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Abstract 

This volume contains a selection of the scientific papers presented at meetings of 
the Scientific Committee and Working Groups of the Scientific Committee in 
1988. The volume is published in two parts. Part I contains papers related to 
Antarctic krill. Part " contains papers on other Antarctic Marine Living 
Resources. The text of the papers is reproduced in the original language of 
submission; abstracts of the papers and captions of tables and figures are 
translated into the official languages of the Commission (English, French, 
Russian and Spanish). 

Resume 

Le present tome contient une selection de communications scientifiques 
presentees aux reunions du Comite Scientifique et aux Groupes de travail du 
Co mite Scientifique en 1988. Ce tome est publie en deux parties. La premiere 
partie contient les communications qui se rapportent au krill antarctique. La 
deuxieme partie contient les communications sur les autres ressources marines 
de l'Antarctique. Le texte de ces communications est reproduit dans la langue 
originale dans laquelle celles-ci ont ete presentees; les resumes des 
communications ainsi que les titres des tableaux et des figures ont ete traduits 
dans les langues officielles de la Commission (anglais, franc;ais, russe et 
espagnol). 

Pe310Me 

HaCT051II\HH TOM CO,l(ep)I{HT nO,l(60pKY HaytIHbIX pa60T, npe,l(CTaBJIeHHbIX 

Ha COBeII\aHH51X HaYtIHOrO KOMHTeTa H Pa60tIHX rpynn HaytIHOrO 

KOMHTeTa B 1988 r., H COCTOHT H3 ,l(ByX tIaCTeH. IIepBa51 tIaCTb CO,l(ep)l{HT 

,l(oKYMeHTbI, HMeIOII\HeC51 OTHomeHHe K aHTapKTHtIeCKoMY KPHJIIO. BTopa51 

tIaCTb CO,l(ep)l{HT ,l(OKYMeHTbI KaCaIOII\HeC51 ,l(pyrHx MOPCKHX )l{HBbIX 

pecypcoB AHTapKTHKH. OHH npe,l(CTaBJI51IOTC51 Ha 513bIKe opHrHHaJIa; 

pe3IOMe ,l(OKJIa,l(OB, Ha3BaHHe Ta6JIHIJ, H nO,l(nHCH K pHCYHKaM nepeBe,l(eHbI 

Ha O<pHIJ,HaJIbHbIe 513bIKH KOMHCCHH (aHr JIHHCKHH, <ppaHIJ,Y3CKHH, PYCCKHH 

H HcnaHCKHH). 

Resumen 

Este volumen contiene una seleccion de los documentos cientificos presentados en 
las reuniones del Comite Cientifico y de los Grupos de Trabajo del Comite 
Cientffico en 1988. Se publica en dos partes. La Parte I comprende los trabajos 
relacionados con el krill. La Parte 11 comprende los trabajos sobre los otros 
recursos vivos marinos antarticos. El texto de estos documentos esta reproducido 
en el idioma original; los resumenes de estos y los tftulos de los cuadros y figuras 
estan traducidos a los idiomas oficiales de la Comision (ingles, frances, ruso y 
espafiol). 
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WG-FSA-88/32 

CHAMPSOCEPHALUS GUNNARI STOCK STATUS IN THE SOUTH GEORGIA AREA 

R. Borodin, P. Kochkin 

Abstract 

Data of age composition and fishing effort for 1976/77-1987/88 
were used to analyse stock status and T AC for C. gunnari. Stock 
estimates were obtained using VPA with the following variations: 
mean F, Gamma methods, Pope and Shepherd method, using F 
regression on fishing effort and method of average weighted F. 

For 1986/87 the values obtained by different methods differed 
considerably from each other, from 120 thousand tonnes (regression 
method) to 213 thousand tonnes (Pope-Shepherd method). For T AC 
prediction the stock size value was obtained by VPA with variations 
using F regression methods. The recruitment was taken at the lowest 
possible level for all these years (400 million specimens). 
Catch-per-unit-effort was also taken at the lowest level. 

T AC was calculated for three possible situations: 

( a) Fishing intensity (F) in a predicted period was equal to the 
average value of fishing mortality: 

( b) For the predicted period fishing intensity was at the level of 
that in 1987/88; 

( c ) For the predicted period fishing intensity was FO.1• 

In the first two cases TAC=2S-30 thousand tonnes and stock size does 
not change. For the third case T AC= 14-18 thousand tonnes and stock 
size increases. The analysis of the information shows that at the 
currently used value of stock size and even at the lowest possible 
recruitment levels and catch-per-unit-effort the present fishing 
regime does not lead to a decline in C. gunnari stock size. 

Resume 

Des donnees sur la composition en ages et I'effort de peche de 
1976/77 -1987/88 ont ete utilisees pour analyser I'etat du stock et 
les TAC de C. gunnari. Des estimations du stock ont ete obtenues en 
utilisant VPA avec les variations suivantes: F moyen, methodes 
Gamma, la methode de Pope et Shepherd, utilisant la regression de F 
sur I'effort de peche et la methode de F moyen pondere. 

Pour 1986/87, les valeurs obtenues par les differentes methodes 
variaient considerablement I'une de I'autre, de 120 mille tonnes 
(methode de regression) a 213 mille tonnes (methode 
Pope-Shepherd). Pour la prediction des TAC, la valeur de la taille du 
stock a ete obtenue au moyen de VPA avec des variations utilisant des 
methodes de regression de F. Le recrutement a ete pris au niveau le 

1 



2 

plus bas possible pour toutes ces annees (400 million de specimens). 
La capture par unite d'effort a aussi ete prise d'atre au niveau le plus 
bas. 

La T AC a ete calculee pour trois situations possibles : 

(a) L'intensite de la peche (F) lors d'une periode predeterminee a 
ete egale a la valeur moyenne de la mortalite par pache; 

( b ) Pendant la periode predeterminee, I'intensite de la pache etait 
au mame niveau qu'en 1987/88; 

( c) Pendant la periode predeterminee, I'intensite de la pache eta it 
de FO.1• 

Dans les deux premiers cas, la T AC=25-30 mille tonnes et la taille 
du stock ne change pas. Dans le troisiame cas, la TAC=14-18 mille 
tonnes et la taille du stock augmente. L'analyse de I'information 
demontre qu'a la valeur de la taille du stock utilisee actuellement, et 
mame aux niveaux de recrutement et de prise par unite d'effort les 
plus bas, le regime de pache actuel ne mane pas a une diminution de la 
taille du stock de C. gunnari. 

Pe3IOMe 

llaHHbIe 0 B03pacTHoM COCTaBe H npOMblCJIOBOM YCHJIHH 3a 

1976/77 -1987/88 rr. 6bIJIH HCnOJIb30BaHbI npH aHaJIH3e 

COCT05IHH5I 3anaca H allY ~JI5I C. gunnari . a~eHKH 3anaca 6bIJIH 

~OCTHrHYTbI npH HCnOJIb30BaHHH MeTo~a VPA co CJIe~yIO~HMH 
HaCTpOHKaMH : Cpe~H5I5I BeJIHqHHa F, Gamma MeTO~bI, MeTO~ 
IIoyna H menap~a, MeTO~ perpeccHH F Ha npOMblCJIOBOe 

YCHJIHe H MeTO~ F cpe~HeB3BeIIIeHHbIH. 

BeJIHqHHbI, nOJIyqeHHbIe Pa3JIHqHbIMH MeTo~aMH B ce30H 

1986/87 r., 3HaqHTeJIbHO OT JIHQaIOTC5I - OT 120 TbIC5IQ TOHH 

(MeTo~ perpeccHH) ~o 213 TbIC. T. (MeTo~ IIoyna H menap~a). 
llJI5I nporHo3a allY o~eHKa BeJIHQHHbI 3anaca 6bIJIa 

~ocTHrHyTa npH nOMO~H MeTo~a VPA C H3MeHeHH5IMH npH 

HCnOJIb30BaHHH MeTO~OB perpeCCHH F. qHCJIeHHOCTb 

nOnOJIHeHH5I 6bIJIa B35ITa Ha caMOM HH3KOM ypOBHe B TeQeHHe 

Bcex 3TH X JIeT (400 MJIH. 3K3.). "Y JIOB Ha e~HHH~y YCHJIH5I" 

TaK:>Ke HaXO~HJIC5I Ha caMOM HH3KOM ypOBHe. 

allY 6bIJI paCCQHTaH ~JI5I Tpex B03MO:>KHbIX cHTya~H11 : 

(a) IIHTeHcHBHocTb 

nepHO~ paBHa 

CMepTHOCTH : 

npOMbICJIa 

cpe~HeH 

(F) B nporHo3HpyeMbIH 

BeJIHQHHe npOMhlCJIOBOH 

(b) B nporHo3HpyeMbIH nepHo~ HHTeHCHBHOCTb npOMbICJIa 

(F) COXpaH5IeTC5I Ha ypOBHe ce30Ha 1987/1988 r. 

(c) B nporHo3HpyeMbIH nepHo~ HHTeHCHBHOCTb npOMblCJIa 

6bIJIa FO,1. 



B nepBbIX ,llByX CJIY'-Ia51X OllY=25-30 TbIC. T., H BeJIH'-IHHa 3anaca 

He H3MeH51eTC51. B TpeTbeM CJIy'-Iae OllY=14-18 TbIC. T. H 

BeJIH'-IHHa 3anaca YBeJIH'-IHBaeTC51. AHaJIH3 ,llaHHbIX nOKa3bIBaeT, 

'-ITO npH HCnOJIb30BaHHOH B nOCJIe,llHee BpeM51 BeJIH'-IHHe 

3anaca H ,lla)l{e npH HaHHH3WHX YPOBH51X nOnOJIHeHH51 H 

HeBbICOKOM YJIOBe Ha e,llHHH~y YCHJIH51 HaCT051II\HH 

npOMhlCJIOBhlH pe)l{HM He Be,lleT K YMeHbweHHID BeJIH'-IHHhl 

3anaca C. gunnari. 

Resumen 

Se utilizaron los datos de composici6n por edades y de esfuerzo 
pesquero para 1976/77-1987/88 para analizar el estado de la 
poblaci6n y la TAG para C. gunnari. Las estimaciones de la poblaci6n 
se obtuvieron usando un VPA con las siguientes variaciones: promedio 
de F, metodos Gamma, metodo Pope y Shepherd, la regresi6n Fen el 
esfuerzo pesquero y el metodo de la media ponderante de F. 

En 1986/87, los valores obtenidos mediante los distintos metodos 
discreparon considerablemente entre ellos, de 120 mil toneladas 
(metodo de regresi6n) a 213 mil toneladas (metodo Pope-Shepherd). 
Para el pron6stico de la TAG se obtuvo el valor del tamano de la 
poblaci6n mediante un VPA con variaciones utilizando los metodos de 
regresi6n F. El reclutamiento se tom6 al nivel mas bajo posible para 
todos esos anos (400 millones de ejemplares). La 
captura-por-unidad-de-esfuerzo se tom6 tambien al nivel mas bajo. 

Se calcul6 la TAG para tres situaciones posibles: 

( a) La intensidad de pesca (F) en un perfodo previsto fue igual al 
valor medio de la mortalidad por pesca; 

( b ) Para el periodo previsto la intensidad de pesca estuvo al mismo 
nivel que en 1987/88; 

(c) Para el perfodo previsto la intensidad de pesca fue FO.1. 

En los dos primeros casos, la T AG=2S-30 mil toneladas y el tamano 
de la poblaci6n no cambia. Para el tercer caso la TAG=14-18 mil 
toneladas y el tamano de la poblaci6n aumenta. El analisis de la 
informaci6n muestra que para el valor actualmente utilizado del 
tamafio de la poblaci6n e incluso para el nivel mas bajo posible de 
reclutamiento y captura-por-unidad-de-esfuerzo el presente 
regimen de pesca no conduce a un descenso en el tamano de la 
poblaci6n de C. gunnari. 
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1. PACITPOCTPAHEHHE 

K HaCT05I~eMy BpeMeHH ~yKoBH~Ha5I 6eJIOKpOBKa H3BeCTHa H3 

aHTapKTHqeCKHX BO~ ATJIaHHqeCKOrO H IIH~ooKeaHcKoro CeKTOpOB IO)l{HOrO OKeaHa 

_ paHOHbI OCTPOBOB IO)l{Ha5I reOprH5I, IO)l{HbIe OpKHeHCKHe, IO)l{HbIe meTJIaH~CKHe, 
IO)l{HbIe CaH~BHqeBbI, BYBe, KepreJIeH, Xep~ H 6JIH3JIe)l{a~He rrO~BO~HbIe 
B03BbImeHHOCTH B 3THX ~ByX paHOHax (6aHKH CKH<p, Cpe~H5I5I, IUyqb5I, HOBa5I), 

MaK~OHaJIb~ H y AHTapKTHqeCKOrO rrOJIYOCTpOBa - paHOHbI apXHrreJIara ITaJIbMepa 

HO-Ba jI(Y3HBHJIb. C TaKHM pacrrpOCTpaHeHHeM ~yKOBH~HyIO 6eJIOKpOBKY OTHOC5IT K 

pbI6aM C THrrOM apeaJIa - 3arra~Ha5I AHTapKTHKa - KepreJIeH. 

2. OBOCHOBAHHE B03PACTHOrO II BECOBOrO COCTABA 

Pa3pa60TaHHbIe HaMH crroc06bI rro~roToBKH cpe30B OTOJIHTOB H KocTeH PbI6 H 

06pa60TKH rr03BOHKOB aHTapKTHqeCKHX PbI6 (KOqKHH, 1980 a,6) rr03BOJIHJIH 

rrOJIyqHTb TOHKHe oKpameHHbIe mJIH<pbI OTOJIHTOB H rrperrapaTbI H3 rr03BOHKOB 

~yKOBH~HOH 6eJIOKpOBKH. CXO~CTBO pe3YJIbTaTOB, rrOJIyqeHHbIX rrpH H3yqeHHH 

OTMeTOK pOCTa Ha YKa3aHHbIX CTpyKTypax (OTOJIHTbI, rr03BOHKH) rr03BOJIHJIO 

rrOJIyqHTb 66JIbmyIO YBepeHHOCTb B TOqHOCTH orrpe~eJIeHH5I B03paCTa ~aHHoro 
BH~a. ITo BbIqHCJIeHHbIM 06paTHbIM paCqHCJIeHHeM 3HaqeHH5IM ~JIHHbI TeJIa PbI6 6bIJIH 

rrOJIyqeHbI rrapaMeTpbI JIHHeHHOro pOCTa ~YKOBH~HOH 6eJIOKpOBKH Ha rrepHO~ 
3aKJIa~KH Ha ee OTOJIHTaX rO~OBbIX OTMeTOK pOCTa (6JIH3KOMY K HaqaJIY 

6HJIOrHqeCKOrO ro~a paCCMaTpHBaeMoro BH~a) (ypaBHeHHe I) H Ha rrepHO~ ee 

BbIJIOBa B apeaJIe-Mae (ypaBHeHHe 11). 

YpaBHeHH5I HMeIOT BH~: 

Lt = 71,994 (I - e -0,1296 (t + 0,6722)) (I) 

Lt = 71,187 (I - e -0,131 (t + 1,4766)) (11) 

r~e Lt - ~JIHHa pbI6bI (CM) B B03paCTe t JIeT. 

ITOJIyqeHHbIe rro 3THM ypaBHeHH5IM ~aHHbIe 6bIJIH rrpHBe~eHbI K pa3HbIM 

BpeMeHHbIM OTMeTKaM H rrOKa3aJIH 6JIH3KOe CXO~CTBO pe3YJIbTaTOB rrpH BpeMeHHOH 

OTMeTKe 1 aBrycTa, qTO rr03BOJIHJIO rrpHH5ITb 3Ty ~aTy (1 aBrycTa) 3a cpe~HIOIO ~aTy 
3aKJIa~KH rO~OBbIX OTMeTOK pOCTa 6JIH3KYIO KO BpeMeHH pO)l{~eHH5I 
paCCMaTpHBaeMoro BH~a. )locToBepHOCTb rrOJIyqeHHbIX cpe~HHX ~aHHbIX 0 pOCTe 

PbI6bI rrO~TBep)l{~aeTC5I CXO~CTBOM MaKCHMaJIbHbIX 3HaqeHHH ~JIHHbI TeJIa pbI6bI -

TeOpeTHqeCKOH (71,9 CM) H Ha6JIIO~eHHOH (69,5 CM), rrOCKOJIbKY rro ITayJIH (Pauly, 
1980) y PbI6 cpe~HHx pa3MepOB MaKCHMaJIbHa5I Ha6JIIO~eHHa5I ~JIHHa 06bIqHO 6JIH3Ka 

K 95 % BbIqHCJIeHHOH aCHMrrTOTHqeCKoH. KpOMe Toro, orrpe~eJIeHHe HHTeHCHBHOCTH 

pOCTa ~yKOBH~HOH 6eJIOKpOBKH rrOKa3aJIO, qTO 3aMe~JIeHHe ee pOCTa Ha6JIIO~aeTC5I 
rrpH ~OCTH)l{eHHH cpe~HeH ~JIHHbI TeJIa 27 CM, qTO cor JIacyeTC5I C JIHTepaTypHbIMH 

~aHHbIMH 0 ~JIHHe TeJIa PbI6 BO BpeM5I MaCCOBoro C03peBaHH5I (26-32 CM), Kor~a 
POCT pbI6bI ~OJI)I{eH 3aMe~JI5ITbC5I (JIHcoBeHKo, 1982; Kock, 1981; Sosinski,1981 ; 

"Antartida 8611",1987). 

Ha OCHOBe orrpe~eJIeHHOH HaMH ~JI5I arrpeJI5I-Ma5I pa3MepHO-BecoBoH 

3aBHCHMOCTH: 

W = 0,00162 • L 3,389 

r~e W - 06~a5I Macca PbI6bI (r), 

L - 06~a5I ~JIHHa TeJIa (CM) 
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H Cpe,llHeH ,llJIHHbI TeJIa PbI6 pa3HOrO B03paCTa 6bIJI Onpe,lleJIeH TaK)l{e BeCOBOH POCT 

IqYKOBH,llHOH 6eJIOKpOBKH. Ha nepHO,ll Hat.IaJIa 6HOJIOrHt.IeCKOrO rO,lla BecoBoH POCT 

PbI6bI onHCbIBaeTC5.I ypaBHeHHeM: 

W t = 3343,75 (1- e -0,1167 (t + 0,4827))3 

r,lle Wt - Macca pbI6bI (r) B B03pacTe t JIeT. 

llOCTOBepeHOCTb nOJIYt.IeHHbIX pa3MepHO-BecoBblx ,llaHHbIX nO,llTBep)l{,llaeTC5.I 

CXO,llCTBOM MaKCHMaJIbHbIX 3Hat.IeHHH Beca PbI6bI - TeOpeTHt.IeCKOrO (3343,7 r) H 

Ha6JIIO,lleHHOro (3200 r). Bblt.IHCJIeHHa5.1 Macca TeJIa PbI6bI ,llJIHHOH 30 CM COCTaBHJIa 

171,8 r, t.ITO 6JIH3KO K Ha6JIIO,lleHHbIM HaMH B anpeJIe-Mae 1981 r. cpe,l\HHM ,llaHHbIM -

178,3 r, a TaK)l{e ,llaHHbIM p5.l,lla 3apy6e)l{HbIX aBTopoB (Kompowski, 1980; Kock, 1981; 
Sosinski, 1981, 1985). 

ConOCTaBJIeHHe paCt.IeTHbIX ,llaHHbIX 0 Cpe,llHeMeC5.lt.IHOH ,llJIHHe TeJIa PbI6 

pa3HOrO B03pacTa co Cpe,llHHMH MO,llaJIbHbIMH pa3MepaMH PbI6 B YJIOBaX (c 

npe06JIa,lleHHeM oc06eH O,llHoro nOKOJIeHH5.I) nOKa3bIBaeT OTHOCHTeJIbHOe CXO,llCTBO 

paCt.IeTHbIX H Ha6JIIO,lleHHbIX ,llaHHbIX ,llJI5.I 0,llHoB03pacTHblx oc06eH. OTHOCHTeJIbHO 

cTa6HJIbHbIH POCT IqYKOBH,llHOH 6eJIOKpOBKH B paHOHe O-Ba IO)l{Ha5.1 reOprH5.I, 

BH,llHMO, MO)l{HO 06b5.lCHHTb ,llOBOJIbHO nOCT05.lHHbIMH TepMHt.IeCKHMH YCJIOBH5.lMH B 

paHOHe ee 06HTaHH5.I H HaJIHt.IHeM xopomeH KOPMOBOH 6a3bI B JIeTHe-OceHHHH 

nepHO,ll npaKTHt.IeCKH e)l{erO,llHO. TaKa5.1 oc06eHHOCTb pOCTa IqYKOBH,llHOH 

6eJIOKpOBKH TaK)l{e KOCBeHHO nO,llTBep)l{,llaeTC5.I npaKTHt.IeCKH nOCT05.lHHOH 

3aBHCHMOCTbIO pa,llHyca OTOJIHTa OT ,llJIHHbI TeJIa pbI6, nOHMaHHbIX B pa3Hble rO,llbI. 

Yt.IHThlBa5.1 3Hat.IHTeJIbHhle TPY,llHOCTH npH onpe,lleJIeHHH B03paCTa IqYKOBH,llHOH 

6eJIOKpOBKH H OTHOCHTeJIbHO nOCT05.lHHbIH TeMn ee pOCTa HCnOJIb30BaHHe Cpe,llHHX 

paCt.IeTHbIX ,llaHHbIX 0 JIHHeHHOM H BeCOBOM pOCTe PbI6bI nOMO)l{eT nOJIYt.IHTb 

cpaBHHTeJIbHO 6JIH3KYIO K ,lleHCTBHTeJIbHOCTH KapTHHY 0 ,llHHaMHKe 3anaca aToro 

BH,lla. 

3. OI{EHKA COCT05IHH5I 3AIIACA H OIITHMAJIbHOrO 

llOIIYCTHMOrO Y JIOBA (OllY) 

Ha OCHOBe cTaTHCTHt.IeCKOH HH<I)OpMa~HH, B35.1TOH H3 ony6JIHKOBaHHblx 

C60PHHKOB AHTKOMa, 6bIJI HCnOJIb30BaH MeTO,ll VPA. llJI5.I o~eHKH TepMHHaJIbHOrO 

KOa<p<lnI~HeHTa MroHoBeHHoH npOMbICJIOBOH cMepTHocTH FT 6bIJIH npHMeHeHbI 

CJIe,llYIOIqHe HacTpOHKH: Cpe,llHee MHOrOJIeTHee, MeTo,ll raMMa, MeTO,ll IIoyna H 

llIenap,lla, MeTO,ll perpeccvIH F Ha npOMbICJIOBOe YCHJIHe f H MeTO,ll F 
cpe,llHeB3BemeHHbIH. 

3aTeM 6bIJIH nOJIYt.IeHbI o~eHKH 3anaca JIe,ll5.lHOH no ce30HaM npH M=0,3, 
Hat.IHHa5.1 C ce30Ha 1976/77 r. 

Bce MeTO,llbI nOKa3bIBaIOT npHMepHo O,llHHaKoBYIO ,lIHHaMHKY 3anaca 

IqYKOBH,llHOH 6eJIOKpOBKH. B ce30H 1976/77 r. 3anac o~eHHBaeTC5.I B 106 TbIC. T. 3aTeM 

pe3Koe CHH)l{eHHe ,lI0 25 TbIC. T H 6bICTPbIH POCT ,lI0 OKOJIO 220 TbIC. T B ce30H 1982/83 
r. 3aTeM On5.lTb pe3Koe CHH)l{eHHe ,lI0 63 TbIC. T B ce30H 1984/85 r. H nOCJIe,llYIOIqHH 

POCT 3anaca ,ll0 ce30Ha 1986/87 r. O,llHaKo o~eHKH Ha ce30H 1986/87 r., nOJIYt.IeHHble 

pa3HbIMH MeTO,llaMH 3Hat.IHTeJIbHO OT JIHt.IaIOTC5.I - OT 120 TbIC. T ,lI0 213,9 TbIC. T (MeTo,ll 

IIoyna-llIenap,lla). IIpH aTOM CJIe,llyeT OTMeTHTb, LlTO LlHCJIeHHOCTb nOnOJIHeHH5.I 

MJIa,llmHX B03paCTHbIX rpynn He KoppeKTHpOBaJIaCb. 
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llJI5.I ,llaJIbHeHmero aHaJIH3a HCnOJIb30BaJIC5.I MeTO,ll perpeCCHH F Ha 

npOMbICJIOBOe YCHJIHe (Ta6JI. 1 - 5). 



lIHCJIeHHOCTh rrOrrOJIHeHH5I 1 B03pacTHoti rpyrrnbI 6bIJIa B35ITa Ha caMOM 
HH3KOM ypOBHe 3a rrOCJIe,l\HHe ,l\eC5ITh JIeT (400 MJIH. 3K3.). B 3TOM cJIYl.lae 3arrac 
~YKOBH,l\Hoti 6eJIOKpOBKH B ce30H 1986/87 r. oL\eHHBaeTC5I B 129,3 TbIC. T, a B ce30H 
1987/88 r. B 67,2 TbIC. T. 3aTeM 6bIJI c,l\eJIaH nporHo3 B03MO)l{HOrO COCT05IHH5I 3anaca 
HOllY JIe,l\5IHoti Ha ce30HbI 1988/89 H 1989/90 r.r. (Ta6JI. 6-8). IIPH 3TOM 6bIJIH 

paccMoTpeHbI CJIe,l\yIO~He BapHaHTbI: 

(a) HHTeHcHBHoCTh npOMbICJIa (F) B nporHo3HpyeMbIti nepHO,l\ paBHa 
cpe,l\Heti BeJIHl.IHHe rrpOMbICJIOBoti CMepTHOCTH F ,l\JI5I OCHOBHbIX 
rrpOMbICJIOBbIX B03paCTHbIX rpynn (2-4 rO,l\a). IIPH rrpHH5ITbIX YCJIOBH5IX 
(HaHMeHhWa5I l.IHCJIeHHOCTh nOnOJIHeHH5I - 400 MJIH. 3K3.) H OllY=29,2 
TbIC. T B ce30H 1988/89 r. H OllY=26,1 TbIC. T B ce30H 1989/90r. 

BeJIHl.IHHa 3anaca 6Y,l\eT CHH)I{aTbC5I ,l\O 60 TbIC. T. 

(6) B n'porHo3HpyeMbIti nepHo,l\ HHTeHCHBHOCTb rrpOMbICJIa (F) 
COXpaH5IeTC5I Ha ypOBHe ce30Ha 1987/88 r. Tor,l\a B ce30H 1988/89 r. 
OllY=22,9 TbIC. T, a B ce30H 1989/90 r. OllY=26,5 TblC. T. BeJIHl.IHHa 

3arraca YBeJIHl.IHTC5I K ce30HY 1989/90 r. ,l\O 72,1 TbIC. T. 

(B) B rrporHo3HpyeMbIti nepHO,l\ HHTeHCHBHOCTb npOMbICJIa (F) 6Y,l\eT paBHa 
FO,l= 0,439. Tor,l\a B ce30H 1988/89 r. OllY=13,6 TbIC. T, a B ce30H 

1989/90 r. OllY=18,5 TbIC. T. BeJIHl.IHHa 3arraca B03pacTeT ,l\O 81,9 TblC. T 

B ce30H 1989/90 r. 

4. 3AKJIIO lIEHI1E 

AHaJIH3 COCT05IHH5I 3anaca H npOMhlCJIa ~YKOBH,l\HOti 6eJIOKpOBKH 
rrOKa3bIBaeT, l.ITO BeJIHl.IHHa YJIOBa 3aBHCHT OT rryJIbCHpyIO~ero nOrrOJIHeHH5I. 
IIepBOHal.laJIhHbIti 3arrac COCTaBJI5IJI HeMHoro 60JIbWe 100 TbIC. T, 3aTeM YBeJIHl.IHJIC5I 
60JIee l.IeM B ,l\Ba pa3a H OL\eHHBaJIC5I rrpHMepHo B 220 TbIC. T, a K HaCT05I~eMy 
BpeMeHH Orr5ITb CHH3HJIC5I rrpHMepHo ,l\O 70 TbIC. T. 

IIporH03 B03MO)l{HOrO COCT05IHH5I 3arraca H YJIOBOB Ha rrOCJIe,l\yIO~He ,l\Ba 
ce30Ha rrOKa3bIBaeT, l.ITO ,l\a)l{e rrpH B03MO)l{HOti HaHMeHbweti l.IHCJIeHHOCTH 
rrOrrOJIHeHH5I H cy~ecTByIO~eti HHTeHCHBHOCTH rrpOMbICJIa Fo 1=0,439 (OllY=15-20 

TbIC. T) 3arrac ~YKOBH,l\Hoti 6eJIOKpOBKH ,l\OJI)I{eH YBeJIUl.IHBaTbC5I: 

IIpH 3TOM Heo6xo,l\HMO oTMeTHTb, l.ITO rrporHo3 rrpoBo,l\HJIC5I ,l\JI5I caMoti HH3KOti 
BeJIHl.IHHbI rrOrrOJIHeHH5I 3a Bce rO,l\bI H caMOM HH3KOM YJIOBe Ha YCHJIHe B rrOCJIe,l\HHti 

ce30H. 
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Ta6JuuJ;a 1: Cpe~H5I5I Macca (r) Pa3HOB03pacTHblx PbI6 no Ce30HaM 

B03paCT- K03cpqm:IJ;HeHT CE30HbI 
Ha51 eCTecTBeHHoH 
rpynna cMepTHocTH 1976/77 1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 

1 0,35 24,7 26,3 27,8 38,3 32,8 20,5 31,1 36,5 
2 0,35 76,1 79,0 81,9 100,4 91,9 68,0 87,8 97,2 
3 0,35 159,1 163,3 167,4 193,4 180,2 147,1 175,8 189,0 
4 0,35 270,7 276,0 281,2 313,4 297,2 255,4 291,8 308,0 
5 0,35 405,8 411,9 418,0 455,1 436,4 387,9 430,2 448,9 
6 0,35 558,5 565,2 571,8 612,3 592,0 538,7 585,2 605,5 

B03paCT- K03cpCPHIJ;HeHT CE30HbI 
Ha51 eCTecTBeHHoH 
rpynna cMepTHocTH 1984/85 1985/86 1986/87 1987/88 

1 0,35 26,3 31,1 27,8 21,8 
2 0,35 79,0 87,8 81,9 70,6 
3 0,35 163,3 175,8 167,4 151,0 
4 0,35 276,0 291,8 281,2 260,5 
5 0,35 411,9 430,2 418,0 393,8 
6 0,35 565,2 585,2 571,8 545,3 

\0 



...... 
o 

Ta6JIHIJ;a 2: B03paCTHOH: COCTaB YJIOBOB (MJIH. aK3) 

B03paCT- Koa<!JqmIJ;HeHT CE30HbI 
Ha5I eCTecTBeHHOH: 
rpynna cMepTHocTH 1976/77 1977/78 1978/79 1979/80 

1 0,35 0,00 2,67 0,07 29,57 
2 0,35 0,13 13,96 2,49 25,76 
3 0,35 19,61 18,46 1,45 1,73 
4 0,35 112,20 4,33 0,41 4,96 
5 0,35 97,55 2,77 0,10 2,88 
6 0,35 24,44 1,12 0,03 0,73 

HToro 253,90 4330 450 6560 
C12ellHHH: B0312acT 450 290 260 190 

B03pacT- Koa<!J<!JHIJ;HeHT CE30HbI 

Ha5I eCTecTBeHHOH: 
rpynna cMepTHocTH 1984/85 1985/86 1986/87 1987/88 

1 0,35 5,28 21,64 6,92 3,03 
2 0,35 18,20 39,62 207,12 8,33 
3 0,35 47,05 34,01 276,94 52,41 
4 0,35 12,71 1,89 19,31 41,65 
5 0,35 1,80 0,67 4,21 19,21 
6 0.35 0.54 

~~- O~13 0.70 4.35 
HToro 8560 98,00 51520 12900 
C12ellHHH: B0312acT 2 90 2 20 2 60 3 60 

1980/81 1981/82 1982/83 1983/84 

17,02 5,87 25,97 98,63 
71,49 159,37 162,20 167,08 

108,23 158,39 428,08 120,92 
2,86 30,19 68,13 76,11 
2,07 5,91 24,97 21,54 
0,88 1,89 8,55 4,31 

202,50 36160 717,90 488,60 
250 270 290 250 



--

Ta6J1J.1L\a 3: KoacpcpJ.1L\J.1eHTbI npOMbICJ10BOH cMepTHOCTJ.1 

B03paCT- KoacpcpJ.1L\J.1eHT CE30HbI 
eCTeCTBeHHOH Ha.5.1 

rpynna cMepTHOCTJ.1 1976/77 1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 

1 0,35 0,0000 0,0258 0,0002 0,0421 0,0134 0,0115 0,0668 0,3466 
2 0,35 0,0022 0,2991 0,0352 0,0853 0,1589 0,1958 0,5914 0,9541 
3 0,35 0,8451 0,5838 0,0531 0,0359 0,7108 0,7602 1,5795 1,7559 
4 0,35 2,8701 0,7442 0,0257 0,3052 0,0896 0,5310 1,1629 2,8841 
5 0,35 6,3710 0,9440 0,0244 0,2980 0,2380 0,3191 1,6042 2,9387 
6 035 4,6215 07432 00250 03015 0,1638 0,4250 13834 2,9105 

2-4 F B3BemeHHbIH 1.7082 0.4344 0.0382 0.0880 0.3142 0.3461 1.1742 1.4897 

B03paCT- KoacpCPJ.1L\J.1eHT CE30HbI 
Ha.5.1 eCTecTBeHHoH 
rpynna cMepTHOCTJ.1 1984/85 1985/86 1986/87 1987/88 

1 0,35 0,0072 0,0485 0,0249 0,0090 
2 0,35 0,1156 0,0796 1,0668 0,0440 
3 0,35 1,0131 0,3894 1,5550 1,1487 
4 0,35 1,2833 0,1082 0,4822 1,5918 
5 0,35 0,9015 0,2244 0,4430 1,8547 
6 035 10917 01662 04626 11731 

2-4 F B3BemeHHbIH 0.4462 0.1309 1.2619 _0~5463 



...... 
t-:> 

Ta6JIHI1,a 4: lIHCJIeHHOCTb 3anaca (MJIH. 3K3) 

B03paCT- K03<pqm:I..V1eHT CE30HbI 
eCTeCTBeHHOH Ha5I 

rpynna cMepTHocTH 1976/77 1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 

1 
2 
3 
4 
5 
6 

HToro 

B03paCT­
Ha5I 
rpynna 

1 
2 
3 
4 
5 
6 

HToro 

0,35 90,04 124,15 540,81 849,41 
0,35 69,19 63,45 85,26 381,04 
0,35 39,77 48,65 33,15 58,01 
0,35 131,12 12,04 19,12 22,15 
0,35 103,03 5,24 4,92 13,15 
035 2647 248 1,44 339 

459.60 256.00 684.70 1327.10 

K03<P<PHlJ;HeHT CE30HbI 
eCTeCTBeHHOH 
cMepTHocTH 1984/85 1985/86 1986/87 1987/88 

0,35 875,40 540,91 333,24 400,71 
0,35 196,85 612,47 363,12 229,06 
0,35 85,07 123,57 398,59 88,05 
0,35 20,10 21,77 58,99 59,32 
0,35 3,50 3,93 13,76 25,67 
035 0,93 1,00 2,21 623 

1181.90 1303.60 1169.90 809.00 

1518,67 607,67 475,51 395,07 
573,90 1055,98 423,32 313,44 
247,05 344,99 611,79 165,12 

39,43 85,53 113,67 88,85 
11,51 25,41 35,44 25,04 
687 6,39 13,01 502 

2397.40 2126.00 1672.70 992.50 
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VJ 

Ta6JIHu;a 5: EHOMacca 3anaca (TbIC. T) 

B03paCT- K03<p<pHU;HeHT CE30HbI 
Ha5.1 eCTecTBeHHoM 
rpynna cMepTHocTH 1976/77 1977/78 1978/79 1979/80 1980/81 1981182 1982/83 1983/84 

1 
2 
3 
4 
5 
6 

HToro 

B03paCT­
Ha5.1 
rpynna 

1 
2 
3 
4 
5 
6 

HToro 

0,35 2,22 3,27 15,03 32,53 49,81 12,46 14,79 14,42 
0,35 5,27 5,01 6,98 38,26 52,74 71,81 37,17 . 30,47 
0,35 6,33 7,94 5,55 11,22 44,52 50,75 107,55 31,21 
0,35 35,49 3,32 5,38 6,94 11,72 21,84 33,17 27,36 
0,35 41,81 2,16 2,06 5,98 5,02 9,85 15,25 11,24 
o 35 1479 140 0 82_~ 2..D7_ ~.07_ _ 3.4A 7.61 3.04 

105.~~.1~ ... _35.80._ 9LOO 167.90_ 170.20 215.50 117.70 

K03<p<PHU;HeHT CE30HbI 
eCTeCTBeHHOM 
cMepTHocTH 1984/85 1985/86 1986/87 1987/88 

0,35 23,02 16,82 9,26 8,74 
0,35 15,55 53,78 29,74 16,17 
0,35 13,89 21,72 66,72 13,30 
0,35 5,55 6,35 16,59 15,45 
0,35 1,44 1,69 5,75 10,11 
0,35 0,53 059 1,26 3,40 

60.00 100.90 129.30. 67.20 



..... 
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Ta6JIHIJ,a 6: llporH03 COCT05IHH5I 3anaCa M OilY npH 3a~aHHOM HHTeHCHBHOCTH npOMbICJIa HHTeHCHBHOCTb 

npOMbICJIa B npOrHo3HpyeMbIM nepHO~ paBHa Cpe~HeM BeJIHqHHe F ,lIJI5I OCHOBHbIX B03paCTHbIX rpynn (2 - 4) 

B03- Koa<p- Koa<p- Cpe~- 1987/88 
pacT- <p vII_Vi - <Pl-UJ,H- H5I5I 

Ha5I eHT eHT MaCCa C N B 
rpyn- eCT. qaCT. pbI6bI F MJIH.aK3 MJIH.aK3 TbIC.T 

na CMepT. nOnOJI. (Kr) 

1 0,35 0,0699 0,025 0,0090 3,03 400,00 9,880 
2 0,35 0,3829 0,076 0,0440 8,33 229,06 17,431 
3 0,35 1,0000 0,159 1,1487 52,41 88,05 14,009 
4 0,35 1,0000 0,271 1,5918 41,65 59,32 16,057 
5 0,35 1,0000 0,406 1,8547 19,21 25,67 10,415 
6 035 10000 0,558 15731 4,35 623 3,478 

HToro 12900 80830 71,300 

B03- Koa<p- Koa<p- Cpe,ll- 1989/90 
pacT- <PHIJ,H- <PHIJ,H- H5I5I 

Ha5I eHT eHT Macca C N B 
rpyn- eCT. qaCT. PbI6bI F TbIC.T MJIH.aK3 TbIC.T 

na cMepT. nonOJI. (Kr) 

1 0,35 0,0699 0,025 0,0866 0,69 400,00 9,880 
2 0,35 0,3829 0,076 0,4744 6,36 258,49 19,671 
3 0,35 1,0000 0,159 1,2391 12,09 122,49 19,488 
4 0,35 1,0000 0,271 1,2391 5,30 31,53 8,535 
5 0,35 1,0000 0,406 1,2391 1,01 4,02 1,629 
6 035 10000 0558 12391 060 1 74 0970 

HToro 26_10 818_30 60_20 

llpHMeqaHHe: llHCJIeHHOCTb 1-0M B03pacTHoM rpynnbI B TepMHHaJIbHbIM, 

nepBbIM M BTOPOM npOrHo3HpyeMble rO,llbI 3a,llaHa HCCJIe~OBaTeJIeM 

1988/89 

C N B 
F TbIC.T MJIH.aK3 TbIC.T 

0,0866 0,69 400,00 9,880 
0,4744 6,87 279,35 21,258 
1,2391 15,25 154,47 24,575 
1,2391 3,30 19,67 5,325 
1,2391 2,14 8,51 3,453 
12391 0,98 283 1581 

2920 86480 66100 



...... 
VI 

Ta6JuuJ,a 7: IIporHo3 COCT05IHH5I 3anaca H GllY npH 3a,llaHHoH HHTeHCHBHOCTH npOMbICJIa HHTeHcHBHoCTb 

npOMbICJIa B ce30H 1987/88 r. COXpaH5IeTC5I B nporHo3HpyeMoM nepHO,lle. 

B03- Koa<p- Koa<p- Cpe,ll- 1987/88 
pacT- <pHlJ,H- <pHlJ,H- H5I5I 

Ha5I eHT eHT Macca C N B 
rpyn- eCT. qaCT. PbI6bI F MJIH.dK3 MJIH.aK3 TbIC.T 

na cMepT. nonOJI. (Kr) 

1 0,35 0,0699 0,025 0,0090 3,03 400,00 9,880 
2 0,35 0,3829 0,076 0,0440 8,33 229,06 17,431 
3 0,35 1,0000 0,159 1,1487 52,41 88,05 14,009 
4 0,35 1,0000 0,271 1,5918 41,65 59,32 16,057 
5 0,35 1,0000 0,406 1,8547 19,21 25,67 10,415 
6 035 10000 0558 15731 4,35 6,23 3,478 

HToro 12900 808.30 71.300 

B03- Koa<p- KOd<P- Cpe,ll- 1989/90 
pacT- <pHIJ,H- <pHIJ,H- H5I5I 

Ha5I eHT eHT Macca C N B 
rpyn- eCT. qaCT. pbI6bI F TbIC.T MJIH.aK3 TbIC.T 

na cMepT. nonOJI. (Kr) 

1 0,35 0,0699 0,025 0,0090 0,07 400,00 9,880 
2 0,35 0,3829 0,076 0,0440 0,77 279,35 21,258 
3 0,35 1,0000 0,159 1,1487 17,84 188,38 29,971 
4 0,35 1,0000 0,271 1,5918 6,56 34,51 9,342 
5 0,35 1,0000 0,406 1,8547 0,86 2,82 1,145 
6 035 10000 0558 15731 037 094 0524 

HToro 26.50 906.00 72.10 

IIpHMeqaHHe: lIHCJIeHHOCTb l-oH B03pacTHoH rpynnbI B TepMHHaJIbHbIH, 

nepBbIH H BTOPOH nporHo3HpyeMbIe rO,llbI 3a,llaHa HCCJIe,llOBaTeJIeM 

1988/89 

C N B 
F TbIC.T MJIH.dK3 TbIC.T 

0,0090 0,07 400,00 9,880 
0,0440 0,77 279,35 21,258 
1,1487 14,63 154,47 24,575 
1,5918 3,74 19,67 5,325 
1,8547 2,58 8,51 3,453 
15731 110 283 1581 

22.90 864.80 66.100 



>-' 
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Ta6JII.uJ,a 8: IIporH03 COCT05IHH5I 3anaca HOllY npH 3a,llaHOH HHTeHCHBHOCTH npOMbICJIa: FO,l = 0,439 

B03- KOo<p- KOo<p- Cpe,ll- 1987/88 
pacT- <pH 1.J,H- <pH1.J,H- H5I5I 

Ha5I eHT eHT Macca C N B 
rpyn- eCT. qaCT. pbI6bI F MJIH.oK3 MJIH.oK3 TbIC.T 

na cMepT. nonOJI. (Kr) 

1 0,35 0,0699 0,025 0,0090 3,03 400,00 9,880 
2 0,35 0,3829 0,076 0,0440 8,33 229,06 17,431 
3 0,35 1,0000 0,159 1,1487 52,41 88,05 14,009 
4 0,35 1,0000 0,271 1,5918 41,65 59,32 16,057 
5 0,35 1,0000 0,406 1,8547 19,21 25,67 10,415 
6 035 10000 0558 15731 435 623 3478 

HToro 129,00 808.30 71.300 

B03- Koo<p- Koo<p- Cpek 1989/90 
pacT- <pH1.J,H- <pH 1.J,H- H5I5I 

Ha5I eHT eHT Macca C N B 
rpyn- eCT. qaCT. PbI6bI F TbIC.T MJIH.oK3 TbIC.T 

na cMepT. nonOJI. (Kr) 

1 0,35 0,0699 0,025 0,0307 0,25 400,00 9,880 
2 0,35 0,3829 0,076 0,1681 2,73 273,36 20,802 
3 0,35 1,0000 0,159 0,4390 8,04 166,40 26,474 
4 0,35 1,0000 0,271 0,4390 5,77 70,17 18,996 
5 0,35 1,0000 0,406 0,4390 1,10 8,94 3,627 
6 035 10000 0558 0,4390 066 387 2.159 

HToro 18.50 922.70 81.90 

IIpHMeqaHHe: llHcJIeHHocTb l-oH B03pacTHoH rpynnbI B TepMHHaJIbHbIH, 

nepBbIH H BTOPOH nporHo3HpyeMbIe rO,llbI 3a,llaHa HCCJIe,llOBaTeJIeM 

1988/89 

C N 
F TbIC.T MJIH.oK3 

0,0307 0,25 400,00 
0,1681 2,79 279,35 
0,4390 7,46 154,47 
0,4390 1,62 19,67 
0,4390 1,05 8,51 
04390 048 283 

13.60 864.80 

B 
TbIC.T 

9,880 
21,258 
24,575 

5,325 
3,453 
1581 

66.100 



Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Table Legends 

Age (years) and weight (gr) data. 

Age composition of catches. 

Fishing mortality coefficients. 

Stock abundance (million of individuals). 

Biomass (thousand tonnes). 

Stock status and T AC prediction if F is an average value for the main age 
groups. 

Stock status and T AC prediction if F = constant. 

Stock status and TAC prediction if FO.1 = 0.439. 

* All stock status and TAC predictions were made with the assumption that recruitment was 
minimal. 

Tableau 1 

Tableau 2 

Tableau 3 

Tableau 4 

Tableau 5 

Tableau 6 

Tableau 7 

Tableau 8 

Legendes des tableaux 

Donnees sur I'age (ans) et le poids (g). 

Composition en ages des prises. 

Coefficients de mortalite de peche. 

Abondance du stock (millions d'individus). 

Biomasse (mille tonnes). 

