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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
1989. 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).

Résumé

Le présent tome contient une sélection de communications scientifiques
présentées aux réunions du Comité Scientifique et aux Groupes de travail du
Comité Scientifique en 1989. Le texte de ces communications est reproduit dans
la langue originale dans laquelle celles-ci ont été présentées; les résumés des
communications ainsi que les titres des tableaux et des figures ont été traduits
dans les langues officielles de la Commission (anglais, frangais, russe et
espagnol).

Pe3oMe

HacTosmmui TOM COAEPXUT NOABOPKY HayuHbIX paboT, NpeAcTaBJEHHbIX
Ha coBemaHuax HayuHoro xomurtera U Pa6ouux rpynn HayuHoro
KoMuTeTa B 1989 r. PaboThl NMpeAcTaBJeHbl Ha sI3bIKE OPUrHHAJa; UX
pesMe, Ha3BaHMS Tab/Ml, M MOANUCH K PHCYHKaM MepeBeZleHbl Ha
oduLrasbHble sI3bIKM KOMUCCHUM (aHIVIMMCKUN, (GpaHILly3CKHUi, pYCCKUI U
HCIaHCKU ),

Resumen

Este volumen contiene una seleccién de los documentos cientificos presentados en
las reuniones del Comité Cientifico y de los Grupos de Trabajo del Comité
Cientifico en 1989. El texto de estos documentos esta reproducido en el idioma
original; los resimenes de éstos y los titulos de los cuadros y figuras estan
traducidos a los idiomas oficiales de la Comisién (inglés, francés, ruso y
espafiol).
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HYDROLOGICAL CONDITIONS AND CHARACTERISTICS OF ICEFISH
(CHANNICHTHYIDAE) DISTRIBUTION ON THE SOUTH GEORGIA SHELF IN
1986/87

V.N. Shnar and V.l. Shlibanov
Abstract

Some characteristics of spatial and temporal variability of the
distribution of icefish (Channichthyidae) on the South Georgia shelf
in relation to environmental conditions, have been revealed from
summaries and analyses of hydrographic, commercial fisheries and
biological data for 1986/87.

Résumé

Certaines particularités de la variabilité spatiale et temporelle de la
distribution du poisson des glaces (Channichthyidae) sur le plateau de
la Géorgie du Sud, par rapport aux conditions du milieu, ont été
révélées par les données récapitulatives et les analyses des données
hydrographiques, biologiques et en provenance des pécheries
commerciales de 1986/87.

PeswMe

Ha ocCHOBaHHMM CBOZOK JAaHHBIX W aHa/Ju3a JaHHBIX IO
rugporpaduy, 6HUOJIOTMU MW KOMMEPUECKOMY IPOMBICAY 3a
1986/87 r. 6blIM  BBISIBJIEHbl HEKOTOpble OCOBEHHOCTHU
MPOCTPaHCTBEHHON U BpeMeHHON U3MEHUUBOCTH
pacnpeaesieHust pbi6 ceMeiictBa Channichthyidae Ha meJsbde
I0xHoli I"'eopruy B 3aBUCHUMOCTU OT YCJIOBUIL OKpY:Xalollei
cpeAbl.

Resumen

Ciertas caracteristicas de variabilidad espacial y temporal de la
distribucién de los peces de hielo (Channichthyidae) en la plataforma
de Georgia del Sur, en relacién a las condiciones ambientales, han sido
descubiertos en resumenes y andlisis de datos bioldgicos,
hidrogréficos y de pescas comerciales para 1986/87.




1. INTRODUCTION

The task of this work has been to try to identify the main characteristics and patterns
of spatial and temporal distributions of icefish (Channichthyidae) on the South Georgia shelf
relative to environmental conditions.

2. MATERIALS AND METHODS USED

Material collected during the course of two integrated surveys conducted on board the
vessel BMRT Gizhiga in the area of South Georgia is used in this work (Figure 1). The
periods chosen for the surveys (16 September to 21 October 1986 and 10 to 31 August
1987) coincided with hydrological winters of the Southern Hemisphere. In South Georgia,
this season lasts from 15 July to 10 November (Polishchuk et al., 1987).

Each so called “integrated study station” consisted of a 30 minute census trawl
survey by bottom trawl and a hydrological station to determine water temperature and
salinity over standard depths.

In total, 75 integrated stations were made. Unfortunately, due to severe ice
conditions on the southwest and eastern shelves of the island, a second survey could not be
finished.

Mean monthly water temperature data taken from the bench mark area of 102 miles
(central point at 54°S and 36°W) were used in the analysis of environmental conditions for
1986/1987 in the South Georgia area. Since commercial concentrations of icefish generally
occur near the bottom, mean monthly catch-per-unit-effort data have been compared with
the anomalies of mean water temperature in the layer from 150 m depth-to the bottom. The
standard value for mean weighted temperature in this area has been calculated from monthly
observations over the period from 1969 to 1988. The boundaries of the Antarctic water
modifications were identified by means of plotting TS-diagrams (Timofeev and Panov,
1962).

3. RESULTS AND DISCUSSION

Analysis of environmental conditions and the fishery in 1986 and 1987 showed
significant differences between these two years.

In 1986 positive anomalies of the mean weighted water temperature predominated in
the layer from 150 m depth to the bottom (Figure 2, a). Three peaks of maximum catches
were observed during the year: one pre-spawning peak in March and two post-spawning
(feeding) peaks in July/August and December (Figure 2, b). This was consistent with the
average long-term pattern of the fishery.

In 1987 the situation was quite different. A negative anomaly of the mean weighted
temperature was observed in the layer from 150 m to the bottom from March until the end
of the year (Figure 2, c). Throughout the year only two peaks of maximum catches of icefish
were noted. These occurred in February and June and coincided either with the period of
positive anomalies (January to February) or with the period of decreased value of negative
anomaly of the mean weighted temperature (May to June) (Figure 2, d). Maximum catches
in 1987 were taken a month earlier than in 1986.

During both periods there was a close relationship between the mean weighted water
temperature in the layer from 150 m to the bottom and the dynamics of fisheries. In
general, catches of icefish increased under conditions of positive temperature anomalies and
decreased when negative temperature anomalies prevailed.
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The hydrological regime in the South Georgia area was determined by the interaction
of Deep Circumpolar Waters (DCW) and Shelf Waters (SW). This resulted in the formation of
a frontal zone in near bottom layers along the shelf periphery. The isotherm line of 1.0 to
1.1°C and isohaline line of 34.20 to 34.25%. were set as the conventional boundary dividing
DCW and SW (1:1 ratio of both waters by volume).

in 1986 commercial concentrations of icefish were observed along the island shelf
slope in the water temperature gradient zone (Figure 3). In the exceptionally cold year of
1987, commercial concentrations were also found in the frontal zone but they were very few
in number and fishing was carried out only in limited areas to the northeast and west of the
island (Figure 4).

Such a distribution of icefish is obviously associated with the weakening intensity of
the DCW upwelling over the island shelf slope in exceptionally cold years which results in a
decrease in the volume of warm water on the shelf. The variability of the position of the
1° isotherm clearly illustrates this fact (Figures 5 and 6). In September 1986 it was
located at a depth of 150to 190 m, while in August 1987 at 220 to 250 m. It may
therefore be assumed that in cold years such as 1987, concentrations of icefish scatter
around the periphery of the island shelf or migrate to depths of 300 m or more, and do not
form commercial concentrations.

4. CONCLUSIONS

Analysis of the link between mean weighted water temperature in the layer from
150 m depth to the bottom and daily catches by month demonstrated that, in general, catches
of icefish increase under conditions of positive temperature anomalies and decrease when
negative anomalies prevail.

In 1986/87 commercial concentrations of icefish were noted at a depth of 200 to
300 m and appeared towards the gradient zone formed by the interaction of warm, deep
circumpolar waters (DCW) with the colder shelf waters (SW). The most dense
concentrations were observed on the warmer side of the gradient zone where the water
temperature was above 1.0°C and salinity more than 34.20%o.

In the exceptionally cold year of 1987 the icefish fishing grounds were significantly
smaller than in 1986 which is evidently associated with the small volume of DCW waters on
the shelf.

REFERENCES

POLISHCHUK, I.A., P.P. FEDULOV and A.D. KOVALEV. 1987. Variation in Hydrological Conditions
in the Western Part of the Atlantic Sector of the Southern Ocean. Theses of Reports at
the 4th Regional Conference “Integrated Study of the Atlantic Ocean Environment”.
Kaliningrad. pp. 81-82. (In Russian).
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Figure 1: Locations of integrated study stations made from 16 September to 21 October 1986 (1) and from 10 to 31 August 1987 (2)
on the South Georgia Island shelf.
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Figure 2: Variation in mean weighted water temperature in the layer from 150 m depth to the bottom (At) and daily catches (tonnes)
of icefish (Channichthyidae) in the South Georgia area in 1986 (a, b) and 1987 (c, d).




4U 38 36 J4

53 , | | | | ’
— N Q% 1
i

.'.'.‘;5""55%%7;;}};;%»
«h.§~‘%¢_ N 20
0,7{ — 4 '.:“"‘”« rz
| ! 454
5%
ARK
5 4 7/ )
T -
SRR - 0
—18 -3 !
/
I N 34

Figure 3: Distribution of near bottom water temperature and catches of icefish (Channichthyidae) during the trawl survey from
16 September to 21 October 1986.

1 - catches per hour trawling less than 0.5 tonne
2 - catches per hour trawling more than 1.0 tonne
3 - near bottom temperature
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Figure 4: Distribution of near bottom water temperature and catches of icefish (Channichthyidae) during the trawl survey from 10 to
31 August 1987.

1 - catches per hour trawiing less than 0.5 tonne
2 - catches per hour trawling more than 1.0 tonne
3 - near botiom temperature
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Figure 5: Vertical distribution of water temperature and commercial aggregations of

icefish {Channichthyidae) in the South Georgia area (17 to 19 September
1986).

1 - catches per hour trawling less than 0.5 fonne
2 - catches per hour trawling more than 1.0 tonne
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Figure 6: Vertical distribution of water temperature and commercial aggregations of
icefish (Channichthyidae) in the South Georgia area (22 to 23 August 1986).

1 - catches per hour trawling less than 0.5 tonne

i1




Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

PucyHoK 1:

PucyHoK 2:

12

Liste des figures

Emplacement des stations d'étude intégrée effectuée du 16 septembre au
21 octobre 1986 (1) et du 10 au 31 aolt 1987 (2) sur le plateau de l'ile
de Géorgie du Sud.

Variation de la température de I'eau, en moyenne pondérée, dans la couche de
150 m de profondeur jusqu'au fond (At) et captures journaliéres (tonnes)
de poisson des glaces (Channichthyidae) dans la zone de la Géorgie du Sud en
1986 (a,b) et 1987 (c,d).

Distribution de la température des eaux proches du fond et des captures de
poissons des glaces (Channichthyidae) pendant la campagne d' evaluatlon par
chalutage du 16 septembre au 21 ociobre 1986.

1 - captures par heure de chalutage inférieures a 0,5 tonne
2 - captures par heure de chalutage supérieures a 1,0 tonne
3 - température proche du fond

Distribution de la température des eaux proches du fond et des captures de
poissons des glaces (Channichthyidae) pendant la campagne d'évaluation par
chalutage du 10 septembre au 31 ao(t 1987.

1 - captures par heure de chalutage inférieures a 0,5 tonne
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3 - température proche du fond

Distribution verticale de la température de l'eau et des concentrations
commerciales de poisson des glaces (Channichthyidae) dans la zone de la
Géorgie du Sud (17 au 19 septembre 1986).

1 - captures par heure de chalutage inférieures a 0,5 tonne
2 - captures par heure de chalutage supérieures a 1,0 tonne

Distribution verticale de la température de l'eau et des concentrations
commerciales de poisson des glaces (Channichthyidae) dans la zone de la
Géorgie du Sud (22 au 23 aolt 1986).

1 - captures par heure de chalutage inférieures a 0,5 tonne

CricoKk pHCYHKOB

MecTomnoJsoxeHue CTaHL UM MpoBeAeHUS KOMIIJIEKCHBIX
Ucc/aeoBaHUU, BhIHOJIHEHHBIX C 16 ceHTsA6ps no 21 okTsa6pst 1986 r,
(1) 1 ¢ 10 no 31 asrycra 1987 r. (2) Ha meJbdpe ocTpoBa l0xKHas
T'eoprus.

Kosebanue cpezaHeil B3BelleHHON BeJIMUMHBI TeMIlepaTypbl BOJAbBI B
cJloe Ha riybuHe oT 150 M o AHa (Al) 1 CYTOUHBIX YJIOBOB (B TOHHAX)
pbi6 ceMelicTBa. Channichthyidae B paitioHe I0xHoli I'eopruu B 1986
(a, b) u 1987 rr. (c,d).
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Figura 4:

PacnpejesieHUe TeMNEPATYpbl NPUAOHHBIX BOJ U YJOBOB pbib
cemelictBa, Channichthyidae B TeueHUue TPaJIOBOM CbEeMKH,
npoBoAuBmeELics: ¢ 16 ceHTsI6psi Mo 21 okTsA6ps1 1986 T.

1 - yJIOBBI 33 Uac TpaJieHUsl, COCTaBsomMKe MeHee 0,5 TOHHbI
2 - YJIOBHI 32 UAC TpaJieHUs], cocTarJsomue 6osee 1,0 TOHHBI
3 - TeMnepaTtypa nNpUAOHHBIX BOJ

PacnpejenieHue TeMmnepaTypbl NPUAOHHBIX BOA W YJOBOB Dbib
ceMmetictBa. Channichthyidae B TeueHHe TpPaJIOBOM CbEMKU
nporoAuBmericsa ¢ 10 no 31 asrycra 1987 r.

?

1 - yJIOBHI 32 UaC TpaJieHUs], cocTaBJsiole MeHee 0,5 TOHHBI
2 - yYJIOBBI 33 Uac TpaJieHUsl, cocTaBJspmMe 6oJsee 1,0 TOHHDBI
3 - TeMnepaTypa NpUAOHHbBIX BOJ

BepTukaJbHOE pacnpezeseHde TeMmnepaTypbl BOJAbl U NPUTOAHbBIX
AJisl ~ KOMMEPUECKOro IpOMBICJ/a arperauuii  pbi6  cemeicTsa
Channichthyidae B paiioHe H0xHoli I'eopruu (17-19 centsi6pst 1986 r.).

1 - yJIOBHI 33 UAC TpaJIeHHsl, COCTaBJsIIUE MeHee 0,5 TOHHBI
2 - yYJIOBHI 33 Yac TpaJieHHs, cocTaBJsiwlue 6osee 1,0 TOHHbI

BepTukaJbHOE pacnpefesieHUe TeMIepPaTypbl BOAbl U MPHUIOJHbBIX
AJsl  KOMMEPUECKOro TMpOMbICJa arperauuil pbi6  ceMelicTBa
Channichthyidae B patione I0xxHoI 'eopruu (17-19 cenrtsibps 1986 r.).

1 - YJIOBEI 34 HaC TpaJieHUs], COCTABJISIDIME MEHEE 0,5 TOHHB®I.

Lista de las figuras

Localidades de las estaciones de estudio integrado realizadas desde el 16 de
septiembre al 21 de octubre de 1986 (1) y desde el 10 al 31 de agosto de
1987 (2) en la plataforma de la Isla Georgia del Sur.

Variacién en la temperatura media del agua medida en las capas de 150 m de
profundidad hasta el fondo (At) y capturas diarias (toneladas) de peces de
hielo (Channichthyidae) en el area de Georgia del Sur en 1986 (a, b) y
1987 (c, d).

Distribucién de temperatura del agua cerca del fondo y capturas de peces de
hielo (Channichthyidae) durante el arrastre de estudio realizado desde el
16 de septiembre al 21 de octubre de 1986.

1 - capturas por hora de arrastre menos de 0.5 tonelada
2 - capturas por hora de arrastre mas de 1.0 tonelada
3 - temperatura cerca del fondo

Distribucién de temperatura del agua cerca del fondo y capturas de peces de
hielo (Channichthyidae) durante el arrastre de estudio realizado desde el
10 al 31 de agosto de 1987.

1 - capturas por'hora de arrastre menos de 0.5 tonelada
2 - capturas por hora de arrastre mas de 1.0 tonelada
3 - temperatura cerca del fondo
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Distribucién vertical de la temperatura del agua y agregaciones comerciales
de peces de hielo (Channichthyidae) en el area de Georgia del Sur (17 al
19 de septiembre de 1986).

1 - capturas por hora de arrastre menos de 0.5 tonelada
2 - capturas por hora de arrastre mas de 1.0 tonelada

Distribucién vertical de la temperatura del agua y agregaciones comerciales
de peces de hielo (Channichthyidae) en el area de Georgia del Sur (22 al
23 de agosto de 1986).

1 - capturas por hora de arrastre menos de 0.5 tonelada
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1989/90 STOCK STATUS AND TAC ASSESSMENT FOR CHAMPSOCEPHALUS
GUNNARI IN SUBAREA 48.3 (SOUTH GEORGIA)

Zh.A. Frolkina and P. Gasyukov
Abstract

The 1989/90 stock status and TAC assessment for Champsocephalus
gunnari in South Georgia subarea (48.3) has been made using the
biostatistic material for 1982/83 to 1987/88 collected by Soviet
scientists. VPA tuning has been made by the Laurec-Shepherd method
(1985) using standardized fishing effort. For the beginning of the
1989/90 fishing season, the stock was assessed at 130.2 thousand
tonnes and the TAC at 23.6 thousand tonnes.

Résumé

L'état du stock et I'évaluation du TAC de Champsocephalus gunnari
dans la sous-zone de la Géorgie du Sud (48.3) pour 1989/90 ont été
effectués en se servant de matériaux biostatistiques recueillis par les
scientifiques soviétiques de 1982/83 a 1987/88. La VPA a été
ajustée par la méthode Laurec-Shepherd (1985) en utilisant I'effort
de péche standardisé. Pour le début de la saison de péche 1989/90,
le stock a été estimé & 130 200 tonnes et le TAC a 23 600 tonnes.

PezoMme

OueHka CcoOCTOsIHUa 3anaca Champsocephalus gunnari B
Hoapatione 48.3 (I0xHasa I'eoprusi) B TeueHHe ce3ona 1989/90 r,
U OlleHKa BeJIMUUHBl TAC AJis1 3TOro 3amnaca 6blJIM CZeJlaHbl Ha
OCHOBE CTATHUCTHUECKUX TMPOMBICJOBBIX W 6HOJIOrHUECKUX
AaHHBIX MO 3TOMY 3amnacy 3a 1982/83 - 1987/88 rr., co6paHHbIX
COBETCKMMHM yueHbiMH, HacTpofika VPA 6pljia BBINOJIHEHA NO
MeTtoay Jlopeka-lllenapaa (1985 r.) npu cTaHAapTH3HPOBaHHOM
MPOMBICJIOBOM YCHJIMU, OLleHKa BEJIMUHMHBI 3aMaca Ha HauaJo
npoMbicJioBOro ce3oHa 1989/90 r. cocrarusa 130,2 ThiCcsSIUM
TOHH U BeJIMUUHBI TAC - 23,6 ThiCAUM TOHH.

Resumen

La evaluacién de la condicién de las poblaciones de 1989/90 y de la
capturas totales permisibles (TAC) de Champsocephalus gunnari en
la subarea de Georgia del Sur (48.3) se ha hecho utilizando material
bioestadistico recopilado por los cientificos soviéticos desde
1982/83 hasta 1987/88. EIl ajuste de VPA se ha realizado usando el
método Laurec-Shepherd (1985) el cual utiliza esfuerzo de pesca
estandarizado. Para el comienzo de la temporada de pesca de
1989/90, las poblaciones fueron evaluadas a 130.2 mil toneladas y
el TAC de 23.6 mil toneladas.
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1. BACKGROUND DATA
1.1 The Fishery

In 1988/89 fishing for Champsocephalus gunnari was conducted over a short period
from 1 October to 4 November 1988. Total catch for this time amounted to 21.4 thousand
tonnes.

1.2  Age Composition of Catches

Data for the 1982/83 to 1987/88 seasons are taken from the document
WG-FSA-89/5 of the Working Group on Fish Stock Assessment.

Age composition of the 1988/89 catch is calculated using an age/length key for the
last quarter of 1988 and comprehensive measurements taken in October 1988. Data on age
composition of catches are given in Table 1.

1.3  Catch-Per-Unit Fishing Effort and Fishing Effort

A Soviet BMRT (large refrigerator trawler) conducting fishing with bottom trawl was
used in assessments as a standard type of fishing vessel. Relevant values of
catch-per-unit-effort (CPUE) are taken from the Report of the Seventh Meeting of the
Scientific Committee (SC-CAMLR-VII). There were no data for the 1986/87 season. An
assumption was made that CPUE in that season was 3.0 tonnes per hour. CPUE for this type of
vessel during the 1988/89 season was taken at 2.96 tonnes per hour.

Values for standardizing fishing effort are derived from the division of total
catch-per-season by the value of catch-per-effort of a standard vessel.

Total catch, catch-per-unit-effort of standard vessels equipped with bottom trawls
and standardized fishing effort by seasons are given in detail in Table 2.

1.4  Mean Fish Mass By Age

Information on average fish mass by age and fishing season from 1982/83 to
1987/88 was also taken from the document WG-FSA-88/5.

Values of mean fish mass in the 1987/88 season were derived from the data collected
to establish an age/length key.

Values of mean fish mass by age and fishing season are given in Table 3.

2. PARAMETERS
2.1 Natural Mortality Rate

The same value of natural mortality rate (0.35) was used as agreed at the Seventh
Meeting of the Scientific Committee (SC-CAMLR-VII).
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2.2  Age of Sexual Maturity

According to our data up to 90% of fish commence spawning for the first time at the
age of 3 years; 2 year old spawning fish were observed only in 1984 but their numbers
never exceeded 10%. The age of sexual maturity is considered to be 3 years.

3. VPA STOCK ASSESSMENT

The VPAs were tuned by using the Laurec-Shepherd method (Pope and Shepherd,
1985).

Computed values of the fishing mortality rate, abundance and biomass are given in
Tables 4 to 6.

Shown below are coefficients of the correlation between fishing mortality rate and
fishing effort for each age-group which were derived for and used in this analysis.

Age-Group Coefficient of Correlation
0.52
0.75
0.92
0.60
0.72
0.66

oA wOWN -

The tuning of VPA for the first age-group was not successful, therefore its abundance
in 1988/89 was estimated using the mean value over six recent years.

The VPA based on these data gives a biomass for C. gunnari at the beginning of the
1988/89 season of 103.0 thousand tonnes.
4, YIELD-PER-RECRUIT

The value of yield-per-recruit was calculated using Thompson and Bell's method.
Rates of partial recruitment were used in the calculation which assumed that fish from the
age of three years and over were fully represented in the catch. The values of rates of
partial recruitment for other age-groups were derived by averaging results for the whole
period (seven years). The relevant coefficients were as follows:

Age-Group 1 2 3 4 5 6

Rate of partial recruitment 0.07 0.37 1.0 1.0 1.0 1.0
Results of calculations are given in Table 7. The value of Fysy was 0.72; the value of Fg
was 0.42.
5. TAC ASSESSMENT FOR THE 1989/90 SEASON

Calculation of the TAC assumes that:

. the mean mass of fish has remained at the 1988/89 level;
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o the rates of partial recruitment for age-groups 1 and 2 were defined for the
1982/83 to 1987/88 seasons by applying rates of fishing mortality derived
by the Laurec-Shepherd method; rates for other age-groups are assumed to
be 1.0;

. the size of age-group 1 is the mean value taken over a number of years;
. the total fishing mortality rate for 1989/90 will be at a level of F5=0.42; and

. as adopted by the WG-FSA in 1989, the values Fp 1= 0.313 and F,4=0.42 were
used.

Results of the TAC evaluation are given in Table 11.

Within these parameters, the stock size of C. gunnari at the beginning of the
1989/90 season in Subarea 48.3 is estimated at 130.2 thousand tonnes, while the TAC for
this season is 28.6 thousand tonnes.

Values of TAC at F1=0.313 and F,x=0.42 are given in Tables 9 and 10. If these
values of F are used, TAC in 1989/90 will be 22.2 and 40.3 thousand tonnes respectively.

Acting upon a suggestion by Dr J. Beddington (UK), the second version of the
calculation was carried out using the following set of catch-per-unit data: Country - USSR,
Type of vessel - BMRT, Years - 1982/83 to 1988/89, Month - October. The data of this set
are given in Table 11.

Results of VPA analyses based on these data are given in Tables 12 to 14 and the
calculation of TAC appears in Tables 15 to 17. Assuming the biomass to be 136.6 thousand
tonnes at the beginning of 1989/90, the following TAC were obtained:

if Foy = 0.42 TAC = 30.3

if Foy = 0.313 TAC = 23.6

if Fpax = 0.42 TAC = 42.6
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Table 1:

Age composition of C. gunnari in Subarea 48.3 (millions of specimens).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

1 25.97 98.63 5.28 21.64 6.92 8.60 10.25
2 162.20 167.08 18.20 39.62 207.12 12.42 128.89
3 428.08 120.92 47.05 34.01 276.94 70.06 14.47
4 68.13 76.11 12.71 1.89 19.31 35.51 9.18
5 24.97 21.54 1.80 0.67 4.21 25.16 11.49
6 8.55 4.31 0.54 0.13 0.70 6.85 2.31
Table 2:  Total catch, catch-per-unit-effort of a BRMT type vessel and standardized fishing
effort by fishing seasons.
Fishing Seasons Total Catch CPUE Fishing Effort
1982/83 128.2 7.12 18 006
1983/84 80.0 5.42 14 760
1984/85 14.2 4.44 3 187
1985/86 11.1 (3.0)* 3 700
1986/87 71.1 2.73 26 044
1987/88 34.5 1.99 17 387
1988/89 21.4 2.94 7 279
* Adjusted value
Table 3:  Average fish mass (in grams) for C. gunnari by age-groups (Subarea 48.3).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

1
2
3
4
5
6

29.70
87.80
175.80
291.80
430.20
585.20

35.80
97.20
189.00
308.00
448.90
605.50

23.40
79.00
163.30
276.00
411.90
565.20

29.70
87.80
175.80
291.80
430.20
585.20

24.90
81.90
167.40
281.20
418.00
571.80

17.70
70.60
151.00
260.50
393.80
545.30

23.40
79.00
163.30
276.00
411.90
565.20
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Table 4:  Fishing mortality rates of C. gunnari in Subarea 48.3 (tuning VPA by
Laurec-Shepherd method).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1887/88 1988/89

0.06161 0.29848  0.00649 0.04278 0.09002 0.00990 0.02003
0.58273 0.83807 0.09608 0.07167 0.86721 0.27265 0.23587
1.56944 1.67471 0.74571 0.30896 1.24851 1.07525 0.71682
1.15659 2.73048 1.07049 0.06656  0.34443 0.61637 0.45455
1.59551 2.82028 0.70454 0.15913 0.24392 1.34540 0.49858
1.37595 2.77424 0.88668 0.11275 0.29403 0.98007 0.47628

OO WN —

Table 5:  Abundance (millions of specimens of C. gunnari in Subarea 48.3 (tuning VPA by
Laurec-Shepherd method).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

1 514.21 449.08 967.72 611.65 95.02 1034.88 612.09

2 428.05 340.71 234.80 677.55 412.97 61.20 722.07

3 613.55 168.43 103.85 150.30 444.44 = 122.26 32.83

4 114.02 90.00 22.24 34.72 77.786 89.86 29.40

5 35.52 25.27 413 5.37 22.89 38.83 34.19

6 13.05 5.08 1.06 1.44 3.23 1.2.64 7.13
Total 1718.400 1078.570 1333.805 1481.033 1056.319 1359.671 1437.710

Table 6: Biomass (thousands of tonnes) of C. gunnari in Subarea 48.3 (tuning VPA by
Laurec-Shepherd method).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89
1 15.272 16.077 22.645 18.166 2.366 18.317 14.323

2 37.583 33.117 18.549 59.489 33.823 4.320 57.043

3 107.861 31.833 16.959 26.423 74.399 18.462 5.362

4 33.271 27.720 6.138 10.131 21.867 23.410 8.114

5 15.283 11.346 1.703 2.311 9.568 15.292 14.083

6 7.635 3.074 0.600 0.843 1.846 6.892 4.028
Total 216.906 123.167 66.593 117.362 143.869 86.693 102.953
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Table 7: Yield-per-recruit for C. gunnari in Subarea 48.3.

Fishing Mortality Rates Y/R Fishing Mortality Rates Y/R
0.00 0.0 0.60 0.0637
0.02 0.0064 0.62 0.0639
0.10 0.0268 0.64 0.0640
0.20 0.0433 0.66 0.0641
0.30 0.532 0.68 0.0642
0.32 0.0547 0.70 0.0642
0.34 0.0580 0.72 0.0643
0.36 0.0571 0.74 0.0642
0.38 0.0581 0.76 0.0642
0.40 0.0590 0.78 0.0642
0.42 0.0600 0.80 0.0641
0.44 0.0606 0.82 0.0641
0.46 0.0612 0.84 0.0640
0.48 0.0617 0.90 0.0636
0.50 0.0622 1.00 0.0630

Table 8: Calculation of TAC for C. gunnari in Subarea 48.3 for the 1989/90 season
(Fo.4=0.42) (tuning VPA by Laurec-Shepherd method).
Age-Group M w D) N B Y
1 0.3500 23.400 0.0726 612.09 14.323 0.363
2 0.3500 79.000 0.3708 422.78 33.400 4.083
3 0.3500 163.300 1.0000 401.92 65.634 19.224
4 0.3500 276.000 1.0000 11.30 3.118 0.913
5 0.3500 411.900 1.0000 13.15 5.416 1.586
6 0.3500 565.200 1.0000 14.63 8.271 2.423
Total 1475.88 130.162 28.593
Table 9:  Calculation of TAC for C. gunnari in Subarea 48.3 for the 1989/90 season
(Fo.4=0.313) (tuning VPA by Laurec-Shepherd method).
Age-Group M w FD N B Y
1 0.3500 23.400 0.0726 612.09 14.323 0.272
2 0.3500 79.000 0.3708 422.78 33.400 3.099
3 0.3500 163.300 1.0000 401.92 65.634 15.019
4 0.3500 276.000 1.0000 11.30 3.118 0.714
5 0.3500 411.900 1.0000 13.15 5.416 1.239
6 0.3500 565.200 1.0000 14.63 8.271 1.893
Total 1475.88 130.162 22.235
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Table 10: Calculation of TAC for C. gunnari in Subarea 48.3 for the 1989/90 season
(Fo.4=0.645) (tuning VPA by Laurec-Shepherd method).

Age-Group M w D N B Y
1 0.3500 23.400 0.0726 612.09 14.323 0.554
2 0.3500 79.000 0.3708 422.78 33.400 6.037
3 0.3500 163.300 1.0000 401.92 65.634 26.816
4 0.3500 276.000 1.0000 11.30 3.118 1.274
5 0.3500 411.900 1.0000 13.15 5.416 2.213
6 0.3500 565.200 1.0000 14.63 8.271 3.379
Total 1475.88 130.162 40.273

Table 11: CPUE (tonnes/hours) in Subarea 48.3 for C. gunnari, OTB. Monthly catch >75%
(<75% in brackets).

Month 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89
Jul 2.372 4.442 1.675

Aug 1.969

Sep (0.263) 2.875 (1.944)

Oct 5.556 8.444 (4.0)" 2.358 2.992 2.018 3.207
Nov 4.820 (0.389) (1.185) (1.299)
Dec (0.402) 3.117 (0.192)

Jan 4.451 (0.408) 2.080 (0.387)

Feb 10.740 6.828 2.255 (0.306)

Mar 9.519 4.667 2.355 (0.594)

Apr 7.683 2.268

May 4.699 1.422 2.804

Jun 1.457 4.955 2.821

* Interpolated
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Table 12: Population numbers (millions of specimens) of C. gunnari (Laurec-Shepherd
method).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

1 775.08 730.78 1547.81 860.82 152.01 1709.92 962.74
2 519.53 450.13 367.81 934.77 505.46 86.88 1030.47
3 676.07 192.60 147.45 209.10 536.50 151.47 43.20
4 128.07 98.22 28.65 53.91 100.86 120.35 390.68
5 39.05 27.33 5.79 7.89 31.25 46.46 46.14
6 14.48 5.51 1.41 2.15 4.27 15.73 9.61

Total 2152.273 1504.570 2098.923 2068.641 1330.349 2130.806 2131.836

Table 13: Fishing mortality for C. gunnari (Laurec-Shepherd method).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

0.04343 0.18656 0.00434 0.03242 0.05944 0.00641 0.01362
0.49232 0.61607 0.06476  0.05524 0.70510 0.19866 0.17178
1.42909 1.40530 0.50609 0.22909 0.99468 0.83951 0.53843
1.04464  2.33147 0.78931 0.04548 0.27515  0.45877 0.34230
1.45775 2.46185 0.48992  0.11357 0.188621 1.07603 0.37344
1.25145 2.39811 0.64041 0.07964  0.23089 0.76847 0.35819

OO~

Table 14: Population biomass for C. gunnari (thousands of tonnes), (Laurec-Shepherd

method).

Age-Group 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89
1 23.020 26.162 36.219 25.566 3.785 30.266 22.528

2 45.615 43.753 29.057 82.072 41.397 6.134 81.407

3 118.854 36.401 24.078 36.759 89.810 22.872 7.055

4 37.370 30.252 7.909 15.732 28.361 31.351 10.952

5 16.798 12.268 2.384 3.396 13.061 18.295 19.004

6 8.473 3.338 0.799 1.259 2.444 8.578 5.430
Total 250.129 152.173 100.445 164.784 178.858 117.495 146.376
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Table 15: Projections for 1989, Fop71=0.313, C. gunnari (Laurec-Shepherd method).

Age-Group M w m N B Y
1 0.5000 23.400 0.0640 962.74 22.528 0.352
2 0.5000 79.000 0.3629 576.03 45.506 3.863
3 0.5000 163.300 1.0000 526.38 85.957 18.415
4 0.5000 276.000 1.0000 15.29 4.221 0.904
5 0.5000 411.900 1.0000 17.09 7.040 1.508
6 0.5000 565.200 1.0000 19.26 10.887 2.332
Total 2116.79 176.140 27.376

Table 16: Projections

for

1989, Fop7=0.42, C. gunnari (Laurec-Shepherd method).

Age-Group M W D N B Y
1 0.5000 23.400 0.0640 962.74 22.528 0.471
2 0.5000 79.000 0.3629 576.03 45.506 5.095
3 0.5000 163.300 1.0000 526.38 85.957 23.603
4 0.5000 276.000 1.0000 15.29 4.221 1.159
5 0.5000 411.900 1.0000 17.09 7.040 1.933
6 0.5000 565.200 1.0000 19.26 10.887 2.990
Total 2116.79 176.140 35.250

Table 17: Projections

for

1989, Fop1=0.645, C. gunnari (Laurec-Shepherd method).

Age-Group M w 20] N B Y
1 0.5000 23.400 0.0640 962.74 22.528 0.718
2 0.5000 79.000 0.3629 576.03 45.506 7.547
3 0.5000 163.300 1.0000 526.38 85.957 33.012
4 0.5000 276.000 1.0000 15.29 4.221 1.621
5 0.5000 411.900 1.0000 17.09 7.040 2.704
6 0.5000 565.200 1.0000 19.26 10.887 4.181
Total 2116.79 176.140 49.783
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Tabauna 1:

Liste des tableaux

Composition par age de C. gunnari dans la sous-zone 48.3 (en millions de
spécimens).

Capture totale, capture par unité d'effort d'un navire de type BRMT et effort
de péche standardisé par saisons de péche.

Masse moyenne des poissons (en grammes) pour C. gunnari par groupes
d'age (sous-zone 48.3).

Taux de mortalité par péche de C. gunnari dans la sous-zone 48.3 (VPA
ajustée par la méthode Laurec-Shepherd).

Abondance (en millions de spécimens) de C. gunnari dans la sous-zone 48.3
(VPA ajustée par la méthode Laurec-Shepherd).

Biomasse (en milliers de tonnes) de C. gunnari dans la sous-zone 48.3 (VPA
ajustée par la méthode Laurec-Shepherd).

Rendement par recrue de C. gunnari dans la sous-zone 48.3.

Calcul de TAC pour C. gunnari dans la sous-zone 48.3 pour la saison
1989/90 (Fy.1=0,42) (VPA ajustée par la méthode Laurec-Shepherd).

Calcul de TAC pour C. gunnari dans la sous-zone 48.3 pour la saison
1989/90 (F.1=0,313) (VPA ajustée par la méthode Laurec-Shepherd).

Calcul de TAC pour C. gunnari dans la sous-zone 48.3 pour la saison
1989/90 (Fp.1=0,645) (VPA ajustée par la méthode Laurec-Shepherd).

CPUE (en tonnes/heure) dans la sous-zone 48.3 pour C. gunnari, OTB.
Captures mensuelles 275% (<75% entre parenthéses).

Taille de la population (en millions de spécimens) de C. gunnari (méthode
Laurec-Shepherd).

Mortalité par péche pour C. gunnari (méthode Laurec-Shepherd).

Biomasse de la population pour C. gunnari (en milliers de tonnes), (méthode
Laurec-Shepherd).

Projections pour 1989, Fopr=0,313, C. gunnari (méthode
Laurec-Shepherd).

Projections pour 1989, Fgop7=0,42, C. gunnari (méthode
Laurec-Shepherd).

Projections pour 1989, Fop1=0,645, C. gunnari (méthode
Laurec-Shepherd).
Cnucok Ta6Jui]

BospacTHol cocTas 3anaca C. gunnari B llozpatioHe 48.3 (B8 MUJIJIMOHAX
ocoberi).
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O6muii BHIJIOR U YJOB Ha €JUHULY IPOMBICJIOBOTO YCHUJIUSI 1O AaHHBIM
cyzHa Tuna bBMPT U cTaHAap TU3MPOBaHHOE NIPOMBICJIOBOE YCHJIME I10
MPOMBIC/JIOBBIM CE30HAaM,

CpenHuii Bec (r) oco6eit C. gunnarino
(ToaparioH 48.3).

BO3DACTHBIM  I'pyNnaM

YpoBHU npoMbIc/OROU cMepTHocTH C. gunnari B lloapatione 48.3 (VPA
HacTpoeHa MeTo/ oM Jlopeka-Ilienapaa).

YucseHHOCTh (MUAMUOHBI ocobell) C. gunnari B loapalioHe 48.3 (VPA
HacTpoeHa MetoAoM Jlopeka-lllenapAaa).

Buomacca (Teicsiuu ToHH) C. gunnari B lloapafione 48.3 (VPA HacTpoeHa
MeToZoM Jlopeka-llenapna).

Bbl1OB Ha eluHULLYY nonoJiHenus C. gunnari B loapafioHe 48.3,

BriuucaeHue resiiuuHb TAC aas C. gunnari B lloapatioHe 48.3 Ha ce30H
1989/90 r. (Fp1=0,42) (VPA HacTpoeHa MeToaoM Jlopeka-Ilenapza),

BrruvicsieHue BesqiuuHbl TAC aast C. gunnari B llogpatioHe 48.3 Ha ce30H
1989/90 r. (Fp4=0,313) (VPA HacTpoeHa MeTooM Jlopeka-llenapaa).

BreiuucsieHue BesiuunHbl TAC aasa C. gunnari B lonpatlione 48.3 Ha ce30H
1989/90 r. (F.1=0,645) (VPA HacTpoeHa MeTozoM Jlopeka-Illlenapaa).

CPUE (toHHbi/uac) B Ilozpatione 483 pausa C. gunnari
oTTepTpad. ExxeMecsiuHbIll BIJIOR 275% (<75% B ckobkax),

JIOHHBIN

UHCJAEHHOCTb IMONMYJSIIUH (MUJIJIHOHBI
Jlopeka-Illenapaa).

ocobelt) 'C. gunnari (MeTOo[

KosdpuumeHT nNpoMBICJORON cMepTHOCTU AJus C. gunnari (MeTox
Jlopeka-lllenapaa).

BuoMacca nonyasuud C. gunnari(Teicsiuu TOHH) (MeTojs Jlopeka-
Mlenapga).
OporHos Ha 1989 r., Fopr=0,313, ans C. gunnari (MeTron Jiopeka-
Menapaa).
IporHos Ha 1989 r., Fopr=0,42, ans C. gunnari (Meton  Jlopeka-
Wenapaa).
IIporHo3 Ha 1989 r., Fopr=0,645, 6 ans C. gunnari (MeTtoa Jlopeka-

Ilenapzaa).
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ON ASSESSMENT OF BERTALANFFY GROWTH EQUATION PARAMETERS AND
INSTANTANEOUS NATURAL MORTALITY RATE OF SOUTH GEORGIA MACKEREL
ICEFISH

Zh.A. Frolkina and R.S. Dorovskikh
Abstract

An analysis and summary of extensive published and unpublished data
on size-weight and size-age composition of South Georgia mackerel
icefish (Champsocephalus gunnari) for 1965 to 1987 is presented.
The results enable the calculation of reliable weight-length equations
for males and females by season and the verification of parameters
for the Bertalanffy growth equation. Mean value of natural mortality
rate was estimated at 0.55.

Résumé

Une analyse et un résumé des données exhaustives, publiées ou non,
sur la composition par poids-taille et dge-taille du poisson des glaces
(Champsocephalus gunnari) de Géorgie du Sud sont présentés pour
1965 4 1987. Les résultats permettent le calcul d'équations
poids-longueur fiables, pour les méles et les femelles, par saison, et
la vérification des paramétres de l'équation de croissance de
Bertalanffy. La valeur moyenne du taux de mortalité naturelle a été
estimée a 0,55.

Pe3womMme

IIpeACTaBJIEH aHAJU3 U CROAKA OBMHPHHIX ONMYHJIMKOBAHHBIX U
Heony6J/IMKOBaHHbIX JaHHBIX 32 1965-1987 IT, o
pPasMepHO-BECOBOMY U  PasMEPHO-BO3PACTHOMY  COCTaBY
JeasiHolt pbibel (Champsocephalus gunnar) B paiioHe I0XHOM
Teopriu. Pe3yJbTaThl ITO3BOJSIIOT BHIBECTH TOUHbBIE YDABHEHU S
B3aIMOCBSI3U BeC-AJIUHA AJIsI CaMLIOB U CaMOK MO CE30HaM, 2
TakXe JaloT BO3MOXHOCTbL BbIBEPUTb NapaMeTpbl ypaBHEHUSs
BepraaaHdgu. BoluuciieHHoe cpegHee 3HaueHUle
Ko3dduiMeHTa ecTeCTBEHHOM CMepTHOCTU paBHseTcst 0,59,

Resumen

Se presenta un andlisis y resumen de un gran ndmero de datos
publicados e inéditos sobre la composicion de talla-peso y talla-edad
del draco rayado (Champsocephalus gunnari) de Georgia del Sur para
1965 hasta 1987. Los resultados permiten el calculo de razones
fidedignas de peso-talla para machos y hembras por temporadas y la
verificacién de parametros para la ecuacion de crecimiento de
Bertalanffy. El valor medio del indice de mortalidad natural se estimé
en 0.55.
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1. INTRODUCTION

Several papers have been published on the estimation of parameters of the
Bertalanffy growth equation and instantaneous natural mortality rate for mackerel icefish
(Champsocephalus gunnari) (Kochkin, 1985; Olsen, 1955; Kock, 1981; Linkowsky and
Rembiszewsky, 1978 as cited from Kock, 1981).

Although the concept of change of natural mortality by age is generally accepted now,
the problem of producing scientifically reliable assessments of pertinent coefficients has not
been solved. This problem hampers the practical application of variable natural mortality
rates in stock and catch assessments.

In this context, an attempt was made to determine the natural mortality rate M as a
mean value, not subject to changes with age, so that this value could be used in future stock
assessments.

2. MATERIALS AND METHODS
In order to calculate the parameters of weight-length relationships the 1970 to
1987 data on length and weight of C. gunnari were used. The results of approximately

50 000 biological analyses were considered.

The following equations were tested in order to reliably describe growth of
C. gunnari.

W = We {1 - gXlitto} }
(Bertalanffy equation)
LS eat
a
Wt = Weo e
(Gompertz curve)
Woeo
Wi= 317 gx

(logistic curve)

The method of non-linear parameter estimation (Bard, 1979) was used to define
non-linear dependence parameters. The error of the observed data approximation was taken
to be a criterion for selection of one or another equation and was expressed as mean-square
error:

. W,- Wy
2 e ——
S ~mmZn 1

where W,
W¢

observed value of fish weight at age t,
weight value calculated from the equation.

Averaged data based on age determinations of 3 500 fish were used in the calculations.
The age-groups which had less than three specimens in each group (primarily older
age-groups) were rejected.

The methods of Baranov, Rikhter-Efanov, Beverton and Holt and Alverson-Carney
were used to determine natural mortality rates, M (Babayan, Bulgakov et al., 1984).

30




The value of M was estimated from the age data averaged for 1965 to 1969
(unexploited population). The percentage of mature specimens by age was derived using data
from biological analyses made from January to March in 1984 to 1987.

3. RESULTS AND DISCUSSION

Parameters of the weight-length equation were estimated for each season (quarter)
by sex and for males and females combined. As is evident from Table 1, certain differences
exist between parameters for the females and males, namely, the females have a somewhat
larger weight. The change of the parameter b in the weight-length equation by season is
related to changes in the fish condition, amount of food in the stomach and gonad maturity
state. The largest values of the parameter b correspond to pre-spawning, spawning and
pre-wintering periods. As the b value considerably differ from 3.0 (3.204-3.572), the
use of equations with the assumed isometric dependence should be avoided.

Our estimates are similar to those of Kock (1981) (W=0.0017 L3-3627)  but differ
from estimations of Linkowsky and Rembiszewski (1978) (W=0.0515 L2:554), which can be
evidently attributed to a small set of data used in the latter estimations (n=75).

As mentioned above, several curves were used to estimate the growth equation
parameters. As is evident from Table 2, the results gained from the use of the logistic curve
and Gompertz curve appeared to be unacceptable since values of k and We are obviously
inflated. The method of Hohendorf for the linear growth yielded good results, however, Weo
from this method also appeard to be much larger than that observed (Wpax=2 750). Mean
long-term data on the length and weight by age were the initial data used in the calculation
(Table 3).

In terms of the least approximation error, the best results were obtained for the
Bertalanffy growth equation using the method of non-linear estimation with some samples
rejected (data for the older age-group were rejected because of their paucity and, hence,
unreliability).

The analysis of data presented in Table 4 shows that there is a close agreement
between authors of all growth parameters except those estimated by Olsen. The growth
coefficient k defined by other authors ranges from 0.1202 to 0.1478. The value of Kk
calculated by Kochkin fits the same range, and the values estimated by Kock (1981)
approach the upper range limit.

The parameter k shows at what rate the fish achieves its maximum length. As Leo
calculated by Kock (1981) is somewhat lower than our value, his value for k appears to be
higher. Considering that the maximum observed length of the fish in the study area is 69 cm
(i.e. very close to our estimation of L~=68.8) k=0.1340 is used for further calculations.

No reliable rates of instantaneous mortality have been found as yet. Kock (1981)
reported two quite different values: 0.61 estimated by Rikhter-Efanov method and 0.22
estimated by Pauly method. As previously mentioned, the averaged data for 1965 to 1969
were used by the authors for estimating M. These data are presented below.

Age 1 2 3 4 5 6 7 8
n 20 258 509 272 227 119 49 15
Inn 2.99 5.55 6.23 5.60 5.42 4.78 3.89 2.70
'"“‘;r:n 2.56 068  -0.62  -0.19  -0.64  -0.89  -1.19 .
- i
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For calculation according to the Baranov method, age-groups 3 to 7 were used:

M = 0.62 + 0.194+ 0.64 + 0.89 _ 058

The resultant mean square error of this value will be 0.31.

Two values of M based on Beverton and Holt method are as follows:

Mi = = 4267-30 - 060
T -
where T = mean age of year classes fully represented in a sample
t’ = age, beginning from which year classes begin to be fully represented in
a sample,
Lo -T K (68.90-35.31) - 0.134
Mg =— = = 0.51
35.31 - 26.55
(T - 1)
where T = mean length of fish fully represented in a sample,
I’ = length of fish, beginning from which year classes are fully represented
in a sample,
Lo = maximum length.

The value of M estimated by Rikhter-Efanov method is as follows:

1.521 1.521
1.0.72 - 0195 = 307z -0.185 = 0.54

M =

where t,, = age at massive maturation (as shown by our studies, 90% of the fish
attain sexual maturity at the age of 3).

The value of M estimated by the Alverson-Carney method was 0.32.

3K 3-0.134
M = eT*K _.{ = ¢g6°0.134 .4 ~ 0.32

where T = time of biomass culmination estimated by the authors at 6 years.

The variety of M values calculated by these different methods is presented in the
table below.

Name of Method Value of M
Rikhter-Efanov (19786) 0.54
Baranov 0.58
Beverton and Holt, by age 0.60
Beverton and Holt, by length 0.51
Alverson-Carney 0.32

Most of the resultant values of M are close to and have M=0.55. One exception is
M=0.60 calculated by Beverton and Holt method.
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Table 1:  Weight-length ratio parameters for C. gunnari by sex and season (W=alb).
Quarter Combined Data Males Females
of the year a b a b a b
1 0.0001935 3.372 0.003446 3.204 0.002221 3.338
2 0.001510 3.424 0.001026 3.528 0.000998 3.552
3 0.000947 3.548 0.001004 3.530 0.000908 3.574
4 0.002212 3.299 0.04558 3.299 0.002184 3.302
Table 2:  Parameters of different growth equations for C. gunnari: linear and weight growth.

Growth Equation
(Method of Estimation )

Parameters and their mean square errors
(in brackets) for Linear Growth Equation

Parameters and theirmean square eErrors
(in brackets) for Weight Growth Equation

Leo (cm) to K We (g) to K
Bertalanffy equation
(Hohendorf method) 71.20 0.1548 0.1354 5287.5 0.8656 0.0793
Logistic curve 3509.9 0.2349 28.0539
(Nonlinear regression analysis) (945.2) (0.050) (7.936)
Gompertz curve 5107.1 0.1028 0.4709
(Nonlinear regression analysis) (228.3) (0.036) (0.209)
Bertalanffy equation 68.8 0.28 0.1340 3276.1 0.180 0.12
(Nonlinear regression analysis) 2.91 0.19 0.0140 (708.6) (0.874) (0.028)




S¢

Table 3: Mean long-term length and weight values for C. gunnari by age.

Age 2 3 4 5 6 7 8 9 12 15
Weight (g) 2.7 24.8 77.6 163.1 227.8 416.4 572.4 739.7 912.9 1427.2 1881.6
Length (cm) 10.8 18.1 24.5 30.0 34.9 39.1 42.8 46.1 49.0 55.5 49.9

Table 4:  Parameters of linear growth for C. gunnari calculated by different authors.
Olsen, 1955 Kock, 1981 Kock, 1981 Kochkin, 1985 Our Estimates
Parameters Ford-Walford Method Ford-Walford Method Nonlinear Regression  Hohendorf Method  Nonlinear Regression
Method Method
K 0.3978 0.1570 0.1528 0.1296 0.1340+0.0138
Loo 42.10 65.10 64.30 71.94 68.9+£2.9
to - 1.3557 0.3849 0.2673 - 0.6722 -0.2798%0.19
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METHODS OF AGE DETERMINATION FOR MACKEREL
(CHAMPSOCEPHALUS GUNNARI LONNBERG 1905) FROM THE SOUTH GEORGIA
ISLAND SHELF

Zh.A. Frolkina

Abstract

Radii of annual elements of otoliths of mackerel icefish
(Champsocephalus gunnari) from the South Georgia shelf were
determined by analyzing data on length frequency distribution of fish
in catches simultaneously with otolith radii of fish taken in the
period July to September. The latter was done using specimens from
strictly defined age groups. It is suggested that the determined radii
of annual elements of otolith could be used to adjust age assessments
of fish longer than 30 cm having an enlarged otolith centre. An
age/length key for the third quarter of the year was also calculated.

Résumé

Le rayon des éléments annuels des otolithes de poisson des glaces
(Champsocephalus gunnari) du plateau de la Géorgie du Sud ont été
déterminés par analyse simultanée des données de distribution des
fréquences de poissons dans les captures et des rayons d'otolithes de
poissons échantillonnés de juillet & septembre. Ces derniers ont été
mesurés a partir de spécimens provenant de classes d'dge définies
avec précision. L'utilisation des rayons déterminés des éléments
annuels des otolithes a été suggérée pour ajuster les évaluations de
l'age des poissons d'une longueur supérieure a 30 cm dont {'otolithe
est dilaté en son centre. Une clef ages-longueurs a également été
calculée pour le troisieme trimestre de I'année.

PeziomMe

Paanycsl TroZoBBIX KOJiell OTOJIUTOB JIEASIHOM  pbibbl
(Champsocephalus gunnari) B patioHe meJibgda I0xHOU I'eopruu
6bplJIM  pacCUMTAHbl Ha OCHOBE M3yUEHUs] UYaCTOTHOI'O
pacnpezeJieHus1 AJUHbBL ocofeil B YyJIOBaX, NPOBOJANUMOIO
OJAHOBPEMEHHO C U3MEpPEHUEM pPaJUyCOB OTOJIUTOB Pblb,
BBIJIOBJIEHHBIX 32 [1€PUOJ C UIJISI IO CeHTsI6pb. IIpy M3MepeHun
paZlUyCOB OTOJIUTOR WUCIOJIb3OBAJNUCh 3K3€MIMJIsIpbl TOUHO
OoIlpeAeJIeHHbIX BO3pPACTHBIX TIpynll. DBblJO HApPeANoXeHO
HCIOJIb30ORATh pacCCUHUTaHHBIe paJuycbhl TIOAOBBIX KoJel
OTOJIUTOB JAJIs1 OlLleHKU BO3pacTa ocobel, AJIMHA KOTOPbIX
npesbimaet 30 CM, C YBEJUUEHHbIM LEHTPOM OTOJIUTA. Takxe
6bIJ1 pacCuUTaH pPa3sMEPHO-BO3PACTHON KJAWY A1 TPETbEro
KBapTaJa,

ICEFISH
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Resumen

Los radios formados por los elementos anuales en los otolitos del draco
rayado (Champocephalus gunnari) de la plataforma de Georgia del Sur
fueron determinados analizando los datos de distribucién
talla-frecuencia de los peces capturados, simultdneamente con radios
de otolitos de peces pescados en el periodo de julio a septiembre. Esto
altimo fue hecho usando especimenes de grupos de edad estrictamente
definidos. Se sugiere que los radios de elementos anuales de otolitos
puede ser utilizados para ajustar la evaluacion de peces de longitud
mayor de 30 cm que tengan el centro del otolito agrandado. También
se calculé una clave de edad/longitud para el tercer trimestre del afio.




1. INTRODUCTION

The mackerel icefish (Champsocephalus gunnari), is a member of the
Channichthyidae family and is widely distributed in the Antarctic and sub-Antarctic waters
of the Atlantic Ocean. The study of its various ecological characteristics has received a great
deal of attention from Soviet and foreign researchers.  (Andriyashev, 1969;
Efremenko,1979; Kochkin, 1979; Lisovenko, 1982; Permitin,1972-3; Bellisio, Tomo
1970; Kock, 1975, 1979, 1980; Kompowski, 1980; Olsen 1955; Rudd, 1954;
Rembiszewski, Krzeptowski 1978, Sosinski, 1983). To the present, however, agreement
upon the correct method of age determination has not been reached. Therefore insufficient
investigation has been undertaken regarding growth rate, natural mortality, age at
maturation and, consequently, patterns of population dynamics.

At the Workshop on Age Determination of Antarctic Fish held in Moscow in 1986, it
was decided that it was necessary to continue development of age determination techniques for
C. gunnari.

Methods of age determination of fish are quite well detailed by Chugunova (1959).
Age assessment, however, is somewhat subjective and much depends on the experience of the
scientist. Thus, experienced scientists achieved a 95% agreement rate in a cross-checking
of 101 cases of age determination and a rate of 89% for age determination in the case of older
specimens while those of little experience managed rates of 78% and 36% respectively
(Clark, 1958, cited in Shentyakova, 1971). Hence it is essential to develop more objective
ways of interpreting results of scale “reading”. A technique for verification and
clarification of age assessments has been suggested by Mina (1973).

This technique has been applied in this work for age determination of a range of
Antarctic fish. This technique has proven to be beneficial in decreasing the possibility of
errors in age determination when used by different scientists.

2. MATERIALS AND METHODS

Research material was collected aboard research vessels Gizhiga, Pioner Latvii,
Slavgorod, Evrika and others from 1984 to 1986. This material is comprised of otoliths
representing all major size groups of fish which were sampled monthly.

Approximately 2.5 thousand pairs of otoliths were examined for age determination.
These age reading structures are very small and fragile. First dry otoliths were used, which
were further treated with glycerine to make them transparent when required. Using these
otoliths a second time is impossible, however, because the process of their discolouration is
irreversible. Good results were achieved by the method of preserving otoliths in alcohol
vapour and then allowing them to air for 30 minutes. They were then placed in camphor-oil
and examined under a microscope (magnification 2 x 8) in direct light (a black block-dish
with oblique light).

