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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 1991. 
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 de communications scientifiques 
presentees aux reunions du Comite scientifique et de ses Groupes de travail en 
1991. 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 

HaCT05IlI\HH TOM CO,l{ep:>KHT nO,l{60pKY HaYlIHbIx pa6oT, npe,l{CTaBJIeHHbIX 

Ha COBelI\aHH5IX HaYlIHoro KOMHTeTa H Pa601lHX rpynn HaYlIHoro 

KOMHTeTa B 1991 r. Pe3IOMe, Ha3BaHH5I Ta6JIH~ H nO,l{nHCH K pHcYHKaM 

nepeBe,l{eHbI Ha o<pH~HaJIbHbIe 5I3bIKH KOMHCCHH (aHr JIHHCKHH, <ppaH~Y3-
CKHH, PYCCKHH H HcnaHCKHH). 

Resumen 

Este volumen contiene una selecci6n de los documento cientificos presentados en 
las reuniones del Comite Cientifico y de los Grupos de Trabajo del Comite 
Cientffico en 1991. Los resumenes de estos y los titulos de los cuadros y las 
figuras estan traducidoa a los idiomas oficiales de la Comisi6n (espaiiol, frances, 
ingles y ruso). 
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VERTICAL MIGRATIONS OF MACKEREL ICEFISH (CHAMPSOCEPHALUS 
GUNNARI) ON THE SOUTH GEORGIA SHELF 

J.A. Frolkina and V .I. Shlibanov* 

* 

Abstract 

High values of coefficient of variation resulting from the calculation of 
mackerel icefish biomass (Champsocephalus gunnari) from trawl 
survey data on the South Georgia shelf (Parkes et al., 1989) challenge 
the rationale for round-the-clock trawling and call for clarification of the 
techniques used. The objective of the present study is to analyse data 
on daily vertical migrations of mackerel icefish. The study used data 
from research vessels which had been fishing for commercial 
concentrations of C. gunnari in years of high abundance of the species 
(1982/83, 1983/84 and 1986/87). Catch-per-hour of fishing was 
analysed by the time of day. Catches made by both bottom trawls and 
midwater trawls were taken into account. Information from the 
round-the-clock hydroacoustic observations on vertical migrations of 
C. gunnari as well as from observations on fish feeding is also 
considered in the paper. A distinct pattern of daily vertical migrations 
of C. gunnari was observed on the South Georgia shelf. During the 
day, fish concentrate near the bottom in concentrations 5 to 7 m thick. 
At night, fish disperse and migrate to the upper layers 50 to 60 m 
beneath the surface. The main peak of fish feeding activity was also 
observed at night. Fishing during this period with bottom trawls had 
yielded almost no catches at all. The information obtained on vertical 
migrations of C. gunnari may be used for clarification of survey 
techniques used in stock assessment. For a number of years scientists 
of AtlantNIRO have been conducting trawl surveys for C. gunnari 
during daylight hours only. 

Resume 

Les valeurs elevees du coefficient de variation de la biomasse du 
poisson des glaces (Champsocephalus gunnari) calculee a partir des 
donnees des campagnes d'evaluation par chalutages sur le plateau de 
Georgie du Sud (Parkes et al., 1989) mettent en question le 
raisonnement selon lequelles chalutages doivent etre effectues jour et 
nuit et demandent une clarification des techniques utilisees. La presente 
etude, dont l'objectif est !'analyse des donnees sur les migrations 
verticales quotidiennes du poisson des glaces, repose sur les donnees 
fournies par les navires de recherche ayant effectue des prelevements 
dans les concentrations de type commercial de C. gunnari. pendant les 
annees d'abondance de l'espece (1982/83, 1983/84 et 1986/87). La 
capture par heure de peche est analysee en fonction de l'heure a laquelle 
elle a ete realisee. 11 est tenu compte a la fois des captures par 
chalutages de fond et des captures pelagiques. Ce document examine 
egalement les informations provenant tant des observations 
hydroacoustiques continues sur les migrations verticales de C. gunnari 
que des observations sur le comportement alimentaire de ce poisson. 
Les migrations nycthemerales de C. gunnari sur le plateau de Georgie 

AtlantNIRO, 5 Dimitry Donskoy Street, Kaliningrad 236000, CIS 
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du Sud presentent de nettes tendances. Pendant la journee, les 
poissons se rassemblent pres du fond, dans des concentrations de 5 a 
7 m d'epaisseur. La nuit, les poissons se dispersent et frequentent les 
couches superieures, d'une profondeur de 50 a 60 m. Le principal pie 
d'alimentation des poissons a egalement ete observe de nuit. La peche 
au chalut de fond pendant cette periode s'est soldee par des captures 
pratiquement nulles. Les informations obtenues .sur les migrations 
verticales de C. gunnari peuvent servir a clarifier les techniques 
d'evaluation des stocks utilisees. Depuis plusieurs annees, les 
scientifiques d'AtlantNIRO ont pour principe de ne mener d'evaluations 
par chalutages de C. gunnari que de jour. 

Pe3IOMe 

BbiCOKHe KOocpqmu,HeHTbl BapHaU,HH, noJiyl.leHHbie npH 
pacl.leTaX 61-WMaCCbl lllYKOBH,l(HOH 6eJioKpOBKH (Champso­
cephalus gunnari) no pe3yJibTaTaM TpaJioBbiX cbeMoK Ha rneJibcpe 
ocTposa I0:>KHa51 reoprH51 (Parkes et al., 1989), cTaB5IT no.l( 
COMHeHHe npaBOMepHOCTb KpyrJIOCYTOl.IHbiX yl.leTHbiX pa60T H 
Tpe6yiOT coseprneHCTBOBaHH51 MeTo.l(HKH. UeJibiO .l(aHHoi:f 
pa60Tbi 5IBJI5IeTC51 aHaJIH3 ,l(aHHbiX no BepTHKaJibHbiM 
MHrpaU,H5IM lllYKOBH,l(HOH 6eJIOKpOBKH. B pa6oTe HCnOJib30BaHbl 
,l{aHHbie Hayl.IHO-HCCJie,l(OBaTeJibCKHX cy ,l(OB, o6JiaBJIHBaBIIIHX 
npOMbiCJIOBbie CKOnJieHH51 C. gunnari B f'O,l(bl C BbiCOKOH 
l.IHCJieHHOCTbiO 3TOf'O BH,l(a (1982/83, 1983/84 H 1986/87 rr.) 
AHaJIH3HpoBaJIHCb yJioBbi 3a 1.1ac TpaJieHH51, noJiyl.leHHbie B 
Tel.leHHe CYTOK KaK ,l(OHHbiMH, TaK H pa3HOr Jiy6HHHbiMH 
TpaJiaMH. IIpHBO.l(5ITC51 TaK:>Ke MaTepHaJibi Kpyr JiocyTol.IHbiX 
f'H.l(pOaKyCTHl.leCKHX Ha6JIIO,l(eHHH 3a BepTHKaJibHbiMH 
MHrpaU,H.5IMH C. gunnari, a TaK:>Ke ,l(aHHbie cyTOl.IHbiX CTaHU,HH 
no nHTaHHIO pbi6bi. IIo pe3yJibTaTaM Ha6JIIO.l(eHHi1 Ha rneJibcpe 
OCTpOBa I0)1{Ha51 reoprH51 ycTaHOBJieHO HaJIHl.IHe 
BepTHKaJibHbiX MHrpaU,HH C. gunnari B Tel.leHHe cyTOK. B 
cseT Jioe speM51 pbi6a HaXO.l(HTC51 y rpyHTa. BepTHKaJibHoe 
pa3BHTHe CKOnJieHHH COCTaBJI5IeT 5-7 MeTpOB. HOl.lbiO OHH 
pacceHBaiOTC51 H MHrpHpyeT B TOJIIIlY BO,l(bl, ,l(OCTHf'a51 
10pH30HTOB 50-60 M. liHK nHTaHH51 npHXO,l(HJIC51 Ha HOl.IHbie 
tiaCbi. B 3TO BpeM51 pbi6a npaKTHl.leCKH He o6JiaBJIHBaJiaCb 
,l{OHHbiM TpaJIOM. I1HcpOpMaU,H51 0 BepTHKaJibHbiX MHrpaU,H5IX 
C. gunnari MO)I{eT 6biTb noJie3Ha .l(JI51 yTo1.1HeHH51 MeTO.l(HKH 
TpaJIOBbiX cbeMOK. B Tel.leHHe HeCKOJibKHX JieT ATJiaHTHHPO 
IIpOBO,l(HT TpaJIOBbie CbeMKH TOJibKO B CBeTJIOe BpeM51 CYTOK. 

Resumen 

Los altos valores del coeficiente de variaci6n de la estimaci6n de 
biomasa de draco rayado (Champsocephalus gunnari) calculada de los 
datos de las prospecciones de arrastre realizadas en la plataforma del 
archipielago de Georgia del Sur (Parkes et al., 1989), cuestionan el 
fundamento sobre el cual se basa la realizaci6n de arrastres continuados 
y destacan la necesidad de especificar las tecnicas utilizadas. El 
objetivo de este estudio es el amllisis de datos de la migraci6n vertical 
del draco rayado. El estudio emple6 los datos de los buques de 
investigaci6n que pescaron concentraciones comerciales de C. gunnari 



en aiios de gran abundancia de esta especie (1982/83, 1983/84 y 
1986/87). La captura por hora de pesca fue analizada de acuerdo a la 
hora del dfa en la cual se realizaron los lances, considenindose las 
capturas con redes de arrastre de fondo y pehigicas. Este documento 
incluye tambien la informaci6n obtenida de las observaciones 
hidroacusticas continuas de la migraci6n vertical de C. gunnari y de la 
alimentaci6n de los peces. En la zona de la plataforma de Georgia del 
Sur se observ6 un patr6n de migraci6n vertical diaria de C. gunnari. 
Durante el dfa los peces se concentraron cerea del fondo en cardillnenes 
de 5 a 7 m de espesor. En la noche los peces se dispersaron, 
desplazandose a las capas mas superficiales, hasta una distancia 
aproximada de 50 a 60 m de la superficie. El maximo de actividad de 
alimentaci6n se observ6 durante la noche, y por consiguiente la pesca 
con redes de arrastre de fondo durante este periodo fue casi nula. La 
informaci6n obtenida de la migraci6n vertical de C. gunnari podria ser 
utilizada para especificar las tecnicas de prospecci6n para evaluar el 
estado de las poblaciones. Por muchos aiios los investigadores del 
AtlantNIRO han adoptado la practica de efectuar prospecciones de 
arrastre de C. gunnari durante el dfa solamente. 

1. IN1RODUCTION 

Scientists of several nations have in recent years carried out stock assessment studies of 
channichthyids and nototheniids in shelf waters of the South Georgia by means of trawl 
surveys. The assessment methodology suggested by Saville (1977) and widely used by 
Polish, Spanish, British and American scientists includes round-the-clock trawl surveys. 
However, availability of mackerel icefish, the main target species on the South Georgia shelf, 
varied considerably throughout the day. Taking into account this biological characteristic 
AtlantNIRO conducted trawl surveys only during daylight hours. 

High values of coefficient of variation resulted from the calculation of mackerel ice fish 
biomass (Champsocephalus gunnari) from trawl survey data (Parkes et al., 1989) challenge the 
rationale for round-the-clock trawling and call for improvement of techniques in order to obtain 
reliable estimates. 

The objective of the present study is to analyse data on daily vertical migrations of 
mackerel icefish. Results of the study may then be used in improving trawl survey techniques. 

2. MATERIALS AND METHODS 

The study used data obtained from research vessels which had been fishing for 
commercial concentrations of C. gunnari in years of high abundance (1982/83, 1983/84 and 
1986/87). Catch-per-hour of fishing was analysed by time of day. Catches made by both 
bottom and midwater trawls were taken into account. 

Average trawling depth for mid water trawls was measured at the level of the trawl 
head-rope. 

Information from the round-the-clock hydroacoustic observations on vertical migrations 
of C. gunnari as well as observations on fish feeding characteristics is also considered in this 
paper. 
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3. RESULTS 

Table 1 presents catch data obtained from research vessels fishing for commercial 
concentrations of C. gunnari on the South Georgia shelf. The highest catches were obtained 
during daylight hours (08:00 to 16:00 hr). With the onset of dusk (17:00 to 19:00 hr) fish 
begin migrating to the upper layers and the size of catches decreases abruptly from 13-14 to 
2-8 tonnes per hour of fishing. At night, catches were usually 2.0 to 2.6 tonnes per hour of 
fishing. At sunrise, fish migrate to the bottom layers and catches again start to increase. The 
pattern of catch distribution for bottom trawls at various times of the day was found to be 
identical for all periods of observation. The combined catch distribution data for all three 
research cruises are presented in Figure 1. The abrupt decrease in catches during evening hours 
and the gradual increase of catches in the morning indicates that fish migrate more rapidly to the 
surface layers than to the bottom layers. 

An echo sounder was used to search for fish concentrations when fishing with midwater 
trawls. Trawls were set at depths where concentration of fish was the highest. Therefore we 
did not observe any substantial differences in catches according to the time of day, although the 
highest catches were taken at sunrise and the lowest catches during the first half of the night 
(Table 1, Figure 2B). From the catch data of midwater trawls it was found that fish 
concentrations were situated near the bottom or at 10 to 30 m above the bottom during daylight 
hours (09:00 to 17:00 hr). Fish were found dispersed throughout the water column at night 
when catches were taken at depths between 60 to 180 m. 

Daily vertical distribution of C. gunnari was also studied during a census trawl survey 
by RV Gizhiga in May 1984. Catches by bottom trawls demonstrated the same vertical 
distribution pattern of C. gunnari although abundance was low during that season. C. gunnari 
feeding was also examined. Two peaks of feeding activity were observed. Feeding was most 
intensive (first peak) during the night when fish concentrations moved out of the bottom layers 
and dispersed. Bottom trawling during this period yielded almost no catches at all. The second 
peak from 11:00 to 16:00 hr was observed only during cloudy days when fish partially 
migrated to the upper layers and catches were low. 

Hydroacoustic observations on C. gunnari vertical distribution were carried out in 
October 1983. At night (01:00-02:00 hr), concentrations of fish were recorded at 50 to 60 m 
from the surface in waters from 100 to 200m deep (Figure 3). At sunrise (06:00-07:00 hr), 
fish were concentrated near the bottom. Concentrations were from 5 to 15 m thick (Figure 4). 
During the daylight hours (11:10-11:45 hr) fish remained close to the bottom where 
concentrations were 5 to 7 m thick (Figure 5). 

4. CONCLUSION 

Trawl surveys and hydroacoustic observations have demonstrated that C. gunnari 
completes vertical migrations on a daily basis. During daylight hours fish remained near the 
bottom in concentrations of 5 to 7 m thick. At night, fish dispersed and migrated to the upper 
layers 50 to 60 m beneath the surface. Migration is more rapid in the evening than in the 
morning. 

The results obtained should be used for improving trawl survey techniques for 
C. gunnari stock assessment. For a number of years scientists of AtlantNIRO have been 
conducting trawl surveys for C. gunnari only during daylight hours. 
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Table 1: Catches of Champsocephalus gunnari (tonnes per hour of fishing) from the South Georgia shelf at various times of the day (n =number 
of hauls). 

Cruise date and Trawl Time of day 
vessel name type 

00-02 02-04 04-06 06-08 08-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24 
Apri11983 

BMRT Bottom 1.2 4.6 2.6 6.0 11.8 11.1 13.7 8.9 4.1 8.8 1.9 1.7 
Pioner Latvii n=3 n=4 n=4 n= 10 n=9 n=9 n=8 n=5 n=8 n=8 n=3 n=3 

April-May 1983 
BMRT Bottom 4.8 2.4 2.8 6.1 4.6 11.1 6.8 14.1 2.2 2.8 2.0 2.3 

E. Krivosheev n= 11 n = 10 n=8 n= 11 n= 11 n= 13 n= 11 n= 13 n=4 n=6 n=4 n= 10 
November 1986 

BMRT Bottom 1.5 0.7 7.7 3.6 7.6 4.9 6.6 4.4 2.4 4.1 1.4 0.9 
Atlant n=3 n=2 n=1 n=5 n=4 n=6 n=6 n=5 n=4 n=4 n=2 n=2 

January 1983 
BMRT Mid- 5.3 3.8 9.6 5.1 5.7 5.5 3.6 7.1 - 7.5 0.9 2.6 

Salekhard water n=4 n=7 n=4 n=6 n=4 n=4 n=2 n=4 n=4 n=2 n=2 , 

Table 2: Catches of Champsocephalus gunnari (kg per hour of fishing) from the north-western part of the South Georgia shelf. 

Time of the day 07:00-09:00 09:00-10:00 10:00-12:00 12:00-14:00 16:00-19:00 19:00-21:00 

Mean catch 2122 2054 '-------_1686 2997 
L__ ·- 200_ ·- 300 

- -····- - ------- ··--- ··--
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Figure 1: Bottom trawl catches of C. gunnari at various times of the day (tonnes per hour of 
fishing). 
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Figure 2: Vertical distribution of fished concentrations of C. gunnari (A) and catches per hour 
of fishing (B) by a midwater trawl in January 1983. 

1 - The upper depth limit of catches; 
2 - The lower depth limit of catches. 
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Figure 3: Echo sounder record of C. gunnari concentrations over the South Georgia shelf on 
12 October 1983, 01:00 to 02:00 hr local time. 
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Figure 4: Echo sounder record of C. gunnari concentrations over the South Georgia shelf on 
12 October 1983, 06:00 to 07:00 hr local time. 
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Figure 5: Echo sounder record of C. gunnari concentrations over the South Georgia shelf on 
12 October 1983, 11:10 to 11:45 hr local time. 
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Tableau 1: 

Tableau2: 

Figure 1: 

Figure2: 

Figure 3: 

Figure4: 

Figure 5: 

Liste des tableaux 

Captures de C. gunnari a divers moments de la journee (tonnes par heure de 
peche) sur le plateau de Georgie du Sud (n = nombre de traits). 

Captures de C. gunnari (kg par heure de peche) dans le secteur nord-ouest du 
plateau de Georgie du Sud. 

Liste des figures 

Captures par chalutages de fond de C. gunnari a divers moments de la journee 
(tonnes par heure de peche). 

Distribution verticale des concentrations pechees de C. gunnari (A) et captures 
au chalut pelagique par heure de peche (B) en janvier 1983. 
1 - Limite superieure de profondeur des captures; 
2 - Limite inferieure de profondeur des captures. 

Enregistrement par echo-sondeur des concentrations de C. gunnari sur le 
plateau de Georgie du Sud le 12 octobre 1983, de 01h00 a 02h00, heure 
locale. 

Enregistrement par echo-sondeur des concentrations de C. gunnari sur le 
plateau de Georgie du Sud le 12 octobre 1983, de 06h00 a 07h00, heure 
locale. 

Enregistrement par echo-sondeur des concentrations de C. gunnari sur le 
plateau de Georgie du Sud le 12 octobre 1983, de llh10 a llh45, heure 
locale. 

CnucoK Ta6JIH~ 

Y JIOBbi C. gunnari Ha weJibcpe ocTposa I0>KHa5.1 reoprH5.1 B TelleHHe 

CYTOK, TOHHbl 3a llaC TpaJieHH5.1. (n = KOJIHlleCTBO TpaJieHHH) 

Y JIOBbi C. gunnari (Kr/qac) Ha cesepo-3ana,Z:\e weJibcpa ocTposa I0>KHa5.1 

reoprH5.1. 

CnucoK pucyHKOB 

PHCYHOK 1: Y JIOBbl C. gunnari ,Z:\OHHbiM TpaJIOM B TelleHHe CYTOK, TOHHbl 3a llaC 

TpaJieHH5.1. 

PHCYHOK 2: BaTHMeTpHlleCKOe pacnpe,Z:\eJieHHe CKOnJieHHH (A) H yJIOBbl C. gunnari 
3a llaC TpaJieHH5.1 (B) pa3HOr Jiy6HHHbiM TpaJIOM (5.1HBapb, 1983 r.). 
1 - sepXH5.15.1 rpaHH~a yJioBoB. 

2 - HH>KH5.15.1 rpaHH~a y JIOBOB. 

PucyHoK 3: 3xorpaMMa cKonJieHHH C. gunnari Ha weJibcpe ocTposa I0>KHa5.1 

reoprH5.1 12 OKT5.16p5.1 1983 r., 01:00 - 02:00 qaca. 
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PHCYHOK 4: 3xorpaMMa CKOnJieHHH C. gunnari Ha WeJib<fle OCTpOBa IO:>KHa5.l 
reoprH5.l 12 OKT5.16p5.1 1983 r., 06:00 - 07:00 qacos. 

PHcyHoK 5: 3xorpaMMa cKonJieHHH C. gunnari Ha weJib<fle ocTposa IO:>KHa5.l 
reoprH5.l 3 OKT5I6p5I 1983 r., 11:10 - 11:45 qaca. 

Tabla 1: 

Tabla2: 

Figura 1: 

Figura2: 

Figura 3: 

Figura4: 

Figura 5: 
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Lista de las tablas 

Capturas de C. gunnari (toneladas por hora de pesca) de la plataforma de 
Georgia del Sur a distintas horas del dia (n=mimero de lances). 

Capturas de C. gunnari (kg por hora de pesca) de la zona noroeste de la 
plataforma de Georgia del Sur. 

Lista de las figuras 

Capturas por arrastre de fondo de C. gunnari a distintas horas del dia 
(toneladas por hora de pesca). 

Distribuci6n vertical de las concentraciones en donde se captur6 C. gunnari (A) 
y capturas por hora de pesca (B) con redes de arrastre pehigico en enero de 
1983. 
1- Profundidad minima de pesca; 
2- Profundidad maxima de pesca. 

Ecograma de las concentraciones de C. gunnari sobre la plataforma de Georgia 
del Sur (12 de octubre de 1983; 1:00 a 2:00 hora local). 

Ecograma de las concentraciones de C. gunnari sobre la plataforma de Georgia 
del Sur (12 de octubre de 1983; 6:00 a 7:00 hora local). 

Ecograma de las concentraciones de C. gunnari sobre la plataforma de Georgia 
del Sur (12 de octubre de 1983; 11:10 a 11:45 hora local). 
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FOOD AND FEEDING OF THE MACKEREL ICEFISH 
(CHAMPSOCEPHALUS GUNNARI) AROUND SOUTH GEORGIA IN 
JANUARY/FEBRUARY 1991 

K.-H. Kock1, I. Everson2, S. Campbeli2, G. Parkes3, Z. Cielniaszek4 and J. Szlakowski4 

Abstract 

The diet composition and feeding intensity of mackerel icefish 
(Champsocephalus gunnari) around South Georgia in January/February 
1991 were analysed in 3 877 stomachs collected at 44 stations. Both 
the proportion of krill (Euphausia superba) in the stomachs and the 
feeding intensity were uncommonly low in a period when energy rich 
food is needed for the final maturation of the gonads. 

Resume 

La composition du regime alimentaire et l'intensite de l'alimentation du 
poisson des glaces (Champsocephalus gunnari) autour de la Georgie du 
Sud en janvier/fevrier 1991 ont ete analysees pour 3 877 estomacs 
recueillis a 44 stations. La proportion du krill (Euphausia superba) dans 
les estomacs et l'intensite alimentaire relevees etaient particulierement 
faibles en une periode ou des aliments de haute valeur energetique sont 
necessaires pour la maturation finale des gonades. 

Pe3IOMe 

CocTaB pa~HOHa H HHTeHCHBHOCTb DHTaHHB ~e~BHOA phl6hl 

(Champsocepha[US gunnari) BOKpyr lO:>KHOA reoprHH B BHBape­

<flespa~e 1991 r. 6bi~H npoaHa~muposaHbi B 3 877 :>Ke~y ~Kax. 
06pa3~bl C06Hpa~HCb Ha 44 CTaH~HBX. KaK nponop~HB KpH~B 
( Euphausia superba) s :>Ke~y ~Kax, TaK u HHTeHCHBHOCTb nHTaHHB 

6bi~H He06bltiHO HH3:KHMH B nepHO~, KOr~a BbiCOKOKa~OpHAHaB 
nm~:~a Heo6xo~HMa ~~g OKOHllaTe~bHoro Bbi3pesaHHB roHa~. 

Resumen 

Se examinaron 3 877 est6magos de peces recolectados en 44 estaciones 
de muestreo con el prop6sito de analizar la composici6n cualitativa y 
cuantitativa de la dieta del draco rayado (Champsocephalus gunnari) 
alrededor de Georgia del Sur durante enero/febrero de 1991. Estos 
anruisis demostraron que la proporci6n de krill (Euphausia superba) en 
los est6magos y la frecuencia de alimentaci6n fueron extraordinariamente 
bajos durante el periodo cuando se necesita alimento de gran contenido 
energetico para la madurez final de las g6nadas. 

1 lnstitut fiir Seefischerei, Bundesforschungsanstalt fur Fischerei, Palmaille 9, D-2000 Hamburg 50, Germany 
2 British Antarctic Survey, High Cross Madingley Road, Cambridge CB3 OET, UK 
3 Renewable Resources Assessment Group, Imperial College, 8 Prince's Gardens, London SWllNA, UK 
4 Sea Fisheries Institute, al. Zjednoczenia 1, 81345 Gdynia, Poland 
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1. INTRODUCTION 

The diet of mackerel icefish (Champsocephalus gunnari) around South Georgia and its 
seasonal and interannual variation has been comparatively well studied qualitatively (see 
reviews in Kock, 1981; Wilhelms, 1986; Kozlov et al., 1988). Main prey items were krill 
(Euphausia superba), the hyperiid Themisto gaudichaudii and mysids (predominantly 
Antarctomysis maxima). Other euphausiids, such as Thysanoessa species or lanternfish 
(Myctophidae) are of minor importance. In years when krill is abundant it represents the staple 
food. Mackerel icefish then tend to aggregate in areas of krill concentrations. In years of low 
krill abundance it is replaced in the diet by the ubiquitous, albeit much smaller T. gaudichaudii 
which has a much lower caloric value than krill. In these krill-poor seasons mysids are also 
taken. C. gunnari are often more dispersed in these years of krill scarcity (Kock, 1981). 

During the UK Demersal Fish Survey around South Georgia in January/February 1991 
mackerel icefish were found to be widely dispersed over the upper part of the shelf (Everson et 
al., 1991a). An unusually high proportion of sexually mature fish showed no signs of the 
gonad development necessary leading up to spawning in the coming season from March to May 
(Everson et al., 1991b). lt has been demonstrated in other fish species, such as winter flounder, 
Pseudopleuronectes americanus, that in the face of food shortage an adaptative strategy is to 
sacrifice egg production and maintain body size (Tyler and Dunn, 1976). 

We report here on our findings of the food composition and feeding intensity of 
mackerel icefish in January/February 1991 which may aid in understanding the irregularities in 
the maturity process of the species around South Georgia in the 1990/91 season. 

2. MATERIALANDMETHODS 

The stomach contents of mackerel icefish were qualitatively analysed by one of us 
(K.-H. Kock) in 3 877 fish which were randomly collected on 44 out of 87 stations sampled 
during the survey. 

Depending on the catch the number of fish investigated per station varied between 16 
and 184 but comprised with the exception of four stations at least 40 individuals per haul. 
Stomach fullness was estimated according to a 5-point scale: 0- empty, 1 - 1/4 full, 2- 1/2 
full, 3 - 3/4 full, 4- 4/4 full, stomach wall extended. Prey items were identified to the lowest 
taxon possible, in general this was to species or genus. The occurrence of each taxon in the 
stomach was recorded and augmented by information on their prevalence. It was then 
expressed as a percentage of all stomachs containing food. Despite some shortcomings of this 
'frequency of occurrence' method (see Pillay, 1952), its advantages are that it is quick, requires 
a minimum of apparatus and titne and that results from a number of similar studies from 
previous seasons are available for comparative purposes. 

3. RESULTS 

3.1 Food Composition 

Main prey items were T. gaudichaudii (62.5%), E. superba (22.1 %) and mysids 
(predominantly A. maxima) (21.3%). Although krill was present in 22.1% of the stomachs, it 
formed the sole prey item in only 9.9% of the stomachs and was the predominant food item in 
another 9.0% of the stomachs. Other prey species or groups occurring were Thysanoessa sp. 
(3.3.%), myctophids (Electrona sp., Gymnoscopelus sp.) (1.8%), early life stages of fish 
(C. gunnari primarily age class 0 and 1) (1.4%) and Euphausia triacantha (<0.1 %). 
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The occurrence of the main prey items varied locally. Krill was predominantly found in 
fish collected on the eastern shelf while mysids were prevailing in parts of the northwestern 
shelf, in the southeast and on coastal stations in the east. T. gaudichaudii was the staple food in 
most of the western part of the shelf. In fish from the westernmost three stations myctophids 
formed a significant proportion of the diet (Figure 1 ). 

3.2 Feeding Intensity 

More than 50% of the stomachs contained little (1) or no food (0): 

Degree of Fullness n % 

0 1306 33.7 
1 839 21.6 
2 777 20.0 
3 803 20.7 
4 152 3.9 

The proportion of empty stomachs varied considerably among stations (3.9 to 74.0%). 
The proportion of stomachs containing little or no food was highest in the west of South 
Georgia (Figure 2). 

4. DISCUSSION 

Our study albeit the most extensive analysis carried out so far confirmed, in general, 
results from earlier investigations on the food composition of mackerel icefish around South 
Georgia in that the hyperiid T. gaudichaudii, krill and mysids form their staple food. A 
comparison with earlier studies revealed a considerable variation in the importance of each of 
these prey items from year to year (Figure 3). It cannot be excluded that part of this variation 
may be due to variations in sample size (60 to 3 877) and an unrepresentative coverage of the 
shelf from year to year. However, two pairs of observations in December/January 1975/76 
(Kock, 1981) and February/March, 1976 (Kozlov et al., 1988) and in January/February 1985 
(Wilhelms, 1986; Kozlov et al., 1988) which were each based on several hundred stomachs led 
to essentially very similar results (Figure 3). It is thus likely that differences between years 
largely reflect the interannual variations in the availability of the preferred prey E. superba 
around South Georgia. If this hypothesis is correct, then the results we have presented here 
from a large sample suggest that krill availability in January/February 1991 was one of the 
lowest within the 16-year period of observation (Figure 3). 

A lower krill index in the stomachs was only observed in March 1976 (Linkowski and 
Rembiszewski, 1978) and January/February 1979 (Kozlov et al., 1988). The observations in 
March 1976, however, are probably largely biased by their small sample size (n = 113) and the 
poor coverage of the shelf. Plankton surveys in the same season indicated a high abundance of 
krill around the island (Pommeranz, 1978) which is clearly reflected in the high incidence of 
krill in icefish stomachs investigated between December 197 5 and March 197 6 in two other 
studies (Figure 3; Kock, 1981; Kozlov et al., 1988 ). Krill occurrence in stomachs of 
C. gunnari in January/February 1991 was even lower than in 1977/78 (Figure 3), a season 
when krill biomass around the island was found to be very low (Bonner et al., 1978; Worner, 
1979) and reproductive success in krill-eating birds was found to be poor (Croxall et al., 
1988). 

Despite large variations in stomach fullness within or between seasons locally the 
proportion of empty stomachs of mackerel icefish in the various studies was commonly of the 
order of 10 to 20% (Kock, 1981; Wilhelms, 1986; Kozlov et al., 1988). Higher proportions of 
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empty stomachs were observed only in March 1976 (Linkowski and Rembiszewski, 1978; see 
discussion above) and in material combined for the period January/February 1965 to 1969 
(Kozlov et al., 1988). This indicates that the high proportion of stomachs in January/February 
1991 containing little or no food again reflected a situation uncommon in most previous 
observations. 

We do not know at present if our findings are representative for a longer period than the 
three weeks of the survey. The high dispersal of icefish earlier in this season which made any 
fishing unprofitable may indicate that this may have been the case. Under these circumstances, 
both the high incidence of low caloric prey (T. gaudichaudii) in the food of mackerel icefish and 
the low feeding intensity of the fish in the period when energy-rich food is needed for the rapid 
build-up of the ovaries could have had considerable consequences for the final maturation 
process in that season. 
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Figure 1: The food composition of mackerel icefish (C. gunnari) per station around South Georgia in January/February 1991. 
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Figure 2: Stomach fullness (5-point scale) per station in mackerel icefish (C. gunnari) around South Georgia in January/February 1991. 
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Figure 3: The frequency of occurrence of the main prey items Euphausia superba, Themisto gaudichaudii and Mysidacea in the food of the 
mackerel icefish (C. gunnari) in various months and seasons from 1965 to 1991. (Due to the occurrence of several items in one 
stomach, percentages may add up to more than 100%) (source: Kock, 1981; Wilhelms, 1986; Kozlov et al. 1988). 



Figure 1: 

Figure 2: 

Figure 3: 

Pl1CYHOK 1: 

. PHcyHoK 2: 

PHCYHOK 3: 

Figura 1: 

Figura2: 

Figura 3: 
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Composition du regime alimentaire du poisson des glaces (C. gunnari) par 
station autour de la Georgie du Sud en janvier/fevrier 1991. 

Taux de repletion des estomacs (echelle a 5 stades) par station chez le poisson 
des glaces (C. gunnari) autour de la Georgie du Sud enjanvier/fevrier 1991. 

Frequence des rencontre des principales proies, Euphausia superba, Themisto 
gaudichaudii et Mysidaces dans l'alimentation du poisson des glaces 
(C. gunnari) en divers mois et saisons de 1965 a 1991. (En raison de la 
presence de plusieurs proies dans un estomac, le total des pourcentages peut 
depasser 100%) (origine: Kock, 1981; Wilhelms, 1986; Kozlov et al. 1988). 

CnHcoK pHcyHKOB 

COCTaB flHll{H Jie,li5IHOH pbi6bi (C. gunnari) Ha Ka:>K,liOH CTaHL\HH, 

BbinOJIHeHHOH BOKpyr I0:>KHOH reoprHH B 5IHBape-<J>espaJie 1991 r'. 

HanoJIHeHHe :>KeJiy ,liKa Jie,li>IHoti pbi6bi (C. gunnari) (5-6aJibHa5I mKaJia) 

Ha Ka:>K,liOH CTaHL\HH, BbinOJIHeHHOH BOKpyr I0:>KHOH reopr'HH B 

5IHBape-<J>espaJie 1991 r. 

1IacToTa scTpet:IaeMOCTH ocHOBHbiX noTpe6JI5IeMbiX BH,liOB Euphausia 
superba, Themisto gaudichaudii H Mysidacea s nH~e Jie,li>IHoti pbi6bi 

(C. gunnari) B pa3Hbie MeC>Il\bi H ce30Hbi c 1965 no 1991 rr. 

(BcJie,liCTBHe npHCYTCTBH5I HeCKOJibKHX BH,liOB B O,liHOM :>KeJiy,liKe, 

npOL\eHTHbie CO,llep:>KaHH5I MOr'YT COCTaBHTb 6oJiee t:J:eM 100%) 
(HCTOLJ:HHK: KoK, 1981; BHJibreJibMC, 1986; Ko3JIOB H ,llp.1988) 

Lista de las figuras 

Composici6n de la dieta del draco rayado (C. gunnari) por estaci6n de 
muestreo, alrededor de Georgia del Sur durante enero/febrero de 1991. 

Repleci6n estomacal (en una escalade 5 puntos) del draco rayado (C. gunnari) 
por estaci6n de muestreo alrededor de Georgia del Sur durante enero/febrero de 
1991. 

Frecuencia de la ocurrencia de las principales especies presas Euphausia 
superba, Themisto gaudichaudii y Mysidacea en la dieta del draco rayado 
(C. gunnari) en distintos meses y estaciones entre 1965 y 1991. (Debido a la 
presencia de varias especies en un mismo est6mago, los porcentajes pueden ser 
mas del lOO%) (origen: Kock, 1981; Wilhelms, 1986; Kozlov et al. 1988). 
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WG-FSA-91/14 

FISH STOCK ASSESSMENT SURVEY IN SUB AREA 48.3 

1. Everson1, G. Parkes2, K.-H. Kock3, S. CampbelIl, Z. Cielniaszek4 and J. Szlakowski4 

Abstract 

A demersal fish survey in the vicinity of South Georgia, CCAMLR 
Subarea 48.3, is described. Details are given of positions of hauls, 
catch rates and size composition of catches. The standing stock of one 
of the most important commercial species in the area, Champsocephalus 
gunnari, is shown to have undergone a major decline by comparison 
with results from the 1989/90 season. Other species do not show a 
similar dramatic reduction. No commercial fishing on 
Champsocephalus gunnari has been reported from the area. It is 
suggested that this decline may be due to either a massed migration or 
high mortality. 

Resume 

Description d'une campagne d'evaluation des poissons demersaux aux 
environs de la Georgie du Sud, sous-zone 48.3 de la CCAMLR. 
Precisions sur la position des chalutages, les taux de capture et la 
composition en taille des captures. 11 est revele que le stock existant de 
l'une des especes commerciales les plus importantes dans la region, 
Champsocephalus gunnari, a subi un declin considerable par 
comparaison aux resultats de la saison 1989/90. D'autres especes ne 
paraissent pas presenter une reduction aussi notable. Aucune peche 
commerciale de Champsocephalus gunnari n'a ete declaree dans la 
region. Il est suggere que ce declin pourrait avoir deux causes 
possibles : une migration de masse ou une mortalite elevee. 

Pe310Me 

OmiCaHa CbeMKa .lleMepCaJIbHbIX PbI6 B6JIH3H IO:>KHOH reoprHH, 

TIO.llpaHOH AHTKOMa 48.3. TIpHBe.lleHa HHcpopMa~H5I 0 

nOJIO:>KeHH5IX TpaJIeHHH, TeMnax BbIJIOBa H pa3MepHOM COCTaBe 

y JIOBOB. BbI5IBJIeHO 3HatIHTeJIbHOe YMeHbIIIeHHe 6HoMaccbI 

O.llHOrO H3 HaH60JIee Ba:>KHbIX KOMMeptIeCKHX BH.llOB 3Toro 

paHoHa, Champsocephalus gunnari, no cpaBHeHHIO C 

pe3YJIbTaTaMH ce30Ha 1989/1990 r. TIO.l106HOrO .llpaMaTH-

tIeCKOrO YMeHbIIIeHH5I B 3anacax .llpyrHx BH.llOB He 

06HapY:>KeHO. TIOCKOJIbKY CBe.lleHHH 0 KOMMeptIeCKOM 

npOMbICJIe Champsocephalus gunnari H3 3Toro paHOHa He 

nocTynaJIO, npe.llnOJIaraeTC5I, tITO yna.ll0K Mor npOH30HTH 

BCJIe.llCTBHe MaCCOBOH MHrpa~HH HJIH BbICOKOH CMepTHOCTH 

pbI6. 

1 British Antarctic Survey, Cambridge, UK 
2 Renewable Resources Assessment Group, Imperial College, London, UK 
3 Institut fiir Seefischerei, Hamburg, Germany 
4 Sea Fisheries Institut (MlR), Gdynia, Poland 
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Resumen 

En este documento se describe una prospecci6n de peces demersales 
realizada cerca de Georgia del Sur, en la Subarea 48.3 de la CCRVMA, y 
se proporcionan detalles de la posici6n de los lances, indices de 
capturas y composici6n por talla de las capturas. Al comparar la 
poblaci6n fija de una de las especies comerciales mas importantes de 
este area, Champsocephalus gunnari, con los resultados de la 
temporada 1989/90, se observa que ha ocurrido una gran disminuci6n. 
Otras especies no presentan una reducci6n tan drastica. No se ha 
notificado ninguna pesqueria comercial de C. gunnari en esta zona. Se 
sugiere que esta disminuci6n puede deberse a una migraci6n masiva 0 a 
una alta mortalidad. 

1. INTRODUCTION 

The fish stocks in Subarea 48.3, South Georgia, have been the subject of considerable 
interest for many years mainly because this area has formed the focus for much of the 
commercial fishing activity for finfish within the CCAMLR area. The need for further 
assessment of the stocks within this subarea has been emphasised by the CCAMLR Working 
Group on Fish Stock Assessment (WG-FSA) (SC-CAMLR, 1990a). 

This report presents the results from a fish stock assessment survey undertaken by the 
United Kingdom in January and February 1991 within Statistical Subarea 48.3 (South 
Georgia). The main aim of the study was to determine the standing stock of the commercially 
important demersal fish species with particular reference to the icefish, Champsocephalus 
gunnari. Information is presented in accordance with the recommendations of the Task Group 
for Information Reported to WG-FSA (SC-CAMLR, 1990a) . 

2. SURVEY AREA AND DESIGN 

The survey was aimed at providing information representative of the shelf area within 
Subarea 48.3. Effectively this is the shelf area of South Georgia and Shag Rocks. 

The survey design was similar to those of previous years (Parkes et al., 1990) with a 
series of randomly located trawl stations down to a depth of 500 m. The same three depth 
strata, 50 to 150, 150 to 250 and 250 to 500 m, were used as on previous surveys. To ensure 
adequate coverage the area was divided into CCAMLR 'fine-scale rectangles' half a degree of 
latitude by one degree of longitude. Within each of these rectangles the numbers of stations 
within each of these depth strata were allocated in proportion to the area of seabed and expected 
fish concentration of Champsocephalus within the stratum. Wherever possible proposed 
trawling locations were chosen from those successfully sampled on previous surveys. 
Sampling locations were allocated to all fine-scale rectangles with the exception of those to the 
south of the centre of South Georgia. These three rectangles, numbers 19, 20 and 24 on 
Figure 1, are known to contain large areas of bad ground and thus have a high risk of trawl 
damage. 

The survey design provided for 72 stations to be sampled at South Georgia and 12 at 
Shag Rocks. Due to time constraints and also because some intended sites were unsuitable for 
fishing not all sites were fished. A total of 66 sites was fished at South Georgia and 12 at Shag 
Rocks. The locations of the sites actually sampled are shown in Figure 1 and the positions 
given in Table 1. The mean area assumed to be representative of a station within each depth 
stratum and at each location is shown in Table 2. 
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A standard haul duration of 30 minutes with the net on the bottom was used. However 
if the net came fast, or bad ground was encountered during the tow necessitating early retrieval 
of the net, providing the net had been on the bottom for more than fifteen minutes the haul was 
considered representative. All hauls were undertaken during the hours of daylight to minimise 
the possible underestimation of those species that migrate off the bottom at night. 

3. DESCRIPTION OF VESSEL AND SAMPLING METHODS 

A stern trawler converted for use as a fishery survey vessel was used for the survey, it 
had the following characteristics: 

Name: 
Call sign: 
Type: 

Length overall: 
Breadth: 
Main Power 

Falklands Protector 
GYMA 
Stern trawler (modified by conversion of part of hold to 
laboratories) 
69.15 m 
12.0 m 
2500 bhp 

Two echo sounders were used during the study. A Kelvin Hughes MS 44 echo sounder 
operating at a nominal frequency of 30 kHz was used for bottom detection and a Koden 
'Chromascope' operating at 48 kHz was used to indicate the hardness of the bottom. The latter 
echosounder was also connected to a Biosonics Echosignal Processor for fish quantification 
and was continually monitored for the presence of schools of fish above the bottom. 

A net as close as possible to that used for the Professor Siedlecki survey (Parkes et al., 
1989) in 1989 was used, full net drawings with nominal mesh sizes are given in Figure 2. All 
netting was composed of diamond meshes. Mesh sizes were measured, in accordance with 
CCAMLR procedures, at the end of the survey and the results set out in Table 3. Field trials 
undertaken by the Sea Fisheries Industry Authority (UK) provided data on the dimensions of the 
trawl when in operation and these were latter confirmed by tests in a flume tank on a model of 
the trawl. Equations relating the principal dimensions to the towing speed are as follows: 

A = [-2.295 S] + [-78067 (S-lO)] + 29.08 

where A = horizontal opening (m), and 

S = towing speed (knots) 

Positions were fixed using either Global Positioning System (GPS) or by satellite 
navigator. Satellite navigator fixes were available at irregular intervals of up to six hours. The 
GPS was operational for only part of the cruise and then, because of the incomplete satellite 
cover, only for about half the day. 

The landed catch of all fish species at each station was measured. Further analyses were 
made for the following species: Champsocephalus gunnari, Chaenocephalus aceratus, 
Pseudochaenichthys georgianus, Notothenia gibberifrons, Notothenia rossii, Notothenia 
squamijrons, Dissostichus eleginoides and Patagonotothen brevicauda guntheri. Totallength 
(to the nearest centimetre below), sex and maturity (SC-CAMLR, 1989) were determined for a 
representative sample of fish of these species in the catch. Weight, stomach fullness, otoliths 
and, where possible, scales, were also taken for particular fish according a pre-determined 
sampling scheme. Otoliths were read at the Sea Fisheries Institute in Poland. 
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4. RESULTS 

4.1 Distribution of Catches 

All species were identified in the catches. Samples of catches from the following 
species of current or recent commercial importance, C. gunnari, C. aceratus, P. georgianus, 
N. gibberifrons, N. rossii, N. squamijrons, D. eleginoides and P. b. guntheri, were analysed. 
This involved measurement of length and weight, estimation of sex, maturity stage and stomach 
fullness, extraction of otoliths and, where appropriate, scales. Other species were counted and 
their total weight measured. 

The number of stations at which individual species were found and the total weight 
caught within each depth stratum are shown in Table 4 for South Georgia and Table 5 for Shag 
Rocks. The distribution of catch rates for the major species are shown in Figures 3 to 9. 

Several species, C. gunnari, C. aceratus, P. georgianus and N. gibberifrons, were 
widespread around South Georgia, being found at nearly all stations. N. rossii, although 
present at most stations down to 250 m was caught in only one haul from water deeper than 
250 m whilst D. eleginoides was only caught sporadically. 

At Shag Rocks C. gunnari was caught at all stations shallower than 250 m while 
D. eleginoides was caught at all except one of the total stations sampled. 

At 94% of the stations where it was caught, the catch rates of C. gunnari were less than 
200 kg for a 30 minute tow. No aggregations suitable for commercial fishing were seen either 
at South Georgia or Shag Rocks. The two largest catches, one of 696 kg at Shag Rocks and 
the other of 336 kg from the eastern end of South Georgia, were still very small relative to 
previous surveys (SC-CAMLR, 1990a). At most stations where C. gunnari were caught there 
was generally an equal or even greater catch of other species. 

A single large catch of 1169 kg of D. eleginoides exceeded, by an order of magnitude, 
catches of this species elsewhere. Although present in all except one haul at Shag Rocks this 
species only occurred sporadically around South Georgia. 

N. rossii was not present at Shag Rocks but was present at South Georgia, although at 
low catch rates in all except one instance, in hauls from water shallower than 250 m. 

P. b. guntheri was taken in small amounts from hauls around Shag Rocks. As on all 
previous surveys, none were taken from the South Georgia shelf region. 

4.2 Standing Stock Estimates 

Examination of the distribution of catch rates indicated that there were no outlying 
values resulting from isolated large catches. There was therefore no need to apply a large haul 
adjustment (SC-CAMLR, 1990b) to the analyses. Standing stock estimates by the swept area 
method were made for the species of commercial importance by the same method as used in 
SC-CAMLR (1990a). The data were stratified by depth zone and for the two regions, South 
Georgia and Shag Rocks. 

Standing stock estimates for the species of current or recent commercial interest are 
shown in Table 6 for South Georgia and Table 7 for Shag Rocks. The coefficients of variation 
of the estimates for South Georgia are much lower than from previous surveys indicating a 
much more uniform distribution with little tendency to aggregation. 
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4.3 Length to Weight Relationships 

Length to weight relationships were detennined from measurements made at sea for all 
the major fish species. The results are summarised in Table 8. Due to the increase in size of 
the gonads in the months prior to spawning the simple linear relationships set out in Table 8 are 
not valid necessarily for all sizes and maturity states of fish. 

There are some differences between areas and for different maturity stages of the 
mackerel icefish, C. gunnari, and a full analysis for this species is planned. 

The equations for C. aceratus are valid for most fish in the size range 12 to 72 cm. 
However, stage 2 and 3 males of length 46 to 56 cm and stage 3 females of 59 to 64 cm were 
significantly heavier than indicated by the simple logarithmic relationship. 

Similar increases were noted for P. georgianus where stage 2 and 3 males and females 
greater than 46 cm total length were heavier than indicated by the equations. 

4.4 Length and Age Distributions 

Aggregated length distributions for the eight species sampled on the survey are 
presented in Figures 10 to 17. These have been calculated by weighting the length distributions 
by the catch-per-unit-effort (total area swept by the net) prior to summing across the stations 
(equation 1 in Parkes, 1991b). 

For C. gunnari at South Georgia there is a clear modal peak at 16 cm and a second, less 
distinct peak at 23 cm (Figure 10). There is no distinct mode for fish >25 cm as there was in 
last year's survey (Parkes et al., 1990). By contrast, at Shag Rocks two distinct modal values 
were present at 26 and 32 cm and few small fish were present (Figure 11). 

An age/length key was prepared using age data derived from otoliths. Unfortunately, 
no fish of either 18 or 19 cm were sampled for otoliths. Use of the age/length, in its raw 
fonnat, would give rise to misleading results because fish of length 18 and 19 cm would not be 
allocated an age class. Combining the length distributions of C. gunnari from Shag Rocks and 
South Georgia indicates that there is a well defined peak extending from 11 to 20 cm, with a 
peak at 16 cm and a trough at 20 cm. We have therefore adjusted the age/length key prepared 
from the raw data by allocating fish of length 18 and 19 cm to age class 1. The revised 
age/length key, including the values for 18 and 19 cm fish shown in parenthesis, is shown in 
Table 9. In this fonn it gives a 'knife-edge' change from age class 1 to age class 2 at 20 cm, 
which coincides with the trough in the length distribution. 

The length frequency distribution for C. aceratus (Figure 11) shows modal values at 17, 
26, 32 and 49 cm. There are no distinct modes for larger fish due to dimorphic growth rates. 
Two clear modes, at 24 and 36 cm, are also present for P. georgianus. 

The distribution for D. eleginoides has several modes which are indicative of year 
classes, these have been analysed further by Everson (1991). 

The distributions for N. rossii and N. gibberifrons each have several peaks although 
none are sufficiently pronounced to indicate year classes reliably. 

Ages of individual fish have been detennined from otolith and scale readings and these 
have been used to provide age distributions in tenns of numbers and biomass. The results are 
shown in Tables 10 and 11. 

The data from the age and length distributions have been combined to provide mean 
length and mean weight at age, these are presented in Tables 12 and 13. All the calculations use 
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overall age/length keys and, in the case of the mackerel icefish, C. gunnari, all fish of length 18 
and 19 cm have been assigned to age 1 (SC-CAMLR 1991). 

The results for the mackerel icefish, C. gunnari, are considered further in a separate 
paper (Parkes, 1991c). 

4.5 Maturity Stages 

The length at which 50% of the population are sexually mature, Lso, has been derived 
from the logistic equation used in Everson et al. (1991) from samples examined during the 
survey. The results are given in Table 14. Even though this year's survey was slightly later in 
the year than the 1990 survey the results are broadly similar for most species. 

For C. gunnari many of the Stage 2 ovaries looked abnormal and samples were 
collected for histological examination. A preliminary report is presented in a separate paper 
(Everson et al., 1991). 

4.6 Stomach Contents 

The level of stomach fullness from samples examined was estimated and categorisation 
of the dominant food items was made for the major species. Krill, which have been a major 
component in the diet of C. gunnari in previous years, were rarely the dominant component of 
the diet in the stomachs examined. The results from this study are examined in a separate paper 
(Kock et al., 1991). 

4.7 Acoustic Observations 

Each trawling site was monitored acoustically during the course of the haul, no 
indications were seen that indicated the presence of large schools of fish. In addition, most 
trawling sites were examined prior to hauls being made either during the hours of darkness or 
immediately in advance of fishing. No large schools of fish were detected during these 
investigations. 

5. DISCUSSION 

The standing stock estimates for all species, with the exception of C. gunnari, are 
broadly similar to those from the most recent surveys at South Georgia; these are compared in 
Table 15. A similar picture is not present for surveys at Shag Rocks (Table 16) probably 
because there are fewer species, fewer surveys and a many fewer hauls in that locality. 

The estimated standing stock of C. gunnari from this year's survey is very much lower 
than that from either of the two independent surveys undertaken during 1989/90. It is however 
broadly similar to those from .earlier years with the exception of 1985/86 when a totally 
different type of net was used. 

Acoustic observations indicate that schools of C. gunnari were not present anywhere 
during the current survey, and, that those fish that were present were distributed more or less 
randomly in the area. Such a distribution would explain the low variance and CV of the 
standing stock estimate from the trawl survey. We therefore conclude that the standing stock 
during 1990/91 survey is substantially lower than that from the previous year and is not an 
artefact of the sampling technique or survey design. 

30 



Further evidence for this reduction is available from the commercial fishing fleets in the 
area. A single Polish trawler Lepus was operating in the area and reported catch rates of less 
than one tonne per day; after several days this vessel left the area. Several Russian trawlers 
reported to the Harbourmaster, South Georgia, that fishing for C. gunnari was extremely poor 
and that they would move to other grounds. 

These observations provide support for the suggestion that there has been a significant 
reduction in the standing stock of C. gunnari. We consider three possible reasons for such a 
change: 

(a) intense fishing between February and December 1990; 
(b) migration from the area; and 
(c) unusually high natural mortality. 

We know of no fishing activity in the area which could have accounted for such a large 
reduction in standing stock and therefore consider it highly unlikely that the first possibility is 
the cause. 

Any migration would need to take the fish to an area of shelf some considerable distance 
away. The nearest such shelf area is in the South Orkneys, which, although remote, is not an 
impossible distance for the fish to migrate. Comparison with samples obtained in that area may 
confirm whether or not this has occurred. 

The third possibility, that there has been an unusually high natural mortality, would be 
surprising but consistent with the season being characterised by poor kriU availability affecting 
feeding (Kock et al., 1991) and the fish undergoing abnormal gonad maturation processes 
(Everson et al., 1991). We are investigating all three hypotheses. 
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Table 1: Times (GMT-3 hours) and locations of sampled stations. 

Station Date Time Latitude Longitude Depth Duration 
No. day mnth hr min deg min deg min m min 

1 22 1 6 13 53 19.80 42 44.30 463 27 
2 22 1 10 10 53 28.40 42 18.20 232 30 
3 22 1 14 20 53 26.00 41 48.00 146 29 
4 22 1 18 50 53 37.00 42 7.00 168 30 
5 23 1 4 23 53 33.50 41 46.40 139 29 
6 23 1 7 10 53 34.10 41 24.50 126 30 
7 23 1 9 45 53 34.10 41 24.50 121 30 
8 24 1 6 43 53 39.10 41 14.90 135 29 
9 24 1 9 15 53 46.60 41 45.90 220 35 

10 24 1 12 0 53 47.00 41 21.70 198 25 
11 24 1 14 42 53 50.60 41 13.50 196 30 
13 25 1 9 17 54 4.50 39 41.50 371 30 
14 25 1 13 32 53 50.70 38 37.40 234 24 
15 25 1 16 57 53 44.00 38 35.00 318 30 
16 25 1 19 35 53 45.40 38 19.50 203 30 
17 26 1 4 25 53 38.00 38 6.00 188 30 
18 26 1 11 58 53 48.20 38 23.80 183 30 
19 26 1 14 32 53 38.00 37 51.00 176 21 
20 27 1 4 29 53 54.60 38 2.50 ' 126 30 
21 27 1 10 15 53 46.70 37 30.70 121 28 
22 27 1 14 57 53 45.80 37 22.00 280 30 
23 27 1 17 50 53 38.50 37 10.00 161 30 
24 27 1 19 30 53 40.00 37 0.00 212 30 
25 28 1 4 26 53 46.50 36 54.00 203 20 
26 28 1 6 43 53 43.70 36 37.00 218 30 
27 28 1 9 18 53 45.50 36 28.00 304 30 
28 28 1 11 45 53 55.00 36 13.50 187 30 
29 28 1 15 23 54 1.00 36 26.00 178 28 
30 28 1 18 26 53 57.50 35 58.00 287 30 
31 29 1 4 32 54 8.00 35 58.00 231 30 
32 29 1 9 50 54 14.00 36 36.00 251 30 
33 29 1 12 46 54 11.50 36 16.50 183 20 
34 29 1 14 56 54 12.80 36 18.30 112 18 
35 29 1 17 57 54 11.00 35 48.00 231 30 
36 30 1 4 16 54 11.00 35 37.00 192 30 
37 30 1 6 30 54 19.00 35 53.50 207 24 
38 30 1 9 3 54 20.50 35 53.70 198 30 
39 30 1 13 18 54 32.00 35 45.00 174 27 
40 30 1 16 34 54 26.00 35 23.00 269 30 
41 31 1 4 27 54 33.00 35 16.20 196 26 
42 1 2 9 45 54 37.30 35 31.50 124 30 
43 1 2 12 30 54 46.00 35 16.50 324 30 
44 1 2 16 40 54 47.00 34 55.00 359 30 
45 1 2 18 58 54 55.00 34 57.50 181 30 
46 2 2 4 34 54 56.60 35 15.10 102 24 
47 2 2 6 58 54 58.00 35 23.60 124 30 
48 2 2 9 52 55 1.50 35 22.00 113 30 
49 2 2 12 25 55 3.80 35 23.00 130 30 
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Table 1 (continued) 

Station Date Time Latitude Longitude Depth Duration 
No. day mnth hr mi deg min deg min m min 

50 2 2 14 44 55 5.60 35 1.00 139 30 
51 2 2 17 4 55 12.20 34 46.40 176 31 
52 3 2 4 37 55 28.00 35 20.20 368 30 
53 3 2 6 20 55 25.60 35 22.90 210 15 
54 3 2 10 10 55 18.00 35 53.00 223 26 
55 3 2 12 54 55 4.60 35 44.30 123 30 
56 3 2 15 50 54 56.50 35 47.30 154 10 
57 3 2 19 20 55 5.90 36 8.00 167 30 
58 4 2 5 2 54 50.40 38 13.40 285 30 
59 4 2 8 39 54 39.30 38 20.80 188 30 
60 4 2 11 51 54 36.80 38 5.40 165 30 
61 4 2 13 42 54 32.00 38 15.00 183 19 
62 5 2 4 20 54 25.00 37 49.00 172 30 
63 5 2 6 0 54 16.00 37 49.00 137 30 
64 5 2 11 45 54 15.40 38 2.80 185 29 
65 5 2 13 48 54 15.70 38 13.10 243 30 
66 5 2 16 43 54 18.60 38 32.70 214 22 
67 5 2 19 19 54 8.80 38 36.10 216 30 
68 6 2 4 38 54 6.40 38 2.10 134 25 
69 6 2 16 21 54 13.50 37 48.20 127 14 
70 6 2 19 32 54 9.20 37 50.20 161 6 
71 7 2 4 25 54 31.00 38 46.00 229 15 
72 7 2 10 22 54 28.70 39 16.40 284 30 
73 7 2 13 8 54 16.00 39 0.00 245 15 
74 7 2 16 25 54 9.50 39 14.00 223 30 
75 7 2 18 33 54 7.00 39 12.00 240 30 
76 8 2 4 36 54 7.90 38 51.30 198 3C 
77 8 2 6 36 54 10.20 38 46.20 238 30 
78 8 2 10 15 53 53.50 38 22.30 134 30 
79 8 2 15 58 53 40.30 37 35.30 231 30 
80 8 2 18 19 53 41.50 37 29.80 322 24 
81 9 2 5 38 53 56.80 36 29.60 185 27 
82 9 2 9 SO 53 51.80 37 15.10 284 30 
83 9 2 19 15 54 4.20 35 40.00 212 30 
84 1 2 5 42 54 17.10 3S 37.40 234 30 
85 10 2 9 57 54 25.00 35 54.70 113 30 
86 11 2 11 30 53 50.60 40 47.10 350 30 
87 11 2 17 13 53 41.00 41 33.90 150 9 

Table 2: Sampling coverage around South Georgia and Shag Rocks. 

Coverage km2 Per Station Number of Stations 

Depth Stratum South Georgia Shag Rocks South Georgia Shag Rocks 

50 to 150m 554 295 16 5 
151 to 250 m 519 374 37 5 
251 to 500 m 613 805 13 2 
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Table 3: Mesh size measurements from the bottom trawl used in the 1990/91 South Georgia 
survey. 

Fornet Belly Codend Liner 

165 149 124 125 85 97 50 57 
148 148 126 129 92 97 57 57 
148 148 125 128 95 93 53 55 
148 146 128 131 90 96 52 54 
148 149 129 129 93 97 54 53 
149 152 124 127 91 97 56 51 
147 152 127 129 92 95 57 52 
154 148 128 130 94 93 54 54 
158 144 126 125 96 94 55 54 
148 147 128 129 94 94 53 53 

Mean: 149.8 127.3 93.8 54.1 
Var: 4.69 2.00 2.84 1.99 

Table 4: Total catch and number of stations at which species were caught from the South 
Georgia region. 

Depth 50 to 150 (m) 150 to 250 (m) 250 to 500 (m) 
kg n kg n kg n 

Commercial species: 

C. gunnari 616 15 1 779 36 171 10 
C. aceratus 452 15 965 36 103 10 
P. georgianus 508 15 1039 36 51 9 
N. gibberifrons 931 15 1455 . 37 854 12 
N. rossii 408 11 106 24 7 3 
N. squamifrons 0 0 2 5 140 11 
D. eZeginoides 17 7 29 9 26 7 
P.b. guntheri 0 0 0 0 0 0 

Other species: 

N. augustifrons 0.1 2 0 0 0 0 
N.larseni 9.5 8 118 34 21 12 
N. nudifrons 14.5 15 27 28 0.4 4 
P. hansoni 1.8 5 6.8 7 4.4 1 
A. mirus 0.2 9 1.2 20 0.3 6 
Diplospinosus spp. 0 0 0.2 2 0.1 3 
Electrona spp. 0 1 0.1 2 0 1 
Paraliparis spp. 0 0 01 4 0.2 2 
M. m. antarctica 0 0 1.2 1 5.6 6 
Melanostigma spp. 0 0 0 3 0 1 
Muranolepis spp. 1.5 4 29 0 9 12 
G. nicholsi 0 1 28 13 31 11 
P. georgianus 18 14 169 30 1.4 4 
P. breviceps 0 0 1.3 5 0.3 3 
R. georgiana 30.5 3 59 11 72 7 
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Table 5: Total catch and number stations at which species were caught from the Shag Rocks 
region. 

Depth 50 to 150 (m) 150 to 250 (m) 250 to 500 (m) 
kg n kg n kg n 

Commercial species: 

C. gunnari 774 5 55 5 0 0 
C. aceratus 0 0 0 0 0 0 
P. georgianus 0 0 3 2 0 0 
N. gibberifrons 16 4 6 3 0 0 
N. rossii 0 0 0 0 0 0 
N. squamifrons 1 1 16 2 41 2 
D. eleginoides 120 5 34 4 1183 2 
P.b. guntheri 69 5 42 5 1 1 

Other specIes: 

N. nudifrons 1.6 4 1.2 3 0 0 
K. andersoni 0 0 0 1 0 0 
A. mirus 0.2 1 0 1 0 0 
Diplospinosus spp. 0 0 0 0 0 1 
Electrona spp. 0 0 0.2 0 0 0 
M. m. antarctica 0.3 1 0 0 0.4 2 
Muranolepis spp. 1 1 0.2 1 0.4 2 
G. nicholsi 0 0 1.4 1 0 0 

Table 6: Biomass estimates for South Georgia of the most common species around South 
Georgia, calculated using the 'swept area method'. CV = coefficient of variation of 
the estimate (Saville 1977). 

Depth Stratum 

Species 50 to 150 m 151 to 250 m 251 to 500 m Total CV(%) 

C. gunnari 5445 15256 1583 22285 16 

C. aceratus 3888 8623 963 13 474 15 

P. georgianus 4457 8902 590 13 948 19 

N. gibberifrons 7832 12624 7768 28224 18 

N. rossii 3335 896 64 4295 49 

D. eleginoides 157 262 465 885 37 

N. squamifrons 0 14 1361 1374 43 

Number of stations 16 37 13 66 
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Table 7: Biomass estimates for South Georgia of the most common species around Shag 
Rocks, calculated using the 'swept area method'. CV = coefficient of variation of 
the estimate (Saville 1977). 

Depth Stratum 

Species 50 to 150m 151 to 250 m 251 to 500 m Total CV(%) 

C. gunnari 3573 346 0 3919 75 
C. aceratus 0 0 0 0 
P. georgianus 0 15 0 15 62 
N. gibberifrons 79 38 0 117 34 
N. rossii 0 0 0 0 
D. eleginoides 581 206 18527 19315 94 
N. squamifrons 3 93 535 631 33 
P.b. guntheri 322 245 16 584 45 
Number of stations 5 5 2 12 

Table 8: Length/weight relationships from measurements taken during the survey; length in 
cm, weight in g, (least squares linear regression on loge transformed data). 

Species Length/weight relationship (W =L *b) 

Sex a b Number of fish 

C. gunnari M 3.36 0.00180 230 
C. gunnari F 3.36 0.00180 231 
C. aceratus M 3.69 0.00047 186 
C. aceratus F 3.65 0.00054 232 
P. georgianus M 3.61 0.00095 120 
P. georgianus F 3.53 0.00122 120 
N. gibberifrons M+F 3.28 0.00389 349 
N. rossii M+F 2.94 0.01668 181 
D. eleginoides M+F 317 0.00477 198 

Table 9: Age/length key for C. gunnari prepared from otolith readings from the Falklands 
Protector survey January/Februaryl991, augmented to allocate lengths 18 and 19 
cm to age class 1. Figures in parentheses have been added as explained in section 
4.4 of this report. 

Age> 0 1 2 3 4 5 6 7 8 9 10 

Length 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 
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Table 9 (continued) 

Age> 0 1 2 3 4 5 6 7 8 9 10 
Length 9 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 0 0 0 0 0 
12 0 1 0 0 0 0 0 0 0 0 0 
13 0 2 0 0 0 0 0 0 0 0 0 
14 0 3 0 0 0 0 0 0 0 0 0 
15 0 3 0 0 0 0 0 0 0 0 0 
16 0 1 0 0 0 0 0 0 0 0 0 
17 0 1 0 0 0 0 0 0 0 0 0 
18 0 (1) 0 0 0 0 0 0 0 0 0 
19 0 (1) 0 0 0 0 0 0 0 0 0 
20 0 0 2 0 0 0 0 0 0 0 0 
21 0 0 6 0 0 0 0 0 0 0 0 
22 0 0 10 0 0 0 0 0 0 0 0 
23 0 0 12 0 0 0 0 0 0 0 0 
24 0 0 15 0 0 0 0 0 0 0 0 
25 0 0 24 0 0 0 0 0 0 0 0 
26 0 0 21 1 0 0 0 0 0 0 0 
27 0 0 11 6 0 0 0 0 0 0 0 
28 0 0 11 11 0 0 0 0 0 0 0 
29 0 0 4 10 1 0 0 0 0 0 0 
30 0 0 2 11 0 0 0 0 0 0 0 
31 0 0 0 18 3 0 0 0 0 0 0 
32 0 0 1 22 6 0 0 0 0 0 0 
33 0 0 0 12 7 0 0 0 0 0 0 

, 34 0 0 1 12 8 0 0 0 0 0 0 
35 0 0 0 11 11 0 0 0 0 0 0 
36 0 0 0 10 13 0 0 0 0 0 0 
37 0 0 0 7 11 0 0 0 0 0 0 
38 0 0 0 4 14 1 0 0 0 0 0 
39 0 0 0 3 5 2 0 0 0 0 0 
40 0 0 0 1 9 0 0 0 0 0 0 
41 0 0 0 0 12 2 0 0 0 0 0 
42 0 0 0 0 5 3 0 0 0 0 0 
43 0 0 0 0 1 2 0 0 0 0 0 
44 0 0 0 0 1 2 0 0 0 0 0 
45 0 0 0 0 1 2 0 0 0 0 0 
46 0 0 0 0 1 2 0 0 0 0 0 
47 0 0 0 0 0 2 1 1 0 0 0 
48 0 0 0 0 0 4 3 0 0 0 0 
49 0 0 0 0 0 1 3 0 0 0 0 
50 0 0 0 0 0 2 1 1 0 0 0 
51 0 0 0 0 0 0 1 1 1 0 0 
52 0 0 0 0 0 0 2 0 0 0 0 
53 0 0 0 0 0 0 1 1 0 0 0 
54 0 0 0 0 0 0 0 3 0 0 1 
55 0 0 0 0 0 0 0 0 0 0 0 
56 0 0 0 0 0 0 0 0 1 0 0 
57 0 0 0 0 0 0 0 0 0 0 0 
58 0 0 0 0 0 0 0 0 0 0 0 
59 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 
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Table 10: Age distributions of the catch (numbers %) for length, weight and age samples taken during the survey. All values are for South 
Georgia, and both sexes except where indicated. 

Age (years) 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C.gunnari 62.4 17.6 13.8 5.8 0.3 0.1 
C. gunnari Shag Rocks 0.4 44.7 45.0 9.8 
C. aceratus (male) 7.7 19.8 27.8 13.7 5.0 21.2 3.9 0.2 0.4 0.4 
C. aceratus (female) 4.3 17.2 14.4 13.6 10.7 19.8 7.7 5.2 3.6 2.7 0.7 
P. georgianus 10.9 41.6 30.3 11.4 5.8 0.1 
N. gibberifrons 7.2 11.0 11.9 15.1 15.0 15.4 11.0 3.5 3.8 2.3 2.4 1.1 0.4 
N. rossii 1.6 3.8 25.5 30.0 19.0 7.9 7.9 3.7 0.7 

Table 11: Age distributions of the catch (biomass %) for length, weight and age samples taken during the survey. All values are for South 
Georgia, and both sexes except where indicated. 

Age (years) 
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 

C.gunnari 17.4 21.2 36.2 21.9 2.3 0.7 0.4 
C. gunnari Shag Rocks 0.1 33.0 51.7 15.1 0.1 
C. aceratus (male) 0.4 4.4 13.4 14.9 7.3 48.1 8.9 0.6 1.0 1.0 
C. aceratus (female) 0.1 2.2 3.6 6.8 9.0 29.8 15.9 14.0 9.2 7.2 2.3 
P. georgianus 1.3 25.4 39.2 22.3 11.6 0.2 
N. gibberifrons 0.9 2.4 4.7 9.0 12.8 17.7 16.3 7.1 9.9 7.2 8.0 4.2 
N. rossii 0.4 1.8 168 28.1 21.6 10.4 12.8 67 1.4 I 

'-- -- --'- -'-
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Table 12: Mean length (cm) at age for length and age samples taken during the survey. All values are for South Georgia, except where indicated. 

Age (years) 
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

C. gunnari 15.7 24.7 31.4 35.2 42.2 48.9 
C. gunnari Shag Rocks 18.0 26.6 30.3 33.2 39.9* 

* 
C. aceratus (male) 17.8 26.2 32.0 40.0 43.3 49.1 49.1 53.1 51.0 51.0 
C. aceratus (female) 18.1 26.6 31.9 38.4 44.6 52.4 57.4 61.4 60.9 61.2 65.0 
P. georgianus 22.5 35.5 43.5 49.5 49.8 54.0 42.4 
N. gibberifrons 15.6 18.8 22.5 25.4 28.4 31.1 33.7 37.1 40.2 64.2 43.1 44.5 48.0 
N. rossii 30.8 39.0 43.5 49.1 52.6 55.2 59.3 61.8 

* Small sample size 

Table 13: Mean weight (g) at age for length and age samples taken during the survey. All values are for South Georgia, except where indicated. 

Age (years) 
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

C. gunnari (male) 20.4 87.8 191 275 493 780 
C. gunnari (female) 31.2 109 169 225 404* 1147 

* 
C. gunnari (male) Shag Rocks 15.2 114 197 254 415 
C. gunnari (female) Shag Rocks 22.9 111 168 217 
C. aceratus (male) 20.0 81.1 175 394 528 824 823 1083 939 939 
C. aceratus (female) 21.3 88.3 175 348 589 1051 1442 1870 1 779 1834 2236 
P. georgianus (male) 72.5 378 853 1219 1208 
P. georgianus (female) 76.0 374 724 1195 1347 1591 
N. gibberifrons 33.3 60.3 108 163 233 314 406 554 714 854 898 995 1271 
N. rossii 404 795 1112 1572 1914 2213 2728 3086 3479 

-
* Small sample size 



Table 14: Length at which 50% of the population are sexually mature (Lso) and percentage of 
fish by maturity stage from samples collected during the survey. All results refer to 
South Georgia unless specified. 

Maturity Stage 
Species Sex Lso 2 3 4 5 

C. gunnari M 27.3 62.9 36.3 0.8 0.0 

C. gunnari F 86.8 12.4 0.2 0.6 

C. gunnari Shag Rocks M 37.4 19.9 80.1 0.0 0.0 

C. gunnari Shag Rocks F 39.0 45.3 54.5 0.0 0.2 

C. aceratus M 42.7 53.2 46.8 0.0 0.0 

C. aceratus F 40.0 60.2 39.2 0.0 0.6 

P. georgianus M 42.4 43.4 56.2 0.0 0.4 

P. georgianus F 35.1 67.3 32.0 0.0 0.7 

N. gibberifrons M 27.8 82.6 17.2 0.0 0.2 

N. gibberifrons F 27.8 91.5 5.6 0.0 2.9 

N. rossii M 37.0 10.4 89.6 0.0 0.0 

N. rossii F 39.7 25.6 73.7 0.0 0.7 

D. eleginoides M 100.0 0.0 0.0 0.0 

D. eleginoides F 100.0 0.0 0.0 0.0 

D. eleginoides Shag Rocks M 56.4 100.0 0.0 0.0 0.0 

D. eleginoides Shag Rocks F 100.0 0.0 0.0 0.0 
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""" t-J Table 15: Comparison of biomass estimates (tonnes) with the results from previous surveys around South Georgia, including coefficient of 
variation (%). 

Species 1984/85 1985/86 
A CV B CV 

% % 

C. gunnari 15821 101 151293 95 

C. aceratus 11542 41 2659 31 

P. georgianus 8134 33 2010 50 

N. gibberifrons 15762 28 3252 28 

N. rossii 12718 100 11471 167 

D. eZeginoides 8159 76 - -

N. squamifrons - - - -

References: 

A - Kock (1985) SC-CAMLR-IV-BG/ll 
B - Balguerfas et al. (1987) (pelagic Trawl) 
C - Gabriel (1987) SC-CAMLR-VI-BG/12 
D - Sosinski and Skora (1987) 

1986/87 
C CV 

% 

50414 18 

11743 13 

5240 15 

13544 15 

4582 69 

1601 34 

39991 76 

E - McKenna and Saila (1988) SC-CAMLR-Vll-BG/23 
F - Sosinski (unpubl.) 
G - Parkes et al. (1989) WG-FSA-89/6 
H - Parkes et al. (1990) WG-FSA-90/11 

19886/87 
D 

47312 -

8621 -
5520 -

11234 -

1634 -

1208 -

13950 -

I - USSR Akademik Knipovich survey (1990) WG-FSA-90/13 
J - UKFalklands Protector survey (1991) WG-FSA-91 

Season 

1987/88 1987/88 1988/89 1989/90 1989/90 1990/91 
E CV F G CV H CV I CV J CV 

% % % % % 

15086 21 17913 - 21069 50 95405 63 333515 42 22285 16 

6642 12 6209 - 5770 14 14226 37 14424 26 13474 15 

11412 24 9461 - 8278 53 5761 28 12200 28 13948 19 

7189 13 7621 - 8510 17 12417 28 21891 23 28224 18 

1049 26 1699 - 2439 54 1481 76 3915 30 4295 49 

697 21 674 - 326 66 335 39 3020 33 885 37 

384 25 409 - 131 98 1690 - 5977 98 1374 43 
........ L. 
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Table 16: Comparison of biomass estimates (tonnes) with the results from previous surveys around Shag Rocks, including coefficient of 
variation (%). 