Etat du stock et valeur tMorique calculee de la T AC si F est une valeur 
moyenne pour les principaux groupes d'age. 

Etat du stock et valeur theorique calculee de la T AC si F=constante. 

Etat dustock et valeur theorique calculee de la TAC si FO.1=0.439. 

* Toutes les valeurs theoriques des etats des stocks et des T AC ont ete calculees sur 
I'hypothese que le recrutement etait minimal. 

Encabezamientos de las Tablas 

Tabla 1 Datos de edad (anos) y peso (gr). 

Tabla 2 Composicion por edades de las capturas. 

Tabla 3 Coeficientes de mortalidad por pesca. 

Tabla 4 Abundancia de la poblacion (millones de individos). 
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Tabla 5 

Tabla 6 

Tabla 7 

Tabla 8 

Biomasa (mil toneladas). 

Estado de la poblaci6n y pron6sticos de la TAG si F es un valor promedio 
para los grupos de edad principales. 

Estado de la poblaci6n y pron6stico de la TAG si F=constante. 

Estado de la poblaci6n y pron6stico de la TAG si FO.1=0.439. 

* Todos los estados de la poblac6n y los pron6sticos de la TAG se efectuaron suponiendo que el 
reclutamiento fue minimo. 
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SC-CAM LR-VII/BG/23 

RESULTS OF FISH STOCK ASSESSMENT SURVEY, SOUTH GEORGIA, 
DECEMBER 1987 - JANUARY 1988 

J. E. McKenna, Jr. and S. B. Sail a 

Abstract 

Commercial fish stocks around South Georgia have been declining 
since the early 1970's. A survey to monitor these stocks was carried 
out from December 1987 to January 1988. It complements earlier 
surveys in the same area and showed that most of the stocks are 
continuing to decline. Notothenia rossii is showing no signs of 
recovery and Champsocephalus gunnari is likely to continue declining 
in abundance. 

Resume 

Les stocks de poissons commerciaux autour de la Georgie du Sud ont 
ete en declin depuis le debut des annees 70. Une campagne d'etude 
pour controler ces stocks a ete effectuee de decembre 1987 a janvier 
1988. Elle complete les etudes anterieures effectuees dans la meme 
region, et a demontre que la plupart des stocks continuent a decliner. 
Notothenia rossii ne manifeste en aucune fac;on s'etre retabli, et 
I'abondance de Champsocephalus gunnari risque de continuer a 
decliner. 

Pe3IOMe 

KOMMepqeCKHe 3anaCbI PbI6bI B palioHe IO:>KHOli reoprHH 

YMeHbIIIaJIHCb C HaqaJIa 70-x rO,l{OB. CbeMKa no MOHHTopHHry 

3THX 3anaCOB npOBO,l{HJIaCb C ,l{eKa6p5I 1989 r. no 5IHBapb 1988 
r. 3TO ,l{OnOJIHHJIO pe3YJIbTaTbI npe,l{bI,l{YII1HX cbeMoK, 

npOBO,l{HBIIIHXC5I B 3TOM palioHe, H nOKa3aJIO, qTO 60JIbIIIHHCTBO 

3anaCOB npO,l{OJI:>KaIOT YMeHbIIIaTbC5I. Notothenia rossii He HMeeT 

HHKaKHX npH3HaKOB BOCCTaHOBJIeHH5I H qHCJIeHHOCTb 

Champsocephalus gunnari, B03MO:>KHO, 6Y,l{eT npO,l{OJI:>KaTb 

YMeHbIIIa TbC5I. 

Resumen 

Las poblaciones de peces, comerciales alrededor de Georgia del Sur 
han estado declinando desde principios de los afios 70. Se lIev6 a cabo 
una prospecci6n para controlar estas poblaciones, desde diciembre de 
1987 a enero de 1988. Esta complementa prospecciones anteriores 
en la misma area e indica que la mayoria de poblaciones continuan 
declinanado. Notothenia rossii no muestra cambios de recuperaci6n, y 
es probable que Champsocephalus gunnari continue declinando 
abundantemente. 
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1 . INTRODUCTION 

The fish stocks of the South Georgia region represent an important commercial 
resource to a number of nations. However, these stocks have been declining since the late 
1970's (Kock 1985,1986; Gabriel 1987). In the early 1970's the fishery was supported 
mostly by the catch of Notothenia rossii, which yielded hundreds of thousands of tonnes in a 
season (Kock 1986). The decline in abundance of this species since that time has been 
striking. By 1985 the stock was estimated to be less than 10% of its pristine size (Kock 
1985). The fishery is presently supported by catches of Champsocephalus gunnari, but its 
decline is also evident (Kock 1986). Other species have also shown rapid declines in the 
South Georgia region. Between 1975/76 and 1980/81 abundance estimates decreased by as 
much as two orders of magnitude (Kock et al. 1985). 

The Commission for the Conservation of Antarctic Marine Living Resources has 
adopted a set of measures aimed at rebuilding the stocks of N. rossii and maintaining the 
other fish resources in the Antarctic. Commercial fishing has been prohibited within 
12 miles of the island of South Georgia. A minimum mesh size of 120 mm is required of 
fisheries directed toward N. rossii and Dissostichus eleginoides and 80 mm of fisheries 
directed toward N. gibberifrons, N. kempi, N. squamifrons, and C. gunnari. The Commission 
has also recommended minimization of by-catch of N. rossii in other fisheries. 

In an effort to monitor the status and response of these stocks, a number of surveys 
have been conducted around South Georgia by research vessels. This paper will examine the 
status of these fish stocks as of the 1987/88 survey cruise and discuss their changes over 
recent years. The analysis is based mostly on the comparison of estimates of stock biomass 
and size structure from the research vessel cruise surveys in 1984/85 (Kock 1985a), 
1986/87 (Gabriel 1987), and 1987/88. 

2. METHODS 

The 1987/88 survey took place between 19 December 1987 and 10 January 1988. 
The sampling was based on a stratified random survey design. Stations were allocated to 
100 m depth strata roughly in proportion to the area within each stratum and randomly 
assigned to specific locations within stratum (stratum 1: 50-150 m, stratum 2: 
151-250 m, stratum 3: 251-500 m; Everson 1984) (Figure 1). This procedure follows 
that of Kock (1985) and Gabriel (1987). Most of the comparisons made here will be in 
reference to these two surveys. 

Thirty minute tows (at 3.5 Knots) were made by the R.V. Professor Siedlecki using a 
P32/36 otter trawl equipped with 80 mm mesh and 43 - 52 mm mesh liner (Crawford 
1988). The mouth opening was 17.5 m and the headrope height was 4 m (Christensen pers. 
comm.). 

A total of 113 tows were conducted during the survey. One hundred and four occurred 
along the South Georgia coast and were considered standard (e.g. little or no gear damage) 
(Figure 1). Only four successful tows were conducted in the Shag Rocks area (division 89, 
Everson 1984). This maintains continuity of sampling for Shag Rocks, but can only give 
qualitative results. Sampling density was 1 standard tow/350 Km2 around South Georgia and 
1 standard tow/1326 Km2 at Shag Rocks. Total biomass was estimated based on swept-area 
calculations (Mini-SURVAN program, Appendix A; McKenna 1988). All analyses in this 
report are in reference to data which has been corrected for any subsampling on deck or in 
the laboratory, and was standardized to 30 minute tows. 
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3. RESULTS 

Four species (C. gunnari, Pseudochaenichthys georgianus, N. gibberifrons, and 
Chaenochephalus aceratus) accounted for over 86% of the catch (by weight) in the 1987/88 
survey. The status of each of these species will be described in turn, as well as four other 
species that are of interest in the region. The biomass estimates for each species are 
summarized in Table 1 and are compared with earlier estimates in Table 2. A brief 
summary of the length information for the 1987/88 survey is given in Table 3. Too few 
tows were made at Shag Rocks to explicitly describe the population structure in that area. 
The length data from Shag Rocks was combined with those from South Georgia for the 
discussion here. 

3. 1 Champsocephalus gunnari 

Since the decline of N. rossii the fishery in the South Georgia region has been 
supported mostly by C. gunnari. During the 1987/88 survey C. gunnari occurred in 98% of 
the tows around South Georgia and 100% of the Shag Rocks tows. It accounted for 33.5% of 
the catch by weight. The largest concentrations were located west and southwest of the island 
(Figure 2a). The largest tow was at station 86, yielding 428 kg. This represents 13% of 
the catch of this species. Most of the catch was from stratum 2 (15/31/1 *)(Table 1). 

The stratified mean catch per tow was 27.7 kg and the population was estimated to be 
15086 mT at South Georgia. At Shag rocks the mean catch per tow was 18.2 kg and the 
population was estimated to be 1445 mT. This estimate is about 31 % of the 1986/87 
population (52672 mT, Gabriel 1987) and is very close to Kock's (1985) estimate for the 
1984/85 stock (Table 2). 

The average length was 26.7 cm with obvious modes at approximately 16, 23, and 
32 cm (Figure 3a). The first and second modes were present in both 1986/87 and 
1987/88, but no discernable mode was seen at 32 cm in 1986/87. The large mode found at 
22 cm in 1986/87 (Gabriel 1987) progressed to form a smaller mode at about 32 cm in 
1987/88. Fifty percent of the fish in the 22 - 25 cm size range are mature (Lso) (Kock et 
al. 1985). based on survey catches 44% of the population was at or below Lso· 

3.2 Pseudochaenichthys georgianus 

This species of ice fish was relatively more predominant than in earlier surveys and 
was the only major species which showed an increase in estimated biomass since the 
1986/87 survey. During the 1987/88 survey Ps. georgianus occurred in 80% of the tows 
around South Georgia and did not occur in the Shag Rocks area. It accounted for 23.6% of the 
catch by weight. The largest concentrations were located northeast of the island (Figure 2b). 
The largest tow was at station 27, yielding 456 kg. This represents 20% of the catch of this 
species. Most of the catch was from stratum 2 (4/17/1 *) (Table 1). 

The stratified mean catch per tow was 20.9 kg and the population was estimated to be 
11412 mT. This estimate is roughly double the estimate for 1986/87, but only 29% 
greater than the 1984/85 estimate (Table 2). 

The average length was 42.9 cm with obvious modes at approximately 21, 35, and 
44 cm (Figure 3b). This size structure is similar to the 1986/87 season, but the 
magnitudes of the two largest length modes (35 cm and 44 cm) were reversed in 1987/88. 
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3.3 Notothenia gibberifrons 

This species was the most common Notothenid in the South Georgia region during the 
1987/88 survey. It occurred in 93% of the tows around South Georgia and 75% of the Shag 
Rocks tows, and accounted for 15.6% of the catch by weight. The largest concentrations were 
located southeast of the island (Figure 2c). The largest tow was at station 45, yielding 
122 kg. This represents 8% of the catch of this species. Most of the catch was from 
stratum 2 (6/9/1 *) (Table 2). 

The stratified mean catch per tow was 13.2 kg and the population was estimated to be 
7189 mT at South Georgia. At Shag rocks the mean catch per tow was 7.7 kg and the 
population was estimated to be 609 mT. This value for the stock size is more than 40% 
lower than that estimated for the 1986/87 season (Table 2). 

The average length was 42.9 cm with obvious modes at approximately 5, 17, and 
37 cm (Figure 3c). This is nearly identical to that found in 1986/87. It is unclear 
whether a mode existed at about 22 cm. 

3 . 4 Chaenocephalus aceratus 

C. aceratus was the rarest of the three species of ice fish during the 1987/88 
survey. However, it still accounted for 13.5% of the catch by weight. It occurred in 89% of 
the tows around South Georgia, but was not found in the Shag Rocks area. The largest 
concentrations were located east and northeast of the island (Figure 4a). The largest tow was 
at station 39, yielding 78 kg. This represents 6% of the catch of this species. Most of the 
catch was from stratum 2 (3/14/1 *) (Table 1). 

The stratified mean catch per tow was 12.2 kg and the population was estimated to be 
6642 mT. This estimate is 58% of the 1984/85 stock (Kock 1985) and has decreased by 
about 40% since the last season (1986/87) (Table 2). 

The average length was 38.6 cm, which is nearly 5 cm greater than the 1986/87 
mean (33.9 cm, Gabriel 1987). The obvious modes occurred at approximately 15, 24, 32, 
and 46cm (Figure Sa). The size structure in 1986/87 was similar, but had a stronger 
mode at about 25 cm and a weak one at about 33 cm. There is also an indication of decreasing 
size with increasing depth for this species, whereas all other species showed either an 
increase in mean size with depth or no apparent change (Table 3). 

There are four additional species of fish which are, or have been, of commercial 
interest. They are N. rossii, N. squamifrons, Dissostichus eleginoides, and Patagonotothen 
brevicauda guntheri. 

3.5 Notothenia rossii 

Although this species is rare now, it is the species that supported the commercial 
fishery in the South Georgia region in the early 1970's. Everson (1977) estimated the 
pristine stock at 500 000 tonnes. It declined rapidly from that time. By 1985 its 
population had dropped to less than 10% of this value (Kock 1985). It has continued to drop 
even at this low population level. The biomass was estimated to be between 2 000 and 
4 000 mT in 1986/87 (Gabriel 1987). The estimated value from the 1987/88 survey 
was 1049 mT. 

During the 1987/88 survey N. rossii occurred in only 32% of the tows around South 
Georgia and was not found in the Shag Rocks area. Eighty three percent of these contained 
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less than five individuals and 43% contained a single individual. It accounted for 2.1 % of the 
catch by weight. The largest concentrations were located north and southwest of the island 
(Figure 4b). The largest tow was at station 21, yielding 35 kg and consisting of 24 fish. 
This represents 16% of the catch of this species. Most of the catch was from stratum 
2 (3/6/1 *) (Table 1). 

The stratified mean catch per tow was 1.9 kg and the population was estimated to be 
1049 mT. This population estimate is 26% of the 1986/87 estimate (based on a normal 
distribution, Gabriel 1987) and 8.2% of the stock present in 1984/85 (Kock 1985) 
(Table 2). 

The average length was 49.9 cm, which is the same as for the 1984/85 population 
(Kock 1985). It is close to the length of 50% maturity (Scherbich 1976, cited in Kock et 
al. 1985). The size structure was not clear enough to accurately identify any modes (Figure 
5b). Only one individual less than 35 cm was caught. 

3.6 Notothenia squamifrons 

This Notothenid was more common in past surveys (Table 1). During the 1987/88 
survey N. squamifrons occurred in 23% of the tows around South Georgia and 25% of the 
Shag Rocks tows. It accounted for 0.5% of the catch by weight. The largest concentrations 
were located northeast of the island (Figure 4c). The largest tow was at station 31, yielding 
7 kg. This represents 15% of the catch of this species. It was unique in that most of the 
catch was from stratum 3 and it was completely absent from stratum 1 (shallowest) 
(0/1/13*) (Table 1). 

The stratified mean catch per tow was 0.7 kg and the population was estimated to be 
384 mT at South Georgia. At Shag rocks the mean catch per tow was 13.2 kg and the 
population was estimated to be 42 mT. At best this estimate shows a decline in biomass of an 
order of magnitude (based on the delta distribution, Gabriel 1987) and possibly two orders 
of magnitude (based on the normal distribution, Gabriel 1987) since the 1986/87 season 
(Table 2). 

The average length was 18.7 cm. This is about half of the 1986/87 value. The size 
structure of this species was very different from that of the 1986/87 season. Although the 
modes at 17 and 28 cm correspond to the first two in the 1986/87 season, the third and 
largest peak (at 40-42 cm) was absent from the 1987/88 survey. The strongest peak in 
1987/88 was at the smallest size (- 18 cm)(Figure 5c). Only 20 individuals greater than 
30 cm were collected. 

3.7 Dissostichus eleginoides 

This predatory species was generally uncommon in the 1987/88 survey, but 
accounted for the single largest catch (12 mT) at a non-random site (this observation could 
not be included as a representative station). It occurred in 32% of the tows around South 
Georgia and 75% of the Shag Rocks tows, and accounted for 1.3% of the catch by weight. The 
largest concentrations were located northwest of the island and at Shag Rocks (Figure 6a). 
The largest tow was at station 104, yielding 20 kg. This represents 15% of the catch of this 
species, which was evenly distributed between the three strata (1/1/1 *) (Table 1). 

The stratified mean catch per tow was 1.3 kg and the population was estimated to be 
697 mT at South Georgia. At Shag rocks the mean catch per tow was 5.1 kg and the 
population was estimated to be 408 mT. This population is approximately half of the 
1986/87 stock and 14% of the 1984/85 population (Kock 1985) (Table 2). 
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The individual lengths had the widest range of any species (6 - 125 cm). The average 
length was 33.3 cm; a decrease of over ten centimeters from 1986/87. Sampling was not 
extensive enough to clearly describe the size structure, but there appear to be modes at 
roughly 16, 27, and 46 cm (Figure 7a). Nine individuals over 55 cm were collected. 

3.8 Patagonotothen brevicauda guentheri 

Patagonotothen brevicauda guentheri is unique in that it is endemic to Shag Rocks. 
During the 1987/88 survey it occurred in 100% of the Shag Rocks tows, but was not found 
in the South Georgia area. It accounted for 0.5% of the catch by weight. The largest tow was 
at station 129, yielding 30 kg (Figure 6b). This represents 63% of the catch of this 
species. Most of the catch was from stratum 1 (7/4/1*) (Table 1 ). 

The stratified mean catch per tow was 11.28 kg and the population was estimated to 
be 895 mT. This stock estimate is greater than that for 1986/87 (331 kg, Gabriel 1987), 
but is 14% of the 1984/85 estimate (Kock 1985) (Table 2). 

The average length was 15.2 cm and the only obvious mode was at about 15 cm 
(Figure 7b), which is similar to that described for the 1986/87 population. 

4. DISCUSSION 

The stock of C. gunnari experienced a severe decrease since the 1986/87 survey 
(Table 2). The catch for that season was supported by the single, strong 84/85 year class 
(Gabriel 1987). The decreased biomass in 1987/88 would suggest that this cohort has been 
greatly reduced. Length frequency distributions suggest that this cohort (32 cm) is the 
strongest, but its magnitude relative to the 85/86 cohort (-23 cm) is much smaller than 
in the previous season (Figure 3a). The abundance of pre-recruit fish appears to be low 
(Figure 3a). Future catches of C. gunnari will depend on what remains of the 84/85 year 
class and the weak 85/86 cohort. Future declines in biomass are likely. 

Fish in the 44-48 cm size class were responsible for the increased stock of 
Ps. georgianus in 1987/88 (Figure 3b, Table 3)). However, this increase may be 
temporary, because the following two year classes are small (Figure 3b). As members of 
this strong year class are removed by fishing the population will probably decline again. 

The decrease in the N. gibberifrons population was substantially greater between 
1986/87 and 1987/88 (5331 mT) than from 1984/85 to 1986/87 (2633 mT) (Table 
2). However, the stock might be improved by the relatively large number of fish less than 
25 cm that are about to recruit (Figure 3c). 

The biomass of Ch. aceratus has declined steadily from 1984/85 to the present 
(Table 2), while the average size has increased. This can be explained by the progression of 
the large mode found at 25 cm, in 1986/87, to about 32 cm in 1987/88. The cohorts 
following the 32 cm class are small and will probably not substantially increase this stock 
(Figure Sa). Without strong recruitment the decrease in biomass can be expected to 
continue. 

Despite the very low stock size of N. rossii it has continued to decline. Declining 
biomass and a relatively large mean length (49.9 cm), indicate the continued removal of 
sexually mature individuals without new recruitment to rebuild the population. 

* The proportion of catch, by weight, in each stratum : stratum1/stratum2/stratum3 
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The biomass of N. squamifrons showed the most drastic decline of the species 
examined. The population dropped by one to two orders of magnitude and the mean length was 
halved since 1986/87. It appears that the fishery was almost completely supported by fish 
that were in the 40-42 cm size class during 1986/87. This size class was absent from the 
1987/88 population and no fish over 40 cm were caught. The length frequency distribution 
shows that the strongest mode was at 18 cm (1987/88) (Figure 5c). This group of 
recruits might contribute to a recovery in the 1988/89 season, but the magnitude of that 
recovery is uncertain. 

The estimated population of D. eleginoides is about half the size of the 1986/87 
population and the mean length has dropped by over 10 cm. The decreasing mean size shows 
the removal of large, sexually mature individuals and the decreasing biomass indicates no 
substantial recruitment. It is not clear from the length frequency distribution (Figure 7a) 
if substantial recruitment can be expected in the near future. 

The population estimate of P.b. guentheri increased relative to the 1986/87 season, 
but this is probably due to the difference in sampling gear used (80 mm mesh in 1986/87 
at Shag Rocks). The population as of 1987/88 is about 14% of that estimated for the 
1984/85 season (Table 2). The significance of this decrease is unknown, but appears to be 
substantial. Not enough information is available to accurately describe the biomass trends of 
this species. 

In summary, it is clear that all of the stocks examined here, with the exception of 
Ps. georgianus, .have declined since the 1986/87 survey, and most for much longer than 
that. It seems likely that this trend will continue. The increase of Ps. georgianus appears to 
be due to a strong year class, but this will probably be short-lived. Based on research 
catches, without a substantial increase in recruitment, C. gunnari is likely to decline 
rapidly in the future. 
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APPENDIX A 

SOURCE CODE OF THE SURVEY ANALYSIS PROGRAM; 
WRITTEN IN QUICK basic (MICROSOFT), VERSION 4.0. 

PRINT "Mini-SURVAN, filename:SMSURVAN.BAS" 
PRINT 
PRINT" BY Jim McKenna" 
PRINT" 7 June 1988" 
PRINT 

STATISTICAL FORMULAS USED TO ESTIMATE THE POPULATIONS OF FISH IN THE 
SOUTH GEORGIA AND SHAG ROCKS AREAS DURING THE 1987-1988 AMLR CRUISE. 

KEYWORD DEFINITION 

Ilk - Sample mean for stratum k 
IlST - Stratified mean 
xi - Observation (catch of tow i) 
Nk - Number of stations in stratum k 
N - Total number of stations (=tows) 
S2k - Sample variance for stratum k 
SEk - Standard error for stratum k 
Bk - Expansion factor for stratum k 
BST - Expansion factor for the whole survey area 

a.s.t - Area of standard tow (0.019452838 n.mi.2, Gabriel 1988 
pers comm) 

CONF - 95% confidence limits of the stratified mean population 
estimate. 

Vk - Variance of mean for stratum k 
VST - Variance of stratified mean 
SEST - Standard error of stratified mean 
CVk - Coefficient of variation for stratum k 
CVST - Coefficient of variation for stratified mean 
Pk - Minimum population for total area, stratum k 
S2Pk - Variance of the Minimum population for the total area, 

stratum k 
PST - Minimum population for total area based on stratified mean 
S2PST - Variance of Minimum population for the total area, based 

on the stratified mean. 

Nk 
Lxi 

i=1 
Sample Mean Ilk=------------

Sample Variance 

Nk 

Nk 
2:(xi-llk) 

i=1 
S2k=-------------- -­

(Nk-1 ) 

Manual 

Cochran 
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Sk 
Coefficient of variation CVk=------- x 100 Manual 

Ilk 

S2k 
Variance of the Mean Vk=------- Snedecor 

Nk 

Standard Error of the Mean SEk=~Vk Manual 

Minimum population 
for total area Pk=llk~k 

Variance of the Minimum 
Population for Area S2Pk=Vk ~k 

STRATIFIED STATISTICS 

L 
I ~k Ilk 

k=1 
Stratified Mean IlS T = -------------------­

~ST 

N 
I(xi - IlST) 

i= 1 

Cochran 

Population Variance S2ST =-------------------------
(N 1) 

Variance of Stratified VST =I(Vk (~k/~ST) ) Cochran 
Mean 

Standard Error of 
Stratified Mean 

Coefficient of 
Variation 

Minimum Population 

SEST=~VST 

SEST 
----------- x 1 00 
IlST 

for Total Area, PST =IlST ~ST 

Manual 

Manual 



Stratified 

Variance of Minimum 
Population for Area, S2PST = VST BST 
Stratified 

IAk 
,~ST =----­

a.s.t. 

95% Confidence Limits: IlST re (1.96 SEST) 

, 1986: STRATUM AREA(S.G.) EXPANSION FACTOR # OF TOWS 
, ----------- ------------------ ----------

DEFDBLA 
PRINT 

1 
2 
3 

2249 
5271 
3089 

115333.328 
270307.688 
158410.250 
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PRINT "This program will accept either weight or number data" 
PRINT "The purpose is to produce the same statistical breakdown and" 
PRINT "population estimates as SURVAN" 
PRINT Data are expected in the following form:" 
PRINT station,stratum,species(full name in quotes),weight or count" 
PRINT The data must be sorted by species!!" 
PRINT All observations with an abundance value of o. should be removed!" 
PRINT This program expects the data to have been corrected to a standard" 
PRINT tow of 30 min. at 3.5 knots, and for any subsampling that occurred." 
PRINT A representative tow is defined as one in which the quality code" 
PRINT" values are as follows:" 
PRINT" STATION_TYPE_CODE = 1" 
PRINT" HAUL_COND = 1 or 2" 
PRINT" GEAR_COND <= 6" 
PRINT 
PRINT "during program operation the data are stored in arrays according" 
PRINT "to stratum." 
PRINT 

INPUT "Please, enter a title for this run :"; TITL$ 
PRINT "INITIALIZATION AND DIMENSIONING ... " 
AST = .019452838#: 'area of standard tow (n.mi. ) 
DIM BETA(3), AREA(3) 
DIM AR(3, 300), NK(3): ' abundance arrays and # of obs. in each stratum 
DIM MEAN(3), S2(3), S(3), CV(3), V(3), SE(3), P(3), S2P(3): ' SAMPLE statistics 
, 

GOSUBINIT: 
FIRSTPASS = 1 
COUNT = 1 
TOTAREA=O 
FOR 1=1 TO 3 

PRINT "Please, enter the area expansion factor for stratum"; I; " (n.mi. ):" 
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INPUT BETA(I) 
PRINT "Please, enter the area of stratum"; I; " (n.mi. ):" 
INPUT AREA(I) 
PRINT "Please, enter the # of REPRESENTATIVE stations (=tows) in stratum"; I; ":" 
INPUT NK(I) 

TOTAREA = TOTAREA + AREA(I) 
NEXT I 
BETAST = TOT AREA / AST 

PRINT "Are the data for this run WEIGHT (W) or NUMBERS (N)?" 
INPUT TYPFLAG$: I flag for weight or counts 
IF TYPFLAG$ = "W" OR TYPFLAG$ = "w" OR TYPFLAG$ = "WEIGHT" OR TYPFLAG$ = "weight" 
OR TYPFLAG$ = "wt" OR TYPFLAG$ = "WT" THEN TYPFLAG$ = "WEIGHT (Kg)" ELSE 
TYPFLAG$ = "NUMBERS" 
I 

INPUT" Enter the name for the output file"; FIL2$ 
OPEN "0", 2, FIL2$ 
I 

RETRY: INPUT "Are the data in a file"; ans1$ 
IF ans1$ <> "Y" AND ans1$ <> "y" AND ans1$ <> "n" AND ans1$ <> "N" THEN GOTO RETRY: 
IF ans1$ = "N" OR ans1$ = "n" THEN GOTO LOOP1: 
I 

INPUT "ENTER THE NAME OF THE DATA FILE", FILN$ 
OPEN "I", 1, FILN$ 
I 

LOOPX: IF ans1$ = "y" OR ans1$ = "Y" THEN GOSUB READDATA: 
IF ans1$ = "y" OR ans1$ = "Y" THEN GOTO RRUN: 
I 

I ENTER DATA DIRECTLY 
LOOP1: PRINT "ENTER station,stratum,species,abundance FOR POINT"; PT; ":" 

PT = PT + 1 
INPUT ST, STRT, SPP$, ABUND 
IF FIRSTPASS = 1 THEN LASTSP$ = SPP$: FIRSTPASS = 0 
IF SPP$ <> LASTSP$ THEN PRINT "Please hold that datum. The program will now run 

the stats on "; LASTSP$; " and return to this point for the next species": GOTO RDEND: 
LASTSP$ = SPP$ 

ON STRT GOTO ARRA Y1, ARRAY2, ARRAY3 
ARRAY1 : AR(1 , ARCOUNT1) = ABUND 

ARCOUNT1=ARCOUNT1+1 
GOTOLOOP1: 

ARRAY2: AR(2, ARCOUNT2) = ABUND 
ARCOUNT2 = ARCOUNT2 + 1 
GOTOLOOP1: 

ARRAY3: AR(3, ARCOUNT3) = ABUND 
ARCOUNT3 = ARCOUNT3 + 1 
GOTOLOOP1: 

RDEND: LASTSP$ = SPP$ 
I 

RRUN: PRINT "Calculating statistics ... " 
FOR K= 1 T03 
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PRINT "STRATUM"; K; " ... " 
PRINT "MEAN" 
SUM1 = 0 
IF AR(K, 1) = 0 THEN 

MEAN(K) = 01 



S2(K) = a! 
CV(K) = a! 
V(K) = a! 
SE(K) = 01 
P(K) = 01 
S2P(K) = a! 

GOT050 
END IF 
FOR I = 1 TO NK(K) 

SUM1 = SUM1 + AR(K, I) 
NEXT I 
MEAN(K) = SUM1 / NK(K): 'MEAN BY STRATUM 
PRINT "VARIANCE" 
SUMV = 0 
FOR I = 1 TO NK(K) 

SUMV = SUMV + (AR(K, I) - MEAN(K)) " 2 
NEXT I 
IF NK(K) = 1 THEN 

S2(K) = 0 
ELSE 

S2(K) = SUMV / (NK(K) - 1): 'VARIANCE BY STRATUM 
END IF 
PRINT "COEFFICIENT OF VARIATION" 
CV(K) = SQR(S2(K)) / MEAN(K) * 100: 'COFF. OF VAR. 

PRINT "VARIANCE OF THE MEAN" 
V(K) = S2(K) / NK(K): ' VAR. OF THE MEAN 

PRINT "STANDARD ERROR OF THE MEAN" 
SE(K) = SQR(V(K)) 

PRINT "MINIMUM POPULATION ESTIMATE FOR TOTAL AREA" 
P(K) = MEAN(K) * BETA(K) 

PRINT "VARIANCE OF THE MINIMUM POPULATION ESTIMATE" 
S2P(K) = (V(K) * BETA(K) "2): 'VAR. OF MIN. POP. EST. 

50 NEXT K 
PRINT" ---- STRATIFIED STATISTICS ---- " 

N = NK(1) + NK(2) + NK(3):' TOTAL NUMBER OF SAMPLES TAKEN 
PRINT "STRATIFIED MEAN" 
SUM1 = 0 
FOR K= 1 T03 

SUM1 = SUM1 + (MEAN(K) * BETA(K)) 
NEXT 
STMEAN = SUM1 / BETAST: 'STRATIFIED MEAN 
PRINT "POPULATION VARIANCE" 
PSUM = 0 
FOR K= 1 T03 

FOR I = 1 TO NK(K) 
PSUM = PSUM + (AR(K, I) - STMEAN) " 2 

NEXT I 
NEXTK 
IF N = 1 THEN 

S2ST = 0 
ELSE 
S2ST = PSUM / (N -1):' POPULATION VARIANCE 

END IF 
PRINT "VARIANCE OF STRATIFIED MEAN" 
VST= 0 
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FOR K= 1 T03 
VST = VST + (V(K) * (BETA(K) / BETAST) " 2): ' VAR. OF STRAT. MEAN 

NEXTK 
PRINT "STANDARD ERROR OF THE STRATIFIED MEAN" 
SEST = SQR(VST) 
PRINT "COEFFICIENT OF VARIATION" 
IF STMEAN = 01 THEN 

CVST= 0 
ELSE 
CVST = SEST / STMEAN * 100 

END IF 
PRINT "MINIMUM POPULATION ESTIMATE, BASED ON STRATIFIED MEAN" 
PST = STMEAN * BETAST 
PRINT "VARIANCE OF MIN. POPULATION ESTIMATE, BASED ON STRATIFIED MEAN" 
S2PST = VST * BETAST" 2:' VAR. OF MIN. POP., STRAT. MEAN 
PRINT "95% confidence limits" 

CONFU = STMEAN + (1.96 * SEST) 
CONFL = STMEAN - (1.96 * SEST) 

'go to output sub. 
GOSUBPOUT: 
IF EOF(1) AND COUNT = 1 THEN COUNT = 2: GOSUB POUT ELSE IF EOF(1) AND COUNT = 2 

THEN STOP 

GOSUB INIT: ' REINITIALlZE VARIABLES 
GOTO LOOPX:' CONTINUE WITH THIS DATA SET 

READDATA: PRINT "SUB. TO READ DATA FROM A FILE ... " 
IF FIRSTPASS = 1 THEN INPUT #1, ST, STRT, SPP$, ABUND 
IF FIRSTPASS = 0 THEN ST = NEXTST: STRT = NEXTSTRT: SPP$ = NEXTSP$: 
ABUND = NEXT AB 
LASTSP$ = SPP$ 
WHILE SPP$ = LASTSP$ AND NOT EOF(1) 

ON STRT GOTO ARR1, ARR2, ARR3 
ARR1: AR(1 , ARCOUNT1) = ABUND 

PRINT "1 It; ARCOUNT1 ; AR(1 , ARCOUNT1) 
ARCOUNT1=ARCOUNT1+1 
GOTOLOOP2: 

ARR2: AR(2, ARCOUNT2) = ABUND 
PRINT "2"; ARCOUNT2; AR(2, ARCOUNT2) 

ARCOUNT2 = ARCOUNT2 + 1 
GOTOLOOP2: 

ARR3: AR(3, ARCOUNT3) = ABUND 
PRINT "3"; ARCOUNT3; AR(3, ARCOUNT3) 

ARCOUNT3 = ARCOUNT3 + 1 
GOTOLOOP2: 

LOOP2: IF EOF(1) THEN GOTO EX1 : 
INPUT #1, ST, STRT, SPP$, ABUND: PRINT ST, STRT, SPP$, ABUND 
EX1:WEND 

FIRSTPASS = 0 
'Hold these as the first record of the next species input set. 
NEXTST=ST 
NEXTSTRT = STRT 
NEXTSP$ = SPP$ 
NEXTAB = ABUND 
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RETURN 

INIT: ARCOUNT1 = 1: 'next empty element of array AR1 
ARCOUNT2 = 1: ' next empty element of array AR2 
ARCOUNT3 = 1: ' next empty element of array AR3 
PT = 1: 'count of points entered for this species-location 
, 
, Re-initialize abundance array. 
FOR K= 1 T03 

FOR I = 1 TO 300 
AR(K, I) = 01 

NEXT I 
NEXTK 
RETURN 

POUT: 'SUB. TO SEND RESULTS TO OUTPUT FILE. 
PRINT #2, "Mini-SURVAN", "CATCH/TOW" 
PRINT #2, " " 
PRINT #2, TAB(2S); DATE$, TIME$ 
PRINT #2, " " 
PRINT #2, TAB(12); LASTSP$, TYPFLAG$ 
PRINT #2, TITL$ 
PRINT #2, " " 
PRINT #2, TAB(11S); "VARIANCE" 
PRINT #2, "STRATUM"; TAB(1S); "SAMPLE"; TAB(30); "SAMPLE"; TAB(4S); 
"COEFFICIENT"; TAB(60); "VARIANCE"; TAB(72); "STANDARD ERROR"; TAB(90); 
"MINIMUM POPULATION"; TAB(11 0); "MINIMUM POPULATION" 
PRINT #2, TAB(11); "N"; TAB(1S); "MEAN"; TAB(30); "VARIANCE"; TAB(4S); "OF 
VARIATION"; TAB(60); "THE MEAN"; TAB(72); " OF THE MEAN"; TAB(90); "FOR TOTAL 
AREA"; TAB(110); "FOR TOTAL AREA" 
PRINT #2, " " 
FOR K = 1 TO 3 

PRINT #2, K; TAB(11); N; TAB(1S); MEAN(K); TAB(30); S2(K); TAB(4S); CV(K); 
TAB(60); V(K); TAB(72); SE(K); TAB(90); P(K); TAB(110); S2P(K) 
NEXTK 
PRINT #2, " ": PRINT #2, " " 
PRINT #2, TAB(11S); "VARIANCE OF" 
PRINT #2, TAB(10); "STRATIFIED"; TAB(2S); "POPULATION"; TAB(38); "VARIANCE OF "; 
TAB(S3); "STANDARD ERROR OF"; TAB(71); " COEFFICIENT"; TAB(8S); "MINIMUM 
POPULATION"; TAB(110); "MINIMUM POPULATION" 
PRINT #2, TAB(10);" MEAN "; TAB(2S); "VARIANCE"; TAB(38); "STRATIFIED MEAN"; 
TAB(SS); "STRATIFIED MEAN"; TAB(71); " OF VARIATION"; TAB(8S); " FOR TOTAL AREA"; 
TAB(11 0); "FOR TOTAL AREA" 
PRINT #2, " " 
PRINT #2, TAB(10); STMEAN; TAB(2S); S2ST; TAB(38); VST; TAB(SS); SEST; TAB(71); 
CVST; TAB(8S); PST; TAB(11 0); S2PST 
PRINT #2, " " 
PRINT #2, "9S% CONFIDENCE LIMITS" 
PRINT #2, "ABOUT STRATIFIED MEAN", "LOW:", CONFL, "HIGH:", CONFU 
PRINT #2, " ": PRINT #2, " " , 

RETURN 
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Table 1: Estimates of mean trawlable biomass and coefficients of variation by depth 
strata, December 1987 - January 1988. 

Stratum 

50-150 m 151-250 m 251-500 m Combined 

Minimum Coef. Minimum Coef. Minimum Coet. Minimum Coef. 

biomass var. biomass var. biomass var. biomass var. 

(mt) (% ) (mt) (% ) (mt) (% ) (mt) (% ) 

C. gunnari 
South Georgia 3557 46.8 10878 24.0 651 36.9 15086 20.7 

Shag Rocks 225 1188 94.8 34 1447 77.8 

Ps. georgianus 
South Georgia 1426 22.7 9017 28.1 970 88.4 11412 23.6 

N. gibberifrons 
South Georgia 1834 28.0 4404 17.5 950 29.9 7189 13.5 

Shag Rocks 538 60 100. 1 0 609 9.9 

Ch. aceratus 
South Georgia 703 16.1 5252 14.5 686 31.7 6642 12.0 

N. rossii 
South Georgia 234 30.2 634 35.7 181 73.1 1049 25.9 

N. squamifrons 
South Georgia 1 7 38.8 367 26.6 384 25.5 

Shag Rocks 

D. eleginoides 
South Georgia 65 53.9 221 45.6 410 25.2 697 21.3 

Shag Rocks 326 83 81.8 408 16.5 

P.b. guntheri 
Shag Rocks 564 331 69.1 103 999 

Number of hauls 
South Georgia 33 54 1 7 104 

Shag Rocks 1 2 1 4 
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Table 2: Comparison of estimates of mean trawlable biomass, standard deviation and coefficient of 
variation based on the normal distribution, 1984/85 and 1986/87, relative to 
estimates for 1987/88. 

Shag Rocks South Georgia Combined 

Minimum Std. Coef. Minimum Std. Coef. Minimum Std. Coef. 

biomass dev. var. biomass dev. var. biomass dev. var. 

( mt) (% ) (m t) ( mt) (% ) 

C. gunnari 
Kock (1985) 15821 16042 101.4 

Gabriel(1987) 10023 5523 55.1 42649 8047 18.9 52672 9760 18.5 

1987/88 1447 77.8 15086 20.6 16533 3301 20.0 

Ps. georgianus 
Kock (1985) 8134 2684 33.0 

Gabriel(1987) 4579 671 14.6 4579 671 14.6 

1987/88 11412 2691 23.6 11412 2691 23.6 

N. Gibberifrons 
Kock (1985) 15762 4476 28.4 

Gabriel(1987) 363 164 45.2 12766 1975 15.5 13129 1982 15.1 

1987/88 609 60 9.9 7189 969 13.5 7798 971 12.5 

Ch. aceratus 
Gabriel(1987) 10816 1441 13.3 10816 1441 13.3 

1987/88 6642 800 12.0 6642 800 12.0 

N. rossii 
Kock (1985) 12781 12768 99.9 

Gabriel(1987) 3966 2707 68.3 3966 2707 68.3 

1987/88 1049 277 25.9 1049 277 25.9 

N. squamifrons 
Gabriel(1987) 30 1 7 56.7 37166 29164 78.5 37196 29165 78.4 

1987/88 42 384 98 25.5 284 98 25.5 

D. e/eginoides 
Kock (1985) 8159 6242 76.5 

Gabriel(1987) 763 305 39.9 1541 519 33.7 2304 602 26.1 

1987/88 408 67 16.5 697 149 21.3 1105 163 14.8 

P.b. guntheri 
Kock (1985) 7256 3417 47.1 
Gabriel(1987) 331 141 45.4 331 141 45.4 
1987/88 999 229 25.6 999 229 22.9 
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Table 3 : Summary of length information for 1987/88 AMLR survey of South Georgia 

Mean Mean Length 
Size Overall by Stratum (cm) 

Species Range (cm) Length (cm) 1 2 3 L50 * (cm) 

C. gunnari 2 - 57 26.7 21.4 29.2 34.9 

Ps. georgianus 8 - 57 42.9 44.9 42.4 44.6 

N. gibberifrons 3 - 51 21.4 17.7 24.0 27.5 

N. rossii 7 - 69 49.9 52.3 48.4 53.4 

Ch. aceratus 11 - 71 38.6 43.7 38.1 36.1 

N. squamifrons 7 - 40 18.7 22.6 18.6 

D. eleginoides 6 - 125 33.3 24.2 40.3 47.7 

P.b. guntheri 9 - 22 15.2 14.9 16.2 14.6 

* Length of 50% maturation, taken fram Table 2, Kock et al. 1985 
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STATIONS OF THE 1987 -88 AMLR DEMERSAL FISH SURVEY 
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Figure 1: Map of station locations for the 1987-1988 AMLR survey cruise - South Georgia and Shag Rocks. The axes are in degrees 
west longitude and degrees south latitude, respectively. Only those stations which are explicitly referenced in the text have 
been labelled with a number. 
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( a) Distribution of catch per tow, Champsocephalus gunnari. Contour 
interval is 50 kg (range 0-350). 

( b ) Distribution of catch per tow, Pseudochaenichthys georgianus. Contour 
interval is 50 kg (range 0-400). 

(c) Distribution of catch per tow, Notothenia gibberifrons. Contour 
interval is 20 kg (range 0-80). 
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Figure 3: ( a) Length frequency distribution, Champsocepha/us gunnari. 

( b ) Length frequency distribution, Pseudochaenichthys georgianus. 

( c ) Length frequency distribution, Notothenia gibberifrons. 
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(a) Distribution of catch per tow, Chaenocephalus aceratus. Contour 
interval is 10 kg (range 0-70). 

( b ) Distribution of catch per tow, Notothenia rossii. Contour interval is 
5 kg (range 0-25). 

( c) Distribution of catch per tow, Notothenia squamifrons. Contour interval 
is 1 kg (range 0-6). 



