06bIt.IHO 6bIJIH MeHee 

Ot.IeBH,llHbIMH. 3TH H3MeHeHH.5I 6bIJIH CB.5I3aHbI C ,llHeBHbIMH 

BepTHKaJIbHbIMH MHrpaU;H.5IMH KPHJI.5I, KOTOPbIe 

perHCTpHpOBaJIHCb 3XOJIOTOM. r JIy6HHbI TpaJIeHH.5I 06bIt.IHO 

COBna,llaJIH C r JIy6HHOH HaH60JIbmeH KOHu;eHTpaU;HH KPHJI.5I. Bo 

BpeM.5I ,llHeBHbIX BepTHKaJIbHbIX MHrpaU;HH caMU;bI nepBbIMH 

Hat.IaJIH MHrpaU;HIO nepe,llBHra.5lCb BHYTPH CKOnJIeHHH. Kor,lla 

CYTOt.IHa.51 MHrpaU;H.5I He Ha6JIIO,llaJIaCb (B t.IaCTHOCTH B KOHu;e 

ce30Ha) ,llHeBHbIe H3MeHeHH.5I B pa3MepHOM COCTaBe B YJIOBaX 

KPHJI.5I 6bIJIH MeHee .5IBHbI HJIH Bo06111e He 06HapY:>KHBaJIHCb. B 

HaCTO.5l111eH pa60Te paCCMaTpHBaeTC.5I 3Hat.IeHHe 3THX 

Ha6JIIO,lleHm:i B OTHomeHHH ,llaHHbIX no pa3MepHOMY COCTaBY 

KPHJI.5I, nOJIYt.IeHHbIX B pe3YJIbTaTe CTaH,llapTHbIX CbeMOK 

(TOJIbKO O,llHa BbI60pKa 3a CTaHU;HIO). C KOHu;a MapTa no HIOHb 

Ha npOMbICJIOBOM Yt.IaCTKe Ha6JIIO,llaJIOCb nOCTeneHHoe 

CHH:>KeHHe Cpe,llHerO pa3Mepa KPHJI.5I. PaCCMaTpHBaIOTC.5I 

CJIe,llYlOlllHe· npHt.IHHbI OTMet.IeHHbIX H3MeHeHHH B COCTaBe 

KPHJI.5I; (i) nOCJIeHepeCTOBa.51 cMepTHocTb KpynHbIx oc06eH; 

(ii) cY:>KeHHe KPHJI.5I B pe3YJIbTaTe YMeHbmeHH.5I KOPMOBOH 6a3bI; 

H (iii) npOMbICJIOBa.51 CeJIeKTHBHOCTb KPHJI.5I. 



Resumen 

Desde marzo a junio de 1990, se llev6 a cabo un estudio de las 
variaciones diurnas en la composici6n 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 estandar (de nueve 
a 12 arrastres por estaci6n en un dia). En varias de estas estaciones se 
constat6 un aumento en la tall a promedio de los animales capturados 
durante el ilia 0 en perfodos de oscuridad. Se obtuvo una indicaci6n de 
estas variaciones por el aumento en la proporci6n de machos en las 
capturas, asi como por la gran diferencia entre la talla promedio de los 
machos y hembras del eStrato de pesca. Generalmente las variaciones 
diurnas en la composici6n por talla de las hem bras fueron menos 
evidentes. Estos cambios estan 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 concentraci6n de kril. Dentro de las 
concentraciones, los machos son los que comienzan la migraci6n 
vertical diurna. A falta de las migraciones diurnas (especialmente hacia 
el final de la temporada), las variaciones diurnas en la composici6n por 
talla de las capturas de kril fueron menos evidentes, 0 no existentes. 
Este documento estudia la importancia de estas observaciones en 
relaci6n a la composici6n por talla del kril obtenida de prospecciones 
estandar (solo una muestra de kril por estaci6n). Desde el final de 
marzo hasta junio, se observ6 una disminuci6n gradual de la talla 
promedio del kril en la zona de pesca. Se consideran los tres factores 
siguientes como causales de la variaci6n observada en la composici6n 
del kril: (i) mortalidad de los ejemplares grandes despues de la puesta; 
(ii) reducci6n de la talla del kril debido a la disminuci6n de alimento; y 
(ill) 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 III and VI. Station H 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 I to 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 I to VI were: I - 2.3, H - 6.5, ill - 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 H, 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, IT, IV and VI tended towards an increase in krill average size. Stations ill 
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 III 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, band c. At 
Station I variations in the size composition of males were much stronger than for females over 
periods from 0 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 IT 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 N 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 8, 12 
to 14 and 18 to 20 hrs. Some changes were also observed in females, but they were less evident 
than at Station IT. 

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 11 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 11, 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 Ill, 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 Ill), 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 N 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 n, N and v); 

(ii) surface towing during the day and under surface towing during the night 
(Station Ill); and 

(ill) 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 n, 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 n, N 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 III 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 n, N 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 Ill). 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 kriU 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 
kriU. They reported diurnal variations in total average length of E. superba, i.e., an increase in 
this parameter during the night. 

206 



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) 

I 27 to 29 March 10 
11 10 to 11 April 12 
ITI 10 to 11 May 9 
N 26 May 12 
V 9 to 10 June 11 
VI 16 June 10 
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Figure 1: Location of sampling stations. 
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Figure 3b: Example of size composition of E. superba: T - total, M - males, F - females at 
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KRILL POPULATION BIOLOGY DURING THE 1991 CHILEAN ANTARCTIC 
KRILL FISHERY 

A. Mujica R, E. Acufia S. and A. Rivera 0.* 

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 
fmanced by INACH (Chilean Antarctic Institute). 

Resume 

Etude de la biologie des populations du krill antarctique, Euphausia 
superba, fondee sur des echantillons preleves en 1991 au cours des 
operations de peche de kriU autour des i'les Shetland du Sud it bord du 
navire-usine chilien le Kirishima. Les traits ont ete effectues au chalut 

Depto. BioI. Marina, Facultad Ciencias del Mar, Universidad Cat6lica del Norte, Casi1la 117, Coquimbo, 
Chile 
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pelagique (surface de l'ouverture d'environ 40 x 40 m et mai1lage de 1,5 
a 3 cm). Deux sous-echantillons de 100 specimens chacun ont ete 
pr6leves de 50 echantillons, puis analyses. Le lieu de peche etait divise 
en deux secteurs: la zone A, au nord des iles Shetland du Sud, et la zone 
B, au nord de l'ile Elephant. Les echantillons ont ete groupes selon 
l'heure de capture: de jour, en periode de demi-jour et de nuit. Les 
specimens ont ete mesures (longueur totale, TL) au millimetre pres et 
peses (poids humide) au 0,01 g pres. La capture moyenne par heure et 
la capture moyenne par heure du chalutage ont ete determinees a partir 
des 419 traits. Dans la zone A, une distribution unimodale de 
frequences de tailles a ete obselVee; la TL variait de 30 a 55 mm, dont 
une TL moyenne de 45 mm pour les femelles et de 48 mm pour les 
males. On a egalement obselVe un mode tres faible pour les specimens 
juveniles d'une TL de 26 a 36 mm. La composition par sexe a revele 
65,1 % de femelles, 34,4% de males et 1,4% de juveniles. Des femelles 
echantillonnees, 25,2% portaient des spermatophores. 80% des 
femelles portant des spermatophores etait d'une TL superieure a 45 mm, 
le plus petit specimen etant pourtant d'une TL de 36,5 mm. Dans la zone 
B, on a obselVe une distribution bimodale de frequences de tailles et une 
gamme de tailles plus etendue, avec un mode pour le groupe d'une TL de 
32 a 55 mm (longueur moyenne de 43 mm pour les femelles et de 
46 mm pour les males), et un mode (longueur modale de 32 mm) pour 
les specimens juveniles d'une TL de 20 a 39 mm. 47,1% etaient des 
femelles, 40% des males et 12,9% des juveniles. Parmi les femelles 
echantillonnees de 35,4 a 56 mm de TL, mais dont 80% excedaient 
toutefois 45 mm, 27,1 % portaient des spermatophores. La distribution 
de frequences de tailles n'a revele aucune difference majeure entre les 
trois periodes. Toutefois, si la composition par sexes est prise en 
compte, on remarque que les males sont plus abondants dans les 
captures de nuit, alors que les femelles prooominent dans celles de jour, 
ce qui indique donc une tendance differente. Compte tenu de toutes les 
captures, le rendement dans les deux lieux de peche, en termes de tonnes 
par mille et de tonnes par heure, etait plus eleve de jour qu'au crepuscule 
ou de nuit. De plus, les captures effectuees de jour etaient regulierement 
realisees a des profondeurs plus importantes. Les recherches ont ete 
financees par l'INACH (l'Institut antarctique chilien). 

Pe3IOMe 

BI-IOJlOrl-l.5I nonyJl.5I~m';{ aHTapKTUlIeCKoro KPI-lJl.5I Euphausia 
superba 1-13ytIaJlaCb no np06aM, B3.5ITbIM B XO,lle npOMbICJla 

KPI-lJl.5I y IO:>KHbIX IIIeTJlaH,llcKl-lx O-BOB tII-IJll-ltiCKI-IM 

nJlaB3aBO,llOM K i r ish i ma. TpaJleHI-I.5I npOBO,llI-lJlI-ICb 

KOMMeptIeCKI-IM cpe,llHerJly6l-1HHbIM TpaJlOM C nJlOll(a,llbIO YCTb.5I 

npI-l6J11-13I-1TeJlbHO 40x40 M 1-1 pa3MepOM .5ItIel-l 1,5 - 3 CM. 113 50 

np06 6bIJlI-I B3.5ITbI 1-1 npOaHaJll-l31-1pOBaHbI ,llBe nO,llBbI60PKI-I, 

COCTO.5Ill(l-Ie 1-13 100 oc06eti. IIPOMbICJlOBblti ytIaCTOK 6bIJI 

pa3,lleJleH Ha ,llBa patioHa: PatioH A - K ceBepy OT IO:>KHbIX 

IIIeT JlaH,llCK 1-1 X O-BOB 1-1 PatioH B - K ceBepy OT O-Ba 3J1e<JlaHT. 

IIp06bI 6bIJlI-I crpynnl-lpoBaHbI B COOTBeTCTBI-II-I C BpeMeHeM 

BbIJlOBa: ,llHeM, B CYMepKax 1-1 HOtIbIO. Oc061-1 1-13 Me P.5IJlI-I Cb 

(06ll(a.5I ,llJlI-IHa, TL) ,ll0 6J1I-1:>Katimero MI-IJlJlI-IMeTpa 1-1 

B3BemI-lBaJlI-ICb (MOKPblti Bec) ,ll0 6J1I-1:>Katimero 0,01 r. Bcero 

6bIJlO BbInOJlHeHO 419 TpaJleHl-lti. Onpe,lleJlI-IJlI-ICb Cpe,llHl-lti 

BbIJlOB 3a tIac 1-1 Cpe,llHl-lti BbIJlOB 3a BpeM.5I TpaJleHI-I.5I. B PatioHe 



A Ha6JIIO,llaJIOCb O,llHOMO,llaJIbHOe pacnpe,lleJIeHl1e qaCTOTbI 

,llJII1H C ,lll1ana30HOM pa3MepOB Me)l{,llY 30 I1 55 MM TL, Cpe,llHeti 

06~eti ,llJII1HOti 45 MM Y CaMOK I1 48 MM Y CaMIJ,OB. TaK)I{e 

Ha6JIIO,llaJIaCb OqeHb cJIa6aSl MO,llaJIbHaSl ,llJII1Ha Y MOJIO,llI1, 

06~aSl ,llJII1Ha KOTOPOti 6bIJIa 26 - 36 MM. IIOJIOBoti COCTaB: 

CaMKI1 - 65,1%; CaMIJ,bI - 34,4%; I1 MOJIO,llb - 1,4%. 25,2% 
06CJIe,llOBaHHbIx caMOK I1MeJIO cnepMaTo$opbI. HeCMOTpSl Ha 

TO, qTO 06~aSl ,llJII1Ha Hal1MeHbIIIeti OC0611, I1MeIO~eti 
cnepMaTO$opbI, COCTaBJISlJIa 36,5 MM, 06~aSl ,llJII1Ha 80% caMoK, 

I1MeIO~I1X cnepMaTo$opbI, npeBbICI1JIa 45 MM. B PatioHe H 6bIJIO 

OTMeqeHO 6I1MO,llaJIbHOe pacnpe,lleJIeHl1e qaCTOTbI ,llJII1H H 
60JIbIIIl1ti ,lll1an a30H ,llJII1H - O,llHa MO,lla Me)l{,llY 32 I1 55 MM Ell 

(cpe,llHSISI ,llJISI caMOK - 43 MM I1 ,llJISI CaMIJ,OB - 46 MM); ,llpyraSl 

MO,lla 6bIJIa 32 MM B CJIyqae MOJIO,llI1, TL KOTOpoti 6bIJIa Me)l{,lly 

20 I1 39 MM. IIOJIOBoti COCTaB: CaMKI1 - 47,1%; CaMIJ,bI - 40%; I1 

MOJIO,llb 12,9%. 27,1 % 06CJIe,llOBaHHbIx caMOK I1MeJIO 

cnepMaTo$opbI I1 HaXO,llI1JIaCb B ,lll1ana30He ,llJII1H 35,4 - 56 MM 

TL, XOTSI Y 80% oc06eti TL npeBbICI1JIa 45 MM. Pacnpe,lleJIeHl1e 

qaCTOTbI ,llJII1H He YKa3aJIO Ha 3Haql1TeJIbHbIe paCXO)l{,lleHI1I1 

Me)l{,lly TpeMSI nepI10,llaMH. TeM He MeHee, eCJII1 npl1HSlTb BO 

BHI1MaHl1e nOJIOBoti COCTaB, 60JIbIIIee KOJIl1qeCTBO caMIJ,OB 

BCTpeqaeTCSI B HOqHbIX YJIOBaX, a 60JIbIIIee caMOK - B ,llHeBHbIX 

YJIOBax. YqeT Bcex YJIOBOB nOKa3bIBaeT, qTO BbIJIOB B e,llI1HI1IJ,ax 

"TOHHbl/MI1JIIO" I1 "TOHHbl/qaC" 6blJI BblIIIe npl1 ,llHeBHOM CBeTe, 

qeM B CYMepKax I1JII1 HOqbIO B 060l1X npOMblCJIOBblX patioHax. 

llHeBHble YJIOBbl TaK)I{e perYJISlpHO 6bIJIl1 nOJIyqeHbl B 60JIee 
r JIy60Kl1X BO,llax. HayqHble I1CCJIe,llOBaHI1S1 $I1HaHCl1pOBaJI 

lJl1JIl1tiCKl1ti aHTapKTl1qeCKl1ti I1HCTI1TYT. 