Species 1985/86 1986/87 
A CV% 

C. gunnari 62867 84 

C. aceratus 

P. georgianus 

N. gibberifrons 81690 44 

N. rossii 

D. eleginoides 

N. squamifrons 

P. b. guntheri 

References: 

A - Balguerias et al. (1987) (pelagic Trawl) 
B - Gabriel (1987) SC-CAMLR-VI/BG/12 

B 

10023 

363 

763 

30 

331 

C - McKenna and Saila (1988) SC-CAMLR-VII/BG/23 

CV% 

55 

45 

40 

57 

45 

D - USSR Akademik Knipovich survey (1990) WG-FSA-90/13 
E - Parkes et al. (1990) WG-FSA-90/11 
F - UKFalklands Frotector survey (1991) WG-FSA-91 

Season 

1987/88 1989/90 1989/90 1990/91 
C CV% D CV% E CV% F CV% 

1447 78 108653 31 54193 38 3919 75 

37 73 15 62 

609 10 267 39 117 34 

I 

408 17 1693 21 9631 55 19315 94 

42 - 414 55 120 44 631 33 

999 27 1918 45 13608 90 584 45 
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Figure 1: Stations sampled during the Falklands Protector survey,January/February 1991. 
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Figure 4: Catch rates, C. aceratus, Falklands Protector, January/February 1991. 
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Figure 6: Catch rates, N. gibberijrons, Falklands Protector, January/February 1991. 
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~ Figure 9: Catch rates, D. eleginoides, Falklands Protector, January/February 1991. 
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Figure 10: C. gunnari, South Georgia. 
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Figure 12: C. aceratus, South Georgia. 
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Figure 14: D. eleginoides, South Georgia. 



(]) 

Ol 
aJ 

+-.1 
C 
(]) 
U 
L 
(]) 

CL 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o 
o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 

Lenoth class (cm) 

~ Figure 15: D. eleginoides, Shag Rocks. 



8 

(]) 
Ol 
co 
+-' 
C 
(]) 
() 
L. 
(]) 

CL 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o 
o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 

Length class (cm) 

Figure 16: N. rossii, South Georgia. 
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Liste des tableaux 

Tableau 1: Heures (GMT - 3 heures) et localisation des stations echantillonnees. 

Tableau 2: Couverture de l'echantillonnage effectue autour de la Georgie du Sud et des 110ts 
Shag. 

Tableau 3: Taille du maillage du chalut de fond utilise pour la campagne d'evaluation dans la 
Georgie du Sud en 1990/91. 

Tableau 4: Capture par espece et nombre de stations auxquelles les especes ont ete capturees 
dans la region de Georgie du Sud. 

Tableau 5: Capture par espece et nombre de stations auxquelles les especes ont ete capturees 
dans la region des 110ts Shag. 

Tableau 6: Estimations de biomasse des especes les plus communes aux alentours de la 
Georgie du Sud, calculees par la methode de l'aire balayee. cv = coefficient de 
variation de l'estimation (Saville, 1977). 

Tableau 7: Estimations de biomasse des especes les plus communes aux alentours des 110ts 
Shag, calcuIees par la methode de l'aire balayee. cv = coefficient de variation de 
l'estimation (Saville, 1977). 

Tableau 8: Rapports longueur/poids it partir des mensurations obtenues pendant la 
campagne d'evaluation; longueur en cm, poids en g, (regression lineaire des 
moindres carres sur les donnees apres transformation loge). 

Tableau 9: Cle age/longueur pour C. gunnari, calculee it partir de lectures d'otolithes de la 
campagne d'evaluation du Falklands Protector de janvier/fevrier 1991, 
augmentee pour allouer les longueurs de 18 et 19 cm a la c1asse d'age 1. Les 
chiffres entre parentheses ont ete ajoutes selon les explications de la section 4.4 
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Abstract 

A method of determining the rate of natural mortality, based on the 
construction of a regression between the rate of annual fishing mortality 
(determined by VPA) and fishing effort, is described. The intersect of 
this regression must be equal to zero if the natural mortality rate has 
been correctly identified and something other than zero if it has not been 
correctly chosen. Data for Champsocephalus gunnari in Subarea 48.3 
are used to show that the described method is sound. When a mistake 
is made in the choice of natural mortality coefficient, the estimate of the 
intercept of the regression is other than zero. A bias in the intercept will 
be positive if the assumed natural mortality coefficient is less than the 
"true" value and close to zero or slightly greater than zero if the 
assumed value is greater than the "true" one . 

. Resume 

Description d'une methode· permettant de determiner le taux de 
mortalite naturelle a.' partir de la construction d'une regression entre le 
taux de mortalite par peche annuel (etabli par VPA) et l'effort de peche. 
Le point d'intersection de cette regression doit etre egal a zero si le taux 
de mortalite naturelle a ete identifie correctement, et, s'il est different de 
zero, celui-ci est incorrect. Les donnees sur Champsocephalus gunnari 
de la sous-zone 48.3 sont utili sees pour prouver que la methode decrite 
est fiable. Si le talix de mortalite naturelle n'est pas correctement 
choisi, l'estimation .. du point d'intersection de la regression est 
differente de zero. Tout biais dans le point d'intersection sera positif si 
le taux presume de mortalite naturelle est inferieur a la valeur "reelle". 

Pe310Me 

OmICaH MeTO,ll pac4eTa KOocp<lnu~ueHTa eCTeCTBeHHOH 

CMepTHOCTU, OCHOBaHHbIH Ha nOCTpoeHUU perpeccuu Me)J{,llY 

KOocpcpm~ueHTOM e)J{erO,llHOH npOMbICJIOBOH CMepTHOCTU 

(onpe,lleJIeHHbIM npu nOMOlQU VPA) U npOMbICJIOBbIM YCUJIUeM. 

CBo60,llHbIH 4JIeH inOH perpeccuu ,llOJI)J{eH paBH5.ITbC5.I HYJIIO, B 

CJIY4ae eCJIU KOocpcpu~ueHT eCTeCTBeHHOH CMepTHOCTU 

onpe,lleJIeH npaBUJIbHO, U 6bITb OT JIU4HbIM OT HYJI5.I, B CJIY4ae 

Onm6KH. l{aHHble no Champsocephalus gunnari B IIO,llpaHOHe 48.3 
UCnOJIb30BaHbI ,llJI5.I nO,llTBep)J{,lleHU5.I ~eJIeC006pa3HOCTU 
onucaHHoro MeTO,lla. IIpu cOBepIlIeHuu oIlIu6KU B BbI60pe 

Koocpcpm~ueHTa eCTecTBeHHoH cMepTHocTU, cBo6o,llHbIH 4JIeH 

3TOH perpeccuu 6Y,lleT OT JIW~eH OT HY JI5.I. HaKJIOH nepeCe4eHU5.I 

6Y,lleT nOJIo)J{uTeJIbHbIM, eCJIU npe,llnOJIo)J{eHHbIH K03cpcpu~ueHT 
eCTecTBeHHoH cMepTHocTU MeHbIlIe 4eM "UcTuHHoe" 3Ha4eHue. 

The Atlantic Research Institute of Fisheries and Dceanography, 5 Dimitry Donskoy St., Kaliningrad 236000 
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Resumen 

Se describe un metodo para determinar el indice de mortalidad natural 
basado en la construccion de una regresion entre el indice de mortalidad 
por pesca anual (determinado por el VPA) y el esfuerzo pesquero. Si el 
indice de mortalidad natural se ha identificado correctamente, la 
interseccion de esta regresion debeni ser igual a cero. Se emplearon los 
datos de Champsocephalus gunnari de la Subarea 48.3 para demostrar 
que el metodo descrito esm correcto. Cuando la seleccion del indice de 
la mortalidad natural es err6nea, la estimaci6n de la interseccion de la 
regresion es diferente a cero. El sesgo de la intersecci6n sera positivo 
si el indice de mortalidad natural supuesto es menor que el valor "real". 

1. INTRODUCTION 

In 1989, in the papers by Shlibanov (1989) and Sparre (1989) natural mortality rates for 
Patagonotothen guntheri estimated by different methods were calculated as 0.48, 0.63, 0.72, 
0.83, 0.94 and 1.06. The values were so obviously scattered that they gave rise to extreme 
uncertainty in assessment of this commercial species. In a special study of this species, 
Gasyukov and Dorovskikh (1990) suggested a new approach to the determination of natural 
mortality. They concluded that the natural mortality rate of 0.9 was the most likely value for 
P. guntheri in Subarea 48.3. 

A similar situation arose regarding estimation of the natural mortality rate for 
Champsocephalus gunnari in Subarea 48.3. A value of 0.56 obtained by Frolkina and 
Dorovskikh (1989) differed from the value of 0.35 used by the Working Group on Fish Stock 
Assessment (WG-FSA) in previous years. In 1990 the same authors confirmed the natural 
mortality rate of 0.56 by using a large amount of original data and the approach outlined in 
Gasyukov and Dorovskikh (1990). 

A discussion of this approach for verifying the natural mortality rate calculation held at 
the meeting of the WG-FSA (CCAMLR, 1990) indicated that the scientific justification for using 
the method of Gasyukov and Dorovskikh (1990) would be improved if its behaviour and 
performance were to be studied by means of mathematical simulation. 

2. METHODS FOR REFINING NATURAL MORTALITY RATE CALCULATIONS 

The method of Gasyukov and Dorovskikh, (1990) is very close to Paloheimo method 
(Ricker, 1975). It is based on the construction of a regression between the rate of annual 
fishing mortality and fishing effort and the premise that the intersect of this regression should 
be equal to zero when the value of natural mortality chosen is correct (see Frolkina and 
Dorovskikh, 1990). Age composition of the catches, Ca.)!, for a series of years and 
standardised values of fishing effort Ey, y = 1,2 ..... n were used as the initial data. A set of 
possible values of natural mortality Mi, i = 1,2, ..... j is assumed to be known. Then the 
algorithm for the determination of natural mortality consists of the following steps: 
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Mortality Algorithm 

(i) a specific value of natural mortality Mi is selected from the set of its possible 
values; 



(ii) a VP A is run, tuned to fishing effort data by one of the methods of Pope and 
Shepherd (1985). The tuning method which would correspond studies of a given 
fish species is preferable; 

(ill) the VPA is used to compute the annual fishing mortality Fay, and abundance Na,y 
rates by age and fishing year, where terminal fishing mortality rates and fishing 
mortality rates for the oldest age group by fishing year are estimated by the tuning 
algorithm; 

(iv) mean weighted values of annual fishing mortality, F y, for all age groups fully 
represented in the catch beginning from age ar is: 

ak 
F y = L Wa,y x F a,y 

a=a/ 

where Wa,y are weight factors. 

(v) regression equation parameters ai, ad and bi are found from: 

where the index i corresponds to selected natural mortality rate; 

(vi) steps 2 to 5 are then repeated for a range of values of natural mortality. 

(1) 

(2) 

The main principle of the natural mortality rate verification is based on an assumption 
that if the selected natural mortality rate M is correct, then the factor a in regression equation (2) 
will be equal to zero (fishing effort is proportional to fishing mortality). In practical 
calculations, with regard for the random pattern of the initial data and the final sample amount it 
will be reasonable to apply the statistical null hypotheses that this factor is equal to zero. 

It should be noted that steps (iv) and (v) can be accomplished by a number of methods. 
Mean weighted fishing mortality rates in particular, can be estimated using corresponding age 
group abundance values, 

W _ Na,y 
a,y - r,N 

a,y 

or using factors recommended by Shepherd (1982): 

-z [ -z ] F e a,Y 1-e a,Y 
a,y 

Wa,y = 

(3) 

(4) 

For determination of regression equation parameters (2) both the algorithm of simple 
and that of functional regressions can be used (Ricker, 1975). 

3. SIMULATION DESCRIPTION 

The method of simulation has been widely used, especially recently, for resolving 
various problems and a description can be found in Butterworth (1988). This method has been 
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used in CCAMLR by Basson and Beddington (1989), Kock (1989), De la Mare and Constable 
(1990). 

A model proposed by Butterworth (ICSEAF, 1989) and simplified for our modelling 
study seems to be most consistent with our objectives. 
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The basic relationships in the Butterworth (1988) model are: 

Simulation model 

(i) Main relationships of abundance dynamics 

N - N (-za,y) 
a+ 1,y+ 1 - a,ye 

where Sa is selectivity at age a ; 

Fy is total fishing mortality at year y; 

Y = 1,2, .... , Yk· 

(ii) "Stock recruitment" ratio: 

No 1 =e {.y- an . <P (B ). 
,y+ y , 

Wa,y = ± [Wa+l/2,y + Wa-l/2,y] for a> 0, 

Wa,y = WO,y = wl/2,y for a = 0, 

am = age at first maturity; 

where Cl> is an expression which describes dependence of recruitment rate on parent 
stock size; 

E is random number from normal distribution with mean 0 and variance 0;. 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 



(ill) The catch weight: 

Cy = L Wa+.!. y Na,y Sa,y FA 1-e -Za,y) / Za,y 
2' 

(12) 

(iv) Correlation between fishing effort and fishing mortality: 

(13) 

where q is catchability factor. 

(v) Catch-at-age and fishing year, Ca,y: 

(14) 

Thus the only element of this model that is subject to random error is recruitment. All 
other parameters are derived empirically, in contrast to the complete Butterworth (1988) model 
in which many components are subject to error. 

For simulation of population dynamics the following initial data are required: 

ak - number of age groups; 

Yk - number of fishing years; 

M - natural mortality rate; 

Wa,y or Wa - mean weight-at-age (and fishing year); 

Na,O - distribution of abundance by age during the zero fishing year; 

Cy - total catch by weight by fishing years; 

q - catchability factor; 

Sa - age selectivity factor; 

(J~ - the variation of the random component in expression (7) and the parameters of 
"stock-recruitment" ratio. 

The algorithm of simulation involves the following stages: 

(i) the abundance of zero group in the first fishing year is estimated from equation 

(8); 

(ii) the abundance values Na,l, a = 1,2, .... ,ak are computed from the formula: 

(iii) for each y,y = 1,2, .... ,yk: 
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(a) age selectivity values Sa,y are computed from fonnula (7); 

(b) total fishing mortality Fy is estimated from equation (12) with the use of the 
present value of Cy; 

(c) fishing effort Ey is deduced from (13); 

(d) "real" catch C~,y is computed for a = 1,2, .... ,ak from (14); 

(e) ify #Yk. NO,y+l is produced from (8) and from (5) N a,y+l is found for a = 
1,2, .... ,ak. 

Thus the major output infonnation for each model run comprises: 

• 
• 

matrix of catch-at-age and fishing year Ca,y; 
fishing effort by fishing year Ey • 

A general procedure for the study of natural mortality rate specification with the use of 
this simulation is as follows: 

(i) the value of M for a single simulation of commercial population dynamics is set; 

(ii) the number of model runs P for the simulation is detennined; 

(ill) simulation of population dynamics is made in accordance with the 

above-mentioned model which results in the values of C~), E~P)for pEP. 

(iv) the simulation is run for a number of values of natural mortality Mi, i = 1,2 .. .j. 
The result of this algorithm are the intersect values of the regression equation (2). 

(v) calculation of final statistics for each assumed M rate. 

The null hypothesis is that the intercept of equation (2) will equal zero when the value of 
M used is equal to the true value of M. 

4. DATA USED 

For running this simulation model a number of parameters and values are required. It 
was decided that it was better to use real data from the fishery for this purpose and as an 
example the C. gunnari fishery in Subarea 48.3 was chosen. 

The required initial parameters and values were computed from actual data used for 
stock assessment purposes (Gasyukov, 1990). Corresponding values of catch-at-age and 
fishing year, and fish mean weight are given in Tables 1 and 2. The catch by weight of 
C. gunnari in Subarea 48.3 and standardised values of fishing effort computed by means of the 
multiplicative model (Gasyukov, 1990) are presented in Table 3. 

The abundance values and fishing mortality rates were estimated by the VPA tuned by 
the Laurec-Shepherd method (Pope and Shepherd, 1985). The corresponding values are given 
in Tables 4 and 5. 
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Thus the following values were taken as initial ones: 

M = 0.56; 
ak=6; 
Yk=8; 
at=3; 
a =36.85; 
f3 = 0.0113; 
q = 0.000115; 
(J r = 0.7008; 
P = 1000 (number of simulation runs). 

Age selectivity rates and initial values of abundance during the zero year had the 
following values: 

Age group, a 

Sa 

Na,oxl0-6 

1 

0.0215 

941.8 

2 

0.174 

1216.3 

3 

0.692 

233.2 

4 

0.568 

71.2 

5 

0.761 

25.6 

6 

0.759 

14.6 

Thus together with the mean fish weight data from Table 2, the above-stated parameters 
form the necessary basis for running of simulation model for C. gunnari from Subarea 48.3. 

5. COMPUTATION RESULTS AND THEIR DISCUSSION 

Two variants of the mortality algorithm were used, specified for estimation of the mean 
fishing mortality for major age groups, by weighting by abundance (equation 3) or by catch 
(4). 

For each value of natural mortality rate out of the set of its assumed values 1 000 runs of 
the model were made. The results of simulation took the shape of histograms of values of 
intersect of regression equation with the mean and median values. 

Corresponding results are presented in Table 6 and shown in Figure 1. 

First of all, similarity of the results obtained from both computation variants are worth 
noting. If the assumed natural mortality rate values are less than the "ideal" one, then the values 
of the intersect have a positive shift, whereas if the values are greater than the "ideal" one, this 
shift is negative. Irrespective of weighting method used for computation of the mean weighted 
fishing mortality rate, the values of the intersect appeared to be close for the two weighting 
methods. Although the sign of the shift is the same, its range appears to be greater when 
weighting by C than when weighting by N. The difference between zero and the intercept is 
minimal if the assumed value of M is close to the "ideal" one and maximal if the assumed value 
is much greater than the "ideal" one. 

The simulated distribution of values of the intersect has a marked assymetrical pattern 
with assumed values of M which significantly differ from the "ideal" value and is close in its 
shape to normal distribution of the values close to the "ideal" one. 

Two peculiar features of the values were revealed from simulation results. Firstly, if the 
assumed value of M exceeds the "ideal" one, then the shift of the absolute intersect values is 
very small and markedly unlike the difference between the "ideal" and assumed values of M. 
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For example, with the assumed M of 0.72 the value of this shift is not greater than 0.02 to 0.04 
and is comparable with the value of shift with the "ideal" value of M (Figure 1). 

This fact has a theoretical foundation. In his paper, Hilden (1988) showed that if the 
error /), M is introduced to the natural mortality rate when performing the VPA, then the below is 
true: 

, 
where Ft is the fishing mortality rate value produced from VPA, with incorrect natural 

mortality rate M+ /), M; 

, 
Ft is "ideal" value of fishing mortality rate. Then if /), M is positive, Ft will be closer 

to Ft than in case when /), M is negative. This was the feature confirmed by the simulation 
results. 

The second peculiarity of the values lies in the fact that the shift of the value of the 
regression equation intersect in all cases appeared to be smaller in terms of absolute value than 
deviation of the assumed M from its "ideal" value. No theoretical explanation was found for 
this case. Evidently this can be hardly done in a general form as fishing mortality rate values 
produced by the VPA depend not only on /),M but also on the values of F for preceding age 
groups (Hilden, 1988). 

However, in general, the results of simulation showed that the suggested approach 
(Gasyukov and Dorovskikh, 1990) makes it possible to specify the value of natural mortality 
rate for commercial fishes. 

6. CONCLUSION 

The suggested method for deriving natural mortality rate is based on a regression 
equation between the fishing mortality rate computed from the VPA using an assumed natural 
mortality rate, and fishing effort. If the selected natural mortality rate is correct, the intersect of 
this equation will be close to zero. Otherwise its value will be different from zero. 

The study carried out with the use of the mathematical simulation by using C. gunnari 
fishing in Subarea 48.3 as an example showed that the suggested approach gives reliable 
estimates. If there is an error in the natural mortality rate, the absolute intersect (a) in equation 
(2) is different from zero; the shift has a positive sign if the assumed value of the natural 
mortality rate is smaller than the "ideal" one, but close to zero or somewhat greater than zero if 
the assumed value is greater than the "ideal" one. 

76 



REFERENCES 

BASSON, M. and J.R. BEDDINGTON. 1989. Effects of variable recruitment on the potential 
yield of the C. gunnari stock around South Georgia. Document SC-CAMLR-V/IIIBG/42. 
CCAMLR, Hobart, Australia: pp. 16. 

BUTTERWORTH, D.S. 1988. Some recommendations regarding the assessment methodologies 
used by ICSEAF. Colln. scient. Pap. into Comm. SE Atl. Fish. 15(1): 107-155. 

CCAMLR. 1990. Report of the Working Group on Fish Stock Assessment. In: Report of the 
Ninth Meeting of the Scientific Committee (SC-CAMLR-IX), Annex 5. CCAMLR, 
Hobart, Australia: 171-327. 

FROLKINA, G.A. and R.S. DOROVSKIKH. 1990. On the instantaneous mortality rate of 
Champsocephalus gunnari, South Georgia (Subarea 48.3). Document WG-FSA-90/31. 
CCAMLR, Hobart, Australia. 

FROLKINA, zh. A. and R.S. DOROVSKIKH. 1989. On assessment of Bertalanffy Growth 
Equation Parameters and Instantaneous Natural Mortality Rate of South Georgia 
Mackerel Icefish. In: Selected Scientific Papers 1989 (SC-CAMLR-SSP/6). CCAMLR, 
Hobart, Australia: pp. 29-36. 

GASYUKOV, P.S. 1990. State of stock and TAC assessment for Champsocephalus gunnari 
from the area of South Georgia (Subarea 48.3) for 1990/91 season. Document 
WG-FSA-90126. CCAMLR, Hobart, Australia: pp. 22. 

GASYUKOV, P.S. 1990. Standardisation of fishing effort for Champsocephalus gunnari in the 
area of South Georgia Island (Subarea 48.3). Document WG-FSA-90127. CCAMLR, 
Hobart, Australia. 

GASYUKOV. P.S. and R.S. DOROVSKIKH. 1990. State of stock and TAC assessment of 
Patagonotothen guntheri for 1990/91 season in the area of South Georgia (Subarea 
48.3). Document WG-FSA-90/28. CCAMLR, Hobart, Australia: pp. 22. 

ICSEAF. 1989. Proceedings and Reports of Meetings 1989 (Provisional Edition). 

HILDEN, M. 1988. Errors of perception in stock and recruitment studies due to wrong choices 
of natural mortality rate in virtual population analysis. J. Cons. into Explor. Mer. 44: 
123-134. 

KOCK, K.-H. 1989. Reproduction in the Atlantic icefish Champsocephalus gunnari and its 
implications for fisheries management in the Atlantic sector of the Southern Ocean. 
Document SC-CAMLR-VIIIIBGI16. CCAMLR, Hobart, Australia: pp. 17. 

DE LA MARE, W.K. and A. CONSTABLE. 1990. Refinements of the strategy for managing 
depleted fish stocks based on CCAMLR objectives. Document SC-CAMLR-IXIBG/14. 
CCAMLR, Hobart, Australia: pp. 10. 

POPE, LG. and J.G. SHEPHERD. A comparison of the performance of various methods for 
tuning VPAs using effort data. J. Cons. into Explor. Mer., 42: 129-151. 

RICKER, W.E. 1975. Computation and interpretation of biological statistics of fish population. 
Bull. Fish. Res. Board Can. 191: 382 p. 

SHEPHERD, LG. 1982. Two measures of overall fishing mortality. ICES CM 1982IG:2, 
pp. 12. 

77 



SHLIBANOV, V.I. 1989. Growth and natural mortality of Patagonian rockcod (Patagonotothen 
guntheri shagensis) from Shag Rocks shelf. In: Selected Scientific Papers, 1989 
(SC-CAMLR-SSP/6). CCAMLR, Hobart, Australia: pp. 111-121. 

SPARRE, P. 1989. Some comments on the estimation of natural mortality for C. gunnari, 
N. squamifrons and P.b. guntheri, based on Soviet data. In: Report of the Eighth 
Meeting of the Scientific Committee (SC-CAMLR-Vl/I), Annex 6. CCAMLR, Hobart, 
Australia: Annex 6: 294-300. 

78 



Table 1. Age composition of catches of C. gunnari (n x 1()6). 

82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 

1 25.97 98.63 5.28 21.64 6.92 8.60 10.25 1.81 
2 162.20 167.08 18.20 39.62 207.12 12.42 128.89 3.13 
3 428.08 120.92 47.05 34.01 276.94 70.06 14.47 29.09 
4 68.13 76.11 12.71 1.89 19.31 35.51 9.18 3.16 
5 24.97 21.54 1.800 0.670 4.210 25.16 11.49 1.83 
6 8.55 4.31 0.540 0.130 0.700 6.85 2.31 0.89 

Total 717.9 488.6 85.6 98.0 515.2 158.6 176.6 39.9 

Table 2. Average fish mass (in grams) for C. gunnari in Subarea 48.3 

82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 

1 29.7 35.8 23.4 29.7 24.9 17.7 23.4 19.2 
2 87.8 97.2 79.0 87.8 81.9 70.6 79.0 74.6 
3 175.8 189.0 163.3 175.8 167.4 151.0 163.3 160.7 
4 291.8 308.0 276.0 291.8 281.2 260.5 276.0 293.0 
5 430.2 448.9 411.9 430.2 418.0 393.8 411.9 467.0 
6 585.2 605.5 565.2 585.2 571.8 545.3 565.2 615.0 

Table 3. Catch in weight and standardised effort. 

Year Total catch Effort 

80/81 29464 14142 
81/82 47454 7182 
82/83 131576 20420 
83/84 80664 15798 
84/85 14293 2984 
85/86 11368 4483 
86/87 71853 20035 
87/88 37736 15941 
88/89 22213 7972 
89/90 7268 1497 
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Table 4. Population numbers of C. gunnari in Subarea 48.3 (x106). 

82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 

1 952.2 945.0 1796.2 1091.5 461.3 1803.8 1175.0 1049.7 
2 542.3 524.6 466.7 1022.0 607.4 258.3 1023.9 663.5 
3 696.5 191.4 178.0 253.0 554.3 196.4 138.3 489.5 
4 133.6 97.7 24.8 67.2 119.4 119.0 61.3 68.3 
5 40.9 27.8 4.6 5.1 37.0 54.0 42.0 28.3 
6 14.7 5.8 1.3 1.3 2.4 18.0 12.8 15.6 

Total 2380 1792.2 2471.5 2440.2 1781.7 2449.4 2453.4 2314.9 

Table 5. Fishing mortality rate of C. gunnari in Subarea 48.3. 

82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 

1 0.036 0.145 0.004 0.026 0.020 0.006 0.011 0.002 
2 0.481 0.521 0.052 0.052 0.569 0.065 0.178 0.006 
3 1.404 1.482 0.414 0.191 0.979 0.604 0.146 0.080 
4 1.011 2.504 1.018 0.037 0.234 0.480 0.215 0.062 
5 1.389 2.469 0.691 0.185 0.160 0.880 0.431 0.089 
6 1.269 2.154 0.710 0.138 0.459 0.658 0.265 0.077 

Table 6. Intercept values of regression equation from the results of simulation runs. 

Weighin! by N Weighing by C 

Value ofa Discard interval Valueofa Discard interval 

M Mean median a in histogram Mean median a in histogram 

0.35 0.087 0.082 [0.056 , 0.177] : 0.102 0.083 [0.045 ; 0.302] 

0.48 0.042 0.039 [-0.012 , 0.115] : 0.065 0.050 [0.019 ; 0.196] 

0.56 0.014 0.016 [-0.086 , 0.082] : 0.038 0.025 [0.005 ; 0.146] 

0.72 -0.036 -0.025 [-0.189 , 0.019] : -0.012 -0.016 [-0.048 ; 0.058] 

1.00 -0.084 -0.051 [-0.414 , -0.030] : -0.062 -0.047 [-0.177 ; 0.009] 
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Figure 1: Histograms of intersect values of regression equation resulting from simulation 
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BIOLOGIE ET EXPLOITATION DE DISSOSTICHUS ELEGINOIDES 
AUTOUR DES ILES KERGUELEN (DIVISION 58.5.1) 

Guy Duhame1* 

Abstract 

Dissostichus eZeginoides is becoming an increasingly important species 
in the fisheries of the Southern Ocean. In Division 58.5.1, a directed 
trawl fishery has been in operation since 1984/85 and has expanded in 
the deep western sector of the Kerguelen Shelf. This fishery harvests 
the sub-adult/adult part of the stock. Fishing effort and corresponding 
catches are very variable from year to year and highly dependent on the 
harvestable resources of ChampsocephaZus gunnari. Vital biological 
information on population dynamics, as well as demographic structures 
and trends observed in an abundance index, is provided. Prospects for 
exploitation are discussed with respect to the development of fishing 
methods. 

Resume 

Dissostichus eleginoides constitue de plus en plus une espece 
importante dans les pecheries de l'ocean Austral. Dans la 
division 58.5.1 une peche dirigee au chalut existe depuis 1984/85 et 
s'est developpee dans le secteur ouest profond du plateau de 
Kerguelen. Cette pecherie exploite la partie sub-adulte et adulte du 
stock. L'effort de peche et les captures correspondantes sont tres 
variables d'une annee a l'autre et fortement dependants des ressources 
exploitables en ChampsocephaZus gunnari. Des informations 
biologiques indispensables en dynamique des populations, les 
structures demographiques et les tendances observees a partir d'un 
indice d'abondance sont fournies. Les perspectives d'exploitation sont 
discutees en fonction du developpement des methodes de peche. 

Pe310Me 

Dissostichus eZeginoides npu06peTaeT Bce 60JIbIllee 3Ha4eHue KaK 

npOMbICJIOBbIH BU,l{ B IO)I{HOM OKeaHe. HanpaBJIeHHbIH TpaJIOBbIH 

npOMbICeJI Be,l{eTC5I Ha Y4acTKe 58.5.1 C 1984/85 r. U B 

HaCT05Ill(ee BpeM5I UMeeT MeCTO B rJIy60KoH 3ana,l{HoH 4aCTU 

IlleJIb<pa O-BOB KepreJIeH. 06JIaBJIUBaIOTC5I HenOJIOB03peJIbIe U 

B3pOCJIbIe oc06u 3anaca. IIPOMbICJIOBOe YCUJIue U 

COOTBeTCTBYIOll(Ue Y JIOBbI CUJIbHO U3MeH5IIOTC5I U3 rO,l{a B ro,l{ U 

B 3Ha4UTeJIbHOH Mepe 3aBUC5IT OT 3KCnJIyaTupyeMbIx pecypcoB 

Champsocephalus gunnari. B ,l{aHHOH pa60Te rrpUBO,l{UTC5I 

KJII04eBa5I UH<popMaIJ;U5I 0 ,l{UHaMUKe nonyJI5IIJ;UU, a TaK:>Ke 0 

,l{eMorpa<pU4eCKUX CTpyKTypax U TeH,l{eHIJ;U5IX, 3aMe4eHHbIX B 

nOKa3aTeJIe 4UCJIeHHOCTU. PaCCMaTpUBaeTC5I Borrpoc 0 

nepcneKTUBax ,l{JI5I npOMbICJIa B 3aBUCUMOCTU OT 

COBepIlleHCTBOBaHU5I MeTO,l{OB era Be,l{eHU5I. 

* Museum National d'Histoire Naturelle, Laboratoire d'Ichtyologie generale et appliquee, 43 rue Cuvier, 
75231 Paris, Cedex 05, France 
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Resumen 

Dissostichus eZeginoides es una de las especies del Oceano austral cuya 
importancia va en aumento. Desde la temporada 1984/85 existe una 
pesqueria de arrastre en la Division 58.5.1, que se ha extendido al 
sector oriental de la plataforma de la isla Kerguelen. Esta pesquena se 
concentra en la captura de los peces adultos y subadultos de la 
poblacion. El esfuerzo pesquero y las capturas varian 
considerablemente de un afio a otro y dependen en gran manera de los 
recursos explotables de ChampsocephaZus gunnari. Se ofrece 
informacion biologica esencial sobre la dillllmica de las poblaciones, asi 
como de la estructura demognifica de la poblacion y las tendencias 
observadas en un indice de abundancia. Se examinan las perspectivas 
de explotacion en funcion del perfeccionamiento de los metodos de 
pesca. 

1. INTRODUCTION 

La peche dirigee de Dissostichus eZeginoides est une caracteristique recente de la 
pecherie des lIes Kerguelen. EIle resulte de la decouverte en 1984/85 de fonds de peche 
correspondant aux concentrations de sub-adultes/adultes de cette espece dans le secteur ouest 
profond du plateau des lIes Kerguelen. Auparavant la pecherie s'interessait aux trois autres 
especes abondantes (ChampsocephaZus gunnari, Notothenia rossii et Notothenia squamifrons) 
beaucoup plus facilement exploitables en raison de la connaissance des zones de peche acquise 
par les pecheurs depuis le debut des annees 1970. La rarefaction de N. squamifrons, la 
limitation de la peche dirigee sur N. rossii et les annees creuses dans l'exploitation de 
C. gunnari ont bouleverse les habitudes et oblige les pecheurs a reprendrela prospection. Vne 
nouvelle orientation de l' effort de peche sur D. eZeginoides en a resulte d' autant que cette espece 
presente une haute valeur commerciale. 

La connaissance de la biologie de cette espece est cependant encore fort incomplete 
particulierement pour la phase adulte. Ces informations sont pourtant indispensables pour 
l'interpretation des statistiques de peche qui prouvent que l'on assiste a un developpement de 
peche dirigee. 11 est donc utile de presenter les resultats obtenus a partir des programmes 
scientifiques confies aux observateurs embarques sur les chalutiers et recemment sur un 
palangrier. 

2. MATERIEL ET METHODE 

Le programme scientifique developpe pour la pecherie des lIes Kerguelen depuis 
1979/80 (Duhamel, 1987a) s'applique a l'etude de la biologie et de l'exploitation de 
D. eZeginoides. Il est realise a bord de tout navire en operation autour des lIes Kerguelen. 

Des mensurations regulieres (echantillonnages aleatoires des captures avec comme unite 
de mesure retenue: le centimetre inferieur) sont realisees en individualisant les chalutages. Des 
prelevements biologiques concommittants (prelevements d'ecailles et d'otolithes pour la 
determination ulterieure de l'age, analyse et prelevements de gonades pour l'etude de la 
maturation sexueIle et de la reproduction, analyse de contenus stomacaux pour l'etude du 
regime alimentaire) sont effectues regulierement et suivent les recommandations pour l' etude 
des especes de l'ocean Austral. 

Les carnets de peche obligatoires permettent de recueillir l' ensemble des statistiques de 
peche. Leur exploitation se fait a partir de la banque de donnees KERPECHE qui regroupe ainsi 
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quelque 37 000 chalutages depuis 1979/80. Les applications permettent d'obtenir les captures 
totales et par espece, les rendements, la localisation geographique et bathymetrique des 
chalutages. Les donnees biologiques peuvent ainsi etre directement reliees aces resultats. 

3. RESULTATS 

3.1 Principaux traits de la biologie de Dissostichus eleginoides 

D. eleginoides est l'espece de poisson qui atteint les plus grandes tailles (lIes Kerguelen: 
Lt maximale observee = 215 cm) dans l'ocean Austral tout comme son congenere plus 
antarctique Dissostichus mawsoni. Sa distribution geographique est vaste, circumantarctique, 
et principalement localisee au nord ou en limite (Georgie du Sud par exemple) du front polaire. 

11 a ete demontre (Duhamel, 1987a), a partir de l'analyse des captures dans deux 
secteurs de la partie indienne de l'ocean Austral (Crozet: sous-zone 58.6; Kerguelen: division 
58.5.1), qu'avec la croissance D. eleginoides effectuait une migration bathymetrique. Les 
analyses des distributions de frequences de longueurs, stratifiees par profondeur, montrent bien 
cette migration des poissons les plus ages vers les grandes profondeufs (Figure 1). Chaque 
groupe de taille est ainsi representatif d'un intervalle bathymetrique, ce qui permet indirectement 
de connaitre avec precision l'origine des captures d'un chalutage puisque ce resultat est valable 
pour tous les secteurs geographiques de la zone concemee. Ainsi, au niveau des iles Kerguelen 
les juveniles sont rencontres au-dessus du vaste plateau peri-insulaire ou ils adoptent un 
comportement alimentaire tres similaire a celui de C. gunnari (predation sur les crustaces 
pelagiques). Avec la croissance une tendance ichtyophage est plutot constatee (>85% du 
regime alimentaire) lorsque les individus frequentent les accores du plateau (proies 
preferentielles: C. gunnari et Myctophidae du genre Gymnoscopelus). Enfin les adultes 
rencontres en grande profondeur (talus, au-dela de 400 m) continuent leur modification de 
regime alimentaire en incluant une forte proportion de cephalopodes (calmars du genre 
Histiotheuthis) au reste des proies toujours constituees de poissons, en particulier 
Paradiplospinus gracilis (Duhamel, 1981; Chechun, 1984; Duhamel1987a et b). 

Les determinations de l'age effectuees a partir des lectures d'ecailles (Duhamel, 1987a) 
indiquent que la croissance en longueur est rapide les premieres annees et atteint parfois 10 cm 
annuellement. Certaines classes d'age (I et II particulierement) peuvent etre ainsi aisement 
distinguees par des pics d'abondance dans les distributions de frequences de longueurs. Cette 
croissance reste toujours consequente ulterieurement (7 a 10 cm par an). Les individus de 
100 cm sont ainsi ages d'environ 11 ans et les individus de 160 cm depassent une lecture de 
17 ans, ce qui permet d'imaginer l'age respectable que peuvent atteindre des specimens de plus 
de 200 cm. Les groupes de taille les plus frequemment observes dans les captures au chalut 
(30-60 a 50-100 cm) appartiennent aux classes d' age III/V a v /XI respectivement. 

La determination de la taille et de l'age de premiere maturite sexuelle a toujours ete 
difficile a obtenir en raison du peu d'individus matures rencontres dans les captures anterieures 
a 1984/85 et du peu d'analyses effectuees depuis lors (Duhamel, 1987a et b). Un 
echantillonnage recent (octobre 1990) permet de determiner la taille moyenne de premiere 
maturite et celle de premiere reproduction (Figure 2) en utilisant l'echelle de maturite d'Everson 
(1977). Les valeurs obtenues different pour les males (57 et 65 cm respectivement, ce qui 
correspond aux classes d'age VI et VII) et les femelles (70 et 80 cm soit les classes d'age VII et 
VIII) et sont tres comparables a celles notees pour les individus du secteur des lIes Crozet 
(Duhamel, 1987b). Il est par ailleurs observe une difference constante entre les structures 
demographiques des individus males et femelles. Les males ne sont pas representes dans les 
tailles les plus elevees, ce qui laisse supposer une croissance et une mortalite differentes des 
deux sexes une fois la maturite sexuelle depassee. Les echantillonnages destines aux lectures 
d'age sont cependant encore trop peu importants pour pouvoir verifier cette hypothese resultant 
de l'observation des distributions de frequences de longueurs. 
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La periode de reproduction de I' espece se situe en hiver austral (probablement a partir du 
mois de juin) dans les strates bathymetriques les plus profondes frequentees par les adultes. En 
raison de l'inaccessibilite au chalutage des profondeurs superieures a 550 m environ, la 
localisation geographique de la (ou des) frayeres n'est fondee que sur le modele observe pour 
les autres Nototheniidae abondants du plateau de Kerguelen, en l'occurence le rassemblement 
des individus matures aux abords de l'aire supposee de ponte quelques temps avant la 
reproduction. Le secteur ouest profond du plateau de Kerguelen representerait alors cette zone. 
Cette espece possede une fecondite absolue tres elevee (Chikov et Melnikov, 1990), cependant 
la fecondite relative reste modeste (Duhamel, 1987b). 

Ces informations biologiques recueillies a partir du suivi des chalutages realises sur tout 
le plateau de Kerguelen res tent encore incompletes puisque les chalutiers sont limites par des 
contraintes de nature de fond tant en zone cotiere qu'au-dela de l'isobathe 550 m et que, par 
ailleurs, peu de chose est connue sur la phase ichtyoplanctonique conduisant a l'implantation 
des juveniles en zone peu profonde. Pour les individus frequentant les grandes profondeurs il 
faut faire appel a un autre metier pour obtenir des donnees. Une premiere campagne 
exploratoire a la palangre realisee en 1991 dans le secteur ouest profond (>500 m) permet 
d'apporter des informations supplementaires sur la structure demographique observee. La 
distribution de frequences de longueurs resultant de cette campagne peut etre comparee a celle 
obtenue lors des chalutages les plus profonds realises dans le meme secteur par un chalutier 
(Figure 3). On con state que les distributions sont tres comparables avec seulement une legere 
proportion d'individus plus ages captures par la palangre comparativement au chalut. Ce 
resultat montre qU'au-dela d'une certaine profondeur la structure demographique echantillonnee 
ne se modifie que tres peu et que la proportion d'individus matures est toujours peu elevee. 

3.2 La pecherie 

L'evolution de la pecherie des iles Kerguelen (Table 1) permet de confirmer 
l'importance croissante de D. eZeginoides dans le volume de capture realise depuis la creation de 
la Zone Economique Exclusive (ZEE). Cette espece qui ne representait pas 1 % des captures 
pour la periode 1979/80 - 1983/84 represente maintenant plus de 15% du total capture et les 
tendances actuelles hisseraient D. eZeginoides au niveau de la deuxieme espece-cible pour la 
pecherie. 

Anterieurement a 1984/85 aucune peche dirigee n'existait sur D. eZeginoides comme le 
confirme I' effort de peche releve dans le secteur geographique ouest qui allait devenir la zone de 
peche privilegiee ulterieurement (Table 2). La capture notee en 1979/80 resultait non d'un 
effort de peche dirige sur D. eZeginoides mais d'une prise accessoire lors d'une peche dirigee 
sur C. gunnari. La decouverte en 1984/85 de concentrations profondes de D. eZeginoides dans 
le secteur ouest a conduit a la mise en exploitation d'un stock vierge et fait immediatement 
l'objet d'une peche dirigee par plusieurs chalutiers. Le niveau de capture et les rendements 
observes cette annee-Ia sont directement le reflet d'une abondance liee a cette decouverte. 
Depuis cette date le secteur ouest a fait l'objet d'une exploitation systematique tant 
bathymetrique que geographique comme les cartes de positionnement des chalutages et des 
captures correspondantes de D. eZeginoides (Figure 4), ainsi que les distributions de frequences 
de longueurs observees simultanement (Figure 5), permettent de le constater. Les tailles des 
poissons echantillonnes permettent d'affirmer que c'est le stock adulte/sub-adulte de 
D. eZeginoides qui est cible par la pecherie. 

Depuis la mise en exploitation du secteur ouest les captures s'elevent a 15441 tonnes et 
ce secteur represente a lui seul 87 % du total peche de D. eZeginoides. Les fluctuations 
annuelles des captures sont le reflet d'un effort de peche tres variable sur le stock. En 
particulier cet effort est tres dependant de celui deploye sur I' espece-cle de la pecherie des iles 
Kerguelen: C. gunnari. Les faibles valeurs d'effort de peche observees en 1985/86, 1988/89 
et 1990/91 correspondent en effet aux annees de fortes captures de C. gunnari (17 054, 23 048 
et 12 660 tonnes respectivement). Cette tendance peut etre verifiee par la comparaison de 
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faible abondance de C. gunnari 1'effort de peche sur D. eleginoides depasse toujours 35% de 
l' effort de peche total. 

Les tendances observees a 1'aide d'un indice standardise base sur la prise par unite 
d'effort de peche (tonnage moyen capture par heure de chalutage effectifpour un chalutier du 
type "Atlantic" utilisant un chalut de 41,7 m muni de maillage de 120 mm) permettent de 
constater une baisse notoire de I' abondance suivant la mise en exploitation du stock vierge puis 
une diminution plus relative ulterieurement. Les valeurs de cet indice doivent cependant etre 
analysees en tenant compte des gammes de tailles exploitees d'une annee a 1'autre (Figure 5) et 
qui peuvent apporter un biais non negligeable a l'indice (necessite de ponderation de ce dernier 
en utilisant la relation taille/poids). I1 en est de meme de la localisation geographique de 
l'exploitation. I1 est donc necessaire de tenir compte de ces remarques pour des analyses plus 
fines de tendances. 

En raison de la decouverte recente (1984/85) des fonds de peche du secteur ouest, dont 
l' etendue geographique a ete confirmee par les prospections scientifiques exhaustives par 
chalutage de l'ensemble du plateau des iles Kerguelen en 1987 et 1988 (WG/FSA-88/22 Rev. 1), il 
etait logique de s'interroger sur l'existence possible d'autres zones potentielles de peche 
profonde de D. eleginoides dans d'autres secteurs geographiques du plateau de Kerguelen. En 
effet de fortes presomptions resultaient de ces prospections dans le secteur nord et 
secondairement dans le secteur nord-est. De nouveaux chalutages exploratoires ont ete menes 
en 1989/90 (45 traits de chaluts correspondant a 76,3 heures de peche pour la capture de 
93,5 tonnes deD. eleginoides) et ont conduit a une mise en exploitation en 1990/91 (196 traits; 
398,3 heures de peche; 1 356 tonnes pechees) d'un nouveau secteur de peche pour cette espece. 
Des rendements moyens de 3,4 tonneslheure de chalutage ont ete obtenus et cette valeur est 
assez comparable a celle observee en 1984/85 lors de la decouverte des fonds de peche du 
secteur ouest (Table 2). 11 faut toutefois noter que l'etendue des fonds de peche de cette 
nouvelle zone n' est pas comparable avec celle du secteur ouest et ne permettra pas une 
extension importante de la pecherie par chalutage. 11 s'avere donc que le stock profond de 
D. eleginoides n'est actuellement pas completement exploite et que les resultats obtenus 5 ans 
apres le debut de la peche dirigee sont encore partiels. 

4. CONCLUSION 

La division 58.5.1 (iles Kerguelen) constitue la principale zone de peche au chalut de 
D. eleginoides pour tout l'ocean Austral. Le mode de peche est ainsi tres different de celui 
utilise, en I' occurrence la palangre, pour la seconde zone ou des captures sont enregistrees : la 
Georgie du Sud (sous-zone 48.3). L'effort de peche porte sur la partie sub-adulte/adulte du 
stock et est limite bathymetriquement par des fonds inchalutables au-dela des isobathes 
500/550 m ce qui correspond aux accores du plateau. Le secteur ouest constitue la zone 
geographique exploitee depuis la decouverte recente (1984/85) du stock; cependant d'autres 
fonds de peche, de superficies plus reduites, permettent une certaine extension de la pecherie. 
Le niveau de captures annuel et les rendements obtenus montrent que les potentialites 
d'exploitation de ce stock au chalut sont limitees et ne peuvent exceder quelques centaines de 
tonnes annuellement. Les premieres analyses effectuees sur ce stock (SC-CAMLR-VIII) 
fournissent une premiere estimation de captures annuelles de 1 100 tonnes. 11 est cependant 
necessaire de reviser cette estimation avec des donnees plus pertinentes. En particulier une 
meilleure connaissance de la mortalite naturelle est indispensable mais reste cependant difficile a 
acquerir. En effet seule une partie du stock est exploitee actuellement par la peche au chalut, ce 
qui est confirme par les prospections scientifiques sur le plateau et ses accores et une premiere 
campagne exploratoire a la palangre. Si l'on considere 1'indice d'abondance utilise depuis le 
debut de la pecherie dirigee, les resultats mettent en evidence une diminution du stock exploite. 
11 faut tenir compte cependant d'un effort de peche tres variable d'une annee a 1'autre, d'une 
orientation geographique sectorielle egalement fluctuante et d'un niveau bathymetrique 
d'exploitation qui cible differentes classes d'age. Ces resultats incitent a une certaine prudence 
dans le developpement ulterieur d'une telle pecherie si l'on ne desire pas qu'elle periclite 
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dans le developpement ulterieur d'une telle pecherie si l'on ne desire pas qu'elle periclite 
rapidement tout comme celles des autres Nototheniidae exploites de l'ocean Austral depuis le 
debut des annees 1970. Une reorientation de l'effort de peche dirige sur D. eZeginoides est 
envisageable vers d'autres secteurs geographiques de la sous-zone 58.5 apres qu'une 
prospection scientifique coordonnee ait permis d'evaluer les potentiels d'exploitation. D'autres 
techniques de peche, telle que la palangre, peuvent, par ailleurs, s' averer plus appropriees dans 
le cas d'une peche specifique si les problemes de mortalite accidentelle sont resolus d'une 
maniere efficace apres evaluation scientifique de cet impact. 
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Table 1: Captures totales et par espece (en tonnes) enregistrees pour la pecherie des iles 
Kerguelen (division 58.5.1) depuis la creation d'une ZEE. Les pourcentages de 
chaque espece par rapport au total peche pendant la periode consideree sont 
indiques entre parentheses. 

1979/80 it 1983/84 1984/85 it 1988/89 1989/90 it 1990/91 
(5 ans) (5 ans) (2 ans) 

Captures Totales 
(en tonnes) 102375 80301 18308 

dont 

Champsocephalus 51 748 51209 12919 
gunnari . (50,5%) (63,7%) (70,6%) 

Notothenia 27255 13 378 1200 
squamifrons (26,6%) (16,7%) (6,6%) 

Notothenia rossii 22038 3271 460 
(21,5%) (4,1 %) (2,5%) 

Dissostichus 603 12421 2902 
eleginoides (0,6%) (15,5%) (15,8%) 

divers 731 22 827 
(0,7%) (4,5%) 

Table 2: Effort de peche (en nombre de coups de chalut et nombre d'heures de peche), 
capture (en tonnes) et rendement pour Dissostichus eleginoides (tonnes par heure de 
peche) dans le secteur ouest du plateau de Kerguelen (division 58.5.1) obtenus 
depuis la creation d'une ZEE. 

Annee australe Nombre Nombre Capture Rendement 
(1 July - 30 June) de coups d'heures (tonnes) ( tonneslheure 

de chalut depeche de peche) 

1979/80 204 495,000 106 0,21 
1980/81 69 73,75 25 0,33 
1981/82 10 13,08 <1 0,05 
1982/83 4 5,42 0 / 
1983/84 14 15,17 5 0,33 
1984/85 1571 2619,00 6544 2,50 
1985/86 162 260,58 370 1,42 
1986/87 1135 1 704,75 3090 1,81 
1987/88 440 632,33 510 0,81 
1988/89 561 898,50 1486 1,65 
1989/90 524 783,75 991 1,26 
1990/91 154 226,42 311 1,38 

91 



Table 3: Effort de peche total et effort de peche dirige (secteur ouest) sur Dissostichus 
eZeginoides (en nombre d'heures de peche) pour la periode 1984/85 - 1990/91 au 
niveau des lles Kerguelen (division 58.5.1). () pourcentage par rapport a l'effort 
de peche total. Les annees de peche dirigee sur ChampsocephaZus gunnari sont 
pointees avec une fleche. 

Annee australe Effort de peche total Effort de peche 
(heures de peche) dirige sur 

D. eZeginoides 
(heures de peche) 

1984/85 6919 2619 (37,9%) 
1985/86 4435 261 (5,9%) = 
1986/87 4110 1705 (41,5%) 
1987/88 1257 632 (50,3%) 
1988/89 7269 899 (12,4%) = 
1989/90 1 784 784 (43,9%) 
1990/91 4209 226 (5,4%) = 
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Figure 1: Distributions de frequences de longueurs de Dissostichus eZeginoides en fonction 
de la strate bathyrnetrique echantillonnee dans le secteur nord du plateau des lles 
Kerguelen en rnai 1991. 
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ayant permis la capture de Dissostichus eleginoides sont representes par des carn~s 
proportionnels a la capture realisee. 
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DISSOSTICHUS ELEGINOIDES 
1979/80, n= 558, 1= 44.26 cm 
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Figure 5: Distributions de frequences de longueurs de Dissostichus eZeginoides resultant des 
a, b, c, d echantillonnages effectues durant les campagnes de peche des chalutiers operant 

dans le secteur ouest profond du plateau de Kerguelen (division 58.5.1). 
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HOOK SELECTIVITY IN THE LONGLINE FISHERY OF DISSOSTICHUS 
ELEGINOIDES (NOTOTHENIIDAE) OFF THE CHILEAN COAST 

Carlos A. Moreno* 

Abstract 

Existing information from technical publications on Chilean fisheries of 
the Patagonian toothfish, Dissostichus eZeginoides is reviewed in order 
to study selectivity of different types and sizes of hooks used in 
longlines. Original data obtained during 1991 off the coast of Valdivia, 
South East Pacific, are also taken into consideration. The data show 
that circle hooks are far more efficient than straight hooks. The length 
frequency distributions of fish caught with straight hooks Nos 3 and 4 
are not significantly different, but hooks No. 3 are nearly 31 % more 
efficient than hooks No. 4. Using different bait does not result in 
significant differences. It is worth noting that the ratio of females 
increases significantly in catches, when the size of straight hooks is 
increased (e.g., from 4 to 3) or when circle hooks are used instead of 
straight hooks. 

Resume 

L'examen des informations contenues dans les publications techniques 
sur les pecheries chiliennes de legine australe, Dissostichus 
eleginoides, a pour but d'etudier la selectivite des differents types et 
tailles d'hame90ns des palangres. Les donnees originales obtenues en 
1991 au large de la cote de Valdivia, dans le secteur sud-est du 
Pacifique, sont egalement prises en consideration. Ces donnees 
indiquent que l'efficacite des hame90ns recourbes est nettement 
superieure a celle des hame90ns droits. Les distributions de frequences 
de longueurs des poissons captures avec des hame90ns droits N°S 3 et 
4 ne presentent pas de difference significative, mais les hame90ns N° 3 . 
sont de pres de 31% plus efficaces que les hame90ns N° 4. Le 
changement d'appats ne cree pas de differences significatives. Il 
convient de noter que la proportion des femelles augmente notablement 
dans les captures lorsqu'on augmente la taille des hame90ns droits (de 
4 a 3, par ex.) ou lorsqu'on passe d'hame90ns droits a des hame90ns 
recourbes. 

Pe3lOMe 

B ~eJI5.lX H3YlleHH5.I CeJIeKTHBHOCTH KPlOllKOB Pa3JIHllHbIX THnOB 

H pa3MepOB, HCnOJIb3yeMblx npH 5.IPYCHOM npOMbICJIe, 

aeJIaeTC5.I 0630p cy~ecTBylO~eA HH*opMa~HH no npOMhlCJIY 

llHJIH naTarOHCKoro KJIbIKalla, Dissostichus eZeginoides, B35.1TOA H3 

TeXHHlleCKHX ny6JIHKa~HA. TaK:>Ke npHH5.lTbI BO BHHMaHHe 

nepBOHallaJIbHble· aaHHble, nOJIYlleHHble B TelleHHe 1991 r. y 

* Instituto de Ecologfa y Evoluci6n, Universidad Austral de Chile, Casilla 567, Valdivia, Chile. 
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n06epe:>Kb5I BaJIb,lvma, IOrO-BOCTOllHa5I lIaCTb THxoro OKeaHa. 

llaHHbIe nOKa3bIBaIOT, lITO 3aKpyrJIeHHbIe KplOlIKH ropa3.110 

3~~eKTHBHee O.llHOrH6hlX. qacToTHOe paCnpe.lleJIeHHe .llJIHHhl 

PbI6bI, BbIJIOBJIeHHoti O.llHOrH6bIMH KplOlIKaMH W3 H W4 He 

OTJIHlIaeTC5I 3HallHTeJIbHO, HO KplOlIKH N~3 nOllTH Ha 31% 
3~~eKTHBHee KPlOlIKOB N~4. IIcnoJIb30BaHHe Pa3Hoti Ha:>KHBKH He 

npHBO.llHT K 60JIbmHM Pa3JIHlIH5IM. CJIe.llyeT OTMeTHTb, lITO 

COOTHomeHHe caMOK 3HallHTeJIbHO B03paCTaeT npH 

YBeJIHlIeHHH pa3Mepa O.llHOrH6bIX KPlOlIKOB (HanpHMep OT N~4 
.llO N~3) HJIH KOr.lla BMeCTO O.llHOrH6bIX KPlOlIKOB HCnOJIb3YIOTC5I 

3aKpyr JIeHHbIe KplOlIKH. 

Resumen 

Se examina nuevamente la informaci6n actual procedente de 
publicaciones tecnicas, relacionada con la pesqueria chilena de 
austromerluza negra, Dissostichus eleginoides, con el fin de estudiar la 
selectividad de diferentes tipos y tamaiios de anzuelos empleados en la 
pesqueria de palangre. Ademas se ha tornado en consideraci6n la 
informaci6n original obtenida en 1991 a la altura de Valdivia, Pacifico 
sudoriental. Los datos muestran que los anzuelos curvos son mucho 
mas efectivos que los anzuelos derechos. Las distribuciones de la 
frecuencia de tallas de peces capturados con anzuelos derechos No. 3 
y 4, no difieren mayormente, pero los anzuelos No. 3 tienen una 
eficacia de alrededor de un 31 % mas que los anzuelos No. 4. 
Empleando diferentes tipos de cebos no causa una notable diferencia. 
Vale tomar en consideraci6n que la proporci6n de las hembras aumenta 
considerablemente en las capturas cuando se aumenta el tamafio de los 
anzuelos derechos (es decir, de 4 a 3) 0 cuando se emplean los 
anzuelos curvos en lugar de los anzuelos derechos. 

1. INTRODUCTION 

Exploratory fishing for the Patagonian toothfish (Dissostichus eleginoides, Smith, 
1898) in Chile started as early as 1955, the year in which the exploration of the continental 
slope began for fishery purposes, mainly searching for pink ling (Genypterus blacodes) as the 
target species (Gonzalez, 1962). In the late sixties, Pavez et al. (1968) designed a special 
longline gear to be used at depths greater than 1 000 m, and obtained first catches of 
commercial interest for the fishery. After that, fish pots and gill nets were tested, proving that 
the longline method was far more efficient than others (Inostroza, 1975). During 1990, catches 
of D. eleginoides with longlines along the Chilean coast reached a record of 9.387 tonnes 
(SERNAP, 1991). 

In accordance with information by DeWitt et al. (1990) and data from the actual fishing 
of D. eleginoides, the distribution area of this species includes the South East Pacific Ocean, 
covers the continental slope of the Chilean-Peruvian trench and reaches the Arica coast in the 
north of Chile. Besides that, it has also been reported from the Argentinean-Patagonian zone 
and from the Antarctic (Figure 1). In front of the coast of Chile adult fish mainly inhabit waters 
between 500 and 2 500 m depth (Salas et al., 1987), living near the bottom and migrating to 
the upper layers (Oyarzun et al., 1988). Recent developments in this fishery in Chile shows a 
worrying tendency to deplete stocks and to expand the fishery further south (Lemaitre et al., 
1991). It indicates that the moment for establishing fishery regulations is not too distant. 
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Studies of hook selectivity could result in the development of a conservation measure 
analogous to the selection of distance between knots in gill nets, which might later be used as 
an ultimate management measure. Fishery of D. eleginoides has been recently introduced in 
some areas of the CCAMLR Convention Area. Information presented in this paper can, 
therefore, be used by the CCAMLR Working Group on Fish Stock Assessment for comparative 
analyses. 

2. CHILEAN FISHERY LEGISLATION 

The fishery of D. eleginoides is regulated in Chile by Decree No. 439 of the Economy 
Ministry of 1985, which establishes that only vessels of a maximum length of 15 m and 
operating up to 12 000 hooks each can be used. The length of Chilean vessels was increased to 
18 m by Decree No. 43 of 1986 of the same Ministry. This amendment relates to vessels that 
operate further south of 32°45'40" (Point Liles), and maintains the restriction of hook number. 
The regulation does not consider types and sizes of hooks utilised. 

3. FISIDNG WITH LONGLINES 

The first selectivity study of hooks used in deep-water longlines was performed by 
Zapata (1976) with different sizes of Mustad Kirby hooks, model 2330. He recommended 
hooks Nos 4 and 5. He also suggested that a time between setting and hauling of a longline 
should be 14 to 16 hours. 

However, the most complete study of the D. eleginoides fishery was carried out by 
Salas, Robotham and Lizama (1987) (from here on, SRL) in the VIII Region of Chilean waters. 
They used three horizontallonglines of 1 500 hooks each, with five sections with hooks No. 3 
and five sections with hooks No. 4. The hooks used were also of Mustad Kirby, model 2330. 
The efficiency of the previously described straight hooks with long shank (model 2330) was 
compared with the efficiency of circle hooks (Mustad Tuna Circle, model 39965 ST, size 14/0) 
(Figure 2). 

Sections of different types of hooks were arranged randomly along the longline 
according to methodology described by Pope et al., (1983). 

Each section comprised of 150 hooks placed 2 m apart on 60 cm branches made of 
3 mm diameter polypropylene rope. The length of the longline was 3 080 m. Salted common 
sardines (Clupea bentincki) and mackerel (Trachurus murphy) were used as bait. Below we 
describe recent information obtained off the coast of Valdivia (X Region) on fishing with circle 
hooks and fresh mackerel bait. 

For comparison all data were expressed in CPUE units defined as g/hook in each catch; 
indicating hook efficiency. Length composition of catches is illustrated in Figures 3 and 4 
using the same method as SRL (1987). 

4. CATCH EFFICIENCY OF STRAIGHT AND CIRCLE HOOKS 

Catch efficiency of straight hooks (No. 4) and circle hooks was expressed in the same 
units of effort (g/hook) in order to obtain comparable results. Types of hooks used in 1987 in 
VIII Region do not differ significantly from hooks used in X Region (Valdivia zone). For this 
reason we consider it possible to pool data from these regions together for the analysis 
(Table 1, data from SRL, 1987 for VIII Region and original data for X Region combined). The 
comparison of all data showed that catch efficiency of circle hooks was significantly higher than 
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that of straight hooks. Circle hooks apparently have better retention rate of captured fish. This 
analysis agrees with the conclusion of SRL (1987) that circle hooks are significantly more 
efficient. 

5. SELECTION OF BAIT 

The question if the type of bait affects fishing efficiency has also been approached in 
several studies. Table 2 presents the available data on three types of baits used in 
D. eZeginoides fishery: salted sardine, salted and fresh mackerel. The first two types of bait 
are commonly used in longline fishery along the Chilean coast. 

The first two sets of data came from the study of SRL (1987). Data of sets 3 to 7 were 
collected from the X Region during 1991. In July 1991 we also obtained data from fishing 
operation of a longline vessel which used fresh mackerel bait during five fishing trips. A 
comparison of CPUEs obtained with different type of bait do not reveal statistically significant 
differences, although fresh bait data have larger variance (Table 2). The belief that fresh bait is 
more efficient is therefore based on fishermen tending to recall cases of larger catches than on 
results of statistical analyses. 

6. SIZE SELECTIVITY 

In general, catches consisted of fish larger that 50 cm length (total length, TL), both 
males and females. In my observations the smallest fish caught in 1991 off the coast of 
Valdivia was a male of 47 cm TL and 800 g weight (gutted). The largest specimen caught 
during research surveys in Chilean waters was a female of 174 cm TL and 51.4 kg weight 
(gutted). 

Length range of fish caught by different size of straight hooks in the VIII Region is 
presented in Table 3 together with mean length. Length frequency distribution of catches is 
shown in Figure 3. The differences observed in length composition of fish caught by straight 
hooks Nos. 3 and 4 do not seem significant when length distributions are compared for 
different depth ranges. In accordance with SRL (1987) efficiency of hooks No. 4 was 
approximately 31 % higher than that of hook No. 4. This conclusion is in agreement with 
Zapata (1976). Figure 3 demonstrates that bigger fish are caught at greater depth and females 
are, in general, more abundant in catches than males. In studies of SRL (1987), the highest 
proportion of females was 1 :2.4 when using straight hook No.3 and 1: 1.56 when using smaller 
size straight hook NoA. In case of circle hooks the highest proportion of females was 1:3.6. 

Figure 4 presents data collected in August 1991 off the coast of Valdivia from longline 
catches at depth from 500 to 2000 m using circle hooks and similar data for straight hooks from 
SLR (1987). Statistical comparison of these data by Kolmogorov-Smirnov test (Rohlf, Sokal, 
1989) gives Dmax values for males and females greater than corresponding critical values ofD 
taken from Table 31 of Sokal and Rohlf (1989). Therefore, in both cases there is evidence 
these length samples are significantly different in their distribution. We observe that circle 
hooks catch bigger fish than straight hooks. Unfortunately, both data sets are not collected 
simultaneously and we can not be absolutely sure about the selection effect of hooks of bigger 
sizes. 

7. CONCLUSION 

Two types of hooks have been used in deep-water longline fishery for D. eZeginoides, 
straight and circle hooks. Circle hooks were found to be significantly more effective than 
straight hooks, when corresponding values of CPUE (g/hook) are compared. Length 
distributions of fish caught by straight hooks Nos. 3 and 4 do not differ significantly, although 
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hooks No. 3 were about 31 % more efficient than hooks No. 4. No significant differences are 
found in the fishing efficiency when different types of bait have been used. We believe that 
higher efficiency of circle hooks relates to a higher rate of fish retention by this type of hooks. 

In spite of the finding that differences in length composition of fish caught at the same 
depth by straight hooks of different sizes are not significant (when Kolmogorov-Smirnov test is 
used), it is of interest that a proportion of female is larger when bigger straight hooks or circle 
hooks are used. Higher fishing mortality of females could endanger the population of 
D. eleginoides because the population recovery rate would be lower than in case when 1: 1 sex 
ratio is maintained. 

However, a proportion of females and their length is also increased in catches taken at 
greater depth. Due to operational constraints vessels smaller than 18 m length rarely fish deeper 
than 2 000 m thus establishing a sort of a refuge zone for D. eleginoides in deeper waters. 
Therefore, if a decrease in catchability of longlines is required, prohibiting the use of circle 
hooks could be imposed as a future management measure. 
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Table 1: Catch by units of effort (g/hook) for straight and circle hooks in D. eleginoides 
fishing in the VllI Region (data from SRL, 1987) and in the X Region (original data). 

A. Hook 
Data set Region Straight Circle 

1 VID 80 231 
2 83 142 
3 28 99 
4 X 44 99.5 
5 45.1 90.4 
6 60.8 75.1 

B. 

Source Sum-of-Squares df Mean-Square F-Ratio P 

Region 5129.46 1 5129.46 3.581 0.095 
Hook type within 10374.60 1 13074.6 9.129 0.017 

region 
Hook type 2293.56 1 2293.56 1.601 0.241 
Error 11458.06 8 1432.25 

Table 2: Catch by units of effort for circle hooks 14/0 with three types of bait in experimental 
fishing of D. eleginoides in the VIII Region (SRL, 1987) and in the X Region 
(Sardine = Clupea bentincki; Mackerel = Trachurus murphy). 

Type of Bait 
Data Set Region Salted Sardine Salted Mackerel Fresh Mackerel 

1 VIll 147 (g/hook) 61 (g/hook) --
2 48 56 --
3 X 68.4 76.1 110.0 
4 87.1 101.4 80.3 
5 44.7 65.0 40.0 
6 -- -- 65.1 
7 -- -- 57.4 

Mean: 70.74 71.9 79.04 
SD: 26.14 18.1 41.6 

(One way ANOVA, F = 0.113; df= 2; P = 0.894) 

Table 3: Length range and mean length of D. eleginoides by hook sizes and fishing depth. 

Fishing Depth Hook Size Fish Length Range Fish Mean Length 
(m) (No.) (cm) (cm) 

500 to 1000 3 51 - 110 77.1 
4 54 - 95 73.4 

1001 to 2 000 3 53 - 146 82.4 
4 53 - 110 75.9 

2001 to 3 000 3 72 - 131 97.0 
4 75 - 133 95.4 
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Figure 1: Geographical distribution of D. eleginoides. 
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Figure 2: The type of hooks used in the longline fishery of D. eleginoides in Chile. 
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Figure 3: Length composition of D. eleginoides fished with straight hooks (Nos. 3 and 4) off 
the coast of VIII Region of Chile (from SRL 1987). 
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KRILL (EUPHAUSIA SUPERBA) DISTRIBUTION IN RELATION TO WATER 
MOVEMENT AND PHYTOPLANKTON DISTRIBUTION OFF THE NORTHERN 
SOUTH SHETLAND ISLANDS 

T. Ichii, H. Ishii and M. Naganobu* 

Abstract 

In December/February 1990/91 a survey was conducted by RV Kaiyo 
Maru in the vicinity of the South Shetland Islands and Elephant 
Island. The main objective of the survey was to investigate the 
mechanisms responsible for the concentration of lain and to estimate 
lain biomass in the area surveyed. Krin biomass estimation was done 
by means of hydroacoustics. Phytoplankton distribution was assessed 
by measuring surface concentrations of chlorophyll a. Water 
circulation was studied with satellite-tracked buoys equipped with 
curtain drogues deployed at a level of 30 m from the surface because 
at this level lain concentrations are most frequently observed. Main 
lain concentrations were observed in shelf waters north of the islands 
as usual. Tracking of buoys demonstrated the existence of convergent 
complex eddies in shelf waters of these islands. A high concentration 
of chlorophyll a was also recorded in shelf waters. A spatial 
correlation between distributions of laill and chlorophyll a was 
observed. It is therefore considered that both hydrodynamic and food 
availability factors may be responsible for lain concentration. On a 
traditional lain fishing ground north of Livingston Island, laiU density 
had increased 3.4 times over a period of 40 days from late December 
1990 to early February 1991. This increased krin density in early 
February 1991 (157 g/m2) was 54% lower than that observed in late 
January 1988. Information from studies of krill predators by US 
scientists also indicated that laill abundance during the fIrst half of the 
1990/91 summer was lower than that in previous seasons. Total 
biomass of lain in shelf waters of the area surveyed was estimated at 
1.78 million tonnes (56 g/m2) in late January 1991. The obtained 
estimate of laiU biomass should be regarded as the lower level for this 
time of the season. From mid-February and onwards it was reported 
that laill abundance had increased to the normal level. 

Resume 

En decembre/fevrier 1990/91, les alentours des lIes Shetland du Sud 
et Elephant ont fait l'objet d'une campagne d'evaluation a bord du 
RV Kaiyo Maru. L'objectif principal de la campagne etait 
l'investigation des mecanismes responsables de la concentration du 
krill et l'estimation de la biomasse du krill dans la region etudiee. 
C'est au moyen de methodes hydroacoustiques qu'a ete evaluee la 
biomasse du kriU. La repartition du phytoplancton a ete estimee en 
mesurant les concentrations de surface de chlorophylle a. Les 
mouvements de l'eau ont ete etudies a l'aide de bouees suivies par 
satellite et equipees d'ancres de cape, deployees a 30 m de 
profondeur, niveau auquel les concentrations de kriU sont le plus 
frequemment rencontrees. Comme de coutume, les principales 
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concentrations de krill ont ete observees dans les eaux du plateau 
nord des iles. La poursuite de bouees a revele l'existence de 
tourbillons complexes dteaux convergentes sur le plateau de ces iles. 
Une concentration elevee de chlorophylle a a egalement ete relevee 
dans les eaux du plateau. Une correlation spatiale a ete etablie entre 
la presence du krill et celle de chlorophylle a. I1 est ainsi possible 
dtenvisager que les facteurs hydrodynamiques et de disponibilite de 
nourriture soient responsables de la concentration du krill. Dans un 
lieu de peche traditionne1 de kriU, au nord de l'lle Livingston, la 
den site du krill a augmente de 3,4 fois en une periode de 40 jours de 
fin decembre 1990 a debut fevrier 1991. Cette den site accrue de kriU 
(157g/m2), debut fevrier 1991, etait de 54% inferieure a ceUe 
observee finjanvier 1988. Les informations provenant des etudes des 
predateurs de krill par les scientifiques des USA ont egalement indique 
que, pendant la premiere moitie de rete 1990/91, 1'abondance de kriU 
etait inferieure a celle des saisons precedentes. La biomasse totale de 
kriU des eaux du plateau de la region etudiee etait estimee a 1,78 
millions de tonnes (56g/m2) fin janvier 1991. Cette estimation devrait 
etre consideree comme etant la plus faible pour cette epoque de la 
saison. A partir de mi-fevrier, l'abondance de kriU relevee avait 
augmente pour rejoindre le niveau normal. 

Pe3IDMe 

B .lIeKa6pe-<peBpaJIe 1990/91 rr. B paHoHe IO)KHbIX 

IIIeT JIaH.lICKHX OCTPOBOB H oCTpoBa 3JIe<paHT 6bIJIa npoBe.lleHa 

CbeMKa HHC Kaiyo Maru. r JIaBHbIMH l.\eJI5.IMH CbeMKH 5.IBJI5.IJIHCb 

HCCJIe.llOBaHHe .lIeHCTBH5.I MexaHH3MOB, BJIH5.IIDIl\HX Ha 

KOHl.\eHTpal.\HID KPHJI5.I H Ol.\eHKa 6HOMaCCbI KPHJI5.I B paHOHe 

CbeMKH. Ol.\eHKa 6HOMaCCbI KPHJI5.I 6bIJIa OCYIl\eCTBJIeHa 

MeTO.llOM rH.lIpOaKYCTHKH. Pacnpe.lleJIeHHe <pHTOnJIaHKTOHa 

HCCJIe.llOBaJIOCb nYTeM H3MepeHH5.I nOBepXHOCTHbIX 

KOHl.\eHTpal.\HH XJIOpo<pHJIJIa a . I{HPKYJI5.Il.\H5.I BO.llbI H3YlIaJIaCb 

npH nOMolllH cnYTHHKoBoro CJIe)KeHH5.I 3a 6Y5.IMH, 

oCHallleHHbIMH nJIaBYlIHMH 5.IKOP5.IMH, KOTopble 6bIJIH 

pa3MeIl\eHbI Ha ypOBHe 30 MeTpoB OT nOBepxHocTH, nOCKOJIbKY 

lIaIl\e Bcero KOHl.\eHTpal.\HH KPHJI5.I Ha6JIID.lIaIDTC5.I Ha aTOM 

ypOBHe. OCHOBHble KOHl.\eHTpal.\HH KPHJI5.I, KaK 06bIlIHO, 

Ha6JIID.lIaJIHCb B IIIeJIb<poBbIX B0.llaX K ceBepy OT OCTpOBOB. 