Since alternation of hyaline and opaque elements is most distinct on the dorsal side of

the otolith, its radius was measured on this side. The data thus obtained were used to identify
growth rate. Zoological total length of fish is used in all calculations.

3. RESULTS

Researchers applied several approaches in developing methods of age determination.
Using a device he had constructed himself, Kochkin (1982, 1985) prepared a sagittal
otolith section, dyed it and examined it at 130-500 x magnification. Daily and weekly
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growth increments were in this way identified. This method is very time consuming and
cannot be applied to the processing of large quantities of material.

In respect of the difficulty of examining individual specimens, the West German
scientist, Kock, (Kock, 1981) conducted a graphic analysis of fish length distribution
frequency (the Petersen method). In Kock's opinion, this method can only be successfully
applied to the first age classes (i.e. fish up to 32 cm long). At the same time he examined
otolith ring structures. By superimposing age distribution on a length frequency curve, he
obtained a more accurate age assessment for specimens of the first four age classes. Even
after cleansing, the centre of otoliths of older specimens remains too opaque to clearly
identify first annual elements (AE)" .

Our first task was to establish the periods over which AE were formed. To this end
20 pairs of otoliths were analysed every month for the period 1984 to 1988. Data obtained
from this analysis showed that the formation of AE occurs from June to September (i.e.
austral winter). Moreover, depending on year-to-year fluctuations in environmental
conditions, the periods of AE formation and the number of specimens with AE around the
edges may vary from year to year. According to our observations, the formation of AE
generally ends in June for 10%, in July for 40%, in August for 95% and in September for
100% of specimens. Fish otoliths consist mainly of crystals of inorganic calcium carbonate
(aragonite) which is impregnated into the organic matrix (wavy protein, known as otolin).
The difference in the proportion of organic and inorganic components leads to the alternation
of concentric hyaline and opaque areas of the otolith. Opaque areas appear during periods of
rapid growth when larger amount of aragonite forms on the otolith surface, while hyaline
areas consisting of less aragonite appear during periods of slow growth. The formation of
hyaline areas is generally associated with spending of energy for spawning, worsening
feeding conditions and decreased metabolic rates due to a drop in water temperature. All of
the above are important factors during the formation of AE for C. gunnari and may impact
on this process. Fluctuations in the periods of AE formation by year were noted. In order to
identify the factor having the most influence upon the changes in growth rate of C. gunnari
and hence on the formation of AE, data on the monthly change in modal length of fish, obtained
from numerous measurements taken in 1985, 1986, 1987 were summarized.

The growth rate curves for two adjacent year-classes differ significantly
(Figure 1a). The growth period in 1985 to 1986 can be divided into periods of slackened
growth (July to November 1985 and July to September 1986) and accelerated growth
(December to June 1985). A gradual increase in length was observed throughout 1987 with
a slight decrease only in September to November.

During the study period from 1985 to 1987, maximum density of krill was observed
in 1987, when krill remained available to C. gunnari even in the autumn. Minimum density
of krill on the South Georgia shelf was noted in 1985. An analogous tendency was also
observed in the index of stomach fullness of C. gunnari over these years (Figure 1b).

A difference in AE formation was noted on otoliths of fish caught in July, October and
November 1987. In July 1986, 50% of specimens had a broad hyaline area around the
edges, comparable with the width for the previous annual area while only 5% of specimens
taken in July 1987 had this hyaline area. One hundred percent of fish taken in November
1986 showed a slight increase in growth, whereas in November 1987 only a narrow hyaline
area around the edges was observed and later, in January 1988 only, the growth increments
became clearly visible. This may be explained by the fact that the cessation of growth and

We consider the term “element as a part of an age reading structure which differs from its
other parts by one or another characteristic” (suggested by Mina and Klevezal, 1971) to be
more appropriate than the term “ring”, since it may be of any shape.
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consequently, the formation of AE in 1987 probably occurred two months later than usual.
The much narrower hyaline area in 1987 when compared to 1985 and 1986 is apparently
associated with the shorter period of decreased intensity of metabolism.

Growth rate of C. gunnari is evidently influenced by the density and availability of
krill swarms. The periods when krill ceases to be available to fish generally coincide with
periods of AE formation which makes it highly likely that these processes are interlinked. A
comparison of Figures 1a and 1b demonstrates that a slackening in growth occurred when the
index of stomach fullness decreased, and the onset of intense growth was timed to the period
of increasing stomach fullness.

Shcherbich (1975) suggested that for age determination of Notothenia rossii, the
beginning of the reference year should be 1 July and not 1 January as is the practice for fish
in the Northern Hemisphere. The concept of the beginning of the year is a formal one. The
formation of AE does not occur simultaneously in various specimens of the same population
over the year. There are also year-to-year variations in the dates of its formation.

Study of population dynamics, however, especially with a view to ecosystem
modelling using multispecies models, demands standard in the choice of the beginning of the
reference year. Since the beginning of the year for many Southern Ocean fish is taken to be
1 July, this date is proposed here for C. gunnari.

As in Kock (1981), length frequency distribution of C. gunnari in catches was used
for developing this method. Analyzing data on numerous fish measurements taken from
catches in May, July and August 1985 and from trawl census surveys in April/May 1984,
facilitates division of fish into distinct size groups related to adjacent age classes. By
comparing our material with Kock's data the similarity is evident. We can now determine to
which age groups these data refer.

The research of both Soviet and foreign scientists (Efremenko, 1979; Kochkin,
1985; Olsen, 1955; Rembiszewski, 1978; Kock, 1980), in addition to our data from a
trawl census survey of the zero age class, clearly demonstrates fish growth in the first year
of life (Figure 2). Consequently, towards the end of the first year a length of 9 to 10 cm is
reached and the radius of the element formed during this period for a fish of the above length
should correspond to the size of the first AE. Therefore, the first group before 1 July (Table
1) refers to the zero age class, the next group refers to the first age class and so on.

According to the length distribution frequency in catches, the fish lengths in July are
as follows: first year, 9 to 10 cm; second year, 17 to 18 cm; third year, 24 to 25 cm;
fourth year, 29 to 30 cm. Therefore, choosing otoliths of fish taken in July to September
and measuring radii from the centre to the edge of otolith gives the most likely position of the
first four annual elements (Table 2). This finding will assist in more accurate age
determination of cases in doubt.

Taking into consideration the existence of annual fluctuations in the growth rate of
C. gunnari, radii of otoliths from 1984 to 1988 were measured and the data are presented in
Table 2.

A large volume of age data for 1983 to 1985 was used to verify the reliability of our
methods. An age/length key was calculated for the third quarter of the calendar year (i.e.
beginning of the reference year) with the help of these data. Using material covering these
three years enabled the differences in growth rate for various years to be averaged. For this
reason the derived age/length key may not be used in the future for stock assessment of
C. gunnari.

In accordance with our method, these annual quarterly keys were calculated using the
large amount of materials. In this way mean lengths by age for the South Georgia population
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were obtained. By comparing these mean lengths with the modal lengths derived from
extensive measurements taken annually in the third quarter, the close agreement between
these values is evident. The growth of the strong 1983 year class was also monitored by
measuring the modal lengths of a large number of specimens (Figure 3). A comparison of
mean lengths obtained when determining age with the modal lengths of this year class
demonstrates that they are practically identical. Therefore the proposed method can be used
for age determination since those elements taken as annual are precisely that.

Differences in mean lengths described in this work and by other authors (Kochkin,
1985; Kock, 1981; Sosinski, 1983) obviously occur due to the fact that intensive fishing in
the area is primarily conducted in the fourth quarter, the period in which extensive age data
is primarily collected. The modal length of C. gunnari in this period is 26 to 28 cm.

An extensive amount of age determination material is presently being processed by
means of the proposed method. The study of age composition of C. gunnari from the South
Georgia Shelf demonstrated that the predominant fish in this area have a length of 35 to
40 cm and are aged 5 to 7, while individual specimens aged 8 to 9 attain a length of 51 to
53 cm. The largest specimens taken in May 1984 had the following characteristics:

female - length, 66 cm; weight, 2 400 g; age - 16
male - length, 62 cm; weight, 2 000 g; age - 14

4. CONCLUSIONS

(i) Ofoliths can be preserved for age determination by means of treating them in the field
and storing in alcohol vapour.

(ii) Since formation of annual elements occurs during July/August and. fry are hatched in
August/September, the formal date of binth for C. gunnari can be considered as 1 July.

(iii) Towards the end of the first year of life the majority of fish reaches 9 to 10 cm in
length and the radius of the first annual element is 9 to 15 points of an ocular
micrometre. Towards the end of the second year these figures are 17 to 19 cm and
17 to 23 points, for the third year, 23 to 25 cm and 23 to 28 points and for the
fourth year, 30 cm and 27 to 35 points.
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Table 1:  Comparison of Kock's (1981) and our data (1984, 1985) on modal lengths of
various linear (age) groups.

Kock Our Data
1981 1984 1985
December March-April April May July August
5.6 - 9.5 - 9.4 -
15.4 18.2 18.0 - 17.0 17.0
22.6 25.5 25.0 22.0 24.0 24.0
23.0 25.0 25.0

Table 2: Radii of fish otoliths having annual rings around the edges and
sizes of annual elements of the first four age groups.

Age-groups 1 2 3 4
Size groups (cm) 9-11 17-19 23-25 30
Otolith radii
(oc. micr. points) 9-12 18-22 25-27 32-34

Radii of elements
taken to be annual
(oc. micr. points) 9-15 17-23 23-28 27-35
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Table 3: Age/length keys for C. gunnari from the South Georgia Shelf (July to
September).

Length (cm)

Age in years

[ 4 | 5
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Figure 1: Growth rate of C. gunnari. Dala obtained from extensive measurements in 1985,
1986 and 1987 (a).

Level of stomach contents for the same period (b).
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Figure 2: Growth rate of C. gunnari during the first year of life. Data from various
sources.
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Figure 3: Growth of 1983 year-class using length frequency distribution data from catches.
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REPRODUCTION OF THE MACKEREL ICEFISH (CHAMPSOCEPHALUS GUNNARI)
AND ITS IMPLICATIONS FOR FISHERIES MANAGEMENT IN THE ATLANTIC
SECTOR OF THE SOUTHERN OCEAN

K.-H. Kock
Abstract

Available information on key reproduction parameters of the
mackerel icefish (Champsocephalus gunnari) has been reviewed and
discussed in the light of existing conservation measures. Length at
first spawning is approximately 25 cm around South Georgia and
Kerguelen Islands, but approximately 35 cm around the South Orkney
Islands and in the South Shetland Islands/Antarctic Peninsula region.
Around South Georgia spawning takes place from March to May.
Spawning around the South Orkney Islands and the South Shetland
Islands probably occurs in June/July. Around South Georgia males
start their spawning migration earlier than females. Fjords have
been reported to be important spawning grounds. Fecundity is
highest around South Georgia and Kerguelen but is decreasing towards
higher latitudes.

Mesh size regulations presently in force offer very little protection
to first spawners around South Georgia and juveniles and first
spawners on the other South Atlantic fishing grounds. Spawning
activities of C. gunnari and those of other exploited species could be
best protected by the establishment of a permanent closed fishing
season from 1 March to the end of each year's meeting of CCAMLR
which is usually held in late October or early November.

Résumé

Les informations disponibles sur les paramétres clés de la
reproduction du poisson des glaces (Champsocephalus gunnari) ont
été examinées et discutées dans le contexte des mesures de
conservation actuelles. La longueur au premier frai est d'environ
25 cm autour de la Géorgie du Sud et des iles Kerguelen, mais de
35 cm autour des iles Orcades du Sud et dans la région des iles
Shetland du Sud et de la péninsule Antarctique. Autour de la Géorgie
du Sud, le frai a lieu de mars a mai. Le frai, autour des tles Orcades
du Sud et des fles Shetland du Sud, a probablement lieu aux mois de
juin et juillet. Autour de la Géorgie du Sud, les males commencent
leur migration de frai plus t6t que les femelles. Il a été signalé que
les fjords sont des frayéres importantes. La fécondité est au plus
haut niveau autour de la Géorgie du Sud et des fles Kerguelen, mais
diminue vers les latitudes plus élevées.

La réglementation sur la taille du maillage actuellement en vigueur
n'offre que trés peu de protection aux poissons qui se reproduisent
pour la premiére fois autour de la Géorgie du Sud, et aux juvéniles et
poissons frayant pour la premiére fois sur les autres lieux de péche
de [I'Atlantique du Sud. Les activités de reproduction de
Champsocephalus gunnari et d'autres espéces exploitées pourraient
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étre protégées au mieux par I'établissement d'une saison permanente
de fermeture de péche effective du 1°" mars a la fin de chaque réunion
annuelle de la CCAMLR, qui se tient, de coutume, fin octobre ou début
novembre .

PezoMe

B HacTOsIel pa6oTe pacCMATPUBAETCS U O6CYXKAA€TCSI B CBETE
AelcTByIUX Mep o coOXpaHEHHK HMepllasicss MHpopManus
O KJIIOUEBBIX IMapaMeTpax BOCHPOU3BOACTBA JieASTHOU pPbIGHI
(Champsocephalus gunnari). B paiioHax IOxHoil T'eopruu u
ocTpoBOBR  KepresieH  auMHa  Npud  [EPBOM  HepecTe
npubJIM3UTENbHO paBHsieTcss 25 CM, B TO BpeMsi Kak B palioHe
IOxHbIX  OpKHENCKHMX  OCTPOBOB U  pavioHe  I0XHbBIX
IlleT/aHACKUX OCTPOBOB/AHTAPKTHUECKOI'O MOJYyOCTPORA OHa
paBHsieTcss 35 oM. B paiioHe IOxHo# TI'eoprumM Hepect
NPOUCXOAUT ¢ MapTa no Mail. Hepect B palioHe I0XHbBIX
OpkHelickux W H0xHBIX IlleTaHACKUX OCTPOBOB, BEPOSITHO,
NpoOUCXOAUT B UHe/UwJe. B palioHe [OxHoi I'eoprun
HepecToBasi MUIpaldsl CaMIIOB HAUWHAETCsl paHblle, UEM
HepecToBasi MUI'paliusi caMoK., HMEenTCs1 CBEZIeHUS O TOM, UTO
duopabl  SIBJSIIOTCST  BaXHBIMM  HEPECTOBBIMHU  yUACTKAMU.
IlsoA0BUTOCTE HauboJee BhICOKA B palioHax I0xHoM ["'eopruu u
ocrpoBoB KepresieH, HO cHuUXaeTcss Ha 6oJiee BbBICOKUX
mHUpOoTax.

JelcTByIIME B HacTosllee BPEMsl MEPhl MO OrpaHHUUYEHUIo
MUHUMAJIBHOI'O pa3Mepa. siueu He obecneuuBaioT s3hGEeKTHUBHOM
OXpaHbl BIEpBble HepecTywmux ocobell B palioHe HXHONI
Teopruuy, a Tak:Ke MOJIOAU U BIEPBble HEPECTYOIHUX ocobell Ha
APYrUX T POMBICJOBBIX YUACTKaX KXHOM ATJaHTUKU. CaMbIM
3¢ PeKTUBHBIM MeToAOM obecleyeHust OXpaHbl HepecTa
C. gunnariy npouuxX B3KCHJAYATUPYEMbIX BUJAOB SIBJSIETCS
BBeJleHUEe MNOCTOSIHHOI'O 3aKpbITOr'o ce3oHa ¢ 1 Mapra J0
OKOHUAaHUsSI KaXJoro exerojHoro coeemanuss AHTKOMa,
KOTOpble O6GBIUHO MPOBOASITCSI B KOHIlEe OKTs6psi - HauaJie
HOsA6pPs.

Resumen

La informacién disponible acerca de los principales parametros
reproductivos del draco rayado (Champsocephalus gunnari) se ha
examinado y debatido de acuerdo con las medidas de conservacion
existentes. El largo al primer desove es alrededor de 25 cm cerca de
Georgia del Sur y las Islas Kerguelen, pero es alrededor de 35 cm
cerca de las Islas Orcadas del Sur y en las Islas Shetland del Sur y la
regién de la Peninsula Antartica. Cerca de Georgia del Sur el desove
ocurre desde marzo a mayo. Alrededor de las Islas Orcadas del Sur y
las Islas Shetlands del Sur es posible que ocurra alrededor de
junio/julio. Cerca de Georgia del Sur, los machos comienzan su
migracién de desove antes que las hembras. Se ha observado que los
fiordos son terrenos importantes para desove. La fecundidad es mayor
alrededor de Georgia del Sur y Kerguelen pero disminuye hacia las
latitudes mas altas.




Reglamentos gobernando la abertura de la malla que estan en vigor en
este momento ofrecen muy poca proteccién a los desovadores
alrededor de Georgia del Sur y a los reproductores juveniles y los de
primer desove en los otros caladeros de pesca en el Atlantico Sur.
Actividades de desove de Champsocephalus gunnari y de otras especies
explotadas podrian ser protegidas mas eficazmente estableciendo una
temporada de veda de pesca permanente desde el 1° de marzo hasta el
final de la reunién de CCRVMA cada afio, la cual es generalmente
conducida a fines de octubre o principios de noviembre.
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1. INTRODUCTION

Since 1975/76 fishing in the Atlantic sector of the Southern Ocean has been mainly
directed to the mackerel icefish (Champsocephalus gunnari). Catches were highest at about
240 000 tonnes, 220 000 tonnes and 100 000 tonnes in 1976/77 to 1977/78,
1982/83 to 1983/84 and 1986/87 to 1987/88 respectively. South Georgia has been the
most important fishing ground for the species except in the seasons 1977/78 to 1979/80
when most of the catches were taken further south around the South Orkney Islands and in
the South Shetland Islands/Antarctic Peninsula region.

Peak catches in the 1970s around South Georgia were based primarily on age
classes 4 and 5 whereas catches in the 1980s consisted of age classes 2 and 3 (age class 2
being the recruiting age class). Since 1987/88 biomass estimates from the Virtual
Population Analysis (VPA) indicate a downward trend. Assuming a mean level of recruitment
and a fishing mortality of Fo 4 (0.25 to 0.3) spawning stock biomass could fall well below
100 000 tonnes in 1989/90 (CCAMLR, 1988b; Kock and Ké&ster, 1989).

Since 1984 the Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLR) established a number of conservation measures for the fish stocks
around South Georgia (CCAMLR, 1988a, c) which were aimed either directly (mesh size
regulations, closed season, TAC) at C. gunnari or should have some benefit for the species
indirectly (closure of waters within 12 miles around the island). The prohibition of
directed fishing of C. gunnari from 1 April to 30 September 1988 has been established
specifically to protect spawning of the species. No such regulations exist for the other South
Atlantic fishing grounds.

In its report of the annual meeting in 1988, CCAMLR asks the Scientific Committee to
provide further advice on minimum mesh sizes to protect juvenile fish and on closed seasons
for C. gunnari (CCAMLR, 1988c). In what follows, available information on key
reproductive parameters (length at first spawning, spawning migration, spawning grounds,
spawning time, fecundity) of C. gunnari has been reviewed. These parameters are discussed
in the light of existing conservation measures and future implications for management of the
species in compliance with Article 1l (3) of the Convention in the Atlantic sector of the
Southern Ocean, in particular around South Georgia.

2. MATERIAL AND METHODS

Analysis was mostly based on published information. In addition some unpublished
results of the Antarctic Expedition 1984/85 of the Federal Republic of Germany in South
Georgia waters have been taken into account.

Maturity was determined either according to Everson’s (1977) five point scale
(Kock, unpublished) or Maier's (1908) eight point scale (Sosinski, 1985). Length at first
spawning (see Kock, 1989) was estimated by fitting total length versus proportion of fish at
maturity stages 3 to 5 (Kock) or 3 to 8 (Sosinksi) to a logistic equation (see Kock, 1989).

Potential or absolute fecundity was estimated by three different methods:

(i)  All ova was washed out of the ovary and counted with an automatic egg counting
device (e.g. Kock, 1979);

(ii) A weighed subsample of oocytes from an ovary was counted and then extrapolated
to the entire ova (e.g. Sosinski, 1985); and
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(iii) Sections of 0.9 to 2.9 g were taken from the central part of the right ovary.
The proportion of the weight of the section to the weight of the entire ovary was
used to extrapolate the number of oocytes in the subsample to that of the whole
ovary (e.g. Lisovenko and Zakharov, 1988).

The following expressions are commonly used to describe the relationship between
size and fecundity:

F = a- LP (all authors, see Table 1)

F = a+ bW (Kock, Sosinski, Duhamel, see Table 1)

F = a-+ WP (Lisovenko and co-authors, see Table 1).
3. RESULTS

3.1 Length at First Spawning

Length at first spawning L, s0, which corresponds to length at first maturity as
determined by some authors (Kock, 1989) has been derived from data of Sosinski (1981
and 1985) and Kock (unpublished) (Table 1 and Figures 1 to 3). At South Georgia no
significant difference in Lyso was apparent between the sexes nor between years (Figures 1
to 3). Length at first spawning of approximately 25 cm was similar in the late 1970s and
1985, in both cases after periods of heavy fishing.

Length at first spawning is much larger around the South Orkney Islands (Table 1).
Data for the Elephant Island/South Shetland Islands region could not be fitted to a logistic
curve (Sosinksi, 1985, Figure 10; Kock, 1989). However, there is evidence that L5 is
similar to that observed in the South Orkney Islands (Kock, 1989).

Spawning maturity curves for the population around South Georgia (Figures 1 to 3)
were characterized by an asymmetrical shape, i.e. more juvenile individuals or fish with
gonads in resting stage in the prespawning period (maturity stages 1 and 2 of the Everson
scale) were present in the upper part of the curve than fish in prespawning condition
(maturity stage 3) in its lower part. The difference between the theoretical (straight line)
and the observed (dashed line) curve therefore represented the part of the population which
was sexually mature but did not spawn in that particular season. An amount of specimens
> 35 cm in the sample was too small to be representative. They have therefore been omitted
here. Part of these specimens also had gonads in resting stage (i.e. were unlikely to spawn in
the current season).

Although C. gunnari spawns annually, 15 to 25% of the population (both males and
females) obviously do not spawn each year (Figures 1 to 3, shaded area) (see also Lisovenko
and Silyanova, 1980; Sosinski, 1985, Figure 10). This is most likely the case also in the
South Orkney lIslands/South Shetland Islands region (Sosinski, 1985, Figure 10; Kock,
1989). The proportion of non-spawners cannot be assessed at present. In contrast to the
populations in the Atlantic sector, C. gunnari around Kerguelen Islands obviously attains
maturity within a very narrow length range (24 to 26 cm, Sosinski, 1985, Figure 10;
Duhamel, 1987) and obviously spawns annually thereafter.

3.2  Spawning Migrations

No direct observation on spawning migrations (e.g. from tagging experiments) is
available. The preponderance of fish in prespawning condition in coastal waters of South
Georgia from March onwards points at a spawning migration to nearshore waters and fjords.
In late March to mid April males outnumbered females in prespawning concentrations in
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fiords (Table 2) which indicates that males start their spawning migration earlier than
females (Kock, 1981; Anon, 1985). Prior to spawning, sex ratio was again approaching
1:1 (Table 2, Fortuna Bay).

No such information exists for the other South Atlantic populations.

An inshore movement for spawning has also been described for the population at
Kerguelen (Duhamel, 1987). The Skif Bank population, however, does not carry out
extensive spawning migrations but reproduces on the bank (Duhamel, 1987).

3.3  Spawning Grounds

Olsen (1955) was the first to describe the inshore waters of South Georgia as
spawning grounds of C. gunnari. These observations have been confirmed by Kock (1981)
who recorded the presence of dense prespawning aggregations of the species in the central
(deeper) parts of Fortuna Bay, Cumberland Bay and Royal Bay in late March to mid April
1978. No prespawners have been observed in these areas in early February. However,
spawning does take place on the shelf at 100 to 125 m depth (Permitin, 1973; Sosinksi,
1985), although its extent is not known. Larvae and O-group fish have been mostly
encountered in nearshore waters (Kock, 1981; Slosarczyk, 1983; North, 1987).

Spawning has also been recorded from the South Orkney shelf along depths over 600
m close to the bottom and from the Elephant Island shelf (Anon, 1985). However, Kock
(1989) found little indication for extensive spawning on the Elephant Island shelf during a
survey in May/June 1986.

Spawning grounds of the Kerguelen population are located at the 100 m depth contour
in the northeastern part of the shelf. On Skif Bank C. gunnari spawn along the 200 m depth
contour of the southern and western margin of the bank (Duhamel, 1987).

3.4  Spawning Time

Spawning at South Georgia occurs from March to May (Table 1) but may even start in
February and extend to June. As commonly observed in many teleosts, bigger (= older)
individuals reproduce earlier than first spawners (Lisovenko and Silyanova, 1980).

Spawning in the South Orkney Islands/South Shetland Islands region is later and takes
place probably in June to July (CCAMLR, 1985; Kock, 1989).

Spawning of various populations in the Indian Ocean sectors occurs in remarkably
different seasons (Table 1): May/June on Skif Bank and August to September at Kerguelen
Islands and around Heard Island (Duhamel, 1987; Gerasimchook et al., 1987).

3.5  Fecundity

Fecundity of C. gunnari is well studied, in particular around South Georgia.
Length/weight-fecundity relationships determined by various authors (Table 1), however,
differ significantly from each other especially in the upper part of the curve (Figure 4).
Fecundity estimates of Kock, Lisovenko and Silyanova and Sosinksi were based on material
collected in 1976 to 1978 whereas Lisovenko and Zakharov refer to samples from
1983/84. The remarkable similarity of Kock’s and Sosinski’s results on one hand and those
of Lisovenko and co-authors on the other hand indicates that methodological differences were
most likely to be responsible for these differences but not year-to-year variations in
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fecundity. Fecundity in the various populations obviously follows a latitudinal trend.
Potential and relative fecundity were highest around Kerguelen and lowest around Elephant
Island and the South Shetland Islands (Figure 5).

3.6 Discussion

Length at first spawning L0 of C. gunnari around South Georgia has remained
relatively constant between 1976 and 1985 although the population has undergone
considerable fluctuations both in size and composition due to heavy fishing during that
period. Estimates of L,so of approximately 25 cm which do not differ significantly between
sexes, originate from samples taken during prespawning period in January/February. Fish
of this length are approximately 2.6 years old. They do not spawn, however, until
April/May when they are of approximately 27 cm length and 2.9 years old.

Mesh size regulations have been widely used to establish a minimum size at first
capture .. Its rationale is to prevent recruitment overfishing and to protect first spawners.
Ideally I, should exceed l,s0 to some extent in order to allow fish to spawn at least once. Most
often, however, | is less than Ljs0.

A minimum mesh size of 80 mm for C. gunnari was among the first conservation
measures which were introduced by CCAMLR in 1984 and came into force in 1985
(Conservation Measure 2/1l11). It was based on regulations which had been in use in the
Soviet fishing fleet since 1980. Its scientific basis, however, remained unclear.

Preliminary mesh selectivity experiments resulted in a mean selectivity factor
SF=3.01 for research vessel catches in the order of 0.5 tonnes/hour (Anon., 1988a).
Minimum size at first capture (l;=24 cm) would then correspond roughly to L,50=25 cm.
However, SF and |, are most likely to be lower in commercial catches (> 1 to
1.5 tonnes/hour) (CCAMLR, 1988b). This demonstrates that present mesh size regulations
do offer litile, if any protection to first spawners around South Georgia. In fact, first
spawners (i.e. primarily age class 2+) had always formed a substantial part of the annual
catches (Kock and Kdster, 1989, Figure 11) irrespective of the introduction of minimum
mesh sizes in the Soviet fishing fleet since 1980.

Providing that most fish which escape through the meshes do survive, protection of
first spawners could only be achieved by a substantial increase of minimum mesh size
around South Georgia (e.g. to 110 or 120 mm).

Length at first spawning of 35 cm around the South Orkney Islands and the South
Shetland Islands/Antarctic Peninsula region is much higher than around South Georgia
although maximum length L,,5o observed was similar in both regions (Kock, 1989; Table 2).
Peak catches of 138 000 tonnes around the South Orkney lIslands in 1977/78 were
comprised almost entirely of juveniles of the very abundant 1973 and 1974 year classes
(Kock and Koster, 1989). Catches of 57 000 tonnes around the South Orkney Islands and in
the South Shetland Islands/Antarctic Peninsula region in the subsequent season obviously
still consisted of juveniles and first spawners to a large extent (Kock and Koster, 1989,
Figures 17 and 18). The two very abundant year classes, 1973 and 1974, were apparently
already largely fished out before they were able to contribute significantly to the spawning
stock biomass (SSB) of these two populations.

Catches on these two grounds dropped substantially after the 1978/79 season to a few
thousand tonnes annually which were mostly taken around the South Orkney Islands. In some
seasons these catches were almost entirely comprised of juveniles and first spawners (Kock
and Koster, 1989, Figures 17 and 18).
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It is evident that present minimum mesh sizes of 80 mm do offer very limited
protection to the populations of C. gunnari around the South Orkney Islands and in the South
Shetland Islands/Antarctic Peninsula region. Due to the large size of fish at first spawning,
however, adequate protection of juveniles and first spawners could only be achieved by
increasing minimum mesh sizes beyond those proposed for South Georgia (i.e. approximately
140 mm).

SSB and SSB/R (recruitment) calculations in VPA and Y/R (yield/recruitment)
analyses are usually based on sexual maturity ogives. Although spawning of C. gunnariis
likely to take place annually, our results indicate that part of the population(s) does not
spawn each year. Present input parameters for VPA (CCAMLR, 1988b; Kock and Kdster,
1989) may thus overestimate true SSB by 15 to 25%. It is recommended that in future
maturity ogives should be based on spawning maturity instead of sexual maturity data.

Around South Georgia, spawning migration obviously commences in late
February/early March. Males tend to migrate to coastal waters earlier than females.
Consequently females may stay longer within the region of the fishery. It may thus be
advisable to close the fishery from 1 March instead of 1 April onwards (Conservation
Measure 10/VI).

Coastal spawning grounds, as far as they are known, seem to be well protected by the
prohibition of fishing within 12 miles around South Georgia (Conservation Measure 1/111).
Spawning on the shelf, however, should be protected as well. Taking into account that other
commercially important species spawn in late autumn (Notothenia rossii, Chaenocephalus
aceratus and Pseudochaenichthys georgianus) or in winter (Notothenia gibberifrons) it
seems to be advisable to establish a closed fishing season for those species permanently
during that period similar to the closed season which was established in 1988 by the
Conservation Measure 10/VI. This closed season should preferably be extended from
1 March to the end of each year’'s meeting of CCAMLR which is usually held in late October or
early November.

Potential fecundity of C. gunnari ranges from 1 500 to 30 000 eggs around South
Georgia. It rarely exceeds 10 000 eggs in the other populations. Population fecundity
around South Georgia is, however, much lower than suggested by the wide range of potential
fecundity as the bulk of the population is formed by age classes 2 to 4. They do not produce
more than approximately 1 500 to 7 000 eggs per fish.

Relative fecundity (i.e. egg production per gram of body weight) is highest around
South Georgia (and Kerguelen Islands) but is decreasing in the waters of higher latitudes.
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Table 1:  Reproductive parameters of Champsocephalus gunnari.
Locality = Spawning Ly 50 Year (s) of Length Potential Relative Fecundity in Relation to Source
Time (cm) Investig.  range Fecundity Fecundity
(cm)  Min Max Length (cm) Weight (9)

South March 21-26 1967 33-54 4050 23187 - - - Permitin {1973)
Georgia  to May 24.8 1976,1985 22-57 1564 31045 13.7-30.6 F=0.1292.L3:0145 F-383 + 17.9eW  Kock (1979, 1981, Unpubl.)

24.8 1976,1977 22-51 1700 17338 - F=0.2223..2-8882 F_g01 + 16.02'W Sosinski (1981, 1985)

1979
22-30 1965-1979 25-43 2208 11126 - F=1.54.] 229 F=189.6+W0-59 Lisovenko, Silyanova (1980)
- 1984 22-58 1294 21932 - F=3.19+].2:08 F=197.0-W0958 *  |isovenko, Zakharov (1988)
S. Orkney June - 1967 43 - 8352 14 - - Permitin (1973)
Islands to July 35.1 1979 31-44 5169 9889 - F=0.2574+27744 F=1753 + 10.4eW Sosinksi (1981, 1985)
Elephant  June (35) 1981,1985 34-50 3094 11664 8.0-16.7 F=0.1216:L29177 F=1523.1+8.55:W Kock (1989)
Island to July 1986
S.Shetland June to (35) 1978 32-44 3388 9067 12.4-16.5 F=0.0454132235 F=128 + 14.45W Kock (1982)
Islands July (?) 1979 36-47 5710 11753 - F=3.774412.0487 - Sosinski (1981, 1985)
Kerguelen August to 1975 26-38 2000 10645 - F=0.055¢1.3-9498  F=57 144+21.42:W Sosinski (1981, 1985)
September 25 1979-1984 26-37 2980 9060 24.2-45.4 F=0.3027.L2:845 - Duhamel (1987)
Skif Bank  May 1979-1984 25-25 1750 5220 17.9-29.2 F=0.20+L2869 - Duhamel (1987)
to June

* F=1.97 WO958 in Lisovenko and Zakharov (1988).




Table 2:  Sex ratio in prespawning concentrations of Champsocephalus gunnari on the shelf
and in fjords of South Georgia (from Kock, 1981).

Sex Ratio (%)

Date F M Location
28/03/78 68.0 32.0 Shelf
30/03/78 70.6 29.4 Shelf
01/04/78 64.0 36.0 Shelf
12/04/76 60.4 39.6 Shelf
15/04/76 71.9 28.1 Shelf
15/04/76 69.8 30.2 Shelf
29/03/78 15.7 84.3 Cumberland W. Bay
02/04/78 25.8 74.2 Royal Bay
02/04/78 46.6 53.4 Fortuna Bay *

*

A high gonadosomatic index (mostly > 20) indicates that fish are at prespawning state.
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Figurs 1

Champsocephalus gunnari
South Georgia Jan./Febr.1978
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Spawning maturity curves for Champsocephalus gunnari around South Georgia in
January/February 1978.

A: Females B: Males (Data could not be fitted to a logistic curve).
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Figure 3: Spawning maturity curve for Champsocephalus gunnari (both sexes combined)
around South Georgia in 1975/76 (from Sosinski, 1985).
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Figure 4: Length versus fecundity curves for Champsocephalus gunnari around South
Georgia.
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Figure 5:
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WG-FSA-89/14
TRAWL SELECTIVITY FOR CHAMPSOCEPHALUS GUNNARI
‘ S.F. Efanov, G.E. Bidenko and V.A. Boronin
Abstract

Data on trawl selectivity for mackerel icefish (Champsocephalus
gunnari L.), were collected in 1981 in the South Georgia area. The
trawl bags tested were made of net webbing with 3.1 mm twine and
88.2 mm mesh size. Trawling speed was 3.5 knots. Icefish
comprised 90 to 100% of catches. The logistic selectivity curves
were calculated using the collected data. It was found that the
selectivity factor for 88.2 mm mesh size was 2.81 and the 50%
retention length was 24.8 mm (21.5 to 28.2 mm).

Résumé

Les données sur la sélectivité des chaluts pour le poisson des glaces
(Champsocephalus gunnari L.) ont été recueillies en 1981 dans la
zone de la Géorgie du Sud. Les poches de chalut examinées étaient
faites de nappe de filet dont les fils étaient de 3,1 mm et le maillage
de 88,2 mm. La vitesse de chalutage était de 3,5 nceuds. Le poisson
des glaces formait de 90 a 100% des captures. Les courbes
logistiques de sélectivité ont été calculées a partir des données
recueillies.. 1l a été estimé que le facteur de sélectivité pour une
taille de maillage de 88,2 mm était de 2,81 et que la longueur de
rétention de 50% était de 24,8 mm (21,5 & 28,2 mm).

PezioMe

HMaHHbIE IO CEJEKTUBHOCTU TpAaJIOB B OTHOWEHHU JeAsIHOU
pui6bbl (Champsocephalus gunnari L) 6b1iM cobpaHbl B palioHe
I03xkHOo# "'eopryu B 1981 r. Onpo6oBaHHble KYTKU 6bIJIM CAEJIaHbI
U3 CEeTHOI'O NMOJIOTHa ¢ 6eueeli AuaMeTpoM B 3,1 MM; pasMep
sauyeu 88,2 MM, CKOpOCTb TpaJieHUs - 3,5 y3J0B, Jleasinas pbiba
cocraBuyaa  90-100%  yJsoBoB. Jloructuueckue  KpHUBbIE
CEeJIEKTUBHOCTH 6blJIM pacCUMTaHbl Ha OCHOBE MOJIyUE€HHbIX
AaHHBIX. BbIJIO BHISIBJIEHO, UTO (HaKTOp CEJIEKTUBHOCTH B
OTHOIIEHHU siued pasMepoM B 88,2 MM paBHsisics 2,81 U, uTo
cpeHsass S50%-Hasi AJUHA yJAepXXaHUs paBHslach 24,8 MM
(21,5 - 28,2 MMm).

Resumen

Datos sobre la selectividad de arrastre para el draco rayado
(Champsocephalus gunnari L.), se recopilaron en 1981 en el area de
Georgia del Sur. Las bolsas de arrastre fueron hechas de un pafio de
red con un torzal de 3.1 mm y un tamafio de malla de 88.2. La
velocidad de arrastre fue 3.5 nudos. Peces de hielo comprendieron
entre el 90 y 100% de las capturas. Las curvas de selectividad
logistica se calcularon usando los datos recopilados. Se encontré que
el factor de selectividad para una luz de malla de 88.2 fue 2.81 y la
longitud de retencién al 50% fue 24.8 mm (21.5 a 28.2 mm).
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Rational fishery management with effective fishery regulations guarantees maximum
possible yield while at the same time ensuring stability of natural resources and furthering
conservation of fish stocks. In the wake of currently increasing fishing intensity the
question at hand requires urgent attention. The conservation of juvenile fish is a
scientifically based approach to the regulation of fishing activities which allows the stock to
be maintained on a sufficiently high level for future exploitation.

In order to rationally exploit resources of the mackere! icefish (Champsocephalus
gunnari) in the South Atlantic, it was considered necessary to develop measures for
increasing the efficiency of fisheries management and to conduct integrated studies into the
selective properties of trawls operating on concentrations containing fish of various size
groups.

Experimental data on the selective properties of trawls for Antarctic fish were
collected by scientists from the AtlantNIRO Research Institute; representatives of the VNIRO
Research Institute assisted in processing these data.

Most fishing gear has selective properties. During periods of high fishing intensity
the impact of the exploitation on the stock becomes a decisive factor. Establishing an optimal
mesh size for commercial trawls is an effective way of guaranteeing that fishing activities
are organized with a view to rational exploitation.

The quantitative and qualitative definition of the selective properties of trawls
depends on a variety of technical parameters of fishing gear, hydrological conditions,
biological features of the exploited species, the design of trawl bags, size, shape and
physical-mechanical properties of net material and meshes, patterns of trawling, size of the
catch and also characteristics of fish behaviour, the structure and size composition of
exploited fish concentrations, morphometric parameters and physiological condition of fish.

In order to analyze the selective properties of trawls for C. gunnari, primary data
were collected on the number of fish retained in trawl bags and the number passing through
the net webbing. A thorough biological analysis of fish was conducted and their physiological
condition was evaluated (Table 1). The data were collected on board the RV Evrika around
South Georgia in September 1981, and assessment of the selective properties of trawl bags
was carried out in accordance with standard methods (Treshchev et al., 1986). Trawl bags
were made of net webbing with a twine diameter of 3.1 mm and an internal mesh size of
88.2 mm. Trawling speed was 3.5 knots. The duration of trawling varied from 30 to
60 minutes and catch weight did not exceed one tonne. C. gunnari accounted for 90 to 100%
of the catch.

Processing the experimental data on the selective properties of trawl bags
(establishing the analytical dependency of the retention of fish of various lengths,
verification of the contingency between experimental and computed data, assessment of the
bias at I509, point) was carried out in accordance with the specially designed algorithm™ on a
mainframe computer using a program for “calculation of logistic selectivity curves”
(Kaliningrad, AtlantNIRO, 1982):

Logistic function P = 1

1 _e'(alo' b)
where P = retention of fish by trawl, %;
I, = total length of fish, cm;
a,b = coefficients.

Algorithm developed by senior engineer V.F. lvanova
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According to Pearson's test of contingency the curves described by this equation
correspond with experimental points at B =0.95.

After processing the experimental data the following final logistic formula was
worked out for 88.2 mm mesh: _

1
1-0(0.2651,-6.58)

P=

with a 50% retention point for 24.8 cm long fish (Table 2).

The results of experiments with 88.2 mm mesh size give the modal length of fish in
trawl catches of 25 cm.

In order to obtain objective data it would be worthwhile conducting research in the
major fishing areas. With a view to protecting juvenile C. gunnari from overfishing and
providing a base for efficient fishing practices, the USSR introduced unilaterally in 1980
the “Fishery Regulations for Antarctic Waters” imposing higher levels of trawl selectivity
for the Soviet fleet. In accordance with these regulations, the minimum mesh size in the
retaining part of trawls, in particular for C. gunnari, was set at 80 mm. This increased
mesh size has led to a reduction in the by-catch of immature fish.

Bearing in mind the difference in size composition of fish in various areas, it would
seem useful to fix a minimum mesh size for each fishing area individually, which would
ensure free passage through the mesh and a high rate of survival for juveniles.

CONCLUSIONS

1. An increase in the level of selectivity by means of using a larger mesh size in trawls
(88.2 mm) and a decrease of fishing intensity, will lead to a lower rate of exploitation
and a lesser impact on younger age groups of C. gunnari.

2. For 88.2 mm mesh size in trawl bags, the percentage of retained C. gunnari and
selectivity coefficient are 58.9% and 2.81 respectively.

3. The efficiency of the regulations introduced by the USSR in the “Fishery Regulations for
the Antarctic Waters” which stipulate higher levels of selectivity, will be secured if
commercial trawls of all countries participating in the C. gunnari fishery will increase
mesh size accordingly.

4. While estimating advantages and disadvantages for the fishery of a conversion to a higher

level of trawl selectivity, it would be advisable to carry out selectivity separately in
each fishing area.
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Table 1:  Catch structure and biological condition of icefish off South Georgia - RV Evrika, September 1981.
Size Composition
cm 12 14 16 18 20 22 24 26 28 32 34 36 Total Mean
No. of
specimens 4 15 20 19 63 509 2229 1863 268 117 184 42 7 5340 o5 56
% 0.1 0.3 0.4 0.4 1.2 9.5 41.7 34.9 5.0 3.4 0.8 0.1 100.0
Size Composition
cm 20 21 22 23 24 25 26 27 28 29 30 31 33 34 35 36 37 Total
No. of
specimens 4 13 51 153 291 464 359 218 69 18 10 14 14 15 15 14 11 1743
Mean weight 45 50 64 70 81 93 104 120 137 157 179 185 202 229 275 303 325 346
Stage of Maturity Fat Content (points) Stomach Food Volume (points)
I Il Total I Il Total 1 2 3 Total Mean 1 2 3 4 Total Mean
No. of
specimens 31 797 828 | 15 836 851 11 268 1400 1679 700 364 268 174 167 1679
2.8 1.3
% 3.7 96.3 1001} 1.7 98.3 100] 0.6 16.0 83.4 100 41.8 21.8 16.0 10.4 10.0 100




Table 2:

(September 1981).

Selectivity parameters of trawls in relation to Champsocephalus gunnari

Parameters of trawl bag selectivity Mesh size
88.2 mm
1. Length of fish, 50% of which are retained in the
24.8
trawl bag (lso%)
(a) weight of one specimen, g 80.0
(b) age in years 2.8
2. Selectivity range, cm (Ds) 21.5 - 28.2
3. Selectivity coefficient (Ks) 2.81
4. Modal length of fish, cm (l) 25.0
5. Percentage of specimens retained in the bag 58.9
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Tableau 1:

Tableau 2:

TabJusuna 1;

Ta6auna 2:

Tabla 1:

Tabla 2:

Liste des tableaux

Structure des captures et condition biologique du poisson des glaces au large
de la Géorgie du Sud - Navire de recherche Evrika, septembre 1981.

Paramétres de sélectivité des chaluts en ce qui concerne Champsocephalus
gunnari (septembre 1981).
Crniucok Tabauiy

CocTaB  yJOBOB U  6UHOJIOTMUECKOE  COCTOsSIHUE  JIesTHOU
pbi6bl B paitoHe I0xHoI 'eopruu - HIC 3BpHKa, CeHTsi6pb 1981 T,

IlapaMeTpbl CEJIEKTUBHOCTH TPaJioOB B oTHomeHuu Champsocephalus
gunnari (ceHTs16pb 1981 1)
Lista de las tablas

Estructura de la captura y condicién biolégica del pez de hielo frente al
litoral de Georgia del Sur - RV Evrika, Septiembre 1981.

Parametros de Selectividad de arrastres con relacién a Champsocephalus
gunnari (Septiembre 1981).
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SC-CAMLR-VIII/BG/47

EFFECTS OF DIFFERENT HARVESTING STRATEGIES ON THE MACKEREL ICEFISH
CHAMPSOCEPHALUS GUNNARI AROUND SOUTH GEORGIA

F.W. Koster and K.-H. Kock
Abstract

The effects of a number of harvesting strategies on the mackerel
icefish (Champsocephalus gunnari) have been simulated for a period
of 30 years. These were:

« different levels of constant fishing mortality (Fo.1, Fmaxs 2XFmax);

« harvesting constantly at 50% Fyy with F increasing three or
five years after a good recruitment;

» pulse fishing at an interval of three years with no fishing in
between; and

« changes in net selectivity resulting in a shift in partial
recruitment.

For the projections, recruitment was assumed to follow the historical
pattern.

Puise fishing proved to be the least preferable harvesting
alternative. In the absence of regular recruit surveys constant
fishing at Fo 1 is most likely to be the most profitable and least risky
harvesting strategy at present. The establishment of a regular
recruit survey would offer the possibility of adjusting constant
levels of fishing mortality to the strength of the incoming year class.
An increase of F, however, should not occur earlier than four years
after a good recruitment. A forward shift in partial recruitment
values would not alter yield significantly when fishing at Fg 4 and Fpax
but would lead to a higher spawning stock biomass.

PesoMe

Brro BBIITOJIHEHO MaTeMaThyeckoe MO /leJIHPOBaHNe
BO3ZIEHCTBUS  pPa3/UUHBIX T[POMBICJOBBIX CTpaTervii Ha
aHTapKTHUECKyw JeAsiHyw pbi6y (Champsocephalus gunnari) Ha
npoTspkeHud 30 Jset, PaccMaTpUBaJIUCh cieyRliHe cCTpaTeruu:

* Ppa3JIMUHbIE€ ITOCTOAHHbBIE YDOBHU l’IpOMbICJ’IOBOﬁ CMEPTHOCTU
(F0.1: F:max: 2XFmax);

* NpOMbBICEJ Ha MOCTOSHHOM YypoBHe B 50% Fy 4 npu
nopbllieHUU F uepes 3 roga uJM 5 JieT nocJse BCTYNJIEHHUS B

3a1ac MHOI"OUUCJIEHHOI'O MOIOJHEHUS,

« NyJbCUPYWIUI NpPOMbICEJ] C UHTEPBAJIOM B 3 roja IMpu
OTCYTCTBHUU NPOMBIC/IA B TPOMEXYTKAX;
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» U3MEHEeHHe CeJIEKTUBHOCTU CeTeld W CBSA3aHHOE C 3THM
HW3MEHEeHHE HaCTHUUHOI'o INOINoOJIHEHU .

IIpu MOZIeIMPOBAHUU MONOJHEHUE 6bIJIO MPUHSITO 32 O6bIUHOE,

Iy abcupyomui IIpoMbiceJ SIBJISIETCS MeHee
NpeANOoUTUTEJNbHBIM BapHaAHTOM [POMBICJIOBONH CTPATErHu.
BepossiTHO, 4YTO B OTCYTCTBUE  DperyJsipHbIX CbeMOK
MOMOJIHEHNsI TPOMbBICEJl Ha TOCTOSIHHOM YpoBHe Fg1 B
HacTosllee BpeMsi 6yzeT HauboJiee BLI'OJHOM U HalMeHee
PHUCKOBaHHONH  IPOMBICJIOBOH  cTpaTerven. PeryJsipHoe
IIpoReZleHHE ChEMOK IONOJHEHUSI NPEJOCTABUT BO3MOXHOCTDb
peryJvpoBaThb INOCTOsIHHbIE YPOBHHU IMPOMBICJIOBOM
CMEPTHOCTH B COOTBETCTBHMM C MOIHOCTbIO BCTYIIAKI[ErO B
NnomnoJiHeHHe roJoBoro kJjacca. TeM He MeHee, F He AoJ/pkHO
[IOBBIMATHCS paHee, UeM uepe3 UYeThlpe Troja Iioclie
MHOI'OUHCJIEHHOTIO nomnoJHeHust, CABUI BIepea 3HaueHUM
YaCTUUHOIO MOMNOJIHEHUS] HE U3MEHUT obbeMa BblJIOBa NPH Fq 1
U Frax, B 3HAUMTEJbHOU Mepe, HO MpPHUBEAET K YyBeJUUEHUI
61loMacchl HEpeCTYy VI ero 3aaca.

Résumé

Les effets sur le poisson des glaces (Champsocephalus gunnari) d'un
certain nombre de stratégies d'exploitation ont été simulés pour une
période de 30 ans. Ces stratégies sont:

» des niveaux différents de mortalité par péche constante (Fg.1, Fmaxs
2 X Frax);

» une exploitation constante a 50% de Fg 1 avec une augmentation de
F, trois ou cing ans aprés un bon recrutement;

« une péche par a-coups a intervalles de trois ans, sans aucune
péche dans l'intervalle;

« des changements de sélectivité des filets ayant pour résultat un
changement du recrutement partiel.

Pour les prévisions, le recrutement était censé suivre le modéle
historique.

La péche par a-coups s'est avérée la solution la moins souhaitable.
Faute de campagnes d'évaluation réguliéres des recrues, il est
probable que la péche constante a Fg soit la stratégie d'exploitation la
plus profitable et la moins hasardeuse a présent. L'établissement
d'une campagne réguliére d'évaluation des recrues offrirait la
possibilité d'ajuster les niveaux constants de mortalité par péche a
l'importance de la nouvelle classe d'dge. Une augmentation de F,
cependant, ne devrait avoir lieu qu'un minimum de 4 ans aprés un
bon recrutement. Une augmentation des valeurs de recrutement
partiel ne changerait pas de beaucoup le rendement de péche a Fg 4 et
Fmax, Mais entrainerait une augmentation de la biomasse du stock
reproducteur.




1. INTRODUCTION

Since 1976/77 the Antarctic icefish Champsocephalus gunnari has become the
dominant species in the fishery around South Georgia. Catches were highest at about 93 000
tonnes, 210 000 tonnes and 105 000 tonnes in 1976/77, 1982/83 to 1983/84 and
1986/87 to 1987/88 respectively. During 1976/77 when the fishery was at its first
peak 4 and 5 year old fish were the major component of the catch. Stock size is now strongly
dependent on the strength of the incoming cohort and the fishery is currently based on age
classes 2 and 3 of which age class 2 is not yet fully recruited.

Recruitment is the most important factor determining the size of the population.
However, no regular recruit surveys (e.g. on age class 1) have been carried out to estimate
the strength of the incoming year class. Advice on the total allowable catch (TAC) in the
following season is largely dependent on the abundance estimate of age class 2 derived from
Virtual Population Analysis (VPA). Historical recruitment has varied by a factor of up to
19 between seasons. Short-term catch predictions based on mean recruitment values are
thus only of limited value (Kock and Kdéster, 1989).

In its Report of the Seventh Meeting, CCAMLR requested its Scientific Committee to
provide advice on management options and their consequences for heavily exploited fish
stocks. Such advice should consider, inter alia: the likely trajectories of catch and spawning
stock biomass under different patterns of fishing mortality including:

» different constant levels of F including Fg 1; and
» a complete ban, or a low value of F for a short period followed by a higher level.

The Commission further noted that its decisions in respect to fisheries management
would be facilitated by alternative management recommendations and their consequences for
each of the fisheries requiring management. This should include, beside TACs for the
current season, a forecast for catch levels in the following season based upon realistic
assumptions about fishing mortality and recruitment (CCAMLR, 1988a, p. 26-27).

In the following we have tried to demonstrate the effect of some of the harvesting
strategies mentioned above in the stock of C. gunnari around South Georgia. The effects of
factors such as stock size, spawning stock size and environment on the size of the recruiting
year class are presently not known. We have therefore used the historical recruitment
pattern for our simulations. Hennemuth et al. (1987) used a probabilistic model based on
recruitment series of 18 fish stocks from various parts of the world in their analysis of
South Georgia fish stocks.

2. MATERIAL AND METHODS

Simulations of catch and spawning stock biomass (SSB) under different potential
harvesting regimes reflecting the Commission's requests were performed for a period of
30 years (1988/89 to 2017/18) using the ICES Standard Prediction Program (Anon.,
1981). Input data such as the preliminary catch and the actual stock size in 1988/89,
partial recruitment to fishing mortality values, estimates of natural mortality, maturity
ogives and weight-at-age values were those used by Kock and Kdoster (1989) for their
short-term projections (Table 1). Future recruitment was assumed to follow the historical
pattern as has been derived from Virtual Population Analysis for the period 1971/72 to
1984/85 (Figure 1) (Kock and Koster, 1989). Growth, maturity, natural mortality and
partial recruitment had been assumed not to change over the 30 years.
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The first harvesting option included different levels of constant fishing mortality at
Fo.4 (0.252), Fnax (0.596) and 2xFnax (1.192) (Kock and Koster, 1989) throughout the
whole period (1 a, b, ¢).

The second option was harvesting constantly at 50% Fg 4, with an increase of F three
years after a good recruitment of age class 1 (> 900 x 108 individuals) had been observed.
The increase in fishing mortality was adjusted not to exceed the cumulative values of Fy 4
(7.308), Fnax (17.284) and 2xFnax (34.569) for the 30 year period (2 a, b, c).

The third option differed from the second option by a delay in the increase of F to five
years after a good recruitment (3 a, b, c).

The fourth option simulated the effects of pulse fishing at an interval of three years
without any harvesting in between (4 a, b, c).

Mesh size regulations as a means of protecting juvenile fish and first spawners of
C. gunnari is under debate in CCAMLR at present (CCAMLR, 1988b; Kock, 1989). A change
in net selectivity either by an increase of mesh size and/or the introduction of different
mesh types (e.g. square meshes) is likely to occur. This would result in a change in the
exploitation pattern. We have therefore simulated the effect of decreased partial
recruitment of the youngest age classes by shifting the age-specific mortalities from the VPA
one year forward. Partial recruitment values were recalculated for a reference F averaged
over age classes 4 to 8 (Table 2). In order to keep results easier to understand we have only
presented results for Fqy ¢ (recalculated option 1a) and F,,,« (recalculated option 1b) here.

3. RESULTS

Catch and spawning stock biomass projections for different harvesting strategies are
presented in Figures 2 to 15. Key results for each projection are given in Table 2. These
are: the cumulative catch over the 30 year period; the average spawning stock biomass with
corresponding coefficients of variation (CV); and the number of years with a spawning stock
biomass of less than 100 000 tonnes, of less than the 1988/89 level of 53 400 tonnes and
of less than the lowest spawning stock biomass recorded of 24 800 tonnes.

3.1 Variation of Catch and Spawning Stock Biomass Estimated
for Different Harvesting Strategies at Constant Levels of F

Cumulative catch is lowest when harvesting is carried out constantly at 50% Fy 4 with
an increase of F three years after a good recruitment (option 2) (Table 3). Cumulative
catch is highest at the same level of F but with an increase of F five years subsequent to a
good recruitment (Table 3). Pulse fishing at an interval of three years (option 4) resulted
in a cumulative catch higher than that for option 2, but lower than that obtained when
fishing constantly at Fo4 and Fax (option 1) (Table 3).

The lowest average spawning stock biomass is observed at a cumulative F of 7.308 for
option 3. Both other levels of F for the same option, however, result in the highest average
spawning stock biomass (Table 3). The high coefficients of variation within option 3 a, b, ¢
are due to an increase in spawning stock biomass up to 290 000 tonnes when fishing at 50%
of Fg4 until five years after a good recruitment. After the increase of F to a level of 0.735,
however, spawning stock biomass drops substantially to less than 125 000 tonnes
(Figure 4). At a cumulative level of F of 17.286 spawning stock biomass will decrease to
less than 100 000 tonnes in 16 of the 30 years. In five out of the 30 years it would even
fall below the 1988/89 level (Figure 8). At a cumulative level of F of 34.569 spawning
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stock biomass would be less than the 1988/89 level in even 10 out of 30 years. This would
include two years with spawning stock biomass below the lowest observed level of
24 800 tonnes (Figure 12).