Resumen 

Se realizo un estudio biologico del stock de kril antartico Euphausia 
superba, a partir de la muestras recogidas en 1991 por el buque factorfa 
chileno Kirishima durante sus operaciones pesqueras realizadas en las 
aguas del archipielago de las Shetland del Sur. Se empleo un arrastre 
pelagico comercial (abertura de unos 40 x 40 my luz de malla de 1.5 a 
3 cm). De un total de 50 muestras, se separaron 2 submuestras de 
100 especfmenes 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 segun la 
hora de recogida: diurnas, crepusculares 0 nocturnas. Los especfmenes 
se midieron al milimetro mas proximo (TL, longitud total) y se pesaron 
(peso humedo) al 0.01 g mas proximo; tambien 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 oscilo entre 
30 y 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 composicion 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% 
tenia espermatoforas. Aunque la TL mas pequefia era 36.5 mm, en el 
80% de los casos la tall a superaba los 45 mm. En el Area B, la 
distribucion de frecuencia de TL era bimodal con una gama de tallas mas 
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 
e147.1 %, los machos e140% y 10s juveniles e112.9%. 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 e188% superaba los 45 mm. La 
distribuci6n de frecuencia de taUas no mostr6 diferencias significativas 
entre los tres horarios. Sin embargo, al examinar la composici6n de 
sexos resu1t6 que los machos eran mas abundantes en las capturas 
nocturnas, mientras que las hembras 10 eran en las diurnas, 10 que 
representa la tendencia contraria. Cuando se consider6 la captura total 
realizada se vi6 que el rendimiento en terminos de tonelada por milla y 
por hora fue mayor durante el dfa que en las horas crepusculares 0 

nocturnas en ambas zonas de pesca. Las capturas diurnas se realizaron 
a mayor profundidad. Este estudio estuvo subvencionado por el INACH 
(Instituto Antartico Chileno). 

1. INTRODUCTION 

CCAMLR has determined that since krill, (Euphausia 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 kriU 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. 

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 kriU 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' 2.70 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' 2.40 50 
20 09:30 22.02.91 62°08,9' 59°56,4' 2.60 84 
24 17:45 22.02.91 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' 2.20 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 24.02.91 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 27.02.91 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' 2.70 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' 2.90 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 

AREAB 

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°34,7' 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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Figure 3: Size frequency distribution of total females and females with spennatophores in 
Area A. 
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Figure 4: Size frequency distribution of E. superba juveniles, males and females in Area B. 
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Figure 5: Size frequency distribution of total females and females with spermatophores in 
AreaB. 
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Figure 6: Size frequency distribution of E. superba during the daytime, twilight and 
night-time. 
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Figure 7: Sex composition of E. superba in the three time periods. 
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Figure 8: Total catch (tonne/mile) in both areas during the three time periods. 
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Figure 9: Total catch (tonne!hrs) in both areas during the three time periods. 

233 



Tableau 1: 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Figure 5: 

Figure 6: 

Figure 7: 

Figure 8: 

Figure 9: 

Ta6JuuJ,a 1: 

Ugendes des tableaux 

Numero, heure, date, et position du trait, vitesse du chalutage et profondeur 
minimale aux stations de captures effectives de poissons au cours de la peche 
du krill. 

Ugendes des figures 

Lieux de peche du krill frequentes par le Chill. 

Distribution de frequences de tailles de juveniles, de males et de femelles 
dIE. superba de la zone A. 

Distribution de frequences de tailles du total des femelles et des femelles 
portant des spermatophores dans la zone A. 

Distribution de frequences de tailles de juveniles, de males et de femelles 
dIE. superba de la zone B. 

Distribution de frequences de tailles de la totalite des femelles et des femelles 
portant des spermatophores dans la zone B. 

Distribution de frequences de tailles dIE. superba de jour, en periode de demi­
jour et de nuit. 

Sex ratio dIE. superba pendant les trois periodes. 

Capture totale (tonnes/mille) dans les deux zones pendant les trois periodes. 

Capture totale (tonnes!heure) dans les deux zones pendant les trois periodes. 

CnHCOK Ta6J1Hl.\ 

HOMep TpaJleHH5.l, BpeM5.l TpaJleHH5.l, ~aTa, n03Hl.\H5.l, CKOPOCTb 

TpaJIeHH5.l H MHHHMaJlbHa5.l rJly6HHa cTaHl.\HH, r~e pbl6a Ha6JIIO~aJIaCb 
B npHJIOBe npH npOMblCJIe KPHJl5.l. 

CnHCOK PHCYHKOB 

PHCYHOK 1: lIHJIHHCKHe yqaCTKH npOMblCJIa KPHJl5.l. 

PHCYHOK 2: Pacnpe~eJIeHHe qaCTOTbl ~JlHH MOJlO~H, caMl.\OB H caMOK E. superba B 

PaHoHe A. 

PHCYHOK 3: Pacnpe~eJleHHe qaCTOTbl ~JlHH Bcex caMOK H caMoK, HMelOlI(HX 

cnepMaTo<popbl, B PaHoHe A. 

PHCYHOK 4: Pacnpe~eJIeHHe qaCTOTbl ~JlHH MOJlO~H, caMl.\OB H caMOK E. superba B 

PaHoHe B. 

PHCYHOK 5: Pacnpe~eJleHHe qaCTOTbl ~JlHH Bcex caMOK H caMoK, HMelOlI(HX 

cnepMaTo<popbl B PaHoHe B. 
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PHCYHOK 6: 

PHCYHOK 7: 

PHCYHOK 8: 

PHCYHOK 9: 

Tabla 1: 

Figura 1: 

Figura2: 

Figura 3: 

Figura4: 

Figura 5: 

Figura 6: 

Figura 7: 

Figura 8: 

Figura 9: 

Pacnpe.lleJIeHHe l..IaCTOTbI .llJIHH oco6etI E. superba, BbIJIOBJIeHHbIX npH 

.llHeBHOM CBeTe, B CYMepKax H HOl..lbIO. 

IIOJIOBotI COCTaB E. superba B Tel..leHHe Tpex nepHO.llOB. 

06I1lHtI BbIJIOB (ToHHa/MHJIIO) B 060HX patIoHax B Tel..leHHe Tpex 

nepHO.llOB. 

06I1lHtI BbIJIOB (ToHHa/MHJIIO) B 060HX patIoHax B Tel..leHHe Tpex 

nepHO.llOB. 

Lista de las tablas 

Numero de arrastre, hora, fecha, posici6n, velocidad y profundidad minima de 
las estaciones en las que se pescaron peces como pesca secundaria en la 
pesqueria del kril. 

Lista de las figuras 

Caladero en el que Chile realiz6 la pesqueria del kril. 

Distribuci6n de frecuencia de tallas de peces juveniles, machos y hembras de 
E. superba, correspondientes al Area A. 

Distribuci6n de frecuencia de tallas del total de hembras y hembras con 
espermatoforas correspondientes al Area A. 

Distribuci6n de frecuencia de tallas de juveniles, machos y hembras de 
E. superba correspondientes al Area B. 

Distribuci6n de frecuencia de tallas del total de hembras y hembras con 
espermatoforas correspondientes al Area B. 

Distribuci6n de frecuencia de tallas de las capturas diurnas, crepusculares y 
nocturnas respectivamente. 

Composici6n de sexos de E. superba de los tres periodos. 

Captura total (tone1adas/milla) para ambas areas de los tres periodos 
temporales. 

Captura total (toneladas/horas) para ambas areas en los tres periodos 
temporales. 
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WG-KRILL-92/16 

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 detennining 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 (Le., 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. 

Resume 

La me sure de conservation 32/X de la CCAMLR fixe la limite preventive 
de capture de krill (Euphausia superba) de la zone statistique 48 it 1,5 
million de tonnes. Cette me sure implique egalement l'application 
prochaine de limites preventives aux sous-zones et aires localisees de 
cette zone. Neuf nouvelles methodes de determination des limites de 
capture de krill dans les sous-zones ou aires localisees sont evaluees, 
relativement it six criteres: i) jusqu'it quel point sont prises en compte les 
informations sur les relations biologiques; ii) le cout de la collecte 

* Southwest Fisheries Center, 8604 La Jolla Shores Drive, La Jolla, Ca. 92038, USA 
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des donnees; iii) la fiabilite des infonnations requises; iv) la facilite de la 
mise en application; v) les effets sur les tendances de peche actuelles; et 
vi) le risque d'un delai dans la mise en place d'une nouvelle methode. 
Une nouvelle methode risque de ne pas avoir autant d'effets nefastes sur 
les especes dependantes (telles que les manchots ou les phoques) si les 
relations ecologiques entre le laill et ses predateurs sont prises en 
consideration et si sa mise en place est peu susceptible d'etre retardee. 
Ainsi nous reconnaissons l'importance du compromis suivant: soit 
choisir une methode explicite sur le plan biologique et retarder sa mise 
en place, soit choisir une methode peu realiste sur le plan biologique et 
mettre en place immediatement un systeme de gestion. Nous 
reconnaissons que d'autres compromis peuvent etre tout aussi 
importants. Les methodes allouant la limite de 1,5 tonne soit a parts 
egales entre les sous-zones soit en basant les limites sur les captures 
anciennes peuvent etre c1assees dans une categorie a risques reduits de 
mise en place tardive, mais elles ne tiennent pas compte des 
infonnations sur les relations biologiques. Les methodes fondees sur 
les zones de protection, les periodes critiques, les recensements des 
predateurs, et les modeIes predateurs-proies comportent un grand 
nombre d'informations biologiques, mais risquent de ne pas etre 
pratiques dans un proche avenir. Les methodes reposant sur la zone du 
plateau continental, la peche par a-coups ordinaire et les campagnes 
d'evaluation du krill ne sont pas explicites sur le plan biologique et se 
soldent par un retard dans la mise en place. Aucune de ces methodes 
n'est a la fois explicite sur le plan biologique et prete a etre mise en place 
dans l'immediat. Toutefois, deux des methodes (a savoir zones de 
protection et periodes critiques) sont peu satisfaisantes uniquement du 
fait qu'elles modifieraient les tendances de peche actuelles. Ces deux 
methodes pourraient etre applicables dans l'immediat si les pays 
membres de la CCAMLR acceptaient de toIerer des changements dans les 
tendances de peche actuelles. 

Pe310Me 

Mepa no coxpaHeHHIO 32/X YCTaHaBJIHBaeT npe,l{OXpaHHTeJIb­

Hoe orpaHWleHHe Ha BblJIOB KPHJI5I (Euphausia superba) B 

CTaTHCTH4eCKOM paHoHe 48 pa3MepOM 1,5 MHJIJIHOHa TOHH. 

naHHa5I Mepa TaK~e npe,l{ycMaTpHBaeT pacnpocTpaHeHHe B 

6Y,l{YlIleM npe,l{OXpaHHTeJIbHblX orpaHH4eHHH Ha nO,l{paHOHbl 

HJIH JIOKaJIbHble paHOHbl 3Toro paHOHa. Ol\eHHBaIOTC5I ,l{eB5ITb 

aJIbTepHaTHBHblX MeTO,l{OB YCTaHOBJIeHH5I orpaHH4eHHH Ha 

06beM BblJIOBa KPHJI5I no nO,l{paHOHaM HJIH JIOKaJIbHbIM 

paHOHaM OTHOCHTeJIbHO meCTH KpHTepHeB: O)CTeneHb Y4eTa 

HHq)OpMal\HH 0 6HOJIOrH4eCKHX B3aHMOCB5I35IX; (ii) CTOHMOCTb 

c60pa ,l{aHHbIX; (iii) ,l{OCToBepHOCTb Tpe6yeMoH HHCPOPMal\HH; 

(iv) CTeneHb OCYlIleCTBHMOCTH KOHTPOJI5I 3a npOMbICJIOM; (v) 
nOCJIe,l{CTBH5I ,l{JI5I npOMblCJIOBblX pe~HMOB, npHMeH5IeMbIX B 

HaCT05IlIlee BpeM5I; H (vi) B03MO)l{HOCTb 3a,l{ep)l{OK B 

npHMeHeHHH Toro HJIH HHoro MeTO,l{a. Ta aJIbTepHaTHBa 

OKa)l{eT MeHbmHe OTpHl\aTeJIbHble B03,l{eHCTBH5I Ha 3aBHC5IIIlHe 

OT KPHJI5I nonYJI5Il\HH (HanpHMep, nHHrBHHbl H TIOJIeHH), 

KOTOpa5I Y4HTbIBaeT 3KOJIOrH4eCKHe B3aHMOCB5I3H Me~,l{y 

xHIIlHHKaMH H nOTpe6JI5IeMbIMH BH,l{aMH H KOTOpa5I HMeeT 

HH3KYIO Bep05ITHOCTb 3a,l{ep)l{KH B npHMeHeHHH. B CB5I3H C 3THM 

Mbl C4HTaeM Ba)l{HbIM CJIe,l{YIOIIlHH KOMnpoMHcc: JIH60 Bbl6paTb 

6HOJIOrH4eCKH o4eBH,l{HYIO aJIbTepHaTHBY H OTJIO~HTb 



ocy~eCTBJlemle, JlH60 Bbl6paTb 6HOJlOrHqeCKH HepeaJlbHYIO 

aJlbTepHaTHBY H Cpa3Y ~e BHe~pHTb CHCTeMY ynpaBJleHH~. 

Mbl npH3HaeM, qTO H ~pyrHe KOMnpOMHCCbl MoryT 6blTb 

O~HHaKOBO Ba~HbIMH. XOT~ aJlbTepHaTHBbl, KOTOpble 

paBHOMepHO paCnpe~eJl~IOT BblJlOB B 1,5 MJlH. TOHH Me~~y 
no~patioHaMH HJlH HcnoJlb3YlOT npOMbICJlOBble ~aHHble 3a 

npe~bI~y~He ce30Hbl C ~eJlblO yCTaHoBJleHH~ OrpaHHqeHHti Ha 

BbIJlOB, MO)KHO oxapaKTepH30BaTb KaK HMelO~He HH3KHti 

nOTeH~HaJl 3a~ep~KH B npHMeHeHHH, OHH Bce-TaKH He 

npHHHMalOT BO BHHMaHHe HH~opMa~HIO 0 6HOJlOrHqeCKHX 

CB~3~X. AJlbTepHaTHBbl, OCHOBaHHble Ha 3aKpblTblX patioHax, 

KpHTHQeCKHX nepHo~ax, YQeTaX XH~HHKOB H MO~eJl~X 

"XH~HHK/nOTpe6J1~eMblti BH~", npe~ycMaTpHBalOT HaJlHQHe 

60JlbWerO KOJlHQeCTBa 6HOJlOrHQeCKoti HH~opMa~HH, O~HaKO 
OHH MoryT OKa3aTbC~ HenpaKTHQHblMH B 6J1H~atiweM 6y~y~eM. 
AJlbTepHaTHBbl, OCHOBaHHble Ha nJlO~a~H KOHTHHeHTaJlbHOrO 

WeJlb~a, 06blKHOBeHHOM nyJlbcHpylO~eM npOMblCJle H YQeTaX 

KPHJI~, 6HOJlOrHQeCKH He 060CHOBaHbl H BJleKYT 3a c060ti 

3a~ep~KH B HX npHMeHeHHH. HH O~Ha H3 aJlbTepHaTHB He 

Mo~eT 6blTb oxapaKTepH30BaHa KaK 6HOJlOrHQeCKH 

060CHOBaHHYlO H rOTOBYIO K npHMeHeHHIO. TeM He MeHee, ~Be 
aJlbTepHaTHBbl (T.e. 3aKpblTble patioHbl H KpHTHQeCKHe 

nepHO~bl) ~BJI~IOTC~ Hey ~OBJleTBOpHTeJlbHbIMH JlHWb nOTOMY, 

QTO HX npHMeHeHHe H3MeHHJlO 6bl HacTo~~Hti npOMblCJlOBblti 

pe~HM. 3TH ~Be aJlbTepHaTHBbl MOrJlH 6bl 6blTb npHMeHeHbl, 

eCJlH 6bl CTpaHbl-llJleHbl AHTKOMa cor JlaCHJlHCb C H3MeHeHHeM 

B cy~ecTBylO~Hx npOMblCJlOBblX pe~HMax. 