CJIe)KeHHe 3a 6Y5.IMH nOMor JIO 06HapY)KHTb npHCYTCTBHe 

KOHBepreHTHbIX CJIO)KHbIX BO.llOBOPOTOB B IIIeJIb<poBbIX B0.llaX 

aTHX OCTpOBOB. TaK)l{e B IIIeJIb<poBbIX B0.llaX 6bIJI 

3aperHCTpHpOBaH BbICOKHH ypOBeHb KOHl.\eHTpal.\HH 

XJIOpo<pHJIJIa a. Ha6JIID.lIaJIaCb npOCTpaHCTBeHHa5.I KOppeJI­

JI5.Il.\H5.I Me)l{.lIY pacnpe.lleJIeHH5.IMH KPHJI5.I H XJIOP0<pHJIJIOM a. B 
CB5.I3H C aTHM ClIHTaeTC5.I, lITO KaK rH.lIpOaKYCTHlIeCKHH <paKTOP, 

TaK H <paKTOP npHCYTCTBH5.I nHIl\H MorYT BJIH5.ITb Ha 

pacnpe.lleJIeHHe KPHJI5.I. 3a 40- .lIHeBHbIH nepHO.ll, .lIJIHBIIIHHC5.I C 

KOHl.\a .lIeKa6p5.I 1990 r . .lIO HalIaJIa <peBpaJI5.I 1991 r., nJIOTHOCTb 

KPHJI5.I Ha Tpa.llHl.\HOHHOM YlIaCTKe npOMbICJIa KPHJI5.I K ceBepy 

OT OCTpOBa JIHBHHrcTOH B03pOCJIa B 3,4 pa3a. 3Ta, B03pOCIIIa5.I B 

HalIaJIe <peBpaJI5.I 1991 r., nJIOTHOCTb, COCTaBHBIIIa5.I 157 r/M2, 
6bIJIa Ha 54% HH)Ke, lIeM HafSJIID.lIeHHa5.I B KOHl.\e 5.IHBap5.I 1988 r. 
llaHHble HCCJIe.llOBaHHH no XHIl\HHKaM KPHJI5.I, npoBe.lleHHbIX 

aMepHKaHcKHMH YlIeHbIMH TaK)Ke nOKa3aJIH, lITO lIHCJIeHHOCTb 



KPHJI.5I B TelleHHe nepBOH nOJIOBHHbI JIeTa 1990/91 r. 6bIJIa 

HH)I{e, lIeM B npe,l{bI,l{YII.\He ce30HbI. 06I1.\a.5I 6HoMacca KPHJI.5I B 

meJIb<p0BbIX BO,l{aX paHoHa CbeMKH B KOH~e .5IHBap.5I 1991 r. 

COCTaBHJIa 1,78 MHJIJIHOHOB TOHH (56 r/M2). IIOJIYlIeHHa.5I 

o~eHKa 6HoMaccbI KPHJI.5I ,l{OJI)I{Ha ClIHTaTbC.5I HH3KOH ,l{JI.5I 3Toro 

BpeMeHH ce30Ha. C Cepe,l{HHbI <peBpaJI.5I H ,l{aJIee HallaJIH 

nocTynaTb CBe,l{eHH.5I 0 BOCCTaHOBJIeHHH HOpMaJIbHOrO ypOBH.5I 

lIHCJIeHHOCTH KPHJI.5I. 

Resumen 

De diciembre a febrero 1990/91, el BI Kaijo Maru realizo una 
prospeccion alrededor de las islas Shetland del Sur y Elefante. El 
objetivo principal consistio en investigar los mecanismos responsables 
de la concentracion de kriU y estimar la biomasa del krill en el area 
estudiada que se determino hidroacusticamente. La distribucion del 
fitoplancton se calculo por la c1orofila-a superficial. La circulacion 
del agua se estudio mediante el despliegue de boyas rastreadas por 
satelite, equipadas con unas "pantallas para medir corrientes" a una 
profundidad de 30 m de la superficie ya que las concentraciones de 
krill se encuentran mas frecuentemente a estas profundidades. Como 
es 10 usual, las concentraciones de krill mas importantes se 
encontraron en la plataforma, al norte de las islas. El rastreo de las 
boyas demostro la existencia de complicados torbellinos convergentes 
en las aguas de la plataforma de estas islas. Estas aguas tambien 
registraron una alta concentracion de c1orofila-a. Se observo una 
correspondencia espacial entre las distribuciones de krill y de 
clorofila-a, concluyendose asf que tanto la hidrodinamica como la 
disponibilidad de alimento son factores que afectan la concentracion 
de krill. En un caladero tradicional de krill situ ado al norte de la isla 
Livingston, la densidad de krill ha aumentado 3.4 veces en un perfodo 
de 40 dfas, de fines de diciembre de 1990 a principios de febrero de 
1991. Este aumento de la densidad del krill a principios de febrero de 
1991 (157 g/m2) representa una reduccion de un 54% en comparacion 
con aquella observada a fines de enero de 1988. Las investigaciones 
de cientfficos estadounidenses sobre los depredadores de krill, 
corroboraron el descenso en la abundancia de krill durante la primera 
mitad de la temporada 1990/91 en comparacion con temporadas 
anteriores. La biomasa total de krill en las aguas de la plataforma de 
la zona estudiada se calcul6 en 1.78 miUones de toneladas (56 g/m2) a 
fines de enero de 1991. Esta cifra de biomasa debiera ser considerada 
como el nivel inferior de la temporada. Desde mediados de febrero en 
adelante se informo que la abundancia de krill habfa aumentado a 
niveles normales. 

1. INTRODUCTION 

Krill concentrations regularly observed in the waters north of the South Shetland 
Islands and north and west of Elephant Island. Japanese krill fishing trawlers have mainly 
operated in this region with the yearly catches of 10 000 to 70 000 tonnes for the past eight 
years. This region, because of the abundance of krill-dependent predators, is also designated 
as an Integrated Study Region by CCAMLR. 
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This krill-rich region is, however, only insufficiently known in regard to mechanisms 
responsible for high abundance of krill and interannual variability in its biomass. As basic 
information for these matters, this paper will present the distributional pattern of krill biomass 
in relation to water flow and chlorophyll a (ChI-a) distribution in 1990/91 austral summer. 

2. MAlERIALS AND METHODS 

The survey conducted in December/February 1990/91 by RV Kaiyo Maru was 
comprised of two legs. The first one covered the South Shetland Islands and Elephant Island 
regions including waters along the western side of the Antarctic Peninsula (Leg I: 22 to 
29 December, 1990, Figure 1), whereas the second one covered thoroughly the waters from 
north of Elephant Island to north of the South Shetland Islands (Leg II: 18 January to 4 
February, 1991, Figure 2). 

2.1 Physical Oceanography and Chlorophyll a Studies 

Oceanographic data were collected using a Sea-Bird SBE-19 CTD probe. CID stations 
were taken down to 1 000 m or to the sea bottom in shallow areas. Water samples were 
obtained from 11 depth levels (0, 10, 20, 30, 40, 50, 75, 100, 125, 150 and 200 m). Chl-a 
concentration was determined by fluorometric method with a Turner Model-Ill fluorometer 
after extraction with 90% acetone (Strickland and Parsons, 1972). 

2.2 Hydroacoustic Studies 

Hydroacoustic studies were carried out in order to determine (i) the overall 
distribution of krill biomass in the survey area; and (ii) changes in krill abundance which took 
place in time between Leg I and Leg II on krill fishing grounds north of Livingston Island 
(shown as shaded areas in Figures 1 and 2). Observations were conducted along 
closely-spaced transects (4-mile intervals). The fact that Leg II of the survey was carried out 
almost in the same area as the previous cruise of RV Kaiyo Maru in 1988 (Fisheries Agency, 
1989), made it possible to observe interannual variability in krill biomass in this area. 

The echo sounder used was FQ-50 with a digital integrator (Furuno Electric, Japan). 
Operating frequency was 200 kHz. Operational characteristics of the acoustic system is 
summarised in Table 1. Throughout the whole survey, excluding time spent for station 
measurements and net towing, the mean volume back-scattering strength (MVBS) was 
measured for constant horizontal integration intervals of 1 n mile and the depth range from 10 
to 200 m or to the bottom if shallower. The top level of the integration depth, 10 m, was 
changed sometimes to 20 m in order to avoid impact of the surface noise. The default value 
of the target strength of krill was -66.1 dB per kilogram wet weight of krill (Shimadzu et al., 
1989). This value was obtained by Shimadzu et al. (1989) who measured krill of about the 
same size as observed during the present survey. Before (29 October 1990) and after 
(26 March 1991) of the cruise, the echo-integrator was calibrated in the port of Tokyo with 
the help of a hydrophone. Two calibrations showed a little reduction in the source level and 
receiving sensitivity of the echo-integrator after the cruise. 

2.3 Drifting Buoy Studies 

For the study of flow patterns around the islands, five drifting buoys (model C-2243, 
TOKYOCOM, Japan) were released in each Leg (Figures 1 and 2) and tracked using the Argos 
system carried on TlROS-N and NOAA-A satellites. Typically, twelve locations per day were 
obtained for each buoy with an accuracy higher than several hundred metres. Since krill in 
this region tended to be most abundant within the depth range of 30 to 40 m (Fisheries 
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Agency, 1989; observations of the 1987/88 austral summer), each buoy was equipped with a 
curtain drogue (4 m x 1 m) deployed at 30 m depth in order to study flow patterns at this 
depth. 

3. RESULTS 

3.1 Physical Oceanography 

Figure 3 shows the horizontal distribution of salinity at 30 m depth during Leg II. 
Waters in the study region are divided into three categories, i.e. oceanic, frontal and shelf 
waters. The frontal waters, which are called CWB (Continental Water Boundary), are 
characterised by a relatively intense southward increase in salinity (from 33.7 to 34.1 ppt) and 
are restricted to a narrow band near the continental slope. 

3.2 Chlorophyll a 

High concentration of surface Chl-a was observed in the shelf waters with the richest 
area (higher than 1.0 mg/m3) located to the north of Livingston Island (Figure 4). High 
gradients of Chl-a concentration were observed over the frontal waters with concentration 
values decreasing northward. Chl-a concentration was very low (0.2 to 0.3 mg/m3) in the 
oceanic waters. 

3.3 Hydroacoustic Surveys 

Mean krill density was calculated for each distance between stations along the cruise 
track (Figures 5 and 6). In Leg I krill tended to form small or dispersed swarms with the 
biomass of 22 to 76 g/m2 along the Antarctic Peninsula and 16 to 123 g/m2 near Livingston 
Island. The highest value (123 g/m2) was observed in the shelf waters north of Livingston 
Island. Krill were absent from a large part of the survey region. The fact that one krill 
fishing trawler operated at that time not only to the north of Livingston Island but also to the 
north of King George Island implies that the acoustic survey failed to detect krill to the north 
of King George Island, probably because krill occurred in widely spaced small swarms. On 
the traditional fishing ground on the northern shelf of Livingston Island, where the intensive 
acoustic survey was undertaken, the average biomass of krill was 46 g/m2 on 25 December, 
1990. 

During Leg II the acoustic survey revealed a distinct tendency of high krill abundance 
observed in shelf waters, low abundance in oceanic waters and intermediate abundance in 
frontal waters. Higher values of biomass (> 100 g/m2) were most frequently observed to the 
north of the South Shetland Islands with the highest biomass of 397 g/m2. In oceanic waters, 
where krill were almost absent during Leg I, biomass of approximately 10 g/m2 was observed 
during Leg n. On the traditional fishing ground the average biomass was 157 g/m2 on 
3 February, 1991. 

To obtain the total biomass throughout the Leg II survey area (defined by broken lines 
in Figure 6), the area was divided into five subareas according to the regularity in kriU density 
distribution. Krill biomass was calculated for each subarea. The total biomass, the sum of 
the biomass calculated for each subarea, was 2.11 million tonnes, of which 1.78 million 
tonnes (157 g/m2) was concentrated in shelf waters (subareas C, D and E). 
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3.4 Drifting Buoy Studies 

Seven buoys continued to operate for more than 50 days, while the other three failed 
shortly after deployment. Figure 7 shows tracks of four buoys. 

Buoy 1 deployed in oceanic waters moved northeast with meandering and eddying 
current and arrived at South Georgia region five and a half months after deployment. The 
buoy appeared to drift in the Weddell-Scotia Confluence from west of Elephant Island 
onward. It was retrieved west of South Georgia, where Russian and Japanese trawlers were 
conducting winter krill fishing. Another buoy released in oceanic waters in Leg I (not shown 
in Figure 7) drifted eastward between Elephant Island and King George Island, and was 
trapped by erratic oceanic eddies to the east of Elephant Island. This buoy, in the end, 
became entrained in waters adjacent to Elephant Island. 

Buoys 2 and 3 drifted eastward in the northern and southern portions of frontal waters, 
respectively. The latter one, however, recurved landward, then became entrained within the 
eddy north of Livingston Island and for a duration of one and half circulations before exiting 
it. The buoy left the eddy on the day when a furious storm occurred (wind scale was 10 by 
Beaufort scale). The buoy further travelled round the South Shetland Islands anticlockwise 
(with smooth current on the southern side of the islands and erratically rotating current on the 
northern side) and, surprisingly, executed more than one and a half circulations around the 
islands before ceasing to transmit. The track of this buoy elucidated the occurrence of 
complex eddies in the waters north of the South Shetland Islands. As for Buoy 2, it continued 
to drift eastward, then became entrained in the waters adjacent to Elephant Island, and went 
round the island anticlockwise while moving in loops along both the northern and western 
sides of the island. 

Buoy 4 deployed in the shelf area moved east, then reversed and was trapped in 
Barclay Bay on the northern side of Livingston Island. It stalled there for more than seven 
months. 

Thus, the buoys exhibited a distinct tendency to be trapped in complex topographical 
eddies generated in shelf waters. 

4. DISCUSSION 

Major concentrations of krill were observed in shelf waters north of the South 
Shetland Islands and Elephant Island, which mainly corresponds with the general pattern of 
krill distributions expected for the summer season. This study suggests two factors 
responsible for krill concentration. One is a convergent accumulation of krill by complex 
topographic eddies. Because of its rather stationary nature, the topographic eddies may 
provide some spatially-stable sites for retention of krill swarms, leading to the formation of 
persistent concentrations. Another factor is a behavioural response of kri11. High 
concentration of Chl-a was observed in shelf waters. Krill arriving to near the islands would 
detect and respond to concentration gradient of phytoplankton (Price, 1989) and as the result 
would congregate actively in shelf waters. It is reasonable to assume that these two factors 
worked together, and resulted in a marked increase of krill abundance over the period from 
Leg I to Leg IT (Figures 5 and 6). 

Buoy 1 travelled all the way to South Georgia and has been trapped on krill winter 
fishing grounds. This implies that krill can reach their favourable habitats (e.g., island 
regions) even by passive drifting only. Considering the observed strong current-borne 
movement of krill (Everson and Murphy, 1987), krill may make much use of these currents 
for migration. 
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Krill abundance increased 3.4 times on the traditional fishing ground north of 
Livingston Island over the 40-day period during 25 December 1990 to 3 February 1991. This 
increase rate is quite comparable with 5-fold increase observed around Elephant Island over 
the two-month period from January to February in 1990 (Amos et al., 1990). 

The estimate of krill abundance (157 g/m2) obtained for this traditional fishing ground 
on 3 February 1991 was approximately half of the estimate (342 g/m2) obtained there on 
20 January 1988 (Fisheries Agency, 1989). The distributional pattern of krill was also 
different between these seasons: in 1991 'layers' (a form of krill swarm with horizontal 
length exceeding 1 000 km) were observed only occasionally, whereas in 1988 'layers' were 
the main feature (Endo and Shimadzu, 1989). Brinton (1987) reported similar differences 
between March 1981 and March 1984 in biomass (229 g/m2 vs 134-201 g/m2) and 
distributional pattern (large, thick swarms vs smaller, dispersed swarms) of krill near 
Elephant Island. 

The us AMLR report (1991) described the 1990/91 season as characterised by the 
following features: krill abundance was low (compared with other seasons) during the first 
half of summer (December to early February), whereas it approximated to the normal level 
towards the end of summer (mid-February to mid-April). On Seal Island, low krill abundance 
in the beginning of this summer caused approximately 20% decline (as compared to last year) 
in numbers of penguins occupying nests, and made feeding trips of fur seals rather long (5 to 
9 days compared to 1 to 3 days later in the season) (AMLR, 1991). Krill fishery data from the 
1990/91 season have also indicated that density index of krill (catch-per-hour of fishing) 
remained low in January. Therefore, the estimate of total krill biomass throughout shelf 
waters in late January 1991, i.e., 1.78 million tonnes (157 g/m2) , should be regarded as the 
lower level of krill biomass for this region at this time of the season. 
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Table 1: Operational characteristics of the echosounder Furuno FQ-50. 

Frequency 200 kRz 

Equivalent beam width 0.007 sr 

Pulse duration 1.8 ms 

Depth range Ot0200m 

Depth channel 10* to 200 m (9 channels) 

Integration interval 1 nautical mile 

Attenuator 20 dB 

Threshold 15 dB 

TVG 20 log R 

Gain constant 78.9 dB 

* The level of the top depth integration range was changed to 20 m in order to avoid impact 
of the surface noise when the sea was rough. 
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TARGET STRENGTHS OF KRILL AT 136 AND 20 KHZ 

S.M. Kasatkina* 

Abstract 

Estimation of krill target strength was made by ensonifying encaged 
live kriU and using trawl hydroacoustic method. Ensonification of 
encae;ed live krill. For aggregations with mean lengths from 45 to 
50 mm the mean single-kriU target strengths range from -68 to -69 dB 
at 136 kRz. For aggregations with mean lengths from 43 to 47 mm the 
mean single-kriU target strengths range from -71 to -77 dB at 20 kRz. 
Trawl hydroacoustic method. For aggregations with mean lengths 
from 47 to 50 mm the mean target strengths ranged from -71 to 
-75 dB. At the same frequency for aggregations with mean lengths in 
the range 41 to 47 mm the mean single-krill target strength is in the 
range -76 to -81 dB. 

Resume 

L'estimation de l'intensite de reponse acoustique du kriU a ete effectuee 
en ensonifiant le kriU vivant en enceinte, par la methode de chalutage 
acoustique. Ensonification de krill yivant en enceinte. Pour les 
concentrations dont les longueurs moyennes varient de 45 a 50 mm, 
l'intensite de reponse acoustique moyenne d'un individu de krill se 
situe entre -68 et -69 dB a 136 kRz. Pour ceUes dont les longueurs 
moyennes varient de 43 a 47 mm, l'intensite de reponse acoustique 
moyenne d'un individu de kriU s'etale entre -71 et -77 dB a 20 kRz. 
Methode de chaluta~e acoustique. Aux concentrations dont les 
longueurs moyennes varient de 47 a 50 mm correspond l'intensite de 
reponse acoustique moyenne situee entre -71 et -75 dB. A la meme 
frequence, les concentrations dont les longueurs moyennes s'etalent de 
41 a 47 mm ont pour intensite de reponse acoustique moyenne d'un 
individu de kriU entre -76 et -81 dB. 

Pe3IOMe 

OueHKa CH~hl ue~H KPH~~ BhlnO~H~~aCb nYTeM 06~yqeHH~ 
)l{HBbIX oc06eti B ca~Ke H Tpa~OBo-aKYCTHqeCKHM MeTO~OM. 
H3MepeHH~ C nOMOlIIbIO callKa. ll~~ arperaUHti KPH~~ co 

cpe~Heti ~~HHoti paqKOB B ~Hana30He 45-50 MM no~yqeHbI 
cpe~HHe 3HaqeHH~ CH~bI ue~H B ~Hana30He -68-, -69 ~B Ha 

qaCTOTe 136 KrU, a ~~~ cpe~HHx ~~HH paqKOB 43-47 MM -

3HaqeHH~ CH~bI ue~H -71,-77 ~B Ha qaCTOTe 20 KrU. Tpa~oBo­

aKycTHqeCKHti MeTOll. ll~~ arperaUHti KPH~~ co cpe~Heti 

.lI~HHOti oc06eti B ~Hana30He 47,54 MM no~yqeHbI cpe~HHe 
3HaqeHH~ CH~bI ue~H B ~Hana30He -71,-75 ~B, a .lI~~ cpe~HHx 

.lI~HH paqKOB 41- 47 MM - 3HaqeHH~ CH~bI ue~H -76,-81 ~B Ha 

qaCTOTe 20 KrU. 

* AtlantNIRO, 5 Dimitry Donskoy Street, Kaliningrad 236999 CIS 
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Resumen 

Se calcul6 la potencia de blanco mediante la insonificaci6n de krill 
cautivo, con el metodo de arrastre acustico: Insonificaci6n del krill. 
Para los grupos de talla media de 45 a 50 mm, la potencia media del 
blanco de un ejemplar oscil6 entre -68 y -69 dB a 136 kHz; para las 
tallas medias de 43 a 47 mm, la potencia del blanco de un ejemplar fue 
-71 a -77 dB a 20 kHz. Metodo de arrastre acustico. Para los grupos 
de talla media de 47 a 50 mm, la potencia del blanco oscil6 entre -71 a 
-75 dB. A la misma frecuencia, la potencia media de blanco de un 
ejemplar de krill de talla media entre 41 y 47 mm fue de -76 a -81dB. 

1. INTRODUCTION 

Despite the fact that research into the ability of krill to reflect sound ("reflectability") has 
been going on for more than ten years, this question is still far from fully understood. 

The most recent works of Foote et al., 1990 have identified lower target strengths (by 
almost 10 dB) compared to those values used until now in biomass estimates as recommended 
by the Post-FIBEX Workshop (Anon., 1986). With this in mind the CCAMLR Working Group 
on Krill called for a review of all current works on determination of krill target strength (TS) 
(SC-CAMLR, 1990). 

Presented below are previously unpublished results of experimental evaluations of krill 
TS carried out by AtlantNIRO from 1980 to 1985. We feel that these may be useful in general 
discussion on the question of krill acoustic reflectability. 

2. METHODS 

Evaluation of krill TS was carried out using indirect methods, whereby TS calculation 
is based on recorded values of volume back-scattering strength obtained from ensonified 
aggregations of krill having a known density either by: 

• ensonifying a known number of live caged krill, or 
• using trawl hydroacoustic methods. 

In this case krill TS was evaluated on the basis of the algorithm: 

where 

TS = SV - 10 fgp 

SV - volume back-scattering strength, dB 
TS - target strength, dB 
p - krill mean weight density (gom-3) 

2.1 Target Strength Estimation of Encaged Krill 

(1) 

Measurements were taken from a vessel standing at anchor where wave strength did not 
exceed 2 points on the Beaufort scale. Hydroacoustic equipment included a Soviet 
echo sounder "Sargan-E" (operating frequencies 19.7 kHz and 136 kHz), an echointegrator 
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QM-MK-II (Simrad, Norway), an interface device between the echosounder and the 
echointegrator and a calibration device with a hydroacoustic transducer. 

Calibration was carried out using a device composed of a metal frame in the shape of a 
truncated pyramid. The hydroacoustic transducer connected to the impulse generator of the 
"Sargan-E" echosounder was affixed to the top part of the frame and the cage was affixed to the 
base. The geometrical dimensions of the structure were determined by calculating the 
directional diagram of the monostatical transducer being used taking into account the shape of 
the distant difraction zone in the area being measured and the optimal ratio of target sizes to the 
transducer size: 

Operating frequency 20 kHz 
• dimensions of the calibration device: height - 1.9 m, length of the base - 2 m 
• hydroacoustic transducer (magnetostrictive) 
• width of directional diagram at 3 dB - 11 ° x 28°. 

Operating frequency 136 kHz 
• dimensions of the calibration device: height - 3.5 m, length of the base - 2 m 
• hydroacoustic transducer (piezoceramic) 
• width of directional diagram at 3 dB - 10°. 

The cage was cubic in shape and was made of netting with a 5 mm mesh size. It was 
attached by monofilament kapron line in the base of the calibration device. 

Individual krill taken straight from catches were used in the experiments. Hauls were 
carried out by a commercial trawl and were brief, not exceeding from 5 to 10 minutes. Krill 
specimens were removed from the catch and placed in a container of sea-water. After sorting, 
groups of various numbers of live, undamaged krill were transferred into other containers of 
sea-water. The number of these containers corresponded to the number of experiments to be 
carried out for each set of measurements. Krill were placed in the cage using a funnel. The 
length of krill in the cage were then measured at the end of each test. 

Hydroacoustic calibration was carried out using a standard sphere attached with a 
monofilament line to the base of the calibration device along the acoustic axis of the transducer. 
The calibration device was submerged to a depth of about 10 to 15 m over the side of the vessel 
using a winch. The following standard spheres were used: 

• frequency 20 kHz: aluminium, diameter 120 mm, TS = -30.92 dB 
• frequency 30 kHz: brass, diameter 100 mm, TS = -31.04 dB 
• frequency 136 kHz: steel, diameter 76 mm, TS = -39.6 dB 

Target strength of an empty cage was measured prior to assessing krill target strength. 
The calibration device was lowered to a depth of 10 to 15 m. 

TS values for the empty cage and the cage containing krill were recorded 40 minutes 
after submersion in order to guarantee that the cage had become completely saturated and that 
there was no air trapped beneath kriU carapaces. Each impulse was 1 ms in duration and the 
length of the integration period was 60 minutes. Integrated readings were recorded every six 
minutes, which corresponded to the vessel covering one mile at a speed of 10 knots. 

2.2 Trawl Hydroacoustic Method 

Assessing krill target strength using the trawl hydroacoustic method is based on the 
comparison of the catch obtained and volume back-scattering strength (SV), determined by 
integrating acoustic signals from krill within the trawl operating area (beneath the vessel). 
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If the catchability (P) of the trawl is known, and assuming that information on the 
operating area of the trawl (B) is completely accurate, the density of krill biomass can be 
calculated for the trawl swept volume. The trawl operating area (swept volume) B is defined as 

B = L·hl·V·t 

where L 
v 
t 
hI -
hI = ht 
hI =H 
ht 
H 

horizontal opening between trawl doors (in metres) 
trawling speed (metres/second) 
trawling duration (seconds) 
vertical operating area of the trawl 
at htSH 
at ht>H 
vertical opening of the trawl (metres) 
depth of water column containing relevant species 

Density of krill in the swept volume area is defined as (Kasatkina, 1990) 

Q=B'p'm'P 

where Q catch per haul (kg) 
B trawl operating area (m3) 
m mean krill weight in the catch (kg) 
P total trawl catchability 
P mean density in the swept volume (11m3) 
Equation (1) is the working algorithm for determining krill TS. 

3. RESULTS 

3.1 Target Strength Assessment of Encaged Krill 

3.1.1 Krill Target Strength at Frequency 20 kHz 

(2) 

(3) 

Experiments were conducted in the South Orkney area in May, 1983. Krill swarms 
were taken by a commercial trawl type 67.5/36 m. Trawling speed was 3.5 knots. Krill used 
in the experiments were selected from catches not exceeding 2 to 3 tonnes. 

Krill ranging in size from 30 to 58 mm in length were caught. The modal group was 
between 41 and 44 mm. The mean length was L = 44.7 mm and the mean weight was 
15 = 0.55 g. The sex ratio of females to males was 1.56: 1. All females had sex organs in the 
second stage of maturity; the majority of these had been spawn before. Males had also spawn 
before. Krill intestines contained a very small amount of food. 

Seven sets of measurements were made, comprising 19 experiments in which the 
number of encaged krill varied from 125 to 400 specimens. One trawl sample was taken for 
each set. 

Target strength was only assessed in cases when krill removed from the cage after the 
test in another container were actively swimming. 

3.1.2 Target strength (TS) of the empty cage was -53.06 dB. 

Results of krill target strength assessment at a frequency of 20 kHz are presented in 
Table 1. Cage target strength and the number of specimens in it are abbreviated as TS (cage + 
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number of krill specimens). Table 1 shows the numerical characteristics (assessment of 
mathematical expectation L and standard deviation (sd) of length distribution in each 
experiment. Summary length composition of krill specimens used in the experiment is shown 
in Figure 1. 

3.1.3 Krill Target Strength at Frequency 136 kHz 

Experiments were conducted in the Elephant Island area in January, 1985. Krill 
swarms were taken by a commercial trawl type 72/308m. 

Krill length varied from 32 to 59 mm and on average was 47.6 mm. The ratio of 
females to males was 1.43:1. All males were at the fourth stage of maturity, while females 
were at Stages m-IV. Krill had been feeding well. 

Five sets of measurements were made (15 experiments). Krill target strength was 
assessed on the results of 11 experiments. The number of encaged krill varied from 76 to 165 
specimens. 

Target strength (TS) of the empty cage was -51.1 dB. 

Results of krill target strength assessment at frequency 136 kHz and parameters Land 
p for encaged krill are shown in Table 2. Mean lengths of specimens used in the experiment 
are presented in Figure 2. 

3.2 Krill Target Strength Assessment Using the Trawl Hydroacoustic Method 

3.2.1 Krill target strength at frequency 30 kHz 

Experiments were conducted in the Bouvet Island (December, 1979) and Maude Rise 
(February, 1980) areas. 

In the Bouvet Island area large, mature krill were taken with females predominating over 
males. The sex ratio was 1:3. Length of specimens varied from 44 to 62 mm, most belonging 
to size group 50-56 mm (76%). Mean length was 54.6 mm and mean weight was 1.29 g. 

Females were at Stage IV of maturity (97.4%). The majority of males (98.7%) were at 
Stage v. 

In the Maude Rise area krill ranging from 30 to 51 mm in length were found in catches. 
Mean length was 39.55 mm and mean weight was 0.42 g. Sex ratio of females to males was 
1:1. Males in catches were mainly immature with 97% being at Stage I. The overwhelming 
majority of females were immature; 80.4% were at Stage I. 

Krill specimens had virtually not been feeding and the intestines were empty. 

Krill swarms were fished with a trawl type 67.5/360m. Twenty two hauls were made. 
Mean values (SV) in the trawl operational area were made using an integrating system 
composed of an SRM-873 echosounder (Furuno, Japan) and the QM-MK-ll echointegrator. 

Table 3 shows the results of krill TS measurements. 

Krill density p in the swept volume area is given taking into account trawl catchability. 
Moreover, results obtained by the author over the period 1983 to 1985 following research into 
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the catchability of the 67.5/360m trawl over a wide range of patterns of targeted krill swarm 
distribution were used as a basis for TS assessments (Kasatkina, 1990). 

Table 3 only gives the results of representative hauls for which: 

• trawl catchability (P) was able to be determined (from specific data on krill 
distribution characteristics and trawling regime); 

• trawl catchability (P) did not vary over the trawling period as a result of 
irregularities in the trawling regime, e.g. change in trawling speed, changes in 
length of trawl ropes as the vessel changes course or changes in trawling depth; 

• size composition analysis of krill from the catch was carried out (Table 3, 
Figure 3). 

3.2.2 Krill target strength assessment at frequency 20 kHz 

Experiments were conducted in the South Orkney Islands area in May, 1983 and in the 
South Georgia area in July, 1983. 

A biological description of krill samples from the South Orkney Islands area is given 
above. Krill varying from 35 to 58 mm in length (modal group 47 to 54 mm) were taken in 
June in the South Georgia area. Mean length of specimens was 49.9 mm and mean weight was 
0.814 g. 

Males were dominant in the catches and comprised 60%. All males were at Stage 11 of 
maturity. Females comprised 40% and were also at Stage 11. Krill had been feeding poorly. 

Krill swarms were fished with a trawl type 67.5/360m. Mean values (SV) in the trawl 
operational area were made using a system comprised of a "Sargan-E" echosounder and the 
QM-MK-II echointegrator. 

Results of krill TS assessments are given in Table 4 which gives the numerical 
distributional characteristics of back-scattering cross section (estimate of mathematical 
expectation L, standard deviation - sd) and their corresponding boundary target strength values 
TSl and TS2 (where TSl = 10.eg (er -sd)/41t ; TS2 = 10 .eg (er -sd)/41t. 

Krill size composition is given in Figures 1 to 5. 

4. DISCUSSION 

As one can see from Tables 1 to 4, the experiments which were conducted have made it 
possible to assess values of TS over a fairly wide range of sizes. 

Measurements in a ca~e. At a frequency of 136 kHz mean TS values between -68 and 
-69 dB were obtained for swarms of krill with an average length of 45 to 50 mm, while at a 
frequency of 20 kHz target strength values of -71 to -77 dB were obtained for krill with an 
average length of 43 to 47 mm. 

Trawl Hydroacoustic Method. At a frequency of 20 kHz mean TS values between -71 
and -75 dB were obtained for krill swarms with an average length of 47 to 54 mm, while target 
strength values of -76 to -81 dB were obtained for krill with an average length of 41 to 47 mm. 
At a frequency of 30 kHz mean TS values between -71 and -82 dB were obtained for krill with 
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an average length of 36 to 50 mm, while target strength values of -69 to -76 dB were obtained 
for laill with an average length of 53 to 54 mm. 

Regression equations for TS and L, calculated using data in Tables 1 to 4, are shown in 
Table 5 and their corresponding regression plots in Figures 5 to 7. 

It is well known that until now the majority of TS assessments have been carried out at 
120 kHz (Anon, 1986; Kalinowski et al., 1980; Yudanov, 1986; Foote et al., 1990). Since TS 
of shrimps (and laill) do not greatly depend on frequency in the 100 to 170 kHz range we can 
compare the values of krill TS at 136 kHz with known TS values at 120 kHz. 

Values for TS obtained at f=136 kHz are much lower (by as much as 4 to 5 dB) than 
TS values recommended by BIOMASS (Anon., 1986). One should expect to obtain TS values 3 
to 5 dB higher than those obtained by Foote (Foote et al., 1990) for krill30 to 39 mm in length. 

TS values assessed at 20 kHz with the use of a cage were higher than TS values 
obtained using the trawl-acoustic method both at 30 kHz, which is clearly contrary to the 
character of frequency dependence of krill TS (Samovolkin, 1980; Dalen, Kristansen, 1981), 
and at 20 kHz (Figure 7). 

These highlighted differences in krill TS assessment may be attributable not only to 
biases in measurements but also to differences in biological condition and length composition of 
the ensonified laill swarms. 

In our view, the large increase in laill TS at 30 kHz where specimens were 53 to 
54 mm in length (Bouvet Island area: large mature krill; more females than males; Stages IV and 
V of maturity) in comparison to TS where krilllength was from 40 to 50 mm (Maude Rise area: 
immature krill, sex ratio 1:1, Stage I of maturity) can to a large extent be attributed to the 
influence of such biological parameters as stage of sexual maturity, sex ratio and degree of 
stomach/intestinal fullness (Figure 8, Table 3). 

It should be recalled that the nature of dependence between TS and the parameter L/A. 
(A.. = wave length) excludes the possibility of such a divergence in TS values, while at the 
same time allowing a gradual increase in TS in the range L/A. = 7+ 12 (Samovolkin, 1980; 
Andreeva and Samovolkin, 1986). 

5. CONCLUSION 

Experiments carried out demonstrated the dependence of laill TS on frequency of 
ensonification, length and biological condition of the specimens involved. 

In general the assessments obtained for TS were lower than those recommended by 
BIOMASS but higher than those presented by Foote et al. (1990). 

The low technical level of equipment used in experiments carried out in the period 1979 
to 1985 somewhat reduces the reliability of TS assessments presented. 

Given the current state of knowledge, we believe that the most representative 
experimental assessments of krill TS for small-sided krill are those carried out by Foote (Foote 
et al., 1990). However, the necessity to apply TS data on krill to the calculation of its biomass 
means that research is still required into target strength in relation to biological condition and 
length composition of krill aggregations as well as the time of day, in order to take into account 
possible daily changes in TS (e.g. changes in krill's spatial orientation). 
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Table 1: Results of kriU target strength assessment at 20 kHz. South Orkney Islands area, 
May 1983. 

Experiment ' No.ofKriU TS (cage + krlU), Krill KriU Length 
No. in the Cage dB TS,dB L (mm) sd 

1 288 -52.0 -76.6 43.0 4.1 
2 350 -45.1 -71.25 47.1 4.2 
3 190 -48.3 -72.86 46.5 4.0 
4 285 -48.6 -75.0 
5 400 -49.1 -77.37 
6 220 -48.7 -74.09 
7 400 -49.1 -77.37 
8 115 -49.5 -72.58 47.1 4.2 
9 380 -46.6 -73.43 
10 230 -49.3 -75.24 44.7 4.8 
11 350 -48.9 -76.36 44.0 4.3 
12 300 -49.2 -76.16 43.9 4.1 
13 200 -47.8 -72.36 45.3 4.0 
14 125 -50.34 -71.3 45.3 4.1 

Table 2: Results of kriU target strength assessment at 136 kHz. Elephant Island area, 
January 1985. 

Experiment No.ofKriU TS (cage + krlll), Krill Krill Parameters 
No. in the Cage dB TS,dB L (mm) sd P 

1 100 -45.99 -68.10 47.1 4.78 0.762 
2 85 -46.63 -68.50 46.5 3.39 0.742 
3 80 -48.18 -68.07 47.1 4.77 0.778 
4 165 -44.81 -68.50 46.4 4.15 0.726 
5 140 -45.57 -68.90 46.3 3.85 0.655 
6 76 -46.88 -68.48 47.1 4.78 0.764 
7 107 -45.68 -67.91 48.9 3.62 0.846 
8 99 -46.84 -68.84 45.9 3.99 0.684 
9 105 -45.80 -68.05 47.7 4.86 0.811 
10 130 -45.71 -68.81 45.1 3.65 0.600 
11 117 -45.80 -68.46 46.2 3.51 0.694 
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Table 3: Results of krill target strength assessment at 30 kHz. Trawl-acoustic method. 

Ship Time Krill Density Back-Scattering 
at Setting in Swept Strength Krill Parameters 
of Trawl Volume (p.m-3) SV,dB TS,dB L (mm) sd p 

Bouvet Islands area (December 1979) 

8:50 1.43 -69.7 -71.8 53.6 4.8 1.22 
11:10 5.6 -67.7 -75.7 53.7 4.9 1.1 
16:20 1.3 -74.3 -75.4 53.9 3.9 1.19 
20:30 0.14 -77.5 -69.0 54.2 5.7 1.23 

Maude Rise area (February 1980) 

7:30 3.6 -72.5 -78.3 47.3 3.9 0.97 
8:45 1.24 -70.0 -70.9 50.0 5.1 0.97 
10:15 16.2 -70.3 -82.2 46.4 4.1 0.77 
17.35 2.4 -71.7 -75.5 47.7 3.9 0.69 
5:10 3.49 -74.7 -80.1 38.1 3.1 0.42 
10:00 164.6 -60.3 -82.4 36.0 3.1 0.25 

Table 4: Results of krill target strength assessment at 20 kHz. Trawl-Acoustic Method. 

Area cr (m2) sd (m2) TS,dB TSl TS2 Krill Parameters 

L (mm) sd p 

May 1983 2.08xlO-7 1.0xlO-7 -77.8 -80.7 -76.1 44.7 3.0 0.56 
S. Orkneys 

June 1983 7.39xlO-7 3.25xlO-7 -72.3 -74.8 -70.7 49.9 5.0 0.815 
S. Georgia 

Table 5: Regression equations between krill target strength (TS, dB) and krilllength (mm), 
Maude Rise area. 

Method Frequency Regression Correlation 
(kHz) equation coefficient 

Encaged krill 136 TS = 0.39L - 86.50 (4) 0.87 

Encaged krill 20 TS = 1.27L - 131.30 (5) 0.84 

Trawl-Acoustic TS = 1.1L - 127.3 (6) 0.79 
Method 
Trawl-Acoustic TS = 0.5L - 99.30 (7) 0.72 
Method 
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Figure 1. Krilllength composition. South Orkney Islands area. May, 1983. 
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Figure 2. Krilllength composition. Elephant Island area. January, 1985. 
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Figure 4. Krilllength composition. Maude Rise area. February, 1980. 
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Figure 6. Krill target strength at 120 and 136 kHz. 
a - Kalinowski et al. (1980) 
b - Yudanov (1986) 
c - Protaschuk, Lukashova (1986) 
d - Anon. (1986) 
e - Godlewska (1982) 
f - Kasatkina, 136 kHz 
x - Foote et al. (1990) 
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Figure 7. Results of krill target strength assessments at 20 and 30 kRz. 
a frequency 20 k:Hz (encaged krill) 
b frequency 30 kRz (trawl-acoustic method) 
c frequency 20 kRz (trawl-acoustic method) 
x experimental measurements at 20 kRz (encaged kriU) 
• experimental measurements at 30 kRz (trawl-acoustic method) 
o experimental measurements at 20 k:Hz (trawl-acoustic method) 
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Figure 8. Results of krill target strength assessments at 30 kRz. _ 
a Maude Rise area, February, 1980 (trawl-acoustic method) 
b Bouvet Island area, December, 1979 (trawl-acoustic method) 
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b - Yudanov (1986) 
c - Protaschuk, Lukashova (1986) 
d - Anon. (1986) 
e - Godlewska (1982) 
f - Kasatkina, 136 kHz 
x - Foote et al. (1990) 

Figura 7: Resultados de las evaluaciones de la potencia de blanco del kriU a 20 y 30 kHz. 
a - frecuencia a 20 kHz (krill cautivo) 
b - frecuencia a 30 kHz (metodo de arrastre acustico) 
c - frecuencia a 20 kHz (metodo de arrastre acustico) 
x - mediciones experimentales a 20 kHz (krill cautivo) 
• mediciones experimentales a 30 kHz (metodo de arrastre acustico) 
o 

mediciones experimentales 20 kHz (metodo de arrastre acustico) 

Figura 8: Resultados de evaluaciones de la potencia de blanco del krill a 30 kHz. 
a - Zona de Maude Rise, febrero 1980, (metodo de arrastre acustico) 
b - Zona de la isla Bouvet, diciembre 1979 (metodo de arrastre acustico) 
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ESTIMATION OF KRILL (EUPHAUSIA SUPERBA) MORTALITY AND 
PRODUCTION RATE IN THE ANTARCTIC PENINSULA REGION 

V. Siegel* 

Abstract 

A net sampling survey for krill was carried out by RV Meteor along the 
Antarctic Peninsula from 26 December 1989 to 14 January 1990. 
Results were compared with data of an identical survey with 
RV Polarstern in 1987/88. Seasonal variation between summer and 
winter abundance/biomass data exceeded a factor of 1:35, while 
interannual variability between available surveys reached only a factor 
of 1:1.6. Krill mortality was calculated by linearized catch curve 
analysis and resulted a rate of Z = 0.88 (1989/90) and Z = 0.96 
(1987/88). Production was estimated and resulted a PIB ratio of 0.88 
to 0.94 for different years. The exchange rate of water masses and krill 
biomass within one summer season was roughly estimated as two times 
from which follows a maximum total effective biomass (including 
production) of 4.3 and 5.0 x 106 tonnes passing through the survey 
area during the respective summer. 

Resume 

Du 26 decembre 1989 au 14 janvier 1990, le RV Meteor a effectue une 
campagne d'evaluation du krill par echantillonnages au filet le long de 
la peninsule antarctique. Les resultats ont ete compares avec les 
donnees d'une campagne identique effectuee par le RV P olarstern en 
1987/88. La variation saisonniere entre les donnees d'abondance et de 
biomasse d'ete et d'hiver depassait un facteur de 1:35, alors que la 
variabilite interannuelle entre les donnees de campagnes disponibles 
n'atteignait qu'un facteur de 1:1,6. La mortalite du krill, calcuIee par 
l'analyse de la courbe de capture linearisee, a produit un taux de 
Z = 0,88 (1989/90) et Z = 0,96 (1987/88). La production ayant ete 
estimee, on est arrive a un rapport de P/B de 0,88 a 0,94 selon les 
annees. Le taux d'echange des masses d'eau et de biomasse de krill en 
une saison d'ete etait estime, grosso modo, a deux fois, d'ou une 
biomasse effective totale maximale (production comprise) de 4,3 et 5,0 
x 106 tonnes traversant l'aire de la campagne pendant les etes 
respectifs. 

Pe3IOMe 

C 26 ~eKa6p5I 1989 r. no 14 5IHBap5I 1990 r. B~OJIb 
AHTapKTHl..IeCKOrO nOJIyocTpoBa HHC Meteor 6bIJIa npOBe~eHa 

CbeMKa no c60py np06 KPHJI5I CeT5IMH. Pe3YJIbTaTbI 6bIJIH 

cpaBHeHbI C ~aHHbIMH H~eHTHl..IHOH CbeMKH npoBe~eHHoH HHC 
Polastern B 1987/88 r. B pe3YJIbTaTe ce30HHoH H3MeHl..IHBOCTH 

~aHHbIX no l..IHCJIeHHOCTH/6HoMacce pa3JIHl..IHe Me)l{~y 3HMHHMH 

H JIeTHHMH MeC5ILI,aMH COCTaBHJIO 1:35, Tor~a KaK Me)l{rO~OBa5I 

* Institut fUr Seefischerei, Bundesforschungsanstalt fUr Fischerei, Palmaille 9, 2000 Hamburg 50, Germany 
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H3MeH1.IHBOCTb Me)l{,llY HMelOlllHMHC5I CbeMKaMH ,llOCTHr JIa JIHlIIb 

<paKTopa 1:1,6. CMepTHocTb KPHJI5I 6bIJIa nO,llC4HTaHa npH 

nOMOlllH aHaJIH3a JIHHeapH3HpoBaHHoH KPHBOH YJIOBa. EbIJIH 

nOJIY4eHbI CJIe,llYlOlllHe pe3YJIbTaTbI: K03<p<pH~HeHT Z = 0,88 
(1989/90) H Z = 0,96 (1987/88). O~eHKa np0,llYKTHBHOCTH 

COCTaBHJIa OTHOlIIeHHe P/B OT 0,88 ,llO 0,94 B pa3Hble rO,llbI. 

K03<p<pH~HeHT o6MeHa Macc BO,llbI H 6HoMaccbI KPHJI5I B Te4eHHe 

O,llHoro JIeTa 6bIJI npH6JIH3HTeJIbHO paBeH 2, H3 4ero CJIe,llyeT, 

4TO B Te4eHHH H3Y4eHHblx JIeTHHX ce30HoB, MHrpHpYlOllla5I 

1.Iepe3 ,llaHHbIH Y4acToK MaKCHMaJIbHa5I o6111a5I <paKTH4eCKa5I 

6HoMacca (BKJII04a5I np0,llYKTHBHOCTb) COCTaBHT 4,3 H 5,0 X 106 

TOHH. 

Resumen 

El buque de investigacion Meteor llevo a cabo una prospeccion con 
redes a 10 largo de la peninsula Antartica del 26 de diciembre de 1989 al 
14 de enero de 1990. Se contrastaron los resultados con los datos 
obtenidos de una prospeccion identic a hecha con el BI Polarstern en 
1987/88. La variacion estacional de los datos de abundancia y biomasa 
entre el verano y el invierno sobrepaso un factor de 1 :35, mientras que 
la variacion interanual de las prospecciones disponibles solo alcanzo un 
factor de 1: 1.6. La mortalidad del krill fue calculada mediante un 
amHisis lineal de la curva de capturas y dio un fndice de Z = 0.88 
(1989/90) y Z = 0.96 (1987/88). El rendimiento estimado dio una 
razon PIB de 0.88 a 0.94 para distintos afios. El fndice de intercambio 
de las masas de agua y biomasa de krill dentro de una temporada estival 
se calculo, a grosso modo, en dos veces, de 10 que se deduce una 
biomasa total efectiva maxima (inc1uida produccion) de 4.3 y 5.0 x 106 

toneladas que pasaron por el area prospectada durante los veranos 
respectivos. 

1. INTRODUCTION 

During recent years research on Antarctic krill has led to a deeper understanding of the 
species life cycle and a more refined knowledge on distribution patterns and the variability with 
time. First attempts had been carried out to estimate population dynamic parameters as there are 
age, growth, mortality and production. A comprehensive review of the present state of 
knowledge was undertaken by Miller and Hampton (1989) who documented the progress since 
the report by Everson (1977). On the other hand this review also elucidated the problems of 
diverting published results which are often derived from different methodological approaches. 

For a long time krill was thought to live only for two or three years and spawn only 
once during the life-cycle. Studies dn 're-maturation' and 're-juvenation', however, led to the 
conclusion of a multiple spawning during a longer life span. Meanwhile a longevity of five to 
seven years (6 to 8 age groups) is accepted in principal (Ettershank, 1984 and 1985; Siegel, 
1986 and 1987; Rosenberg et al., 1986; Hosie et al., 1988) which changed the basis for the 
calculation of basic population dynamic parameters. 

Since the establishment of a commercial krill fishery there is an increasing need for 
reasonable estimates on age, growth, mortality and productivity. The present study intends to 
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support data from a survey covering the area of the krill distribution range from juvenile to adult 
stages. A representative sample of all age groups can be expected which overcomes 
shortcomings of earlier locally restricted investigations. Determination of mortality as well as 
productivity will support more reliable results than it would be possible from an unknown, 
smaller part of the population with an unknown age structure. 

2. MATERIAL AND METHODS 

A net sampling survey for krill was conducted by RV Meteor during 26 December 1989 
and 14 January 1990. The survey area was located along the Antarctic Peninsula between 
Elephant Island in the northeast and Adelaide Island in the southwest. The station grid was 
based on the extended BIOMASS-SIBEX grid, which was already surveyed during previous 
years, March 1984/85, winter 1986, and NovemberlDecember 1987/88. 

A total of 88 stations were sampled (Figure 1) by a multiple RMT 8 net with a mesh size 
of 4.5 mm (Roe and Shale, 1979). Flow-meter data, net angle, fishing depth and temperature 
were monitored continuously and the data stored on a personal computer (Dimmler and Klindt, 
1990). Filtered water volumes were calculated from the net parameters applying formulas 
given by Rose and Shale (1979) and Pommeranz et al. (1982). 

Plankton samples were preserved in 4% buffered formalin seawater solution. Krill was 
always sorted completely from the entire sample. Total length (AT) was measured from the 
anterior margin of the eye to the tip of the telson to the nearest millimetre below. All 
measurements were carried out by a single observer to avoid methodologically biased 
differences in length frequency data (Watkins et al.,1985). A total of 12 933 krill specimens 
were measured and their developmental stages determined. 

Statistical analyses were carried out using the CSS statistical computer package. Age 
groups were derived from length frequency data by application of the distribution mixture 
analysis presented in detail by MacDonald and Pitcher (1979). The MIX computer program was 
run in an interactive session to estimate, by stepwise optimization, certain variables of single 
components of the distribution mixture (means, standard deviations and proportions) as well as 
the chi-square goodness of fit test. 

3. RESULTS 

The survey covered an area of approximately 93 800 n miles2. Abundance values were 
integrated for the 200 m depth zone. 

3.1 Stock Composition 

The composition of the krill stock and its spatial distribution pattern was investigated 
applying a cluster analysis to compare similarity between stations. A similarity matrix was 
computed based on the relative frequency of each krill length class as station parameters as 
described by Siegel (1986 and 1988). Results of this analysis were plotted as a dendrogram. 
A similarity level of 70% led to four geographical coherent clusters which were interpreted to be 
biologically meaningful. 

Since number of stations and the abundance of krill were different in these clusters, a 
simple unweighted mean length frequency distribution calculated from the above relative 
distribution would bias· the absolute abundance and the composition of the overall length 
composition. Therefore krill density strata were established in each cluster. The stratified mean 
(Saville, 1977) was then determined for each cluster separately and multiplied by the size of the 
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respective cluster. The sum of all four clusters finally led to the absolute abundance of size 
classes within the entire survey area. 

The overall length frequency distribution is shown in absolute numbers in Figure 2 for 
the summer cruise 1989/90. The scarcity of juvenile krill of 23 to 30 mm became quite 
obvious, while 30 to 44 mm medium sized subadults represented the bulk of the krill stock. 
Largest adult specimens were 61 mm in size, which is generally the maximum length reached 
by this species. 

The above described procedure was also undertaken for other surveys from different 
years to detect the degree of interannual variation in krill abundance. The occurrence of 
different cluster and their related length frequency distributions during various cruises had been 
published earlier (Siegel, 1988 and 1989). Data and results are summarized in Table 1. 

In summer 1989/90 the total amount of krill reached 2 700 x 109 individuals in the 
survey area (Figure 3). Abundance was higher during the post-spawning season 1984/85 with 
3 795 x 109 krill and highest in early summer pre-spawning season 1987/88 with more than 
4400 x 109 krill. During winter 1986 the stock was at its lowest level with 124 x 109 

individuals. Juvenile krill was scarce in 1984/85 and 1989/90, indicating poor 1+ age groups. 
Subadult stages observed in lower numbers during the 1987/88 season indicating a missing of a 
middle aged class (see below). 

3.2 Biomass 

Krill biomass was mapped as g/m2 and contoured and size of biomass density strata 
were measured. The stratified mean and variance were determined for the area within the krill 
distribution range using the method described by Saville (1977). Data from earlier surveys 
were reanalysed in the same manner, because in some cases the area of zero catches beyond the 
distribution range - but inside the survey area were included for the calculation of the overall 
stratified mean. This reduces the value of the stratified mean and would not give a real 
impression on the variability of biomass density within the distribution limits of the species. 
Results of all estimations are given in Table 2. 

During summer the total estimated biomass ranged from about 1 million tonnes to more 
than 1. 6 million tonnes regarding the fact that the size of the survey area slightly differed from 
year to year. 

3.3 Population Dynamic Parameters 

3.3.1 Age Composition 

The estimation of population dynamic parameters require a representative sample of the 
stock. It is important, therefore, to know that during summer krill distribution has its furthest 
northern extent into oceanic waters along the Peninsula. During this time the stock presents a 
complete set of developmental stages/age groups (Siegel, 1988). The survey grid considers the 
distribution pattern and included shelf as well as oceanic waters and covers most of the krill 
distribution range or even extended beyond this range. The overall length frequency 
distribution given in Figure 2 was computed by the stratified means and the size of the cluster 
subareas and thus is representative for the krill stock in the Peninsula area. The data of this 
length frequency distribution were used to analyse the age class composition and the strength of 
age classes in the stock. The separation of normal distributions from a distribution mixture was 
conducted by applying the method described in detail by MacDonald and Pitcher (1979). The 
basic assumption on normal distribution of size classes for krill age groups had been discussed 
and analysed by Siegel (1986). 
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The results with best goodness of fit of observed and expected values for the least 
number of components are summarized in Table 3 (chi-squared = 11.1, df = 25, P = 0.992). 
At least five age groups could be distinguished from the distribution mixture. Since age class 0 
was only present as recently spawned eggs or hatched nauplii, the smallest group of 26.5 mm 
size can be regarded as age class 1+. The largest group of 55.4 mm mean size represented only 
a small number (3.3%) of individuals and a high degree of overlapping occurred with the 
preceding group. Since it was not possible to split this group into further components, the 
largest group is defined as ~ 5+, because this group might include more than one undetected 
age class - although these would be very rare ones and strongly overlapping in size. 

The total number of krill in the survey area (Table 1) and the calculated proportions of 
the components (Table 3) were used to estimate the number of krill for each of the age classes. 
The same procedure was undertaken for the data of the 1987/88 summer cruise, which also 
resulted at least five components. Results on the abundance of each age group are given in 
Table 4. 

In both seasons 1987/88 as well as 1989/90 age group 1+ was scarce and represented 
only 1.5% and 2.3% of the krill stock, respectively (Table 4). Age class 2+ was by far the 
most abundant group (75.8%) in 1989/90 and showed even higher proportions (78.4%) in 
summer 1987/88. The results of 1989/90 further showed a steady decline in number ofkrill for 
the older age classes. From Table 3, however, it is obvious that in 1987/88 the age group 3+ 
with a mean length of 44.7 mm contributed only 4.4% to the stock size which was much less 
than the proportion of the older 4+ age group (11.3%). 

3.3.2 Mortality 

Since data of consecutive years were not available, the static model was taken as an 
alternative way. This involves examining the age structure of the stock at one period in time. 
Working with these 'pseudo-cohort' data we can apply the linearized catch curve equation with 
constant time intervals (Sparre et al., 1989) 

In C(tl,t2) = g - Zt 

Figure 4 shows the linearized catch curve analysis for the particular years 1987/88 and 
1989/90. As appears from the figure data points from the age group 1+ and 3+ (in 1987/88) 
show a sufficiently large deviation from the straight line to justify the exclusion from the 
regression analysis (Sparre et al., 1989). The reason is that these age groups can be suspected 
to be extremely poor year classes most probably due to a failure of spawning in preceding 
years. 

From the 1987/88 age group composition a total mortality of Z = 0.96 (r = -0.999) was 
calculated, which corresponds with a survival rate of 38 % from one year to the next. The 
1989/90 data resulted a slightly lower mortality of Z = 0.88 (survival rate 41 %) and a slightly 
lower correlation coefficient (r = -0.969), because the abundance of the age groups varied more 
and data points deviate more from the theoretical straight line than in 1987/88. 

3.3.3 Production 

For this analysis production was defined as the sum of growth increments (weight 
increase of all individuals during a one year period) of all post-larval age groups. The annual 
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production of a monocyclic species (the population is represented by one age group and the 
reproductive period is of limited duration) can be calculated by 

P = B2 - Bl +E 

when the eliminated (E) part of the population is added to the difference in biomass from the 
starting and the end of the cycle. Elimination is defined as the difference between original and 
final abundance multiplied by the arithmetic mean of the starting and final individual weight of 
the respective age group (Winberg, 1971): 

E = (N1 - N2) ·0.5 . (BdNl + BzfN2) 

The production of a species with a multi-year life-cycle can be obtained by summing up 
the results for single age groups. 

In the present study the results of the age group composition analysis were introduced 
as parameters in the krill production estimation. Mean size of age classes and their proportion 
of total abundance are given in Table 3. Table 4 includes the number of individuals and the 
biomass for each age group. Data indicated by asterisks represent theoretical values derived 
from the linearized regression in Figure 4, to allow the calculation of the elimination. 
Elimination and production of biomass within a one year cycle are also given for each age 
group in Table 4. 

Since age class 1+ was almost completely missing in 1987/88 and 1989/90 seasons, this 
group was not considered for the total production in either year. Furthermore, the 3+ age class 
elimination and production figures were only of theoretical interest in 1987/88, because this 
group was almost missing in this season. Absolute krill production was 2.522 x 106 tonnes 
for 1987/88 excluding 3+ age group, and the relative relationship between production and 
biomass can be calculated as PIB = 0.94 or 1.1 if the theoretical values for age group 3+ are 
considered. In 1989/90 a biomass of 1.159 x 106 tonnes was estimated for the krill stock 
including age groups older than 1+. Krill production was calculated as 0.967 x 106 tonnes/year 
in the survey area, resulting an index of PIB = 0.83. 

4. DISCUSSION 

The present net sampling surveys as well as the analysis were carried out in a 
standardized way, which allows a direct comparison of the results. Overall mean biomass in 
summer ranged from 6.1 g/m2 in 1987/88 to less than 4.5 g/m2 in 1989/90, but it was at its 
minimum in winter 1986 (0.55 g/m2). Seasonal variation between summer and winter 
exceeded a factor of 35 times, i.e. the winter stock was at a minimum level of 2.8% of the 
maximum observed summer stock. The interannual variability between the krill summer stock 
was less pronounced, the total number of krill varied by factor 1.6, which means the lowest 
summer value still reached 61 % of the amount observed in a year of maximum abundance. 
Results from hydroacoustic surveys (summarized by Godlewska and Rakusa-Suszczewski, 
1988) indicate differences within the same season (1984/85) of 1.78 to 37.58 tonnes/n miles2, 
which is a factor of at least 21 between spring and late summer. Maximum interannual 
difference obtained from standardized hydroacoustic surveys was 71.27 tonnes/n miles2 

(1983/84) and 7.95 tonnes/n miles2, which is a factor of 8.9 times. 

In general it can be concluded that the seasonal fluctuation in abundance and biomass of 
the krill stock off the Antarctic Peninsula is several times higher than the interannual variability. 
The situation might be different in areas like South Georgia, where krill is living close to its 
northern distribution limits and large-scale ocean atmosphere processes may lead to a dramatic 
decline in the krill stock of this region from year to year (Bonner et al.,1978; Morris and 

164 



Priddle, 1984; Heywood et al., 1985; Priddle et al., 1988). The extremely low krill abundance 
off South Georgia does not necessarily mean a decrease in total abundance in the Atlantic 
sector, because at the same time abundance may increase further south in the Scotia Sea. 

The interannual variation in krill abundance might be explained by oceanographic 
circumstances besides at least one known biological factor. Recruitment shows a general 
alternation of good and bad year classes (Siegel, 1989). Data indicated that during the last 
years several year-classes had been poor or almost missing, e.g. year-class 1983/84 as well as 
1986/87 and 1988/89 (present data). This led to variation in the total abundance and biomass of 
the kriU stock. Since mean length-per-age of gravid female indicate that krill becomes mature 
during 3+ age group and krill live at least as long as 5+ age group, several age groups 
contribute to the spawning success. Therefore a breakdown of the entire spawning stock like 
for the South Georgia region was never observed. 

Information on post-larval krill mortality are rare in the published literature. Estimates 
obtained by different methods were summarized by Miller and Hampton (1989). In 
determining natural mortality of kriU a critical review of methods and assumptions is required. 

Kawakami and Doi (1979) analysed krill mortality by applying Edmondson's method, 
which considers several parameters like duration of egg development, number of offspring, 
hatching rates, larval survival and length-at-age (see Miller and Hampton, 1989). For most 
parameters assumptions had to be made. The natural mortality rate of krill at one year after 
hatch was estimated as M = 5.5. Calculations based on length-at-age data with a two to three 
year life cycle will, however, strongly affect the results by increasing the mortality rate. 
Meanwhile studies on longevity suggest a longer life span of krill and 6 to 8 age groups seem to 
be more realistic, so that the value of Kawakami and Doi (1979) seems to be too high at least 
for the postlarval age groups (see below). 

Brinton and Townsend (1984) tried to avoid the assumption of a constant mortality rate 
over several years and supported figures for single age groups. They derived estimates for the 
1980/81 season of M = 2.31 for 1 to 2 year old krill and M = 0.6 for 2 to 3 year old animals. 
The problem arises that Brinton and Townsend (1984) based their calculations on a three year 
life span of krill. Their age group 1 (20 to 43 mm) included the two age groups 1+ and 2+. 
Age group 2+ was represented at that time by the poor 1978/79 year class (Witek et al., 1980), 
which disappeared in the chosen log-transformed length frequency distribution given by these 
authors. Furthermore the spawning season 1980/81 was extremely successful 
(Rakusa-Suszczewski, 1984; Hempel, 1985) so that larval age group 0 was abundant above 
average. From this it has to be assumed the first mortality rate of M = 2.31 is too high. Age 
group 3 (44 to 58 mm) of Brinton and Townsend (1984) also included more than one age 
group, which would lead to an overestimation of the abundance in this group and consequently 
underestimate the annual mortality rate. 

Siegel (1986) estimated total mortality rates by regression analysis based on age 
composition data from various years (linearized catch curve method). Results varied from 
Z = M = 0.78 to 1.17. One disadvantage was the fact that calculations were based on data 
from limited areas. Abundance data from the Bransfield Strait might be problematic, because 
the concept on spatial succession of krill stages/age groups (Siegel, 1988 and present data) 
showed that older stages are under-represented inside Bransfield Strait. Other data were 
available from one transect off Anvers Island which covered the distribution range from 
juvenile to adult krill and thus included all age groups, but abundance data from a single 
transect might be arbitrary and not representative for the composition of the whole stock along 
the Peninsula. 

The present analysis circumvents the problem by considering weighted data from the 
entire survey area. Average mortality rates were obtained by deleting age groups which were 
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known to be under-represented in the stock. Results varied between Z = 0.88 and 0.96 for data 
from two different years. 

Natural mortality and the growth constant K of the von Bertalanffy growth curve are 
closely related. Priddle et al. (1988) estimated the instantaneous rate of natural mortality from 
growth parameters obtained by Rosenberg et al. (1986) for a six to seven year life-span of krill. 
Under the assumption that M is about two times greater than K, the values would range from 
M = 0.8 to 1.35. Siegel (1986) also calculated natural mortality rates from Bertalanffy growth 
curve parameters which was based on six age groups and resulted M = 0.94 to 0.99. This 
method is of course highly dependent on the validity of the age determination. The conversion 
factor 2 for K to M used by Priddle et al. (1988) was taken from clupeoid fish. Beverton and 
Holt (1959) found values of the ratio M/K mainly ranging between 1.5 and 2.5. Siegel (1986) 
determined the growth parameter K for krill by different methods and his results ranged from 
K = 0.4018 to 0.4728 which would result a factor of M/K = 1.86 to 2.39. Therefore results 
obtained by this method have to be considered as rough estimates of the natural mortality rate. 

Basson and Beddington (1989) estimated kriU mortality by different approaches. They 
considered the length specific aspect of mortality and transformed Discovery data to cumulative 
length frequency distribution and from this modelled curve they derived a relatively low average 
mortality rate of M = 0.5. This value is almost identical with the growth rate (K = 0.52) 
estimated from the same data. Basson and Beddington (1989) further tried to estimate krill 
mortality including length specific aspects of predation with the assumption that predators 
mainly feed on larger krill. They established a simple length dependent predation curve and 
estimated average mortality rates for simulated and observed length frequency data. Total 
mortality was Z = 0.65 for the time before and Z = 0.45 for the period after the reduction of the 
whale stock. The authors stated, however, that there was no indication of a continued trend for 
the decrease in krill mortality rate. 

Naturally small specimens are exposed to a larger predation than larger ones, simply 
because small animals have more predators (Sparre et al., 1989). Peters (1955), for example, 
supported data on length frequencies from whale stomachs and found high abundances of 20 to 
30 mm juvenile krill. These size groups represented age class 1+ and indicate that these length 
classes are also heavily exploited by whales when they are most abundant in early summer. 
Furthermore, other carnivorous zooplankton seem to feed heavily on younger krilllife stages 
(Hosie, 1988). In general the simple predation model is a valid alternative method, but the 
hypothetical curve of length-specific predation rates possibly needs further improvement, 
because data on kriU predation are still insufficient or even missing for many components of the 
related food web. 

In principal longevity is more clo~ly related to mortality than to K and Loo (Sparre et 
al., 1989). Following Alagaraja (1984) the life span of a species is the age at which 99% of a 
cohort had died and it had been exposed to natural mortality only: 

M1% = - In (O.OI){fm (Tm as longevity in years) 

Recently published results on number of krill age groups range from six groups 
including larval 0 group which means a life span of at least five years (Siegel, 1987) up to six 
to seven year life span (Rosenberg et al., J986) or eight age groups and a maximum longevity 
of seven years (Ettershank, 1984 and 1985). Based on this maximum range krill mortality rate 
then would be expected as M = 0.92 for a five year life span or M = 0.66 for a seven year life 
span. This general approach once again demonstrates that some of the results mentioned above 
deviate considerably from the expected level. 

" 
Total production can be calculated from the standing stock over a given time and the 

growth rate of the species. In the season.1987/88 total abundance, biomass and production 
were higher than in 1989/90, although two age groups (1 + and 3+) were almost missing in this 

166 



season instead of only one (1+) in 1989/90. The amount of krilllisted in Table 4 support 
estimates of instantaneous biomass and abundance. Since the area off the Antarctic Peninsula is 
not static but highly dynamic, the potential or effective total biomass within one season will be 
higher than reflected by the present results. 

Several basic parameters are available in the literature to come at least to a rough idea of 
the krill fluxes through the area. It is known that krilI occurrence is extremely low in the entire 
area during the whole winter season and that the increase in abundance and biomass is 
commencing not before late October, while the stock declines rapidly during March (Stepnik, 
1982; Siegel, 1988). This gives a maximum time span of 150 days while krill is immigrating in 
considerable numbers to maintain the high level of the summer stock. The main currents run 
from the southwest to the northeast. Current speed measurements for the upper 400 m water 
column show a maximum range between 6.5 and 32 cm/sec (Stein, 1979; Wittstock and Zenk, 
1983; Nowlin and Zenk, 1988). An average velocity of 20 cm/sec for the near-surface layer 
obtained from tracking the drift of FGGE buoys seems to be more realistic to follow the drift of 
krill, because this layer is more strongly influenced by wind than the deeper layers where 
current meter measurements had been carried out. 

The survey area extended over approximately 650 nautical miles. Let us assume that 
krilI is continually drifting in from the southwest and transported with the mean current speed 
and no retention occurs by meanders or eddies. Under these circumstances a minimum time 
interval of 70 days is necessary for a complete exchange of the water masses and the krill 
standing stock along the Peninsula. This means that during an entire summer season the krill 
stock could be exchanged about two times at a maximum. The instantaneous biomass was 
estimated as 1.65 x 106 tonnes (for all age groups) in 1987/88 and 1.16 x 106 tonnes in 
1989/90. The biomass including the krill production would amount to 2.52 x 106 tonnes and 
2.13 x 106 tonnes, respectively. Considering an exchange rate of 2.0 a maximum effective total 
stock size of 5.0 x 106 and 4.3 x 106 tonnes, respectively, would have passed the survey area 
during the seasons under consideration. Taking into account the meandering of the current 
system and the occurrence of eddies with accumulating and retention of krill this is included in 
the estimation of the instantaneous biomass - then the exchange rate is obviously too high and 
the potential or effective total biomass and production represent the extreme upper limit of the 
krill stock passing the survey area within one season. 

Several attempts had been made to estimate the ratio of production to biomass (PIB) and 
were discussed by Miller and Hampton (1989). AlIen (1971) was the first to calculate a ratio of 
PIB = 1.8 to 2.3 and stated the lower end of the range being more likely. Yamanaka (1983) 
estimated a ratio of PIB = 1.19, which was at least partly based on the assumptions made by 
Kawakami and Doi (1979) for the calculation of the natural mortality rate as described above. 
Miller et al. (1985) obtained different values ranging from PIB = 1.19 to 2.77. Siegel (1986) 
calculated production from age group composition analysis and found smaller PIB ratios 
ranging from 0.8 to 1.1. Almost identical results (PIB = 0.83 to 0.94) were obtained in the 
present study applying the same method for different and more comprehensive survey data sets. 
A more theoretical value of 1.1 was derived from the same analysis by substituting some data 
of strongly under-represented age groups with expected abundances. 

The PIB estimations of AlIen (1971) were carried out for various growth and mortality 
models and showed that longevity and mortality rates as well as growth rates are fundamentally 
important to obtain reasonable estimates of the PIB ratio. 
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Table 1: Stratified mean and total abundance of krill for different years and site clusters 
(cluster numbers of earlier years refer to results given by Siegel (1987 and 1989)). 

Year/Cluster Str. Mean Approx. Cluster Size Absoulte Abundance 
(n x 1 000 m-3) (n miles2) (n x 109) 

85/1 225.30 1300 205 
85/2 165.59 30000 3450 
85/3 6.25 31000 141 
86/1 9.51 7800 51 
86/2 5.55 19400 74 
87/1 93.71 2100 140 
87/2 118.99 30000 2553 
87/3 49.76 49000 1 735 
90/1 217.13 6900 1021 
90/2 77.46 9900 527 
90/3 36.51 40000 1028 
90/4 9.84 20000 140 

Table 2: Statistical table of krill biomass calculations for different surveys in the region of 
the Antarctic Peninsula (the stratified mean is calculated for the area of krill 
occurrence). 

February March May/June NovlDec Dee/Jan 
1982 1985 1986 1987 1989/90 

Number of Stations 21 59 59 74 69 
Strat. Mean (g/m2) 4.90 4.23 0.55 6.13 4.50 
90% Confidence Limits (%) ±79 ± 102 ± 85 ± 108 ±60 
Tonnes/n miles2 16.8 14.5 1.9 21.0 15.43 
Size of Survey Area (n miles2) 14300 97200 78940 88230 93800 
Size ofKrill Area (%) 64 35 89 80 
Total Biomass (106 tonnes) 0.905 0.053 1.651 1.160 

Table 3: Results of distribution mixture analysis for age group composition of the krill stock 
during summer 1987/88 and 1989/90. 

Age Groups 
1+ 2+ 3+ 4+ 5+ 

1987/88 
Proportion % 1.5 78.4 4.4 11.3 4.3 
Mean Length 15.4 29.6 44.7 51.6 55.3 
(J 1.4 3.7 2.5 2.6 1.1 

1989/90 
Proportion % 2.34 51.20 27.97 15.18 3.31 
Mean Length 26.5 35.9 44.3 50.8 55.4 
(J 1.3 3.3 2.7 2.8 1.9 
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Table 4: Estimated total abundance of krill age groups, biomass and production from 
1987/88 and 1989/90 survey data (* indicate theoretical values obtained from 
regression analysis in Figure 11. 

Season 
1987/88 1989/90 

InN 1+ 24.92 (29.84)* 24.88 (29.02)* 
2+ 28.87 27.96 
3+ 23.42 (27.92)* 27.36 
4+ 26.94 26.75 

;::; 5+ 25.97 25.22 

Nx 109 1+ 66.4 (9 106)* 63.7 (4011)* 
2+ 3472.1 1391.8 
3+ 194.9 (1 362)* 760.4 
4+ 500.5 412.6 

;::; 5+ 190.4 90.1 

W (103tonnes) 1+ 1.4 (192) 5.3 (335) 
2+ 543 339 
3+ 109 (764) 384 
4+ 439 336 

;::; 5+ 209 100 

E (103tonnes/year) 
2+ 500 429 
3+ (757) 236 
4+ 619 229 

;::; 5+ 306 308 

P (103tonnes/year) 
2+ 851 434 
3+ (978) 281 
4+ 293 181 

;::; 5+ 77 71 

B = "LW(2_5) 1300 (1956) 1159 
(103tonnes) 
(instantaneous 
biomass) 

"LP (2-5) (103tonnes) 1221 (2199) 967 

P+B(1-5) (103tonnes) 2522 2131 

P/B 0.94 (1.1) 0.83 
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Figure 1: Station grid for RMT net sampling survey during Meteor cruise ME 11/4, 
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Figure 2: Composite krilllength frequency distribution for the survey area in 1989/90 season 
and fitted line from distribution mixture analysis (see text). 
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CHARACTERISTICS OF KRILL SWARMS FROM PRYDZ BAY 

D.J. Agnew* and I.R. Higginbottom** 

Abstract 

The CCAMLR.AUS dataset available to the Subgroup on Survey Design 
was derived from a survey of Prydz Bay, Antarctica, in December 
1990. Swarm length, depth, thickness, Mean Volume Backscattering 
Strength (MVBS) and inters warm length were calculated for swarms of 
euphausiids encountered along a 78 km transect over the continental 
shelf close to the CEMP study site at Magnetic Island. The euphausiid 
species was probably Euphausia crystallorophias. An increase in 
swarm length was seen with increasing distance from the coast. 