The highest spawning stock biomass is achieved when fishing is carried out constantly
at Fp.1 (option 1a). Both other levels of F within option 1, Fax and 2xF.y, lead to the
lowest average spawning stock biomass (Table 3). In contrast to option 3, the coefficients of
variation in option 1 are considerably lower. At a cumulative F of 17.286 (option 1b)
spawning stock biomass is expected to fall below 100 000 tonnes in 12 years out of 30
including five years when spawning stock biomass will fall below the 1988/89 level
(Figure 6). At a cumulative F of 34.569 (option 1c) spawning stock biomass will fall below
the 1988/89 level in eight out of 30 years including two years below the lowest spawning
stock size observed (Figure 10).

Fishing constantly at 50% Fy 4, with an increase in F three years after a good
recruitment (option 2) and pulse fishing (option 4), result in average levels of spawning
stock biomass with the lowest coefficients of variations for option 2 compared to relatively
high CVs for option 4 (Table 3). Consequently, option 2 leads to the lowest number of
extreme spawning stock biomass estimates. At a cumulative level of F of 17.286, for
example, spawning stock biomass would never fall below the 1988/89 level (Figure 7). At
the same level of F, pulse fishing (option 4) would result in a spawning stock biomass to be
less than the 1988/89 level in four out of the 30 years including one year with a spawning
stock size below the lowest observed value (Figure 9).

3.2  Variation of Caich and Spawning Stock Size
Estimated for Different Levels of F

The cumulative catch is 904 000 to 922 000 tonnes at Fq 4 (options 1a, 2a, 3a, 4a;
Table 3), 1 039 000 to 1 160 000 tonnes at F,,x (options 1b, 2b, 3b, 4b; Table 3) and
1044 000 to 1 175 000 tonnes at 2xF., (options 1c, 2¢c, 3¢, 4c; Table 3) respectively.
Under constant mortality policies (option 1) fishing at F,,.x gives a higher catch than F; y and
2xFmax (1 074 000, 922 000 and 1 073 000 tonnes). However, if fishing mortality
varies from year to year within the same cumulative total, the picture changes. The highest
fishing mortality (2xFnax) will then give the highest catches, especially if fishing is timed
to increase five years after good recruitment.

The corresponding average spawning stock biomass is 168 000 to 172 000 tonnes at
Fo.1, 105 000 to 125 000 tonnes at Fy .« and 69 000 tonnes at 2xF,.x respectively (Table
3). Average spawning stock biomass is thus 26 to 39% at F,.x and 36 to 60% at 2xF,ay
lower than spawning stock size at Fg 4.

3.3  Variation of Catch and Spawning Stock Biomass
for Different Sets of Partial Recruitment Values

Variation of catch and spawning stock biomass due to changes in partial recruitment
(= net selectivity, option 5) for harvesting at Fo4 and F,ax constantly are shown in Figures
14 and 15.

For harvesting at Fy ¢ the cumulative catch will be reduced by 4% to 886 000 tonnes
if partial recruitment is shifted by one year forward from the present stage. Average
spawning stock biomass, however, will increase by 19% to 206 000 tonnes (Table 3). For
fishing at Fnax the cumulative catch will increase by 2% to 1 094 000 tonnes and spawning
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stock biomass will be raised by 38% to 145 600 tonnes (Table 3). The coefficient of
variation will slightly increase after the change in partial recruitment. Spawning stock
biomass, however, will be continuously higher throughout the 30 year period (Figures 14
and 15). Consequently, fishing at Fp,a, will never reduce spawning stock biomass below the
1988/89 level.

4. DISCUSSION

With the exception of fishing, it is the size of the recruiting year class that effects
the future stock size of C. gunnari around South Georgia far more than changes in growth,
maturity or natural mortality (Hennemuth et al., 1987; Kock and Koster, 1989). Maturity
and weight-at-age had not changed significantly in the course of the fishery (Kock, 1989,
Kock and Koéster, 1989). For this reason we assumed for our projections of future catches
and spawning stock size that growth, maturity and natural mortality would not change over
time. Partial recruitment values have been assumed to remain constant as well. However,
as partial recruitment values are likely to change over a 30 year period of time due to
alterations in the fishery, we have investigated that effect in a separate set of simulations by
shifting partial recruitment values one year forward.

The aim of our simulations has not been to model or predict future recruitment, but
to assess the effect of different harvesting strategies on a stock with highly fluctuating
recruitment.  Historical recruitment derived from VPA analysis has followed a cyclic
pattern (Kock and Koster, 1989) which seemed to be largely independent of spawning stock
size. We have therefore assumed that future recruitment will follow the historical pattern
instead of applying randomly fluctuating recruitment values estimated from a probabilistic
model to our data (see Hennemuth et al., 1987). It is obvious that this should have affected
our results, as yield from a series of good year classes should be higher that from a single
one. On the other hand a series of poor year classes would likely result in a reduction of
spawning stock biomass below the level derived from randomly fluctuating recruitment
values.

Article I, 3a of the Convention for the Conservation of Antarctic Marine Living
Resources states that “Any harvesting [....] shall be conducted in accordance [....] with the
following principles of conservation:

prevention of decrease in the size of any harvested population to
levels below those which ensure its stable recruitment. For this
purpose its size should not be allowed to fall below a level close to
that which ensures the greatest net annual increment.” (CCAMLR,
1988). A

No stock-recruitment relationship seems to be apparent in C. gunnari around South
Georgia. It is likely, however, that a larger and relatively stable spawning stock would
minimize the risk of recruitment failure, in particular since spawning stock sizes derived
from VPA analysis tend to overestimate the number of fish actually spawning (Kock, 1989).
We have used estimates of average spawning stock biomass, their corresponding coefficients
of variations and the number of years when spawning stock size was below a certain level
(see Table 3) as a measure of overall level of spawning stock biomass and spawning stock
‘stability’.

Of all the options studied, fishing at constant Fg 4 (option 1a) would result in the
second largest cumulative catch and a high and relatively stable spawning stock. Fishing at
higher levels of constant F (F,. and 2xFax, options 1 b, ¢) would produce average
cumulative yields and an average stability relative to the other options.
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Harvesting at a low constant level of F (50% Fo 1) and an increase of F three years
after a good recruitment (option 2) would result in the lowest cumulative yield of all
options, the highest stability of the spawning stock and an average spawning stock size
relative to the other options.

Fishing at a constant level of F of 50% Fg 1 and an increase of F five years after a good
recruitment (option 3) would result in the highest cumulative catch of all options coupled
with a relatively low stability of the spawning stock.

Pulse fishing (option 4) would produce an average cumulative yield with the lowest
stability of all options. Spawning stock size would be at an average level.

Throughout all options fishing at Fp,ax would produce a cumulative yield 15 to 19%
(= 4 500 to 6 000 tonnes per year) higher and an average spawning stock biomass 26 to
39% lower compared to fishing at Fo 1. Harvesting at 2xF,.x would increase cumulative
yield by 16 to 22% (= 4 700 to 6 600 tonnes per year) and reduce average spawning stock
biomass by 36 to 60% compared to fishing at Fy 4. Stability of the spawning stock would
decrease with increasing cumulative F.

Shifting of partial recruitment values one year forward as a result of changes in net
selectivity would produce a reduction in cumulative catch by 4% and an increase in spawning
stock biomass by 19% relative to the present values when fishing at Fq 4. If harvesting is
maintained at F=0.596 (the present value of Fa,) then shifting partial recruitment values
one year forward will increase cumulative yield by 2% and spawning stock size by 38%
relative to the present partial recruitment values.

No regular fishery-independent recruitment surveys have been carried out around
South Georgia so far. Information on age class 1 is only available from the VPA and is known
to have a high degree of uncertainty, at least for the most recent years in the VPA.

In the absence of any reliable prediction of the strength of the incoming cohort from
fishery-independent sources (surveys, recruitment models) the application of a harvesting
strategy with a constant low F (50% F, 1) and an increase of F three years after a good
recruitment (option 2) seems to have little meaning at present.

Abundance estimates of age class 1 from the VPA four years after recruitment (to
establish a TAC for five years after a good recruitment) are likely to be more reliable than
after two years. This seems to favour option 3. However, this estimate is still entirely
based on fishery-dependent information. Any false prognosis would further destabilize the
spawning stock which is already less stable than predicted for options 1 and 2.

Pulse fishing had been mentioned as one potential alternative strategy in harvesting
Antarctic finfish (Gulland, 1983). Pulse fishing at a three year interval (option 4) would
destabilize the spawning stock most, but would only produce average cumulative yields.

In the present state, fishing at a constant level of F is likely to be the most meaningful
and least risky harvesting strategy for C. gunnari around South Georgia. The most
appropriate level of F seems to be Fy4. Fishing at F,ax would produce an annual catch which
is only 3 000 tonnes higher relative to fishing at Fp; but an average spawning stock
biomass which is 39% less than at the Fy ¢ level. Spawning stock biomass would fall five
times below the 1988/89 level, which may bear additional risks for recruitment failure.
Fishing at a high spawning stock biomass would be more renumerative (in
catch-per-unit-effort) than on a low spawning stock biomass.
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A cautious increase of F beyond the level of Fy 4, however, seems to be feasible if net
selectivily experiments are able to demonstrate that an increase in mesh size and/or the
introduction of new mesh types would lead to the forward shift in partial recruitment values
assumed in our simulations.

After regular fishery-independent recruitment surveys have been established to
predict the strength of the incoming cohort, an adjustment of F values to the recruitment of
good (or poor) year classes (options 2 and 3) should also be practicable. Fishing mortality
should be increased later than three years after a good recruitment (option 3). An increase
after only three years (option 2) would not produce a higher yield. As the higher yield in
option 3 is coupled with a higher instability of the spawning stock, F should only be
increased moderately.

The intention of our paper is to provide a starting point for discussing alternative
strategies. However, it should be kept in mind that additional risks exist when converting
fishing mortality into TAC. Estimates of stock size are usually derived from research vessel
surveys which do have a considerable variability. TACs may therefore miss the target F by a
substantial margin.
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Table 1:  List of input values for yield and stock projection of Champsocephalus gunnariin
Subarea 48.3.
The reference F is the mean F for the age-group range from 3 to 7.
Assumed catch in 1988/89 = 23 000 tonnes
Data are listed in the following units:
Number of fish: numbers x 108
Weight by age-group in the catch: g x 102
Weight by age-group in the stock: g x 108
Age Stock Size Partial Natural Maturity  Weight in  Weight in
Recruitment  Mortality Ogive the Catch the Stock
1 558816 0.0342 0.3500 0.0000 0.034 0.034
2 385993 0.2591 0.3500 0.7750 0.086 0.086
3 38636 0.7719 0.3500 0.8070 0.153 0.153
4 32682 0.9980 0.3500 1.0000 0.243 0.243
5 25915 1.0568 0.3500 1.0000 0.337 0.337
6 11744 1.0987 0.3500 1.0000 0.482 0.482
7 2202 1.0746 0.3500 1.0000 0.632 0.632
8 210 1.0000 0.3500 1.0000 0.805 0.805
9 43 1.0000 0.3500 1.0000 1.142 1.142
Table 2:  Set of partial recruitment values reflecting a change in mesh selectivity in the

fishery on Champsocephalus gunnari in Subarea 48.3.

g

Partial Recruitment

OO WN—

ek ik ok S O OOO

.0002
.0364
.2690
.7928
.0143
.0943
.0995
.0709
.0000
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%  Table 3: Simulated harvesting strategies of Champsocephalus gunnari in Subarea 48.3, total catch during the 30 year period of

projection, average spawning stock biomass (SSB) and corresponding coefficients of variation (CV) as well as numbers of years
with SSB below 100 000 tonnes, below the 1988/89 level of 53 400 tonnes and below the lowest value on record of
24 800 tonnes.

Option Harvesting Strategy Cumulative F Total Catch SSB cv Number of Years with SSB Below:
(tonnes) 100 000 tonnes 1988/89 level Lowest Level
1a Constant fishing at 7.308 922 041 172 749 0.404 6 0 0
Fo.1 (0.252) ,
2a Constant fishing at 50% 7.308 903 726 170 426 0.344 6 0 0

Fo.1, increased F(0.735)
three years after good
recruitment

3a  Constant fishing at 50% 7.308 977 841 167 999 0.415 6 0 0
Fo.1, increased F(0.735)
five years after good
recruitment

4a Pulse fishing (F=0.812) 7.308 912 045 170 428 0.435 7 1 0
with a period of three
years

1b Constant fishing at 17.284 1 074 106 105 564 0.418 12 5 0
Fmax (0.596)

2b Constant fishing at 50% 17.286 1 039 179 116 482 0.390 12 0 0

Fo.1, increased F(2.398)
three years after good
recruitment

3b Constant fishing at 50% 17.286 1 159 527 125 223 0.617 16 5 0
Fo.1, increased F(2.398)
five years after good
recruitment
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Table 3 (continued)

Option Harvesting Strategy Cumulative F  Total Catch SSB cv Number of Years with SSB Below:
(tonnes) 100 000 tonnes 1988/89 level Lowest Level

4b Pulse fishing (F=1.92) 17.280 1 073 940 110 521 0.533 17 4 1
with a period at three
years

1c Constant fishing at 2xFax 34.569 1 073 067 69 716 0.461 26 2

2c Constant fishing at 50% 34.569 1 044 465 86 567 0.499 21 2
three years after good
recruitment

3c Constant fishing at 50% 34.569 1 175 421 106 911 0.744 19 10 2
Fo.y, increased F(4.321)
five years after good
recruitment

4¢ Pulse fishing (F=3.841) 34.569 1 109 625 82 749 0.636 22 9 3
with a period of three
years

5a Constant fishing at Fo 1, 7.308 885 610 206 036 0.412 6 0 0
changed mesh selectivity

5b Constant fishing at Fp,ax 17.184 1 094 016 145 580 0.427 10 0 0

changed mesh selectivity




[N I AT IN AN EE AT AV I IR T AN AN SR SN AT SN STUN SR AN EE AN AN E oS |

2000 -

[ony
n
)]
O

[W.N
-
-
O
1 J 1L (3 1 i I L 1 1 1. l 1 i 1

recruits * 1000000

T T ¥ T T | Y T T T L] T T T T T T Y T

o)
i

TFrrv vl ° LIS LI B I NG B N B L SR A S B A L A Tr T r7

1995/96 2010/11

Figure 1: Historical pattern of recruitment in Champsocephalus gunnari around South
Georgia {from Kock and Kd&ster, 1989) used for the 30 year period of projection.
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Figure 2: Catch and spawning stock biomass when fishing constantly at Fgq (0.252)
(option 1a, Table 3).
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Figure 3: Catch and spawning stock biomass when fishing constantly at 50% Fg.4, with an

increased F (0.735) three years after a good recruitment (> 900 x 108
individuals) (option 2a, Table 3).
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Figure 4: Catch and spawning stock biomass with an increased F (0.735) five years after a
good recruitment (> 900 x 108 individuals) (option 3a, Table 3).
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Figure 5: Catch and spawning stock biomass when pulse fishing (F=0.812)

Figure 6: Catch and spawning stock biomass when fishing constantly
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of three years (option 4a, Table 3).
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Figure 7: Catch and spawning stock biomass when fishing constantly at 50% Fg 4, with an
increased recruitment (> 900 x 10° individuals) (option 2b, Table 3).
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Figure 8: Catch and spawning stock biomass when fishing constantly at 50% Fq4, with an

increased F (2.398) five years after a good recruitment (> 900 x 108
individuals) (option 3b, Table 3).
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Figure 9: Catch and spawning stock biomass when pulse fishing (F=1.92) at an interval of
three years (option 4b, Table 3).
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Figure 10: Catch and spawning stock biomass when fishing constantly at 2xF; .«
(option 1¢, Table 3).
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Figure 11: Caich and spawning stock biomass when fishing constantly at 50% Fg 4, with
increased F (4.321) three years after a good recruitment (> 900 x 108

individuals) (option 2c, Table 3).
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Figure 12: Catch and spawning stock biomass when fishing constantly at 50% Fg 4, with
increased F (4.321) five years after a good recruitment (> 900 x 10°

individuals) (option 3¢, Table

3).
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Figure 13: Catch and spawning stock biomass when pulse fishing (F=3.841) at-an interval
of three years (option 4c, Table 3).
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Figure 14: Catch and spawning stock biomass when fishing constantly at Fq ¢ (0.252) with
a change in partial recruitment (= net selectivity) (option 5a, Table 3).
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Figure 15: Catch and spawning stock biomass when fishing constantly at F.,o, (0.516) with
a change in partial recruitment (= net selectivity) (option 5b).
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Liste des tableaux

Liste des valeurs en entrée pour la prévision du rendement et du stock de
Champsocephalus gunnari dans la sous-zone 48.3.

Ensemble de valeurs de recrutement partiel qui reflétent un changement de
sélectivité du maillage dans la pécherie de Champsocephalus gunnari dans la
sous-zone 48.3.

Stratégies simulées d'exploitation de Champsocephalus gunnari dans la
sous-zone 48.3, capture totale pendant la période de prévision de 30 ans,
biomasse moyenne du stock reproducteur (SSB) et coefficients de variation
correspondants (CV), ainsi que nombre d'années ol SSB est inférieur a
100 000 tonnes, inférieur au niveau de 1988/89 de 53 400 t et inférieur
a la valeur la plus faible jamais relevée de 24 800 tonnes.

Liste des figures

Modele historique du recrutement de Champsocephalus gunnari autour de la
Géorgie du Sud (provenant de Kock et Kdster, 1989) utilisé pour la période
de prévision de 30 ans.

Capture et biomasse du stock reproducteur pour une péche constante a Fg 4
(0.252) (option 1a, Tableau 3).

Capture et-biomasse du stock reproducteur pour une péche constante & 50%
de Fp.1, avec une augmentation de F (0.735) trois ans aprés un bon
recrutement (nombre d'individus > 900 x 108) (option 2a, Tableau 3).

Capture et biomasse du stock reproducteur avec un F augmenté (0.735) cing
ans aprés un bon recrutement (nombre d'individus > 900 x 108) (option 3a,
Tableau 3).

Capture et biomasse du stock reproducteur pour une péche par a-coups
(F=0.812), par intervalles de trois ans (option 4a, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a Fy,a
(0.596) (option 1b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fp.1, avec un recrutement augmenté (nombre d'individus > 900 x 108)
(option 2b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fp 4, avec une augmentation de F (2.398) cing ans aprés un bon
recrutement (nombre d'individus > 900 x 10€) (option 3b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche par a-coups
(F=1.92), par intervalles de trois ans (option 4b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante &
2 x Fhax (option 1c, Tableau 3).




Figure 11:
Figure 12:

Figure 13:

Figure 14:

Figure 15:

Tabuauiia 1:

TabJuia 2:

Tabuauna 3:

PucyHok 1:

PucyHoK 2:

PucyHoOK 3:

PucyHoOK 4:

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fo.1, avec un F augmenté (4.321) trois ans aprés un bon recrutement
(nombre d'individus > 900 x 108) (option 2c, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fy.¢, avec une augmentation de F (4.321) cinq ans aprés un bon
recrutement (nombre d'individus > 900 x 108) (option 3c, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche par a-coups
(F=3.841) par intervalles de trois ans (option 4c, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a Fg 1,
(0.252) avec un changement de recrutement partiel (= sélectivité du filet)
(option 5a, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante & Fpax
(0.516) avec un changement de recrutement partiel (= sélectivité du filet)
(option 5b, Tableau 3).

CrnucoK TabJul

Hcnouab3zoBaHHbIE NpeAnoOJIOXUTE/NbHbIE BEJIMUUHDI BblJIOBA U obbeMa
sanaca Champocephalus gunnari B logpaiioHe 48.3

Ha6op 3Haue€HUI YaCTUUHOrO MOMNOJIHEHHS], OTpaXawliX U3MEHEeHUe
CeJIEKTUBHOCTU siuell TNpU mnpowmsbicse Champsocephalus gunnariB
TloapatioHe 48.3.

MoaenupoBaHue cTpaTeruii npowmseicaia Champocephalus gunnari B
MoxpalioHe 48.3; obmuii BbJIOB 3a 30 JieT NpOMbIC/A, CpeAHss
6uoMacca HepecTywlfero 3amaca (SSB) U COOTBETCTBYWIME
Ko3pPULHUEHTB BapHaTHBHOCTH (CV), a TakXe KOJUUECTBO JIET, B
TeueHUe KOTOpbIX SSB 6bisa Huxe 100 000 1, HUXe 53 400 T - YpOBHs
1988/89 r. 1 Huxe 24 800 T - MUHUMAJNBHOI'O 3apEerucTpUPOBAHHOIO
YPOBHSI.

CIILICOK PUCYHKOB

AaHHBlEe MO MoNnoJIHEHUW 3anaca Champsocephalus gunnariB palioHe
OxHot Teopruu Kok u Kéctep, 1989 r.), HcHoJib30OBaHHbIE NOPU
Mo e upoBaHuU 30-JIeTHEro NepyoJa NpoMbIca.

BbljoB U 6lOMacca HepecTyw lero 3amnaca NnpH IoCTOSIHHOM YPOBHE
npowmbicaa Fgy (0,252) (sapuanT 1a, Tabauna 3).

BBIJIOB U 6UOMacca HEPECTYIUErO 3aMaca IPpH NOCTOSIHHOM YyPOBHE

npombicaa ¢ 50% Foqu npu noewimenun F (0,735) uepes Tpu roza
nocJsie XxXopoliero nomnoJsiHeHust (> 900 x 108 ocobeit) (BapuaHT 2a,
Tabauna 3).

BolioB U 61oMacca HepecTywlero 3amnaca npu nosbimeHuu F (0,735)

yepes MNsITh JIET NMOCJE XOpoWero MnomoJHeHus (> 900 x 108 ocobeit)
(eapuaHT 33, Tabuuna 3),
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PucyHoK 7:
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PucyHok 9:

PucyHok 10:
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PucyHok 13:

Pucynok 14:

PucyHoOK 185:

Tabla 1:

Tabla 2:
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BbsioB M 6HOMacca HepecTywmero 3amnaca IIpU NYJbCUPYIEM
npoMsbicsie (F=0,812) ¢ uHTepRaJiIoM B TpU roja (BapuaHT 4a,
Tabsu1a 3).

Bbl/IOB U 6UOMAacCa HepecTywIlero 3amnaca Mpy MNOCTOSTHHOM ypPOBHE
NPOMBICA, Fpay (0,596) (BapuaHT 1b, Tabuuna 3).

BbJIOB M 6UOMacca HepecTywlero 3amnaca Mnpy NocTOssHHOM YPOBHE
npombicsia 50% Fg ¢ MpM BoO3pacTawiieM MOoNoJHeHUu (> 900 x 108
ocoberli) (BapuaHT 2b, Ta6auua 3).

BblJIOB U 6UOMacca HepecTyblero 3anaca Ipu NOoCTOsIHHOM ypOBHE
npombicsa 50% Fg 4 npu noepimeHuu F (2,398) uepes nathb JeT nocJe
xXopomero nonoJyiHeHus (> 900 x108 oco6eit) (BapuaHT 3b, Tabauna 3).

BoiiorR u 6UoOMacca HepecTywlero 3salaca IpU NYyJbCUPYIOLNEM
npombicsie (F=1,92) ¢ uHTepBasioM B TpU roja (BapHaHT 4b,
Tabauna 3).

BblIOB U 6UOMacca HepecTylllero 3amnaca Npyu NOCTOSSHHOM ypPOBHE
NpoMbicJia. 2XF .y (BapuaHT 1c, Tabauua 3).

BosioB M 6LMOMacca HepecTywlero 3amnaca MNpH NocTossHHOM ypPOBHE
npombicia B 50% Fp 41 noebimeHuu F (4,321) uepes Tpu roga rnocJje
Xopolero nonoJHeHus (> 900 x 108 ocobeit) (RapuaHT 2¢, Ta6uauua 3).

Bbl/IOB U 6UOMAacca HEPECTYKIEro 3anaca NNpH NOCTOSSHHOM YpPOBHE
npombicisa B 50% Fgqu noBbimeHru F (4,321) uepes nsATh JeT InocJe
Xopoliero nonoJiHeHus (> 900 x 108 ocobelt) (BapuanT 3¢, Tabauna 3).

BoioB M 6HoOMacca HepecTywHUero 3amnaca Npd MyJabCUpylIEeM
npoMmsicsae (F=3,841) ¢ uHTepBaJIOM B TpHU roja (BapHaHT 4c,
Tabmauna3).

BplsIOB 1 6UOMacca HepecTywilero 3amnaca IpH MMOCTOSSHHOM ypPOBHE
npoMeicsaa B Fg ¢ (0,252) U uU3MeHEHUM YACTHUUHOIO INOMOJHEHUS
(=CceJIEKTUBHOCTDb ceTell) (BapuaHT 5a, Tabuuna 3).

BrolioB 1 61ioMacca HepecTywllero 3amnaca IpH NOCTOSHHOM ypOBHE
npoMbicya  Fpay (0,516) v usMeHeHMH YaCTHUUYHOI'O MOINOJIHEHUS
(= ceJiIeKTUBHOCTb ceTell) (BapuaHT Sb, Ta6auna 3).

Lista de las tablas

Lista de los valores de entrada para la proyeccidon de poblacion y rendimiento
de Champsocephalus gunnari en la subarea 48.3.

Conjunto de valores de reclutamiento parcial que reflejan un cambio en la
selectividad de malla en la pesca de Champsocephalus gunnari en la Subérea
48.3.




Tabla 3:
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Estrategias de pesca simulada de Champsocephalus gunnari en la Subarea
48.3, pesca total durante el periodo de proyeccion de 30 afios, biomasa de la
poblaciéon de desove promedia (SSB) coeficientes correspondientes de
variacioén (CV) y también la cantidad de afios durante los cuales SSB esta bajo
las 100 000 toneladas, bajo el nivel de 1988/89 de 53 400 toneladas y
bajo el valor minimo en récord de 24 800 toneladas.

Lista de las figuras

Normas histéricas del reclutamiento de Champsocephalus gunnari alrededor
de Georgia del Sur (de Kock y Koster, 1989) utilizados para la proyeccién de
un periodo de 30 afios.

Pesca y biomasa reproductora cuando se pesca continuamente en Fg 4
(0.252) (opcién 1a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 1 con
un aumento en F (0,735) 3 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opcion 2a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con F
aumentada (0,735) 5 afios después de un buen reclutamiento
(> 900 x 10° ejemplares) (opcién 3a, tabla 3).

Pesca y biomasa reproductora cuando se pesca intermitentemente
(F=0.812) cada tres afios (opcién 4a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con F, s
(0.596) (opcion 1b, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 4 con
un aumento en el reclutamiento (>900x10¢ ejemplares) (opcién 2b,
tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 4 con
un aumento en F (2.398) 5 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opciéon 3b, tabla 3).

Pesca y biomasa reproductora cuando se pesca intermitentemente (F=1.92)
cada tres afios (opcion 4b, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con 2xF,s,
(opcién 1c, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg ¢ con
un aumento en F (4.321) 3 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opcién 2c, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 4 con
un aumento en F (4.321) 5 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opcién 3c, tabla 3).

Pesca y biomasa reproductora cuando se pesca intermitentemente
(F=3.841) cada tres afios (opcién 4c, tabla 3).
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Figura 14:

Figura 15:
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Pesca y biomasa reproductora cuando se pesca continuamente con Fg 4
(0.252) con un cambio en reclutamiento parcial (=selectividad de red)
(opcién 5a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con F,
(0.516) con un cambio en reclutamiento parcial (=selectividad de red)
(opcién 5b, tabla 3).
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1989/1990 STOCK STATUS AND TAC ASSESSMENT FOR PATAGONOTOTHEN
BREVICAUDA GUNTHERI IN SOUTH GEORGIA SUBAREA (48.3)

V.l. Shlibanov
Abstract

The 1989/90 stock status and TAC assessments for Patagonotothen
brevicauda guntheri from the South Georgia subarea (48.3) have
been made using biostatistical material for 1978/79 through
1988/89 collected by Soviet scientists. VPA tuning has been
accomplished using the regression equation between fishing mortality
and standardized fishing effort for each age-class. Stock has been
assessed at 123.1 thousand tonnes witha TAC of 28.3 thousand
tonnes for the initial period of 1989/90 fishing season.

Résumé

Le statut du stock et les évaluations du TAC de Patagonotothen
brevicauda guntheri provenant de la sous-zone de la Géorgie du Sud
(48.3), pour l'année 1989/90, ont été réalisés a partir de
matériaux biostatistiques rassemblés par les scientifiques
soviétiques de 1878/79 a 1988/89. L'ajustement de la VPA a été
effectué en utilisant I'équation de régression entre le taux de
mortalité par péche et l'effort de péche standardisé pour chaque
classe d'dge. Le stock a été évalué a 123 100 tonnes avec un TAC de
28 300 tonnes pour la premiére période de la saison de péche de
1989/90.

PezomMe

Ha OCHOBE 6110CTATHCTUUECKOI'O MarepuaJia 3a
1978/79-1988/89 rr. 6b1712 TpOBEieHa olleHKa TAC 1 COCTOSTHUS
3anaca Palagonotothen brevicauda guntheri B loapafioHe I0xHON
T'eopruu (48.3) Ha 1989/90 r, Belyia npoReAeHa HacTpomKa VPA
MNpU HCIOJIb3ORAHUU YypaBHEHUSI perpeccuM Kos3(puLUeHTa
IIPpOMbBICJ/IOBOH CMEpPTHOCTHU u CTaHZapTU30OBAHHOI'O
IIPOMBICJOBROI'O YCUJIUSA AJsI KaXJor'o T'OZOBOI'C KJACCA.
Pa3sMep 3amaca Ha MCXOZAHBIN NMepuoj ce3oHa 1989/90 r. 6bli
oueHeH B 123,1 ThICsiUuM TOHH ¢ TAC B 28,3 ThICSIUU TOHH,

Resumen

La evaluacién de la condicién de las poblaciones en 1989/90 y de la
capturas totales permisibles (TAC) de Patagonotothen brevicauda
guntheri de la subarea de Georgia del Sur (48.3) se ha hecho
utilizando material bioestadistico recopilado por los cientificos
soviéticos desde 1978/79 hasta 1988/89. EIl ajuste de VPA se ha
realizado usando la ecuacién de regresiéon entre la mortalidad
pesquera y el esfuerzo de pesca estandarizado para cada clase de edad.
Reservas han sido evaluadas en 123.1 mil toneladas, con un TAC de
28.3 mil toneladas para el periodo inicial de la temporada de pesca de
1989/90.
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1. BACKGROUND DATA
1.1 The Fishery

Over a period of eleven years the largest catches of Patagonian rockcod
(Patagonotothen brevicauda guntheri) occurred during the 1980/81 and 1981/82 seasons
(SC-CAMLR-VII, Annex 5). In the following years catches varied from 5 to 16 thousand
tonnes but on the whole remained steady within a range of 10.5 to 13.4 thousand tonnes. In
1988/89, since the introduction of catch limits, Soviet vessels landed 13 016 tonnes of
P.b. guntheri.

1.2 Age Composition of Catches

Data for the 1978/79 to 1987/88 seasons are taken from the document
WG-FSA-89/5 from the Working Group on Fish Stock Assessment. Age composition of the
1988/89 catch is calculated using an age/length key for the last quarter of 1988 and
comprehensive measurements taken in December 1988 and January 1989. Data on age
composition of catches are given in Table 1.

1.8  Catch-Per-Unit Fishing Effort and Fishing Effort

The largest catch-per-unit-effort occurred in 1978/79, the first fishing season
(Table 2), followed by a marginal decline in catches to a level which remained steady until
1984/85. The next three years witnessed a decline in catch-per-unit, although in
1988/89 this indicator rose to the average level of previous years.

Soviet BRMT (large refrigerator trawler) was used in assessments as a standard type
of fishing vessel. Catch-per-unit-effort data for the seasons 1978/79 to 1988/89 were
used. Values for standardized fishing effort are derived from the division of total
catch-per-season by the value of catch-per-unit-effort of a standard vessel. These values
are presented in Table 2.

1.4  Mean Fish Mass by Age-Group

There are no data on fish mass for the 1979/80 season. Weight values from
Bertalanffy's weight-growth equation were used in the calculations for this period. Due to
an absence of data for 1984/85, mean mass by age-groups has been taken from the previous
season’s data. A substantial increase in the fish mass of older age-groups was noted in
subsequent years. Weight of fish of age-group one for 1988/89 was corrected to the mean
value of previous years (5.3 grams).

The values of mean mass by age and fishing season are given in Table 3.

2. PARAMETERS
2.1 Natural Mortality Rate

Calculations of natural mortality rates by various methods produced the following
results (Shlibanov, in press):
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. Baranov method 0.83
. Beverton/Holt method 0.94
. Beverton/Holt integral method 0.84
. Chapman/Robson method 1.06
. Rikhter/Efanov method 0.63
. Alverson/Carney method 0.73

The majority of these methods, with the exception of Rikhter/Efanov, are based on
length-age composition data on the population of P.b. guntheri fished for the first time (i.e.
based on identical factual material). Thus M varies from 0.73 to 1.06. For this calculation
the value M = 0.9 is assumed.

2.2  Age at Sexual Maturity

According to Lisovenko and Pinskaya's data (1987), 50% of fish reach sexual
maturity at a length of 15.6 to 16.5 cm, while semi-mature specimens are first noticed at a
length of 11 to 13 cm at an age of two years. Our studies indicate that mass maturation of
P.b. guntheri occurs in the summer-autumn period when a length of 12 to 14 cm, which
corresponds to the age of 2.5 years, is reached.

3. STOCK ASSESSMENT USING VPA

The VPA calculations were tuned by applying the formula of regression between
fishing mortality rates and standardized fishing effort. At the final stage of the integration
process the coefficients of correlation between these values were:

Age-Group 1 2 3 4 5 6

Coefficient of
Correlation -0.13 0.44 0.71 0.82 0.76 0.81

Calculated fishing mortality rates, abundance and biomass coefficients are presented
in Tables 4,5 and 6 respectively.

Abundance estimation of age-group one for the last fishing season has been corrected
to the mean value over the previous years.

The stock size of P.b. guntheri for 1988/89 has been estimated at 117.5 thousand
fonnes.

4. YIELD-PER-RECRUIT

The calculation of yield-per-recruit using Thompson and Bell's method is given in
Table 7. The following values were used in calculations:

FMSY= 1.90; F0.1 =1.12
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5. TAC ASSESSMENT FOR 1989/90
Calculation of TAC was done with the following assumptions:
. mean fish mass is maintained at the 1989/90 level;

. rate of partial recruitment for 1978/79 to 1988/89 was calculated using
fishing mortality rates;

. abundance of age-group one is assumed to be at a level of the mean value over
previous years; and

° total fishing mortality rate for 1989/90 will be at a level of Fy 1.

Results of the TAC assessment are detailed in Table 8.

Within these parameters the stock size of P.b. guntheri at the beginning of the
1989/90 season is estimated at 123.1 thousand tonnes. TAC in 1989/90 is 28.3 thousand
tonnes.
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Table 1:  Age composition of catches of P.b. guntheriin Subarea 48.3.
Age-Group Fishing Seasons
1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

1 33.00 11.80 80.90 34.50 19.10 55.10 84.60 20.80 2.68 4.00 0.71
2 274.90 21.30 467.50 320.30 46.20 36.20 173.70 454.80 57.88 79.90 109.76
3 160.50 91.70 306.70 382.00 43.00 58.90 102.60 77.40 177.31 238.80 102.15
4 97.90 84.70 336.10 232.10 47.30 125.00 83.20 70.10 70.59 95.00 147.55
5 9.90 8.20 60.00 59.70 10.40 36.00 18.90 29.40 15.72 21.10 3.62
6 6.30 0.90 6.10 4.70 1.30 3.20 2.50 5.60 10.837 13.90 0.28

Table 2;:  Total catch, catch-per-unit fishing effort of a BRMT type vessel and standardized fishing effort by fishing seasons.

Fishing Season

Total Catch
(thousand tonnes)

Yield-Per-Recruit

Fishing Effort

1978/79
1979/80
1980/81
1981/82
1982/83
1983/84
1984/85
1985/86
1986/87
1987/88
1988/89

16.

8.
40.
35.

5.
12.
12.

ONOONWRON

50.
46.
44.
43.
39.
44.
42,
26.
23.
19.

ArRANP,ONRAN—=N

w
~
=N

322.8
186.4
912.1
814.3
143.5
285.3
297.3
617.8
556.7
902.9
348.0




§ Table 3:  Fish mass (g) of P.b. guntheri by age-groups for 1978 to 1989.

Age-Group Fishing Seasons
1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

5.30 5.30 5.30 5.50 6.00 5.70 5.70 4.50 5.30 5.30 10.00"
13.50 13.50 14.00 11.50 14.50 13.30 13.30 14.50 20.70 23.30 14.70
25.20 25.20 27.30 21.60 28.50 25.80 25.80 22.50 31.60 37.90 32.80
39.00 39.00 37.00 42.50 39.00 39.60 39.60 36.30 60.30 59.50 52.00
51.70 51.70 46.30 58.50 51.50 52.10 52.10 49.50 95.10 90.00 87.30
72.70 72.70 66.30 90.00 69.50 77.30 77.30 57.00 137.20 130.00 120.00

DN WN -

" Determined from one specimen.

Table 4:  Fishing mortality rates for P.b. guntheri in Subarea 48.3.

Age-Group | Fishing Seasons
1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

0.0057 0.0020 0.0165 0.0074 0.0055 0.0212 0.0231 0.0034 0.0007 0.0013 0.0093
0.0867 0.0090 0.2107 0.1749 0.0248 0.0259 0.1792 0.3579 0.0234 0.0560 0.0886
0.2330 0.0773 0.3757 0.6122 0.0657 0.0817 0.1988 0.2409 0.5239 0.2689 0.1977
0.8894 0.4099 1.1184 1.5359 0.3050 0.6282 0.3428 0.4510 0.8771 1.7980 0.6113
0.8723 0.3660 1.6682 1.9344 0.5602 1.0091 0.4012 0.4354 0.3797 2.6476 0.7069
0.8820 0.3888 1.3999 1.7440 0.4306 0.8170 0.3730 0.4441 0.6290 2.2266 0.6597

OO WN =




Table 5:  Abundance (millions of specimens) of P.b. guntheri in Subarea 48.3.

Age-Group Fishing Seasons
1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

1 8869.62 9057.55 7472.55 7070.36 5308.27 3981.80 5620.87 9359.16 5450.93 4814.57 116.68
2 4986.05 3585.78 3675.25 2988.29 2853.33 2146.41 1584.96  2233.20 3792.33 2214.53 1954.99
3 1151.11 1858.75 1444.74 1210.42 1019.93 1131.64 850.39 538.70 634.78 1506.22 851.30
4 236.47 370.72 699.49 403.41 266.81 388.31 423.99 283.40 172.13 152.84 468.02
5 24.23 39.50 100.04 92.94 35.31 79.96 84.23 122.35 73.40 29.11 10.29
6 15.30 4.12 11.14 7.67 5.486 8.20 11.85 22.93 32.18 20.41 0.84

Total 15282.80 14916.40 13403.20 11773.10 9489.20 7736.30 8576.30 12559.70 10155.70 8737.70 3402.10

Table 6: Biomass (thousands of tonnes) of P.b. guntheri in Subarea 48.3.

Age-Group Fishing Seasons

1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89
1 47.0 48.0 39.6 38.9 31.8 22.7 32.0 42 .1 28.9 25.5 35.5
2 67.3 48.4 51.4 34.4 41.4 28.5 21.1 32.4 77.2 51.6 28.7
3 29.0 46.8 39.4 26.1 29.1 29.2 21.9 12.1 20.0 57.1 27.9
4 9.2 14.4 25.9 17.1 10.4 15.4 16.8 10.3 10.4 9.1 24.3
5 1.2 2.0 4.6 5.4 1.8 4.2 4.4 6.1 7.0 2.6 0.9
6 1.1 0.3 0.7 0.7 0.4 0.6 0.9 1.3 4.4 2.6 0.1
Total 154.9 160.1 161.7 122.7 114.9 100.6 97.1 104.3 147.9 148.6 117.5

LOT
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Table 7:

Yield-per-recruit values (Thompson/Bell method).

F Y/R F Y/R
0.20 0.0013 1.15 0.0035
0.40 0.0022 1.20 0.0035
0.50 0.0025 1.30 0.0036
0.60 0.0027 1.40 0.0037
0.70 0.0029 1.50 0.0037
0.80 0.0031 1.60 0.0038
1.00 0.0033 1.70 0.0038
1.05 0.0034 1.80 0.0039
1.10 0.0034 1.90 0.0039

Table 8:  Forecast of stock status and TAC calculated using predetermined rates of fishing intensity for P.b. guntheri in Subarea 48.3.
Fishing intensity in the forecast period is equal to the optimal intensity according to Gulland's method of Fy4 calculation:
Fopr=1.120.

1989 1990

Age-  Natural Rate of Average

Group Mortality Partial Fish F C N B F Cc N B
Rate Recruitment Mass (kg) (millions)  (millions) (thousands) (thousands) (millions) (thousands)

1 0.900 0.0132 0.005 |0.0093 0.71 6700.42 35.51 0.0148 0.34 6700.42 35.51
2 0.900 0.1827 0.015 |0.0884 109.76 1954.72 28.73 |0.2046 4.91 2698.97 39.67
3 0.900 1.0000 0.033 |0.1977 102.15 851.15 27.92 [1.1200 11.48 727.49 23.86
4 0.900 1.0000 0.052 |0.6113 147.55 468.05 24.34 }1.1200 7.10 283.97 14.77
5 0.900 1.0000 0.087 0.7069 3.62 10.29 0.90 1.1200 4.34 103.26 9.01
6 0.900 1.0000 0.120 ]0.6597 0.28 0.84 0.10 |1.1200 0.12 2.06 0.25

Total: 364.10 9985.40 117.50 |Total: 28.30 10516.20 123.1




Tableau 1:

Tableau 2:

Tableau 3:
Tableau 4:

Tableau 5:

Tableau 6:
Tableau 7:

Tableau 8:

Tabauna 1;

Tabauna 2:

TabJuauna 3:

TabJuiia 4:

TabJuuiia 3;

TabJuila 6:

Tabuuna 7:

Taéuuua 8:

Liste des tableaux
Composition en ages des captures de P.b. guntheri dans la sous-zone 48.3.

Capture totale, capture par unité d'effort de péche d'un navire de type BRMT
et effort de péche standardisé par saison de péche.

Masse de poissons (g) pour P.b. guntheri, par classe d'dge, de 1978 & 1989.
Taux de mortalité par péche de P.b. guntheri dans la sous-zone 48.3.

Abondance (en millions de spécimens) de P.b. guntheri dans la
sous-zone 48.3.

Biomasse (en milliers de tonnes) de P.b. guntheri dans la sous-zone 48.3.
Valeurs du rendement par recrue (méthode Thompson/Beli).
Prévision du statut du stock et du TAC de P.b. guntheri dans la
sous-zone 48.3, calculée en utilisant des taux prédéterminés d'intensité de
péche. Pour la période de prévision, l'intensité de péche est égale a
l'intensité optimale selon la méthode de Gulland du calcul de Fj 1:
Fopr=1,120.

CHHUCOK TaBJIUIL
BospacTHOoI1 cocTaB yJaoBoB P.b. guntheri B loapaiioHe 48.3.
O6m 1N BBIJIOR, YJIOB Ha € AUHHULY NPOMBICJOBOIO yCHUJIH NO JaHHbIM
cyaHa tuna BPMT M craHAapTHU3OBaHHOE ITPOMBICJOBOE YCUJUE TIO
ITPOMBICJIOBbBIM CE30HAM,

Bec ocob6eti P.b. guntheri (r) mo BO3pacTHBIM rpyInnaM 3a 1978-1989 r.

KoagduureHTsl NPOMBICJAOBOI  CMEPTHOCTU P.b. guntheri B
Iloapatione 48.3.

Yuic/1eHHOCTDb (MUJJTHOHBI 3K3EMIIISIPOB) P.b. guntherm B
MoapaioHe48.3.

Buomacca (Tbicsiuu TOHH) P.b. guntheri B IloaparioHe 48.3.

OlleHOUHble ReJHUUHBl YJOBRaZ Ha e€JAWHMUIY [ONOJHEHUs (METOA
TomMncoHa-beJsJa).

IporHo3 TAC u cocTOsIHUS 3a11aca, paCCUHMTaHHbIE C UCNOJIb30OBaAHHEM
3adaHHBIX KO3 (PULIHMEHTOR MHTEHCUBHOCTU NpoMbicaa P.b. guntheri s
Hoapafione 48.3, B cooTBEeTCTBUH ¢ MeTOAOM [MaJsiaHAa BbIUWCJIEHUS
Fo.1 UHTEHCUBHOCTh IPOMBICJ/IA B NPOrHO3UpYEMBIH INEPHOJ paBHa
ONTUMAaJIbHOM HHTEeHCUBHOCTU: Fopr=1,120.
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Tabla 1:

Tabla 2:

Tabla 3:

Tabla 4:
Tabla 5:
Tabla 6:
Tabla 7:

Tabla 8:
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Lista de las tablas
Composicién de edades de las capturas de P.b. guntherien la Subéarea 48.

Pesca total, esfuerzo de pesca de captura por unidad de un navio de tipo BRMT
y esfuerzo de pesca estandarizado por temporadas de pesca.

Masa de peces (g) de P.b. guntheri por grupos de edades desde 1978 hasta
1989.

Indices de mortalidad de peces para P.b. guntheri en la Subarea 48.3.
Abundancia (millones de especimenes) de P.b. guntheri en la Subarea 48.3.
Biomasa (miles de toneladas) de P.b. guntheri en la Subéarea 48.3.

Valores de rendimiento-por-recluta (método Thompson/Bell).

Prondstico de la condicién de las poblaciones y del TAC calculado utilizando
indices predeterminados de intensidad de pesca para P.b guntheri en la
Subérea 48.3. Intensidad de pesca durante el periodo del pronédstico es igual a

la intensidad éptima de acuerdo al método de Gulland del célculo de Fy ¢:
Fopr=1.120.
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GROWTH AND NATURAL MORTALITY OF PATAGONIAN ROCKCOD
(PATAGONOTOTHEN GUNTHERI SHAGENSIS) FROM SHAG ROCKS SHELF

V.l. Shlibanov
Abstract

The parameters of Bertalanffy’'s growth equation for Patagonian
rockcod (Patagonothen guntheri shagensis) were calculated by using
age and length-weight data of research and fishery survey cruises in
the Shag Rocks area from 1978 to 1986. The natural mortality rate
was assessed by six different methods and was within a range of 0.63

to 1.06. The mean value of natural mortality M=0.8 was used in
calculations and the optimal age and length for harvesting Patagonian
rockcod were found to be 2.5 years and 12.6 cm.

Résumé

Les parameétres de I'équation de croissance de Bertalanffy, en ce qui
concerne la bocasse de Patagonie (Patagonotothen guntheri shagensis)
ont été calculés en utilisant des données d'age et de longueur-poids
provenant de campagnes d'évaluation menées par des navires de
recherche et de péche dans la région des Shag Rocks de 1978 a 1986.
Le taux de mortalité naturelle a été estimé par six méthodes
différentes et s'échelonnait entre 0,63 et 1,06. La valeur moyenne

de la mortalité naturelle M=0,8 a été utilisée pour les calculs, et I'on
constate que I'age et la longueur optimaux d'exploitation de la bocasse
de Patagonie sont de 2,5 années et de 12,6 cm.

PeswoMe

HMapaMeTpbl ypaBHeHUs1 bepTandaHPdU /s XKeJTONEPKU
(Patagognothen guntheri shagensis) 6bl1d  pacCUUTaHbl IpU
HCIIOJIb30RAHUU JIaHHBIX IO BO3PACTY M COOTHOLIEHUK JAJAUHA-
BEC, NOJIyUEHHbIX B XOJ€ PeNiCOB MO MPOBEJECHUID HAYUYHO-
UCCJIEZIOBATENBCKUX U IPOMbBICJOBBIX CbEMOK B paloHe CKaJl
Ilar ¢ 1978 no 1986 rr. OueHka ko3dPUIHEHTa eCTeCTBEHHOM
CMEPTHOCTH 6blJla NpOBeZleHa MEeCTbI Pa3JIMUHbBIMU METOZAMH,
U ero BeJIMUMHa BapbUpOBaJach B AHanasoHe ot 0,63 g0 1,06. B
pacueTax HCIOJIb30BaJaCh CpeAHsisl BeJHUYMHAa €CTEeCTBEHHOM

cMepTHocTu M=0,8, onThMaJibHbleé NPOMBIC/IOBbIE BO3PACT U
JUVIMHA  KeJITolepku paBHsauch 2,5 rogzaM u 126 oM
COOTBETCTBEHHO,

Resumen
Los parametros de la ecuacion de crecimiento de Bertalanffy para la
trama Patagdnica (Patagonothen guntheri shagensis) se calcularon

empleando los datos de edad y talla-peso obtenidos de los cruceros de
investigacion y de estudio de pesca realizados en el area de Shag Rocks
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desde 1978 a 1986. El indice de mortalidad natural fue evaluado por
seis métodos diferentes y se mantuvo dentro de un rango de 0.63 a

1.06. EIl valor medio de mortalidad natural M=0.8 se utilizé en las
célculos y la edad y talla 6ptimos para la pesca de la trama Patagénica
se encontrdé que es de 2.5 afios y 12.6 cm.




1. INTRODUCTION

The Patagonian rockcod was first found on the Shag and Black Rocks shelf in 1974 and
was classified as a sub-species, Patagonotothen guntheri shagensis (Balushkin and Permitin,
1982). Studies of its biology and population dynamics in these areas were initiated in 1973
when commercial catches were first taken there. Although some information on the biology
(Lubimova and Shust, 1982; Shust, 1986), feeding (Naumov et al., 1983) and
reproduction (Lisovenko and Pinskaya, 1987) of P.g. shagensis can be found in current
publications, this sub-species still remains a poorly studied commercial fish.

2. MATERIALS AND METHODS

The results of age determination and the data on the length-weight composition of
P.g. shagensis populations obtained by the Soviet research and exploratory ships over the
period from 1978 to 1986 period were used.

The Hohendorf method was used to estimate the Bertalanffy growth equation
parameters, and the Kutty and Kasim method was used to determine the optimum length and
age of P.g. shagensis for harvesting. The calculation of natural mortality rates was carried
out by six different methods described in the Methodology Instructions of VNIRO (1984).

3. RESULTS AND DISCUSSION
3.1 Biological Characteristics

P.g. shagensis has distributed locally in the Antarctic waters. It inhabits waters
south of the Antarctic Convergence and areas of its distribution are limited by the shelf
waters of Shag and Black Rocks to the west of South Georgia Island (Balushkin and Permitin,
1982; Naumov et al., 1983).

This small size notothenia is a near bottom - pelagic species and inhabits depths down
to 320 m with temperature ranging from 1.5 to 2.6°C and the salinity from 33.8 to 34.0%..
P.g. shagensis forms aggregations during the warm season (December to March). The length
of fish in catches is from 8 to 24 cm, the prevailing length is 11 to 18 cm and the weight is
between 10 and 120 g with the mean weight of about 40 g.

The maximum age of P.g. shagensis is 7 years and fish of 2 to 5 years are most
abundant. Sexual maturity is attained by fish at 11 to 13 cm length, 20 to 30 g weight and
age of 2 to 3 years. The sex ratio of fish is actually the same in all size classes. Depending
on the length, the fecundity of P.g. shagensis ranges from 8 000 to 29 000 eggs (Lisovenko
and Pinskaya, 1987).

P.g. shagensis is a planktophagous fish and feeds mainly on Antarctic krill, amphipods
(mainly Parathemistro gaudichaudii) and copepods (Naumov et al., 1983). The feeding
intensity is highest during the spring/summer period (October to February). The fish feeds
mainly at night. The daily food ration is about 5.3% of the fish weight. Competitors for food
are mackerel icefish, marbled rockcod, Notothenia kempi and grey rockcod. Among the
predators are Patagonian toothfish and marbled notothenia.

4. AGE AND GROWTH

The scales were used for ageing P.g. shagensis. This method is less labour-consuming
and yields satisfactory results as compared with other methods based on other
age-registering structures (Table 1).
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From the extensive data, the growth of P.g. shagensis was found to be isometric
(Figure 1). The weight-length ratio is described by the formula (4.6% accuracy’):

W = 0.0046 L3.27

The calculations made according to Hohendorf method gave the following parameters of
the Bertalanffy equation:

0.1149
0.3838

[
I
I

linear growth: K = 03258, L 23.31 cm, 1,
weight growth: K=103646, W = 10426 g, t,

]

The accuracy* of these values are 0.90% (linear growth) and 7.25% (weight
growth).

5. NATURAL MORTALITY
The natural mortality rate was estimated using the following methods:

(i) Baranov method. The data on age and age/length key (Figure 2) for the second
half of 1978 (i.e. prior to the beginning of the fishery) were used. The value of
M was estimated by comparing natural logarithms of fish in each age-group
(Table 2) and by using the graphic method (Figure 3). In both cases the value
of M was 0.83.

(ii) Beverton and Holt method with F=0:
1

M=Z= =O.94
T -t

where 1T mean age of fish, 3.42 years
age of year class which is fully represented in catches and
does not experience the effect of selectivity of fishing gears

used, 2.35 years.

The age composition of P.g. shagensis before the beginning of fishing is shown in
Figure 2. The mean age of fish was determined from the data on age composition:

T = 2x0.07 + 3x0.57+4 x 0.24+5 x 0.11+6 x 0.0095 = 3.42 years

The analysis of the age composition curve shows that not all two year old fish
were represented in catches, but only those of a particular length. Using the
data of trawl surveys carried out by trawis with small mesh size covers, we
managed to evaluate experimentally this length: I’=12.075 cm (n=165). By
using this value of I’in the Bertalanffy equation of linear growths, we
calculated the age of fish which should be fully represented in catches:

A definition of the term “accuracy” is not provided by the author - Ed.
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(iii)

(v)

i (1-4H in(1 - 2073

L 23.31
K = 01149 - 743250
The calculation of the original equation with estimated values of T and t' gave
M=0.94.

= 2.35 years

Integral method of Beverton and Holt with F=0:

(Lo - 1)
M=2Z-= L K = 0.84
1 -

where 7T mean fish length in catches taken in the second half of 1978,

7=15.21(n=1470),
length of fish of the youngest age-group fully represented in
catches, 1'=12.07 cm.

l'

Method of Chapman-Robson with F=0:

M=Z=InT -in(1 +T'1H)

where 1
n

assumed mean age of fish in a sample,
number of fish in a sample.

The calculations were based on age composition data for the second half of 1978.
The calculations were made starting with modal age class of 3 years (Figure 2).
For recording the results of age composition the assumed mean age was applied.

The age of the youngest year class which was fully represented in catches, was

taken to be zero (Table 3). This routine calculation was used to obtain the sum
of years T, (i.e. the number of years lived together by all specimens caught):

T = 0 x 832+1 x 360+2 x 157+3 x 14 = 716 years
and the assumed mean age:

T
T=1 =055

By substituting the values of T and t’ in the original equation the value of
M=1.06 was obtained.

According to the method of Rikhter-Efanov, the following empiric relationship
exists between the mean value of M and time of mass maturation (i):

M = 1t;,§7221 - 0.155 = 0.63

Lisovenko and Pinskaya (1987) reported that the length of fish at first
maturation is 11 to 13 cm (i.e. 2 years old). According to their data, 50% of
fish attain sexual maturity at a length of 15.6 to 16.5 cm.

115




Our observations showed that mass maturation of P.g. shagensis takes place
during summer/autumn (January to March) when fish is 12 to 14 cm length.
This period corresponds with the age of 2.5 years. According to these data the
value of M will be 0.63.

(vi) Method of Alverson-Carney:

3K
M =gtk 7
where K = growth coefficient from Bertalanffy equation (0.3646),

T

the age of fish which corresponds with maximum biomass.

In accordance with data from 1978 to 1986, the age of fish which corresponds
with maximum biomass ranges from 2 to 4 years depending on the fluctuation of
fish abundance. The long-term mean age was estimated at 2.5 years. Hence,
with T=2.5 years, the natural mortality rate will be 0.73.

The range of variation of M calculated by different methods is considerable:
from 0.63 to 1.06. In the absence of the objective criterion for selecting any of

these values the arithmetical mean of the series of calculated values (M=0.8)
was used and some parameters of the optimal stock exploitation were estimated.

The optimal age for harvesting was calculated by the method of Kutty and Kasim:

e = L0 (3K +KM) 0 M g ears

where K = growth coefficient from the Bertalanffy equation {0.3259).

The optimal length for harvesting was calculated from the Bertalanffy equation:
lopt = L (1-e-Kltopt-to)) = 12.6 cm

where t, = theoretical time of the beginning of growth (0.1149).

The results presented can be used in stock and TAC assessments for
P.g. shagensis as well as for the development of recommendations for rational
fishery of this fish.
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Table 1:  Mean length of P.g. shagensis by age-groups in 1978.

Fish Length Age (Years) n
(cm)

Observed data 6.60 12.03 13.90 16.30 17.98 18.77 21.55 1872
Estimated data 5.84 10.70 14.21 16.74 18.57 19.89 20.84 144

Table 2:  Abundance of P.g. shagensis by age-groups in catches taken in the second half of

1978.