Resumen 

La Medida de conservaci6n 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 tambien supone una 
futura aplicaci6n de limites de captura precautorios a subareas 0 zonas 
especificas en este area en el futuro. Se evaluan nueve metodos 
alternativos para determinar los limites de captura de kril por subarea 0 
zona especifica en conexi6n a seis principios: (i) la medida en que se 
considera la informaci6n sobre las relaciones bio16gicas; (ii) el coste de 
recopilaci6n de datos; (iii) la fiabilidad de la informaci6n requerida; 
(iv) la facilidad de ejecuci6n; (v) los efectos en los regimenes de pesca 
actuales; y (vi) la posibilidad de retrasar la puesta en marcha del metodo 
alternativo. Un metodo alternativo tiene menos probabilidades dedafiar 
alas especies dependientes (p.ej. pingiiinos y focas) si se toman en 
cuenta explicitamente las relaciones eco16gicas entre el kril y sus 
depredadores y si la probabilidad de retrasar su aplicaci6n es baja. Por 
10 tanto, consideramos relevantes las siguientes compensaciones: elegir 
una alternativa bio16gicamente detallada con un retraso en su aplicaci6n, 
o elegir una alternativa bio16gicamente poco realista poniendo en marcha 
un sistema de gesti6n inmediato. Reconocemos que otras 
compensaciones podrian ser igualmente vruidas. Aquellas alternativas 
que desglosan ellimite de 1.5 millones de toneladas en partes iguales 
entre las subareas 0 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 informaci6n sobre las 
relaciones bio16gicas. 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 bio16gicos pero 
pueden ser inutiles 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 informaci6n 
bio16gica detallada y resultan en una ejecuci6n tardia. Ninguna de las 
altemativas se clasifican a la vez como bio16gicamente detalladas y 
disponibles para ser aplicadas inmediatamente. Sin embargo, dos de las 
alternativas (p.ej. zonas protegidas y periodos 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. INTRODUCflON 

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 620000 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 kriU 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 kriU 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: 
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(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 



(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) Krill 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 AL 1ERNA TIVE ALLOCATION STRA1EGIES 

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 500000 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 kriU 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 (1500 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 125000 tonnes each (500 000 tonnes/4 = 125000 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 
250000 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 km2 (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), 480000 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 Camp bell, 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. 

2.4 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 a!., 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 krin 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 

Krill 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). 

U sing 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 
andlor 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 (Le., 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 kriU 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 (Le., 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 andlor 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 kriU management according to the biological goals outlined in 
Article IT 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. 

REFERENCES 

AMLR. 1991. ROSENBERG, J. and R. HEWITT (Eds). AMLR 1990/91 Field Season Report: 

246 

Objectives, Accomplishments, and Tentative Conclusions. Southwest Fisheries Science 
Center Administration Report U-91-18. Document WG-CEMP-91/11. CCAMLR, Hobart, 
Australia: 97 pp. 



AMOS, A., J. BENGTSON, O. HOLM-HANSEN, V. LOEB, M. MACAULAY, and J. WORMUTH. 1990. 
Surface water masses, primary production, kriU distribution and predator foraging in the 
vicinity of Elephant Island during the 1989-90 austral summer. Document 
WG-CEMP-90/11. CCAMLR, Hobart, Australia: 65 pp. 

AGNEW, D. 1991. Krill catches and consumption by land-based predators in relation to distance 
from colonies of penguins and seals in the South Shetlands and South Orkneys. 
Document WG-CEMP-91/2S. CCAMLR, Hobart, Australia: 14 pp. 

BENGTSON, J., L. FERM, T. HARKONEN, and B. STEWART. 1990. Abundance of Antarctic Fur 
Seals in the South Shetland Islands, Antarctica, during the 1986/87 Austral Summer. In: 
KERRY, K. and G. HEMPEL (Eds.). Antarctic Ecosystems. Ecological Change and 
Conservation. Springer-Verlag, Berlin Heidelberg: 265-270. 

CCAMLR. 1991a. Schedule of Conservation Measures in Force. CCAMLR, Hobart, Australia: 
26 pp. 

CCAMLR. 1991b. Statistical Bulletin, Vol. 3 (1981-1990). CCAMLR, Hobart, Australia: 
119 pp. 

CROLL, D. 1990. Estimation of the energy and prey requirements of predators breeding on the 
South Shetland Islands. Document WG-CEMP-90/30 Rev. 1. CCAMLR, Hobart, Australia: 
24 pp. 

CROXALL, J. 1990. Food consumption by predators in CCAMLR integrated study regions. 
Document WG-CEMP-90/31. CCAMLR, Hobart, Australia: 21 pp. 

EVERSON, I. 1987. Areas of seabed within selected depth ranges in the south-west Atlantic and 
Antarctic Peninsula regions of the Southern Ocean. In: Selected Scientific Papers, 1987 
(SC-CAMLR-SSP/4). CCAMLR, Hobart, Australia: 49-73. 

EVERSON, I. and S. CAMPBELL. 1990. Areas of seabed within selected depth ranges in 
CCAMLR Subarea 48.3, South Georgia. In: Selected Scientific Papers, 1990 
(SC-CAMLR-SSP/7). CCAMLR, Hobart, Australia: 459-466. 

EVERSON, I. and C. GOSS. 1991. KriU fishing activity in the southwest Atlantic. Antarctic 
Science,3 (4): 351-358. 

HEWITT, R. and D. DEMER. 1992. Distribution and abundance of krill in the vicinity of 
Elephant Island in the 1992 austral summer. Document WG-CEMP-92/1S. CCAMLR, 
Hobart, Australia: 19 pp. 

MILLER, D. and I. HAMPTON. 1989. Biology and ecology of the Antarctic Krill (Euphausia 
superba Dana): a review. Biomass Scientific Series, 9: 166 pp. 

SC-CAMLR. 1991. Report of the Tenth Meeting of the Scientific Committee (SC-CAMLR-X). 
CCAMLR, Hobart, Australia: 427 pp. 

SHUFORD, W. and L. SPEAR. 1988. Surveys of breeding Chinstrap Penguins in the South 
Shetland Islands, Antarctica. British Antarctic Survey Bulletin, 81: 19-30. 

247 



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. 

CRITERIA 

Krill-Predator 
Interactions 
Considered? 

Data Reliability 

Long-Tenn Data 
Collection Costs 

Easy to Enforce? 

Alter Current 
Fishing Patterns? 

Delay to 
Implement? 

AL1ERNATIVES 

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. 
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Potential Delay in 
Implementation 

Low 

High 

Biological Information Explicitly Considered 



Tableau 1: 

Tableau 2: 

Ta6JIHu;a 1: 

Ta6JIHu;a 2: 

Tabla 1: 

Tabla2: 

Ugende des tableaux 

Caracteristiques de neuf methodes d'allocation de la limite preventive de capture 
de 1,5 million de tonnes dans la zone statistique 48 aux sous-zones ou aux aires 
localisees. Se reporter au texte pour la description plus detaiUee des criteres 
d'evaluation et les methodes d'allocation. 

Matrlce des compromis caracterisant les systemes d'allocation de la capture de 
kriU basee sur le nombre d'informations biologiques examinees explicitement et 
le risque de retard dans la mise en place. La probabilite d'effets nuisibles sur 
les especes dependantes est reduite au minimum lorsque la quantite 
d'informations biologiques examinee est elevee et le risque de retard dans la 
mise en place est faible. 

CnHCOK Ta6JIHU; 

XapaKTepHCTHKH ,lleB5.lTH aJIbTepHaTHBHblX BapHaHTOB 

pacnpe,lleJIeHH5.I npe,llOXpaHHTeJIbHOrO OrpaHHqeHH5.I Ha BblJIOB (1,5 
MHJIJIHOHa TOHH) B CTaTHCTHQeCKOM patio He 48 Me:>K,lly nO,llpatioHaMH 

HJIH JIOKaJIbHblMH patioHaMH. SOJIee nO,llp06HOe onHcaHHe KpHTepHeB 

ou;eHKH H aJIbTepHaTHB pacnpe,lleJIeHH5.I ,llaeTC5.I B TeKCTe. 

MaTpHu;a paCQeTa Pa3JIHQHbIX cxeM pacnpe,lleJIeHH5.I BblJIOBa KPHJI5.I, 

OCHOBaHHa5.1 Ha 06beMe HenOCpe,llCTBeHHO YQHTbIBaeMoti 

6HOJIOrHQeCKoti HH<popMaU;HH H B03MO:>KHOCTH OTJIO:>KeHH5.I 

OCYlIleCTBJIeHH5.I. Bep05.lTHOCTb OTpHu;aTeJIbHbIX nOCJIe,llCTBHti ,llJI5.I 

3aBHCHMblX BH,llOB MHHHMaJIbHa eCJIH paCCMaTpHBaeTC5.I 60JIblllOe 

KOJIHQeCTBO 6HOJIOrHQeCKoti HH<popMaU;HH H B03MO:>KHOCTb 3a,llep:>KOK 

HH3Ka. 

Lista de las tablas 

Caracteristicas de nueve alternativas para distribuir el lfmite de captura 
precautorio de 1.5 mil10nes de tone1adas en el Area estadfstica 48 por subareas 
o zonas especificas. Refierase al texto para obtener una descripci6n detallada 
del criterio de evaluaci6n y las alternativas de distrlbuci6n. 

Matriz de compensaci6n que caracteriza los sistemas de distribuci6n de 
capturas de kril basada en la cantidad de informaci6n biol6gica 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 
informaci6n bio16gica y la posibilidad de retraso es minima. 
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WG-CEMP-92/26 

HOMOGENEITY OF ADELIE PENGUINS AS KRILL SAMPLERS 

E. Marschoff1 and B. Gonzalez2 

Abstract 

A nested ANOV A design was used to measure the variance component 
due to differences between individual Adelie penguins in the length of 
kriU 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. 

Resume 

A partir de donnees de la baie Esperanza, on s'est servi d'un modele 
ANOV A a emboltements pour mesurer l'element de variance dO a la 
difference de longueur du krill ingere par des individus de manchots 
Adelie. L'element de variance -0,26 n'etait pas tres different de zero 
(F = 0,093; P = 0,54). Cette decouverte soutient l'argument selon lequel 
pour ne pas discriminer les sexes, le poids ou d'autres facteurs relatifs 
au predateur, les parametres de la population de proies doivent etre 
estimes a partir d'individus de manchots. 

Pe3lOMe 

KOMnOHeHT BapHal1,HH, BbI3BaHHbIH pa3HHl1,eH B ,lIJIHHe KPHJI5I, 

Cbe,lleHHOrO OT ,lIeJIbHbIMH nHHrBHHaMH A,lIeJIH H3Mep5IJIC5I C 

nOMOlIlblO rHe3,l10BOro MeTO,lla ANOV A H C HCnOJIb30BaHHeM 

,lIaHHbIx H3 npo6, co6paHHbIx B 6yxTe 3cnepaH3a. KOMnoHeHT 

BapHal1,HH (-0,26) He~ OTJIW-IaJIC5I 3Ha4HTeJIbHO OT HyJI5I (F=0,093; 
3 = 0,54). 3TOT pe3YJIbTaT nO,ll,llep)I<HBaeT ,lIOBO,ll B nOJIb3Y 

HCnOJIb30BaHH5I npo6 KPHJI5I H3 nHIIlH nHHrBHHOB ,lIJI5I Ol1,eHKH 

napaMeTpoB nonyJI5Il1,HH KPHJI5I, He ,lIeJIa5I Pa3JIH4H5I no nOJIy, 

Becy HJIH ,lIpyrHM <jlaKTopaM, KaK B CJIY4ae ,lIpyrHx XHIIlHHKOB. 

Resumen 

A partir de los datos de bahfa Esperanza, se utiliz6 un disefio inclusivo 
ANOV A para medir el componente de variancia del kril de distintas 
longitudes consumido por algunos pingtiinos 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 panimetros 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 
2 Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Pabellon 11 - 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 kriU occur in swarms and are not randomly distributed. This 
patchiness detennines 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 Ad6lie penguins are uniform with respect to prey 
selection. 

2. MATERIALS AND METHODS 

During summer 1989/90, 27 Ad6lie penguins from the Bahia 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 ANOV A as 
follows: 

Level 2: 
Level 1: 
Level 0: 

"Penguins" group; 
"Days-within-Penguins" subgroup; 
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 krilllengths 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 kriU 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 c until a significant result was obtained. 
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3. RESULTS 

A total of 11 marked Ad6lie 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 ANOV A 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 krilllengths 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 penguin 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 44.26 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 21.47 
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 41.48 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 ANOV A 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 26.40 72.24 
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Tableau 1: 

Tableau 2: 

Tabla 1: 

Tabla2: 

Ugende des tableaux 

Longueur moyenne et variance du krill preleve dans chaque estomac 
echantillonne. 

ANOVA it emboitements du kriU groupe par jour et par manchot. 

CmiCOK Ta6JUIl.\ 

Cpe~HSISI ~JniHa H BapHal.\HSI pa3Mepa KPHJISI B Ka)l{~OM 

o6CJIe~OBaHHoM )l{eJIY ~Ke. 

rHe3~OBOH aHaJIH3 (ANOV A) KOJIHtIeCTBa cbe~eHHoro nHHrBHHaMH 

KPHJISI no ~HSIM. 

Lista de las tablas 

Talla media y variancia del kril procedente de los estomagos muestreados. 

ANOV A inc1usiva de kril, por fechas y pingUinos. 
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WG-CEMP-92/11 

CAN WE USE DISCRIMINANT FUNCTION ANALYSIS TO SEX PENGUINS 
PRIOR TO CALCULATING AN INDEX OF A MORPHOMETRIC 
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. 

Resume 

Chez les especes a dimorphisme sexuel, les caracteristiques 
morphometriques ont pour les males et les femelles des distributions 
distinctes qui se chevauchent souvent. Alors que l'analyse discriminante 
peut servir a determiner le sexe des individus, e1le n'y parvient que pour 
un certain pourcentage d'oiseaux. Deux distributions de GauS se 
chevauchant mettent en evidence la difference entre la moyenne reelle 
d'une caracteristique d'un sexe et la moyenne apparente derivee de la 
determination du sexe des oiseaux par l'analyse discriminante. 

Lorsque les fonctions discriminantes parviennent a determiner 
correctement le sexe de plus de 80% des oiseaux, la difference entre la 
moyenne reelle et la moyenne apparente risque d'etre impossible a 
deceler si l'echantillon porte sur moins de 600 oiseaux. 

Par consequent, sous la plupart des regimes d'echantillonnage normaux 
une fonction discriminante ayant un taux de succes de plus de 80% peut 

* CCAMLR Data Manager, 25 Old Wharf, Hobart, Tasmania 7000, Australia 
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etre utilisee pour obtenir des estimations statistiquement robustes des 
caracteristiques se rapportant aux m3.les et aux femelles. 

11 n'est plus necessaire de determiner les sexes si l'on utilise la 
procedure qui consiste It combiner les donnees des deux sexes. 
Toutefois, les incertitudes liees au sex ratio peuvent conduire It des 
erreurs considerables de Type I ou 11. Le manque d'informations sur le 
sex ratio des differentes annres rend douteuse la procedure qui combine 
les donnees, et i1 est recommande d'utiliser la fonction discriminante qui 
est la procedure la plus robuste It l'usage. 

Pe3IOMe 

Y BH,lIOB, HMeIOII(HX nOJIOBOH ,lIHMop<lm3M, MOp<poMeTpHl-leCKHe 

napaMeTpbl caM~OB H caMOK HMeIOT Pa3JIHqHble 

pacnpe,lleJIeHH5I, KOTopble qaCTO B KaKOH-TO Mepe COBna,llaIOT. 