Resume 

Le jeu de donnees CCAMLR.AUS dont disposait le sous-groupe sur la 
conception des campagnes d'evaluation etait derive d'une campagne 
d'evaluation de la baie Prydz, en Antarctique, en decembre 1990. Pour 
les essaims d'euphausiaces rencontres le long d'un transect de 78 km 
sur le plateau continental a proximite du site d'etude du CEMP a l'1le 
Magnetic, on a calcule la longueur, la profondeur, l'epaisseur, 
l'intensite moyenne de retrodiffusion par volume (MVBS), ainsi que la 
distance entre les essaims. Les euphausiaces concernes appartenaient 
vraisemblablement a l'espece Euphausia crystallorophias. Une 
augmentation de la longueur des essaims a ete remarquee a mesure que 
l'on s'eloigne de la cote. 

Pe3IOMe 

Ha60p .llaHHbIX "CCAMLR. AUS", HMeBIIIHHC5I Y IIo.llrpynnbI no 

cxeMe CbeMKH, 6bIJI nOJIY4eH B pe3YJIbTaTe CbeMKH B 3aJIHBe 

llPIO.ll3, AHTapKTHKa, B .lleKa6pe 1990 r. EbIJIH BbI4HCJIeHbI 

.llJIHHa, rJIy6HHa H nJIOTHOCTb CKOnJIeHH5I, Cpe.llH5I5I CHJIa 

o6beMa 06paTHoro aKycTH4ecKoro pacceHBaHH5I (MVBS) H 

paCCT05IHHe Me)l{.llY CKOnJIeHH5IMH 3B<paY3HH.ll, 

o6HapY)l{eHHbIMH B.llOJIb 78-KHJIOMeTpOBoro pa3pe3a Ha.ll 

KOHTHHeHTaJIbHbIM IIIeJIb<poM B6JIH3H Y4acTKa HCCJIe.llOBaHH5I 

no IIporpaMMe CEMP Ha OCTpOBe MarHeTHK. HMeeTC5I 

npe.llnOJIO)l{eHHe, 4TO BCTpe4eHHbIe 3B<paY3HH.llbI OTHOCHJIHCb K 

BH.llY Euphausia crystallorophias. IIo Mepe y,llaJIeHH5I OT 

n06epe)l{b5I Ha6JIIO.llaJIOCb YBeJIH4eHHe ,llJIHHbI CKOnJIeHHH. 

* CCAMLR Secretariat, 25 Old Wharf, Hobart, Tasmania 7000, Australia 
** Australian Antarctic Division, Channel Highway, Kingston, Tasmania 7050, Australia 
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Resumen 

El fichero CCAMLR.AUS utilizado por el "Subgrupo para el Disefio de 
Prospecciones" contenfa los datos de la prospecci6n realizada en la 
bahfa de Prydz, Antartida, en diciembre de 1990. Se calcularon el 
tamafio, profundidad y espesor de los cardumenes, la reverberaci6n 
media volumetric a (MVBS) y la distancia entre cardumenes, de los 
cardumenes de eufausidos encontrados a 10 largo de un transecto de 78 
km, efectuado en la plataforma continental cercana a la localidad del 
CEMP de la isla Magnetica. La especie de euphausido era posiblemente 
Euhausia crystallorophias. Se constat6 un aumento del tamafio de los 
cardumenes a medida que aumentaba su distancia de la costa. 

1. IN1RODUCTION 

This paper explains the derivation of the CCAMLR.AUS dataset available to the Subgroup 
on Survey Design. The subgroup was set up by the CCAMLR Working Group on Krill 
(WG-Krill) and was directed "to establish: 

(i) a set of initial parameters pertaining to the distribution of krill; 

(ii) a set of options for the design of surveys; and 

(iii) a set of methodologies for the determination of variances and other data required 
from these surveys." 

The CCAMLR.AUS dataset is intended to complement similar data from the South 
African and FRG FIBEX cruises at 200 E and 55°W (Miller and Hampton, 1989a). This paper 
describes the methods used to produce the dataset and presents an initial analysis of the swarm 
characteristics it describes. 

The dataset used in this analysis is relatively short (78 km transect length). However, it 
is believed to be representative of the swarm characteristics seen over the continental shelf in 
Prydz Bay in December 1990. The placement of the transect, close to a designated predator 
parameter monitoring site at Magnetic Island (CCAMLR, 1991), has direct relevance to the area 
that would have to be surveyed during the Ecosystem Monitoring Program, defined as within a 
radius of 100 km of a monitoring site (SC-CAMLR-IX, Annex 6, paragraph 101). 

2. METHODS 

Data were analysed from a single transect undertaken by Australian Antarctic Division 
using the RV Aurora Australis over the continental shelf in Prydz Bay, Antarctica. The transect 
was run due north from Davis Station on 18 December 1990 along 74°30'E longitude 
(Figure 1). Conditions were calm and ice free from 1200 hours until 2300 hours GMT when 
the ship encountered a band of pack-ice just before reaching the edge of the continental shelf. 

Data were collected with a Simrad EK500 echo sounder at a frequency of 120 kHz using a 
hull mounted transducer. The echo sounder was fully calibrated prior to the survey. Data for 
single pings were stored as Mean Volume Backscattering Strength (MVBS) integrated in 25 m 
depth intervals over a 225 m range. The raw data were submitted to CCAMLR for the use of the 
Subgroup on Survey Design. 
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Unfortunately, no ground truthing was performed during this time. It is most likely 
however, that the swarms this far into Prydz Bay were predominantly E. crystallorophias. 
Surveys carried out in February showed that most of the euphausiids over the shelf (south of 
67°S) were E. crystallorophias although there was some E. superba in the samples (S. Nicol 
and G. Hosie, pers. corn.). 

. Analysis was performed at, !he CCAMLR Secretariat using a V AX minicomputer. The 
fIrst depth layer, 0 to 25 m, was slibject to a great deal of noise and was excluded from the 
analysis. Pings were designated as krill bearing if a single depth range had an MVBS value 
exceeding a threshold of -95 dB. Noisy pings were identified by having a krill thickness of 
greater than 125 m, and a characteristic pattern of increasing dB with depth (because of the 
Time Varied Gain correction), and were excluded from the analysis. 

Once pings containing krill had been identified the characteristics of swarms were 
determined. Two key variables used were: 

(i) the Intercepted Swarm Length (ISL), defined as the distance between the first ping 
encountering a swarm and the first ping to lose the swarm; and 

(ii) the Between Swarm Distance (BSD), the distance from the last ping encounter 
with the swarm and the first encounter with the next swarm. 

The latter is particularly important in determining the end or the continuation of a swarm 
if the ping sequence of a swarm has breaks in it where no krill are present, either because of 
breaks in the swarm structure or because of noise. 

In the analysis the minimum BSD was set to 10 m and the minimum ISL to 2 m, to 
ensure that the shortest 'swarms', single ping encounters, were included, although these may 
not be considered true swarms in the classification of Miller and Hampton (1989b). 

The time of each ping was available in the original data file, and distance was calculated 
using mean speeds derived from the ship's positional data. The ping data was analysed in five 
sections, each with slightly different ship speeds. Integrated MVBS* and mean swarm thickness 
were also calculated for each swarm, although swarm thickness calculated from these data will 
lack accuracy due to the EKSOO integration interval of 25 m. 

For the purposes of comparison, a biomass index was calculated using an assumed 
mean E. crystallorophias length of 27.5 mm, weight 200 mg (G. Hosie, pers. comm.), and the 
equations 

TS = -127.45 + 34.85 log 10 (length in mm) 

(TS relationship for E. superba given by SC-CAMLR (1991), at 120kHz, extrapolated for 
E. crystallorophias). 

swarm radius (m) = A (2/n) (Butterworth, 1988) 

mean number density (individuals.m-3) av = lO°.!(vTS) 

n 

Ll0°.!SYi 

* Calculated using MVBSswarm = 10 IOglO ~i=::.!...l __ 
n 

where n = number of ping/depth intervals in the swarm, svi is the MVBS for a single ping depth interval. 
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where A, 

P 
'IS 

swarm biomass index (kg) =p. A,2. (4/1t).w.O'v 
= intercepted swarm length (m) 
= swarm thickness (m) 
= target strength 

s v = observed MVBS 
w = weight (kg) 

3. RESULTS 

The data sequence started at 1558 hours on 18 December and continued until 
2213 hours when the data became very noisy as the ship started encountering ice. The ping 
rate was about one every second until 1808 hours (approximately 30 km from the start) when it 
dropped to one every six seconds. This leads to a somewhat distorted data set, with minimum 
swarm length of about 18 m (1 ping) after 1808 hours compared with about 3.5 m before this 
time. Figures 2a and b show this clearly. The change in ping rate also effects the calculated 
BSD, which has a minimum value corresponding to 2 pings (about 36 m) after 1808 hours. 

Intercepted swarm length, observed between swarm distance, swarm thickness, 
integrated MVBS and swarm biomass index are shown in Figures 3a to 3e. Length, BSD and 
biomass are approximately log normally distributed. The bars marked '*' in Figures 2a and b 
are distortions introduced by the decreased ping rate after 1800 hours discussed above, and the 
true modes lie at 3-3.5 and 4.4-4.6 for In(length) and In(BSD) respectively. Basic statistics for 
these parameters are given in Table 1. The mean swarm length of 24 m and BSD of 83 m 
indicate that the pattern of krill aggregations was one of many small swarms with a few much 
larger ones (more than 50% of total biomass index is contributed by a single large swarm). 

There were no significant correlations between any of the independent swarm 
parameters (length, MVBS, depth, thickness or mean between swarm distance). Plots of swarm 
length and swarm biomass index with distance, however, show that maximum length and 
biomass both increased with distance from the shore; In(swarm length) is positively correlated 
with distance (correlation coefficient = 0.472 n = 477). This effect is influenced by the change 
in ping rate after 30 km, but Figure 4 clearly shows that mean swarm biomass index started 
increasing before the 30 km point. 

4. DISCUSSION 

The analysis was hampered by the change in ping rate after 1808 hours (north of 
67°51 '38"S) and the loss of resolution that this resulted in. Resolution is also lost by the 
pre-integrations into 25 m depth intervals which results in the artificial lower limit of swarm 
thickness. These problems may be overcome in future but the difficulties encountered in 
interpreting these data highlights the importance of recording acoustic data with the highest 
resolution available. The loss of data on krill swarms shallower than 25 m is also a prc'Jem, 
particularly as many of the swarms in this transect were encountered between 25 and 50 m 
depth, as is the uncertainty about species composition and biological characteristics (length and 
weight). 

Even though the distance of this transect is relatively small, there is a significant change 
in swarm length and estimated swarm biomass with distance from the shore, despite the high 
variances associated with the data (Anova result, P < 0.001). These are real changes in the 
quantity of prey available to predators within 100 km radius of a predator monitoring site at 
Magnetic Island, even though they relate to E. crystallorophias rather than E. superba. The fact 
that these characteristics change relatively fast within the ranges identified by CEMP as being 
important for prey surveys around predator monitoring sites has important consequences for 
survey design. 
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Table 1. Krill swarm parameters. Intercepted length, between swarm distance and biomass 
have been log transformed; their corresponding exponential values are given in 
parentheses (n = 475). 

In(Length) In(BSD) MVBS Depth Thickness In(Biomass) 
(m) (m) (dB) (m) (m) (kg) 

Min 1.194 (3.3) 2.754 (15.7) -94.9 25 25 -6.956 (0.001) 

Max 6.465 (642.3) 7.154 (1279.2) -56.3 200 62.5 12.354 

(232 tonnes) 

Mean 3.184 (24.1) 4.417 (82.8) -77.6 (0.171 1) 57.684 28.104 1.263 (3.54) 

St 0.983 0.861 8.723 (0.0341) 38.069 6.909 3.584 

Dev. 

1 Mean and standard deviation of loglo(O.01 Sv) 
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Figure 1: RV Aurora Australis cruise track 18 to 19 December 1990. 
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SOME COMMENTS ON THE PROCEDURE FOR TESTING ESTIMATORS OF 
KRILL ABUNDANCE WHICH UTILISE SURVEY DATA 

D.S. Butterworth*, D.L. Borchers* and D.G.M. Miller** 

* 
** 

Abstract 

Since krill distributional data do show evidence of spatial correlation, 
estimators of abundance which attempt to model such effects (such as 
those based on Kriging techniques) ~ provide improved abundance 
estimates from survey data. However, computer simulation studies are 
first required to test whether such estimators, and alternative possible 
survey designs, are indeed likely to provide improved performance in 
practice. Such studies require a simple method for computer generation 
of krill distribution patterns, which are compatible with existing 
information on the distributions from surveys. "Two-level" models of 
krill distribution are considered. These achieve overall spatial 
correlation by placing krill swarms at random within larger aggregation 
features termed concentrations; these concentrations are then located at 
random within the survey area. These "two-level" models provide an 
encouraging improvement in fits to the distribution of inter-swarm 
distances observed on the 1981 FIBEX survey by MV SA Agulhas. 
However, evidence of model misspecification remains. Further work 
is needed before such models can be used as the basis for the 
simulation studies required - some suggestions are made in this regard. 

Resume 

Vu que les donnees sur la distribution mettent bien en evidence une 
correlation spatiale, les parametres d'estimation d'abondance tentant de 
modeliser ces effets (tels que ceux fondes sur les techniques de 
Kriging) pourraient fournir de meilleures estimations d'abondance a 
partir des donnees des campagnes d'evaluation. Cependant, en 
premier lieu, des etudes par simulation informatisee sont necessaires 
pour verifier si ces parametres d'estimation, et d'autres modeles de 
campagne possibles, sont bien susceptibles, sur le plan pratique, 
d'offrir de meilleurs resultats. Ces etudes necessitent une methode 
simple de production informatisee de schemas de repartition du krill qui 
soient compatibles avec les informations actuelles, fournies par les 
campagnes d'evaluation, sur les repartitions. Des modeles "a deux 
niveaux" de repartition du krill sont consideres. Ils realisent la 
correlation spatiale globale en pla~ant les essaims de krill au hasard, a 
l'interieur de grands rassemblements de krill nommes concentrations; 
ces concentrations sont ensuite situees au hasard dans l'aire etudiee. 
Ces modeIes "a deux niveaux" sont prometteurs quant a une 
amelioration des ajustements a la distribution des distances entre les 
essaims observees par la campagne FIBEX 1981 du MV SA Agulhas. 
Quelques traces d'erreurs de specification du modele subsistent 
toutefois. A vant de pouvoir utiliser ces modeles comme bases des 
etudes par simulation, il importe de poursuivre les travaux - quelques 
suggestions sont avancees a ce sujet. 

Department of Applied Mathematics, University of Cape Town, Rondebosch 7700, South Africa 
Sea Fisheries Research Institute, Private Bag X2, Roggebaai 8012, South Africa 
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Pe310Me 

B CBSI3H C TeM, '-ITO ,llaHHble no pacnpe,lleJIeHHIO KPHJISI 

,lleticTBHTeJIbHO YKa3bIBaIOT Ha npOCTpaHCTBeHHYIO B3aHMO­

CBSI3b, nOKa3aTeJIH '-IHCJIeHHOCTH (HanpHMep OCHOBaHHble Ha 

MeTO,lle Kpatira), HanpaBJIeHHble Ha MO,lleJIHpOBaHHe nO,llo6Hb1X 

3<p<peKTOB MoryT npe,llCTaBHTb 60JIee TO'-lHble o~eHKH 

'-IHCJIeHHOCTH Ha OCHOBe CbeMO'-lHbIX ,llaHHbIX. TeM He MeHee, 

nepBoti ~eJIblO HCCJIe,llOBaHHti no KOMnblOTepHOMY 

MO,lleJIHpOBaHHIO SIBJISIeTCSI npOBepKa BepOSITHOCTH 

,lleticTBHTeJIbHOrO YJIY'-ImeHHSI 3<p<peKTHBHOCTH Ha npaKTHKe 

nO,llo6Hb1X nOKa3aTeJIeti H B03MO)l{HblX aJIbTepHaTHBHblX cxeM 

CbeMOK. TaKHe HCCJIe,llOBaHHSI Tpe6YIOT BHe,llpeHHSI npOCToro 

MeTO,lla KOMnblOTepHoro npOH3BO,llCTBa MO,lleJIeti 

pacnpe,lleJIeHHSI KPHJISI, KOTopble COBMeCTHMbl C 

CYlI{eCTBYlOlI{HMH CbeMO'-lHbIMH ,llaHHbIMH no pacnpe,lleJIeHHIO. 

PaCCMaTpHBalOTCSI ",llByxcTyneH'-IaTble" MO,lleJIH pacnpe,lleJIe­

HHSI KPHJISI. C nOMOlI{blO 3TH X MO,lleJIeti MO)l{HO nOJIy'-lHTb 

o611{ee npOCTpaHCTBeHHoe COOTHomeHHe, npOH3BOJIbHO 

nOMeCTHB CKOnJIeHHSI KPHJISI B npe,lleJIax 6JIbmHX arpera~Hti, 
Ha3blBaeMblX KOH~eHTpa~HSIMH; 3aTeM 3TH KOH~eHTpa~HH 

npOH3BOJIbHO nOMell{alOTCSI B npe,lleJIax patioHa CbeMKH. 

HCnOJIb30BaHHe 3THX ",llByxcTyneH'-IaTbIX" MO,lleJIeti o6ecne'-l­

BaeT nOJIY'-leHHe 60JIee TO'-lHbIX nO,llrOHOK K pacnpe,lleJIeHHIO 

paccToSIHHti Me)l{,lly CKOnJIeHHSIMH, 3aperHCTpHpOBaHHblMH B 

XO,lle CbeMKH FIBEX, npOBe,lleHHoti CY,llHOM SA Agulhas B 1981 r. 
TeM He MeHee, HMeeTCSI ,llOKa3aTeJIbCTBO HenpaBHJIbHOrO 

nOCTpoeHHSI MO,lleJIH. ITpe)l{,lle '-IeM 3TH MO,lleJIH MoryT 6blTb 

HCnOJIb30BaHbl B Ka'-leCTBe OCHOBbl ,llJISI Tpe6yeMblx 

I1CCJIe,llOBaHHti no MO,lleJIHpOBaHHIO, Heo6xo,llHMO npO,llOJI)I{HTb 

pa60TY B 3Toti 06JIaCTH - B 3TOti CBSI3H B ,llaHHOM Tpy,lle 

npHBO,llHTCSI HeCKOJIbKO npe,llJIO)l{eHHti. 

Resumen 

Debido a que los datos de distribucion del krill presentan evidencia de 
una correlacion espacial, los estimadores de abundancia que intentan 
modelar tales efectos (como aqueUos basados en las tecnicas Kriging) 
podrian proporcionar estimaciones de abundancia mejoradas utilizando 
los datos de prospeccion. Sin embargo, se necesita primero hacer 
estudios de simulacion computerizada para investigar si en efecto, tales 
estimadores, y posibles disefios alternativos de prospeccion, podrian 
proporcionar un mejor rendimiento. Tales estudios requieren un 
metodo simple para generar patrones de distribucion de krill por medios 
computerizados, que sean compatibles con la informacion actual 
obtenida de las prospecciones. En este documento se consideran 
modelos de distribucion de kriU de "dos niveles". Estos logran una 
correlacion espacial global mediante la posicion aleatoria de las 
agrupaciones de krill dentro de mayores agregaciones denominadas 
concentraciones; estas concentraciones a su vez, son localizadas 
aleatoriamente dentro del area de prospeccion. Estos modelos de "dos 
niveles" proporcionan un alentador avance en los ajustes de la 
distribucion de las distancias entre agregaciones observadas durante la 



prospecci6n FIB EX de 1981, realizada por el buque SA Agulhas. Sin 
embargo, aun existe evidencia de errores de especificaci6n en los 
modelos. Se necesita llevar a cabo mas investigaci6n antes de que se 
puedan utilizar tales modelos como la base para los estudios de 
simulaci6n requeridos - se plantean algunas sugerencias a este respecto. 

1. IN1RODUCTION 

A "straightforward" approach to abundance estimation from surveys of marine 
resources is to place a set of transects at random in the area of interest. The density estimate 
from each transect is then treated as an independent estimate of the density in the area, and the 
mean and associated standard error of the set of estimates from each transect (weighted 
appropriately in relation to transect length if necessary) immediately provide an estimate of 
overall abundance and of its variance. For the best possible precision (given a constraint on the 
survey effort available), the area should be pre-stratified on the basis of a priori expectations of 
density variations, with effort allocated so as to minimise the anticipated variance. Further, 
within any stratum, the directions of the transects should be chosen to lie parallel to any a priori 
expectation of density trend. Substitution of a fully random survey design by a systematic one 
would be a satisfactory procedure in most circumstances. 

An objection that has been raised to this approach is that it is discarding the information 
on the spatial variation of density along a transect which is obtained during the survey. In the 
case of krill, it has been suggested (Foote and Stefansson, 1991) that estimation procedures 
such as Kriging, which model spatial correlation effects, could be used to produce improved 
estimates of abundance and its variance by making use of these within-transect data. 

Incorporating spatial correlation in the estimation procedure requires that the values of 
additional parameters be estimated from the data. If krill swarms are in fact located at random 
within the stratum concerned, such an exercise can lead only to a reduction in the precision of 
the abundance estimate eventually obtained. Accordingly, the first question which needs to be 
addressed is whether there are data that do indeed show that krill swarm distributions exhibit 
spatial correlation. An answer is provided by the analysis by Miller and Hampton (1989a) of 
the distribution patterns of the swarms encountered during the 1981 FIBEX survey of an area of 
the south-west Indian Ocean by MV SA Agulhas. This demonstrates that that distribution was 
definitely non-random at the scale of the whole area surveyed, although there were indications 
of randomness at a smaller scale. 

Accepting therefore that krill distributions do exhibit spatial correlation, the next 
question is whether estimators which attempt to model such effects will provide improved 
estimates of overall abundance from survey data than those, such as the "straightforward" 
approach above, which do not. This may also have implications for survey design, as different 
designs may provide improved estimates if a technique such as Kriging, for example, is used 
for estimation purposes. This question cannot be answered immediately, because the benefits 
of basing estimation on a model which better reflects the real situation, may nevertheless still be 
outweighed by the costs arising from the estimation of additional model parameters which may 
increase the variance of the abundance estimate. 

The answer is therefore case dependent, and can only be obtained by computer 
simulation studies. Essentially these involve four steps: 

(i) setting up a "real" krill distribution on the computer; 
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(ii) carrying out a "survey" of this distribution, to provide data of the kind which 
would be obtained from an actual survey; 

(iii) analysing the data provided using the estimation procedure proposed, to obtain an 
abundance estimate; and 

(iv) comparing that abundance estimate with the abundance of the "real" krill 
distribution (which is known to the computer), to ascertain how well the 
estimation procedure has performed. 

Since stochastic factors are involved in these steps (both in generating the distribution, 
and in the sampling process effected by the survey), the procedure has to be repeated many 
times on the computer to ascertain the statistical properties (such as bias and variance) of the 
combination of survey design and estimation procedure proposed. 

The "real" distribution set up in step (i) should reflect the known characteristics of krill 
distributions as closely as possible. Generating such distributions on the computer is simple if 
they are required to be random representations of an underlying average density, which is either 
constant or follows a given trend in space. However, once spatial correlation effects need to be 
introduced, this exercise becomes distinctly non-trivial. Ideally one would wish to generate the 
simulated distributions from empirical observations, but the essential difficulty is that the data 
are collected along one-dimensional transects, whereas it is a two-dimensional structure which 
has to be generated. Techniques are available which can generate spatially correlated data using 
the correlation model underlying the Kriging technique [decomposition of covariance matrix, 
see Fishman (1973)]. However, a possible objection to using these is that the true potential of 
a Kriging-based estimation procedure may be inflated if the "real" distributions are generated in 
this way, because this approach cannot make allowance for model misspecification (i.e., 
differences between the process actually governing the "real" distribution, and that assumed for 
the purposes of estimation from the data collected). 

One simple approach to generating spatially correlated data is to use a two stage process. 
Thus, the krill distribution is envisaged to be comprised of larger scale concentrations 
distributed at random through the area; then, within each concentration, the krill swarms 
themselves are distributed at random. The simulated krill distributions generated by 
Butterworth (1989) and Mangel (1989) in their studies of the potential utility of krill fishery 
CPUE data to index abundance had this two-level structure. Generation of such data again 
becomes straightforward, because of the random nature of the placement of concentration 
centres and swarms within concentrations. However, viewed overall, the distribution of the 
krill swarms generated will exhibit positive spatial correlation. 

This is an attractive basis upon which to proceed, but the final question which remains 
is whether the spatial correlation patterns exhibited by actual krill distributions are compatible 
with a simple two-level structure. This paper makes an initial attempt to address this question 
but reanalysing the data considered by Miller and Hampton (1989a) using simple two-level 
models. 

2. DATA AND METHODS 

The krill data analysed by Miller and Hampton (1989a) are shown in Figure 1, which is 
a reproduction of Figure 1 of their paper. There are significant differences between day- and 
night-time distribution patterns; further, an underlying density trend could be argued from 
inspection of this plot. However, for the purposes of the simple analyses of this paper, these 
complications will be overlooked. 

If the krill swarms detected were randomly distributed over the area surveyed, the 
distances between successive swarms encountered should follow an exponential distribution. 
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Miller and Hampton (1989a) showed that the data exhibit significant deviations from such a 
distribution, so that the hypothesis that the overall distribution is random can be rejected. 

Instead, we model a two-level distribution structure of concentrations and 
swarms-within-concentrations (as discussed above, and in line with the hierarchy of structure 
discussed in Miller and Hampton, 1989b) under the assumption of a random distribution at 
each level. Two models are considered. The first (A) is based on the relationship: 

PA(y) = Prob[encounter swarm] 

= Prob[encounter swarm if within concentration] x Prob[within concentration] 

+ Prob[encounter swarm (i.e., next concentration) if outside concentration] 

x Prob[outside concentration] 

where y is the distance travelled since the last swarm was encountered, 

Al is proportional to the number of swarms per unit area within a concentration, 

A2 is proportional to the number of concentrations-per-unit area, and 

w is the fraction of the survey area covered by concentrations. 

Model (B) is less formally motivated, and has the form: 

PB(y) = Prob[encounter swarm] 

Y <S: Y 

y>Y 

where a = [Ai1{1-e-A,lY} + Ail e-A,lY]-l, and 

Y is related to the (typical) radius of the concentration. 

(1) 

(2) 

The basic assumption underlying this approach is that once a distance greater than Y has 
been travelled without encountering a swarm, the vessel has passed outside the concentration 
boundary so that the probability-per-unit distance (g) of encountering a swarm drops to a lower 
value. In principle, the constants of proportionality for the two expressions of equation (2) 
could differ, but in the interests of parsimonious parametrization, continuity (though, of course, 
not derivative continuity) of probability as a function of y (and therefore continuity at Y) is 
assumed. In reality, concentrations would have different radii, so that the true probability 
function would be some weighted average of equation (2) over different values of Y, which 
would then smooth out any discontinuity. Equation (2) may thus still remain a reasonable 
empirical representation of such a function. 
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Both models have three parameters to be estimated from the data: 

(A): Iq, A2, w 

(B): Ab A2, Y 

The parameters were estimated by numerical maximization of the respective likelihood 
n n 

functions 1t P A (y i) and 1t P B (y i)' The data to which these models were then applied 
i=1 i=1 

comprises n = 1 566 successive inter swarm distances (Yi), where these distances were 
measured from centre-to-centre of each intercept of a kriU swarm (see Miller and Hampton, 
1989a, for the definition of this measure, which they name BSWC). [Note: Not all the kriU 
aggregations encountered were necessarily "swarms" as conventionally defined, but this level 
of detail is ignored for this analysis, so that the term "swarm" is used throughout for 
convenience.] 

3. RESULTS AND DISCUSSION 

The results of the fits of models (A) and (B) to the data are given in Table 1 and 
Figure 2. This table also includes the fit for an assumed random distribution, i.e. the negative 
exponential: 

(3) 

Though this is the same form as fitted by Miller and Hampton (1989a) to these data, the 
results are different. This is because the maximum likelihood estimator: 

(4) 

was used here, while Miller and Hampton used the estimator: 

A 

A1 = (.en 2)/Ymedian (5) 

These two estimators are deterministically identical (if the model assumed is correct). 
The estimator of equation (5) has the advantage of being more robust to occasional outliers at 
large y, and is more appropriate if fitting the data at smaller y is of the greatest concern. 
However, in the context of modelling the distribution at all scales (not just the smaller scale), 
the numerous large inter-swarm distances cannot all be dismissed as outiiers, so that use of this 
estimator becomes questionable given the obvious model misspecification. The maximum 
likelihood estimator of equation (4) has therefore been used instead, and provides comparability 
with the fitting procedures used for the other models. 

The X Z values in Table 1 and Figure 2 show that the two-level models (A) and (B) 
achieve fits to the data which are much improved to that of the negative exponential. The fits of 
the two-level models are very similar, both indicating a change in the pattern of the distribution 
(to a much slower decline with y) at a scale of some 5 to 7 km. However, both fits show the 
same systematic deviations from the data, with predictions that are somewhat too low between 
[0, 0.5] and [2, 20] km, and too high in the complementary ranges. The fact that the X

Z 
values 

still indicate statistically significant lack of fit in both cases, means that model misspecification 
does remain to some extent. 
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It is appropriate to consider whether the estimates of the model parameter values are 
meaningful, given other data available from the survey. Attention is confined to model (A), 
which (on a minimum x2 basis) provides a better fit than model (B) for the same number of 
estimable parameters. Consider a simple situation where all swarms are circular with the same 
radius r, and all concentrations also circular with identical radii R. If there are d swarms per 
unit area within a concentration, and the density of concentrations in the survey region is D 
per-unit area, then the following relationships hold: 

Iq = 2rd 

A2=2RD 

w =1tR2D 

The mean intercepted swarm length (f) in such a model is given by: 

f = 1tf/2 

Data from the survey gives a value for P of (26.786/1567), which yields: 

r =0.0109 km 

Substituting this and the parameter estimates of Table 1 into equations (6) gives the values: 

d = 54.6 swarms/km2 

R= 13.7 km 

D = 0.00146 concentrations/km2 

(6) 

(7) 

(8) 

(9) 

This simple model makes a prediction for the fraction (f) of the survey area covered by krill, 
viz: 

1\ 
f = d1tr2 . D1tR2 

= 0.0175 

The corresponding observed value is: 

fobs = 26.786 km covered by krill / 6579.654 km surveyed 

= 0.00407 

i.e. a some four-fold discrepancy. 

(10) 

(11) 

This discrepancy is not that discouraging, given the oversimplification of calculations 
which were performed on the assumptions that all swarms and concentrations are circular and 
have fixed sizes, and further the model misspecification evident for model (A) [and (B)]. The 
"problem" seems to be the "high" estimate for w, which implies that concentrations covered as 
much of 86% as the survey area - seemingly an unrealistically high proportion? 
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Model (A) can be constrained to be consistent with the observed value for f. This 
requires that: 

nrA1w/2 = fobs 

i.e. w = 2 fobs/(nrA1) = 0.238!A1 (12) 

so that model (A) becomes: 

P~(y) = 0.238 e-A,1Y + (1 - O.238!Al) Az e-"A2Y (13) 

The results for this two-parameter version of the model can be found in the column 
headed: 'Model (A) "constrained" , in Table 1. Clearly the quality of fit has deteriorated 

1\ 

substantially, indicating that the discrepancy between the values of f and fobs in equations (10) 
and (11) above is not trivially resolvable. 

4. CONCLUDING REMARKS 

The ability of the two-level models considered to mimic an observed spatial distribution 
pattern for krill swarms is encouraging. Nevertheless, evidence of model misspecification 
remains, and the ability of more complex models to provide improved fits to data needs to be 
investigated. This should be done before such models are used to provide simulated krill 
distributions for tests of alternative survey strategies and krill abundance estimators, because 
realistic distributions are required if the tests are to give reliable results. 

One immediate priority for future work would seem to be the application of the models 
developed here to other krill data sets, to see whether similar estimates of parameter values are 
obtained. Another would be the extension of the models to allow the A values to vary with 
position in a simple way, so as to reflect overall spatial trends in krill density. 
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Table 1: Fits to the frequency distribution of inter-swarm distances by the various models 
considered. Full descriptions of the models and definitions of their parameters are 
provided in the text. 

Distance Interval Observed Negative Model (A) Model (B) Model (A) 
Exponential "constrained" 

0 - 0.2 328 73 287 318 79 
0.2 - 0.4 277 70 227 254 74 
0.4 - 0.6 162 66 179 202 69 
0.6 - 0.8 122 63 141 161 64 
0.8 - 1.0 86 60 112 128 60 
1.0 - 1.2 69 58 88 102 56 
1.2 - 1.4 49 55 70 81 52 
1.4 - 1.6 42 52 55 65 49 
1.6 - 1.8 26 50 44 52 46 
1.8 - 2.0 35 48 35 41 43 
2.0 - 3.0 101 206 94 108 177 
3.0 - 4.0 54 163 34 34 129 
4.0 - 5.0 28 128 16 8 96 
5.0 + 187 474 184 192 572 

X2 - 2107 69 141 1929 
d.f. - 13 10 10 11 

Parameters 

A.I (km-I) - 0.238 1.19 1.14 0.39 
A.2 (km-I) - - 0.04 0.04 0.06 
w - - 0.86 - (0.61) 
Y(km) - - - 4.57 -
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63 

64 

68 

69 
• Day aggregation 

.... Night aggregation 

16 18 20 22 24 26 28 

Figure 1: Krill aggregations detected in the south-west Indian Ocean during FIBEX, February 
to March, 1981. The cruise track of MV SA Agulhas is also shown. 
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Tableau 1: 

Figure 1: 

Figure 2: 

Liste des tableaux 

Ajustements de la distribution de frequences des distances separant les essaims 
par les divers modeles consideres. Les descriptions integrales des modeles et les 
defmitions de leurs parametres figurent dans le texte. 

Liste des figures 

Concentrations de krill detectees dans le secteur sud-ouest de l'ocean Indien 
pendant la campagne FIBEX, de fevrier a mars 1981 et trajet du MY SA Agulhas. 

Comparaison de la distribution observee de frequences de distances entre les 
essaims (y) avec l'ajustement de ces donnees par le modele exponentiel negatif, 
et par les modeles a deux niveaux (A) et (B). Ce trace est presente a deux 
echelles differentes pour mieux indiquer le comportement des ajustements a des 
valeurs faibles ou elevees de y. 

CnHCOK Ta6JIHU; 

Ta6JIHu;a 1: IIo,llroHKH K '-IaCTOTHoMY pacnpe,lleJIeHHIO paCCT05IHHH Me)l{,llY 

CKOnJIeHH5IMH Pa3JIH'-IHbIMH paccMoTpeHHbIMH MO,lleJI5IMH. IIOJIHbIe 

onHCaHH5I MO,lleJIeH H onpe,lleJIeHH5I HX napaMeTpoB npHBO,ll5ITC5I B 

TeKCTe. 

CnHCOK PHCYHKOB 

PHCYHOK 1: ArperaU;HH KPHJI5I, 3aperHcTpHpoBaHHbIe B IOro-3ana,llHOH '-IaCTH 

HH,llHHCKoro OKeaHa B XO,lle CbeMKH FIBEX B cpeBpaJIe-MapTe 1981 r. 

TaK)I{e YKa3aH MapIIIpYT nJIaBaHH5I SA Agulhas. 

PHCYHOK 2: CpaBHeHHe 3aperHcTpHpoBaHHoro '-IaCTOTHoro pacnpe,lleJIeHH5I 

Tabla 1: 

Figura 1: 
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paCCT05IHHH Me)l{,llY CKOnJIeHH5IMH (y) C nO,llrOHKaMH K 3THM ,llaHHbIM 

HeraTHBHoH 3KcnoHeHU;HaJIbHOH MO,lleJIblO, H ,llByxcTyneH'-IaTbIMH 

MO,lleJI5IMH (A) H (B). Ta )l{e cxeMa nOKa3aHa B ,llBYX pa3HbIX MacIIITa6ax 

B u;eJI5IX JIY'-IIIIeH HH,llHKaU;HH nOBe,lleHH5I nO,llrOHOK npH 60JIbIIIHX H 

MaJIbIX 3Ha'-leHH5IX y. 

Lista de las tablas 

Ajustes de la distribuci6n de las distancias entre cardumenes realizados por los 
diversos modelos considerados. En el texto se proporciona una descripci6n 
completa de los modelos y de las definiciones de sus parametros. 

Lista de las figuras 

Concentraciones de krill detectadas en el oceano Indico sudoccidental durante 
FIBEX, febrero a marzo de 1981. Se muestra ademas la derrota del buque 
SA Agulhas. 



Figura2: Comparaci6n de la distribuci6n de frecuencia de la distancia observada entre 
cardumenes (y) con el ajuste de estos datos, realizada por el modelo exponencial 
negativo y por los modelos de dos niveles (A) y (B). El mismo gnifico se 
muestra a dos escalas diferentes para indicar, de mejor manera, el 
comportamiento de los ajustes al emplear valores altos y bajos de y. 
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WG-KRILL-91/24 

A SIMPLE APPROACH FOR CALCULATING THE POTENTIAL YIELD OF 
KRILL FROM BIOMASS SURVEY RESULTS 

D.S. Butterworth* , A.B. Punt* and M. Basson** 

Abstract 

Estimates are calculated for the parameter 'A, in the yield equation 
Y = 'A,MB 0 for a kriU fishery in which both the fishery and krill 
growth are seasonal. The criterion used for the calculations is that the 
probability that the krill spawning biomass drops below 20% of its 
median pre-exploitation level over a 20 year period of harvesting should 
equal 10%. The value of 'A, depends strongly on the value of M (natural 
mortality) and O'R(recruitment variability), and also on the relative 
values of the ages at maturity and first-capture. Seasonal effects seem 
to be of lesser importance. 

Resume 

Calculs d'estimations du parametre 'A, dans l'equation de rendement 
Y = 'A,MBo pour une pecherie de krill dans laqueUe l'intensite de la 
peche et la croissance du kriU sont saisonnieres. Pour les calculs, le 
critere utilise est le suivant : la probabilite qu'en une periode 
d'exploitation de 20 ans, la biomasse reproductrice du kriU chute en 
dessous de 20% de son niveau moyen d'avant l'exploitation, devrait 
etre egale a 10%. La valeur de 'A, est fortement dependante de la valeur 
de M (mortalite natureUe) et de O'R (variabilite du recrutement) ainsi que 
des valeurs relatives des ages de maturite et de premiere capture. Les 
effets saisonniers semblent etre de moindre importance. 

Pe310Me 

BbI'-IHCJIeHbI o~eHKH napaMeTpa A B ypaBHeHHH BbIJIOBa Y = 
AMBo B npOMbICJIe KPHJI5I, npH KOTOPOM KaK npOMbICeJI, TaK H 

POCT KPHJI5I HOC5IT ce30HHbIH xapaKTep. KpHTepHeM 

BbI'-IHCJIeHHH 5IBJI5IJIOCb TO, '-ITO Bep05ITHOCTb cna~a 6HOMaCCbI 

HepeCTYlOlllero KPHJI5I HH)I{e 20% ere Me~HaHHoro 

~OaKCnJIyaTaLVlOHHoro ypOBH5I 3a 20-JIeTHHH nepHo~ 
npOMbICJIa, ~OJI)I{Ha paBH5ITbC5I 10%. 3Ha'-leHHe A cYlllecTBeHHo 

3aBHCHT OT 3Ha'-leHH5I M (ecTecTBeHHa5I cMepTHocTb) H O'R 

(H3MeH'-IHBOCTb nOnOJIHeHH5I), a TaK)I{e OT OTHOCHTeJIbHbIX 

3Ha'-leHHH B03pacTa npH nOJIOB03peJIOCTH H nepBoM BbIJIOBe. 

Ce30HHbIe B03~eHCTBH5I, nO-BH~HMOMY, npe~CTaBJI5IIOT 
MeHbllIYIO Ba)l{HOCTb. 

* Department of Applied Mathematics, University of Cape Town, Rondebosch 7700, South Africa 
** Renewable Resources Assessment Group, Imperial College, 8 Princes Gardens, London SW7 INA, United 

Kingdom 
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Resumen 

Se calculan las estimaciones del panimetro A. en la ecuaci6n de 
rendimiento Y = AMBo para la pesqueria de krill, en la cualla pesqueria 
y el crecimiento del krill son estacionales. El criterio empleado para los 
cruculos es que la probabilidad de que la biomasa de desove del krill 
descienda a menos del 20% de su nivel mediano de pre-explotaci6n, 
sobre un periodo de captura de 20 afios, debeni ser igual a un 10%. El 
valor de A. esta estrechamente ligado al valor de M (mortalidad natural) 
y de O'R (variabilidad de reclutamiento), y tambien a los valores relativos 
de las edades de madurez y de primera captura. Se considera que los 
efectos estacionales tienen menos importancia. 

1. IN1RODUCTION 

One of the topics considered by the Second Meeting of the Working Group on Krill was 
the estimation of potential yield (SC-CAMLR, 1990). Some members suggested that a possible 
approach to the determination of appropriate yields might be to use the formula: 

Y =A.MBo (1) 

is the annual yield, 
is the natural mortality in yrl, 

where Y 
M 
Do 
A. 

is an estimate of the effective total biomass of the population prior to exploitation, 
is a numerical factor which is typically less than 0.5. 

A basis for calculating an appropriate value for A. is set out in Beddington and Cooke 
(1983). The criterion which they use is that the probability that the spawning stock size drops 
below 20% of its average value prior to exploitation, over a 20 year period of harvesting, is 
equal to 10%. Clearly the value of A. is dependent on biological parameters such as growth 
rates and the extent of recruitment variability, as well as on the age-at-first capture, and 
Beddington and Cooke (op.cit.) provide tables giving the value of A. for various combinations 
of these parameters. 

However, Beddington and Cooke's calculation is based on a von Bertalanffy growth 
curve, which reflects steady growth throughout the year. In contrast, krill exhibits growth 
which varies systematically over the year (Miller and Hampton, 1989). The Second Meeting of 
the Working Group on Krill (SC-CAMLR, 1990) therefore suggested that, rather than use values 
given in Beddington and Cooke' s tabulations, their calculations should be repeated for krill in a 
manner which takes account of seasonal growth variation, for a range of plausible values for 
pertinent parameters. 

This paper reports the results of calculations along these lines. 

2. METHODS 

The mathematical detail of the calculations carried out is given in Appendix 1. This 
section comments only on the assumptions upon which those calculations are based. 

The model of Rosenberg, Beddington and Basson (1986) is used to describe the 
seasonal growth of krill. This model for the length of kriU of age (a+t) years may be written: 
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{

.e .. [ 1-e -(3(a+ot)] 

.e(a + t) = 
.e .. [ 1- e-{3(a+l)] 

O::;t::;l/o 
(2) 

Rosenberg et al.'s (op.cit.) fit to data yields an estimate of 0 = 4, which corresponds to 
a three month growth period, followed by nine months of zero growth. 

Much of the fishing of krill off Antarctica is concentrated in the three summer months 
December to February (Miller, 1990), so that it is convenient for these calculations to assume 
that the three-month growth and fishing seasons coincide exactly, even though results in 
Rosenberg et al. (op. cit.) suggest that the krill growth season is a little earlier than this. The 
start of this season is taken to be the appropriate time to reflect a measure of spawning biomass. 

The biomass estimate Bo which is to be used in equation (1) is considered to be made in 
the middle of the season (Le. mid-January). This is an estimate of the biomass prior to any 
harvesting taking place, but the analysis takes account of the fact that unexploited biomass will 
fluctuate from year to year because of recruitment variability. Beddington and Cooke (1983) 
assume that the estimate is exact, but allowance for (survey sampling) estimation error has been 
made in this analysis [the 11 term in equation (A.9) of Appendix 1]. In other respects, the 
method of analysis is identical to that of Beddington and Cooke (op.cit.), except that only a 
constant catch harvesting strategy has been considered. Beddington and Cooke also considered 
a constant fishing mortality strategy, but this seems inappropriate for krill. The reason is that, 
in practice, such a strategy could only be implemented in the form of fixed fishing effort, but 
for krill any simple (e.g. linear proportionality) relationship of CPUE to abundance (or 
equivalently fishing effort to fishing mortality) is questionable, particularly for the crude 
measures of effort (such as vessel-days) in terms of which regulations would have to be framed 
(Butterworth, 1989). 

It is important to appreciate that the computations are of a "Myopic Bayes" nature 
(Walters, 1986). They assume that the only information available upon which to regulate the 
fishery for the following 20 years, is that from a single pre-exploitation biomass survey. No 
account is taken of the likelihood that further surveys will take place, and that their results could 
also be incorporated in some more complex feedback control management procedure. 

The basic krill dynamics model used (see Appendix 1) assumes that natural mortality, 
unlike fishing mortality, has no seasonal component and takes place uniformly throughout the 
year. This assumption could be questioned, as krill predator abundance around Antarctica also 
fluctuates seasonally, because baleen whales (for example) are present primarily in the late 
spring to early summer months. To ascertain whether this might have a marked effect on 
results, some of the calculations have been repeated for the extreme assumption that all natural 
mortality also takes place during the three-month growth/fishing season. The appropriate 
equations for this alternative model (equivalent to one with no seasonal component, as 
investigated by Beddington and Cooke) are also given in Appendix 1. 

3. CHOICE OF PARAMETER VALUES 

The model developed in Appendix 1 has nine parameters: M, an R, O'R, ex, p, am, a+ 
and O's. As the results of interest concern only biomass ratios [D(y) - see Appendix 1], they 
are unaffected by the values chosen for R and ex, so that these two parameters can both be set 
equal to 1 for convenience. 

Rosenberg et al. (1986) estimate .eoo = 60 mm and p = 0.45 yr"l. The values of 
length-at -age at the start of the season corresponding to these estimates are shown in Table 1. 
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Acoustic surveys of krill biomass would probably be most sensitive to krill of length 
20 mm and above (D. Miller, pers. comm.), so that the lengths listed in Table 1 suggest that 
a+ = 1+ would be an appropriate choice. [Given a value for M, the multiplicative factors 
required to modify the values of A reported below can be found by a simple deterministic 
calculation. ] 

It would be inappropriate to consider every possible combination of the remaining five 
parameters: M, an O'R, am and O's. The greatest uncertainty would seem to exist regarding 
appropriate values for M and O'R, so that a "base case" has been chosen which includes all nine 
combinations of the choices: 

M = 0.3; 0.6; 1.0 yi1 

O'R = 0.2; 0.4; 1.0 

Fixed values a. = 3, ~ = 3 and O's = 0.3 have been chosen to complete this "base case". 
[Some data-based case could be made for each of these choices; for example, the choice for O's 
seems typical of coefficients of variation reported in Anon. (1986).] The sensitivity of results 
to variations of these choices has been investigated only for the central element of the (M, O'R) 
combinations considered, viz. (M = 0.6 yr\ O'R = 0.4). The different choices explored are: 

a. =2; 4 
~=2;4 
O's = 0; 0.5 

A value O's = 0 is, of course, unattainable. It was selected to correspond to the 
calculation procedure of Beddington and Cooke (1983). 

For the alternative model (M concentrated in the three-month growth/fishing season), 
calculations have been carried out for the "base case" set of parameter value choices. 

4. RESULTS AND DISCUSSION 

Table 2 shows the estimates of A for the "base case" set of parameter values for the 
(seasonal) krill dynamics model of Appendix 1. Certain of the entries in this Table are shown 
as "(1.00)". For the "base case" choice of identical ages at maturity and first-capture 
(am = ar = 3), the 2-year-olds of the preceding year contribute to the spawning biomass 
(calculated at the start of the season) before the year-class concerned is affected in any way by 
fishing. In certain circumstances then (high M and low O'R), it becomes possible to catch 
effectively all krill older than the age-at-first-capture, because the recruiting cohort is always 
large enough to satisfy the criterion that Bs/Ksp > 0.2. It is for such circumstances that the A 
estimate is shown as "(1.00)". 

Table 3 reports estimates of A for the tests of sensitivity to the values chosen for an am 
and O's. The sensitivity does not seem to be particularly marked, unless circumstances become 
such as lead to a "(1.00)" estimate situation. 

Finally, Table 4 gives the results of assuming that M is concentrated in the three-month 
growth/fishing season (effectively equivalent to a no-seasonality situation). They show very 
little change from the results in Table 2. 

The primary implications of these calculations are that the value of A is strongly 
dependent on the values of the M (natural mortality) and O'R (recruitment variability) 
parameters, and also on the relative values of the ages at maturity and first-capture. 
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The seasonality of the krill fishery seems a matter of lesser importance at this stage. The 
calculations of this paper have assumed krill fishing over the summer season. In certain 
statistical areas (specifically Subarea 48.3), kriU fishing actually peaks in winter (Miller, 1989). 
The values of A, would obviously change for this situation. However, given the smallness of 
the seasonality effects evident in the Table 2 - Table 4 comparison, one would not anticipate the 
change in A, for a winter fishery to be large compared to the differences in A, evident for 
alternative choices for M and O'R' Clearly, efforts to narrow the range of likely values for M 
and O'R merit the greatest attention at this time. 

The growth equation used for krill in these calculations indicates a fairly long-lived 
animal. If this is correct, one would not expect a value of M that is very high (or too few krill 
would survive to the older ages indicated). Appropriate ranges for M for calculations such as 
these must therefore be correlated to some extent with the growth curve assumed. 

Finally, it must be pointed out that equation (1) applies to a situation where Bo 
represents the total biomass of the stock concerned. In cases where a biomass survey does not 
cover the full range of the stock, including those where there is net transport of krill through the 
area surveyed, yield estimates from equation (1) will obviously contain an element of negative 
bias. 
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Table 1: Values ofkrilllength-at-age [.e(a)] at the start of the season corresponding to the 
parameter estimates obtained by Rosenberg et al. (1986) for the growth model of 
equation (2). 

Age a Length £(a) 
(years) (mm) 

0 0 
1 22 
2 36 
3 44 
4 50 
5 54 
6 56 
7 57 

Table 2: Estimates of the harvesting fraction parameter "A (where Y = "AMBobs) for the krill 
dynamics model of Appendix 1 with the "base case" set of parameter value choices: 
~ = 3; elm = 3 and O's = 0.3. 

M = 0.3 yr-1 M= 0.6 yr-1 M = 1.0 yr-1 

O'p = 0.2 0.43 (1.00) (1.00) 
O'p = 0.4 0.39 0.23 0.21 
O'p = 1.0 0.20 0.08 0.04 

Table 3: Tests of the sensitivity of estimates of "A for the case (M = 0.6 yr -1, O'R = 0.4) to 
variations in the "base case" (BC) choices for parameters an am and O's. 

Parameter Change 

BC 0.23 

~=2 0.18 
~=4 (1.00) 

elm = 2 (1.00) 
elm = 4 0.15 

0'. = 0 0.25 
0'. = 0.5 0.20 
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Table 4: Estimates of 'A, for the alternative krill dynamics model (M concentrated in the 
three-month growth and fishing season) for the "base case" set of parameter value 
choices. 

M = 0.3 yr-1 M= 0.6 yr-1 M = 1.0 yr-1 

<Jp = 0.2 0.44 (1.00) (1.00) 
<Jp = 0.4 0.40 0.24 0.25 
<Jp = 1.0 0.20 0.08 0.04 
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APPENDIX 1 

MATHEMATICAL DETAILS OF PROCEDURE USED TO CALCULATE A 

1. KRILL DYNAMICS MODEL 

. The numbers of lain of age a years at the start of "year" y (Ny,a) are governed by the 
equatlons: 

{N 
-M 

y,ae 
N -

y+l,a+l - -[M+F{Y)] 
Ny,ae 

(A.l) 

where "year" is a 12-month period whose commencement coincides with the start of the 
season during which lain grow, 
is the natural mortality rate (effective throughout the year), 
is an effective annual fishing mortality rate in year y, and 
is the (knife-edge) age-at-first-capture. 

M 
F(y) 
ar 

These equations assume that the number of krin 8 years of age and older is relatively 
small and so can be neglected. 

The number of krin recruits at the start of each year (Ny,o) is given by: 

(A.2) 

where R is the mean recruitment, and 
N(O; 0'2) is a normal distribution with zero mean and variance 0'2. 

Mass-at-age is obtained from the growth curve form used by Rosenberg et al. (1986), 
together with the assumption that mass is proportional to length cubed. Thus the mass of laiU 
of age a at the start of the "year" (wa) is given by: 

(A.3) 

In the middle of the season during which the krin grow, their mass-at-age (w .) is then: 

wa = ex. [1- e -p(a+0.5)]3 (AA) 

The spawning biomass of krin (taken to correspond to the start of the "year") is 
accordingly: 

7 
Bsp(Y) = L wa Ny,a (A.5) 

a=am 

where am is the age-at-maturity for kriU. 
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The median spawning biomass prior to any exploitation (Ksp) is therefore: 

Ksp = f wa R exp(-a~ /2) e-Ma = R exp(-a~ /2) a f e-Ma[ 1- e-~a t (A.6) 
a=am a=am 

Assuming further that the growth and fishing seasons coincide, and are of three months 
duration, the mid-season biomass of lain aged a years and above (Ba+) is given by: 

Ba+(y)= f Wa Ny,a exp[-{1.5 M/12+F(Y)/2}] (A.7) 
a=a+ 

The catch in number of laill over a season from a single cohort of size No at the start of 
the "year" will be given by an equation of the fOlm: 

J04~ • N(t)dt = J~ • No e-(M+4F)t dt 

Making allowance for laill mass and its growth during the season, the annual catch in 
mass [C(y)] is therefore given by: 

7 025 3 
C(y) = L 50' 4F(Y) • Ny,a e-[M+4F(y)]t a[1_e-f3 (a+4t)] dt= 

a=a, 

7 3 

= 4F(y) a L Ny,a L r(/l)e-#{Ja [1_e-{M+4F(y) + 4#{J}/4]/[M+ 4F(Y) + 4/lp] 
a=ar #=0 

(A.8) 

where "(0) = 1; "(1) = -3; "(2) = 3 and "(3) = -1 . 

2. THE ALGORITHIM FOR THE COMPUTATIONS 

The results required are computed using the following algorithm. 

(i) For given values of biological parameters and the age-at-first-capture, choose a 
value forA. 

(ii) For "year" y=l, set up deterministic equilibrium age-structure for F=O, i.e.: 

N1,a = R exp(-a~ /2) e-Ma a = 0,1, ... ,7 

Note that since results are required for biomass ratios only, R can be set equal 
to 1. 

(iii) Project the numbers-at-age forward in the absence of exploitation 
[F(y) = 0] using equations (A.1), with stochastic recruitment given by equation 
(A.2), for "years" y = 2 to 11. Thus, by "year" y = 10, all memory of the initial 
deterministic age-structure has been lost. 

(iv) In year y = 10 (the year before fishing commences), the a+ biomass is 
"measured" in mid-season, yielding a result Bobs where: 
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7 

Bobs = L Wa N10,a exp[-1.5M /12] exp[ 1J - er; 12] (A.9) 
a=a+ 

where 11 from N(O; a~) is the log normal variation associated with the biomass 
survey. 

(v) Fix a constant catch C = AMBobs . 

(vi) For year y = 11, find the fishing mortality F(y) which satisfies equation (A.8) 
for the catch computed in v). [To speed computations, in instances where F(y) 
exceeds 5, it is set to 00, i.e. all the krill above the age-at-first-capture are 
harvested.] Project the age-structure forward to y = 12 using that value of F(y) 
in equations (A. 1). Calculate the ratio of the spawning biomass to its median 
pre-exploitation level, D(y) = Bsp(Y)/Ksp for y = 12. [Note that y = 12 is the first 
year for which the spawning blOmass has been influenced by the effects of 
fishing.] 

(vii) Repeat step (vi) for y = 12 to 30, thereby obtaining values of D(y) for y = 13 
to 31. 

(viii) Ascertain whether any elements of the set (D(y) : y = 12, ... 31} are less 
than 0.2. 

(ix) Repeat steps (iii) to (viii) a large number of times (1 000 simulations was found to 
provide adequate precision for this study), to estimate the probability P that a 
value of D(y) less than 0.2 occurs during the 20 year harvesting period. 

(x) Repeat steps (ii» to (ix) for different values of A until one is found which yields 
the result P = 0.1. This A value is the result required. [For reasons explained in 
the text, an upper bound of 1.0 is set for A in this exercise.] 

Note that to ensure a smoother relationship between A and P so that computations 
[specifically step (x)] are eased, the same set of random numbers [11 and E(Y)] are used for 
different values of A. 

3. ALTERNATIVE DYNAMICS MODEL 

Under the extreme assumption that all natural mortality also takes place during the 
three-month growth and fishing season, the problem becomes equivalent to the standard form 
where seasonality has no effect. The consequent modifications to equations (A.6), (A.8) and 
(A.9) involve effectively the replacement M ~ 4M, which yields respectively: 

7 

Ba+ (y) = L Wa Ny,a exp[-{M + F(Y)} I 2] (A. 10) 
a=a+ 

7 3 

C(Y)=F(Y) a L Ny,a L r(f.1) e-JlI3a [l-e{M+F(y)+lIfJ}]/[M+F(Y)+f.1f3] 
a=a r 11=0 

(A.11) 

7 

Bobs = L Wa NlO,a exp[-M I 2] exp[ 1J - er; 12] (A. 12) 
a=a+ 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Tableau 4: 

Liste des tableaux 

Les valeurs des longueurs du kriU selon l'age [£(a)] au debut de la saison, 
correspondant aux estimations des parametres obtenus par Rosenberg et al. 
(1986) pour le modele de croissance de l'6quation (2). 

Estimations du parametre A. de la fraction disponihle pour l'exploitation (lorsque 
Y = A.MBobs) dans le modele de dynamique du kriU de l'appendice 1 avec 
comme "reperes" les valeurs suivantes des parametres : ar=3; am=3 et O's=O,3. 

Tests de sensibilite des estimations de A. dans le cas ou (M = 0,6 an-l, O'R=O,4) 
aux variations des choix des "reperes" (BC) des parametres a r , am et O's. 

Estimations de A. pour le second modele de dynamique du kriU (M concentre 
pendant la saison de trois mois de croissance et de peche) pour les valeurs 
"reperes" du parametre. 

CmmOK Ta6JUlL\ 

Ta6JuIL\a 1: 3Ha1.leHH5I "pa.3Mep npH B03pacTe" KPHJI5I [£(a)] B Ha1.laJIe ce30Ha, 
cooTBeTcTBYIOIl(He OL\eHKaM napaMeTpa, nOJIY1.IeHHbIM P03eH6eproM H 
~p. (1986) ~JI5I MO~eJIH pocTa B ypaBHeHHH (2). 

Ta6JIHL\a 2: OL\eHKH ~po6Horo napaMeTpa npOMbICJIa 'A (r~e Y = 'AMBobs) ~JI5I 
MO~eJIH ~HHaMHKH KPHJI5I, H3JIO)l{eHHOH B IIpHJIO)l{eHHH 1, C HCXO~HbIM 
Ha6opoM aJIbTepHaTHBHbIX napaMeTpoB: ar = 3; am = 3; O's = 0.3. 

Ta6JIHL\a 3: qYBcTBHTeJIbHOCTb OL\eHOK 'A, Kor~a (M = 0.6 yr- l , O'R = 0.4), K 
H3MeHeHH5IM HCXO~Horo Ha60pa (BC) aJIbTepHaTHBHbIX napaMeTpoB ar, 
am HO's· 

Ta6JIHL\a 4: OL\eHKH 'A ~JI5I aJIbTepHaTHBHoH MO~eJIH ~HHaMHKH KPHJI5I (M 
cocpe~OT01.leHO B TpeXMeC5I1.IHOM ce30He pocTa H npOMbICJIa) ~JI5I 
Hcxo~Horo Ha60pa aJIbTepHaTHBHbIX napaMeTpoB. 

Tabla 1: 

Tabla2: 

Tabla3: 

Tabla4: 

Lista de las tablas 

Valores de taUa del kriU de la edad [f (a)] al comienzo de la temporada, que 
corresponden alas estimaciones de parametros obtenidas por Rosenberg et al. 
(1986) para el modelo de crecimiento de la ecuaci6n (2). 

Estimaciones del parametro A. de captura parcial (donde Y = A.MBobs) para el 
modelo de la dinamica del kriU del apendice 1, empleando valores seleccionados 
para el conjunto de parametros del "caso base": ar = 3; am = 3 y O's= 0.3. 

Pruebas de la sensibilidad de las estimaciones de A. para el caso (M = 0.6 ano-l, 
O'R = 0.4) alas variaciones en las selecciones de los parametros a r ; am y O's del 
"caso base" (BC). 

Estimaciones de A. para el modelo alternativo de la dinamica del kriU (M 
centrado en el crecimiento de tres meses y la temporada de pesca) para las 
selecciones de los valores del conjunto de parametros del "caso base". 
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WG-KRILL-91/20 

NOTE ON ESTIMATING KRILL ABUNDANCE FROM ACOUSTIC DATA ON 
INDIVIDUAL AGGREGATIONS 

I. Hampton and D.G.M. Miller* 

Abstract 

The fundamental equations and assumptions underlying estimation of 
krill abundance using echo-integration information and aggregation 
parameters are briefly described. The chief differences of the two 
approaches are highlighted. It is concluded that the echo-integration 
approach is superior for the estimation of regional kriU abundance and 
its variance since it is easier to apply, requires less data analysis and 
does not require any assumptions concerning aggregation distribution 
or conformation. 

Resume 

Le present document est une breve description des equations et des 
hypotheses fondamentales, a la base de l'estimation de l'abondance du 
krill a partir d'informations obtenues par echo-integration et de 
parametres de concentrations. I1 souligne les principales differences 
entre les deux methodes. I1 y est conclu que l'approche de l'echo­
integration est superieure pour l'estimation de l'abondance regionale du 
kriIl et de sa variance : d'application plus aisee, eIle ne necessite ni le 
meme degre d'analyse des donnees, ni des hypotheses sur la repartition 
ou la conformation des concentrations. 

Pe310Me 

KpaTKO on HcaHbI <pYH~aMeHTaJIbHble ypaBHeHH5I H npe~no­
JIO)l{eHH5I 06 ou;eHKe pacnpe~eJIeHH5I KPHJI5I c HCnOJIb30BaHHeM 

axoHHTerpaJIbHOH HH<p0pMaU;HH H napaMeTpoB arperaU;HH. 

BbI~eJIeHbI rJIaBHble Pa3JIHllH5I aTHX ~ByX nO~XO~OB. B HTore 

npH3HaHo npeBocxo~CTBO axoHHTerpaJIbHOrO no~xo~a ~JI5I 

ou;eHKH perHOHaJIbHOrO pacnpe~eJIeHH5I KPHJI5I Hero 

H3MeHllHBOCTH, nOCKOJIbKY OH Y ~06Hee B npHMeHeHHH, 

Tpe6yeT MeHbmero aHaJIH3a ~aHHWX H He Tpe6yeT HHKaKHX 

~ony~eHHH B OTHomeHHH pacnpe~eJIeHH5I HJIH CTpyKTypW 

arperaU;HH. 

Resumen 

Se describen brevemente las ecuaciones e hipotesis fundamentales en 
que se basa la estimacion de la abundancia del kriIl, a partir de datos de 
ecointegracion y de panimetros de concentraciones. Se destacan las 
diferencias mas notables de ambos enfoques. Se Uega a la conclusion 
de que, para estimar el kriU de una zona dada y su variancia, es mejor el 
enfoque de ecointegracion, ya que es mas facil de aplicar, requiere 
menos analisis de datos, y no es necesario establecer hipotesis con 
respecto a la distribucion 0 estructura de la concentracion. 

* Sea Fisheries Research Institute, Private Bag X2, Roggebaai, 8012, South Africa 
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1. INTRODUCTION 

At its Second Meeting in Leningrad, the CCAMLR Working Group on Krill (WG-Krill) 
emphasised the importance of acoustic techniques in the determination of krill abundance and 
distribution (SC-CAMLR, 1990). To date, the most commonly employed method to estimate 
krill abundance has been echo-integration (cf. Forbes and Nakken, 1972; Johannesson and 
Mitson, 1983; Maclennan and Simmonds, 1992). This method provides a cumulative measure 
of the acoustic backscatter received from krill encountered during a survey. The resultant 
information is used to calculate the average kriU density for each Elementary Sampling Distance 
Unit (ESDU). Finally, the density information is combined in some way to estimate total krill 
abundance in the area under consideration. The major advantage of the echo-integration 
technique is that it is relatively simple and efficient when used to estimate krill abundance over 
large areas (Miller and Hampton, 1989a). 

In recent years, advances in acoustic hardware and software have enabled fine 
resolution (i.e., ping-by-ping) information on the density and size of individual krill 
aggregations to be collected. Some workers (see discussion in Butterworth and Miller, 1987) 
have suggested that this information could be used to estimate krill abundance over large 
geographical areas. The approach differs from echo-integration in that use is made of 
information on the spatial variation of density along-transect (see also Butterworth et al. - this 
volume). Foote and Stefansson (this volume) have suggested that improved estimates of 
biomass and variance may be obtained by using such information. Although the principles 
underlying such an approach are essentially similar to those of echo-integration, a number of 
additional factors need to be taken into account when the data are used in this way. The chief 
differences and other considerations are outlined here. 

2. ABUNDANCE ESTIMATION BY ECHO-INTEGRATION 

The primary equation for estimating P j' the mean surface density for the jth 

echo-integration interval (or ESDU) from a single-channel echo-integrator is: 

(1) 

where (jJ)i = mean echo-intensity (proportional to mean squared voltage) between depths 

RI and Rz (the integration channel) for the ith ping within thejth ESDU; 
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(i) . = mean echo-intensity between RI and Rz for all pings within ESDU j; 
J 

nj = number of pings in ESDU j; 

C = system constant, incorporating equipment parameters and mean target 

strength. 



This equation holds irrespective of the vertical or horizontal distribution of the 
echo-signal, provided that I falls within the linear region of the detector, and that the integration 
channel completely encompasses the vertical extent of the targets of interest. Areal biomass is 
estimated by mUltiplying the survey area by the weighted (according to ESDU length) average of 
the P j values. Variance can be estimated formally from the variation in density transects 

provided they are randomly selected (see, for example, Anon., 1986 and Jolly and Hampton, 
1990). 

3. ABUNDANCE ESTIMATION FROM AGGREGATION DENSITY 

In some cases the integrator output for each ESDU is not available, but there is 
information on the mean intensity of echoes returned by individual aggregations intercepted 
along the transect. Suppose that there are mj aggregations within the analysis channel for the 
jth ESDU, that the mean intensity returned from the kth aggregation, averaged between Ri and 
Rz, is Ik, and that its intercepted length is lk' Then, 

where (I) Ag is the mean intensity of the echo from all the individual aggregations encountered, 

averaged between Ri and Rz, andjj is the fractional cover of aggregations intercepted along 

ESDU j. (I) Ag andjj are given by: 

(2) 

and 

respectively, where Lj is the length of ESDU j. Hence P j' and therefore biomass, can be 

estimated from Equation 1 as before. If the aggregation data is available in terms of density 
rather than echo-intensity, Equation 1 simply becomes: 

p.= PA f j ' jg 

where P Ag is the mean within-aggregation surface density, averaged as before over the 

analysis channel. 

If within-aggregation intensities have been averaged over the vertical limits of the swarm 

instead of the analysis channel, Ik is given by: 
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where (I 'k) 1 is the average intensity for ping i from aggregation k, averaged over (h k )/, the 

vertical limits of the aggregation at that point, and nk is the number of pings received from 

aggregation k. Substitution of Ik in Equation 2 gives (I) j' and hence P j from Equation 1. 

It is important to note that the above estimators will only be valid if all the krill 
encountered is in the form of aggregations. Dispersed krill, and krill in aggregations too small 
or large to be classified as aggregations according to whatever classification scheme is in use, 

will be omitted from the estimate, thereby causing P j to be under-estimated. This is a real 

danger, since most automated swarm-identification algorithms require the echo to exceed a 
pre-selected value for a number of pings in succession to be classified as having originated 
from a swarm. In contrast, an echo-integrator will only lose pings which fall below whatever 
level has been set to exclude background noise. 

Estimation of variance in P j' and hence in the biomass estimate requires, inter alia, 

knowledge of the variance injj. An estimator is available for randomly distributed aggregations 
(Lucas and Seber, 1977), but in general, estimating this variance is a complex problem. 

4. ABUNDANCE ESTIMATION FROM AGGREGATION BIOMASS 

Another way to estimate areal biomass (B) from echo sounder data would be from BAg, 
the mean biomass of individual aggregations intercepted on the line transects. The appropriate 
expression is: 

where SAg is the mean surface area of the aggregations intercepted,fthe fractional cover taken 
over all transects , and A the area surveyed. The problem with this estimator is that neither 

BAg nor SAg, nor their variances (which are needed in estimating the variance of B) can be 

estimated from intercepted lengths without assumptions about aggregation shape. BAg and 

SAg are in any event biased estimators because of the disproportionate probability of 
intercepting larger aggregations (see discussion in Hampton, 1985). Corrections can be made 
for the latter effect if the cross-track width of each intercepted aggregation can be estimated 
(e.g., Hampton, 1981), but otherwise only if the aggregations are known to be circular in 
horizontal cross-section. The method is therefore not recommended for krill aggregations 
which are often very irregularly shaped (see, for example, Miller and Hampton, 1989a). 

5. CONCLUSION 

We conclude, therefore, that for estimating regional krill abundance, the echo­
integration method is superior to methods based on the physical parameters of intercepted 
aggregations, since it - (a) is simpler to apply; (b) involves the handling of much smaller 
volumes of data; (c) requires no assumptions regarding aggregation size and shape, or 
judgements on whether or not intercepted targets should be classified as aggregations; and (d) 
requires no assumptions regarding aggregation shape, size or distribution in estimating 
variance. 
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For the purposes of straightforward abundance estimation, therefore, there seems to be 
little sense in collecting acoustic data on individual aggregations, although naturally, for studies 
on spatial distribution and related topics, such data are often essential (see discussion in Miller 
and Hampton, 1989a and 1989b). 
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ANALYSES OF ACOUSTIC LINE-TRANSECT DATA FROM THE WATERS 
AROUND SOUTH GEORGIA: ESTIMATION OF KRILL (EUPHAUSIA 
SUPERBA DANA) - BIOMASS 

E. Murphy, I. Everson and A. Murray*· 

Abstract 

A large-scale acoustic survey of zooplankton stocks in the waters 
around South Georgia was carried out during November and December 
1981. The data have been analysed using various definitions of strata. 
The total biomass in the area of 155 786 km2 was estimated to be 
1.8225 x 106 tonnes (Coefficient of Variation = 9.5%). This gives an 
estimate of mean density throughout the region of 11.7 tonnes km-2• 

Although the estimate of the mean is not sensitive to the definition of 
strata, the variance of the estimate is sensitive. The analyses highlight 
the importance of careful planning of acoustic surveys. 

Resume 

Une campagne d'evaluation acoustique a grande echelle des stocks de 
zooplancton s'est deroulee dans les eaux adjacentes a la Georgie du 
Sud en novembre et decembre 1981. Les donnees ont ete analysees 
pour diverses stratifications. La biomasse totale de l'aire de 
155 786 km2 a ete estimee a 1,8225 x 106 tonnes (coefficient de 
variation = 9,5%). Ceci donne une estimation de densite moyenne 
pour toute la region de 11,7 tonnes km-2• Bien que l'estimation de la 
moyenne ne soit pas sensible a la definition de la strate, la variance de 
l'estimation, elle, l'est. Les analyses soulignent l'importance de la 
conception minutieuse des campagnes acoustiques. 

Pe3IOMe 

B TelIeHHe H05I6p5I H ,lleKa6p5I 1981 r. B BO,llax IO)I{Hoti reoprHH 

6bIJIa rrpOBe,lleHa KpyrrHoMacWTa6Ha5I aKycTHlIeCKa5I CbeMKa 

3arraCOB 300rrJIaHKTOHa. IIOJIYlIeHHble ,llaHHble aHaJIH3HpOBa­

JIHCb C HCrrOJIb30BaHHeM Pa3JIHlIHbIX orrpe,lleJIeHHti cTpaT. 

06II(a5I 6HoMacca B patio He rrJIOII(a,llbIO 155 786 KM2 COCTaBHJIa 

1,8225 1I 106 TOHH (K03<fl<lm~HeHT H3MeHlIHBOCTH = 9,5%). 
Cpe,llH5I5I rrJIOTHOCTb BO BceM patioHe COCTaBHJIa TaKHM 

06pa30M 11,7 TOHH KM-2. XOT5I o~eHKa Cpe,llHeti BeJIHlIHHbI He 

3aBHCHT OT orrpe,lleJIeHH5I CTpaT, H3MeHlIHBOCTb caMoti o~eHKH 
lIYBCTBHTeJIbHa K HHM. 3TOT aHaJIH3 rrO,lllIepKHBaeT Ba)l{HOCTb 

TII(aTeJIbHOrO rrJIaHHpOBaHH5I aKYCTHlIeCKHX CbeMOK. 

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

Durante noviembre y diciembre de 1981 se realizo una prospeccion 
acustica a gran escala de las poblaciones de zooplancton que existen en 
las aguas alrededor de Georgia del Sur. Esta informacion se ha 
analizado empleando varias definiciones de estratos. La biomasa total 
de esta area que cubre 155 786 km2, se estimo en 1.8225 x 106 

toneladas (coeficiente de variacion = 9.5%), que irnplica una estimacion 
de la densidad media de la region de 11.7 toneladasokm-2. Aunque la 
estimacion de la media no es susceptible a la definicion de los estratos, 
es el caso contrario con la varianza de la estimacion. Los analisis 
demuestran la gran importancia que tiene la planificacion minuciosa de 
las prospecciones acusticas. 

1. INTRODUCTION 

Acoustic surveys have become a standard technique in the study of the distribution and 
abundance of Antarctic krill (Euphausia superba Dana). There are, however, a number of 
problems in the application of these techniques for the routine surveying of krill populations in 
the Southern Ocean. In particular, the design of field surveys presents various logistical and 
analytical problems. Many of these design problems are similar to those encountered in the 
development of acoustic survey programs of fish populations. The ICES Acoustic Working 
Group has produced a draft report on current acoustic survey design practices (ICES, 
unpublished manuscript) which forms a good starting point for considering many of these 
problems. However, the highly heterogeneous nature and scale-related patchiness of krill 
distributions produce some particular problems which have not been adequately addressed to 
date. 

In this paper we report on a major acoustic survey of krill abundance and distribution in 
the South Georgia region. The data have been analysed using a number of different approaches 
to illustrate the effect of the estimation technique on the final results. This emphasises the 
importance of careful pre-survey planning and post-survey analyses. 

2. METHODS 

2.1 The Survey Design 

The survey was designed to investigate some of the interactions taking place in the 
South Georgia marine ecosystem and involved a major interdisciplinary program of data 
collection, various aspects of which have been discussed by Priddle et al. (1986) and Atkinson 
and Peck (1988). The survey region was a 180 by 240 n mile box centred on the island of 
South Georgia (Figure 1). There was no information available at the planning stage to produce 
a stratified sampling design based on the biomass distribution. The large size of the area 
prohibited the execution of a suitable pilot study in the time available. The chosen design was 
systematic parallel transects with the direction of the transect perpendicular to the long-axis of 
the island. Nine major transects were traversed over the period from 24 November to 
19 December 1981. The survey start was chosen at random to reduce the possibility of 
systematic errors. Each transect was divided into six sections approximately 30 n miles in 
length. Each section was further divided into 1 n mile integration intervals (ESDU). Density 
was estimated from the acoustic parameter mean volume backscattering strength (MVBS). 
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At the end of each section various 'station' activities were carried out as part of the 
interdisciplinary program. This included deployment of a CTD system to produce temperature 
and salinity profiles. 