Age-Groups 2 3 4 5 6 n
Abundance N; 107 832 360 157 14 1470
ti 4.67 6.72 6.69 5.06 2.64
nN;

Table 3:  Age composition of P.g. shagensis in catches taken in the second half of 1978

(n=1 363).
Age (years) Conventional Age (years) n
3 0 832
4 1 360
5 2 157
6 3 14
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Figure 3: Natural mortality rate for P.g. shagensis calculated by the Baranov method.
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GROWTH AND AGE/LENGTH STRUCTURE OF POPULATIONS OF NOTOTHENIA
(LEPIDONOTOTHEN) SQUAMIFRONS (NOTOTHENIIDAE) IN VARIOUS AREAS OF
THE INDIAN SECTOR OF THE SOUTHERN OCEAN

AK. Zaitsev
Abstract

Age, growth and age/length composition of populations of grey rockcod
(Notothenia (Lepidonotothen) squamifrons), inhabiting areas of the
Ob and Lena Banks and the Kerguelen Island Shelf, are presented in
this paper. It was found that during the first years of life the linear
growth rate is 3 to 5 cm per year. It decreases by a maximum of
1 cm during the last years of life. Maximum annual weight
increments of 100 to 120 g at the banks and 153 to 188 g in the
Kerguelen Island area were recorded for fish at age 6 to 12. Growth
parameters were calculated according to Bertalanffy's equation. The
dynamics of age/length composition of catches are also examined in
this paper. On the Ob and Lena Banks this composition is fairly stable
but on the Kerguelen Shelf there is a tendency towards younger fish
being more abundant.

Résumé

L'age, la croissance et la composition age/longueur des populations de
bocasses grises (Notothenia (Lepidonotothen) squamifrons) vivant
dans les régions des bancs Ob et Léna et du plateau des fles Kerguelen,
sont présentées dans ce document. On a découvert que pendant les
premiéres années de vie, le taux de croissance linéaire est de 3 a
5cm par an. |l diminue d'un maximum de 1 cm au maximum
pendant les derniéres années de vie. Une augmentation annuelle
maximale de poids de 100 a 120 g sur les bancs et de 153 a4 188 g
dans la région des fles Kerguelen a été relevée pour les poissons des
classes d'age 6 a 12. Les parameétres de croissance ont été calculés
selon l|'équation de Bertalanffy. La dynamique de composition
age/longueur des captures est également étudiée dans ce document.
Sur les bancs Ob et Léna, cette composition est relativement stable,
mais sur le plateau de Kerguelen, les poissons plus jeunes ont
tendance a étre plus abondants.

PezwoMe

B HacTosmeM JOKYMEHTe IpeJcTaBJ/jJeHa HWHPoOpMalUsli ©
BO3pAaCTE, TEMIaX pOCTa U Pa3MEPHO-BO3PACTHON CTPYKTYpe
nonyJasinuii cepoii HororeHuu (Notothenia (Lepodonotothen)
squamifrons), obutapIUX B palioHe 6aHOK 06b U JleHa, a TakXe
menbda KepreseHa. Bbiio yecTaHOBJIEHO, UTO Ha NPOTSKEHUU
AEepBbIX JIET XU3HU TEeMN JHUHEHHOI'0 pOocTa BXOASUUNX B 3TU
nonyasuuM ocobeil cocrtarsager 3-5 ¢M B roiA. B reueHUe
MOoCJIEAHUX JIET XXU3HU OH CHUXAaeTCsl Ha He 6oJiee, ueM 1 cM 3a
ro. MakcuMaJIbHbII €XeroZHblli NpHUPOCT Beca B IpejeJax
100-120 r u 153-188 r B palioHe 6aHok U KepreseHa
COOTBETCTBEHHO, 6blJ1 OTMeueH cpeAu ocobeil B Bo3pacTe
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6-127eT. MlapaMmeTpsl pocTa 6blJIM BBIUKMCJIEHB MO YPaBHEHUIO
Beptanandpdpu. B aaHHONH paboTe TaKXe PpacCMaTpUBAETCs
JUHaMUKa pa3MepHO-BO3PAaCTHOI'O COCTaBa YJIOBOB. CocCTaB
YJIOBOB, NMOJIyUEHHbIX B palioHe 6aHOK 06b U JleHa, JOBOJIbHO
cTtabuJjieH, B TO BpeMs KakK B COCTaBRe YJIOBOB, IOJYUEHHBIX Ha
meJibde KepreseHa, HabuwoAaeTcst TEHACHLIVS K OMOJIOXEHHUI.

Resumen

En este documento se presenta la edad, crecimiento y composicién de
edad/longitud de las poblaciones de tramas grises (Notothenia
(Lepidonotothen) squamifrons), que habitan las areas de los Bancos
de Ob y de Lena y la plataforma de la Isla Kerguelen. Se observé que
durante los primeros afios de vida el indice lineal de crecimiento es de
3 a 5 cm al afio, disminuyendo a un maximo de 1 cm durante los
ultimos afios de vida. Se registraron aumentos maximos de peso anual
de 100 a 120 g en los bancos y de 153 a 188 g en el area de la Isla
Kerguelen en peces de edad 6 a 12. Parametros de crecimiento se
calcularon de acuerdo a la ecuacién de Bertalanffy. Las dindmicas de
composicién de edad/longitud de las capturas también se examina en
este documento. En los Bancos de Ob y de Lena esta composicion es
bastante estable pero en la Plataforma Kerguelen los peces mas
jévenes tienden a ser mas abundantes.



1. INTRODUCTION

The grey rockcod (Notothenia (Lepidonotothen) squamifrons) is widely distributed in
sub-Antarctic waters of the Southern Ocean. There are numerous populations of the indian
Ocean sub-species of this species (Notothenia squamifrons Gunther, 1880) which inhabits
island shelves (Crozet, Prince Edward and Kerguelen Islands) as well as seamounts (Ob,
Lena and Skif Banks) (Duhamel, Hureau, Ozouf-Costaz, 1983; Duhamel, Ozouf-Costaz,
1985).

It has been demonstrated that N. squamifrons populations of the Ob and Lena Banks
are discrete (Zaitsev, 1987 and 1989). Utilization of available resources of this species on
these banks must therefore be carried out carefully and all biological features of the species
should be taken into account.

Since the impact of fishing has recently become constant, it is increasingly important
to examine age, growth rates and the dynamics of age/length composition of each population
separately. Research on age structure of the Atlantic sub-species of this species
(N. squamifrons atlantica, Permitin and Sazonov, 1974) in the South Georgia area was
undertaken by Shust and Pinskaya (1978), while a similar study of Indian Ocean
sub-species has been carried out by Duhamel and Ozouf-Costaz (Duhamel, 1981; Duhamel,
Ozouf-Costaz, 1985). This paper results from the analyses of a large range of material. It
supplements to a considerable degree, earlier data on the biology of the Indian Ocean
sub-species.

2. MATERIALS AND METHODS

The material was collected by research vessels from the AzCherNIRO Institute and
Yugrybpromrazvedka (Southern Fishery Survey Authority) from around the Ob and Lena
Banks and the Kerguelen Islands from 1969 to 1987.

The age of fish was determined using standard methods (Chugunova, 1959). To this
end, fish scales were used as an age reading structure. Preparations of scales were analyzed
with the help of microfiche reading equipment “Microphot 5-PO-1" (materials from the Ob
and Lena Banks) and “Microphot-3” AChM-22 (material from the Kerguelen Islands) with
1x20 magnification. Both permanent and temporary preparations were used with
“Microphot-3” AChM-22. In the latter case a microfische frame was used as a slide to
speed up the process of preparing and analyzing preparations at least twice.

Altogether 536 preparations from the Ob and Lena Banks and 987 from the Kerguelen
Islands were studied. Standard length was measured (standard length is from the tip of the
snout to the end of the urostyle). Fish weight was determined to the nearest gram. In total,
94 354 specimens of N. squamifrons were weighed and measured.

In order to avoid errors in determining the age of N. squamifrons, sclerites were
counted up to the edge of each annual ring, (i.e. to the point at which the sclerites begin to
merge). The results of the count were processed on a computer using a BMDP program
package. The hypothesis of normal distribution of sclerite up to the edge of annual rings was
tested. Based on the Kolmogorov test, the distributions observed were considered normal at
P=0.2. Moreover, single variable statistics of distribution of sclerites in each annual ring
were calculated. A polymodal curve was drawn on the basis of these calculations, allowing
for a more accurate determination of the age of fish in case of faint annual rings on their
scales (Figure 1). A similar curve was used by Boronin and Frolkina (1976) in
determining the age of N. gibberifrons (Lonnberg) from the South-West Atlantic.

Age composition of catches over the period under study was determined according to
the Morozov-Mayorova method using size composition as a starting point
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(Chugunova, 1959). Bertalanffy's growth equation was used to calculate parameters of
linear and weight growth (Hohendorf, 1966). All calculations were performed on an
EC 1035 mainframe computer.

3. LENGTH AND WEIGHT

The equation W=alP was used in analyzing the relationship between length and weight
where W - weight of fish; L - length; “a” and “b” - parameters statistically calculated
from actual data (Ricker, 1979). This equation was calculated for each study area and for
male and female specimens separately. A significant positive correlation between length and
weight (r>0.9) was observed in each instance.

Sexual dimorphism was not apparent within the parameters under examination. The
value of coefficient “a”, however, varies from area to area (Table 2). Irrespective of the
sample, the value of coefficient “b” is close to 3, which enables consideration of the growth
of N. squamifrons in the areas under investigation as isometric. It also allows the use of
these parameters for calculation of growth rates by means of Bertalanffy's equation.

It is worth noting the change in the length-weight ratio of fish in the Kerguelen
Islands area from 1969 to 1986. There is a tendency towards weight increase
per-unit-length among large fish (more than 25 cm) (Figure 2). These changes are most
likely the result of intensive commercial fishing in the area. According to the catch data
(Studenetskaya, 1983), the annual catch of N. squamifrons has exceeded 50 000 tonnes in
some years. |t is probable that this substantial yield has improved conditions for feeding and
consequently led to a change in the length-weight ratio.

Data obtained from the Kerguelen Island area (1980 to 1986) correspond with those
obtained earlier by Duhamel (1981), however it should be noted that Duhamel used total
length (L) for calculating the ratio while in our work standard length (SL). was applied.

When comparing the data of different scientists who used either total or standard
length, a ratio between these values for N. squamifrons was calculated as follows:

SL = 0.85L + 7 (mm)
(r = 0.97)

4. LINEAR AND WEIGHT GROWTH

Data on growth rate of N. squamifrons were obtained from processing age data. This
species is characterized by a long life cycle; 15 year old specimens were recorded in our
samples. Both sexes of N. squamifrons have high linear and weight growth rates while sexual
dimorphism was not observed (Table 1). Fish grow at a faster rate in the first half of their
life cycle - up to 6 to 8 years (i.e. up until sexual maturity). During this period linear
growth is 3 to 5 cm per year. Linear growth decreases by a maximum of 2 cm in mature
fish aged 8 to 10 and towards the end of life by a maximum of 1 cm. Maximum increase in
weight occurs at age 6 to 10 around the Ob and Lena Banks (100 to 120 g/year) and at age 7
to 12 in the Kerguelen Island area (155 to 188 g/year). It must be noted that retardation of
the weight growth rate on the Lena Bank begins at an earlier age than in other areas
(Table 1). Weight gain values for the Ob and Lena Bank populations are similar to those
obtained for the Atlantic sub-species of N. squamifrons in the South Georgia area (Shust,
Pinskaya, 1978).

Parameters of linear and weight growth equations (Bertalanffy's equation) were
calculated for each area using the data obtained from observations (Table 2).
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When comparing the data obtained it can be seen that while the growth rate for all
three areas is fairly similar, the calculated values for length and weight of specimens of the
same age group are minimal on the Ob Bank and maximal in the Kerguelen Islands area (data
for 1980 to 1986) (Table 1). Relative growth rate coefficients (K), calculated using
Bertalanffy's equation, are also different (Table 2).

Growth characteristics of N. squamifrons in the Kerguelen waters deserve special
attention. Material collected before the commencement of exploitation of resources on the
Kerguelen Shelf (1969 to 1972), and during the period reflecting the current state of the
exploited population (1980 to 1988), has been analyzed. Both empirical and calculated
values of length and weight by age for these periods practically coincide. The differences in
growth rate coefficients are not significant and are more likely caused by the varied quality
of materials than by physiological changes of fish. The resuits of this research demonstrate,
therefore, that despite the impact of the fishery and the slight tendency of the length-weight
ratio to change, the general growth pattern of fish in this area has remained virtually
constant.

Analysis of the data shows that N. squamifrons reaches two-thirds of its theoretical
maximum length and one-third of its maximum body weight at the age of 9 years on the Lena
Bank, 10 years on the Ob Bank and 11 years in the Kerguelen area.

5. AGE/LENGTH CATCH COMPOSITION

The dynamics of age/length composition of catches may serve as an indicator of the
state of exploited populations. Our material makes it possible to assess the age/length catch
composition of N. squamifrons in each of the areas studied over different years and to note
changes that may be occurring.

N. squamifrons taken on the Ob Bank consisted of specimens 8 to 46 cm in length,
4 to 1 400 g in weight and 1 to 15 years old. Specimens of the younger and older age/length
groups generally appeared in small numbers. The bulk of the exploited part of the
population comprised specimens 20 to 36 c¢cm in length and 4 to 12 years old, the proportion
of which varied from 83.8 to 97.6% in different years (Figure 3). The mean age in this area
is about 8 years. Earlier it was established that on the Ob and Lena Banks, N. squamifrons
reaches maturity at the age of 6 to 7 (Zaitsev, 1989), which indicates that primarily
mature specimens were fished. Age/length catch composition on the banks is relatively
stable, although with the fairly constant mean age of the population over the last two years,
the proportion of fish with a mode of 28 to 32 cm aged 8 in catches has increased markedly
while the proportion of older specimens has declined (Figure 3). These changes are
associated with a concentration in these years of fishing on pre-spawning and spawning
aggregations which contain specimens of the above age/length groups.

Age/length catch composition of N. squamifrons on the Lena Bank is slightly different
from that on the Ob Bank. With similar values for maximum length and age, the mean values
of these parameters were lower. The mode was usually 22 to 32 cm and 5 to 8 years while
the. mean age was approximately 7 years. In recent years there have been no significant
changes in age/length structure (Figure 4).

Specimens 8 to 50 cm in length and 7 to 2 200 g in weight were found in trawl
catches around the Kerguelen Islands. The age of these fish varied from 1 to 15 years. In the
first years of the fishery (1969 to 1972) primarily older aged fish were taken (8 to
13 years), comprising from 67.8 to 92.6% of the total (Figure 5). in the 1980s there was
a tendency towards a younger fish in catches with 6 to 7 year old specimens predominating.
From 1969 to 1987 the mean age of fish in catches dropped by almost four years. This can
be illustrated by the nature of changes in mean length and the range of variation in modal
values during the periods being compared. Figure 6 shows a sharp decrease in these
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parameters from 1969 to 1983 with some stabilization in recent years. Since the majority
of fish in the Kerguelen Islands area reach maturity at the age of 7 to 8 and the bulk of the
caich for 1985 to 1987 comprised 6 to 7 year olds, it is clear that mainly immature or
maturing specimens were targetted by the fishery.

The general trend towards change in the age/length catch composition and a younger
population indicates that the fishery in the Kerguelen Islands area must be regulated and
managed on the basis of scientific recommendations, made as a result of joint Franco-Soviet
research projects.

6. CONCLUSIONS

(i) Growth of N. squamifrons in the areas under study is close to isometric since the
coefficient “b” of the length-weight ratio is close to 3.0 for both males and females.
The relationship between total length (L) and standard length (SL) is expressed by the
following equation: SL=0.85L + 7 mm.

(ii)  Linear growth rate is from 3 to 5 cm per year in the first years of life to 1 cm in the
last years, dependent upon the area. Maximum increase in weight occurs at 6 to
10 years of age in the Ob and Lena Bank areas (100 to 120 g) and 7 to 12 years in
the Kerguelen Islands area (153 to 188 g).

(iii) Specimens aged 1 to 15 are taken in trawl catches. The bulk of the exploited part of
the population on the Ob bank comprised fish 20 to 36 cm in length, aged 4 to 12

(T=8 years) and on the Lena Bank - 22 to 32 cm in length, aged 510 8 (=7 years).
At the beginning of exploitation in the Kerguelen Islands area the bulk of the catch
consisted of 8 to 13 year old specimens, while in the 1980s, 6 to 7 year olds began to
predominate. The mean age of fish in catches dropped by about four years.

(iv) Between-year dynamics of age/length catch composition demonstrated that while
N. squamifrons populations in the Ob and Lena Bank areas are in a fairly stable
condition, the Kerguelen population is experiencing the impact of the fishery which
ought to be regulated in this area.
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Table 1:  Linear (cm) and weight (g) growth of N. squamifrons (calculated according to Bertalanffy’s equation).
Age in years
Area Sex 5 7 8 9 11 15
Linear growth
Ob Bank Females 9.3 13.4 17.1 20.5 23.5 26.2 28.7 30.9 32.9 34.8
Males 8.7 13.3 17.4 20.9 24.1 26.9 29.4 31.6 33.5 35.3
Both sexes 9.3 13.5 17.3 20.7 23.8 26.6 29.0 31.2 33.2 35.0
Lena Bank Females 6.1 .9 15.2 18.9 22.3 25.3 28.0 30.3 32.5 34.3 36.
Males 5.0 .6 15.4 19.5 23.0 26.0 28.6 30.7 32.6 34.2 35.
Both sexes | 5.8 .9 15.3 19.2 22.6 25.5 28.2 30.5 32.5 34.3 35.
Kerguelen Islands | Females 7.5 .2 16.5 20 23.7 26.8 29.6 32.0 34.2 36.2 38.0 (42.7)
(1980-1986) Males 6.2 .6 16.3 20.4 24.0 27.1 29.9 32.3 34.4 36.3 37.9 -
Both sexes | 7.1 .1 16.5 20.4 23.9 27.0 29.7 32.2 34.3 36.2 37.9 (42.7)
(1969-1972) Both sexes 20.1 23.3 26.3 29.1 31.7 34.0 36.2 38.3 44.9
Age in years
Area Sex 3 4 6 7 8 9 10 11 15
Weight growth
Ob Bank Females 12 41 92 163 251 354 468 587 711 835
Males 12 43 98 176 273 384 506 633 761 888
Both sexes 13 44 96 170 262 368 485 609 736 863
Lena Bank Females 2 18 57 123 210 316 432 556 678 799 914
Males 1 16 65 146 247 359 472 580 679 767 844
Bothsexes | 2 18 61 131 223 330 446 564 679 788 891
Kerguelen Islands | Females 5 23 64 129 220 336 474 630 800 981 1169 (2001)
(1980-1986) Males 4 22 64 132 227 346 484 637 800 969 1140 -
Bothsexes | 5 24 65 132 225 341 478 631 796 970 1148 (2001)
(1969-1972) Both sexes 129 221 337 472 625 792 969 1152 1897
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Table 2:  Parameters of length-weight equation and Bertalanffy's growth equation for N. squamifrons.
Parameters
Area Sex a b e W K to n
Ob Bank Females .01466 3.0831 51.83 2487 0.1015 0.0591 115
Males .00947 3.2209 48.28 2317 0.1235 0.3917 130
Both sexes .01147 3.1600 49.89 2524 0.1115 0.1781 245
Lena Bank Females .00647 3.3250 49.53 1933 0.1166 -0.1350 168
Males .00887 3.2285 43.55 1233 0.1573 0.2182 123
Both sexes .00735 3.2880 47.24 1632 0.1290 -0.0302 291
Lena Bank (Duhamel, Both sexes - - 43.0 1003 0.117 1.0593
Ozouf-Costaz, 1985)
Kerguelen Is Both sexes .01244 3.1315 63.29 4830 0.0779 -0.9075 309
(1969-1972)
Kerguelen Is Females .00293 3.3198 53.59 4755 0.1087 0.3788 281
(1980-1986) Males .00262 3.3401 49.39 3547 0.1325 0.0150 295
Both sexes .00314 3.3089 51.31 4157 0.1196 0.2426 576
Kerguelen Is Females .0025 3.4359 - - - - 627
(Duhamel, Ozouf-Costaz, | Males .0032 3.3686 - - - - 683
1985) Both sexes - - 67.0 4470 0.078 0.1075 -
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Figure 1: Change in the number of sclerites of N. squamifrons of different age.
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Figure 2: Length-weight ratio of N. squamifrons from the Kerguelen lsland area:

1=1969 to 1972; 2=1980 to 1986.
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Figure 3: Age/length composition of N. squamifrons in the Ob Bank area.
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NATURAL MORTALITY OF GREY ROCKCOD (NOTOTHENIA SQUAMIFRONS) IN
VARIOUS AREAS OF THE INDIAN SECTOR OF THE SOUTHERN OCEAN

A.K. Zaitsev
Abstract

The rate of natural mortality of grey rockcod (Notothenia
squamifrons) on the Ob and Lena Banks and the Kerguelen Shelf were
determined using three independent methods. From the values
obtained the means were taken to be the most reliable. These were
0.38, 0.36 and 0.33 for the above areas respectively. These values
are comparable with those derived for most notothenioids.

Résumé

Le taux de mortalité naturelle de la bocasse grise (Notothenia
squamifrons), provenant des hauts-fonds Ob et Léna et du plateau de
Kerguelen, a été déterminé selon trois méthodes différentes. A partir
des valeurs obtenues, on a supposé que les moyennes étaient les plus
fiables. Celles-ci étaient respectivement de 0,38, 0,36 et 0,33
pour les zones mentionnées ci-dessus. Ces valeurs sont comparables
a celles provenant de la plupart des Notothenioidei.

PezroMe

IIpy UCOOJB30OBAaHUM TpEX Ppas3JjiMUHbIX METO/OB 6611
onpejeJieH Ko3pdHLUEHT €CTeCTBEHHOIN CMEPTHOCTU Cepoit
HoTtoTteHuu (Notothenia squamifrons) B paiioHe 6aHoK O6b U JleHa
u meJsbda KepreseHa. Haubosiee HaAeXHbBIMU 6bIJIM NPHU3HAHBI
cpeAHue BEJIMUHHBI MOJIyU4eHHbIX 3HaUeHHH. Aust
BbIIIEYTIOMSIHYTBIX  PalflOHOB 3TU  BEJMUMUHB COCTAaBUJIU
cooTBeTcTBeHHO 0,38, 0,36 u 0,33, 3TU 3HAUEHU S CONMOCTABUMbI
CO  3HaueHWsIMU,  BbIBEAEHHHbBIMU  JJIs 60JIbIIMHCTBA
HOTOTEHUOUAHBIX PHI6,

Resumen

El indice de mortalidad natural de la trama gris (Notothenia
squamifrons) en los Bancos de Ob y de Lena y en la plataforma de
Kerguelen, se determind usando tres métodos independientes. De los
valores obtenidos, las medias se tomaron como las mas fiables. Estas
fueron 0.38, 0.36 y 0.33 para estas areas, respectivamente. Estos
valores son comparables con esos derivados para la mayoria de los
peces nototenioideos.
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The rate of natural mortality (M) of grey rockcod (Notothenia squamifrons) was
determined using three independent methods.

The Rikhter-Efanov method uses the empirical relationship between M and age at
maturity for most fish (t,) where 50 or 70% of a population comprises mature specimens
(Babayan et al., 1984). The rate of natural mortality (M) is calculated as

1.521

M = th » 0.720

- 0.155 (1)

Values for t, (70%) were calculated for each area. For specimens on the Ob and Lena
Banks these were 6.6 and 6.2 years respectively, while for the Kerguelen islands area the
value was 8.6 years.

The calculated values of M were found to be the lowest among specimens of the
Kerguelen populations (0.17), while the “bank” populations gave higher values (0.24 to
0.25).

In order to compare our data with the results obtained by Duhamel (Kock, Duhamel,
Hureau, 1985), age at maturity for most fish was determined for a population with 50% of
mature fish. The values of t, were established to be 5.9, 5.2 and 7.6 years. The value for M
in the Kerguelen Islands area is comparable to, although slightly higher than that calculated
by the French scientists (0.20 as opposed to 0.18) (Table 1).

The Alverson-Carnee method takes into account the age at which fish biomass reaches
its maximum (T). This parameter is calculated according to the age of the oldest group in the
caiches (T,,), comprising not less than 0.5% of the total sample (Babayan et al., 1984). For
an exploited population T=0.38 T,. For N. squamifrons Ty is 15 years (Ob Bank),
14 years (Lena Bank) and 15 years (Kerguelen Islands). In this case the natural mortality
rate is 0.35 to 0.39.

The Beverton-Holt method is used for previously unexploited populations. The value
of M was determined according to the following formula:

where T
ll

Joo

mean length of fish in the catch;

minimum length of fish in the catch;

asymptotic length (i.e. maximum length according to Bertalanffy's growth
equation);

coefficient of growth of the Bertalanffy growth.

nnn

K

This equation was worked out using data on N. squamifrons size composition over the
first years of exploitation (i.e. 1978 to 1979 for the Ob and Lena Banks and 1969 to 1972
for the Kerguelen Islands). Data on 2 to 15 year old fish were used in calculations.

Depending on the area, values for M varied from 0.46 to 0.52, which is slightly
higher than values obtained using the Rikhter-Efanov and Alverson-Carnee methods.

Because of the considerable difference in instantaneous natural mortality rates,
calculated using various methods, and the absence of objective criteria to choose any one of
them, the mean arithmetical value of the estimates obtained may be applicable. In this case
the mean values of M are 0.38 (Ob Bank), 0.36 (Lena Bank) and 0.33 (Kerguelen Islands)
(Table 1).
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Natural mortality was also determined using the Pauly method whereby a
relationship between growth parameters and environmental temperature is used. The values
of “I” and “w” from Bertalanffy's equation were applied. The values used are characteristic
for the near-bottom layer in each of the areas (Table 1). Pauly's formulae were utilized in
the calculations (Pauly, 1980):

IgM = -0.0066-0.2791g1+0.6543IgK+0.46341gT° (3)
IgM = -0.2107-0.08281g W-0.6757IgK-0.4634IgT° (4)

These calculations are presented here purely to compare our results with the data
obtained by the French scientists (Kock, Duhamel, Hureau, 1985) in respect of the Ob Bank
and the Kerguelen Islands. In our opinion, however, the data obtained has no practical
application for notothenioid fish for two reasons. First, the dependence worked out by Pauly
referred to tropical fish and secondly, in equations (3) and (4), one of the main components
is IgT°. However, many species inhabiting the Antarctic near-shelf zone (such as
Pleuragramma antarcticum, most Trematomus spp., Channichthyidae etc.) live in sub-zero
temperatures. The impossibility of obtaining a logarithm from a negative number, however,
makes the equation mathematically absurd.

A few points must also be made about the applicability of the Rikhter-Efanov method
to Antarctic fish. The only variable in the equation (1) is t,, age at maturity for most fish
(70%). This does not take into account primary causes of natural mortality such as ageing,
unfavourable abiotic conditions, predation, parasites and illness, changes in food
availability. According to Berdichevsky (Berdichevsky et al., 1982), these factors are the
main causes of natural mortality. If we calculate M, for example, using the above method for
N. squamifrons and Pleuragramma antarcticum which, like N. squamifrons inhabits the Ob
and Lena Banks, becomes mature at the age of six, then natural mortality rates will be
approximately the same for both species. However, according to Gerasimchook's data
(1987), natural mortality rates calculated by the Beverton-Holt method were 1.46 fo 1.69
for P. antarcticum from coastal Antarctic seas as opposed to 0.46 to 0.52 for N. squamifrons.
n the author's opinion, the high level of natural mortality (M) of P. antarcticum is
attributable to a significant pressure of predators.

Therefore, the Rikhter-Efanov method is not always applicable to Antarctic fish in
general. However, this method can be used for N. squamifrons since predation and the food
availability would not appear to have a great impact on natural mortality. This is so because
the only predator of adult N. squamifrons is the Patagonian toothfish (Dissostichus
eleginoides) and the food availability largely depends on the topographic features of the banks
rather than on other factors. A stable concentration of prey species occurs in areas where
bank peaks are within the water gradient zones, formed by water masses of differing quality
(Lanin, 1983).

Accepting 0.33 to 0.38 as the most reliable values for M, it may be concluded that the
rate of natural mortality of N. squamifrons in all three areas is similar and their mean
values are comparable with those for the majority of notothenioid fish (Kock, Duhamel,
Hureau, 1985; Tankevich, Shlyakhov, 1987; Shlibanov, 1987).
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Table 1:  Calculated values of the natural mortality rate (M) of grey rockcod (Notothenia squamifrons).

Area Accepted Mean
Rikhter-Efanov Alverson-Carnee Beverton-Holt Pauly Value of M
M(50%) M(70%) M M T® My M((W)
Ob Bank 0.27 0.24 0.39 0.52 1.3 0.09 0.08 0.38
Lena Bank 0.31 0.25 0.35 0.47 1.4 0.10 0.10 0.36
Kerguelen Islands 0.20 0.17 0.37 0.46 1.9 0.11 0.10 0.33
Kerguelen Islands
(Duhamel, Ozouf-Costaz, 1985) 0.18 - - 1.9 0.08 -
Lena Bank
- - - 1.9 0.11 :

(Duhamel, Ozouf-Costaz, 1985)
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SUPPLEMENTARY DATA ON EXPLOITED STOCKS

WG-FSA-89/9

(KERGUELEN)

G. Duhamel

Abstract

The results of fishing cruises carried out from 1986/87 to
1988/89 in Division 58.5.1 (Kerguelen Island) have made possible
a review of the status of the various harvested fish stocks. Since
1984, an average annual growth of 36% has been noted in the
abundance of the juvenile section of the stock of Notothenia rossii, a
species which is at present only fishable as a by-catch. The total
biomass of the stock, however, remains very low according to the
assessments carried out by the 1987 and 1988 scientific research
cruises. The abundant 1985 cohort of Champsocephalus gunnari
appeared in the shelf stock and it is from this cohort that the fishery
achieved its good results in 1988/89, once the cohort had reached
legal catch size. The value of the selected abundance index (catch per
unit effort expressed in tonnes per fishing hour) is, however, lower
than those observed for the two preceding cohorts (1979 and 1982)
in a comparable period. The stock of Notothenia squamifrons shows a
very low biomass value in 1987 and 1988. After a continuous
reduction in average length since the creation of the EEZ, a slight
increase has been recorded recently, accompanied by an increase in
the abundance index, following a reduction in catch and fishing effort.
This trend could well be reversed by too high a catch in 1988/89.
Finally, it is not possible to accurately estimate the stock status of
Dissostichus eleginoides because of the lack of recent fishery data.

Résumé

Les résultats des campagnes de péche 1986/87 a 1988/89 réalisées
dans la division 58.5.1 (iles Kerguelen) ont permis de réexaminer le
statut des différents stocks de poissons exploités. Pour Nofothenia
rossii, dont la péche est désormais limitée aux captures accessoires,
un accroissement moyen annuel de 36% est noté pour I'abondance de
la partie juvénile du stock depuis 1984. La biomasse totale du stock
reste cependant encore trés faible d'aprés les évaluations des
campagnes scientifiques 1987 et 1988. La cohorte abondante 1985
de Champsocephalus gunnari est apparue pour le stock du plateau et
c'est sur cette derniére que la pécherie a réalisé ses bons résultats
1988/89, une fois que la taille 1égale de capture ait été atteinte. La
valeur de l'indice d'abondance retenu (Capture par Unité d'Effort
exprimée en Tonnes par heure de péche) est cependant plus faible que
celles observées pour les deux cohortes précédentes (1979 et 1982)
a période comparable. Le stock de Notothenia squamifrons présente
une valeur de biomasse trés faible en 1987 et 1988. Aprés une
diminution continue de la longueur moyenne depuis la création de la
ZEE on constate une légére augmentation récente accompagnée de celle
de lindice d'abondance, aprés réduction de la capture et de I'effort de
péche. Cette tendance risque d'étre contrariée par une capture trop
élevée en 1988/89. Enfin I'état du stock de Dissostichus eleginoides
ne peut étre évalué correctement en raison de son exploitation
récente.

IN DIVISION 58.5.1
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PezwomMe

B pesy/bTaTe TNPOMBICJOBBIX PEHCOB, BBIMOJHEHHBIX Ha
YuacTtke 58.5.1 (octpor KepreJsieH) ¢ 1986/87 no 1988/89 rr.,
NpeOCTABNJIACh BO3MOXHOCTb cAeJaTb 0630p COCTOsIHUSI
pas3/iiuHbBIX O6JaBJAMBaEMbIX DPbIGHBIX 3anacoB. HauuHas ¢
1984 r. cpeAHUU TEMIl eXeroAHOIro POCTa HENOJOBO3PEJOH
yacTtu 3amaca Notothenia rossii coctapasia 36%, B HacToslee
BpEMSI 3TOT BHJ BXOAMUT HCKJAKUUTEJNbHO B COCTAaB IMPUJIOBA.
TemM He MeHee, 1O OLEHKaM, CJeJaHHBIM B XoJe
HayUHO-UCCJEAOBATENbCKUX pelicoB 1987 u 1988 rr., obmasi
fuoMacca »TOro 3anaca Bce ele oueHb Hu3Ka., B cocras
meJb{poOROrc 3amaca BollJla MHOMOUWCJEHHasi KOropra
Chamspocephalus gunnari 1985 r., 3a cueTr 3TOH KOI'OpThl B
TeUeHUEe TMPOMBICJIOBOIoc Mnepuoza 1988/89 r., Korzga oHa
JOCTUTJ/Ia. YCTAHOBJIEHHOTO IPOMBICJOBOrO pasMmepa, Gblan
AOCTUTHYTHI XOpomue pe3yJabTaThl. TeM He MeHee, IOoKa3aTeJb
UNCJIEHHOCTU (BBIJIOB Ha eJUHULY MPOMBICJAOBOIO YCUJIHS,
BBIPAa’XEHHBIA B TOHHAX Ha Yac INpPOMbIca) O6bla1  HUXeE
nokasaTeJsiell UYUCJEHHOCTH AJs1 JBYX MNpPeAbAyMUX KOropT
(1979 u 1982 rr.) 3a nozobHblilt nepuoa. B 1987 u 1988 rr.
yporeHb 6uoMaccel 3amnaca Notothenia squamifrons 6b121 OoueHb
HU3KUM.CO BpeMeHM YCTAaHOBJIEHHSI 3>KOHOMUUECKOW 3OHBHI
HabJ/1101aJ10Ch NOCTOSIHHOE COKpallleHHWe cpeaHel AJWHbL, Tem
He MeHee, 3a HeJlaBHee BpeMsl, BCJEACTBUE CHIDKEHUsI
BEJIMUMHBI YJOBOB U HHTEHCUBHOCTH IIPOMbBIC/IOBOIO Y CUJIMS,
6b1JIO OTMEUEHO He3HAUUTeJJbHOE yBeJiMueHue cpegHen AJUHbI,
Ha psAy C NOBBIIEHUEM IOKAa3aTe sl UMCJAEHHOCTH, OZIHAKO, 3Ta
TEHAELUs] MOXeT ObITb 3aMeHEHa [POTUBOIIOJIOXKHON B
pesyJIbTaTe CJAUIKOM BBICOKOI'O O6beMa BbIJIOBA 3a 1988/89 r. B
3aKJAKNUEHUE, OLIEHUTb COCTOsIHUE 3amaca Dissistichus eleginoides
TOYHO HEBO3MOXHO B CBSI3M C OTCYTCTBHEM ITPOMBICJOBBIX
AaHHBIX 32 CaMblil HEJJaBHUI NepUOA,.

Resumen

Los resultados de los cruceros de pesca llevados a cabo desde
1986/87 hasta 1988/89 en la Divisidon 58.5.1 (Isla Kerguelen) han
hecho posible hacer una revisién de la condiciones de las varias
poblaciones de peces. Desde 1984, un crecimiento promedio anual de
36% se ha observado en la abundancia de la seccién juvenil de las
poblaciones de Nofothenia rossii, una especie la cual es, al momento,
capturada sélo como pesca accidental. La biomasa total de la poblacién,
sin embargo, permanece muy baja, de acuerdo a las evaluaciones
realizadas por los cruceros de investigacién cientifica de 1987 y
1988. El cohorte abundante de 1985 de Champsocephalus gunnari
aparecié en la poblacién de la plataforma y es de este mismo que la
pesqueria consiguié sus bueno resultados en 1988/89, una vez que el
cohorte alcanzé tamafio de pesca legal. El valor del indice de
abundancia seleccionado (esfuerzo de pesca por unidad expresada en
toneladas por hora de pesca) es, no obstante, mas bajo que aquellos
observados en los dos previos cohortes (1979 y 1982) en un periodo
comparable. La poblacién de Notothenia squamifrons muestra un
valor de biomasa muy bajo en 1987 y 1988. Siguiendo una continua
reduccién en la longitud promedia desde el establecimiento de la EEZ,
un pequefio aumento se ha registrado tltimamente, acompafiado por un




aumento en el indice de abundancia, después de una reduccion en el
esfuerzo de pesca y captura. Esta tendencia podria cambiar
totalmente si se permite una pesca demasiado alta en 1988/89.
Finalmente, es imposible hacer una estimacién adecuada sobre la
condicién de la poblacién de Dissostichus eleginoides debido a la
carencia de datos recientes de pesca.
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1. INTRODUCTION

After two seasons (1986/87 and 1987/88) of small catches (7 910 and
850 tonnes), Division 58.5.1 has recorded in 1988/89 a catch level (26 298 tonnes)
comparable to that observed from 1979/80 on, when a system for monitoring the fishery
was established.

Recent trends in the fishery are marked by a short fishing campaign in the 1987/88
southern winter (four trawlers having carried out 837 trawls) followed by a complete
cessation of fishing only interrupted by a joint franco-soviet assessment cruise in the 1988
southern summer. Fishing effort was only resumed in the 1988/89 southern spring
(11 trawlers following each other made 3 602 trawis), finishing in April 1989.

The status of exploited stocks was treated at some length by Duhamel (1987) and
since then a biomass assessment has been carried in 1987 and 1988 during a joint cruise
(Duhamel, 1988). The aim of this contribution is to present, for each of the exploited
stocks, some new data which have been acquired since these works.

2. METHODS

The data are from scientific projects involving surveys of fish stocks carried out on
trawlers operating in the fishing areas. They are concerned both with statistical (catch and
fishing effort) data obtained by analyzing fishing logs (KERPECHE data bank) and biological
data (LFD, age, reproductive status), these latter having been collected according to the
recommendations for Southern Ocean species.

3. RESULTS
3.1 Notothenia rossii

As in South Georgia, a continued decline in catches of N. rossii at Kerguelen has been
one of the notable features of trends in this fishery. This species was in fact the main
resource when harvesting first began, but now only appears as a secondary species. [t must
be added that the main work of the Scientific Committee has been concentrated on this species
up to now.

At Kerguelen, following the establishment of an Integrated Study Region which in turn
followed a decade of unregulated exploitation, a continued decline in the abundance index
(average CPUE expressed as tonnes per hour of fishing) was ascertained from 1980 to 1982
(Duhamel, 1987). Directed fishing on the only spawning ground on the southeast of the
shelf in the southern winter, which corresponds to the reproductive period, has led to the
recommendation of a cessation of this practice. A temporary closure of this fishing area has
been in effect since 1984. An assessment of the biomass of individuals aged more than three
years present over the Kerguelen Shelf was carried out in 1987 and 1988 (Duhamel,
1988). The results obtained provide a value of between 18 000 and 28 000 tonnes which
clearly indicates a significant reduction in the biomass since the commencement of
exploitation. Simulation tests on the reconstitution of the stock (Hennemuth et al., 1988)
allowed for a forecast on the future of the stock following the implementation of some
conservation measures. In particular, a low level of fishing effort would correspond to (be
followed by) a doubling of the biomass of the stock in five years.

The implementation of conservation measures does not, however, always allow the
recovery of the stock, particularly in the case of N. rossii. Outside of the reproductive
period the adult stock is very widely dispersed, in very random spatial aggregations, which
does not allow the abundance index used to reflect the status of the stock. It is therefore
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essential to have recourse to methods which do not introduce a bias. An analysis of the
recruitment of juveniles in the coastal area appears therefore to be most appropriate.
Regular experimental fishing with trammel nets in this area would thus allow the
measurement of variations in the abundance of this part of the stock which remains limited
to the relatively shallow waters of the archipelago for the juvenile growth period (Hureau,
1970; Duhamel, 1987). The observed trend will later have repercussions on the aduit
stock, with some inertia due to growth, taking into account mortality phenomena.

The results obtained since 1982 in the Morbihan Gulf (Figure 1) (Duhamel and
Hureau, in press) show a very low abundance of juvenile stock in 1984, which could be
correlated with a noticeable decrease in the adult stock prior to that date. In fact a certain
displacement between the abundance of the two stocks is observed, taking into account the
fact that these are juvenile fish of age classes 2 and 3, and therefore will have hatched from
layings of adult stock of three or four years earlier, which are caught in the trammel nets.
Then a gradual increase in abundance with an average annual growth rate of 36.3% is
observed, which leads to a doubling in the number of individuals in a little less than three
years. The growth in the biomass of the juvenile stock is noted and a deferred impact will be
observed on the adult stock with a delay of about four years corresponding to the arrival (at
the age of 5 to 6 years) of these juveniles on the shelf.

A catch limited to by-catches has recently been initiated for the N. rossii stock fished
at Kerguelen in order to assist the recovery of the latter. A perceptible reduction in annual
catches of this species since that date (1986/87, 481 tonnes; 1987/88, 24 tonnes;
1988/89, 282 tonnes) is thus to be noted and one can hope for a gradual recovery of the
adult stock similar to that observed in coastal areas for juveniles, approximating to that in
the simulation model.

3.2  Champsocephalus gunnari

Icefish constitute the main catch at present on the Kerguelen Shelf since for the
1988/89 season it represented 86.3% of the 26 697 tonnes caught.

Fishing is carried out, for the shelf stock, on a single cohort hatched in 1985 which
began to be harvested once the legal size (25 cm) was reached (1988). Regular sampling in
the northern and northeastern parts of the shelf (traditional fishing sectors) permitted the
growth of the cohort to be surveyed (Figure 2) as had been done for the cohorts 1979 and
1982 (Duhamel, 1987). The average length observed for the 1988/89 season was 29.2 cm
which compares closely with previous data on the same growth sampling period. No other
abundant cohort has been able to be detected since the southern winter of 1987 which
confirms the hypotheses of an abundant recruitment every three years corresponding to the
first reproduction of mature individuals in each cohort. The analysis of length frequency
distributions provides three other kinds of information useful for the management of the
stock.

. The sex ratio is continuously unfavourable to males (only 37.8% are males)
but no significant difference in average length between the two sexes has been
noted (Figure 3).

. The annual growth period begins in December and continues throughout the
summer (Figure 4).

. There were no differences between sampling carried out on catches made by

benthic trawl and that made by semipelagic trawl. The same stock is thus being
harvested (Figure 5).
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The initial biomass of the 1985 cohort was assessed during the 1988 scientific
cruise (Duhamel, 1988) and shows a high abundance. Following the 1988/89 fishing
season the abundance index (CPUE in terms of the average number of individuals caught per
hour of trawling) gives a value of 3.16 .104, which is lower than the values observed, for an
equivalent age, for the 1979 (4.40) and 1982 (3.81) cohorts. An analysis of these three
values shows a certain trend towards a decrease in the total biomass of each cohort. Some
reservations must however be expressed concerning a potential bias due to a change in
fishing methods recorded in the past few years (selective use of semipelagic trawls, trawling
strategy taking into account nycthemeral migrations of the species, longer trawling times,
cessation of fishing at night) which make standardization of the index more difficult. Thus
fishing effort for the target species C. gunnari in the northern and northeastern sectors
during the 1988/89 season can be divided into benthic trawls (62%) and semipelagic
trawls (38%) with respective yields of 4.71 and 4.46 tonnes per hour (Table 1).

These results do not bring out the important differences between the two types of
fishing gear as was previously the case (Duhamel, 1987).

The second stock of icefish in Division 58.5.1, that of the Skif Bank at the southwest
of the shelf, has not been fished, nor sampled, since April 1988, when the 1987 cohort
appeared (Lt=13 cm) following the 1984 cohort whose presence was still recorded
(Lt =33.3 cm). The 1987 cohort will reach sexual maturity in 1990, at the same time as
it attains its legal fishing size. Previous studies (Duhamel, 1987) have, however,
demonstrated that the biomass of this stock is small in relation to the shelf stock and would
not sustain a heavy fishing effort.

3.3  Notothenia squamifrons

Unlike C. gunnari, the sex ratio for N. squamifrons is practically even and no
difference is observed between average length in samplings carried out on the Kerguelen
Shelf stock for both sexes (Lt=33.3 and 33.5 cm in 1988/89) (Figure 6). After a
continued decrease in the average length observed between 1983/84 and 1986/87
(Duhamel, 1987) and which carried through into 1987/88 (Lt=30.8 cm), the value
observed in 1988/89 is higher (Lt=33.4 cm), very close to average length at sexual
maturity (33.5 and 33.8 cm at the age of 9 years). The length frequency distribution
observed in 1988/89 is very close to that observed since 1985/86 with a demographic
structure of the exploited population comprising mainly individuals aged between 7 and
11 years.

The biomass of the shelf population was considered to be very low in 1987 and 1988
(between 5 500 and 9 000 tonnes) (Duhamel, 1988) which corroborates/confirms the
results of the virtual population analysis (Duhamel, 1987). Catches of N. squamifrons were
insignificant in 1987/88 (41 tonnes) but in 1988/89 they exceeded (1 825 tonnes) the
values recorded in 1986/87 (1 641 tonnes). Values of the abundance index (CPUE in t/h)
recorded in 1986/87 in the southern (1.58) and southeastern (0.68) sectors confirm the
trend towards a decrease in the biomass, however in 1988/89 there is a certain slowing of
the trend in the southern sector (1.38) and a further increase in the southeastern sector
(1.08) (Figure 7). Considering this analysis in terms of the annual area of distribution of
the stock, this recovery, if noted, is very small. It therefore seems that the effect of a
temporary cessation of fishing in 1987/88 has been weakened in 1988/89 by a fishing
effort too great for this fragile stock.

A second stock of N. squamifrons exists on the Kerguelen-Heard Banks at the border of
Divisions 58.5.1 and 58.5.2, and sampling carried out in 1979 and since 1987 prove that
the demographic structure observed is close to that of an unexploited population
(Lt=43.0 cm in 1989). Some catches of this small stock (138 tonnes in March 1989) have
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to be remarked on. The lack of regular observations does not allow an evaluation of the size
of this resource, which must be limited because of the small size of the available areas, to be
made at present.

3.4  Dissostichus eleginoides

During the 1984/85 fishing season, a stock of adult D. eleginoides was discovered in
a deep area of the western sector of the Kerguelen Shelf. Since that date, this sector has
become the most exploited sector for the catch of this large-sized species. Fishing effort on
this new target species has however fluctuated greatly from one year to the next (Table 2) in
relation to the availability of other exploited species, particularly icefish. The fishing
season is largely concentrated within the months of October and January and average yields
observed (Table 3) are at present (1.96 t/h in 1988/89) greater than those for
N. squamifrons (1.19 t/h in 1988/89), which is remarkable considering the difficulties
encountered in fishing for this species, but do not, however, reach the levels observed for
C. gunnari (4.46 t/h in 1988/89). It would be premature to assess the status of the
exploited stock especially since trends in the abundance index fluctuate greatly and
knowledge of the biology of the adults is still very incomplete.

4, CONCLUSION

The status of exploited stocks at Kerguelen requires a regular and continuing survey
allowing for the modification of catch sizes and conservation measures in force. The N. rossii
stock will require maximal protection as long as the biomass of the adult stock fails to
increase significantly. Fishing effort on the C. gunnari stock should take account of the
three-year cycle which has now been revealed, and catch levels should be based on a
measurement of the recruitment of each new cohort before it begins to be exploited. The
N. squamifrons stock is at present being over-exploited and conservation measures should
be implemented in order to reverse this. Finally, it is too early to assess the status of the
stock of D. eleginoides.
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Table 1:  Fishing effort, catch and corresponding mean yield for the exploited
Champsocephalus gunnari stock in the northern to northeastern part of the
Kerguelen Shelf in 1988/89.

Semipelagic trawls: Effort (hours of fishing): 1 896
Catch (tonnes): 8 923
Yield (t/h): 4.71
Benthic trawls : Effort ("): 3 069
Catch ("): 13 679
Yield ("): 4.46

Table 2:  Fishing effort, catch and corresponding yield for the stock of Dissostichus
eleginoides harvested in the west of the Kerguelen Island Shelf from 1984/85 to

1988/89.

Fishing season Fishing effort Catch Yield
(hours of fishing) (tonnes) (t/h)

1984/85 2 597 6 492 2.50
1985/86 263 370 1.41
1986/87 1 779 3 190 1.79
1987/88 637 497 0.78
1988/89 907 1 496 1.64

Table 3:  Fishing effort, catch and yield for the stock of Dissostichus eleginoides harvested
in the western sector of the Kerguelen Shelf in the southern spring from
1984/85 to 1988/89.

Fishing season Fishing effort Catch Yield
(hours of fishing) (tonnes) (t/h)

1984/85 2 026 5 979 2.95
1985/86 263 361 1.37
1986/87 1 756 3 158 1.80
1987/88 (58) (36)
1988/89 655 1 286 1.96
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Figure 1: Mean annual abundance (expressed as the number of fish caught per unit
trammel net) of juvenile Notothenia rossii in the Morbihan Gulf, a coastal area
of the Kerguelen islands, from 1982 to 1988.
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Figure 2: Length frequency distributions (LFD) of Champsocephalus gunnari obtained by monthly sampling in the northeastern zone of the
Kerguelen Islands from 1987 to 1989.




Length Frequency of C. gunnari
% Total 1988/89

20 | A8 o7 ¢
15 — Vi Y ;
'’ s % N 3864 ¢34k
ig& — _';x"/"' _{\“ R
FE R g , - : -
He: 7 % L ;297 ‘282
H (Y H
g - /i Y —
if I
15 - i )\
¢4 i 2
74 g 3
i2 - / )
T I %
if EAY
i2 — I WY
" i A\
11 = i A
15 — / ;f \\\\
3 s L
. : T
i i 4
— P4 ¥
z i B\
=~ i s
7 i/ LAY
R Ji N
6 - / A
5 4
it
4 ;
5 — e
v 4
2 — e
7
: - A
a T T 7 T T T i T T i T ¥

Total length (cm)
o Male + Female

Figure 3: Length frequency distributions (LFD) of male and female Champsocephalus
gunnari obtained in 1988/89 on the Kerguelen Sheif.
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Figure 4: Length frequency distributions (LFD) of Champsocephalus gunnari obtained on a
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monthly basis on the Kerguelen Shelf in 1988/89.
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Figure 5: Length frequency distributions (LFD) of Champsocephalus gunnari obtained from
sampling of catches made by semi-pelagic and benthic trawl in 1988/89.
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obtained during sampling in 1988/89.
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EVALUATION OF THE RESULTS OF TRAWL SELECTIVITY EXPERIMENTS BY
POLAND, SPAIN AND USSR IN 1978/79, 1981/82 AND 1986/87

W. Slosarczyk, E. Balguerias, K. Shust and S. Iglesias
Abstract

Trawl selectivity for several species of Antarctic fish was evaluated
taking into account additional data obtained by Poland, Spain and USSR
during selectivity experiments in Statistical Area 48 in 1978/79,
1981/82 and 1986/87 seasons. These data comprise different
characteristics of experimental codends, length frequency
distribution of stocks sampled, catch rates and catch composition.
Details of these data were analyzed and minimum mesh sizes for
several species were calculated. It is recommended that introduction
of these mesh sizes should be considered for commercial fishery in
Statistical Area 48.

Résumé

La sélectivité des chaluts pour plusieurs espéces de poissons de
I'Antarctique a été évaluée, compte tenu des données complémentaires
obtenues par la Pologne, I'Espagne et 'URSS au cours des expériences
de sélectivité dans la zone statistique 48 pendant les saisons
1978/79, 1981/82 et 1986/87. Ces données comprennent les
différentes caractéristiques de culs de chalut expérimentaux, la
distribution de fréquences de longueurs des stocks échantillonnés, les
taux de capture et la composition des captures. Les détails de ces
données ont été analysés et les tailles minimales du maillage ont été
calculées pour plusieurs espéces. |l est recommandé que
l'introduction de ces tailles du maillage soit considérée pour la
pécherie commerciale dans la zone statistique 48.

PesomMme
~ CeJIEKTUBHOCTDb TpaJa AJis1 HECKOJIbKUX BUJOB
aHTApPKTUUECKUX pbi6 6bls1a olleHeHa c yueToM
AOCMOJIHUTENbHbBIX JAaHHBIX, MOJIyUE€HHBIX B xoze

3KCIEPUMEHTOBR 10 CEJIEKTUBHOCTH B CTAaTUCTHUECKOM palioHe
48, npopoauBmuxcs lloabmeit, Mcnanueil u CCCP B TeueHHe
ce30HOB 1978/79, 1981/82 u 1986/87 rr. 3TU AaHHbLIE RKJAKNUYAKT
pa3JiuuHble XapaKTEePUCTUKU 3KCINEPUMEHTAJIbHBIX KYTKOB,
YaCTOTHOE paclipeZeJsieHHe JJUHB B 3amnacax, rje 6paJuchb
Nnpo6bl, UHTEHCUBHOCTb IIPOMBICJA W COCTAB YJOBOB, Bhlj
npousBeZieH MNOoApPOGHBI aHaJu3 3TUX JaHHBIX, U JAJ5
HEKOTOPBbIX BUJOB 6bIJU BBIUMCJIEHB MUHHUMAJIBHBIE pPa3Mephbl
ssueu. PEeKOMEHAYeT s pACCMOTPETb BOMPOC O BBEJAEHUU 3TUX
pasMepoB  sAUuedM  AJisi KOMMEpUecKoro  MNpOoMbicJja B
CTaTUCTHUUECKOM paiioHe 48,
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Resumen

Selectividad de arrastre para varias especies de peces Antarticos fue
evaluada tomando en consideracién los datos adicionales obtenidos por
Polonia, Espafia y la URSS durante los experimentos de selectividad
realizados en el Area Estadistica 48 en las temporadas 1978/79,
1981/82 y 1986/87. Esta informacién comprende diferentes
caracteristicas de los copos de malla experimentales, distribucién
talla-frecuencia de las poblaciones muestradas, composicion y tasas
de capturas. Detalles de estos datos fueron analizados y se calculd la
luz minima de malla para varias especies. Se recomienda que la
implementacién de estas luces de malla deben ser consideradas para la
pesca comercial en el Area Estadistica 48.




1. INTRODUCTION

Available data on the selectivity of various trawl codends on Antarctic fish were
evaluated in the light of additional information presented to the CCAMLR Scientific
Committee. This included: parameters of the codends and netting used, the length distribution
of fish in the stock sampled, catch rates and catch composition. All these factors may
influence the selectivity and should, therefore, be taken into consideration, when selection
parameters are calculated. They were, however, not analyzed by authors of the background
documents submitted to the Scientific Committee of CCAMLR (Balguerias, 1988; Efanov
etal., 1989; Zaucha, 1986 and 1988).

2. COMMENTS ON METHODS

Some differences were noted in methods and equipment used in selectivity
experiments. Some of them, such as number of panels in the codend (2 or 4), inside or
outside position of fine-meshed liner in relation to bottom panel, were considered to have
little or no influence on fish selection. Other attributes such as twine size and haul duration
(which affects the amount of fish in codend) and length of fish caught has in some cases a
significant effect on selectivity parameters.

In the first Polish experiment (1978/79), the single-layer codend of mesh size
124 mm was made of 7 mm twine. In the second experiment (1986/87), the size of twine
in the codend was 4.2 mm. The Soviet (1981/82) and the Spanish (1986/87) selectivity
experiments were conducted with 3.1 and 3.0 mm twine respectively. The relationship
between the twine diameter and selection factors (SF) for Champsocephalus gunnari gives
the range of likely change of some selectivity parameters when different twine is used in the
codends (Figure 1). It should be noted, that the selection curve for 7 mm twine is not well
defined and SF point in Figure 1 is only a rough estimate.

The effect of catch rates on fish selection cannot be properly evaluated on the basis of
available data. Polish hauls of 2 to 3 hours resulted in some cases in large catches of 2 to
5 tonnes and thus affected the selectivity of the major species caught (C. gunnari). The
significant decline of SF and the 50% selection length (Lso) was observed (Figure 2). Some
data points in Figure 2 were estimated from selection ogives which were not well defined,
therefore the presented relationship should be taken with care. Thirty minute hauls in the
Spanish experiment gave average catches of 290 to 580 kg and resulted in better conditions
for fish selectivity. However, some single hauls with high catches did not result in the
reduction of selection parameters of fish sampled (Figure 3; see also Table 1.1 of the
Appendix). Similarly, no clear relationship was observed between SF and catch per tow for
Notothenia gibberifrons in the Polish experiment (Figure 4; see also Table 9.2 of the
Appendix). In this case the selection was probably influenced by a large by-catch of benthos
(sponges).