XOT5I ,lIHCKpHMHHaHTHbIH aHaJIH3 MO)l{HO HCnOJIb30BaTb ,lIJI5I 

onpe,lleJIeHH5I nOJIOBOH npHHa,llJIe)l{HOCTH OT ,lIeJIbHblX nTH~, OH 

,lIaeT B03MO)l{HOCTb npaBHJIbHO onpe,lleJIHTb nOJIOBYIO 

npHHa,llJIe)l{HOCTb JIHmb KaKOH-JIH60 qaCTH nTH~. 
HCnOJIb3YIOTC5I ,lIBa qaCTHqHO COBna,llaIOII(HX HOpMaJIbHblX 

pacnpe,lleJIeHH5I C TeM, qT06bl nOKa3aTb CYlI(eCTBOBaHHe 

pa3HH~bl Me)l{,lIY HCTHHHOH cpe,llHeH BeJIHqHHOH napaMeTpa 

KaKOrO-JIH60 nOJIa H Ha6JIIO,lIaeMOH Cpe,llHeH, nOJIyqeHHOH npH 

onpe,lleJIeHHH nOJIOBOH npHHa,llJIe)l{HOCTH nTH~ C nOMOlI(bIO 

,lIHCKpHMHHaHTHoro aHaJIH3a. 

ECJIH ,lIHCKpHMHHaHTHa5I <PYHK~H5I ,lIaeT B03MO)l{HOCTb 

onpe,lleJI5ITb nOJIOBYIO npHHa,llJIe)l{HOCTb nTH~ CO CTeneHbIO 

TOqHOCTH 60JIee 80%, TO HMeeTC5I HH3Ka5I Bep05ITHOCTb Toro, 

qTO npH Bbl60pKe MeHbme 600 nTH~ pa3HH~a Me)l{,lIY HCTHHHOH 

H Ha6JIIO,lIaeMOH cpe,llHeH OCTaHeTC5I He3aMeqeHHoH. 

ll03TOMY, 06blqHO npH HOpMaJIbHblX pe)l{HMaX c60pa np06 ,lIJI5I 

nOJIyqeHH5I CTaTHCTHqeCKH YCTOHqHBblX o~eHoK xapaKTepH­

CTHK MY)I{CKOrO H )l{eHCKOro nOJIOB MO)l{HO HCnOJIb30BaTb 

,lIHCKpHMHHaHTHYIO <PYHK~HIO, ypoBeHb TOqHOCTH KOTOPOH 

CBblme 80%. 

PaCCMaTpHBaeTC5I B03MO)l{HOCTb 06be,llHHeHH5I Bcex ,lIaHHbIX 

no 060eMY nOJIY ,lIJI5I H36e)l{aHH5I Heo6xo,llHMOCTH 

onpe,lleJIeHH5I nOJIOBOH npHHa,llJIe)l{HOCTH. O,llHaKO 

HeOnpe,lleJIeHHOCTH B qHCJIeHHOM COOTHomeHHH nOJIOB MorYT 

npHBeCTH K CYlI(eCTBeHHblM omH6KaM THna I H THna n. llp06eJIbl 

B 3HaHH5IX 0 qHCJIeHHOM COOTHomeHHH nOJIOB B pa3Hble rO,llbl 

,lIeJIaIOT 06be,llHHeHHe ,lIaHHbIX BeCbMa cOMHHTeJIbHOH 

npo~e,llypoH. PeKOMeH,lIyeTC5I HCnOJIb30BaTb ,lIHCKpHMHHaHT­

HYIO <PYHK~HIO ,lIJI5I onpe,lleJIeHH5I nOJIOBOH npHHa,llJIe)l{HOCTH, 

TaK KaK OHa ,lIaeT HaH60JIee YCTOHqHBble pe3YJIbTaTbl. 

Resumen 

En especies que presentan dimorfismo sexual, las caracteristicas 
morfometrlcas tienen distintas distrlbuciones para machos y hembras, y 
estas a menudo se superponen. Aunque los analisis discriminantes 



pueden ser utilizados para detenninar el sexo de algunos individuos, 
s6lo pueden acertar en el sexado de una proporci6n de las aves. Se 
utilizan dos distribuciones nonnales superpuestas para demostrar que 
existe una diferencia entre la media real de una caracterfstica para un 
sexo dado, y la media aparente deducida al sexar las aves mediante un 
amilisis discriminante. 

Cuando las funciones discriminantes pueden determinar correctamente 
el sexo de las aves con un exito superior al 80%, la diferencia entre la 
media aparente y la real es casi imperceptible cuando se muestrean 
menos de 600 aves. 

Por 10 tanto, en casi todos los regfmenes nonnales de muestreo se puede 
utilizar una funci6n discriminante que tenga un exito superior al80%, 
para deducir valores de ciertas caracterfsticas masculinas y femeninas 
que sean vaIidos estadisticamente. 

Se considera que se podria evitar esta detenninaci6n combinando la 
totalidad de la infonnaci6n de ambos sexos aunque la incertidumbre en 
cuanto a las proporciones de sexos puede producir errores significativos 
del Tipo I y H. La falta de infonnaci6n sobre la proporci6n de los sexos 
en distintos alios hace que la combinaci6n de los datos sea un 
procedimiento bastante dudoso, por 10 que se recomienda - como un 
criterio mas valedero - el uso de una funci6n discriminante en la 
determinaci6n del sexo. 

1. INTRODUCTION 

In sexually dimorphic species, morphometric characteristics (such as the CEMP 
characteristic AI, "weight on arrival") have separate distributions for males and females, and 
these often overlap. Whilst discriminant analysis can be used to detennine 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 Adelie 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 detennination 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: 

(i) 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? 

(ii) 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 c10acal 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: X2(45) = 43.14, F(45,5460) = 
0.9586, P > 0.5; 

and discriminant functions are derived using bi11length and depth (correct prediction 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 bi11length) which varies with 
the discriminant function and is normally distributed in both males and females (~females<~males), 
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 ~ and standard deviation cr. 
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 ~Pcrl can be found by integrating 
both distributions over x =-00 to v, finding the weighted mean of x, and can be expressed in 
terms of the true mean and standard deviation: 

~1 = ~ - ca for females, ~3 =~' + ca for males 

at = da 

where c, d are constants. Table 1 shows the c 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 

( ~ ), where (J is the estimated true standard deviation and S is the difference in the mean that 

must be detected. Here, 0 = J,1- J,11 = ca [equation 1] and therefore 

a 1 
o c 

(2) -=-

and is independent of (J or ~. 

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 Adelie 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 c10acal examination. Body weight does not behave in a similar way, 
presumably because it is not directly related to the discriminant function whereas bi1llength 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. Is it 
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 (J and cJ' are equal. In this case the 
point v corresponds to the mean of the combined sample, ~2, and ~ and ~' and (J and cJ' are the 
means and standard deviations of the females and males respectively. 

We can calculate ~2 and (J2 in terms of units of (J: 

J,12 = v = J,1 + aa 
a2 = ba 

(3) 

using the same methodology as described in the foregoing section, integrating instead from -00 
to +00. Values of a and b are given in Table 3. 

Turning once more to the Adelie penguin data (Table 2), ~2 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 (J, and ~ is known. 

n;;:: 2( a /0)2 {t(X[v] + t2(1_P)[v]}2: see Sokal and Rohlf (1981) for explanation 
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We can now estimate a and b: 

bill length 
bill depth 
weight 

a =0.913 
a = 0.756 
a = 0.949 

b = 1.206 
b = 0.931 
b = 1.118 

Referring to Table 3 these estimates of a 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 11 and 112 can be 
calculated using the equation of Sokal and Rohlf (1981), which as previously stated requires 

( ~). Firstly, for the mean of females, Il, set A = ~ then 

a a 
A=-=-o kll 

For the combined mean 1l2, a2 is required: 
02 

(4) 

since we are looking for a combined change k in males and females 

ba 
= 

k(1l + aa) 
substituting equation (3) 

bA 
= 

l+kaA 
substituting equation (4) (5) 

We can now calculate the effective sample sizes, required to detect a change k in the means 11 and 

112 for different coefficients of variation of the female population, (r), since a = rl1 and ~ 

simplifies to f . 
Table 3 shows values of a and b for different dl1 = 111-11 in units of standard deviation, 

and the corresponding percentage success of a discriminant function acting through v. Sample 
size required to detect a change k is also given, for k = 0.1 and coefficient of variation r = 0.05, 
0.1,0.2,0.4. 

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 (dl1 
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 11 and J.L' 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 q, where 

a* 
q=-

a2 
(6) 

and a* is the value of a for the a certain sex ratio, a2 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 ~2 that is due to sex ratio variation. If we 
sample at the extreme of the sex ratio variation, with ~* and a*, then 

112 -Il * 'Y = .!.....<=....-.!--

112 

substituting equations 3 and 6 (7) 

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 0' to be the 
mean of the sample standard deviations, we get 

combined population mean = 4.386 
combined population SD = 0.385 
a2 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 q 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 q = 0.33 
and 2"( = 0.105 (we require 2"( 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 Ad6lies, 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 
Ad6lies. 

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 
• sex ratio 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 c 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 0' Units of 0' 

(constant c in 
~l=~±CO') 

(constant din 
O'l=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 Ad6lie penguins 
at Bechervaise 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 0.984 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). cr/8 and cr2/0z 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 

cr/O or cr2/02 sample size cr/O or cr2/0z sample size cr/O or cr2/0z sample size 
v in units of % success of a, in b,in 

standard dis~ant J.12=J.1 +acr cr2=bcr 
deviation functIon 

calculation of cr2/0z cr2/02= cr2/02= cr2/02= 

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 3.91 359 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 cr/8 
cr/&=4 375 cr/8=l 24 cr/8=0.5 7 



fx 

v 
112 

x in units of standard deviation 

true mean of females 
true mean of males 
apparent mean of females after sexing using discriminant analysis 
mean of combined distribution = y when sample size is equal 
..................... males ................................................ . 

Figure 1: 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 
males 

distribution f 
distribution f 

mean Jl 
mean Jl' 

standard deviation (SD) 0" 
standard deviation cr' 

coef. var. (CV) , 

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 JlI SD 0"1 

the combined distribution (equal males and females) has mean Jl2, SD, 0"2, CV, '2' 

1.0~----------------------------------------------------------.-... ~····~···~ .. ' 
........................ 

.... ....... .. ' 
;3 O.S .................... 

................ 
'-' en 

• 0 CJ_ 

............ 
...... ..... ...... .. ' .. ' ....... .. ' 

......... .. , 
..... 

.... 
....... 

........ 
.... .. ' .... 

.... .. ' 
o.o~·'----~-----r----~-----.------~----.-----~----~----~----~ 

0.0 0.1 0.2 0.3 0.4 C.S 

sex ratio (males: total) 

Figure 2: The effect of sex ratio on the mean of a combined population of males and females. 
See text for explanation of q and a. 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Figure 1: 

Figure 2: 

Ta6JIHI..\a 1: 

Ta6JIHI..\a 2: 

Ugende des tableaux 

Moyenne et ecart-type apparents d'un seul sexe (par ex., femelles) qui a ete 
determine avecplus ou moins de succes par des analyses discriminantes. Les 
valeurs de c et d de l'equation 1) considerees conjointement avec la taille de 
l'echantillon requise pour garantir a 80% que la difference entre les moyennes 
reelle et apparente sera decelee a un seuiI de signification de 5% 
(repliques = 2). 

Moyennes reelle et apparente et ecart-type des mane hots Adelie males et 
femelles de l'lle Bechervaise. La moyenne reelle a ete derivee d'oiseaux dont le 
sexe a ete determine par examen du cloaque : 34 femelles et 37 males. La 
moyenne apparente a ete derivee d'oiseaux dont le sexe a ete determine par la 
fonction discriminante D = 0,601 (longueur du bee) + 1,154 (hauteur du bee), 
moyenne discriminante = 44,96 (Kerry et al., 1992): 32 "femelles" et 39 
"males". 

Effet de l'ampleur du chevauchement de deux distributions sur la moyenne et 
l'ecart-type des populations combinees. a et b proviennent de l'equation (3). 
a/o et a2/02 sont calcules a partir des equations (4) et (5) et la taille 
correspondante de l'echantillon necessaire pour deceler un changement de 10% 
dans la moyenne avec 80% de certitude et a un seuiI de signification de 1 % est 
indiquee. 

Legende des figures 

Explication des symboles utilises dans le texte. La distribution d'un parametre 
de x pour les males et les femelles et la distribution combinee sont indiquees. 
Le point vest le point central entre les distributions. 

Effet du sex ratio sur la moyenne d'une population combinee de males et de 
femelles. Voir explications sur q et a dans le texte. 

CnHCOK Ta6JIHI..\ 

BH,lIHMOe cpe,llHee H CTaH,lIapTHOe OTKJIOHeHHe nonYJI5II..\HH O,llHOro 

nOJIa (Hanp. caMKH), nOJIOBa5I npHHa,llJIe:>KHOCTb KOToporo 

onpe,lleJI5IJIaCb ,lIHCKpHMHHaHTHbIMH aHaJIH3aMH C nepeMeHHbIM 

ycneXOM. BeJIHlIHHbI C H d B ypaBHeHHH (1), a TaK:>Ke pa3Mep npo6, 

Heo6xo,llHMblti ,lIJI5I Toro, lIT06bI HMeTb 80-np0l..\eHTHblti ypOBeHb 

,lIOCTOBepHOCTH BbI5IBJIeHH5I pa3HHl..\bI Me:>K,lIY HCTHHHoti H 

Ha6JIID,lIaeMoti Cpe,llHeti BeJIHlIHHoti npH ypOBHe 3HalIHMOCTH 5% 

(noBTOpeHH5I = 2). 

HCTHHHa5I H Ha6JIID,lIaeMa5I Cpe,llHHe BeJIHlIHHbI H cTaH,lIapTHble 

OTKJIOHeHH5I ,lIJI5I caMI..\OB H caMOK Ha O-Be EemepBe3. HCTHHHa5I 

Cpe,llH5I5I 6bIJIa nOJIYlIeHa nYTeM KJIOaKaJIbHOrO OCMOTpa nTHI..\: 34 

caMKH, 37 CaMI..\OB. Ha6JIID,lIaeMa5I cpe,llH5I5I 6bIJIa nOJIYlIeHa nYTeM 

onpe,lleJIeHH5I nOJIOBoti npHHa,llJIe:>KHOCTH C HCnOJIb30BaHHeM 

,lIHCKpHMHHaHTHoti <PYHKI..\HH D = 0,601 (,lIJIHHa KJIIDBa) + 1,154 (BblcoTa 

KJIIDBa), Cpe,llHHti nOKa3aTeJIb ,lIHCKpHMHHaHTa = 44,96 (Kerry et al., 
1993): 32 "caMKH", 39 "CaMI..\OB". 
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BJIHSIHHe CTeneHH qaCTHqHOrO COBna,lleHHSI Me>K,llY ,llBYMSI 

pacnpe,lleJIeHHSIMH Ha Cpe,llHee 1'1 CTaH,llapTHOe OTKJIOHeHHe 

06be,llHHeHHbIX nonYJISIQHti. a 1'1 b B3SITbl 1'13 ypaBHeHHSI (3). criB 1'1 cr2/'Oz 

BblqHCJIeHbl no ypaBHeHHSIM (4) 1'1 (5), a TaK>Ke nOKa3aH 

cooTBeTcTBYIO~Hti pa3Mep npo6, Heo6xo,llHMblti ,llJISI Toro, qTo6bl 

BblSIBHTb 10-npOQeHTHoe H3MeHeHHe Cpe,llHeti npH ypOBHe 

Y,llOCTOBepHocTH 80% 1'1 ypoBHe 3HaqHMOCTH 1%. 

CnHCOK PHCYHKOB 

06bSICHeHHe YCJIOBHblX 0603HaqeHHti ,llaeTCSI B TeKCTe. IIoKa3aHbl 

pacnpe,lleJIeHHe napaMeTpa x ,l(JISI caMQOB 1'1 caMoK, a TaK>Ke 

06be,llHHeHHOe pacnpe,lleJIeHHe. TOqKa v - cepe,llHHa Me>K,llY 

pacnpe,lleJIeHHSIMH. 