(a) 

( b ) 

(c) 

9 

8 
P 7 
e 6 
r 5 
c 4 
e 
n 3 
t 2 

Chaenocephalus aceratus 
total length frequency (n=2500) 

O~~~~~~~~~~~~~~~~~~~~~~ 

8 

7 
P 6 
e 
r 5 

o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
Length Class (cm) 

NototheAia rossii 
total length frequency (n=119) 

c 4 
e 3 
n 2 
t III 

~~~~~~~~~M~I~R1L~I~~~ 
o 

1 8 

1 6 
P 14 
e 1 2 

c 
e 
n 
t 

1 0 
8 
6 
4 
2 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
Length Class (cm) 

Notothenia squamifrons 
total length frequency (n=707) 

o HT~~~~~~~~~~~~~~~ffT~~~~~ 
o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

Length Class (cm) 

Figure 5: ( a ) Length frequency distribution, Chaenocephalus aceratus. 

( b ) Length frequency distribution, Notothenia rossii. 

( c ) Length frequency distribution, Notothenia squamifrons. 
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( a) Distribution of catch per tow, Dissostichus eleginoides. Contour 
interval is 2 kg (range 0-10). 

(b) Distribution of catch per tow, Patagonothen brevicauda guntheri. 
Contour interval is 5 kg (range 0-25). 
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Patagonothen brevicauda guntheri 
total length frequency (n=1433) 

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

Length Class (cm) 

(a) Length frequency distribution, Dissostichus e/eginoides 

( b ) Length frequency distribution, Patagonothen brevicauda guntheri. 
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Tableau 1 

Tableau 2 

Tableau 3 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Legendes des tableaux 

Estimations de la biomasse chalutable moyenne et des coefficients de 
variation par couches de profondeur, decembre 1987 - janvier 1988. 

Comparaison des estimations de la biomasse chalutable moyenne, de 
I'ecart-type et du - coefficient de variation bases sur la distribution 
normale, 1984/85 et 1986/87, par rapport aux estimations pour 
1987/88. 

Resume des informations sur les longueurs pour la campagne d'etude des 
AMLR au large de la Georgie du Sud. 

Legendes des figures 

Carte des emplacements des stations pour la campagne d'etude des AMLR de 
1987-88 - en Georgie du Sud et dans les Shag Rocks. Les axes sont en 
degres de longitude ouest et degres de latitude sud, respectivement. Seules 
les stations dont il est fait mention explicite dans le texte ont ete indiquees 
par un chiffre. 

( a ) Distribution de prise par trait de chalut, Champsocephalus gunnari. 
L'equidistance des courbes est de 50 kg (fourchette 0-350). 

( b) Distribution de prise par trait de chalut, Pseudochaenichthys 
georgianus. L'equidistance des courbes est de 50 kg (fourchette 
0-400) 

( c ) Distribution de prise par trait de chalut, Notothenia gibberifrons. 
L'equidistance des courbes est de 50 kg (fourchette 0-80) 

( a) Distribution de frequences de longueurs, Champsocephalus gunnari. 

( b) Distribution de frequences de longueurs, Pseudochaenichthys 
georgianus. 

( c ) Distribution de frequences de longueurs, Notothenia gibberifrons. 

( a) Distribution de prise par trait de chalut, Chaenocephalus aceratus. 
L'equidistance des courbes est de 10 kg (fourchette 0-70). 

(b) Distribution de prise par trait de chalut, Notothenia rossii. 
L'equidistance des courbes est de 5 kg (fourchette 0-25). 

( c ) Distribution de prise par trait de chalut, Notothenia squamifrons. 
L'~quidistance des courbes est de 1 kg (fourchette 0-6). 

( a) Distribution de frequences de longueurs, Chaenocephalus aceratus. 

( b) Distribution de frequences de longueurs, Notothenia rossii. 

( c ) Distribution de frequences de longueurs, Notothenia squamifrons. 

( a) Distribution de prise par trait de chalut, Dissostichus eleginoides. 
L'equidistance des courbes est de 2 kg (fourchette 0-10). 
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( b) Distribution de prise par trait de chalut, Patagonothen brevicauda 
guntheri. L'equidistance des courbes est de 5 kg (fourchette 0-25). 

( a) Distribution de frequences de longueurs, Dissostichus eJeginoides. 

( b) Distribution de frequences de longueurs, Patagonothen brevicauda 
guntheri. 

3arOJIOBKFI K TaOJIFIl.{aM 

OI1.eHKH Cpe,llHeti BeJIHqHHbI 6HOMaCCbI npOMbICJIOBoti qaCTH 3anaca 

H K03cpcpHI1.HeHTbI BapHaTHBHocTH no ropH30HTaM, ,lIeKa6pb 1987 r. -

51HBapb 1988 r. 

CpaBHeHHe OI1.eHOK cpe,llHeti BeJIHqHHhl 6HoMacchl npOMhlCJIOBoti 

qaCTH 3anaca, cpe,llHero KBa,llpaTHqeCKOrO OTKJIOHeHH5I H 

K03cpcpHI1.HeHTa BapHaTHBHocTH, OCHOBaHHbIX Ha HOpMaJIbHOM 

pacnpe,lleJIeHHH, 1984-85 rr. H 1986-87 rr. 

CBO,llKa ,lIaHHbIX no ,lIJIHHe ,lIJI5I CbeMKH AMLR B patioHe IO)I{HOti 

reoprHH, 1987-88 rr. 

TIo,anFlcFI K pFlcYHKaM 

KapTa pacnOJIO)l{eHHti CTaHI1.Hti ,lIJI5I petica 1987-88 rr. C I1.eJIblO 

CbeMKH AMLR B patioHe IO)I{HOti reoprHH H CKaJI IIIar. OCH KOOp,llHHaT 

COOTBeTCTBeHHO BbIpa)l{eHbI B rpa,llycax 3ana,llHoti ,lIOJIrOTbI H 

rpa,llycax IO)I{Hoti IImpOTbI. UHcppaMH 0603HaqeHbI TOJIbKO Te 

CTaHI1.HH, 0 KOTOPbIX nO,llp06HO rOBOpHTC5I B TeKCTe. 

(a) Pacnpe,lleJIeHHe BeJIHqHH YJIOBa 3a O,llHO TpaJIeHHe, 

ChampsocephaJus gunnari. PaCCT05lHHe Me)l{,lIY KOHTypaMH paBHo 

50 Kr (,lIHana30H 0-350). 

( b) Pacnpe,lleJIeHHe BeJIHqHH YJIOBa 3a O,llHO TpaJIeHHe, 

Pseudochaenichthys georgianus. PaCCT05lHHe Me)l{,lIY KOHTypaMH 

paBHo 50 Kr (,lIHana30H 0-400). 

(c) Pacnpe,lleJIeHHe BeJIHqHH YJIOBa 3a O,llHO TpaJIeHHe, Notothenia 
gibberifrons. PaCCT05lHHe Me)l{,lIY KOHTypaMH paBHo 20 Kr 

(,lIHana30H 0-80). 

(a) lIacToTHoe pacnpe,lleJIeHHe ,lIJIHH, ChampsocephaJus gunnari. 

( b) lIacToTHoe pacnpe,lleJIeHHe ,lIJIHH, Pseudochaenichthys georgianus. 

( c ) lIacToTHoe pacnpe,lleJIeHHe ,lIJIHH, Notothenia gibberifrons. 

(a) Pacnpe,lleJIeHHe BeJIHqHH YJIOBa 3a O,llHO TpaJIeHHe, 

ChaenocephaJus aceratus. PaCCT05lHHe Me)l{,lIY KOHTypaMH paBHo 

10 Kr (,lIHana30H 0-70), 
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Figura 1 

Figura 2 

( b) Pacnpe~eJIeHHe BeJIHt.lHH YJIOBa 3a O~HO TpaJIeHHe, Notothenia 
rossii. PaCCT05.lHHe Me:>K~Y KOHTypaMH paBHo 5 Kr (~Hana:30H 
0-25). 

(c) Pacnpe~eJIeHHe BeJIHt.lHH YJIOBa 3a O~HO TpaJIeHHe, Notothenia 
squamifrons. PaCCT05IHHe Me~y KOHTypaMH paBHo 1 Kr 
(~Hana:30H 0-6). 

( a) llacToTHoe pacnpe~eJIeHHe ~JIHH, ChaenocephaJus aceratus. 

( b) llacToTHoe pacnpe,lleJIeHHe ~JIHH, Notothenia rossii. 

( c) llacToTHoe pacnpe,lleJIeHHe ,llJIHH, Notothenia squamifrons. 

(a) Pacnpe~eJIeHHe BeJIHt.lHH YJIOBa 3a O~HO TpaJIeHHe, Dissostichus 

( b) 

eJeginoides. PaCCT05IHHe Me:>K,llY KOHTypaMH paBHo 2 Kr 
(,llHana:30H 0-10). 

Pacnpe,lleJIeHHe BeJIHt.lHH YJIOBa 
Patagonothen brevicauda guntheri. 
KOHTypaMH paBHo 5 Kr (,llHana:30H 0-25). 

3a O~HO TpaJIeHHe, 
PaCCT05IHHe Me:>K,llY 

( a) llacToTHoe pacnpe,lleJIeHHe ,llJIHH, Dissostichus eJeginoides. 

( b) llacToTHoe pacnpe~eJIeHHe ~JIHH, Patagonothen brevicauda 
guntheri. 

Encabezamientos de las Tablas 

Estimaciones de la biomasa media explotable y coeficientes de variaci6n por 
estratos de profundidad, diciembre de 1987 - enero de 1988. 

Comparaci6n de las estimaciones de la biomasa media explotable, desviaci6n 
estandar y coeficiente de variaci6n basado en la distribuci6n normal, 
1984/85 y 1986/87, relativo alas estimaciones. para 1987/88. 

Resumen de la informaci6n de tallas para la prospecci6n AMLR de 1987/88 
en Georgia del Sur. 

Leyendas de las Figuras 

Mapa con la localizaci6n de las estaciones para el crucero de prospecci6n 
AMLR de 1987/88 - Georgia del Sur y rocas Cormoran. Los ejes estan 
indicados en grados longitud Oeste y grados latitud Sur respectivamente. 
Solamente aquellas estaciones mencionadas explfcitamente en el texto estan 
designados con un numero. 

(a) Distribuci6n de captura por arrastre, ChampsocephaJus gunnari. El 
intervalo del contorno es 50 kg (rango 0-350). 

(b) Distribuci6n de captura por arrastre, Pseudochaenichthys 
georgianus. El intervalo del contorno es 50 kg (rango 0-400). 
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Figura 3 

Figura 4 

Figura 5 

Figura 6 

Figura 7 
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( c) Distribuci6n de captura por arrastre, Notothenia gibberifrons. El 
intervalo del contorno es 20 kg (rango 0-80). 

( a) Distribuci6n de frecuencia por tallas, ChampsocephaJus gunnari. 

(b) Distribuci6n de frecuencia por tallas, Pseudochaenichthys 
georgianus. 

( c) Distribuci6n de frecuencia por tallas, Notothenia gibberifrons. 

( a) Distribuci6n de captura por arrastre, ChaenocephaJus aceratus. El 
intervalo de contorno es 10 kg (rango 0-70). 

( b) Distribuci6n de captura por arrastre, Notothenia rossii. El intervalo 
de contorno es 5 kg (rango 0-25). 

( c) Distribuci6n de captura por arrastre, Notothenia squamifrons. El 
intervalo de contorno es 1 kg (rango 0-6). 

( a) Distribuci6n de la frecuencia por tallas, ChaenocephaJus aceratus. 

( b) Distribuci6n de la frecuencia por tallas, Notothenia rossii. 

( c) Distribuci6n de la frecuencia por tallas, Notothenia squamifrons. 

( a) Distribuci6n de la captura por arrastre, Disssostichus eJeginoides. 
El intervalo del contorno es 2 kg (rango 0-10). 

( b) Distribuci6n de la captura por arrastre, Patagonothen brevicauda 
guntheri. El intervalo del contorno es 5 kg (rango 0-25). 

( a) Distribuci6n de la frecuencia por tallas, Disssostichus eJeginoides. 

( b) Distribuci6n de la frecuencia por tallas, Patagonothen brevicauda 
guntheri. 
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NOTOTHENIA (P.) GUNTHERI STOCK STATUS AND TAC ESTIMATION IN THE 
AREA OF SHAG ROCKS (SUBAREA 48.3) 

K. Shust and R. Borodin 

Abstract 

Data on age composition of catches and fishing efforts for 
1979/80-1987/88 were used to analyse N. guntheri stock status. 
On the basis of these data using V P A method with different 
adjustments stock estimates were obtained. Instantaneous natural 
mortality coefficient was M=0.7-0.9 (Atlantic Fisheries Research 
Institute data). To estimate terminal value of instantaneous fishing 
coefficient (F) different adjustments were used. Longterm mean of F, 
Gamma method, Pope and Shepherd method, using F regression on 
fishing effort and using average weighted F. Prior to the beginning of 
fishery N. guntheri abundance was estimated as 227 thousand tonnes 
(using all the abovementioned methods). For 1986/87 the figure 
was only 102 thousand tonnes when calculation was done using 
regression equation and 160 thousand tonnes when the Gamma method 
was used (actual values of first and second age groups abundance were 
not taken into consideration). Of all these methods adjustments of F 
using the regression equation at which the correlation coefficients 
were the highest is the most preferable. Taking into consideration 
the fact that in the 1986/87 season the recruitment in the first age 
group was not abundance of N. guntheri in 1987/88 was 
152 thousand tonnes. Then the following TAG values were obtained: 

( a) Fishing intensity (F) in the predicted period is equal to the 
mean value of fishing mortality for the main commercially 
taken age groups (2-4 years); 

( b) Fishing intensity in the predicted period is at the level of 
1987/88; 

( c ) Fishing intensity in the predicted period is FO.1• 

In the first two cases TAG is 12.3-12.7 thousand tonnes and in the 
third case - 32.3 thousand tonnes. The analysis of estimations 
demonstrates that at the current level of fishing (1987/88) the size 
of the stock of N. guntheri will remain unchanged. 

Resume 

Des donnees sur la composition en ages des prises et sur I'effort de 
peche pour 1979/80-1987/88 ont ete utilisees pour analyser I'etat 
des stocks de N. guntheri. Sur la base de ces donnees, utilisant des 
methodes d'analyse VPA, des estimations des stocks ont ete obtenues. 
Le coefficient de mortalite naturelle instantane etait M=O.7-0.9 
(donnees de l'Atlantic Fisheries Research Institute). Pour estimer la 
valeur terminale du coefficient de peche instantanee (F), differents 
ajustements ont ete utilises. La moyenne a long terme de F, la 
methode Gamma, la methode de Pope et Shepherd, utilisant la 

53 



54 

regression de F sur I'effort de peche et utilisant F moyen pondere. 
Avant que ne commencent les activites de peche, I'abondance de 
N. guntheri a ete estimee etre de 227 mille tonnes (utilisant toutes 
les methodes susmentionnees). Pour 1986/87, le chiffre n'etait que 
de 102 mille tonnes quand le calcul a ete fait utilisant I'equation de 
regression, et de 160 mille tonnes par la methode Gamma (Ies 
valeurs reelles de I'abondance du premier et du second groupes d'age 
n'ont pas ete prise en compte). De toutes ces methodes, la preferable 
est celle oCr les ajustements de F utilisant I'equation de regression a 
laquelle les coefficients de correlation etaient les plus grands. 
Prenant en consideration le fait que dans la saison 1986/87 le 
recrutement dans le premier groupe d'age n'etait pas moins de la 
moyenne a long terme (5 947 millions de specimens), I'abondance de 
N. guntheri en 1987/88 etait de 152 mille tonnes. Alors les valeurs 
de la T AC suivantes ont ete obtenues : 

( a) L'intensite de la peche (F) dans la periode definie d'avance egale 
la valeur moyenne de mortalite de peche pour les principaux 
groupes d'age pris commercialement (2-4 ans); 

( b) L'intensite de la peche dans la periode definie d'avance est au 
niveau de 1987/88; 

(c) L'intensite dans la periode definie d'avance est FO.1• 

Dans les deux premiers cas, la TAC est de 12,3-12,7 mille tonnes, 
et, dans le troisieme cas, de 32,3 mille tonnes. L'analyse des 
estimations demontre qu'au niveau courant de peche (1987/88) la 
taille du stock de N. guntheri restera inchangee. 

Pe3IOMe 

,llaHHhle no B03pacTHoMY cocTaBY YJIOBOB M no npOMhICJIOBOMY 
YCMJIMIO 3a 1979/80-1987/88 OhIJIM MCnOJIb30BaHbI ,l(JI.H 
MCCJIe,l(OBaHM.H COCTO.HHMe 3anaca N.guntheri. Ha OCHOBaHMM 

3TMX ,l(aHHhIX, MCnOJIb3Y.H MeTO,l( aHaJIM3a BMpTyaJIbHhIX 

nonYJI.HQMM C pa3JIM1.JHhIMM nOnpaB01.JHhIMM K03CPCPMQMeHTaMM, 
OhIJIa nOJIY1.JeHa OQeHKa 3anaca. MrHoBeHHhIA K03CPCPMQMeHT 
eCTeCTBeHHOYl cMepTHocTM COCTaBJI.HJI M=O.7-0.9 (,l(aHHhle 

ATJIaHTM1.JeCKOrO HaY1.JHO-MCCJIe,l(OBaTeJIbCKOrO MHcTMTYTa 
phloHoro X03.HYlCTBa).,llJI.H Toro, 1.JTOOhI Y3HaTb KOHe1.JHYIO 

BeJIM1.JMHY K03CPCPMQMeHTa npOMhICJIOBOYl CMepTHOCTM OhIJIM 
MCnOJIb30BaHhI pa3JIM1.JHhle nonpaBKM: ,l(OJIrOCp01.JHa.H Cpe,l(H.H.H 
BeJIM1.JMHa F, Gamma-MeTO,l(, MeTO,l( TIona M Illecpep,l(a, 

MCnOJIb30BaHMe perpeccMM F C npOMhICJIOBhIM YCMJIMeM M 

MCnOJIb30BaHMe Cpe,l(HeB3BeWeHHOYl BeJIM1.JMHhI F. ,llo Ha1.JaJIa 
npOMhICJIa 1.JMCJIeHHOCTb N. guntheri COCTaBJI.HJIa 227 ThIC.H1.J 
TOHH, KaK nOKa3aJI Gamma-MeTO,l( (cpaKTM1.JeCKMe BeJIM1.JMHhI 

1.JMCJIeHHOCTM nepBhlx ,l(BYX B03pacTHhlx rpynn He 
npMHMMaJIMCb BO BHMMaHMe.) 113 Bcex 3TMX MeTO,l(OB nonpaBKa 

K F C MCnOJIb30BaHMeM ypaBHMBaHM.H perpeCCMM, npM KOTOPOM 
KOppeJI.HQM.H K03CPCPMQMeHTOB OhIJIa HaMBhICWeYl, .HBJI.HeTC.H 
HaMOOJIee npMeMJIeMOYl. TIpMHMMa.H BO BHMMaHMe TOT cpaKT, 1.JTO 
B 1986-1987 r. 1.JMCJIeHHOCTb O,l(HOrO,l(OBMKOB OhIJIa He MeHbwe 
1.JeM cpe,l(H.H.H ,l(OJIrocpOtlHa.H BeJIM1.JMHa (5 947 MMJIJIMOHOB 



3K3eMnJ1HpOB), '4HCJIeHHOCTb N. guntheriB 1987/88 r. COCTaBJI5IJIa 
152 TbIC5I'4H TOHH. B pe3YJIbTaTe ObIJIH nOJIY'4eHbI CJIe,aYIOIUHe 
,aaHHbIe: 

(a) I1HTeHcHBHoCTb JIOBa (F) B npe,aonpe,aeJIeHHbIe nepHo,abI 
3KBHBaJIeHTHa cpe,aHeH BeJIH'4HHe npOMbICJIOBOH 
CMepTHocTH ,aJI5I HaHOOJIee Ba)l(HbIX ,aJI5I npOMbICJIa 
B03pacTHbIX rpynn (B03paCT OT 2 ,ao 4 JIeT); 

(0) I1HTeHcHBHoCTb JIOBa B npe,aonpe,aeJIeHHbIe nepHo,abI 
Haxo,aHTC5I Ha TOM )l(e ypOBHe, '4TO H B nepHo,a 1987/88 r; 

(c) I1HTeHcHBHoCTb JIOBa B npe,aonpe,aeJIeHHble nepHo,abI 

paBHa F 0.1' 

B nepBbIX ,aBYX CJIY'4a5lX OOIUHM .llonycTHMbIM Y JIOB 
COCTaBJI5IeT 12.3 - 12.7 TbIC5I'4 TOHH, B TpeTbeM cJIY'4ae -
32.3TbIC5I'4H TOHH. AHaJIH3 ,aaHHbIX nOKa3bIBaeT, '4TO 
HaCT05lIUHM YPoBeHb npOMbICJIa (1987/88 r.) He nOBJIH5IeT Ha 
pa3MepbI 3anaca N. guntheri. 

Resumen 

Se utilizaron los datos de composici6n por edades y de esfuerzo 
pesquero de 1979/80-1987/88 para analizar el estado de la 
poblaci6n de N. guntheri. Sobre la base de estos datos se obtuvieron 
estimaciones de la poblaci6n utilizando el metodo VPA (Amllisis de la 
Poblaci6n Virtual) con algunos ajustes. El coeficiente de mortalidad 
natural instantanea fue M=0.7-0.9 (Oatos del Atlantic Fisheries 
Research Institute). Para estimar el valor terminal del coeficiente 
de pesca instantanea (F) se emplearon distintos ajustes. El promedio 
a largo plazo de F, el metodo Gamma el metodo de Pope y Shepherd, se 
emple6 la regresi6n F para el esfuerzo pesquero y se emple6 la media 
pesada de F. Antes del inicio de la pesquerfa, la abundancia de 
N. guntheri se estim6 en 227 mil toneladas (empleando los metodos 
citados anteriormente). Para 1986/87 la cifra fue s610 de 102 mil 
toneladas cuando en el calculo se emple6 la ecuaci6n de regresi6n, y 
160 mil toneladas al utilizar el metodo Gamma, (no se tomaron en 
consideraci6n los valores reales de la abundancia del primer y 
segundo grupos de edades). De todos estos metodos es preferible 
realizar los ajustes de F mediante la ecuaci6n de regresi6n, en la cual 
los coeficientes de correlaci6n eran mas altos. Teniendo en cuenta que 
en la temporada de 1986/1987, el reclutamiento del primer grupo 
de edad no fue menor que la media a largo plazo (5 947 millones de 
ejemplares), la abundancia de N. guntheri en 1987/88 fue de 
152 mil toneladas. Se obtuvieron pues, los valores de la TA C 
(Captura Total Admisible) siguientes: 

( a) La intensidad de pesca (F) en el perfodo previsto es igual al 
valor medio de la mortalidad por pesca de los principales 
grupos de edades comerciales capturados (2-4 anos); 

( b ) La intensidad de pesca en el perfodo previsto esta al nivel de 
1987/88; 
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(c) La intensidad de pesca para el periodo previsto es de FO.1• 

En los dos primeros casos la TAC es de 12.3-2.7 miles de toneladas y 
en el tercer caso - 32.3 miles de toneladas. Los analisis de las 
estimaciones demuestran que en los niveles actuales de pesca 
(1987/88) el tamaflo de la reserva de N. guntheri permenecera 
igual. 



HOTOTemI5I nOHTepa HJIH )l{eJITOnepKa (Notothenia guntheri Norman), THnHtIHbu';f 

npe,l(CTaBHTeJIb IIIeJIbcpoBbIX HOTaJIbHbIX BO,l( <DOJIKJIeH,l(CKO-IIa TarOHCKoro patioHa, 

6bIJIa onpe,l(eJIeHa It P. HopMaHoM B 1937 ro,l(Y (Norman, 1937) H onHcaHa KaK BH,l( 

XOPOIIIO OT JIHqaIO~HtiC5I OT HOTOTeHHH 6peBHKaY,l(a (N. brevicauda) H HOTOTeHHH 

PaMCe5I (N. ramsal1. B KOH~e CeMH,l(eC5ITbIX rO,l(OB pbI6a OqeHb 6JIH3Ka5I no 

MopcpOJIOrHH H pa3MepaM K HOTOTeHHH rIOHTepa 6bIJIa B 3HaqHTeJIbHOM KOJIHqeCTBe 

BbIJIOBJIeHa B patioHe CKaJI mar, pacnOJIO)l{eHHOM He,l(aJIeKO OT o. IO)I{Ha5I reOprH5I. 

IIpoBe,l(eHHblti COBeTCKHMH HXTHOJIOraMH MopcpoMeTpHqeCKHti aHaJIH3 nOKa3aJI, qTO 

:')Ta pbI6a 5IBJI5IeTC5I cKopee Bcero nO,l(BH,l(OM HOTOTeHHH rIOHTepa H npHCBOHJIH eti 

JIaTHHCKoe HaHMeHOBaHHe - Patagonotothen guentheri shagensis (EaJIYIIIKHH, IIepMHTHH, 

1982). AJIJIonaTpHqHa5I nonYJI5I~H5I 3Toro nO,l(BH,l(a cy~ecTByeT, KaK BbI5ICHHJIOCb 

n03,l(Hee, TOJIbKO B 3TOM JIOKaJIbHOM patioHe (mYCT, 1987). B 3TOti CB5I3H, ee 

onpe,l(eJIeHHe KaK nO,l(BH,l(a P. brevicauda guntheri (Norman), o6HTaIO~ero B 

IIaTarOHCKOM patioHe, Ha 6aHKe Eep,l(BY,l( H Y CKaJI mar, npe,l(CTaBJIeHHOe B 

onpe,l(eJIHTeJIe PbI6 IO)I{HOrO OKeaHa <DAO H AHTKOM (FAO SPECIES IDENTIFICATION 
SHEETS ... FAO, CCAMLR, 1985), CqHTaeM HenpaBHJIbHbIM. IIo HaIIIeMY MHeHHIO, 3a 

OC065IMH 3TOti nonYJI5I~HH patioHa CKaJI mar ,l(OJI)I{eH 6bITb coxpaHeH CTaTYC 

OT,l(eJIbHOrO nO,l(BH,l(a P. guentheri shagensis Ba/ushkin, Permitin KOToPbIti cO,l(ep)l{HT 

onpe,l(eJIeHHe patioHa o6HTaHH5I. 

IIo xapaKTepy pacnpe,l(eJIeHH5I H nOBe,l(eHH5I )l{eJITOnepKa patioHa CKaJI 

IIIar, TaK)I{e KaK H B IIaTarOHCKOM patioHe, ,l(OJI)I{Ha 6bITb OTHeceHa K npH,l(oHHO­

neJIarHqeCKHM BH,l(aM, BeCb )l{H3HeHHbIti ~HKJI KOTOPbIX npOXO,l(HT B lIIeJIbcpoBbIX 

BO,l(ax. B 3TOti CB5I3H apeaJI H3yqaeMoti nonYJI5I~HH OrpaHHqeH He6oJIbIIIoti 

IIIeJIbcpoBoti 30HOti CKaJI (nJIO~a,l(b IIIeJIbcpa COCTaBJI5IeT OKOJIO 4000KM2). lla)l{e Ha 

6JIH3JIe)l{aIQeM IIIeJIbcpe O-Ba 10. reOprH5I OCo6H 3Toro BH,l(a 3a 20 JIeT perYJI5IpHO 

npoBO,l(HMbIX 3,l(eCb COBeTCKHX H HHocTpaHHbIx 3KCne,l(H~HOHHbIX HCCJIe,l(OBaHHti 

06HapY)I{eHbI He 6bIJIH. * 

B TO )l{e BpeM5I B He6oJIblIIOM patioHe CKaJI IIIar )l{eJITOn epKa 5IBJI5IeTC5I 

,l(OMHHHPYIOIQHM BH,l(OM H ee qHCJIeHHOCTb 3,l(eCb OqeHb BblCOKa (Ta6JI 4.). B 

3HaQHTeJIbHoti Mepe 3TO onpe,l(eJI5IeTC5I, Bep05ITHO, KaK nOJIO)l{eHHeM H BbIcoKOti 

npO,l(YKTHBHOCTbIO caMoro patioHa ee 06HTaHH5I, TaK H a,l(anTHBHbIMH KaQeCTBaMH 

BH,l(a (IIIYCT, 1987). IIo pa3MepaM TeJIa :>KeJITOnepKa OTHOCHTC5I K caMbIM MeJIKHM 

HOTOTeHH5IM. TaK ,l(JIHHa BCTpeQaIOIQHXC5I Y CKaJI mar oco6eti KOJIe6JIeTC5I OT 7 ,l(O 24 

CM, a HaH60JIee QaCTO o6HapY)I{HBaeTC5I rpynna PbI6, KOTopbIe HMeIOT ,l(JIHHY 14-17 

CM. Bec oco6eti MO,l(aJIbHoti rpynnbI paBeH 30-40 r, npH 06IQHX KOJIe6aHH5IX OT 5 ,l(O 

115 r. OQeHb HeBeJIHKa H npO,l(OJI)I{HTeJIbHOCTb )l{H3HH oco6eti )l{eJITOnepKH, KOTOpa5I 

B Cpe,l(HeM COCTaBJI5IeT 6 JIeT, XOT5I OT,l(eJIbHbIe caMKH, no coo6~eHHIO MypMaHcKoro 

HXTHOJIOra E. ll. )KHBoBa, ,l(O)l{HBaIOT ,l(O 9 JIeT H ,l(OCTHraIOT ,l(JIHHbI 60JIee 30 CM. IIo 

era )l{e onpe,l(eJIeHH5IM, HaH60JIee 3HaQHTeJIbHbIti npHpocT ,l(JIHHbI npHXO,l(HTC5I Ha 

nepBbIti ro,l( )l{H3HH H COCTaBJI5IeT 7-8 CM. Ha BTOPOM ro,l(Y OH YMeHbIIIaeTC5I ,l(O 3,0-

3,5 CM H B ,l(aJIbHetilIIeM He npeBbIIIIaeT 1,5-2,0 CM e)l{erO,l(HO. HalIIH onpe,l(eJIeHH5I 

TeMna JIHHetiHoro pOCTa )l{eJITOnepKH H3 patioHa CKaJI mar ,l(aJIH aHaJIOrHQHbIe 

pe3YJIbTaTbI. TeMn JIHHetiHoro pOCTa caM~OB H caMOK He pa3JIHQaeTC5I H napaMeTpbI 

ypaBHeHH5I EepTaJIaHcpH, onpe,l(eJIeHHbIe Cne~HaJIHCTaMH AT JIaHTHIIPO ,l(JI5I 060HX 

nOJIOB, HMeIOT CJIe,l(yIO~Hti BH,l(: 

Lt = 28,6 (1 - e- 0 ,22 (- 0,37)) 

Bec pbI6 YBeJIHQHBaeTC5I ,l(OBOJIbHO Me,l(JIeHHO Ha 7-15 r B ro,l( (Ta6JI. 1) 

* 3TOT !fleHoMeH, TaKoro OT,l\aJleHHOrO, HO B TO)!(e BpeM5I JlOKaJlbHOrO pacnpe,l\eJleHHe reHeTHqeCKH 

HOTaJlbHOrO BH,l\a B BO,l\ax AHTapKTHKH, Tpe6yeT CneU;HaJlbHOrO H3YQeHH5I H 06bCHeHH5I. 
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BMeCTe C TeM, B OT JIlllllle OT ,l{Pyrllx Bll,l{OB HOTOTeHllH, nOJIOBOe C03peBaHlle 

oco6eH 06011X nOJIOB npOllCXO,l{IlT Y)I{e Ha 3 ro,l{Y )l{1l3Hll, a B B03pacTe 3 JIeT 

nOJIOB03peJIOCTll ,l{OCTllraIOT 60JIee 90% pbI6. IIMeHHo ,:ITa lIepTa 6110JIOrllll 

)l{eJITOnepKll 5IBJI5IeTC5I, nO-Bll,l{IlMOMY, ee OCHOBHbIM npellMy~ecTBoM nepe,l{ 

,l{pyrllMll Bll,l{aMll PbI6 B paHoHe ee o611TaHIl5I, ,l{aIO~IlM B03MO)l{HOCTb ,l{OCTllra Tb 

BbICOKOH lI11CJIeHHOCTll ,l{a)l{e npll OlleHb HeBbICOKOH nJIO,l{OBllTOCTll caMOK, paBHoH 

8-23 TbIC. llKPllHOK (IIIycT, 1987). 

KpOMe paHHero nOJIOBOrO c03peBaHIl5I, ,l{OCTll)l{eHlle BbICOKOH lI11CJIeHHOCTll 

)l{eJITOnepKll B paHoHe CKaJI IIIar npOllCXO,l{IlT BCJIe,l{CTBlle OTHOCllTeJIbHO 

HeBblcoKOH CMepTHOCTll Ha nepBOM ro,l{Y )l{1l3Hll, TaK KaK ee MaJIbKll e)l{erO,l{HO B 

Macce BCTpellaIOTC5I B npll,l{OHHOM CJIoe MeJIKOBO,l{b5I (r JIy611HbI 30-100 M) OT ,l{eJIbHO 

OT B3POCJIbIX llJIll C03peBaIO~IlX oco6eH. 

HeMaJIOBa)l{HOe ,l{JI5I ee )l{1l3Hll 11 lI11CJIeHHOCTll npllcnoco611TeJIbHOe KalleCTBO 

- 3TO ee nllTaHlle neJIarlllleCKllMll opraHll3MaMll: 3B<PaY31111,l{aMll, KOnenO,l{aMll, 

aM<pllnO,l{aMll, 060JIOllHllKaMll 11 ,l{pyrllMll nJIaHKTOHHbIMll opraHll3MaMll (K03JIOB, 

IIIycT, 1984), lI11CJIeHHOCTb 11 6110Macca KOTOPbIX 3,l{eCb OlleHb BeJIllKa B nepllO,l{ 

Hall60JIee aKTllBHoro HarYJIa )l{eJITOnepKll, B JIeTHe-OceHHllH ,l{JI5I AHTapKTllKll 

nepllo,l{. 

Bce 3Tll y,l{allHble 6110JIOrlllleCKlle a,l{anTllBHble KalleCTBa )l{eJITOnepKll, B 

CneIJ;ll<pllllecKoM paHoHe CKaJI IIIar, cnoco6CTBOBaJIll pa3BllTllIO 11 nO,l{,l{ep)l{aHllIO Ha 

BbICOKOM ypOBHe lI11CJIeHHOCTll 11 6110MaCCbI ee nonyJI5IIJ;IlIl. HallllHa5I C 

CeMll,l{eC5ITbIX rO,l{OB )l{eJITOnepKa BCTpellaJIaCb B YJIOBaX B He60JIbmllX 

KOJIlllleCTBax, HO Y)I{e B 1979 r. 11 B nOCJIe,l{YIO~lle rO,l{bI CTaJIa OCHOBHbIM o6beKToM 

JIOBa B paHoHe CKaJI IIIar (Report of the Fifth Meeting of SC-CAMLR, 1986). B TO )l{e BpeM5I, 

BbIJIOB no OT,l{eJIbHbIM ce30HaM (Pa3611TbIH ro,l{, HanpllMep, 1982/83; 1983/84 11 T.,l{) 

KOJIe6aJIc5I ,l{OBOJIbHO CllJIbHO OT 4,5 TbIC T. ,l{O 38,5 TbIC. T., a YJIOB Ha e,l{IlHllIJ;Y 

npOMbICJIOBOrO YCllJIIl5I (CPUE) BnJIOTb ,l{O nOCJIe,l{HerO ce30Ha 113MeH5IJIC5I MaJIO 11 

TOJIbKO B nOCJIe,l{HeM ce30He CHIl311JIC5I. Cy~ecTBeHHO He 113MeH5IJIC5I 3a BeCb 

llCCJIe,l{yeMbIH nepllO,l{ 11 pa3MepHO-B03paCTHOH 11 BeCOBOH COCTaB YJIOBOB 

)l{eJITOnepKll (Ta6JI. 1,2). 

ITo ,l{aHHbIM COTpY,l{HllKa AT JIaHTHlIPO IIIJIll6aHOBa B. A., K03<p<PllIJ;lleHT 

MroHoBeHHoH eCTeCTBeHHOH cMepTHocTll - M paBeH ,l{JI5I )l{eJITOnepKll paHoHa CKaJI 

IIIar - 0,911, C YlIeToM Y)I{e HaKOnJIeHHOH K HaCT05I~eMY BpeMeHll llH<popMaIJ;llll, ,l{JI5I 

OIJ;eHKll 3anaca 11 o6~ero ,l{OnycTllMoro YJIOBa (OllY) CTaJIO B03MO)l{HbIM 

npllMeHeHIl5I MeTO,l{a aHaJIll3a BllpTyaJIbHbIX nonYJI5IIJ;IlH VPA. llJI5I OIJ;eHKll 

TepMllHaJIbHOrO 3Hall eHIl5I K03<p<PllIJ;lleHTa MroHoBeHHoH npOMbICJIOBOH cMepTHocTll 

llCnOJIb30BaJIllCb HeCKOJIbKO Pa3JIllllHbIX HacTpoeK: Cpe,l{Hee MHOrOJIeTHee, MeTO,l{ 

raMMa, MeTO,l{ IToyna 11 IIIenap,l{a, no ypaBHeHllIO perpeCCllll Ha npOMbICJIOBOe 

YCllJIlle F 11 MeTO,l{ Cpe,l{HeB3BemeHHoH. 3aTeM npll nOMO~1l nOJIYlIeHHbIX 

TepMllHaJIbHbIX 3HalleHllH Fj 11 M = 0,9 6bIJIll nOJIYlIeHbI OIJ;eHKll 3anaca no 

OT ,l{eJIbHbIM ce30HaM. B llTore, Bce MeTO,l{bI ou,eHKll 3anaca B nepBbIH ce30H 

3KCnJIyaTau,1l1l 1979/80 r. npll M = 0,9 ,l{aJIll npllMepHo O,l{IlH 11 TOT )l{e pe3YJIbTaT -

227 TbIC. T )l{eJITOnepKll. llJI5I ce30Ha 1986/87 rr., 6e3 YlIeTa llCTllHHbIX 3HalleHllH 

lI11CJIeHHOCTll l-H 11 2-H B03pacTHblx rpynn, ou,eHKll pa3JIllllaIOTC5I 3HallllTeJIbHO 

CllJIbHee, OT 102 TbIC. T no ypaBHeHllIO perpeccllll, ,l{O 160 TbIC.T no MeTo,l{y raMMa. 

1I3 Bcex MeTO,l{OB Hall60JIbmee npe,l{nOllTeHlle MO)l{HO OT,l{aTb HacTpoHKe no 

ypaBHeHllIO perpecllll, KOTOpa5I ,l{aeT Hall60JIee BblCOKlle K03<p<PllIJ;lleHTbI 

KOppeJI5Iu,1l1l Me)l{,l{y F 11 f npll HallMeHbmllX CTaH,l{apTHblx omll6Kax. 

ECJIll npllH5ITb, lITO B ce30H 1986/87 rr. lI11CJIeHHOCTb nOnOJIHeHIl5I l-H 

B03pacTHoH rpynnbI 6Y,l{eT He Hll)l{e Cpe,l{HeMHOrOJIeTHeH (5947 MJIH. 3K3.), TO ou,eHKa 

3anaca )l{eJITOnepKll, npll M = 0,9, B ce30H 1987/88 rr. ,l{aeT BeJIllllllHY 152 TbIC. T. 
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Ha OCHOBe oIJ,eHKH 3anaca no ce30HaM, MeTO,llOM VPA 6bIJIO paC'-IHTaHO TaK)I{e 
3Ha'-leHHe allY )l{eJITOnepKH Ha nOCJIe,llYIOIIlHe ce30HbI (Ta6JI. 6,7,8). EbIJIH 
paccMoTpeHbI cJIe,llYIOIIlHe BapHaHTbI: 

(a) HHTeHcHBHoCTb npOMbICJIa (F) B nporHo3HPyeMbIH nepHo,ll paBHa 
cpe,llHeH BeJIH'-IHHe npOMhlCJIOBOH CMepTHOCTH ,llJI~ OCHOBHhlX 
npOMbICJIOBbIX B03paCTHbIX rpynn (2-4 rO,lla), (Ta6JI. 6). llPH 
cpe,llHeMHOrOJIeTHeM ypoBHe nOnOJIHeHH~, BeJIH'-IHHa 3anaca 6Y,lleT 
H3MeH~TbC~ co 143,8 TbIC. T. B ce30H 1987/88 rr., ,llO 147,1 TbIC. T B ce30H 
1989/90 rr., a allY 6Y,lleT COOTBeTCTBeHHO paBeH 12,3-12,7 TbIC. T. 

(6) HHTeHCHBHOCTb npOMbICJIa (F) B nporHo3HPyeMbIH nepHO,ll paBHa 
FO,1=1,55. Tor,lla BeJIH'-IHHa 3anaca 6Y,lleT HeCKOJIbKO yMeHblIlaTbc~ co 
143,8 TbIC. T. B ce30H 1987/88 rr. ,llO 130 TbIC. T. B ce30H 1989/90 rr., a allY 
B ce30H 1987/88 rr. - 32,8 TbIC. T. B 1989/90 rr. 

(B) HHTeHCHBHOCTb npOMbICJIa (F) B nporHo3HpyeMbIH nepHO,ll coxpaHHTC~ Ha 
ypOBHe ce30Ha 1987/88 rr. llpH TaKoH 3KCnJIyaTaIJ,HH BeJIH'-IHHa 3anaca 
)l{eJITOnepKH OCTaHeTC~ HeH3MeHHoH (143,8 - 147,3 TbIC. T.) HOllY MO)l{eT 
COCTaBHTb 12,3 - 12,7 TbIC. T. 

3AKJI1O llEHHE 

AHaJIH3 COCTO~HH~ 3anaCOB H XO,lla npOMbICJIa )l{eJITOnepKH B paHoHe CKaJI 
IDar H EJI3K-POK, npoBe,lleHHbIH npH nOMOIllH VPA C Pa3JIH'-IHOH HacTpoHKOH 
nOKa3bIBaeT, '-ITO nepBOHa'-laJIbHbIH 3anac B 1979/80 rr. npH M = Oi9 OIJ,eHHBaeTC~ B 
227 TbIC. T. 3aTeM BeJIH'-IHHa 3anaca YMeHbIIlHJIaCb, HO B HaCTO~IIlee BpeM~ 

cTa6HJIH3HpOBaJIaCb Ha ypOBHe 145 - 155 TbIC. T. 

BbInOJIHeHHbIe paC'-IeTbI H nporH03 Ha ce30HbI 1988/89 rr. H 1989/90 rr. 
nOKa3bIBaIOT, '-ITO CYIlleCTBYIOIIlHH pe)l{HM npOMbICJIa )l{eJITOnepKH (OKOJIO 15 TbIC. T.) 
He npHBO,llHT K CHH)I{eHHIO 3anaca. llpH HHTeHCHBHOCTH npOMbICJIa B pe)l{HMe FO,l 

paBHoM 1,55 HOllY = 25 - 30 TbIC. T. 3anac MO)l{eT HeMHoro CHH)I{aTbC~. 
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Ta6JuuJ;a 1: tlaHHble no Cpe,i1Hel1 Macce oco6el1 )KeJITOnepKH pa3HOrO B03pacTa, B pa3Hble rO,i1bl, 

B03PACTH. rOllbI IIPOMbICJIA 

rpYIIIIA 1978179 1979/80 1980/81 1981182 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 

1 5,30 5,50 5,30 5,50 6,00 5,70 5,70 4,50 5,30 5,30 

2 13,50 13,50 14,00 11,50 14,50 13,30 13,30 14,50 20,70 23,30 

3 25,20 25,20 27,30 21,60 28,50 25,80 25,80 22,50 31,60 37,90 

4 39,00 39,00 37,00 42,50 39,00 39,60 39,60 36,30 60,30 59,50 

5 51,70 51,70 46,30 58,50 51,50 52,10 52,10 49,50 95,10 90,00 

6 72,70 7270 6630 9000 6850 7730 77,30 5700 13720 130,00 

Ta6JIHu;a 2: B03pacTHol1 COCTaB YJIOBOB (MJIH, 3K3.), 

B03PACT- K03<I>, 
HASI ECTECTB, 
rpYIIIIA CMEPT, 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 

1 0,900 33,00 11,80 80,90 34,50 19,10 55,10 84,60 20,80 2,68 

2 0,900 274,90 21,30 467,50 320,30 46,20 36,20 173,70 454,80 57,88 

3 0,900 160,50 91,70 306,70 382,00 43,00 58,90 102,60 77,40 177,31 

4 0,900 97,90 84,70 336,10 232,10 47,30 125,00 83,20 70,10 70,59 

5 0,900 9,90 8,20 60,00 59,70 10,40 36,00 18,90 29,40 15,72 

6 0,900 6,30 090 610 470 130 320 250 560 10,37 

IITOrO 56250 218 60 1257 30 1033,30 16730 314,40 46550 65810 33450 

CPEllHIII1: B03PACT 26 33 2,9 3,0 2,9 3,2 2,5 25 32 

0\ ..... 



~ 
Ta6JIHu;a 3: K03<P<PHU;HeHTbI npOMbICJIOBOH cMepTHocTH. 

B03PACT- K03<D. 
HA5I ECTECTB. 
rpYIIIIA CMEPT 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 

1 0,900 0,0037 0,6020 0,0181 0,0085 0,0077 0,0216 0,0167 0,0053 0,0006 

2 0,900 0,0870 0,0091 0,2161 0,1950 0,0286 0,0367 0,1833 0,2479 0,0370 

3 0,900 0,2333 0,0776 0,3797 0,6386 0,0735 0,0961 0,2957 0,2477 0,3126 

4 0,900 0,8894 0,0105 1,1251 1,5749 0,3236 0,7347 0,4085 0,8147 0,9194 

5 0,900 0,8718 0,5060 1,6752 1,9812 0,5987 1,1281 0,5266 0,5678 1,1369 

6 0,900 08811 03884 1,4000 1,7779 04615 09319 0,4678 06917 10283 

2-4 F B3BEm 01633 00568 03678 04418 ... _0.0601 __ 0.lA12_ 0.2426 0.2748 0.1543 

Ta6JIHu;a 4: 'IHCJIeHHOCTb :>KeJITOnepKH no rO,llaM (MJIH. 3K3.). 

B03PACT- K03<D. 
HA5I ECTECTB. 
rpYIIIIA CMEPT 1978/79 1979/80 1980/81 1981182 1982/83 1983/84 1984/85 1985/86 1986/87 

1 0,900 8792,26 8851,27 6834,05 6197,38 3762,00 3900,75 7716,43 5959,23 6775,90 

2 0,900 4970,69 3554,33 3591,38 2728,70 2498,41 1517,74 1552,01 3085,17 2410,02 

3 0,900 1149,85 1852,43 1431,96 1176,43 914,69 987,55 594,81 525,33 978,97 

4 0,900 236,47 370,21 696,92 398,26 253,36 345,52 365,36 179,93 166,72 

5 0,900 24,24 39,50 99,84 91,98 33,52 74,53 67,38 98,75 32,39 

6 0900 1551 412 1114 760 516 749 981 1618 22.75 

I1TOrO 15188.60 14671.90 12665.30 10600.30 7467.10 6833.40 1035.80 9864.60 10386.70 



Ta6JulU,a 5: EHOMacca :>KeJITOnepKH no ro~aM (TbIC. T.). 

B03PACT- CPEl{IDI5I 
HA5I MACCA 
rpYIIIIA PbIE 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 

1 10,000 87,92 88,51 68,34 61,97 37,62 39,01 77,16 59,59 67,76 

2 18,400 91,66 65,40 66,08 50,21 45,97 27,93 28,56 56,77 44,34 

3 30,200 34,73 55,96 43,25 35,53 27,62 29,82 17,96 15,86 29,56 

4 42,000 9,93 15,55 29,27 16,73 10,64 14,51 15,35 7,56 7,00 

5 58,800 1,43 2,32 5,87 5,41 1,97 4,38 3,96 5,81 1,90 

6 66,300 102 0,27 074 0,50 0,34 030 065 1,07 1,51 

HTOrO 226.50 228.00 213.50 170~30_ 12420 ._116 10 .... _14.3 60-----.1..46]0 ~2.10 

eJ 



z: 

Ta6Juu.I,a 6: IIporno3 COCTO.5IIU15.l 3anaCOB HOllY, eCJIH F eCTb Cpe,llH.5I.5I BeJIH4HHa ,lIJI.5I OCHOBHbIX B03paCTHbIX rpynn. 

B03PACT- K03<I>. K03<I>. CPEllIffi5I 

HA5I ECT. 'lACT. MACCA 1986/87 1987/88 

rpYIIIIA CMEPT. IIOIIOJI. PbIBbI F C N B F C N B 

-------- !~ Krl MJIH 3K3 MJIH 3K3 TbIC T TblC T MJIH 3K3 TblC T 

1 0,900 0,0167 0,010 0,0006 1,68 5947,00 59,470 0,0067 0,26 5947,00 59,470 

2 0,900 0,1766 0,018 0,0570 57,88 2410,02 44,344 0,0707 2,01 2416,42 44,462 

3 0,900 1,0000 0,030 0,5126 17,31 978,97 29,565 0,4005 6,39 944,25 28,516 

4 0,900 1,0000 0,042 0,9194 70,59 166,72 7,002 0,4005 2,74 291,17 12,229 

5 0,900 1,0000 0,059 1,1369 15,72 32,39 1,904 0,4005 0,36 27,03 1,589 

6 0900 10000 0066 10283 10 37 2275 1509 04005 006 422 o 280 

If TOrO 33450 955780 14380 1180 963010 14650 

B03PACT- K03<I>. K03<I>. CPEllIffi5I 

HA5I ECT. 'lACT. MACCA 1988/89 

rpYIIIIA CMEPT. IIOIIOJI. PbIBbI F C N B 

(B Krl TbIC. T MJIH.3K3 TbIC. T 

1 0,900 0,0167 0,010 0,0067 0,26 5947,00 59,470 IIpllMeqaHlUI: 

2 0,900 0,1766 0,018 0,0707 2,00 2401,75 44,692 1. 1JllCJIeHHOCTb 1-0H B03paCTHOH rpynnbl B TepMllHaJIbHblH 

3 0,900 1,0000 0,030 0,4005 6,19 915,35 27,644 ro,ll 3a,llaHa llCCJIe,llOBaTeJIeM 

4 0,900 1,0000 0,042 0,4005 2,42 257,21 10,803 2. 1JllCJIeHHOCTb 1-0H B03pacTHoH rpynnbI B nepBbIH nporHO-

5 0,900 1,0000 0,059 0,4005 1,04 79,31 4,664 3llpyeMblH ro,ll 3a,llaHa llCCJIe,llOBaTeJIeM 

6 0,900 1,0000 0,066 04005 011 736 0488 3. 1JllCJIeHHOCTb 1-0H B03pacTHoH rpynnbl BO BTOPOH npo-

If TOrO ___ 12.00_ _ 9608.0_0_ 14] 08 rH03llpyeMblH ro,ll 3a,llaHa llCCJIe,llOBaTeJIeM 



0\ 
VI 

Ta6JUuJ,a 7: IIporHo3 COCT051Hl151 3anaCOB 11 O,l{Y, eCJIl1 F-const. 

B03PACT- K03<1>. K03<1>. 

HMI ECT. '1ACT. 

rpYIIIIA CMEPT. IIOIIOJI. 

1 0,900 0,0167 

2 0,900 0,1766 

3 0,900 1,0000 

4 0,900 1,0000 

5 0,900 1,0000 

6 0,900 10000 

HTOrO 

B03PACT- K03<1>. K03<1>. 

HMI 

rpYIIIIA 

ECT. '1ACT. 

CMEPT. IIOIIOJI. 

CPE,l{HIDI 

MACCA 

PbIEbI 

{B Krl 

0,010 

0,018 

0,030 

0,042 

0,059 

0,066 

CPE,l{IDI5I 

MACCA 

PbIBbI 

1986/87 

F C N 

MJIH. aK3 MJIH. aK3 

0,0006 2,68 5947,00 

0,0370 57,88 2410,02 

0,3126 177,31 978,97 

0,9196 70,59 166,72 

1,1369 15,72 32,39 

10283 1037 22,75 

334.50 9531.80 

1988/89 

F C N 

1987/88 

8 F C N 8 

TbIC. T TbIC. T MJIH. aK3 TbIC. T 

39,470 0,0006 0,02 5947,00 59,470 

44,344 0,0570 1,07 2416,42 44,462 

29,565 0,5126 0,16 944,25 28,516 

7,002 0,9194 3,18 291,17 12,229 

1,904 1,1369 0,77 27,03 1,589 

1509 10283 0,13 422 0280 

143.80 12.30 9630.10 146.50 

8 

T MJIH. (B Kr) TbIC. T MJIH. aK3 TbIC. T 

1 

2 

3 

4 

5 

6 

0,900 

0,900 

0,900 

0,900 

0,900 

0.900 

HToro 

0,0167 0,010 

0,1766 0,018 

1,0000 0,030 

1,0000 0,042 

1,0000 0,059 

1.0000 0.066 

0,0006 0,02 

0,0370 1,07 

0,3126 5,18 

0,9194 4,99 

1,1369 1,35 

1.0283 011 

12.70 

5947,00 51,470 

2416,42 44,462 

946,76 28,507 

280,84 14,705 

47,20 2,776 

353 1236 

9641.70 167.80 

IIpI1MeQarIH:s;{: 

1. 11l1cJleHHOCTb 1-0H B03paCTHOH rpynnbl B TepMI1HaJJbHbIH 

ro,ll 3a,llaHa I1CCJle,llOBaTeJleM 

2. 11l1cJleHHocTb 1-oH B03pacTHoH rpynnbI B nepBbIH nporHo-

311pyeMbIH ro,ll 3a,llaHa I1CCJle,llOBaTeJleM 

3. 11l1cJleHHocTb 1-0H B03pacTHoH rpynnbI BO BTOPOH npo­

rH0311pyeMbIH ro,ll 3a,llaHa I1CCJle,llOBaTeJleM 



0\ 
0\ 

Ta6JIH~a 8: IIporHo3 COCT05IHH5I 3anaCOB H OW npH FO,1 

B03PACT- K03<P. K03<p. 

HA5I 

rpYIIIIA 

ECT. 1JACT. 

CMEPT. IIOIIOJI. 

CPEllIDI5I 

MACCA 

PbIBbI F 

1986/87 

c 
1987/88 

N 8 F c N 8 

lB Kr) MJIH <lK3 MJIH <lK3 TblC T TblC T MJIH <lK3 TblC T 

1 0,900 0,0167 0,010 0,0006 2,68 5947,00 19,470 0,0259 1,00 5947,00 59,470 

2 0,900 0,1766 0,018 0,0370 57,88 2410,02 44,344 0,2737 7,16 2416,42 44,462 

3 0,900 1,0000 0,030 0,3126 177,31 978,97 29,565 1,5500 16,48 944,25 28,516 

4 0,900 1,0000 0,042 0,9194 70,59 166,72 7,002 1,5500 7,07 291,17 12,229 

5 0,900 1,0000 0,059 1,1369 15,72 32,39 1,904 1,5500 0,92 27,03 1,589 

6 0900 10000 0066 10283 1037 2275 1509 15500 016 422 0280 

HTOrO 354.50 9557.80 143.80 32.80 9630.10 146.50 

B03PACT- K03<p. K03<p. CPEllIDI5I 

HA5I ECT. 1JACT. MACCA 1988/89 

rpYIIIIA CMEPT. IIOIIOJI. PbIBbI F C N B 

!B Krl TbIC. T MJIH. <lK3 TbIC. T 

1 0,900 0,0167 0,010 0,0259 1,00 5947,00 59,400 llpHMellaHH5.I: 

2 0,900 0,1766 0,018 0,2737 6,98 2356,09 43,352 1. llHcJIeHHocTb i-OH B03pacTHoH rpynnbl B TepMHHaJIbHbJH 

3 0,900 1,0000 0,030 1,5500 13,04 747,19 22,519 ro,ll 3a,llaHa HCCJIe,llOBaTeJIeM 

4 0,900 1,0000 0,042 1,5500 1,98 81,48 3,422 2. llHcJIeHHocTb i-OH B03pacTHoH rpynnbJ B nepBbJH nporHO-

5 0,900 1,0000 0,059 1,5500 0,85 25,13 1,408 3HpyeMbJH ro,ll 3a,llaHa HCCJIe,llOBaTeJIeM 

6 0,900 1,0000 0,066 15500 009 233 0108 3. llHcJIeHHOCTb i-OH B03pacTHoH rpynnbJ BO BTOPOH npo-

HTOrO -----_._-- 2400 915920 18040 rH03HpyeMblH ro,ll 3a,llaHa HCCJIe,llOBaTeJIeM 



Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Tableau 1 

Tableau 2 

Tableau 3 

Tableau 4 

Tableau 5 

Tableau 6 

Tableau 7 

Tableau 8 

Tabla 1 

Tabla 2 

Tabla 3 

Tabla 4 

Tabla 5 

Table Legends 

Data on average weight of N. guntheri individuals of different age, in 
different years. 

Age composition of catches (specimens). 

Fishing mortality coefficients. 

N. guntheri abundance in different years (millions of individuals). 

N. guntheri biomass by years (thousand tonnes). 

Stock status and TAG prediction, if F is an average value for the main age 
groups. 

Stock status and TAG prediction if F is constant. 

Stock status and TAG prediction at FO.1• 

Legendes des tableaux 

Donnees sur le poids moyen d'individus de N. guntheri d'ages differents, sur 
differentes annees. 

Composition en ages des prises (millions). 

Coefficients de mortalite de peche. 

Abondance de N. guntheri sur differentes annees (millions d'individus). 

Biomasse de N. guntheri par annees (mille tonnes). 

Etat du stock et valeur theorique calculee de la TAC, si F est une valeur 
moyenne pour les principaux groupes d'age. 

Etat du stock et valeur theorique calculee de la TAC si F est constante. 

Etat du stock et valeur theorique calculee de la TAC a Fo.1• 

Encabezamientos de las Tablas 

Datos de peso medio de individuos de N. guntheri de diferente edad, en afios 
distintos. 

Composici6n por edades de las capturas (millones). 

Coeficientes de mortalidad por pesca. 

Abundancia de N. guntheri en afios diferentes (millones de individuos). 

Biomasa de N. guntheri por afios (miles de toneladas). 
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Tabla 6 

Tabla 7 

Tabla 8 
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Estado de la poblaci6n y predicci6n de la TAC (Captura Total Admisible), si 
F es el valor medio para los grupos de edades principales. 

Estado de la poblaci6n y predicci6n de la TAC, si F es constante. 

Estado del la poblaci6n y predicci6n de la TAC cuando FO.1• 



WG-FSA-88/20 

RESULTS OF FISH LARVAE SAMPLING BY MEANS OF FINE-MESHED SAMPLERS 
ATTACHED TO A BOTTOM TRAWL 

W. SI6sarczyk and I. W6jcik 

Abstract 

Fine-meshed samplers were attached to the top of a bottom trawl in 
order to provide information on the composition, distribution and 
abundance of Antarctic fish larvae in the near-bottom zone, which is 
usually not sampled using plankton nets. The efficiency of various 
sized meshes for sampling larvae in the bottom zone and the 
resistance of the samplers to damage during trawl operations were 
observed. Number of fish caught by samplers constructed using 
0.505 mm net were similar to those taken by samplers made using 
12 mm net with 0.505 mm insets. The 12 mm net was, however, 
more vulnerable to damage. The nets were more effective in sampling 
when attached to the top of the trawl belly, not to the codend. A total 
of 12 fish species were recorded. The most common fishes caught 
were postlarval Nototheniidae, and among them Nototheniops larseni 
(9.3-20.5 mm). The abundance of postlarval fish was highest in the 
shallow (108-166 m), nearshore waters of the northeastern shelf 
of South Georgia. Low values of the abundance index, including most 
of zero catches, were recorded on the western and southwestern part 
of the island shelf. Differences observed between the species 
composition of samples taken in this study and samples which have 
been collected in the midwater zone during the summer in the South 
Georgia area are discussed. 

Resume 

Des echantillonneurs a mailles fines furent attaches en haut d'un 
chalut de fond afin d'obtenir des informations sur la composition, la 
repartition et I'abondance des larves de poissons antarctiques dans la 
zone proche du fond, ou I'on ne procede pas d'ordinaire a des 
echantillonnages a I'aide de filets a plancton. L'efficacite de 
differentes tailles de mailles pour I'echantillonnage de larves dans la 
zone de fond ainsi que la resistance des echantillonneurs a 