2.2 The Acoustic Methods 

A Simrad EKS 120 echosounder connected to a Simrad QM Analogue echo-integrator 
was used for the study. The echosounder was calibrated on 22 November and 23 December 
1981 and the following values obtained. 

Constant 

Source Level 
[dB/ /1 f..LPa ref. 1 metre] 

Voltage Response 
[dB//l volt/f..LPa] 

Date 
22 November 1981 23 December 1981 

218.3 218.9 

-108.9 -107.8 

Pulse duration was measured at 0.6 msec. 

Not all of the acoustic targets will have been krill. However, krill are likely to be the 
major zooplankton target in this area so in this study we assume all target are krill for the 
purpose of the analyses of the dataset. The length distribution of all krill taken during the 
survey period is shown in Figure 2. Most of the krill were small, with a mean length of 
29.73 mm. This mean size is similar to that of the krill used by Everson et al. (1990) to 
estimate the target strength of krill. Based on that study we have used a mean target strength of 
-75 dB to estimate the biomass of krill in this region. The mean weight of the sampled krill was 
0.18 g. 

An estimate of the mean bottom depth was available for each section. The CTD profiles 
collected at either end of a section allowed an estimate of the mean temperature minimum to be 
obtained and used to characterise water mass (Atkinson et al., 1990). 

3 . RESULTS AND ANALYSIS 

3.1 Analytical Techniques 

The notation of Jolly and Hampton (1990) is followed throughout. There are j = 1, .. , 
ni sample units and i = 1, .. ,N strata. The density of a sample unit is then given by: 

1\ b .. 
p" - ~ 

Z) - Lij 

bij is the biomass recorded over the jth sample unit in the ith stratum 
Lij is the length of jth sample unit in the ith stratum 

The mean density in the strata is given by: 

A 1 ni 1\ 

p=- L,WijPij 
ni j=l 

(1) 

(2) 
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where the weights are based on the sample unit length: 

(3) 

and the mean sample unit length is: 

(4) 

The estimated mean density for the whole region is then: 

(5) 

where Ai = Area of stratum i. 

The variance is: 

(6) 

where 

(7) 

The assumption underlying such analyses is of random sampling within a stratum. In 
the survey reported here it was assumed that the between-transect distance is sufficiently large 
to remove any systematic error; that is at a scale at which the krill distribution can be considered 
random with respect to the transects. 

The equations can be applied to the data for any size of sample unit. However, the 
problem of non-random sampling within a stratum can invalidate the basic assumptions of the 
statistical methods. The simplest case would be to consider each ESDU to be a sample. 
However, the inherent serial correlation in the datasets makes the estimation of variance on this 
basis meaningless. 

For the variance of the final estimate to be a minimum the sampling units should be 
chosen to give low within-stratum variability. The definitions of strata are given in Table 1. 
The results of the analyses of the data using various sampling units and strata definitions are 
shown in Table 2. Those estimates in which the ESDU are taken as the basic sampling unit 
(Table 2, lines 1 to 6) suffer from serial correlation problems. A possible breakdown of the 
data (Table 2, line 7) is to produce 18 transects by splitting the transects into two transects 
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either side of the shelf region (Figure 4), and taking a section as the basic sampling unit. This 
is not unreasonable as the transecting was delayed for station sampling at the end of each 
section. The next three estimators (8 to 10) consider the six strata shown in Figure 5. These 
strata split the sample region on the basis of the bathymetric contours. Each of these estimators 
takes a different basic sampling unit: transects, sections or ESDU. 

The different estimators are presented here to highlight that the estimate of mean density 
and total biomass is not sensitive to the analytical breakdown used. However, the variance of 
the estimates can change markedly. The variance of the mean density estimate from the Jolly 
method (Jolly and Hampton, 1990) is a weighted sum of the within-stratum variances. Thus, 
the stratification at the large-scale is aimed at the removal of the largest element of the variance. 
The sampling units within the strata should then be chosen to produce least variance within 
strata. The between-stratum variance does not enter into the overall calculation of the variance. 
An analysis of variance (Table 3) shows that most of the variation is explained by the chosen 
strata and that sections within strata are more variable than the transects. This indicates that the 
strategy of running transects perpendicular to the shelf produced runs which crossed the 
steepest gradient in the krill density distribution, and consequently lower variation between 
transects. The best combination of sampling unit and strata in this case is six strata and 
transects as sample units (Table 2, line 10), producing an estimate of the mean density of 
11.7 tonnes km-2 and total biomass for the region of 1.8225 x 106 tonnes (Cv = 9.5%). 
Statistics for the 18 transect breakdown (Figure 4) and the six strata breakdown (Figure 5) are 
given in Tables 4 and 5 respectively. These estimates are based on the assumption of random 
sampling within strata which is not the case. However, the conclusion that there were generally 
higher densities of krill in the north east region around South Georgia is reasonable. 

Further stratifications were made by water mass, characterised by contiguous regions of 
similar minimum temperature (Table 2, lines 11 and 12). These do not simply describe strata in 
the distribution of krill in the region so do not give particularly useful biomass estimates. 
Bathymetry and temperature are aliased in this region (correlation coefficient, r = -0.428). 
Analyses of the data to produce estimates of mean density classified by bathymetric region and 
minimum temperature range are shown in Tables 6 to 8. In all depth regions the highest krill 
densities were found iri the colder, less than zero degree minimum temperature water mass. 
The highest densities were found in the shelf slope regions of 250 to 1 000 m in depth. The 
greatest biomass is found offshore and is associated with the colder water regions to the east. 

3.2 Kriging Analysis 

A simple Kriging analysis was performed using the UNIMAP (1990) software system. 
A biomass estimate was obtained for an area approximately 1.63 x 105 km2, which compares 
with the 1.56 x 105 km2 used in the above analyses. Blanking regions were defined to set 
similar boundaries to the area of interpolation to these used in the above estimates. The 
semivariogram was fitted by eye at an angle to the vertical of 150°; settings used were: range = 
1, sill = 650, nugget = O. No trend corrections were made. This produced the map of krill 
density shown in Figure 7. The volume of the integrated surface gives an estimate of the total 
biomass in the region. This was 2.13 x 106 tonnes giving a mean krill density estimate of 
13.07 tonnes km-2. Reasonable changes in the parameter settings used in the semivariogram 
model produced changes in the density estimate of approximately ± 3 tonnes km-2. 

4. DISCUSSION 

The target strength value we have used produces larger values for a given MVBS than 
those used in earlier studies (BIOMASS, 1984). Few data are available to cross reference to this 
analyses carried out in this study. The density estimated for the West Atlantic section of the 
Southern Ocean from the BIOMASS cruises (February, 1981) was 4.46 tonnes km-2 which is 
lower than the 11.7 tonnes km-2 obtained in the present study. The USSR vessel Odyssey 
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surveyed part of the north side of the South Georgia area during February, 1981 and these 
results gave a density estimate of 15.63 tonnes kmz (BIOMASS, 1984). In this study the same 
region produced some of the highest density estimates with stratum values of 13.08 and 
23.59 tonnes km-z (Table.5). The BIOMASS analyses used a much higher target strength value 
so this suggests there was a higher krill biomass in the BIOMASS sampled regions during the 
early part of 1981 than was observed in this study in the latter part of 1981. 

Other estimates of krill density in the South Georgia region are those from trawl based 
studies (Latogursky et al., 1990). The values for the early part of 1981 are of the same order as 
those obtained in this study, 37.4 and 5.4 tonnes km-Z and are consistent with the Odyssey data 
These values are low compared to other trawl estimates obtained for the region in other years. 

The above analyses have highlighted that the various estimation methods based on 
classical statistical techniques produce little difference in the estimate of mean density but they 
do affect the variance. Careful design is the only way that a valid estimate of mean density can 
be obtained. There is little that can be done at the post-processing stage except to consider the 
precision of the estimate. The underlying estimate may be wrong but there is nothing that can 
be done about this at this stage. This highlights the importance of careful pre-planning of the 
survey. Assumptions of randomness at the wrong scale will give incorrect variance results for 
krill biomass. 

The use of Kriging or other spatial statistical techniques clearly requires far more 
investigation but holds some promise (Foote and Stefansson, 1991). However, we can say at 
this stage that the simple application of bilinear interpolation techniques is incorrect and is likely 
to produce erroneous results. The distribution of krill is extremely patchy and the variability of 
the distribution must be taken into account using an approach such as Kriging. The spatial 
techniques must be rigorously applied and all of the interpolated estimates should be reported 
with details of the fits and confidence in the estimates. The development of spatial statistical 
analytical methods is a continually evolving field of study (Ripley, 1988). 

Croxall et al. (1985) produced a value of 16 x 106 tonnes as an estimate of the 
consumption of krill by seabirds and seals in Scotia Sea area. Approximately 42% were taken 
by South Georgia based predators (approximately 6.7 x 106 tonnes). The estimate of the 
standing stock is low compared to the predator consumption figure for the South Georgia area. 
This predator consumption rate is spread throughout the year and should not be compared 
directly with standing stock estimates. The Antarctic Circumpolar Current is a potential source 
of replenishment of the krill stocks in the South Georgia area (Everson, 1984). This is likely to 
mean that several times the standing stock may be available in the region in any year. 

For 6.7 x 106 tonnes to be available in a year and assuming no local production then a 
crude estimate of input rate may be calculated. Assuming the standing stock remains constant 
and that demand is constant throughout the year, then the estimated demand is 18356 tonnes 
day-l. If the krill enter the region only through the eastern side of the box (Figure 1, this 
dimension is approximately 333 km in length) then 55.1 tonnes are brought in each day along 
each kilometre of the side of the b.ox. If the density outside the area in the Scotia Sea is in the 
range 4.5 to 11.7 tonnes km-z then the required flow rates are 0.28 to 0.11 knots respectively. 
These values are well within the expected current speeds for the region (Foster, 1984). 

In this study we have assumed all detected targets in this area are krill, this is unlikely to 
be the case and will have produced an overestimate of krill biomass. However, some of the 
krill were much larger than the mean length and use of a mean target strength will have caused 
underestimation of the biomass. The distribution of the krill within the area is consistent with 
the suggestion of the occurrence of the Antarctic Surface Water in the region (Everson, 1984; 
Atkinson and Peck, 1988). This water mass was the cooler water region to the east where the 
higher densities of krill were recorded during this study. The higher densities of krill in the 
shelf regions support suggestions that these areas are important in the development of krill 
aggregations (see Miller and Hampton, 1989 for a discussion). 
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Table 1: Definitions of strata used in the analyses of the transect data. 

Strata Description of Stratification 

9 transects Each of the long transects treated as a contiguous sample region 
(Figure 3). 

18 transects Each of the nine long transects split in the middle (Figure 4). 

6 strata Each set of three half transects were grouped together on the basis 
of geographic region (Figure 5). 

6 strips Each of the sections running west to east were considered as a 
single stratum (Figure 6). 

3 depth bands The data were analysed according to bathymetric region. These 
regions are not necessarily contiguous. 

3 temperature bands The data were analysed according to minimum temperature 
region. These regions are not necessarily contiguous. 

3 temperature regions Stratum boundaries were set on the basis of contiguous regions of 
similar temperature. 
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Table 2: Mean density and total biomass estimates produced by the application of different 
stratification criteria (Table 1) to the transect data. 

Method of Estimation Mean Variance Total Variance 
Density Biomass 

(tonnes km-2) (tonnes x 106) 

1 Stratified by 18 transects 11.44 0.410 1.8225 0.00950 
(resets as units) 

2 Stratified by 9 transects 11.48 0.419 1.8225 0.01017 
(resets as units) 

3 Stratified by 6 strips 11.86 0.437 1.8225 0.01060 
(resets as units) 

4 Stratified by 54 sections 11.61 0.373 1.8225 0.00906 
(resets as units) 

5 Stratified by 3 depths 11.30 0.438 1.8225 0.01063 
(resets as units) 

6 Stratified by 3 temperature bands 12.11 0.436 1.8225 0.01059 
(resets as units) 

7 Jolly 18 transects 11.70 2.070 1.8225 0.05024 
(sections as units) 

8 Stratified by 6 strata 11.59 0.416 1.8225 0.01011 
(resets as units) 

9 Jolly 6 strata 11.70 1.816 1.8225 0.04408 
(sections as units) 

10 Jolly 6 strata 11.70 1.228 1.8225 0.02980 
(transects as units) 

11 Jolly 3 temp/geographic 11.70 2.969 1.8225 0.07205 
(transects as units) 

12 3 temp/geographic strata 11.27 0.437 1.8225 0.01060 
(resets as units) 

Table 3: Accumulated analysis of variance based on the six regional strata shown in 
Figure 5. 

Source of Degrees of Sum of Squares Mean Square Variance Ratio 
Variation Freedom 

Stratum 5 58306.6 11661.3 20.62 

Stratum 12 21686.3 1807.2 3.20 
/ Transect 

Stratum 33 101585.0 3078.3 5.44 
/ Section 

Residual 1463 827425.3 565.5 

Total 1009003.2 666.9 
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Table 4: Mean density and biomass estimates based on the 18 transects defined in Figure 4. 
Sampling units are transect sections. 

Transect No. of Density Variance Area Biomass 
Observations (tonnes km-2) (km2) (tonnes) 

1 3 9.13 5.066 9260.7 84566.0 
2 2 1.82 0.043 6173.8 11238.4 
3 3 6.89 8.282 9260.7 63845.6 
4 3 8.61 42.361 8849.2 79772.0 
5 3 7.28 1.310 6070.9 67413.0 
6 3 1.83 1.215 8231.8 16962.6 
7 3 9.42 38.131 6173.8 83401.2 
8 2 8.10 37.424 9157.8 49174.5 
9 3 6.75 1.702 9260.7 55548.0 

10 2 13.29 176.730 9260.7 82074.8 
11 3 9.21 20.941 9260.7 84388.0 
12 3 16.19 4.319 9260.7 149973.6 
13 3 7.32 34.743 9260.7 67834.9 
14 3 15.93 48.701 9260.7 147548.3 
15 3 16.96 186.101 9260.7 157057.0 
16 3 32.16 18.742 9260.7 297800.8 
17 3 12.29 49.713 9260.7 113809.4 
18 3 22.69 33.960 9260.7 210129.3 

Table 5: Mean density and biomass estimates based on the six regional strata (Figure 5). 
Transects are taken as the basic sample unit. 

Stratum No. of Density Variance Area Biomass 
Observations (tonnes km-2) (km2) (tonnes) 

1 3 7.77 0.477 27782.2 215824.2 
2 3 4.37 5.398 24695.3 107972.9 
3 3 8.51 8.510 26238.7 223336.9 
4 3 13.08 13.08 21505.5 281222.9 
5 3 12.19 12.19 27782.2 338700.6 
6 3 23.59 23.59 27782.2 655477.0 

Table 6: Classification of the acoustic density data by three water depth ranges. 

Depth No. of Min. Mean Max. Median Variance Area Biomass 
Region Records (tonnes km-2) (km2) (tonnes) 

< 250 m 170 0.0 6.61 41.63 0.0 83.156 17492.5 115627.7 

250 -
1000 m 176 0.0 15.40 341.98 10.16 943.473 18109.9 278926.5 

>1000 m 1168 0.0 11.88 336.14 1.52 705.221 120184.9 1427996.6 

Total 1514 0.0 11.70 341.98 1.52 666.879 155787.3 1.8225x106 
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Table 7: Classification of the acoustic density data by three classes of the mean minimum 
temperature of the vertical CTD profiles. 

Temp. No. of Min. Mean Max. Median Variance Area Biomass 
Region Records (tonnes km-2) (km2) (tonnes) 

eC) 
< 0.0 479 0.0 15.30 173.99 3.12 764.854 49287.9 754207.1 

0-0.5 689 0.0 9.07 336.14 0.00 567.964 70896.5 643017.3 

> 0.5 346 0.0 11.95 341.98 2.24 700.396 35602.4 425318.4 

Total 1514 0.0 11.70 341.98 1.52 666.879 155786.8 1.8225x106 

Table 8: Classification of the acoustic density data by water depth and mean minimum 
temperature. 

Temperature Bathymetric Region 
Region <250m 250 - 1000 m > 1000 m 

Mean s.e. Mean s.e. Mean s.e. 

< 0.0 11.90 2.53 20.28 2.58 15.29 1.17 

0-0.5 5.70 2.14 14.08 2.27 9.09 1.05 

> 0.5 7.66 2.19 16.03 2.03 11.05 1.72 
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Figure 4: Eighteen transects obtained by splitting the nine transects along the long axis of the 
island. 
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Figure 5: Six regional strata covering on-shelf regions around South Georgia. 
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Figure 6: Six strip regions running parallel to the long axis of the island. These are based on 
the transect sections. 
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Figure 7: Map of krill density (tonnes km-2) produced by universal Kriging techniques using 
UNIMAP (UNIMAP, 1990). 
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SMALL SCALE KRILL SURVEYS: SIMULATIONS BASED ON OBSERVED 
EUPHAUSIID DISTRIBUTIONS 
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* 
** 

Abstract 

An observed distribution of aggregations of the euphausiid, 
Meganyctiphanes norvegica is used to model the effects of krill swarm 
orientation and shape on the success of two proposed survey designs. 
The simulation involves a number of random paths of parallel or 
radially arranged transects passing through three distributions each of 
which is given four rotations. The results indicate that the coefficient of 
variation (cv) of mean krill density varies inversely with mean density, 
and is lowest for the survey design utilising parallel transects set at right 
angles to the long axis of the aggregations. Calculations based on the 
power of surveys to reliably detect changes in mean density indicate 
that with probability of Type I and Type II errors 0.1 and 0.2 
respectively, about 100 transects would be required to detect changes of 
40% in the mean if CVs are as high as those obtained in the simulations. 

Resume 

L'observation d'une repartition de concentrations de l'euphausiace 
Meganyctiphanes norvegica est utilisee pour la modelisation des effets 
de l'orientation et de la fonne des essaims de kriU sur le succes de deux 
propositions de modeles de campagnes d'evaluation. La simulation 
met en jeu un certain nombre de voies aleatoires de transects paralleles 
ou radiaux traversant trois concentrations, chacune d'eUe subissant 
quatre rotations. Les resultats indiquent que le coefficient de variation 
(CV) de la den site moyenne du kriU varie inversement a la den site 
moyenne et qu'il atteint le taux le plus faible lorsque le modele 
d'evaluation utilise les transects paralleles perpendiculaires a la 
longueur des concentrations. Les calculs, fondes sur la capacite qu'ont 
les evaluations de deceler les changements de den site moyenne d'une 
maniere fiable, revelent qu'avec une probabilite d'erreurs de Type I et 
II de 0,1 et 0,2 respectivement, et pour des CV aussi eleves que ceux 
obtenus lors des simulations, une centaine de transects seraient 
necessaires pour deceler des changements de 40%. 

Pe3IOMe 

Ha6JIIO,l{eHHOe pacnpe,l{eJIeHHe arperaU;Hl1 3B<PaY3HH,l{, 

Meganyctiphanes norvegica HCnOJIb30BaHO B u;eJI5IX 

MO,l{eJIHpOBaHH5I BJIH5IHH5I opHeHTaU;HH H <pOPMbI CKOnJIeHHH 

KPHJI5I Ha ycnex ,l{ByX npe,l{JIO:>KeHHbIX cxeM cbeMOK. 

MO,l{eJIHpOBaHHe npe,l{nOJIaraeT HeCKOJIbKO npOH3BOJIbHbIX 

KypCOB napaJIJIeJIbHO HJIH pa,l{HaJIbHO opraHH30BaHHbIX 

pa3pe30B, npOXO,l{5III\HX lIepe3 TpH pacnpe,l{eJIeHH5I, Ka:>K,l{Oe H3 

CCAMLR Secretariat, 25 Old Wharf, Hobart, Tasmania 7000, Australia 
Australian Antarctic Division, Channel Highway, Kingston, Tasmania 7050, Australia 

245 



KOTOPbIX BPaIIlaIOT IIeTbIpe pa3a. Pe3YJIbTaTbI nOKa3bIBaIOT, IITO 

K03cpcpHI . .\HeHT H3MeHIIHBOCTH (CV) Cpe.l1HeH nJIOTHOCTH KPHJI5.I 

H3MeH5.leTC5.I 06paTHO npOnOp~HOHaJIbHO Cpe.l1HeH 

nJIOTHOCTH, H 5.IBJI5.leTC5.I HaHMeHbIIIHM, KOr.l1a CXeMa CbeMKH 

HCnOJIb3yeT napaJIJIeJIbHbIe pa3pe3bI, YCTaHOBJIeHHbIe Ha 

np5.lMbIX no OTHOIIIeHHIO K .l1JIHHHOH OCH arpera~HH yr JIax. 

BbIIIHCJIeHH5.I, OCHOBaHHbIe Ha cnoco6HOCTH CbeMOK Ha.l1e)l{HO 

BbI5.lBJI5.lTb H3MeHeHH5.I· B Cpe.l1HeH nJIOTHOCTH, nOKa3bIBaIOT, IITO 

npH Bep05.lTHOCTH OIIIH6oK THna 1(0,1) H THna II (0,2), .l1JI5.I 

BbI5.lBJIeHH5.I H3MeHeHHH B Cpe.l1HeM Ha 40%, nOTpe6yeTc5.I 

OKOJIO 100 pa3pe30B, eCJIH 3HaIIeHH5.I CV oKa)l{YTc5.I TaKHMH )l{e, 

IITO H npH MO.l1eJIHpOBaHHH. 

Resumen 

A partir de una concentracion de distribucion conocida del eufausido 
Meganyctiphanes norvegica, se modelan los efectos de la orientacion y 
de la forma de los cardumenes en el logro de dos disefios de 
prospeccion propuestos. La simulacion comprende varias rutas 
aleatorias, en transectos paralelos 0 radiales, que atraviesan las tres 
distribuciones y en las que se hacen cuatro giros en cada una. Los 
resultados indican que el coeficiente de variacion (cv) de la densidad 
media del kriU varia inversamente a la densidad media, y que es menor 
en el disefio de prospeccion basado en transectos paralelos dispuestos 
en angulos rectos al eje longitudinal de la concentracion. Los calculos 
basados en la potencia de prospeccion para conocer las variaciones en la 
densidad media indican que, con la probabilidad de errores de tipo I y 
tipo II de 0.1 y 0.2 respectivamente, haria falta realizar unos 100 
transectos para poder detectar cambios del 40%, siempre que los cv 
fueran tan altos como los que se obtuvieron en las simulaciones. 

1. INTRODUCTION 

During the FIBEX and SIBEX krill biomass surveys various systems of survey design 
and analysis were considered in order to produce reliable estimates of krill biomass and 
variance within particular regions around the Antarctic continent. BIOMASS (1980 and 1981) 
generally recommended that randomly placed transects should run across contour lines in krill 
abundance, and this meant across the mean direction of ocean currents. Some of the earlier 
surveys, however, were run with the main transects running east-west. This survey design 
was used with some success during the BIOMASS experiments (Miller and Hampton, 1989) on 
areas with diameters up to 500 n miles. 

The requirements of prey monitoring for CEMP are, for more localised surveys, directed 
at regions around CEMP sites for the duration of CEMP predator parameter monitoring; these 
may be described as having a radius of 50 to 100 km (27 to 50 n miles) (SC-CAMLR-IX, 
Annex 4, Table 3) and the same criteria as for the BIOMASS surveys (contours of krill 
abundance) are unlikely to apply. Everson (1987) has considered the requirements of these 
types of surveys and concluded that a radial transect design may be more suitable and easier to 
perform than parallel transects. 

The analysis suggested for both these designs is that recommended by BIOMASS (1986) 
and consists of obtaining mean density estimates for krill for a number of transects and 
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combining these using ratio estimator techniques within strata. This assumes that transects are 
independent (co-variance is not included) and that variance increases with transect length. 

The areal shape of euphausiid aggregations has been reviewed by Miller and Hampton 
(1989) but information on the spatial relationships of aggregations within known distributions 
is rare. To our knowledge the only studies of this type are those of Hampton (1985), using 
side-scan sonar on Euphausia superba swarms, and aerial photographs of surface swarms of 
another euphausiid, Meganyctiphanes norvegica (Nicol, 1986). These data show that swarms 
are predominantly elongated along one axis, and do not generally have shapes that can be 
approximated by circles, the case that is usually assumed for simulation studies (Butterworth, 
1988 has considered some of the consequences of elongated swarms). Furthermore, Nicol 
(1986) shows that aggregations within an area may be elongated in one direction, presumably 
in response to current structures in the area. 

This paper considers the effect of krill swarm orientation on survey design using real 
data on the distribution of euphausiid swarms collected by Nicol (1986). We examine the 
behaviour of random parallel transect and radial transect designs under a number of scenarios, 
and discuss the implications for the extent and frequency of transects required for the purposes 
of the CEMP program. 

2. METHODS 

Two maps of euphausiid distributions are shown in Figures l(a) and l(b). Although 
these are not E. superba (being Meganyctiphanes) and are on a very small scale (60 m diameter) 
they are used here to model the types of distributions shown by krill on larger scales. The most 
important feature of these distributions is that the swarms were observed to be moving and are 
orientated in a particular direction. 

These kriU distributions were coded into two areas, divided by 100 x 100 grids 
(distributions A and B, Figure la,). An additional distribution (C) was constructed from 
distribution A with the addition of two swarms duplicated within distribution A (Figure l(c». 
Each occurrence of krill in a grid square was taken to represent a unit krill density. Random 
transects were taken over the area and the proportion of krill encountered was expressed as a 
percentage and taken to represent mean krill density for the transect. This is an equivalent 
process to that used to calculate mean krill density in g.m-2 over a single transect in previous 
studies (BIOMASS, 1986). 

Figures 2(a) and (b) give examples of random transects overlying krill distributions. 
The parallel transects were overlaid vertically on the grid, and calculation of percentage cover 
involved searching each pass for krill occurrence. Radial transects were designed on a 90° arc 
from the origin at the bottom left hand corner with a constant radius of 100 units, but they had a 
gap close to the origin to simulate the sort of pattern suggested by Everson (1987). Because 
transects estimate krill density over a larger arc the further they are from the origin, estimates of 
percentage cover were weighted by the distance from the origin. 

Mean density and variance for the whole area was calculated from a number of transects 
(equation 4 of BIOMASS (1986) simplifies to a standard calculation of variance when transects 
are all the same length). For comparison, the actual mean density of krill in the area was 
calculated by taking the total possible area that the transects covered (the total survey area) and 
calculating the known percentage cover of krill in this area. 

For each survey pattern, a number of rotations of the distributions were used to 
investigate the effects of starting surveys at different positions with regard to the swarms. 
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3. RESULTS 

The results of 10 000 transects on each of the distributions rotated sequentially through 
90° intervals is shown in Table 1. It is apparent that the coefficient of variation is usually very 
high (between 100% and 160%), a result of the high number of passes encountering no krill. 
Larger surveys are unlikely to have so severe a problem of zero encounters. Krill densities 
were log normally distributed apart from the zero values. Despite this, the calculated mean 
density, taken as the mean of all untransformed transect densities, converged on the known 
mean (Table 1). Figure 3 shows that there was a relationship between the means and the 
standard deviations. There was a great deal of variation in coefficient of variation (CV) 
(calculated as standard deviation divided by the mean) using the radial design, in general more 
so than using the parallel design. The lowest CVs were obtained using the parallel designs with 
the transects going across the axis of movement of the swarms. 

4. DISCUSSION 

The coefficients of variation seen in Figure 3(b) are very high, but are similar to those 
obtained by Higginbottom et al. (1988) from 1 n mile integration intervals along transects taken 
for FIBEX, ADBEX-II and SIBEX-II (mean CV = 1.6). Most reported density and biomass 
estimates and variances are not directly comparable to those calculated here because following 
the procedures suggested in BIOMASS (1986) they are variances of the mean densities within a 

transect Pk. where that transect is typically several hundreds of nautical miles long. Because of 
the scale used in this study the more appropriate estimates of variance are those of the variance 
of integration intervals within a transect. 

It is not appropriate here to comment on the magnitude of variances that are likely to be 
obtained in whole surveys of this nature, because of the very small scale of our distributions. 
However, it is apparent that: 

(i) parallel survey designs that travel at right angles to the orientation of krill swarms 
have lower variances than either parallel designs parallel to their orientation or 
radial designs. The former is predictable but the latter somewhat surprising - radial 
designs appear to exacerbate the effect of swarm orientation; and 

(ii) with greater mean density of krill the Cv obtained by either survey declines. 

For the purposes of monitoring krill biomass for CEMP the magnitude of the CV is 
extremely important. The effect of CV on the power of a survey to detect changes in mean 
biomass is dependent on the number of transects used. Figure 4 shows the relationship 
between cv and number of transects required to confidently detect changes in mean densities of 
20 to 50% (probability of Type I error = 0.1, probability of Type 11 error = 0.2) (Sokal and 
Rohlf, 1981). The number of transects required to reliably detect changes of 20%, for 
instance, is 28 when the CV is 0.3 and 310 when it is 1.0. Everson (1987) estimates that 10 
transects in a CEMP survey could be completed in 10 days. Thus even under favourable 
conditions, when the cv is close to 0.3, prey surveys may take 30 or more days to complete if 
sufficient power for inter-annual comparisons is required by the CEMP program. 
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Table 1: Mean and standard deviation of krill density calculated from 10 000 random 
transects on four separate orientations of three kriU distributions shown in Figure 1. 
Direction of rotation is anticlockwise. With this number of transects the standard 
deviation is taken to approximate 0'. 

Datasetand Real density of Krill Calculated Mean Standard Deviation 
Method Used in Surveyed Area Krill Density After of Density 

10 000 Transects (0') 

Parallel Survey: 

Area A 4.6 4.59 5.18 
Area A rotated 90

0 4.6 4.46 6.17 
AreaB 2.24 2.21 2.87 

Area B rotated 900 2.24 2.19 3.18 
AreaC 7.85 7.78 6.86 

Area C rotated 90
0 7.85 7.88 7.04 

Radial Survey: 

Area A 5.92 5.89 7.74 
Area A rotated 90

0 2.28 2.41 3.9 
Area A rotated 180

0 5.71 5.6 7.49 
Area A rotated 270

0 5.09 5.04 6.16 
AreaB 2.56 2.51 3.81 

Area B rotated 90
0 2.08 2.01 3.17 

Area B rotated 1800 2.68 2.59 3.21 
Area B rotated 270

0 2.86 2.81 3.21 
AreaC 9.85 9.67 8.18 

Area C rotated 90
0 6.5 6.64 8.25 

Area C rotated 180
0 9.94 9.9 8.27 

Area C rotated 270
0 8.48 8.54 10.58 
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Figure 3(a): Expected mean density versus standard deviation of 10 000 random transects for 
all three areas in four rotated states. For more explanation of the rotations applied 
see Table 1. 
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Tableau 1: 

Figure 1: 

Figure 2: 

Figure 3a): 

Figure 3b): 

Figure 4: 

Ta6JIHQa 1: 

PHCYHOK 1: 

PHCYHOK 2: 

Liste des tableaux 

Ecart moyen et ecart-type de densite du krill ca1cules a partir de 10 000 
transects choisis au hasard sur quatre orientations distinctes de trois 
concentrations de krill illustrees sur la figure 1. La rotation est effectuee dans 
le sens inverse des aiguilles d'une montre. Pour ce nombre de transects, 
l'ecart-type presume est proche de 0'. 

Liste des figures 

Schemas de repartition du krill utilises dans l'etude. La direction du 
mouvement des essaims individuels, en general d'est en ouest, est representee 
par des fleches. La repartition est illustree avant toute rotation, cette derniere 
etant effectuee dans le sens inverse des aiguilles d'une montre. 

Transects droits (a) et radiaux (b) places au hasard des repartitions A (rotation 
de 90°) et B (rotation de 270°) respectivement. 

Densite moyenne escomptee par opposition a l'ecart type de 10 000 transects 
disposes au hasard dans les trois zones et pour quatre rotations. Pour le detail 
des rotations appliquees, voir le tableau 1. 

Densite moyenne escomptee par opposition au coefficient de variation de 
10 000 transects droits et radiaux disposes au hasard, de quatre rotations de 
trois repartitions de krill. 

Taille de l'echantillon requis pour deceler un changement de den site moyenne 
de krill pour alpha = 0,1 et capacite = 0,8. 

CnHCOK Ta6JIHQ 

Cpe~Hee H CTaH~apTHoe OTKJIOHeHH5I nJIOTHOCTH KPHJI5I, 

BbIlIHCJIeHHbIe H3 10 000 npOH3BOJIbHbIX pa3pe30B Ha lIeTbIpex 

OT ~eJIbHbIX opHeHTaQH5IX Tpex pacnpe~eJIeHHH KPHJI5I, 

H306pa>KeHHbIX Ha PHCYHKe 1. HanpaBJIeHHe BPaIQeHH5I - npOTHB 

lIaCOBOH CTpeJIKH. IIpH 3TOM KOJIHlleCTBe pa3pe30B CTaH~apTHoe 
OTKJIOHeHHe ClIHTaeTC5I npH6JIH3HTeJIbHbIM KO'. 

CnHCOK PHCYHKOB 

MO~eJIH pacnpe~eJIeHH5I KPHJI5I, HCnOJIb30BaHHbIe B ~aHHoM 
HCCJIe~OBaHHH. HanpaBJIeHHe ~BH>KeHH5I OT ~eJIbHbIX CKOnJIeHHH 

nOKa3aHO CTpeJIKaMH H, B OCHOBHOM, YKa3bIBaeT Ha ~BH>KeHHe C 

BOCTOKa Ha 3ana~. Pacnpe~eJIeHH5I nOKa3aHbI B COCT05IHHH nOK05I. 

BpaIQeHHe - npOTHB lIaCOBOH CTpeJIKH. 

IIPOH3BOJIbHbIe napaJIJIeJIbHbIe (a) H pa~HaJIbHbIe (b) pa3pe3bI, 

nepeKPbIBaIO~He pacnpe~eJIeHHe A (BPaIQeHHe 90°) H B (BPaIQeHHe 270°) 
COOTBeTCTBeHHO. 
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PHCYHOK 3(a): O)lm~aeMaSl Cpe~HSISI nJIOTHOCTb B CpaBHeHHH co CTaH~apTHbIM 

OTKJIOHeHHeM 10 000 npOH3BOJIbHblX pa3pe30B Ha Bcex Tpex YlIaCTKax 

B lIeTblpex COCTOSlHHSlX Bpa.JJ.(eHHSI. B Ta6JIm~e 1 ~aeTCSI 60JIbme 

HH<pOPMaI:(HH 0 npHMeHSleMblx Bpa.JJ.(eHHSlx. 

PHCYHOK 3(b): O)l(H~aeMaSl cpe~HSISI nJIOTHOCTb B cpaBHeHHH C K03<p<pm~HeHToM 
H3MeHlIHBOCTH 10 000 npOH3BOJIbHblX napaJIJIeJIbHblX H pa~HaJIbHblX 

pa3pe30B B lIeTblpex Bpa.JJ.(eHHSlx Tpex pacnpe~eJIeHHH KPHJISI. 

PHCYHOK 4: 

Tabla 1: 

Figura 1: 

Figura2: 

Figura 3(a): 

Figura 3(b): 

Figura4: 
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KOJIHlIeCTBO npo6, Heo6xo~HMoe ~JISI BblSlBJIeHHSI H3MeHeHHSI B 

cpe~HeH nJIOTHOCTH KPHJISI, r~e aJIb<pa = 0.1 H MO~HOCTb = 0.8. 

Lista de las tablas 

Desviaci6n cuadnitica y media de la densidad del kriU, calculada a partir de 
10 000 transectos aleatorios aplicando cuatro giros diferentes alas tres 
distribuciones de kriU de la Figura 1. La direcci6n de la rotaci6n es sinistrorsa. 
La desviaci6n cuadnitica para este numero de transectos es aproximadamente 
cr. 

Lista de las figuras 

Modelos de distribuci6n empleados en este estudio. Las flechas indican la 
direcci6n del giro para cada cardumen que, por 10 general, es este-oeste. Las 
distribuciones se muestran antes de hacer la rotaci6n, siendo esta contraria a la 
de las agujas del reloj. 

Transectos aleatorios en linea paralela (a) y radial (b) superpuestas en la 
distribuci6n A (rotaci6n de 90°) y B (rotaci6n 270°) respectivamente. 

Densidad media prevista comparado con la desviaci6n cuadnitica de 10 000 
transectos aleatorios efectuados en las tres areas con cuatro rotaciones 
distintas. Vease tabla 1 para mas detaUes de las rotaciones aplicadas. 

Densidad media supuesta comparada con el coeficiente de variaci6n de 10 000 
transectos en linea recta y radiales de cuatro rotaciones de las tres 
distribuciones. 

Tamafio de muestra necesario para detectar un cambio en la densidad media del 
krill con alpha = 0.1 y potencia = 0.8. 
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MIDWATER TRAWL CATCHABILITY AS AN ASPECT OF A 
QUANTIT ATIVE ASSESSMENT OF KRILL BIOMASS CONDUCTED USING 
A TRAWL CENSUS SURVEY 

S.M. Kasatkina* 

Abstract 

Midwater trawl catchability is a variable which depends on both the 
behavioural and distributional characteristics of the target species and 
trawl parameters. Reliability of biomass assessments will improve with 
better knowledge of trawl catch ability and krill distribution patterns. A 
comparative analysis of trawl catchability for commercial midwater 
trawls and small research trawls, in this case using an Isaacs-Kidd 
trawl, demonstrated the futility of using the latter for trawl census 
survey biomass assessments due to their highly variable catchability 
over the survey area and also because the biomass estimates thus 
obtained were characterised by high relative error. A standard method 
for conducting krill trawl census surveys needs to be developed. 
Mathematical modelling fishing trawls as well as hydroacoustic research 
on catchability properties of trawls can facilitate selecting the optimal 
construction of commercial midwater trawls. Assessments of the total 
amount of krill entering the trawl should be carried out when selecting 
trawl construction. 

Resume 

La capturabilite des chaluts pelagiques est une variable qui depend des 
caracteristiques de comportement et de repartition de l'espece visee 
ainsi que des parametres des chaluts. Vne connaissance plus 
approfondie de la capturabilite des chaluts et de la maniere dont se 
repartit le krill entralnera une plus grande fiabilite des evaluations de la 
biomasse. Vne analyse comparative de la capturabilite des chaluts pour 
les chaluts pelagiques industriels et les petits chaluts de recherche - un 
chalut Isaacs-Kid etant dans ce cas utilise -, a demontre combien 
l'utilisation de ce dernier etait futile en ce qui concerne les evaluations 
de la biomasse provenant des campagnes de recensement par chalutage, 
du fait de leur capturabilite extremement variable sur la zone pro spec tee 
et egalement parce que les estimations ainsi obtenues etaient 
caracterisees par une erreur relative importante. 11 est necessaire 
d'elaborer une methode standard de conduite des campagnes de 
recensement du krill par chalutage. Vne modelisation mathematique 
liee a des etudes hydroacoustiques des proprietes de capturabilite des 
chaluts peut faciliter la selection du modele de chalut pelagique 
industrielle plus favorable. La quantite totale de krill penetrant dans le 
chalut devrait etre evaluee lors de la selection du modele de chalut. 

* AtlantNIRO, 5 Dimitry Donskoy Street, Kaliningrad 236999, eIS 
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Pe310Me 

Y JIOBHCTOCTb pa:mor JIy6HHHorO TpaJIa 5IBJI5IeTC5I nepeMeHHOH 

BeJIHqHHOH, 3aBHC5IIIleH KaK OT XapaKTepHCTHK nOBe,l(eHH5I H 

pacnpe,l(eJIeHH5I 06JIaBJIHBaeMOrO 06beKTa TaK H napaMeTpOB 

TpaJIa. Y JIyqmeHHOe 3HaHHe 06 y JIOBHCTOCTH TpaJIa· H 

xapaKTepHcTHK pacnpe,l(eJIeHH5I KPHJI5I B paHoHe CbeMKH 

n03BOJI5IT nOBblCHTb Ha,l(e)KHOCTb nOJIyqaeMblX ou,eHOK 

6HoMacchl. CpaBHHTeJIbHhlH aHaJIH3 YJIOBHCTOcTeH 

npOMblCJIOBblX pa3HOr JIy6HHHblX TpaJIOB H MaJIblX 

HCCJIe,l(OBaTeJIbCKHX TpaJIOB Ha npHMepe TpaJIa AH3eKCa-KH,l(,l(a 

nOKa3aJI, qTO nOCJIe,l(HHe Heu,eJIeco06pa3HO HCnOJIb30BaTb ,l(JI5I 

ou,eHOK 6HOMaCCbl MeTO,l(OM yqeTHblX CbeMOK, nOCKOJIbKY OHH 

06JIa,l(a1OT BblCOKHMH BapHau,H5IMH YJIOBHCTOCTH Ha nOJIHrOHe 

CbeMKH, a nOJIyqaeMble ou,eHKH 6HOMaCCbl xapaKTepH3YIOTC5I 

BblCOKHMH OTHOCHTeJIbHblMH norpemHOCT5IMH. Heo6xo,l(HMa 

pa3pa60TKa CTaH,l(apTHOH MeTO,l(HKH yqeTHOH TpaJIOBOH 

CbeMKH KPHJI5I. Bbl60p OnTHMaJIbHOH KOHCTPYKU,HH 

pa3HOr JIy6HHHoro npOMblCJIOBOrO TpaJIa MO)KeT 6blTb 

BhlnOJIHeH Ha OCHOBe MaTeMaTHqeCKOrO MO,l(eJIHpOBaHH5I no 

MO,l(eJI5IM CTaTHCTHqeCKOH TeopHH Pbl60JIOBHbIX TpaJIOB H 

nYTeM rH,l(poaKYCTHqeCKHX HCCJIe,l(OBaHHH era YJIaBJIHBalOIIlHX 

KaqeCTB. BbI60p KOHCTPYKU,HH TpaJIa ,l(OJI)KeH BKJIlOqaTb 

HCCJIe,l(OBaHH5I no ou,eHKe 6pYTTO-H3b5ITH5I KPHJI5I. 

Resumen 

La capturabilidad de las redes de arrastre pelligicas es una variable que 
depende de las caracteristicas de distribuci6n y comportamiento de las 
especies buscadas y de los parametros del arrastre. La fiabilidad de las 
evaluaciones de biomasa mejorara al contar con un mejor conocimiento 
de la capacidad de captura de la red y de la forma de distribuci6n del 
krill. Un analisis comparativo de la capturabilidad de los arrastres 
comerciales y la de los pequefios arrastres de investigaci6n, en este caso 
una red de arrastre Isaacs-Kidd, demostraron que estos ultimos no 
sirven para hacer censos de evaluaci6n de biomasa debido a la gran 
variabilidad de la capturabilidad en la zona prospeccionada, y al 
importante error relativo de las estimaciones de biomasa obtenidas. Es 
preciso elaborar un metodo estandar para realizar prospecciones de 
censo. El model ado matematico de las redes de arrastres, junto con 
estudios hidroacusticos de las caracterfsticas de capturabilidad, 
facilitaran la selecci6n 6ptima del modelo de red de arrastre comercial 
pelagica. En su selecci6n deberia tenerse en cuenta el volumen de krill 
retenido en el interior de la red. 

1. INTRODUCTION 

Direct census surveys using midwater trawls as well as scientific research fishing 
remain part of an integrated approach to krill studies. VariOllS types of midwater research 
(e.g. RTM-1, RTM-8, MOCNESS, Isaacs-Kidd) and commercial trawls have been used for this 
purpose. 
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However fundamental questions such as trawl catchability, the choice of trawl type and 
the procedure of its exploitation, factors determining the reliability of krill density and biomass 
estimates, have yet to be fully resolved. 

The author has attempted to address the abovementioned problems using hydroacoustics 
and simulation studies of fishing trawls. 

2. METHODOLOGY 

It is well known that for trawl census surveys, specific biomass (density) of krill in the 
catch is expressed in g/m2 or g/m3 at the point of trawling (converted to unit of swept volume 
or unit of total area). Specific krill biomasses are plotted on the survey chart and depth 
contours are drawn corresponding to the areas fished. Then krill biomass over all depth strata 
is detennined according to mean specific biomass for each stratum. Finally, total krill biomass 
for the entire survey area is calculated by adding the values for each layer. 

Yu.V. Kadilnikov (1988) demonstrated that the following formula is the basis for 
estimating biomass from trawl surveys: 

So mq W=-.-
S P 

B -
or w=_o .mq 

B P 
where So, Bo - area and volume of the study area; 

S, B - area and volume fished by the trawl over a standard hauling period; 

mq - mean catch per standard hauling period T; 

P - trawl catchability. 

(1) 

(2) 

Assuming that information on values So S, B, Bo contains no errors, the relative error 
in the biomass estimate from formulas 1 and 2 will be calculated as: 

~(w) = ±[ ~(mq) + ~(P)] 

~(w) = ±[ ~(mp)+ ~(P)] 

where p 

~(mq) 

~(P) 

~(mp) 

- specific biomass 

- relative error in estimate of mean catch per standard hauling period T; 

- relative error in estimate of trawl catchability; 

- relative error in specific krill biomass estimate in the swept volume: 

j;(- )=+i aq 
';, mq - ffi'mq 

(3) 

(4) 

(5) 

(6) 
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~(P)=± %r. op 
vN P 

(7) 

where te 

N 

- confidence coefficient corresponding to the accepted confidence probability £ 

- number of hauls 

aq,op,ap - mean standard deviations in the catch per haul, catchability and specific 

biomass. 

As can be seen from formulas 3 to 7, the error in biomass assessment from trawl survey 
data is determined by statistical variation coefficients of catchability (Kp = ap/P) and specific 
biomass density (Kp = aplmp) or by the coefficient of variation of the catch per haul (Kq = 
aq/mq). 

Difficulties in estimating the trawl catchability coefficient led to the following 
assumption: the biomass value obtained using formulas 1 and 2 will be minimal if the 
catchability coefficient is equal to 1.0. 

Moreover, the catchability of research trawls such as the Isaacs-Kidd is generally 
known to be equal to 1.0, while in the case of a commercial trawl catchability P = 1.0 is applied 
to the fine-meshed attachment in the trawl mouth. Specific krill biomass over the study area are 
calculated on the basis of this section of the trawl. 

In practice, there was a large dispersion of catches per haul during trawl surveys. This 
necessitated dividing the large amount of catch (or specific biomass) data into several strata over 
which the coefficients of variation Kq (or Kp) were not high. This made it possible to lower 
the relative error ~ (w) . 

The above approach to krill biomass estimation using trawl census surveys is essentially 
based on the suppositon that the catch ability of this type of trawl is a constant value independent 
of both the. distributional patterns of the target object and trawling procedure. The following 
assumptions can be made in this regard: 

• specific biomass densities are determined practically with the same degree of 
accuracy over the entire survey area; 

• biomass estimates obtained in different seasons in a particular area or various 
areas may be subjected to comparative analysis. 

Therefore, the accuracy of krill biomass estimates using trawl census surveys above all 
depends on the soundness of the assumption regarding consistent catchability of the particular 
trawl being used. 

This paper will not examine matters such as selecting the optimal set of trawl stations or 
how to process trawl survey data, both of which significantly affect the accuracy of biomass 
estimates. 

An assessment of midwater trawl catchability depending on the main parameters of the 
trawl and target species distribution, as well as a comparative analysis of the retaining qualities 
of various midwater trawl designs from the point of view of improving the reliability of krill 
biomass estimates, were carried out on the basis of experimental and theoretical research. 

The main models of the statistical probability theory of fishing trawls were used in 
theoretical research. This theory allows one to calculate fairly accurately trawl catchability and 
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catch per ship/day of fishing using information on distributional patterns of target objects and 
the technichal parameters of the trawl unit (trawl and vessel) (Anon.,1985a). Experiments have 
proven the applicability of this theory to assessing the retaining qualities of krill trawls 
(Kasatkina, 1989). 

Distributional patterns were assessed in accordance with a set of standard methods 
(Anon., 1985b). 

The hydroacoustic method of determining the retaining qualities of a trawl is based on a 
comparison of the actual catch with krill biomass estimates obtained using echo integrators 
located in the effective trawling area and other sections of the trawl (Kasatkina, 1985). 

Experiments were conducted using a hydroacoustic unit comprised of two echo 
integrators, allowing the estimation krill swann biomass in the effective trawling area as well as 
in the trawl mouth. This arrangement also enabled an assessment of total catchability P as a 
multiple factor event expressed as the following equation (Kadilnikov, 1985): 

P =Pl . P2 

where P - total catchability 
P 1 - the likelihood of krill entering the trawl mouth from the effective trawling area. 
P2 - the likelihood of krill entering the codend from the trawl mouth. 

3. RESULTS 

Studies of the retaining qualities of midwater trawls were carried out using data from 
multidisciplinary research by AtlantNIRO in the Scotia Sea from 1983 to 1990. 

4. CATCHABILITY OF COMMERCIAL MIDWATER TRAWLS 

The catching qualities are discussed following an analysis of the process of krill fishing 
by several types of trawls. Trawl parameters are given in Table 1. 

Experiments were carried out in the fishing areas of the South Sandwhich, South 
Orkney, South Shetland and South Georgia islands. The dependency of trawl catchability on 
its working parameters (trawling speed, angle of attack of the net) and distributional patterns of 
the targetted krill swanns were studied. 

Tables 2 to 4 give mean statistical data for estimates of midwater trawl catchability on a 
number of fishing grounds in the Scotia Sea (Kasatkina, 1990; Kastakina and Latogursky, 
1990). Midwater trawl catchability varies considerably within these fishing grounds as the 
spatial distribution of targetted krill swarms changes. 

Analysis of the hydroacoustic assessment of commercial midwater trawl catchability 
over a wide range of distributional characteristics of targetted krill showed a correlation between 
catchability and distributional patterns. For example, the correlation coefficient between density 
of krill swarms and total catchability P for the 72/308 trawl was 0.65. 

Moreover, if catchability Pl (the likelihood of the target entering the trawl mouth from 
the effective trawling area) greatly depends on such krill distribution characteristics as the depth 
of the top edge of the krill swarm in relation to trawling depth, then trawling speed and the 
angle of attack of the net (Le., the correlation between the trawl mouth and the codend 
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opening) will have a telling effect on catchability P2 (the likelihood of the target entering the 
codend from the trawl mouth area) and the escape coefficient (KB) for the target passing 
through trawl netting. 

By increasing trawling speed and the angle of attack, krill escapement increases 
significantly and, consequently, catchability P2 decreases (Kasatkina, 1988). 

Simulation studies were used to analyse the retaining qualities of various types of trawls 
employed in krill fishing. Calculations were made for several types of krill distributional 
characteristics and demonstrated that the most effective trawl in terms of krill behaviour is the 
74/416 trawl (Zimarev et al., 1990). 

5. CATCHABILITY OF RESEARCH TRAWLS 
USING THE ISAACS-KIDD TRAWL AS AN EXAMPLE 

The Isaacs-Kidd research trawl as modified by Samyshev and Aseev, is a midwater 
weighted trawl operating with one towing rope. The length of the trawl along the topenant is 
26.8 metres. Total trawl mouth area is about 7 m2 and remains constant throught all stages of 
operation. The trawl is made from 5 mm netting, which is in turn covered by a trawl bag of 
20 mm twine. This protects the trawl bag from mechanical damage. 

Features of this particular trawl include fast submersion and ease of lowering and 
raising, which saves time during trawl stations. In addition, trawl catchability is generally 
accepted as being a constant value equal to 1.0. 

We will compare the choice of the Issacs-Kidd trawl for carrying out trawl surveys with 
a commercial trawl in terms of obtaining reliable krill biomass estimates. 

From the description of the Isaacs-Kidd trawl it is clear that this type of trawl does not 
have a rope section and the guaranteed catch zone begins at the trawl mouth. In accordance with 
the multiplicitive catchability equation: 

(13) 

In other words, catchability of the Isaacs-Kidd trawl will be determined by the 
likelihood of krill entering the trawl mouth from the catching area. 

A comparative analysis of the catching qualities of a commercial trawl and the 
Isaacs-Kidd trawl was of necessity carried out using mathematical modelling since census 
surveys were not carried out simultaneously by these trawls in the same study area (Kasatkina, 
1990). 

Calculations were based on data from a census survey using an Isaacs-Kidd trawl over a 
small area of 3 270 km2 near the South Orkney Islands. A 72/308 trawl was used for the sake 
of comparison. The krill distribution pattern in this area is shown in Figure 1. After the survey 
this area was stratified by specific biomass. 

An assessment of catchability for the Isaacs-Kidd trawl operating between 0 and 
100 metres at five depth levels (100, 75, 50, 25,0 metres) showed that catchability differed 
significantly from a value of 1.0. There was also substantial variation when trawling depth was 
changed during each haul. At some trawl stations the coefficient of variation of catchability 
(Kp) reached 3.50. Mean catchability per haul also varied considerably depending on krill 
distribution patterns in the study area (Kp = 3.64, Table 5). 
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At some stations trawl catchability reached P = 0.2 at various depths. On the whole, 
however, the mean statistical value of catchability for the Isaacs-Kidd trawl is lower than the 
commercial trawl both in relation to individual depth strata and the entire study area (Tables 6 
and 7). Also the coefficients of variation of catchability (Kp ) for the Isaacs-Kidd trawl were 
much higher than in the case of the commercial trawl (Tables 6 and 7). 

High Kp coefficients for the Issacs-Kidd trawl caused high relative errors ~(w) in the 
biomass estimate. Table 5 shows the errors ~ (w) are different over the depth layers. It would 
therefore be incorrect to summarise the biomass estimates made with different relative errors. 

6. DISCUSSION 

It has been demonstrated that midwater trawl catchability depends on the trawl's 
parameters and the behaviour and spatial distribution of the target species. Moreover, the 
heterogeneous nature of krill swarm distribution over the study area and the variability of this 
distribution in time substantially contribute to changes in the trawl's catchability. As a 
consequence of this, each trawl census survey will have its own distribution of catchability, 
characterised by mean statistical parameters, for the particular trawl used. 

The assumption that midwater trawl catchability is a constant value during trawl surveys 
does not correspond to reality. 

Therefore, census surveys used to obtain a quantitative estimate of krill biomass must be 
accompanied by an assessment of mean statistical parameters of the trawl used. 

Since midwater trawls are used to conduct census surveys, the choice of which one to 
use must be made with a view to obtaining reliable assessments of krill biomass. 

A comparative analysis of the catch ability of midwater trawl and the Isaacs-Kidd trawl 
demonstrated that the latter should not be used to assess krill biomass since its catchability CVs 
are high over the survey area and the biomass estimates obtained are characterised by a high 
degree of relative error . 

. Calculations showed that in order to guarantee a relative error of catchability no less than 
~ x(P) = 0.1, it would be necessary to carry out over the study area 20 hauls with a commercial 
trawl and by almost an order of two more than that with an Isaacs-Kidd trawl. 

The catch per haul coefficient of variation (Kq) of the Isaacs-Kidd trawl used in krill 
fishin¥ is signifi~ant (~ee Table 5), w~ich is caused by a small ef!ective tr~wlin~ area 
(30 mmutes trawhng with the Isaacs-Kldd, B = 2x104m3; the same tIme trawlIng wIth the 
72/308, B = 11.34x106m3) and a high coefficient of variation Kp. It could be proven that with 
two trawls operating in the same area, one could expect the coefficient Kq for the Isaacs-Kidd 
to be greater by almost an order of magnitude than the commercial 72/308 trawl, thanks only to 
their different trawl operational areas (Kadilnikov, 1988). 

The Isaacs-Kidd trawl has an advantage over the commercial trawl in that it allows one 
to save time during trawl stations. On the other hand, it gives less accurate biomass estimates. 

Small research trawls (e.g. Isaacs-Kidd, RMT-8 etc.) have one more disadvantage. 
Krill is able to avoid these trawls. Moreover, krill's reaction to them manifests itself in various 
ways during the day and at night (Everson, 1986). We recall that the vertical opening of the 
Isaacs-Kidd trawl is only 2.3 metres, while krill can attain a "burst" speed of 60 cm per second 
(Kils, 1981). In particular, when fishing krill with the RMT-8 trawl, the latter travelled a 
distance of 10 metres away from the trawl in 8 seconds (Everson, 1986). Since krill speed 
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depends on its length, size composition of catches landed by commercial and research trawls 
will be different. A histogram has shown that, compared with a commercial trawl, krilllength 
distribution of catches made by a small research trawl tends significantly towards smaller sized 
individuals (Siegel, 1982). 

In our opinion, therefore, the Isaacs-Kidd trawl cannot replace commercial trawls for 
krill census surveys both in terms of accuracy of biomass estimates and qualitative assessment 
of krill swarms. 

It would seem appropriate to conduct fishing with two types of trawl (commercial and 
small research) simultaneously to obtain a qualitative assessment of krill swarms. 

For estimating krill biomass density during trawl census surveys commercial trawls are 
recommended. Coefficients of variation for catch per haul and trawl catchability may be 
substantially decreased if a rational trawl design is chosen. 

Choosing the best trawl design may be facilitated by simulation studies and 
hydroacoustic research into its catching capabilities. Also, assessments of the total amount of 
laill entering the trawl should be carried out when selecting trawl design (Zimarev, Kasatkina 
and Frolov, 1990). 

As mentioned above, census surveys should be conducted together with catch ability 
assessments of the midwater trawl used. This may be done using hydroacoustic methods or by 
calculations based on information about krill distribution patterns in the survey area. In this 
regard, it would be a good idea to use during census surveys automatic data recording and 
processing systems for data on spatial distribution of the target species. 

It should be noted that planning the network of trawl stations and processing trawl 
survey data should be based on knowledge of krill distributional patterns in the study area. 

7. CONCLUSIONS 

Midwater trawl catchability is a variable depending on the behavioural and distributional 
patterns of the target species, as well as on trawl parameters. 

Reliability of biomass estimates can be improved by knowledge of trawl catch ability and 
krill distribution in the survey area. 

In terms of accuracy of biomass estimates, commercial trawls are preferable to the 
Isaacs-Kidd and similar small research trawls. 

A standard method for conducting krill trawl census surveys needs to be developed, 
including the selection of an optimal midwater trawl construction and operating procedure. 
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Table 1: Principal parameters of mid water kriU trawls. 

Parameter Trawl type 

72/308 74/416 76/400 67.5/336 
Vertical opening from the headline to 35 40 43 43 
the footrope (metres) 

Horizontal and vertical mouth opening 
in the fine-mesh section (metres) 

9.8 11.0 17 13 

Horizontal opening between trawl 100 60 70 110 
boards (metres) 

Horizontal opening between wings 
(metres) 

40 35 37 35 

Trawl length along the topenant - from 115 141 138 115 
wingtips to the fine-mesh section 
(metres) 

Length of cables (metres) 150 100 100 150 
Angle of attack - cables (degrees) 11.5 7.2 9.5 16.1 
Angle of attack - trawl netting in 7.5 4.9 4.2 6 
horizontal aspect (degrees) 

Angle of attack - trawl netting in 6.3 5.9 5.4 8.3 
vertical aspect (degrees) 

Trawling speed (knots) 3.5 3.5 3.5 3.5 
Length of trawl board rib (metres) 4 4 4 4 
Mesh size in trawl bag (mm) 6.5 10 12 12 
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Table 2: Mean statistical data on krill swann distribution patterns and midwater trawl catchability in various fishing areas (Kasatkina, 1990). 

Parameter Sandwich Is. South Orkney Islands Elephant Island 

March 1983 April 1983 May 1983 Dec 1984 Jan 1985 Nov 1984 Dec 1985 Jan 1985 

Trawl 67.5/336 Trawl 67.5/336 Trawl 72/308 Trawl 72/308 

Mean thickness of layer over which 62 35 50 33 44 52 57 39 
swanns are distributed (metres) 

Mean swann depth (metres) 42 29 41 24 29 25 30 21 
cr, swann depth 13 20 13 8 10 14 16 8 

Mean swann thickness 9 8 15.6 6 9 6 7 3 

cr, swann thickness (metres) 2 4 6 2 6 2 4 1 

Mean swarm length (metres) 37 47 59 30 23 20 29 17 

cr, mean swann length (metres) 15 16 19 7 10 7 20 4 
Swann density field in 1.65x104 4.95x105 1.96x105 1.94x103 8.3x104 1.94x103 1.95x103 6.19x103 

2-dimensions, As m-2 

~ 0.0393 0.067 0.188 0.1266 0.1165 0.0667 0.2670 0.1211 
Estimate of mathematical expectation 0.0353 0.0457 0.063 0.0453 0.0439 0.0353 0.0530 0.0582 

of total catchability, P 

cr, total catchability 0.0081 0.0053 0.017 0.0109 0.0304 0.0106 0.0201 0.0231 
----
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Table 3: Mean krill distribution characteristics and catch ability of trawl 74/416 in the Coronation Island area (Kasatkina, Latogursky, 1990). 

Parameter Period 

4.12-18.12.1989 19.12.89-7.1.90 8.1-28.1.1990 29.1-18.2.1990 19.2-27.2.1990 
Mean thickness of layer over which 100 99 100 86 105 swarms are distributed (metres) 

Mean swarm thickness (metres) 15 18 5 17 19 

cr, swarm thickness (metres) 4 7 2 6 8 

Mean swarm length (metres) 72 89 28 89 65 
I 

cr, swarm length (metres) 21 25 12 23 18 
Mean swarm diameter (assuming that 92 120 36 120 84 swarms are cylindrical) (metres) 

Mean swarm volume (m3) 9.97x104 2.03x105 5.09x103 1.92x105 1.05x105 

Mean swarm density in 3-dimensions 0.0298 0.0982 0.2796 0.188 0.168 
Swarm density field in 2-dimensions, 

Asm-2 
2.98x105 4.78x105 5.4x103 7.52x105 1. llx104 

Mean krill concentration density 4.49 4.07 2.20 5.88 9.46 
(glm3) - calculated estimate 

Calculated estimate of total 0.0605 0.068 0.1253 0.0807 0.101 
catch~QiJ.ityJ>fora 74/416 trawl 



Table 4: Total catchability estimates for the 72/308 trawl in various areas of the Scotia Sea 
(Kasatkina, 1990). 

Area Estimate of mathematical Total catchability (Jp expectation of total catchability 
P 

Elephant Island, Jan 1985 

Fishing grounds 0.0582 0.0231 

Remaining waters 0.0341 0.0078 

South Orkney Islands 

Fishing grounds 0.0439 0.304 

Remaining waters 0.0291 0.019 

Table 5: Summary data on the Isaacs-Kidd trawl catchability and relative error in biomass 
estimate over the survey period (Kasatkina, 1990). 

Strata Total catchability Relative error in estimate 
Estimate of Coefficient of Specific biomass Catchability Biomass 
mathematical (Jp variation Ko ~ (mp) ~ (P) ~ (w) 
expectation P 

1 0.0191 0.0601 3.15 0.935 1.3 2.235 

3,2 0.0177 0.0611 3.45 0.26 1.04 1.30 

5 0.0035 0.0088 2.5 1.032 0.927 1.959 

Table 6: Summary catchability estimates for the 72/308 trawl used in krill census surveys 
(Kasatkina, 1990). 

Strata Total catchability Relative error 

Mathematical Coefficient of in catchability 

expectation, 
(Jp 

variation - Ko estimate ~ (P) 

P 

1 0.054 0.0044 0.081 0.10 

3 and 2 0.048 0.00456 0.095 0.08 

5 0.0288 0.00428 0.15 0.158 

Table 7: Statistical estimates of midwater trawl catchability over the survey area 
(Kasatkina, 1990). 

Type of trawl Total catchability 

Mathematical (Jp 
Coefficient of 

expectation, P variation - Ko 

Commercial trawl 0.0435 0.00989 0.207 

Isaacs-Kidd 0.0127 0.0462 3.64 
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Figure 1: Krill biomass distribution in the South Orkney Islands area from trawl survey data 
obtained using an Isaacs-Kidd trawl, January 1985 (Anon., 1985c). 
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Abstract 

This paper summarises Chilean catch data for 1991. Special emphasis 
is given to the analysis of haul-by-haul data and its use in studying 
small-scale spatial distribution of catches. The results show that laill 
fishing in Subarea 48.1 is particularly intense near CEMP sites. Other 
ways of using of haul-by-haul data are suggested. 

Resume 

Le present document recapitule les donnees de capture chiliennes de 
1991. I1 met l'accent sur l'analyse des donnees par trait et son 
utilisation dans l'etude de la distribution spatiale a petite echelle des 
captures. Les resultats mettent en evidence l'intensite particuliere de la 
peche de kriU a proximite des sites du CEMP de la sous-zone 48.1. 
Quelques suggestions sont avancees sur les autres utilisations possibles 
des donnees par trait. 

Pe3IOMe 

B HaCT05IIlleti pa60Te CYMMHPYIOTC5I AaHHbIe no npOMbICJIY 

lIHJIH 3a 1991 r. Oco6oe BHHMaHHe YAeJIeHO aHaJIH3Y AaHHbIX 3a 

Ka)l{AOe OT AeJIbHOe TpaJIeHHe H HX HCnOJIb30BaHHe B H3Y4eHHH 

MeJIKOMaCIDTa6Horo npocTpaHcTBeHHoro pacnpeAeJIeHH5I 

YJIOBOB. Pe3YJIbTaTbI nOKa3bIBaIOT Ha TO, 4TO npOMbICeJI KPHJI5I 

B IIoApatioHe 48.1 oco6eHHo HHTeHCHBeH B6JIH3H Y4acTKoB 

CEMP. TaK)I{e npeAJIO)l{eHbI ApyrHe cnoco6bI HCnOJIb30BaHH5I 

AaHHbIX 3a Ka)l{Aoe OT AeJIbHOe TpaJIeHHe. 

Resumen 

Este documento resume la informacion de las capturas de kriU en 1991 
realizadas por Chile. Se destaca la importancia del anaIisis de 
informacion de lances individuales y su utilidad en el estudio de la 
distribucion espacial de las capturas a escala fina. Los resultados 
muestran que la pesca de krill en la Subarea 48.1 es intensa cerca de las 
localidades del CEMP. Tambien se sugieren otras formas de utilizar los 
datos de lance por lance. 
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1. INTRODUCTION 

The main objective of CCAMLR, by definition, is the conservation of the Antarctic 
marine living resources. KriU is by far the most abundant resource. The analysis of the kriU 
fishery is the major task of the Working Group of KriU (WG-KriU) including among other jobs 
to review and evalu~te information concerning the size, distribution and composition of 
commercial kriU catches, including likely future trends in these catches (SC-CAMLR 1988, 
paragraph 2.26). At its 1989 meeting, WG-KriU agreed that analyses of haul-by-haul data 
should commence as soon as possible (SC-CAMLR 1989, Annex 5, paragraph 78). During the 
second meeting of WG-KriU in 1990 there was some discussion on the use of haul-by-haul data 
(SC-CAMLR 1990, Annex 4, paragraphs 114 and 115) and WG-KriU felt that some preliminary 
analyses are needed. Accordingly, the Chilean National Fisheries Service (CNFS) produced a 
form to collect haul-by-haul information. The main objective of this article is to present a 
preliminary analyses of the haul-by-haul data. 

2. GENERAL CHARACTERISTICS OF THE CHILEAN FISHERY 

The Chilean krill fishery has operated, except for the year 1983, only in the 
Subarea 48.1, comprising from 5% to 100% of the kriU fishery in that subarea (Figure 1). The 
catch is used in the production of feed either as frozen krill or meal. For that reason, quality is 
a substantial component in the fishing operation. The personnel operating the vessels recognise 
three categories of krill with respect to colour: red, pink and white. Their target is the red kriH, 
since the product is sold, among others, to the salmon industry. In this regard the product 
being sold is the carotenoid of either the frozen krill or the krill meal. For the same reason, 
green feeding krill and gravid females are avoided by the fishery. 

In producing frozen kriH, the whole animal is frozen without any additional processing. 
The size of the catch (h~lUl-by-haul) is regulated by the processing capability of the vessel and 
as a rule does not exceed 10 tonnes at the time. The total catch is regulated by the capacity of 
the freezers. 

3. CHILEAN KRILLFISHERY DURING 1991 

3.1 General Overview 

During the 1991 fishing season Chile sent one factory vessel to fish for krill in Antarctic 
waters. The total catch for the season was 3679 tonnes. This catch level is about 19% lower 
than the 1990 level when two vessels were fishing. The products from 1991 were 251 tonnes 
of krill meal and 1 265 tonnes of frozen krill. These quantities correspond to the maximum 
transportation capacity of the vessel. 

Figure 2 shows the total catch-per-day during the season. The average total 
catch-per-day was 108 tonnes, a maximum of 160 tonnes was obtained at the end of the 
season. A total of 419 hauls were taken. The number of hauls-per-day remained between 
12 and 14 for the whole season except for three days (Figure 3). The total effort-per-day, 
measured as total towing time, ranged between 3 and 14 hours (Figure 4). During the first 
20 days the effort ranged between 6 and 12 hours, decreasing to a lower level during the last 
14 days. This shift in effort had a major effect, as it is shown below, in the CPUE values. The 
reason for this is that due to processing constraints the catch (haul-by-haul) is maintained at 
relatively low values (9 000 tonnes on average), adjusting the effort accordingly. 

The fact that the Chilean krill fishery operates only in Subarea 48.1 and takes a 
consistent portion of the total catch in the subarea, allowed us to study interannual changes in 
CPUE from 1987 to 1991. Average and maximum (haul-by-haul) CPUE values, expressed as 
catch-per towing time were calculated and are shown in Figure 5. Both the average value and 
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the maximum show the same trend: an increase from 1987 to 1988, followed by a decrease 
during 1989-1990 and a further increase in 1991. The increase during 1987-1988 agrees with 
data from Miller (1989). 

3.2 Spatial Distribution of Hauls 

In 1991, fishing took place in the northern shelf of the South Shetlands. The season 
started 20 February near Livingston Is. and ended 25 March near Elephant Is. (Figure 6). This 
pattern of movement is similar to that described by Endo and Ichii (1989) for Japanese trawlers 
in the same area. 

The analyses of the distribution of hauls in space showed three major fishing sectors 
(Figure 6): sector (1), the northern shelf of Livingston Is.; sector (2), the area north of Robert 
Is. and Nelson Is.; and (3) the northern shelf of Elephant Is. Fishing in sector (1) lasted for 
19 days, 4 days in sector (2) and 11 days in sector (3). The three sectors had bottom depths 
shallower than 300 m. Figure 7 shows the depth of the hauls. The maximum daily average 
trawling depth was approximately 85 m, however, most of the time trawling depth was 
between 44 and 60 m. 

Our data together with the data presented in Endo and Ichii (1989) and the CCAMLR 
fine-scale data information (SC-CAMLR, 1991) show that there are two consistent fishing 
grounds in Subarea 48.1: north of Livingston Is. and north of Elephant Is. Both areas 
correspond to shallow shelf waters. It is important to note that in both areas there are large 
colonies of land-based krill predators. In fact during 1990 Chile and USA submitted proposals 
for CEMP sites at Cape Shirreff (Livingston Is.) and Seal Is. (Elephant Is. sector) respectively 
(CCAMLR 1990, paragraph 6.3). Feeding grounds for land-based predators may extend 
100 km from the colony. Thus, the most important fishing grounds in Subarea 48.1 occur 
well within feeding areas of these predators. 

3.3 Haul-by-Haul CPUE Data 

We have attempted a preliminary analysis of haul-by-haul data collected during 1991. 
The objective of this analysis was a comparison between Livingston Is. and Elephant Is. 
fishing grounds. We envisage that this preliminary treatment of haul-by-haul data will promote 
further analysis and discussions on the use of this data. 

All analyses were conducted in terms of catch-per-unit-effort, using towing time as 
effort. Figure 8 shows the daily average and range of CPUE values during 1991. CPUE 
remained stable during the first 23 days increasing in the last 11 days. Haul-by-haul data were 
plotted against haul number in order to study CPUE changes in detail. Figure 9 shows the data 
for areas (1) and (2), Figure 10 shows the data for area (3). 

In areas (1) + (2) only 0.8% of the hauls exceeded 1 tonne min- t , in area (3) all hauls 
exceeded that level (ANOVA). We conducted a correlation analysis to study the spatial 
dimensions of the "krill patches" in terms of number of hauls-per-patch. An autocorrelation 
function was calculated for both the total catch-per-haul and CPUE (Figures 11 and 12). The 
point of interest in this analysis is the position of the first zero crossing. This point gives some 
idea on the spatial structure of the hauls. The results show that the autocorrelation function for 
both variables "dies out" after five hauls, suggesting that on average the vessel move away 
from a patch after five hauls. This result was independent of the area fished, suggesting that 
although there were differences in CPUE, the spatial structure did not change significantly. 

Finally we analysed the detailed movement of the vessel in an attempt to study the 
advection of kriU patches into the whole area. The vessel move to area (2) on 21 February 
finding a patch centre at around 62°1O'S, 600W. This patch was fished for two days (21 to 
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23 February) yielding 260 tonnes (CPUE = 12.9 tonnes hr -1). Later in the season, on 10 
March the vessel returned to area (2). This time finding a patch at about 62°S, 59°13'W. This 
patch was fished for another two days yielding 264 tonnes (CPUE = 9.3 tonnes hr -1). 

If we assume that the two patches in area (2) were the same, we could calculate the 
advection of krill into this area. Under this assumption the patch moved about 40 miles in 
17 days which gives a drift speed of 5 cm S-l. If we use that figure, we could then calculate the 
time that it would take for a patch to move from Livingston Is. to Elephant Is. (distance near 
420 n. miles). According to our estimate it would take 179 days or six months for a patch to 
passively drift from one fishing area to another. Even if we consider doubling the drifting 
speed it would take about three months to move between these two areas. Fishing season 
lasted 34 days. Thus for a given season, both areas would be treated as independent fishing 
grounds. This analysis does not allow that krill could swim actively from area to area. 

3.4 Scientific Observers and By-Catch 

Scientific observers went on board the commercial vessel during 1991. Sampling 
comprised of two litre samples from each haul to analyse krill and a by-catch of fish. These 
data are currently being analysed. A total of 169 hauls were analysed for by-catch. Adult 
fishes of l3 species belonging to five families were found in 42 hauls (Table 1). Myctophids 
were the most abundant, especially in the area near Elephant Is. Juveniles were more abundant 
than adults, however, no species identification was possible at this time. This work is currently 
underway. 

4. CONCLUSIONS· 

Analyses of haul-by-haul CPUE data could be an important tool in the study of small 
scale spatial distribution of fishing grounds. In this regard the results of such an analysis may 
be very applicable to CEMP studies. Here we have shown that fishing grounds and potential 
feeding grounds of land-based predators coincide in space. Furthermore, our data show that in 
Subarea 48.1 the largest fishing grounds are near CEMP sites. A study of ecological 
consequences of this type of fishing activity (shallow water) is a primary task for both WG-Krill 
and WG-CEMP. Haul-by-haul CPUE data from other fishing areas will be necessary in order to 
continue this analysis. 