BJIHSIHHe qHCJIeHHOrO COOTHoweHHSI nOJIOB Ha Cpe,llHHe BeJIHqHHbl 

06be,llHHeHHoti nonYJISIQHH caMQOB 1'1 caMOK. IIepeMeHHble q Ha 

06bSICHeHbl B TeKCTe. 

Lista de las tablas 

Media aparente y desviaci6n tipica de una poblaci6n de un solo sexo (p. ej. 
hembras), sexada mediante amUisis discriminantes con diferentes niveles de 
exito. Los valores de c y d en la ecuaci6n (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% (mimero de pasadas = 2). 

Media real y aparente, y desviaci6n tfpica del macho y la hembra de los 
pingiiinos adelia de la isla Bechervaise. La media real se obtuvo de ayes 
sexadas mediante examen cloacal: 34 hembras, 37 machos. La media aparente 
se deriv6 de las aYes sexadas mediante la funci6n 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 superposici6n entre dos distribuciones sobre la media y 
la desviaci6n tfpica de las poblaciones combinadas. a y b se obtienen de la 

ecuaci6n (3). criB y cr-;/'Oz 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 

Explicaci6n de los simbolos utilizados en el texto. Se presenta la distribuci6n 
de los parametros de x para los machos y las hembras, y la distribuci6n 
combinada; v es el punto medio entre las distribuciones. 

Efecto de la proporci6n de cada sexo en la media de una poblaci6n de machos y 
hembras. Vease el texto para una explicaci6n de q 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, IK. Jansen2 and M. Naganobu1 

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/m2). 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 kriU (modal 
length 43 mm), which consisted mainly of non-gravid kriU, were 
dominant with occasional occurrences of juveniles (modal length 
21 mm). In contrast, in the offshore foraging areas large kriU (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. 

Resume 

Afin d'identifier et d'evaluer les secteurs d'alimentation de certains 
predateurs de krill (manchots et femeUes d'otaries) a proximite de l"ile 
Seal, des suivis ont ete effectues a bord de navires debut janvier 1991. 
Les secteurs d'alimentation des manchots ont ete decouverts dans les 
regions cotieres souvent frequentees par le krill mais rarement en 
densite elevee (~250 g/m2). Par contre, les secteurs d'alimentation des 
otaries ont ete decouverts dans des secteurs du large ou le krill n'est que 
rarement present mais en concentrations etendues (d'environ 2 a 3 km 
de long) et de densites elevees (~250 g/m2). Dans les secteurs 
d'alimentation cotiers, le krill effectue des migrations verticales 
nycthemerales, se concentrant plutot a une profondeur de 50 a 100 m de 
jour alors qu'il frequente une couche moins profonde, de 20 a 50 m de 
nuit. Au large, dans les secteurs d'alimentation, le krill ne migre pas 
dans la colonne d'eau pendant la journee: il reste jour et nuit proche de 
la surface. En ce qui concerne la taille du corps et la maturite du krill 
dans les secteurs d'alimentation cotiers, 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, 
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longueur modale de 43 mm) consistant principalement en krill non 
gravide, dominait avec quelques cas de juveniles (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) 
compose principalement de femelles gravides. 11 en ressort que les 
distributions horizontales et verticales et la structure demographique du 
krill differaient entierement dans les secteurs d'alimentation des 
manchots et des otaries. Les raisons pour lesquelles les otaries 
choisissent les secteurs d'alimentation eloignes de la cote, piu tot que 
cotiers, sont examinees. 

Pe310Me 

B HaqaJIe SIHBapSI 1990/91 r.C 60pTa cY,l(Ha BeJIOCb CJIe)l{eHHe 3a 

XHIIlHHKaMH, nHTalOIIlHMHcSI KpHJIeM (nHHrBHHaMH H caMKaMH 

MopcKoro KOTHKa) OKOJIO oCTpoBa CHJI C u.eJIblO onpe,l(eJIeHHSI 

H ou.eHKH HX HarYJIbHbIX apeaJIOB. HarYJIbHbIe apeaJIbI 

nHHrBHHOB 6bIJIH o6HaPY)I{eHbI B npH6pe)l(HbIX paHoHax, r,l(e 

KPHJIb qaCTO CKanJIHBaeTCSI, HO He 06pa3yeT nJIOTHbIX 

CKOnJIeHHH (~250 r/M2). lIo cpaBHeHHIO C 3THM, HarYJIbHbIe 

apeaJIbI MOPCKHX KOTHKOB Ha6JIIO,l(aJIHCb B OTKPbITOM Mope, r,l(e 

KPHJIb BCTpeqaJIbCSI JIHillb BpeMSI OT BpeMeHH HO B 60JIbillHX 

arperau.HSIX (OKOJIO 2-3 KM ,l(JIHHOH Ha nOBepXHOCTH) 60JIbillHX 

nJIOTHOCTeH (~250 r/M2). B npH6pe)l{HbIX HarYJIbHbIX apeaJIax 

KPHJIb npe,l(npHHHMaeT CYTOqHbIe BepTHKaJIbHbIe MHrpau.HH -

,l(HeM 06bIqHO HaXQ,l(SICb Ha r JIy6HHe 50-100 M, a HOqblO 6JIH)I{e 

K nOBepxHocTH B ,l(Hana30He 20-50 M. B HarYJIbHbIX apeaJIax B 

OTKPbITOM Mope KPHJIb Boo6IIle He npe,l(npHHHMaeT CYTOqHbIX 

BepTHKaJIbHbIX MHrpau.HH, npH,l(ep)l{HBa5ICb ,l(HeM 6JIH3KO K 

nOBepXHOCTH. llTO KacaeTCSI ,l(JIHHbI TeJIa H nOJIOB03peJIOCTH 

KPHJISI B npH6pe)l{HbIX Hary JIbHbIX apeaJIax, ,l(OMHHHpOBaJI 

KPHJIb cpe,l(HHX pa3MepOB (MO,l(aJIbHaSI ,l(JIHHa - 43 MM), B 

OCHOBHOM HeHKpSIHbIe OCo6H - MOJIO,l(b BCTpeqaJIaCb TOJIbKO 

HHor,l(a (MO,l(aJIbHaSI ,l(JIHHa - 21 MM). lIo cpaBHeHHIO C 3THM, B 

HarYJIbHbIX apeaJIax B OTKPbITOM Mope ,l(OMHHHpOBaJI KPHJIb 

60JIbillHX pa3MepOB (MO,l(aJIbHaSI ,l(JIHHa - 47 MM), B OCHOBHOM 

HKpSIHbIe CaMKH. IITaK, ropH30HTaJIbHOe H BepTHKaJIbHOe 

pacnpe,l(eJIeHHe H CTpYKTypa nonYJISIu.HH KPHJISI B HarYJIbHbIX 

apeaJIax nHHrBHHOB H MOPCKHX KOTHKOB nOJIHOCTblO 

Pa3JIHqHbI. 06CY)I{,l(aIOTCSI npHqHHbI BbI60pa MOPCKHMH 

KOTHKaMH HarYJIbHbIX apeaJIOB B OTKPbITOM Mope, a He B 

npH6pe)l{HbIX BO,l(ax. 

Resumen 

A princlplos de enero 1990/91 se llevaron a cabo estudios de 
seguimiento de especies kri16fagas (pingiiinos y hembras de lobo fino) 
en el mar a la altura de la la isla Foca, para determinar sus areas de 
alimentaci6n. Se encontraron zonas de alimentaci6n de pingiiinos 
cercanas a la costa en donde generalmente hay kril, aunque las areas en 
las que el kril se encuentra en gran densidad (~250 g/m2) son muy 
limitadas. Por otra parte, las zonas de alimentaci6n 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 (extensi6n 
aproximada de 2 a 3 km) de gran densidad (~250 g/m2). En la zona de 



alimentaci6n cerca de la costa se observaron migraciones diurnas del 
kril con una tendencia a permanecer a profundidades mayores (50 a 
100 m) durante el dfa y en capas mas superficiales (20 a 50 m) durante 
la noche. En alta mar no se da este fen6meno y el kril permanece cerca 
de la superficie durante todo el dfa. Con respecto a los estados de 
madurez y longitud del kril en las zonas de alimentaci6n cercana a la 
costa, predomin6 el kril de tamafio medio (longitud modal de 43 mm) 
formado en su mayorfa por kril sin ovas con alguno que otro juvenil 
(longitud modal de 21 mm). Por su parte, en las zonas de alimentaci6n 
de alta mar hubo predominancia de kril de gran tarnafio (longitud modal 
47 mm), la mayoria del cual correspondfa a hembras gravidas. Asf se 
desprende que tanto las distribuciones horizon tales como verticales y la 
estructura de la poblaci6n del kril diferfan totalmente en las zonas de 
alimentaci6n de pingiiinos y lobos finos. Se presentan las posibles 
razones de por que los lobos finos eligen aquellas zonas de 
alimentaci6n de alta mar en lugar de aquellas cercanas a la costa. 

1. IN1RODUCTION 

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 et 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 lOOm 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). 

2.4 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%0) over the area from 1 000 m to 3 000 m deep (Figure 1). 
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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 3000 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 (~250 g/m2) 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/m2) (Figure 3). The fur seal clearly fed on these 
aggregations. 

3.4 Vertical Distribution ofKrill 

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 ofKrill 

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 (mBC) in the inshore foraging areas, whereas 
almost all females were gravid (IIID) 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 kriU, even in the daytime; and 

(ii) 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 kriU compared to fish, 
hunting kriU 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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Figure 1: Fur seal and penguin foraging areas near Seal Island, 
1 to 8 January 1991. Tracklines indicate the path of the 
ship during the tracking operations. Shaded area 
indicates slope front. 
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Figure 2: Subsurface (30 to 35 m depth) currents derived from the 
paths of two satellite-tracked buoys. 
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Legende des figures 

Secteurs d'alimentation des otaries et des manchots aux abords de l'ile Seal du 
1 er au 8 janvier 1991. Les lignes indiquent le trajet du navire pendant les 
operations de pour suite. La partie hachuree indique la zone du bord de la 
pente. 

Courants sous la surface (a une profondeur de 30 a 35 m) derives des trajets de 
deux bouees suivies par satellite. 

Distributions horizon tales du kriU detectees lors de la poursuite de manchots (a 
gauche) et d'otaries (a droite). La partie hachuree indique la zone du bord de la 
pente. 

Distributions verticales diurnes du krill avec profils verticaux de temperature 
dans les secteurs d'alimentation du manchot (en haut) et de l'otarie (en bas). 
Les parties hachurees indiquent la nuit. 

Composition en longueurs du corps et en stades de maturite du kriU dans les 
secteurs d'alimentation du manchot (en haut) et de l'otarie (en bas). 

CnHCOK PHCYHKOB 

HarYJIbHble apeaJIbI MopCKoro KOTHKa H nHHrBHHOB OKOJIO O-Ba CHJI, 

1-8 5IHBap5I 1991 r. JIHHHH YKa3bIBaIOT Ha MaprnpYT CY.lIHa B x0.lle 

pa60TbI no CJIe)l{eHHIO. 3aTeHeHHa5I 4aCTb - <PPOHTaJIbHbIH CKJIOH. 

IIO.llnOBepXHOCTHble Te4eHH5I (rJIy6HHa 30 - 35 M), onpe.lleJIeHHble no 

nYTH nepe.llBH)I{eHH5I .lIBYX 6yeB, 3a KOTOPbIMH BeJIOCb CJIe)l{eHHe. 

rOpH30HTaJIbHOe pacnpe.lleJIeHHe KPHJI5I, 06HapY)I{eHHOe B x0.lle 

CJIe)l{eHH5I 3a nHHrBHHaMH (JIeBa5I CTopOHa) H MOPCKHM KOTHKOM 

(npaBa5I CTopOHa). 3aTeHeHHa5I 4aCTb - <ppOHTaJIbHbIH CKJIOH. 

CYT04Hoe BepTHKaJIbHOe pacnpe.lleJIeHHe KPHJI5I H BepTHKaJIbHhlH 

npo<pHJIb TeMnepaTypbI B HarYJIbHbIX apeaJIax nHHrBHHOB (BepXH5I5I 

4aCTb) H MopCKoro KOTHKa (HH)I{H5I5I 4aCTb). 3aTeHeHHa5I 4aCTb 

0603Ha4aeT H04Hoe BpeM5I CYTOK. 

Pa3MepHbIH COCTaB H CTa.llHH nOJIOB03peJIOCTH KPHJI5I B HarYJIbHbIX 

apeaJIax nHHrBHHOB (BepXH5I5I 4aCTb) H MopCKoro KOTHKa (HH)I{H5I5I 

4aCTb). 

Lista de las figuras 

Zonas de alimentaci6n de lobos finos y pingiiinos cerca de la isla Foca, 10 al 
8 de enero de 1991. Las Hneas indican el rumbo de la nave durante las 
actividades de rastreo. Las areas sombreadas indican el frente de la pendiente. 

Corrientes submarinas (profundidad de 30 a 35 m) obtenidas de las trayectorias 
de dos boyas rastreadas por satelite. 

Distribuci6n horizontal del kril detectada durante el rastreo de pingiiinos 
(izquierda) y lobos finos (derecha). Las areas sombreadas indican el frente de 
la pendiente. 



Figura4: 

Figura 5: 

Distribuci6n vertical diurna del kril con perfiles verticales de temperatura en las 
zonas de alimentaci6n de pingiiinos (superior) y lobos finos (inferior). Las 
areas sombreadas indican el frente de la pendiente. 

Composiciones por talla y fase de madurez del kril en las zonas de alimentaci6n 
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 

DJ. 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. 

Resume 

Un ensemble de zones concentriques de 20 km de large a ete defini 
autour de colonies de manchots selectionnees sur les cotes des lles 
Shetland du Sud et des Orcades du Sud. Dans ces zones, les captures 
de kriU presentent une tendance reguliere dans la sous-zone 48.1 mais 
une distribution imprevisible 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 decembre a mars avait ete 
effectuee a moins de 40 km de la cote, et 90% a moins de 80 km de 
1988 a 1990. En 1987 et 1988, de decembre a mars, 75% de la capture 
de la sous-zone 48.2 provenait d'un rayon de 80 km autour des colonies 
des lIes Orcades du Sud. Des estimations des taux de consommation, 
des secteurs d'alimentation et de la taille des populations extraites de la 
litterature sont utilisees pour indiquer qu'en certaines annees, a des 
distances variant entre 20 et 60 km des colonies de predateurs, les 
captures peuvent atteindre 48% de la consommation par les predateurs 
terrestres en janvier et fevrier. Bien qu'au total, la proportion 
capture-consommation soit relativement faible (27%), toute competition 
entre la pecherie et les predateurs, a 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 pecherie. 