I'endommagement au cours des operations de chalutage ont ete 
examinees. La quantite de poissons captures par des echantillonneurs 
construits en utilisant un filet de 0,505 mm etait semblable a celle 
capture par des echantillonneurs construits en utilisant un filet de 
12 mm avec des poches de 0,505 mm. Le filet de 12 mm etait 
cependant plus susceptible a I'endommagement. Les filets etaient plus 
efficaces attaches au sommet du ventre du chalut, et non pas au cui de 
chalut. Un total de 12 especes de poissons a ete enregistre. Les plus 
communs dans la prise etaient des Nototheniidae a I'etat 
post-Iarvaire, dont les Nototheniops larseni (9,3-20,5 mm). Les 
poissons a I'etat post-Iarvaire etaient en plus grand nombre dans les 
eau x cotieres peu profondes (108-166 m) du plateau nord-est de la 
Georgie du Sud. Les valeurs faibles de I'indice d'abondance, y compris 
la plupart des prises nulles, ont ete enregistrees sur la partie ouest 
et sud-ouest du plateau insulaire. L'on discute les differences 
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observees entre la composition par especes des echantillons pris dans 
cette etude et des echantillons qui ont ete pris pendant I'ete dans la 
zone mesopelagique de la zone de la Georgie du SUd. 

Pe3lOMe 

4TOObI nOJIY1·UITb HHtPopMa:QHIO 0 COCTaBe, pacnpe,QeJIeHHH 1'1 
KOJIH~eCTBe JIH~HHOK aHTapKTH~ecKHx PbIO B npH,QoHHOM 
CJIoe, npoohl KOToporo C nOMO~blO nJIaHKTOHHhlX ceTeA 
OObI~HO He OepYTC.SI, HCnOJIb30BaJIHCb MeJIKO.SI~eHCTble 
npOOOOTOOPHHKH, npHKpenJIeHHble K BepXHeA ~aCTH ,QOHHoro 
TpaJIa. BeJIHCb HaOJIIO,QeHH.SI no 3tPtPeKTHBHOCTH .SI~eH 
pa3JIH~HbIX pa3MepOB npH B3.SITHH npoo JIH~HHOK B npH,QOHHOM 
CJIoe 1'1 npO~HOCTH npOOOOTOOPHHKOB, B YCJIOBH.SIX 
npOBe,QeHH.SI TpaJIeHH.SI. KOJIH~eCTBO PbIObI, noAMaHHoA 
npOOOOToopHHKaMH, C,QeJIaHHbIMH 1'13 ceTHoro nOJIOTHa C 
.SI~eeA B 0,505 MM, 1'1 npooOOToopHMKaMH, C,QeJIaHHbIMH 1'13 
ceTHoro nOJIOTHa C .SI~eeA B 12 MM 1'1 co BCTaBKaMH 1'13 .SI~eH B 
0,505 MM ObIJIO npHMepHO O,QHHaKOBbIM. O,QHaKO, ceTb C .SI~eeA 
B 12MM OKa3aJIaCb B OOJIbIlleA CTeneHH nO,QBep)l(eHHOA 
nOBpe)l(,QeHH.SIM. npH B3.SITHH npoo 3tPtPeKTHBHOCTb 
npOOOOTOOPHHKOB OhlJIa BhlIlle Tor,Qa, Kor,Qa OHH OhlJIH 
npHKpenJIeHbI K caMOMY Bepxy HH)l(HeA ~aCTH TpaJIa, a He K 
KYTKY. Bcero ObIJIO 3aperHcTpHpoBaHo 12 BH,QOB pbIO. 4ame 
Bcero BCTpe~aJIHCb Nototheniidae Ha nOCTJIapBaJIbHOA CTa,QHH, a 
cpe,QH HHX - Nototheniops larseni (9,3-20,5 MM) 4HCJIeHHOCTb 
PbIObI B nOCT JIapBaJIbHOA CTa,QHH ObIJIa Ham!bICIlleA B 
MeJIKOBO,Qbe (108-66 MM), B npHOpe)l(HbIX BO,Qax ceBepo­
BOCTO~HoA ~aCTH IlleJIbtPa IO)l(HOA reoprHH. HFi3KHe BeJIH~HHbI 
nOKa3aTeJI.SI qHCJIeHHOCTH, BKJIlOqa.SI OOJIbIIIHHCTBO HYJIeBbIX 
YJIOBOB, ObIJIH 3aperHCTpHpOBaHbI B 3ana,QHoA 1'1 IOrO-3ana,QHoA 
~aCTH OCTpOBHoro IlleJIbtPa. OOCY)l(,QaIOTC.SI HaOJIIO,QalOmHeC.SI 
pa3JIHQH.SI B BH,QOBOM COCTaBe npoo, B3.SITbIX npH npOBe,QeHHH 
3THX HCCJIe,QOBaTeJIbCKHX paOOT, 1'1 npoo, coopaHHbIX B 
TeQeHHH JIeTa B cpe,QHeM CJIoe BO,QbI B paAOHe IO)l(HOA 
reoprHH. 

Resumen 

Se fijaron muestreadores de malla fina en la parte superior de un 
arrastre de fondo con el fin de obtener informaci6n sobre la 
composici6n, distribuci6n y abundancia de larvas de peces antarticos 
en la zona cercana al fondo, la cual no se muestrea normalmente con 
redes de plancton. Se observ6 la eficiencia de mallas de diversos 
tamanos en el muestreo de larvas en la zona del fondo, y la resistencia 
al dano de los muestreadores durante las operaciones de arrastre. El 
numero de peces capturados por los muestreadores fabricados con red 
de 0,505 mm fue parecido a los que se capturaron con muestreadores 
fabricados con red de 12 mm con insertos de 0,505 mm. La red de 
12 mm result6 ser, sin embargo, mas vulnerable a sufrir danos. 
Las redes fueron mas efectivas en el muestreo cuando estaban fijadas 
a la parte superior del vientre del arrastre, y no en el copo. Se 
registr6 un total de 12 especies diferentes. Los peces capturados mas 
comunes fueron Nototheniidae post larvales, y entre ellos 



1 . INTRODUCTION 

This study was undertaken around South Georgia during the 1987/88 summer season 
as part of the US Antarctic Marine Living Resources (AMLR) Program. A bottom trawl 
survey was conducted aboard the RN Professor Siedlecki in cooperation with US scientists*. 
The sampling methods and gear were developed at the Sea Fisheries Institute (MlR) in Gdynia 
following the AMLR principal coordinator's advice. The objective of the study was to provide 
information on the composition distribution and abundance of Antarctic fish larvae in the 
near bottom zone. The layer just above the seabed must be sampled in order to obtain 
information about early life history stages of some species (North, 1987). The bottom zone 
is, however, usually not sampled due to the danger of damage to or loss of nets. 

2. METHODS 

The survey was conducted between 18 December, 1987 and 10 January, 1988. The 
survey included 118 standard trawl stations in a random stratified design and an additional 
fifteen hauls conducted within commercially exploited fishing grounds. One or two pairs of 
fine-meshed samplers, designed to collect larvae, were attached to the trawl in 49 of the 
118 hauls (Figures 1 and 2). Each pair consisted of one sampler with 12 mm mesh and one 
sampler with 0.505 mm mesh. The sampler made of 12 mm mesh could be fitted with an 
inset made of 0.505 mm mesh. The samplers were attached to the top of the trawl in the 
following positions: A - 4 m from the headrope on the first segment of the trawl belly; 
C - 12 m from the headrope on the second segment; B - 16 m from the headrope on the 
third segment; D - 28 m from the headrope on the codend and X - 8 m from the headrope on 
the second segment of the trawl belly (Figure 2). 

The whole catch from a sampler or a sample taken from it was sorted, fish larvae 
were counted and their standard lengths were recorded. Samples were preserved in 4% 
formaldehyde or 70% methanol buffered with potassium hydroxide (for subsequent ageing of 
larvae). Unfortunately the buffer caused fading of pigment patterns and made further 
identification of some larvae, especially nototheniids, difficult. 

3 . RESULTS AND DISCUSSION 

The first objective of the study was to test the efficiency of various sizes of meshes 
(0.505 mm, 12 mm and 12 mm with 0.505 mm inset) for sampling larvae in the 
near-bottom zone and to test the resistance of the samplers to damage during trawl 
operations. A summary of the sampling results for three different mesh sizes is given in 
Table 1. At the beginning of the bottom survey (stations 19-226) the 12 mm mesh sampler 
was used without a fine-meshed inset. Few fish larvae were caught using the 12 mm mesh, 
whereas the 0.505 mm net produced large samples. From station 30 onwards, therefore, 
the 0.505 mm mesh inset was fixed in the end of the 12 mm samplers of larvae. After this 
change, with a few exceptions, numbers of larvae were comparable in both nets (Table 1). 
The volume of small plankton and benthos in samples collected by the 12 mm net with the 
inset tended to be approximately half the volume taken by the 0.505 mm sampler (Table 1). 
Better filtering efficiency of the 12 mm mesh facilitated the subsequent sorting of fish 
larvae. 

Stations 21, 28, 29, 2P, 3P and 4P were excluded from the analysis of sampling 
efficiency because counts were available from the 0.505 mm sampler only. The 12 mm 

* Dr Valerie Loeb, Moss Landing Laboratory, USA, idenitified half of the samples of fish larvae, but 
did not have an opportunity to review the draft of this paper and incorporate results of her 
contribution. She will, however, be included as a co-author in the completed paper. 
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sampler was damaged during gear operations and then replaced before station 30. The 
12 mm net was torn up again when placed on the codend in position D (Figure 2). It appears 
that this net was more vulnerable to damage than the 0.505 mm net. 

Complete analysis of the sampling efficiency of nets in various positions on the trawl 
was not possible because only two positions (A-B and C-D) were tested simultaneously 
(Table 2). Moreover, damage to the 12 mm net in position D reduced the scope of analysis 
to the 0.505 mm sampler for positions C and D. 

Catches by 12 mm and 0.505 mm samplers in positions A and B were similar. The 
12 mm sampler with the fine mesh inset was in single hauls (especially 36 and 46) more 
effective in sampling than the 0.505 mm net. For example, the total number of larvae 
caught at station 36 reached 1 768 specimens per hour. As regards net positions C and D, 
the 0.505 sampler was much more efficient when attached to the second segment of the belly 
(position C), rather than to a codend (position D). In position D, the 12 mm sample on 
stations 67, 68 and 74 (before damage), also caught only single larvae. This was most 
probably caused by the fine-mesh inset as well as by the low filtering efficiency of that part 
of the trawl (Ziebo 1976). 

The data set from the 12 mm net is not complete, therefore the 0.505 mm sampler in 
positions X, Band C (the second and third segments of the trawl belly) was selected for 
subsequent analysis of the distribution and abundance of fish larvae. That net sampled very 
efficiently fish larvae, as well as juveniles, throughout the entire shelf of South Georgia. 

Species composition in selected samples is shown in Table 3. Out of 33 hauls, no fish 
were recorded in eight. A total of twelve fish species were identified in the remaining 25 
samples. The most common fishes caught were postlarval Nototheniidae (Figure 3) and 
among them postlarval Nototheniops larseni (9.3-20.5 mm) (Table 3). Single juvenile and 
adult states of: N. larseni (64-175 mm), N. nudifrons (102 mm), Champsocephalus 
gunnari (112-370 mm) and Artedidraco airus (62 mm) were also captured. 

The abundance of postlarval fish was highest in hauls 20, 22 and 36, which were 
carried out in the shallow (108-166 m) nearshore waters of the northeastern shelf of 
South Georgia (Table 3 and Figure 3). The exception was haul 15P which was towed over a 
wide range of depths (122-228 m). The upper depth limit of haul 15P was, however, in 
shallow water. Generally low values of abundance were recorded on the western and 
southwestern part of the island shelf. There were no differences observed in results of day 
and night sampling. 

A preliminary analysis suggested that the species composition of samples obtained 
during this study differed substantially from that of most ichthyoplankton samples collected 
during the summer in the South Georgia area. Postlarval Champsocepha/us gunnari and 
Chaenocephalus aceratus are quite abundant in midwater samples in this area (Kompowski, 
1980 a, b), in contrast to postlarval Pseudochaenichthys georgianus which is usually scarce 
(Slosarczyk, 1983; North, 1987). These species were more or less equally abundant in the 
bottom samples collected during this study, however, North (1987) observed dominance of 
postlarval Notothenia gibberifrons and Nototheniops nudifrons in samples taken during the 
period 4 February-5 March 1986. In the bottom samples collected during this study, these 
nototheniids were very rare. Analysis of diurnal vertical distribution of fish larvae in the 
Cumberland East Bay of South Georgia during 4-14 January 1987 suggested that most fish 
larvae in summer are in the upper 100 m layer of the nearshore waters (North, 1987). 
Between 100-220 m only larger larvae of Pagothenia hansoni were present (North, 1987). 
P. hansoni was also one of the most abundant larvae observed in samples collected near the 
bottom in this study. 
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When analyzing the species composition of samples and the effectiveness of the nets 
used in this study to sample the near bottom layer, one must not forget that the samplers 
could not be closed when passing through midwater layers. Some of the larvae in samples 
were probably taken in the water column above the bottom. For example, postlarval 
Nototheniops larseni was probably captured during deployment or retrieval of the trawl. 
According to North (1987), in summer, the early life forms of this species concentrate 
mainly in the upper 20 m layer and only few specimens are found deeper than 100 m. 
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Table 1: 

Station 

19 
20 
22 
24 
25 
26 
30 
31 
32 
33 
34 
35 
36 
37 
38 
45 
46 
67 
68 
74 
89 
94 
95 
97 

109 
116 
14 P 
15 P 
122 
123 
124 
127 
130 

Abundance indices (numbers of larvae per hour fished) and total volume (ml) 
of samples (fish larvae, other zooplankton and be nth os) collected using 
samplers with various mesh sizes (12 mm, 12/0.505 mm, 0.505 mm). 

Abundance Index Total Volume of Samples 

1 2 12+0.505 0.505 1 2 12+0.505 0.505 
mm mm mm mm mm mm 

0 4 20 320 
0 612 40 280 
2 514 1 0 180 
0 128 1 0 560 
5 2 1 0 170 
0 32 4 320 

6 2 na na 
0 6 350 510 
3 0 420 380 
2 0 90 700 
2 4 710 1390 

312 106 590 na 
2988 528 950 1800 

1 2 4 na 670 
8 1 0 430 150 

50 138 90 720 
298 120 960 1420 

1 8 58 300 780 
55 36 670 1490 

8 1 8 440 800 
1 2 8 90 600 
1 0 1 0 340 760 

4 6 110 490 
1 0 1 0 na 490 

4 2 250 470 
2 0 100 230 
0 2 100 900 

304 364 110 330 
1 0 1 2 340 790 

0 1 6 190 290 
4 2 50 640 
4 6 50 760 
4 8 20 60 

na - data not available 
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Table 2: Abundance indices (numbers of larvae per hour fished) and total volume (ml) 
of samples (fish larvae, other zooplankton and benthos) for samples with 
various mesh sizes (12 mm, 12/0.505 mm, 0.505 mm) attached to the trawl 
in various positions (X, A, B, C, D). 

Station Abundance Index 

12+ 
12 mm 0.505 0.505 mm 

mm 
X A B C 0 X A B C 0 

19 0 0 
20 0 612 
21 * 5 
22 2 514 
23 0 0 
24 0 128 
25 5 2 
26 0 32 
28 * 32 
29 * 76 
2P * 7 
3P * 2 
4P * 1 0 
5P 0 0 

30 6 * 2 * 
31 0 0 2 6 
32 3 0 0 0 
33 0 2 0 0 
34 2 0 2 2 
35 50 66 60 38 
36 1768 1220 240 288 
37 1 2 0 4 0 
38 6 2 0 1 0 
45 38 20 74 58 
46 256 42 56 64 
67 1 6 2 58 0 
68 55 0 31 5 
74 6 2 1 6 2 
89 1 2 * 6 2 
94 1 0 * 1 0 0 
95 4 * 4 2 
97 1 0 * 8 2 

109 4 * 2 0 
116 2 * 0 0 

14P 0 * 2 0 
15P 304 * 364 0 

122 1 0 * 1 2 0 
123 0 * 1 0 6 
124 4 * 2 0 
127 4 * 6 0 
130 4 * 1 0 * 

* damaged sampler 
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Table 2 (continued) 

Station Total Volume of Samples 

12+ 
12 mm 0.505 0.505 mm 

mm 
X A B C D X A B C D 

19 20 320 
20 40 280 
21 * 190 
22 1 0 180 
23 20 20 
24 1 0 560 
25 1 0 170 
26 4 320 
28 * 400 
29 * 320 
2P * 70 
3P * 110 
4P * 100 
5P na na 

30 na * na * 
31 150 200 230 280 
32 250 170 170 210 
33 30 60 220 480 
34 130 580 420 970 
35 310 na 420 170 
36 470 480 600 1200 
37 420 na 170 500 
38 100 330 1 0 140 
45 20 70 420 300 
46 300 660 1000 420 
67 80 220 460 320 
68 290 380 840 650 
74 100 340 220 580 
89 90 * 340 260 
94 340 * 620 140 
95 110 * 340 150 
97 na * 260 230 

109 250 * 240 230 
116 100 * 40 190 

14P 100 * 640 260 
15P 110 * 90 240 

122 340 * 540 250 
123 190 * 220 70 
124 50 * 320 320 
127 50 * 680 80 
130 20 * 60 * 

* damaged sampler 
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Table 3: 

Sta 

19 
20 
21 
22 
23 
24 
25 
26 
28 
29 
2P 
3P 
4P 
5P 

30 
34 
36 
38 
46 
68 
83 
87 
13P 
89 
95 

1 09 
110 
114 
115 

14P 
15P 

122 
124 
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Distribution and abundance of postlarval and juvenile fish on the continental 
shelf of South Georgia, 18 December 1987 to 10 January 1988 (RN 
Professor Siedlecki, AMLR Cruise 8712, the bottom trawl 32/36, the 
fine-meshed sampler 0.505, sampler positions X,B,C). 

Abundance as numbers per hour fished 

Sampling Sampling Volume 
time depth sorted/ 0> (f) (f) 0> 

ro 0. 0. ro ~ 
ro 

range total ;g .Q 0 ro ;g 
·2 (f) ·2 e ·c 

I:: I:: I:: 

( m) (m I) 0> 0> 0> I:: 0>- 0> .- 0> 
..c:: .- ..c:: 0 ..c:: ·c ..c::1:: ..c:: ..c:: 

_ 0 - _I:: - .... -0> o (f) -g o 0> o:t:: 0.0 e>1:: 0 
- (f) -"0 0.0 0-0 0 o .... o ::J ro ro 

Z z$ z I:: z·o, Q....c:: Z .~ 

0620-0650 216-270 80/160 
0715-0745 136-166 70/140 440 156 

1035-1100 142-260 80 2 
1400-1430 139-153 5 370 128 1 6 

1620-1650 217-225 10/20 
2045-2115 118-149 140/280 98 26 

0245-0310 325-376 5 
0515-0545 219-227 80/160 24 8 

1240-1310 94-111 100/200 1 6 6 4 

1420-1450 124-174 80/160 28 8 

2005-2055 168-205 30/60 7 
2210-0030 266-300 130-260 
0240-0340 129-164 50/100 1 0 
0525-0825 124-244 na 
2245-2315 236-265 na 3 
1750-1820 187-216 485 1 
0545-0615 108-112 200/600 121 76 

1505-1535 230-290 70 2 5 2 

2025-2055 118-122 210 33 2 1 4 

1750-1815 137-150 350 1 5 2 

0045-0115 285-293 30 
0940-1000 157-160 na 
1505-1540 302-319 75 
2235-2305 136-150 170 7 
1315-1345 217-220 170 1 

0135-0205 139-147 120 2 
0320-0340 169-198 120 
1820-1850 246-250 220 
2155-2225 201-227 245 
2020-2150 244-267 320 
0055-0230 122-228 25/140 353 4 

0905-0935 228-262 270 4 

1550-1620 262-265 160 2 

0> ro 
"0 .:;. 
..c:: -..c:: 
.2 
I:: 
I:: ro 

..c:: 
0 



Table 3 (continued) 

Abundance as numbers per hour fished 

(J) 
Total >. 

.c (J) 
....... 

(J) ::J 0) 0) (number .c "'ffi et! .9 ::J et! Ihour) c et! .c :g :g 
0) 

0) .c 0.. c c 0) et! 0) 
et! (J) 0.. 0) 0 0 0 et! "0 "0 

0 o (J) 0 et! 0) .c ::J 0) 0 0 00.. 0 :g et! et! :a "0 
(J) 

0 c o (J) et! et! et! (J) ::J .- t;:::: 
(J) .- et! 0) ..... .c c 0 .i5.. .i5.. ·c ..... c o et! o ::J 0.. ..... ..... ..... +=' 

"0 .- c- E ~ "0 ..... 0 "0 "0 (J) 0.. o .+= 0) 0) .- ::J ::J 0 C 
ID et! >. "0 ._ :a :a ~ 

..... 0 e e (J) 0) ::J ~ o > ::J et! 
- (J) 

et! ..... et! c .c 0) "0 co 0- :g 0) 0 .c 0) "E = 0) 0) ..... ..... - et! 0 0:'::: 
(J) 0) .c ::J (J) ..... - -.- >. 0)- et! o 0 et! et!..c c og ..... 

-<E - c 0..0> 00> Il) 0...0 « ~ W et! a.. Z 0 ~ ~ ~ ::J 

4 4 
4 1 2 612 

2 4 
514 

0 
4 128 

2 2 
32 

8 34 

4 28 8 76 
7 

2 2 
1 0 

0 

3 6 

1 2 4 
91 288 

1 1 0 
1 5 64 

4 4 2 4 31 
0 
0 
0 

1 8 

2 1 4 

1 4 1 6 
0 
0 
0 

2 2 
7 4 368 

2 4 2 1 2 
2 
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Distribution and abundance of postlarval Antarctic fish on the shelf of South Georgia (December-January 1987/88), 1 -
number of fish captured per hour fished, 2 - hauls with no fish captured, 3 - Nototheniidae, 4 - other fish (see Table 3), 
station numbers underlined - samples sorted in USA 
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Tableau 2 

Tableau 3 

Figure 1 

Figure 2 

Figure 3 

TaoJIlllla 1 

TaoJIlllla 2 

TaoJIlllla 3 

Legendes des tableaux 

Indices d'abondance (nombres de larves par heure de peche) et volume total 
(m I) des echantillons (Iarves de poissons, autre zooplancton et benthos) 
preleves utilisant des echantillonneurs de divers maillages (12 mm, 
12/0.505 mm, 0.505 mm). 

Indices d'abondance (nombres de larves par heure de peche) et volume total 
des echantillons (Iarves de poissons, autre zooplancton et benthos) pour 
des echantillonneurs de divers maillages (12 mm, 12/0.505 mm, 
0.505 mm) attaches au chalut en divers positions (X, A, B, C, D). 

Distribution et abondance de poissons a I'etat post-Iarvaire et juveniles 
sur le plateau continental de la Georgie du Sud, du 18 decembre 1987 au 
10 janvier 1988 (navire de recherche Professor Siedlecki, campagne 
d'etude AMLR 8712, chalut de fond 32/36, echantillonneur a maillage fin 
0.505, positions d'echantillonneur X, B, C). 

Legendes des figures 

Stations de chalutage du navire de recherche Professor Siedlecki au cours 
du Programme AMLR des Etats-Unis (du 18 decembre 1987 au 10 janvier 
1988). Les cercles pie ins et numerotes representent les traits de chalut 
utilisant des echantillonneurs a maillage fin. 

Vue schematique generale du chalut de fond 32/36 (I), des 
echantillonneurs a maillage fin (11) et de leur emplacement au-dessus du 
chalut (Ill et IV). 

Distribution et abondance des poissons antarctiques a I'etat post-Iarvaire 
sur le plateau de la Georgie du Sud (decembre-janvier 1987/88). 1-
nombre de poissons captures par heure de peche, 2 - traits ou aucun 
poisson n'a ete capture, 3 - Nototheniidae, 4 - autres poissons (voir le 
Tableau 3), numeros des stations soulignes - echantillons tries aux 
Etats-Unis. 

3arOJIOBKll K TaOJIllllaM 

I1H,lleKCbI "4llCJIeHHOCTll (KOJIll"4eCTBO JIll"4llHOK 3a "4ac npOMbICJIa) 11 
OOru;llH oObeM (MJI) npoo (JIll"4llHKll PbIObI, ,llpyroH 300nJIaHKTOH 11 
oeHTOC), coopaHHblx npll llCnOJIb30BaHllll npoooOTOOPHllKOB C 

pa3HbIMll pa3MepaMll .H"4ell (12 MM, 12/0,505 MM, 0,505 MM). 

I1H,lleKCbI "4llCJIeHHOCTll (KOJIll"4eCTBO JIll"4llHOK 3a "4ac npOMblCJIa) 11 
OOru;llH OObeM npoo (JIll"4llHKll PblObl, ,llpyroH 300nJIaHKTOH 11 oeHTOC), 
coopaHHble npll llCnOJIb30BaHllll npOOOOTOOPHllKOB C pa3HblMll 

pa3MepaMll .Hqell (12 MM, 12/0,505 MM, 0,505 MM), npllKpenJIeHHblX K 

TpaJIy B pa3JIllqHblX TO"4KaX (X, A, B, C, D). 

Pacnpe,lleJIeHlle 11 "4llCJIeHHOCTb PblObI Ha nOCT JIllqllHOqHOH CTa,llllll 
11 MOJIO,lleH Ha MaTepllKOBOM IIIeJIbq>e lO)J(HOH reoprllll, 18 ,lleKaOp.H -
10.HHBap.H 1988 r. CHYlC "TIpoq>eccop Ce,llJIellKllH", peHc AMLR 8712, 
,llOHHbIH TpaJI 32136, MeJIKO.H"4ellCTbIH npoooOTOOPHllK C pa3MepoM 
.Hq ell 0,505 MM, npOOOOTOOPHllKll npllKpenJIeHbI B TOqKaX X, B, C). 
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PHCYHOK 1 

PHCYHOK 2 

PHCYHOK 3 

Tabla 1 

Tabla 2 

Tabla 3 

Figura 1 

Figura 2 

Figura 3 
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TIO,lUIHCH K pHcYHKaM 

CTaHllHH coopa npoo TpaJIOM HHC "TIpOlpeccop Ce,aJIellKH:H:" B 
TelleHHe paooTbI nporpaMMbI ClllA no MOPCKHM )l(HBbIM pecypcaM 
AHTapKTHKH (US. AMLR) <18 ,aeKaOp.H 1987 r. - 10 .HHBap.H 1988 r.). 
3aUITpHXOBaHHble H npoHYMepoBaHHble TOllKH ooo3HallalOT 
TpaJIeHH.H C HCnOJIb30BaHHeM MeJIKO.HlIeHCTblX npooooTOOpHHKOB. 

OOm;H:H: lIepTe)l( ,aOHHoro TpaJIa 32/36 (I), MeJIKO.HlIeHCTble 
npooooTOOPHHKH (11) H HX pacnOJIO)l(eHHe B BepXHe:H: lIaCTH TpaJIa (\11 
H V). 

Pacnpe,aeJIeHHe H lIHCJIeHHOCTb JIe,a.HHO:H: PhlOhl Ha 
nOCTJIHlIHHOllHO:H: CTa,aHH no WeJIblPY Y IO)I(HO:H: reoprHH 
(,aeKaOpb-.HHBapb 1987/1988 rr.). 1 - KOJIHlIeCTBO PbIObI, nO:H:MaHHO:H: 
3a O,aHH lIac npOMbICJIa, 2 - TpaJIeHH.H, 3a KOTopble He nO:H:MaHO 
PbIObI, 3 - Nototheniidae, 4 - ,aPyrHe BH,abI PbIObI (CM. TaOJIHllY 3), 
HOMepa CTaHllH:H: no,allepKHYTbI - npoobI ObIJIH KJIaCCHIPHllHpoBaHbI B 
ClllA. 

Encabezamientos de las Tablas 

Indices de abundancia (numero de larvas por hora de pesca) y volumen total 
(ml) de muestras (peces larvales, otros zooplancton y bentos) recolectados 
con muestreadores de distintos tamafios de malla (12 mm, 12/0.505 mm, 
0.505 mm). 

Indices de abundancia (numero de larvas por hora de pesca) y volumen total 
de muestras (peces larvales, otros zooplancton y bentos) para muestras 
con distintos tamafios de mallas (12 mm, 12/0.505 mm, 0.505 mm), 
fijados al arrastre en distintas posiciones (X, A, 8, C, D). 

Distribuci6n de peces postlarvales y juveniles en la plataforma continental 
de Georgia del Sur, 18 de diciembre de 1987 - 10 de enero de 1988 (8/1 
Professor Siedlecki. Crucero AMLR 8712, arrastre de fondo 32/36, 
muestreador de malla fina 0.505. posiciones del muestreador X, 8, C). 

Leyendas de las Figuras 

Estaciones de arrastre del 8/1 Professor Siedlecki durante el Programa 
AMLR de los Estados Unidos (18 diciembre 1987 - 10 enero 1988). Los 
circulos s6lidos numerados corresponden a los lances con muestreadores de 
malla fina. 

Trazado completo del arrastre de fondo 32/36 (I), muestreadores de malla 
fina (11) y su posici6n en la parte superior del arrastre (Ill & IV). 

Distribuci6n y abundancia de los peces postlarvales antarticos en la 
plataforma de Georgia del Sur (diciembre-enero 1987/88). 1 - numero 
de peces capturados por hora de pesca, 2 - lances sin captura, 3 -
Nototheniidae, 4 - otros peces (vease tabla 3), se subraya los numeros de 
las estaciones - muestras clasificadas en los EE.UU. 



SC-CAMLR-VII/8G/43 

PARAMETROS DE SELECCION OBTENIDOS PARA NOTOTHENIA GIBBERIFRONS 
LONNBERG, 1905 Y CHAMPSOCEPHALUS GUNNARI LONNBERG, 1905, DURANTE 
LA CAMPANA "ANTARTIDA 8611" 

E. 8alguerfas 

Abstract 

Mesh selectivity experiments for several finfish species were 
conducted during the Spanish antarctic cruise "ANTARTIDA 8611" 
using the covered codend technique. This paper presents the results 
obtained for Notothenia gibberifrons and Champsocephalus gunnari. 
Selection factors calculated following different methods with a codend 
mesh of 68 mm were 2.87 for Notothenia gibberifrons and 3.10 for 
Champsocephalus gunnari. 

Resume 

Des experiences sur la selectivite du maillage pour plusieurs especes 
de poissons ont ete effectuees au cours de la campagne d'etude 
espagnole "ANTARTIDA 8611", utilisant la technique du cui de chalut 
couvert. CeUe communication presente les resultats obtenus pour 
Notothenia gibberifrons et Champsocephalus gunnari. Les facteurs de 
selection calcules suivant differentes methodes avec un maillage au 
raban de cui de 68 mm etaient de 2.87 pour Notothenia gibberifrons 
et de 3.10 pour Champsocephalus gunnari. 

Pe3IOMe 

B TelleHHe HcnaHCKoro aHTapKTHlIecKoro pefica "ANTARDIDA 
8611" 6bIJIH npOH3Be,l{eHbl 3KcnepHMeHTbl no CeJIeKTHBHOCTH 

5IlIeH ,l{JI5I HeKoTopblX BH,l{OB nJIaBHHKOBbIX Pb16, HCnOJIb3Y5I 

MeTo,l{ KYTKa C nOKpbITHeM. B HaCT05IlI\eM ,l{OKYMeHTe 

npe,l{CTaBJIeHbl pe3YJIbTaTbl ,l{JI5I Notothenia Gibberifrons H 

Champsocephalus gunnari. HCnOJIb3Y5I KYTOK C pa3MepOM 5IlIeH B 

68 MM 6blJIH BblllHCJIeHbl Pa3JIHlIHbIMH MeTO,l{aMH CJIe,l{YIOII\He 

<paKTOPbI CeJIeKTHBHOCTH - 2.87 ,l{JI5I Notothenia Gibberifrons H 

3.10 ,l{JI5I Champsocephalus gunnari. 

Resumen 

Durante la campana "ANT ARTIDA 8611", se realizaron experiencias 
de selectividad por el metodo del co po cubierto para varias especies de 
peces. En el presente trabajo se recogen los resultados obtenidos para 
Notothenia gibberifrons y Champsocephalus gunnari. Los facto res de 
seleccion, calculados segun diferentes metodos de ajuste, para un arte 
de 68 mm de luz de malla en el copo, fueron de 2.87 para Notothenia 
gibberifrons y 3.10 para Champsocephalus gunnari. 
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1 . INTRODUCCION 

Los estudios de selectividad, pretenden establecer cual es la forma de actuacion de un 
arte, sobre los diferentes componentes de edad de una poblacion. Su control es un importante 
medio de regulacion. Reduciendo la mortalidad por pesca sobre ciertas clases de edad, se 
pueden conseguir apreciables beneficios a largo plazo, aun a costa de perdidas inmediatas 
(Pope et ai, 1983). Pero se necesita un buen conocimiento de la selectividad, para 
determinar que medidas se deben tomar para alcanzar el resultado deseado. 

Las pesquerfas del sector Atlantico del Oceano Antartico, se empezaron a desarrollar 
en la decada de los sesenta. En un principio las pescas estuvieron dirigidas a la captura de 
Notothenia rossii marmorata Richardson, 1844, pero la excesiva presion que se ejercio 
sobre ella, conjugada con su escaso poder de recuperacion, provocaron una rapida cafda de los 
rendimientos que la hicieron poco rentable desde el punto de vista comercial (Kock, 1986). 

Desde ese momento, ChampsocephaJus gunnari paso a ser la especie objetivo de las 
flotas pesqueras de distintos pafses que operaban en Georgia del Sur, iniciandose una 
explotacion que rindio sus mejores resultados durante los anos 1976/78 con una captura de 
240 000 t (Kock, 1986). 

Los signos aparentes de sobrexplotacion a la que se encuentran sometidos distintos 
"stocks" de peces antarticos, motivaron a la ,Convencion para la Conservacion de los 
Recursos Vivos Marinos Antarticos (CCRVMA), a tomar una serie de medidas encaminadas a la 
proteccion de estas especies, en su area de jurisdiccion. 

Entre tales medidas figura una reglamentacion de mallas que entro en vigor en el ana 
1987 y que no habfa sido aun refrendada cientfficamente (CCAMLR, 1986b). 

Las unicas experiencias de selectividad realizadas en la zona datan de la temporada 
1978/79 y fueron lIevadas a cabo por cientificos polacos (Zaucha, 1986). Los resultados 
obtenidos, a pesar de haber sido consistentes para ChampsocephaJus gunnari y Notothenia 
gibberifrons, fueron ampliamente discutidos en la quinta sesion del Comite Cientffico de la 
CCRVMA, e invalidados al haberse utilizado redes fabricadas con material actualmente en 
desuso para la pesca comercial (CCAMLR, 1986a). 

Las sucesivas recomendaciones hechas por la CCRVMA para que se emprendieran 
estudios de este tipo, con artes de tipo comercial, lIevaron a fijarlos como uno de los 
objetivos prioritarios de la campana "ANTARTIDA 8611 ". Durante la misma, se 
establecieron los parametros de seleccion de varias especies en los distintos archipielagos 
que componen el Arco de Escocia. 

El presente trabajo recoge los resultados obtenidos para las dos mas importantes, por 
su abundancia y presencia constante en las capturas: Notothenia gibberifrons y 
ChampsocephaJus gunnari. 

2 . MATERIAL Y METODOS 

Las experiencias de selectividad se lIevaron a cabo en todos los archipielagos del Arco 
de Escocia, a excepcion de las islas Sandwich del Sur, donde la escasez de las capturas 
imposibilito la obtencion de suficiente cantidad de datos. 

La campana se realizo a bordo del B/F "PESCAPUERTA CUARTO". Se trata de un 
arrastrero congelador de 1627.5 T.R.B., dotado de un motor principal capaz de desarrollar 
una potencia de 2 000 C.V. a 300 r.p.m. 
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El arte utilizado durante toda la campana fue del tipo semipelagico (figura 1), 
caracterizado por su gran abertura vertical (7.5 metros) en comparacion con su moderada 
abertura horizontal (14 metros). 

Estaba fabricado con hilo de polietileno en sus componentes anteriores, y de nylon en 
los posteriores. La relinga de flotadores y el burlon tenian una longitud de 35 y 42 metros 
respectivamente. El cuerpo media 54.3 metros. 

El armamento se mantuvo sin ningun tipo de alteracion a 10 largo de la prospeccion, 
con el fin de poder comparar los resultados obtenidos para cada especie en las distintas zonas. 
Con la misma finalidad, se procuro la normalizacion de las operaciones de pesca, en cuanto a 
duracion (30 minutos), velocidad de arrastre (3 nudos), etc. 

La luz media de la malla del copo, considerada esta segun la definicion dada por la 
Organizacion Internacional de Normalizacion (ISO), fue calculada para cad a archipielago. 
Para ello, despues de la mayoria de los lances se midieron 20 mallas contiguas de la parte 
dorsal, en direccion antero-posterior y paralelamente al eje mayor, con un calibrador ICES 
ajustado a 4 kg de presion. 

Los trabajos se hicieron siguiendo el metodo del copo cubierto (Pope et ai, 1983). 
Sobre el co po se adoso un sobrecopo de polietileno de 35 mm de abertura de malla, de tal 
forma que quedase un espacio de dos metros entre sus extremos terminales y una holgura 
lateral suficiente como para paliar al maximo el fenomeno del enmascaramiento. Los 
posibles embolsamientos del sobrecopo se evitaron con la colocacion de dos ahorcaperros a su 
alrededor. 

Los individuos retenidos por el copo y el sobrecopo fueron medidos separadamente 
sobre un ictiometro, tomando en todos los casos la longitud total al centimetro inferior, de 
acuerdo con las recomendaciones de BIOMASS (1980). 

A efectos de calculo, fueron rechazadas todas las pescas en las que se produjeron 
capturas excesivamente grandes 0 pequenas. 

En la estimacion de los parametros de seleccion se ensayaron los siguientes sistemas 
de ajuste (Pope et ai, 1983). 
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Ajuste a una logistica. Los datos observados se ajustaron a una logistica de 
ecuacion: 

P 
1 

1 + e-(a+bL) 

siendo P la proporcion de individuos de talla L retenidos por el copo. 

Metodo de Gulland (1983). La talla de primera captura se estima mediante la 
siguiente expresion: 

Lc = Ln + 1 - L 1 .pi 

donde: 

Le = tall a de primera captura. 
Ln + 1 = talla de retencion del 100%. 
pi porcentaje de retencion para cada intervalo de talla. 

amplitud del intervalo de talla. 



El factor de seleccion se obtuvo dividiendo las tall as de retencion del 50% observadas, 
por la abertura de la malla, expresadas ambas en milfmetros. 

3. RESULTADOS 

En las Tablas 1 y 2 se recogen las caracteristicas de las tallas de la primera captura, 
el rango de seleccion y los valores de los factores de seleccion, calculados para las diferentes 
medidas de ajuste aplicadas, para las dos especies contempladas en el estudio, en las distintas 
zonas prospectadas. 

3.1 Notothenia gibberifrons 

No se pudieron establecer los parametros de seleccion de esta especie en Shag Rocks, 
por no haber sido capturada en ninguno de los lances efectuados. 

En Georgia del Sur, presento una gama de tallas seleccionada entre 15.9 y 23.1 cm. 
Las tallas de retencion del 50% se situaron en 19.5 cm, para el ajuste a una logistica, y en 
21.1 cm para el metodo de Gulland. Los factores de seleccion fueron muy similares (2.87 y 
3.1 O). 

El ran go de seleccion en Orcadas del Sur se mantuvo entre 17.9 y 23.6 cm. Las tallas 
de primera captura se localizaron en 20.8 cm y 20.5 cm para ajuste a la logistica y metodo 
de Gulland respectivamente. En esta zona, los factores de seleccion se situaron alrededor de 
un valor medio de 3.00. 

En Isla Elefante se produce una pequena disminucion en la tall a de primera captura 
observada para los diferentes sistemas de ajuste utilizados (19.6 cm y 20.5 cm). El rango 
de tallas seleccionadas tambien se redujo considerablemente, estableciendose entre 17.5 cm 
y 21.7 cm. Los facto res de seleccion volvieron a tomar valores ligeramente inferiores, de 
magnitud semejante a los calculados en Georgia del Sur. 

En Shetland del Sur registraron los valores mas bajos en las tallas de retencion del 
50% (18.4 cm y 19.6 cm). 

La gama de tallas seleccionada tuvo una amplitud de 6 cm, con IImite inferior en 15.4 
cm. Los facto res de seleccion arrojaron los valores minimos observados durante la campana 
para la especie (2.70 y 2.88). 

3.2 Champsocephalus gunnari 

Se observo una gran variabilidad en los parametros de seleccion calculados para esta 
especie. 

Los ajustes hechos en Shag Rocks por los dos metodos empleados, dieron una gama de 
tallas seleccionadas bastante corta (de 21.9 cm a 25.1 cm). Los factores de seleccion 
oscilaron en torno a 3.50. 

En Georgia del Sur se obtuvieron valores de las tallas de retencion del 50%, 
sensiblemente inferiores (20.0 cm y 21.0 cm). El rango de seleccion se detecto entre 17.8 
y 22.3 cm, y los factores de seleccion estuvieron muy proximos a un valor de 3.00. 

Los ejemplares capturados en Orcadas del Sur no cubrieron toda la gama teorica de 
tallas seleccionadas (entre 15.6 y 27.1 cm). 
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La talla de primera captura calculada por el metodo de Gulland (22.3 cm), fue del 
orden de un centimetro superior a la obtenida por ajuste a la logistica (21.3 cm). Los 
factores de selecci6n se localizaron en 3.11 y 3.26. 

Tampoco en Isla Elefante se captur6 casi ningun individuo de tall a menor al limite 
inferior te6rico del range de selecci6n (19.7 cm). Las tallas de primera captura se situaron 
en niveles pr6ximos a los observados en Orcadas del Sur, si bien el calculado por el metodo de 
Gulland fue bastante superior. 

Los factores de selecci6n tomaron valores de 3.11 y 4.19. 

La gama de tallas seleccionada en Shetland del Sur alcanz6 una amplitud de unos 9 cm, 
con valores extremos en 15.3 cm y 24.2 cm. 

En este archipielago se registr6 el valor minimo de la tall a de primera captura para 
la especie (19.7 cm). 

Por el contrario,el factor de selecci6n calculado por el metodo de Gulland arroj6 uno 
de los valores maximos estimados a 10 largo de toda al prospecci6n (3.80). 

4. DISCUSION 

4.1 Notothenia gibberifrons 

Se obtuvieron buenos ajustes a la logistica en todas las zonas estudiadas, con 
coeficientes de correlaci6n siempre por encima de 0.90 (figuras 2 y 3). 

Las tallas de primera captura calculadas por el metodo de Gulland dieron siempre 
valores superiores, del orden de un centimetro (tabla 1). Este hecho puede ser debido a una 
cierta asimetria de las curvas, con 10 que el punto de retenci6n del 50% puede estar 
ligeramente por debajo de su valor real en las estimaciones por ajuste a la logistica. 

No se apreciaron grandes divergencias en los facto res de selecci6n obtenidos por los 
distintos tipos de ajuste. 

Los rangos de selecci6n observados fueron muy similares en Georgia del Sur y Orcadas 
del Sur y se hicieron mas estrechos en Isla Elefante y Shetland del Sur. En este sentido, 
habria que destacar el menor numero de individuos sobre los que se obtuvieron las curvas de 
las dos ultimas zonas citadas, y la practica ausencia en las mismas de representantes de tall as 
inferiores a la de retenci6n del 25%. 

En general, las estimaciones de los parametros de selecci6n hechas para Notothenia 
gibberifrons, no presentaron grandes diferencias ni en relaci6n a la metodologia seguida en el 
ajuste, ni entre las distintas zonas estudiadas, con 10 que se puede concluir que para un arte 
de 68 mm de luz de malla en el copo y en condiciones experimentales, los valores medios 
calculados para la talla de primera captura (19.6 cm) y el factor de selecci6n (2.87) son 
bastante consistentes. 

4.2 Champsocephalus gunnari 

Los resultados obtenidos para Champsocephalus gunnari presentaron una gran 
variabilidad entre zonas (figuras 4, 5 Y 6). 
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En cada archipielago, los valores calculados con el metodo de ajuste a la logfstica, 
estan muy por debajo de los observados con el metodo de Gulland. 

Los rangos de selecci6n fueron cortos en Shag Rocks, Georgia del Sur e Isla Elefante, 
con amplitudes de 3.2 cm, 4.5 cm y 3.2 cm, respectivamente. 

Los puntos de seleccion del 25% y del 75% estimado en Orcadas del Sur, deben 
tomarse como puramente teoricos, al haber sido calculados sin ninguna representacion de 
porcentajes reales en longitudes extremas. 

Las estimaciones hechas en Isla Elefante son muy poco fiables, al estar basadas en 
series de datos por encima de la talla de la primera captura. 

En Shetland del Sur cabe resaltar la gran amplitud de la gama de tall as seleccionadas y 
el valor minimo calculado para el punto de retencion del 50%. 

Las diferencias entre los parametros calculados en las distintas zonas prospectadas, 
pueden estar motivadas por distintos factores. Diversos auto res han hallado una relacion 
entre el volumen de captura y la seleccion, con una tendencia de la talla de primera captura a 
disminuir cuando aumentan las mismas (Pope et ai, 1983). Tal fenomeno podrfa explicar el 
valor obtenido en Georgia del Sur. 

El estado de engrasamiento visceral, el estado de madurez sexual y cualquier otro 
factor que afecte al volumen corporal, influyen sobre la selectividad. En este sentido, el 
estudio conjunto de la selectividad y los factores implicados en su variacion, ayudarfa a 
desvelar las causas de estas diferencias. 

Desestimados los resultados de Orcadas del Sur e Isla Elefante, se podrfa establecer la 
situacion real de la talla de primera captura para esta especie, alrededor de 21.1 cm y la del 
factor de seleccion en 3.10. 
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Tabla 1: Datos tecnicos y resultados de las experiencias de selectividad realizadas para 
Notothenia gibberifrons durante la campana "ANTARTIDA 8611". 

ZONA GEORGIA ORCADAS ELEFANTE SHETLAND 

MALLA (mm) 70 70 70 70 

Numero de lances 104 93 46 65 
Duraci6n media arrastre (minutos) 30 30 30 30 
Velocidad media arrastre (nudos) 3 3 3 3 
Profundidad media arrastre (metros) 226 273 249 220 

Abertura malla del copo 68.04 68.38 68.56 68.08 
Rango (mm) 

malla minima 57 56 60 59 
malla maxima 78 82 79 76 
numero de medidas 322 99 100 159 

Rango de selecci6n (cm) 
25% 15.9 17.9 17.5 15.4 
75% 23.1 23.6 21.7 21.4 

Numero individuos en rango selecci6n 993 10294 608 418 
copo 347 6247 566 329 
sobrecopo 646 4047 42 89 

Peso medio p~r lance (kg) 5.12 14.42 17.36 6.94 
copo 4.85 12.77 17.27 6.81 
sobrecopo 0.27 1.65 0.09 0.13 

T alia del 50% de retenci6n 
Ajuste a logistica 19.5 20.8 19.6 18.4 
Gulland 21.1 20.5 20.5 19.6 

Factor de selecci6n 
Ajuste a logistica 2.87 3.04 2.86 2.70 
Gulland 3.10 3.00 2.99 2.88 