Haul-by-haul data are also valuable if they are combined with scientific observations on 
board commercial vessels. They can help in identifying "stocks" and also in providing a first 
insight on the advection of krill in some areas. All these studies require detailed data on vessel 
position for each haul; ie., latitude and longitude in degrees and minutes. In summary, analysis 
of haul-by-haul CPUE data may be an important way of analysing the potential impact of kriU 
fishing on other components of the Antarctic ecosystem. For the review, a submission of 
haul-by-haul data to CCAMLR should be continued. 
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Table 1: Species of fish found as by-catch during krill fishing in Subarea 48.1 (1991 
season). Data from scientific observers on board of a Chilean commercial vessel. 
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Family: 

Nototheniidae 

Channichthyidae 

Bathydraconidae 

Paralepididae 

Myctophidae 

Species: 

Notothenia gibberifrons 
Notothenia squamifrons 
Pleuragramma antarcticum 

Neopagetopsis ionah 
Chaenocephalus aceratus 
Champsocephalus gunnari 
Chionodraco rastrospinosus 

Parachaenichthys charcoti 

Notolepis coatsi 

(two unidentified species) 



Chilean Kr'ill Fishery 
6000~~~------------------------~------~ 

5000 ---1-----------gr \ 3356 tonnes in 48-2 

§ 4000'----------A-----,----,-----------------
o \ 
C \ , * ..c 3000 --'-""----t-----------'----------ff----\-'------/'------------J--

~ 2000 \ I 
~, ,I 
o \ 
I- 1000-+-____ \-____ --+-__ ---\----!-l....:,,-,-"C""""'"""-----+i-i ----I 

~ .......... . 
\, ~/ ~. =--... -~, ..... ""-.'., ... J: 
\ 7K 

O~~~~~~~m-~~--~~~~-,~.-~-.~ 

1976 1978 1980 1982 1984 1986 1988 1990 

Analysis of 19911 '1992 season .,.-
I 

100 co ...r 
90 ctl 

Q) 
"-

80 ctl 
.0 
::J 

70 Cl) 

60 E 
0 
'-....... 

50 .c 
() 

40 ro 
() 

30 
....... 
0 
Q) 

20 O'l 
ctl -10 c 
Q) 
Q 

0 "-
Q) 
(L 

1977 1979 1981 1983 1985 1987 1989 1991 
Year 

\-e-- Total ..... *.... Percent 

Figure 1: Total catch by Chilean trawlers in Subarea 48.1 from 1976 to 1991. The 
percentage of the Chilean catch with respect to total catch is also shown. 

"-
Q) 

Chilean Krill Fishery 
Analysis of '1991 season 

160~--------------------~~-----------, 

140 -------,~-

a. .c 80 -, __ +_I _____ +i-_--+-t-________ i.!.J. 

() 

ro 
() 
"@60 .. --,-----, .. ---'-----------;'t;--'---"??--------"'" 
;§ l Year average = 108 J 

40 -+-----, 

1 5 10 15 20 25 
Fishing day (Starting 20/02/91) 

Figure 2: Total catch-per-day during 1991. 

30 

279 



Chilean Kri\\ Fishery 
Analysis of 1991 season 

16~------------~---------------------' 

14 

~ 12 
"'0 .... 
~ 10 
en 
S co 
..c: 

~ r-

8 ___ .1----1-l-----------------------------1 

4-· ---

2l---~----~----,-----.---~2~--~3~0--~35 
o 5 10 15 20 5 

Fishing day (Starting 20/02/91) 

Figure 3: Total number of hauls-per-day during 1991. 

"-
CD 
0-
t 

~ 
co +-,. 
o 
I-

Chilean Kri\\ Fishery 
Analysis of 1991 season 

14~--------------~----------------------' 

8-l-~--I·I--I-I-----

6-+-+----\1--

4-.. 1------

2·~~~~~~~~~~~~~~~""3~0~~T 
1 5 10 15 20 25 

Fishing day (Starting 20/02/91) 

Figure 4: Total effort (measured as total towing time)-per:-day during 1991. 

280 



Chilean Krill Fishery 
Analysis of 1991 season 

30~--------~~------------------------1300 

/''''\ 
-.::::­
.c 
UJ 
Q) 

/- \ 
*/ \ 

~\ 

c § 20-----/----
C 
ill 
:::> 
0.. 
() 

Q) 10--
0) 
ctl .... 
Q) 

~ I All data In subarea 48 -1 I 
1987 1988 1989 

Year 

\-a- Annual average -*--- Maximum (by haul) 

200 

100 

...-.. .... 

.c -(f) 
Q) 
c 
c 
0 
C 
ill 
:::> 
0.. 
() 

E 
::J 
E 
.~ 

~ 

Figure 5: Mean CPUE for the Chilean krill fishery from 1987 to 1991. Data is presented by 
split-years and shown under the calendar year in which the split-year ends. 

61° 59° 57° 

61° L _____ -l-_____ + ____ '_-+----{r~~;;;;;;;;;---o-! 61° 

cl 

~-~------r_--~62 

.. 
L~~------LJ~-------~~--------~~--------~~----~63' 63° 610 590 57° 55° 

Figure 6: Spatial distribution of hauls during the 1991 season. Areas of high density of 
hauls have been encircled. 

281 



Chilean Krill Fishery 
Analysis of 199 'I season 

90 

~·_~w __ 

80 --- --..-... 
E 
---- 75 .c c.. 

70 ID 
"'0 

:::J 65 _._-- -
~ 
.c 
ID 60 -
O'l 
~ 
~ 55 -ID 

~ 50 ----

45 

40 
1 5 10 15 20 25 30 35 

Fishing day (Starting 20/02/91) 

Figure 7: Daily average haul depth Cm) during 1991. 

Chilean Krill Fishery 
Analysis of 1991 season 

4000 

,.--.... 3500 -----------_._-
c 
E 

3000 '-'" Year Summa~: 
ID 
E 

:;::; 2500 
0) 

Average = 342 

c . ~ 
2000 0 

S. dev . - 292 --

t:: ,.--.... 

u:i 1500 
0) 

~ 

---

1/ 
'-'" 

.c 1000 
u 
co 
() 500 

--
1/ l\ .I -r =' P- i'\..p' / 

~ 
11 

.H--r i+f 111111-, L~~j r 1 TI r I n 
r o 
1 5 10 15 20 25 30 35 

Fishing day (Starting 20/02/91) 

Figure 8: Daily average and total range of CPUE during 1991. Season average is shown as 
year summary. 

282 



....-;-
c 
E .......... 
Q) 

E 
:;::::; 
0> 
C 
.~ 

0 
I::::. 
....-;-
Cl) 
0> 
~ .......... 
.c 
(,.) 

Cti 
0 

Chilean Krill Fishery 
Analysis of 199 '1 season 

1600 

1400 ~ . 
( Sectors (1) and (2) J 

--
1200 --_ .. 

1000 --

800 ---' 

600 1--

400 

200 

- --::, 

~Ii ~ ~. 
-~ Ik \r .~ li t-ci[ h T I 

1 1-1>' ~l, lili III ~ ~~ ~~ ~~~ ~\ -::r:1J:P .... , JI;~.J/i 

o 12 3 4 5 67 8 9 10 11 12 13 141516 17 18 1920 212223 
Fishing day (Starting 20/02/91) 

Figure 9: Haul-by-haul CPUE data for areas (1) and (2). Each small horizontal line 
corresponds to a haul. 

Cr~lilean Kr-'ill Fisher'y 
Analysis of 1991/1992 season 

4000 

- 3500 ._----
c 
E 3000 '--" 

(]) 

E 

-- - l Sector (3) J 
:;::::; 2500 
0> 
C 
:~ 2000 0 

1---

t::. 
.....-;-

1500 Cl) . - ._ . 

0) 
~ 
'--" 

T" 

.c 1000 u 
10 
() 

500 

... . ~ .~~--.. --. .. I- -- r--- --

l' K ~ IT 1'1 
.~ 

\rr --. '- - -- .--- lA , ~rr 'tUl Ilt ~ IJf~ -'- W 
.L -' 

mllllllll! IIIIIIIIIIIIIIIIIIIIIIIII1IIIIIIIIIII1IIIIIIIIIIII1I1I11 III ITTTTTI "'''''''''''''' ,,,",,,"",,"",,,,,,,,,,,,,,,,,,mrm o 
24 25 26 27 28 29 30 31 32 33 34 

Fishing day (Starting 20/02/91) 
Figure 10: Haul-by-haul CPUE data for areas (1) and (2). Each small horizontal line 

corresponds to a haul. 

283 



... s::: 
GJ 
'0 

~ 
0 
0 
s::: 
0 
:; 
~ 
0 
0 
1/1 

-s::: 
0 
!!! 
ftI 
GJ 
D-

1 

0.8 

0.6 

0.4 

0.2 

-0.2 
0 

Chilean Krill Fishery 
Analysis of 1991 season 

Data: total catch per haul 

5 10 15 20 25 30 35 40 45 50 
Haullag 

\- Sectors (1) + (2) - Sector (3) 

Figure 11: Autocorre1ation function of the total catch-per-haul data for 1991. 

1: 
GJ 
'0 

~ 
0 
0 
s::: 
0 
:; 
~ 
(; 
0 
1/1 

-s::: 
0 
1/1 
Oi 
GJ 
D-

1 

0.8 

0.6 

0.4 

0.2 

O 

-0.2 
0 5 

Chilean Krill Fishery 

10 

Analysis of 1991 season 

Data: catch per unit effort 

15 20 25 30 35 40 45 50 
Haullag 

\- Sectors (1) + (2) - Sector (3) 

Figure 12: Autocorrelation function of the haul-by-haul CPUE data for 1991. 

284 



Tableau 1: 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Figure 5: 

Figure 6: 

Figure 7: 

Figure 8: 

Figure 9: 

Figure 10: 

Figure 11: 

Figure 12: 

Liste des tableaux 

Especes de poissons presentes dans les captures accessoires de la pecherie de 
krill de la sous-zone 48.1 (saison 1991). Donnees fournies par les observateurs 
scientifiques embarques sur un navire commercial chilien. 

Liste des figures 

Capture totale des chalutiers chiliens dans la sous-zone 48.1 de 1976 a 1991, et 
pourcentage de la capture chilienne en fonction de la capture totale. 

Capture totale par jour en 1991. 

Nombre total de traits par jour en 1991. 

Effort total (a savoir, duree totale du trait) par jour en 1991. 

CPUE moyenne de la pecherie chilienne de krill de 1987 a 1991. Les donnees 
sont presentees par annee australe et inscrites sous l'annee civile pendant laquelle 
prend fin l'annee australe. 

Distribution spatiale des traits pendant la saison 1991. Les aires de densite 
elevee de chalutages sont encerc1ees. 

Profondeur (m) moyenne des traits par jour en 1991. 

CPUE moyenne par jour et intervalle total des CPUE en 1991. La moyenne de la 
saison est indiquee en tant que moyenne annuelle. 
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Donnees de CPUE par trait pour la region (3). Les tirets horizontaux 
correspondent chacun a un trait. 

Fonction d'autocorrelation des donnees totales des captures par trait de 1991. 
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CmWOK Ta6JIIHJ; 

Ta6JIHI.J;a 1: BH,lIbI PbI6, BXO,ll.sU.QHe B COCTaB npHJIOBa, BO BpeM5I npOMbICJIa KPHJI5I B 

IIo,llpaHoHe 48.1 (ce30H 1991 r.). l{aHHbIe nOJIYlIeHbI HaYlIHbIMH 

Ha6JIIO,lIaTeJI5IMH Ha 60PTY lIHJIHHCKOro npOMbICJIOBOrO CY,lIHa. 

CnHCOK PHCYHKOB 

PHCYHOK 1: 06I.QHH BbIJIOB lIHJIHHCKHX TpaYJIepOB B IIo,llpaHoHe 48.1 3a nepHO,ll C 

1976 no 1991 r.r. TaK}I{e nOKa3aHO npOl.J;eHTHOe cO,llep}l{aHHe BbIJIOBa 

llHJIH no OTHorneHHIO K 06I.QeMY BbIJIOBY. 

PHCYHOK 2: 06I.QHH YJIOB 3a ,lIeHb B ce30H 1991 r. 

PHCYHOK 3: 06I.Qee KOJIHlIeCTBO TpaJIeHHH 3a ,lIeHb B ce30H 1991 r. 
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PHCYHOK 4: 06II1ee YCHJme 3a ~eHb B ce30H 1991 r. (H3MepeHHoe KaK 06II1ee BpeM5I 

TpaJIeHH5I). 

PHCYHOK s: Cpe~Hee CPUE no npOMbICJIY KPHJI5I lJHJIH C 1987 no 1991 r.r. llaHHbIe 
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OTMe4eHbI Y4acTKH BbICOKOH nJIOTHOCTH TpaJIeHHH. 

PHCYHOK 7: Cpe~H5I5I cYT04Ha5I rJIy6HHa TpaJIeHH5I (M) 3a ce30H 1991 r. 

PHCYHOK 8: Cpe~HHH CYT04HbIH ~Hana30H CPUE 3a ce30H 1991 r. Cpe~H5I5I 
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PHCYHOK 9: llaHHbIe CPUE 3a Ka)l{~Oe OT ~eJIbHOe TpaJIeHHe Ha Y4acTKax (1) H (2). 
Ka)l{~a5I KOpOTKa5I ropH30HTaJIbHa5I JIHHH5I cooTBeTcTByeT TpaJIeHHIO. 

PHCYHOK 10: llaHHbIe CPUE 3a Ka)I{~Oe OT ~eJIbHOe TpaJIeHHe Ha Y4acTKe (3). Ka)l{~a5I 
KOpOTKa5I ropH30HTaJIbHa5I JIHHH5I cooTBeTcTByeT TpaJIeHHIO. 

PHCYHOK 11: <DYHKU;H5I aBTOKOppeJI5IU;HH Bcex ~aHHbIX no YJIOBaM 3a O~HO TpaJIeHHe 

3a ce30H 1991 r. 

PHCYHOK 12: <DYHKU;H5I aBTOKOppeJI5IU;HH Bcex ~aHHbIX CPUE 3a Ka)I{~Oe OT ~eJIbHOe 

TpaJIeHHe 3a ce30H 1991 r. 
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Especies fcticas capturadas accidentalmente en la pesqueria del laill en la Subarea 
48.1 (temp orad a 1991). Datos obtenidos por observadores cientfficos a bordo 
de un pesquero comercial chileno. 
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la captura total. 
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Total de lances diarios realizados durante 1991. 

Esfuerzo total diario (medido como tiempo total de arrastre) durante 1991. 
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se presentan por afios emergentes y figuran en el afio calendario en el cual 
termina el afio emergente. 

Distribuci6n espacial de los lances durante la temporada 1991. Se han marc ado 
con un cfrculo las zonas en donde se concentraron los lances. 

Profundidad (m) media diaria de los lances durante 1991. 

Media diaria y ran go de CPUE durante 1991. La media de la temporada se 
muestra como el resumen anual. 
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Figura 11: 

Figura 12: 

Datos de CPUE de lances individuales de las zonas (1) y (2). Cada linea pequefia 
horizontal corresponde a un lance. 

Datos de CPUE de lances individuales de la zona (3). Cada linea pequefia 
horizontal corresponde a un lance. 

Funci6n de autocorrelaci6n de los datos de captura total por lance en 1991. 

Funci6n de autocorrelaci6n de los datos de CPUE de los lances individuales en 
1991. 
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Abstract 

The use of radio telemetry has been accepted as a standard method with 
which to monitor foraging trip duration in penguins by the CCAMLR 
(Commission for the Conservation of the Antarctic Marine Living 
Resources) Ecosystem Monitoring Program (CEMP). This paper 
reports on: (i) the effects of radio transmitter attachment on nest 
attendance, foraging trip duration, nest failure, and reproductive 
success in chinstrap penguins; (ii) differences in these parameters when 
transmitters are applied to one or both members of a breeding pair; and 
(iii) variability in foraging patterns of penguins unencumbered by 
transmitters within the brood period. This study was conducted from 
December 1990 to January 1991 in a discrete chinstrap penguin colony 
composed of 666 nests on Seal Island, South Shetland Islands. In 
total, one member of each pair at 20 nests and both members of each 
pair at 10 nests were equipped with a radio transmitter, 120 nests were 
used as a control group. The results of this study demonstrate that, for 
the size of transmitter used (1.4 cm2 front section area), there may be 
no difference between trip durations obtained by applying the 
transmitters to one or both members of a breeding pair. However, 
when all parameters of reproductive success were measured, it was 
revealed that nests with both members equipped with a transmitter fared 
worse than both the control group and the group with only one member 
equipped with a transmitter. Several of the differences in those 
parameters were shown to be statistically significant. It is therefore 
recommended to use instruments on only one member of each breeding 
pair in studies utilising CEMP Standard Methods. 

Resume 

L'utilisation de la radio telemetrie a ete acceptee comme methode 
standard applicable au contrOle de la duree des sorties 
d'approvisonnnement chez les manchots par le Programme de contrOle 
de l'ecosysteme de la CCAMLR (Commission pour la conservation de la 
faune et la flore marines de l'Antarctique) (CEMP). Cette 
communication porte sur: i) les effets de la fixation d'emetteurs radio 
sur la presence au nid, la duree des sorties alimentaires, l'echec des 
nids et la reussite de la reproduction chez le manchot a jugulaire; ii) les 
differences dans ces parametres quand les emetteurs sont fixes sur un 
seul individu d'un couple reproducteur, ou sur les deux; et iii) la 
variabilite des rythmes de l'approvisionnement des manchots non 
encombres d'emetteurs pendant la periode de couvaison. Cette etude a 
ete menee de decembre 1990 a janvier 1991 a l'ile Seal, dans les iles 
Shetland du Sud, dans une colonie isolee de manchots a jugulaire 
composee de 666 nids. En tout, on a pose des emetteurs radio sur un 

* National Marine Fisheries Service, National Marine Laboratory, Alaska Fisheries Science Center, 7600 Sand Point 
Way NE, Bin C15700, Seattle, Washington 98115-0070, USA 
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seul membre par couple dans 20 nids, et sur les deux membres des 
couples de 10 nids; 120 nids ont constitue le groupe temoin. Les 
resultats de cette etude mettent en evidence le fait que, pour la taille de 
l'emetteur utilise (1,4 cm2 de surface de la section de face), 
l'application d'emetteurs sur l'un ou sur les deux membres d'un couple 
reproducteur ne semble pas causer de difference apparente dans la 
duree de leurs sorties. Cependant, quand tous les parametres de la 
reussite de la reproduction ont ete mesures, i1 s'est revele que les nids 
dont les deux partenaires etaient munis d'emetteurs n'obtenaient pas 
d'aussi bons resultats que ceux du groupe temoin ou ceux dont un seul 
partenaire portait un emetteur. Plusieurs des differences dans ces 
parametres se montraient significatives sur le plan statistique. 11 est de 
ce fait recommande de n'utiliser d'instruments que sur un partenaire 
par couple reproducteur dans les etudes utilisant les methodes standard 
du CEMP. 

Pe3IOMe 

B paMKax nporpaMMbI AHTKOM no MOHHTopHHry 3KOCHCTeMbI 

(CEMP), HCnOJIb30BaHHe pa,llHOTeJIeMeTpHH npH3HaHO 

CTaH,llapTHbIM MeTO,llOM MOHHTopHHra npO,llOJI)I{HTeJIbHOCTH 

nOHCKa nHIl(H y nHHrBHHOB. HaCT05lIl(a51 pa60Ta KaCaeTC5I TaKHX 

TeM, KaK: (i) nOCJIe,llCTBH5I npHKpenJIeHH5I pa,llHonepe,llaT'-IHKOB 

Ha npe6bIBaHHe y rHe3,lla , npO,llOJI)I{HTeJIbHOCTb nOHCKa nHIl(H, 

HeY,lla'-IY KJIa,llKH H penpO,llYKTHBHbIH ycnex nHHrBHHOB 

'-IHHCTpan; (ii) Pa3JIH'-IH5I B 3THX napaMeTpax, B CJIy'-Iae 

npHKpenJIeHH5I nepe,llaT'-IHKOB K O,llHOMY HJIH K 060HM '-IJIeHaM 

pO,llHTeJIbCKOH napbI; (Hi) pa3Hoo6pa3He cnoco60B nOHCKa 

nHIl(H nHHrBHHOB, He CTeCHeHHbIX nepe,llaT'-IHKaMH BO BpeM5I 

nepHO,lla BbICH)I{HBaHH5I. 3TO HCCJIe,lloBaHHe npOBO,llHJIOCb Ha 

OCTpOBe CHJI, IO)l{Hble llieTJIaH,llCKHe O-Ba, C ,lleKa6p51 1990 r. no 

51HBapb 1991 r. B ,llHcKpeTHoH KOJIOHHH nHHrBHHa '-IHHCTpan, 

COCT05lIl(eH H3 666 rHe3,ll. B 06Il(eH CJIO)l{HOCTH nepe,llaT'-IHKH 

6bIJIH npHKpenJIeHbI K O,llHOMY H3 '-IJIeHOB Ka)l{,llOH napbI B 20 
rHe3,llaX H 060HM '-IJIeHaM Ka)l{,llOH napbI B 10 rHe3,llaX, 120 
rHe3,ll nO,llBepraJIHCb Ha6JIIO,lleHHIO B Ka'-IeCTBe KOHTPOJIbHOH 

rpynnbI. Pe3YJIbTaTbI 3Toro HCCJIe,llOBaHH5I nOKa3bIBaIOT, '-ITO 

npH ,llaHHOM pa3Mepe HCnOJIb30BaHHoro nepe,llaT'-IHKa 

(nJIOIl(a,llb <ppoHTaJIbHOrO Ce'-IeHH5I 1.4 CM2 ), Pa3JIH'-IH5I Me)l{,lly 

npO,llOJI)I{HTeJIbHOCTbIO nOHCKa nHIl(H, nOJIY'-IeHHOH B 

pe3YJIbTaTe npHKpenJIeHH5I nepe,llaT'-IHKOB K O,llHOMY HJIH K 

060HM '-IJIeHaM pO,llHTeJIbCKOH napbI, MO)l{eT H He 

CYIl(eCTBOBaTb. TeM He MeHee, Kor,lla 6bIJIH nO,llC'-IHTaHbI Bce 

napaMeTpbI penp0,llYKTHBHoro ycnexa, 6bIJIO 06HapY)l{eHO, '-ITO 

B rHe3,llaX, B KOTOPbIX nepe,llaT'-IHKH 6bIJIH npHKpenJIeHbI K 

060HM '-IJIeHaM, pe3YJIbTaTbI OKa3aJIHCb xY)I{e, '-IeM B 

KOHTPOJIbHOH rpynne HJIH rpynne, B KOTOPOH nepe,llaT'-IHKH 

6bIJIH npHKpenJIeHbI TOJIbKO K O,llHOMY H3 '-IJIeHOB napbI. B CB5I3H 

C TeM, '-ITO HeKOTopbIe Pa3JIH'-IH5I B 3THX napaMeTpax 51BJI5IIOTC5I 

Ba)l{HbIMH co CTaTHCTH'-IeCKOH TO'-IKH 3peHH5I, B 

HCCJIe,llOBaHH5IX, HCnOJIb3YIOIl(HX CTaH,llapHble MeTO,llbI CEMP, 

HHCTpYMeHTbI peKOMeH,llyeTc5I HCnOJIb30BaTb TOJIbKO Ha O,llHOM 

H3 '-IJIeHOB Ka)l{,llOH pO,llHTeJIbCKOH napbI. 



Resumen 

El Programa de Seguimiento del Ecosistema de la CCRVMA (CEMP) ha 
aceptado el uso de la radio telemetria coma un metodo estandar para el 
seguimiento de los viajes de alimentaci6n de pingiiinos. Este 
documento muestra los resultados de: (i) los efectos de los transmisores 
en la presencia en el nido, en la duraci6n de los viajes de alimentaci6n, 
en el fracaso de nidos, y en el exito de la reproducci6n de pingiiinos de 
barbijo; (ii) las diferencias entre estos parametros cuando se adosan 
transmisores a un miembro de la pareja reproductora y a ambos; y (Hi) 
la variabilidad en los habitos de alimentaci6n de pingiiinos libres de 
transmisores durante la epoca de cria. Este estudio se llev6 a cabo de 
diciembre 1990 a enero 1991 en una colonia discreta de pingiiinos de 
barbijo compuesta de 666 nidos, en la isla Foca, archipielago de las 
Shetlands del Sur. En un total de veinte nidos se marc6 a un miembro 
de la pareja y en 10 nidos se marcaron a ambos, se usaron 120 nidos 
coma grupo de control. Los resultados de este estudio demostraron 
que, para el porte de transmisor utilizado (1.4 cm2 corte frontal), no 
parece haber diferencia entre las duraciones de los viajes cuando un 
miembro de la pareja fue marcado y cuando ambos miembros de la 
pareja fueron marcados. Sin embargo, al medirse todos los parametros 
para determinar el exito de la reproducci6n, se vio que los nidos en que 
ambos miembros tenian transmisores corrieron menos suerte que los 
nidos del grupo de control 0 aquellos en que un s6lo miembro tenia 
transmisor. Muchas de las diferencias de esos parametros mostraron 
tener un peso estadistico. Se recomienda por 10 tanto usar instrumentos 
en un solo miembro de la pareja reproductora cuando se utilicen los 
metodos estandar del CEMP. 

1. IN1RODUCTION 

The use of radio telemetry has permitted the measurement of behaviour in a manner not 
previously possible, often eliminating the need for long hours of vigil. It has been 
demonstrated, however, that attaching such devices to marine animals may significantly alter 
their behaviour, leading to biased parameter estimates (e.g., Wilson et al., 1986; Wanless et al., 
1988; Wilson et al., 1989). The attachment of devices may lead to changes in behaviour of the 
study animal through the effects of increased drag (Wilson et al., 1986) or the discomfort of 
instrument package attachment (Wilson et al., 1990). Croll, Osmek and Bengtson (in press) 
reported that attaching radio transmitters led to a significant increase in the duration of foraging 
trips of chinstrap penguins (Pygoscelis antarctica). It is important to understand the possible 
biases that may result from the use of animal-borne devices to collect behavioural information. 
Unfortunately, in many instances (e.g., diving behaviour), it is difficult to accurately assess the 
potential impact of the attached device because comparable dive data from non-instrumented 
animals are rarely available. However, some parameters, such as foraging trip duration and 
reproductive success, can be measured for birds with and without attached devices in order to 
assess instrument effects. 

The use of radio transmitters has been accepted as a standard method with which to 
monitor foraging trip duration in penguins by the CCAMLR (Commission for the Conservation 
of Antarctic Marine Living Resources) Ecosystem Monitoring Program (CEMP) (SC-CAMLR, 
1991). In accepting this method, it was acknowledged that biases may potentially result from 
the effects of transmitter attachment on foraging trip duration, and that differences in foraging 
patterns may result from the attachment of transmitters to one or both members of a breeding 
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pair. It was also noted that factors affecting variability in foraging trip duration should be 
examined to evaluate the utility of this method for monitoring ecosystem variability. This paper 
reports on: (i) the effects of radio transmitter attachment on nest attendance, foraging trip 
duration, nest failure, and reproductive success in chinstrap penguins; (ii) differences in these 
parameters when transmitters are applied to one or both members of a nest; and (iii) variability 
in foraging patterns of penguins unencumbered by transmitters within the brood period. The 
present study extends the study of Croll, Osmek and Bengtson (in press). 

2. METHODS 

A total of approximately 20 000 pairs of chins trap penguins nest on Seal Island, South 
Shetland Islands, Antarctica (600 59.2'S, 55°23.1 'W). This study was conducted from 
December 1990 to January 1991 in a discrete chinstrap penguin colony composed of 666 nests 
(colony 25) on Seal Island. 

The methods used in this study were similar to those used by Croll, Osmek and 
Bengtson (in press). Nests were individually identified by examining their relative location 
using Polaroid photographs (reference to trade name does not imply endorsement by the 
National Marine Fisheries Service, NOAA). Attendance patterns of adult penguins at those nests 
were followed during three observation periods: early-brooding (1800, 31 December 1990 to 
2300,4 January 1991), mid-brooding (2200, 13 January 1991 to 2200, 15 January 1991), and 
late-brooding (2200, 25 January 1991 to 2200,27 January 1991). Three experimental groups 
were examined during each period: 

No instrument group (control): 102 nests that were active (eggs and/or chicks present) 
at the beginning of the observation period were used as a control group. No 
transmitters were attached to adults in this group. One member of each pair was marked 
on the breast with a spot of nyanzol-D dye (a black, waterproof dye) while the bird was 
incubating its egg(s); 

One adult with transmitter group: One member of each pair at 20 nests was equipped 
with a radio transmitter and marked with picric dye (a yellow, waterproof dye); and 

Both adults with transmitter group: Both members of each pair at 10 nests were 
equipped with a radio transmitter. One member was marked with yellow picric dye, the 
other with black nyanzol-D dye. 

Radio transmitters (1.35 cm diameter x 6.8 cm length, 20 g weight, 1.4 cm2 frontal 
cross sectional area, 28.5 cm whip antenna) were attached to the middle of the back using two 
cable ties and a small spot (approximately 3 g) of Devcon 5-minute epoxy to the contour 
feathers. The transmitters (Advanced Telemetry Systems, Model 2) were attached to the birds 
on 28 and 29 December. 

A random sample of 50 nests was chosen from the 102 control nests prior to the first 
observation period for monitoring nest attendance patterns. Nest attendance patterns for the 
control and treatment birds were recorded from an observation blind located within 50 m of all 
study nests. During each observation period, nests in all three groups were visually checked 
every hour, and the individual in attendance was identified and recorded. It was noted whether 
both members of a pair were present, and if so, the identity of the adult brooding the chick was 
recorded. 

The survival of chicks and nests in the control group was followed from 29 December 
1990 until 30 January 1991 (12 nest-check dates) and in the treatment groups from 
30 December 1990 until 30 January 1991 (eight nest-check dates). During each nest check, the 
number of eggs andlor chicks present in the nest was recorded. Nest failure dates were 
recorded as the first day that a nest was observed with no chicks. A failure date of 13 January 
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(last date of first-chick hatching interval) was ascribed to four control nests that incubated but 
did not hatch eggs during the study. Chick survival was calculated for each of the three 
observation periods as the number of chicks present in nests on the last date of observations, 
divided by the number of chicks (and/or eggs) present in nests on the first date of observations. 
The number of chicks per active nest was calculated as the total number of chicks present 
divided by the number of nests in each group that contained chicks (Le., nests that failed were 
excluded) for the beginning and conclusion of observations. Nest failure rate was calculated as 
the number of nests which had failed by the end of observations divided by the number of nests 
active at the start of observations. 

To compare durations of feeding trips, attendance visits, and overlap (both adults at the 
nest), the mean duration of each parameter was calculated for each individual. The mean and 
variance among these individuals were then calculated and used in comparisons among 
treatments and time periods. This method eliminated possible bias resulting from 
over-representation of individuals that make a large number of short duration trips, visits, or 
overlaps. The mean number of trips day-l was calculated for each nest, using the total number 
of trips for both members of the nest. Statistical tests were conducted using the SYSTAT 
statistical package. Times are given as hours in local time (UTC minus 3 hours). 

3. RESULTS 

The average foraging trip and visit durations of each treatment group during each 
observation period are shown in Table 1 and Figures 1 and 2. One-way analysis of variance 
tests performed within each period comparing the' groups demonstrated that neither the foraging 
trip durations nor visit durations of the treatment groups within each period were significantly 
different from the control group. Comparison of the foraging trip duration and visit duration of 
the control group by period showed that both trip and visit durations were significantly different 
among the three periods (ANOV A, P < 0.01, P < 0.01 for durations of trips and visits, 
respectively). Multiple comparisons revealed that trip durations decreased significantly through 
the chick brooding period while visit durations during early-brooding were significantly longer 
than those during mid- and late-brooding, which in turn were not different. Comparison of the 
number of trips/nest/day between the three groups within each period revealed that there was no 
significant effect of transmitters (either on one or both members of the pair) (Figure 3). 
However, the numbers of trips/nest/day in the control nests were significantly different among 
the three observation periods (ANOVA, P < 0.01). Multiple comparisons (Tukey HSD test) 
showed that fewer trips were made during the early brood period than both the mid- and 
late-brooding periods, which were not different. The mean durations of overlap (both members 
of pair at nest) (Figure 3) were also not significantly different among the three groups within 
each period. Comparison of the amount of overlap in the control group indicated significant 
differences among the early-, mid-, and late-brooding periods (ANOV A, P < 0.01). 
Significantly more time was spent in overlap during the early-brooding period compared to the 
mid- and late-brooding periods (which were not different) (Tukey HSD test). 

Results of treatment and control groups' reproductive success are shown in Table 2. 
Significantly fewer chicks survived the study period in both groups in which transmitters were 
attached (either one or both members of each pair) when compared with the control group 
(Chi-squared test, P < 0.05 and P < 0.05 in one adult and both adults equipped with transmitter 
groups, respectively). Examination of the number of chicks per active nest and the nest failure 
rate revealed that while the decrease in number of chicks per active nest was not different 
between control and treatments (Table 2), there were significant differences among the control 
and treatment groups in the rate of nest failures (Chi-squared test, P = 0.006). Furthermore, a 
test for a gradient in proportions (Bartholomew, 1959a and 1959b; Fleiss, 1981) indicated that 
there was a significant increase in the proportions of nest failures as the number of transmitters 
per nest increased from zero, to one, to two (P < 0.005). 
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Of the 12 nest failures in the control group, 50% occurred prior to 9 January; in the 
treatment groups, 91 % of the failures occurred prior to 10 January. Three of the 20 nests with 
one mate instrumented failed before the first nest check on 30 December (the instrumented birds 
could not be located visually, although one was regularly detected on the radio-telemetry data 
logger). A test for whether the proportion of early failures was significantly higher in the 
treatment groups (indicating a possible handling effect) has not yet been completed. 

4. DISCUSSION 

4.1 Durations of Foraging Trips, Visits, and Overlap 

In contrast to the study of Croll, Osmek and Bengtson (in press), the radio transmitters 
attached to chinstrap penguins in the present study had no significant effect on foraging trip 
duration. This contrast may have resulted from: (i) differences in prey availability or 
environmental conditions that allowed the instrumented birds to forage more effectively in the 
present study than in the former study; or (ii) differences in the sizes of instruments used in the 
two studies. Comparisons of chick growth rates, fledging weights, and survival from hatching 
to creching on Seal Island indicated that overall conditions for rearing chicks during the brood 
period in 1990/91 were similar to those found during the 1989/90 season (Croll, Jansen and 
Bengtson, in press). Therefore, and because the transmitters used in 1990/91 were smaller 
than those used in 1989/90, we favour the latter explanation. 

The transmitters used in 1990/91 had a frontal cross sectional area that was 40% of the 
frontal area used in 1989/90 (1.43 cm2 vs 3.5 cm2). Because hydrodynamic drag is directly 
proportional to frontal area (Vogel, 1981), the transmitters used in this study should have 
created much less drag in the water and therefore should have had less effect on swimming 
efficiency than the larger transmitters used previously. In addition, less epoxy was applied to 
the contour feathers when attaching the transmitters in 1990/91, which may have further 
reduced drag and/or other burdens caused by the instrument. 

The radio transmitters used in a study of gentoo penguins (Williams and Rothery, 1990) 
were similar in size to those used in the study by Croll, Osmek and Bengtson (in press) (18 mm 
diameter by 80 mm length, 35 g, and 20 mm diameter by 55 mm length, 25 g, respectively). It 
is possible that the increase in foraging trip duration observed by Williams and Rothery (1990) 
between brooding and creching may have been due to the chronic effect of transmitter 
attachment rather than changes in foraging patterns. In order to properly evaluate the results of 
any study of this type, however, it is important to assess the effect of the instrument(s) 
deployed. We feel that the cross sectional area of the transmitters used in the present study may 
serve as a "maximum" guideline for future studies, because the effects on foraging behaviour 
observed for the larger transmitters by Crall, Osmek and Bengtson (in press) were not 
observed in the smaller transmitters. 

Although neither the foraging trip durations nor the visit durations of either group 
equipped with transmitters were different from the control group, examination of Figures 1 
and 2 shows that foraging trips appear to be slightly longer and visit durations slightly shorter 
in nests of birds equipped with transmitters. This leads to the question of whether the failure to 
detect statistically significant differences was due to a genuine lack of an instrument effect or to 
high inter-individual variability of trip/visit durations and to small sample sizes. Further 
analysis of the statistical power expected for the design of the present study may indicate 
whether the experiment would be worthwhile repeating with larger sample sizes. 

4.2 Reproductive Success 

Although no significant effects on foraging patterns were observed, the transmitters did 
affect reproductive success. It seems likely, therefore, that the instruments have an effect on 

296 



some component of the process of providing chicks with food. Gales et al. (1990) made similar 
observations in a study of the foraging behaviour and instrument effects in the little penguin 
(Eudyptula minor). They found that although foraging trip duration was unaffected by 
instrument attachment, the efficiency of foraging was significantly decreased, as measured 
using water turnover. It is unclear, however, whether the effect observed in chinstrap penguins 
derives from some chronic effect on energetics and/or behaviour, or the handling and 
attachment process. Because penguins in the control group were not handled in the same 
manner as those in the instrumented groups, any chronic effect of carrying the transmitters 
would be confounded with any handling effects that may have occurred (e.g., Culik et al., 
1990). Further analyses of the dates of nest failure may indicate whether a significant handling 
effect was present in this study. 

One of the recommendations of CEMP in adopting the use of transmitters in measuring 
foraging trip durations was that an assessment of the attachment of transmitters on one or both 
members of a pair should be undertaken (CCAMLR 1991). The results of this study 
demonstrate that, for the size of transmitter used in this study, there may be no difference 
between trip durations obtained by applying the transmitters to one or both members of nesting 
pairs. However, examination of Table 2 reveals that in all parameters of reproductive success 
that were measured, nests with both members instrumented fared worse than both the control 
group and the group with only one member instrumented. Several of the differences in those 
parameters were shown to be statistically significant. We therefore recommend using 
instruments on only one member of each nesting pair in studies utilising CEMP Standard 
Methods. 
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Table 1: Mean foraging trip and visit durations, measured by visual observation during three 
periods, for chinstrap penguins instrumented with radio transmitters on Seal Island, 
South Shetland Islands, Antarctica during the 1990/91 breeding season. Values in 
parenthesis indicate standard deviation and the number of penguins from which 
statistics were derived. 

One Member with Transmitter 
Bird with Bird without Both Members 

Control Transmitter Transmitter with Transmitters 

Early 
Brooding: 

Trip 13.4 14.7 14.6 17.1 
(6.0, 99) (4.7, 16) (6.0, 16) (9.6, 15) 

Visit 20.7 20.8 22.0 17.5 
(7.2, 97) (6.3, 16) (6.6, 16) (6.1, 15) 

Mid 
Brooding: 

Trip 9.6 11.5 9.1 11.1 
(2.7, 99) (7.0, 10) (2.7, 14) (4.3, 12) 

Visit 13.6 12.3 17.0 11.8 
(3.5, 99) (4.5, 11) (5.5, 13) (4.1, 12) 

Late 
Brooding: 

Trip 7.8 7.9 7.6 8.4 
(2.2, 89) (1.7, 6) (1.1, 5) (2.0, 11) 

Visit 13.2 9.3 14.3 10.6 
(5.6, 88) (1.9, 5) (5.7, 5) (4.0, 11) 

Table 2: Chick survival, individual nest production, and nest failure for chinstrap penguins 
instrumented with radio transmitters on Seal Island, South Shetland Island, 
Antarctica during the 1990/91 breeding season. 

Control Treatment 
(No Transmitter) One Member with Both Members 

Transmitter with Transmitters 

Chick Survival 76% 57% 47% 

ChicksINest: 
Start 1.74 1.4 1.70 
End 1.43 1.23 1.33 
% Change -18% -12% -22% 

Nest Failure Rate 12% 35% 40% 
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Figure 1: Mean foraging trip durations, measured by visual observations, of chinstrap 
penguins instrumented with radio transmitters on Seal Island, Antarctica, during the 
1990/91 breeding season. 
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Figure 2: Mean visit durations, measured by visual observations, of chinstrap penguins 
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Tableau 1: 

Tableau 2: 

Figure 1: 

Figure 2: 

Figure 3: 

Liste des tableaux 

DUf(~e moyenne des sorties alimentaires et des visites, mesuree par observation 
visuelle pendant trois periodes pour les manchots it jugulaires munis d'emetteurs 
radio sur rIle Seal, dans les Iles Shetland du Sud, en Antarctique, pendant la 
saison de reproduction 1990/91. Les valeurs entre parentheses indiquent recart­
type et le nombre de manchots d'ou sont derivees les statistiques. 

Survie des jeunes, production par nid, et echec des nids chez les manchots it 
jugulaires munis d'emetteurs radio sur rIle Seal, dans les Iles Shetland du Sud, 
en Antarctique, pendant la saison de reproduction 1990/91. 

Liste des figures 

Duree moyenne des sorties alimentaires, mesuree par observation visuelle, chez 
les manchots it jugulaires munis d'emetteurs radio sur rIle Seal, dans les Iles 
Shetland du Sud, en Antarctique, pendant la saison de reproduction 1990/91. 

Duree moyenne des visites, mesuree par observation visuelle, chez les manchots 
it jugulaires munis d'emetteurs radio sur l'ile Seal, dans les iles Shetland du 
Sud, en Antarctique, pendant la saison de reproduction 1990/91. 

Nombre moyen des sorties/nid/jour (en traits continus) et duree des 
chevauchements (en pointilles) mesures par observation visuelle sur rIle Seal, 
dans les Iles Shetland du Sud, en Antarctique, pendant la saison de reproduction 
1990/91. 

CnHCOK Ta6JIHI..\ 

Ta6JIHI..\a 1: Cpe,l(H5I51 npO,l(OJI)I{HTeJIbHOCTb nOHCKa nHll(H H npe6bIBaHH.5I Y r'He3,l(a 

nHHr'BHHOB tIHHCTpan, OCHall(eHHbIX pa,l(HOnepe,l(aTtIHKaMH B nepHo,l( 

pa3MHO)l{eHH.5I 1990/91 r'., H3MepeHHbIe MeTO,l(OM BH3yaJIbHor'o 

Ha6JIIO,l(eHH.5I B TetIeHHe Tpex nepHO,l(OB, OCTPOB CHJI, IO)I{HbIe 

IIIeT JIaH,l(CKHe oCTpoBa, AHTapKTHKa. BeJIHtIHHbI B cKo6Kax YKa3bIBaIOT 

Ha CTaH,l(apTHOe OTKJIOHeHHe H KOJIHtIeCTBO nHHr'BHHOB, no KOTOPbIM 

6bIJIH nOJIytIeHbI CTaTHCTHtIeCKHe ,l(aHHbIe. 

Ta6JIHI..\a 2: BbDKHBaeMocTb nTeHI..\OB, np0,l(yKTHBHoCTb OT ,l(eJIbHbIX r'He3,l( H 

HeY,l(atIH KJIa,l(OK nHHr'BHHOB tIHHCTpan, OCHall(eHHbIX 

pa,l(HOnepe,l(aTtIHKaMH B nepHo,l( pa3MHO)l{eHH.5I 1990/91 r'., OCTPOB 

CHJI, IO)I{HbIe IIIeT JIaH,l(CKHe oCTpoBa. 

CnHCOK PHCYHKOB 

PHCYHOK 1: Cpe,l(H.5I.5I npo,l(OJI)I{HTeJIbHOCTb nOHCKa nHll(H nHHr'BHHOB tIHHCTpan, 

OCHall(eHHbIX pa,l(HOnepe,l(aTtIHKaMH B nepHO,l( pa3MHO)l{eHH.5I 

1990/91 r'., H3MepeHHa.5I MeTO,l(OM BH3yaJIbHor'o Ha6JIIO,l(eHH.5I, OCTPOB 

CHJI, IO)I{HbIe IIIeTJIaH,l(CKHe oCTpoBa, AHTapKTHKa. 

PHCYHOK 2: Cpe,l(H.5I.5I npO,l(OJI)I{HTeJIbHOCTb npe6bIBaHH.5I y r'He3,l(a nHHr'BHHOB 

tIHHCTpan, OCHall(eHHbIX pa,l(HOnepe,l(aTtIHKaMH B nepHO,l( 

pa3MHO)l{eHH.5I 1990/91 r'., H3MepeHHa.5I MeTo,l(OM BH3yaJIbHor'o 

Ha6JIIO,l(eHH.5I, OCTPOB CHJI, IO)I{HbIe IIIeT JIaH,l(CKHe oCTpoBa, 

AHTapKTHKa. 
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PHCYHOK 3: Cpe,llHee KOJIW-IeCTBO nOHCKOB nmI1H/rHe3,lla/,llHH (cnJIOllIHble JIHHHH) H 

nepHo,llbI npHcYTcTBH5I Y rHe3,lla 060HX pO,llHTeJIet1 (nYHKTHpHble 

JIHHHH) B nepHo,ll pa3MHO>KeHH5I 1990/91 r., H3MepeHHble MeTO,llOM 

BH3yaJIbHOrO Ha6JIIO,lleHH5I, OCTPOB CHJI, IO>KHble IIIeT JIaH,llCKHe 

oCTpoBa, AHTapKTHKa. 

Tabla 1: 

Tabla2: 

Figura 1: 

Figura2: 

Figura 3: 

Lista de las tablas 

Duracion media de los viajes de alimentacion y visitas de los pingtiinos de 
barbijo a los que se les ha adosado radiotransmisores, observados directamente 
durante tres penodos, en la isla Foca, archipielago de las Shetlands del Sur, 
Antartida, durante la epoca de reproduccion 1990/91. Los valores entre 
parentesis indican la desviacion estandar y el numero de pingtiinos de los cuales 
se derivaron las estadisticas. 

Supervivencia de polluelos, produccion de cada nido y fracaso de nidos de 
pingtiinos de barbijo instrurnentados con radiotransrnisores en la isla Foca, 
archipielago de las Shetlands del Sur, Antartida, durante la epoca de 
reproduccion de 1990/91. 

Lista de las figuras 

Duracion media de los viajes de alimentacion - observados directarnente - de los 
pingtiinos de barbijo con radiotransmisores en la isla Foca, archipielago de las 
Shetlands del Sur, Antartida, durante la epoca de reproduccion 1990/91. 

Duracion media de las visitas - observadas directarnente - de los pingliinos de 
barbijo con radiotransrnisores en la isla Foca, archipielago de las Shetlands del 
Sur, Antartida, durante la epoca de reproduccion 1990/91. 

Media de los viajes/nido/dia (Hneas continuas) y duracion sobrelapada (Hneas 
punteadas) corno se observo visualmente en la isla Foca, archipielago de las 
Shetlands del Sur, Antartida, durante la epoca de reproduccion 1990/91. 
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DATA ON KRILL (EUPHAUSIA SUPERBA DANA) CONSUMPTION BY 
COAST AL FISHES IN DIVISION 58.4.2 (KOSMONA VTOV AND 
SODRUZHESTV A SEAS) 

Ye.A. Pakhomov, V.A. Bibik and V.V. Gerasimchuk* 

Abstract 

* 

Current estimates of the level of krill consumption (Euphausia superba) 
are based on data obtained from the Atlantic sector which have then 
been extrapolated over all of Antarctica. According to these calculations 
the entire amount of kriU consumed is between 166 and 450 million 
tonnes; of this amount fish consume from 30 to 32 million tonnes 
(Lubimova, Shust, 1980 and Shust, 1987). However these 
extrapolated values of kriU consumption by fish and other species may 
differ significantly from those for specific areas. Localised 
assessments of kriU consumption have thus far only been carried out 
for the Scotia and Lazarev Seas (Kock, 1985; Miller et al., 1985). 
Assessments contained in this paper are based on results of research 
conducted in the Sodruzhestva and Kosmonavtov Seas over many 
years by the YugNIRO institute. Data obtained from trawl and acoustic 
surveys as well as on fish feeding patterns and krill production were 
used in the calculations. Assessments of krill consumption are based 
on calculations made for individual fish species taking into account their 
distribution in the particular study area of Antarctica. Total fish stock 
was calculated for a depth range of 100 to 500 metres in waters 
between 30 and 80°B. Krill consumption was estimated for summer 
only (December to April). The assessments obtained indicate that if 
total fish biomass is 551 300 tonnes, fish will consume 
960 000 tonnes of kriU. Given the total krill biomass in the study area 
it is concluded that fish consume from 9 to 18% of annual kriU 
production. 

Resume 

Les estimations actuelles du niveau de consommation de krill 
(Euphausia superba) sont fondees sur des donnees provenant du 
secteur atlantique, qui ont ensuite ete extrapolees sur la totalite de 
l'Antarctique. Ces calculs nous portent a croire que la quantite totale de 
kriU consommee se situe entre 166 et 450 millions de tonnes, dont 30 a 
32 sont consommees par des poissons (Lubimova and Shust, 1980; 
Shust, 1987). Cependant, i1 est possible que ces valeurs extrapolees 
de la consommation de krill par des poissons ou d'autres especes 
different grandement de ceUes des zones specifiques. Les evaluations 
localisees de la consommation de kriU n'ont ete effectuees, jusqu'a 
maintenant, que pour les mers de la Scotia et de Lazerev (Kock, 1985; 
Miller et al., 1985). Les evaluations de cette communication sont tirees 
des resultats de recherches menees par l'institut YugNIRO dans les 
mers Sodruzhestva et Kosmonavtov sur plusieurs annees. Les 
donnees proven ant des campagnes par chalutages et acoustiques, de 
meme que les donnees sur les rythmes alimentaires des poissons et la 
production de krill ont servi aux calculs. Les evaluations de la 

YugNIRO, 2, Sverdlov St., Kerch 334500 
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especes de poissons individuelles, en tenant compte de leur repartition 
dans la zone d'etude donnee en Antarctique. Le stock total de poissons 
a ete calcule pour une echelle de profondeur de 100 it 500 metres dans 
les eaux situees entre 30 et 800E. La consommation de kriU n'a ete 
evaluee que pour rete (de decembre it avril). D'apres les evaluations, 
si la biomasse totale de poisson s'eleve it 551 300 tonnes, les poissons 
consommeront 960 000 tonnes de krill. Vu la biomasse totale de krill 
dans la zone d'etude, nous pouvons conclure que le poisson 
consomme 9 it 18% de la production annueUe de krill. 

Pe3lOMe 

HMelO~Mec~ ~o HaCTo~~ero BpeMeHM o~eHKM nOTpe6~eHM~ 
AHTapKTMqeCKOrO KPM~~, Euphausia superba, pa3~MqHbIMM 
BM~aMM-KOHCYMeHTaMM 6bI~M OCHOBaHbI Ha ~aHHbIX, no~yqeH­

HbIX ~~~ AT~aHTMqeCKOrO ceKTopa M 3KCTpanO~MpOBaHHbIX Ha 

BCIO aKBaTopMIO AHTapKTMKM. no 3TMM paCqeTaM 06~ee 
KO~MqeCTBO nOTpe6~~eMoro KPM~~ HaXO~MTC~ Ha ypoBHe 

166-450 M~H TOHH, a Ha ~omo PbI6 npMXO~MTC~ ~o 30-32 M~H 
TOHH KPM~~ OT 3Toro KO~MqeCTBa (JII06MMoBa, IlIycT, 1980 M 

IlIYCT, 1987). O~HaKo ~~~ KOHKpeTHbIx perMoHoB AHTapKTMKM 

~eHcTBMTe~bHbIe Be~MqMHbI nOTpe6~eHM~ KPM~~ pbI6aMM M 

~pyrMMM BM~aMM-KoHcyMeHTaMM MoryT 3HaqMTe~bHO 

OT~MqaTbC~ OT 3TMX 3KCTpanO~MpOBaHHbIX Be~MqMH. PerMO­

Ha~bHhle o~eHKM nOTpe6~eHM~ KPM~~ 6hl~M BhlnO~HeHhl ~O 
CMX nop TO~bKO ~~~ MopeH CKOTM~ M JIa3apeBa (Kock, 1985, 
Miller et al., 1985). H3~O)l{eHHbIe B HacTo~~eH pa60Te o~eHKM 
nOTpe6~eHM~ KPM~~ pbI6aMM OCHOBaHbI Ha pe3y~bTaTax 
MHoro~eTHMX Mcc~e~OBaHM~ npOBe~eHHhlX MHCTMTYTOM 

IOrHHPO B MOp~X Co~py)l{ecTBa M KOCMOHaBTOB. B paCqeTaX 

McnO~b30Ba~MCb ~aHHbIe Tpa~OBbIX M aKYCTMqeCKMX CbeMOK M 

MaTepMa~bI no nMTaHMIO PbI6 M npo~yK~MM KpM~~. O~eHKa 
nOTpe6~eHM~ KPM~~ OCHOBaHa Ha paCqeTaX no OT~e~bHbIM 
BM~aM PbI6 C yqeTOM MX pacnpOCTpaHeHM~ B Mcc~e~yeMoM 
paHOHe ATHapKTMKM. 06~MH 3anac PbI6 6bI~ paCqMTaH ~~~ 
~Mana30Ha r~y6MH 100-500 M B Bo~ax Me)l{~y 30° M 800B.~. 
O~eHKa nOTpe6~eHM~ KPM~~ 6bI~a npOM3Be~eHa TO~bKO ~~~ 
~eTHero ce30Ha (~eKa6pb-anpe~b). no~yqeHHbIe o~eHKM 
nOKa3bIBaIOT, qTO npM 06~eH 6MOMacce PbI6 paBHoH 551 300 

TOHH OHM nOTpe6~~IOT 960 000 TOHH KpM~~. npMHMMa~ BO 

BHMMaHMe 06~ylO 6MoMaccy KPM~~ B Mcc~e~yeMoM paHOHe, 

~e~aeTc~ BbIBO~, qTO PbI6bI MoryT nOTpe6~~Tb ~o 9-18% OT 

era ro~oBoH npo~yK~MM. 

Resumen 

Los cruculos actuales del nivel de consumo de krill (Euphausia superba) 
se basan en los datos obtenidos del sector Atlantico que han sido 
extrapolados sobre toda la Antartida. De acuerdo con estos ca1culos, la 
cantidad total de krill consumido es entre 166 y 450 millones de 
toneladas; de esta cantidad, 10s peces consumen entre 30 y 32 millones 
de toneladas (Lubimova, Shust, 1980 y Shust, 1987). Sin embargo, 
estos valores extrapolados del consumo de kriU por los peces y otras 
especies, podrfan ser considerab1emente distintos a aquellos de areas 



especies, podrian ser considerablemente distintos a aqueUos de areas 
especfficas. Hasta ahora se han realizado evaluaciones locales del 
consumo de kriH para los mares de Scotia y Lazarev solamente (Kock, 
1985, Miller et al., 1985). Las evaluaciones que aparecen en este 
documento se basan en los resultados obtenidos de investigaciones 
realizadas durante muchos afios por el instituto YugNIRO en los mares 
de Sodruzhestva y Kosmonavtov. En los cruculos se ha utilizado la 
informaci6n obtenida de las prospecciones acusticas y de arrastre, as! 
como de los patrones de alimentaci6n de peces y de la reproducci6n del 
kriU. Las evaluaciones del consumo de kriU se basan en los cruculos 
hechos para especies individuales de peces, tomando en cuenta su 
distribuci6n en el area de estudio de la Antartida. Se calcu16 la 
poblaci6n total de peces para el ran go de profundidad de 100 a 
500 metros en las aguas entre 30 y 80°B. Solamente se calcul6 el 
consumo de krill durante el verano (diciembre a abril). Las 
evaluaciones obtenidas indican que si la biomasa total de peces es de 
551 300 toneladas, los peces consuminin 960 000 toneladas de kriH. 
Se conc1uye que, dada la biomasa total del krill en el area de estudio, 
los peces consumen de un 9 a118% de la producci6n anual de krill. 

1. INTRODUCTION 

In order to understand properly the fundamental patterns of the unique pelagic 
ecosystems in some Antarctic regions and to implement a rational regime of harvesting 
bio-resources, it is important to determine the level of krill consumption by its various 
predators. Previous assessments (Lubimova, Shust 1980; Laws 1985) gave values from 166 
to 450 million tonnes for kriH consumption, assuming that of this amount fish consumed 30 to 
32 million tonnes. For the most part these figures are based on data obtained from the Atlantic 
sector of the Southern Ocean. In our view, for specific areas the ratio of kriU consumption by 
fish and other consumers may be widely divergent from those values obtained by extrapolation 
for all Antarctic waters. Localised assessments have only been carried out for the Scotia 
(Kock, 1985) and Lazarev (Miller et al., 1985) Seas. Such attempts have not been made for the 
Indian Ocean sector, more importantly for such locations as the Sodruzhestva and 
Kosmonavtov Seas. Moreover, Russian scientists have pointed out the possibility of the 
formation of various biotopes whose organisms (fish) have different levels of krill consumption 
(Trotsenko et al., 1990) and the existence of independent faunistic macroplankton complexes in 
different parts of continental seas (Pakhomov, 1991). 

This work is founded on the results of many years' research by YugNIRO in the 
Sodruzhestva and Kosmonavtov Seas and is perhaps the first attempt to assess the amount of 
krill consumed by fish in that area. 

2. MATERIALS AND METHODS 

Data on krill and fish stocks and biomass, diet composition, fish feeding rates and 
trophic relationships are used in this work. The mean krill stock size in the Sodruzhestva Sea 
(to the south of 65°30'S, between 60 and 800E, area approximately 107 km2) was calculated 
from census trawl and acoustic surveys from 1978 to 1990. Mean biomasses in certain areas, 
where fish biomass was observed to be high, were determined for 1978 to 1990. It should be 
noted that acoustic surveys in these areas were carried out over one to three days and, as a rule, 
where krill swarms were of a high density. Therefore the biomass values obtained are 
"instantaneous" and high in relation to the real average. 
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Information on biomass assessment methods used, survey designs, confidence intervals 
and kriU trawls used is contained in the works of Bibik and Yakovlev (1990) and Bibik and 
Yakovlev (1991). These works also contain data on kriU stocks in the Sodruzhestva Sea and 
biomass in the continental slope area 65 to 66°E. KriU biomass in the area 61 to 63° was 
calculated for the first time. 

Mean kriU stock size (biomass) in the Kosmonavtov Sea (area 8 x 104 km2) was 
determined by averaging trawl-acoustic data for the three years from 1988 to 1990. 

Data obtained by YugNIRO following experimental work on daily krill growth rates 
(0.0033 mm) were used to determine kriU production (Samyshev 1986). Therefore the PIB 
coefficient for summer (December-April), when the amount of krill eaten by fish was 
calculated, equals 0.5. Given this coefficient and the long term average biomass for the 
Sodruzhestva and Kosmonavtov Seas (8 x 106 tonnes) seasonal krill production is 4 x 106 

tonnes; 2.5 x 106 tonnes for the Sodruzhestva Sea and 1.5 x 106 tonnes for the Kosmonavtov 
Sea. 

Serious difficulties arose during calculation of yearly krill production. The majority of 
scientists assume that an animal's growth ceases during winter (Aseev, 1983; Siege1, 1987 and 
Hosie et al., 1988). In this case the seasonal coefficient and seasonal production may be 
proportional to their annual values. Using simulation methods, V.B. Tseitlin calculated the 
annual PIB coefficient to be 0.52 (Tseitlin, 1989), in other words close to the seasonal value 
determined from experiments. 

There is also a theory that krill does not stop growing entirely in winter (Samyshev, 
1991). According to this view, growth occurs not only from December to April, but also in the 
months leading up to this period (at least from October) when the days become lighter and krill 
can feed on algae in large polynyas as well as on cryophyte phytoplankton. Taking this into 
account, E.Z. Samyshev calculated the annual PIB coefficient to be 1.0 (Samyshev, 1991). In 
this case, yearly krill production in the study area would be 8 x 106 tonnes; 5 x 106 tonnes for 
the Sodruzhestva Sea and 3 x 106 tonnes for the Kosmonavtov Sea. Therefore, we assume that 
the minimum value of PIB coefficient should be 0.5 (seasonal production) and the maximum 
value 1.0 (yearly production). 

Fish biomass on the outer shelf and the upper part of the continental slope was 
determined using the swept area method based on results of bottom and mid-water trawl hauls 
as well as acoustically, whereby swarm density has already been calculated using data from 
control hauls. 

Stocks of Antarctic silverfish Pleuragramma antarcticum were assessed using the swept 
area method and only for pe1agic aggregations. Standard commercial mid-water trawls 99.4m, 
86.0m, 78/520m, 110/560 and 11O/600m with fine-meshed nets were used (minimum mesh 
size in the codend - 20 mm). Trawl mouth openings ranged from 800 to 2 338 m2; trawling 
speed was from 2.5 to 5 knots (3.5 knots on average). Overall, the results of more than 300 
hauls were used. It should be noted that commercial fishing of P. antarcticum in Subarea 58.4 
did not take place. 

The biomass of bottom-dwelling fish on the banks of the Sodruzhestva and 
Kosmonavtov Seas was determined using trawl-acoustic survey data in swarms and bottom 
haul data for fish beyond these swarms. Trawls 33/64m, 45/48.4m, 41.7/39.6m had 80 mm 
mesh-size in the codend. The horizontal trawl opening was 21 to 24 metres and the trawling 
speed was 2.5 to 4.0 knots (an average of 3 knots). 

The biomass of bottom-dwelling fish was calculated by stratum (Table 1). Data on area 
were kindly supplied to us by Dr Trofimov. In calculating biomass, note was taken of the 
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particular biotopes formed in various areas of the shelf and the different proportionality of 
species therein. Therefore the areas under study were divided into sub areas with different 
biotopes of major species, largely for the sake of convenience (Trotsenko et al., 1990). We 
tried to avoid averaging the available data which could have disguised or even led to the 
"disappearance" of some fish species and, consequently, their role in the functioning of the 
ecosystem. 

Data on fish feeding were gathered during YugNIRO expeditions from 1983 to 1990. In 
total, the contents of 12 500 stomachs of 27 fish species were analysed. Fish were sampled 
from catches of commercial mid-water and bottom trawls operating at depths of 100 to 600 rn, 
mainly from 200 to 400 m. These data are presented in Pakhomov (1989). 

In order to assess fish diet, stations lasting from one to several days were carried out in 
the Kosmonavtov Sea above the Gunnerus Ridge from 7 to 10 February 1983; near Prince Olaf 
Land from 19 to 20 March 1987; at 67°50'S - 41°25'E from 23 to 24 March 1988 and at the 
bank located at 62°30'E in the Sodruzhestva Sea (Storegg Beach) from 4 to 10 March 1989, 
8 to 10 February 1990 and 11 to l3 March 1990. Analysis of data and calculations of daily 
diets are presented in Pakhomov (1989) and Pakhomov and Tseitlin (1992). Other reference 
material on the daily food ration of P. antarcticum was also used (Gorelova and Gerasimchuk, 
1981). 

Calculation of krill consumption was carried out for summer only (five months from 
December to April). The values of mean daily diet of all fish species were taken from 
Pakhomov and Tseitlin (1992), except in the case of Chaenodraco wilsoni, in respect of which 
a slackening off in feeding was observed during spawning in December and January 
(Gerasimchuk and Trotsenko, 1988). Therefore, in calculating the seasonal diet of this species 
it was assumed that the average daily ration in December-January was 0.6% of body weight 
(Pakhomov and Tseitlin, 1991) and 2.5% of body weight in February-April 
(Pakhomov, 1989). 

3. RESULTS 

3.1 Kosmonavtov Sea 

Food requirements of various species are given in Table 2 and in Table 3 for C. wilsoni 
on various banks. According to Table 2, total fish stocks are 295.6 x103 tonnes and the total 
consumption of kriU over the summer is estimated at 515.4 x 103 tonnes. The main consumers 
of krill are C. wilsoni (62%) and P. antarcticum (33.5%). Moreover, according to Table 3, 
C. wilsoni primarily consumes kriU where dense swarms form over localised banks (52%). 

The total mean stock size of kriU in the Kosmonavtov Sea is estimated at 3.0 x 
106 tonnes. Applying the values for PIB coefficients presented above gives a minimum 
seasonal production of 1.5 x 1()6 tonnes and a maximum value of 3.0 x 106 tonnes. In this 
case the total value of krill consumption by fish comprises 34% of seasonal production and 
17% of yearly production. 

3.2 Sodruzhestva Sea 

Over the period December to April, assessment of kriU consumption by fish was carried 
out both for the entire sea as well as individual areas (underwater rises) with high ichthyomass 
levels, where krill was the main component of fish diets. 
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3.3 Bank "62°30'E" 

Of the 30000 tonne fish stock in this area (Zaitsev et al., 1990) 79% comprised 
C. wilsoni and 20% were Trematomus eulepidotus. The amount of krill consumed from 
January to April 1990 was calculated using data on the daily ration of the larger fish species 
inhabiting this area as well as the contents of their stomachs. According to these calculations 
the amount of krill consumed over the summer period in this area was 109.03 x 103 tonnes. 

Instantaneous kriU biomass in the bank area (between 61 ° and 63°E) was 0.65 ± 0.12 x 
106 tonnes in February and 0.13 ± 0.03 x 1()6 tonnes in March. Daily production for the two 
months was 2.1 and 0.4 x 103 tonnes respectively. 

Daily krill requirements for fish were 1.5 x 103 tonnes at the beginning of the season 
and 0.36 x 103 tonnes at the end. Thus in January-February, fish consumed in one day up to 
68% of daily krill production in this localised area. The index of stomach fullness for fish (6.8 
to 7.5% of body mass) indicates that krill had been feeding intensely during the same period. 
Krill comprised 81 to 83% of stomach contents. The daily krill requirement for fish in March 
was 90% of daily krill production. This would seem to explain the drop in feeding rates (mean 
index of stomach fullness was from 2.0 to 6.9%) and a switch from E. superba to 
E. crystallorophias as the main dietary component (up to 65% body weight). 

3.4 Bank "65°1O'E" (Table 4) 

Total fish stock size was 4.6 x 103 tonnes, 99% of which was comprised of 
T. eulepidotus. Preliminary calculations indicate that from January to April fish consumed 
10.6 x 103 tonnes of krill on this rise. Krill biomass in this area (between 65° and 66°) varied 
from 0.2 to 0.3 x 106 tonnes. Total daily krill production was 0.8 x 103 tonnes. The daily krill 
requirements for fish was calculated to be 0.09 x 103 tonnes (about 11 % of daily production). 

Favourable oceanic conditions were reflected by a high degree of stomach fullness 
(4.2 to 7.6% body weight). 

3.5 Prydz Bay (Table 5) 

P. antarcticum stocks in Prydz Bay have varied over the years from 17.5 to 85 x 
103 tonnes. Seasonal consumption of krill by this species ranges from 26 to 128 x 103 tonnes 
and it is able to consume from one to 13% of yearly krill production. Data contained in Table 5 
indicate that, in addition to several other key factors, the P. antarcticum population contributed 
significantly to the decrease of kriU biomass in 1986 when it consumed more than a tenth of 
yearly krill production. 

3.6 Sodruzhestva Sea in General (Table 6) 

The total fish stock in the Sodruzhestva Sea is estimated at 255.7 x 103 tonnes and 
seasonal kriU consumption at 444.7 x 103 tonnes. Approximately 18% of seasonal or 9% of 
yearly krill production is consumed by all fish over the summer season. 
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4. DISCUSSION AND CONCLUSIONS 

We have obtained a value of approximately one 1 x 106 tonnes, or 25% of seasonal and 
12% of yearly production, for the amount of krill consumed by coastal fishes in the 
Kosmonavtov and Sodruzhestva Seas during summer (December to April). 

Our estimate for krill consumption is quite high when one considers that it was 
calculated for the summer season alone and only for coastal fishes of a commercial size. 
Assuming that these fish continue to feed in the winter, the actual level of consumption will 
obviously be much higher. 

In conclusion, we would like to emphasise strongly the regional nature of the estimates 
presented. For this reason we believe it would be absolutely improper to link our results to 
other areas of Antarctica. It must also be pointed out that in some areas of the Antarctic, 
various groups of organisms could be the primary consumers of E. superba. It is entirely 
possible that in Prydz Bay (Sodruzhestva Sea), the main kriU consumers are P. antarcticum, 
T. eulepidotus and whales (or seals), while they might be penguins in areas adjacent to the 
Antarctic Peninsula and crab-eater seals in the Ross Sea. The environment of the Antarctic is 
highly diverse. Therefore a great deal remains to be done in order to obtain a realistic value for 
the amount of kriU eaten by aU possible groups of consumers. Solving this problem would be 
greatly assisted by the combined efforts of Russian, Australian, South African and Japanese 
scientists in carrying out, under the aegis of CCAMLR, regular ecosystem monitoring in the 
Sodruzhestva Sea and adjacent areas. 
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Table 1: Area of depth strata between 30° and 80° and the number of hauls used to estimate 
the biomass of bottom-dwelling fish. 

Depth Range (metres) 100 to 200 200 to 300 300 to 500 

Kosmonavtov Sea 

Number of Hauls 2 250 22 

Area (miles2) 2774 4020 3777 

Sodruzhestva Sea 

Number of Hauls 10 88 52 

Area (miles2) 6654 5162 12061 

Table 2: Consumption of Antarctic krill by coastal fishes in the Kosmonavtov Sea (300 -500E) 
from December to April. Calculated for the depth range 100 to 500 metres. 

Stock Size Seasonal Diet Percentage Krill 
Species (tonnes) (body mass) ofKrill Consumption 

by Weight 
in Stomach 

Chaenodraco wilsoni 137090 2.61 90 322024 

Trematomus eulepidotus 1028.5 3.0 50 1543 

Pleuragramma antarcticwn 128046 1.5 90 172862 

Trematomus hansoni 7593.5 5.25 12 4784 

Chionodraco hamatus 3200 2.4 3 230 

Cryodraco antarcticus 1143 3.3 1 1 

Lepidonotothenia kempi 9987 5.25 20 10486 

Dissostichus mawsoni 711 5.25 2 75 

Cygnodraco mawsoni 700 1.5 5 53 

Trematomus centronotus 522 3.0 20 313 

Gymnodraco acuticeps 277 6.0 3.5 58 

Others: Neopagetopsis ionah, 5279 3.75 2-50, on 2969 
T. nicolai, Histiodraco velifer, average 15 
Pogonophrine scotti, Bathyraja sp. 
etal. 

Total 295577 2.32 82.2 515398 
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Table 3: Krill consumption by Chaenodraco wilsoni on various banks in the Kosmonavtov 
Sea. 

Bank Longitude Fish Stock Krill Consumption Total Krill Consumption 
(x 103 tonnes) by Periods over Summer 

(x 103 tonnes) (x 103 tonnes) 

40040'E 9 21.2 2t.2 

9.4(XII-I)* 3.0 

41°lO'E 30(11-111)* 40.5 52.3 

13(N)* 8.8 

41°40'E 9 21.2 21.2 

42°lO'E 4.6 10.8 10.8 

42°50'E 22 51.7 51.7 

43°lO'E 10.5 24.7 24.7 

44°30'E 30 70.5 70.5 

45°30'E 7 16.4 16.4 

Total krill consumption 268.8 

* months 
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VI 

Table 4: Antarctic k:rill consumption by fish on banks 62°30'E and 65°10'E in the Sodruzhestva Sea during January to April 1990. 

Bank '62°30'E' Bank '65°1O'E' 

Fish Species Stock Seasonal Diet Percentage Krill Stock Seasonal Diet Percentage Krill 
(tonnes) (body mass) ofKrill Consumption (tonnes) (body mass) ofKrill Consumption 

in Food (tonnes) in Food (tonnes) 

3.438* 81* 67236*. 89504 
C. wilsoni 23730 -

2.76 34 22268 ' - - - -

C. hamatus 90 1.8 48 78 - - - -

C. antarcticus 30 2.04 1 1 - - - -

N. ionah 90 3.0 40 108 - - - -
T. eulepidotus 5910 3.82 83 18738. 19580 4573 3.0 77 10564 

-- -
0.89 16 842 ' 

T. hansoni 90 4.2 12 45 5 4.2 12 2 

D. mawsoni 60 4.2 3 8 - - - -

Total 3000 109324 4578 10566 
~~- -~-- --

* Nominator - data for January-February; denominator - data for March-April. 



Table 5: Krill consumption by Pleuragramma antarcticum in Prydz Bay (seasonal diet was 
1.5 of body mass; laill comprised 90% of food) 

Antarctic Kri11 Seasonal Krill Percentage of 
Biomass between Consumption Yearly Kri11 

Year P. antarcticum Stock 68° -78Of: and (x 1()6 tonnes) Production 
(x 103 tonnes) to the South of Consumed 

65°30'S 

Min-Max Median (x 106 tonnes) 

1978 50 - 83 62 2.5 - 3.0 0.093 3.4 

1982 14 - 23 17.5 2.5 - 2.8 0.026 1.0 

1984 41.5 - 69 52 2.5 - 3.0 0.078 2.8 

1986 68 - 113.5 85 1.0 0.128 12.8 

1987* 22 0.3 0.033 
11.0 -

* P. antarcticum stock calculated over a very small area. 
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Table 6: Antarctic krill consumption by coastal-dwelling fishes in the Sodruzhestva Sea (55 
to 800 E) from December to April. Fish stock size calculated for a depth range of 
100 to 500 m. 

Species Stock Size Seasonal Diet Percentage of Kri11 
. (tonnes) (body mass) Krill in the Consumption 

Stomach (tonnes) 

Chaenodraco wilsoni 45305 3.64 64 105543 

Trematomus eulepidotus 67946 4.965 53 178797 

Pleuragramma antarcticum 89411 1.5 90 120705 

T. hansoni 6068 5.25 12 3823 

Chionodraco hamatus 19665 2.4 48 22654 

C. mayersi 10156 2.4 10 2437 

Cryodraco antarcticus 2435 3.3 0.2 16 

Lepidonotothen kempi 1930 5.25 1 101 

T. centronotus 649 3.0 8.5 166 

Dissostichus mawsoni 1128 5.25 3 178 

Cygnodraco mawsoni 765 1.5 18 207 

Neopagetopsis ionah 6880 3.3 40 9082 

Pogonophrine sp. 173 3.0 5 26 

Bathyraja sp. 1798 1.5 20 539 

T. nicolai 925 3.75 4 139 

Notothenia coriiceps 214 5.25 0 0 

Other: P. macropterus, 267 3.75 0-85 250 
T. bernachii, G. acuticeps, (on average 25) T. scotti, H. velifer, 
P. borchgrevinki, 
T. lepidorchinus, and 
M. whitsoni 

Total 255715 3.12 62.2 444663 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Tableau 4: 

Tableau 5: 

Tableau 6: 

Liste des tableaux 

Zone de la strate de profondeur situee entre 30 et 80° et nombre de chalutages 
ayant servi a l'estimation de la biomasse des poissons vivant au fond. 

Consommation de laill antarctique par les poissons cotiers dans la mer 
Kosmonavtov (300 -500 E) de decembre a avril, calculee pour l'echelle de 
profondeur 100-500 metres. 