* CCAMLR, 25 Old Wharf, Hobart, Tasmania 7000, Australia 
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Pe310Me 

Ha KapTe 6bIJUi HaHeceHbI cepHH KOH~eHTpw-lecKHx 30H, 

Ka)l{,l{a51 mHpHHoH 20 KM. BOKpyr HeCKOJIbKHX KOJIOHHH 

nHHrBHHOB, pacnOJIO)l{eHHbIX B,l{OJIb n06epe)l{b51 IO)I{HbIX 

IIIeTJIaH,l{CKHX H IO)I{HbIX 0pKHeHCKHX O-BOB, nOKa3aHO, '-ITO 

pacnpe,l{eJIeHHe YJIOBOB KPHJI51 B 3THX 30Hax IIO,l{paHOHa 48.1 
HMeeT 3aKoHoMepHbIH xapaKTep. B IIo,l{paHoHe 48.2 TaKoH 

3aKOHOMepHOCTH He Ha6JIIO,l{aTeC51, Bep051THO B pe3YJIbTaTe 

60JIee H3MeH'-IHBbIX rH,l{pOrpaqm'-lecKHx YCJIOBHH. E)I{ero,l{HO B 

nepHo,l{ 1988-1990 rr. npH6JIH3HTeJIbHO 50% BbIJIOBa B 

IIo,l{paHoHe 48.1 C ,l{eKa6p51 no MapT 6bIJIO nOJIY'-IeHO B pa,l{Hyce 

40 KM OT 6epera H 90% B pa,l{Hyce 80 KM OT 6epera. B 1987 H 

1988 rr. 75% BbIJIOBa B IIO,l{paHOHe 48.2 3a nepHo,l{ ,l{eKa6pb­

MapT 6bIJIO nOJIY'-leHo B pa,l{Hyce 80 KM OT KOJIOHHH Ha IO)I{HbIX 

IIIeTJIaH,l{CKHX O-Bax. 113 JIHTepaTypbI B351TbI o~eHKH ypoBHeH 

nOTpe6JIeHH51 KPHJI51, HarYJIbHbIX apeaJIOB H pa3MepOB 

nonyJI51~HH XH~HHKOB '-I T06bI nOKa3aTb, '-ITO ,l{JI51 HeKOTopbIX 

JIeT Ha paCCT051HHH 20-60 KM OT KOJIOHHH XH~HHKOB, B 5lHBape­

<peBpaJIe YJIOBbI MorYT COCTaBJI51Tb ,l{0 48% KPHJI51, 

nOTpe6JI51eMOrO 06HTalO~HMH Ha cyme XH~HHKaMH. XOT51 

06~ee OTHomeHHe BbIJIOBa K nOTpe6JIeHHIO OTHOCHTeJIbHO 

HH3KO (27%), KOHKypeH~H51 Me)l{,l{Y npOMbICJIOM H xH~HHKaMH B 

pe3YJIbTaTe 60JIbmHX YBeJIH'-IeHHH B BhlJIOBe Bep051THO 

B03HHKHeT B 3THX paHoHax paHbme, '-IeM CJIe,l{yeT O)l{H,l{aTb npH 

paccMoTpeHHH npOMbICJIa B ~eJIOM. 

Resumen 

Se ha definido un grupo de zonas concentric as de 20 km de ancho 
alrededor de colonias seleccionadas de pingiiinos que estan distribuidas 
a 10 largo de las costas de las islas Shetland del Sur y Orcadas del Sur. 
Las capturas de kril en estas zonas han mostrado una distribuci6n 
regular en la Subarea 48.1 pero no en la Subarea 48.2, probablemente 
debido alas condiciones hidrograficas mas variables en esta ultima. 
Desde 1988 a 1991, alrededor del 50% de las capturas de diciembre a 
marzo en la Subarea 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 Subarea 48.2 fue extrafda en un radio de 80 km de las 
colonias de Orcadas del Sur en el perfodo entre diciembre y marzo. Se 
han utilizado las estimaciones publicadas de los niveles de consumo, de 
las areas de alimentaci6n 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 proporci6n normal de la captura en relaci6n al consumo es 
relativamente baja (menos del 27% ), y la pesquerfa tendrla que aumentar 
por un factor de 2 0 3 antes de que la proporci6n de captura!consumo se 
aproxime a los niveles maximos sustentables, cualquier competencia 
entre la pesquerfa y los depredadores que se da como resultado de los 
aumentos considerables de las capturas es muy probable que ocurra 
antes de 10 que se podria esperar en estas areas, 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 kriH. 
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The three major species of penguin in the southern Scotia Sea are chinstrap, Ad6lie 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: Ad6lie 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 et 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 (Ad6lie, 
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: 

South Orkneys: 

Ad6lie 
chinstrap 
gentoo 

Ad6lie 
chinstrap 
gentoo 

60000 
1457000 

34000 

215000 
600000 

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 kriU by selected predators: Ad6lie (51.6 kg/pair/month), chinstrap (50 kg) 
and gentoos (50 kg). More recent calculations have been performed by CroU (1990) for the 
South Shetlands, yielding mean consumption over the period December to March of 80, 64 and 
68 kg krilVpair/month for Ad6lies, 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 Ad6lies, 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), 
+15% (January, February) for gentoos and chinstraps, and +15% (December, January) for 
Ad6lies. 

2.2 Krill Catches 

The distribution of krill catches in Statistical Area 48 is published by CCAMLR in its 
Statistical Bulletin (CCAMLR, 1992 - Figure 25). Krill catches are displayed in map form, with 
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data given for each CCAMLR fine-scale square (1 0 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 
2999 and ~3 000 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 = 

I . . I· {, total catch in the subarea in that quarter 
mtla estlmate or square x sum of initial estimates for all squares in that quarter 

The total catch in the subarea in a quarter was taken from the ST A TLANT 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 fme-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 195000 tonnes in Subarea 48.2, and by far the largest component of this 
was due to chins trap penguins. The former figure is similar to that calculated by Croll (1990) 
for the South Shetlands (345 000 tonnes). The total consumption, however, (565000 tonnes) is 
only about a third of the 1 445000 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 400W 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 (500W to 400W) 
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). 
However, in general the localised distribution of krill catches cannot be explained by ice 
distribution. 

In Subarea 48.1, krill is known to be generally concentrated to the north of Livingston 
and Elephant Islands (Nast et al., 1988; Ichii et al., 1991). The main hydro graphic 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 kriU 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 WeddeU-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 kriU 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 
kriU 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 kriIl, 
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 
293000 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 kriIl 
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. KriU 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 

Total in 68848 
Subarea 

96798 37941 49159 

Table 2: Subarea 48.2. KriU 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 Catch in 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 74.9 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 45.1 31.1 
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Figure 1: Map showing the study area in the south Scotia Sea. Colonies selected for determination of zones (see text) (0) and 500 and 3 000 m 
depth contours (start and end of the continental slope are shown. A = Anvers Island, B = Brabant Island, L = Livingston Island, 
K = King George Island, E = Elephant Island, C = Clarence Island, S = Smith Island, 0 = South Orkney Islands group, P = Antarctic 
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Figure 3: Catches of kriU in relation to distance from penguin colonies in the South Shetland 
Islands, expressed as a percentage of the total krill catch in Subarea 48.1, over the 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

T a6JIHu;a 1: 

Ta6JIHl~a 2: 

Ugende des tableaux 

Sous-zone 48.1. Captures de krill et consommation par les predateurs de 
decembre a mars, a des distances diverses des colonies de manchots. Les 
captures sont estimees selon CCAMLR (1992). 

Sous-zone 48.2. Captures de krill et consommation par les predateurs de 
decembre a mars, a des distances diverses des colonies de manchots. Les 
captures sont estimees selon CCAMLR (1992). 

Captures de krin effectuees dans la sous-zone pendant la periode et a une 
distance critiques (CPD (periode-distance critiques), definie comme etant un 
rayon de 100 km autour des colonies, de decembre a mars inc1us). Le 
pourcentage de la capture totale de l'annee dans la sous-zone, pris pendant la 
CPD est donne, conjointement avec la capture en tant que pourcentage de la 
demande totale de krin de decembre a mars (predateurs + pecherie) ayant ete 
pris pendant la CPD. Les donnees proviennent de CCAMLR (1992). 

Legende des figures 

Carte de la zone consideree en mer du Scotia du sud. Les colonies 
selectionnees pour determiner les zones (cf. texte) (0) et les profits 
bathymetriques de 500 et 3000 m (debut et fin du talus continental) sont 
representes. A = ile Anvers, B = ile Brabant, L = ile Livingston, K = iles du Roi 
George, E = lIe Elephant, C = lIe Clarence, S = lIe Smith, 0 = archipel des 
Orcades du Sud et P = peninsule antarctique. Les lIes de SaC forment 
l'archipel des lIes Shetland du Sud. 

Estimation de la repartition des captures effectuees de janvier a mars entre 1988 
et 1991. Les captures sont donnees en tant que pourcentage de la capture tot ale 
de janvier a mars. L'analyse est effectuee separement pour la sous-zone 48.1 et 
la sous-zone 48.2. 

Captures de krin en fonction de la distance des colonies de manchots dans les 
lIes Shetland du Sud, exprimees en pourcentage de la capture totale de krin 
dans la sous-zone 48.1, de decembre a mars. 

Captures de krin en fonction de la distance des colonies de manchots aux 
Orcades du Sud, exprimees en pourcentage de la capture totale de krill dans la 
sous-zone 48.2, de decembre a mars. 

CnHCOK Ta6JIHU; 

IIO,l{paHOH 48.1. BbIJIOB KPHJI5.l H nOTpe6JIeHHe XHIIlHHKOB C ,l{eKa6p5.l 

no MapT Ha Pa.3JIHl..IHbIX paCCT05.lHH5.lX OT KOJIOHHH nHHrBHHOB. 

Ou;eHKH BbIJIOBa B35.lTbI H3 CCAMLR (1992). 

IIO,l{paHOH 48.2. BbIJIOB KPHJI5.l H nOTpe6JIeHHe XHIIlHHKOB C ,l{eKa6p5.l no 

MapT Ha Pa.3JIHl..IHbIX paCCT05.lHH5.lX OT KOJIOHHH nHHrBHHOB. Ou;eHKH 

BbIJIOBa B35.lTbI H3 CCAMLR (1992). 

BhlJIOB KPHJI5.l B nO,l{paHoHe H B KpHTHl..IeCKHH nepHO,l{ Ha 

KpHTHl..IeCKOM paCCT05.lHHH (CPD - 100 KM OT KOJIOHHH C ,l{eKa6p5.l no 

MapT). llaeTc5.l npou;eHTHa5.l ,l{OJI5.l o6I1lero BbIJIOBa, nOJIYl..IeHHOrO B 
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PHCYHOK 1: 

PvlCYHOK 2: 

PvlCYHOK 3: 

PHCYHOK 4: 

Tabla 1: 

Tabla2: 

Tabla3: 
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nO,l(paHOHe B TelleHHe rO,l(a B CPD, a TaK:>Ke BbIJIOB, nOJIYlIeHHbIH B CPD 
H Bhlpa:>KeHHhlH KaK npo~eHTHag ,l(OJIg nOTpe6HocTH B KpHJIe B 

nepHO,l( ,l(eKa6pb-MapT (XHlI(HHKH + npOMbICeJI). ,llaHHbIe H3 CCAMLR 
(1992). 

CnHCOK PHCYHKOB 

KapTa H3YlIaeMoro paHoHa B IO:>KHOH lIaCTH MOpg CKOTHR IIOKa3aHbI 

KOJIOHHH, BbI6paHHble ,l(JIg onpe,l(eJIeHHg 30H (CM. TeKCT) (0) H KOHTypbI 

r .tIy6HHbI B 500 H 3 000 M (HallaJIO VI KOHe~ KOHTHHeHTaJIbHOrO 

CKJIOHa). A = O-B AHBepc, B = O-B Epa6aHT, L = O-B JIHBHHrcToH, K = 
O-B KHHr-,ll:>KOp,l(:>K, E = O-B 3JIecpaHT, C = O-B KJIapeHC, S = O-B CMHT, 

o = apXHneJIar IO:>KHbIX 0pKHeHcKHx O-BOB, P = AHTapKTHlIeCKHH 

nOJIYOCTpOB. OCTpOBa S - C npe,l(CTaBJIgIOT C060H apXVlneJIar IO:>KHbIX 

IIIeT JIaH,l(CKHX O-BOB. 

O~eHKa pacnpe,l(eJIeHHg YJIOBOB KPHJIg C gHBapg no MapT 1990 r. 

(CCAMLR, 1991). Y JIOBbI Bblpa:>KaIOTCg KaK npo~eHTHag ,l(OJIg 06Il{ero 

BbIJIOBa KPHJIg C gHBapg no MapT. AHaJIH3 npOBo,l(VlJICg OT,l(eJIbHO 

,l(JIg nO,l(paHOHOB 48.1 H 48.2. 

BbIJIOB KPHJIg OTHOCHTeJIbHO paCCTOgHVlg OT KOJIOHHH nHHrBHHOB Ha 

IO:>KHbIX IIIeTJIaH,l(CKHX O-Bax, KOTOPbIH Bblpa:>KaeTCg KaK npo~eHTHag 
,l(OJIg 06Il{ero BbIJIOBa KPHJIg, nOJIYlIeHHoro B IIo,l(paHoHe 48.1 B 

TeqeHHe nepHO,l(a ,l(eKa6pb-MapT. 

BbIJIOB KPHJIg OTHOCHTeJIbHO paCCTOgHVlg OT KOJIOHHH nHHrBHHOB Ha 

IO:>KHbIX 0pKHeHCKHX O-Bax, KOTOPbIH Bhlpa:>KaeTCg KaK npo~eHTHag 

,l(OJIg 06Il{ero BbIJIOBa KPHJIg, nOJIyqeHHOrO B IIo,l(paHoHe 48.2 B 

TeqeHHe nepHo,l(a ,l(eKa6pb-MapT. 

Lista de las tablas 

Subarea 48.1. Capturas de kril y consumo de los depredadores en el perfodo 
de diciembre a marzo a diferentes distancias de las colonias de pingliinos. Las 
capturas se calcularon utilizando CCAMLR, 1992. 

Subarea 48.2. Capturas de kril y consumo de los depredadores en el perfodo 
de diciembre a marzo a diferentes distancias de las colonias de pingliinos. Las 
capturas se calcularon utilizando CCAMLR, 1992. 

Capturas de kril en la subarea y en el "perfodo-distancia crfticas" (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 
subarea para el aiio, que fue extrafda en el CPD, ademas de la captura en el 
porcentaje del requerimiento total de kriU durante los meses de diciembre a 
marzo (depredadores + pesquerfa) que se ha capturado en el CPD. Datos de 
CCAMLR (1992). 



Figura 1: 

Figura2: 

Figura 3: 

Figura4: 

Lista de las figuras 

Mapa del area de estudio al sur del mar de Scotia. Se muestran las colonias 
seleccionadas para la determinaci6n de zonas (vease texto) (0) 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, 0 = archipielago de las 
Orcadas, P = Peninsula antartica. Las islas desde S hasta C constituyen el 
archipielago de las Shetland del Sur. 

Estimaci6n de la distribuci6n de las capturas para los meses de enero a marzo 
de los aiios 1988 a 1991. Las capturas se presentan como el porcentaje de la 
captura total en el periodo de enero a marzo. El amHisis para las Subareas 48.1 
y 48.2 se presenta separadamente. 

Capturas de kril en relaci6n con la distancia de las colonias de pingiiinos en el 
archipielago de las Shetland del Sur, expresadas como porcentaje de la captura 
total de kril en la Subarea 48.1, durante los meses de diciembre a marzo. 

Capturas de kril en relaci6n con la distancia de las colonias de pingUinos de las 
islas Orcadas del Sur, expresado comO porcentaje de la captura total de kril en 
la Subarea 48.2, durante los meses de diciembre a marzo. 
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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. 