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Tabla 2: Datos tecnicos y resultados de las experiencias de selectividad realizadas para 
Champsocephalus gunnari durante la campana "ANT ARTIDA 8611". 

ZONA SHAG GEORGIA ORCADAS ELEFANTE SHETLAND 
ROCKS 

MALLA (mm) 70 70 70 70 70 

Numero de lances 29 104 93 46 65 
Duraci6n media arrastre (minutos) 30 30 30 30 30 
Velocidad media arrastre (nudos) 3 3 3 3 3 
Profundidad media arrastre (metros) 215 226 273 249 220 

Abertura malla del copo 67.45 68.04 68.38 68.56 68.08 
Rango (mm) 

malla minima 61 57 56 60 59 
malla maxima 75 78 82 79 76 
numero de medidas 198 322 99 100 159 

Rango de selecci6n (cm) 
25% 21.9 17.8 15.6 19.7 15.3 
75% 25.1 22.3 27.1 22.9 24.2 

Numero individuos en rango selecci6n 12606 112624 708 6145 5396 
copo 8055 92770 379 4394 2666 
sobrecopo 4551 19854 329 1751 2730 

Peso medio por lance (kg) 243.42 224.17 1.85 23.53 4.46 
copo 231.93 213.03 1.63 21.26 3.15 
sobrecopo 11.49 1 1 .14 0.22 2.27 1.31 

Talla del 50% de retenci6n 
Ajuste a logistica 23.5 20.0 21.3 21.3 1.9.7 
Gulland 24.1 21.0 22.3 28.7 25.9 

Factor de selecci6n 
Ajuste a logistica 3.48 2.94 3.11 3.11 2.89 
Gulland 3.57 3.09 3.26 4.19 3.80 
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Table Legends 

Technical data and results of selectivity tests for Notothenia gibberifrons 
during the "ANTARTIDA 8611" survey. 

Technical data and results of selectivity tests for ChampsocephaJus gunnari 
during the "ANTARTIDA 8611" survey. 

Figure Legends 

Schematic drawing of gear sued during the "ANTARTIDA 8611" survey. 

Selectivity ogives for Notothenia gibberifrons in the South Georgia Island 
and South Orkney Island areas during the "ANTARTIDA 8611" survey. 

Selecitivy ogives for Notothenia gibberifrons in the Elephant Island and 
South Shetland Island areas during the "ANTARTIDA 8611" survey. 

Selectivity ogives for ChampsocephaJus gunnari in the Shag Rockas and 
South Georgia Island areas during the "ANTARTIDA 8611" survey. 

Selectivity ogives for ChampsocephaJus gunnari in the South Orkney 
Islands and Elephant Island areas during the "ANTARTIDA 8611" survey. 

Selectivity ogive for ChampsocephaJus gunnari in the South Shetland 
Islands area during the "ANTARTIDA 8611" survey. 

Legendes des tableaux 

Donnees techniques et resultats des experiences de selectivite realises sur 
le Notothenia gibberifrons lors de la campagne "ANTARTIDA 8611". 

Donnees techniques et resultats des experiences de selectivite realisees sur 
le ChampsocephaJus gunnari lors de la campagne "ANTARTIDA 8611". 

Legendes des figures 

Schema de I'engin de peche utilise lors de la campagne "ANTARTIDA 8611". 

Courbes de selection obtenues pour le Notothenia gibberifrons en Georgie du 
Sud et dans les Orcades du Sud, lors de la campagne "ANTARTIDA 8611" 

Courbes de selection obtenues pour le Notothenia gibberifrons dans 1'11e de 
l'Elephant et les lies Shetland du Sud, lors de la campagne "ANT ARTIDA 
8611" . 

Courbes de selection obtenues pour le ChampsocephaJus gunnari dans les 
Shag Rocks et la Georgie du Sud, lors de la campagne "ANTARTIDA 8611". 

Courbes de selection obtenues pour le ChampsocephaJus gunnari dans les 
Orcades du Sud et 1'lIe de l'Elephant, lors de la campagne "ANTARTIDA 
8611" . 



Figure 6 

TaoJuuJ;a 1 

TaOJIMIJ;a 2 

PMCYHOK 1 

PMCYHOK2 

PMCYHOK 3 

PMCYHOK 4 

PMCYHOK 5 

PMCYHOK 6 

Courbes de selection obtenues pour le Champsocephalus gunnari dans les 
lies Shetland du Sud, lors de la campagne "ANT ARTIDA 8611". 

3arOJIOBKM K TaOJIMIJ;aM 

TeXHM"lIeCKMe ,l{aHHble M pe3YJIbTaTbI TeCTOB no CeJIeKTMBHOCTM ,l{JI.SI 

Notothenia gibberifrons BO BpeM.SI CbeMKM "ANT ARTIDA 8611". 

TeXHM"lIeCKMe ,l{aHHble M pe3YJIbTaTbI TeCTOB no CeJIeKTMBHOCTM ,l{JI.SI 

Champsocephalus gunnari BO BpeM.SI CbeMKM "ANTARTIDA 8611". 

TIO,l{nMCM K pMCYHKaM 

CxeMa OpY,l{M.SI JIOBa, MCnOJIb30BaHHoro BO BpeM.SI CbeMKM 

"ANTARTIDA 8611", 

OrMBbI CeJIeKTMBHOCTM ,l{JI.SI Notothenia gibberifrons B pa:AoHe IO)I(Ho:A 

reoprMM M IO)I(HbIX 0pKHe:AcKMx OCTPOBOB BO BpeM.SI CbeMKM 

"ANTARTIDA 8611", 

OrMBbI CeJIeKTMBHOCTM ,l{JI.SI Notothenia gibberifrons B pa:AoHax 0, 

3JIe<t>aHT M IO)I(HbIX WeT JIaH,l{CKMX OCTPOBOB BO BpeMbI CbeMKM 

"ANTARTIDA 8611". 

OrMBbI CeJIeKTMBHOCTM ,l{JI.SI Champsocephalus gunnari B pa:AoHax CKaJI 

War M IO)I(Ho:A reoprMM BO BpeM.SI CbeMKM "ANTARTIDA 8611", 

OrMBbI CeJIeKTMBHOCTM ,l{JI.SI Champsocephalus gunnari B pa:AoHax 
IO)I(HbIX 0pKHe:AcKMx OCTPOBOB M O. 3JIe<t>aHT BO BpeM.SI CbeMKM 

"ANTARTIDA 8611" 

OrMBbI CeJIeKTMBHOCTM ,l{JI.SI Champsocephalus gunnari B pa:AoHax 

IO)I(HbIX WeTJIaH,l{CKMX OCTPOBOB BO BpeM.SI CbeMKM "ANTARTIDA 
8611" , 
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SC-CAMLR-VII/8G/11 

SELECTIVITY OF STANDARD POLISH COMMERCIAL TRAWL CODENDS ON 
ANTARCTIC FISHING GROUNDS 

J.Zaucha 

Abstract 

Selectivity studies were carried out for two types of steelon codends 
used in commercial fishery, with a nominal mesh size A = 80 mm and 
A = 100 mm, made of double twines with a thickness of 4.2 mm. The 
studies covered 6 major fish species. 

1. It appears from the study that Antarctic icefish and bumphead 
notothenia are subject to selection during trawling, although the 
effectiveness of this process - especially in the latter case - is 
not satisfactory. 

2. Scotia Sea icefish, Chaenodraco wi/soni, and Chionodraco 
rastrospinosus exhibit a lower tendency to pass through meshes 
of the codend than Antarctic icefish and bumphead notothenia. 

3. The solution to the problem of ensuring selectivity of codends at a 
sufficiently good level seems possible as a result of the 
application of webbing with permanently open meshes for codend 
construction. 

4. The most difficult matter will be preparing a codend with proper 
selectivity properties for South Georgia icefish, because this 
species exhibits the smallest tendency to escape during the 
trawling among all the species studied. 

Conclusions and obseNations were in some cases based on a relatively 
small amount of experimental material. 

Further investigations of this problem are necessary since producing 
selective trawl gear for harvesting Antarctic fish seems crucial from 
the point of view of conseNation of living fish resources on those 
fishing grounds. 

Resume 

Des etudes sur la selectivite ont ete menees sur deux types de culs de 
chalut en steelon utilises dans les pecheries commerciales, avec un 
maillage nominal A = 80 mm et A = 100 mm, faits de cordes doubles 
d'une epaisseur de 4,2 mm. Les etudes portaient sur 6 majeures 
especes de poissons. 

1. L'etude montre que les poissons des glaces et les bocasses bossues 
sont sujets a selection au cours du chalutage, bien que I'efficacite 
de ce procede - particulierement dans le dernier cas - laisse a 
desirer. 
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2. Les grandes-gueules antarctiques, les Chaenodraco wilsoni et /es 
Chionodraco rastrospinosus ont moins tendance a passer a 
travers les mailles du raban de cui que les poissons des glaces et 
les bocasses bossues. 

3. 11 semble possible de resoudre le probleme d'une selectivite 
satisfaisante de rabans de cui grace a I'utilisation d'une sang le a 
mailles ouvertes en permanence dans la fabrication des culs de 
chalut. 

4. Le probleme le plus difficile sera de preparer un cui de chalut 
ayant les proprietes de selectivite necessaires pour la peche au 
pOisson des glaces de la Georgie du Sud qui, de toutes les especes 
etudiees, est celle qui a le moins tendance a s'evader au cours du 
chalutage. 

Les conclusions et les observations sont dans certains cas basees sur 
une quantite relativement faible de materiel experimental. 

11 est necessaire de proceder a d'autres etudes sur ce probleme, la 
production d'engins de chalutage selectifs destines a la peche des 
poissons de l'Antarctique paraissant cruciale du point de vue de la 
conservation des ressources ichtyologiques vivantes dans ces lieux de 
peche. 

Pe3IOMe 

TIPOBO,l{HJUICb HCJIe,l{OBaHH.H no CeJIeKTHBHOCTH ,l{BYX THnOB 
npHMeH.HeMbIX npH KOMMep1:feCKOM npOMbICJIe CTHJIOHOBhIX 

KYTKOB C pa3MepoM .H1:feH A = 80 MM H A = 00 MM, C,l{eJIaHHhIX H3 
,l{BOYlHOrO IlmaraTa TOJIIIJ;HHOH 4,2 MM. I1cCJIe,l{OBaHH.H 

OXBaThIBaJIH 6 OCHOBHhIX BH,l{OB phIO. 

1. I1cCJIe,l{OBaHH.H nOKa3aJIH, 1:fTO CeJIeKl(H.H JIe,l{.HHOH PhIOhI H 
3eJIeHOH HOTOTeHHH npOHcO,l{HT BO BpeM.H TpaJIeHH.H, XOT.H 
3cpcpeKTHBHoCTb 3Toro npOI..{ecca, ocooeHHo B cJIY1:fae 

3eJIeHOH HOTOTeHHH, HeY,l{OBJIeTBOpHTeJIbHa. 

2. KPOKO,l{HJIOBa.H OeJIOKpOBKa, Chaenodraco wi/soni H 
Chionodraco rastrospinosus npO.HBHJIH MeHbIlIYIO TeH,l{eHl(HIO K 
npoxQ)K,l{eHHIO CKB03b .H1:feH KYTKa, 1:feM JIe,l{.HHa.H phloa H 

3eJIeHa.H HOTOTeHH.H. 

3. TIpe,l{CTaBJI.HeTC.H, 1:fTO peIlIeHHe npOOJIeMhI ooeCne1:feHH.SI 

,l{OCTaT01:fHO xopoIlIero ypOBH.H CeJIeKTHBHOCTH KYTKa 

JIe~HT B HCnOJIb30BaHHH npH KOHCTpYHpoBaHHH KYTKa 

TeTHBhI C nOCTO.SlHHO OTKphITbIMH .H1:feHMH. 

4. CaMoH TpY,l{HOH 3a,l{a1:feH oY,l{eT H3rOTOBJIeHHe ,l{JI.SI 
CeJIeKl(HH TeMHoH OeJIOKpOBKH KYTKa C HY~HhlMH 
CeJIeKThIBHbIMH CBoHcTBaMH, TaK KaK H3 Bcex H3Y1:faBIlIHXC.SI 
BH,l{OB 3TOT BH,l{ BO BpeM.H TpaJIeHH.H nOKa3aJI HaHMeHbIlIYIO 
TeH,l{eHl(HIO K BbIXO,l{Y H3 ceTH. 



B HeKOTOpbIX CJlY'4a$lX BbIBO.llbI H HaOJlIO.lleHH$I C.lleJlaHbI npH 
OTHOCHTeJlbHO HeOOJlbllOM KOJlHl·IeCTBe 3KCnepHMeHTaJlbHOrO 

MaTepHaJla. 

HeOOXO.llHMO npOBe.lleHHe .llaJlbHeMWHX HCCJle.llOBaHHM no 
3TOMY Bonpocy. TaK KaK B nJlaHe coxpaHeHH$I )l(HBbIX PbIOHbIX 
pecypCOB Ha 3THX npOMbICJlOBbIX yqaCTKaX HaHBa)l(HeMIIIHM 

npe.llCTaBJI$leTC$I KOHCTpYHpOBaHHe CeJleKTHBHbIX TpaJlOBbIX 
ceTeM .llJl$l npOBe.lleHH$I JlOBa aHTapKTHqeCKOM PbIObI. 

Resumen 

Se realizaron estudios de selectividad con dos tipos de copos de 
"steelon" que se emplean en la pesca comercial, cuyo tamano nominal 
de luz de malla era A = 80 mm y A = 100 mm, hechos con hilo doble 
de 4,2 mm de espesor. Estos estudios abarcaron seis especies 
principales de peces. 

1. Segun dicho estudio, parece que el draco ray ado y la trama 
jorobada estan sujetos a selecci6n durante el arrastre, si bien la 
efectividad de este proceso - especialmente en el segundo caso -
no es satisfactoria. 

2. El draco antartico, Chaenodraco wilsoni y Chionodraco 
rastrospinosus presentan una menor tendencia a pasar. por el 
copo que el draco ray ado y la trama jorobada. 

3. La soluci6n al problema de asegurar la selectividad a un nivel 
aceptable parece ser posible aplicando un tejido con las mallas 
permanentemente abiertas en la fabricaci6n del copo. 

4. La cuesti6n mas diffcil sera preparar un copo con las propiedades 
de selectividad adecuadas para el draco cocodrilo, ya que, de todas 
las especies estudiadas, esta es la que presenta una menor 
tendencia a escaparse durante el arrastre. 

Las conclusiones y observaciones se basaron, en algunos casos, en una 
cantidad de material experimental relativamente pequena. 

Es necesario investigar aun mas este problema, ya que la fabricaci6n 
de artes de arrastre selectivas para la recolecci6n de peces antarticos 
parece vital desde el punto de vista de la conservaci6n de los recursos 
de peces en estas zonas de pesca. 
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1 . INTRODUCTION 

Selectivity studies of trawls used by the Polish fishery were conducted in 
1950-1980. Cieglewicz and Strzyzewski (1960) studies the mechanism of the passage of 
cod through various parts of the trawl made of different materials. They came to the 
conclusion that the main part through which juvenile fish escape is the upper part of the 
codend. In the 1960's and 1970's extensive investigations of selectivity, directed by 
Strzyzewski (1971) covered several fish species, taking into account a number of physical 
factors affecting the selection process, such as choice of material, technological structure of 
webbing, use of layered structure of material making up the codend, size relations of meshes 
in the cover and codend, etc. Evaluation of the effect of mesh size and shape on selection of 
cod in the Baltic was also carried out in the 1970's (Szymanski, 1980). For the first time 
in Poland, Szymanski used in those studies webbing with permanently open meshes, made of 
textile belts. It turned out that square, permanently open meshes had the best selectivity 
properties with respect to cod. 

This conclusion was confirmed for other cod-like fish and lobsters by investigations 
of Robertson (Robertson, 1986a, 1986b). On the other hand, Gabriel, Kemp and 
Haberstroh (1987) expressed an opinion that the change of mesh shape from rhomboid to 
square has no special effect on the ratio of undersized fish to landing-sized fish in the codend, 
but results only in collecting fish less soiled with benthos. It should be emphasized that no 
attention has been paid in investigations carried out so far to the phenomenon of deferred or 
arrested reaction of escape of any fish species from the codend. 

The first Polish selectiyity studies of trawl gear in the Antarctic were carried out in 
the 1978/79 (Zaucha, 1979) season. It was established during those studies, with the use 
of, among others, tape codends, that Antarctic fish behave differently during trawling than 
fish studied before and that it was difficult to interpret the results obtained in an objective 
and convincing way. 

2. OBJECTIVE OF THE STUDY 

After the introduction of codend mesh-size regulations in the Antarctic, it was decided 
that selectivity studies begun in the 1978/79 season would be continued mostly on the basis 
of codends currently used in commercial fishing operations. The objective of investigations 
in the 1986/87 season was to determine whether technical and material conditions of 
codends with a mesh size of 80 mm ensures, from the point of view of the CCAMLR 
Convention, satisfactory selectivity or whether bottom codends require a certain 
modification. For comparison, a codend with a mesh size of 100 mm was tested. 

3 . MATERIALS AND METHOD 

Steelon codends with a four-wall, oblique construction made of double steelon twines 
with a nominal thickness of 4.2 mm were used in the study. Their length was 22.5 m, the 
square-shaped opening had a side with a length of 6.9 m, while the codend's rectangular tip 
had sides with lengths of 6.9 x 4.0 m. The codend itself was covered on the outside from the 
top down to the middle of its height with a cover having relatively small meshes (mesh bar 
20 mm). Three sets of floats, 5 in each, were attached to the rear part of the cover. The 
bottom part of the codend was covered from the inside up to half of the codend's height with a 
liner made of the same material as the cove. Thanks to such construction of the codend, 
undersized fish could escape from the codend only from the part equipped with the cover. 
They were later trapped in the end parts of the cover. Because of difficult conditions on the 
fishing grounds (stones, rocks, etc.), the codend was protected against mechanical damage by 
special protective materials placed at its bottom. 
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A schematic drawing of the codend's construction and construction of the codend 
proper made of steelon fabric with a nominal mesh size of 80 mm is presented in Figure 1. 
The codend with a 100 m mesh size had the same construction. In reality both codends had 
somewhat different mesh sizes than nominal ones, which will be discussed in detail when 
presenting changes in mesh size during codends use. 

The codends used in the selectivity study were used on board the research vessel 
Professor Siedlecki which is a factory trawler with power of 1690 KW (2300 HP). 
Codends with similar constructions to those used in Polish commercial fishing vessels were 
included in a 32/31 bottom trawl set-up which was used in previous years on Antarctic 
fishing grounds and met with positive opinions. A schematic drawing of the construction and 
rigging of such a setup is presented in Figures 2 and 3. 

The process of fish selection by a given codend is characterized by means of a 
selectivity ogiveand a number of additional parameters: 
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selectivity interval "Ps": difference in centimetres between the length class of 
fish retained in the codend in 75% (L7s) and the class retained in 25% (L2s), 

selectivity coefficient "Fs": ratio of the length of this class of fish which is 
retained and released in 50% (Lso) to the length of mesh size "A" in the codend, 

measured wet, 

selection quality "Ws": value of ratio of length class of fish released and retained 
in 50% (Lso) to the length class of fish fully retained by the codend (L100), 

W _ Lso 
s - L100 

• selection effectiveness "N": percentage value of ratio of the number of fish which 
passed onto cover "no" to the sum of the same number of fish and the number of 
fish "nw" in the codend and having a length not greater than those in the cover, 

i.e. length L100, 

N = no. 100 
no + nw 

• relative selective length "Iow": value of the ratio of mean fish length inside the 
cover "1

0
" to the mean length "Iw" of fish inside the codend in percent; the value 

of this index gives some idea as to the size of fish escaping from the codend when 
compared with mean length of fish retained by the codend, 

10 
low=!:". 100 

relative selective weight "mow": value of the ratio of mean weight of fish in the 
cover "mo" to mean weight of fish inside the codend "mw" expressed in percent; 
the value of this index illustrates the weight of fish escaping from the codend in 
comparison with the mean weight of fish retained by the codend, 



mo 
mow = - • 100 mw 

Measurements of total length of fish in the cover and the codend was made to the 
nearest centimetre below. Measurements of mesh size in the codend were carried out in the 
upper part of the codend at a distance of not more than 2 m from the codend ending and 2 
meshes from lace hood meshes touching with codend-strengthening rope (Figure 1). The 
measurements were carried out immediately after the trawl retrieval (wet) with an 
international ICES caliper, at a preliminary tension of the mesh with a force of 4 kg. The 
size of mesh size was calculated as an arithmetic mean from 30 random mesh measurements. 
The frequency of measurements was the following: before trawl use, dry and wet, after the 
first haul (3 hours of use) and after each subsequent 15 hours of trawling. 

Hauls used for the selectivity study of fishing gear should technically resemble 
typical commercial hauls. This was expressed in the fact that the study was conducted on a 
vessel with similar technical characteristics to those of typical fishing vessels used in that 
area, the use of a codend of similar construction to those used in commercial fishery, the use 
of a similar fishing gear and parameters of trawling like those used by commercial trawlers. 

The selectivity study should be based on hauls fulfilling certain requirements, 
especially the following: 

• general catch rate of a haul should not be smaller than about 300 kg of fish and 
not greater than several tonnes, 

• the fish species analyzed should be present in the haul in a quantity of at least 3% 
of total haul weight, 

• the fish species analyzed must be present in both the codend and the cover, in at 
least several length classes. 

An attempt was made during the study to attain the average catch rate since only for 
such hauls it could be assumed that fish in the codend will have the opportunity of direct 
contact with the codend material and, as a result, will be able to escape from the codend, if 
its dimensions will allow. 

4. EXPERIMENTAL PART 

4.1 Fishing Effort and CPUE 

The selectivity study was conducted on various Antarctic fishing grounds between 
October 1986 and mid-February 1987. 

Fishing effort characteristics from experiments and CPUE for studied fish species are 
presented in Tables 1 and 2. 

Thirty hauls were selected for the study, each of them lasting from 2 to 3 hours and 
being similar to' commercial hauls of 3 hour duration. A relatively high catch rate, similar 
to those attained by commercial trawlers, was achieved around South Georgia. Quite high 
CPUE was also attained on the Elephant I. fishing ground in the third leg of the experiment. 
Catch rates in the other experiments were much lower - the catches on the Joinville fishing 
ground was so small that further tests were abandoned for methodological reasons. 
Differences in catch rates attained in different phases of experiments were most likely 
connected with fluctuations in biological parameters of bottom fish concentrations on those 
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fishing grounds and did not depend to any degree on technical factors used in the experiments 
such as type of gear used, its rigging, trawling parameters, etc. 

The material collected (Table 2) is most representative for bumphead notothenia, 
Scotia Sea icefish, and Antarctic icefish, and less representative for Chaenodraco wilsoni and 
Chionodraco ras trospinos us, while for South Georgia icefish it is least representative. 

4.2 Changes in Mesh Sizes in the Codends 

The data presented in Table 3 demonstrated that before trawl was in use, the actual 
mesh size in the codend with a nominal mesh size of 80 mm was (both dry and wet) larger by 
about 10% than the nominal size. After a trawl was in use this value increased to about 14% 
in comparison with the nominal value, reaching 90 mm. Such value remained at a stable 
level during the first phase of the experiment and for that reason it was assumed as the 
actual mesh size for that phase. During the tests, experimental work with this codend was 
suspended for some time. After resuming work it was discovered that mesh size decreased 
considerably and exceeded the nominal value by only 8.5%. This value remained at a 
constant level during further tests, so it was assumed as actual size for that stage of the 
study. 

Changes in mesh size in codends with a nominal mesh size of 100 mm resemble those 
in the 80 mm codend (Table 3). During the study, due to a failure, one codend had to be 
replaced by another. Therefore there were two series of codend tests with the same nominal 
mesh size. Generally speaking, mesh size in both codends remained at a level larger by 
10-11 % than the nominal value. That is why a value of 110.6 mm was assumed as actual 
for the 100 mm codend. 

4.3 Selective Properties of Codends 

4.3.1 Bumphead notothenia 

Selection of bumphead notothenia was evaluated several times during 6 experiments 
on four Antarctic fishing grounds. Three experiments were made with 80 mm codend and 
three with 100 mm mesh codend. Proper calculations were made for each of them and a 
selectivity ogive was drawn. Those data are presented in Figures 4 and 5 and in Table 4. 

Analysis of selectivity curves for the 80 mm codend obtained on the basis of data 
collected on various fishing grounds (Figure 4) revealed a number of common features 
despite quantitative differences. The most important feature was that all of these curves had 
a different shape in comparison with a standard selectivity ogive for net materials with a 
high selectivity coefficient. They were characterized by a very clear shift towards retention 
of small fish at a relatively high level. The ascent of the curves was very slow, which 
corresponded with high values of selection intervals "Ps". Selectivity coefficients Fs were 
decidedly low, as well as selection quality coefficients. Selectivity effectiveness was 
decidedly small - with this mesh size a much greater number of fish could escape through 
the meshes. Mean length of fish released and at the same time retained by the meshes was 
relatively small, decidedly smaller than could be theoretically predicted. That is why a 
general evaluation of the selection of bumphead notothenia by the 80 mm codend could not be 
positive. 

Analysis of the selectivity curves for the 100 mm codend with respect to bumphead 
notothenia revealed their similar features with 80 mm codend's ogive. The greatest 
similarity was that these curves were very flattened and their shape did not clearly indicate 
the length range, for which fish selection would be more distinct. It covered several length 
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classes which was reflected in exceptionally high values of selection intervals Ps. Values of 
selectivity coefficients were also relatively small. Indices of relative selective lengths and 
weights of fish escaped and retained by the codend were exceptionally high, indicating that 
there were no significant size differences between fish retained and escaped from the codend. 
The length of fish with 50% retention (L50) was higher than for 80 mm codend, however, it 
was still relatively small. Distinctly higher length values were obtained in the case of fish 
retained by 100% in larger codend. 

Since selectivity ogives for the two codends revealed basically similar qualitative 
tendencies, it was decided to group together all results collected on various fishing grounds 
for each codend and calculate their combined selectivity coefficients (8). Combined ogives 
are presented in Figure 6, while values of selection of bump head notothenia by two different 
codends are presented in Table 5. 

A comparison of the shape of both curves indicated clearly that selection of both net 
materials was qualitatively similar although there were distinct quantitative differences. 
The selection of bumphead notothenia occurred definitely during trawling although both 
ogives were shifted to the area of small fish. Selection intervals for both ogives were very 
wide, and the values of selectivity coefficients were relatively low, especially in the case of 
80 mm codend. Selection effectiveness increased from 20% for 80 mm codend to almost 
50% in the case of larger meshes. Both length L50 and L100 increased also. A general 
conclusion from the comparative analysis is that although both nets select bumphead 
notothenia during trawling, this property is not high enough. The use of larger meshes 
distinctly improved selection properties of bumphead notothenia but not to such a degree that 
they might be considered sufficient from a practical point of view. Therefore, none from 
those codends could be positively evaluated. Most likely that closed meshes in the codend 
constituted such an obstacle for fish that an increase in mesh size did not really solve the 
problem, although it improved selection. It may be expected that keeping meshes open may 
solve the problem of selection of bumphead notothenia because this species has a distinct 
tendency of escapement from the Godend during trawling. 

4.3.2 Antarctic icefish 

Studies of selectivity properties of Antarctic icefish by 80 mm codend were carried 
out on two fishing grounds: South Georgia and Elephant I., while for 100 mm codend - only on 
the Elephant I. fishing ground. Three ogives were obtained as a result of these studies 
(Figure 7) for each experiment. The obtained coefficients are listed in Table 6. An 
assessment of the Antarctic icefish selection was based on a relatively large number of 
initial materials. The ogives resembled much more the standard selectivity ogive than in the 
case of bumphead notothenia, although they were characterized by the same negative feature, 
i.e., they were shifted towards the area of length classes of small fish. This was evident from 
relatively low values of L50, especially on the South Georgia fishing ground as well as 
relatively low values of selection effectiveness (35-64%). This meant that between 35 and 
65% of fish in the codend with a length smaller than L100 did not escape. Coefficients Low and 
mow characterized the selection of Antarctic icefish very clearly. Especially the former 
index showed that there was no great difference between mean length of fish escaped from the 
cod end and fish retained. Thus, a large part of fish could pass through the meshes but did not 
grasp this opportunity. 

In order to compare selectivity properties of both codends for Antarctic icefish, 
selectivity ogives of 80 mm and 100 mm codends were drawn together in Figure 8. Table 7 
presents main selection indices for those curves. 

The shape of both ogives was very similar (Zaucha, 1987), a significant difference 
was in much greater shift of 80 mm selectivity ogive towards the area of small fish than in 
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the case of 100 mm ogive. Selection of Antarctic icefish by two codends was clearly evident 
but practical results of this process was insufficient. This may be seen from relatively 
long, extended selection intervals and not too high values of selectivity coefficients of about 
2.8. It should be emphasized that the use of 100 mm mesh size resulted in an almost twofold 
increase in selection effectiveness as well as an increase of L50 by 21 %. A general 
conclusion is that standard mesh-size does not ensure selection of Antarctic icefish to a 
sufficient degree. It seems that the partly closed meshes during trawling constituted too big 
an obstacle for Antarctic icefish to be able to escape from the codend. It may be expected that 
permanently open meshes may ensure a proper level of selection of Antarctic icefish. 

4.3.3 Scotia Sea icefish 

Selection of Scotia Sea ice fish by 80 mm codend was studied on three fishing grounds: 
South Georgia, Elephant I., and King George I., for 100 mm codend - two experiments were 
carried out on the Elephant I. ground. Because of very modest materials collected off King 
George I. and in the second phase of the experiment off Elephant I., data from the King George 
I. fishing ground were not taken for further detailed analysis and all data from Elephant I. for 
100 mm codend were combined. 

As a result of these experiments, two selectivity ogives were drawn for 80 mm mesh 
and one for 100 mm codend .(Figure 9). A set of selection coefficients was calculated for each 
ogive (Table 8). The main drawback of the material collected was that relatively few fish 
passed through the net during those tests. Under these circumstances the most important 
segment of the ogive, concerning those fish classes which escaped from the codend was based 
on relatively scarce materials. A general feature of all selectivity ogives was their 
exceptionally large shift towards the area of small fish. As a result, the values of L50 were 
low (Table 8). A second feature of these ogives were very low values of index Ps, which gave 
a negative indication of selection of Scotia Sea icefish by the codend. Both too large and too 
small values of selection intervals point to abnormalities in the process of fish selection by 
the codend. Selection quality indices were very unsatisfactory. Equally negative were 
selection effectiveness coefficients. Very low, much lower than for fish analyzed before, 
were the values of index mow, which meant that fish escaping through the meshes had 
exceptionally small weight compared with the fish retained. Generally speaking, both the 
shape of the selectivity ogive and the selection indices indicated that the ability to select 
Scotia Sea ice fish by both kind of codends was unsatisfactory. 

In order to determine characteristics of Scotia Sea icefish selection by the two 
codends in a more precise, comparative way, two ogives were presented in Figure 10, one 
for each type of codend. Table 9 presents main selection coefficients for each of these codends 
(Zaucha, 1987). 

The most important feature of both curves was their overlapping. This meant that the 
selection processes of both codends were similar. This conclusion is emphasized by data 
from Table 9. It appears from them that values of selectivity coefficients were very low, 
even lower for the net with larger meshes than with smaller meshes. Selection effectiveness 
was at a very low level. As a result a great number of fish which could escape because of 
their size, remained in the codend. The values of both L50 and L100 for both types of nets were 
the same, within the limits of an experimental error. 

A general conclusion from these tests may be brought down to the observation that a 
change in the mesh size in the codend did not bring about a qualitative change in selection of 
Scotia Sea icefish. This gave rise to a fear that even the use of permanently open meshes will 
not bring the desired results, i.e., such as is expected in the case of Antarctic icefish and 
bumphead notothenia. 
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4.3.4 Chaenodraco wilsoni and Chionodraco rastrospinosus 

Selectivity studies of these two species were based only on tests with 100 mm codend 
on the Joinville fishing ground. Selectivity ogives for the two species are presented in 
Figure 11, their selection parameters in Table 10. 

Both the shape of the curves and the values of the parameters give an almost identical 
evaluation of the selection process of these fish by the standard codend. The values of 
selectivity coefficients and selection quality were low. Selection effectiveness was of 
particularly low value: 15% for Chaenodraco wi/soni and 10% for Chionodraco 
rastrospinosus. This meant that from 85 to 90% of fish did not choose to escape although 
their size allowed them for that. Parameters Low and mow were at a high level. This meant 
that as regards length and weight, there were no great differences between escaped and 
retained fish . 

It is not surprising that a general appraisal of selectivity of the standard codend with 
respect to both species is decidedly negative, as in the case of Scotia Sea icefish. In this case 
it is also difficult to foresee whether permanently open meshes will improve the quality of 
selection of these fish to such a degree that it may be possible to evaluate it positively. 

4.4 Additional Remarks 

During the tests carried out on South Georgia fishing grounds, South Georgia icefish 
was found in the codend but no fish of this species were noted in the cover. Examination of 
length composition of fish in the codend revealed that although there were no juvenile South 
Georgia icefish, quite numerous were specimens with a length of 34, 35, 36 and 37 cm and 
larger. Fish with a length between 34 and 37 cm could, due to their sizes, pass through the 
meshes of the codend but did not use this opportunity. Under these circumstances a 
conclusion may be drawn that South Georgia icefish must find it extremely difficult to pass 
through the meshes of the codend during trawling so that even open meshes might not be an 
effective means of improving selection of this species. 

5. CONCLUSIONS 

1. Antarctic icefish and bumphead notothenia are subject to net selectivity of the 
commercial codend during trawling, but the effectiveness of this process in the 
case of standard nets, i.e. made of double polyamide twine, is insufficient. For 
that reason the use of codends believed to be good on other fishing grounds, cannot 
be practically recommended for commercial fishery on Antarctic fishing grounds 
irrespective of the established mesh size. 

2. An increase in the effectiveness of selection of these fish species may be expected 
as a result of changing the construction of the codends, i.e. the use of permanently 
open meshes. 

3. A tendency to escape from the cod end during trawling of such fish as South Georgia 
icefish, Scotia Sea icefish, Chaenodraco wilsoni and Chionodraco rastrospinosus 
seems to be smaller than in the case of Antarctic icefish and bumphead notothenia. 
It is expected that the use of permanently open meshes in the codend would greatly 
improve the existing situation. 

4. Ensu ring proper selection of major Antarctic fish species by introducing one 
mesh size does not seem possible. The mesh size recommended at present 
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(80 mm) seems well chosen for Antarctic icefish, while for others like Scotia 
Sea icefish, South Georgia icefish and Chionodraco rastrospinosus it seems too 
small. 

5. Experiments at sea should be urgently undertaken in order to confirm the 
observed tendency of arrested ability of Antarctic fish to pass out of a standard 
codend despite the fact that both mesh size and fish size theoretically ensure such 
a possibility. A suggested technical solution is a change of codend design so that 
meshes will not close during trawling. It is believed that such solution will 
effectively reduce fishing mortality of valuable species of Antarctic fish. 
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Table 1: Characteristics of fishing effort in each of the experiments 

Study period 27-29 13-15 15-16 
Qct 1986 Nov 1986 Nov 1986 

18 -2 0 
Dec 1986 

13-4 
Feb 1987 

1 8 
Feb 1987 

Fishing ground Elephant I. Joinville I. Elephant I. South Georgia I. Elephant I. King George I. 

Number of hauls 8 6 4 5 5 2 

Trawling time (h) total 2035 18 00 1000 1450 10 30 3 50 

per haul 234 300 230 258 206 155 

Catch (t) total 5.89 1.52 1.49 14.39 10.43 2.89 

per 1 haul 0.74 0.25 0.37 2.88 2.09 1.44 

per 1 hour 
fished 0.29 0.084 0.15 0.97 0.99 0.75 



...... 
~ Table 2: Catch rates of fish species subjected to the study in each of the experiments (in tlh and percent) 

Study Period 27 -29 1 3 -15 15 -1 6 18-20 13-14 1 8 
Oct 1986 Nov 1986 Nov 1986 Dec 1986 Feb 1987 Feb 1987 

Fishing Ground Elephant I. Joinville I. Elephant I. South Georgia I. Elephant I. King George I. 

Fish species tonnes % tonnes % tonnes % tonnes % tonnes % tonnes % 

Bumphead notothenia 4.12 69.9 0.39 25.8 1.18 79.2 3.47 24.1 8.02 76.9 2.15 74.3 

Antarctic icefish 0.15 2.5 0.04 2.5 8.12 56.4 0.78 7.4 

Scotia Sea icefish 0.79 13.4 0.26 17.6 1.71 11.9 1.51 14.5 0.44 15.2 

Chaenodraco wilsoni 0.90 59.5 

Chionodraco 
rastrospinosus 0.08 5.2 

South Georgia icefish 1.00 7.0 

Other species 0.83 14.2 0.15 9.5 0.01 0.7 0.09 0.6 0.12 1.2 0.30 10.5 

Total 5.89 100 1.52 100 1.49 100 14.39 100 10.43 100 2.89 100 
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Table 3: Changes in mesh size in the cod ends tested 

Parameter Nominal No. of 
mesh sizes codend 

Mean mesh size (mm) 80 I 
100 I 

11 

Standard deviation (mm) 80 I 
100 I 

11 

Coefficient of change (%) 80 I 
100 I 

11 

Before use 

Dry Wet 

87.2 88.2 
106.1 107.4 
108.3 110.2 

2.88 2.46 
2.36 3.06 
2.67 2.56 

3.3 2.8 
2.2 2.9 
2.5 2.3 

Mesh size 

During use 

Wet 

After 3 h After 15 h After 30 h 

91.2 90.0 86.8 
109.4 110.0 
111 .8 111 .2 

2.69 2.83 2.40 
2.37 1.87 
2.54 2.20 

3.0 3.1 2.8 
2.2 1.7 
2.3 2.0 



Table 4: Main selection parameters of bumphead notothenia 

Selection 80 mm codend 100 mm cod end 
parameter 

South Elephant I. King Elephant I. Elephant I. Joinville 
Georgia I. Georgel. (i phase) (ii phase) 

No. of fish 6 814 20 701 3 217 7 053 3 090 
measured 
in codend 

No. of fish 2 198 2 826 420 8 526 1 328 
measured 
in codend 

Ps 12.0 7.2 6.2 10.2 13.6 

Fs 2.02 2.28 2.88 2.84 2.10 

Ws 0.48 0.52 0.64 0.74 0.59 

N 36.3 14.7 28.1 55.3 30.7 

Low 60.8 85.4 70.8 86.9 92.8 

Mow 15.6 48.6 28.9 74.2 75.7 

L50 18.2 19.8 25.0 31.2 23.6 

L100 38.0 38.0 36.0 42.0 40.0 

L25 14.1 17.8 22.2 25.4 18.2 

L75 26.1 25.0 28.4 35.6 31.8 

Table 5: Main selectivity indices of bumphead notothenia for two codends 
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Index 

80 mm codend 

100 mm codend 

13.1 

16.8 

2.29 

2.63 

N 

20.0 

49.8 

L50 

20.6 

28.9 

38.0 

42.0 

835 

761 

14.0 

2.64 

0.72 

48.3 

85.9 

56.5 

29.4 

41.0 

20.0 

34.0 

I. 



Table 6: Main selection parameters of Antarctic icefish 

Selection 
parameter 80 mm codend 

South Georgia I. Elephant I. 

No. of fish measured 56 342 2 330 
in codend 

No. of fish measured 29 851 1 841 
in codend 

Ps 6.8 5.4 

Fs 2.56 3.22 

Ws 0.66 0.73 

N 34.8 45.9 

Low 93.1 76.2 

Mow 78.4 32.3 

L50 23.0 28.0 

L100 35.0 38.0 

L25 19.8 24.8 

L75 26.6 30.2 

Table 7: Main selection indices of Antarctic icefish for two codends 

Index 

80 mm codend 

100 mm codend 

9.6 

8.0 

2.84 

2.82 

N 

35.2 

64.1 

L50 

25.6 

31.1 

100 mm codend 

Elephant I. 
(i and ii phase) 

604 

1 035 

8.0 

2,82 

0.78 

64.1 

84.1 

48.5 

31.1 

40.0 

26.0 

34.0 

38.0 

40.0 
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Table 8: Main selection parameters of Scotia Sea icefish 