An accurate evaluation of another factor, the length distribution of fish caught, was
also difficult. Analysis of its effect on selectivity was limited to hauls with comparable catch
rates. In general, observations of this relationship were not consistent for C. gunnariin
both Spanish and Polish data sets. This relationship was, however, noted for N. gibberifrons
in the Polish records, where gradual decrease of Lsg, ranging from 33.5 to 23.4 cm, may
clearly be related to an increasing amount of small specimens of this species (Figures 5
and 6; see also Table 9.2 of the Appendix).

165




3. EVALUATION OF THE RESULTS FOR SOME SELECTED,
COMMERCIALLY EXPLOITED SPECIES

3.1 Champsocephalus gunnari
3.1.1 South Georgia (Subarea 48.3)

Polish, Spanish and Soviet mesh selectivity experiments in 1981/82 and 1986/87
were carried out in comparable conditions. Fish length distributions and catch rates were
similar, an amount of C. gunnari in catches from 42 to 100%. The length distribution of
that species in the South Georgia area in 1978/79 during the first Polish trawl selectivity
studies was also close to that observed in 1986/87.

Information about CPUE and catch composition from the first Polish experiment is not
available. Hauls of three hours or more in the second experiment resulted in the mean total
catch of 2.9 tonnes and catch rate for C. gunnari of 0.52 tonnes per hour fished (tonnes/hf).
Haul-by-haul information from the Soviet experiment is not available. Tows of 30 to
60 minutes yielded total catches of 0.6 to 1.0 tonnes. Mean catch rate for C. gunnari was
0.75 tonnes/hf. In the Spanish experiment 30 minute hauls produced total catches of about
0.3 to 0.6 tonnes on the average. However, several hauls over 1.5 tonnes per tow were also
noted (Table 1.1 of the Appendix). Mean catch rates for C. gunnari were 0.45 and
0.49 tonnes/hf, similar 1o those in the Polish experiment.

The catch rates during selectivity experiments resemble those of the commercial
fishery. The mean CPUE range observed from 1984 to 1988 for C. gunnari was 0.1 to
0.5 tonnes per hour in a mixed fishery and 1.0 to 1.5 tonnes per hour in the fishery
targetted at this species. A less than expected increase was observed in Lsp as a result of
enlarging the mesh size from 68 through 88 to 124 mm. The 50% selection length for
88 mm mesh in the Polish experiment was decreased due to a large quantity of fish and
benthos in the codend. The 50% selection length for codends having 124 mm and 125 mm
meshes and the chafer having 220 mm meshes was estimated from the selection ogives. In
the first case, a low Lsg resulted from using 7 mm polyamide twine which was approximately
twice the thickness of that used in the 68 and 88 mm netting. The number of fish sampled
from the 125 mm mesh codend was small, so the selection ogives give two values of the 50%
selection lengths, 21 and 29 cm. The low Lsg values for this codend resulted most probably
from the 220 mm mesh chafer used to protect the 3.5 mm codend netting.

3.1.2 South Orkney Islands (Subarea 48.2)

The Spanish study was carried out in favourable conditions for fish selection (low
catch rate). This resulted in a relatively high SF of 3.11. Because of the low catch rate,
however, the experiment does not represent fishery conditions, where CPUE for C. gunnari
was within the range of 0.3 to 0.9 tonnes per hour fished. Also, the number of fish measured
seems to be insufficient: despite the small mesh size, the number of fish retained by a codend
is more or less the same as the number of fish in the fine-meshed cover.

Information on CPUE in the Polish experiment is not available, and fish length
distribution is different from that in the Spanish studies. Moreover, the Polish codend was
protected by the 220 mm mesh chafer. Those differences made interpretation of SF and Lsq
estimates from the Polish selectivity studies difficult.
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3.1.3 Elephant Island and South Shetland Islands (Subarea 48.1), Table 3

Fish length distribution in the Elephant Island area did not show any significant
changes throughout the whole period of selectivity experiments. Selection factors were
relatively high (mean SF=3.05) for all meshes tested. The 50% selection length increased
gradually as mesh-size increased.

The low estimate of selectivity parameters for the South Shetland Islands area are
most probably related to the availability of juvenile fish in the area.

Selectivity parameters obtained in Subarea 48.1 are, however, not representative of
commercial fishing, especially for C. gunnari. Catch rates in the Spanish experiment were
lower than observed in the commercial mixed fishery (0.1 fo 2.0 tonnes/hf) in the area, in
1979 to 1983. Total CPUE in the Polish experiment more closely resembled the CPUE in the
mixed fishery, but the percentage of C. gunnari was very small (2.5 to 6.5%).
Corresponding catch rates for this species were 6 and 24 kg/hf, therefore, they cannot
represent selectivity conditions of the commercial fishery.

3.2  Chaenocephalus aceratus, Tables 4,5 and 6

The 50% selection length did not increase significantly over the range of mesh sizes
from 68 to 125 mm. Selection factors differed considerably (1.4 to 2.63) and were
generally low. All values of Lsg were much lower than the length at 50% maturity for the
South Georgia area of 46 cm for males and 47.4 cm for females (Kock, 1981). The
morphology of this species, especially its large and spiny head, as well as its behaviour
(stretching opercles in case of danger) seem to be mainly responsible for absence of any
meaningful trend in selection characteristics.

3.3  Pseudochaenichthys georgianus, Tables 7 and 8

Selectivity data available for this species are insufficient to justify any mesh
regulation. It is obvious from the Spanish data (Tables 7 and 8) that 68 mm mesh is far too
small. Also 88 mm mesh seems not to be adequate to ensure protection of undersized fish
(Zaucha, 1988). As in the case of C. aceratus, the morphology and behaviour of this fish
seems to be responsible for the low selectivity parameters in both experiments.

3.4  Noiothenia gibberifrons, Tables 9, 10 and 11

Fish length distribution was different in 1978/79 and 1986/87, and also in the five
areas studied. Selection factors varied from 2.02 to 3.04 (mean SF=2.62) for various
meshes and codends tested, so it was not possible to reach a clear conclusion about selection
of this species. One conclusion emerges, however, from information shown in Tables 9, 10
and 11. All values of Lgy for South Georgia are well below the length at 50% maturity of
31.7 cm (Boronin and Altman, 1979) or 34 cm (Hoffman, 1982). Lso values calculated for
South Orkney Islands, Elephant Island and South Shetland Islands were 28.8 cm, 30.0 cm and
30.9 cm respectively (Balguerias et al. 1987). Only in one haul taken in the South Shetland
area with a mesh of 110 mm (Table 11, data set (1)), the Lsg of 31.2 cm was above the
length at maturity. However, for the same mesh size in the Elephant Island area (Table 11,
data set (3)), when the mean CPUE increased from 241 kg to 993 kg/hf, the Lsy decreased to
23.6 cm. Lsg values of 30 cm for mesh size 124 mm (Table 9) and of 29.4 cm for mesh
110 mm (Table 11) are difficult to interpret (rough estimate in the first case and a very
low CPUE in the second).
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Catch rates for this species in the experiments are more or less the same as those
reported in the mixed commercial fishing in the Scotia Sea area from 1979 to 1983
(average CPUE of 0.01 to 0.4 tonnes/hf). It is, therefore, likely that selectivity on the
exploited fishing grounds is similar.

3.5  Patagonotothen brevicauda guntheri, Table 12

The fish length distribution and catch rates of the Spanish selectivity experiment
were similar to those reported for the commercial fishery in this area. The bulk of the
Soviet catches consisted of 14 to 17 cm long fish (Shust and Borodin, 1988). Reported CPUE
for the 1984 to 1987 seasons were 0.3, 0.4 and 1.6 tonnes/hf (bottom trawl) and
2.1 tonnes/hf (midwater trawl). The average amount of fish in the codend during
selectivity experiments was about 580 kg. For this reason the selection factor obtained may
be taken as applicable for commercial fishing by bottom trawls. This estimatation is,
however, preliminary and further selectivity studies with the mesh size and codends
currently in commercial use, should be undertaken. High catch rates by midwater trawls is
likely to result in substantially lower selectivity.

4. SUMMARY AND CONCLUSIONS
4.1 Champsocephalus gunnari

The selection factor (SF) of 2.95, obtained in the South Georgia area for mesh sizes of
68 and 88 mm, seems applicable for calculations of mesh size in the commercial trawl
fishery for C. gunnari.

When referred to a nominal mesh of 80 mm, adopted by CCAMLR in 1984 as the
minimum mesh size for C. gunnari, this value of SF gives Lsy of 23.6 cm. This length is only
slightly above the mean length at 50% maturity for the South Georgia area of 23.1 cm
(Kock, Duhamel and Hureau, 1985), and well below the length of first spawning of 27 cm
(Kock, 1989). The application of SF=2.95 corresponds in this case to the minimum mesh
size of 92 mm. A mesh size of 108 mm would in turn correspond to the age at first capture
of 4 years (i.e. around 32 cm), which was proposed as the optimum under conditions of high
fishing mortality (Anonymous, 1988).

By using the mean SF from the South Georgia area in calculation of minimum mesh
sizes for C. gunnari for the South Orkney and South Shetland areas, and applying the length
at first spawning of 35 cm (Kock, 1989), the minimum mesh size of 119 mm was obtained.

4.2  Notothenia gibberifrons

By assuming the mean SF of 2.62 for N. gibberifrons for the entire Statistical
Area 48, and using mean lengths at 50% maturity for this species in South Georgia
(32.9 cm) as well as South Orkney, Elephant and South Shetland Is (29.9 cm), we obtain
mesh sizes of 126 and 114 mm respectively. It should be recalled, however, that SFs for
N. gibberifrons vary considerably between the areas studied and there is no clear
relationship between mesh size increase and Lso. For these reasons the above mesh sizes
should to be taken as provisional.
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4.3  Patagonotothen brevicauda guntheri

SF of 3.21 when referred to 16 cm, which is the 50% length at maturity of
P.b. guntheri (Balguerias and Quintero, 1989; Shlibanov, 1989), gives minimum mesh of
50 mm for this species.

4.4  Chaenocephalus aceratus and Pseudochaenichthys georgianus

Selection parameters for C. aceratus differ considerably for various meshes and
codends tested. In general, they are rough estimates resultant from insufficiently defined
selectivity ogives. Selectivity data available for P. georgianus are inadequate for designation
of a minimum mesh size.

4.5 Mesh Regulation

Assuming that the actual size of twine mesh in commercially used codends is on the
average 10% greater than the nominal mesh size (Zaucha, 1988), the introduction of the
following mesh sizes in the commercial fishery in the Statistical Area 48 should be
considered:

(a) Subarea 48.3

(i) Fishery targeted at C. gunnari
80 mm, to protect immature fish, or
90 mm, to protect first spawners, or
100 mm, to give an age at first capture of 4 years;

(ii) Fishery target at P. guntheri
50 mm, to protect immature fish;

(iii) Mixed fishery (not targeted at C. gunnari or P.b. guntheri)
120 mm, to include N. gibberifrons, C. aceratus and P. georgianus in
addition to N. rossii and D. eleginoides, which have been covered by this
mesh regulation since 1984 - Conservation Measure 2/Ill}, to ensure
better protection of immature fish;

(a) Subareas 48.1 and 48.2

110 mm, to ensure protection of first spawners of C. gunnari and immature
N. gibberifrons.

In addition to the above, the provision that topside chafers will not be used and
codends will be made not thicker than 4.5 mm should also be included.

4.6  Further Selectivity Experiments

Further research on mesh selectivity is recommended in order to improve the
applicability of available selection factors. It is important that such studies reflect
selectivity in the commercial fishery and therfore be undertaken using commercial fishing
gear and techniques independently from biomass surveys.

It is worthy to note that the mean SF of 3.5 for C. gunnari and N. gibberifrons,

obtained in the first Polish experiment using tape netting of 60 and 100 mm mesh, is
considerably higher than that for twine netting currently in use in commercial trawls. One
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of the properties of the tape netting is constant rectangular shape of meshes (Zaucha,
1986). Satisfactory parameters of fish selection, obtained for this kind of net, should
encourage further experiments with the ‘open mesh’ netting.

There is no information available to evaluate whether or not the mortality of fish
passed through nets is a significant problem for Antarctic fish. It is recommended that such
studies be undertaken in future selectivity experiments.
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Table 1:  Species: Champsocephalus gunnari
Area: South Georgia and Shag Rocks (R) (Subarea 48.3)
Month/Year: November to December 1986(1), September 1981(2), December 1978 to March 1979(3)

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of  Mean Catch of
Measured Factor Length (cm) Measured Catch Per Hour  C. gunnari C. gunnari
(Nominal) cm Range Codend Cover (kg) in Total Catch Per Hour (kg)

68 (70)(M) 2.94 20.0 26 13 - 37 92770 19854 583 76.9 448
67 (70)(MR 3.48 23.5 26 17 - 41 8055 4551 1162 41.9 487
88 (80)(M 2.56 23.0 26 11 - 41 56342 29851 970 56.4 547
88 (80)(2) 2.81 24.8 25 12 - 37 5340* 600-1000" 90-100~ 750

124 (120)(3) (1.77)e (21-23)e 25 18 - 49 2864 2274 na na na

125 (120)e(3) (1.68;2.32)¢  (21-29)e 25 18 - 49 430 421 na na na

na Data not available

e Estimated value

¢ Codend with the 220 mm mesh chafer
*  Codend and cover combined

Table 2:  Species: Champsocephalus gunnari
Area: South Orkney (Subarea 48.2)
Month/Year: December 1986(1), December 1978 to March 1979(2
Mesh Size (mm) Selection 50% Selection Modat Length Number of Fish Mean Total Mean % of  Mean Catch of
Measured Factor Length (cm) Measured Catch Per Hour  C. gunnari C. gunnari
(Nominal) cm Range Codend Cover (kg) in Total Catch Per Hour (kg)
68 (70)(M) 3.11 21.3 22; 33 10 - 51 379 329 87 4.6 4
125 (120)e(2)  (2.56)e (32)e 38 31 - 47 2272 1905 na na na

na Data not available
e  Estimated value
S ¢ Codend with the 220 mm mesh chafer
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Table 3:  Species: Champsocephalus gunnari
Area: Elephant 1. and South Shetland Is (Subarea 48.1)
Month/Year: December 1986 to January 1987(1), January to February 1987(3), November to December 1986(),
November 1986 to February 1987(4

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of  Mean Catch of
Measured Factor Length (cm) Measured Catch Per Hour  C. gunnari C. gunnari
(Nominal) cm Range  Codend Cover (kg) in Total Catch Per Hour (kg)

68 (70)(M 3.11 21.3 22;32 19 - 39 4394 1751 121 38.7 47
68 (70)(2)s 2.89 19.7 14;23 9 - 36 2666 2730 70 12.8 9
88 (80)(3) 3.22 28.0 22;32 15 - 52 2330 1841 241 2.5 6
110 (100)(4) 2.82 31.1 22-23;32-34 15 - 52 604 1035 369 6.5 24

s 8. Shetland Islands

Table 4:  Species: Chaenocephalus aceratus
Area: South Georgia (Subarea 48.3)
Month/Year: November to December 1986(1), December 1978 to March 1979(2)

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of  Mean Catch of
Measured Factor Length (cm) Measured Catch Per Hour C. aceratus C. aceratus
(Nominal) cm Range Codend Cover (kg) in Total Catch Per Hour (kg)

68 (70)(1) (2.63)e (17.9)e 15;25;32 13-67 639 301 615 1.3 8
88 (80)(M 2.29 20.6 15;25;34;51 13-69 2954 133 966 11.9 115
124 (120)(2)  (1.41)e (17.5)e 24 12-68 3490 1161 na na na
125 (120)c(2)  (1.75)e (21.0)e 24 12-68 1008 325 na na na

na Data not available
e  Estimated value
¢ Codend with the 220 mm mesh chafer used




Table 5:  Species: Chaenocephalus aceratus
Area: South Orkney Is (Subarea 48.2)
Month/Year: December 1986(1), December 1978 to March 1979(2

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of  Mean Catch of
Measured Factor  Length (cm) Measured Catch Per Hour C. aceratus C. aceratus
(Nominal) cm Range Codend  Cover (kg) in Total Catch Per Hour (kg)

68 (70)(h)  (2.22)e (15.2)e 13,20,28,42 11-62 1058 1609 82 14.7 12

125 (120)c(® (1.68)e (21.0)e 57 23-70 164 36 na na na

€LY

na Data not available
e Estimated value
¢ Codend with the 220 mm mesh chafer

Table 6:  Species: Chaenocephalus aceratus
Area: Elephant 1. and South Shetland Is (Subarea 48.1)
Month/Year: October to November 1986 and February 1987(1), December 1978 to March 1979®
Mesh Size (mm) Selection  50% Selection Modal Length Number of Fish Mean Total Mean % of  Mean Catch of
~ Measured Factor Length (cm) Measured Catch Per Hour C. aceratus C. aceratus
(Nominal) cm Range Codend Cover (kg) in Total Catch Per Hour (kg)
88 (80)(M 2.48 21.5 46 12 - 68 1801 44 241 14.2 34
110 (100)(M) 2.09 23.0 46 12 - 68 1691 125 434 14.4 62
124 (120)(@)  (1.61;2.1)¢ (20;26)e na 827 106 na na na

na Data not available
e  Estimated value




Table 7:  Species: Pseudochaenichthys georgianus
Area: South Georgia (Subarea 48.3)
Month/Year: November to December 1986

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of Mean Catch of
Measured Factor  Length (cm) Measured Catch Per Hour P. georgianus  P. georgianus
(Nominal) cm Range Codend Cover in Total Catch  Per Hour (kg)
68 (70) 2.00 13.8 19;34;48 13-56 382 58

Table 8:  Species: Pseudochaenichthys georgianus

Area: South Orkney (Subarea 48.2)

Month/Year: December 1986 to January 1987

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish
Measured Factor Length (cm) Measured
(Nominal) cm Range Codend  Cover

68 (70) 2.25 156.4 14;27;39;50 12-52 14 230

Mean Catch of
Catch Per Hour P. georgianus P. georgianus
in Total Catch Per Hour (kg)

Mean Total Mean % of




Table 9:  Species:

Area:

Notothenia gibberifrons
South Georgia (Subarea 48.3)

Month/Year: November to December 1986(1), December 1978 to March 1979(2

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of Mean Catch of
Measured Factor Length (cm) Measured Catch Per Hour N. gibberifrons N. gibberifrons
(Nominal) cm Range Codend Cover (kg) in Total Catch ~ Per Hour (kg)

68 (70)(M) 2.87 19.5 16;38 5 - 49 347 646 556 1.8 10
88 (80)(1 2.02 18.2 16;40 5 - 51 6814 2198 971 24 .1 234

124 (120)(2) (2.42)e (30.0)¢ 25;40 9 - 51 1663 1093 na na na

125 (120)¢(2) * * 25;40 9 - 51 1898 979 na na na

na Data not available

e Estimated value

¢ Codend with the 220 mm mesh chafer used

All selection estimates were over 50% level
Table 10: Species: Notothenia gibberifrons
Area: South Orkney ls. (Subarea 48.2)
Month/Year: December 1986(1), December 1978 to March 1979(2

Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of Mean Catch of
Measured Factor Length (cm) Measured Catch Per Hour N. gibberifrons N. gibberifrons
(Nominal) cm Range Codend Cover (kg) in Total Catch  Per Hour (kg)

68 (70)(M) 3.04 20.8 19 9 - 43 6247 4047 81 36.1 29

125 (120).(2) * * na na 6562 2288 na na na

na Data not available
¢ Codend with the 220

[y
3 *
1541

mm mesh chafer used

All selection estimates were over 50% level
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Table 11: Species:
Area:

Month/Year: October to November 1986("), December 1986 to March 19872}

Notothenia gibberifrons
Elephant I., Joinville |. and South Shetland Is (Subarea 48.1)

to March 19794

January to February 19870, December 1978

Mesh Size (mm) Selection

50% Selection

Modal Length

Number of Fish

Mean Total

Mean % of

Mean Catch of

Measured Factor Length (cm) Measured Catch Per Hour N. gibberifrons N. gibberifrons
(Nominal) cm Range  Codend Cover (kg) in Total Catch ~ Per Hour (kg)
68 (70)(2 2.86 19.6 31 17-46 566 42 121 28.6 35
68 (70)@ 2.70 18.4 21;32;38 12-49 329 89 69 20.0 14
88 (80)(1) 2.28 19.8 30 11-46 20701 2826 241 71.8 173
88 (80)(1)s 2.88 25.0 30 11-47 3217 420 750 74.3 557
110 (100)(M) 2.84 31.2 30 11-47 7053 8526 241 71.8 173
110 (100)() 2.10 23.6 29 18-48 30980 1328 993 76.9 764
110 (100){1) 2.64 29.4 30 11-47 835 761 8 25.8 2
124 (120)(4)s (1.3;1.6)e  (16;20)e na 10609 4253 na na na
na Data not available
¢  Estimated value
i Joinville Is
s 8. Shetland Is
Table 12: Species: Patagonotothen brevicauda guntheri
Area: Shag Rocks (Subarea 48.3)
Month/Year: November 1986
Mesh Size (mm) Selection 50% Selection Modal Length Number of Fish Mean Total Mean % of Mean Catch of

Measured Factor  Length (cm) Measured Catch Per Hour P.b. guntheri P.b. guntheri
(Nominal) cm Range Codend Cover (kg) in Total Catch Per Hour (kg)
67 (70) 3.27¢ 21.5e 12 10 - 22 451 634 1163 57 663

na Data not available
e  Estimated value
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Champsocephalus gunnari

SELECTION FACTOR

TWINE THICKNESS (mm)

Figure 1: Relationship between the diameter of twine (mm) codends used in the selectivity experiments and the selection factor for
Champsocephalus gunnari.
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Figure 2: Relationship between the total catch-per-tow and selectivity parameters for
Champsocephalus gunnari in the Polish experiment.
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Notothenia gibberifrons
110 mm MESH SIZE
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Figure 4: Relationship between catch-per-tow and the selection factors for Notothenia gibberifrons in the Polish experiment.
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5: Effect of the length structure of the stock sampled on the 50% selection length of
fish in experiments with 110 mm mesh size. Shaded area represents fish
retained by the trawl codend. Dots on the left are percentage of fish retained in
particular length classes: Vertical lines are Lsg.
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APPENDIX

HAUL-BY-HAUL SELECTIVITY DATA OBTAINED
FROM THE POLISH AND SPANISH EXPERIMENTS®

Table 1.1 refers to Table 1of this paper
Table 2.1 refers to Table 2 and so on.
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% Table 1.1: Species: Champsocephalus gunnari
Area: South Georgia, Shag Rocks {(Subarea 48.3)
Month/Year: November to December 1986

Mesh size (mm):
Measured (nominal): 68 (70) and 67 (70)"
Twine diameter (mm): 3.0

Station Haul Time Total Catch  Total Catch Species Catch Number of Fish Modal Length Selection 50% Selection
(min) Per Tow Per Hour Per Tow Measured Factor Length (cm)
(kg) (kg) kg % Codend Cover cm Range
197 30 30.22 60.44 9.92 33 56 124 18;24 16-39 3.42 23.06
28" 30 276.75 553.50 54.70 20 103 62 25 18-40 3.44 23.18
29 30 1590.50 3181.00 684.10 43 117 129 25 19-28 3.65 24.60
32r 30 213.92 427.84 195.00 91 107 112 25 21-32 3.89 26.27
47 30 1687.72 3375.44 1687.70 100 176 68 26;31 22-39 3.97 26.99
48 30 325.16 650.32 325.00 100 170 246 27 16-37 4.03 27 .41
55 30 342.55 685.10 250.50 73 93 110 27 22-35 3.86 26.27
62 30 21.64 43.28 20.35 94 89 125 15 13-30 2.42 16.49
69 30 53.79 107.58 17.12 32 150 19 14;28 13-37 2.94 19.98
70 30 428.16 856.32 23.15 5 280 61 23 20-40 3.08 20.95
71 30 32.22 64.44 8.90 28 78 27 15;24 13-39 3.25 22.14
75 30 80.46 160.92 25.90 32 214 144 23 20-31 3.30 22.40
83 30 1599.06 3198.12 211.01 13 135 234 14;23 13-33 3.42 23.20
84 30 1296.00 2592.00 19.50 2 68 112 13;23 12-35 3.66 24.90
97 30 88.32 176.64 41.25 47 88 74 28 19-36 3.68 25.01
105 30 160.34 320.68 9.18 6 69 62 13;27 13-42 3.04 20.68
111 30 598.06 1196.12 590.00 99 120 141 24 19-30 3.55 2417
112 30 107.91 215.82 93.50 87 83 125 24 21-40 3.81 25.92
113 30 167.54 335.08 112.00 67 97 132 27 20-35 3.78 25.72
120 30 4288.75 8577.50 4258.00 99 155 126 26 21-36 3.71 25.25
122 30 218.85 437.70 45.10 21 60 47 27 21-31 3.69 25.11
124 30 36.38 72.76 3.53 10 100 39 26 14-30 3.31 22.53
126 30 97.40 194.80 69.35 71 86 42 27 20-34 3.49 23.74
127 30 77.35 154.70 17.80 23 73 19 27 21-34 3.48 23.65
128 30 20.30 40.60 3.25 16 32 14 15;24 13-29 3.23 21.98




Table 1.1 (continued)

Station Haul Time Total Catch  Total Catch Species Catch Number of Fish Modal Length Selection 50% Selection

G81

(min) Per Tow Per Hour Per Tow Measured Factor Length (cm)
(kg) (kg) kg % Codend Cover cm Range
131 30 315.31 630.62 90.60 29 117 154 22 14-29 3.25 22.14
133 30 147.65 295.30 13.20 9 100 58 13;25 13-31 3.41 23.19
147 30 540.79 1081.58 518.00 96 172 159 22 19-29 3.23 21.96
155 30 268.37 536.74 184.00 69 203 116 22 16-36 3.20 21.74
161 30 156.52 313.04 70.00 45 157 109 23 19-36 3.46 23.57
162 30 367.09 734.18 328.00 89 237 123 25 19-38 3.43 23.30
165 30 60.84 121.68 47.00 77 167 92 22 14-35 3.13 21.28
168 30 127.75 255.50 16.10 13 110 164 16;22 14-31 3.51 23.87
169 30 244.83 489.66 22.20 9 162 115 22;25 13-42 3.41 23.70
170 30 113.61 227.22 23.05 20 192 140 15;22 13-50 3.07 20.86
179 30 86.95 173.90 37.30 43 370 88 26 21-34 3.13 21.19
180 30 134.58 269.16 45.40 34 68 70 26 21-31 3.85 26.17
184 30 69.61 139.22 26.50 38 181 69 25;38 15-55 3.61 24.56
v Shag Rocks




% Table 1.2: Species: Champsocephalus gunnari
o Area: South Georgia (Subarea 48.3)
Month/Year: December 1986
Mesh size (mm):
Measured (nominal): 88 (80)
Twine diameter (mm): 4.2

Station Haul Time Total Catch  Total Catch Species Catch Number of Fish Modal Length Selection 50% Selection
(min) Per Tow Per Hour Per Tow Measured Factor Length (cm)
(k@) (kg) kg % Codend Cover cm Range
123 180 2219.3 739.8 1452.5 65 743 1101 23;26 18-47 3.0 26.8
124 180 452.4 150.8 381.6 84 260 410 26 20-35 3.6¢ 31.5¢
126 180 2306.9 769.0 1249.2 54 352 653 23*;26 19-39 2.5 22.2
127 180 4802.1 1606.3 2053.7 43 298 499 26 18-37 2.4¢ 21.5¢
128 230 4497.8 1173.3 3100.8 69 535 450 27 21-38 2.3¢ 20.0¢

Estimated value
* Modal length with high frequency (in polymodal length distributions)

Table 2.1: Species: Champsocephalus gunnari
Area: South Orkney (Subarea 48.2)
Month/Year: December 1986 to January 1987

Mesh size (mm):
Measured (nominal): 68 (70)
Twine diameter (mm): 3.0

Station Haul Time Total Catch  Total Catch Species Catch Number of Fish M<odal Length Selection 50% Selection

(min) (Per Tow) (Per Hour) Per Tow Measured Factor Length (cm)
(kg) (kg) kg % Codend Cover cm Range
347 30 144.44 288.88 32.50 23 164 111 23;34 20-50 3.62 24.77

350 30 12.08 24.16 7.44 62 44 26 23 12-36 3.21 21.94




Table 3.1: Species: Champsocephalus gunnari
Area: Elephant 1., South Shetland Is. (Subarea 48.1)
Month/Year: January to February 1987
Mesh size (mm):
Measured (nominal): 68 (70)
Twine diameter (mm): 3.0

Station Haul Time Total Catich  Total Catch Species Catch Number of Modal Length Selection 50% Selection
(min) Per Tow Per Hour Per Tow Fish Measured Factor  Length (cm)
(kg) (kg) kg % Codenrd Cover cm Range
413 30 449.80 899.60 333.00 74 113 162 22;32 19-35 2.74 18.90
434 30 52.33 104.66 27.00 52 57 52 23 21-39 3.20 21.96
448 30 22.05 44.10 18.10 82 147 60 23;26;31 19-38 3.08 21.12
477s 30 137.99 275.98 137.60 100 176 180 13;22 12-31 2.89 19.66
4798 30 62.23 124.46 62.00 100 162 162 14;19;24 11-27 3.29 22.40
499 30 15.21 30.42 13.80 91 75 141 14;21;25 13-48 3.61 24.59
545 30 15.58 31.16 4.73 30 36 124 14;20;25 12-27 3.30 22.44

L8I1

s S, Shetland Is
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Table 3.2: Species:

Champsocephalus gunnari

Area: Elephant I. (Subarea 48.1)
Month/Year: October to November 1986
Mesh size (mm):

Measured (nominal): 110 (100)

Twine diameter (mm): 4.2

Station Haul Time Total Catch  Total Catch Species Catch

Number of Fish Modal Length

Selection 50% Selection

(min) Per Tow Per Hour Per Tow Measured Factor Length (cm)
(kg) (kg) kg % Codend Cover cm Range
/14 120 1303.0 651.0 29.8 2 79 303 20;30 15-35 2.9 32.0
/16 180 1864.9 621.0 96.2 5 284 343 20;29 17-44 2.7 30.0
1/41 105 613.3 350.0 17.0 3 37 92 20;30 18-44 3.1 33.7

*

“Modal length with high frequency (in polymodal length distributions)




Table 7.2: Species: Notothenia gibberifrons
Area: South Georgia (Subarea 48.3)
Month/Year: December 1986
Mesh size (mm):

Measured (nominal): 88 (80)
Twine diameter (mm): 4.2

Station Haul Time Total Catch Total Catch  Species Catch Number of Modal Length Selection 50% Selection

(min) Per Tow Per Hour Per Tow Fish Measured Factor Length (cm)
(kg) (kg) kg % Codend Cover cm Range

123 180 2219.3 739.8 557.2 25 135 56 17*;28;36*-39 9-50 2.6¢ 23.0¢

124 180 452.4 150.8 38.0 8 25 180 17 12-37 o

126 180 2306.9 769.0 849.2 37 110 37 11;18*;30;38* 10-49 il

127 180 4802.1 1606.3 1708.7 36 201 139 9;17*,40* 8-48 el

128 230 4497.8 1173.3 419.0 9 98 70 16*-20%;37-40 9-42 2.2e 19.0e

681

Estimated value

Modal length with high frequency (in polymodal length distributions)
* All selection estimates were below 50% level
**  All selection estimates were over 50% level
**** Multiple 50% selection estimates

* * * O
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Table 9.2: Species: Notothenia gibberifrons
Area: Elephant I., Joinville I., King George |.(Subarea 48.1)
Month/Year: October to November 1986, February 1987k 1986
Mesh size (mm):
Measured (nominal): 110 (100) and 88 (80)k
Twine diameter (mm): 4.2

Station Haul Time Total Catch Total Catch  Species Catch  Number of Fish Modal Length Selection 50% Selection
(min) Per Tow Per Hour Per Tow Measured Factor Length (cm)
(k@) (kg) kg %  Codend Cover cm Range
I/9 125 327.4 157.0 274.0 84 613 169 24:;34" 14-46 2.1 23.1
I/10 120 837.9 419.0 691.0 82 438 644 24:;36" 13-46 2.9 32.0
1/11 120 253.8 126.0 201.0 79 315 641 26 11-43 2.7 29.9
1/13 260 67.6 16.0 54.0 80 97 334 29-31 13-39 3.1 34.5
1/14 120 1303.0 651.0 1028.0 79 408 568 29 16-42 2.8 31.1
1/16 180 1864.9 621.0 1601.0 86 948 1278 29 13-44 2.9 31.5
/17 130 1170.9 540.0 866.2 74 494 1980 30 20-41 2.8 30.5
I/41 105 613.3 350.0 437.0 71 224 297 30 19-43 2.7 30.6
1742 200 85.1 25.0 71.0 83 96 58 31;35 22-48
1/33i 120 80.7 40.0 23.2 29 88 116 19*;26 14-37 2.1 23.4
1/34i 115 888.7 464.0 84.6 10 113 200 22;30 17-39 2.4 26.8
1/36i 60 272.0 272.0 100.5 37 153 159 30-32 23-44 3.0 33.5
1/37i 100 143.4 86.0 77.0 54 119 95 29-31,;37* 18-44 2.8 30.9
IV/7k 90 599.7 400.0 440.0 73 361 137 27;41 19-47 3.3 29.0

* Modal length with high frequency (polymodal length distributions)
i Joinville |I. .
k King George |.




Table 10.1: Species: Notothenia gibberifrons
Area: South Orkney (Subarea 48.2)
Month/Year: December 1986 to January 1987
Mesh size (mm):
Measured (nominal): 68 (70)
Twine diameter (mm): 3.0

Station Haul Total Catch Total Catch  Species Catch  Number of Fish Modal Length Selection 50% Selection
Time Per Tow Per Hour Per Tow Measured Factor Length (cm)
(min) (kg) (kg) kg %  Codend Cover cm Range
267 30 64.600 129.20 37.09 57 190 60 19;25;30;37 12-37 2.91 19.91
268 30 234.660 469.32 109.40 47 417 206 12;20;29;32 9-38 3.18 21.76
271 30 62.930 125.86 35.80 57 164 190 17;20;25;28 9-38 3.08 20.95
272 30 56.170 112.34 35.95 64 199 124 19;23;28;35 10-40 2.80 19.05
273 30 77.990 155.98 42.95 55 220 198 11;20;27;35 9-38 2.88 19.57
275 30 226.530 453.06 132.00 58 946 149 20;32 11-36 3.10 21.13
276 30 146.380 292.76 80.00 55 399 301 11;19;27:;36 9-43 2.56 17.42
278 30 37.485 74.97 16.05 43 110 42 19;26 15-39 2.60 17.72
281 30 53.355 106.71 18.25 34 116 138 11;16;20;24;28;32 10-39 2.44 16.70
282 30 291.315 582.63 86.90 30 451 402 11;18;24;28;32 9-39 2.73 18.59
322 30 72.620 145.24 35.30 49 175 37 21;26;31;35 15-40 2.80 19.15
323 30 44.675 89.35 30.85 69 120 79 12;21;27;34 10-42 2.93 20.02
327 30 34.880 69.76 16.30 47 78 85 10;14;21;27 8-40 2.64 17.95
328 30 41.795 83.59 9.65 23 62 154 14;20 9-41 2.91 19.78
333 30 18.965 37.93 9.85 52 40 164 10;17 8-39 3.31 22.52
340 30 285.155 570.31 7.28 3 40 12 25;30 18-32 3.21 21.93
345 30 9.285 18.57 6.55 71 30 18 18;23;28;32 16-40 3.01 20.51
378 30 142.785 285.57 74.05 52 341 374 11;19 10-39 2.96 20.23
379 30 25.490 50.98 14.80 58 109 85 10;21;27;30 9-38 2.47 16.78
380 30 46.680 93.36 8.80 19 41 41 10;20;26;30 9-40 2.80 19.16
385 30 27.030 54.06 15.60 58 88 47 11;20;27 9-34 2.7 18.44
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Octobre - novembre 1986(1), décembre 1986 - janvier
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(a) Lso; (b) Facteur de sélection.
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Bun: Chaenocephalus aceratus

PatioH: 0. 3dsedanT u I0xHble lleTnanackue o-sa (lJoapalioH
48.1)
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PaiioH: 0. 3nedaHT, o, XysHBUJIb U I0kHbIe leTNaHACKHE O-BA
(MoapatioH 48.1)

Mecsi/ro: OKTsi6pb - HOSA6pb 1986 T, ), Aekabpb 1986 - MapT
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Bua: Patagonotothen brevicauda guntheri

PartioH: ckaJibl Ilar (HoapalioH 48.3)

Mecsu/rosa: Hosi6pb 1986 1,

CnucoK pUCYHKOB

I'padux 3aBUCHMOCTH JAMaMeTpa AeJHl KYTKOB, HCHOJIb3OBAHHBIX B
dKCMepUMEHTAX MO CEJIEKTUBHOCTH TpaJiOB, M BBIUHCJEHHOIo AJs
Champsocephalus gunnari paxTopa ceIeKTUBHOCTH.

I'paduk 3aBUCUMOCTH BEJHUUUHBI OBIMeEro yJoBa 3a OAHO TpaJieHHe U
napaMeTpPOB CeJIEKTUBHOCTH, BBIUUCJEHHBIX AJs1 Champsocephalus
gunnariB xoJie npopeaeHHoro IlloJsblel 3KCnepUMeEHTa.,

(@) Lsg; (b) paxTOop ceseXTURHOCTU

I'pa¢dux 3aBUCHMOCTH yJIOBa 3a TpaJieHHe U GaKTOPOB CEJEKTUBHOCTH
Ans (a) Champsocephalus gunnariu (b) Notothenia gibberifrons,
NnoJiyueHHBIX B Xo/e NpoBeJgeHHoro HenaHueil skelepyuMeHTa.

I'paduk 3aBHCUMOCTHU YJOBA 3a TpaJsieHUe U $aKTOPOB CeJIEKTHBHOCTH
aast Notothenia gibberifrons, mnoJiyueHHble B XoJie IPOBEAEHHOI'o
IMoJiblel 3KCIIEPUMEHTA MO CEJIEKTHBHOCTH.
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3aBHCUMOCTD JIJILHBI ocoBU, cooTBeTeTRyWIer 507 yAepXaHUI0 npu
pasMmepe siued B 110 MM, OT pa3MepHOro COCTaBa OGJaBJIMBAEMOIO
3amaca. 3aTeMHeHHass 4acTb TrpaduKka pacnpenesieHUust AJUHbI
U306paKaeT KOJNUECTBO ocobell, yAepKaHHbIX KYTKOM TpaJia. Touku
cJieBa U306paKaloT NPOLEHTHOE CcoJlepXaHUe yJAepXXaHHbIX ocobel
OTZIeJIbHBIX Pa3MEPHBIX KJAaCCOBR, BepTUKaJbHblE JIMHMU - Lsg.

I'padUK 3aBUCUMOCTU CcpeAHeN AJUHbBI OCO6H B HMCCJEAyEMOM 3anace
U MapaMeTPOB CEJEKTUBHOCTH: AJHMHA ocobU, cooTBETCTBYyWMAast 50%
yAepXaHUL U (aKTOp CeJIEKTHUBHOCTH.
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Noviembre a Diciembre 1986(3), Noviembre 1986 a Febrero

1987(4)

Especie: Chaenocephalus aceratus

Area: Georgia del Sur (48.3)
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1979(2)

Especie: Chaenocephalus aceratus

Area: [.Orcadas del Sur (48.2)
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Especie: Chaenocephalus aceratus
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1978(2), Marzo 1979(2),

Especie: Pseudochaenichthys georgianus

Area: Georgia del Sur (48.3)

Mes/afio: Noviembre a Diciembre 1986

Especie: Pseudochaenichthys georgianus

Area: Orcadas del Sur (48.2)

Mes/afio:  Diciembre 1986 a Enero 1987

Especie: Notothenia gibberifrons

Area: Georgia del Sur (48.3)

Mes/afio:  Noviembre a Diciembre 1986(1): Diciembre 1978 a Marzo
1979(2)
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Especie: Notothenia gibberifrons

Area: Orcadas del Sur (48.2)

Mes/afio:  Diciembre 1986(1), Diciembre 1978 a Marzo 1979(2)
Especie: Notothenia gibberifrons

Area: I. Elephant, |. Joinville y |. Shetland del Sur (48.1)

Mes/afio:  Octubre a Noviembre 1986(1), Diciembre 1986 a Enero
1987(2), Enero a Febrero 1987(3), Diciembre 1978 a Marzo

1979(4)
Especie: Patagonotothen brevicauda guntheri
Area: Shag Rocks (48.3)

Mes/afio: Noviembre 1986
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Relacién entre el diametro del hilo del copo del arrastre utilizado en los
experimentos de selectividad y el factor de seleccién obtenido para
Champsocephalus gunnari.

Relacién entre la captura total por arrastre y los pardmetros de selectividad
obtenidos para Champsocephalus gunnari en el experimento polaco.
(a) Lsp; (b) Factor de Seleccién.

Relacién entre la captura por arrastre y los factores de seleccién para
(a) Champsocephalus gunnari y (b) Notothenia gibberifrons en el
experimento espafiol.

Relacién entre la captura por arrastre y los factores de seleccion para
Notothenia gibberifrons en el experimento polaco.

Efecto de la distribucién de longitud de la poblacion muestrada en el 50% de
longitud de seleccién de peces en los experimentos con una luz de malla de
110 mm. El area oscura representa los peces retenidos por el copo de
arrastre. Los puntos a la izquierda son porcentajes de peces retenidos en
clases especificas de longitud. Lineas verticales son Lgg.

Relacién entre el promedio de la longitud de los peces en la poblacién
muestreada y los parametros de selectividad: el 50% de longitud de seleccién
y el factor de seleccién.




SC-CAMLR-VIII/BG/46

RESULTS OF THE CCAMLR ANTARCTIC FISH OTOLITHS/SCALES/BONES
EXCHANGE SYSTEM

K.-H. Kock

Abstract

An exchange system was established among Members of CCAMLR to
compare age determinations for the same species among different
laboratories. Four species were included in the exchange: Notothenia
rossii, Champsocephalus gunnari, Notothenia gibberifrons and
Pleuragramma antarcticum. The level of agreement in age
determination was highest for scales of juvenile N. rossii and for
otoliths of juvenile C. gunnari from South Georgia and lowest for
scales of adult N. rossii and N. gibberifrons and otoliths of
P. antarcticum. Agreement between otoliths and scales of individual
N. gibberifrons was in the order of 50%. There was little indication
that agreement between experienced investigators was higher than
between experienced and less experienced ones.

Résumé

Un systéme d'échange a été établi parmi les Membres de la CCAMLR
afin de comparer la détermination de I'd4ge d'une méme espece
effectuée par des laboratoires différents. Quatre especes sont
comprises dans ce systéme d'échange: Notothenia rossii,
Champsocephalus gunnari, Notothenia gibberifrons et Pleuragramma
antarcticum. Le niveau de conformité de détermination de I'dge le
plus élevé concernait les écailles de N. rossii juvénile et les otolithes
de C. gunnari juvénile de la Géorgie du Sud. L'écart le plus important
concernait les écailles de N. rossii et N. gibberifrons adultes, et les
otolithes de P. antarcticum. La conformité entre les otolithes et les
écailles d'individus de N. gibberifrons était de l'ordre de 50%. I
n'est pas vraiment évident que la conformité parmi les chercheurs
expérimentés ait été plus élevée qu'entre les chercheurs moins
expérimentés et ceux qui I'étaient.

PezwomMme

YnaenaMu AHTKOMa  6bls1a co3jlaHa  cUcTeMa  ofMeHa
HHopMalYel O onpejesieHUK BO3PacTa OAHOIMO U TOro Xe
BMZa PbIGb. B Ppas/MUHBIX JabopaTopusix. JTa CHUCTEMa
OXBaTbiBaJsla ueTbipe BUAa: Nofothenia rossii, Champsocephalus
gunnari, Notothenia gibberifrons v Pleuragramma antarcticum.
CorslacoBaHHOCTb  pe3yJ/bTaTOB  6bljla  HaMBbICmIeH Hpu
onpejesieHUU BospacTa MoJsaoAu N. rossiino uemye u MoJioaAU
C. gunnarino oToJuTaM AJsi pafioHa I0xHo! Teopruu, torga
Kak pe3yJbTaTbl OINpeJeJieHUusl Bo3pacTa Mo yemye Yy
noJsiopospesbix ocobeti N. rossiiu N. gibberifrons, a. Takxe 1o
oroJsutaM  P. antarcticum vimesn MEHBUY IO cTeneHb
COrJ1acoOBaHHOCTU. JlaHHble, [OJyueHHble B pe3yJbTaTe
HceJleJOBaHUS OTOJUTOR OTAeJibHbIX ocobeil N, gibberifrons B
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50% cayuaeB coBnajalwT ¢ JaHHbIMM, INOJYUEHHBIMU B
pesyJbTaTe HCCJAEJOBAHHN UellyH OTAeJbHBIX ocoBell 3Toro
Ke BHJa. He cymecTByeT 3HaUUTEJNbHBIX CBUAETEJNLCTB TOrO,
4YTO  pe3yJbTaThl  aHaJu3a, T[POBEACHHOI'0  OMNBITHBIMH
JabopaHTaMM, COBNaJaloT B 60JblIEM KOJUUECTBE CJIYyUaEB,
yeM pesyJbTaThl aHaJii3a, BBINOJHEHHOro 6oJiee U MeHee
ONBITHBIMU UCCAEOBATESIMU,

Resumen

Un sistema de intercambio se establecié entre los Miembros de la
CCRVMA para comparar las determinaciones de edad para la misma
especie entre los diferentes laboratorios. Cuatro especies fueron
incluidas en el intercambio: Notothenia rossii, Champsocephalus
gunnari, Notothenia gibberifronsy Pleuragramma antarticum. El
nivel de acuerdo fue alto en relacién a la determinacion de edad
concerniendo las escamas de N. rossii juvenil y los otolitos de
C. gunnari juvenil proveniente de Georgia del Sur. Sin embargo no
hubo tanto acuerdo acerca de las escamas de N. rossiiy
N. gibberifrons adultos y los otolitos de P. antarticum. Acuerdo
entre otolitos y escamas de N. gibberifrons individuales fue del orden
del 50%. Hubo poca indicacién de que acuerdo entre los
investigadores mas experimentados fuese mas alto que aquel entre
investigadores mas y menos experimentados.



1. INTRODUCTION

Following a recommendation of the CCAMLR Fish Age Determination Workshop held in
Moscow from 14 to 19 July 1986 (SC-CAMLR-VII/BG/41), an exchange system was
established among Members of CCAMLR to examine ofoliths, scales and bones of selected
species of Antarctic fish. Samples were kindly provided by the USSR, United Kingdom and
Argentina. Laboratories of the following Members took part in the exchange: USSR , Poland,
German Democratic Republic, Federal Republic of Germany, United Kingdom, Spain,
Argentina and Australia. Reports on the progress of the exchange were submitted to the
Scientific Committee of CCAMLR in 1987 (SC-CAMLR-VI/BG/26 Rev. 1) and 1988
(WG-FSA-88/30).

The exchange was terminated before 1 August 1989 despite only five of the six
samples available having been circulated among all interested Members. The status of one
sample is unknown at present.

2. MATERIAL AND METHODS
The following samples were made available for the exchange:

(i) Scales of adult Notothenia rossii from South Georgia and the South Shetland
Islands (Table 1) mounted on microscopic slides. Sample size: 46. Six slides
sent were broken during mailing, therefore only 40 specimens could be
included in the exchange. Samples covered the length range of 39 to 70 cm.
Sources: VNIRO, AtlantNIRO (USSR).

(ii) Scales of juvenile N. rossii from Potter Cove (South Shetland lIslands)
(Table 2) mounted on microscopic slides. Sample size: 50. Specimens of 23.5
to 44.3 cm length were available. Source: Instituto Antartico Argentino
(Argentina).

(iii) Scales of Notothenia gibberifrons from South Georgia and the South Shetland
Islands (Table 3). Sample size: 58. Five slides were broken during
transportation, therefore only 53 specimens could be included in the exchange.
Length of the specimens ranged from 10.9 to 46.2 cm. Sources: VNIRO,
AtlantNIRO (USSR).

(iv) Scales and otoliths of N. gibberifrons from South Georgia (Table 4). Sample
size: 81. Oftoliths were prepared according to the Bedford method; scales were
in vials, but were mounted on microscopic slides by the Convener in the course
of the exchange. Both otoliths and scales of 57 specimens were available.
Samples covered the length range of 7.7 to 43.2 cm. Source: British Antarctic
Survey (UK).

(v) Otoliths of Champsocephalus gunnari from South Georgia, the South Orkney
Islands and South Shetland Islands (Table 5). Sample size: 70. Four otoliths
were lost during transportation, therefore only 66 otoliths were available for
the exchange. Specimens of 7.3 to 48.7 (57.5) cm in length were present in
the sample. Sources: VNIRO, AtlantNIRO (USSR).

(vi) Otoliths of Pleuragramma antarcticum from the Mawson Sea (East Antarctic)
(Table 6). Sample size: 50. Two otoliths were broken during transportation,
therefore only 48 otoliths were included in the exchange. Size of specimens
ranged from 12.4 to 20.6 cm. Source: YugNIRO (AzcherNIRO) (USSR).

Techniques used in various laboratories for ageing Antarctic fish were described in
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SC-CAMLR-VII/BG/41 and in various scientific publications. These methods are summarized

below:
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(i)

(iii)

Notothenia rossii: Scales and otoliths were used to age N. rossii. Checks
observed on both structures were validated to form annuli (scales: Sherbich,
1975; Freytag, 1980; otoliths: Burchett, 1983). Due to the delicacy of the
otoliths and the amount of time taken to extract and prepare them, scales are
commonly used in most laboratories for routine age determination. Scales
located just below the lateral line under the pectoral fin were found to be most
suitable for ageing. Scales are usually cleaned by soaking them in 10%
ammonia (VNIRO, AtlantNIRO) or in a soap solution (Sea Fisheries Institute,
Hamburg) and then mounted wet between two microscopic slides. Scales are
then examined with a binocular microscope using transmitted light and various
magnifications. Otoliths are prepared in two ways: either ‘cracked and charred’
(Molier Christensen, 1964) or sectioned after being embedded in polyester
resin (Bedford, 1983).

Notothenia gibberifrons: This species is routinely aged by scales prepared
similarly to those of N. rossii (Boronin and Frolkina, 1976; Skora, 1980;
Kompowski, 1983) and by sections of the first ventral fin ray (GDR: Hoffmann,
1982), as described by Gubsch (1980) for Chaenocephalus aceratus.
Occasionally otolith sections have been used for ageing (North et al., 1980;
Clasing et al., 1985). However, so far only the first three to four annuli on
scales have been tentatively validated by plotting polymodal curves of the total
number of sclerites versus fish age (Boronin and Frolkina, 1976).

Champsocephalus gunnari: Channichthyids lack scales. Routine age
determinations are carried out using otoliths (whole otoliths: Kock, 1981;
Frolkina unpubl.; cracked: Sosinski, 1981; sections: Kochkin, 1985),
vertebrae (Kochkin, 1985) and sections of the first ventral fin ray (Gubsch,
1982). Whole otoliths are kept in alcohol (Frolkina, unpubl.) or glycerine
(Kock, 1981). For examination they are placed in camphor oil for a maximum
of 10 to 15 minutes, otherwise they become opaque (Frolkina, unpubl.). Whole
and sectioned oftoliths, vertebrae and sections of the first ventral fin ray are
examined either via transmitted light (Frolkina, Kochkin) or reflecting light
against a black background (Kock, Gubsch, Sosinski). The first two to three
annuli identified on whole otoliths have been validated by distinct peaks in
ploymodal frequency curves (Kock, 1981; Slosarczyk, 1987).

Pleuragramma antarcticum:. Scales, otoliths and coracoid bones were examined
for age determination by Gerasimchook. Scales were found to be unsuitable due
to the even distribution of sclerites which were impossible to separate into
“fast” and “slow” growth zones. The coracoid was also found to be unsuitable
and staining with alizarin did not enhance the internal structures. Poor
calcification of the skeleton of P. antarcticum is the most probable reason for
this lack of distinct rings (Gerasimchook in SC-CAMLR-VII/BG/41).

Sagittal otoliths were proved to be suitable for estimating age. Two different
techniques are used for age determination.

(i)

Otoliths are examined in glycerine via transmitted light. However, otoliths
should not be kept for “long periods” in glycerine because this results in the
otoliths becoming irreversibly transparent (Gerasimchook, in
SC-CAMLR-VII/BG/41).

A different technique has been used by Hubold and Tomo (1989). They have
examined otoliths in glycerine against a black background under reflected light.



The first two annuli identified by both techniques have been validated by comparing
them with prominent peaks in length frequency compositions which are supposed to
represent the first two age classes (Gerasimchook, pers. comm.; Hubold and Tomo, 1989).

Analysis of the results of the otoliths/scales/bones exchange was mainly based on the
level of agreement either among all investigators or within pairs of investigators.
Agreement, however, was not only assumed when ‘readers’ estimated the same age (e.g. 5 and
5) but also when one of the investigators only gave an approximation (e.g. 5 and 5/6 or 57).
It is obvious that this should lead to an increase of ‘positive’ results. Agreement among all of
the investigators was evaluated under two provisions:

(i) full agreement; and
(ii)  full agreement or deviations of not more than one year.

The ‘birthday’ of Antarctic fish is commonly accepted as 1 July. However, one reader
(Barrera-Oro, Argentina) took 1 October as the ‘birthday’ for N. rossii as annuli in its
scales were observed as incomplete before that date.

3. RESULTS
3.1 Notothenia rossii (Adults)

Results of ageing are set out in Table 1. Three of the four investigators (1, 3 and 4)
were experienced in determining the age of the species; one investigator (2) was less
experienced.

Age classes 4 to 12/13 were identified from the sample.

Full agreement among all readers: 0
Full agreement among experienced readers: 0

The following table demonstrates the agreement (in %) among all of the investigators:

Full Agreement (%)
Reader 1 2 3 4
Full agreement/ 1 X 29.0 28.2 10.3
deviation = 1 year (%) 2 76.3 X 48.7 35.1
3 81.1 89.2 X 59.9
4 66.7 88.5 84.2 X

With the exception of readers 2 and 4, full agreement between two readers was
usually much less than 50%. If one allows for a deviation of one year, agreement among
most readers was more than 80%. Deviations were more common as length (= age) of fish
increased.

Although true age of the specimens was not known, some investigators (2, and 4) tend

to attribute higher ages 1o the specimens than others, irrespective of the length of the
specimens (Figures 1 and 2).
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3.2  Notothenia rossii (Juvenile)

Results of age determinations are set out in Table 2. Two of the three investigators
(1 and 2) were experienced and one (3) was less experienced. Age classes 3 to 7 were
identified from the samples.

Full agreement among all readers: 37 (74.0%)
Full agreement among experienced readers: 39 (78.0%)
Full agreement or deviation of not more

than one year among all readers: 50 (100%)

The following table indicates that agreement between two readers was in the order of
80%. Agreement could have been even higher if ‘reader’ 1 had not used 1 October as the
‘birthday’ instead of 1 July. Except in one case, however, no deviation of more than one year
was observed.

Full Agreement (%)
Reader 1 2 3
Full agreement/ 1 X 78.0 84.0
deviation = 1 year (%) 2 100.0 X 80.0
3 100.0 98.0 X

3.3  Notothenia gibberifrons

Results of age determinations from scales only are given in Table 3. Three
investigators were experienced (1, 4 and 5) and two (2 and 3) had less experienced with the
species. Age classes 1 to 14/15 were identified from the samples.

Full agreement among all readers: 0
Full agreement or deviation of not
more than one year among readers: 1 (2.4%)

The following table demonstrates that the level of agreement between two readers was
approximately 25%, except in experienced readers when it was 38.0%. Even allowing for
one year of deviation among readers, agreement did not reach more than 50 to 60%.

Full Agreement (%)
Reader 1 2 3 4 5
Full agreement/ 1 X 24 .4 22.9 38.0 12.0
deviation = 1 year (%) 2 60.0 X 26.2 25.6 7.0
3 54.2 47.6 X 16.7 6.0
4 71.2 50.0 55.3 X 20.4
5 32.0 11.6 24.4 46.9 X

Less experienced readers tended to attribute higher ages to the specimens than did
experienced investigators, irrespective of the fish length (Figures 3 and 4).
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Results of ageings on a second set of samples containing scales and otoliths are set out
in Table 4. Age classes 1 to 15 were identified from the samples.

Comparison of age determination from scales did not reveal results substantially
different from those described for the first set. Analysis is therefore confined to a
comparison of age determinations from both otoliths and scales. However only three of the
five investigators examined both structures. Two (4 and 5) were experienced and one (2)
was less experienced.