Resume 

Analyse des donnees a une echelle tres precise sur la peche sovietique 
de krill effectuee au large de l'lle Elephant (sous-zone 48.1) entre 
59-62°S et 53-57°W durant la periode comprise entre le 21 novembre 
1988 et le 25 mars 1989. Bien que la capture totale de l'URSS pendant 
cette saison ci-dessus ait atteint un maximum, l'intensite de peche totale 
de l'URSS autour de 1'1le Elephant a ete faible ces neuf dernieres 
saisons. En 1988/89, un seul navire standard de peche menait des 
operations de peche dans le secteur pendant 40% de la periode. La 
capture par unite d'effort la plus elevee etait observee 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 strategie 
de peche dans le secteur de 1'1le Elephant suit le simple schema suivant: 
(i) les navires entrent dans la zone de l'ile proche du littoral (au nord de 
1'1le Elephant) et commencent a rechercher les concentrations pechables 
de krill; (ii) ils exploitent ces concentrations en les suivant alors qu'elles 
s'eloignent de l'ile a la derive du fil de l'eau; (iii) les navires retournent a 
la premiere 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 
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concentrations se sont dispersees. La vitesse de la derive des 
concentrations de krill vers le nord-est, calculee a partir des 
deplacements des navires, variait de 9,7 a 11,1 km/jour (de 11 a 
13 cm/sec). Dne analyse de la repartition des lieux de peche par periode 
de cinq jours a revele que les secteurs d'operation de la flotte empietait 
sur une partie peu importante des secteurs d'alimentation des predateurs 
de kriU. A partir de ces resultats, et compte tenu de la faible intensite de 
la peche, i1 a ete deduit que la pecherie actuelle de krill n'affecte pas de 
maniere significative les phoques et les oiseaux qui s'alimentent de kril1. 

Pe3lOMe 

B HaCT05.lLQeH pa60Te aHaJUI3HpYIOTC5.I MeJIKOMaCIIITa6HbIe 

,l{aHHbIe no COBeTCKOMY npOMbICJIY KPHJI5.I OKOJIO O-Ba 3JIecpaHT 

(IIO,l{paHOH 48.1) Me:>K,l{Y 59°- 62°w. H 53°-57°p.,l{. 3a nepHO,l{ C 

21 HO 5.1 6p 5.1 1988 r. no 25 MapTa 1989 r. HeCMOTp5.1 Ha TO, 4TO 

06LQHH BbIJIOB CCCP 3a BbIweynOM5.lHYTbIH ce30H ,l{OCTHr 

MaKcHMYMa, 3a nOCJIe,l{HHe ,l{eB5.lTb ce30HOB 06LQa5.1 

npOMbICJIOBa5.1 HHTeHCHBHOCTb CCCP B paHOHe O-Ba 3JIecpaHT 

6bIJIa HH3KOH. B 1988/89 r. JIHWb O,l{HO cTaH,l{apTHoe 

npOMbICJIOBOe CY,l{HO pa60TaJIO B aTOM paHOHe B Te4eHHe 40% 

,l{aHHOrO nepHO,l{a. HaHBbIcwa5.1 BeJIH4HHa C3ry Ha6JIIO,l{aJIaCb B 

5.IHBape (7,7 TOHHbI 3a 4ac TpaJIeHH5.I B cpe,l{HeM), a HaHMeHbWa5.1 

- B H05.l6pe (3,5 TOHHbI 3a 4ac TpaJIeHH5.I B Cpe,l{HeM). 

IIPOMbICJIOBa5.1 TaKTHKa CBO,l{HTC5.I K CJIe,l{YIOLQeH npocToH 

cxeMe: (i) cY,l{a BXO,l{5.IT B npH6pe:>KHYIO 30HY (K ceBepy OT O-Ba 

3JIecpaHT) H Ha4HHalOT Pa3bICKHBaTb KOHLl,eHTpaLl,HH KPHJI5.I; (ii) 
aTH KOHLl,eHTpaLl,HU 06JIaBJIHBaIOTC5.I no nyTH HX ,l{peHcpa OT 

OCTpOBa; H (iii) cy,l{a B03BPaLQaIOTC5.I B paHOH nepBOHa4aJIbHOrO 

nOHCKa KOr,l{a KOHLl,eHTpaLl,HH Tep5.lIOTC5.I B pe3YJIbTaTe WTOPMOB 

H np04HX cpaKTopOB. CKOPOCTb ceBepOBOCT04Horo ,l{peHcpa 

KOHLl,eHTpaLl,HH KPHJI5.I, BbI4HCJIeHHa5.1 no nepeMeLQ eHHIO Cy,l{OB, 

COCTaBHJIa 9,7 - 11,1 KM/ ,l{eHb (11 - 13 cM/ceKYH,l{Y). AHaJIH3 

MeCTOnOJIO:>KeHH5.I npOMbICJIOBbIX Y4acTKoB no n5.lTH,l{HeBHbIM 

nepHO,l{aM YKa3aJI Ha 4aCTH4Hoe COBna,l{eHHe He3Ha4HTeJIbHOH 

4aCTH HarYJIbHbIX apeaJIOB nHTaIOLQHXC5.I KpHJIeM :>KHBOTHbIX H 

paHOHOB Be,l{eHH5.I npOMbICJIa. B CB5.l3H C aTHM H npHH5.lB BO 

BHHMaHHe HH3KYlO HHTeHCHBHOCTb npOMbICJIa, MbI npHWJIH K 

3aKJII04eHHIO, 4TO npOMbICeJI KPHJI5.I B HaCT05.lLQee BpeM5I He 

OKa3bIBaeT 3Ha4HTeJIbHOrO BJIH5.lHH5.I Ha nHTaIOLQHXC5.I KpHJIeM 

TIOJIeHeH H nTHLl,. 

Resumen 

Este documento analiza los datos de microescala obtenidos durante e1 
perfodo del 21 de noviembre de 1988 al 25 de marzo de 1989 de la 
pesquerfa de kril sovietica, realizada a la altura de la isla Elefante 
(Subarea 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 pafs alrededor de la isla Elefante en las ultimas nueve 
temporadas ha sido baja. En 1988/89 s6lo un buque pesquero estandar 
faen6 en esta zona durante e1 40% de este perfodo. En enero se registr6 
la captura por unidad de esfuerzo mas alta (un promedio de 
7.7 tone1adas por hora de arrastre), y en noviembre la mas baja (un 
promedio de 3.5 toneladas por hora de arrastre). Las tacticas pesqueras 



en la zona de la isla Elefante se cifien al siguiente regimen: (i) los 
buques entran a la zona costera de la isla (al norte de la isla Elefante) e 
inician la busqueda de concentaciones de kril; (ii) cornienzan la pesca de 
estas concentraciones, y se desplazan juntamente con estas, alejandose 
de la isla ayudados por la corriente; y (iii) regresan a la posici6n (i) 
cuando las concentraciones se dispersan 0 se pierden debido alas 
tormentas u otros factores. La velocidad del desplazamiento noreste de 
las concentraciones, calculada segun la nueva posici6n del buque, 
fluctu6 entre 9.7 a 11.1 km/dfa (11 a 13 cm/seg). El analisis de la 
asignaci6n de los caladeros de pesca por perfodos de cinco dias 
demostr6 que las zonas en que faena la flota coincide solo en una 
pequefia parte de las zonas de alimentaci6n de los animales kri16grafos. 
Basado en esto, y tomando en cuenta la baja intensidad de pesca, se 
concluy6 que la pesqueria actual de kril no afecta significativamente a 
las aves y focas que se alirnentan de este. 

1. IN1RODUCTION 

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 kriU drift in fishing areas, 
and assessing the potential effect of the kriU 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, kriU 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. 

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-I046 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 600 -600 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'-600 15'S and 53°-54°15'W, the second one to 
the north of Seal Island between 600 -600 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°1O'-54°45'W. 

After the second five-day period, the fleet gradually moved northeast (Figures 6b 
and 6c). 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'-600 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 oS 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' -600 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, kriU fishing in the study area resumed and was carried out at 
low fishing effort within the coastal zone between 600 45'-61°S and 55°1O'-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 kriU 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 andstart searching for krill concentrations; 

(ii) 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 a rule, 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/dayor 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 kriU-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 8e). 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 kriU caught in the nearshore zone of 
Subarea 48.1 at the current rate is comparable with the total amount of kriU 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 kriU 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 kriU for feeding outside commercial 
fishing grounds. 
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Table 1: Summary of Soviet commercial kriU fishery in the Elephant Island area in 1988/89 
(standard vessel - BMRT Grwnant). 

Period Total Number of Days Catch-per-Day Catch-per-Hour 
Catch Fished Fished Trawling 

(tonnes) (tonnes) ( tonneslhour) 

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 5.3 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 16.6 112.9 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 3.5 88.6 5.10 
6 to 10 February 598 3.9 153.3 6.54 
11 to 15 February - - - -
16 to 20 February 84 1.0 84.0 15.24 
21 to 25 February 1935 22.9 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 3.91 
6 to 10 March 2346 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 7401 95.1 77.8 5.07 
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Figure 1: Krill fishery location from 21 to 30 November 1988 (here and elsewhere the haul 
locations are shown by the starting coordinates). 
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Figure 2: Krill fishery location from 1 to 31 December 1988. 
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Figure 6b: Krill fishery location by five-day period from 6 to 10 December 1988. 
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Figure 6c: Krill 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: Krill fishery location by five-day period from 26 to 31 December 1988. 
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Figure 7a: Krill 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 8e: Krill 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 8e: Krill fishery location by five-day period from 26 to 28 February 1989. 
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Ugende des tableaux 

Tableau recapitulatif de la pecherie commerciale de krill de l'URSS aux alentours 
de l'ile Elephant en 1988/89 (navire standard - BMRT Grumant). 

Legende des figures 

Position geographique de la pecherie de krill du 21 au 30 novembre 1988 (la 
position des traits est dans toutes les figures indiquee par les coordonnees du 
debut de la peche). 

Position geographique de la pecherie de krill du 1 er au 31 decembre 1988. 

Position geographique de la pecherie de krill du 1 er au 31 janvier 1989. 

Position geographique de la pecherie de krill du 1 er au 28 fevrier 1989. 

Position geographique de la pecherie de krill du 1er au 25 mars 1989. 

Position geographique de la pecherie de krill par periode de cinq jours en 
decembre 1988: 

(a) 1eL5 decembre 1988 (c) 11-15 decembre 1988 (e) 21-25 decembre 1988 
(b) 6-10 decembre 1988 (d) 16-20 decembre 1988 (f) 26-31 decembre 1988 

Position geographique de la pecherie de krill par periode de cinq jours en 
janvier 1989: 

(a) 1er-5 janvier 1989 
(b) 6-1Ojanvier 1989 

(c) 11-15 janvier 1989 
(d) 16-20 janvier 1989 

(e) 21-25 janvier 1989 
(f) 26-31 janvier 1989 

Position geographique de la pecherie de krill par periode de cinq jours en 
fevrier 1989: 

(a) 1 eL5 fevrier 1989 
(b) 6-10 fevrier 1989 

(c) 11-15 fevrier 1989 
(d) 16-20 fevrier 1989 

CnHCOK Ta6JIHL\ 

(e) 21-25 fevrier 1989 
(f) 26-28 fevrier 1989 

CBO~Ka pe3Y JIbTa TOB ~e5ITeJIbHOCTH COBeTCKHX npOMbICJIOBbIX cy ~OB, 
3aHHMaBIlIHXC5I npOMbICJIOM KPHJI5I B pai10He O-Ba 3JIe<paHT 3a ce30H 

1988/89 r. (cTaH~apTHoe cY ~HO - EMPT TpYMaHT). 

CnHCOK PHCYHKOB 

MeCTOnOJIO)l{eHHe COBeTCKoro npOMbICJIa KPHJI5I C 21 no 30 H05I6p5I 

1999 r. (B HaCT05IlI1ei1 pa60Te MeCTOnOJIO)l<eHH5I TpaJIeHHi1 nOKa3aHbI 

Koop~HHaTaMH HaqaJIa Be~eHH5I npOMbICJIa). 

MeCTOnOJIO)l{eHHe npOMbICJIa KPHJI5I C 1 no 31 ~eKa6p5I 1988 r. 

MeCTOnOJIO)l{eHHe npOMbICJIa KPHJI5I C 1 no 31 5IHBap5I 1989 r. 

MeCTOnOJIO)l{eHHe npOMbICJIa KPHJI5I C 1 no 28 <peBpaJI5I 1989 r. 

MeCTOnOJIO)l{eHHe npOMbICJIa KPHJI5I C 1 no 25 MapTa 1989 r. 



PHCYHOK 6: MeCTOnOJIO:>KeHHe npOMbICJIa KPHJI5I no n5ITH.lIHeBHbIM nepHO.llaM B 
.lIeKa6pe 1988 r. 

(a) 1-5 .lIeKa6p5I 1988 r. (d) 16-20 .lIeKa6p5I 1988 r. 
(b) 6-10 .lIeKa6p5I 1988 r. (e) 21-25 .lIeKa6p5I 1988 r. 
(c) 11-15 .lIeKa6p5I 1988 r. (f) 26-31 .lIeKa6p5I 1988 r. 

PHCYHOK 7: MeCTOnOJIO:>KeHHe npOMbICJIa KPHJI5I no n5ITH.lIHeBHbIM nepHO.llaM B 
5IHBape 1989 r. 

(a) 1-5 5IHBap5I 1989 r. (d) 16-20 5IHBap5I 1989 r. 
(b) 6-10 5IHBap5I 1989 r. (e) 21-25 5IHBap5I 1989 r. 
(c) 11-15 5IHBap5I 1989 r. (f) 26-31 5IHBap5I 1989 r. 

PHCYHOK 8: MeCTOnOJIO:>KeHHe npOMbICJIa KPHJI5I no n5ITH.lIHeBHbIM nepHo.llaM B 
<peBpaJIe 1989 r. 

Tabla 1: 

Figura 1: 

Figura2: 

Figura 3: 

Figura4: 

Figura 5: 

Figura 6: 

Figura 7: 

Figura 8: 

(a) 1-5 <peBpaJI5I 1989 r. (d) 16-20 <peBpaJI5I 1989 r. 
(b) 6-10 <peBpaJI5I 1989 r. (e) 21-25 <peBpaJI5I 1989 r. 
(c) 11-15 <peBpaJI5I 1989 r. (f) 26-28 <peBpaJI5I 1989 r. 

Lista de las tablas 

Resumen de la pesquerfa comercial de kril sovietica en la zona de la isla 
Elefante durante 1988/89 (embarcaci6n estindar - BMRT Grumant). 

Lista de las figuras 

Posici6n de la pesquerfa de kril desde el 21 al 30 de noviembre de 1988 (la 
posici6n de los lances se muestra aqui, y en otras partes, con las coordenadas de 
comienzo). 

Posici6n de la pesqueria de kril desde ell 0 al 31 de diciembre de 1988. 

Posici6n de la pesqueria de kril desde ell 0 al31 de enero de 1989. 

Posici6n de la pesqueria de kril desde ell 0 al28 de febrero de 1989. 

Posici6n de la pesqueria de kril desde ell 0 al25 de marzo de 1989. 

Posici6n de la pesquerfa de kril por periodos de cinco dias en diciembre 
de 1988: 

(a) 1-5 de diciembre 1988 
(b) 6-10 de diciembre 1988 
(c) 11-15 de diciembre 1988 

(d) 16-20 de diciembre 1988 

(e) 21-25 de diciembre 1988 
(f) 26-31 de diciembre 1988 

Posici6n de la pesqueria de kril por periodos de cinco dias en enero de 1989: 
(a) 1-5 de enero 1989 (d) 16-20 de enero 1989 
(b) 6-10 de enero 1989 (e) 21-25 de enero 1989 
(c) 11-15 de enero 1989 (f) 26-31 de enero 1989 

Posici6n de la pesqueria de kril por periodos de cinco dias en febrero de 1989: 
(a) 1-5 de febrero 1989 (d) 16-20 de febrero 1989 
(b) 6-10 de febrero 1989 (e) 21-25 de febrero 1989 
(c) 11-15 de febrero 1989 (f) 26-28 de febrero 1989 
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WG-CEMP-92/36 

THE FORAGING RANGE OF ADELIE PENGUINS AT BECHERV AISE 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 Adelie penguins 
breeding at Bechervaise 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 Adelie penguins breeding along the Mac. 
Robertson Land Coast (approximately 150000 pairs) and any future 
harvest of krill in the region. The foraging range of the birds at 
Bechervaise 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. 