Selection 
parameter 80 mm codend 100 mm codend 

South Georgia I. Elephant I. Elephant I. 
(i and ii phase) 

No. of fish measured 2 954 1 801 1 691 
in codend 

No. of fish measured 133 44 125 
in codend 

Ps 2.5 3.9 5.4 

Fs 2.29 2.48 2.09 

Ws 0.59 0.72 0.59 

N 7.5 25.6 25.7 

Low 63.0 44.0 59.0 

Mow 13.3 2.7 8.4 

Lso 20.6 21.5 23.0 

L100 35.0 30.0 39.0 

L2s 20.0 20.1 20.6 

L7s 22.5 24.0 26.0 

Table 9: Main selection indices of Scotia Sea icefish for two codends tested 
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Index 

80 mm codend 

100 mm codend 

6.2 

5.4 

2.48 

2.09 

N 

10.2 

25.7 

Lso 

22.3 

23.0 

39.0 

39.0 



Table 10: Main selection parameters of Chaenodraco wilsoni and Chionodraco 
rastrospinosus for 100 mm codend on Joinville fishing ground 

Selection parameter Chaenodraco wilsoni Chionodraco rastrospinosus 

No. of fish measured 3 484 164 
in codend 

No. of fish measured 651 1 1 
in codend 

Ps 10.1 1.9 

Fs 2.12 2.66 

Ws 0.63 0.75 

N 15.8 9.2 

Low 93.4 90.6 

Mow 88.3 69.6 

L50 23.4 29.4 

Li00 37.0 39.0 

L25 19.9 28.4 

L75 30.0 30.3 
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AGE DETERMINATION OF NOTOTHENIA GIBBERIFRONS FROM THE SOUTH 
SHETLAND ISLANDS, ANTARCTIC PENINSULA SUBAREA (SUBAREA 48.1) 

Esteban Barrera-Oro 

Abstract 

Age determination was carried out on Notothenia gibberifrons 
specimens collected at two localities near the South Shetland Islands 
(Low I. and Potter Cove, 25 De Mayo/King George I.). Samples 
consisted of small and medium sized fish (total length -
14.8-38 cm). Otolith and scale readings have been compared in 19 
Potter Cove specimens. In some cases scale readings gave a result of 
one year more. This could arise from the difficulty in differentiating 
between false and annual checks in scales. Age determination by 
otolith cross sections proved to be the most reliable method. Mean 
length data at age presented here for Low I. specimens were compared 
with previous published values. This confirmed that fish from the 
Antarctic Peninsula Subarea are smaller than those in the same age 
group around South Georgia. Likewise, our values are lower than the 
ones reported previously for specimens of South Bay, Palmer 
Archipelago. Possible reasons for these differences are discussed. It 
is expected that the Otoliths/Scales/Bones Exchange System 
established by CCAMLR will help to eliminate discrepancies in age and 
growth studies of Antarctic fish. 

Resume 

La determination de I'age a ete effectuee sur des specimens de 
Notothenia gibberifrons rassembles a deux emplacements pres des 
lies Shetland du Sud (Low Island et Potter Cove, lie 25 De Mayo/du 
Roi George). Les echantillons consistaient en poissons de taille petite 
et moyenne (Iongueur totale - 14.8-38 cm). Les lectures d'otolithes 
et d'ecailles ont ete comparees pour 19 specimens provenant de 
Potter Cove. Dans quelques cas, les lectures d'ecailles ont don ne un 
resultat d'un an de plus. Ceci pourrait resulter de la difficulte de 
differencier entre les quadrillages faux et annuels sur les ecailles. 
La determination de I'age au moyen de section transversale s'est 
montree la methode la plus fiable. Les donnees sur la taille moyenne 
par age presentees ici sur les specimens provenant de Low I. ont ete 
comparees avec des valeurs publiees anterieurement. Ceci a 
confirme que les pOissons de la sous-zone de la peninsule antarctique 
sont plus petits que ceux de la mame groupe d'age autour de la Georgie 
du Sud. De mame, nos valeurs sont plus basses que celles declarees 
anterieurement pour des specimens de South Bay, archipel Palmer. 
Les causes possibles de ces differences sont discutees. 11 est attendu 
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que le Systeme d'echange d'otolithes/ecailles/os etabli par la CCAMLR 
aidera a eliminera les ecarts dans les etudes sur I'age et la croissance 
des poissons antarctiques. 

Pe3IOMe 

I1POBO.llIUIOCb onpe.lleJIeHlie B03pacTa Notothenia qibberifrons no 
OOpa3l\aM, coopaHHbIM Ha .llBYX Y1..JaCTKaX paMOHa IO)I(HbIX 
llleTJIaH.llcKlix OCTPOBOB (O-B floy Ii 0yxTa 110TTep, O-B KIiHr­
,ll)l(OP.ll)l(). OOpa3l\bI COCTO$lJIIi 1i3 PbIO MaJIeHbKOro Ii cpe.llHerO 
pa3Mepa (aoCOJIIOTHa$l .llJIIiHa 14,8-38 CM.). BbIJIO npOBe.lleHO 

cpaBHeHlie OTOJIIiTOB Ii 1..JeIllYIi no 19 Oopa3l\aM 1i3 OYXTbI 
110TTep. 110 HeKoTopbIMli3 HIiX .llaHHble no 1..JeIllye .llaJIIi 
3aBbIIlIeHHbIM B03pacT - Ha 0.llIiH ro.ll OOJIbIlle. 3TO Mor JIO 

CJIY1..JIiTbC$I B CB$l31i C TeM, 1..JTO B 1..JeIllye TPY.llHO OTJIIi1..JIiTb 
HaCTO$lIUYIO rO.llOBYIO OTMeTKY OT oOMaHHoM. Onpe.lleJIeHlie 
B03pacTa no nOnepe1..JHOMY pa3pe3Y OTOJIIiTOB OKa3aJIOCb 
HaliOOJIee Ha.lle)l(HbIM MeTO.llOM. BbIJIO npOBe.lleHO cpaBHeHlie 
npe.llCTaBJIeHHbIX 3.llecb BeJIIi1..JIiH Cpe.llHIiX .llJIIiH no B03paCTaM 
.llJI$I Oopa3l\OB paMOHa O-Ba floy C onYOJIIiKOBaHHbIMIi paHbIlle 
.llaHHbIMIi. 3TO nO.llTBep.llIiJIO, 1..JTO PbIObI nO.llpaMOHa 
AHTapKTIi1..JeCKOrO nOJIYOCTpOBa MeHbIlle, 1..JeM PbIObI TOM )l(e 
B03paCTHOM rpynnbI, OOIiTaIOIUlie BOKpyr IO)I(HOM reoprlili. 
110.ll00HO 3TOMY, nOJIY1..JeHHble HaMIi BeJIIi1..JIiHbI MeHbIlle 
1i3BeCTHbIX paHee BeJIIi1..JIiH - .llJI$I Oopa3l\OB 1i3 3aJIliBa CaYT­
BeM, apXlineJIar l1aJIMep OOCY)l(.llaIOTC$I B03MO)l(Hble npli1..JIiHbI 
3TIiX paCXO)l(.lleHIiM. O)l(Ii.llaeTC$I, 1..JTO Y1..Jpe)l(.lleHHa$l 
AHTKOMoM CIiCTeMa OOMeHa Oopa3l\aMIi OTOJIIiTOB/1..JeIllYIiI 

KOCTeM nOMO)l(eT YCTpaHIiTb paCXO)l(.lleHIi$l B paOOTax no 

B03pacTY Ii POCTY aHTapKTIi1..JeCKIiX pbIO. 

Resumen 

Se realizo la determinacion de edad en ejemplares de Notothenia 
gibberifrons recolectados de dos localidades en las islas Shetland del 
Sur (Isla Baja y caleta Potter, isla Rey Jorge). Estas muestras 
comprendieron peces de tamano pequeno y mediano (14.8-38 cm de 
talla total). Se compararon las lecturas otolitos y de escamas en 19 
ejemplares Potter. En algunos de ellos las lecturas de escamas 
resultaron ser un sobrecalculo de la edad del pez por un ano. Esto 
podrfa ser producto de la dificultad para distinguir entre controles 
falsos y anuales en las escamas. La determinacion de la edad, por 
medio de cortes transversales de otolitos, demostro ser el metodo mas 
fehaciente. Se compararon datos de talla promedio por edad aqui 
presentados para los ejemplares de la isla Baja, con aquellos valores 
publicados anteriormente. Esto confirmo que los peces de la Subarea 
de la Peninsula Antartica son mas pequenos que aquellos del mismo 
grupo de edad en los alrededores de Georgia del Sur. Asimismo, 
nuestros valores son menores que los informados previamente para 



los ejemplares de South Bay archipielago de Palmer. Se tratan las 
posibles razones de estas diferencias. Se espera que el Sistema de 
Intercambio Otolitos/Escalas/Huesos, establecido por CCAMLR, 
contribuira a la eliminaci6n de discrepancias en los estudios sobre 
edad y crecimiento de los Peces Antarticos. 
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1 . INTRODUCTION 

Fish age determination is a subject of interest to the compass of CCAMLR. Since 1986 
it has been discussed by the Fish Stock Assessment Working Group at the follow-up 
workshop held in Moscow in July 1986, and at the annual Scientific Committee meetings. As 
a result of the deliberations an exchange system has been established to examine otoliths, 
scales and bones of selected species of Antarctic Fish. Notothenia gibberifrons was included 
as one of the commercially most important species. 

Up to now several papers have been published on the age and growth of 
N. gibberifrons. Kock et al. (1985) compiled data from different sources on mean total 
length and mean total weight for each age group of this species caught around South Georgia. 
Boronin and Frolkina (1976) (quoted in Kock et al. (1985); Shust and Pinskaya (1978) 
and Skora (quoted in Kock et al. 1985) worked with scales, while Hoffmann (1982) worked 
with first pelvic fin ray. Later on, Clasing et al. (1985), using otoliths, gave age-length 
information for a population sampled in South Bay (Palmer Archipelago, Antarctic Peninsula 
Subarea, Subarea 48.1). Discrepancies among the results of all these studies may arise 
from the following: different structures/methods used for age determination; different 
criteria for growth interpretation; growth differences due to geographical or populational 
variations of the samples. Thus, the aim of this paper is to contribute new data on age and 
length of N. gibberifrons from the South Shetland Islands by means of otolith analysis and 
emphasize the importance of the exchange system established by CCAMLR to standardize 
criteria for studying the age and growth of Antarctic fish. 

2. METHODS 

Samples* were obtained at two localities of South Shetland Is. (Figure 1) according to 
following detail: 

Location Low Island Potter Cove (25 De Mayo/King George I.) 

Date January 1985 February-May 1986 

Gear Bottom-trawl Trammel net 
(Scientific) 

Depth 40-90 m 14-50 m 

Fishes from Low I. were caught from the RV Polar Duke of the National Science 
Foundation, USA. For this study, immediately after capture, sagittal otoliths and scales of 
Potter Cove specimens were extracted, cleaned, dried and stored in paper envelopes until 
processing. Sex and total length of fishes were recorded. 

As observed by Everson (1980), sagittal otoliths of N. gibberifrons are too thick for 
direct examination, therefore a sectioning technique was used. This technique and the 
equipment used in this work have been described by Tomo and Barrera-Oro (1985). The 
otoliths of 95 Low I. specimens and 37 Potter Cove specimens were cut in sections of 0.4 mm 
thickness; otolith cross sections of 82 specimens from the first area and 29 from the second 
were selected for age determination. Sections were cut in the transverse plane of the otolith, 
through the nucleus. The remaining parts were also examined. The second sagittal otolith of 
the pair was sometimes cut in halves, in order to compare the results of their readings with 

* The material used in this study was not included in the CCAMLR Antarctic Fish Otolith/ 
Scales/Bones Exchange System. 
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those obtained from the section of the first otolith. These procedures facilitated the age 
determination, which was made by direct examination of the growth rings. The counting 
method was similar to that used by Barrera-Oro and Tomo (1988). The terminology and 
reading method described by Williams and Bedford (1974) was adopted. The observations 
were done with a stereomicroscope Wild M 8 with transmitted-light Stand EB, using 
preferably reflected light against dark background, at magnifications from 8 to 25 x. 

Before reading, scales were placed into a 5% alkaline solution for 36-48 hours. 
Then, selected scales of each specimen were cleaned mechanically, dried and mounted between 
microscope slides. Scales of 19 Potter Cove specimens were read. For age determination, 
the winter rings along the axis from the focus to the anterior margin were counted. The 
optical equipment used was the same as for the otoliths, but only with transmitted light at 
magnifications from 12 to 25 x. 

After Scherbich (1975), July 1 st was taken as the birth date from which the age of 
fish was calculated. 

3. RESULTS 

The examination of an otolith cross section under reflected and transmitted lights 
revealed that hyaline nucleus had an eccentric position. The growth rings could be observed 
in all the section; however the dorsal area was chosen as the best zone for counting the annuli 
(Figure 2). For further information about shape and size measurements of otoliths see 
North et al. (1984); Clasing et al. (1985) and Hecht (1987). 

The length distribution (Figure 3) shows that specimens collected from both 
localities were of small and medium sizes (20.2-38 cm for Low I.; 14.8-35.5 cm for 
Potter Cove). In Low I. the sex ratio between males and females was 1 :1.26 and females 
were of larger sizes. The amount of material from Potter Cove was insufficient to make a 
final comparison; however it was observed that fishes taken in the area were smaller 
(14.8-19.3 cm). This finding is in agreement with the known depth-distribution of the 
species. Our samples at Low I. were taken offshore, while Potter Cove is a fjord (shallow 
waters) area where the smallest juveniles of N. gibberifrons occur. 

Comparative analysis of otolith cros~ sections and scales of chosen specimens from 
Potter Cove allowed a simultaneousagEldetermination. Results are presented in Table 1. 
Both methods gave comparable results, 'however in some specimens reading of scales 
indicated one extra year. This finding is discussed below. 

Table 2 shows the observed age-length for N. gibberifrons from both localities. 
Potter Cove and Low I. fishes ranged from 4 to 10 years and from 5 to 13 years, 
respectively. Comparison of mean length at certain age groups suggested similarity in 
growth; however data from Potter Cove were not enough for full analysis. Mean lengths of 
females from Low I. were higher than those of corresponding males; more data are needed to 
make a significant comparison. Few age groups were well represented (6-9 year groups 
predominated), however, no data were obtained for the first 1-4 year age groups. 
Therefore, growth curves were not fitted. 

4. DISCUSSION 

Fishes of larger sizes were absent in our samples (only one specimen from Low I. was 
of 38 cm while the rest were below 35.5 cm). Data compiled for the last 13 years on length 
distribution of N. gibberifrons for the Antarctic Peninsula (AP) area were considered. 
According to data of Kelle and Kock (unpublished) (quoted in Kock et al.. 1985) and 
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Hoffmann (1982) for the South Shetland Is. and of Clasing et al.. (1985) for South Bay, 
Palmer Archipelago, the largest specimens ranged from 45 to 52 cm. Fish of such length 
probably inhabit greater depths than our net could reach (40-90 m) and so this would 
explain their absence in the samples of Low I. In Potter Cove, fjord fishes from shallower 
waters were adequately represented by small and medium sizes. 

In a qualitative analysis of otoliths, scales and bones (vertebrae-operculum) of 
N. gibberifrons, Kelle (1982) concluded that otoliths and preferably scales are useful for 
age determination studies of the species. Although Boronin and Frolkina (1976) (quoted in 
Kelle, 1982) had also indicated scales as the most appropriate structures, difficulties in 
their interpretation of the N. gibberifrons age have been reported. Everson (1980) found 
inconsistencies between age determined by otoliths and scales (scales indicated 1-2 years 
less). North et al. (1980) mentioned the difficulty in discriminating splits or false checks 
from the annual checks (winter checks) as well as in separating checks on the outer edge of 
old fish scales. In this study a comparison between age determination by means of scales and 
otolith cross sections of Potter Cove specimens showed general correlation. However, in 
some specimens scale readings resulted in one extra year (Table 1). This could arise from 
the difficulties with false checks as mentioned above, which caused age overestimation. 
Thus, in this work, age determination by otolith cross sections proved to be the most reliable 
method. Clasing et al. (1985) have already expressed the easiness of age determination of 
N. gibberifrons by otolith "crack and char method". 

The observed hyaline nucleus in otoliths of N. gibberifrons from South Shetland Is. 
was also reported by Clasing et al .. (1985) for specimens from South Bay, South Georgia and 
South Orkneys Is. According to this publication, hatching of larvae occurs during the 
Antarctic winter; that is to say, a non favourable season of the year. The populations of 
N. gibberifrons from South Bay and South Georgia would reach sexual maturity at 6.7 years 
of age (Clasing et al., 1988). 

Table 3 shows a comparison of mean total lengths data by age, between South Georgia 
(compiled by Kock et al. 1985) and AP specimens of N. gibberifrons. Mean lengths data have 
been calculated from the total length annuli number keys published in Clasing et al., 
(1985). The limited number of Potter Cove fishes has not been included in this comparison. 
For the South Georgia area, the reported data on age determination are well comparable in 
age groups up to 9 years except the data of Skora (quoted in Kock et al., 1985) due to 
discrepancies for fishes larger than 40 cm (Kock et al. 1985). Difficulties with checks, 
particularly in old fish might explain different results of authors working with scales. 
Length data at each age group clearly show a slower growth of fishes from the AP (Table 3). 
Colder waters at higher latitudes seem to be responsible for such a decrease in growth, as it 
was also observed by Clasing et al. (1985). Variations between the results obtained from 
South Georgia and AP specimens may also be in part explained by the different structures and 
methods used for age determination. Clasing et al. (1985) also used otoliths for the age 
readings and their samples (South Bay) were collected at nearly the same places as ours 
(Low I.). Nevertheless, they reported higher mean length values than those presented here 
(Table 3). Presumably, interpretation criteria used were different. Results of Skora 
(quoted in Kock et al. 1985) from scale analysis of South Georgia specimens, are similar to 
ours (Table 3). As it was mentioned, more than one reason might explain differences in the 
results of age and growth studies of a fish species. 

The Otolith/Scales/Bones Exchange System established by CCAMLR seems to be the 
adequate way of eliminating discrepancies in this subject. 
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Table 1: 

Specimen 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 

Comparison of age determined from otolith cross section (ot) and scales (s) in 
Notothenia gibberifrons specimens from Potter Cove, 25 De Mayo/King George 
Island. Age in years; total length in cm. 

MALES FEMALES 
Total PgJ Total ~ 
Length ot s Length ot s 

20.6 5 5/6 18/6 4 4/5 
23 6 6 20.3 5 6 
29.3 9 10 22.9 5 6 
29.4 8 9 24.2 6 5 
31 1 0 10 24.7 6 6 
31.6 1 0 11 25.1 6 6 

25.6 7 7 
29.9 9 9 
30.1 9 10 
31.2 9 9 
31.7 1 0 9/10 
32.3 1 0 10 
33.2 1 0 11 
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Table 2: 

Age 
group 

4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 

N 

1 
3 
8 
9 
9 
3 
2 

1 

+ 36 

Age-length observed values for each age group in male and female Notothenia gibberifrons from Low Island and 
Potter Cove. Age in years; range and mean length in cm. 

LOW ISLAND POTIERCOVE 

MALES FEMALES MALES FEMALES 

Mean Mean Mean Mean 

Range length N Range length N Range length N Range length 

3 18.6-19.3 1 9 

20.2 4 22.3-23.2 22.75 3 19.4-21.5 20.5 2 20.3-22.9 21.6 

22.8-24.8 24.07 5 24.6-26.4 25.14 1 23 3 24.2-25.1 24.67 

24.9-27.8 26.51 1 2 24.9-30.9 27.05 1 25.6 

25.9-29.8 27.91 21 26.3-32.3 28.79 
29.1-33.8 30.62 4 29.9-34.9 31.88\ 2 29.3-29.4 29. 35 1 6 29-35.5 30.8 

30.4-33.9 32.13 3 31-31.6 31.2 5 30.1-33.2 32 

30.4-38 34.2 

32.5 

+ 46 +9 + 20 
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Table 3: 

Age 
group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 

Mean length (cm) data according to age (years) of Notothenia gibberifrons for different authors in different 
zones. The type of structure used for age determination is specified. Sample numbers are indicated in 
parenthesis, when less than five. 

SOUTH GEORGIA ANTARCTIC PENINSULA 

South Bay Low Island 

Boronin and Shust and Hoffman Skora Clasing et al This paper 
Frolkina 1976 Pinskaya 1978 1982 1985 

Scales Scales Pelvic Otoliths Otoliths 
(j 9 (j « 0tQ fin ray Scales (j « rf Q 

8.4 8 8.2 
14.9 14.7 14.8 

21.5 22.9 20.5 20 20.2 21.7 21 
25.7 25.6 25.8 25.5 25.6 27.1 22.3 
29.5 29.1 29.5 29.6 29.5 30.6 23.2 20.2(1 ) 2.7 (4) 
33.5 33.7 32.8 32.5 32.6 34.4 25.3 24 (3) 25.1 
35.9 36.4 35.6 35.1 35.3 37.8 26.8 31 (1 ) 30 (2) 26.5 27 
38.4 38.8 38.7 38.1 38.4 39.6 29.3 31.4 32.8 27.9 28.8 
40.6 41.4 41.4 41.3 41.3 40.3 33.2 32.6 35.2 30.6 31.9(4) 
41.7 42.6 43.5 43.7 43.6 43 35.2 33.6 37 32.1(3) 
43.1 43.6 45.7 46 45.7 43.8 36.3 35.5 35.8 34.2(2) 
43.3 44.6 47.1 47.5 47.3 44 37.6 37.5 38 
44.4 44.9 48 49.1 48.5 39 37.2 39.4 32.5(1 ) 
45.4 45.3 49.5 50.5 50 40 40 (1 ) 39.8 
46.1 46.3 41.3 
46.7 47.2 41 
47.5 48.4 41.5(1) 45 (1) 
49.1 48.5 

43 (1 ) 
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Figure 1: Catch sites of Notothenia gibberifrons sampled at two localities of the South Shetland Islands, Antarctic Peninsula Subarea . 
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Tableau 1 

Tableau 2 

Tableau 3 

Figure 1 

Figure 2 

Figure 3 

TaoJu'fl.{a 1 

PIiCYHOK 1 

Legendes des tableaux 

Comparaison des ages determines par examination d'une section 
transversale des otolithes (ot) et des ecailles (s) des specimens de 
Notothenia gibberifrons de Potter Cove, lie 25 de Mayo/King George. Age 
en annees; longueur totale en cm. 

Valeurs ages-Iongueurs observees pour chaque groupe d'ages de Notothenia 
gibberifrons males et femelles de Low Island et Potter Cove. Age en 
annees; limites et longueur moyenne en cm. 

Donnees sur longueur moyenne (cm) par rang d'age (annees) des 
Notothenia gibberifrons pour differents auteurs dans differentes zones. Le 
type de structure utilise pour la determination de I'age est specifiee. Le 
nombre d'echantillons est indique entre parentheses, s'iI est inferieur a 5. 

Legendes des figures 

Sites de capture de Notothenia gibberifrons echantillonne a deux 
emplacements des lies Shetland du Sud, dans la sous-zone de la peninsule 
Antarctique. 

Dessin d'une section transversale d'une otolithe montrant la zone de 
denombrement utilisee pour le Notothenia gibberifrons. 

Distribution des frequences de longueurs pour le Notothenia gibberifrons. 
(A) Specimens de Low Island; (8) Specimens de Potter Cove, lie 25 de 
Mayo/King George. 

3arOJIOBKIi K TaOJIIil.{aM 

CpaBHeHlie B03pacTa. onpe.lleJIeHHOrO no cnliJIY OTOJIIiTa (ot) 1'1 
llelllYH (S) 3K3eMnJI.HpOB Notothenia gibberifrons. HaH.lleHHbIX B paHoHe 
3aJIliBa TIoTTep KOYB. o. KIiHr .ll.)lWP.ll)l(. B03pacT B rO.llax; ooru;a.H 
.llJIIiHa B caHTIiMeTpax. 

TIOJIYlleHHble nYTeM HaOJIIO.lleHIi.H BeJIlillliHbI COOTHOllleHIi.H 
B03pacT-.llJIIiHa .llJI.H Ka)K.llOH B03pacTHoH rpynnbI MY)KCKIiX 1'1 
)KeHCKIiX ocooeH Notothenia gibberifrons. C o. J10y 1'1 1'13 3aJIliBa 
TIoTTep.KoYB. B03paCT B r0.llax; npe.lleJIbI .llJIIiHbI 1'1 Cpe.llH.H.H .llJIIiHa B 
caHTIiMeTpax. 

,llaHHble no Cpe.llHeH .llJIIiHe (CM) B COOTBeTCTBli1i C B03paCTOM (rO.llbI) 
Notothenia gibberifrons • .llJI.H pa3HbIX aBTopOB 1'1 B pa3HbIX 30Hax. 
YTOllHeH Tlin IiCnOJIb30BaHHOH CTpYKTYPbI .llJI.H onpe.lleJIeHIi.H 
B03paCTa. B CKOOKax YKa3aHO KOJIlilleCTBO npoo (B CJIYllae. eCJIIi 
ObIJIO MeHbllle n.HTIi npOO). 

TIO.llnIiCIi K pliCYHKaM 

MeCTa BbIJIOBOB Notothenia gibberifrons. npOObI 1'13 KOTOPbIX ObIJIIi B3.HTbI 
B .llBYX paHOHax: Y IO)KHbIX ill eT JIaH.llCKIiX OCTPOBOB 1'1 Y 
AHTapKTlilleCKOrO nOJIYOCTpOBa. 
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PHCYHOK2 

PHCYHOK 3 

Tabla 1 

Tabla 2 

Tabla 3 

Figura 1 

Figura 2 

Figura 3 
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,llHarpaMMa CnHJIa OTOJIHTa, B npe,aeJIax KOToporo npoH3Bo,aHJIC.SI 

no,aC1..IeT ro,aoBhIX KOJIell. 

P acnpe,aeJIeHHe 1..IaCTOT ,aJIHHhI Y Notothenia gibberifrons. (A) 

3K3eMTIJI.SIphI C o. noy; (B) 3K3eMTIJI.SIphI 1'13 3aJIHBa TIoTTep KOYB, O. 

KHHr - ,ll)l( 0 p,a)l(. 

Encabezamientos de las Tablas 

Comparaci6n de edades determinadas por el corte transversal de otolitos 
(ot) y las escamas (s) en ejemplares de Notothenia gibberifrons 
procedentes de la caleta Potter, isla Rey Jorge. Edad en anos; tamano total 
en cm. 

Valores observados de edad-tamano para cada grupo de edad en machos y 
hembras de Notothenia gibberifrons procedentes de la is la 8aja y caleta 
Potter. Edad en anos; rango y tamano medic en cm. 

Datos de la talla promedio (cm) segun la edad (anos) de Notothenia 
gibberifrons por diferentes autores en distintas zonas. Se especifica el tipo 
de estructura utilizada para la determinaci6n de la edad. Los numeros de la 
muestra estan indicados entre parentesis, cuando es menos de cinco. 

Leyendas de las Figuras 

Sitios de captura de Notothenia gibberifrons muestreados en dos localidades 
de las islas Shetland del Sur, Subarea de la Peninsula Antartica. 

Dibujo de una secci6n transversal de un otolito mostrando el area de 
recuento utilizada para Notothenia gibberifrons . 

Distribuci6n talla - frecuencia en Notothenia gibberifrons. (A) 
Ejemplares de la is la 8aja; (8) Ejemplares de la caleta Potter, isla Rey 
Jorge. 
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PHYSICAL OCEANOGRAPHIC SETTING OF THE SIEDLECKI JANUARY 1987, 
SOUTH SHETLAND ISLAND DATA SET 

Arnold L. Gordon 

Abstract 

I n the vicinity of the northern tip of the Antarctic Peninsula, the 
Bransfield Straits and South Shetland Islands, cold polar waters from 
the Weddell Sea meet warmer circumpolar water from the Pacific 
Ocean. A series of fronts form which are collectively referred to as 
the Weddell-Scotia Confluence. Within the Confluence region the 
Weddell Gyre water is separated from the Pacific or Scotia Sea water 
by a zone of varied width (10 to 100 km) of water which can best be 
considered as continental margin water, advected into the region along 
the extreme western edge of the Weddell Gyre. It is relatively cold 
and low in salinity throughout the water column and prone to deep 
reach convective events, even as far north as the Bransfield Straits. 
Along the northern boundary of the Weddell-Scotia Confluence (the 
Scotia Front), where the Pacific water is encountered, there are 
indications of vigorous mixing processes of Bransfield Straits water 
(derived from the Weddell, with further local modification): an 
intrusive layer of Pacific derived relatively warm-salty water near 
300 meters depth and deeper intrusions (500-1 500 meters; e.g. 
Siedlecki stations 217, 226, 231, 235, 236 and 250) of Pacific 
water, as the Scotia Front protrudes to the south, perhaps associated 
with mesoscale structures. 

The Weddell-Scotia Confluence in the Bransfield Straits is associated 
with abundant krill populations. It is speculated that mixing of 
Weddell and Pacific waters near the tip of the Antarctic Peninsula is 
an important environmental feature related to this abundance. 

Resume 

Aux alentours de I'extremite nord de la Peninsule Antarctique, du 
detroit de Bransfield et des I'les Shetland du Sud, les eau x froides 
polaires de la mer de Weddell rencontrent les eaux circumpolaires 
plus chaudes venant de I'ocean Pacifique. La se forme une serie de 
fronts connus sous le nom collectif de Confluence de Weddell-Scotia. 
Au sein de la region de la Confluence, les eaux du courant 
tourbillonnaire de Weddell sont separees des eaux du Pacifique ou de 
la mer de Scotia par une zone d"eau de largeur variee (10 a 100 km) 
que I'on peut considerer comme une eau continentale marginale dont 
I'advection dans la region a lieu de long de I'extreme bordure 
occidentale du courant tourbillonnaire de Weddell. Cette eau est 
relativement froide et sa teneur en sel est faible dans toute la 
colonne; elle est egalement sujette a des mouvements de convection 
allant en profondeur, et cela meme au detroit de Bransfield au nord. 
Le long de la limite nord de la Confluence de Weddell-Scotia (le Front 
de Scotia), la Oll I'on rencontre les eaux du Pacifique, on remarque 
des indications d'importants processus de melange de I'eau du detroit 
de Bransfield (provenant de la mer de Weddell, subissant par la suite 

161 



162 

---------------------------------------------------------------------------

d'autres modifications locales) : une couche intrusive d'eau chaude et 
salee a pres de 300 metres de profondeur et des intrusions plus 
profondes (500-1 500 metres; par exemple les stations de Siedlecki 
217, 226, 231, 235, 236 et 250) des eaux du Pacifique au fur et a 
mesure que le Front de Scotia avance au sud - qui sont peut-etre en 
rapport avec des structures a moyenne echelle. 

La Confluence de Weddell-Scotia dans le detroit de Bransfield est 
associee a des populations abondantes de krill. 11 est possible que le 
melange des eaux de Weddell et du Pacifique pres de I'extremite de la 
peninsule Antarctique soit une caracteristique ecologique importante 
liee a cette abondance. 

Pe3IOMe 

HeB~aneKe OT ceBepHoH OKOHeqHOCTH AHTapKTHqeCKOrO 
nonyocTpoBa, nponHBa BpaHclPHn~a H IO)l(HbIX IlleTnaH~cKHx 
OCTPOBOB xonO~Hble nOn.HpHble 3aBO~bI MOp.H Y3~~enna 
BCTpeqaIOTC.H C oonee TennbIMH U;HpKYMnOn.HpHbIMH Bo~aMH 
THxoro OKeaHa. Oopa3yeTC.H p.H~ IPPOHTOB, KOTopble Bce 
BMeCTe Ha3bIBaIOTC.H KOHlPnI03HU;HeH Y3.a~enna-CKOTH.H. B 
paHoHe caMOH KOHlPnI03HU;HH BO~hl U;HpKynRU;HH MOP.H 
Y3~~enna OT ~en.HIOTCR OT BO~ THxoro OKeaHa H MOpR CKOTH.H 
30HOH pa3nHqHOH WHpHHbI (OT 1 0 ~o 100 KM.) , KOTOPYIO nyqlIIe 
Bcero paCCMaTpHBaTb KaK KOHTHHeHTanbHble npHOpe)l(Hble 
BO~bI, nepeMem;eHHble CIO~a B~onb caMOH KpaHHeH 3ana~HOH 
KpOMKH U;HpKyn.HU;HH MOp.H Y3~~enna. OHH OTHOCHTenbHO 
xonO~HbI H OTnHqaIOTC.H HH3KOH coneHOCTbIO no BceMY 
BO~RHOMY cTonoy, H B rnYOHHe HX qaCTO npOHCXO~.HT 
HHTeHCHBHble KOHBeKU;HOHHble .HBneHH.H, ~a)l(e TaK ~aneKO K 
ceBepy, KaK, HanpHMep, B nponHBe BpaHcIPHn~a. B~onb 
ceBepHOH rpaHHU;bI KOHlPnI03HU;HH Y3~~enna-CKOTH.H (IPPOHT 
CKOTH.H), r~e BCTpeqaIOTCR BO~bI THxoro OKeaHa, 
npOCne)l(HBaIOTC.H npH3HaKH HHTeHCHBHoro npou;ecca 
nepeMeWHBaHH.H BO~ nponHBa BpaHCIPHn~a (3aHeceHHblx H3 
MOPR Y3~~enna, HO C ~anbHeHWHMH, B03HHKWHMH Y)l(e 3~eCb 
H3MeHeHH.HMH): cnOH BTopraIOm;eHC.H H3 THxoro OKeaHa 
cpaBHHTenbHO TennOH H oonee coneHOH BO~bI Ha r nYOHHe 
OKono 300 M H, no Mepe Toro, KaK IPPOHT CKOTH.H BblcTynaeT Ha 
ror, - oonee rnYOOKHH cnoH (500-1500 MeTpoB; Hanp., 
BbITIOnHeHHble Ha "Ce~neU;KOM" CTaHU;HH 217, 226, 231, 235, 236 
H 250), qTO, nO-BH~HMOMY, CB.H3aHO C Me30MacwTaoHbIMH 
CTpYKTypaMH. 

KOHlPnI03HU;HR Y3~~enna-CKOTH.H B nponHBe BpaHCIPHnb~a 
accoU;HHpyeTC.H C MHOrOqHCneHHbIMH nonyn.HU;H.HMH KpHn.H. 
nenaeTC.H npe~nOnO)l(eHHe 0 TOM, qTO npOHCXO~Rm;ee y 
OKOHeqHOCTH AHTapKTHqeCKOrO nonYOCTpOBa CMeWHBaHHe 
BO~ MOP.H Y3~~enna H THxoro OKeaHa .HBn.HeTC.H Ba)l(HbIM 
lPaKTOpOM OKpY)l(aIOm;eH cpe~bI, C KOTOPbIM CB.H3aHa 
BblweynOM.HHYTa.H MHOrOqHCneHHOCTb. 



Resumen 

En las proximidades del extremo norte de la Peninsula Antartica, 
estrecho de Bransfield e islas Shetland del Sur, las frias aguas 
po lares del mar de Weddell confluyen con aguas mas calidas 
circumpolares del oceano Pacifico. Se forma una serie de frentes a 
los cuales se les llama colectivamente Confluencia de Weddell-Scotia. 
Dentro de la region de la Confluencia, las aguas de las vortices de 
Weddell se separan de las del Pacifico 0 del mar de Scotia por una zona 
de agua una amplitud que varia entre 10 Y 100 km que se puede 
considerar como agua del margen continental, lIevada a la region, a 10 
largo del borde extremo occidental de las vortices de Weddell. Es 
relativamente frio y bajo en salinidad en toda la columna de agua y 
propenso a casos de conveccion de alcance profundo incluso 
extendiendose hacia el norte hasta el estrecho de Bransfield. A 10 
largo del limite norte de la Confluencia de Weddell-Scotia (Frente de 
Scotia), donde converge con aguas del Pacifico, hay sef'iales de 
vigorosos procesos de mezcla de las aguas del Estrecho de Bransfield 
(que lIega del Weddell, con una mayor modificacion local): una capa 
intrusa del Pacifico dio como resultado aguas relativamente calidas y 
saladas cerca de los 300 metros de profundidad. Hubo tambien 
intrusiones aun mas profundas (500 - 1 500 metros; por ej. 
estaciones Siedlecki 217, 226, 231, 235, 236 Y 250) de aguas del 
Pacifico debido a que el Frente de Scotia sobresale con direccion al 
sur, esto tal vez este relacionado con estructuras de media escala. 

La Confluencia de Weddell-Scotia en el estrecho de Bransfield supone 
abundantes poblaciones de krill. Se especula que la mezcla de aguas 
del Weddell con las del Pacifico cercanas al extremo de la Peninsula 
Antartica es una caracteristica ambiental de importancia relacionada 
a dicha abundancia. 
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1. OCEANOGRAPHY AT THE TIP OF ANTARCTIC PENINSULA 

As we obtain more observations of the physical environment of the Southern Ocean, 
the better we appreciate the extent of its variability, at a variety of scales (Gordon, 1988). 
The mean climatic condition exists for only brief periods as the ocean stratification and 
circulation continuously swings between extremes. Certainly the unique biological 
community of the Southern Ocean responds to these changes in the habitat. Our challenge is 
to understand the causes of environmental variability and the response of krill to these 
changes. This is a most difficult task. The ocean-atmosphere-ice coupled system is in itself 
exceedingly complex. Added to this is the life cycle of krill, which we are only very slowly 
getting to know. 

The Bransfield Straits region marks the northwest corner of the Weddell Gyre. Here 
the cold Antarctic waters, which sweep north along the eastern margin of Antarctic 
Peninsula, meet the warmer waters carried in from the Pacific Ocean. It is a region of 
strong contrasts and deep reaching convection (Clowes, 1934, Gordon and Nowlin, 1978) 
and abundant krill population (Marr, 1962). 

The Weddell Gyre is a large, wind-driven cyclonic gyre, with a transport of 70 to 90 
Sv (Carmack and Foster, 1975; Gordon, Martinson and Taylor, 1981). The average speed of 
the surface current in the western boundary of the Gyre, of 8 cm/sec as measured by 
drifting ships and buoys, extended to the sea floor can easily account for the large transport. 
The western most rim of the Weddell western boundary current, pressed up against the 
continental slope, has been modified by convective processes and may be referred to as 
continental margin water, marking a transition from the deep water open ocean 
stratification to the colder shelf water masses. The continental margin water follows the 
continental slope, turning into the Bransfield Straits and becomes strongly coupled to the 
complex bottom topography of the South Scotia Ridge (including the South Shetland Islands), 
with some deep water passing into the Pacific Ocean (Nowlin and Zenk, 1988). Ocean 
dynamics suggests that the circulation would form an isobath contour following current, 
with shallower topography to the left of the velocity vector. 

The merging of the Weddell water with circumpolar waters entering the Atlantic via 
the Drake Passage, creates a zone of low stability, referred to as the Weddell-Scotia 
Confluence (Figure 1 presents a schematic of the Confluence structure; Gordon, 1967; 
Gordon, Georgi and Taylor, 1977; Deacon and Moorey, 1975; Patterson and Sievers, 1980). 
It displays intense eddy activity, which increases downstream from the initial contact of the 
two circulation regimes (Foster and Middleton, 1984). The Weddell-Scotia Confluence 
varies in width from 10's to 100 kms scale, presumably a consequence of mesoscale 
activity. However, there does seem to be a quasi-stationary form which is related to the 
topography of the South Scotia Ridge. The fronts marking the northern and southern edge of 
the Confluence have been called the Scotia Front and the Weddell Front, respectively 
(Gordon, Georgi and Taylor, 1977). he sea ice edge along this front is investigated with the 
shuttle imaging radar-B (SIR-B) by Carsey et al (1986). Comiso and Sullivan (1986) 
compare passive microwave data from satellite with field observations along the ice edge of 
the region. The sea ice edge also displays irregular patterns responsive to the mesoscale 
activity. 

In summary (see Figure 1): The Weddell-Scotia Confluence brings together waters 
with very different histories: cold polar Weddell water and warmer circumpolar Pacific 
water. In between these two large scale water mass or stratification regimes, is an order 
100 km wide zone of very cold, generally fresher water. This zone is referred to as the 
Weddell-Scotia Confluence Zone, includes the water of the Bransfield Strait, and is 
essentially continental margin water which has migrated along the flanks of Antarctic 
Peninsula before being injected into the open ocean. This water has a low degree of 
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stratification, with indications of vigorous vertical exchange processes and local water mass 
modification. The Weddell Scotia Confluence Zone extends northwest across the Scotia Sea and 
remnants can be identified as far east as the Greenwich Meridian. 

2. SIEDLECKI, 1986/87 

In 1986/87 the RN Professor Siedlecki obtained oceanographic data within the 
waters surrounding South Georgia and along the South Shetland Islands from Livingston 
Island to Elephant Island (Figure 2a, b). The cluster of stations around South Georgia 
(Siedlecki leg 1 }is not the focus of this paper. The South Georgia water mass structure 
varies little from station to station: it is essentially circumpolar water stratification (e.g. 
Gordon and Molinelli, 1982), with a temperature minimum of 0° to + 1.0°C with an 
underlying pycnocline truncated near the 27.7 aa density. 

2.1 57°W Section 

The water mass structure along the tip of Antarctic Peninsula does reveal strong 
spatial variability. A section of potential temperature and for salinity along approximately 
57°W passes from the Pacific zone into the continental zone of the Bransfield Strait between 
Elephant and King George Island (Figure 3a, 3b). The relatively warm-saline deep water of 
the Pacific circumpolar water is clearly defined to a position just south of station 214. An 
abrupt change occurs between stations 214 and 217, over the continental slope, which is 
fairly characteristic of this region. This intense thermohaline front marks the initiation of 
the Scotia Front or continental water boundary (see Nowlin and Clifford,. 1982). Above 100 
meters the front separates low salinity colder water of the north from higher salinity 
warmer water to the south. The opposite is the case for the bulk of the water column, below 
100 m. The haline front at the surface between stations 214 and 217 is quite strong, though 
the temperature expression of the front at the immediate surface is nearly absent. 

South of the front a warm-saline layer is observed within the 200-300 meter range. 
The a/s properties of this feature indicate that it represents poleward isopycnal spreading of 
much diluted Pacific deep water. Similar intrusions are often observed poleward of the 
shelf-slope front around Antarctica, re-enforcing the analogy that the South Shetland Island 
end of the Scotia Front is similar to a continental shelf-slope front of Antarctica. The 
Discovery data of the 1920's and '30's also shows the invasion of Pacific deep water into the 
Bransfield Strait through the passages of the South Shetland Islands (Clowes, 1934). 

Further south along the section the Pacific intrusion attenuates, replaced by the very 
cold, but low salinity water filling the Bransfield Basin, fed by inflow from the Weddell Sea. 
Deep reaching convection is common within this region (Gordon and Nowlin, 1978) with 
surface winter (freezing point) water of salinity 34.62 responsible for the deep convection. 
This water is probably derived from the margin of the Antarctic Peninsula. 

2.2 Potential Temperature/Salinity Relationship, a/s 

The regional a/s distribution (from the Southern Ocean atlas data set of Gordon and 
Molinelli, 1982) for "climatic" January and February is given in figure 4. The a/ S 
position of the various component water masses are labelled on figure 4. The Pacific Ocean 
water stands out as an arc marking the warmesVsaltiest water. The Weddell deep water a/S 
cluster found in the eastern end of the Bransfield Straits falls in the region of 0° to -0.7°C; 
34.65, marking the Weddell continental margin water advected into the area. The scatter of 
points at temperatures below -0.5°C marks the unique water mass filling the Bransfield 
Basins (see Gordon and Nowlin, 1978). The water within the Weddell-Scotia Confluence is 