Consommation de laill par Chaenodraco wilsoni sur divers hauts-fonds de la 
mer Kosmonavtov. 

Consommation de laill antarctique par les poissons sur les hauts-fonds situes a 
62°30'E et 65°lO'E dans la mer Sodruzhestva en janvier-avriI1990. 

Consommation de laill par Pleuragramma antarcticum dans la baie Prydz (le 
regime alimentaire saisonnier correspondait a 1.5 du poids du corps; le laill 
representait 90% de la nourriture). 

Consommation de laill par les poissons vivant pres de la cote dans la mer 
Sodruzhestva (55-800 E) de decembre a avriI. La taille du stock de poissons est 
ca1culee pour une echelle de profondeur de 100-500 m. 

CnHCOK Ta6JIH~ 

Ta6JIH~a 1: IIJIOllla,llb cTpaT Me)l<,llY 30° H 80° B.,ll. H KOJIHqeCTBO TpaJIeHHH, 
HCnOJIb30BaHHbIX ,llJISI o~eHKH 6HoMaccbI ,llOHHbIX pbI6. 

Ta6JIH~a 2: BeJIHqHHbI nOTpe6JIeHHSI aHTapKTHqeCKOrO KPHJISI npH6pe)l{HbIMH 
pbI6aMH B Mope KocMoHaBToB (30° - 50° B.,ll.) C ,lleKa6pSI no anpeJIb. 

/ %?PaCqeT 3anaCOB PbI6 6bIJI npOH3Be,lleH ,llJISI ,llHana30Ha 
r JIy6HH 100-500 M. 

Ta6JIH~a 3: BeJIHqHHbI nOTpe6JIeHHSI aHTapKTHqeCKOrO KPHJISI Chaenodraco wilsoni 
Ha OT ,lleJIbHbIX nO,llHSITHSIX B Mope KOCMOHaBTOB. 

Ta6JIH~a 4: IIoTpe6JIeHHe aHTapKTHqeCKOrO KPHJISI pbI6aMH Ha nO,llHSITHSIX 
62° 30'B.,ll. H 65° 10'B.,ll. B Mope CO,llPY)I{eCTBa B SIHBape-anpeJIe 1990 r. 

Ta6JIH~a 5: IIoTpe6JIeHHe aHTapKTHqeCKOrO KPHJISI Pleuragramma antarcticum B 
3aJIHBe IIplO,llc (ce30HHbIH pa~HoH COCTaBHJI 1,5 OT MaCCbI TeJIa, ,llOJISI 
KPHJISI B nHllle - 90%) 

Ta6JIH~a 6: BeJIHqHHbI nOTpe6JIeHHSI aHTapKTHqeCKOrO KPHJISI npH6pe)l{HbIMH 
pbI6aMH B Mope CO,llPY)I<eCTBa (55° - 80° B.,ll.) C ,lleKa6pSI no anpeJIb. 
3anacbI PbI6 6bIJIH onpe,lleJIeHbI ,llJISI ,llHana30Ha r JIy6HH 100-500 M. 

Tabla 1: 
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Lista de las tablas 

Area de los estratos de profundidad entre 30° y 80°, y la cantidad de lances 
utilizados para ca1cular la biomasa de los peces de fondo. 



Tabla2: 

Tabla 3: 

Tabla4: 

Tabla5: 

Tabla6: 

Consumo de krill antartico por los peces costeros en el mar de Kosmonavtov 
(300 -500E) de diciembre a abril. Los caIculos son para el rango de profundidad 
de 100-500 metros. 

Consumo de krill por Chaenodraco wilsoni en divers as elevaciones en el mar 
de Kosmonavtov. 

Consumo de krill por los peces en elevaciones entre 62°30'E y 65°lO'E en el mar 
de Sodruzhestva durante enero-febrero 1990. 

Consumo de krill por Pleuragramma antarcticum en la bahia de Prydz (la dieta 
estacional fue equivalente a 1.5 veces de la masa corporal; el krill constituy6 el 
90% del alimento). 

Consumo de krill antartico por los peces costeros en el mar de Sodruzhestva 
(55-800E) de diciembre a abril. Se calcu16 el tamafio de la poblaci6n de peces 
para un rango de profundidad de 100-500 m. 
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FEEDING PATTERNS OF NINE SPECIES OF ANT ARCTIC FISH AND 
ASSESSMENT OF THEIR DAILY FOOD CONSUMPTION 
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* 

Abstract 

Little is known about the feeding patterns of non-commercial fish 
species in Antarctic waters. The aim of this study is to collect 
information on the feeding patterns of several commercially 
non-targetted species in the Indian Ocean sector of the Southern Ocean: 
Nototheniidae (four species), Channichthyidae (three species) and 
Bathydraconidae (two species). The study concentrated on analysing 
the food composition of these species to find out their daily diet. One 
36-hour station was carried out in the Kosmonavtov Sea (67"50'S; 
41°24'E) in March 1988. All samples were taken from the depth range 
300 to 350 m and a total of 1 165 stomachs were collected and 
analysed. The species studied were classified into the four following 
categories: (i) Chaenodraco wilsoni and Trematomus eulepidotus -
planktivorous species with euphausiids, mainly Euphausia superba, 
being the staple food; (ii) Trematomus centronotus - a benthophage 
feeding mainly on amphipods, mobile and sedentary forms of 
polychaetes, with Euphausia superba also comprising a considerable 
portion of its diet; (iii) Trematomus hansoni - a euryphage; (iv) 
Dissostichus mawsoni, Cygnodraco mawsoni, Gymnodraco acuticeps, 
Chionodraco hamatus and Cryodraco antarcticus - predators feeding 
mainly on fish. The daily diet of these species was from 1 to 4% of 
their body weight. Annual food consumption by these species was 
calculated to be about five times their body weight. 

Resume 

Les habitudes alimentaires des especes de poissons non commerciales 
dans les eaux de l'Antarctique sont tres peu connues. Cette etude a 
pour but de rassembler des informations sur les habitudes alimentaires 
de plusieurs especes non visees commercialement dans le secteur 
Indien de l'ocean Austral, notamment: Nototheniidae (quatre especes), 
Channichthyidae (trois especes) et Bathydraconidae (deux especes). 
L'etude est axee sur l'analyse de la composition de l'alimentation de 
ces especes pour decouvrir leur regime alimentaire quotidien. Dne 
station de 36 heures a ete effectuee dans la mer Kosmonavtov 
(67°50'S; 41°24'E) en mars 1988. Tous les echantillons ont ete 
preleves de la zone de profondeur 300 - 350 m. D n total de 1 165 
estomacs ont ete recueillis puis analyses. Les especes etudiees ont ete 
classifiees en quatre categories: i) Chaenodraco wilsoni et Trematomus 
eulepidotus - des especes planctonophages dont l'aliment de base est 
l'euphausiide, notamment Euphausia superba; ii) Trematomus 
centronotus - une espece benthophage qui se nourrit principalement 
d'amphipodes, de differentes sortes de polychetes mobiles ou 
sedentaires, et dont une grande partie du regime se compose 
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d'Euphausia superba; iii) Trematomus hansoni - une espece euryphage; 
iv) Dissostichus mawsoni, Cygnodraco mawsoni, Gymnodraco 
acuticeps, Chionodraco hamatus et Cryodraco antarcticus - des 
predateurs se nourrissant principalement de poissons. La quantite de 
nourriture absorbee quotidiennement par ces especes variait entre 1 it 
4% de leur poids corporel. 11 a ete calcule que leur consommation 
annuelle de nourriture correspond it environ 5 fois le poids de leur 
corps. 

Pe310Me 

llo CHX nop eIQe He~OCTaTOllHO H3BeCTHO 0 nHTaHHH 

aHTapKTHlIeCKHX Pb16, Ha KOTopble He Be~eTCSI KOMMeplleCKoro 

npOMblCJla. I{eJlblO HaCTOSlIQerO HCCJle~OBaHHSI SlBJlSleTCSI c60p 

HH~opMa~HH 0 nHTaHHH HeCKOJlbKHX KOMMeplleCKH He 

3KCnJlyaTHpyeMblx BH~OB B HH~HtiCKOM ceKTope IO)I{HOrO 

OKeaHa: Nototheniidae (lIeTblpe BH~a), Channichthyidae (TpH BH~a) 
H Bathydraconidae (~Ba BH~a). 3TO HCCJle~OBaHHe HanpaBJleHO Ha 

aHaJlH3 COCTaBa nHIQH 3THX BH~OB B ~eJlSlx H3YlleHHSI HX 

CYTOllHoro pa~HOHa. O~Ha CYTOllHaSl CTaH~HSI 6blJla 

BbInOJlHeHa B Mope KocMoHaBToB (67°50'10. w.; 41 °24'B. ~J B 

MapTe 1988 r. Bce npo6bl 6blJlH co6paHbl Ha rJly6HHe 300-350 M. 

B o6IQeti CJlO)l{HOCTH 6blJlO co6paHo H npOaHaJlH3HpOBaHo 1 165 

)l{eJlY ~KOB. 1I3YlIeHHble BH~bl 6blJlH no~pa3~eJleHbl Ha 

cJle~ylOlQHe lIeTblpe KaTeropHH: (i) C haenodraco wilsoni H 

Trematomus eulepidotus -nJlaHKTO~arH, B nHTaHHH KOTOPblX 

npeo6J1a~aJlH 3B~ay3HH~bl, npeHMYIQeCTBeHHO Euphausia 
superba; (ii) Trematomus centronotus - 6eHTo~ar, nOTpe6J1S1IOIQHti 

rJlaBHblM 06pa30M aM~Hno~bI, nO~BH)I{Hble H OCe~Jlble ~OPMbl 
nOJlHXeT; Euphausia superba TaK)I{e COCTaBJlSleT 60JlbWYlO lIaCTb 

pa~HOHa; (iii) Trematomus hansoni -3BpH~ar; (iv) Dissostichus 
mawsoni, Cygnodraco mawsoni, Gymnodraco acuticeps, Chionodraco 
hamatus HCryodraco antarcticus - XHIQHHKH, nHTaIOIQHeCSI, B 

OCHOBHOM, Pbl6oti. CYTOllHblti pa~HOH 3THX BH~OB KOJle6aJlCSI B 

npe~eJlax 1-4% OT MaCCbl TeJla. rO~oBoe nOTpe6J1eHHe nHIQH 

COCTaBHJlO OKOJlO 5 Macc TeJla. 

Resumen 

Se sabe muy poco del tipo de alimentaci6n de las especies no 
explotadas comercialmente en aguas antarticas. El objetivo de este 
estudio es reunir informaci6n sobre el tipo de alimentaci6n de varias 
especies que no han sido objeto de pesca comercial en el sector Indico 
del oceano Austral: Nototheniidae (cuatro especies), Channichthydae 
(tres especies) Bathydraconidae (dos especies). El estudio se concentr6 
en el estudio de la dieta diaria de estas tres especies mediante el amilisis 
de la composici6n de alimentos. Se realiz6 una estaci6n de 36 horas de 
duraci6n en el mar de Kosmonavtov (6T50'S; 41°24'E) en marzo de 
1988. Todas las muestras se tomaron entre los 300 - 350 m de 
profundidad, recogiendose unos 1 165 est6magos para su posterior 
an31isis. Las especies estudiadas se clasificaron en cuatro categorias: 



(i) Chaenodraco wilsoni y Trematomus eulepidotus - son especies 
planct6fagas, que se alimentan de eufausidos, siendo Euphausia 
superba, el componente habitual; (ii) Trematomus centronotus - es una 
especie bent6faga que se alimenta principalmente de anflpodos y de 
poliquetos m6viles y sedentarios, ademas de Euphausia superba, que 
forma una parte importante en su dieta; (ill) Trematomus hansoni - es 
una especie eurffaga; (iv) Dissostichus mawsoni, Cygnodraco 
mawsoni, Gymnodraco acuticeps, Chionodraco hamatus y Cryodraco 
antarcticus - son especies depredadoras que se alimentan basicamente 
de pescado. La dieta diaria de estas especies oscilaba entre ell yel4% 
de su peso corporal. El consumo anual de estas especies se calcul6 en 
cinco veces el peso corporal de la especie. 

1. INTRODUCTION 

Our knowledge of the feeding behaviour of Antarctic fish is very limited despite the 
existence of numerous publications on the subject. Feeding patterns of commercial fish has 
usually been studied in order to evaluate annual consumption of krill, and more often than not 
in the Atlantic sector of the Southern Ocean (Permitin, 1970; Kock, 1985). There is only scant 
information on the feeding patterns of non-commercial fish species, but the level of krill 
consumption by these species might be substantial. This study was aimed at collecting 
information on the food composition of several commercially non-targeted species in the Indian 
Ocean sector of the Southern Ocean: Nototheniidae (four species), Channichthyidae (three 
species) and Bathydraconidae (two species). Another aim was to discover their daily level of 
food consumption. 

One 36-hour station was carried out in the Kosmonavtov Sea (67°50' S; 41°25'E) on 23 
to 24 March 1988. Adult specimens were taken from the depth range 300 to 350 m at a rate of 
one sample each 4 hours. Biological analyses of fish were carried out according to standard 
procedures (Anon., 1974). Food boluses were collected from fish stomachs and analysed. 
Food items were identified by species and also ranged according to their level of digestion 
(fresh, half-digested, completely digested). A total of 1 165 stomachs of nine fish species were 
processed in this way. 

In calculating daily consumption it was assumed that food evacuation from fish 
stomachs corresponds to an exponential function (Tyler, 1970 and Montgomery et al., 1989). 
In this case, food evacuation rate is: 

dS =-AS 
dt 

where S - amount of food at a given time, 
t - time, 
A - constant. 

(1) 

From equation (1) it follows that the amount of food in a particular stomach varies 
according to the equation: 

S(t) = S (0) exp (-At) (2) 

where S (0) - amount of food at time t = O. 
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Equation (2) clearly shows that 90% of food is evacuated over a time of T90 
(evacuation time): 

(3) 

Evacuation time is from two to five days for Antarctic fish (Grawford, McLeave as cited 
in Targett, 1981; Montgomery et al., 1989). In accordance with equation (3) the constant value 
A = 0.048 - 0.019 when T90 is within the above-mentioned range. The mean specific daily 
consumption (Cw) was calculated according to Penningtonts equation (Krasnoper, 1988): 

24 
Cw = [yAT-y(O)+y(T)] - -WO 

T 

where Cw is expressed in percent of body mass, 
y - mean index of stomach fullness, 

(4) 

A - constant from (3) corresponding to the particular evacuation time, 
T - duration of observations (36 hours), 
y(O) and y(T) mean indices of stomach fullness at the beginning and end of 

observations respectively. 

Daily food consumption for each fish species was calculated for two values of T90: 
48 and 72 hours. The corresponding values of A are 0.048 and 0.032. 

In order to compare consumption rates we also calculated approximate daily 
consumption according to metabolic rate and the index 

K=~ 
2 P+R 

where P - production 
R - metabolic rate. 

The parameter K2 was taken to be 0.2. Therefore, P = 0.25. Since the amount of 
R 

consumption C
w 

= P + R , where the assimilation index, U, is taken to be 0.8, we obtain the 
U 

value Cw = 1.56R. In order to calculate R, we used the following equations for the basal 
metabolic rates for cold-water fish (Chekunova, 1983): Rstl = 0.187 WO.783 ml 02 hr-I for 
most species and Rst2 = 0.039Wo.89I ml 02 hr 1 for Chionodraco hamatus and Cryodraco 
antarcticus . 

If under normal environmental conditions R=2Rst (Vinberg, 1956), then specific daily 
consumption would be: 

C = 6.8- W-o·2 

WI q 

where: Cw is expressed in percent of body mass; 
W - mean body mass (g); 
q - food calorific content, assumed to be 1 kcal g-l. 
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-- -----------------------------------------------------------------------------------

Information on food composition of fish species studied is presented in Table 1. 
According to this table all species may be classified in the following way: 

(i) Chaenodraco wilsoni and Trematomus eulepidotus - planktophagic species with 
euphausiids, mainly Euphausia superba, being the staple food. T. eulepidotus 
also consumes a substantial amount of myctophids (Electrona antarctica) and 
juvenile nototheniids (mainly Pleuragramma antarcticum); 

(ii) Trematomus centronotus - benthophagic species, feeding mainly on amphipods, 
mobile and sedentary forms of polychaetes (Table 1). Euphausia superba also 
comprises a considerable portion of the diet of T. centronotus; 

(ill) Trematomus hansoni - euryphagic species. However, food scraps from vessels 
comprised almost half of sampled stomach contents (Table 1) which significantly 
distorted the results for this species; 

(iv) Dissostichus mawsoni, Cygnodraco mawsoni, Gymnodraco acuticeps, 
Chionodraco hamatus and Cryodraco antarcticus - predators, feeding mainly on 
fish (Table 1). The diet of D. mawsoni contained T. eulepidotus (38% by 
weight), T. hansoni (6%), Chaenodraco wilsoni (13%), myctophids (12%) and 
juvenile P. antarcticum (9%). The diet of C. mawsoni and G. acuticeps 
comprised of juvenile fish of almost all species inhabiting the survey area, 
including their own juveniles. However, the major food items of G. acuticeps 
were the myctophids, E. antarctica (21 %) and Gymnoscopelus spp (25%), and 
for C. antarctica - the fairly uncommon species Aethotaxis mytopteris (25%). The 
main food items for Chionodraco hamatus and Cryodraco antarcticus were 
first-year matured C. wilsoni (SL=17-20 cm) (37% each), P. antarcticum (15 and 
22% respectively) and T. eulepidotus (17 and 19%). 

All fish sampled had been intensively feeding, with C. wilsoni and perhaps 
G. mawsoni being the exceptions. The mean index of stomach fullness ranged from 2.2 to 
3.9% of body mass (Table 2). It is impossible to be specific about feeding intensity in relation 
to D. mawsoni due to a lack of data. The feeding behaviour of C. wilsoni at the time of the 
survey may have been affected by a range of oceanological conditions (Gerasimchuk and 
Trotsenko, 1988). This is quite likely since samples collected on the same day some 4 to 
5 n. miles from the station position showed a high rate of feeding for C. wilsoni (index of 
stomach fullness was 2 to 4% of body mass). 

Following analysis of stomach contents and comparing food at various stages of 
digestion, we concluded that the actual digestion time for plankton-eaters and benthophages is 
no less than two or three days, while for predatory and euryphages digestion takes no less than 
three or four days. This is in total agreement with the experimental data presented earlier. 

Some scientists (Novikova, 1949; Kogan et al., 1963) believe that changes in the 
stomach fullness index over time can be viewed as an indicator of processes occurring within 
the targetted population, i.e. falls in the index are interpreted as food digestion while increases 
are seen as consumption. Differences between consecutive values of the index are used to 
estimate digestion rates which in turn are used to calculate consumption. In our opinion this 
approach is unsuitable for sea fishes. Populations of sea fishes consist of many schools, each 
containing several dozen or a few hundred individuals. There is a much greater degree of 
uniformity of behaviour of specimens within a particular group (school) compared with other 
groups. Each group behaves as a unit and its members feed simultaneously. However, there is 
obviously some correlation of behaviour among groups which have certain similarities as 
species. On average, such groups might consume the same amount of food over several days 
but the amount of food in their stomachs at any given moment can vary significantly. Each 
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population sample is obtained after trawling three miles for one hour and, since we do not 
know why fish tend to group together, we cannot say how many groups make up the catch. 
Figure 1 shows the weight distribution of T. hansoni in two consecutive samples. If one 
assumes that schooling patterns are determined by age or size, then the first sample is formed 
by one group and the second one by at least two. Figure 2 shows consecutive changes in the 
mean stomach fullness index, mean body weight and the amount of fresh food recorded over 
the observation period in respect of T. hansoni. The data in Figures 1 and 2 indicate that 
changes in the index are not indicative of the process of the stomach becoming full or of food 
evacuation. Rather, these changes are brought about by size differences among specimens and 
decreases in the amount of fresh food as the overall stomach fullness index increases. 

The case of C. wilsoni is somewhat different. Body weight for this species in 
consecutive samples did not differ significantly and the population was of one age class. 
However here we came across an increase in the index of stomach fullness over four hours due 
to heavily digested food which had been in the fishes' stomachs more than one day. Obviously 
in this case different groups of fish were analysed separately. 

Modelling was used to study fish feeding patterns and to check the methods used in this 
field of study. Parameters studied within the fish population were specific body weight and 
food evacuation rate. Both of these indices displayed a degree of inconsistency which is 
characteristic of a real population. At random times (but at a specific part of the day) fish 
received portions of food corresponding to the weight of prey they would consume in the wild. 
The likelihood of food portions being taken was fitted so that over three days they received an 
amount of food corresponding to their normal consumption. Levels of stomach fullness were 
studied for a random group of 25 specimens (Le. observation was simulated). Results of 
modelling indicated that such random feeding is sufficient to obtain a clear picture of changes in 
the stomach fullness index such as occur in natural conditions. Changes in the fullness index 
over time were caused by random sampling and not by consumption and food evacuation 
patterns themselves. 

Calculated daily and yearly consumption turned out to be small (Table 2) and for the 
following species were: Chaenodraco wilsoni* - 2.5% and 5.8%; Trematomus eulepidotus and 
T. centronotus- 2.0% and 4.6%; Dissostichus mawsoni and T. hansoni - 3.5% and 8.1 %; 
Gymnodraco acuticeps 4.0% and 9.2%; Cygnodraco mawsoni - 1.0% and 3.0%; Chionodraco 
hamatus - 1.6% and 3.5% and Cryodraco antarcticus - 2.2% and 4.0%. The mean annual rate 
of consumption for these fish is about five times their body weight. The average amount of 
consumption for the waters of eastern Antarctica, which has a mean biomass density in the 
order of 4.6 to 5.1 thousand km2 can be calculated using Shust's data. An annual food base 
production of no less than 20 to 25 thousand km2, is required for a biomass of this size. If one 
assumes that the mean biomass of bottom and near-bottom dwelling fish is 12 to 13 million 
tonnes (Lubimova and Shust, 1980) then the yearly consumption rate of Antarctic fish is 
between 60 and 65 million tonnes. 

* Consumption for C. wilsoni was minimal (about 0.6% of body weight) due to inactive feeding. Such a low value is 
uncharacteristic for this species. According to data obtained from the Kosmonavtov Sea, daily consumption by 
this species is usually about 2.5% of body weight (Pakhomov and Shumatova, 1988). This is the value we took for 
our estimate of annual consumption by C. wilsoni. 
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Table 1: Food composition in fish (percentage of food by weight) sampled at a 36-hour station in the Kosmonavtov Sea - 23 to 24 March, 1988. 

Food Items C. wilsoni T. eulepidotus T. hansoni T. centronotus D. mawsoni C.mawsoni G. acuticeps C. hamatus C. antarctic us 

E. superba 84.6 52.2 1.97 32.9 2.0 1.1 2.3 1.9 0.1 

Other 5.8 10.2 0.03 0.8 1.0 0.4 0.05 0.6 + 
Euphausiids 
Mysidacea - - 0.1 0.2 0.7 1.6 0.02 0.1 -
Amphypoda 0.03 0.8 0.7 12.6 + 3.8 0.03 - -
Isopoda - - 0.2 1.0 - 0.03 - - -
Decapoda - - - 0.8 - 0.4 0.05 - 0.2 
Gastropoda - - 2.6 0.1 - - - - -
Teuthida - - 1.4 3.7 2.1 - 0.3 - -
Pteropoda - 0.2 - - - - - - -
Polychaeta - 0.05 6.5 41.4 - 1.7 0.07 - -
Tunicata - 1.2 0.1 2.7 0.1 - - - -
Fish eggs - - 29.5 1.1 - - 0.07 - -
Myctophidae 5.1 23.5 0.4 0.3 12.0 1.4 52.3 14.5 -
Nototheniidae 4.5 11.4 10.4 2.1 82.1 89.1 44.8 82.9 99.7 
Vessel waste - - 45.6 - - - - - -
Other food - 0.4 0.54 0.3 - 0.1 - - -
Soil elements - - 0.1 0.01 - 0.4 0.02 - -

Number of 250 219 243 43 52 197 84 58 21 
stomachs 
examined 

- ----

w 
~ 



Table 2: Percentage of daily food consumption of the examined fish at a 36-hour station in 
the Kosmonavtov Sea - March 1988. 

Species Number of Mean Body Mean Index 
Specimens Weight of Stomach 

ro± CJ (g) Fullness 

Chaendraco 250 180 ± 21 0.009 ± 0.001 
wilsoni (104 - 288)2 (0 - 0.1) 

Trematomus 219 118 ±6 0.022 ± 0.001 
eulepidotus (50 - 650) (0 - 0.094) 

Trematomus 243 380±20 0.038 ± 0.002 
hansoni (100 - 1350) (0 - 0.157) 

Trematomus 43 97± 10 0.036 ± 0.004 
centronotus (48 - 433) (0 - 0.109) 

Dissostichus 52 1033 ± 100 0.040 ± 0.005 
mawsoni (214 - 4450) (0 - 0.245) 

Cygnodraco 197 299±9 0.019 ± 0.002 
mawsoni (25 - 1020) (0 - 0.245) 

Gymnodraco 84 413 ±45 0.034 ± 0.004 
acuticeps (160 -780) (0 - 0.196) 

Chionodraco 58 437 ± 38 0.021 ± 0.005 
hamatus (300 - 940) (0 - 0.11) 

Cryodraco 21 604 ± 85 0.051 ± 0.01 
antarcticus (79 - 1300) (0 - 0.2) 

1 the value following ± is the mean square error ( CJ) 

2 minimum and maximam values 
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Food Daily Daily 
Evacuation Food Food 

Rate Con sump- Consump-
tion as % tion as per 
of Body Vinberg's 
Weight Formula 

48 0.9 2.4 
72 0.6 

48 2.8 2.6 
72 1.9 

48 5.2 2.1 
72 3.7 

48 3.4 2.7 
72 2.0 

48 5.4 1.7 
72 3.9 

48 1.7 2.1 
72 1.0 

48 5.7 2.0 
72 4.4 

48 2.4 0.72 
72 1.6 

48 4.2 0.7 
72 2.25 
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Figure 2: Mean values of the stomach fullness index (y), amount of fresh food (t) and body 
weight (W) for Trematomus hansoni from consecutive samples taken during a 
36-hour station in the Kosmonavtov Sea on 23-24 March 1988. 
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SC-CAMLR-X/BG/6 

MYCTOPHIDS IN THE DIET OF ANTARCTIC PREDATORS 

E. Sabourenkov'" 

Abstract 

The aim of the present study is to review published data on the diet of 
various top predators (birds, seals, whales, fish and squids) in order to 
help evaluate the importance of myctophids in their diets. This review 
covers publications for the period since 1984-85 to the present. In 
total, over 50 publications contained some information on the 
myctophid component of the diet of Antarctic predators. Myctophids 
were found in the diet of one species of squid, 18 species of fish 
(Nototheniidae - eight, Channichthyidae - seven, Bathydraconidae -
two and Rajidae - one), 18 species of birds (penguins - seven, 
albatrosses - four, petrels - five, prions - one and cormorants - one) and 
two species of seals. Myctophids in the diet of predatory species are 
represented by 16 species of genera Krefftichthys (one species), 
Protomyctophum (four species), Electrona (five species), Metelectrona 
(one species) and Gymnoscopelus (four species). However, the total 
number of species may be underestimated because identification of 
myctophids in predator food samples is still difficult. Many species of 
fish, birds and seals take myctophids opportunistically in addition to 
their staple diet. Penguins have the largest proportion of myctophids in 
their diet. The king penguin in the Antarctic Polar Front area of the 
Indian Ocean is the only one specialist predator on myctophids. The 
Bathydraconidae fish, Gynmodraco acuticeps, from the Kosmonavtov 
Sea (Indian Ocean sector) may be the second most important predator 
of myctophids. The occurrence of myctophids in the diet of predatory 
species appears to be highly variable though there are insufficient data 
to evaluate this. It is obvious that myctophids are widespread in diets 
of many Antarctic predators. More quantitative studies on as many as 
possible species of predators are required in order to assess the role of 
myctophids in the Antarctic ecosystem. Information on the diet of 
myctophids themselves is also important. These studies should use 
standardised methods, be carried out in different seasons and have a 
wide geographical coverage. 

Resume 

La presente etude a pour objectif d'examiner des donnees publiees sur 
le regime alimentaire de divers predateurs superieurs (oiseaux, 
phoques, baleines, poissons et calmars) dans le but de faciliter 
l'evaluation de l'importance des Myctophidae dans leur regime 
alimentaire. Cet examen couvre les publications de 1984/85 a nos 
jours. En tout, plus de 50 publications contenaient des informations 
sur la composition du regime alimentaire des predateurs antarctiques. 
Des Myctophidae ont ete trouves dans le regime alimentaire des especes 
suivantes : une espece de calmar, 18 especes de poissons 
(Nototheniidae - huit, Channichthyidae - sept, Bathydraconidae - deux 
et Rajidae - une), 18 especes d'oiseaux (manchots - sept, albatros -
quatre, petrels - cinq, prions - une et cormorans - une) ainsi que dans 

... CCAMLR Secretariat, 25 Old Wharf, Hobart, Tasmania 7000, Australia 
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deux especes de phoques. Dans le regime alimentaire des especes 
predatrices, les Myctophidae sont representes par 16 especes des 
genres suivants : Krefftichthys (une espece), Protomyctophum 
(quatre), Electrona (cinq), Metelectrona (une) et Gymnoscopelus 
(quatre). Toutefois, vu la difficulte que presente toujours 
l'identification des Myctophidae dans les echantillons alimentaires des 
predateurs, i1 se pourrait que le nombre des especes soit sous-estime. 
De nombreuses especes de poissons, d'oiseaux et de phoques ajoutent, 
it l'occasion, des Myctophidae it leur regime alimentaire ordinaire. 
C'est dans le regime alimentaire des manchots que se trouve la 
proportion la plus elevee de Myctophidae. Le manchot royal de la 
region du front polaire antarctique de l'ocean Indien est le seul 
predateur qui se nourrisse specialement de Myctophidae. Le poisson 
Bathydraconidae, Gynmodraco acuticeps, de la mer Kosmonavtov 
(secteur de l'ocean Indien) pourrait etre le deuxieme predateur de 
Myctophidae par ordre d'importance. La presence de Myctophidae 
dans le regime alimentaire des especes predatrices semble etre des plus 
variables, quoique le nombre insuffisant des donnees ne permette pas 
une telle evaluation. De toute evidence, les Myctophidae sont tres 
repandus dans le regime alimentaire de nombreux predateurs 
antarctiques. 11 conviendrait d'entreprendre de nouvelles etudes 
quantitatives sur un maximum d'especes predatrices pour pouvoir 
estimer le role des Myctophidae dans l'ecosysteme antarctique, et 
egalement d'elargir nos connaissances du regime alimentaire des 
Myctophidae memes. Ces etudes devraient etre effectuees par des 
methodes standard, en differentes saisons, et couvrir une aire 
geographique etendue. 

Pe310Me 

Ue~blO HaCTO~mero Hcc~e~OBaHH~ ~B~~eTC~ 0630p 

ony6~HKoBaHHhlx ~aHHhIX no palJ,HOHY pa3~HLIHhIX XHmHHKOB 

(nTHl\, TIO~eHeH, KHTOB, PhI6 H Ka~bMapoB), LITO 6y ~eT 
cnoco6CTBOBaTb OlJ,eHKe 3HaLIeHH~ MHKTO<l)H~ B HX pal\HOHe. 

3TOT 0630p OXBaTbIBaeT pa6oTbI, ny6~HKoBaBllmec~ C 1984-85 r. 
~o HaCTO~mero BpeMeHH. B 06meH C~O)l{HOCTH, 6o~ee 50 
ny6~HKalJ,HH HMe~o HeKoTopylO HHcpopMalJ,HIO no cO~ep)l{aHHIO 
MHKTOCPH~ B palJ,HOHe XHmHHKOB AHTapKTHKH. MHKTOCPH~bI 
6hI~H o6HapY)l{eHbI B palJ,HOHaX o~Horo H3 BH~OB Ka~bMapa, 18 
BH~OB PhI6 (Nototheniidae - BoceMb, Channichthydae - ceMb, 

Bathydraconidae - ~Ba, Rajidae - O~HH), 18 BH~OB nTHlJ, 

(nHHrBHHoB- ceMb, a~b6aTpocoB- LIeTblpe, 6ypeBecTHHKoB -

n~Tb, KHTOBbIX nTHlJ, - O~HH H 6aK~aHoB - O~HH) H ~ByX BH~OB 
TIO~eHeH. MHKTOCPH~bI B palJ,HOHe XHmHHKOB npe~cTaB~eHbI 16 
BH~aMH po~a Krefftichthys (O~HH BH~), Protomyctophum (LIeTblpe 

BH~a), Electrona (n~Tb BH~OB), Metelectrona (O~HH BH~), 
Gymnoscopelus (LIeTblpe BH~a). TeM He MeHee, cymecTByeT 

onacHocTb He~OOlJ,eHKH o6mero KO~HLIecTBa BH~OB B CB~3H C 

TeM, LITO H~eHTH<lmKalJ,H~ MHKTOCPH~ B npo6ax nHmH XHmHHKOB 

~O CHX nop npe~cTaB~~eT C060H C~O)l{HbIH npolJ,ecc. MHorHe 

BH~hI PhI6, nTHlJ, H TIO~eHeH nHTalOTc~ MHKTocpH~aMH TO~bKO 
npH c~yLIae, B ~onO~HeHHe K HX OCHOBHOMY pal\HOHY. 

HaH6o~brna~ npOnOplJ,H~ MHKTOCPH~ 06HapY)l{eHa B palJ,HOHe 

nHHrBHHOB. Kopo~eBcKHH nHHrBHH, 06HTalOmHH B paHOHe 

AHTapKTHLIecKoro no~~pHoro cppOHTa IiH~HHcKoro OKeaHa, 



5lBJI51eTC51 e~HHCTBeHHbIM XH~HHKOM, OCHOBHOti nH~eti 
KOTOpOrO 5lBJI51IOTC51 MHKTOCPH~bI. BH~ Bathydraconidae, 
Gymnodraco acuticeps, 06HTaIO~Hti B MOpe KOCMOHaBTOB 

(HH~OOKeaHcKHti ceKTOp), B03MO:>KHO 5lBJI51eTC51 BTOPbIM no 

Ba:>KHOCTH X.H~HHKOM MHKTOcpH~. IIpHCYTCTBHe MHKTOCPH~ B 

paU;HOHe XH~HHKOB - 5IBJIeHHe BeCbMa nepeMeHHoe, XOT51 no 

3TOMY Bonpocy e~e He~OCTaTOqHO ~aHHbIX. OqeBH~HO, qTO 

MHKTOCPH~bI nmpOKO pacnpOCTpaHeHbI B paU;HOHe MHorHX 

XH~HHKOB AHTapKTHKH. B u;eJI5IX ou;eHKH POJIH MHKTOCPH~ B 

aHTapKTHqeCKoti 3KOCHCTeMe Heo6xo~HMO npOBO~HTb 60JIblIIe 

KOJIHqeCTBeHHbIX HCCJIe~OBaHHti Bcex B03MO:>KHbIX BH~OB 

XH~HHKOB. l{aHHbIe no paU;HoHy caMHX MHKTOCPH~ TaK:>Ke 

Ba:>KHbI. TaKHe HCCJIe~OBaHH51 ~OJI:>KHbI HCnOJIb30BaTb 

CTaH~apTH3HpOBaHHbIe MeTO~bI, npOBO~HTbC51 B pa3HbIe 

ce30HbI H HMeTb lIIHPOKHti reorpacpHq eCKHti OX Ba T. 

Resumen 

El objetivo de este estudio es revisar 10s datos publicados sobre la dieta 
de a1gunos depredadores principa1es (aves, focas, ballenas, peces y 
ca1amares) para poder eva1uar la importancia de 10s mictofidos en su 
dieta. Esta revisi6n comprende 1as publicaciones del periodo 1984-85 
hasta la actualidad. En total, mas de 50 trabajos contenian informaci6n 
sobre la composici6n de mict6fidos en la dieta de 10s depredadores 
antarticos. Se encontraron restos de mict6fidos en la dieta de una 
especie de ca1amar, 18 especies de peces (ocho de Nototheniidae - siete 
de Channichthydae - dos de Bathydraconidae y una de Rajidae), 18 
especies de ayes (siete pingUinos, cuatro a1batros, cinco petreles, un 
pri6n y un cormoran), ademas de dos especies de focas. Los 
mict6fidos que forman parte de la dieta de los depredadores 
comprenden 16 especies del genero Krefftichthys (una especie) 
Protomyctophum (cuatro especies), Electrona (cinco especies), 
Metelectrona (una especie) y Gymnoscopelus (cuatro especies). Sin 
embargo, el numero total de especies puede haberse subestimado por la 
dificultad que entrana su identificaci6n en las muestras tomadas de la 
dieta de los depredadores. AIgunas especies de peces, ayes y focas 
consumen mictofidos esporadicamente si estan a su alcance, ademas de 
su dieta acostumbrada. Los pingliinos son quienes consumen el mayor 
porcentaje de mictofidos. El pingUino real, de la zona del Frente Polar 
Antartico del Oceano Indico, es el unico depredador que se limita a los 
mict6fidos. El pez Bathydraconidae, Gymnodraco acuticeps del mar de 
Kosmonavtov (sector del Oceano Indico) puede ser el segundo 
depredador mas importante de mict6fidos. La presencia de estos en la 
dieta de las especies depredadoras parece estar sujeta a grandes 
variaciones, aunque no se tienen datos suficientes para hacer una 
evaluaci6n. Es obvio que los mict6fidos son muy comunes en la 
alimentaci6n de muchos depredadores antarticos. Es preciso realizar 
mas estudios del mayor numero de especies depredadoras posibles para 
valorar su funci6n dentro del ecosistema antartico. Es igualmente 
importante que se obtenga informaci6n sobre la dieta de los mict6fidos. 
Estos estudios deberian seguir metodos estandar que cubran diferentes 
temporadas y zonas geograficas extensas. 
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1. INTRODUCTION 

Myctophids or lanternfish, species of the family Myctophidae, are widely distributed in 
the mesopelagic and bathypelagic waters of the World's oceans. In the Antarctic waters to the 
south of the Antarctic Convergence 35 species of myctophids are found, i.e. within the 
CCAMLR Convention Area (Hulley, 1990). Of these 35 species, 11 have circumpolar 
distributions and are mainly widespread from the Antarctic Polar Front zone (APF) to the edge 
of the Antarctic continental slope. Other species have more restricted distribution and are found 
in localised areas in APF waters (eight species in the Atlantic sector of the Southern Ocean, 13 
species in the Indian Ocean sector and four species in the Pacific sector). The total biomass of 
myctophids in Antarctic waters is estimated to be 70-200 x 1()6 tonnes (Lubimova, Shust and 
Popkov, 1987). Myctophids apparently represent the second largest (after krill) and most 
widely distributed biological resource in Antarctic waters. Four species of myctophids 
(Krefftichthys anderssoni, Electrona antarctica, Electrona carlsbergi and Gymnoscopelus 
nicholsi), all of which are distributed circumpolarly, contribute the bulk of the biomass (over 
80%). The position of myctophids in the Antarctic food web is not adequately understood. It 
was suggested that myctophids might be a part of a separate food chain from krill, e.g. 
phytoplankton -> copepods -> myctophids -> predatory fish and squids -> toothed whales 
(Lubimova, Shust and Popkov, 1987). However, it is also known that diets of many other 
species of top-level predators, such as marine mammals and birds, contain some myctophids 
(Croxall, 1984; Laws, 1984; Bengtson, 1985). In addition several species of myctophids 
consume kriU (see Sabourenkov, 1991). The aim of the present study is to review published 
data on the diet of various top predators (birds, seals, whales, fish and squids) in order to help 
evaluate the importance of myctophids in their diets. 

Early studies on food and feeding ecology of Antarctic top predators were summarised 
in several detailed reviews (e.g., Everson, 1984; Croxall, 1984 and Laws, 1984). These 
studies were chiefly based on observed contents of animals faeces, stomachs or regurgitations 
analysed on the basis of frequency of occurrence of main prey items. Very few studies 
provided a fully quantitative analysis of stomach contents or provided information on numbers 
of individuals or total weight of each prey class. Such information is essential for assessing 
trophic interactions between species, particularly if calculations of prey consumption by 
populations of predators are desired. 

Since the time of these reviews more quantitative studies on food of the Antarctic 
predators were carried out. Methods have become more standardised, particularly because of 
the effort of such international organisations as SCARl and SC-CAMLRZ. 

This review covers publications for the period since the reviews of 1984 to 1985 
mentioned above. In total, over 50 publications contained some information on the myctophid 
component of the diet of Antarctic predators. Many publications report only descriptive 
information and refer to myctophids only as a group of species. Quite a few publications, 
however, provide various quantitative estimates on the proportion and species composition of 
myctophids in the diet of particular predators. 

All available information on myctophids was compiled in order to evaluate the number 
of predator species which have myctophids in their diet and the number of myctophid species 
found in the diet of each predator. The available quantitative results of stomach analyses were 
then combined and discussed for each major group of predator species. Several of the most 
detailed sets of results were summarised and are presented in tabular form in the Annex. 

1 Scientific Committee on Antarctic Research and, in particular, its Group of Specialists on Seals and Bird Biology 
Subcommittee. 

2 Scientific Committee of the Convention on the Conservation of Antarctic Marine Living Resources 
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2. MYCTOPHID COMPONENT OF THE DIET OF PREDATORS 

Recent studies found myctophids in the diet of one species of squid, 18 species of fish 
(eight Nototheniidae, seven Channichthyidae, two Bathydraconidae and one Rajidae), 18 
species of birds (penguins - seven, albatrosses - four, petrels - five, prions - one and 
cormorants - one) and two species of seals (Table 1). No myctophids were reported from 
studies of whale diets in the Antarctic waters3. Two species of myctophids, E. antarctica and 
G. nicholsi were found to eat some juvenile myctophids as a part of their diets (Williams, 1985; 
Takahashi, 1983). 

In total, 16 species of myctophids have been identified so far in the diets of Antarctic top 
predators. They belong to the following five genera: Krefftichthys (one species), 
Protomyctophum (four species), Electrona (four species), Metelectrona (one species) and 
Gymnoscopelus (six species). Identification of myctophid species in food samples is rather 
difficult and some fish remnants and otoliths remain unidentified or identified only to genus 
level. For this reason the actual number of species may be presently underestimated. 

Species composition of myctophids consumed by Antarctic predators is given in 
Table 2. Six species of myctophids have been identified to date in the diet of fish, 10 species 
in the diet of penguins, nine species in the diet of flying birds and 13 species in the diet of 
seals. 

Myctophids were found in the diet of predators in several localities in the Antarctic along 
the APF area and the Antarctic coast (Figure 1). In the APF area data on myctophids came from 
sub-Antarctic islands and two shallow banks (Ob and Lena Bank). On the Antarctic coast 
myctophids were reported from samples taken in the Prydz Bay area, Budd Coast and the east 
coast of the Weddell sea. 

3. QUANTITATIVE AND OTHER DETAll..ED DATA ON MYCTOPHIDS EATEN BY PREDATORS 

3.1 Fish 

Three studies from the Indian Ocean sector and the South Shetland Islands area report 
quantitative data (Takahashi, 1983; Chechun, 1984; Pakhomov and Tseitlin, 1992) (Annex, 
Table 1) but do not distinguish the species of myctophids involved, treating them as a group. 

In the APF area of the Indian Ocean the data come from four different localities: 
Kerguelen Islands, Crozet Islands, Lena and Ob Banks (Chechun, 1984). The food of 11 
species of fish was studied. Myctophids were found in the diet of three species of nototheniids 
and two species of channichthyids. Myctophids do not comprise a staple food item in the diet 
of these fish in the area. 

The diet of Notothenia rossii by percentage of weight contains 3.6% of myctophids in 
the Ob Bank area; in the other three areas it varies from 0.9 to 2.7%. Species of Scyphozoa, 
Ctenophora and Tunicata (salps) comprise the bulk of N. rossii diet (over 30%). Fish comprise 
from 16.1 to 24 % of N. rossii diet. 

The diet of Notothenia squamifrons contains the largest proportion of myctophids 
(13.5% by weight in the Crozet Islands area) in comparison with other fish. Myctophids ofthe 
genus Gymnoscopelus were identified as a separate group. They comprise from 1.6 to 3.4% 
by weight. In other areas (Kerguelen Islands, Lena and Ob Banks) myctophids represent from 
1.8 to 7.6% (salps, hyperiids and polychaetes comprise the bulk of food of N. squamifrons). 
In total, fish comprise from 11.6 to 13.8% (by weight). 

3 Finding of two specimens of E. antarctica from stomachs of minke whale sampled in 1982/83 was recently reported 
(Bushuev, 1991). 
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The diet of Dissostichus eleginoides in the areas surveyed contained 3.3 to 8.4% by 
weight ofmyctophids. Fish comprised at about 75% (73.3 to 77.9%) of its diet. 

The diet of Champsocephalus gunnari and Chaenichthys rhinoceratus was studied only 
in the Kerguelen Islands area. For C. gunnari the proportion of myctophids by weight was 
2.4% and for C. rhinoceratus it was 3.4%. Fish comprised only 7.9% of the diet of 
C. gunnari (the bulk of food was copepods, hyperiids and euphausiids) but 84.3% of the diet 
of C. rhinoceratus. 

The data from the South Shetland Islands area give only frequency of occurrence of 
myctophids in the diet of three species of nototheniids, one species of channichthyid and also of 
G. nicholsi and unidentified Rajidae spp. (Takahashi, 1983). Only Notothenia kempi has a 
high frequency of occurrence of myctophids (33.3%); for the other species it is 1.2 to 3.4%. 
The presence of myctophids in the diet of bottom-dwelling fish such as Rajidae spp. suggested 
the possibility of migrations of myctophids into benthic habitats. 

In the Kosmonavtov Sea, myctophids were found in diets of eight species of fish 
(Pakhomov and Tseitlin, 1992). The myctophid component in the diet of Gymnodraco 
acuticeps (Bathydraconidae) is more than 50% (by weight). This species feeds mainly on fish 
which constitute 97.1% of its food (other fish food in the diet of the species was 
Notothenioidei). Of three studies species of Trematomus (Nototheniidae), only one 
Trematomus eulepidotus, has myctophids (23.5%) in its diet. The remaining food items were 
mainly euphausiids, with E. superba comprising 52.2%. D. eleginoides, the species which 
primarily feeds on fish, has 12.0% of myctophids in its diet in Kosmonavtov Sea with the 
remaining fish food being mainly Notothenioidei (82.1 %). Myctophids are reported only as a 
species-group in this study. 

In the Atlantic sector, earlier studies in the South Georgia area also found myctophids in 
the diet of C. gunnari, Pseudochaenichthys georgianus (Kock, 1981) and D. eleginoides 
(K.-H. Kock, personal communication). During these studies only the frequency of 
occurrence of myctophids was determined. The results indicated that myctophids did not 
comprise a frequent food item of these fish in the South Georgia area. 

3.2 Birds 

The most complete set of quantitative data on myctophids in the diet of Antarctic 
predators come from this group of predators, mainly from studies of Antarctic and 
sub-Antarctic penguins. Summaries of available data are given below by major groups of 
predators. 

3.2.1 Penguins 

King penguin (Aptenodytes patagonicus) 

Information on myctophids in the diet of king penguins came from the APF area of the 
Indian and Pacific Oceans (Marion, Heard and Macquarie Islands) (Annex, Table 2). The king 
penguin feeds mainly on fish in all of these three localities. The proportion of fish is about 
94% by number and by food weight. A small proportion of squid is also taken. Almost all of 
the fish taken by king penguin is myctophids with K. anderssoni and E. carlsbergi being the 
principal prey items. Protomyctophum spp. and Gymnoscopelus spp. are also taken but in 
much smaller quantities. Some variation, however, exists between three localities (Marion, 
Heard and Macquarie Islands) in species composition of myctophids and their proportions in 
the diet (see Table 3). 
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The proportion of K. anderssoni in the diet is largest on Heard and Macquarie Islands. 
On Marion Island an unknown amount of P. tenisoni is included in the reported 31.8% of 
K. anderssoni because otoliths of these two species are very difficult to distinguish. All these 
species of myctophids have circumpolar distribution at least in the APF area with only one 
exception - P. normani which is found to the south of APF only in the Indian Ocean sector. The 
next most abundant food item in the diet on Marion Island (13.4%) and Macquarie Island 
(48.5%) is E. carlsbergi. This species did not comprise any substantial proportion in the diet 
on Heard Island, but this might reflect differences in the timing and duration of field studies. 

Observations at Marion and Macquarie Islands were carried out for a whole year. 
Authors noted very distinct seasonal changes in maximum and minimum proportions of 
K. anderssoni and E. carlsbergi. The observed seasonal variations are summarised in 
Table 4. A very close similarity in the distribution of these species in the diet of king penguins 
is observed on Marion and Macquarie Islands. Observations on Heard Island were conducted 
in November/December when E. carlsbergi is absent in the diet of king penguins at two other 
surveyed islands. These changes in species composition of the diet may reflect seasonal 
changes in distribution of K. anderssoni and E. carlsbergi in the APF area of the Indian Ocean 
as well as seasonal changes in feeding patterns of king penguins. 

Gentoo penguin (Pygoscelis papua) 

Observations have been conducted at four different localities: South Georgia, Marion, 
Heard and Macquarie Islands (Annex, Table 3). 

On South Georgia observations were conducted during winter (May to September) in 
1987 and 1988. Diet composition by sexes was different (Williams, 1991). The diet of 
females in July/August, 1987 consisted mainly of crustaceans (87% by weight) with E. superba 
being a staple food. The diet of males in the same period consisted mainly of fish (83% by 
weight). Gentoo penguins show sexual dimorphism in bill size, and males are larger and may 
be better adapted to catch fish prey. It may also suggest different foraging areas with males 
feeding close to the shore on fish and females feeding off-shore of krill. Three species of 
myctophids were identified in food samples: E. carlsbergi, P. choriodon and G. braueri. 
However, their total number was only 4.3 to 6.2% of the total number of otoliths in samples. 
Diet studies in summer (Croxall and Prince, 1980; Croxall, personal communication) have 
failed to detect myctophids. 

On Marion Island the winter diet (September) comprised 70% fish by weight and 30% 
crustaceans (La Cock, Hecht and Klages, 1984). Three specimens of myctophids belonging to 
the genera Electrona, Protomyctophum and Gymnoscopelus «1.0% of all otoliths) were 
found. A second study gave results of 86.5% fish, <1.0% of crustaceans and 13.5% of squid 
(Adams and Klages, 1987). 

On Heard Island the diet from November 1986 to January 1987 comprised mainly of 
crustaceans (75.2% by number) and fish (22.2% by number and 90.5% by weight). 
Myctophids, mainly K. anderssoni, comprised about 12% by number. 

On Macquarie Island the diet of gentoo penguin was exclusively fish with 58.3% of 
myctophids (by weight). Three species of myctophids were observed: K. anderssoni, 
E. carlsbergi and Gymnoscopelus spp. A proportion of E. carlsbergi was the highest among 
myctophids (27.5% by weight). 
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RoyaVmacaroni penguin (Eudyptes chrysolophus) 

Two papers were recently published on the diet of royaVmacaroni penguins (Annex, 
Table 4). However, only the data for Macquarie Island contain quantitative details (Hindell, 
1988c). Myctophids in the diet comprised 2.2% by number and 41.2% by weight (out of 
45.6% of all fish). Four species of myctophids were found: K. anderssoni, E. carlsbergi and 
two species of genus Protomyctophum and Gymnoscopelus. Other components of the diet 
were crustaceans (51.3% by weight) and small amount of squids. 

On Crozet Islands 35.4 % (by volume) of the diet of royaVmacaroni penguins consists 
of myctophids; K. anderssoni (17.2%), E. carlsbergi (9.0%) and P. tenisoni (6.7%) (Ridoux, 
1987). 

Results of several studies have been published recently but quantitative data on the diet 
of this species of penguin is available only for Macquarie Island (Annex, Table 5, Hindell 
1988a). The diet of this species contained only a small proportion of fish (1.2% by number 
and 28.3% by weight). Myctophids comprised only about 0.7% in number and 23.1% by 
weight. Other food items were crustaceans (69.4% by weight) and a small amount of squids. 

3.3 Flying Birds 

Quantitative data on myctophids in the diet of flying birds had been obtained for the 
Wilson's storm petrel from South Georgia and for the blue-eyed cormorant at Macquarie Island 
(Annex, Table 6). The diet of Wilson's storm petrel contain only 1.0% of fish (by number) 
forming 28% of the diet by weight. Fish was only myctophids: P. normani and P. bolini. 
G. nicholsi was found in the diet of the cormorant. It represented 0.2% (by number) of all 
fish. 

Fish form 24% by weight of the diet of white-chinned petrels (Croxall and Prince, 
1987). Myctophids comprise 81 % by number and about 75% by weight of the fish portion of 
the diet (Croxall and North, personal communication). Seven species of myctophid were 
identified (see Table 2) of which E. antarctica, E. carlsbergi and G. nicholsi were the most 
common species (contributing 77% by number and 78% by weight of all myctophids). 

3.4 Seals 

3.4.1 Antarctic fur seal (Arctocephalus gazella) 

Results of four recent studies on the diet of the Antarctic fur seal contain some 
quantitative assessments (Annex, Table 7). Myctophids comprised the bulk of all otoliths 
found in scats of the Antarctic fur seal in the Heard and Macquarie Islands: 60.4 to 85.0% and 
88.3%, respectively. Myctophids of the following species were most frequent: 

Heard Island - E. antarctica, E. subaspera and G. nicholsi; 
Macquarie Island - E. subaspera and one unidentified species of genus Electrona. 

On South Georgia myctophids (G. nicholsi) comprised 10.9% of otoliths in scat 
samples but by weight this represented only about 2% of the diet (Doidge and Croxall, 1985). 
Other food items were several species of nototheniids and channichthyids and also some squids 
with the main diet being Antarctic kril1. 
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4. DISCUSSION 

Since the reviews of 1984 and 1985 many quantitative assessments of the diet of the 
Antarctic predators have been undertaken. Most studies had been carried out on sub-Antarctic 
islands, on the Antarctic coast and in adjacent waters. 

The importance of myctophids as food for other fish is still poorly known. Though 
myctophids were recently reported from diet studies of 18 species of fish, the number of 
quantitative studies and their geographical coverage is very limited. 

With several exceptions, studies on the diet of birds and seals were generally conducted 
ashore during their breeding season. Less is known of the diet composition of these predators 
during winter when most of them feed at sea and do not return ashore. Geographical 
distribution of sites where myctophids were found in the diet of predators, reflect this situation 
(Figure 1, Tables 1 and 3). All myctophids were encountered in the two narrow zones: the APF 
area from the Antarctic Peninsula east to Macquarie Island (nine localities) and the Antarctic 
coast (four neighbouring localities). Recent studies in the Weddell Sea have shown that outside 
of breeding seasons in winter myctophids are very significant by mass in diets of Adelie 
penguins (17%), Antarctic petrel (64%) and snow petrel (87%) (D.G. Ainley, personal 
communication). 

Most quantitative information of myctophids came from studies of diets of penguins. 
Studies of the diet of king penguin represent the best set of data available. Apparently this 
species of penguin is the only specialist predator on myctophids at least in the APF area of the 
Indian Ocean. Unfortunately no quantitative data are available on the diet of king penguins on 
South Georgia where the bulk of the diet of many predatory species consists of kriU, 
E. superba. However, Croxall (1991) lists this species as feeding on myctophids at South 
Georgia as well. Myctophids were found also in diets of three other species of penguins: 
gentoo, macaroni and rockhopper. However, the level of quantitative details on myctophids in 
these studies was not sufficient to make any conclusion on consumption of myctophids or to 
compare diets in different geographical areas. 

Limited quantitative description of myctophids in the diet of two species of flying birds, 
Wilson's storm petrel and blue-eyed cormorant, is available. 

Myctophids in the diet of Antarctic seals in recent studies are reported only for the 
Antarctic fur seal from South Georgia, Heard and Macquarie Islands. Unfortunately the data 
basically give only frequency of occurrence of myctophids by species found in collected scats. 
In 1988 Soviet researchers took more than 200 stomach samples of crabeater, leopard, 
Weddell, Ross and elephant seals. Preliminary results contained no information on myctophids 
(Vagin and Shust, 1989). 

The diet of Antarctic predators is highly variable temporally and geographically. For 
many breeding areas information on the diet composition of many predators is not yet available. 
Table 3 summarises by breeding areas the available information for birds and seals the diet of 
which, at least at some areas, contain myctophids. This summary table allows a very rough 
assessment of the extent to which dietary studies have been undertaken at predators' breeding 
areas. The table also illustrates geographical variations in the diet of some species in relation to 
myctophids. 

The diet of the Antarctic predators in relation to myctophids varies seasonally and 
annually depending on a stage of the predator life cycle and food availability in the area. 
Present data on myctophids are insufficient for any sort of quantitative assessment of this 
variability. Only for the king penguin are data available from year-round studies. 

Most of earlier studies which reported myctophids in the diet of predators, contain only 
one quantitative parameter, frequency of occurrence of food items in samples. Very often 
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myctophids were reported as a group of fish without species identification. Several recent 
studies, however, are based on quantitative analysis of dietary components with most fish 
species identified. Although these studies involve different types of analysis and use different 
parameters in order to describe the observed diet composition, some of them contain various 
quantitative characteristics which may enable comparison of the myctophid component of the 
diet of various predators. However, noting the paucity of available data for some predators and 
the fact that data come from different geographical localities, conclusions on the diversity of 
myctophid species in the diet of predators are not possible (Table 2). It appears, however, that 
myctophids of genus Electrona are common in the diet of all predators and, in terms of 
myctophid component, the diet of birds and seals is more diverse than the diet of fish. 

5. CONCLUSION 

(i) Most of the data on myctophids in the diet of Antarctic predators came from studies 
conducted in the following two zones: 

• Antarctic Polar Front area between the Antarctic Peninsula and Macquarie Island; and 
• Antarctic coast. 

(ii) Myctophids were found in the diet of one species of squid, 18 species of fish (eight of 
Nototheniidae, seven - Channichthyidae, two - Bathydraconidae and one -Rajidae), 
18 species of birds (penguins - seven, albatrosses - four, petrels - five, prions - one 
and cormorants - one) and two species of seals (Table 1). No myctophids were 
reported from studies of whale diets in the Antarctic waters. Two species of 
myctophids, E. antarctica and G. nicholsi were found to eat some juvenile myctophids. 

(ill) Myctophids in the diet of predatory species are represented by 16 species of genera 
Krefftichthys (one species), Protomyctophum (four species), Electrona (five species), 
Metelectrona (one species) and Gymnoscopelus (four species). However, the total 
number of species may be underestimated because identification of myctophids in 
predator food samples is still difficult. 

(iv) Many species of fish, birds and seals take myctophids opportunistic ally in addition to 
their staple diet. Penguins have the largest proportion of myctophids in their diet. The 
king penguin in the APF area of the Indian Ocean is the only one specialist predator on 
myctophids. The Bathydraconidae fish, Gynmodraco acuticeps, from the 
Kosmonavtov Sea (Indian Ocean sector) may be the second most important predator of 
myctophids. 

(v) The occurrence of myctophids in the diet of predatory species appears to be highly 
variable though there are insufficient data to evaluate this. Apart from the obvious 
variability of the diet composition in different geographical areas, the myctophid diet is 
subject to seasonal and inter-annual variability. 

(vi) It is obvious that myctophids are widespread in diets of many Antarctic predators. 
However, the available information is mostly descriptive and lacks quantitative 
assessments. It is clear that more quantitative studies on as many as possible species of 
predators are required in order to assess the role of myctophids in the Antarctic 
ecosystem. Information on the diet of myctophids themselves is also important. These 
studies should use standardised methods, be carried out in different seasons and have a 
wide geographical coverage. 

(vii) Any research in the Antarctic, and in particular on such a widespread and abundant 
resource as myctophids, will benefit from international cooperation. The CCAMLR 
Scientific Committee may wish to play an important role in coordinating future 
international research on Antarctic myctophids. 
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Table 1: Known predators of myctophids in Antarctic waters. 

++++ 
+++ 
++ 
+ 

Species 

Myctophidae spp. 

Major diet component 
Common, although usually not a major diet component 
Minor diet component 
Occasional diet component 
Rare diet component 

Known Predators Impor- Area Reference 
tance 

Squids: 
Species not specified ++++ Antarctic open waters Lubimova 1985 
Moroteuthis knipovitchi ++++ Not specified Nemoto et al. 1985 

Fish: 
Nototheniidae: 
N. kempi +++ South Shetlands Takahashi 1983 
N. rossii, ++ Kerguelen Is, Chechun 1984 

N. squamifrons and Crozet Is, Lena Duhamel, Hureau 1985 
D. eleginoides and Ob Banks 

D. Mawsoni ++ Kosmonavtov Sea Pakhomov, Tseitlin 1992 
T. eulepidotus 
T. (Pagothenia)hansoni 

++ 

T. centronotus 
T. (Pagothenia) hansoni Lfitsow-Holm Bay Naito, Iwami 1982 
Channichthyidae: 
C. gunnari and ++ Kerguelen Is, Crozet Is Chechun 1984 

Ch. rhinoceratus Lena and Ob Banks Duhamel, Hureau 1985 
C. gunnari, ++ South Georgia Kozlov et al. 1988 

P. georgianus and 
C. aceratus 

C. rastrospinosus, + South Shetlands Takahashi 1983 
C. gunnari and 
P. georgianus 

C. wilsoni + Kosmonavtov Sea Pakhomov, Tseitlin 1992 
C. hamatus ++ 
Bathydraconidae: 
Cygnograco mawsoni + Kosmonavtov Sea Pakhomov, Tseitlin 1992 
Gymnodraco acuticeps +++ 
Rajidae spp. + South Shetlands Takahashi 1983 
Myctophidae: 
E. antarctica Not specified Williams 1985 
G. nicholsi South Shetlands Takahashi 1983 

Birds: 
Adelie penguin Magnetic Is, Davis Puddicombe, 

Johnstone 1988 
Adelie penguin ++++ WeddellSea Ainley (pers. comm.) 
Antarctic petrel, storm petrel ++++ WeddellSea Ainley (pers. comm.) 
Light-mantled sooty albtrs ++ South Georgia Thomas 1982 
Black-browed albatross + South Georgia Prince 1980 
Grey-headed albatross + South Georgia Prince 1980 
King penguin, dove prion, ++ South Georgia Croxa111990 
blue petrel, black-bellied 
storm petrel 
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Table 1 (continued) 

Species Known Predators Jrnpor- Area Reference 
tance 

Seals: 
Ross seal + Not specified As cited by Laws 1984 

Kre!!tichthys King penguin ++++ Marion Is Adarns, Klages 1987; 
anderssoni Cooper, Brown 1990 

King, royal/macaroni, +++ Macquarie, Heard Is Williams 1988, 1989; 
rockhopper and Klages et al. 1989; 
gentoo penguins Hindell 1988; 

Cooper, Brown 1990 
Royal/macaroni penguin ++ Macquarie Is Home 1985 

+++ CrozetIs Ridoux 1987, 
Ridoux et al. 1988 

Antarctic fur seal ++++ Heard Is Green et al. 1989 

Protomyctophum King penguin + Marion Is Adarns, Klages 1987; 
bolini Cooper, Brown 1990 

Royal/macaroni, ++ Macquarie, Heard Is Williams 1989, 
rockhopper and Klages et al. 1989; 
gentoo penguins Cooper, Brown 1990 
Antarctic fur seal +++ Heard Is Green et al. 1989 
Wilson's storm petrel + South Georgia Croxall et al 1988a; 

Croxall, North 1988b 
Protomyctophum King penguin +++ Marion Is Adarns, Klages 1987; 
normani Cooper, Brown 1990 

Wilson's storm petrel + South Georgia Croxall et al 1988a; 
Croxall, North 1988b 

White-chinned petrel + South Georgia Croxall, North 
(pers. comm.) 

Protomyctophum Gentoo penguin ++ South Georgia T. Williams 1990 
choriodon C. gunnari Kerguelen Hull, Camus, 

Hureau 1989 
White-chinned petrel ++ South Georgia Croxall, North 

(pers. comm.) 

Protomyctophum King, Royal/macaroni, +++ Marion Is Adarns, Klages 1987; 
tenisoni rockhopper, gentoo penguin Cooper,Brown 1990 

Royal/macaroni +++ CrozetIs Ridoux 1987, 
Ridoux et al. 1988 

Salvin's prion ++ Marion Is Cooper, Brown 1990 

Protomyctophum C. gunnari ++ South Georgia Kozlov et al. 1988 
C. aceratus +++ 
P. georgianus +++ 
Gentoo penguin + Marion Is La Cock et al. 1984 
Rockhopper penguin Macquarie Is Hindell1988 

Electrona Adelie penguin + Bechervaise Is, Kerry (pers. comm.) 
antarctica Mawson 

Emperor penguin +++ Mawson coast As cited by 
Williams 1990 

King penguin +++ Heard Is Klages et al. 1989 
Snow petrel +++ Budd coast As cited by 

Williams 1990 
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Table 1 (continued) 

Species Known Predators bnpor- Area Reference 
tance 

White-chinned petrel +++ South Georgia Croxall, North 
(pers. comm.) 

Antarctic fur seal ++++ Macquarie Is Green et al. 1989 
Elephant seal Heard, Macquarie Is Green (pers. comm.) 

Electrona Squids Not Not specified Zasel'skiy et al. 1985 
carlsbergi Notolepis spp. speci-

Chaenichthyidae spp. fled 
Adelie penguin + Magnetic Is, Davis R. Williams 

(pers.comm.) 
King penguin ++++ Macquarie Is Hindell 1988a, 

Williams 1988 
+++ Marion Is Adams, Klages 1987; 

Cooper, Brown 1990 
++++ Heard Is Klages et al. 1989 

Gentoo penguin ++++ Macquarie Is Williams 1988 
Heard Is Hindell 1989 

Klages et al. 1989 
++ South Georgia T. Williams 1990 

Chins trap penguin ++ Bouvet Is Cooper et al. 1984 
Royal/macaroni penguin ++ Heard, Macquarie Is Williams 1988, 1989 

++ Crozet Is Ridoux 1987, 
Ridoux et al. 1988 

Rockhopper penguin Macquarie Is Hindell 1988c 
King, Royal/macaroni, ++/ Marion Is Cooper, Brown 1990 
gentoo, rockhopper penguin +++ 
Sooty albatross +++ Marion Is Cooper, Klages 
Light mantled sooty albtrs (in press) 

White-chinned petrel +++ South Georgia Croxall, North 
(pers. comm.) 

Blue petrel, Salvin's prion ++/+ Marion Is Cooper, Brown 1990 
Antarctic fur seal ++ Macquarie Is Green et al. 1990 

++ Heard Is Green et al. 1989 
C. gunnari Kerguelen Hulley, Camus, 

Hureau 1989 
Electrona Antarctic fur seal Macquarie Is Green et al. 1990 
paucirastra C. gunnari Kerguelen Is Hulley, Camus, 

Hureau 1989 

Electrona Gentoo penguin ++++ Macquarie Is Green et al1990 
subaspera Macaroni penguin + Marion Is Cooper, Brown 1990 

Antarctic fur seal ++++ Macquarie Is Green et a11990 
++ Heard Is Green et al. 1989 

Great-winged petrel, Soft- + Marion Is Cooper, Brown 1990 
plumaged petrel 
Elephant seal Heard, Macquarie Is Green (pers. comm.) 

Electrona spp. C. gunnari ++ South Georgia Kozlov et al. 1988 
C. aceratus +++ 
P. georgianus +++ 
Gentoo penguin + Marion Is La Cock et al. 1984 
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Table 1 (continued) 

Species Known Predators Jmpor- Area Reference 
tance 

Metelectrona D. elegionoides Kerguelen Is Hulley, Camus, 
lIentralis Duhamel1989 

D. eleginoides Heard Is Williams 1990 
C. gunnari Kerguelen Is Hully, Camus, 

Duhamel1989 

Gymnoscopelus Gentoo penguin + South Georgia T. Williams 1990 
White-chinned petrel + South Georgia Croxall, North 

(pers. comm.) 
Antarctic fur seal + Heard Is Green et al. 1989 
New Zealand fur seal + Macquarie Is Green et al. 1990 
Elephant seal Heard, Macquarie Is Green (pers. comm.) 

Gymnoscopelus Antarctic fur seal + Heard Is Green et al. 1989 
bolini + Macquarie Is Green et al. 1990 

D. elegionoides Kerguelen Is Hulley, Camus, 
Duhamel 1989 

Gymnoscopelus Antarctic fur seal Heard, Macquarie Is Green (pers. comm.) 
fraseri 

Gymnoscopelus* Gentoo penguin +++ Macquarie Is Hindell 1989 
nicholsi ++ Marion Is Cooper, Brown 1990 

King penguin +++ Heard Is Klages et al. 1989 
Rockhopper penguin + Marion Is Cooper, Brown 1990 
White-chinned petrel +++ South Georgia Croxall, North 

(pers. comm.) 
Blue-eyed Cormorant ++++ Macquarie Is Green et al. 1990 
Antarctic fur seal +++ Macquarie Is Green et al. 1990 

+++ Heard Is Green et al. 1989 
++++ South Georgia North et al. 1983 

Elephant seal Heard, Macquarie Is Green (pers. comm.) 

G. piabilis Sooty albatross ++ Marion Is Cooper, Klages 
(in press) 

G. macrolampas White-chinned petrel ++ South Georgia Croxall, North 
(pers. comm.) 

Gymnoscopelus King penguin + Marion Is Adams, Klages 1987 
spp. Gentoo penguin ++ Macquarie Is Williams 1988 

Gentoo penguin + Marion Is La Cock et al. 1984 
Rockhopper penguin Macquarie Is Hindell 1988 
Sooty albatross ++ Marion Is Cooper, Klages 

(in press) 
C. gunnari ++ South Georgia Kozlov et al. 1988 
C. aceratus +++ 
P. georgianus +++ 

Diaphus sp. Great- winged petrel + Marion Is Cooper, Brown 1990 
Kerguelen petrel 

* It is possible that G. piabilis makes most of the contribution in the predators' diets at Macquarie Is because 
otoliths of these two species are very hard to distinguish (Williams, 1990). 
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Table 2: Occurrence of myctophids in the diet of Antarctic predators (for references see 
Table 1). 

* Distribution of myctophids to the south of the Antarctic Convergence: 
Et> 
o 
x 

Distributed circumpolar between ACC and the Antarctic coast 
Distributed circumpolar in the ACC waters 
Localised distribution in the ACC waters 

~ 
~ § .- ~ ~ ~ 

~ ~ '?( ~ ~ ~ '- ~ ~ .k£ ~ ~ 
.;::: .-~ '- ~ & -~ '1:: ~ ~ 

~ .~ ~ ~ g '-~ '- ~ ~ ~ ~ 
~ ] ~ ~ ~ .-~ E 

~ ~ '-'- .~ ~ ~ -~ ] ~ ~ ~ ~ "- ~ ~ ~ 

~ ~ ~ ~ ~ 8 <;.) ~ ~ ..t:) ..t:) 

~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ Q,. ~ ~ ~ ~ ~ 

Distribution of myctophids* Ea Ea 0 x x Ea Ea 0 x x Ea Ea 0 

Squids + + 

Nototheniidae: 
N. rossii + 
N. kempi + 
N. sQuamifrons + + + 
D. elef,!inoides + + 
D. mawsoni + 
T. (Pafwthonei) hansoni + 
T. eulepidotus + 
T. centronotus + 

Channichthyidae: 
P. f,!eorf,!ianus + 
Ch. rhinoceratus + + + + + 
C. flunnari + 
C. aceratus + 
C. rastrosoinosus + 
C. wilsoni + 
C. hamatus + 

BathYdraconidae: 
C. mawsoni + 
C. acuticeos + 

Raiidae sPP. + 

Myctophidae: 
E. antarctica + 
G. nicholsi + 

;3 .~ 
~ 

..f 'is 
~ ~ 

0 x 

~ rIl ~ rIl 

I ~ '-s 
~ ~ 

~ ~ ~ 
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Table 2 (continued) 

~ ~ ~ 
~ § ~ ] '"S '- ~ ~ ~ IU ~ ~ .~ l: g ~ ] ~ 
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~ ~ .- ~ ~ ~ 

:-:::t ~ ] ~ 
.~ ~ ~ 1 l ~ ~ ~ ~ .-

~ l: - u 
2 - ~~ 2 § ~ .g ~ .~ S j; t:j .g ~ u ~ ~ 's. ~6 
~ ~ ~ ~ ~ ~ 

~ 
~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ Q., ~ \j 

Distribution of myctophids* Et> Et> 0 x x Et> Et> 0 x x Et> Et> 0 0 x x 

Penguins: 
Emperor + + 1 
Kin!! + + + + + + + + 7 
Adelie + + + 2 
Chinstrap + + 1 
Gentoo + + + + + + + + + + 9 
Rockhoooer + + + + 3 
Macaroni + + + + + 4 

Flying Birds: 
Sooty albatross + + + 2 
Light-mantled sooty albtrs + + + 2 
Black-browed albatross + 
Grey-headed albatross + 
Snow petrel + 
Doveprion + 
Salvin's prion + 1 
Blue petrel + + 1 
White-chinned petrel + + + + + + + + 7 
Wilson's storm petrel + + + 2 
Black-bellied storm petrel + 
Great-winged petrel + 1 
Soft-plumaged petrel + 1 
Blue-eyed Cormorant + + 1 

Seals: 
Fur seal + + + + + + + + + + + + + + 13 

Elephant seal + + + + + 4 
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Table 3: Myctophids in the diet of Antarctic birds and marine mammals in breeding areas. (Information on breeding areas is adopted from Bengtson (1985) and 
publications listed in Table 1). 

+ Species present but no information on the diet available 
EB Myctophids found in the diet 
o Myctophids not found in the diet 

Breeding Areas _ _ 

~ 
~ 

::l 
r£ .c "" .... 
~~. = .:g ·s ~ "" "" i ~ Predators ..... ..... 'i]] U References to 0 = No myctophids in the diet 

~ j .~ "" <I.! 