Full agreement between ages determined from otoliths and scales was observed in
45.5% (reader 2), 52.6% (5) and 67.3% (4) of the samples respectively. One of the
investigators (5) attributed generally (87%) higher ages to scales compared to otoliths of
the same specimens, whereas the other two did not.

3.4  Champsocephalus gunnari

Results of comparative age determinations are given in Table 5. Two of the
investigators were experienced (1 and 3), one was experienced in ageing C. gunnari by fin
ray sections but not by otoliths (2) and one was less experienced. Age classes 0 to 9 were
identified from the samples.

Full agreement among all investigators: 18.0%
(Agreement, however, was mostly

confined to age classes 0 and 1 and

then substantially decreased).
Full agreement or deviation of not more

than one year: 72.1%

Agreement was mostly confined to the first three age classes (0 to 2).

The following table demonstrates that agreement was highest between readers 2 and 3
(62.3%).

Full Agreement (%)
Reader 1 2 3 4
Full agreement/ 1 X 40.6 46.8 41.0
deviation = 1 year (%) 2 73.4 X 62.3 39.7
3 78.7 88.3 X 46.3
4 82.3 91.1 94.2 X

Agreement between pairs of experienced readers and among less experienced readers
(except 2 and 3) did not differ considerably.

Readers 1 and 4 tended to attribute higher ages to fish of the same size more so than

did readers 2 and 3. This was consistent in all three populations of C. gunnari for which
material was available (Figures 5 to 7).
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3.5  Pleuragramma antarcticum

Results of ageings are shown in Table 6. Three investigators (1, 2 and 3) were
experienced with the species and one was (4) less experienced. Age classes 2 to 12 were
identified from the sample.

Full agreement among experienced readers existed in 20.8% of all samples. Allowing
for one year of deviation, agreement increased to 52.1%.

The following table demonstrates the agreement between pairs of readers.

Full Agreement (%)
Reader 1 2 3 4
Full agreement/ 1 X 26.2 37.5 4.2
deviation = 1 year (%) 2 76.2 X 34.2 26.8
3 78.7 65.9 X 11.1
4 43.5 42.5 33.3 X

The same difference among experienced and less experienced readers as indicated
above is also evident from this table. Less experienced investigators attributed generally
lower ages to fish of the same size than did experienced readers (Figure 8).

4, DISCUSSION

Since the beginning of the 1970s, many studies on age and growth of Antarctic fish
have been published. Most of them deal with commercially exploited nototheniids and
channichthyids. The first comparative age determinations were carried out during two
ageing workshops of the BIOMASS Working Group on Antarctic Fish Biology in 1979 and
1982 (Anon, 1980 and 1982).

Results, however, in particular those obtained during the second workshop are not
directly comparable to the CCAMLR otoliths/scales/bones exchange as other species
(Dissostichus eleginoides, Nototheniops larseni, Notothenia squamifrons) were included.

As in fish from temperate waters, otoliths and scales are widely used for ageing
Antarctic fish (Kock, Duhamel and Hureau, 1985). Except for cross sections of the first
ventral fin ray (Gubsch, 1980; Hoffmann, 1982), other bony structures (vertebrae,
coracoid, cleithrum, operculum and hypural) proved to be less successful for the
identification of annuli. However, age determination is still far from being reliable and
considerable differences exist between findings of different authors for one species. This is
clearly underlined by the results of the CCAMLR Age Determination Workshop in Moscow in
1986 and findings of the CCAMLR otoliths/scales/bones exchange.

Agreement among investigators was high for scales of juvenile N. rossii from coastal
waters of the South Shetland Islands and for otoliths of juvenile C. gunnari from South
Georgia (age class 0 to 1). Agreement decreased in this species, however, from age class 2
onwards. Agreement was lowest for scales of adult Nofothenia rossii marmorata and
N. gibberifrons and otoliths of P. antarcticum. Agreement between otoliths and scales of
individual N. gibberifrons varied from 45.5 to 67.3% depending on the investigator. One of
the experienced investigators (5) of N. gibberifrons otoliths and scales tended to attribute
higher ages to scales compared to otoliths, whereas the other two did not. This may indicate
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that scales which are subject to replacement and resorption do not necessarily exhibit more
‘checks’ which would mislead investigators into attributing a higher age to them per se (at
least in N. gibberifrons).

There was little indication that agreement among experienced readers was higher than
among experienced and less experienced investigators.

One important reason for the observed low level of agreement among readers of most
species is likely to be associated with the scarcity of validation studies in Antarctic fish.
Validation of the first age classes is usually carried out using three methods.

(i) Correlation of checks on otoliths and scales with prominent peaks in length
frequency compositions.

(ii) Estimation of the onset of scale formation and deduction of age classes from
frequency histograms of the number of sclerites.

(iii) Validation of ‘checks’ as being annual by means of counting daily increments.

Length frequency distributions have been used in C. gunnari and other icefish species
to validate age classes 0 to 2 successfully (Kock, 1981; Slosarczyk, 1987). This seems to
have been generally accepted and was largely confirmed by the results of the exchange. A
similar approach was used in P. antarcticum from the Weddell Sea (Hubold and Tomo,
1989). Unfortunately, samples of this species used in the exchange did not contain small
specimens representing the first age classes.

The first age classes of N. rossii and N. gibberifrons have been derived from
frequency histograms of the number of sclerites (Sherbich, 1975; Freytag, 1980; Boronin
and Frolkina, 1976) without, however, estimating the onset of scale formation. Freytag's
results (1980) exhibit remarkably good agreement with Burchett's findings (1983) on
N. rossii otoliths.

Daily ring counts of one of the species involved in the exchange have so far only been
carried out for N. rossii and C. gunnari (Radtke, SC-CAMLR-VI/BG/43). Findings on
N. rossii agree well with Freytag’s (1980) and Burchett’'s (1983) results, but counts for
C. gunnari indicate much higher ages in fish of the same size than those estimated by
traditional methods.

It is obvious that there is still a need to carry out additional validation studies, in
particular on exploited nototheniids, to identify the first annuli more precisely. This may
be one way to establish more reliable age determinations in exploited Antarctic fish species.
Validation studies should be extended to otoliths which are not subject to replacement and
resorption as scales are. Priority should be given to compare age determinations from both
structures as has been attempted for N. gibberifrons in the exchange.

As commonly observed in age determinations of temperate water fish, agreement
among investigators generally decreased with increasing size of the fish. This problem is
likely to remain unresolved in the near future. However, further validation studies and the
increase in knowledge of the biology of a particular species may reduce that problem.
Comparative age determinations on a workshop basis which should be combined with an
extensive discussion on the life history of a species may in the future better help to attribute
the ‘best” age to a specimen. Establishing additional exchange schemes are unlikely to give
more reliable estimates than those obtained during the first exchange.

The ‘best’ age is not necessarily the true age nor is it the majority ‘reading’ nor the mean of
the exchange ‘readings’.
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The assessment of the state of Antarctic fish stocks within CCAMLR is largely based on
age-dependent models. Prerequisites are reliable age determinations. It is evident from the
results both of the Age Determination Workshop in Moscow and the otoliths/scales/bones
exchange that ‘readings’ among investigators are not compatible. Age-dependent models
should thus be based on age/length keys from one source only to avoid the introduction of
additional systematic errors.

ACKNOWLEDGEMENT

I am grateful to Dipl. Biol. T. Grohsler and Mrs. J. Arndt for their support in the
compilation of this report.

REFERENCES

ANONYMOUS. 1980. Working Party on Antarctic Fish Biology. Report of the Second Meeting.
Dammarie-les-Lys, France, 27 to 31 May 1980. Annex: Report of the Workshop on
Age Determination of Antarctic Fish, Cambridge, UK, 28 to 31 August 1979.

ANONYMOUS. 1982. Working Party on Antarctic Fish Biology. Report of the Second
Workshop on the Ageing of Antarctic Fishes. Orono, Maine, USA, 7 to 10 June 1982.

BEDFORD, B.C. 1983. A method for preparing sections of large numbers of otoliths embedded
in black polyester resin. J. Cons. int. Explor. Mer. 41: 4-12.

BORONIN, A.V. and ZH.A. FROLKINA. 1976. Age determination in the green notothenia
(Notothenia gibberifrons Lonnb.) from the southwest Atlantic. Trudy AtlaniNIRO 60:
29-37. (In Russian).

BURCHETT, M.S. 1983. Age and growth of the Antarctic fish Notothenia rossii from South
Georgia. Br. Antarct. Surv. Bull. 60: 45-61.

CLASING, E., M.G. WHITE and C.A. MORENO. 1985. Estudio de la edad en una poblacién virginal
de Notothenia gibberifrons (Pices: Nototheniidae) de Bahia South, Antarctica. Ser.
Cient. INACH 32: 75-90.

FREYTAG, G. 1980. Length age and growth of Nofothenia rossii marmorata Fischer 1885 in
the west Antarctic waters. Arch. FischWiss. 30 (1): 39-66.

GUBSCH, G. 1980. Untersuchungen zur Altersbestimmung und zum Wachstum beim Eisfisch
Chaenocephalus aceratus (Lonnberg). Fischereiforschung 18 (1): 7-10.

GUBSCH, G. 1982. Zur Verbreitung und Biologie der Eisfische (chaenichthyidae) im
atlantischen Sektor der Antarktis. Fischereiforschung 20 (2): 39-47.

HOFFMANN, U. 1982. ZurAltersbestimmung und zum Wachstum von Noftothenia gibberifrons
Lénnberg bei South Georgia. Fischereiforschung 20 (2): 49-53.

HUBOLD, G. and A.P. TOMO. 1989. Age and growth of Antarctic silverfish Pleuragramma
antarcticum Boulenger 1902, from the Southern Weddell Sea and Antarctic
Peninsula. Polar Biol. 9: 205-212.

KOCHKIN, P.N. 1985. Analysis of registering structures and linear growth of the pike

glassfish Champsocephalus gunnari Lénnberg (channichthyidae). J. Ichthyol. 25 (5):
110-119.

206



KOCK, K.-H. 1981. Fischereibiologische Untersuchungen an drei antarktischen Fischarten:
Champsocephalus gunnari Lénnberg, 1905, Chaenocephalus aceratus (Lénnberg,
1906) und Pseudochaenichthys georgianus Norman, 1937 (Notothenioidei,
Channichthyidae). Mitt. Inst. Seefisch. Hamb. 32: 1-226.

KOCK, K.-H., G. DUHAMEL and J.-C. HUREAU. 1985. Biology and status of exploited Antarctic
fish stocks: a review. BIOMASS Scient. Ser. 6: 143.

KOMPOWSKI, A. 1983. Studies on growth rate of yellow notothenia Nofothenia gibberifrons,
Lénnberg, 1905 off South Georgia. Acta Ichthyol. Piscat. 13 (2): 3-24.

MOLLER-CHRISTENSEN, J. 1964. Burning of otoliths, a technique for age determination of
soles and other fish. J. Cons. int. Explor. Mer 29: 73-81.

NORTH, A.W., M.G. WHITE and M.S. BURCHETT. 1980. Age determination of Antarctic fish.
Cybium 1980 (8): 7-11.

SHERBICH, L.V. 1975. On the age reading methods and the onset of maturity in marbled
notothenia Notothenia rossii marmorata. J. Ichthyol. 15 (1):82-88.

SKORA, K. 1980. Changes in the composition of Notothenia gibberifrons Lénnberg
population of the shelf of South Georgia in the years 1977 to 1979. Pol. Polar Res.
1(4): 155-162.

SLOSARCZYK, W. 1987. Contribution to the early life history of Channichthyidae from the
Bransfield Strait and South Georgia (Antarctica). Proc. V. Congr. Europ. Ichthyol.
Stockholm 1985. pp. 427-433.

SOSINKSI, J. 1981. Biologia porownawcza Kerguelen (Champsocephalus gunnariy z rejonow
Antarktyki. Wydow. Morsk. Inst. Ryback. Studia i Materialy Seria B (48): 91.

207



Table 1:

Age readings of Notothenia rossii scales from South Georgia and the South

Shetland Islands.

No. Length  Weight Sex Maturity Age Readings

(cm) (g) Stage 1 2 3 4

South Georgia, November 1971, Source: VNIRO
1 70.0 5030 M 2 10 12? nr 13
2 39.5 670 M 1 4+ 4 4 5
3 67.0 3740 F 2/3 9 11 107 12
4 66.0 3280 F 2/3 8 9 107 12/13
5 53.5 1920 M 2 6 7 6/7 7
6 65.5 3540 M 2 9 10 9/10 12
7 67.0 4130 F 2/8 9 10 10 12
8 57.0 2500 M 2 8 8 8/9 9
9 66.0 3680 F 2/3 8 10 9? 12
10 67.0 3930 F 2/3 9 11 10/11 11
11 66.5 3490 F 2/3 8 - 10 10
12 62.0 3210 F 2/3 9 - 9 10
South Georgia, 1977, Source: VNIRO
1 56.0 2620 M 3/4 8 - - -
2 51.0 1450 M 3/4 7 6 6 6
3 54.0 1980 F 3/4 8 - - -
4 53.0 2360 F 3/4 8 - - -
5 51.0 1630 M 3/4 7 6
South Georgia, 1986, Source: AtlantNIRO
1 41.0 1050 - - 4 + 4 6 5
2 42.0 1100 - - 4+ 5 5/67? 6
3 43.0 1300 - - 5+ 6 6 6
4 42.0 1300 - - 5+ 6 6 6
5 42.0 1300 - - 5+ 5 6 6
6 41.0 1200 - - 4 + 5 5/67 5
7 42.0 1650 - - 4+ 5 6 5
8 48.0 1340 - - 4+ 6 6 6
9 58.0 2360 - - 6+ 8 8/9 nr
10 56.0 2180 - - 6+ 7 7/8 9
South Shetland Islands, November 1979, Source: VNIRO

1 38.5 540 F 2 6 4 5
2 45.0 1120 F 2 7 6 7 7
3 49.0 1290 M 3 7 - - -
4 44.0 920 F 2 7 - - -
5 45.5 990 M 2/3 6 - - -
6 46.5 1250 F 5 8 7 8 8
7 46.0 1130 M 3 9 7 8/9 8
8 44.0 990 F 2 9 7 9 7
9 40.0 890 M 2 8 6 8 7
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Table 1 (continued)

No. Length  Weight Sex Maturity Age Readings

(cm) (g9) Stage 1 2 3 4
South Shetland Islands, November 1986, Source: AtlantNIRO

1 41.0 860 - - 54+ 5 6 6
2 48.0 1600 - - 6+ 7 8 8
3 48.0 1450 - - 6+ 6 6/7 7
4 46.0 1350 - - 6+ 6 7 7
5 42.0 1070 - - 5+ 6 6 6
6 52.0 2070 - - 7+ 7 9 8
7 45.0 1200 - - 6+ 6 7 7
8 47.0 1610 - - 7+ 7 8 7
9 42.0 1010 - - 5+ 6 6 6
10 39.0 930 - - 5+ 5 6 6

Age readings, source:

1: VNIRO and AtlantNIRO (USSR) respectively
2: U. Hoffman (GDR)
3: E. Barrera-Oro (ARG)
4: K.-H. Kock (FRG)
- not available, lost
nr not readable
Table 2:  Age readings of juvenile Notothenia rossii scales from King George Island (South
Shetland Islands). Source: Instituto Antartico Argentino.
No. Capt. Length  Weight Sex Maturity Age Readings
(cm) (g9) Stage 1 2 3
1 10/05/83 30.0 - M - 4 4 4
2 13/05/83 33.5 - F - 4 4 4
3 16/05/83 23.5 M - 3 3 3
4 19/05/83 28.5 - M - 3 3 3
5 19/05/83 33.5 - M - 5 6 4
6 23/05/83 25.7 - F - 3 3 3
7 27/05/83 24.4 - M - 3 3 3
8 04/06/83 31.3 - M - 4 4 4
9 04/06/83 30.2 - F - 4 4 4
10 04/06/83 36.5 - F - 5 5 5
11 08/06/83 24.8 - M - 3 3 3
12 08/06/83 32.7 - M - 5 5 4
13 17/11/83 26.6 - F - 3 3 4
14 17/11/83 35.0 - M - 5 4 5
15 17/11/83 37.5 M - 6 5 6
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Table 2 (continued)

No. Capt. Length  Weight Sex Maturity Age Readings
(cm) (9) Stage 1 2 3
16 21/11/83 36.6 - F - 6 6 6
17 21/11/83 33.9 - F - 5 5 5
18 11/04/85 44.3 1118 M - 6 6 6
19 18/04/85 38.9 665 M 2 5 5 5
20 25/04/85 37.0 635 F 1 5 5 5
21 25/04/85 36.5 592 M 1 5 5 5
22 25/04/85 35.5 570 M 1 5 5 5
23 14/05/85 37.4 757 F 1 5 5 5
24 14/05/85 36.8 597 M 1 5 5 5
25 17/05/85 26.7 258 M 1 3 3 3
26 20/05/85 37.7 727 F 2 5 5 5
27 07/08/85 36.6 606 F 2 5 6 5
28 07/08/85 39.1 818 M 2 6 6 6
29 23/08/85 37.0 673 M 1 5 6 6
30 08/09/85 37.6 658 F 2 5 6 6
31 20/09/85 38.0 617 F 2 5 6 6
32 20/11/85 38.0 656 M 1 6 6 6
33 25/12/85 43.0 879 M 2 7 6 6
34 25/12/85 37.6 739 M 1 6 6 6
35 04/01/86 40.5 952 F 2 6 6 6
36 04/01/86 30.0 392 F 1 4 4 4
37 04/01/86 35.5 576 M 1 6 6 5
38 04/01/86 39.6 728 M 2 6 6 6
39 04/01/86 37.3 654 M 1 6 6 6
40 04/01/86 37.9 714 M 1 6 6 6
41 08/02/86 40.0 824 F - 6 6 6
42 08/02/86 37.9 770 M 3 6 6 6
43 08/02/86 38.9 803 F 2 6 5 6
44 08/02/86 40.5 830 F 2 6 6 6
45 03/04/86 42.1 1030 F 2 6 6 6
46 07/05/86 38.9 697 M 2 6 5 6
47 07/05/86 38.6 804 F 2 6 5 6
48 06/12/86 23.8 153 F 1 3 3 3
49 06/12/86 23.0 126 F 1 3 3 3
50 29/12/86 24.2 165 F 1 3 3 3

Age readings, source:

1:
2:
3:
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Table 3:  Age readings of Notothenia gibberifrons scales from South Georgia and the South
Shetland Islands.

No. Length Weight Sex Maturity Age Readings
(cm) (9) Stage 1 2 3 4 5

South Georgia, March 1985, Source: VNIRO

1 42.0 740 F 3 11 11/12 9 10 9
2 33.0 355 M 2 7(8) nr nr 6 5
3 36.0 500 F 3 8 + nr 7 6 6
4 37.0 460 M 3 11 12/13 10 11 9
5 41.0 650 M 3 10 nr 9 9 8
6 34.0 480 M 3 10 10/11 13 12 7
7 40.0 610 M 3 11 11 9 9 9
8 36.0 500 M 3 10 11 10 9 8
9 40.0 470 F 2 9 nr 9 8 8
10 38.0 530 M 3 9 9/10 9 9 7
South Georgia, September 1986, Source: AtlantNIRO
1 11.3 8 - - 1 1 3 1 1
2 10.9 7 - - 1 1 3 1 1
3 28.7 200 - - 6 6 6 4 -
4 21.8 70 - - 4 nr 5 2 -
5 24.0 98 - - 4 nr nr 2 3
6 20.6 55 - - 3 3/4 7 3 3
7 19.0 42 - - 2 3/4 5 2 -
8 37.0 450 - - 8 9/10 10 7 7
9 33.0 400 - - 7 8 10 8 5
10 39.0 650 - - 9 - - - -
11 31.0 340 - - 7 7 9 5 5
12 37.0 540 - - 9 9 11 9 7
13 45.0 960 - - 11 13/14 11 12 11
14 46.0 1100 - - 13 14 14 14 11
15 43.0 830 - - 14 - - - -
16 46.2 1050 - - 13 - - -
17 41.8 790 - - 8 10/11 nr 11
South Shetland Islands, March 1985, Source: VNIRO

1 22.5 100 M 1 4+ 5/6 6 4 4
2 36.0 430 F 2 9+ 12 8 8 7
3 34.5 350 M 2 8+ 10/11 9 8 6
4 39.0 580 F 3 10(9) - - - -
5 26.0 145 F 1 5+ 7 7 6 4
6 30.5 255 F 1 7(8) 9 7 8 5
7 40.0 650 M 3 11 14/15 10 11 8
8 32.0 245 M 1 8+ 9/10 8 8 6
9 43.5 740 F 3 12 14 11 107 10
10 29.0 215 F 2 8+ 9 7 8 6
11 28.0 180 F 1 6+ - - - -
12 30.0 220 M 1 7+ 9/10 8 7 5
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Table 3 (continued)

No. Length Weight Sex Maturity Age Readings
(cm) (g9) Stage 1 2 3 4 5

South Shetland Islands, March 1985, Source: VNIRO (continued)

13 39.0 760 F 3 11 nr 9 9 7
14 33.0 350 F 2 9+ 11 9 11 6
15 28.5 220 F 1 6(7) 8 8 6 4
16 36.0 440 M 3 8 + 13 nr 10 8
17 38.0 610 F 3 9+ 13/14 9 11/12 8
South Shetland Islands, November 1986, Source: AtlantNIRO
1 29.0 230 - - 7 8/9 9 7 5
2 28.0 220 - - 7 9 9 6 4
3 27.0 180 - - 6 8 9 6 5
4 30.0 260 - - 7 9 11 - 5
5 24.0 140 - - 5 6/7 8 5 4
6 36.0 520 - - 8 12 10 8 7
7 37.0 440 - - 8 nr 10 9 7
8 33.0 350 - - 9 9/10 10 9 6
9 38.0 625 - - 9 12 10 11 7
10 35.0 420 - - 9 10/11 11 9 7
11 40.0 670 - - 10 11/12 10 9 8
12 41.0 710 - - 10 11 11 9 8
13 42.0 820 - - 12 13 nr 10 9
14 41.0 810 - - 11 12/13 11 11/12 9

Age readings, source:

1. VNIRO and AtlantNIRO (USSR) respectively

2. E. Barrera-Oro (ARG)

3. M.T. Garcia Santamaria, E. Balguerias Guerra (SP)
4. R. Coggan, M.G. White (UK)

5. U. Hoffman (GDR)
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Table 4:  Age readings of Notothenia gibberifrons otoliths and scales from South Georgia.
Source: British Antarctic Survey (UK)
No. Length Weight Sex Maturity Age Readings (otoliths/scales)
(cm) (g) Stage 1 2 3 4 5
88 20 80 39.5 610 F 2 9/- 12/12 -/7 10/9 8/10
20 81 35.6 400 M 1 12/- 10/nr  -/7 9/10 9/10
24,65 43.2 870 F 1 10/- 13/- - 13/- -
24 66 33.7 350 M 1 6/- 10/7 - 7/- 6/7
24 80 41.8 720 M 2 7/- 13/106 -/8 10/10 10/11-12
24 82 34.0 350 M 1 5/- 11/10 -/86 8/8 8/9
27 63 35.2 390 M - 6/- 11/~ - 9/- 9/ -
88 49 68 26.0 132 M 2 47/ - 7/- - 57/- 5/-
83 39.0 660 M 2 7/- 11/11 -/8 9/9 9/9
84 40.0 690 F 2/ 7-6/- 12/12 -/8 11/10 9/10
85 40.2 620 M 2 8-7/- 12/12 -/9 11/10 9/10
86 34.5 350 M 1 6/- 9/10 -/6 717 6-7/8
87 20.3 70 M 1 4/ - 56 -/3 4/4 3/3-4
88 60 80 36.5 ? ? ? 7/- 10/10 -/86 8/8 7/7-8
81 36.5 475 F 2 6/- 10/10 -/86 ?17 777
82 34.5 375 F 1 6-7/- 10/10 -/6 717 6/7
83 38.5 550 F 1 7/7- 12/111 -/7 8/9 9/9
84 37.5 500 F 2 7/- -1 -7 8/8? 8/10
85 31.0 255 F 1 5/- 9/11 - 6/6 6/6
86 30.0 245 F 1 6/- 8/8 -/5 6/6 5/6
87 30.5 252 F 1 7/- 11/11  -/8 7/6 6/7
88 30.5 236 F 1 9/- 9/9 -/5 7/6 6(57?)/6
89 25.8 210 M 1 7-6/- 8/7 -/4 5/5 5/5
90 23.3 95 M 1 6-8/- 717 -/4 4/4 4/4(37)
88 60 91 23.0 90 M 1 6/- 717 -/3 4/4 4/3
92 24.2 120 F 1 (3)/- -16  -/4 ?/4 3(27)/4
g3 22.2 85 F 1 4/- 6/6 -/3 4/4 3/3
94 22.5 83 F 1 4-7/- 5/6 -/3 4/4 4/4(57)
15 B 1-1 20.8 64 F 1 3/- 7/- -/3 4/4 3/57
1-2 21.5 80 F 1 4/ - 6/- -/3 4/4 3/47
1-3  30.0 270 F 2 8/- 7/- -I5 716 6/6(77)
1-4 18.3 37 F 1 ?/- 6/- -/12 4/3 2/37
15 B 1-5 39.1 560 - - 11/- 13/- - 10/- 11/1-
1-6 38.3 520 F 2 9/- 10/- -17 9/9 9/(10?)9
1-7 38.0 590 F 1 11/- 10/- -17 8/9 9/(107)9
1-8 40.9 650 M 2 10/- 14/- - 10/- g/11
1-9 35.8 530 F 2 11/- 11/- -17 8/10 8/10(117?)
1-1 22.4 84 F 1 6/- 7/- -/3 5/5 (67)7/3(47)
89 44 41 19.8 47 F 1 4/- 7/6 -/3 474 3/3
42 18.0 42 F 1 4/- 717 -/2 4/3 (27)3/(27)3
43 16.3 26 F 1 4/ - 6/6 -/2 3/3 2/2(37)
66 31.3 270 F 2 9/- 10/10 -/6 6/6 71/-
68 41.5 770 M 2 13/7/- 14/11 -/10 11/11 (11?2)12/11
69 42.4 850 F 2 13/- 15/15 -/9 11/10 11/11
70 33.2 360 M 1/ 7/- 11/12 -/86 7/8 7/8
71 38.8 540 F 2 9/- 10/11 -/7 8/8 9/9
72 41.3 770 M 2 9/- 12/10 -/8 11/11 10/12
73 35.8 450 F 2 8-9/- 10/11 -/7 8/9 8/(87)9
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Table 4 (continued)

No. Length Weight Sex Maturity Age Readings (otoliths/scales)
(ecm) (g) Stage 1 2 3 4 5
89 44 74 27.0 155 F 1 8/- 8/- -/4 5/5 5/5
75 25.5 122 M 1 4/- 8/7 -/4 5/4 5/5
76 18.2 41 M 1 8/- 5/6 -/3 4/4 4/3(47?)
77 12.6 11 F 1 2/- 5/4 -/2 2/2 ?2/?
78 12.3 11 F 1 2/-  4/4  -/1 2/2 2/2
89 45 51 22.0 80 - 1 5/- 8/- - 4/- (42)3/-
52 17.1 32 - 1 3/- 5/- - 3/- 3/-
53 13.7 16 - i 3/-  41/- - 2/- 2/-
54 14.5 20 F 1 3/- 5/- - 3/- 2-3/-
61 12.2 11 - 1 2/-  3/- - 2/- 2/-
62 7.7 2 - 1 ?2/- 2/- - 1/- 1/-
89 46 38 14.4 21 - 1 2/- 4/- - 3/- 3/-
39 13.7 19 M 1 3/-  4/- - 3/- 3/-
40 13.7 17 M 1 3/- 5/- - 3/- 3/-
41 11.6 10 M 1 2/- 3/- - 2/- (3?2)2/-
42 12,9 16 M 1 2/- -/- - 2/- 2/-
45 43.6 750 F 2 12/- 12/- - 12/- 12/-
76 43.1 1010 M 3 14/- 12/- - 12/- 12/-
77 37.8 ? F 1 9-10/- 10/- - 9/- (97)10/-
79 32.9 325 F 1 8-7/- 9/- - 8/- 8/-
80 23.7 110 F 1 4/- 5/- - 5/- 57?/-
81 17.6 36 - 1 3-4/- 4/- - 3/- 3/-
82 14.8 20 - 1 3/-  4/- - 3/- 3/-
96 40.0 665 F 2 10/- 11/9 -/8 10/10 10/9
97 21.1 84 M 1 4/- 6/6 -/3 4/4 4(572)/4(57?)
98 31.8 300 M 1/2 7-6/- 8/8 -/5 6/6 6/6
99 23.1 79 M 1 4 5/5 -/3 4/4 4/(37)4
894700 36.3- 450 M 2 8/- 11/9 -/7 8/8 9/8(97)
01 30.1 219 F 1 6/- 8/- -/5 6/6 6(57?)/5(67)
02 39.2 600 M 2 9/- 10/9 -/8 9/9 9(107?)/9
03 31.8 288 F 2 7/- 9/10 -/5 717 7/6
04 36.7 490 M 2 9/- 11/10 -/7 9/9 718
05 12.0 11 F 1 2-3/- 5/4 -/t 2/2 ?/1(27?)

Age readings, source:

1. R. Coggan (UK)

2. M.T. Garcia Santamaria
E. Balguerias Guerra
M.E. Quintero Perez (SP)

3. U. Hoffmann (GDR)

4. K.-H. Kock (FRG)

5. K. Skora (POL)
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Table 5: Age readings of Champsocephalus gunnari otoliths from South Georgia, the South
Orkney Islands and South Shetland Islands.

No. Length  Weight Sex Maturity Age Readings
(cm) (g) Stage 1 2 3 4

South Georgia, Source: VNIRO, AtlantNIRO

1 7.3 1.1 - 1 0+ 0 0 0
2 7.5 1.3 1 0+ 0 0 0
3 9.0 2.5 - 1 0+ 0 0 0
4 18.4 34 - 1 1+ 1 1 1
5 20.7 49.2 M 2 1+ 1 1 2
6 20.7 49.5 F 2 1+ 1 1 2
7 20.8 51.2 M 2 1+ 1 1 2
8 22.0 63 M 1 1+ 2 2 2
9 27.8 117 M 3 2+ 2 2 2
10 28.1 136 M 3/4 2+ 2 2 2
11 28.5 118 F 2 2+ 2 ? 2
12 30.5 165 F 3 3+ 3 2 -
18 30.5 186 M 2 3+ 3 2 3
14 34.0 276 M 3/4 3+ 3 2 ?
15 34.5 276 F 3/4 4+ 3 3 3
16 36.0 287 F 2/3 4 + 3 4 4
17 36.0 307 M 3 4+ 4 4 4
18 36.2 344 M 3/4 4 4+ 4 5 4
19 39.6 374 M 2/3 5+ 4 ? 4
20 40.5 475 M 3/4 5+ - - -
21 42.6 450 F 3/4 5+ 4 5 5
22 48.7 915 M 3 7+ 5 9 -
23 50.5 870 M 3 8 + - - -
24 57.5 1720 F 3 11+ - - -
South Georgia, December 1984, Source: VNIRO, AtlantNIRO
1 25.1 90 M - 3 2 2 3
2 37.4 363 M - 6 3 4 4
3 37.1 346 F - 6 3 ? 4
4 29.2 175 F - 4 3 2 3
5 33.2 264 F - 5 3 3 3
Shag Rocks, October 1985, Source: VNIRO, AtlantNIRO
6 13.3 12.1 M - 1 ? ? 2
7 24.8 91.6 F - 3 2 2 3
8 30.0 174.0 M - 4 3 4 3
9 21.6 66.5 M - 3 2 2 3
10 13.5 11.2 F - 1 1 1 2
11 25.1 86.6 F - 3 - 2 3
12 13.9 10.1 F - 1 1 1 2
13 22.2 59.7 F - 3 2 2 2
14 28.9 114.0 M - 4 2 3? 3
15 15.2 17.8 M - 1 1 1 2
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Table 5 (continued)

No. Length  Weight Sex Maturity Age Readings
(cm) (g) Stage 1 2 3 4
South Orkney Islands, March 1978, Source: VNIRO, AtlantNIRO
1 13.5 10 - 1 1+ 1 1 14+
2 20.5 50 F 2 2+ 2 2 2+
3 22.0 60 - 1 2+ 2 2 3
4 22.0 60 F 2/3 3+ 2 2 2
5 24.0 70 M 2 3+ 3 3 2
6 25.0 90 F 3 3+ 3 3 2+
7 26.5 100 F 3 4+ 3 3 /4
8 27.0 110 M 3 4 + 3 3 3
9 27.0 100 F 2 4+ 3 3 3
10 28.0 110 M 2 4 + 3 3 4+
11 28.0 120 M 2 5+ 3 3 4+
12 30.0 160 M 2 5+ 3 3 4
13 30.5 140 F 3 5+ 3 3 4
14 33.0 230 F 3 6+ 4 4 3+
South Shetland Islands, March 1985, Source: VNIRO, AtlantNIRO
1 29.5 165 F 2 3+ 3 3 3
2 30.5 165 M 2 3+ 2 3 3+
3 34.2 - M 3 4 + 3 4 4
4 34.3 - F 3 4 + 4 4 7
5 36.2 - F 3 5+ - - 5
6 36.5 260 F 2 5+ 4 5 7
7 40.0 450 F 2 5+ 3 4 6
8 40.0 500 M 3 5+ 4 5 6
9 41.0 740 M 2 5+ 5 5 6
10 47.3 - M 3/4 7+ >5 8 ?
11 47.5 940 F 4 7+ 7 7 6+
12 51.5 980 M 4 8 + >6 ? 6 +

Age readings, source:

1.
2.
3.
4.
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G. Gubsch (GDR)

J. Sosinski (POL)
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Table 6:

Age readings of Pleuragramma antarcticum otoliths from Mawson Sea, March

1984.
Source: AzcherNIRO
No. Length  Weight Sex Maturity Age Readings
(cm) (9) Stage 1 2 3 4
1 19.3 66.0 F - 7 9 9 6/7
2 18.2 51.0 F - 7 5 8 5
3 19.8 80.0 F - 9 9 7 7
4 18.6 60.0 F - 8(7) 8 8 6/7
5 16.6 45.0 M - 7 8 7 5
6 19.1 64.0 F - 7 ? 7 67?
7 17.4 58.0 M - 7 8 6 6
8 18.4 74.0 M - 8 9 9 7
9 20.1 90.0 F - 8 9 9 6/7
10 18.7 74.0 F - 9(10) ? 97 5/6
11 19.2 80.0 F - 7 8 10 57
12 18.4 70.0 F - 8 8 9 5/6
13 16.8 49.0 M - 7 8 8 5
14 18.0 69.0 F - 7 ? 7 5
15 19.6 93.0 F - 9 10 9 6/7
16 17.2 58.0 F - 7 9 8 4/5
17 17.8 68.0 F - 7 7 7 4/5
18 17.3 67.0 M - 8 6 8 5/6
19 20.6 99.0 F - 8 7 9 6/7
20 16.9 42.0 M - 6(7) ? 77 5
21 16.6 50.0 M - 6 7 7 4/5
22 14.2 26.0 M - 5 4 5 3/4
23 15.5 34.0 F - 5 4 5 ?
24 16.6 40.0 F - 6 4-5 7 4
25 16.0 44.0 M - 7(6) 7 7 4
26 15.0 30.0 F - 5 5 5 3/4
27 15.4 38.0 F - 5(6) 6 5 4
28 16.0 34.0 M - 5 57 7 4
29 15.5 32.0 F - 5 5 5 3
30 14.5 24.0 M - 5 - - -
31 20.5 89.0 F - 9 7 8 7
32 14.5 26.0 F - 5 ? 7 3/4
33 20.5 80.0 F - 107 7 8 6/7
34 14.5 25.0 F - 5 4 5 4
35 13.4 21.2 F - 5 3 4 3
36 13.4 22.0 M - 5 3 4 4
37 12.4 15.0 M - 4 2- - 2/3
38 13.9 18.7 F - 4 4 4 -
39 12.6 16.5 F - 4 3 3 2
40 13.6 19.9 F - 5 - - -
41 13.5 21.5 M - 5 4 6 3
42 19.4 69.8 F - 8 9 7 5/6
43 19.3 73.0 M - 7 12 9 7
44 17.8 56.0 F 7 9 7 5
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Table 6 (continued)

No. Length  Weight Sex Age Readings

(cm) (g) 2 3 4
45 17.1 52.5 M 7 ? 5 /
46 16.5 44.5 M 7 8 5 5
47 15.9 38.9 F 6 6 6 4
48 13.8 20.3 M 5 5 6 3
49 13.6 18.5 F 5 4 4 2
50 18.1 46.8 F 6 5 8 5

Age readings, source:

1
2.
3.
4

V.V. Gerasimchook (USSR)

G. Hubold (FRG)

R. Williams (AUS)

E. Barrera-Oro (ARG)

218
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Figure 1: Length versus age plot from comparative age determinations on scales of

Notothenia rossii from South Georgia. Collected 1971, 1977 by VNIRO (USSR).

For readers 1-4 see footnote to Table 1.
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Figure 2: Length versus age plot from comparative age determinations on scales of
Notothenia rossii from South Georgia. Collected 1986 by AtlantNIRO (USSR).
For readers 1-4 see footnote to Table 1.
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NOTOTHENIA GIBBERIFRONS

IS S HE S U AU TN RN S T SO U S S S B SO G L L
15 -
s . 1 B
] + 7 * +e
12 - ¥ 3 g + O
- . O 4 B +3 %
0 . ¥+ F¥ of
f; 9 - ¥ (EE EE%
bl . B ez [J o
U % TP
0 6 - ¥ 0 O
s i ¥ ¥ d
v . : 0O
3 * + B
. B OO0
> -3
A —
T AN R e A Rt ERL AR S S A L B T T
8 18 28 30 48
length (cm)
Figure 3: Length versus age plot from comparative age determinations on scales of

Notothenia gibberifrons from South Georgia.

(Data of reader 5 have not been

included due to submission after deadline). Collected 1985, 1986 by VNIRO and

AtlaniNIRO (USSR).
For readers 1-4 see footnote to Table 3.
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Figure 4: Length versus age plot from comparative age determinations on scales of
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Notothenia gibberifrons from the South Shetland Islands. (Data of reader 5 have
not been included due to submission after deadline). Collected 1985, 1986 by
VNIRO and AtlantNIRO (USSR).

For readers 1-4 see footnote to Table 3.



CHAMPSOCEPHALUS GUNNARI
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Figure 5: Length versus age plot from comparative age determinations on otoliths of

Champsocephalus gunnari from South Georgia. Collected by VNIRO and AtlantNIRO
(USSR).
For readers 1-4 see footnote to Table 5.
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Figure 6: Length versus age plot from comparative age determinations on otoliths of
Champsocephalus gunnari from the South Orkney Islands. Collected by VNIRO and
AtlantNIRO (USSR).

For readers 1-4 see footnote to Table 5.
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CHAMPSOCEPHALUS GUNNARI
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Figure 7: Length versus age plot from comparative age determinations on otoliths of

Champsocephalus gunnari from the South Shetland Islands. Collected by VNIRO
and AtlantNIRO (USSR).
For readers 1-4 see footnote to Table 5.
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PLEURAGRAMMA ANTARCTICUM
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Figure 8: Length versus age plot from comparative age determinations on otoliths of

Pleuragramma antarcticum from Mawson Sea. Collected by AzcherNIRO (USSR).
For readers 1-4 see footnote to Table 6.
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II. ANTARCTIC KRILL







SC-CAMLR-VII/BG/11
COMMERCIAL KRILL FISHERIES IN THE ANTARCTIC, 1973 TO 1988
D.G.M. Miller
Abstract

STATLANT data reported to the Commission for the Conservation of
Antarctic Marine Living Resources (CCAMLR) are used to discern
observable trends in catch and effort for the Antarctic krill
(Euphausia superba) fishery between 1972/73 and 1987/88. The
annual krill catch rose gradually to a peak of some 500 000 tonnes in
1981/82 before dropping to a low level in 1983/84 and stabilizing
at about 400 000 tonnes thereafter. In terms of both catch and effort
the Soviet and Japanese krill fisheries in Subareas 48.1, 48.2 and
48.3 prevail in the CCAMLR Convention Area. Monthly fishing
patterns (November to April) are similar in all areas, except in
Subarea 48.3 where fishing is predominantly confined to the winter
months (April to August). Trends in the fishery with respect to
independent estimates of krill abundance and minke whale
(Balaenoptera acutorostrata) catches are discussed.

Résumé

Les données STATLANT présentées a la Commission pour la
conservation des ressources marines vivantes de I'Antarctique
(CCAMLR) sont utilisées pour discerner les tendances apparentes de
capture et d'effort pour la pécherie du krill antarctique (Euphausia
Ssuperba) entre 1972/73 et 1987/88. La capture annuelle du krill
a augmenté petit a petit jusqu'a un maximum de quelques
500 000 tonnes en 1981/82 avant de baisser jusqu'a un niveau
faible en 1983/84 et de se stabiliser par la suite, & environ
400 000 tonnes. Il semble qu'en termes de capture ainsi que
d'effort, les pécheries soviétiques et japonaises dans les sous-zones
statistiques 48.1, 48.2 et 48.3 dominent I'exploitation du krill dans
la Zone de la Convention de la CCAMLR. Les fagons de pécher, par mois
(de novembre a avril), sont similaires dans toutes les zones, a
I'exception de la sous-zone 48.3 ou les activités de péche sont
limitées pour la plupart aux mois d'hiver (d'avril a ao(t). Les
tendances dans la pécherie en ce qui concerne des estimations
indépendantes de I'abondance du krill et les captures de petits
rorquals (Balaenoptera acutorostrata) sont examinées.

PeswoMe

HdanHole mo STATLANT, npezcrtaBjeHHble B KoMUCCUIO IO
COXpaHEeHUI MOPCKUX XHBbIX pecypcoB AHTapKTUKU (AHTKOM)
HCMOJb3YITCS  AJI  TOro, UTO6bl BBISIBUTb OUEBH/HBIE
3aKOHOMEPHOCTH W3MEHEeHUN YJIOBOB U IPOMbBICJOBOI'O YCUJIUSE
IIPU NpOMBICJIE aHTapKTHUUeckoro KpuJust (Euphausia superba) B
TeueHue nepuona 1972/73 - 1987/88 rr. ExXeroaHulli BbLJIOB
KpuJisi MOCTENEHHO BO3pacTasg A0 MakKCHUMyMa IpUMEpPHO B
500 000 1. B 1981/82 r.; 3aTeM BBLIJIOB HAXOAUJICS Ha HU3KOM
YpoBHe B 1983/84 r. M BHOCJIEACTBUH CTabUJIU3UPOBAJICST Ha
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yporHe okoJio 400 000 T. HUMewnTest CBUJIETENbCTBA TOI'O, UTO
KakK B OTHOWEHWU BBIJIOBA, TaK W IPOMBICJAOBOIO YCUJINUA
COBETCKHUI U SINOHCKUU NpoMeiceJ B loApalioHax 48.1, 48.2, u
48.3 urpawoT IVIABHYK pOJIb B 3KCIJyaTallUU KpUJs B 30HE
neiicteust KonseHiun AHTKOM, ExXeMeCsiuHbII IIPOMbBICJIOBBIN
peXuM (Hosibpb-anpeJsib) noAob6eH BO BCEX palioHaxX 3a
uckJawuyeHreMm IloapafioHa 48.3, rae INpoMbicesJ BeaeTcs
rJIaBHbIM ob6pazoM B TeueHue 3UMHUX MecsLEeB
(ampeJsib-aBrycrt), PaccMaTpHBaIOTCsl HallpaBJEeHUs U3MEHEHUM
NpOMBICJIA KPUJIS, OlNpeieJIEeHHble 110 HE3aBUCUMBIM  OLIEHKAM
UHCJIEHHOCTU KpWJisd M pa3Mepa YJOBOB MaJoro MOJIOCATUKA
(Balaenoptera acutorostrata).

Resumen

Los datos notificados a la Comisién para la Conservaciéon de los
Recursos Vivos Marinos Antarticos (CCRVMA) en formularios
STATLANT se utilizan para distinguir tendencias visibles en la
captura y esfuerzo para la pesca de krill Antartico (Euphausia
superba) entre 1972/73 y 1987/88. Hubo un aumento gradual en
la captura anual de krill llegando a un maximo de 500 000 toneladas
durante un tiempo en 1981/82, antes de disminuir a un nivel
minimo en 1983/84 para estabilizarse alrededor de
400 000 toneladas de ahi en adelante. En términos de captura y
esfuerzo, las pesquerias de krill soviética y japonesa en las Subareas
48.1, 48.2 y 48.3 predominan en el Area de la Convencion de la
CCRVMA. Los patrones mensuales de pesca (noviembre a abril) son
semejantes en todas las areas, excepto en la Subédrea 48.3 donde la
pesca es limitada principalmente a los meses de invierno (abril a
agosto). Se debaten las tendencias en la pesqueria con respecto a
estimaciones independientes sobre la abundancia de krill y rorcual
aliblanco (Balaenoptera acutorostrata).



1. INTRODUCTION

During the past three decades a growing demand for protein from the sea combined
with increasingly restricted access to historical fishing grounds has resulted in the
development of many “unconventional” fisheries (cf Robinson, 1982; Budzinski et al.,
1985). In particular, such development has been focussed on the Antarctic krill (Euphausia
superba Dana).

Krill has long been recognised as a key component of many Antarctic marine food webs
(cf Marr, 1962; Everson, 1977; Knox, 1984 amongst others) and exhibits several
attributes which enhance its potential as an exploitable resource. These include:

- high global abundance estimates (Everson, 1977; Gulland, 1983);

« high nutritional value (Grantham, 1977; Budzinski et al., 1985); and

- relative ease of capture arising from the species’ tendency to aggregate (Eddie,
1977; El-Sayed and McWhinnie, 1979).

Exploratory fishing for krill as a commercial resource commenced in the early
1960’s and initially catches were relatively small (Table 1). The build-up of annual
catches was slow and it was not until the 1973/74 season that exploitation of krill could in
any way be considered to have been on a commercial basis.

The primary aim of this paper is to review krill catches over the past fifteen years.
Catch statistics will be used to indicate areas where the fishery has been most active and
from which the largest catches have been taken. Discernible trends in the catches will be
considered in the light of available theories on krill distribution and some attempt will be
made to provide insights into possible relationships between krill fisheries. and the species’
distribution. As a secondary aim, some attempt will be made to assess possible links between
the information provided by the fisheries data and available knowledge on krill predators. It
is hoped that this approach will contribute to current efforts aimed at assessing the role of
the minke whale (Balaenoptera acutorostrata) as an indicator of krill stock dynamics.

2. THE KRILL FISHERY
2.1 Available Data

Krill catches are reported from three major statistical areas in the Antarctic.
Originally defined by the FAO, these areas have been subsequently adopted by the Commission
for the Conservation of Antarctic Marine Living Resources (CCAMLR) (CCAMLR, 1988a).
They are termed the Atlantic (Statistical Area 48), Indian Ocean (Statistical Area 58) and
Pacific Antarctic (Statistical Area 88), and for convenience have been further subdivided
into various subareas and divisions (Figure 1).

Summary catch and effort data are supplied annually to CCAMLR using the STATLANT A
and B formats. For reporting purposes, catches are summarized by split-years; a
split-year being the twelve month period from 1 July in one year to 30 June in the next.
The catch year is designated according to the second of the two split-years. Krill STATLANT
data contain information on catch with respect to year, month, major gear type, vessel type
and geographical subarea.

Both STATLANT A and B data are considered in this paper, although only data where
krill were specified as the target or only species caught have been used to analyze fishing
effort. The bulk of catches taken during the period under consideration (1973 to 1988)
were by the Soviet fishery (see below). Prior to 1983, however, Soviet catch data in all
areas were not ascribed by month, and effort data (e.g. hours fished) are only available from
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that year onwards. Fine-scale catch and effort data (taken in groups by 10-day period and
0.5° latitude x 1° longitude) have been available since 1985/86 for Subareas 48.1 and
48.2 only. Such data have not been considered to any great extent in the analyses reported
here.

2.2  Trends in Catches
2.2.1 Annual catch

During the period 1973 to 1988 (Figure 2) annual krill catches in the CCAMLR
Convention Area rose steadily from 19 785 tonnes in 1973/74 (with a minor reduction of
28 891 tonnes, from 477 023 tonnes to 448 132 tonnes, between 1979/80 and 1980/81)
to a peak of 528 201 tonnes in 1981/82. After 1982, catches declined sharply to a trough
of 130 875 tonnes in 1983/84; a level close to that observed in 1977/78
(132 349 tonnes) during the early expansion of the fishery. Thereafter, annual catches
gradually increased to a second peak of 445 673 tonnes in 1985/86 and subsequently
levelled off at about 370 000 tonnes in the remaining years. From Figure 2 it is also
apparent that the Soviet Union (£85% total) and Japan (+14% total) are by far the two
major krill fishing nations, together accounting for about 99% of all catches.

2.2.2 Annual Catch By Area and Subarea

The annual catch in Statistical Area 48 is consistently larger (except for the |
1975/76 season when no krill were taken in this area) than in Statistical Areas 58 and 88
for any one year (Figure 3). This trend has been especially obvious since the 1983/84
season.

Trends in the annual catch from the three areas (Figures 4 to 6) show slight
differences, although Soviet and Japanese catches remain dominant. In Statistical Area 48
(Figure 4) the overall catch trend is similar to that for all three areas combined (Figure
3), which is not surprising given that Statistical Area 48 accounts for the major proportion
of the annual catches. Gradually increasing catches in Statistical Area 58 peaked in
1980/81 (155 030 tonnes), at a much lower level than the 1985/86 peak
(425 871 tonnes) in Statistical Area 48, before falling to consistently lower levels
(£20 000 tonnes) thereafter (Figure 5). Sporadic catches in Statistical Area 88 reached a
peak of 10 637 tonnes in 1982/83 and exhibited a subsequent decline similar to that in
Statistical Area 58 (Figure 6). The 1983/84 season yielded the lowest post-peak catch
levels in Statistical Areas 48 and 88 (104 680 and 641 tonnes respectively), which
occurred (5 932 tonnes) in Statistical Area 58 two seasons later (1985/86).

Plots of cumulative catch by subarea (Figures 7 and 8) again illustrate the relatively
large catches in Statistical Area 48 compared with the other two areas, despite the fact that
both Statistical Areas 58 and 88 are substantially larger than Statistical Area 48. It is also
apparent that prior to 1979/80 substantial catches in Statistical Area 48 were reported
from subareas “unknown”. These were predominantly taken by the Soviet fishery and
suggest that the total catch from Statistical Area 48 over the years is substantially greater
than that reflected in the designated subarea data presented.

The accumulated catches were greatest in Subareas 48.2 (1 161 678 tonnes) and
48.3 (977 118 tonnes) (Figures 7a and 7b) as were annual catches (Figure 9). Similarly,
the pattern of both the underlying annual trend in catches and a low 1983/84 catch in these
two subareas closely resembles the overall trend for Statistical Area 48 illustrated in
Figure 4. Given the relative importance of catches from Statistical Area 48, therefore, the
following analyses have tended to concentrate on Subareas 48.1, 48.2 and 48.3.
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2.2.3 Catch By Subarea and Month

Although monthly Soviet catches are not available prior to 1983, it is possible to plot
total catches by month for various subareas and time periods (Figure 10). Monthly catch
trends are remarkably similar in Subareas 48.1 and 58.4 and Area 88 as a whole (Figures
10a, 10d and 10e). Fishing commences in early spring (i.e. October/November) and is
followed by a gradual increase in catches until peak levels are reached in early to
mid-summer (January/February). Catches then decrease until cessation of fishing in
April/May. In Subarea 48.2, on the other hand, fishing commences at a similar time but
large monthly catches are taken over a much longer period (January through to April) and
peak slightly later (March/April) (Figure 10b). By contrast, the fishing pattern in
Subarea 48.3 is entirely different (Figure 10c). Although catches may be taken the whole
year round, the highest catch levels occur between April and August (i.e. in late autumn
through winter) with peak catches in June. This observed trend has been independently
confirmed by Dolzhenkov et al. (1988) and in the absence of further information it must by
concluded that the observed pattern of fishing in Subarea 48.3 reflects a re-direction of
effort northwards as a result of the seasonal encroachment of pack-ice in Subareas 48.1 and
48.2.

A further breakdown of catches by subarea, split-year and month is shown in
Figure 11. Although data are scarce prior to 1983 in Statistical Area 48 (Figures 11a to
11c), both the annual and monthly tends described above are still observable. Similarly,
even though catch data are far fewer and the underlying trend more erratic, this holds true
for Subareas 58.4 (as illustrated by Division 58.4.1, Figure 11d) and 88.1 (Figure 11e).

2.3 Trends in Catch-Per-Unit of Fishing Effort
2.3.1 Annual Trend

Both Shimadzu (1985a) and Everson (1988) have concluded that the most
appropriate index of catch-per-unit of fishing effort for krill (particularly for the
Japanese fishery) is derived from catch/hour spent fishing. Using STATLANT B data, it is
possible to calculate three annual indices of catch (tonnes)/hour fished (CPH). These are:

« total CPH/year (i.e. total catch/total hours fished/split-year);

» mean CPH/fishing season (i.e. mean monthly CPH for the months when fishing
took place); and

« mean CPH/year (i.e. mean monthly CPH for a full 12 month split-year).

Values for the above three indices in Statistical Area 48 are shown for the period
1982 to 1988 (both Soviet and Japanese fishery combined) in Figure 12. Indications are
that despite fluctuations from year to year, all three indices illustrate a gradual increase in
CPH over the past seven years, particularly in Subareas 48.1 and 48.2 (see Figures 12a and
12b). (N.B. It must be noted that a large catch of 89 tonnes in one hour reported by the
Japanese fishery in Subarea 48.2 during October 1982 (see below) has been omitted from
this and, unless specifically mentioned otherwise, subsequent analyses. Although there are
no indications that this particular result was invalid, its inclusion would serve to magnify
fluctuations in CPH and would not conform with the underlying trend indicated by the total
CPH/year (see Figure 12b)). It is also apparent that the greatest returns per unit of fishing
effort were from these two subareas.

Plotting CPH for the Japanese fishery (Figure 13), including "mother ship”

operations between 1977/78 and 1981/82 (cf Shimadzu, 1985a; Shimadzu and Ichii,
1985; Everson, 1988), it can also be seen that although there are wide year to year
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fluctuations the annual catch-per-unit of fishing effort has increased markedly, at least up
until the three most recent seasons (i.e. 1985/86 to 1987/88). It must also be noted that
there was a marked decline in CPH during the 1983/84 season which can be compared to the
decline in total catch for that season (see Figure 2). Since 1985/86, catch rates have
stabilized and this is probably attributable to the rigid operational characteristics of the
Japanese fishery, particularly the commitment of a limited number of vessels to specific
areas (cf Shimadzu, 1985b).

2.3.2 Trends By Area and Subarea

CPH indices for both the Japanese and Soviet fisheries by subarea are given in Table 2
for all years for which data are available. From this table and data presented in Figure 14,
it would appear that the Japanese catch rate is markedly better than that of other nations.
With respect to the Soviet fishery, however, two factors caution against unqualified
acceptance of this conclusion. First, there is a marked difference between the operational
characteristics of the two fisheries (cf Ichii, 1987; Dolzhenkov et al., 1988) and, second,
Soviet effort data are only available from 1983 onwards. Nevertheless, it is apparent from
the CPH values given in Table 2 that Subareas 48.1 and 48.2 are the most productive for
both the Soviet and Japanese fisheries, an observation supported by the catch figures already
discussed.

2.3.2.1 Japanese Fishery

Monthly CPH values for the Japanese fishery in Subareas 48.1 and 88.1, and Division
58.4.1 are plotted in Figures 15a to 15c for split-years 1977 to 1988. Overall trends in
the fishing pattern are similar to that observed in the catches from each area (see
Figure 11).

From comparison of Figures 16 and 15b, it can be seen that the fishery in Subarea
58.4 moves southwards as the season progresses. Everson (1988) has concluded that this is
a consequence of the retreat of the pack ice into the East Wind Drift zone. In addition, it is
apparent that individual monthly CPH values fluctuate widely and no dominant trend is
visible. Everson (1988), citing Sugimito (1977), attributes the high CPH in Division
58.4.2 (see also Figure 16a) during December 1976 to the result of fishing on a large
aggregation of krill or “super-swarm”. A similar effect may have produced the high CPH
observed in Subarea 48.2 for October 1982 (see below).

Shimadzu (1985a) showed that during 1977 Japanese operations extended eastwards
into Statistical Area 88 (Figure 15c). Subsequently, monthly CPH values in this area and
Division 58.4.1 are comparable, suggesting some similarity in the type of fishing operation
being undertaken and in the catchability of the krill encountered.

The Japanese krill fishery moved into Statistical Area 48 from the 1980/81 season
(Shimadzu, 1985a; Everson, 1988) and both Figure 15a and Table 2 indicate that CPH was
very much higher here than elsewhere. Monthly CPH values from 1981 to 1988 for the
Japanese fishery in Statistical Area 48 are shown in Figure 17. These tend to follow a
similar pattern to the monthly catch figures (i.e. as shown in Figures 11a and 11b),
although it can be seen that since 1985/86 the fishing season in Subarea 48.1 has been
extended to include April (Figure 17).