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similar to water of the upper 1 000 m within the Bransfield Strait; deeper than that the 
Bransfield water seems to be isolated from the open ocean, its only means of 
"communication" being vertical exchange processes (Gordon and Nowlin, 1978). The a/s 
scatter at salinity less than 34.5 is composed of an array of points stretching from the 
summer surface water values to each of the three basic deep water units (Pacific, Weddell 
and Bransfield). 

Comparison of this large scale water mass structure to that of the Siedlecki 1986/87 
data provides a guide in identifying the origin of the stratification observed by the Siedlecki 
in the South Shetland Island region (the Siedlecki data set is separated into five groupings, 
shown in Figure 5). 

2.3 Group #1 Bransfield Strait 

The Bransfield Strait Group #1 (Figure 6) reveals the cold, low salinity water 
which fills the Bransfield Strait basins (to about 1 200 meters, the depth limits of the 
Siedlecki data). The relatively warm-saline feature observed between 0'0 range of 27.7 to 
27.8 is the same water discussed above (Figure 3 a,b). Comparison with the large scale 
water mass distribution (Figure 4) supports the statement that it is of Pacific deep water 
origin, which spreads along isopycnal surfaces into the Bransfield Straits. 

2.4 Group #2 South of Elephant Island 

This area (Figure 7) is similar to Group #1, with two exceptions: A Pacific water 
column station (214) is included in the northwestern corner of the group and its 
neighboring station 217 displays a relatively salty bottom water mass, extending to 27.8 0'0. 

In addition, the average depth of the stations is less than within group #1 and hence does not 
attain as low temperatures. The station 217 feature is similar to that observed within the 
cluster of stations centered at 60° 50'S and 55° 45'W, within group #3. The possible 
origin of this a/s feature is included in the discussion section of this paper. 

2.5 Group #3 North of Elephant Island 

In the region just north of Elephant Island (area #3; Figure 8), there are various 
blends of Bransfield Strait and Pacific circumpolar water, associated with the sharp 
continental front (or western end of the Scotia front) over the continental slope. Labelled on 
figure 8 are two such features: "A" which is a less salty blend falling along the continental 
front and "B" which is found within the cluster of stations centered at 60° 50'S and 55° 
45'W (as well as station 217 in group #2). 

2.6 Group #4 and #5 Western South Shetland Islands 

These shallow stations (Figure 9) show the typical Bransfield surface water. These 
stations are over the South Shetland Islands shelf zone and obviously south of the front with 
the Pacific water. 

3. DISCUSSION 

Besides Pacific water intrusions near 300 meters there appears to be Pacific 
influence within the deep water, below 500 meters. 
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The Siedlecki data within group #3 and at station 217 of group #2 reveal the 
presence of blends of Pacific deep water with Bransfield Straits water. These water columns 
have contact only along the front (the westward extension of the Scotia Front, shown in 
Figure 1) and hence are indicative of cross frontal mixing. Figure 8 shows the end-member 
water columns (Pacific, represented by station 244 and Bransfield, represented by station 
223) and stations representing various stages on mixing, for the blends marked A and B in 
the group #3 9/S. The stations with blend B all fall in the 1 000 to 1 500 m bottom depth 
interval, with the salinity steadily increasing to the bottom. It is possible that this mixture 
is induced by interaction of the front with the sea floor as the Scotia (or Continental) Front 
protrudes further south, perhaps associated with meso-scale variability. Stations with 
blend A (only three stations in the northeast corner of the group #3), are in deeper water, 
over 3 000 m, and the deepest segment of the 9/S curve follows the Pacific water column. 
Thus it is not the product of (at least) local interaction with the sea floor. 

The abundance of krill swarms, which often are confined to the northern slope of the 
Shetland Islands, might be related to the presence of mixing of Pacific water with water 
derived from the Weddell undergoing further modification within the Bransfield Straits. 
Additionally, in this region the cold waters of the Weddell, with a substantial winter sea ice 
cover, encounter the much warmer Pacific water. This is particularly the case north of 
Elephant Island. Rapid melting along the ice edge might enable establishment of an 
environment conducive to krill development and/or swarming. 

The Bransfield Straits, with its unique oceanographic regime and its krill population, 
make for an ideal area for study of the relationship of krill to its environment. 
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Figure 2a: Station map of Siedlecki hydrographic stations 1986/87 
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Figure 2b: Station map of Siedlecki hydrographic stations 1986/87 
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PRELIMINARY RESULTS OF A BOTTOM TRAWL SURVEY AROUND ELEPHANT 
ISLAND IN OCTOBER AND DECEMBER 1987 

K.-H. Kock 

Abstract 

A total of 40 bottom trawl hauls was carried out onboard RV 
Po/arstern in October and December 1987. Preliminary results 
indicate rather stable stock compositions in Chaenocepha/us aceratus, 
Notothenia gibberifrons and N. neg/ecta at least since February 
1985. In N. rossii the proportion of larger (= older) fish in the 
catches increased. Composition of the catches of C. gunnari differed 
significantly from that in previous seasons which argues for an 
exchange with C. gunnari from other shelf areas of the Peninsula 
region. 

Resume 

Un total de 40 traits de chalut de fond a ete effectue a partir du navire 
de recherche Po/arstern en octobre et decembre 1987. Les resultats 
preliminaires indiquent une composition plut6t stable des stocks de 
Chaenocepha/us aceratus, Notothenia gibberifrons et N. neg/ecta au 
moins depuis fevrier 1985. En ce qui concerne N. rossii, la 
proportion de poissons plus ages dans les prises etait en 
augmentation. La composition des prises de C. gunnari etait nettement 
differente de celle des saisons precedentes, ce qui denoterait un 
echange avec C. gunnari d'autres plateaux de la zone de la peninsule. 

Pe3IOMe 

B OKT.HOpe 11 .aeKaope 1987 r. HI1C "TIOJIapIIITepH" ObIJIO 
np0l13Be.aeHo B oow;eM CJIO)l(HOCTI1 40 TpaJIeHI1M ,aOHHbIM 
TpaJIOM. TIpe,aBapl1TeJIbHWe ,aaHHwe nOKa3aJII1 ,aOBOJIbHO 

YCTOMlIl'lBbIM, no KpaMHeM Mepe, C lPeBpaJI.H 1985 r., COCTaB 
3anaCOB Chaenocepha/us aceratus, Notothenia gibberifrons 11 
N. neg/ecta. B YJIOBaX N. rossii YBeJIl1lIl1JIaCb ,aOJI.H PbIO OOJIbIllerO 
pa3Mepa (T.e. oOJIee cTapllIeM). CocTaB YJIOBOB C. gunnari 
CI1JIbHO OTJIl1lIaJIC.H OT COCTaBOB YJIOBOB B npe,aw,aYW;l1x 
ce30Hax, lITO .HBJI.HeTC.H ,aOBO,aOM B nOJIb3Y TOM TOlIKI1 3peHI1.H, 
lITO I1MeeT MeCTO OOMeH C 3anaCaMI1 C. gunnari ,apyrl1X YlIaCTKOB 
llIeJIblPa B paMOHe AHTapKTl1lIeCKOro nOJIYOCTpOBa. 

Resumen 

Se lIev6 a cabo un total de 40 lances de arrastre de fondo a bordo del 
8/1 Po/arstern en octubre y diciembre de 1987. Los resultados 
preliminares indican composiciones bastante estables en las 
poblaciones de Chaenocepha/us aceratus, Notothenia gibberifrons y 
Notothenia neg/ecta por 10 menos desde febrero de 1985. En N. rossii 
aument6 la proporci6n de peces de mayor tamafio (= de mas edad). La 
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composicion de las capturas de C. gunnari fue significativamente 
diferente a la de temporadas anteriores, 10 cual indica un intercambio 
con C. gunnari de otras areas de la plataforma de la region de la 
Peninsula. 



1 . INTRODUCTION 

Since 1975/76 the Federal Republic of Germany has been carrying out a long-term 
program to study the biology and dynamics of fishes around Elephant Island as well as their 
interactions with the environment and their trophic links with plankton and benthos. In the 
first years (1975/76, 1977/78, 1981) investigations focussed on the commercially 
exploitable species Notothenia rossii, N. gibberifrons, Champsocephalus gunnari and 
Chaenocephalus aceratus. During SIBEX in 1983 the program was extended to all fish 
species. Since then, surveys have been carried out in November 1983, February 1985, 
May/June 1986 and October and November 1987. Results of the surveys until 1986 have 
been described by Kock (1986) and Nast et al. (1988). 

Results of the most recent survey in October and December 1987 are described as 
follows. 

2. MATERIAL AND METHODS 

Based on the stratification of the shelf by depth and fish abundance (Kock, 1986), 40 
sampling stations were chosen randomly but restricted to areas where'trawling conditions 
were moderate to good. Additionally 6 shallow water stations were carried out off the south 
coast of the island between Isla Rowett and Endurance Glacier. 

From 28 October to 1 November and 13-16 December 1987, 21 and 19 hauls (Stat. 
Nos 67-89 and 218-236) were carried out by RV Polarstern using a 140' bottom trawl 
with a small meshed liner of 20 mm. Sampling depth varied from 65-458 m. Standard 
trawling time was 30 minutes. The location of fishing stations is set out in Figure 1. 

The shallow water area southwest of Endurance Glacier was sampled by the launch 
Polarfuchs on 12 December 1987 using a 4 m beam trawl with a mesh size of 10 mm. 
Fishing depth varied from 10-60 m. Trawling time was 15 minutes. 

Total length of the specimens sampled was measured to the nearest cm below. Age 
determinations in Notothenia rossii were carried out by means of scales following methods 
and results of Freytag (1980). Maturity stages were determined according to Everson's 
(1977) five-point-scale. 

3. RESULTS 

3.1 Catch Composition 

A total of 40 species was present in the catches (Table 1). Except for Akarotaxis 
nudiceps (Bathydraconidae) and Paraliparis sp. (Liparididae) all had been reported on 
previous cruises (see Nast et al., 1988). The catch of a number of egg capsules of Bathyraja 
sp. (most probably B. maccaim) containing embryos close to hatching at 295-426 m depth 
(Stat. Nos. 234-236) is the first record of rajid egg capsules with developing embryos in 
the Peninsula region. 

The 40 hauls yielded a total catch of 18.04 tonnes. The most abundant species in 
terms of biomass were Notothenia gibberifrons (57.7%), Chaenocephalus aceratus 
(17.1 %), Notothenia neglecta (8.8% mainly in December), Notothenia rossii (5.4%, 
mainly in December) and Champsocephalus gunnari (5.2%). 

The beam trawl catches in shallow waters were predominated by small 
N. gibberifrons (3-5 cm and 8-13 cm total length) which probably represent age classes 
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1 + and 2+. Other species present were Harpagifer antarcticus, 2 pelagic fingerlings of 
N. neglecta (62 and 70 mm total length) at 20 and 40 m depth, Chaenocephalus aceratus, 
Trematomus and Parachaenichthys charcoti. 

3.2 Catches and Length (Age) Compositions of the Most Abundant Species 

3.2.1 Notothenia gibberifrons 

The species was present on all stations fished. Catches were mostly in the order of 
50-250 kg. Catches of more than 1 000 kg were only obtained west of the island and 
northwest of Seal Rocks (Figure 2). 

Catches consisted mostly of individuals of 22-45 cm length. Length compositions 
were very similar for both fishing campaigns (Figure 7). Gonads of adult fish were all in 
resting stage (stage 2). 

3 .2.2 Chaenocephalus aceratus 

More than 70% of the catches contained less than 100 kg. Higher catches with a 
maximum of 407 kg were primarily taken northwest, north and northeast of Seal Rocks 
(Figure 3). 

Fish of 10-70 cm were present in the catches. Individuals> 56 cm were exclusively 
females. The first 3 peaks in the length frequency composition (Figure 8) most probably 
represent age classes 1 +, 2+ and 3+. 

The shift in these peaks by about 2 cm within a 6 weeks period gives some indication 
on the growth performance in late spring/early summer. Gonads of sexually mature fish 
were all in stage 2. 

3.2.3 Notothenia neglecta 

Catches of N. neglecta exceeded 100 kg only twice, when 885 and 353 kg were taken 
northwest and east of Seal Rocks in December (Figure 4). 

Length frequency composition was similar in October and December. The bulk of fish 
was 40-50 cm long (Figure 7). 

More than 95% of the fish were sexually mature. Their gonads were all in resting 
stage. 

3.2.4 Notothenia rossii 

Notothenia rossii were only observed on 16 out of the 40 stations fished. Only single 
specimens were caught except in a haul off the north coast of the island where 858 kg were 
taken in December (Figure 5). 

Fish of 43-59 cm predominated in the catches. They mostly belong to age classes 7 
and 8 (Figure 8 and Table 2). 
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Females up to 50 cm were mostly juveniles. Larger females were mainly in stage 2. 
About 20% of the mature females had developing ovaries. Males were almost exclusively 
sexually mature. About 30% of them had developing testes. 

3.2.5 Champsocepha/us gunnari 

Catches of C. gunnari rarely exceeded 50 kg. The maximum catch was 372 kg taken 
northwest of Seal Rocks in December (Figure 6), which consists almost exclusively of age 
class 1 + fish. 

In October individuals of 26-32 cm predominated (Figure 7), which were also 
present in December. Then, however, the bulk of specimens was 11-14 cm long (Figure 7) 
and belonged to age class 1 +. 

Most of the fish were juveniles. Sexually mature fish were from 28 cm onwards. 
Nearly all gonads were in resting stage. 

4. DISCUSSION 

Elephant Island is an area where two ichthyofaunal groups mix: those with a lesser 
Antarctic or seasonal pack ice zone type of distribution and those with a greater Antarctic 
type of distribution. Species with a lesser Antarctic type of distribution which are 
represented by the genus Notothenia and the icefish Chaenocepha/us aceratus and 
Champsocepha/us gunnari, however, made up more than 98% of the catches (Le. biomass). 

Except for Notothenia gibberifrons catches of all species were in same order as 
during previous surveys, indicating little or no change in their biomass. Catches of 
N. gibberifrons were lower than during a previous survey in May/June 1986, when the 
species was found to form prespawning aggregations. This may have influenced the amount of 
catches. 

Analysis of length frequency distributions indicate little or no changes in the stock 
compositions of N. gibberifrons, Ch. aceratus and N. neg/ecta since the previous survey in 
May/June 1986. Information on N. rossii which was the target species in the commercial 
fishery in 1979/80 (total catch: 18 753 tonnes) is based on only one haul and should thus 
be regarded with care. Since the previous surveys in 1985 and 1986 the proportion of 
individuals >50 cm has increased. Age classes 7+ and to a lesser extent 8+ predominated 
compared to 1985 and 1986 when age class 6+ was the most dominant in the catches. Length 
composition of C. gunnari, which was the target species in the fishery from 1978/79 to 
1982/83, differed significantly from that in 1985 and 1986 arguing for an exchange with 
individuals from other shelf areas of the Peninsula region. 
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Table 1: List of fish species caught during Po/arstern ANT VI/2 around Elephant Island 

Notothen iidae 

Dissostichus mawsoni 
P/euragramma antarcticum 
Notothenia rossii marmorata 
N. gibberifrons 
N. neg/ecta 
N. kempi 
Nototheniops /arseni 
N. nudifrons 
Trematomus eu/epidotus 
T. newnesi 
Pagothenia bernacchii 
P. hansoni 

Harpagiferidae 

Harpagifer antarctius 

Muraenolepidae 

Muraeno/epis microps 

Zoarcidae 

Lycodichthys antarcticus 
Ophtha/mo/ycus amberensis (?) 
Zoarcidae sp. 

Trichiuridae 

Paradip/ospinus gracilis 

Myctophidae 

E/ectrona sp. 
Gymnoscope/us nicho/si 

Channichthyidae 

Champsocepha/us gunnari 
Chaenocepha/us aceratus 
Chionodraco rastrospinosus 
Cryodraco antarcticus 
Chaenodraco wilsoni 
Pseudochaenichthys georgianus 
Neopagetopsis ionah 
Pagetopsis macropterus 

Bathydracon idae 

Akarotaxis nudiceps 
Parachaenichthys charcoti 
Prionodraco evansii 
Racovitzia g/acialis 
Gymnodraco acuticeps 
Ger/achea australis 

Rajidae 

Bathraja eatonii 
B. maccaini 
B. species 2 
Bathyraja sp. egg capsules 

Liparididae 

Paraliparis sp. 1 
Paraliparis sp. 2 

Paralepididae 

Noto/epis coatsi 
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Table 2: Age length of Notothenia rossii marmorata from Elephant Island in December 
1987 

length 
group 
(cm) 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

n 

192 

age class 

5+ 6+ 7+ 8+ 9+ 10+ 11+ 12+ 13+ 14+ 15+ 

1 

1 
2 

1 
1 1 4 

1 4 
3 9 1 
2 18 1 
3 22 3 
1 30 
2 35 1 
1 17 3 

15 6 
9 1 1 1 
4 1 1 1 
4 1 1 3 

2 4 
4 5 1 
1 4 1 
1 3 1 

3 2 1 
1 2 

2 1 

1 2 

1 

3 1617256 25 8 5 1 1 
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Catches of Chaenocephalu5 aceratu5 around Elephant Island in October and 
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Chaenocephalus aceratus 
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Length composition of Notothenia rossii marmorata and Chaenocephalus 
aceratus around Elephant Island in October and December 1987. 
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Tableau 1 

Tableau 2 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

TaoJIfll.{a 1 

TaoJIfll.{a 2 

PflCYHOK 1 

PflCYHOK 2 

PflCYHOK 3 

Legendes des tableaux 

Liste des especes de poissons pris pendant la campagne d'etude Po/arstern 
ANT VI/2 autour de I'ile de l'Elephant. 

Clef ages-Iongueurs de Notothenia rossii marmorata pres de I'ile de 
l'Elephant au mois de decembre 1987. 

Legendes des figures 

Emplacement des stations de peche. 

Prises de Notothenia gibberifrons autour de I'ile de l'Elephant aux mois 
d'octobre et decembre 1987. 

Prises de Chaenocepha/us aceratus autour de I'ile de l'Elephant aux mois 
d'octobre et decembre 1987. 

Prises de Notothenia neg/ecta autour de I'ile de l'Elephant aux mois 
d'octobre et decembre 1987. 

Prises de Notothenia rossii autour de I'ile de l'Elephant aux mois d'octobre 
et decembre 1987. 

Prises de Champsocepha/us gunnari autour de I'ile de l'Elephant aux mois 
d'octobre et decembre 1987. 

Compositions en longueurs de Champsocepha/us gunnari, Notothenia 
gibberifrons et Notothenia neg/ecta autour de I'ile de l'Elephant aux mois 
d'octobre et decembre 1987. 

Compositions en longueurs de Notothenia rossii marmorata et 
Chaenocepha/us aceratus autour de I'ile de l'Elephant aux mois d'octobre et 
decembre 1987. 

3arOJIOBKfI K TaOJIfll.{aM 

CnflCOK BfI,[{OB PbIO. YJlOBJleHHbIX BO BpeM.H nporpaMMbI TIOJlapCTepH 

ANT VI/2 B paHOHe o. 3J1eq,aHT. 

Onpe,[{eJIflTeJlbHa.H TaOJlfll.{a no COOTHOIIIeHflIO B03pacT-,[{JlflHa ,[{JI.H 
Notothenia rossii marmorata • B3.HTOH C o. 3J1eq,aHT B ,[{eKaope 1987 r. 

TIo,[{nflcfI K pflcYHKaM 

PacnOJlO)l(eHfle PblOOJlOBHblX cTaHl.{HH. 

YJlOBbl Notothenia gibberifrons. B paHoHe o. 3J1eq,aHT B OKT.HOpe fI 

,[{eKaope 1987 r. 

Y JlOBbl Champsocepha/us aceratus B paHoHe o. 3J1eq,aHT B OKT.HOpe fI 

,[{eKaope 1987 r. 
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P1'ICYHOK 3 

P1'ICYHOK 5 

P1'ICYHOK 6 

P1'ICYHOK 7 

P1'ICYHOK 8 

Tabla 1 

Tabla 2 

Figura 1 

Figura 2 

Figura 3 

Figura 4 

Figura 5 

Figura 6 

Figura 7 

Figura 8 
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Y JIOBbI Notothenia neglecta B pafloHe o. 3JIecpaHT B OKT.HOpe 1'1 .lleKaOpe 
1987 r. 

Y JIOBbI Notothenia rossii B pafloHe o. 3JIecpaHT B OKT.HOpe 1'1 .lleKaOpe 
1987 r. 

YJIOBbI Champsocephalus gunnari B pafloHe o. 3JIecpaHT B OKT.HOpe 1'1 

.lleKaOpe 1987 r. 

COCTaBbI .llJI1'IHbI Champsocephalus gunnari, Notothenia gibberifrons , 1'1 

Notothenia neglecta B pafloHe o.3JIecpaHT B OKT.HOpe 1'1 .lleKaOpe 1987 r. 

COCTaBbI .llJI1'IHbI Notothenia rossii marmorata 1'1 Champsocephalus aceratus B 
pafloHe o. 3JIecpaHT B OKT.HOpe 1'I.lleKaOpe 1987 r. 

Encabezamientos de las Tablas 

Lista de especies de peces capturadas durante el PoJarstern ANT VI/2 
alrededor de la is la Elefante. 

Clave edad-tamano de Notothenia rossii marmorata de la isla Elefante en 
diciembre de 1987. 

Leyendas de las Figuras 

Localizaci6n de las estaciones pesqueras. 

Capturas de Notothenia gibberifrons alrededor de la is la Elefante en octubre 
y diciembre de 1987. 

Capturas de ChaenocephaJus aceratus alrededor de la isla Elefante en 
octubre y diciembre de 1987. 

Capturas de Notothenia neglecta alrededor de la is la Elefante en octubre y 
diciembre de 1987. 

Capturas de Notothenia rossii alrededor de la isla Elefante en octubre y 
diciembre de 1987. 

Capturas de ChampsocephaJus gunnari alrededor de la is la Elefante en 
octubre y diciembre de 1987. 

Composiciones por talla de ChampsocephaJus gunnari, Notothenia 
gibberifrons y Notothenia neglecta alrededor de la isla Elefante en octubre y 
diciembre de 1987. 

Composiciones por talla de Notothenia rossii marmorata y Chaenocephalus 
aceratus alrededor de la isla Elefante en octubre y diciembre de 1987. 



SC-CAMLR-VII/8G/16 

LARGE-SCALE PECULIARITIES OF PHYTOCENOSIS SPECIES COMPOSITION IN 
THE SURFACE LAYER IN THE ANTARCTIC ATLANTIC AND INDIAN OCEAN 
SECTORS 

R.R. Makarov and K.P. Fedorov 

Abstract 

In surface phytoplankton samples (layer between 0 and 1 m) taken with a 
sampler towed by RV Professor Vize, Corethron criophilus dominated over 
vast areas within the distribution of the south peripheral waters and 
the centre of the Weddell Gyre. In the eastern Weddell Gyre a great 
change in the composition of phytoplankton species was registered. 
Variability in phytoplankton species composition occurred mainly in 
the Antarctic Convergence Zone. A seasonal shift in species composition 
was observed in the same regions (sub-Antarctic waters, the Convergence 
Zone proper, south periphery of the Antarctic Circumpolar Current). A 
great change in phytoplankton composition was also found near the 
continent (Alasheev Bay). During the observation season maximum biomass 
values of surface phytoplankton were registered in the south periphery of 
the Antarctic Circumpolar Current. 

Resume 

Parmi les echantillons de phytoplancton preleves en surface (couche 
o - 1 m) a I'aide d'un echantillonneur remorque par le navire de 
recherche Professor Vize, les Corethron criophilus predominaient 
sur de vastes zones correspondant aux eau x meridionales de la 
peripherie du courant circumpolaire antarctique et du tourbillon 
central de la mer de Weddell. Dans la partie orientale du courant 
tourbillonnaire de la mer de Weddell, un changement important dans 
la composition par especes du phytoplancton fut enregistre. La 
diversite de la composition par especes du phytoplancton a surtout ete 
observee dans la zone de la Convergence antarctique. Des changements 
saisonniers dans la composition par especes furent aussi observes 
aux abords du continent (baie d'Alasheev). Pendant la saison 
d'observation, les valeurs maximales exprimant la biomasse du 
phytoplancton de surface furent relevees dans la peripherie 
meridionale du courant circumpolaire antarctique. 

PealOMe 

OOpaa1J;bI qnlTOnJIaHKTOHa nOBepxHocTHoro CJIO.H (r JIYOHHOH 
OT 0 ,llO 1 M) B3.HTble npOOOOTOOPHHKOM no KYPCY CJIe,[{OBaHH.H 
HI1C "[JpocjJeccop BH3e", nOKa3aJIH, llTO B Tex aKBaTopFUIX, Ky,[{a 

3aXO,[{HJIH BO,[{bI IO)KHOH nepHlpepHH AHTapKTHlleCKoro 

1J;HpKYMnOJI.HpHOrO TelleHH.H H 1J;eHTpaJIbHOH 1J;HPKYJI.H1J;HH 
MOp.H Y:3,ll,[{eJIa, Ha orpOMHbIX npOCTpaHCTBax ,[{OMHHHpOBaJI 

BH,ll Corethron criophilus. B BOCTOllHOH llaCTH 1J;HPKYJI.H1J;HH MOp.H 
Y:3,ll,lleJIa ObIJIO OTMelleHO CHJIbHOe H3MeHeHHe BH,llOBOrO 
COCTaBa <pHTOnJIaHKTOHa. HeYCTOHllHBOCTb BH,[{OBoro COCTaBa 
<pHTOnJIaHKTOHa npO.HBJI.HJIaCb B OCHOBHOM B aOHe 
AHTapKTHl·IeCKOrO KOHBepreH1J;HH. Ce30HHbIH C,llBHr B BI1,llOBOM 
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COCTaBe HaOJIIO,llaJIC.SI B TeX )I(e paflOHaX (CyoaHTapKTlPleCKFle 

BO,llbI, QeHTp 30HbI KOHBepreHQFlFI, IO)I(Ha.SI nepmI>epFI.SI 
AHTapKTFlqeCKOrO QFlpKYMnOJI.SIpHOrO TeqeHFI.SI) .BOJIblliFle 
Fl3MeHeHFI.SI B BFI,llOBOM COCTaBe ~FlTOnJIaHKTOHa TaK)I(e 
HaOJIIO,llaJIFlCb y Ma TepFlKa (3aJIFlB AJIallleeBa). 3a nepFlO,ll 
npOBe,lleHFI.SI HaOJIIO,lleHFlfI MaKCFlMaJIbHble BeJIFlqFlHbI OFlOMaCCbI 

~FlTOnJIaHKTOHa nOBepXHOCTHoro CJIO.SI ObIJIFI OTMeqeHbI B 
paflOHe IO)I(HOfl nepFl~epFlFl AHTapKTFlqeCKOrO 

QFlpKYMnOJI.SIpHOrO TeqeHFI.SI. 

Resumen 

Las muestras de fitoplancton de aguas superficiales (capa entre 0 y 
1 m) tomadas con un muestreador remolcado por el 8/1 Professor 
Vize, Corethon criophilus, predominaron en vastas zonas de la 
distribucien de las aguas perifericas del sur y el centro de las 
vortices de Weddell. AI este de las vortices de Weddell se registre un 
gran cambio en la composicien de las especies fitoplancton. Hubo 
variabilidad en la composicien de las especies fitoplancton 
principalmente en la Zona de la Convergencia Antartica. Se observe 
un cambio estacional en la composicien de las especies en dichas 
regiones (aguas subantarticas, zona de la convergencia misma, 
periferia sur de la Corriente Circumpolar Antartica). Tambien se 
observe un gran cambio en la composicien de las especies fitoplancton 
cerca del continente (bahfa Alasheev). Durante la temporada de 
observacien se registraron valores maximos de la biomasa del 
fitoplancton de la superficie en la periferia sur de la Corriente 
Circumpolar Antartica. 



To study plankton over vast areas with the help of routine oceanographic surveys is 
practically impossible. Recorders towed by the vessel and various kinds of pumps providing 
continuous recordings of plankton composition are used for these purposes. Such studies 
were implemented during cruises of Japanese ice-breakers in the Indian Ocean sector on 
their route to Syowa Station (LOtzow Holm Bay). Interesting results on spatial fluctuations 
of C14 were obtained (Taniguchi et ai, 1986). 

Similar studies were conducted during the 1987/88 season by RV Professor Vize 
(AANII Research Institute) during the cruise in the Atlantic and Indian Ocean sectors. A 
sampler inserted into a special outboard arm was designed out of the tube of the pitometer log 
and used to take plankton samples (Zhokhov, Maksimov, 1973; Zhokhov, Fedorov, 1987). A 
special filtration device with changeable filters (plankton net N 70) fitted to the reception 
hose made it possible to take plankton samples. Filtration was usually conducted at a speed of 
1 litre per 1-2 minutes. The inlet of the device was submerged to a depth of 1 m for 
collection of surface phytoplankton. Zooplankton samples (copepods, Hyperiidae, 
euphausiids, pteropods) were usually small and therefore could not be analysed. 
Comparisons showed that species composition of dominating diatoms in samples taken with 
the sampler did not differ greatly from that of samples taken by nets in the layer between 0 
and 100 m. 

In February to April 1988 five tacks (8520 miles) were made (Figure 1). Specific 
analysis of samples was done with quick methods (see Vladimirskaya et ai, 1976). Raw 
weight of phytoplankton in samples was determined and later recalculated per g/m3 • Species 
compositions of phytocenosis estimated by key and subordinate forms were compared by 
their abundance. Sampling was accompanied by continuous recording of surface water 
temperature. 

Distribution of phytocenosises along the tacks is indicated in Figure 1; notches 
indicate sampling points. Detailed data on phytocenosis composition, phytoplankton biomass 
and surface temperatures for every tack are shown in Figures 2 to 6. 

One of the most important circulation systems in the Antarctica, the Weddell Gyre, 
was surveyed. The mere change of phytocenosis composition usually indicates the location of 
boundaries between different types of waters (Vladimirskaya et ai, 1976; Makarov, 1983). 
The general location of the latter, which fully corresponds with modern views on the system 
of circulation and the composition of waters in the region (Deacon, 1979; Comiso and 
Gordon, 1987; Bagryantsev and Guretsky, 1986), makes it possible to characterize each 
water type of the surveyed area by their phytocenosis compositions. 

The tacks I, 11 and III (see Figures 2 to 4) crossed the west area of the South Polar 
Front. A wide range of phytoplankton species was typical for this region. It is quite natural 
because at least waters of three types are present there. In the waters of the south 
(Antarctic) periphery of the Antarctic Circumpolar Current Chaetoceros criophilis 
dominated in samples. The sub-Antarctic part of the Antarctic Circumpolar Current was 
characterized by the successive substitution (in the course of time) of Corethron criophilum 
for Rhizosolenia spp (see also, for instance, Hart 1934). The same plankton community was 
recorded north of the South Polar Front on tack V. Regular occurrences of Thalassiothrix 
antarctica were recorded in the frontal waters. C. criophilum was dominant in samples 
taken at later dates. A substantial proportion of T. antarctica was also found in the south 
Scotia Sea. Differences of phytocenosis composition on each tack (in the same waters) could 
be related to regional features of phytoplankton distribution. Seasonal succession is 
evidently responsible for these differences too. 

c. criophilus almost solely prevailed eastwards along tacks I and I1 (see Figures 2 
and 4). On certain parts of tack I this species was associated with the southern branch of 
the Antarctic Circumpolar Current, while on tack 3 as well as on tack 11 (southern part, 
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Figure 3) it was associated with the central part of the Weddell Gyre, which consisted 
exclusively of the waters of the Weddell Sea. High biomass of C. criophilus (up to 24 g/m3) 

was recorded only in the waters of the Antarctic Circumpolar Current. In other regions 
phytoplankton biomass was lower. 

In the eastern part of the Weddell Gyre where, as it is known, the system flow turns 
southward (Deacon, 1979), the warm Weddell counter-current is formed and then turns 
southwestward (Bagryantsev and Guretsky, 1986). Environment conditions for the 
phytoplankton development evidently undergo significant changes in the waters south of 500S 
(100E). In these waters phytocenosises were characterized by a wider species composition 
(see Figure 1). C. criophilus lost its importance. Two other species, T. antarctica and 
R. hebetata, prevailed in the community, but a substantial drop in phytoplankton biomass 
was observed (eastern part of tack Ill, tacks IV and V, see Figures 4 to 6). As one can see, 
changes in the community along the tacks were traced only in the south, while in the central 
part across the south of the Antarctic Circumpolar Current, C. criophilus dominated and 
phytoplankton biomass was increasing. 

Tack V was made in the area where waters of the Antarctic Circumpolar Current 
extend into the southern latitudes, with C. criophilus dominating in the plankton community. 
The exchange of characteristics between boundary waters occurs due to the separation of 
meanders and formation of eddies. Higher phytoplankton biomass on tack V at 58° to 59°S 
(see Figure 6) and on tack VI at 59°S (see Figure 5) was a particular sign of the impact of 
the inflow of the rather cold water of the south periphery of the Antarctic Circumpolar 
Current. Simultaneous changes occurred in the composition of the community (C. criophilus 
dominated again) and the surface temperature increased. The community of mixed waters 
extended evidently far eastward into the higher latitude waters (southern part of section V) 
following the main system of currents which is typical for this part of the Antarctic Indian 
Ocean sector (Comiso and Gordon, 1987). 

In distant south areas C. criophilus is also important (southern part of tack IV, see 
Figure 5). However, the prevalence of this species in these waters was as large as compared 
to other areas. This area was occupied by coastal waters of the Cosmonaut Sea, which were 
not affected by the transformed waters of the Weddell Gyre. 

The tacks crossed the Antarctic Circumpolar Current ((south of Tack IV, see 
Figure 5) on their way to the shore at Molodezhnaya Station (Bibik et ai, 1988). In 
association with it a new change in the community was manifested by the appearance of a 
substantial proportion of C. criophilum. Phytoplankton abundance went somewhat up in 
these waters, but it was accompanied by a significant drop of temperature. During 
observations, offshore waters in Alashejev Bay had been covered by pancake ice. Only algae 
of genus Coscinodiscus vegetated under the ice during that time. 

One species, C. criophilus which can reproduce in such different waters, was 
characteristic for the whole area surveyed. It is obvious that in different waters different 
stages of the seasonal succession of the planktoin communities were observed, with the same 
species prevailing. All over the surveyed area the phytoplankton is more abundant in the far 
north areas (waters of the Antarctic Circumpolar Current) and less abundant in the south 
areas (coastal part of tack IV). Taking into account the time of observations, higher 
abundance in the first case corresponded most likely to the autumn bloom of the plankton, 
while indications of the spring or the coastal waters bloom could be responsible for high 
abundance of phytoplankton offshore. 
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Figure 1: 

Corethron criophilum 
Rhizosolenia hebetata 
Rhizosolenia spp. 
Chaetoceros criophilus 
Chaetoceros spp.(dichaeta,neglectus 
Coscinodiscus app. atlanticus) 

Fragillariopsia spp. 
Nitzscbia spp. (seriata) 
Thalassiothrix antarctica 

Distribution of phytocenosises of surface plankton on tacks of RV Professor Vize (February to April 1988). Number of 
tacks and dates are indicated. 
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Figure 2: Variations of species composition of phytocenosises (%, key see in Figure 1), biomass (g/m3), surface temperature on 

tack I (1-8.2.88). 
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Variations of species composition of phytocenosises (%, key see in Figure 1), biomass (g/m3 ), surface temperature on 
tack 11 (10-14.3.88). 
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Figure 4: Variations of species composition of phytocenosises (%, key see in Figure 1), 
biomass (g/m 3 ), surface temperature on tack III (26.3-2.4.88). 
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Variations of species composition of phytocenosises (%, key see in Figure 1), biomass (g/m3), surface temperature on 
tack V (7-10.4.88). 

1,1/ 

0, It 

0,2. 

o 



Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

PHCYHOK 1 

PHCYHOK2 

PHCYHOK 3 

PHCYHOK 4 

PHCYHOK5 

PHCYHOK6 

Legendes des figures 

Repartition des phytocenoses de plancton de surface sur les bordees du 
navire de recherche Professor Vize (fevrier-avril 1988). Le nombre de 
bordees et les dates sont indiques. 

Variations de composition des especes de phytocenoses (%, voir cle sur la 
Figure 1 ),biomasse (g/m3), temperature de surface sur la bordee I 
(1-8.2.88). 

Variations de composition des especes de phytocenoses (%, voir cle sur 
Figure 1), biomasse (g/m 3 ), temperature de surface sur la bordee 11 
(10-14.3.88). 

Variations de composition des especes de phytocenoses (%, voir cle sur 
Figure 1), biomasse (g/m3), temperature de surface sur la bordee III 
(26.3-2.4.88). 

Variations de composition des especes de phytocenoses (%, voir cle sur 
Figure 1), biomasse (g/m 3 ), temperature de surface sur la bordee IV 
(2-6.4.88) . 

Variations de composition des especes de phytocenoses (%, voir cle sur 
Figure 1), biomasse (g/m3), temperature de surface sur la bordee V 
(7-10.4.88). 

nO,anHcH K pHcYHKaM 

Pacnpe,aeJIeHHe lPHTolleHo30B nOBepxHocTHoro CJIO.H nJIaHKTOHa no 
raJICaM HI1C "npolPeccop BH3e" <lPeBpaJIb- anpeJIb 1988 r.) YKa3aHo 
KOJIHlleCTBO raJICOB H ,aaThI. 

113MeHeHH.H BH,aOBoro COCTaBa lPHTOlleHo30B <%, CM. 0003Ha"LJ:eHHe Ha 
PHcYHKe 1), oHoMaccbI (r/M3), nOBepxHocTHOfl TeMnepaTypbI no 
raJIcy I <1 - 8.2.88 r.). 

113MeHeHH.H BH,aOBoro COCTaBa lPOTOlleHo30B (%, CM. 0003Ha"LJ:eHHe Ha 
PHCYHKe 1), oHoMaccbI (r/M3), nOBepxHocTHOfl TeMnepaTypbI no 
raJIcy 11 (10 - 14.3.88 r.). 

113MeHeHH.H BH,aOBoro COCTaBa lPOTOTeHo30B (%, CM. 0003Ha"LJ:eHHe Ha 
PHCYHKe 1), oHoMaccbI (r 1M3), nOBepXHOCTHofl TeMnepaTypbI no 
raJIcy III <26.3 - 2.4.88 r.). 

113MeHeHH.H BH,aOBoro COCTaBa lPOTOlleHo30B (%, CM. 0003Ha"LJ:eHHe Ha 
PHCYHKe 1), oHoMacchI (r/M3), nOBepxHocTHOfl TeMnepaTyphI no 
raJIcy IV <2-6.4.88 r.). 

113MeHeHH.H BH,aOBoro COCTaBa lPoTolleHo30B (%, CM. 0003Ha"LJ:eHHe Ha 
PHCYHKe 1), oHoMaccbI (r/M3), nOBepxHocTHOfl TeMnepaTyphI no 
raJIcy V (7-10.4.88 r.). 
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Figura 1 

Figura 2 

Figura 3 

Figura 4 

Figura 5 

Figura 6 
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Leyendas de las Figuras 

Distribuci6n de fitocenosos del plancton de superficie en las bordadas del 
B/I Professor Vize (febrero - abril de 1988). El numero de bordadas y 
datos estan indicados. 

Variaciones de la composici6n de las especies de fitocenosis (%, clave vease 
en Figura I), biomasa (g/m3), temperatura de superficie en la bordada I 
(1-8.2.88). 

Variaciones de la composici6n de las especies de fitocenosis (%, clave vease 
en Figura I), biomasa (g/m3), temperatura de la superficie en la bordada 11 
(10-14.3.88). 

Variaciones de la composici6n de las especies de fitocenosis (%, clave vease 
en Figura I), biomasa (g/m 3 ), temperatura de la superficie en la bordada 
III (26.3-2.4.88). 

Variaciones de la composici6n de las especies de fitocenosis (%, clave vease 
en Figura I), biomasa (g/m3 ), temperatura de la superficie en la bordada 
IV (2-6.4.88). 

Variaciones de la composici6n de las especies de fitocenosis (%, clave vease 
en Figura I), biomasa (g/m3 ), temperatura de superficie en la bordada V 
(7-10.4.88). 



SC-CAMLR-VII/8G/15 

PRELIMINARY RESULTS OF RESEARCH ACTIVITIES OF RV EVRIKA IN THE 
SCOTIA SEA IN JANUARY-MARCH 1988 

L.1. Maklygin , A.S. Fedorov, V.N. Shnar, Vu.A. Shulyakovsky, LV. Krasovsky, Vu.D. Shuvaev, 
A.V. Kromsky 

Abstract 

In 1987/88 a multi-disciplinary survey was conducted of the Scotia 
Sea and adjacent waters, accompanied by regular trawlings with an 
Isaac-Kidd trawl. The waters off South Georgia in particular were 
surveyed twice. Research activities are part of the program 
implemented in areas of the Atlantic Sector of the Southern Ocean 
identified for monitoring by CCAMLR. During the observation season 
the zonal drift of waters of the Antarctic Circumpolar Current and 
Second Frontal Zone became stronger, causing the krill to drift 
eastwards. Krill concentrations were observed in the waters to the 
southeast of South Georgia where relatively small crustaceans of less 
than 35 mm dominated. In the east Scotia Sea a higher abundance of 
primary production was registered. The analysis of data on 
phytoplankton, zooplankton and krill (biological parameters) is now 
under way. 

Resume 

En 1987/88 une etude multidisciplinaire dans la mer de Scotia et des 
eaux voisines ainsi que des operations regulieres de chalutage, a I'aide 
d'un chalut de type Isaacs-Kidd, furent effectuees. Les eaux au large 
de la Georgie du Sud en particulier furent prospectees a deux 
reprises. Les activites de recherche font partie du programme 
poursuivi dans les zones designees pour la surveillance par la 
CCAMLR du secteur atlantique de I'ocean Austral. Pendant la saison 
d'observation, la derive zonale des eaux du courant circumpolaire 
antarctique et de la seconde zone frontale s'amplifia, provoquant la 
derive du krill vers I'est. Des concentrations de krill furent 
observees au sud-est de la Georgie du SUd. Des crustaces 
relativement petits, d'une taille inferieure a 35 mm, y 
predominaient. Dans la partie est de la mer de Scotia, une abondance 
plus elevee de production primaire fut observee. L'analyse des 