"" ~oc u ..... u (for references to E9 = yes, see Table 1) ..... Cl '::1 '::1 = .... ~ , ..... g -a:> g j ~ ~ 0- J .fi ~:l > 
El ~ = == = 

~ 0 r53r53 ~ 0 ~ U tIl ~ 
-

Emperor penguin + 0E9 Klages 1989; Gales et al. 1990; Offredo, Ridoux 1985 
King penguin E9 + + E9 E9 E9 
Adelie penguin 0 + + 0E9 Ridoux,Offredo 1989; Lishman 1985 
Chinstrap penguin + 0 + E9 + Croxall, Furse 1980; Lishman 1985 
Gentoo penguin E9 + + E9 E9 0E9 + + Croxall, Prince 1980 
Rockhopper penguin + + + E9 E9 
Macaroni penguin + E9 + E9 E9 0 0 + Croxall, Prince 1980; Croxall, Furse 1980 
Sooty albatross E9 I 
Light-mantled sooty albatross E9 + + + + E9 + + + + 
Grey-headed albatross + + + + E9 
Black-browed albatross + + + + E9 
Snow petrel + + + + 0E9 Ridoux, Offredo 1989 I 
Blue petrel E9 + + + E9 Cooper, Brown 1990 
Great winged petrel E9 + + Cooper, Brown 1990 I 
Kerguelen petrel E9 + + Cooper, Brown 1990 
Soft plumaged petrel E9 + Cooper, Brown 1990 I 
Doveprion + + + + E9 + 
Salvin's prion E9 + Cooper, Brown 1990 I 
White-chinned petrel; + + + + E9 
Wilson's storm petrel + + + E9 + + + 0 Ridoux, Offredo 1989 I 
Black-bellied storm petrel E9 
Cormorant (P. atriceps) E9 + 0 + + Croxall et al. 1991 I 
Fur seal + + + E9 E9 E9 + + + 
~lep~tseal 1..-+- + -+_L~ ~ 0 + + + Rodhouse et al (in press) I - ~- -



Table 4: Myctophids in the diet of king penguins on Marion, Heard and Macquarie Islands 
in percentage by numbers of food items (adopted from Adams and Klages, 1987; 
Hindell, 1988b; Klages et al., 1980). 

Myctophidae Species Marion Is Heard Is Macquarie Is 

K. anderssoni 31.76 96.5 48.1 
P. bolini 0.12 + -
P. normani 0.98 - -
Protomyctophum spp. - - 1.0 
E. antarctica - + -
E. carlsbergi 13.16 + 48.5 
G. nicholsi - + -
Gymnoscopelus spp. 0.23 - 0.3 
Unidentified 34.75 - -

Fish total 82.8 99.7 99.1 
Myctophids total 81.0 ",,99.7 97.9 
Squid 17.01 0.15 1.0 

Table 5: Seasonal variability in occurrence of K. anderssoni and E. carlsbergi in the diet of 
king penguins on Marion, Heard and Macquarie Islands (adopted from Adams and 
Klages; 1987; Hindell, 1988b; Klages et al. 1980). 

x observed in the diet 
o not observed in the diet 

Locality Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov nee 

Marion Is K. anderssoni 0 0 0 0 0 0 0 0 x x x x 
E. carlsber/?i 0 0 0 0 0 0 x x 0 0 0 0 

Macquarie Is K. anderssoni 0 x x x x 0 0 0 0 x x x 
E. carlsbergi 0 0 0 0 0 x x x x 0 0 0 

Heard Is K. anderssoni x x 
E. carlsbergi 0 0 
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Localities (d) where myctophids were found in the diet of Antarctic predators. 



Tableau 1: 

Tableau 2: 

Tableau 3: 

Tableau 4: 

Tableau 5: 

Figure 1: 

Liste des tableaux 

Predateurs connus de Myctophidae dans les eaux antarctiques. 

++++ Element majeur du regime alimentaire 
+++ Element commun mais rarement majeur du regime alimentaire 
++ Element secondaire du regime alimentaire 
+ Element se trouvant parfois dans le regime alimentaire 

Element rare du regime alimentaire 

Presence de Myctophidae dans le regime alimentaire des prooateurs antarctiques 
(cf. tableau 1 pour les legendes). 

* 
E9 

o 
x 

Repartition des Myctophidae au sud de la Convergence antarctique; 
Reparti entre le courant circumpolaire antarctique (ACC) et la cote de 
rAntarctique 
Reparti dans les eaux de rACC 
Repartition localisee dans les eaux de l'ACC 

Les Myctophidae dans le regime alimentaire des oiseaux et mammiferes marins 
de l'Antarctique dans les lieux de reproduction (les informations sur les lieux de 
reproduction proviennent de Bengtson (1985) et des publications citees au 
tableau 1). 

+ Espece presente mais pour laquelle on ne dispose d'aucune information 
sur le regime alimentaire 

E9 Myctophidae presents dans le regime alimentaire 
o Myctophidae absents du regime alimentaire 

Myctophidae dans le regime alimentaire des manchots royaux des lles Marion, 
Heard et Macquarie en pourcentage du nombre de specimens d'aliments (d'apres 
Adams et Klages, 1987; Hindell, 1988b et Klages et al., 1980). 

Variabilite saisonniere de la presence de K. anderssoni et E. carlsbergi dans le 
regime alimentaire des manchots royaux des lles Marion, Heard et Macquarie 
(d'apres Adams et Klages, 1987; Hindell, 1988b et Klages et al., 1980). 

x Observe dans le regime alimentaire 
o Pas observe dans le regime alimentaire 

Liste des figures 

Emplacements (.1) OU ont ete trouves des Myctophidae dans le regime alimentaire 
des predateurs antarctiques. 

CnHCOK Ta6JIHI..\ 

Ta6JIHI..\a 1: H3BecTHbIe XH~HHKH MHKTO<PH~ B aKBaTopHH AHTapKTHKH. 
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++++ OCHOBHOH KOMnOHeHT pal..\HOHa 

+++ qacTo BCTpetIaIO~HHC.sI, XOT.sI 06bltIHO He OCHOBHOH 

KOMnOHeHTpal..\HOHa 

++ BTopOCTeneHHbIH KOMnOHeHT pal\HOHa 



+ CJIYlJaHHbu':i KOMnOHeHT paU;HOHa 

Pe~KHHKOMnOHeHTpaU;HOHa 

Ta6JIHu;a 2: IIpHCYTcTBHe MHKTo<lm~ B paU;HoHe AHTapKTHlJeCKHX XHIllHHKOB (~JI5I 
CnpaBOK CM. Ta6JIHU;Y 1). 

* 

o 
x 

Pacnpe~eJIeHHe MHKTO<lm~ K lOry OT AHTapKTHlJeCKOH 

KOHBepreHU;HH 

Pacnpe~eJIeHHbIe Me)K~y AUT (AHTapKTHlJeCKOe 

U;HpKyMnOJI5IpHOe TelJeHHe) H AHTapKTHlJeCKHM 

n06epe)KbeM 

Pacnpe~eJIeHHbIe B Bo~ax AUT 

JIoKaJIH3HpOBaHHoe pacnpe~eJIeHHe B Bo~ax AUT 

Ta6JIHu;a 3: MHKTO<PH~bI B paU;HoHe AHTapKTHlJeCKHX nTHU; H MOPCKHX 

MJIeKOnHTalOlllHX B paHoHax pa3MHO)KeHH5I (HH<p0pMaU;H5I no paHoHaM 

pa3MHO)KeHH5I 6bIJIa 3aHMCTBOBaHa H3 BeHrcToHa (1985) H ny6JIHKaU;HH, 

YKa3aHHbIX B Ta6JIHu;e 1). 

+ BH~bI npHcyTcTBylOT, HO HeT HH<popMaU;HH 0 paU;HOHe 

Et> MHKTO<PH~bI 06HapY)KeHbI B paU;HOHe 

o MHKTO<PH~bI He 06HapY)KeHbI B paU;HOHe 

Ta6JIHu;a 4: MHKTO<pH~bI B paU;HoHe KOpOJIeBCKOro nHHrBHHa Ha OCTpOBax 

MapHOH, Xep~ H MaKyopH B npou;eHTHOM CO~ep)KaHHH no KOJIHlJeCTBY 

06beKTOB nHIllH (B35ITO H3 A~aMC H KJIeH~)KeC, 1987; XHH~eJIb, 1988 H H 

KJIeH~)KeC H ~p., 1980). 

Ta6JIHu;a 5: Ce30HHoe pa3Ho06pa3He npHcYTcTBH5I K. anderssoni H E. carlsbergi B 

paU;HoHe KOpOJIeBCKOro nHHrBHHa Ha OCTpOBax MapHOH, Xep~ H 

MaKyopH (B35ITO H3 A~aMC H KJIeH~)KeC, 1987; XHH~eJIb, 1988H H 

KJIeH~)KeC H ~p., 1980). 

X Ha6JIlO~aJIHCb B paU;HoHe 

o He Ha6JIlO~aJIHCb B paU;HOHe 

CnHCOK PHCYHKOB 

PHCYHOK 1: YlJaCTKH (B), Ha KOTOPbIX 6bIJIH 06HapY)KeHbI MHKTO<PH~bI B paU;HOHe 

AHTapKTHlJeCKHX XHIllHHKOB. 

Tabla 1: 

Lista de las tablas 

Depredadores de mict6fidos de las aguas antarticas. 

++++ Cornponente principal de la dieta 
+++ Cornponente cornun, aunque no es e1 principal 
++ Cornponente de segundo orden de la dieta 
+ Cornponente poco c0rnun de la dieta 

Cornponente excepcional de la dieta 
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Tabla2: 

Tabla 3: 

Tabla4: 

Tabla5: 

Figura 1: 

360 

Presencia de mictofidos en la dieta de los depredadores antarticos (vease tabla 1 
para referencia). 

* 
(i) 

o 
x 

Distribuci6n de mict6fidos al sur de la Convergencia Antartica 
Distribuci6n circumpolar entre la CCA (Convergencia Circumpolar 

Antartica) y la costa antartica 
Distribuci6n circumpolar en las aguas de la CCA. 
Distribuci6n localizada en las aguas de la CCA. 

Mict6fidos en la dieta de las ayes y mamfferos marinos antlirticos en las zonas de 
cria (la informaci6n sobre las zonas de cria es de Bengtson (1985) y de las 
publicaciones que figuran en la tabla 1). 

+ Especies encontradas, pero no hay datos sobre la dieta. 
(i) Mict6fidos encontrados en la dieta 
o Mict6fidos inexistentes en la dieta 

Mictofidos en la dieta de los pingiiinos reales de las islas Marion, Herad y 
Macquarie, en relaci6n a los distintos alimentos consumidos (segun Adam y 
Klages, 1987; Hindell, 1988 y Klages et al. 1980). 

Variabilidad estacional de K. anderssoni yE. carlsbergi en la dieta de los 
pingiiinos reales de las islas Marion, Heard y Macquarie, (se gun Adam y 
Klages, 1987; Hindell, 1988 y Klages et al. 1980). 

x presente en la dieta 
o ausente de la dieta 

Lista de las figuras 

Localidades (d) en don de se encontraron mict6fidos en la dieta de los 
depredadores antarticos 
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Table 1: Myctophids in the diet of Antarctic fish (Chechun, 1984 and Takahashi, 1983). 

Area 

Fish Species Kerguelen Is CrozetIs LenaBank: Ob Bank: 

%F %Wt Sample %F %Wt Sample %F %Wt Sample %F %Wt Sample 
Size Size Size Size 
(n) (n) (n) (n) 

N. rossii 8.6 2.7 787 6.7 0.9 165 6.7 2.3 318 8.3 3.6 269 

N. squamifrons 3.6 3.4 671 14.5 13.5 216 8.4 8.1 123 17.1 10.7 636 

D. eleginoides 8.8 5.7 217 12.9 7.7 103 4.8 3.3 69 11.2 8.4 96 

C.gunnari 14.2 2.4 1296 - - - - - -

C. rhinoceratus 2.4 3.4 490 - - - - - -
~----

Area 

Fish Species South Shetland Is 
%F %Wt Sample 

Size 
(n) 

P. georgianus 3.4 - 47 

C. rastrospinosus 1.2 - 185 

N. kempi 33.3 - 10 

C.gunnari 1.4 - 89 

Rajidae spp. 1.4 - 85 

G. nicholsi 3.1 - 39 w 
~ ----' -



---.--.----------------------------------------------------------------

Table 2: Myctophids in the diet of king penguins. 

Myctophidae Species %F %N %W Prey Size/Mass Stomachs 
(mm/g) n 

Macquarie Is, November 1984 to November 1985, seasonal changes in the diet exist 
(Hindell, 1988b) 

K. anderssoni 68 48.1 37.7 SL55/2.5 80 
Protomyctophum spp. 22 1.0 0.9 - 26 
E. carlsbergi 71 48.5 53.2 SL76/6.5 84 
Gymnoscopelus spp. 3 0.3 0.3 - 3 
Unidentified 3 <0.1 <0.1 - 3 

Total fish 99.1 97.8 

Heard Is, November 1986 to January 1987 (Klages et al., 1990) 

K. anderssoni 95.8 96.5 SL48.5/1.9 
P. bolini 4.2 
E. antarctica 4.2 
E. carlsbergi 25.0 ST81/8.1 
G. nicholsi 4.2 
Unidentified 20.8 

Total fish 99.7 99.4 18 

Marion Is, March 1984 to March 1985 (Adams and Klages, 1987) 

Myctophidae total 83.3 34.75 
K. anderssoni 85.0 31.76 48.3/1.9 
P. bolini 9.2 0.12 
P. normani 28.3 0.98 79.7/6.4 
E. carlsbergi 70.0 13.16 82.3/8.7 
Gymnoscopelus spp. 3.3 0.23 

Total fish 82.8 86.5 120 
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Table 3: Myctophids in the diet of gentoo penguins. 

Myctophidae Species %F %N %W Prey Size/Mass Stomachs 
(mm/g) n 

Heard Is, November 1986 to January 1987 (Klages et al., 1990) 

K. anderssoni 65.5 SL43.l/1.5 
P. bolini 5.5 
E. antarctica -
E. carlsbergi 7.7 TL86.0/9.8 
G. nicholsi -
Unidentified 1.8 

Total fish 22.2 90.5 54 

Macquarie Is, April to November 1985 (Hindell, 1989) 

96 
K. anderssoni 15.1 37.5/1.3 
E. carlsbergi 27.5 45.9/2.4 
Gymnoscopelus spp. 15.7 88.2/6.7 

Total fish 100 100 96 

Marion Is, September 1982 (La Cock, Hecht and Klages, 1991) 

Electrona spp., 
Protomyctophum spp. <1.0* 
Gymnoscopelus spp. 

Total fish 70 72 64 

South Georgia, September 1987 and May to September 1988 (T. Williams, 1991) 

E. carlsbergi 3.6-1.7* 79.2/5.0 
103.3/8.9 

G. braueri 0.6* 66.3/2.3 
P. choriodon 0.3* 101.5/-
Unidentified 1.7* -

Total fish 4.3-6.2* 10.9 

* of all otoliths 
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Table 4: Myctophids in the diet of royaVmacaroni penguins. 

Myctophidae Species %F %N %W Prey Size/Mass Stomachs 
(mm/g) n 

Macquarie Is, November 1984 to February 1985 and September to November 1985 
(Hindell, 1988c) 

K. anderssoni 48 1.25 23.69 25.1/2.1 
E. carlsbergi 30 0.76 9.64 23.6/1.6 
Protomyctophum spp. 14 0.14 3.84 
Gymnoscopelus spp. 6 0.02 4.03 

Total fish 45.67 182 

Heard Is, December 1986 to January 1987 (Klages et al., 1989) 

K. anderssoni 75.0 46.7/1.7 
P. bolini 8.33 55.7/1.5 
E. carlsbergi 6.25 80.2/7.7 

Total fish 0.7 23.2 48 

Table 5: Myctophids in the diet of rock hopper penguins. 

Myctophidae Species %F %N %W Prey Size/Mass Stomachs 
(mm/g) n 

Heard Is, December 1986 to January 1987 (Klages et al., 1989) 

K. anderssoni 46.2 40.9/1.2 
P. bolini 3.9 60.4/1.7 

Total fish 0.3 8.0 26 

Macquarie Is, November 1984 to October 1985 (Hindell, 1988a) 

K. anderssoni 23 0.4 16.0 54.5/3.4 
Protomyctophum spp. 4 <0.1 0.3 53.0/2.8 
E. carlsbergi 5 0.1 2.2 
Gymnoscopelus spp. 5 <0.1 4.6 

Total fish 1.2 28.3 77 
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Table 6: Myctophids in the diet of flying birds. 

Myctophidae Species %F %N %W Prey Size/Mass Stomachs 
(mm/g) n 

Wilson's stonn petrel, South Georgia, March 1987 (Croxall and North, 1988) 

P. normani 83* 87* TL90.3/4.2 
P. bolini TL67.5/2.25 

Total fish 41 1.0 28.3 51 

Macquarie Island connorant (Phalacrocorax atriceps purpurascense) , Macquarie Is, 
March, 1989 (K. Green et al., 1990) 

G. nicholsi 0.2** 

Total fish 100 64 

Sooty albatross (Phoebetriajusca), Marion Is, February to May 1990 
(Cooper and Klages, in press) 

E. carlsbergi 8.1 26.7** 
G.piabilis 2.7 6.7** 
Gymnoscopelus spp. 5.4 13.3** 
Myctophids total 53.4** 

Total fish 6.8 33.1 37 

Light-mantled sooty albatross (Phoebetriapalpebrata), Marion Is, February to May 1990 
(Cooper and Klages, in press) 

E. carlsbergi 
Gymnoscopelus spp. 
Myctophids total 

Total fish 

* of fish only 
** of all fish 

3.1 
6.3 

65.6 

6.7** 
13.3** 
20.0** 

45.7 32 

367 



Table 7: Myctophids in the diet of Antarctic fur seals. Number of myctophids are in 
percentage to all otoliths found in scat samples and calculated as weighted mean for 
the period of observation. 

Site 
Heard Is Macquarie Is S. Georgia Is 

Date November May-June 1990 December January-March 
1987-February 1988-March 1983 

1988 1989 

Species: 
K. anderssoni 0.8 0.8 -
E. antarctica 9.9 39.6 0.9 -
E. carlsbergi 6.2 0.5 1.9 -
E. subaspera 3.0 30.2 38.0 -
E. paucirastra - - 0.2 -
Electrona spp. - - 42.5 -
G. bolini 4.3 0.2 -
G. braueri 3.5 0.6 -
G./raseri - 0.2 -
G. nicholsi 28.6 7.5 1.9 10.9 
Gymnoscopelus spp. - 1.6 10.9 -
M. ventralis - 0.7 -
P. bolini 0.1 0.2 -
P. normani - 2.4 0.2 -
P. tenisoni - 0.5 -
Unidentified 4.0 0.2 0.6 -

Number ()f scats 500 374 374 8 
analysed 

Comments Fish were Fish were Fish were 
found in an found in an found in an 
average of average of average of 

95.2% of scats 93.4% of scats 99.2% of scats 

Reference Green et al., Green et al., in Green et al., North et al., 
1989 press 1990 1983 
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WG-FSA-9l/35 

POTENTIAL NURSERY AREAS FOR FISH IN THE PRYDZ BAY REGION 

R. Williams* 

* 

Abstract 

A survey with a fine-meshed midwater trawl in Prydz Bay in 
January/February 1991 indicated the potential for the shelf area of the 
Bay to be a nursery ground for nototheniid and channichthyid fish. 
Nearly all juvenile fish were caught in the top 50 m over the shelf, and 
more than 95% were Pleuragramma antarcticum. This species was 
abundant (up to 9 100 were caught in a 30 minute haul) especially near 
the shelf break. The dominant size class was of 45 mm standard 
length, which corresponds to an age of 1+. Nototheniids and 
channichthyid juveniles were much less common, and were found in 
the central and western parts of the shelf. Although no specific nursery 
grounds were identified, the whole of the Prydz Bay shelf area could be 
considered a nursery area. 

Resume 

Une campagne d'evaluation effectuee dans la baie Prydz en 
janvier/fevrier 1991 avec un chalut pelagique a maillage fin a indique la 
possibilite que la region du plateau de la baie soit une nurserie de 
poissons nototheniides et channichthyides. Presque tous les juveniles 
de poissons, composes de plus de 95% de Pleuragramma antarcticum, 
ont ete captures dans les 50 m superieurs, au-dessus du plateau. Cette 
espece etait abondante (un trait de 30 minutes a capture jusqu'a 9 100 
poissons), notamment a proximite de la bordure du plateau. La classe 
de taille dominante etait celle de 45 mm de longueur standard, 
correspondant a un age de 1 +. Les juveniles de nototheniides et de 
channichthyides etaient beaucoup moins souvent presents, sauf dans 
les secteurs central et occidental du plateau. Bien qu'aucune nurserie 
specifique n'ait ete identifiee, l'ensemble du plateau de la baie Prydz 
pourrait etre considere comme une zone de nurseries. 

Pe3IOMe 

CbeMKa MeJIK05.llIeHHbIM pa3HOr JIy6HHHbIM TpaJIOM B 3aJIHBe 

IIpIO,ll3 B 5.IHBape-<peBpaJIe 1991 r. YKa3aJIa Ha TO, IITO B 

meJIb<pOBOM paHOHe 3aJIHBa HMeIOTC5.I YCJIOBH5.I ,l{JI5.I OTKopMa 

ceMeHCTB HOTOTeHHeBbIX H 6eJIOKpOBHbIX pbI6. IIOIITH Bce 

HenOJIOB03peJIbIe OC06H 6bIJIH BbIJIOBJIeHbI B BepXHHX 50MeTpax 

Ha,ll meJIb<pOM, H 60JIee lIeM 95% 5.IBJI5.lJIHCb Pleuragramma 
antarcticum. PbI6bI noro BH,l{a npeo6JIa,l{aJIH B oco6eHHocTH 

B6JIH3H rpaHHIJ;bI meJIb<pa (OKOJIO 9 100 6bIJIO BbIJIOBJIeHO 3a 30 

MHHyTHoe TpaJIeHHe). ,[{OMHHHPYIOIllHH pa3MepHbIH KJIaCC 

COCTaBJI5.lJI 45 MM. CTaH,l{apTHOH ,l{JIHHbI, IITO COOTBeTcTByeT 

B03pacTY 1+. HenOJIOB03peJIbIe HOTOTeHHeBbIe H 6eJIOKpOBHbIe 

BCTpelIaJIHCb ropa3,l{o pe)l{e, H 6bIJIH o6HapY)l{eHbI B 

Antarctic Division, Channel Highway, Kingston 7050, Tasmania, Australia 
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~eHTpaJIbHO" H 3ana~HO" qaCTSIX meJIb<pa. HeCMOTpSI Ha TO, 

qTO cne~H<pHqeCKHe yqaCTKH OTKopMa He 6bIJIH 

H~eHTH<pH~HpOBaHbI, BCSI meJIb<pOBaSI nJIOIlla~b 3aJIHBa IIpIO~3 
MO:>KeT CqHTaTbCSI yqaCTKOM OTKopMa. 

Resumen 

De un estudio realizado con una red de arrastre pelagico con una luz de 
malla muy fina en la zona de la plataforma de la bahia de Prydz, en 
enero/febrero de 1991, se desprende el potencial de la bahia para 
constituirse en una zona de cria para nototenidos y caenictidos. Casi 
todos los juveniles fueron pescados en los 50 m superiores de la 
plataforma y mas del 95% fue Pleuragramma antarcticum. Esta especie 
fue muy abundante (se pescaron hasta 9 100 ejemplares en un arrastre 
de 30 minutos), especialmente cerca del borde de la plataforma. La 
clase dominante fue de 45 mm de talia, 10 que corresponde a la edad 1+. 
Mucho menos comunes resultaron los nototenidos y caenictidos 
juveniles en la zona central y occidental de la plataforma. Aunque no se 
identificaron zonas especificas de cria, toda la zona de la plataforma de 
la bahia de Prydz se podria considerar como una zona de cria. 

1. INTRODUCTION 

As a result of debate on the potential of a significant by-catch of juvenile fish in krill 
fishing operations, the Scientific Committee for the Conservation of Antarctic Marine Living 
Resources (SC-CAMLR, 1990) agreed that nursery grounds for fish should be identified as a 
matter of priority and the topic discussed by the Working Group on Fish Stock Assessment. 

In the 1990/91 season, Australia conducted a survey of the pelagic fishes of the Prydz 
Bay region using equipment with sufficiently fine meshes to sample larval and juvenile fish. 
While not sufficient unequivocally to identify nursery areas as such, the results of this survey 
do indicate the areas of highest young fish abundance and thus those to be avoided by krill 
fishing operations if fish by-catch is to be minimised. 

2. MAlERIALS AND METHODS 

The Prydz Bay region was surveyed in using and International Young Gadoid Pelagic 
Trawl (IYGPT). This has a headline length of 20 m, and a mesh size of 15 cm in the wings and 
mouth area and 2 mm in the codend. Behaviour of the net while fishing was monitored with a 
SIMRAD trawl surveillance sonar, allowing real time measurement of the effective mouth area, 
and hence volume filtered. Mouth opening averaged 11 to 12 m wide by 7 to 8 m high, and 
nets were towed at fishing depth for a standard haul duration of 30 minutes at 3 knots, giving a 
volume of water filtered per haul in the vicinity of 233 000 m3• Stations were planned at 
30 mile intervals covering the entire shelf area of Prydz Bay, the banks to the west as far as 
Scullin Monolith, and along some transects offshore from the shelf break. Most stations were 
successfully sampled (Figure 1), with the exception of a few in the southeast and east side of 
the Bay, where ice prevented fishing, and a western transect had to be slightly displaced to 
avoid ice. At each station, hauls were made at three depths: at 30 to 50 m depth, approximately 
midway between surface and bottom, and at approximately 30 m above the bottom. Figure 1 
shows the sampling sites. 
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3. RESULTS 

Nearly all the juvenile fish were caught in the near surface trawls (30 to 50 m depth), so 
these trawls alone will be analysed. Pleuragramma antarcticum constituted the great majority 
of the catch, with various channichthyid and nototheniid species making up the rest. Because 
of some difficulties in identification of small larvae and the low numbers of Channichthyidae 
and Nototheniidae (excluding P. antarcticum), these families are treated as a whole and not 
subdivided into species. 

Figure 2 shows the catches of P. antarcticum in the near surface hauls. Large numbers 
(up to 9100/30 min haul) occur in the central part of the bay, especially near the shelf break and 
some distance offshore from it, but the southern, eastern and western margins had low or zero 
catches. The length frequency distribution (Figure 3) shows a major mode at 45 mm, with 
subsidiary modes at 15 mm and 70 mm. These size modes correspond reasonably well with the 
0+, 1+ and 2+ year groups established by Hubold and Ekau (1986) for P. antarcticum in the 
Weddell Sea. 

Other Nototheniidae (mainly comprising Trematomus spp.) were widespread but not 
numerous, except in one station near the shelf edge at the eastern side of the bay (Figure 4). A 
wide range of lengths were caught, mostly between 35 mm and 100 mm SL (Figure 5). 

Channichthyid juveniles were more abundant than nototheniids, but still far less 
numerous than P. antarcticum (Figure 6). They were mostly found in the central and western 
parts of the bay, but rarely near the edge of the continental shelf or beyond it. A wide range of 
sizes up to 120 mm SL were caught (Figure 7), and surprisingly for a mixed group of species 
there are two distinct size groups. 

4. DISCUSSION 

It is clear that nearly all juvenile fish caught in the Prydz Bay region are associated with 
the continental shelf zone. These fish belong to the typically shelf dwelling families 
Nototheniidae and Channichthyidae. Extremely few larvae or juveniles were caught of the 
typically oceanic families Myctophidae and Paralepididae, although adults and subadults were 
common, especially in the deeper hauls beyond the continental shelf edge. 

Between the three major groups, the whole of the shelf zone is utilised, with 
P. antarcticum mostly in the region of the shelf break, which includes a zone to seaward of the 
continental slope, and channichthyids being more confined to the central part of the shelf, away 
from the shelf edge. The single significant occurrence of nototheniid larvae was in the region 
of the shelf break. 

Although these data do not identify nursery areas in the strict sense of the word, i.e. a 
discrete where fish are spawned or where young fish congregate to feed, there is some 
justification for considering the whole shelf region in the area studied as a nursery area. 
Catches of P. antarcticum are high in the shelf break area, and while channichthyid catches are 
much lower, it should be remembered that channichthyids are larger, probably slower to mature 
and less fecund than P. antarcticum, and so a lower juvenile mortality could still have a 
significant effect on the population. The Prydz Bay shelf is much wider than in most Antarctic 
localities, and the concentration of channichthyid larvae further south than the coastline allows 
in most places may imply that this area is a breeding ground from which fish ultimately disperse 
to neighbouring shelf areas. 

There are no fine-scale data for the kriU fishery that took place in the Prydz Bay area in 
the early 1980s, but if it followed apparent normal practice elsewhere, it probably concentrated 
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on the region on both sides of the shelf break. KriU fisheries almost exclusively exploit the 
upper 100 m of the water column, so these fish data are relevant to the potential impact of a krill 
fishery. 

Such a kriU fishery would be likely to have a large by-catch of P. antarcticum, as it 
would almost exactly overlap the main area of this species' abundance. There is likely also to 
be a significant effect on the juvenile channichthyids, especially if the fishery extended further 
on to the shelf. 
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Figure 1: Map of sampling localities in Prydz Bay. 
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Figure 2: Catches of P. antarcticum juveniles. 
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Figure 4: Catches of Nototheniidae (excluding P. antarcticum) juveniles. 
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Figure 5: Length frequency of Nototheniidae (excluding P. antarcticum) catches. 
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BY·CATCH OF FISH IN THE KRILL FISHERY 

I. Everson1, A. Neyelov2 and Y.B. Permitin3 

Abstract 

Observations are reported of icefish being taken as by-catch during krill 
fishing operations from a research vessel. The results indicate that the 
by-catch of fish in the commercial krill fishery may be significant in 
some areas of the South Georgia shelf. The problem is thought to be 
least in open ocean kriU fishing. 

Resume 

Observations fournies par un navire de recherche sur le poisson des 
glaces present dans les captures accessoires des operations de peche de 
kriU. Les resultats indiquent que la capture accessoire de poisson dans 
la pecherie commerciale de krill pourrait etre significative dans certaines 
regions du plateau de Georgie du Sud. n semblerait que le probleme 
soit de moindre importance dans les operations de peche en plein 
ocean. 

Pe310Me 

C HaYlIHO-HCCJIe~OBaTeJIbCKOrO CY~Ha 6bIJIa nOJIYlIeHa 

HH~OpMa~Hg 0 Ha6JIIO~eHHH npHJIOBa JIe~gHoR pw6w npH 

npOMbICJIe KPHJIg. Pe3YJIbTaTbI nOKa3bIBaIOT, lITO npHJIOB PbI6bI 

npH KOMMeplIeCKOM npOMbICJIe KPHJIg MO)l{eT 6bITb 

3HallHTeJIbHbIM B HeKOTopbIX paROHax IIIeJIb~a lO)I{HoR 

reOprHH. npe~nOJIaraeTCg, lITO np06JIeMa MeHee cepbe3Ha npH 

npOMbICJIe KPHJIg B OTKPbITOM OKeaHe. 

Resumen 

Se han observado capturas accidentales de draco ray ado durante la 
pesca de krill realizada por un buque de investigaci6n. Las 
conc1usiones indican que la pesca fctica accidental que ocurre en la 
pesquerfa comercial de krill puede ser considerable en algunas zonas de 
la plataforma del archipielago de las Georgias del Sur. Se cree que este 
problema se da en menor magnitud en la pesca de krill en alta mar. 

1 NERC, British Antarctic Survey, High Cross, Madingley Road, Cambridge CB3 OET, United Kingdom 
2 Zoological Museum, USSR Academy of Sciences, 199034 Leningrad, USSR 
3 VN1RO, 17a V. Krasnoselskaya, 107140 Moscow, USSR 
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1. INTRODUCTION 

During the past 20 years a major krill fishery has become established in the Southern 
Ocean. Nearly all of the catches have been made using midwater trawls, which, because krill 
(Euphausia superba) only grow to a maximum size of about 6 cm, are made of fine mesh 
netting. The fishery operates by aimed tows at krill swarms which have been located using 
echosounders. 

Recently concern has been expressed that the fishery may be taking a significant 
by-catch of fish with the result that it may be responsible for significant levels of mortality in 
other harvested species (SC-CAMLR, 1989). We have analysed results from research vessel 
catches, using commercial krill trawls, in order to quantify the by-catch of fish in the kriU 
fishery. 

2. MATERIAL AND METHODS 

Observations were made on catches from the research vessels Akademik Knipovich 
between January and July 1981 (Anon., 1981), and Evrika during January 1987. Both cruises 
were undertaken in the Atlantic sector of the Southern Ocean. Part of the time the research 
vessels were operating in conjunction with krill fishing fleets. Precise details of the locations 
and numbers of commercial fishing vessels are not available to us, were are unable, therefore, 
to relate these results directly to the total krill catch during the two seasons under consideration. 
Information is available, however, on the general disposition of the commercial fleet in the area. 

Position at the end of each haul was recorded along with maximum and minimum water 
depth, time and duration of tow. The depth of the footrope of the net and the vertical opening 
of the net were also recorded. 

The constraints of the sampling program meant that not all catches could be sampled but 
wherever possible representative samples were taken to look for fish. In most cases fish were 
counted, measured and weighed. When this was not possible qualitative observations were 
recorded in the field logbooks. When large krill catches were made a subsample of the catch 
was taken for analysis. Numbers and weights of fish in these subsamples have been increased 
pro rata to give an estimated total number or weight for the haul. 

3. RESULTS 

Information on individual net hauls from both cruises is set out in Tables 3 to 4 for 
Subareas 48.3, 48.2 and 48.6 respectively. Estimated numbers of the icefish, 
Champsocephalus gunnari, taken in each tow at South Georgia are set out in Table 4. Numbers 
of other fish species taken in each tow are set out in Tables 5 to 7. 

Several size classes were present in many of the catches. The breakdown of size classes 
in haul 53 is given in Table 8. Reference to Folkina (1989) suggests all the modal values do 
not correspond with year classes. Based on the result of Frolkina, we suggest that our class 
(iv) is probably age two or three, our size classes (ii) and (iii) are age 1 and our size class (i) is 
age O. C. gunnari occurred frequently in the catches of Subarea 48.3 but only in shallow 
water. This species was never found in hauls where the net had been in water deeper than 
500 m throughout the haul. It did not figure in the catches from the other subareas. Moderate 
numbers of another icefish, Chaenocephalus aceratus, were also present in some hauls although 
the numbers never approached those of C. gunnari. 
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In contrast to the icefish, Myctophidae species were only present in deep water catches. 

All other species were only ever present in small numbers. 



4. DISCUSSION 

4.1 General Considerations 

The two icefish species C. gunnari and C. aceratus, and the Myctophidae were the only 
species that occurred in large numbers in the catches. The situations under which the large 
catches occurred are discussed further. The other species were taken in such small quantities 
that their presence in the by-catch of the krill fishery is unlikely to affect significantly their 
recruitment. 

4.2 Chaenocephalus aceratus 

The largest by-catches of this species, in common with C. gunnari, were made around 
South Georgia but they were only present when the krill catch was very small, less than would 
be required by a commercial fishing fleet. Our results suggest that large-scale krill harvesting is 
probably having little effect on the stocks of C. aceratus. 

4.3 Myctophidae 

Catches of Myctophidae tended to occur over deep water, in some instances at a great 
distance from the shelf. These species are themselves the subject of directed fishery in deep 
water in Subarea 48.3 (SC-CAMLR,,1989i*Annex 6, paragraph 7). Everson and Goss (in 
press) showed that the distribution of krill fishing was concentrated close to or on the shelf and 
so there is likely to be some geographical separation between fleets harvesting these two 
resources. 

4.4 Seasonal Variation 

The results that we have reported here were obtained during the first few months of the 
year. Krill fishing at South Georgia is at its peak during the winter months and our results give 
no information for that period. 

Krill fishing only takes place during the summer in Subarea 48.2 and our results for that 
area may therefore provide a reasonable indicator of the situation within the commercial fleets. 

5. CONCLUSIONS 

Our results from research vessel surveys demonstrate that, under certain circumstances 
at South Georgia, large numbers of fish are likely to be taken in the course of the directed 
fishery for krill. The problem appears to be greatest in the vicinity of Clerke Rocks where a 
commercial fleet was operating in an area where significant numbers of the icefish C. gunnari 
were present. This is the same area that Slosarczyk (1983) noted large numbers of 
Nototheniidae and Channichthyidae being taken in experimental trawls. Both Slosarczyk and 
Rembiszewski (1982) and Rembiszewski et al. (1978) concluded that although the amounts of 
fish were likely to cause little contamination to the krill catches they were sufficiently large to 
have a detrimental effect on the abundance of young fish. 

From the limited observations we have recorded in this paper we are unable to indicate 
whether this effect is present during the winter months when the South Georgia krill fishery is 
at its seasonal peak (Everson and Goss, in press). 

We suggest two ways of researching this topic further. Firstly, we would recommend 
rigorous monitoring of the krill fishery in order to determine the magnitude of the problem in 
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the field. Secondly, we consider it important to determine the locations and times of year when 
the demersal fish are at greatest risk. At South Georgia this would mean that results from 
young fish surveys in winter would be of particular importance. Examination of data from 
such research cruises would provide guidance to help krill fishermen avoid catching young 
fish. 

The largest by-catches of C. gunnari were associated with moderate or low catch rates 
of krill. The highest catch rates of krill contained a small proportion of by-catch species. This 
tends to indicate that commercial fishing on dense krill swarms may have only a minor effect on 
the icefish. Approximately one haul in 20 was however taking large amounts of krill and fish. 
There is clearly a need for further information on the relationship between the krill swarms and 
associated demersal fish species. 

C. gunnari was not present in the by-catches from Subareas 48.2 or 48.6 and so from 
this information we would conclude that there is only a very small by-catch of this species in 
the krill fishery in these areas. 

Our results also indicate that other demersal species are probably not present in great 
quantity in the by-catch in these areas. 
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Table 1: Information on trawls in Subarea 48.3 (South Georgia). 

a b 

Column headings are as follows: a-Haul number, b-Day, c-Month, d-Latitude 
(degrees south), e-Latitude (minutes), f-Longitude (degrees west), g-Longitude 
(minutes), h-Water Depth at Start of Trawling, i-Water Depth at End of Trawling, 
j-Minimum Depth of Footrope of Net, k-Maximum Depth of Footrope of Net, 
I-Vertical Opening of Net, m-Time, n-Duration of Tow (hours). 

c d e f g h i j k 1 m n 

Cruise of RV Akademik Knipovich in 1981 
47 10 4 54 54 34 50 230 255 45 40 30 845 2.00 
48 10 4 54 56 34 51 230 130 30 40 24 1640 0.92 
49 11 4 54 55 35 2 220 155 40 31 27 225 1.58 
50 11 4 54 49 34 49 240 580 35 35 27 600 1.33 
51 4 54 55 34 50 500 185 40 35 27 850 1.00 
52 4 54 56 34 46 260 145 35 35 26 1645 1.17 
53 12 4 54 52 34 51 225 300 35 35 24 650 2.25 
54 4 54 46 34 59 250 257 55 42 32 1130 0.92 
55 4 54 53 35 3 280 180 32 50 24 1705 2.25 
56 14 4 54 57 35 4 170 170 50 50 24 540 2.50 
57 4 54 52 35 8 165 165 40 50 27 945 2.25 
58 4 54 47 35 16 110 350 75 250 25 1650 3.83 
59 15 4 54 44 34 55 450 295 40 45 30 1055 1.66 
60 4 54 40 34 50 350 305 40 40 29 1520 2.33 
61 16 4 54 41 34 51 360 500 40 50 30 715 1.08 
62 4 54 43 34 57 260 290 50 50 33 1015 1.75 
63 4 54 45 35 1 255 250 1325 1.75 
64 17 4 54 39 35 32 120 120 60 50 30 2115 2.75 
65 18 4 54 38 35 14 225 205 235 1.42 
66 18 4 54 31 35 19 160 160 50 40 30 725 1.83 
67 18 4 54 30 35 10 300 300 50 50 30 1550 2.67 
68 19 4 54 29 35 15 300 1160 40 50 30 630 1.50 
69 19 4 54 28 35 13 500 600 50 60 25 1025 1.08 
70 19 4 54 29 35 7 400 500 40 40 30 1745 1.83 
71 20 4 54 14 35 18 250 470 545 2.25 
86 10 5 55 0 33 47 3000 3000 70 150 1430 
87 11 5 54 57 31 34 4700 4700 65 150 315 0.50 
88 11 5 54 34 32 11 5120 5120 35 55 30 1100 0.50 
89 12 5 54 33 34 53 700 700 35 110 30 905 0.58 
90 12 5 54 55 34 55 125 180 35 50 27 1700 0.50 
91 12 5 54 51 34 42 130 130 37 55 27 1945 1.00 
92 12 5 54 49 34 49 320 320 35 110 30 2210 0.67 
93 13 5 54 16 35 26 230 120 32 55 30 600 0.50 
94 13 5 54 10 35 36 200 200 45 65 30 825 2.08 
95 13 5 53 55 34 40 3310 3310 37 53 30 1810 0.50 
96 15 5 54 6 35 43 240 240 45 60 30 750 1.42 
97 15 5 54 13 35 16 700 690 65 150 1210 0.50 
98 15 5 53 51 35 10 3200 3200 42 54 30 1620 0.58 
99 16 5 53 58 35 33 980 980 42 54 30 700 0.67 

100 16 5 54 3 35 34 230 130 45 65 30 955 1.83 
101 16 5 54 13 35 59 215 215 37 54 30 1650 0.50 
106 18 5 54 0 35 58 270 300 100 100 1210 0.58 
107 19 5 53 47 35 52 630 780 37 54 30 1720 0.50 
109 19 5 52 5 36 25 3700 3700 37 54 30 1625 0.50 
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Table 1 (continued) 

a b c d e f g h i j k 1 m n 

Cruise of RV Akademik Knipovich in 1981 (continued) 
110 20 5 53 10 36 13 3000 3000 100 100 245 0.70 
111 20 5 53 37 36 30 620 620 37 54 30 730 0.50 
112 20 5 53 45 36 35 180 180 35 60 30 940 0.50 
113 20 5 53 41 37 31 320 315 65 150 1535 0.50 
114 23 5 53 35 38 20 2550 2550 37 54 30 630 0.50 
Cruise of RV Evrika in 1987 

6 6 1 56 23 27 29 180 150 40 40 2140 0.92 
7 7 1 56 17 26 33 3000 3000 220 0.50 

30 18 1 55 28 35 36 250 310 95 150 1655 1.17 
31 19 1 54 53 34 43 128 300 20 50 135 1.25 
32 19 1 54 53 34 38 200 300 30 130 440 0.92 

122 27 2 54 54 34 31 275 270 50 50 2150 0.50 
145 4 4 54 40 35 26 150 150 0 35 1400 0.42 

Table 2: Information on trawl in Subarea 48.2, South Orkney Island. (Column headings are 
the same as for Table 1.) 

a b c d e f g h i J k 1 m n 

Cruise of RV Akademik Knipovich in 1981 
74 27 4 60 39 50 57 420 420 35 35 25 1300 0.50 
75 27 4 60 59 53 5 1500 1500 37 55 30 2255 0.50 
76 28 4 60 30 53 52 3000 3000 37 55 30 550 0.50 
77 28 4 60 58 53 48 1760 1760 1215 
78 29 4 62 9 55 27 330 330 35 60 30 1025 0.50 
81 30 4 62 34 56 5 205 205 37 40 30 1635 1.25 
82 1 5 62 36 35 34 320 320 50 50 30 950 0.75 

Cruise of RV Evrika in 1987 

9 8 1 57 15 26 31 656 0.58 
12 10 1 58 53 26 41 1000 990 1850 0.50 
13 10 1 58 56 26 38 2200 0.50 
14 11 1 58 16 26 38 120 0.42 
17 12 1 59 59 28 9 2000 2000 45 45 2235 0.58 
18 13 1 60 3 30 20 2000 2000 30 30 1240 0.58 
19 13 1 59 59 30 20 2000 2000 30 20 1500 1.00 
20 13 1 59 59 30 28 1000 1000 25 25 1755 1.00 
21 13 1 60 3 30 28 2700 2700 25 25 2045 1.00 
29 17 1 60 14 60 15 1400 500 15 45 1100 0.83 
35 23 1 61 41 27 59 4000 4000 5 125 2215 2.50 
36 23 1 63 3 27 57 4000 4000 30 35 1315 1.16 
51 30 1 62 36 41 48 3000 3000 0 50 1110 2.50 
52 30 1 62 35 41 50 3000 3000 20 50 1625 2.50 
53 30 1 62 5 42 30 3000 3000 20 50 2300 2.00 
54 31 1 60 44 44 12 150 125 0 65 1150 1.16 

386 



Table 2 (continued) 

a b c d e f g h i j k I m n 

Cruise of RV Evrika in 1987 (continued) 
55 31 1 60 29 45 2 580 638 30 140 1650 0.92 
56 31 1 60 30 44 51 650 400 0 35 2030 2.00 
57 1 2 60 25 46 20 125 130 20 50 230 0.75 
58 1 2 60 23 45 59 150 600 30 110 
61 3 2 60 28 47 2 250 200 40 70 1310 0.42 
62 4 2 60 31 46 13 100 230 0 30 50 0.66 
63 4 2 60 26 45 59 130 120 70 120 1000 0.33 
64 5 2 60 26 46 11 215 600 30 80 400 1.00 
65 5 2 60 26 46 18 100 120 0 50 1600 0.42 
66 6 2 60 25 46 6 318 320 30 20 725 0.75 
67 6 2 60 27 45 47 150 240 5 110 1930 2.33 
68 7 2 60 25 45 48 250 210 20 70 440 2.84 
69 7 2 60 25 46 28 180 200 20 70 1315 0.50 
70 7 2 60 26 46 25 250 300 20 800 2050 1.67 
71 8 2 60 23 46 16 1500 1500 1125 0.33 
72 8 2 60 26 46 11 150 1500 10 50 2300 1.00 
73 9 2 60 26 45 59 150 150 0 30 245 0.50 
74 9 2 60 27 45 51 180 220 25 55 1335 1.16 
75 9 2 60 23 46 18 780 600 70 100 1650 1.16 
76 10 2 60 26 46 20 230 460 30 90 730 1.50 
77 10 2 60 25 46 28 140 210 40 100 1250 2.16 
78 11 2 60 24 46 23 131 400 30 90 700 2.42 
79 11 2 60 26 46 43 170 550 25 90 1230 2.00 
80 12 2 60 25 46 15 100 600 0 40 15 4.00 
81 12 2 60 25 46 19 250 300 120 210 950 2.42 
82 13 2 60 26 48 30 140 120 1535 0.16 
83 13 2 60 27 46 28 600 700 30 150 1720 3.16 

104 13 2 60 27 46 11 360 600 70 90 1835 2.25 
111 23 2 60 36 45 36 360 305 0 40 

Table 3: Information on trawl in Subarea 48.6. (Column headings are the same as for 
Table 1.) 

a b c d e f g h i j k I m n 

Cruise of RV Akademik Knipovich in 1981 
5 5 3 63 44 9 39 5100 5100 48 85 28 1245 0.50 
6 6 3 64 22 6 1 5200 5200 48 67 30 925 0.50 
7 7 3 64 54 2 25 5000 5000 48 67 30 545 0.50 
8 8 3 66 37 2 18 4500 4500 40 70 28 30 0.58 
9 8 3 67 57 2 19 3700 3700 60 70 30 950 0.50 

10 8 3 68 37 2 6 3500 3500 31 65 28 1715 0.50 
11 9 3 69 35 1 14 2000 2000 53 80 28 1030 1.17 
12 10 3 69 23 3 8 2100 2100 50 50 30 100 0.50 
13 10 3 69 10 4 57 2180 2180 38 38 28 1915 0.75 
14 12 3 69 51 10 14 340 345 48 135 32 1615 0.83 
17 14 3 69 35 12 32 220 220 38 55 24 715 0.75 
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Table 3 (continued) 

a b c d e f g h i j k 1 m n 

Cruise of RV Akademik Knipovich in 1981 (continued) 

18 14 3 69 2 12 49 1800 1800 45 45 27 1610 0.83 
19 15 3 68 49 13 22 2700 2700 26 57 25 355 0.58 
20 15 3 68 55 12 39 2050 2050 62 62 28 1245 1.33 
21 15 3 69 17 11 50 760 740 33 53 23 1850 0.50 
22 16 3 69 9 10 55 1800 1800 35 60 25 915 0.58 
23 16 3 69 31 10 52 750 750 40 35 30 1405 0.50 
24 17 3 69 7 10 3 2400 2400 50 50 30 1440 1.08 
25 18 3 67 11 9 40 3100 3100 35 50 24 1735 0.58 
26 20 3 63 12 5 14 5220 5220 32 68 24 1750 0.83 
27 21 3 63 20 1 25 4500 4500 40 95 30 1125 0.67 
28 22 3 64 4 3 25 2730 2730 28 40 1200 0.50 
29 23 3 64 38 7 14 4000 4000 35 48 27 710 0.58 
30 24 3 64 36 3 18 2270 2270 30 50 26 740 0.50 
32 25 3 65 15 1 15 3000 3000 37 60 24 810 0.58 
34 26 3 65 20 6 60 4600 4600 40 40 30 1110 0.50 
35 27 3 65 52 3 31 4500 4500 35 35 30 1435 0.50 
36 28 3 66 30 2 30 3850 3850 35 35 30 425 0.50 
37 28 3 67 8 3 13 4000 4000 35 60 30 1115 0.50 
38 29 3 68 39 6 5 3200 3200 40 68 30 1545 1.41 
39 30 3 69 7 1 45 3460 3460 40 40 22 1655 1.33 

Cruise of RV Evrika in 1987 

37 24 1 64 12 28 4000 4000 5 35 2400 1.75 
38 25 1 65 28 27 59 4000 4000 200 245 1200 1.00 
48 25 1 68 13 29 60 4000 4000 100 130 2350 0.50 

Table 4: Estimated total numbers of C. gunnari in hauls at South Georgia using a kriU trawl. 
NQ = Present but not quantified. 

Haul Catch Sample Size Classes Total 
KriU Size (i) (ii) (iii) (iv) 

(tonnes) (kg) 

RV Akademik Knipovich 

47 0.20 all NQ 
48 0.10 all 0 0 0 69 69 
49 0.00 all 0 9 11 0 20 
50 0.55 10.15 3901 0 0 0 3901 
51 13.00 NQ 
52 16.00 NQ 
53 0.30 21.16 3162 170 128 170 3629 
54 17.00 all 0 0 0 0 0 
55 1.00 all NQ 
56 1.00 all 0 0 110 0 110 
57 10.00 all 0 0 0 1033 1033 
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Table 4 (continued) 

Haul Catch Sample Size Classes Total 
KriU Size (i) (ii) (iii) (iv) 

(tonnes) (kg) 

RV Akademik Knipovich (continued) 
58 1.70 all 0 0 0 24577 24577* 
59 10.00 all 0 0 0 0 0 
60 2.50 all NQ 
61 0.30 all 0 0 0 0 0 
62 6.00 all 0 0 0 0 0 
63 15.00 22.00 682 0 0 0 682 
64 1.60 all NQ 
65 0.00 all 0 
66 8.00 all 0 0 0 0 0 
67 7.00 all 0 0 0 0 0 
68 4.00 10.00 800 0 0 0 800 
69 18.00 all 0 0 0 0 0 
70 5.00 all 0 0 0 0 0 
71 9.00 all 0 0 0 0 0 
86 0.00 all 0 
87 0.00 all 0 0 0 0 0 
88 0.00 all 0 
89 0.00 all 0 
90 few all 3 2 2 0 7 
91 0.00 all 0 
92 0.00 all 3 2 5 
93 0.50 all 2 0 0 0 2 
94 0.15 all 4 1 0 0 5 
95 0.00 all 0 
96 12.00 all NQ 
97 0.10 all 0 0 0 0 0 
98 0.04 all 0 0 0 0 0 
99 0.00 all 0 0 0 0 0 

100 15.00 all NQ 
101 few all 0 
106 0.00 all 0 0 0 0 NQ 
107 0.00 all 1 
109 0.00 all 0 
110 0.00 all 0 0 0 0 0 
111 0.00 all NQ 
112 few all NQ 
113 all NQ 
114 few all 

RV Evrika 
6 few 0 0 0 0 
7 0.00 all 0 0 0 0 

30 0.00 all 0 0 0 0 
31 0.50 all 0 0 0 0 
32 2.00 all 0 0 0 0 

122 20.00 all 0 0 0 0 
145 20.00 all 0 0 0 0 

* Haul 58, Champsocephalus gunnari was estimated to make up 70% of the catch. The size 
range was 16 to 22 cm which by analogy to Table 8 would have had a mean weight of 
48.4 g. 

389 



Table 5: Catches of fish other than Champsocephalus gunnari at South Georgia. 

Haul 

ACER = C. aceratus, PSEU = Pseudochaenichthys georgianus, LARS = 
Nototheniops larseni, MYCT = Myctophidae, NQ is the same as in Table 4. 

Krill Sub- ACER PSEU LARS MYCT 
Catch Sample (n) (kg) 

(tonnes) (kg) 

RV Akademik Knipovich 

47 0.2000 NQ 0 NQ 0 
48 0.1000 162 0 0 0 
49 0.0050 62 1 60 0 
50 0.5500 10.15 2 1 1 0 
51 13.0000 NQ 0 0 0 
52 16.0000 NQ 0 0 0 
53 0.3000 0.0212 83 0 0 0 
54 17.0000 0 0 0 0 
55 1.0000 NQ 0 0 0 
56 1.0000 NQ 1 2 2 
57 10.0000 NQ 0 0 0 
58 1.7000 0 0 0 0 
59 10.0000 0 0 0 0 
60 2.5000 NQ 0 0 8.0 
61 0.3000 0 0 0 0 
62 6.0000 0 0 0 0 
63 15.0000 0 0 0 0 
64 1.6000 0 0 0 0 
65 0.0000 0 0 0 0 
66 8.0000 0 0 0 0 
67 7.0000 0 0 0 0 
68 4.0000 0 0 0 0 
69 18.0000 0 0 0 NQ 
70 5.0000 0 0 .0 0 
71 9.0000 0 0 0 0 
86 0.0000 0 0 0 0 
87 0.0001 0 0 0 46 
88 0.0000 0 0 0 
89 0.0000 0 0 0 0 
90 few NQ 1 NQ 0 
91 0.0000 590 0 4 0 
92 0.0000 17 0 2 9 
93 0.5000 NQ 0 0 0 
94 0.1500 NQ 0 0 0 
95 0.0000 0 0 0 40 0.5 
96 12.0000 0 0 0 0 
97 0.1000 0 0 0 0 
98 0.0400 0 0 0 0 1.5 
99 0.0001 0 0 0 1 

100 15.0000 1 0 0 0 
101 few 0 0 2 0 
106 0.0020 0 0 0 0 
107 0.0000 0 0 0 NQ 
109 0.0000 0 0 0 15.0 
110 0.0000 0 0 0 0.7 
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Table 5 (continued) 

Haul Krill Sub- ACER PSEU LARS MYCT 

Catch Sample (n) (kg) 
(tonnes) (kg) 

RV Akademik Knipovich (continued) 

111 0.0000 0 0 0 0 
112 few 1 0 0 0 
113 0 1 0 0 
114 few NQ 

RV Evrika 

6 few 0 0 0 2 
7 0.0000 0 0 0 0 

30 0.0000 0 0 0 1.5 
31 0.5000 0 0 0 0 
32 2.0000 0 0 0 0 

122 20.0000 0 0 0 0 
145 20.0000 0 0 0 0 

Table 6: South Orkney data for fish in krill catches. 

The species are: A = C. aceratus, B = Chionodraco sp., C = other 
Channichthyidae, D = Myctophidae, E = Notolepis coatsi, F = Pleuragramma 
antarcticum, G = Other species, NQ as Table 4. 

Haul Krill Sub- Species 
Catch Sample A B C D E F G 

(tonnes) (kg) (n) (kg) 

RV Akademik Knipovich 

74 0.0000 0 0 0 0 0 0 0 
75 0.0000 0 0 0 3 0 0 0 
76 0.0000 0 0 0 2 0 0 0 
77 0.0000 0 1 0 0 0 0 0 3 
78 0.0005 0 2 5 0 0 0 2 
81 0.1000 0 NQ NQ 0 0 NQ NQ 
82 9.0000 0.0360 0 2 3 0 0 0 4 1 

RV Evrika 

9 0.0000 0 0 0 0 0 0 0 0 
12 0.0000 0 0 0 0 0 0 0 0 
13 few NQ 0 0 NQ 0 0 0 
14 0.0500 2 0 0 0 0 0 0 2 
17 few NQ 
18 5.0000 0 0 0 0 0 2 0 0 
19 0.0000 0 0 0 0 0 0 0 0 
20 8.0000 0 0 0 0 0 0 0 2 
21 0.1000 0 0 0 0 0 0 0 1 
29 0.0000 NQ 
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Table 6 (continued) 

Haul Krill Sub- Species 
Catch Sample A B C D E F G 

(tonnes) (kg) (n) (kg) 

RV Evrika (continued) 

35 0.0400 0 0 0 0 10 0 0 0 
36 0.5000 0 0 0 0 0 1 0 0 
51 8.0000 NQ 
52 2.0000 NQ 
53 0.1000 2 NQ 
54 0.0000 0 0 2 0 0 1 0 
55 15.0000 0 0 0 0 0 0 0 0 
56 0.0000 0 0 0 0 0 0 0 0 
57 25.0000 0 0 1 0 0 0 0 0 
58 20.0000 
61 15.0000 0 0 0 0 0 0 1 2 
62 15.0000 0 0 0 0 0 0 0 1 
63 20.0000 4 0 0 0 0 0 0 10 
64 15.0000 1 0 0 0 0 0 0 1 
65 15.0000 3 0 0 0 0 0 0 0 
66 25.0000 0 0 0 0 0 0 0 0 
67 15.0000 0 0 0 0 0 0 0 0 
68 0.0000 0 0 0 0 0 0 0 0 
69 20.0000 0 0 0 0 0 0 0 1 
70 25.0000 0 0 0 0 0 0 0 0 
71 20.0000 0 0 0 0 0 0 0 0 
72 3.0000 0 0 0 4 0 0 0 1 
73 25.0000 0 0 0 0 0 1 0 0 
74 0.0000 0 0 0 0 0 0 0 0 
75 25.0000 0 0 0 0 0 0 0 2 
76 15.0000 0 0 0 0 0 0 0 0 
77 30.0000 0 0 0 0 0 0 0 4 
78 10.0000 2 0 0 0 0 0 0 
79 30.0000 1 0 0 0 0 0 0 0 
80 5.0000 0 0 0 27 1 1 0 5 
81 30.0000 0 0 0 0 0 0 0 0 
82 0.0000 
83 15.0000 0 0 0 0 0 0 0 

104 
111 10.0000 0 0 0 0 0 0 0 0 

392 



Table 7: Fish catches in krill trawls from Subarea 48.6. 

Species codes are the same as for Table 6 with the addition of I = Pagothenia 
brachysoma, J = Chionobathyscus dewitti. 

Haul Krill Species 
Catch I B C J D E F G 

(tonnes) (n) (kg) 

RV Akademik Knipovich 

5 0.0100 0 0 0 0 0 0 0 0 
6 0.5000 1 0 0 0 0 0 0 0 
7 1.0000 0 0 0 0 0 0 0 0 
8 few 0 0 0 0 5 0 0 
9 0.3000 0 0 0 2 0 0 0 0 

10 few 14 0 0 
11 2.5000 4 15 2 0 0 0 1 0 7 
12 0.0010 0 0 1 0 0 3 0 0 
13 few 0 0 0 0 0 0 3 0 1 
14 0.0010 0 NQ 0 0 0 0 0 2 
17 0.1000 0 NQ 0 0 0 0 0 0 
18 5.0000 0 NQ NQ 0 0 NQ 
19 few 0 0 4 0 0 0 0 0 
20 0.0100 0 2 269 0 0 0 0 0 
21 0.0100 0 0 0 0 20 0 0 
22 4.0000 0 NQ NQ 0 0 0 0 0 
23 0.0020 0 2 70 0 0 0 0 0 
24 3.0000 0 0 3 0 0 0 0 0 2 
25 0.0001 0 0 0 0 0 0 0 0 0 
26 few 0 0 0 0 0 0 0 0 0 
27 0.5000 0 0 0 0 0 0 5 0 0 
28 few 0 0 0 0 0 0 NQ 0 
29 0.0000 0 0 0 0 0 0 0 0 0 
30 0.0050 0 0 0 0 0 0 0 0 0 
32 few 0 0 0 0 0 0 0 0 0 
34 few 0 0 0 0 0 0 0 0 0 
35 0.0100 0 0 0 0 0 0 0 0 2 
36 0.0000 0 0 0 0 0 10 0 0 0 
37 few 0 0 0 0 0 0 0 0 0 
38 2.5000 0 1 0 0 0 0 1 0 0 
39 4.0000 0 0 0 0 0 0 1 0 1 

RV Evrika 

37 few 0 0 0 0 0 0 0 0 0 
38 0.0000 0 0 0 0 0 0 1 0 0 
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Table 8: Comparison of size classes of Champsocephalus gunnari with published 
infonnation. 

Data from Haul 53, Akademik Knipovich 

Size Class n Length Range Total Weight Mean Weight 
(Table 4) (mm) (g) (g) 

(i) 223 26-46 31.9 0.143 
(ii) 12 76-97 24.6 2.05 
(ill) 9 106-119 51.2 5.69 
(iv) 12 194-226 581 48.42 

Size-at-age from Frolkina (1989) and Frolkina and Dorovskikh (1989) 

Age Mean Length Length Range Mean Weight 
(mm) (g) 

1 108 70-130 2.7 
2 181 140-240 24.8 
3 245 200-300' 77.6 

394 



+ 

+ 

38"W 

0' 

o 

Cl • o 

e 

o 

+ • 
\.. 0 
.... 0 

.. 
. e' 

3S'W 

Figure 1: Locations of hauls around South Georgia in Subarea 48.3. Five hauls in deep 
water beyond the limits of this map and where no fish were caught have been 
excluded. 

Key: 
• = < 1 tonne krill, < 100 Champsocephalus gunnari 
+ = < 1 tonne kriU, > 100 Champsocephalus gunnari 
o = > 1 tonne kriU, < 100 Champsocephalus gunnari 
• = > 1 tonne kriU, > 100 Champsocephalus gunnari 
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Figure 2: Champsocephalus gunnari CPUE in loglO numbers/hour vs krill CPUE in 
tonnes/hour. 
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Figure 3: Fish CPUE in loglO numbers/hour vs depth range of net in metres. 
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POTENTIAL IMPACTS OF BOTTOM TRAWLING ON BENTHIC 
COMMUNITIES IN PRYDZ BAY, ANTARCTICA 

A.J. Constable* 

Abstract 

This paper presents data on benthos retrieved in bottom trawls during a 
survey of demersal finfish species in Prydz Bay by Australia in the 
1990/91 season. The data collected are used to examine a potential 
impact of bottom trawling on benthic communities in this region. The 
benthos was examined in trawls at 14 of the 22 random stations 
providing representative samples from different areas in the Prydz Bay. 
All benthos in the codend was sorted into major taxa and wet-weighed. 
The composition of the benthos retained was primarily sponges and 
ascidians. Holothurians and crinoids were the next most abundant taxa 
in terms of biomass. The wet-weighed ratio of benthos to finfish in the 
codend was greater than 1 at 12 out of the 14 stations and was mostly 
greater than 10. The results of this study demonstrate that the biomass 
of benthos that could be disturbed by commercial bottom trawling could 
be high in Prydz Bay. Also, the results indicate that there is a need to 
examine the nature of benthic communities in areas in which 
commercial bottom trawling may occur so that measures can be taken to 
ensure the integrity of these communities are maintained. 

Resume 

Ce document presente des donnees sur le benthos preleve des chaluts 
de fond lors d'une campagne d'evaluation des especes de poissons 
demersaux dans la baie Prydz effectuee par l'Australie pendant la 
saison 1990/91. Les donnees collectees servent a l'examen des effets 
potentiels des chalutages de fond sur les communautes benthiques de la 
region. Le benthos examine dans les chalutages de 14 des 22 stations 
aleatoires fournit des echantillons representatifs des differentes zones 
de la baie Prydz. Tout le benthos du cuI de chalut a ete trie en taxons 
dominants et pese humide. Le benthos preleve etait compose 
principalement d'eponges et d'ascidiens. Les holothuriens et les 
crino'ides formaient ensuite les taxons les plus abondants en matiere de 
biomasse. En poids humide, le rapport benthos/poisson dans le cuI de 
chalut etait superieur a 1 dans 12 des 14 stations et, dans la plupart des 
cas, superieur a 10. Les resultats de cette etude revelent l'importance 
quantitative potentielle de la biomasse du benthos qui pourrait etre 
derange par les chalutages de fond commerciaux dans la baie Prydz. 
De plus, les resultats mettent en evidence la necessite d'examiner la 
nature des communautes benthiques dans les zones potentielles de 
chalutage de fond commercial afin que soient prises des mesures qui 
preservent l'integrite de ces communautes. 

* Division of Environmental Sciences, Griffith University, Nathan, Brisbane, Qld 4111 Australia 
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Pe3IOMe 

B HaCT05II~eH pa60Te npe~CTaBJIeHbI ,[laHHble no 6eHTOCY, 

y ~ep)l{aHHoMy npH ~OHHOM TpaJIeHHH BO BpeM5.I 

aBCTpaJIHHCKOH CbeMKH ~eMepCaJIbHhlX nJIaBHHKOBhlX phl6 B 

3aJIHBe TIpIO~3 B 1990/91 r. C06paHHble ~aHHble HCnOJIb-

30BaJIHCb B H3Y'-leHHH nOTeH~HaJIbHOrO B03~eHCTBH5.I ~OHHoro 

TpaJIeHH5.I Ha 6eHTH'-IeCKHe co06~eCTBa B 3TOM paHOHe. BeHTOC 

6bIJI HCCJIe~OBaH B TpaJIaX Ha 14 H3 22 npOH3BOJIbHbIX cTaH~HH, 
'-ITO 06eCne'-lHJIO 06pa3~bI C pa3HbIX Y'-laCTKoB 3aJIHBa TIPIO,lI3. 

Bce 6eHTH'-IeCKHe BH~bI B KyTKe 6bIJIH paccopTHpOBaHbI Ha 

OCHOBHble TaKCOHOMH'-IeCKHe KaTeropHH H B3BemeHHble. B 

COCTaBe y~ep)l{aHHbIX 6eHTH'-IeCKHX BH~OB B OCHOBHOM 

HaXO~HJIHCb ry6KH H 060JIO'-lHHKH. rOJIOTypHH H MopCKHe 

JIHJIHH 6bIJIH CJIe~yIO~HMH H3 caMbIX MHOrO'-lHCJIeHHbIX 

TaKCOHOMH'-IeCKHX KaTeropHH B OTHomeHHH 6HOMaCCbI. 

COOTHomeHHe B3BemeHHoro 6eHToca K nJIaBHHKOBbIM pbI6aM B 

KyTKe 6bIJIO 60JIbme 1 Ha 12 H3 14 cTaH~HH, H B OCHOBHOM 6bIJIO 

60JIbme 10. Pe3YJIbTaTbI 3Toro HCCJIe~OBaHH5.I nOKa3bIBaIOT, '-ITO 

6HOMacca 6eHToca, KOTOPbIH MO)l{eT 6bITb BbIBe~eH· H3 

COCT05.lHH5.I nOK05.1 KOMMep'-leCKHMH ~OHHbIMH TpaJIeHH5.lMH, 

MO)l{eT 6bITb BbICOKOH B 3aJIHBe TIpIO~3. Pe3YJIbTaTbI TaK)l{e 

YKa3bIBaIOT Ha TO, '-ITO He06xo~HMO HCCJIe~OBaTb npHpo~y 
6eHTH'-IeCKHX co06~eCTB B paHOHax, B KOTOPbIX MO)l{eT 

ocy~eCTBJI5.lTbC5.I KOMMep'-leCKOe ~OHHoe TpaJIeHHe, B ~eJI5.lX 

npHH5.lTH5.I Mep no 06eCne'-leHHIO coxpaHeHH5.I ~eJIOCTHOCTH 

3THX co06~eCTB. 

Resumen 

Este trabajo presenta la informaci6n sobre el bentos recogida durante 
una prospecci6n de peces demersales realizada por Australia en la 
temporada 1990/91 en la bahia de Prydz, en la que se utilizaron 
arrastres de fondo. Los datos recogidos servinin para estudiar los 
posibles efectos de los arrastres de fondo en las especies benticas de la 
zona. Se estudi6 el bentos en los arrastres realizados en 14 de las 22 
estaciones aleatorias, los cuales proporcionaron muestras 
representativas de diferentes zonas de la bahia de Prydz. El bentos 
retenido en el copo se clasific6 en 10s grupos taxon6micos principales y 
se detennin6 su peso humedo, que en su mayoria estaba compuesto por 
esponjas y ascidios. En cuanto a la biomasa, los grupos taxon6micos 
mas abundantes 10 constituyeron los holoturidos y los crinoideos. La 
raz6n en peso humedo entre bentos y peces en el copo fue superior a 1 
en 12 de las 14 estaciones realizadas, siendo en su mayoria superior a 
10. Los resultados de este estudio demuestran que una parte importante 
de la biomasa del bentos podria sufrir dafios a resultas de la pesca 
comercial de arrastre de fondo de la bahfa de Prydz. Asimismo, 10s 
resu1tado~ indican que es necesario estudiar la naturaleza de las 
comunidades benticas en las zonas de pesca comercial con arrastres de 
fondo, para poder tomar medidas que salvaguarden su integridad. 



1. INTRODUCTION 

In the last 10 years, a number of studies have highlighted the impacts of bottom trawling 
on benthic communities in heavily fished areas (e.g., De Groot, 1984; Hutchings 1990). On 
the basis of published data on benthos in the Antarctic, Kock (1990) examined the differences 
in the characteristics of benthos between commercially fished and unfished areas in the South 
Atlantic and suggested that bottom trawling in the past 20 years has had a considerable effect on 
the community structure in the fished areas. He proposed that bottom trawling in this region 
may have had similar effects on benthic communities as those found in the North Sea and 
elsewhere. 

This paper presents data on benthos retrieved in bottom trawls during a survey of 
demersal finfish species in Prydz Bay by Australia in the 1990/91 season. The results are used 
to examine the potential impacts of bottom trawling on benthic communities in this region. 

2. METHODS 

The survey of demersal finfish in Prydz Bay was conducted at 22 random stations in the 
bay using a bottom trawl. The headline length was 35 m. Mesh size was 15 cm in the front 
panels and 5 cm in the codend liner. Ground rope was equipped with a 40 cm diameter bobbin 
gear. The mouth opening was, on average, 12 to 13 m wide with a headline height of 4 to 5 m. 
Nets were towed for a standard haul duration on the bottom of 30 minutes at 3 knots. The 
sweeps (25 mm diameter combination rope) were 25 m long. The length of the bottom bridle 
was 10 m. Disturbance of the benthos was caused by the bobbin gear, bridle and sweeps. 
Disturbance also resulted from the dragging of the steel 'V' doors (2 x 1. 3 m) along the 
bottom. 

The benthos was examined in the trawls at 14 of the 22 stations (see Table 1, Figure 1) 
providing representative samples from the different regions in Prydz Bay. All benthos in the 
codend was sorted into major taxa and wet-weighed. Benthos entangled in the wings of the net 
was not retrieved. 

3. RESULTS 

The wet biomass of the major taxa at each station are illustrated in Figure 1. 

Catches of fish only exceeded 50 kg at two stations near the shelf break (stations G and 
H). The remaining catches of fish were mostly less than 20 kg. Catches in the centre of the 
bay (stations L, M and N) were very low with little benthos in the net. 

Of the benthos, sponges were usually the most abundant taxon in the codend. At four 
stations, the biomass of sponges exceeded 100 kg with the maximum being 202 kg at station B. 
Occasionally, ascidians formed a considerable portion of the biomass (stations A, B and H). 
Echinoderms were the most prominent taxon of the remaining benthos, of which holothurians 
were the most abundant (Table 2). 

The wet-weight ratio of benthos to finfish in the codend was greater than 1 at 12 out of 
the 14 stations and mostly was greater than 10 (Table 3). 

4. DISCUSSION 

Nets used in bottom trawls for finfish are designed to minimise the catch of benthos. 
Nonetheless, bottom trawling in Prydz Bay in February 1991 showed that on most occasions 
the biomass of benthos in the codend after a 30 minute trawl was greater than the biomass of 
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finfish caught and often greater than 10 times the biomass of fish. The composition of the 
benthos retained in the codend was primarily sponges and ascidians. Holuthurians and crinoids 
were the next most abundant taxa in terms of biomass. 

The magnitude of the disturbance and displacement of species through bottom trawling 
is underestimated in these analyses as a considerable biomass of crinoids and other species 
were entangled in the wings of the net. Also, the total number and biomass of species that will 
have been disturbed by the action of the doors and the other bottom gear but not caught in the 
net could not be detected with this method. Thus, the ratios presented in Table 3 are likely to be 
underestimates of the mass of benthos disturbed per unit mass of finfish caught. 

Kock (1990) has highlighted the need to examine the potential impacts of bottom 
trawling on benthic communities in the Antarctic. The results of this study demonstrate that the 
biomass of benthos that could be disturbed by commercial bottom trawling could be high in 
Prydz Bay. Also, the results indicate that there is a need to examine the nature of benthic 
communities in areas in which commercial bottom trawling may occur so that measures can be 
taken to ensure the integrity of these communities are maintained. Given the low resilience, 
low reproductive rates and the comparatively sessile nature of many Antarctic benthic species 
(Clarke, 1979 and 1983), a suitable approach to the conservation of these communities would 
be to have areas within trawling grounds set aside to aid the re-establishment of disturbed 
species in trawled areas. 
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Table 1: Co-ordinates of stations for bottom trawls in Prydz Bay, February 1991. Symbols 
for stations are the same as those used in Figure 1. 

Station Latitude (S) Longitude (E) 

A 670 26.54' 700 20.24' 
B 670 27.35' 680 50.34' 
C 670 16.35' 680 57.68' 
D 670 16.66' 700 05.05' 
E 670 02.37' 700 18.83' 
F 660 53.36' 700 40.54' 
G 660 59.98' 740 18.71' 
H 660 59.68' 750 06.11' 
I 660 59.47' 760 26.65' 
J 670 20.64' 770 14.33' 
K 670 34.17' 770 32.92' 
L 680 03.77' 730 09.33' 
M 680 27.91' 750 26.60' 
N 680 31.73' 730 13.00' 

Table 2: Mean biomass of echinoderms retrieved in bottom trawls in Prydz Bay in February 
1991 (n = 14). 

Echinoderm Mean Standard 
Class (g) Deviation 

Echinoidea 311 736 
Asteroidea 1809 2511 
Crinoidea 1506 4615 
Ophiuroidea 74 95 
Holothuroidea 4041 6482 

Table 3: Frequency of trawls within each group of ratios of benthos to finfish (by mass) 
retrieved in bottom trawls in Prydz Bay in February 1991 (n = 14). 

Ratio of 
Benthos/Finfish 

0-1.0 
1.1 - 10.0 

10.1 - 50.0 
> 50.0 

Number of 
Trawls 

2 
4 
5 
3 
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Figure 1: Biomass of major fauna taxa retrieved in bottom trawls in Prydz Bay, February 1991. Each graph shows the catch from stations 
marked with corresponding letters. Station coordinates are in Table 1. Legend for bars on each graph: F = fish; S = sponges; A = 
ascidians; E = echinodenns; M = molluscs; C = coelenterates; D = decapods; N = nereids; 0 = other. 
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