Resume 

Les secteurs d'alimentation de six femelles et quatre males de manchots 
Adelie se reproduisant a l'lle Bechervaise, pres de la base Mawson 
(Terre Mac. Robertson) ont ete determines par suivi par satellite grace 
au systeme ARGOS. Les oiseaux ont ete suivis lors de quatre sorties 
alimentaires (deux femelles et quatre males) pendant la periode 
d'incubation (de novembre a decembre 1991) et 17 sorties (quatre 
femelles et deux males) pendant tout le mois de janvier 1992 alors que 
les oiseaux elevaient des poussins. Les sorties alimentaires de la plupart 
des oiseaux les ont menes 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 elevant des poussins ont egalement effectue 
des sorties d'un ou deux jours et d'un maximum de 12 km apres le 
17 janvier quand la mer s'est liberee des glaces jusqu'a la cote. Des 
concentrations de krill, Euphausia superba, qui par le passe ont fait 
l'objet d'une pecherie, sont presentes le long de la zone de la rupture de 
pente, la OU les oiseaux se sont alimentes. 11 est possible qu'a l'avenir le 
secteur d'alimentation des manchots Adelie se reproduisant le long de la 
cote de la terre Mac. Robertson (environ 150000 couples) et une 
exploitation de krill dans la region se chevauchent. A l'lle Bechervaise, 

* Australian Antarctic Division, Kingston, Tasmania 7050, Australia 
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le secteur d'alimentation des oiseaux, depassant considerablement 
l'intervalle de 15 it 50 km determine pour les oiseaux des lles Shetland 
du Sud et des Orcades du Sud, reflete la distance du kriU, l'une de leurs 
principales sources d'alimentation, par rapport it la cote. 

Pe310Me 

HarYJIbHbIe apeaJIbI meCTJ.-1 caMOK H '-IeTbIpex CaML\OB nHHrBHHa 

A~eJIH, pa3MHO>KaIOIIlHXC5I Ha O-Be EemepBe3 OKOJIO CTaHL\HH 

MOYCOH (3eMJI5I MaK-Po6epTCOH), 6bIJIH YCTaHOBJIeHbI C 

nOMOIllblO cnYTHHKOBoro CJIe>KeHH5I, HCnOJIb3Y5I CHCTeMY 

"Aproc". CJIe>KeHHe 3a nTHL\aMH BeJIOCb B xo~e '-IeTbIpex 

nOXO~OB 3a nHIIleH (~Be caMKH H '-IeTbIpe CaML\a) B Te'-leHHe 

nepHo~a HaCH>KHBaHH5I 5IHL\ (H05I6pb-~eKa6pb 1991 r,) H 

17 nOXO~OB ('-IeTbIpe caMKH H ~Ba CaML\a) B Te'-leHHe 5IHBap5I 

1992 r., Kor~a nTHL\bI BCKapMJIHBaJIH CBOHX nTeHL\OB. 

EOJIbmHHCTBo nTHL\ cOBepmHJIO nOXO~bI 3a nHIIleH Ha rpaHHL\Y 

KOHTHHeHTaJIbHOrO meJIb<pa (H306aTa 1 000 M), 6JIH>KaHma5I 

TO'-lKa KOTOPOH pacnOJIO>KeHa npH6JIH3HTeJIbHO 110 KM OT 

6epera. IIocJIe 17 5IHBap5I, Kor~a Mope CTaJIO CBo6o~HbIM OTO 

JIb~a ~O 6epera, nTHL\bI, BCKapMJIHBalOIIlHe CBOHX nTeHL\OB, 

COBepmaJIH O~HO- ~BYX~HeBHble nOXO~bI Ha paCCT05IHHe ~O 

12KM. KOHL\eHTpaL\HH KPHJI5I (Euphausia superba), KOTopble B 

npOmJIOM 5IBJI5IJIHCb 06beKTOM npOMbICJIa, BCTpe'-laIOTC5I B~OJIb 
rpaHHL\bI meJIb<pa, r~e nTHL\bI HCKaJIH KOpM. CYIIlecTByeT 

B03MO>KHOCTb '-IaCTH'-IHOrO COBna~eHH5I Me>K~Y HarYJIbHbIM 

apeaJIOM nHHrBHHa A~eJIH, pa3MHO>KaIOIIlerOC5I B~OJIb 
n06epe>Kb5I 3eMJIH MaK-Po6epTCOH (npH6JIH3HTeJIbHO 150 000 

nap), H 6y ~YIIlHM npOMbICJIOM KPHJI5I B ~aHHOM paHoHe. 

HarYJIbHbIH apeaJI nTHL\ Ha O-Be EemepBe3 HaMHoro npeBblmaeT 

15-50 KM, YCTaHOBJIeHHbIX ~JI5I nTHL\ Ha IO>KHbIX ill eT JIaH~CKHX 
H IO>KHbIX 0pKHeHCKHX O-Bax, H OTpa>KaeT paCCT05IHHe OT 

6epera MeCTOHaXO>K~eHHH KPHJI5I, KOTOPbIH 5IBJI5IeTC5I O~HHM 
H3 OCHOBHbIX KOMnOHeHTOB paL\HOHa nHHrBHHOB. 

Resumen 

Se determin6 la zona de alimentaci6n de seis hembras y cuatro machos 
adelia durante la reproducci6n en isla Bechervaise cerca de la base 
Mawson (Territorio de Mac. Robertson) mediante e1 seguimiento por 
satelite con el sistema ARGOS. Se sigui6 el curso de cuatro viajes de 
alimentaci6n (dos ayes hembras y cuatro machos) durante el perfodo de 
incubaci6n (noviembre y diciembre 1991); y 17 viajes (cuatro hembras 
y dos machos) realizados durante el mes de enero de 1992, cuando las 
ayes estaban alimentando a sus poUuelos. La mayorfa de las ayes se 
desplazaron al borde continental (is6bata 1 000 m) el cual queda a unos 
110 km de distancia en su punto mas cercano. Aquellas ayes que 
estaban alimentando a sus polluelos realizaron viajes de uno a dos dfas 
de duraci6n hasta una distancia maxima de 12 km despues del 17 de 
enero, fecha en la cual el mar esta libre de hielo hacia la costa. Los 
cardumenes de kril, Euphausia superba, que en el pas ado han sido el 
objetivo de la pesquerfa, se encuentran a 10 largo del borde continental 
que es donde las ayes se estaban alimentando. Por 10 tanto, existe la 
posibilidad de que se produzca una superposici6n entre la zona de 
alimentaci6n de los pingiiinos adelia, cuyas colonias se encuentran a 10 



largo de la costa del Territorio de Mac. Robertson (alrededor de unas 
150000 parejas), y cualquier recoleccion de kril que se pudiera realizar 
en el futuro en la zona. La extension de la zona de alimentacion de las 
aves de isla B6chervaise excede en gran medida los 15 a 50 km 
determinados para las aves de los archipi6lagos 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 mas importante. 

1. INTRODUCTION 

The foraging range of Ad6lie 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 everyone 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 Ad6lie (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 119381 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 kriU 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 B6chervaise Island (67°35'S, 62°48'E), offshore from the coast of 
Mac. Robertson Land near Mawson Station, in order to monitor kriU predators in this subarea. 
As part of the program the foraging range of Ad6lie 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 Ad6lie 
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 c10acal 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 PTf 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 VelcroTM 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 
PTf. The PTf was then placed on the bird's back and the cable ties tightened over the package. 
When required the PTf 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 
et al., 1992). 

The location of the fast ice was detennined from A VHRR 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 0.20 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 Ad6lie 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 detennined 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 
Bechervaise 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 Adelie penguins with an estimated breeding population of 150 000 pairs (Home, 
1983; Woehler et al., 1989) including those on Bechervaise 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 Bechervaise 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. 
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Table 1: Details of each foraging trip by Ad€lie penguins as determined by satellite tracking. The bearing is given in degrees true from 
B€chervaise 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. 

PTTNo. 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° flrst foraging trip post travelled along continental shelf 

laying 
8402A F 26 November 1991 21 65.9° 59.2° 243 319 66.8° flrst 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 

flrst incubation shift before PIT failed 
1399A M 18 December 1991 15 66.7° 59.8° 161 307 67.2° long foraging trip after travelled along ice edge south of 

flrst 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 67.4° feeding young chick travelled to continental shelf 
16 January 1992 5 66.5° 61S l35 335 67.5° feeding young chick travelled to continental shelf 

1398A M 4 January 1992 1 2 67.2° 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 PIT 

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 PIT failed 

8402B F 18 January 1992 7 66.5° 62.2° 125 348 none feeding small chick travelled to continenta1 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° 62S 20 318 none feeding small chick travelling northwest when PIT 
failed 

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° 63.80 114 23 none feeding large chick travelled to continental shelf 
1 February 1992 1 67.6° 62.30 6 286 none feeding large chick short foraging trip 
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Tracks of all penguins and the position of the continental shelf break (1 000 m isobath). The locations of the Korean and Japanese 
fisheries and the positions of single commercial hauls made by the USSR in the 1987/88 season, (CCAMLR, unpublished data) are 
shown. 
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Tableau 1: 

Figure 1: 

PHCYHOK 1: 

Tabla 1: 

Figura 1: 
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Ugende des tableaux 

Details de chaque sortie alimentaire des manchots Adelie, determines par suivi 
par satellite. L'orientation est donnee en degres actuels a partir de l'lle 
Bechervaise. Chaque plate-forme de terminal de transmission (PTT) a ete 
utilisee deux fois comme l'indiquent les lettres A et B apres le numero de la 
PTf. Lorsque la PTT n'a pas fonctionne, le point d'echec est enregistre comme 
etant l'emplacement le plus distant; chaque fonctionnement defectueux de la PTT 
s'est produit sur une piste se dirigeant vers le nord. 

Legende des figures 

Pistes de tous les manchots et position de la bordure du plateau continental 
(isobathe 1 000 m). La position des pecheries coreenne et japonaise et 
l'emplacement des traits commerciaux isoles effectues par l'URSS pendant la 
saison 1987/88 (CCAMLR, donnees non publiees) sont indiques. 

CnHCOK Ta6JIH~ 

l{eTaJIH Ka)l{,llorO nOXO,lla 3a nHII1eH mmrBHHOB A,lleJIH, 
onpe,lleJIeHHbIe C nOMOII1bIO cnYTHHKoBoro CJIe)l{eHH5I. Kypc ,llaeTC5I B 
HCTHHHbIX rpa,llycax OT O-Ba EernepBe3. Ka)l{,llbIH nepe,llaTl.IHK (PTT) 
HCnOJIb30BaJIC5I ,llBa)l{,llbI, l.ITO 0603Hal.leHO 6YKBaMH A HJIH B nOCJIe 
HOMepa PTT. B CJIYl.lae npeKp~eHH5I pa60TbI PTf, TOl.lKa npeKpaII1eHH5I 
perHcTpHpOBaJIaCb CaMa5I ,llaJIbH5I5I TOl.lKa noxo,lla 3a nHII1eH. B 
Ka)l{,llOM CJIYl.lae PTT nepeCTaBaJI pa60TaTb npH npO,llBH)I{eHHH Ha 
ceBep. 

CnHCOK PHCYHKOB 

KypCbI Bcex nHHrBHHOB H rpaHHlJ.a KOHTHHeHTaJIbHOrO rneJIb<pa 
(H306aTa 1 000 M). IIOKa3aHbI MeTOnOJIO)l{eHH5I npOMbICJIOB KopeH H 
51noHHH H n03HlJ.HH OT ,lleJIbHbIX KOMMepl.leCKHX TpaJIeHHH, 
npOBe,lleHHbIX CCCP B Tel.leHHe ce30Ha 1987/88 r. (Heony6JIHKOBaHHbIe 
,llaHHbIe AHTKOMa). 

Lista de las tablas 

Detalles de cada viaje de alimentacion de los pingliinos adelia, segun 10 indica el 
rastreo por satelite. La direccion se expresa en grados geograficos desde la isla 
Bechervaise. Cada transmisor se utilizo dos veces, representado por A 0 B, 
siguiendo al numero de PTT. Cuando elPTT fall0, la posicion del fracaso se 
registra como la distancia mas lejana; en cada ocasion el PTf dejo de funcionar 
durante la trayectoria norte. 

Lista de las figuras 

Trayectorias de todos los pingliinos y la posicion del borde continental (isobata 
de 1 000 m). Se muestra la ubicacion de las pesquerfas japonesa y coreana y 
las posiciones de lances comerciales individuales realizados por la URSS en la 
temporada 1987/88 (datos ineditos de la CCRVMA). 
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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. 

Resume 

Le Programme de controle de l'ecosysteme de la CCAMLR met au point 
une technique pour deceler des baisses it court terme de performance 
des predateurs terrestres (le taux de reproduction, par ex.) qui peuvent 
etre imputees it une perte de proies resultant des activites de peche. 
L'auteur examine des moyens d'incorporer les informations provenant 
du Programme de contrOle de l'ecosysteme dans une strategie de gestion 
par retroaction de la pecherie de krill, pecherie principale de la Zone de 
la Convention de la CCAMLR. 

Pe3IOMe 

ITporpaMMa AHTKOMa no MOHHTopHHry 3KOCHCTeMbI 

pa3pa6aTbIBaeT MeTO.ll, KOTOPbIH MO:>KeT BbI5IBHTb 

KpaTKocpOlIHble CHH:>KeHH5I B 6HOJIOiHlIeCKOH 3cpcpeKTHBHoCTH 

(Hanp. 3cpcpeKTHBHoCTb BocnpoH3Bo.llcTBa) pa3MHO:>KaIOIQHXC5I Ha 

cyrne XHIQHHKOB, B03MO:>KHO BbI3BaHHble nOTep5lMH nHIQH B 

pe3YJIbTaTe npOMbICJIa. r JIaBHbIM npOMbICJIOM B 30He .lleHCTBH5I 

KOHBeHIJ,HH AHTKOM 51BJI5IeTC5I npOMbICeJI KPHJI5I. B HaCT05lIQeH 

pa60Te paCCMaTpHBaeTC5I KaKHM 06pa30M MO:>KHO BKJIIOlIHTb B 

CTpaTeiHIO ynpaBJIeHH5I 3THM npOMbICJIOM C 06paTHOH CB5I3bIO 

HHcpopMaIJ,HIO, nOJIYlIaeMYIO B paMKax ITpoipaMMbI no 

MOHHTopHHry 3KOCHCTeMbI. 

Resumen 

El Programa de Seguimiento del Ecosistema de la CCRVMA ha estado 
desarrollando una tecnica que podrfa detectar la reducci6n, a corto plazo, 
en el rendimiento de los depredadores terrestres (por ejemplo, el 
rendimiento reproductor) y que podrla atribuirse a la perdida de especies 
presa causada por las actividades de pesca. La pesqueria de kril es la 
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pesquerfa de mayor importancia que se realiza en el Area de la 
Convenci6n de la CCRVMA y este documento examina la manera en que 
la informaci6n obtenida por el Programa de Seguimiento del Ecosistema 
podrfa incorporarse en la estrategia de administraci6n interactiva para 
esta pesquerfa. 

1. INTRODUCTION 

The need to establish conservation measures on the Antarctic krill fishery to protect both 
kriU 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 k:rill 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; Croxa1l, 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 k:rill 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 IT 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 IT can be translated, in the case of the 
predators, to ask the general question "Will fishing for kriU 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 
Commission. 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 11. As a result, the goals in predator protection for the kriU 
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 identify 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); 

(ii) 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 IT 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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