donnees sur le phytoplancton, le zooplancton et le krill (parametres 
biologiques) est maintenant en cours. 

Pe310Me 

B 1987/88 r. B Mope CKOTM.H M npMJIer a IOIIJ; M X BO,l{ ax 
npOBO,l{MJIaCb MHorOOTpaCJIeBa.H CbeMKa,conpOBo)K,l{aBma.HC.H 
peryJI.HpHhIMM TpaJIeHM.HMM C nOMOIIJ;hlO TpaJIa A:A3aKca-KM,l{,l{a. 
CbeMKa B 3TO:A aKBaTopMM, B qaCTHOCTM B BO,l{aX BOKpyr 
IO)l(HO:A reprMM, npOBO,l{MJIaCb ,l{Ba)l(,l{hI. 3Ta HayqHO­

MCCJIe,l{OBaTeJIbCKa.H .lle.HTeJIbHOCTb .HBJI.HeTC.H qaCTblO 
nporpaMMhI pa60T, npOBO,l{MMo:A B aTJIaHTMqeCKOM ceKTope 
IO)l(HOrO OKeaHa Ha BhI,l{eJIeHHhIX AHTKOMOM yqaCTKaX 
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MOHHTopHHra. 3a nepHO.ll npOBe.lleHH.H HaOJIIO.lleHHH 
30HaJIbHOe nepeMemeHHe BO.ll AHTapKTHqeCKOrO 
QHpKYMnOJI.HpHOrO TeqeHH.H H BTOPOH $pOHTaJIbHOH 30HbI 
YCHJIHJIOCb, qTO BbI3BaJIO nepeMemeHHe KPHJI.H K BOCTOKY. 

KOHQeHTpaQHH KPHJI.H HaOJIIO.llaJIHCb B BO.llaX K IOrO-BOCTOKY OT 
IO)I(HOH reOprHH. 3.lleCb .llOMHHHpOBaJIH OTHOCHTeJIbHO 
HeOOJIbllIHe paqKH pa3MepOM .llO 35 MM. B BOCTOqHOH qaCTH 
MOp.H CKOTH.H ObIJI OTMeqeH nOBblmeHHbIH ypOBeHb nepBHqHOH 

np0.llYKQHH. AHaJIH3 .llaHHbIX no $HTOnJIaHKTOHY, 
300nJIaHKTOHY H KPHJIIO (OHOJIOrHqeCKHe napaMeTpbI) 
npO.llOJI)I(aeTC.H. 

Resumen 

En 1987/88 se realizo una prospecclon multidisciplinaria del mar 
de Scotia y aguas adyacentes, acompafiada de arrastres periodicos con 
el arrastre Isaacs-Kidd. En particular se prospeccionaron dos veces 
las aguas a la altura de Georgia del Sur. Las actividades de 
investigacion forman parte del programa que se esta realizando en 
aquellas zonas que fueron identificadas para seguimiento por la 
CCAMLR, en el sector atlantico del oceano Austral. Durante la 
temporada de observacion, la deriva zonal de las aguas de la Corriente 
Circumpolar Antartica y de la Segunda Zona Frontal se hizo mas 
fuerte causando un desplazamiento del krill hacia el este. Se 
observaron concentraciones de krill en aguas al sureste de Georgia del 
Sur. Alii predominaban crustaceos relativamente pequefios de un 
tamafio menor de 35 mm. AI este del mar de Scotia se registro una 
mayor abundancia de la produccion primaria. Actualmente se esta 
realizando el analisis de datos sobre fitoplancton, zooplancton y krill 
(parametros biologicos). 



During the survey the location of the Second Frontal Zone was similar to long-term 
averages. On the whole, surface water dynamics in the Scotia Sea contributed to the drift of 
krill to South Georgia and the formation of its stable concentrations (see Figure 3). Waters 
from the Weddell Sea penetrated the eastern part of the area from the east and were 
characterized by surface temperatures ranging from 1.0°C to 1.4°C, the minimum 
temperature being -1.2° and -1.4°C. The temperature of the warm deepwater "core" 
dropped to 0.8°-1.2°C and high silicon content at the surface (40-50 ~ g at/1) were 
characteristic for these waters. Many icebergs were Sighted in the area. 

Closed water circulation was found around the archipelago off the South Orkney 
Islands. To the north of the archipelago the dynamic relief was rather smoothed, hence there 
were no required conditions for the formation of abundant krill concentrations. At the same 
time circulation patterns were registered off Elephant Island, which facilitated krill 
concentration. 

The highest concentrations of chlorophyll-a (112 mg/m2) were recorded in the 
waters off South Georgia which corresponded with the high dynamic activity of waters in the 
area during the observation period. Feeding so-called "green krill" was in catches. Low 
chlorophyll-a concentrations were recorded in the south-east Scotia Sea (see Figure 4). 

In most of the surveyed area, primary production in the photosynthetic layer made 
0.1-0.2 gC/m2/day (see Figure 5). Photosynthesis intensity fluctuated. The waters north 
of South Georgia, in the east Scotia Sea and off Elephant Island were characterized by high 
assimilation values. In the photic layer, bacterioplankton production fluctuated between 
1.4 g C/m2/day, and it ranged from a fraction of a percent to several percent of the primary 
production being in a reverse proportion to photosynthesis production values. 

As compared with previous seasons, specific features were typical for spatial and 
qualitative distribution of krill. High krill concentrations were found off South Georgia and 
south of the island towards the Second Frontal Zone (see Figure 6). Small crustaceans of 
29-35 mm prevailed in catches (see Figure 7). 

In February, off South Orkney Islands, concentrations occurred only in the small area 
south of Coronation Island. When the western drift of the Atlantic Circumpolar Current 
became weaker in March, more abundant concentrations were sighted to the north-west of 
Coronation Island over the area of 560 m2 northwestward in the so-called "shadow" area (as 
related to the main direction of water movement) (see Figure 8a). 

In April rather dense concentrations formed off the South Georgia (see Figure 9). 
Mature crustaceans distributed over the eastern part of the surveyed area in the Scotia Sea, 
were in prespawning and spawning condition. Spawning krill concentrations were dominant 
in the waters north of the Second Frontal Zone. Near islands, they were found in the areas 
over high sea depths outside shelf zones. 

In the Weddell Sea the spawning came to an end by the time of the survey. 

In May the proportion of post-spawning crustaceans increased near the Elephant and 
Coronation Islands indicating the end of krill spawning in those areas. Due to the stronger 
Antarctic Circumpolar Current drift westward to the Scotia Sea in 1988, most krill 
concentrations apparently to extended eastward of 30 0 W, outside the area surveyed. 

The analysis of samples, mass collections of phyto- and zooplankton, euphausiid 
larvae and, in particular, krill biological samples, in particular, are under way. Their 
results will be available later. 
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Figure 1: Network of survey stations (20 January-9 March 1988). 
Key: -Second Frontal Zone 

M8, M9, .Z3, Z9 - control points for estimation of meridional and zonal air drift. 



Figure 2: 
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Network of survey stations (30 March-9 April 1988) off South Georgia. 



Figure 3: 
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Geostrophic circulation on the surface in relation to 1 000 decibar (20 January-9 March 1988). 
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Figure 5: 
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Distribution of primary production (mg C/m-2/d-1) in the photosynthetic layer. 
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Krill concentrations off South Shetland Islands (a) and South Orkney Islands 
(b) - March 1988. 



Figure 9: 
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Distribution of Euphausia superba off South Georgia (g/m 2) from 30 March 
to 9 April 1988. 
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Legendes des figures 

Reseau des stations de recherche (20 janvier - 9 mars 1988) 
Cle: - Seconde zone frontale; 
M8, M9, Z3, Z9 - points de controle pour I'estimation du courant aerien 
meridional et zonal. 

Reseau des stations de recherche (30 mars - 9 avril 1988) au large de la 
Georgie du Sud. 

Circulation geostrophique en surface sur une base de 1 000 decibar 
(20 janvier - 9 mars 1988). 

Repartition de chlorophylle A (mg/m 2 ) dans la couche photique. 

Repartition de production primaire (mg C/m2 /jour) dans la couche 
photosynth8tique. 

Repartition d' Euphausia superba (g/1000 m-3) dans la couche de 0-100 m 
(20 janvier - 9 mars 1988) 

Repartition des crustaces de 29-36 mm de long en pourcentage de la peche 
(donnees d'etude). 

Concentrations de krill au large des iles Shetland du Sud (a) et des iles 
Orcades du Sud (b) - mars 1988. 

Repartition d' Euphausia superba au large de la Georgie du Sud (g/m2) du 
30 mars au 9 avril 1988. 

TIO,l{rmCI1 K pl1cYHKaM 

CeTb oKeaHorpaqll1l.1eCKI1X CTaH~I1:H: no coopy npoo (20 .smBap.Sl -
9MapTa 1988 r.) 
0003Hal.leHl1e: - BTOpa.SllPPOHTaJIbHa.Sl 30Ha; 
M8, M9, Z3, Z9 - KOHTPOJIbHble TOl.lKI1 ,aJI.SI OI..(eHKI1 
Mepl1,a110HaJIbHOrO 11 30HaJIbHOrO nepeMem;eHI1.S1 B03,ayxa. 

CeTb oKeaHOrpalPl1l.1eCKI1X CTaH~l1fl no coopy npoo (30 MapTa -
9anpeJI.SI 1988 r.) OKOJIO IQ)I(HO:H: reoprl1l1. 

reOCTpolPl1l.1eCKa.Sl ~I1PKyJI.SI~I1.S1 Ha nOBepXHOCTI1 no OTHOIIIeHI1IO K 
1 000 ,ae~l1oap (20 .SIHBap.Sl - 9 MapTa 1988 r.) 

Pacnpe,aeJIeHl1e XJIOpolPl1JIJIa A (Mr 1M2) B IPOTl1l.1eCKOM CJIoe. 

Pacnpe,aeJIeHl1e nepBl1l.1HOfl npo,ayK~1111 (Mr C/M 2 /cYTKI1) B 
IPOTOCI1HTeTl1l.1eCKOM CJIoe. 

P acnpe,aeJIeHl1e Euphausia superba (r 11000 M2) B CJIoe 0-100 M 
(20.SlHBap.Sl - 9 MapTa 1988 r.) 

Pacnpe,l{eJIeHl1e pal.lKOB ,l{JII1HO:H: 29-36 MM, B npo~eHTHOM 
OTHOIIIeHl111 K YJIOBY (,aaHHble CbeMKI1) 



PI1CYHOK 8 

PI1CYHOK 9 

Figura 1 

Figura 2 

Figura 3 

Figura 4 

Figura 5 

Figura 6 

Figura 7 

Figura 8 

Figura 9 

KOHI~eHTpalll1l1 KPI1J1.S1 B pa:AoHe IO)I(HbIX IlleT JIaH,acKI1X OCTPOBOB (a) 
11 IO)I(HbIX 0pKHe:AcKI1X OCTPOBOB (b) - MapT 1988 r. 

Pacnpe,aeJIeHl1e Euphausia superba BOKpyr IO)I(HO:A reoprl1l1 (r 1M2) C 
30MapTa no 9 anpeJI$l 1988 r. 

Leyenda de la Figura 

Red de estaciones de prospecci6n (20 de enero - 9 de marzo de 1988) 
Clave: - Segunda zona frontal; 
M8, M9, 23, 29 - puntos de control para la estimaci6n del movimiento 
meridional y zonal del aire. 

Red de estaciones de prospecci6n (30 de marzo - 9 de abril de 1988) a la 
altura de Georgia del Sur. 

Circulaci6n geostr6fica en la superficie en relaci6n a 1 000 decibares (20 
de enero - 9 de marzo de 1988). 

Distribuci6n de la clorofila A (mg/m2 ) en la capa f6tica. 

Distribuci6n de la producci6n primaria (mg c/m2 Id) en la capa 
fotosintetica. 

Distribuci6n de Euphausia superba (g/1000m 3 ) en la capa de 0-100m, 
20 de enero - 9 de marzo de 1988. 

Distribuci6n de los crustaceos de 29-36 mm de longitud en el porcentaje de 
la captura (datos de prospecci6n). 

Concentraciones de krill a la altura de las islas Shetland del Sur (a) y las 
islas Orcadas del Sur (b) - marzo de 1988. 

Distribuci6n de Euphausia superba a la altura de Georgia del Sur (g/m2) 
del 30 de marzo al 9 de abril de 1988. 
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SC-CAM LR-VII/BG/32 

AUSTRALIAN RESEARCH ON ANTARCTIC BIRD AND SEAL DIETS 

R. Williams 

Abstract 

Many data on the diets of important vertebrate predator species in 
Prydz Bay and around the sub-Antarctic Heard and Macquarie Islands 
have been collected during the last seven years. Published and 
unpublished results are collated and summarised, and several 
important points emerge. 

In Prydz Bay, on which is centered the CCAMLR Ecosystem Monitoring 
Programme's priority study area, Euphausia superba forms a rather 
low proportion of the diet of most vertebrate predators. Euphausia 
crystallorophias and the fish Pleuragramma antarcticum are 
important in most diets, and many predators can switch between prey 
species. The use of these predators to monitor the state of prey 
populations is thus very limited, although continuing studies will be 
useful to assess the natural variability of the system. 

Around the sub-Antarctic islands, the four penguin species feed more 
heavily on fish, especially myctophids, than at other comparable 
localities. 

Resume 

Au cours des sept dernieres annees, ont ete recueillies de nombreuses 
donnees relatives aux regimes alimentaires d'importantes especes de 
vertebres predateurs dans la baie de Prydz et autour des lies 
subantarctiques Heard et Macquarie. Plusieurs considerations 
emergent apres la confrontation et la recapitulation de resultats 
publies et non publies. 

Dans la baie de Prydz, centre de la zone d'etude prioritaire du 
Programme de controle de I'ecosysteme de la CCAMLR, Euphausia 
superba entre en relativement faible proportions dans le regime 
alimentaire de la plupart des predateurs vertebres. Euphausia 
crystallorophias et le poisson Pleuragramma antarcticum sont 
importants dans la plupart des regimes alimentaires, et de nombreux 
predateurs peuvent passer d'une espece-proie a une autre. 
L'utilisation de ces predateurs pour controler I'etat des 
populations-proies est donc tres limitee, bien qu'il soit utile de 
poursuivre ces etudes pour evaluer la variabilite naturelle du 
systeme. 

Autour des iles subantarctiques, les quatre especes de manchots se 
nourissent davantage de poissons - de myctophides principalement -
que dans d'autres lieux comparables. 

231 



232 

Pe3IOMe 

3a nOCJIe,l{HHe CeMb JIeT ObIJIO COOpaHO OOJIbllIOe KOJIHl.J:eCTBO 
HH<pOpMallHH 0 pe)l(HMe nHTaHH.H KJIIO"4eBhIX BH,l{OB 
n03BOH0"4HhIX XHllJ;HHKOB, OOHTaIOllJ;HX B paHOHaX 3aJIHBa 

I1PIO,l{3 H cyoaHTapKTH"4eCKHX OCTPOBOB Xep,l{ H MaKKYOpH. 
OnYOJIHKOBaHHhle H HeOnYOJIHKOBaHHhle ,l{aHHhle CBe,l{eHhI 
BOe,l{HHO, B pe3YJIbTaTe "4erO B03HHKaeT P.H,l{ Ba)l(HbIX 
BOnpOCOB. 

B 3aJIHBe I1pIO,l{C, KOTOPhIH .HBJI.HeTC.H lleHTpOM paHOHa 
HCCJIe,l{OBaHHH nepBOCTeneHHOH Ba)l(HOCTH I1porpaMMhI 
AHTKOMa no MOHHTopHHry 3KOCHCTeMhI, B pallHOHe 
OOJIbllIHHCTBa n03BOH0"4HbIX XHIUHHKOB Euphausia superba 
COCTaBJI.HeT ,l{OBOJIbHO HeOOJIbillYIO "4aCTb B OOJIbllIHHCTBe 

CJIY"4aeB B pal.{HOHe OOJIbllIOe MeCTO 3aHHMaeT. Euphausia 
cristal/orophias H PhIOhI Pleuragramma antarcticum, H MHorHe XHIUHHKH 

MorYT nepeKJIIO"4aThC.H C O,l{HOrO nOTpeOJI.HeMOrO BH,l{a Ha 
,l{pyroH. n03TOMY HCnOJI30BaHHe 3THX XHIUHHKOB npH 
MOHHTopHHre COCTO.HHH.H nonYJI.HllHH nOTpeOJI.HeMhIX BH,l{OB 
BeCbMa OrpaHH"4eHO, O,l{HaKO npO,l{OJI)I(eHHe 

HCCJIe,l{OBaTeJIbCKHX paOOT .HBHTC.H nOJIe3HhlM npH OlleHKe 
eCTeCTBeHHOH H3MeH"4HBOCTH CHCTeMhl. 

B pallHOH "4eThlpex BH,l{OB nHHrBHHOB B paHOHe 
cyoaHTapKTH"4eCKHX OCTPOBOB BXO,l{HT rOpa3,l{O OOJIbille PhIOhI, 
ocooeHHO MHKTOq,H,l{OB, "4eM B ,l{pyrHx nOXO)l(HX paHOHax. 

Resumen 

Durante los ultimos siete arios se han reunido muchos datos sobre las 
dietas de importantes especies predadoras vertebradas en la bahfa de 
Prydz y alrededor de las islas subantarticas de Heard y Macquarie. Se 
compilan y resumen los resultados publicados y no publicados, de los 
cuales surgen varios puntos importantes. 

En la bahfa de Prydz, lugar donde se centra la zona de estudio 
prioritaria del Programa de Seguimiento de la CCRVMA, la especie 
Euphausia superba constituye una proporci6n bastante baja de la 
dieta de la mayorfa de predadores vertebrados. Euphausia 
crystallorophias y el pez Pleuragramma antarcticum, son 
importantes en la mayorfa de dietas, y muchos predadores pueden 
pasar de una especie-presa a otra. El uso de estos predadores en el 
control del estado de las poblaciones de especies-presa es, por 10 
tanto, muy limitado, si bien, continuar con dichos estudios sera muy 
util para la evaluaci6n de la variabilidad del sistema. 

Alrededor de las islas subantarticas, las cuatro especies de pingOinos 
de alimentan mayoritariamente de peces, especialmente mict6fidos, 
mucho mas que en otras localidades comparables. 



1 . INTRODUCTION 

Australia has been conducting research on the diets of Antarctic birds and seals since 
1982. This was initially in response to the need identified by the BIOMASS Programme for 
data on the diets of vertebrate predators of krill (Euphausia superba). Latterly, the 
requirements of the CCAMLR Environmental Monitoring Programme (CEMP) have been a 
stimulus to continue and expand the work. This paper summarises the results obtained to 
date, and lists the papers already published or in preparation. 

Most work has been done at Davis Station (68°30'S:77°50'E), in the south-eastern 
corner of the Prydz Bay Priority Area of CEMP, although more recently, considerable work 
has been done at sub-Antarctic Heard and Macquarie Islands as well as other locations in 
Prydz Bay. Most work has concentrated on the Adelie penguin, Pygoscelis adeliae, because of 
its supposed value to ecosytem monitoring and its accessiblity and ease of handling. Seven 
seasons of data are now available for this species. Other major, although shorter term 
studies, have been conducted on the Weddell seal (Leptonychotes weddelll) and Emperor 
penguin (Aptenodytes fors ten) , in Prydz Bay; the four penguins at Macquarie and Heard 
Islands (Gentoo, Pygoscelis papua, King, Aptenodytes patagonicus, and Rockhopper, Eudyptes 
chrysocome plus Royal, Eudyptes schlegeli at Macquarie Island and Macaroni, 
E. chrysolophus at Heard Island). A few data are available also on the diets of Crabeater 
seals (Lobodon carcinophagus) and Leopard seals (Hydrurga leptonyx) and various petrel 
species in Prydz Bay. 

Work in the 1987/88 season has concentrated on Adelie and Emperor penguins at 
Mawson, and on Antarctic Fur seals (Arctocephalus gazella) at Heard Island, but results are 
not yet available from these studies. 

2. SUMMARY OF FINDINGS 

2.1 Adelie Penguin 

Location: Davis Station (68°30'S: 77°50'E) 
Time: December 1981 to January 1982 
Source of material: Six samples obtained from each of two sampling periods using Ipecac 

(emetic) 
Reference: Whitehead, Johnstone and Burton (in preparation) 
Mean weight of all food: 450g (post-hatching period only) 

Diet composition (% by weight): 

Euphausia crystallorophias 4 4 
Euphausia superba 2 4 
Fish 28 
Amphipods 4 

Location: Davis Station (68°30'S: 77°50'E) 
Time: December 1982 to February 1983 and October to December 1983 
Source of material: 574 stomach samples obtained by single water offloading 
Reference: Puddicombe and Johnstone (1988) 
Mean weight of all food: Pre-hatching 2-20g, post hatching 90-100g, creche stage 

110-215g 
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Diet composition (% by weight): 

E. crystal/orophias 
E. superba 
Fish 
Amphipods 
Others 

Overall 

41.99 
23.21 
30.32 

3.73 
0.75 

Prehatch Posthatch 

46.02 
5.49 
3.29 

39.43 
5.76 

41.69 
24.51 
32.32 

1.09 
0.38 

Fish were mostly Pleuragramma antarcticum (frequency of occurrence, F = 36.2%), 
Trematomus/Pagothenia benthic species (F = 20.7%), and channichthiid juveniles (F 
= 17.1 %). Amphipods were mostly Hyperia macrocephala, Cyl/opus magel/anicus, 
other Lysianassidae and Eusiridae. 

Prey size (length range, mean ±SD millimetres): 

E. superba 
E. crystallorophias 

20 -5 7 
21-34 

40.63±7.85 
27 .36±1 .83 

Location: Davis Station (68°30'S: 77°50'E) 
Ti me: January to February 1984; October 1984 to January 1985 
Source of material: 10 stomach samples per week obtained by single water offloading 
Reference: Green and Johnstone (1988) 
Mean weight of all food: Prehatch 4-53g, posthatch (1984) 138-276g, posthatch 

Diet 

(1985) 94-135g 

composition (% by weight): 

Overall Prehatch Posthatch Posthatch 
(1984) (1985) 

E. crystal/orophias 12.10 6.20 18.00 13.30 
E. superba 42.60 5.20 76.90 66.30 
Fish 4.15 3.60 4.70 20.00 
Amphipods 29.15 58.20 0.10 0.50 
Others 13.60 26.80 0.30 0.00 

Fish were mostly Pleuragramma antarcticum (F = 97.2%) and benthic inshore 
species (F = 8.3%). 

Prey size (mean ±SD millimetres): 
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E. superba 
E. crystallorophias 
P. antarcticum 

Prehatch 

40.7±4.7 

Posthatch 
(1984) 

40.1±4.3 
28 .3±1 .8 

139.1±16.5 

Posthatch 
(1985) 

36.6±4.6 
26.3±2.1 



Location: Davis Station (68°30'S: 7r50'E) 
Ti me: January to February 1986; October 1986 to March 1987; October 1987 to 

February 1988 
Source of material: 10 stomach samples per week obtained by repeated water offloading 

until empty. 10 samples per 3 weeks in 1987/88 summer. These results present a 
preliminary analysis of between 25 and 50% of samples. 

Reference: Whitehead, Johnstone and Burton (in preparation) 

Mean weight of all food (g): 

Posthatch 
(1985/86) 

200 

Diet composition (% by weight): 

E. crystallorophias 
E. superba 
Fish 
Amphipods 

2.2 Emperor Penguin 

25 
5 

24 
46 

Prehatch Posthatch 
(1986/87) 

20 

38 
3' 
1 

58 

400 

39 
29 
32 
o 

Location: Sea ice off Davis Station (68°30'S: 77°50'E) 
Time: August to October 1984 

Prehatch Posthatch 
(1987/88) 

25 

52 
4 
3 

41 

450 

55 
o 

25 
o 

Source of material: Faeces collected monthly from sea ice - 51 in August, 61 in 
September and 39 in October. 

Reference: Green (1986d) 

Diet composition (% frequency of occurrence): 

Aug Sept Get 

Fish 88.2 100 100 
Fish eggs 54.1 69.2 
Cephalopods 4.0 1.6 5.1 
Isopods 7.8 26.2 33.3 
Hyperiids 2.0 6.6 15.4 
Gammarids 14.8 25.0 
Unid. crustaceans 66.7 44.3 48.7 

Prey size: Of the 27 fish otoliths recovered, 21 were of Pleuragramma antarcticum. 
Standard lengths calculated from otolith size were between 72 and 183 mm, mean 
129.5±23.8 mm. 

Location: Amanda Bay (69°19'S: 76°46'E). 
Time: 14 August, 15 September and 10 October 1986 
Source of material: 15 stomach samples per visit obtained by repeated water offloading 

until empty, plus 100 faeces collected each visit. 
Reference: Gales et al. (in preparation). 
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Mean weight of all food: Calculated weight of original contents before digestion (mean 
±SD grammes) 

Aug 690±783 
Sept 1565±1013 
Oct 1762±1331 

No identifiable material from faeces 

Diet composition (% by calculated original weight): 

P. antarcticum 78.15 
Trematomus/ Pagothenia spp 9.50 
Channichthyid 7.89 
Bathydraconid 1.13 
Psychroteuthis glacialis 2.08 
Amphipods and euphausiids 0.47 

monthly variation, % by number: 

Aug Sept Oct 

P. antarcticum 78.1 75.6 81.4 
Other fish 18.5 3.6 0.3 
Cephalopods 2.5 6.5 2.6 
Amphipods 0.8 14.2 9.9 
Euphausiids 0 0 6.5 

Prey size (mean length and weight ±SD, length range): 

P. antarcticum 
Trematomus/ Pagothenia 
Channichthyids 
Bathydraconids 
P. glacialis 

1 01.0±1 0.3 mm, 7.4±2.6g, 70-135 mm 
101.4±155.8 mm, 23.5 to 66.1 g 
113.7±150.8 mm, 25.8 to 68.3g 
61.9±116.0 mm, 1.7 to 10.8g 
45.3±21.5 mm DML, 3.75±6.17g 

2.3 King Penguin 

Location: Macquarie Island (54°30'S: 158°57'E), Lusitania Bay. 
Time: November 1984 to November 1985 
Source of material: At least 10 stomach samples per month obtained by repeated water 

offloading until empty. 
Reference: Hindell (1988a) 

Mean weight of all food: Calculated weight of original contents before digestion (mean 
±SD and range) 
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923g ±518.4 range 4.9 - 2342.0 

Mean weight increased from 117g in November 1984 to 1186g in April, then 
decreased to a low in July of 764g and recovered to 1290g in September, remaining 
±steady until November 1985 



Diet composition (% by calculated original weight): 

Krefftichthys anderssoni 
Electrona carlsbergi 
Other myctophids 
Magnisudis prionosa 
Other fish 
Cephalopods 

Prey size (mean length and weight): 

E. carlsbergi 76 mm, 6.5g 

37.7 (dominant Oct-Apr) 
53.2 (dominant May-Sept) 

1.3 
4.5 
1.2 
2.2 

2 classes - small 40-50 mm, 1-2g (Jan-Jul) and 
large 80-100 mm, 10-15g (Aug-Nov) 

K. anderssoni 
Martialia hyadesi 
Moroteuthis sp 

2.4 Royal/Macaroni Penguin 

55 mm, 2.5g 
259.5g 
32.4g 

Location: Macquarie Island (54°30'S: 158°57'E), Nuggets Beach 
Time: November 1984 to February 1985; September to November 1985 
Source of material: 10 stomach samples per week obtained by repeated water offloading 

until empty 
Reference: Hindell (1988b) 

Mean weight of all food: Calculated weight of original contents before digestion (mean 
±SD, range grammes) 

Overall 
Pre hatching 
Guard stage 
Creche stage 

249±238g range 1-973g 
<100g 
300-700g 
700-300g 

Diet composition (% by calculated original weight): 

Euphausia vallentini 
Thysanoessa gregaria 
Other euphausiids 
Krefftichthys anderssoni 
Electrona carlsbergi 
Other myctophids 

Other fish 

32.13 
10.34 

8.87 
23.69 

9.64 
7.87 (Protomyctophum and 

Gymnoscopelus spp) 
4.47 (M. prionosa, P. magellanica) 

Cephalopods 2.95 (Martialia hya de si, Moroteuthis sp) 

Seasonal variation: 

E. vallentini 
T. gregaria 
K. anderssoni 

E. carlsbergi 

dominant Oct-Nov and Feb 
most common Dec-Jan 
dominant late Nov-early Dec 
common Dec and Feb 
most common Dec 
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Prey size (mean length, length range and weight ±SD): 

E. vallentini 
T. gregaria 

overall 15.6 mm±4.7, smallest in Nov 

K. anderssoni 
E. carlsbergi 
Moroteuthis spp. 
M. hyadesi 

13.3±3.8 mm 
25.1 (13.9~31.8 mm) 
23.6 (16.2-44.8 mm) 

Location: Heard Island (53°01 'S: 73°23'E) 
Time: 15 December 1986 to 7 January 1987 

2.1 ±0.8g 
1.62±1.7g 

30.5±47.4g 
51.6±54.3g 

Source of material: Total of 66 stomach samples obtained by repeated water offloading 
until empty 

Reference: Klages, Gales and Pemberton (in preparation) 
Mean weight of all food: Calculated weight of original contents before digestion of the 48 

contents containing food. 

mean wt 95.5±65.4g 

Diet composition (% by calculated original weight): 

Fish 
Crustacea 

23.2 
76.8 

(composition by % frequency of occurrence and size distribution (mm): 

K. anderssoni 
Protomyctophum bolini 
E. carlsbergi 
Champsocephalus gunnari 
Fish larvae 
E. vallentini 
Thysanoessa macrura 
Parathemisto gaudichaudi 
Squid 

2.5 Rockhopper Penguin 

%F 

75.0 
8.33 
6.25 

27.08 
10.4 

64.58 
87.5 
27.1 
8.33 

Location: Macquarie Island (54°30'S: 158°57'E) 

size range 

15 -7 0 

100-200 

11 - 2 5 
9 - 23 

Ti me: November 1984 to February 1985 and October 1985 
Source of material: 8 stomach samples per week obtained by repeated water offloading 

until empty 
Reference: Hindell (1988c) 

Mean weight of all food: Calculated weight of original contents before digestion 
(mean ±SD) 
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Overall 
Prehatch 
Guard 
Creche 

1979±147 
<100g 
100-320 
200-300g 



Diet composition (% by calculated original weight): 

Euphausia va lien tini 62.3 
Other euphausiids 6.8 
Krefftichthys anderssoni 1 6.0 
Other myctophids 7.1 
Other fish 5.5 
Cephalopods 1. 7 

seasonal variation: 

E. vallentini Low early Dec, peak early Jan, partial 
decline to mid Feb then ± steady 

Only common after mid Jan Other euphausiids 
K. anderssoni Very variable, most common mid Dec 

and Feb 

Other myctophids 

Other fish 

Prey size (mean length and weight ±SD): 

E. vallentini 
T. gregaria 
K. anderssoni 
E. carlsbergi 
Moroteuthis spp 
M. hyadesi 

18.1 ±5.0 mm, 
13.5±3.1 mm, 
54.5±20.5 mm, 
53.0±5.9 mm, 

Location: Heard Island (53°01 'S: 73°23'E) 
Time: 15 December 1986 to 7 January 1987 

More important than inshore fish 

Minor amounts Jan 

0.05±0.01 g (largest in Jan-Feb) 
0.05±0.01 g 
3.42±2.98g 
2.17±0.78g 
15.66±8.61 g 
60.77±39.04g 

Source of material: Total of 58 stomach samples obtained by repeated water offloading 
until empty 

Reference: Klages, Gales and Pemberton (in preparation) 

Mean weight of all food (calculated weight of original contents before digestion): 

26 stomach contents - mean wt 42.5±17.4g 

Diet composition (% by calculated original weight): 

Crustacea 90.8 
Fish 8.0 
Squ~ 1.2 
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(% frequency of occurrence (F%) and size distribution (mm)): 

Krefftichthys anderssoni 
Protomyctophum bolini 
Notothenia cyanobrancha 
Fish larvae 
Euphausia vallentini 
Thysanoessa macrura 
Parathemisto gaudichaudi 
Squid 

%F size range 

46.2 
3.9 
3.9 

11.5 
92.3 
80.8 
23.1 
23.1 

30 - 80 

15 - 2 6 
9 -2 9 

2.6 Gentoo Penguins 

Location: Macquarie Island (54°30'S: 158°57'E), Bauer Bay 
Ti me: April to November 1985 
Source of material: 12 stomach samples obtained per month by repeated water 

offloading until empty. 
Reference: Hindell (in press) 

Mean weight of all food (calculated weight of original contents before digestion): 

Overall 
Apr-Jun 
Jun-Nov 

240.3g±188.9g 
<200g 
ca. 350g regardless of breeding stage 

Diet composition (% by calculated original weight) and seasonal variation (periods of 
dominance in diet underlined): 

Krefftichthys anderssoni 
Electrona car/sbergi 
Gymnoscopelus sp 
Paranotothenia magellanica 

15.1 
27.5 
15.7 
18.4 

May-June. Sept, Oct-Nov 
Apr and July 
Nov (Apr,Aug) 
Aug 

Prey size (mean length and weight ±SD): 

240 

K. anderssoni 
E.. car/sbergi 
Gymnoscopelus sp 
P. magellanica 
Moroteuthis spp 
Martialia hyadesi 

Comments: 

37.5±15.2 mm, 
45.9±11.6 mm, 
88.2±33.4 mm, 
84.8±50.6 mm, 

1.3±1.9g 
1.7±2.4g 
6.7±8.4g 
23.8±27.9g 
27.9±88.8g 
229.3±117.0g 

K. anderssoni small «1g) Apr-July, and larger (2-3g) Aug-Nov. 
E. car/sbergi increased from 1 9 to 11 9 July-Oct. 



2 . 7 Cape Petrel 

Location: Vicinity Davis Station (68°30'S: 77°S0'E), Bluff Island and Rauer Islands 
Time: 26 January to 20 February 1984 
Source of material: Vomit samples (63 from Bluff, 10 from Rauers) 
Reference: Green (1986a) 

Diet composition (% by weight): 

Fish 
Euphausiids 

Others 

23.4 
7S.9 

0.7 

Frequency of occurrence: 
E. superba 60.7% 
E. crystallorophias 7.1 % 

Location: Vicinity Davis Station (68°30'S: 7]oSO'E), Rauer Islands 
Ti me: 16 January to 12 February 1988 
Source of material: About 10 stomach samples per week by repeated water offloading 

until empty 
Reference: Arnould and Whitehead (in preparation) 
Mean weight of all food: 8.3±3.SSg no significant variation during study period 

Diet composition (% by weight): 

Pleuragramma antarcticum 
Euphausia superba 
Cephalopods 
Others 

13.8 
8S.S 

O.S 
0.2 

P. antarcticum comprised SO% of the diet in the first week after chick hatch, but 
declined to 10% by the 4th week and never subsequently exceeded this proportion. 

Prey size: 

P. antarcticum 
E. superba 

2.8 Antarctic Petrel 

144.S±12.1 mm 
46.6±4.3 mm 

Location: Prydz Bay (6]o31'S: 74°39'E) 
Ti me: 16 December 1982 
Source of material: Stomach contents of 17 birds shot at sea 
Reference: Montague (1984) 
Mean weight of all food: 31g, range 2-72g 

Diet composition (% frequency of occurrence): 

Pleuragramma antarcticum 
Euphausia superba 
Cephalopods 

6 
100 

18 
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E. superba were 100% of contents in all but one stomach, and the mean number per 
stomach was 42, range 1-117. Two specimens of P. antarcticum were found in one 
stomach, constituting 95% of the contents. 

Prey size: 

E. superba 
P. antarcticum 

48 mm, range 41-55 mm 
160 mm 

Location: Vicinity Davis Station (68°30'S: 77°50'E), Rauer Islands 
Ti me: 16 January to 12 February 1988 

Source of material: About 10 stomach samples per week by repeated water offloading 
until empty 

Reference: Arnould and Whitehead (in preparation) 
Mean weight of all food: 49.3±37.5g no significant variation during study period 

Diet composition (% by weight): 

Pleuragramma antarcticum 77.5 
Euphausia superba 22.3 
Cephalopods 0 
Others 0.2 

Generally no significant differences with time, but P. antarcticum tended to increase 
slightly through the study period, with a consequent slight decrease in E. superba. 

Prey size: 

P. antarcticum 
E. superba 

125.4±35.2 mm 
46.6±4.1 mm 

2.9 Antarctic Fulmar 

Location: Vicinity Davis Station (68°30'S: 77°50'E), Rauer Islands 
Ti me: 16 January to 12 February 1988 
Source of material: About 10 stomach samples per week by repeated water offloading 

until empty. 
Reference: Arnould and Whitehead (in preparation) 
Mean weight of all food: 72.7±32.35g no significant variation during study period 

Diet composition (% by weight): 
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Pleuragramma antarcticum 63.2 
Euphausia superba 36.2 
Cephalopods 0.4 
Others 0.2 

P. antarcticum decreased from >80% in week 2 to about 55% by week 5 after chick 
hatch. E. superba increased from about 15% to about 45% in the same period. 



Prey size: 

P. antarcticum 
E. superba 

2.1 0 Weddell Seal 

142.1 ±33.4 mm 
47.0±3.8 mm 

Location: Sea ice off Davis Station (68°30'S: 77°0'E), Mawson, and McMurdo Stations 
Time: 1983 to 1984 
Source of material: Stomachs (Mawson 5, McMurdo 20), vomits (Mawson 2, Davis 14) 

and faeces (unknown age Mawson 18 1984, Davis 150 1983 and Jan 84) and known 
age Jan 84-Jan 85 from near shore (423) and offshore (422). 

Reference: Green and Burton (1987) 

Diet composition (% frequency of occurrence for faeces, % by weight for vomit): 

vomit faeces 

(1984) (1-4/84) (5/84-1/85) 

Fish 77.1 69.4 58.2 73.5 
Prawns 20.6 54.5 69.8 49.4 
Cephalopods 2.0 10.5 6.8 11.0 
Amphipods 16.5 15.9 16.6 
Isopods 18.7 20.6 18.7 
Other crusts 11.5 18.0 22.3 
Others 0.6 

During January-April prawns (69.8%) were more common than fish (58.2%) when 
the inshore areas were ice free, then fish were more common (73.5%) than prawns 
(49.4%) until January 1985 when sea ice was present. Crustaceans were Chorismus 
antarcticus and Notocrangon antarcticus in approximately a 3:1 ratio. 

Fish were P. antarcticum and a range of benthic nototheniids. The latter dominated in 
faeces from the inner zone, but in the outer zone both types fluctuated. 

Prey size: Average carapace length of Chorismus was steady through year at 13.3±1.4 
mm, but longer (14.2±1.9 mm) in the outer zone than in the inner (13.1 ±1.2 
mm): Notocrangon carapace length was 14.1±1.7 mm. The length of P. antarcticum 
was similar in faeces from the inner and outer zones (146.9±11.8 and 145.1 ±13.4 
mm respectively) and there was little difference between sites although Mawson fish 
were smaller (116±23.3 mm). 

2. 1 1 Leopard Seals 

Location: Sea ice off Davis Station (68°30'S: 77°50'E) 
Time: August to October 1984 
Source of material: Total of 15 faeces 
Reference: Green and Williams (1986) 
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Diet composition (% frequency of occurrence): 

Pleuragramma antarcticum 
Trematomus sp 
Decapods 
Amphipods 
Unid. crustaceans 

73.3 
20.0 

6.7 
20.0 
13.3 

P. antarcticum length range was 88-175 mm. After October, Adelie penguin remains 
were common in faeces. No krill were observed - the most common crustacean was 
gammarid amphipods. 

3. DISCUSSION 

It is not the intention of this paper to discuss the above results in detail, as this is a 
task already accomplished in the individual publications. The aim of this paper is rather to 
bring to CCAMLR's attention the large body of data already obtained on vertebrate predator 
diets and to summarise briefly the important conclusions relevant to ecosystem monitoring. 

3. 1 Prydz Bay Area 

Most predator species have a rather low dependence on E. superba for food, and in 
many cases on euphausiids in general. Conversely fish, and in particular Pleuragramma 
antarcticum, are important in most diets. This is summarised Table 1. 

Thus utilising any of these species to monitor the state of E. superba populations 
would be unreliable. Indeed in the Adelie penguin, breeding success is inversely correlated 
with the amount of E. superba in the diet, except in the disastrous 1985/6 season when all 
the usual diet components had low occurrences, as shown in Table 2. 

Table 2 also shows the extent to which prey switching can occur in Adelie penguins, 
with high levels of P. antarcticum and E. crystallorophias alternating with dominance of the 
diet by E. superba. Whitehead et al. (in press) discuss fully the possible causes for reduced 
breeding success and diet changes, and for the Adelie penguin suggest that the extent of sea ice 
is important. In "bad" years, extensive sea ice forces the penguins to forage further away 
from the breeding colonies, thus lengthening the intervals between chick feeding and hence 
the amount of food the chick receives. Much of this inter annual variation may, however, be 
due to more general oceanographic conditions, as in the 1985/6 season the petrel species, 
which have much easier access to foraging grounds and which feed much more heavily on 
other organisms such as fish (eg. Antarctic Fulmar), also had very low reproductive 
success. Although none of the species studied (with the possible exception of the Cape 
Petrel) seems to be a reliable indicator of the state of local E. superba stocks because of 
prey switching and/or low dietary importance, such studies are valuable to indicate the 
underlying variability of the ecosystem. 

Almost all the diet studies show that the predators are feeding exclusively on the 
continental shelf, because all the major diet components (E. crystallorophias, 
P. antarcticum and amphipods) are exclusively shelf species. Although E. superba occurs 
both on and off the shelf, it is likely that most have been taken near the shelf margin, where 
they are usually abundant. Typically off-shelf species, such as myctophid fish, almost never 
occur. There seems little partitioning by size within a prey species. All predators studied 
take adult E. superba (36-48 mm length) and sub-adult P. antarcticum, between 90 and 
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160 mm SL, with Emperor penguins taking generally smaller fish than Adelie penguins or 
petrelsl Some rather surprising food items were the high proportion of decapods (especially 
near shore) in the Weddell seal diet, and the dependence on amphipods by Adelie penguins 
before laying. 

Most diet work to date has been done in the South Atlantic region, from South Georgia 
to the Antarctic Peninsula and Weddell Sea. The Prydz Bay work summarised here shows 
consistent differences in diets of vertebrate predators from those in the South Atlantic 
sector. Chief among these is the virtual absence of cephalopods in diets of all species, and the 
much lower dependence on E. superba, with other euphausiids and P. antarcticum replacing 
it. Results from Adelie Land and McMurdo tend to resemble those from Prydz Bay, which 
underlines the importance of assessing ecological relationships from a series of widely 
spaced localities. In East Antarctic coastal sites at least, it is also important to study the 
ecology of the other major prey species such as E. crystallorophias and P. antarcticum. 

3.2 Sub-Antarctic Islands 

The diets of the four species of penguins at Heard and Macquarie Islands again stresses 
the differences between areas. Macaroni and Gentoo penguins feed largely on E. superba, and 
King penguins on cephalopods in the South Atlantic sector, whereas at Macquarie and Heard 
Islands Royal/Macaroni penguins take other euphausiids (E. vallentini and T. gregaria) and 
fish, and King and Gentoo penguins feed almost entirely on fish. Penguin diets at these 
islands generally resemble those at Marion Island, but a feature of the diets, especially at 
Macquarie Island is the dominance of myctophid fish, probably reflecting the very narrow 
shelf area and proximity to deep water feeding grounds. 
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Table 1: Summary of mean % composition by weight of euphausiids and fish from all 
sources. 

Adelie Penguin* 
Emperor Penguin 
Cape petrel 
Antarctic petrel 
Antarctic fulmar 
Weddell Seal 

*Post hatch period only 

E. superba E. crystallorophias 

35.1 33.8 
<1 
80.7 (nearly all E. superba) 
22.3 
36.2 

Fish 

23.7 
96.7 
18.6 
77.5 
63.2 
77.1 

Table 2: Annual variability in diet during posthatch period and breeding success* of Adelie 
penguins (by split year). 

81/82 82/83 83/84 84/85 85/86 86/87 87/88 

Overall weight(g) 450 141 202 114 200 400 450 
E. crystallorophias (%wt) 44 42 1 8 1 3 25 39 55 
E. superba (%wt) 24 25 77 66 5 29 20 
Fish (%wt) 28 32 5 20 24 32 25 
Am ph ipods(%wt) 4 1 0.1 0.5 46 0 0 
Chicks hatched in 

reference colonies 502 692 398 395 240 600 630 

*Data from Whitehead et al. (in press) 
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Tableau 1 

Tableau 2 

TaoJuu . .\a 1 

TaOJUIL(a 2 

Tabla 1 

Tabla 2 

Legendes des tableaux 

Resume du pourcentage moyen de composition par poids des euphausiaces et 
des poissons de toutes les origines. 

Variabilite annuelle du regime alimentaire pendant la periode suivant 
I'eclosion, et reussite de la reproduction des manchots Adelie (par annee 
fraction nee). 

3arOJIOBKH K TaOJIHL(aM 

CBO,llKa Cpe,llHerO npOL(eHTHOro COCTaBa aHTapKTH1..JeCKOrO KpHJIjI H 

PbIObI no Becy Ha OCHOBaHHH ,llaHHbIX. nOJIY1..JeHHbIX H3 Bcex 

HCT01..JHHKOB. 

rO,llOBajI H3MeH1..JHBOMTb B ,llHeTe B Te1..JeHHe nocTbIHKyoaL(HOHHOro 

nepHO,lla H penp0,llYKTHBHblii ycnex nHHrBHHOB A,lleJIH. 

Encabezamientos de las Tablas 

Resumen de la composici6n media % por peso de eufausidos y peces de todos 
los origenes. 

Variabilidad anual en la dieta durante el periodo posterior a la incubaci6n y 
exito de reproducci6n de los pingOinos Adelia (por ano dividido). 
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