Patterns in Japanese fishing effort to a large degree reflect trends in the catch, both
within and between years, already discussed. Unlike the general trend in CPH shown in
Figures 12 and 13, a gradual increase and levelling off of effort in both Subareas 48.1 and
48.2 during the past three years is not apparent (Figure 18). In fact effort has declined in
Subarea 48.2 since 1984/85, while increasing effort in Subarea 48.1 from 1982/83 was
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broken by a marked decline in the 1984/85 season. In the absence of further information,
this would tend to suggest some operational change in the fishing pattern during 1984/85.
Based on a report contained in the official proceedings of the CCAMLR Scientific Committee
(SC-CAMLR, 1985, paragraph 5.26), there does in fact appear to have been a reduction in
the number of Japanese vessels operating in both subareas during that particular season.

Other than these general trends, it is not possible to discern any clear pattern in
Japanese fishing effort in the two subareas under consideration. However, as Everson
(1988) has noted, the presence of fishing activity in what are effectively two adjacent
subareas should allow some comparison (both between and within seasons) to be made
between Subareas 48.1 and 48.2. Comparing seasonal mean CPH in the subareas
(Figure 19), however, indicated that they have little in common. Similarly, plotting mean
CPH in Subarea 48.1 compared with Subarea 48.2 for all fishing months and for mid-season
months alone (December to February) (Figure 10) supports this observation. On the other
hand, if values from the same month are compared (Figure 21) there is a tendency for a high
CPH in Subarea 48.1 to be associated with a high CPH in Subarea 48.2. Everson (1988) has
concluded that this suggests some link between the catchability of krill in the two subareas
and given the currently expanded data set (compared with that originally analyzed by
Everson) probably indicated a “real effect”.

2.3.2.2 Soviet Fishery

Available Soviet CPH data (1983 to 1988) from Area 48 are confined to Subareas
48.2 and 48.3, and as for the Japanese fishery, the seasonal mean indicates a gradual
increase in CPH since data became available in 1983 (Figure 22). This increase was most
marked, however, from 1985/86 onwards and especially in Subarea 48.3.

Trends in the mean monthly CPH for the Soviet fishery in Subareas 48.2 and 48.3
(Figure 23) indicate a similar pattern to that of the catches (Figures 10b and 10c), namely
high CPH in Subarea 48.3 from April to October compared with high values in Subarea 48.2
from December through to May. This observation is borne out by both monthly fishing effort
(Figure 24) and CPH values (Figure 25) over the past six seasons, particularly high
catch-per-unit effort between January and April of the 1986/87 season. In this connection
it should be noted that it was during 1986 that CCAMLR restrictions on directed fishing for
Notothenia rossii in Subarea 48.3 came into force (CCAMLR, 1988a). Plotting monthly
fishing effort on an annual basis indicates a substantive increase in effort for krill during
January to April, 1987 (Figure 26). It is also interesting to note that 1986/87 was the
only season during which fishing occurred all year round in Subarea 48.3 and subsequently
the annual mean fishing effort was highest (Table 3).

As with the Japanese fishery in Subareas 48.1 and 48.2, comparison of Soviet CPH in
Subareas 48.2 and 48.3 indicates little association between krill catchability in the latter
two subareas (Figure 27). Furthermore, differences in the pattern of fishing limit a
comparison of CPH values from similar months in Subarea 48.2 and Subarea 48.3. As such,
similarities in krill catchability observed for the Japanese fishery in Subareas 48.1 and
48.2 were not evident (i.e. comparing Figures 21 and 28).

2.4  Comparison of Fishery Dependent Data
With Other Sources of Information

A number of fishery-independent surveys of krill abundance have been undertaken in
the same areas and at the same time as the fisheries data described above were collected. The
two methods principally employed during these surveys were acoustics (i.e. using calibrated
echo-sounders) and systematic net sampling with relatively small scientific nets (Table 4).
As Everson (1988) has emphasized, the data in Table 4 indicate that incongruities between
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survey-based estimates of krill abundance are reflected in similar estimates based on catch
and effort data from the fishery. As such, CPH mdnces do not exhibit any clear trend relative
to acoustic or net estimates.

3. DISCUSSION

In terms of CCAMLR, knowledge concerning the amount(s) of krill removed by
commercial fishing operations per se is unlikely to be of substantial application in the
management of the fishery. As both Butterworth (1986) and Everson (1988) have
emphasized, there are two major reasons for this. Firstly, the Convention requires that
krill resources be managed on a sustainable basis and despite information on krill removed
by the fishery, knowledge concerning the long-term proportionate mortality from fishing,
predation and other natural causes is still incomplete. Such knowledge is vital in
ascertaining whether particular stocks can sustain themselves in the face of exploitation.
Secondly, the stipulation that krill harvesting should not prejudice the potential
productivity of dependent species (i.e. predators) requires careful consideration of
functional relationships between predator and krill population dynamics.

Krill's large-scale distribution has been extensively discussed by various authors
and a number of theories for observed patterns exist (e.g. Marr. 1962; Makarov et al.,
1970; Mackintosh, 1973; Lubimova et al., 1982; Miller and Hampton, 1989). The present
analyses confirm that although major concentrations of krill may be distributed throughout
the CCAMLR Convention Area, commercial fishing operations have tended to concentrate in so
called “hot spots” in the Atlantic (Statistical Area 48) and Indian Ocean (Statistical Area
58) sectors. Of these, both catch and catch-effort statistics indicate Statistical Area 48 to
have been the most productive for most of the fishery’s available history. Both these
observations do not substantially contradict any of the current theories on krill distribution.

Although there is little doubt that developments in the krill fishery. have been closely
governed by logistic (e.g. the possible connection between restrictions on finfish and
increased krill harvesting discussed for Subarea 48.3) and economic constraints (cf
Shimadzu, 1985a; Everson, 1988), it would appear from the catch/effort data analyzed
here and from similar analyses undertaken by Everson (1988) that there is a large natural
variation in the abundance of exploited krill stocks. As far as CCAMLR is concerned, the
major difficulty is that such variability cannot be adequately quantified or separated from
fishery-related variation. Nevertheless it would appear that a number of unifying
principles link abundance, catch and fishing effort. Such factors are demonstrated by low
catches and reduced CPH for the Japanese fishery during the 1983/84 season, the relatively
high “catchability” of krill in the Atlantic sector (Statistical Area 48) and some
anomalously high values for catch in terms of effort (e.g. during October 1982). These
results tend to confirm one of the major conclusions of the CCAMLR sponsored Krill
Simulation Study, namely that catch and effort data only provide a reasonable index of krill
abundance in the immediate vicinity of the fishing fleet.

Both the Soviet (Dolzhenkov et al., 1988) and to some extent the Japanese (Ichii,
1987; Butterworth, 1988) fleets tend to focus their activities on krill concentrations and
swarms'. In this context, fishing a super-swarm (such as observed in October 1982 or
described in Sugimito, 1977) would represent an extreme case of such activity. Therefore,
in order to realistically determine abundance over a wider area, some measure of “search
time” by the fishery is necessary to assess the spatial heterogeneity of the krill stock(s)
being fished (cf Butterworth and Miller, 1987; Butterworth, 1988; Mangel, 1988).
According to recommendations forthcoming from the recently held Workshop on the CCAMLR

1 For definition of what constitutes a krill “concentration” and “swarm” refer to Butterworth

and Miller (1987) and the “patch-within-patch model” developed by Butterworth (1988).

236




Krill CPUE Simulation Study this would require documentation of the start and end times of
fishing (specifically for the Japanese fishery) as well as classification of the type of krill
aggregation being fished (CCAMLR, 1989). Only very detailed catch/effort data on a
fine-scale are likely to provide such potentially important information. Similarly, crucial
information on both krill swarms and concentrations (particularly for the Soviet fishery)
would be best collected acoustically (CCAMLR, 1989).

As far as dependent species (i.e. krill predators) are concerned, Murphy et al.
(1988) have emphasized that a first step in determining the effects of possible interactions
between krill and other species requires definition of the temporal and spatial scales over
which such interactions occur. An important consequence of this approach is that in a
manner analogous to catch/effort data for the fishery, localized predator population
processes are unlikely to provide a suitable index of krill abundance over a wide area
(Everson, 1988).

Croxall et al. (1988) have fully discussed the problems inherent in monitoring
warm-blooded predators to obtain some indication of variability in krill abundance. They
make the point that even if krill harvesting was to increase markedly, it would be difficult to
exclude the possibility that reductions in the rate of increase of seabird and seal populations
are, independently of krill harvesting, attaining the natural carrying capacity of the
environment. In addition, many monitoring programs are likely, for logistic reasons, to be
confined to predators that are accessible at specific times (e.g. during breeding ashore).
Such circumstances tend to restrict studies of krill variability as related to predator
parameters within relatively confined temporal and spatial boundaries (i.e. the foraging
ranges of land-based predators). This has been recognized by Bengtson (1984) as a major
shortcoming in any attempt to assess possible relationships between krill and predators over
the former's greater distributional range. For this reason the CCAMLR Ecosystem
Monitoring Program (SC-CAMLR, 1986) has to come to recognize the potential importance
of assessing the impact of feeding over a wide area by mobile krill predators. The minke
whale is a specific example of such a predator.

Returning to the fisheries data analyzed in this paper, it can be seen that despite the
fact that the fishery is essentially circumpolar it is predominantly confined to three major
localities, of which Subareas 48.1, 48.2 and 48.3 appear to be most important. These
particular subareas already contain a number of key monitoring sites for land-based krill
predators (CCAMLR, 1988b) and it remains to be seen how important these specific
subareas may be with respect to more wide-ranging krill predators, such as the minke
whale.

The minke whale is one of the six rorqual (Mysticeti: family Balaenopteridae) species
which has been least affected by commercial whaling (Tonnessen and Johnsen, 1982,
Mizroch, 1984). Like the other species of the family, the minke whale is characterized by
unique anatomical adaptations which facilitate filter-feeding on krill swarms by “guiping”
or “engulfment” (Nemtot, 1959). In fact it is the swarming of krill which allows minke
whales to feed on krill over almost the same spatial and temporal scales as those of its own
habitat (cf Murphy et al., 1988). From this, it could be assumed that if the krill fishery is
also geared towards exploiting swarms (see above), then some congruence between fisheries
activities and minke whale distribution could be expected.

Information on the distribution of minke whale catches is shown (Figure 29) for the
months of December to March and between 1972/73 and 1979/80. It can be seen, however,
that there are only relatively few similarities between whale catches and data from the krill
fishery.

To a large extent, whaling during the period under consideration was predominantly

confined to the Indian Ocean (Statistical Area 58) and Pacific (Statistical Area 88) sectors.
In contrast, krill fishing was primarily undertaken in the west Atlantic (Statistical
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Area 48). Although there may be logistic reasons for this, the overall lower
catch-per-unit of effort for the krill fishery in Statistical Areas 58 and 88 (Figure 15)
suggest that (for whatever reason) minke whales were in fact being harvested in areas
where krill were being fished. Such conclusions, however, are reached in the absence of
detailed information from the major krill fishery (i.e. that of the Soviet Union) which only
became available from 1983 onwards. In this connection, it is interesting to note that Ichii
(1987) has reported considerable variability in observed associations between minke whale
sightings and the presence of krill swarms.

Despite the above observations, some similarities exist between the geographic
distribution of minke whale and krill catches by month. It can be seen that as the austral
summer progresses, whale catches are taken farther south, particularly in the Indian Ocean
(i.e. Statistical Area 58). This is directly analagous to the southward movement of the krill
fishery in the same area (Figure 16). Furthermore, there is a steady decline in the number
of whales caught between January and March which is similar to the decline in krill catches
(Figures 10d and 10e) over the same period in Statistical Areas 88 and 58. Given the state
of the available data, however, it is not possible to draw more specific associations between
the distribution of krill fishing and minke whale catches.

It must be concluded therefore that in view of the demonstrated incompatibilities
between the krill fishery and minke whale catch data, there is little to be gained in terms of
understanding minke whale-krill interactions from coarse comparisons of the kind
undertaken here. This is not to say that plotting the temporal and spatial associations of
krill fishing and whale catches on a finer scale may not lead to some insight(s) into the form
of the functional relationship(s) between krill distribution and whale feeding. It is
difficult, however, to see how such information could be realistically applied in the absence
of minke whale stomach contents data at a similar level of resolution as fine-scale
information from the fishery. Finally, in attempting to monitor the recovery of whale
stocks (also a requirement of CCAMLR) in the face of krill exploitation, considerably more
information is required on the functional relationship(s) between krill aggregation and
whale distribution at a variety of scales. In this connection, comparison of contemporaneous
minke whale sightings (particularly on feeding animals) with both fisheries-dependent and
independent survey data on krill distribution/abundance, especially acoustic information on
aggregations, should be encouraged.
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Table 1:  Annual krill catches prior to 1973/74 (from Everson, 1978 and Bengtson,

1984).
Season Catch Comments Reference
(1)

1961/62 4 krill Burukovskiy and Yaragov (1967)
1963/64 70 krill Stasenko (1967)
1964/65 306 krill Nemoto and Nasu (1975)
1966/67 ? krill Nemoto and Nasu (1975)
1967/68 >140 krill lvanov (1970)
1969/70 100 UMC* FAO (1976)
1970/71 1300 UMC* FAO (1976)
1971/72 2100 umc* FAO (1976)
1972/73 7459 krill FAO (1976)

Nemoto and Nasu (1975)

* Catches of “Unspecified Marine Crustacea” for areas closely adjacent to the Antarctic are
assumed by Everson (1978) to be krill.

Table 2:  Total catch/hour fished/year (1), mean catch/hour fished/fishing season (2),
and mean catch/hour fished/year (3) for the Soviet and Japanese krill fisheries
by subarea. All data are given in t/hr; for explanation of indices of effort refer
to text.

48.1 48.2 48.3 58.4 58.4.1 58.4.2 88.1

Japanese fishery

1 12.13 18.89 - - - - - - - - 5.81 5.73 5.32
2 12.96 14.80 - - - - - - - - 4.18 4.67 5.54
3 4.55 562 - - - - - - - - 1.97 1.71 1.21
Year* 81-88 82-88 - - - - - - - - 76-87 74-83 77-87

Soviet fishery

1 - - 6.20 5.69 3.88
2 2.44 5.20 4.85 4.05 R 3.43
3 - - - - 3.44 3.16 1.55
Year* 83 83-88 83-88 83-88** - - - - - - - - 87
*  Split-year

* * Excluding 1986 (no data)
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Table 3: Mean annual (/12 month period) and seasonal (/months fished) fishing effort
(hours fished) for the Soviet krill fishery in Subarea 48.3, 1983 to 1988.

Year Mean annual effort Mean seasonal effort
(hours fished) (hours fished)
1983 170.92 683.67
1984 576.50 1383.60
1985 726.92 1744.60
1986 2233.50 2978.00
1987 3635.83 3635.83
1988 2913.92 3885.22

243



144

Table 4:  Updated version of Table 3 in Everson (1988) comparing CPH and independent survey estimates of abundance during the same
months and in approximately the same areas. Data pairs in brackets are the result of different analyses on the same data sets.
Date Location Subarea Biomass Density Density CPUE (Japan) Ref for
of study (tonnes) (published) estimated survey
(g/m?)
Acoustic surveys (FRG)
Oct/Nov 1983 SIBEX | 48.1 51680 7.2g/10%m?3 0.72 10.25, 13.75 Kilindt 1986
Nov/Dec 1984 SIBEX Il 48.1 379750 54.89/10°m?3 5.48 9.89, 18.15 Kiindt 1986
Mar/Apr 1985 SIBEX I 48.1 16490 2.6g/103m3 0.26 (9.46 Feb) Klindt 1986
Acoustic surveys (Poland)
Feb/Mar 1981 FIBEX (Drake Pass.) 48.1 (1195572 28.9t/nm2 8.40*) 20.08 - Kalinowski 1982
(62000 ) 20.08 - BIOMASS 1986
FIBEX (Drake Pass.) 48.1 (70827 34.0t/nm?2 9.93*) 20.08 - Lillo & Guzman 1982
(182000 7.2/m3 715.00) 20.08 - BIOMASS 1986
FIBEX (Bransfield St) 48.1 (2271000 346.0t/nm?2 100.00*) 20.08 - Kalinowski 1982
(136000 4.79/m3 468.00) 20.08 - BIOMASS 1986
FIBEX (Bransfield St)  48.1 (448795 76.2t/nm? 22.26*) 20.08 - Lillo & Guzman 1982
(800000 32.2g/m3 3225.00) 20.08 - BIOMASS 1986
Dec/Jan SIBEX | (Drake Pass.) 48.1 122470 4.0t/nm? 1.17* 18.15,10.70 Kalinowski et al.
1983/84 1985
SIBEX | 48.1 70593 3.0t/nm?2 0.88* 18.15,10.70 Kalinowski et at.

(Bransfield Strait)

1985

*  Assumes one tonne per nautical square mile = 0.292 g/m2. All density values assume a depth range of 100 m.

* * Daytime data only.
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Table 4 (continued)

Date Location Subarea Biomass Density Density CPUE (Japan) Ref for
of study (tonnes) (published) estimated survey
(g/m2)
Acoustic surveys (Australia, France, Japan, South Africa)
Feb/Mar FIBEX (Prydz Bay 58.4.2 4512000 - 1.97 4.24, 3.60 BIOMASS 1986
1981 Bouvet Is.) 48.6 :
Feb/Mar 1985 SIBEX Il (Prydz Bay) 58.4.2 124000 48.0g/m3 0.48 - - Miller 1987
Jan/Mar 1981 FIBEX (Prydz Bay) 58.4.2 **1600000 1.1g/m? - 3.30, 4.24, Higginbottom et al.
4.60 1988
Jan/Feb 1984 ADBEX (Prydz Bay) 58.4.2 **3500000 2.7g/m? - - Higginbottom et al.
1988
Jan 1985 SIBEX li 58.4.1 **3700000 2.9g/m? - 5.04 Higginbottom et al.
(Prydz Bay) : 1988
Net haul surveys
Oct/Nov 1983 SIBEX | 48.1 723000 103.2g/103m?3 10.32 10.25,13.75 Nast 1986
Mar/Apr 1984 SIBEX | 58.4.2 550000 34.8g/103m?3 3.48 - - Miller 1986
Nov/Dec 1984 SIBEX I 48.1 25200 36.0g/103m3 3.60 -, 106
Mar/Apr 1985 SIBEX Il 48.1 164000 23.49/103m3 2.34 (9.46 Feb) Nast 1986

*  Assumes one tonne per nautical square mile = 0.292 g/m2. All density values assume a depth range of 100 m.
* * Daytime data only.
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AREA 48  ATLANTIC ANTARCTIC AREA
48.1 Peninsula Subarea
48.2 South Orkney Subarea
48.3 South Georgia Subarea
48.4 South Sandwich Subarea
48.5 Weddell Subarea
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Figure 1: Statistical areas, subareas and divisions of the CCAMLR Convention Area (CCAMLR, 1988a).
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Figure 13: Mean CPH for the Japanese krill fishery between 1972/73 and 1987/88.
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Figure 18: Annual fishing effort (hours fished) by the Japanese krill fishery in Subareas 48.1 and 48.2 (1980/81 to 1987/88).
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Figure 22: Seasonal mean CPH for the Soviet krill fishery in Subareas 48.2 and 48.3
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Fishing effort (hours fished) per month for the Soviet krill fishery in

Subareas 48.2 and 48.3 (1982/83 to 1987/88).
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CnucoK TabJuaui

ExerozHbili BbIJIOB Kpuasa Ao 1973/74 r. (Everson, 1978 u Bengtson,
1984).

O6muli BbIJIOB/Uac TMpombicja’/ros (1), cpeAHU  BblJIOB/Uac
npomsicaa/roz (2), U cpeAHUN BbBIJIOB/Yac Mpomblcjaa/roa (3) npu
nnpoMmeicye kKpuiada CCCP u dnoHuer no nofpaiioHaM. Bce paHHble
BbIpaXXeHbI B T/4ac; ollpeeseHUsT MHAECKCOB NTPOMBICJIOROIC yCUJIIUS
NPUBOASITCS B ' TEKCTE,
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B CTATUCTUUECKOM palioHe 58,
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CpaBHeHue BesuunH CPH npu sinoHckoM npoMsbicie U BeauuuH CPH
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Capturas anuales de krill notificadas por pais en el Area Estadistica 88.
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dividido 1987/88, esto es, septiembre) - refiérase al texto para mayor
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(a) 48.1, (b) 48.2 y (c) 48.3.
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ANALYSIS AND MODELLING OF THE SOVIET SOUTHERN OCEAN KRILL FLEET,
II: ESTIMATING THE NUMBER OF CONCENTRATIONS AND ANALYTICAL
JUSTIFICATION FOR SEARCH DATA

M. Mangel

Abstract

In this paper, | show how data that are routinely collected by
survey vessels can be used to estimate the number of
concentrations of krill (Butterworth, 1988; Mangel, 1988) in a
given region of the Southern Ocean. Sample computations are
performed, using data collected by Soviet research/survey vessels
in the early 1980s. These examples highlight the need for a
navigational log as well as a fishing log in order to make accurate
inferences. In the appendix, a method for correcting for the bias
in the detection of concentrations is described.

Résumé

Dans ce document, je démontre comment des données qui sont
habituellement recueillies par les navires de prospection, peuvent
étre utilisées pour estimer le nombre de concentrations de krill
Butterworth (1988), Mangel (1988) dans une région donnée de
I'océan Austral. Des exemples de calculs sont faits, utilisant des
données recueillies par des navires de recherche/de prospection
au début des années 80. Ces exemples soulignent le besoin d'un
journal de navigation tout autant que d'un carnet de péche dans le
but de tirer des conclusions précises.

PesioMe

B HacTosimell pafoTe MHOK IOKa3aHO, KakUM obpa3oM
AaHHble, KOTOpble PEeryJsipHO COGHPalTCs INOHUCKOBBIMH
cyZaMH, MOryT 6bITb HCIHOJIb3OBaHbl  AJsI  OLEHKHU
KOJIMUEeCTBA KOHIeHTpauuii Kpuas (Butterworth, 1988,
Mangel, 1988) B kakoM-J/160 onpee/ieHHOM paiioHe I0xHoro
okeaHa. IIpu BBIIOJHEHUU TMNPOGHBIX pacueToB 6blJIU
HCIOJIb30BAaHbl JlaHHble, CO6paHHble B HauaJsie 80-X rojioB
COBETCKUMH HAYUHO-UCCJIEAOBATEJBCKUMU W MOHUCKOBBIMU
cyAaMu. [IpUBeAeHHbIE TPUMEPBDI YKa3bIBAKT Ha TO, UTO AJIS
BBIHECEHUS TOUHBIX 3aKJIOUEHUI Ha 60pTy CyZAOB JOJDKEH
UMETbCsl KaK HaBUTALUOHHBII CYyAOBOM XYpHaJ, Tak U
[IPOMBICJIOBBIII  CYAOBOM  XypHaJ., B  NOpUJIOXEHUU
OIUCBIBAETCSI METOA BHECEHUSI NMOMPABKN Ha NOPEMHOCTD B
o6Hapy>XXeHUH KOHLIEHTpaluil,

Resumen

En este documento, muestro como la informacién recopilada
rutinariamente por los navios de investigacion puede usarse para
estimar el numero de concentraciones de krill (Butterworth,
1988; Mangel, 1988) en una regidn dada del oceano Austral.
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Calculos de muestras se realizan usando datos coleccionados por los
navios soviéticos de investigacién/estudio al principio de los afios
1980. Estos ejemplos subrayan la necesidad de mantener un
diario de navegacién ademds de un cuaderno de pesca para hacer
deducciones adecuadas.




1. INTRODUCTION

This paper is an extension of Mangel (1989) and complements both that paper and
Butterworth (1989), who suggested that krill abundance could be monitored through
fishery based data if the data are properly chosen. The distributional model used in those
reports was supported by the analysis of field data (Levin et al., 1988); the notation used in
the models will be adopted here. In this description, individual krill (spatial scale 50 mm)
aggregate into swarms of krill (spatial scale 100 m) which then aggregate into
concentrations of krill (spatial scale 10 nm) in a large sector of the southern ocean (spatial
scale 600 nm). Although there remain questions concerning this distributional model and
its relation to other data sets (Miller and Hampton, 1988), the preliminary results are
sufficiently encouraging to begin considering actual (vs. simulated) abundance estimates
from the krill fisheries data.

At the meeting of the Scientific Committee for the Conservation of Antarctic Marine
Living Resources in 1988, Dr J.R. Beddington proposed that the Soviet Union provide data
from research vessels that can be used to estimate the number of concentrations in a sector
of the ocean and that Japan provide data from commercial vessels that can be used to estimate
within concentration properties of krill. Both kinds of information are needed to construct
abundance indices that are responsive to change in krill abundance and have reasonable
variances.

In this paper, | present examples of how research vessel data routinely collected by
the Soviet Union could be used to estimate the number of concentrations in a given area. The
data used in these examples are the same data analyzed in Mangel (1989). They were not
collected with the intent of this estimation, so that additional assumptions are needed in
order to construct the estimates. These assumptions are discussed in detail in the next
section.

The conclusions are:

- The types of movement by vessels in search for concentrations of krill are
important and skippers should record the nature of movement and encounters.
Essentially, accurate and effective inference for the number of concentrations
requires information from a navigational logbook as well as a fishing logbook.

- There is considerable variability in concentration properties (radius, catch,
trawling time); coefficients of variation range between 50% and 100%.

- The distributional model used by Butterworth (1989) and Mangel (1989), in
which concentration radii are uniformly distributed between 6 nm and 22 nm
may be inappropriate. In particular, the distribution of concentration radii may
be skewed, with a long tail, rather than uniform as assumed previously. The
difficulty in drawing a conclusion is that there is a bias in detection: the radii of
detected concentrations are, on average, larger than the average radius of all
concentrations (see Appendix for further details).

- In general, data collected by research or survey vessels (both navigational
log-book and fishing logbook information) can be effectively used to estimate the
number of concentrations in a sector of the ocean. In particular, there is a need
for operational data and logbooks including echo sounder information. A
navigational logbook will provide two kinds of data. First, from the navigational
log, one can determine whether krill are present in regions between fishing
hauls. Second, the navigational log can be used to set the boundaries of the region
being searched.
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Using the methods described in this paper, no inferences can be made about stock
size regions that are not searched. A Bayesian approach is needed to answer that
question.

In order to determine if concentrations are double counted, it is important to
know the temporal persistence of concentrations of krill.

THE SEARCH FOR CONCENTRATIONS OF KRILL

The

motion between-concentrations (rather than within-concentrations) can be

broadly divided into three types:

3.

(1)

(i)

(iii)

True search for a new concentration. In this case, the fleet leaves the current
concentration and begins true search for another concentration. Here "true
search" means that the search path is not highly directed in that the vessel has
limited information about where to search. Even if the vessel executes a
directed search path, it may be reasonable to expect that the overall search will
be random (e.g. Washburn 1981 for justification).

Direct movemen new region, follow r rch. In this case, the
fleet exits the current concentration and moves directly to a new region (e.g. a
historically known fishing ground) and then begins a true search within this
new region. That is, the initial movement of the vessel is directed, based on
specific information about where to search. The total time between
concentrations then consists of a portion corresponding to directed motion (in
which concentrations may be discovered accidentally) and a portion
corresponding to true search.

Following oceanographic conditions. Since krill swarms may move passively
according to prevailing currents, a fleet might simply follow an existing
concentration as it is advected by the current.

SOURCES FOR DATA AND DESCRIPTION OF ANALYSIS

The

data used here are the same as in Mangel (1989) and correspond to research

vessel (RV) cruises between 1980 and 1984.
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The

(i)

(ii)
(iii)
(

iv)

pertinent information for these analyses are:

vessel location at the start of trawling;
time of the start of trawling;

time of end of trawling; and

krill catch.

Each combination of location, start and end times and catch is called a record.

From these, we can compute the time between trawls (TBT) and movement between
trawls (MBT). Mangel (1989) analyzed 12 different data sets; four of these were selected
for further analysis in this paper. They are listed in Table 1. The approximate areas of the
survey are shown in Figure 1.




4, PRELIMINARY ANALYSIS: SPATIAL LOCATION OF HAULS

Since the data used here were not explicitly collected for the purpose of estimating
the number of concentrations, there is no indication in the data of the type of movement, as
described above, or whether the vessel moved into a new concentration or encountered
concentrations during transit. Thus, before any estimation procedures were applied, the
data had to be analyzed to determine the number and location of concentrations. Figures 2
to 5 show the spatial location of hauls, ignoring the timing of hauls, for each of the data sets.
In these plots, hauls were separated into those less than 1 000 kg of krill and those greater
than or equal to 1 000 kg of krill. Although these figues give a sense of the spatial location of
survey activities (e.g. hauls may be along the shelf edge or follow the ice edge), they do not
give any temporal sense of the hauls. In order to do that, one must adopt rules for defining
concentrations.

5. DEFINING CONCENTRATIONS BY VESSEL MOVEMENT

In the distribution model used by Butterworth (1989) and Mangel (1989), the
radius of a concentration is uniformly distributed over (5.6 nm, 11.2 nm). This means that
the maximum diameter of a concentration is about 22 nm and thus a movement of 50 nm
corresponds to twice the maximum diameter of a concentration. Hence, the following rule
was adopted for the analysis

New Concentration Rule: When the vessel moved more than 50 nm
between trawls, | assumed that the vessel moved to a new
concentration.

Given this rule, it is possible to divide each data set into groups of records
corresponding to fishing in different concentrations. From the records in each
concentration, we can construct the east-west extent and north-south extent of the
concentration and thus estimate the area of the concentration. One degree of latitude is
assumed to be 60 nm and one degree of longitude is assumed to be 30 nm.

Figures 6 to 9 show the results of the application of the rule concerning movement to
a new concentration. In some cases (e.g. Figure 6 or Figure 9) nearly all hauls were made in
a concentration and the path of the vessel between concentrations can be visually determined
simply by considering the concentrations defined by the 50 nm rule. In other cases (e.g.
Figure 7 or Figure 8), vessel movement between concentrations is indicated as well.

Corroborative data for the 50 nm rule can be obtained by considering vessel speed
between hauls. One would expect that this speed would be larger between concentrations
(assuming random search) than within concentrations. For example, for the data from
RV Odyssey in 1981, the average vessel speed between concentrations determined by the
50 nm rule is 4.8 kt (c=5.3) and the average vessel speed within concentrations is 1.8 kt
(0=3.0). Application of the Mann Whitney U-Test (Siegel 1956) to the data showed that the
two distributions were different at the 0.001 level.

One conclusion from Figures 6 to 9 is that it is easy to “double count” concentrations
in a post hoc analysis such as the one being performed here. For example, in Figure 6 it is
likely that concentrations 3,5, and 6 and concentrations 4 and 7 are, in fact, the same
concentration. It is not as clear if concentrations 1 and 2 are indeed the same concentration.
Possible double counting of concentrations becomes important in the estimation of the
number of concentrations in a given area.
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6. DEFINING CONCENTRATIONS AS FOCI OF HAULS

An alternative definition of concentrations ignores the temporal distribution of hauls
and simply considers the location of hauls. If concentrations persist for very long periods of
time, this approach makes sense. In this case, one can use the spatial distribution of hauls
and try to group hauls that appear to “naturally” aggregate. Figures 10 and 11 show the
results of this approach. Although circles are drawn in these figures, the disparity in
vertical and horizontal scales means that the concentrations defined in this way are, in fact,
ellipses.

On a finer scale, however, it is not clear at all if the presumed smooth geometrical
shape for a concentration is appropriate. For example, Figures 12-15 provide examples of
the finer scale distribution of hauls. In some cases, the “shape” of the concentration is
apparent, but in others it is not clear at all. In addition, Figure 15 provides an excellent
example of why echo sounder information is needed. That figure shows two foci for fishing
krill with a gap between them. Without echo sounder information, it is impossible to tell in
post hoc analysis if the region between the two sets of hauls contained krill and the skipper
was attempting to determine the boundary of the concentration or if the region between the
two sets of hauls was devoid of krill.

7. THE EFFECTIVE RADII OF CONCENTRATIONS

The distributional model used by Butterworth (1989) and Mangel (1989) assumes
circular concentrations. Let <A> denote the average area of the concentrations computed
from the east-west and north-south extent. The simplest estimate for the radius of the
concentration is then r=(<A>/n)!2. We can construct a better estimate, however, by
noting that concentration radii and areas are random variables. Write r=f(A), where
f=(A/n)2 and Taylor expand the expectation of r (Seber 1982):

E{r}= E{f(A)} = f( E{A}) + (1/2) F'(E{A}) Var{ A} (1)

We estimate the expected value of A by E{ A }=< A > and the variance of A by the
sample variance Varg(A) to obtain

E{r}=(<A>m)12 - (1/8)n12 < A >3/2 Var{ A} (2)

It should be noted, however, that there is a more serious bias in the estimation of the
effective radii of concentrations. Larger concentrations are more likely to be detected than
smaller concentrations. Thus, the average radius of detected concentrations is larger than
the average radius of all concentrations. One can show (e.g. Feller 1971, p. 371; also see
the Appendix) that

E{radius of detected concentrations}/E{radius of all concentrations}
= (sMy+ My)/(s + My) (3)

where s is the detection width of the vessel's sonar,
M; is the first moment (average) of the radius of concentrations, and
M. is the average of the squared radius of concentrations.

That is, if f(r) is the probability density for concentration radii and rpa, is the largest

r
possible radius, then My = Tax rk f(r) dr. For the situation being considered here,

0
this bias is not too severe. For example, running the survey portion of the model developed
in Mangel (1989) showed that the bias was only about 10%.
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8. ESTIMATING THE NUMBER OF CONCENTRATIONS

The number of concentrations in the region being surveyed can be estimated by use of
the random search formula (Mangel, 1985; Mangel and Beder, 1985)

N = [ ng / (1-exp(-Wvts/Ag) ] (4)

In this equation, N is the estimated number of concentrations in a sector of area Ag, [2] is
the integer part of z, n. is the number of concentrations encountered by the vessel, W is
the detection width of the vessel and v is the speed of the vessel while searching.

For the majority of computations reported below v=10 kt; the other parameters
are determined by the data. The search time ts is the time between the last trawl in one

concentration and the first trawl in the next concentration for which the movement between
trawls is at least 50 nm.

The detection width W is set equal to twice the average radius of concentrations
(thus ignoring the contribution from the detection width of the vessel’'s sonar). Since
concentrations vary in size, W is a random variable and the estimate given in Equation (4)
will be biased. Proceeding in a manner similar to Equation (1) shows that

E{N(W)} = N(E{W}) + (1/2)Nyw(E{W}HVar(W) (5)

where E{W} and Var{W} are the mean and variance of W (estimated from the data); and
Nyw is the second derivative of N(W) given in Equation (4), and is

Now= (Vis/Ag)2 exp(-Wvits/Agin/(1- exp(Wvg/Ag)?
+ 2(vts/Ag)2 exp(-2Wvig/Ag)n/(1- exp(Wvig/Ag)3 (6)

The general properties of the estimate N can be determined by examination of
Equation (4). The parameters enter into Equation (4) in such a way that the estimated
number of concentrations only depends upon the combination Wvts/As. From this, we see
that:

(i) An increase in any of W, v, or ts will decrease the estimated number of
concentrations N; and

(ii) An increase in Ag will increase the estimated number of concentrations. For
this reason, it is important to have navigational logbook information that can be
used to determine the boundaries of the region being searched.

As the combination Wvi /A, increases, the estimated number of concentrations N
approaches the number of discovered concentrations n.. As the combination Wvtg/Ag

decreases, the estimated number of concentrations increases without bound (as long as
ne>0).

For the results reported below, the following procedure was adopted:

Step 1. Use the 50 nm rule to determine concentrations and the spatial extent of
concentrations. The east-west extent of concentration i in dataset j is
denoted by EWE; and the north-south extent of the same concentration is
denoted by NSE;.

Step 2. Compute the effective radius of concentrations using Equations (1 and 2). In
addition, compute the radius of concentration i in data set j, denoted by
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riy, from the formula ry=( EWE;NSE;/r)!/2. Compute the mean <r>;
radius of concentrations in data set j and the variance of radii.

Step 3. Set the detection width in data set j equal to W;=2<r>;. Apply Equations (5
and 6) to these data. in doing this, since W=2r, then
Var(W)=4 Var(r). (Figure A6 of Appendix 5 of the Krill CPUE Working
Group Report contains an error for the curve in which bias is included. That
error is corrected here.)

Tables 2 to 5 show the results of Step 1 of this process. Note the following
limitations in trying to post-hoc interpret the data:

(i) Although the new concentration rule specifies that movements greater than
50 nm correspond to new concentrations, vessels can cover much larger areas
by making smaller, directed movements within a concentration. For example,
three movements of 40 nm each could cover 120 nm, but under the 50 nm rule,
the vessel would still be “in the same concentration”. Such records probably
correspond to more than one concentration, but there is no way of determining
how many different concentrations were really present.

(ii) Another interpretation of large concentration areas is that the concentration
radius is not uniformly distributed as assumed by Butterworth (1989) and
Mangel (1989), but has a skewed distribution with a long tail. The large
concentrations might also represent the detection bias described previously.

(iii) There are instances in which very long trawl times are reported in
concentrations for which the catch is very small. It is possible that the vessel
was actually doing operations other than fishing during some of this time, but
there is no way to tell if this is true (or what the operations were) from the
logbooks. Additional annotations in logbooks are needed.

Table 6 contains results of Steps 2 and 3 for the estimated number of concentrations
in the region and the radius of the concentrations. Two radii are given. The first is the
effective radius, based on Equations (1 and 2). The second is the simple average <r>;
computed in Steps 2 and 3. Table 7 shows summary statistics for catch and trawling times.
Concentrations were divided into “poor” concentrations and “good” concentrations: a
concentration with CFT (catch per fishing time) less than 500 kg/hour is considered poor.
From these tables, we see that the coefficients of variation of concentration properties are
very large - typically between 50% and 100%.

Since concentrations are not marked in any way upon encounter, they might be
re-encountered and viewed as a new concentration. For example, some concentrations
actually overlap in space but not in time (e.g. 4 and 7 in Figure 2). Table 8 shows the
possible double counts and the time between the encounters of the double counts.

| presume that when consecutively numbered concentrations are nearly contiguous in
space, they are probably being doubled counted. The question is more difficult for
non-consecutive concentrations. These are concentrations 3, 6 and 4, 7 for the data
collected by the RV Professor Derugin, concentrations 1,4 for the data collected by the
RV Odyssey and concentrations 4, 8 and 1, 14 for the data collected by the RV Mys Tihiy.
The times between the last trawl in one concentration and the first trawl in the possibly
double counted concentration range from 101.4 hrs to 1 290.4 hrs, with a mean of
565.6 hrs. The only way in which we can determine if these are really different
concentrations is to know the time scale on which concentrations persist. (In the models
used by Butterworth (1989) and Mangel (1989) concentrations are presumed to persist
for the entire fishing period of14 to 30 days.)
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9. A MORE DETAILED ANALYSIS OF THE DATA FROM RV MYS TIHIY

Figure 16 shows a histogram of the radii of concentrations encountered by RV Mys
Tihiy. In order to obtain an idea of how the estimated number of concentrations depends upon
the area of the sector Ag, Equation (4) was used to compute N as a function of varying Asg,
using W=2<r>. The results are shown in Figure 17 (which corrects Figure A6 in Appendix
5 of the Krill CPUE Workshop Report (see CCAMLR, 1989)).

10. CONCLUSIONS
The results presented in this paper lead to the following conclusions:

« The types of movement by vessels in search for concentrations of krill are
important and skippers should record the nature of movement and encounters.
Essentially, accurate and effective inference for the number of concentrations
requires information from a navigational logbook as well as a fishing logbook.

« There is considerable variability in concentration properties (radius, catch,
trawling time); coefficients of variation range between 50% and 100%.

« The distributional model used by Butterworth (1989) and Mangel (1989), in
which concentration radii are uniformly distributed between 6 nm and 22 nm
may be inappropriate. In particular, the distribution of concentration radii may
be skewed, with a long tail, rather than a uniform distribution as assumed
previously. The difficulty in drawing a conclusion is that there is a bias in
detection: the radii of detected concentrations are, on average, larger than the
average radius of all concentrations.

« In general, data collected by research or survey vessels (both navigational
logbook and fishing logbook information) can be effectively used to estimate the
number of concentrations in a sector of the ocean. In particular, there is a need
for operational data and logbooks including echo sounder information. The
navigational logbook will provide two kinds of data. First, from the navigational
log, one can determine whether krill are present in regions between fishing
hauls. Second, the navigational log can be used to set the boundaries of the region
being searched.

«  Using the methods described in this paper, no inferences can be made about stock
size regions that are not searched. A Bayesian approach is needed to answer that
question.

» In order to determine if concentrations are double counted, it is important to
know the temporal persistence of concentrations of krill.
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APPENDIX

ESTIMATING THE BIAS IN THE SIZE OF DETECTED CONCENTRATIONS

Since a large concentration is more likely to be detected than a small concentration,
there will be a bias in estimating concentration size from the dimensions of concentrations
that are encountered.

In this appendix, | show how to calculate the bias. Assuming that the survey vessel
runs a straight tack, one need only consider a problem in one dimension. Assume that
concentration centers are uniformly placed across an interval of length 2R and that the
survey vessel sits at the center of this interval with detection width 2s.

Let C denote the location of the center of a concentration and W the radius of a
concentration. Thus C is uniformly distributed on [-R,R] and W has a density function
fo(w), so that Prob{ w < W < w + dw} = fo(w)dw. A concentration is assumed to be
detected if part of it falls within the detection width of the survey vessel. Thus

Prob{ concentration of radius W is detected}
= Prob{ C< 0, W+C >-s} + Pr{ C> 0, C-W < s} (A1)

Since the concentrations are uniformly distributed over the interval, the joint
probabilities can be rewritten as

Prob{ C<0, W+C> -s} = (1/2)Prob{W+C>-s| C <0}
Prob{ C>0, C-W< s} = (1/2)Prob{C-W< s| C >0} (A2)

Because of the symmetry of the problem, Prob{W+C > -s|C <0} =
Prob{C W <s| C> 0} so that

Prob{concentration of radius w is detected}= Prob{C < s+w | C > 0} = (s+w)/R (A3)

Strictly speaking, the term (s+w)/R in (A3) should be replaced by
min(1, (s+w)/R); | assume that s+w< R always. This can always be achieved by
assuming that fo(w) vanishes at some finite value of w which is less than R-s.

Equation (A3) gives the probability that a concentration of radius W will be detected.
We want to compute, however, the probability that a concentration has radius approximately
w, given that it is detected. This can be found by an application of the definition of
conditional probability:

Prob{ concentration has radius approximately w, given that it is detected}
= Prob{concentration has radius approximately w and it is detected}/
Prob{ concentration is detected} (A4)

The numerator in (A4) is fo(w) dw (s+w/R) and the denominator is the integral
of the numerator over all possible values of w.
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Hence
Prob{ concentration has radius approximately w, given that it is detected}
= (s+w) fo(w) dw/ [ fo(w)[(s+w)ldw
= (s+w)fg(w)dw/(s + E{W}) (A5)

where E{W} is the expected radius of a concentration. The expected value of the radii of
detected concentrations is then

E{ radii of detected concentrations}
= flsw + w2lfo(w) dwi(s+ E{W) (A6)
= (s E{W} + Mp)/(s + E{W}) (A7)
where M, is the second moment of the concentration radii.
Since My= Var{W} + E{W}2, (A7) can be rewritten as

E{radii of detected concentrations }
= (s E{W} + E{W}2 + Var{W} )/ (s + E{W} ) (A8)

This result is derived, in general, by Feller (1971, p. 371).
A nondimensional measure of the bias caused by detection of larger concentrations is

E{radii of detected concentrations}/E{radii of all concentrations}
= (s E{W} + E{W}2 + Var{W} )/ (s E{W} + E{W}?) (A9)

The quantity in (A9) can easily be evaluated. For example, if W is uniformly
distributed on the interval [0,aR], then

E{radii of detected concentrations}/E{radii of all concentrations}
= (2/3) [ 2(aR/s) + 3 V[ (aR/s) + 2] (A10)

Alternatively, one can consider the case in which s is vanishingly small (i.e. the
detection width of the survey vessel is very small, compared to the radii of concentrations).
In that case, (AS) becomes

E{radii of detected concentrations}/E{radii of all concentrations}

= (E{W}2 + Var{W} )/ (E{W}?)
=1 + CV(W)?2 (A11)

where CV{W} is the coefficient of variation of the concentration radius distribution.
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Table 1:  Data sets used for the analysis.

Vessel Name Period of Survey Region of Survey =~ Number of Records

1. Professor Derugin 18.02.82 - 05.05.82 61.2°E - 112.4°E 118
62.9°S - 67.1°S

2. Oydssey 09.01.81 - 19.03.81 35.3°W - 55.7°W 39
53.6°S - 61.3°S

3. Mys Daliniy 07.02.84 - 29.04.84 105.6°E - 163.9°E 65
64.3°S - 77.9°S

4. Mys Tihiy 02.01.81 - 08.04.81 116.7°E - 167.6°E 155
65°S - 68.4°S

Table 2:  Analysis of data for the cruise by RV Professor Derugin.

Concentration Extent Krill Trawl Search CFT**
East-West North-South Catch Time Time*
{(nm) (nm) (kg) (hrs) (hrs)

1 24 2 15 000 19.2 19.3 781

2 41.5 26 178 000 151 5.3 1 179

3 23.5 5 69 500 60.7 9.8 1 145

4 38 15 54 510 57.7 14.2 945

5 81.5 10 156 600 197.5 17.6 793

6 49 33 364 800 209 10.9 1 746

7 41.5 10 247 200 204 9.1 1 212

Trawl time is the total time spent trawling in the concentration.
Search time is the time between the last trawl in the i concentration and the first traw!
in the i+1stconcentration.

* * CFT = Catch-per-fishing time = Catch/Trawl Time. Units are kg/hour.
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Table 3:

Analysis of data for the cruise by RV Odyssey.

Concentration Krill Trawl Search CFT**
East-West  North-South Catch Time Time*
(nm) (nm) (kg) (hrs) (hrs)
1 15.5 20 53 412 285.6 304.3 187
2 24 42 15 000 174.6 135.4 85.9
3 51.5 39 3 100 79.7 23.8 38.9
4 8.5 9 27 802 105.8 57.5 262.8

Trawl time is the total time spent trawling in the concentration.

Search time is the time between the last trawl in the ith concentration and the first trawl

in the i+1st concentration.

* * CFT = Catch-per-fishing time = Catch/Trawl Time. Units are kg/hour.

Table 4:  Analysis of data for the cruise by RV Mys Dalniy.
Concentration Krill Trawl Search CFT**
East-West  North-South Catch Time Time*
(nm) (nm) (kg) (hrs) (hrs)
1 48.5 16 17 500 60.2 133.8 291
2 0.5 1 6 000 4 112 1 500
3 10.5 6 21 000 30.9 167.2 680
4 12.5 9 30 200 58.4 223.8 517
5 56 25 7 900 55.7 183 142
6 53.5 24 56 200 118.7 37.5 474

Trawl time is the total time spent trawling in the concentration.

Search time is the time between the last trawl in the ith concentration and the first trawl

in the i+1st concentration.

* * CFT = Catch-per-fishing time = Catch/Trawl Time. Units are kg/hour.
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Table 5:  Analysis of data for the cruise by RV Mys Tihiy.

Concentration Extent Kritl Trawl Search CFT**

East-West  North-South Catch Time Time*

(nm) (nm) (kg) (hrs) (hrs)
1 9 28 1 173 28.7 61.3 40.9
2 12 4 22 800 14.9 65.6 1 530
3 16 6 28 000 78 18.7 359
4 83.5 44 118 200 134.5 41.6 879
5 39 17 43 700 48.2 2.58 907
6 182.5 68 13 400 72.8 114 184
7 39 78 24 700 46.5 252 531
8 54.5 71 171 050 272 157.7 629
9 4.5 1 9 000 9.8 49.3 918
10 43 13 4 500 11.4 61.2 395
11 24 21 35 000 28 21.7 1 250
12 4.5 5 29 500 51 28.4 578
13 7.5 0.3 650 104.3 110.7 6.2
14 43 43 16 200 46.2 35 351

Trawl time is the total time spent trawling in the concentration.
Search time is the time between the last trawl in the ith concentration and the first traw!
in the i+1stconcentration.

* * CFT = Catch-per-fishing time = Catch/Trawl Time. Units are kg/hour.

Table 6:  Estimates for the number of concentrations and concentration properties.

Vessel Estimated Number Concentration Radii
of Concentrations Equations (1 and 2) Average <r>
(nm) (nm)
Professor Derugin 20; 24 14.6 13.2 (6.16)*"
Odyssey 12; 38 16.7 15.1  (7.06)
Mys Dalniy 34; 52 13.9 11.3  (8.04)
Mys Tihiy 25; 42 24.7 17.9 (17.1)

*

The first value pertains to Equation (5); the second includes the bias.

* * Standard deviations are shown in parentheses.
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Table 7:  Summary of catch and trawling time data.
Vessel Concentration Properties Concentration Types
Catch Trawling Time Poor
(kg) (hrs)
Professor Derugin 155 087 128 None All
(0.73)* (0.58)*
Odyssey 24 829 161 All None
(0.75) (0.49)
Mys Dalniy 23 133 54.6 1,5,6 2,3,4
(0.73) (0.64)
Mys Tihiy 36 991 72.8 1,3,6,10 2,4,5
(1.26) (0.92) 13,14 7,8,9,11,12

*

Table 8:

Coefficient of variation is shown in parentheses.

Possible double counting of concentrations and the time between encounters.

Number of concentrations
that might be double counted

Time between last trawl in-one
concentration and first trawl in the next

3,5,6

4,7

Odyssey

1,4
2,3

Mys Dalniy

4,5

89.5 hrs (3-5), 10.9 hrs (5-6)
444 hrs

296.4 hrs
23.8 hrs

182.6 hrs

18.9 hrs
693.6 (4-8), 61.2 (8-9)
1 290.4
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Figure 2: Spatial location of hauls by RV Professor Derugin.

Hauls are separated
according to the size of catch. On this scale there is almost a continuous series
of hauls.
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Figure 3: Spatial location of hauls by RV Odyssey. Hauls are separated according to the

size of catch. Note the large number of hauls with relatively small catch and
the spatial dispersion of fishing activity.
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Figure 4:

Spatial location of hauls by RV Mys Dalniy. Hauls are separated according to the
size of catch. Note the apparent separation of hauls on this spatial scale.
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Figure 5: Spatial location of hauls by RV Mys Tihiy. Hauls are separated according to the
size of catch.
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South

Figure 6:
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Spatial location of hauls by RV Professor Derugin, showing concentrations
determined by the 50 nm rule. Concentrations are drawn approximately to
scale. It is likely that concentrations 3, 5, and 6 and 4 and 7 are the same,

but were encountered in a temporarl sequence that makes a firm conclusion
difficult.
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Figure 7:
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Spatial location of hauls by RV Odyssey, showing concentrations determined by
the 50 nm rule. Concentrations are drawn approximately to scale. In addition,
the vessel path between concentrations is shown. It is likely that

concentrations 1 and 4 are the same and that 2 and 3 are in fact part of a larger
concentration.
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Figure 8: Spatial location of hauls by RV Mys Dalniy, showing concentrations determined
by the 50 nm rule.

Concentrations are drawn approximately to scale. In
addition, the vessel path between concentrations is shown.
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Spatial location of hauls by RV Mys Tihiy, showing concentrations determined
by the 50 nm rule. Concentrations are drawn approximately to scale. In
addition, the vessel path between concentrations is shown. It is likely that
concentrations 1 and 14; 4, 8, and 9; and 5 and 7 are the same, but they were
encountered in a temporal sequence that makes such identification difficuit.
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Figure 10:

308

-66.0
- 66.5
67.0 -
67.5
a Catch < 1000 kg
e Catch >= 1000 kg
68.0 l . ‘ — . I .
80 62 64 68 68 70 72

East

An alternate definition of concentrations, for the data from RV Professor
Derugin. Circles were drawn around collections of points that appear to

“aggregate” naturally. Because of the difference in spatial scales, the actual
shape of the concentrations would be elliptical.
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An alternate definition of concentrations, for the data from RV Odyssey. Circles
were drawn around collections of points that appear to “aggregate” naturally.
Because of the difference in spatial scales, the actual shape of the
concentrations would be elliptical.
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Figure 12:

A finer scale spatial plot of hauls by RV Professor Derugin, showing
concentrations 3, 5, and 6. At this spatial resolution, three foci of fishing

appear in the plot, but it is not known if the gaps between the clumps of
activity are devoid of krill.
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A finer scale spatial plot of hauls by RV Odyssey in concentration 1.
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Figure 14: A finer scale spatial plot of hauls by RV Mys Tihiy in concentration 4.
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Figure 15: A finer scale spatial plot of hauls by RV Mys Tihiy in concentration 8. Note the
large gap in fishing activity. From log-book data it is impossible to tell if krill
were present in this region and no fishing was attempted because the boundary
of the concentration was being delineated or if krill at fishable levels were
absent from the region.
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Figure 16: Histogram of the radii of concentrations encountered by RV Mys Tihiy.
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Figure 17:
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Estimated number of concentrations for the data collected by RV Mys Tihiy as a
function of area of the sector. The lower curve corresponds to the uncorrected
estimate (Equation 4) and the upper curve to the corrected estimate, taking
variance concentration radii into account. This figure corrects Figure A6 of
Appendix 5 of the Krill CPUE Workshop Report.
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Liste des tableaux
Séries de données utilisées pour I'analyse.
Analyse des données de la campagne du navire Professor Derugin.
Analyse des données de la campagne du navire Odyssey.
Analyse des données de la campagne du navire Mys Dalniy.
Analyse des données de la campagne du navire Mys Tihiy.

Estimations du nombre de concentrations et des propriétés des
concentrations.

Résumé des données de capture et de durée de chalutage.

Compte double possible des concentrations et du temps entre leurs
rencontres.

Liste des figures

Position approximative des activités des quatre navires de prospection,
superposée aux zones, sous-zones et divisions de la CCAMLR. L'échelle des
lieux d'activités d'étude a été légérement élargie pour améliorer
I'observation.

Position spatiale des chalutages du navire Professor Derugin. Les chalutages
sont séparés selon la taille de la capture. A cette échelle, la série de
chalutages est presque continue.

Position spatiale des chalutages du navire Odyssey. Les chalutages sont
séparés selon la taille de la capture. Il faut remarquer le grand nombre de
chalutages dont la capture est relativement faible et la dispersion spatiale de
I'activité de péche.

Position spatiale des chalutages du navire Mys Dalniy. Les chalutages sont
séparés selon la taille de la capture. |l faut remarquer la séparation
apparente des chalutages a cette échelle spatiale.

Position spatiale des chalutages du navire Mys Tihiy. Les chalutages sont
séparés selon la taille de la capture.

Position spatiale des chalutages du navire Professor Derugin, montrant des
concentrations déterminées par la regle des 50 milles nautiques. Les
concentrations sont dessinées approximativement a I'échelle. 1l est probable
que les concentrations 3, 5 et 6, et les concentrations 4 et 7 soient les
mémes, mais qu'elles ont été rencontrées dans une succession temporelle qui
rend difficile toute conclusion définitive.

Position spatiale des chalutages du navire Odyssey, montrant des
concentrations déterminées par la régle des 50 milles nautiques. Les
concentrations sont dessinées approximativement a 'échelle. De plus, le
trajet du navire entre les concentrations est montrée. Il est probable que les
concentrations 1 et 4 soient les mémes, et que 2 et 3 fassent en fait partie
d'une concentration plus grande.




Figure 8:

Figure 9:

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

10:

11:

12:

13:

14:;

15:

16:

17:

Position spatiale des chalutages du navire Mys Dalniy, montrant des
concentrations déterminées par la régle des 50 milles nautiques. Les
concentrations sont dessinées approximativement a I'échelle. De plus, le
trajet du navire entre les concentrations est montré.

Position spatiale des chalutages du navire Mys Tihiy, montrant des
concentrations déterminées par la régle des 50 milles nautiques. Les
concentrations sont dessinées approximativement a I'échelle. De plus, le
trajet du navire entre les concentrations est montré. Il est probable que les
concentrations 1 et 14; 4, 8 et 9; et 5 et 7 soient les mémes, mais elles ont
été rencontrées dans une succession temporelle qui rend une telle
identification difficile.

Une autre définition des concentrations, pour les données provenant du
navire Professor Derugin. Des cercles sont dessinés autour de points
groupés qui semblent "se réunir" naturellement. En raison de la différence
entre les échelles spatiales, la forme réelle des concentrations devrait étre
elliptique.

Une autre définition des concentrations, pour les données provenant du
navire Odyssey. Des cercles sont dessinés autour de points groupés qui
semblent "se réunir" naturellement. En raison de la différence entre les
échelles spatiales, la forme réelle des concentrations devrait étre elliptique.

Un tracé spatial a échelle plus précise des chalutages du navire Professor
Derugin, montrant les concentrations 3, 5 et 6. A cette résolution spatiale,
trois centres de péche apparaissent sur le tracé, mais on ignore si les
espaces entre les groupements d'activité sont dépourvus de krill.

Un tracé spatial a échelle plus précise des chalutages du navire Odyssey dans
la concentration 1.

Un tracé spatial & échelle plus précise des chalutages du navire Mys Tihiy
dans la concentration 4.

Un tracé spatial a échelle plus précise des chalutages du navire Mys Tihiy
dans la concentration 8. Il faut remarquer le grand vide dans l'activité de
péche. A partir des données relevées sur le carnet de péche, il est
impossible de dire si le krill était présent dans cette région, et la péche n'a
pas été tentée parce que les limites de la concentration étaient en train d'étre
tracées, ou si le krill, 4 des niveaux exploitables, était absent de cette
région.

Histogramme des rayons de concentrations rencontrées par le navire Mys
Tihiy.

Nombre estimé de concentrations a partir des données recueillies par le
navire Mys Tihiy en fonction de la surface du secteur. La courbe du bas
correspond a l'estimation non corrigée (Eqn 4), et la courbe du haut
correspond a l'estimation corrigée, prenant en compte la variance des rayons
de concentration. Cette figure corrige la figure A6 de I'Appendice 5 du
rapport de I'Atelier sur la CPUE du krill.
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CnucoK TabJuL,
Hcrnoib3oBaHHbBIE NIPU aHAJW3€e Habopbl AaHHBIX.

AHa/M3 JlaHHBIX, co6paHHBIX B XOJ€ peiica cyaHa IlIpogeccop
JeporuH.

AHaJ i3 AaHHBIX, COBpaHHBIX B XO/€e pelica cyaHa OgHcceH,

AHaJuiu3 ZaHHBIX, cO6paHHbBIX B XoJ€e perica cyaHa Mbic JaabHHH.
AHaJu3 AaHHbIX, cO6paHHBIX B Xo/€ pelica cyAHa Mbic TUXHI,
O1eHKa KOJUUEeCTRA KOHLLEHTPal Uil U XapaKTEPHUCTUK KOHLIEHTPp Al uii.
CRO/JKa AaHHBIX 110 YJIOBY U BPEMEHH, 3aTpaueHHOMY Ha TpaJieHHe,

BeposiTHBIII NOBTOPHBI YUeT KOHUEHTpaUUll U UHTEPBAJ MeEXAY
pPEerucTpalisiMU KOHIEHTPAIMI,

CnUCOK pPUCYHKOB

IIpubiusUTeSbHOE MECTO NPOBEAEHUSI CbEMOK UEThHIpbMSI HayUyHO-
MOUCKOBBIMU CyZlaMH, HaHECEHHO€e Ha KapTy PaiioHOB, NOAPaliOHOB U
yuacTkoB AHTKOMa. H3zofpaxxeHHe  aKBATOPHUM, OXBaueHHOW
CbeMKaMHU, HECKOJIBKO yBeJHUEeHO.,

MecTonoJIOXX€HUE TpaJieHUi, BBINOJHEHHBX cyAHoM IIpogeccop
HAeprooruH, TpaJjeHuss KJaccUPUUHUPYIOTCsl IO pasMepy yJosa, B
JAaHHOM MacmTabe uzobpaxxeHue BhIMISAUT Kak MOYTH HENPEPbIBHbDIN
psiA TpaJieHui,

MecTonoJoxeHue TpaJieHUl, BBIIOJHEHHBIX CYAHOM OfHccel.
TpaJseHUs1 KJaccupUUUpPYOTCs 1O pasMepy yJoBa. Obparure
BHUMaHUeE Ha 60JibIOe KOJMUUECTRO TPaJleHUH, B pe3yJbTaTe KOTOPHIX
6b1/IH IOJIyUEHBI CpPaBHHUTEJIBHO HeboJblue YJIOBH 178
NpoCTPaHCTREHHOE pacCceuBaHHe IPOMBICJIOBOMN AesITEJIbHOCTH.

MecTonoJoXeHUE TpaJieHUHN, BBINTOJHEHHbIX CYAHOM Mbic /Ja/IbHHI,
TpasneHus KkJjaaccupuuUpyoTCss 0O pasMepy yJoa. O6partute
BHUMaHH€E Ha OUeBUJIHOE pasZielieHle TpaJieHUl NpU HCNOJb30BAHUU
JaHHOT O MacuTaba.

MecTomnoJoXeHUe TpaJieHUll, BBIMOJHEHHBIX CyAHOM Mbic TUXHH.
TpaJieHUs KJIaCCUPULUPYRTCS 10 pa3Mepy yJOBa.,

MecTonoJioxXeHHe TpaJieHUl, . BhIIOJHEHHbIX cyAHoM IIpogeccop
AeporuH, U MECTONOJIOXeHUEe KOHUEHTpallui, ornpeAesIeHHbIX B
COOTBETCTBUU C rMpaBuJoM "50 Mopckux MUJbL". KoOHHEHTpauuu
H3obpaxeHbl B NpUBJIU3UTENbHO TOM Xe MacmTabe. BeposiTHO, UTo
KOHIeHTpalluu 3, 5 1 6, a Takxke 4 U 7 ABJASAITCS OAHUMM U TEMH Xe€,
HO TNOCJIEAOBATEJbHOCTh UX OGHApPYXEHUsl 3aTpyZHsIET BblHEceHUe
TOUHOI'O 3aKJIUEHU.

MecTonoJsioXXeHHe TpaJieHUH, BHITOJHEHHbIX CYyJAHOM OZHCCeH, U
KOHLEHTpallii, onpejeseHHbIX B COOTBETCTBUM C MNpaBujoM S0




PUcyHOK 8:

PUCYHOK 9:

PucyHnok 10:

PucyHok 11:

PucyHok 12;

Pucynox 13:

PucyHOK 14;

PucyHnok 15:

MOPCKHUX MUJb. KOHIEHTpalu U3o6paXeHbl NPpUBJIU3UTENBHO B TOM
Xe Macmrabe, IloMuMO 3Toro ykKasblBaeTcsl Kypc cyJHa TMpH
nepeMelieHuy MexXay KOHLIEHTPALUSIMU, BeposiTHO, 4yToO
KOHLEHTpaluUuu 1 u 4 aBJAAKTCIS OAHOM U TOH K€ KOHLeHTpaluel, a
TaK¥Xe, UTO KOHLEHTPALUU 2 U 3 SIBJASIIOTCS UacTsIMHU 6oJiee KpynHOM!
KOHILeHTpal Ui,

MecTonoJioxeHue TpaJieHUH, BBIITOJHEHHbIX ¢y AHOM Mbic [la/IbHUH, 1
MeCTONOJIOXEeHHUE KOHLEHTPALMH, ollpe/ieJieHHbIX B COOTBETCTBUU C
npaBujsioM "50 Mopckux MuJb". KoOHUEeHTpauuu U306paKeHbl
NpU6IUBUTEJNBHO B TOM Xe MacumTabe. IOMUMO 3TOro ykasblBaeTcsl
KYyPpC CyZAHa IpU lepeMelleHHH MeXAY KOHUEeHTPaLUsIMU.,

MecTonoJsioxeHHe TpaJeHUl, BbINOJHEHHbIX cyAHOM Mbic THxHI, U
KOHILIEHTpalLuli, omnpejesieHHbIX B COOTBETCTBHUU ¢ HpaBUJIoM "50
MOPCKUX MUJIb". KOHLleHTpalluU U306pakeHbl B TPHUGJIU3UTENbHO TOM
ke Macmrtabe, IIoMUMO 3TOro YyKasblBaeTCsl KypC cyAHa MpH
rnepeMel eHUu MeX Ay KOHLEHTPALHsAMU, BeposiTHo, 4TO
KOHLeHTpauu 1 u 14, 4,8 U 9, a TakXe 5 U 7 ABASAOTCA OAHUMU U
TEMU Xe€, HO I[10CJ/IeJOBATEJbHOCTb WX OO6HApYXXEHUsl 3aTPpYyAHSIET
TOUHOE OIlpeJeJeHUe,

AJbTepHATHBHOE oOIlpeje/ieHHe KOHUEHTpalluil Mo JaHHbIM CcyJZHa
IIpogpeccop JeproruH. OKpY>XHOCTU BblUepueHbl BOKPYT CKOMJIEHUMN
TOUeK, KOoTopble "hopMHpPYIOTCS" €CTECTBEHHBIM obpa3oM. B CBsi3u ©
pas3JlMurieM NPOCTPAHCTBEHHBIX MacliTaboBR, B AEHCTBUTEJbHOCTU
KOHLEHTPALUU UMEPT GOopMY 3JJMIICA.,

AJsbTepHATHUBHOE ollpeJeJieHHe KOHUEHTpauui Nno JaHHBIM cyJHa
Ogmucceri, OKPYXHOCTH BblUepU€Hbl BOKPYI CKOIJIEHUH TOUeK,
KoTopble "(hoOpMUpPYIOTCsS" ecTecTBEHHbIM o6pasoM. B cBssu ¢
pasjiMuvdeM TMPpOCTPAHCTBEHHbIX MaclTaboB, B AEHCTBUTEJNbHOCTU
KOHLIEHTPpaLUM UMeT GopMYy 3JIJIHIICA.

HaHeceHHoe Ha  Kapty 6oJiee mnogpo6Hoe  uzobpaxeHue
MECTOMNOJIOXEHHS] TpaJieHUl, BbIMOJHEHHBIX cyAHOM IlIpogeccop
JepioruH, NnokKasbipapllee KOHUEHTpaluu 3,5 u 6. Ilpu moao6HOM
MPOCTPAHCTBEHHOM MacuTabe Ha KapTe HabIW0AaI0TCsl TPY OCHOBHBIX
y4acTKa HpPOMbBIC/a, MPU 3TOM HEU3BECTHO, UMeeTCsl JU KpuJb B
NPOMEXYTKaX MEXAY OCHOBHBIMH yUACTKaMU MPOMBICJIA.

HaHeceHHoOe Ha  Kapry 6osiee  nozpobHoe n306paxeHue
MECTOMOJIOXEHUU TpaJieHUl, BBIMOJHEHHbBIX CyAHOM OZgHcceld B
npezeJsjax KOHLEHTpaluuu 1,

HaHeceHHOe Ha KapTy 6oJiee noApo6Hoe usobpaxeHue
MECTOIOJIOXKEHUN TpaJieHUMN, BbINOJIHEHHbIX CyAHOM Mbic TuxuI B
npejesax KOHLEHTpaluuu 4,

HaHeceHHoe Ha  KapTy 6oJiee mnoapo6Hoe  uzobpaxeHue
MECTOIOJIOXEHUN TpaJieHUU, BBIMTOJHEHHBIX cyAHOM Mbic Tuxuii B
npejesiax KoOHIeHTpanuu 8. O6paTuTe BHUMaHUE Ha OTCYTCTBUE
IPOMBICJIOBOM  AeSATEJIbHOCTHM Ha 3HauMuTeJsbHOIN mNJomaau. Ilo
3alCsIM B CYJOBOM  XYpPHaJle HEBO3MOXHO  ONpeAeJUTh,
NPHUCYTCTBOBAJ JIU KPUJb B 3TOM palOHe U MO KaKol NpUUUHE He
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NMpOBOAUJICSI IPOMBICEJI: B CBA3U C TeM, UTO oNpeAeJisi/INCh I'PaHUILBI
pacnpocTpaHeHUusl KOHLEHTpAal 1y, nan Xe I'lpPII"O,ZIHbIﬁ AJIA
npoMbiCJia KpUJib OTCYTCTBOBAJI,

I'uctorpaMMa paJuycoB KOHLEHTpalUi, O6GHapyXeHHBIX CYyJHOM
Mpbrc Tuxiui,

OLeHKa KOJHYEeCTBA KOHILLeHTPal Uil 1o JaHHbIM, OJIyUEeHHBIM Cy JHOM
Mbic Tuxwui, Kak GyHKLUUS NJoLaJU 3TOro cekropa. HuxXHss1 KpUuBasi
COOTBETCTBYET HEOTKOPPEKTUPOBAHHOMN OlLIEHKE (ypaBHeHUe 4),
BEPXHsIsI KpUBasl - OILleHKe, OTKOPPEKTHUPOBAHHOM C YyuyeTOM
BAapUATUBHOCTH paAUYyCOBR KoOHLeHTpauui. Hacrosmwuii PpHCYHOK
COZEPXUT IMONpPaBKU K pUcyHKy A6 B [JlonosHeHuH 5 K OTUeTy
Pa6ouero ceMuHapa no usyuenuio CPUE kpuas.

Lista de las tablas
Conjuntos de datos usados para el andlisis.

Andlisis de datos recopilados durante la expediciéon hecha por el navio
Professor Derugin.

Andlisis de datos recopilados durante la expedicién hecha por el navio
Odyssey.

Analisis de datos recopilados durante la expedicion hecha por el navio Mys
Dalniy.

Andlisis de datos recopilados durante la expedicién hecha por el navio Mys
Tihiy.

Estimaciones del nimero de concentraciones y de las propiedades de la
concentracion.
Resumen de los datos de captura y tiempo de arrastre.

Posible recuento de las concentraciones y del tiempo entre arrastres.

Lista de las figuras

Ubicacién aproximada de las actividades de los cuatro navios de estudio,
sobrepuestas en las areas, subdreas y divisiones de la CCRVMA. La escala de
la actividad de estudio ha sido ligeramente aumentada para realzar la
inspeccion.

Ubicacion espacial de los arrastres hechos por el navio Professor Derugin.
Los arrastres estan separados de acuerdo al tamafio de la captura. En esta
escala hay una serie casi continua de arrastres.

Localidad espacial de los arrastres hechos por el navio Odyssey. Los
arrastres estan separados de acuerdo a la cantidad de la captura. Nétese el
gran numero de arrastres con una captura relativamente pequefia y una
dispersién espacial de la actividad pesquera.
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Localidad espacial de los arrastres hechos por el navio Mys Dalniy. Los
arrastres estan separados de acuerdo a la cantidad de la captura. Notése la
separacién aparente de arrastres en esta escala espacial.

Localidad espacial de los arrastres hechos por el navio Mys Tihiy. Los
arrastres estan separados de acuerdo a la cantidad de la captura.

Localidad espacial de los arrastres hechos por el navio Professor Derugin,
mostrando concentraciones determinadas por el reglamento de 50 mn.
Concentraciones estdn aproximadamente a escala. Es posible que las
concentraciones 3,5,y 6 y 4 y 7 sean la misma, pero fueron encontradas en
una secuencia temporaria lo cual no permite hacer una conclusién precisa.

Localidad espacial de los arrastres hechos por el navio Odyssey, mostrando
concentraciones determinadas por el reglamento de 50 mn. Concentraciones
estan aproximadamente a escala. En adicién, se muestra la trayectoria del
navio entre las concentraciones. Es posible que las concentraciones 1 y 4
sean la misma y que 2 y 3 sean en realidad parte de una concentracién mayor.

Localidad espacial de los arrastres hechos por el navio Mys Dalniy,
mostrando concentraciones determinadas por el reglamento de 50 mn.
Concentraciones estan aproximadamente a escala. En adicién, se muestra la
trayectoria del navio entre las concentraciones.

Localidad espacial de los arrastres hechos por el navio Mys Tihiy, mostrando
concentraciones determinadas por el reglamento de 50 mn. Concentraciones
estan aproximadamente a escala. En adicién, se muestra la trayectoria del
navio entre las concentraciones. Es posible que las concentraciones 1 y 14;
4,8y 9;y 5y 7 sean las mismas, pero fueron encontradas en una secuencia
temporaria lo cual no permite hacer una conclusién precisa.

Una definicién alternativa de las concentraciones, para los datos
provenientes del navio Professor Derugin. Circulos se han dibujado
alrededor de grupos de puntos que parecen “agregarse” naturalmente. Debido
a la diferencia en las escalas espaciales, la configuracién verdadera de las
concentraciones seria eliptica.

Una definicion alternativa de las concentraciones, para los datos proveniente
del navio Odyssey. Circulos se han dibujado alrededor de grupos de puntos que
parecen “agregarse” naturalmente. Debido a la diferencia en las escalas
espaciales, la configuracién verdadera de las concentraciones seria eliptica.

Un gréafico de la escala espacial mas detallado de los arrastres hechos por el
navio Professor Derugin, mostrando las concentraciones 3,5 y 6. En esta
resolucién espacial, tres centros de pesca aparecen en el grafico, pero no se
sabe si los espacios entre los grupos de actividad estan desprovistos de krill.

Un gréfico de la escala espacial méas detallado de los arrastres hechos por el
navio Odyssey en la concentracion 1.

Un gréfico de la escala espacial mas detallado de los arrastres hechos por el
navio Mys Tihiy en la concentracion 4.

Un gréfico de la escala espacial mas detallado de los arrastres hechos por el
navio Mys Tihiy en la concentracion 8. Notese el gran espacio en actividad
pesquera. Segun la informacién obtenida de los diarios de bitacora es
imposible poder decir si el krill se encontraba presente en esta regién y no
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Figura 16:

Figura 17:
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se atenté pescar porque los limites de la concentracién estaba recién siendo
delimitada o porque el krill a niveles apropiados para pesca estaban ausentes
de esta region.

Histograma del radio de concentracién encontrada por el navio Mys Tihiy.

Numero estimado de las concentraciones segun los datos recopilados por el
navio Mys Tihiy como funcién del area del sector. La curva inferior
corresponde a la estimacién sin rectificacion (Ecn 4) mientras la curva
superior es la estimacién rectificada, tomando en consideracién la variacion
en los radios de concentracién. Esta figura amenda Figura A6 del Apéndice 5
del Informe del Taller sobre Krill CPUE.
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CPUES, BODY LENGTH AND GREENNESS OF ANTARCTIC KRILL DURING
1987/88 SEASON IN THE FISHING GROUND NORTH OF LIVINGSTON ISLAND

Y. Endo and T. Ichii
Abstract

In order to identify whether or not there was a marked change in two
kinds of CPUESs, body length and greenness of krill during the fishing
season, these parameters were examined for each 10-day period of
the Japanese krill fishery in the northern waters of Livingston Island
in the 1987/88 season. It appears that Japanese trawlers have not
fished krill concentrations to the extent that a decrease in krill
biomass in this area can be detected from these data. The percentages
of “Egui” as an indicator of greenness of krill were too variable
among trawlers to be an objective indicator at present.

Résumé

Deux sortes de CPUE, la longueur du corps et la teinte verte du krill
ont été examinées pour chaque période de 10 jours, pendant la saison
1987/88, pour la pécherie japonaise de krill dans les eaux au nord
de I'lle Livingston, afin de démontrer si elles dénotent un changement
significatif pendant la saison de péche. Les CPUE et la longueur du
corps du krill n'ont pas changé pendant la saison de péche. Par
conséquent, il semblerait que les chalutiers japonais n'ont pas péché
les concentrations de krill a un point tel que la diminution de la
biomasse du krill dans cette région puisse étre décelée de ces données.
Les pourcentages d“Egui”, comme indicateur de la teinte verte du
krill, étaient trop variables d'un chalutier a l'autre pour qu'il soit a
I'neure actuelle un indicateur objectif.

PeswmMme

ABa Buaa CPUE, aHHbIE IO AJIMHE U CTEINeHU 3€/IEHOCTH KPUJIs,
NMOJIYUEHHbIE [0 KaXAOMY AECSATUIHEBHOMY lTepUOAY BeeHUSsI
npomblicJja SIncHUEN B BoZlaX K CeBRepy OT O-Ba JIUBUHICTOH B
TeueHHe 1987/88 r., 6blJIM pACCMOTPEHB AJsI TOr'O, UTOGHI
O6HapyXUTb, U3MEHSJIUCh JIU 3TU 3JIEMEHTbl B 3HAUUTEJIbHON
Mepe B TeueHHe NpoMbicjoBoro cesoHa. M3aMeHeHus CPUE u
JJIUHBI KpuJs B TeueHUe MMPOMBICJIOROIO CE30Ha
OTCYTCTBOBaJIH. llosiyueHHble JaHHble YKA3bIBAKT Ha TO, UTO
npoMbiceJ KpuJst SInMoHHEel B 5TOM palioHe He IpUBeJ K
COKpalmeHUIw ero 6uomaccel. Besuuunsl “"Egui® caumkom
BapbUPOBAJIMCH OT TpayJiepa K TpayJiepy U B HacTosllee BpeMsi
HE MOT'YT CJIYXHUTb HaJEXHbIM ITOKa3aTeJEM 3€JIEHOCTU KPUJISL.
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Resumen

Para determinar definitivamente si hubo un cambio notable en dos
tipos de CPUE, longitud del cuerpo y verdor del krill durante la
temporada de pesca, se examinaron estos parametros para cada
periodo de 10 dias de pesca de krill japonesa en las aguas nortinas de
la Isla Livingston en la temporada 1987/88. Parece que los buques
de arrastre japoneses no han capturado concentraciones de krill hasta
el punto de que una disminucion en la biomasa de krill en esta area se
pueda detectar en estos datos. Los porcentajes de “Egui” como un
indicador del verdor del krill, fueron muy variados entre los buques
de arrastre para dar una indicacién objetiva al momento.




1. INTRODUCTION

The northern waters of Livingston Island were amongst the largest fishing grounds
for the Japanese krill fishery in the 1987/88 season. Fishing operations in this area were
conducted from early January to late March 1988. It was in this area that RV Kaiyo Maru
conducted a co-operative survey with a Japanese trawler on the target strength of krill.
Additionally, after the co-operative survey, krill biomass on this fishing ground was
estimated by an echo integrator.

Two kinds of CPUEs, body length and greenness of krill were examined for each
10-day period from early January to late March as a case study to identify whether or not
they show a marked change during the fishing season.

2. MATERIALS AND METHODS

We defined the fishing ground north of Livingston lIsland as the area between
59°30°'W and 61°30'W and between 61°30’S and 62°30’S (Figure 1). Two kinds of CPUES,
catch/tow and catch/towing time (minute), were computed from the data recorded on log
books of Japanese trawlers. A CPUE incorporating searching time was not collected and there
were no essential searching activities (primary searching time of Butterworth,1988), at
least during the co-operative study. Trawlers sail against the wind, trawl on the wind and
spend time searching while waiting to finish processing (secondary searching time).

Each ship was required to measure body lengths, from the tip of rostrum to the
posterior end of telson, of 50 animals from one haul per day.

Condition of “Egui” or greenness of krill has become an item to be recorded routinely
since the 1987/88 season. Only those catches in which animals showed greenness to the
extent that they are not suitable even for production of boiled and frozen products were
checked.

Data on the above items, coming from trawls made in the area between 59°30'W and
61°30'W and between 61°30'S and 62°30’S, were examined.

3. RESULTS AND DISCUSSION

Trawling positions in January were distributed from the waters about 30 n miles
north of Livingston Island to the waters north of Elephant Island (Figure 2). From early
February to mid-March, fishing efforts were concentrated in the waters northwest of
Livingston Island. In late March, the major fishing ground moved to the waters west of
Elephant Island.

There was no significant difference in both catch/tow and catch/towing time among
10-day periods from early January to late March for each of seven trawlers which
participated in krill fishing in this season (ANOVA, Figures 3 and 4). Catch/tow values
showed little change during the fishing season. Trawlers which mainly produce peeled krill
tended to show larger catch/tow values. Catch/towing time values, however, showed a
somewhat irregular pattern compared with catch/tow values. Three trawlers recorded a
maximum value in February, but one trawler in late March.

Length frequency distribution of krill from all the trawlers is shown in Figure 5 for
each 10-day period. Although mean body length in early January was rather small,
41.8 mm, compared with those in later seasons, 45.1 to 46.7 mm, there was no significant
difference in mean body length between each 10-day period during the 1987/88 season
(ANOVA).
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Percentages of “Egui” catches were highly variable among trawlers. No “Egui” was
recorded in any 10-day period in three out of seven trawlers. One trawler, however, scored
100% “Egui” for three 10-day periods in January. Higher percentages tended to occur in
January. “Egui” percentage does not seem to be an objective indicator of greenness at
present. The last trawler did not leave the fishing ground but stayed there. Therefore,
although Butterworth (1988) recommended collection of data on the greenness of krill to
improve the abundance indices, we do not think routine collection of the data is useful.

A total of 41 905 tonnes of krill was caught in this area, which equals 57% of the
total Japanese catch in the 1987/88 season. The estimated biomass of krill by the echo
integrator on board RV Kaiyo Maru was 601 297 tonnes in the upper 200 m in the s-shaped
co-operative survey area (Figure 1). After the co-operative survey between RV Kaiyo Maru
and a trawler in late January, the fishing ground shifted southward to the continental shelf
just north of Livingston Island. If we assume that the krill concentration in the co-operative
survey area moved as a whole and assume no advection from adjacent areas, approximately
7% of the biomass was fished by Japanese trawlers. If krill advected from adjacent areas,
the percentage would be lower.

Considering that CPUEs and the mean body length of krill did not change during the
fishing season, two options are poossible: Japanese trawlers do not appear to have fished
krill concentrations to the extent that a decrease in krill biomass can be detected from CPUE
data in the area north of Livingston Island, or krill with similar body length were advected
from adjacent areas.

REFERENCE
BUTTERWORTH, D.S. 1988. A simulation study of krill fishing by an individual Japanese

trawler. Selected Scientific Papers, 1988 - Part 1. SC-CAMLR-SSP/5: Hobart,
Australia. pp. 1-108.
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Figure 1: The fishing ground north of Livingston Island (square) and the area surveyed by
RV Kaiyo Maru and a Japanese trawler (s-shaped area in the square).
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Figure 2a: Trawling positions of Japanese trawlers in the first and middle 10 days of
January in the 1987/88 season.
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Figure 2b: Trawling positions of Japanese trawlers in the last 10 days of January and the
first 10 days of February in the 1987/88 season.
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Figure 2c: Trawling positions of Japanese trawlers in the middle and
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Figure 2d: Trawling positions of Japanese trawlers in the first and middle 10 days of March
in the 1987/88 season.
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Figure 3: Mean catch/tow values of each trawler for each 10-day period from January to
March 1988.
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Figure 4: Mean catch/towing time (minute) values of each trawler for each 10-day period
from January to March 1988.
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Figure 5a: Length-frequency histograms of krill in January 1988.
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Figure 5b: Length-frequency histograms of krill in February 1988.
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Figure 5c: Length-frequency histograms of krill in March 1988.
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CrucoK pUCYHKOR

IIpoMbICJ/IOBBIIT yUaCcTOK B pailoHe ocTpoBa JIMBUHICTOH (KBaApaT) U
paiioH npoBeAeHUs1 cbeMKkU HUC Kaiyo Maru u SsnmoHCKUM TpayJiepoM

(S-o6pasHbiil yuaCTOK B KBaJpaTe).

MecTonoJioXeHUe TpaJIeHUii, BbIIMOJHEHHBIX SMOHCKUM TpayJepoM B
TeueHUe cesoHa 1987/88 r.

MecTonoJioXeHue TpaJIEeHHH, BINTOJHEHHBIX SIMTOHCKUMH TpayJepaMu
B TeueHue ce3oHa 1987/88 r.

MecTonoJioxXeHue TpaJieHHH, BHIMOJIHEHHbIX SITOHCKUMU TpayJepaMu
B TeUueHue ce30Ha 1987/88 r,

MecTonoJioXXeHHe TpaJieHHH, BHINOJHEHHbIX SIMTOHCKUMU TpayJepaMu
B TeueHue ce3oHa 1987/88 r.

MecTOno/OXeHHe TpaJieHHH, BBITOJHEHHbIX SITOHCKUMU TpayJepaMu
B TeueHue ce30Ha 1987/88 r.
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MapT 1988 r.

I'ucTorpaMMbl UaCTOTHOIO pacnpe/eseHust AJUHbI KpUJisi B stHRape
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SIZE AND DENSITY OF KRILL LAYERS FISHED BY A JAPANESE TRAWLER IN THE

WATERS NORTH OF LIVINGSTON ISLAND IN JANUARY 1988
Y. Endo and Y. Shimadzu

Abstract

The size and density of fishable krill layers in the northern waters of
Livingston lIsland were determined during the co-operative survey
carried out by RV Kaiyo Maru and a Japanese trawler. The mean
values of layer length, thickness and surface density were 3.25 km,
13.3 m and 228.0 g wet weight/m2, respectively. The krill layers
fished by the trawler during the co-operative survey were
44.5 times longer and 2.7 times thicker but 25% less dense than the
typical swarms encountered during FIBEX surveys.

Résumé

L'étendue et la densité des couches exploitables de krill dans les eaux
du nord de I'le Livingston ont été déterminées lors de la campagne
d'évaluation coopérative effectuée par le navire de recherche Kaiyo
Maru et un chalutier japonais. Les valeurs moyennes de longueur,
d'épaisseur et de densité a la surface des couches étaient
respectivement de 3,25 km, 13,3 m et 228,0 g de poids humide/mZ2.
Les couches de krill péchées par le chalutier au cours de la campagne
d'évaluation coopérative étaient de 44,5 fois plus longues, 2,7 fois
plus épaisses mais de 25% moins denses que les essaims types
rencontrés lors des campagnes d'évaluation de la FIBEX.

PezomMme

MlaHHble MO pasMepy M IMJOTHOCTU CJIOER KpWUJs 6blad
MoJiyueHbl B XOJl€é COBMECTHOM CbeMKH, BbINoJHeHHoN HHUC
Kaiyo Maru u sanoHckuM TpayJepoMm. CpeaHssa AJMHaA CJOS
paBHsisach 3,25 KM, ToJIMHA c¢Jjosi - 13,3 M U NJOTHOCTb ¥
NOBEPXHOCTU - 228,0 I, cbiporo Beca/M2, IIpoTpaJieHHbIE B XOZ€
COBMECTHOI CbeMKHU cJioU 6blau B 44,5 pasa AquHHee, 2,7 pasa
ToJime, HO Ha 25% MeHee MJIOTHBI, UeM THUIIHMUHbIe CKOIJIEHHS,
of6Hapy>KeHHbie TPH NPOBEAEHUN CheMOK MO nporpaMme FIBEX.

Resumen

La densidad y tamafio de las capas explotables de krill en las aguas al
norte de la Isla Livingston, fueron determinadas durante el estudio
co-operativo llevado a cabo por un buque de arrastre japonés y el
RV Kaiyo Maru. Los valores medios de la longitud de la capa, grosor
y densidad de la superficie fueron 3.25 km, 13.3 m y 228.0 g peso
humedo/m?, respectivamente. Las capas de krill explotadas por el
buque de arrastre durante el estudio co-operativo fueron 44.5 veces
mas largas y 2.7 veces mas gruesas pero 25% menos densas que los
cardumenes tipicos encontrados durante los estudios FIBEX.
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1. INTRODUCTION

Extensive information on size, shape and density of Antarctic krill aggregations has
been obtained by research vessels (e.g. BIOMASS, 1986). Information on harvestable
aggregations, however, is scarce, although this is necessary in order to estimate the possible
effect of fishing on krill abundance.

This paper provides information on the layers fished by a Japanese trawler during
the co-operative survey with RV Kaiyo Maru on the fishing ground north of Livingston Island
in January 1988.

2. MATERIALS AND METHODS

The co-operative survey between RV Kaiyo Maru and a Japanese frawler was
conducted from 17 to 20 January 1988 on the fishing ground north of Livingston Island
(Figure 1). A total of 30 experiments on TS measurement and net calibration were carried
out during the survey. Information on 34 trawling operations including 30 co-operative
experiments, was provided by the trawler.

The number of krill aggregations per tow and their shape and dimension were
determined from the echogram of a fish finder on the trawler (50 kHz). Since most of the
aggregations were long and stratified layers, the thickness of an aggregation was measured at
its densest part every five minutes on the echogram.

The density of each layer was estimated from the catch, mouth area of the net
(560 m?) and towing time. The towing time in this case denotes the time from the moment
when the aggregation entered the net, which can be ascertained by a net recorder, to the
moment when the net started to be raised. The net volume density was calculated by dividing
the density by the ratio of thickness of the layer to the net height (28 m), which was
recorded on a net recorder chart.

3. RESULTS AND DISCUSSION

The number of aggregations per tow were: one (30 instances); two (one instance);
three (two instances); and six (one instance). All the aggregations were layers except the
last instance where six swarms were fished. A typical layer recorded by an echogram is
shown in Figure 2. Note the stratified appearance of the layer.

The towed layer length ranged from 241 m to 6.0 km with a mean of 3.25 km (N=38,
SD=1.66 km) (Figure 3a). The intersected length of six swarms encountered in a tow
ranged from 37 to 370 m with a mean of 135.8 m (SD=122.5 m).

The mean thickness of the layer(s) of each tow ranged from 6.1 to 22.8 m with the
overall mean of 13.3 m (N=33, SD=3.96 m) (Figure 3b).

The density of each layer was calculated for those tows during which a layer did not
end. The density thus calculated ranged from 1.43 to 52.07 g/m3 with a mean of 7.17 g/m3
(N=30, SD=8.84 g/m?). The net density ranged from 4.49 to 73.33 g/m3® with a mean of
17.14 g/m3 (N=30, SD=12.70 g/m3) (Figure 3c). The mean ratio of layer thickness to net
height was 0.43. As the net height was 28 m, the layer thickness must be 12 m, which is
close to the value obtained from the echogram, 13.3 m. The surface density of layers can be
calculated by multiplying 17.14 g/m3 by the mean thickness, 13.3 m. Thus 228.0 g/m?
was gained.
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Butterworth (1988) assumes that about five swarms are fished per haul in his
modified simulation model. In this study, however, one layer was fished per haul in 88% of
hauls.

The mean towed layer length was 3.25 km (the mode was 4.5 km) (Figure 3a), which
is 44.5 times longer than that obtained from SIBEX surveys (BIOMASS, 1986) and used for a
base case model by Butterworth (1988), 73 m. The value of 3.25 km, however, does not
seem unusual because Ichii (1987) reported higher values in the fishing ground off Wilkes
Land during the 1985/86 season.

The combined results from FIBEX give a mean swarm thickness of 5 m (BIOMASS,
1986}, which is less than half that obtained in this study, 13.3 m.

In this study, the mean surface density of krill within a layer was 228.0 g/m2. This
value is less than that calculated by Butterworth from FIBEX data, 300 g/m2.

As shown above, the krill layers fished by the trawler during the co-operative
survey were 44.5 times longer and 2.7 times thicker but 25% less dense than the typical
swarms encountered during FIBEX surveys. Fishing vessels were selecting larger
aggregations than the average-sized ones found by research vessels.

Towed length and thickness of layers were underestimated because the trawler
curtailed the haul before the layer ended in 30 out of 34 hauls and because the trawl net
could not fish the deeper parts of the layers in at least 16 out of 34 hauls.

Catch per tow ranged from 1.1 to 23.0 tonnes during the co-operative survey.

After the co-operative survey with the trawler, RV Kaiyo Maru sailed around the
fishing ground in order to estimate krill biomass by means of an echo integrator (Figure 1).
Layers were the main form of aggregation along the track lines except the southern area,
lines G-J, where swarms were recorded on the echogram. On lines B-F, L and N, layers
never ended. The longest layer was recorded on line C which is more than 18.5 km long. The
survey area of RV Kaiyo Maru was too small to cover the horizontal extent of the
concentration. The longitudinal length of the concentration proved to be more than 52 km
(from 60° to 61° W at 62°S).
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Figure 1: The fishing ground north of Livingston Island. The position and course of 34 trawls carried out by a Japanese trawler during
the co-operative survey and RV Kaiyo Maru's track line to estimate krill biomass are shown.
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Figure 2: A typical krill layer, extending to 2.0 km in length, recorded on an echogram by a Japanese trawler.
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d'évaluation coopérative, ainsi que la route du navire de recherche Kaiyo
Maru effectuant des estimations de biomasse du krill, sont représentés.

Une couche type de krill, qui s'étend sur 2,0 km, enregistrée sur
échogramme par un chalutier japonais.

Distributions de fréquences de longueur des couches chalutées (a),
d'épaisseur des couches (b) et de densité volumique nette (c).
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Caladero de pesca al norte de la Isla Livingston. Las posiciones y rumbos de
34 arrastres hechos por un barco de arrastre japonés durante el estudio
cooperativo y también la trayectoria del RV Kaiyo Maru para estimar la

biomasa de krill.

Una capa tipica de krill, la cual se extiende por 2.0 km, registrada en un
ecograma de un barco de arrastre japonés.

Distribuciones de frecuencia del largo de una capa arrastrada (a), grosor de
la capa (b) y densidad de volumen neta (c).
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BRIEF COMMENTS ON THE SIMULATION STUDY MADE BY PROF. BUTTERWORTH

ON KRILL FISHING BY AN INDIVIDUAL JAPANESE TRAWLER

T. Ichii and Y. Endo

Abstract

In this paper, three essential questions are raised concerning the
simulation study of the Japanese krill fishery carried out by
Butterworth (1988).  Firstly, the simulation study used krill
distribution parameter values based on the FIBEX results, whereas
Japanese vessels often operate on layers which are much larger than
the swarms detected during FIBEX surveys. Since very little
searching time is spent on layers, the utility of searching time data
appears doubtful. Secondly, the utility of indices based on the sum of
primary and secondary searching times (PST+SST) is also doubtful
because SSTs are markedly dependent upon the type of products being
produced, and the demand for each product varies substantially from
one season to the next. Finally, attention is drawn to the unrealistic
behaviour of the simulation model with respect to the values used for
the minimum catch rate per overall elapsed time. It is suggested that
an improvement in our knowledge of krill distribution is necessary
before the routine implementation of searching time data collection is
considered.

Résumé

Dans ce document, trois questions essentielles sont soulevées
concernant I'étude par simulation de la pécherie japonaise de krill
effectuée par Butterworth (1988). Tout d'abord, I'étude par
simulation utilise les valeurs des paramétres de distribution du krill
basées sur les résultats FIBEX alors que, souvent, les navires
japonais opérent en couches qui sont beaucoup plus étendues que les
essaims détectés pendant les campagnes d'évaluation FIBEX. Vu le
temps de recherche trés réduit passé sur les couches, I'utilité de
données de temps de recherche semble discutable. En second lieu,
l'utilité d'indices basés sur la somme des temps de recherche
primaire et secondaire (PST+SST) est également douteuse car les
SST dépendent nettement du type de produit en cours de production, et
la demande pour chaque produit varie considérablement d'une saison
sur l'autre. Enfin, le comportement irréaliste du modéle de
simulation a été souligné, en ce qui concerne les valeurs utilisées
pour le taux minimum de capture par temps total écoulé. |l est
recommandé d'approfondir notre connaissance sur la distribution du
krill, avant d'établir la collecte réguliere des données sur le temps de
recherche.

PezwomMe

HaMu 6blsiM  NoOCTaBJIEHHB TpPpH CyMECTBEHHbIX BOIPOCa,
OTHOCSI[UEGS K HCC/AEJORAHHID KPHJIEBOI'O NpoMbicJa AnMoHUN
MEeTOAOM MaTeMaTHUECKOro MOAEJNHPOBaHUs], MPOBREJEHHOMY
BatepyoptoM (1988 r1.). Bo-nmepmbiX, IpH HCCJAEAOBAHUH
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MEeTOAOM MaTeMaTHUECKOr'o MOAEeNIUPOBaHH HCNOJIb30BAJUCH
BEJIMUWHbI NMapaMeTPOR paclpeAesieHusl KpUJsl, OCHOBaHHble
Ha pesyabTtaTtax IlporpaMmsl FIBEX, B TO BpeMs Kak silIOHCKUE
cyZla 4acTo BeAYT IMPOMBICEJ B CJOSAX, pa3Mep KOTOpPbIX
HaMHOI'O MpPEBBbIIAET pa3MeEpP CKOIMNJEHHWI, o6Hapy>XeHHbIX B
xoJe nporeieHust c¢beMok IlIporpamMmsl FIBEX. B CBsI3H C TeM,
YTO IOMCK IIpU MPOMDBICJIE B CJOSIX 3aHHUMAaEeT OUeHb MaJo
BpEMEHM, TOJIE3HOCTb JaHHBIX IIO BpeMEHH [OMCKa
NnoJARepraercsd COMHEeHHI. BoO-BTOPHBIX, Mbl COMHEBAEMCS B
MMOJIE3HOCTU IIOKasaTeJiel, INOJyueHHbIX Ha OCHOBE CYMMbl
BE€JIMUUH BpPEMEHU MNepBUUHOIO W BTOPUUHOI'O IIOUCKA
(PST+SST), Tak Kak 3HaueHHUs SST B 3HAUHUTEJAbHON Mepe 3aBUCSIT
OT BHJa NOPOAYKUUHNXK IMpU 3TOM CIPOC Ha KaXAblil BUA
NpOAYKUMHU KoJiebJieTCss B 3HAUMTEJbHOI CTeneHu U3 Ce30Ha B
ce30H. B 3akJsmwueHue, HaMU 6blJIO yKa3aHO Ha HEHaJAeXHoe
NoBeJZieHUe Mo eu B OTHOWEHUU MHUHHMaJIbHOM
HMHTEHCHUBHOCTH JIOBa 3a ofmee BpeMsi MpoMbicja. Bbljio
NMpeAJOXEHO PAaCIIMPUTh 3HaHUsI O paclpeleseHNH KpuJas JO
HauaJla peryJisipHoro c6opa AaHHBIX 10 BpeMeHU [TOUCKA.,

Resumen

En este documento se plantea tres cuestiones esenciales en relacion
con el estudio simulado japonés de pesca de krill llevado a cabo por
Butterworth (1988). Primeramente, el estudio simulado utilizé
valores de parametros de distribucién de krill basados en los
resultados de FIBEX, mientras los buques japoneses operan a menudo
en capas las cuales son mucho mas grande que los cardimenes
detectados durante los estudios FIBEX. Debido a que muy poco tiempo
de busqueda se emplea en capas, la utilidad de los datos de tiempo de
blsqueda parece dudosa. Segundamente, la utilidad de los indices
basados en en la suma de tiempos de bisqueda primarios y secundarios
(PST+SST) es también dudosa porque SSTs son notablemente
dependientes en el tipo de productos que son producidos y la demanda
para cada producto varia substancialmente de una temporada a otra.
Finalmente, se llama la atencién al comportamiento ilusorio del
modelo de simulacién con respecto a los valores utilizados para el
indice minimo de capturas por tiempo transcurrido global. Se
sugiere que un perfeccionamiento en nuestro conocimiento de la
distribucién de krill es necesario antes de considerar la ejecucién
rutinaria de recopilacién de datos de tiempo de busqueda.




Butterworth (1988) made a thorough examination of the usefulness of
catch-per-unit-effort (CPUE) data from the Japanese fishery, and suggested that the
collection of within-concentration searching times might improve the utility of the data. We
commend his efforts in making the simulation as meaningful as possible by using most of the
information available at present. His model, however, presents several essential questions
and we do not think that CPUEs from the Japanese krill fishery are useful in estimating the
change of within-concentration krill abundance even if searching times could be obtained.
We present the reasons in the following paragraphs.

(i)

(iii)

As he pointed out, the krill distribution model is based on parameters
determined primarily from FIBEX surveys which did not cover the fishing
grounds of Japanese trawlers. This causes a major inconsistency in addition to
the FISHT problem (in reality, haul times are four to five times greater than in
the model). In the peak season, krill usually occur in the form of layers which
may be several kilometres in length, or in numerous large swarms (100 to
1 000 m wide) in harvestable concentrations so that primary searching time
is usually considered to be nil. So while newly-caught krill are being
processed, trawlers move around to kill time, thus finding many swarms.
When the processing is about-to finish, trawlers begin launching their nets
aiming at the swarm(s) which have just been found. When no swarm is found
in the vicinity of trawlers at that time, they return to the swarm(s) which
were previously detected and marked on the chart. Searching times may not,
therefore, have been suggested as being useful had krill distribution
parameters been obtained from surveys covering fishing grounds.

Prof. Butterworth concluded that the best index of krill abundance is
TC/TFISHT/PST. Since it is not practical to collect PST (primary searching
time), he suggested that TC/TFISHT/(PST+SST) might be useful, but its
effectiveness is slightly less than that of the best index. We are, however,
doubtful whether (PST+SST) can be an aliernative to PST because SST
(secondary searching time) differs according to the type: of products being
produced (such as boiled and frozen, fresh and frozen, peeled krill and meal).
Moreover, the demand for each product can be seen to change from year to year.
We do, therefore, agree with him that before considering the routine
implementation of collection of searching times, small-scale experiments to
test the practicality of collection of this data, as well as further tests of the
model to determine the robustness of PST-based indices to errors in recording
should be carried out (Butterworth, 1988, p. 43).

in Butterworth’s model the decision whether or not to leave a concentration is
made on the basis of CRmin (the minimum catch rate per overall elapsed time).
Over a range of 1 to 3 t/h for CRmin, his model shows some inconsistency in
that the lower the CRmin, the more a trawler can catch during the fortnightly
period, leading to the extreme of remaining in the concentration first found
rather than moving between concentrations (Butterworth, 1988, p. 42 and
Figure 8i). He suggested that there is a need to take into account temporal
variability of distribution parameters and krill quality considerations in order
to cover this weakness. We consider, however, that this weakness was caused
by an underestimation of variability in within-concentration krill abundance
and the searching ability of trawlers. In the model, within-concentration krill
distribution parameters are assumed to be more or less the same from
concentration to concentration and/or the searching abilities of trawlers are
assumed to be not high, which results in the extreme of remaining in the
concentrations first found, and makes movement between concentrations a waste
of time. In reality, there seem to be a few harvestable concentrations among
many unharvestable ones. Also if trawlers set the CRmin at an unreasonably
low level, they would obtain a poor total catch. Actually, trawlers set the
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CRmin criterion 2 to 2.5 ¥h (Butterworth, 1988, p. 22) and manage to detect
concentrations (based on information such as the historical distribution of
harvestable concentrations) which meet that CRmin criterion. This reinforces
the argument that the krill distribution model needs to be improved.

Collecting information on searching times is a burden for fishermen and its
usefulness is still doubtful at this stage. Instead, as he strongly suggested, we
first need to improve our krill distribution model.
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USE OF INDICES OF PREDATOR STATUS AND PERFORMANCE IN CCAMLR
FISHERY MANAGEMENT

J.P. Croxall
Abstract

This paper investigates how data on, or related to, reproductive
performance of seabird and seal predators, collecled as part of the
CCAMLR Ecosystem Monitoring Program (CEMP) could be used in the
management, by CCAMLR, of commercial fisheries. It reviews
reasons why it is important for CCAMLR formally to use such data in
its fishery management operations and discusses the constraints
inherent in the CEMP data, both from predator monitoring and
harvesting perspectives. An outline of a specific approach is
provided, involving an assessment procedure and recommendations
for management action. The three elements of the assessment are
determining the magnitude and significance of changes in individual
parameters, evaluating overall patterns of change within species,
sites and areas and reviewing factors potentially influencing or
correlated with the changes. The relative merits and feasibilities of
recommendations for restrictions on the magnitude, timing and
location of harvesting are reviewed, taking account of likely
operational constraints on fisheries.

Résumé

Ce document étudie la maniére dont la CCAMLR pourrait se servir,
dans la gestion des pécheries commerciales, des données relatives ou
ayant rapport a la performance reproductive des oiseaux de mer et
des phoques prédateurs, recueillies dans le cadre du Programme de
contrble de I'écosystéme de la CCAMLR (CEMP). Il examine les raisons
pour lesquelles il est important que la CCAMLR utilise officiellement
de telles données dans ses opérations de gestion des pécheries et traite
des contraintes internes des données du CEMP, tant du point de vue du
contrble des prédateurs que de celui de l'exploitation. Les grandes
lignes d'une méthode d'attaque spécifique sont fournies; cette derniére
nécessite une procédure d'évaluation et des recommandations de
gestion. Les trois éléments de 'évaluation sont : la détermination de
I'ampleur et de la portée des changements des paramétres individuels,
I'évaluation des tendances générales des changements au sein
d'espéces, de sites et de régions, et I'étude des facteurs qui risquent
d'influer sur ces changements, ou qui sont en correlation avec eux.
Les mérites et les applications pratiques de recommandations
relatifs, aux restrictions sur I'ampleur, a la période appropriée et a
I'emplacement de l'exploitation sont examinés, compte tenu des
contraintes opérationnelles probables sous lesquelles opérent les
pécheries.
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Pes3oMe

B HacToOsmeM AOKYMEHTE paCCMaTPUBAaETCsl BOIPOC O TOM,
KakUM obpa3oM co6paHHble B Xojde paboT no IIporpamMme
AHTKOMa no MOHUTOPUHryY 3skocucTeMbl {CEMP) fgaHHBbIe 1O
3 PEeKTHBHOCTH BOCIPOUIBOACTBA XMIIHBIX MOPCKHX NTUI[ U
TIOJIEHEN, U CBsI3aHHble C HUMH JaHHbie, MOIYyT O6BITh
ucnoJb3osaHsl AHTKOMoM nipu ynpaBJeHUM KOMMEpUECKUM
NMPpOMBICJOM. B ZIOKYMEHTE pacCMATPHUBAKTCSI NPHUMHBL, MO
kotoppiM AHTKOMy cuaeayer B oduUHaJIbHOM MNopsJKe
UCNOJIb30BATh TakUe ZlaHHble MPU yNpaBJeHUU NPOMbBICAOM. B
JAOKYMEHTE TakXe paccMaTpUBAKTCS OI'PaHUUEHU I
NpUMEeHUMOCTH  AaHHbBIX CEMP Kak IpU MOHUTOPUHIE
XUIMHUKOB, TaK U MpH ynpasJeHUU npoMbicjoM. lIpeanaraercsi
0630p KOHKpETHOro IMOAXO0Ja, BKJKWUAKIUI MNpoueaypy
OLIEHKM UM PpeKOMeHAAaUWU B OTHOWIEHWM YyIpaRJEHUS,
IIpoueaypa OLIEHKH COCTOUT U3 TpexX 3JIEMEHTOB, KOTOpble
OINpEeAeJISAT BEJUUUMHY M 3HaueHHEe H3MeHEHUHN OTZAeJbHbIX
napaMeTpoB, OUEHUBAWT obl[He 3aKOHOMEPHOCTH Npolecca
U3MEHEHUs! BUJOB, YUAaCTKOB W pafiOHOB U paccMaTpPUBAWT
(hakTOpHI, OKasblBaIIME IIOTEHIMAaJbHOE BO3JAEHCTBUE HWJU
CBsi3aHHble C U3MEHEeHUsIMU. PaccMaTpHBaKTCS OTHOCHUTEJIbHbIE
NpeuMymecTBa 17t [IpUroAHOCTDb peKoMeHqanui no
orpaHuueHuw obbemMa, BpeMeHU BeJeHUS U MecTa BeAeHUs
MPOMBICJIA, IPU 3TOM BO BHHMaHHE NMPHUHHUMATCS BEPOSITHbIE
olepaTHBHbIE OI'paHUUEHHS] TIIPOMBICJIA.

Resumen

Este documento investiga como los datos acerca de, o relacionados con,
la accién reproductora de las aves marinas y focas depredadoras,
recopilados como parte del Programa de Seguimiento del Ecosistema
de la CCRVMA (CEMP) podrian ser utilizados en la administracién de
pesca comercial por la CCRVMA. Este examina las razones por las
cuales es importante que la CCRVMA use estos datos oficialmente en
sus operaciones de administracién de pesca y debate las obligaciones
intrinsecas en los datos del CEMP, segun las perspectivas de pesca y
también del seguimiento de animales depredadores. Se provee un
resumen de un enfoque especifico, incluyendo un procedimiento de
evaluacién y recomendaciones para la administraciéon. Los tres
elementos de esta evaluacion determinan la magnitud e importancia de
los cambios en parametros individuales, interpretacion de los
patrones generales de los cambios en ciertas especies, localidades y
factores de analisis que potencialmente influyen o son correlacionados
con estos cambios. Los méritos relativos y viabilidad de las
recomendaciones para las limitaciones impuestas en la magnitud,
coordinacion y localidad de la pesca son examinados, tomando en
cuenta las posibles restricciones operacionales a las pesquerias.



1. INTRODUCTION
1.1 Background

An important part of the uniqueness of the Convention for the Conservation of
Antarctic Marine Living Resources (CCAMLR) is the concern that exploitation of resources
should not be detrimental to natural consumers (see Article ll, paragraph 3(b)). This
obligation has led the Commission for the Conservation of Antarctic Marine Living Resources
to develop, through its Scientific Committee, an Ecosystem Monitoring Program (CEMP)
whose aims are “to detect and record significant changes in critical components of the
ecosystem, to serve as the basis for the conservation of Antarctic Marine Living Resources.
The monitoring system should be designed to distinguish between changes due to the
harvesting of commercial species and changes due to environmental variability, both
physical and biological” (SC-CAMLR-IV, paragraph 7.2). The program’s terms of reference
are set out in SC-CAMLR-IIl, paragraph 9.27.

The approach followed has been to start a system of regular recording of selected
ecologically-orientated parameters of the populations of selected species of seals and
seabirds and to try to develop schemes for monitoring harvested species and relevant
environmental variables. This paper is concerned chiefly with the monitoring of predator
species.

The choice of predator species has been based on reasonably objective criteria whose
definition has evolved over several years (see SCAR 1979, p. 306; BIOMASS 1980, p. 16;
BIOMASS 1982, p. 6; SC-CAMLR-IV, p. 172; SC-CAMLR-V, p. 149) and were most recently
summarized by Croxall et al. (1988) as:

“(a) important components (in terms of prey consumption) of the Southern Ocean
system;

(b) specialist predators on harvestable prey, especially krill;

(c) have broad geographical breeding ranges including sites near to and far from
areas likely to be subject to intensive fishing;

(d) readily accessible at breeding sites and tolerant of human presence and
activity.”

Only very recently has attention started to focus on the objective selection of
parameters according to criteria of accuracy (feasibility of repeatedly making accurate and
precise measurements), relevance (closeness of linkage to and degree of dependence upon
harvestable resources) and detectability (sensitivity of parameter to changes in food
availability) (see Croxall et al. 1988, pp. 277-278).

So far, however, no attention has been directed to arguably the most important point
of all, how the data resulting from the monitoring program are to be used by CCAMLR in its
management of the commercially exploited resources. This paper reviews why we should be
trying to do this and suggests some approaches that might facilitate constructive progress
towards realistic goals.

1.2  Why Does CCAMLR Need to Use Results from the CEMP
in its Fishery Management Strategies?

| believe that there are at least two main reasons for doing this. First, in the eyes of
many participants in and perhaps most observers of CCAMLR work, the main positive
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element of this Convention is its explicit concern that exploitation of resources should not
adversely effect natural consumers.

It is this that chiefly distinguishes CCAMLR from conventional fishery management
agreements. Dissatisfaction with the latter stems from their repeated failure in the past to
prevent gross over-exploitation, to the detriment of exploited stock and natural consumer
alike, often despite the existence of appropriate scientific data and/or advice. By the time
such over-exploitation was officially recognized (i.e. accepted by all parties), it usually
proved impossible adequately to restore either the harvestable stock or the depleted
population of natural consumers - especially in situations where there is pressure for
continuing exploitation.

From many vantage points, the success of CCAMLR rests on whether it can provide
more sensitive, balanced and effective management policies than most existing fishery
management agreements. A particular issue, not explicitly addressed in Article Il, is where
the “burden of proof” rests. It is apparently implicit at present that detrimental changes to
predators must be proved to result from harvesting before action can be taken. It would be
equally logical, however, to assert that commercial harvesting should only continue as long
as it can be proved that it has no significant adverse effect on natural predators.

Second, there is limited point in Members of CCAMLR making the substantial
commitments of time and money necessary to carry out the CEMP unless CCAMLR has specific
plans for using the results in a constructive way.

It would surely be a serious mistake for CCAMLR to be seen to wait until a proven
crisis for predator populations is identified before instituting any protective measures.
This applies irrespective of whether harvesting is a direct or indirect contributor to the
situation. What is needed is (a) to develop contingency plans now, and (b) to ensure that
action (i.e. some restriction on harvesting) is taken when the first danger signals appear.

2. GENERAL APPROACH TO THE USE OF PREDATOR INDICES
2.1 Introduction

What would seem to be required is the development by CCAMLR of a balanced and
flexible way of using the results of the CEMP predator studies to influence CCAMLR’s
management (including short-term policy) of commercial fisheries. It is crucial that this
aim be achieved with the active support of those involved in current and prospective
harvesting and that it is developed in a way that is sensitive to the commercial and logistic
constraints which such operations entail. Any scheme will involve compromise. Thus it will
obviously include provision for restraint on harvesting under some circumstances;
conversely it will inevitably provide less than absolute protection for all consumers under
all foreseeable circumstances.

What are some of the obvious problems and considerations involved in the

development of such a scheme? | advance below some views, from the different perspectives
of predator monitoring and commercial harvesting, which need to be taken into account.

2.2  Predator Monitoring Perspective

The possible aims of CEMP predator monitoring might include any or all of the
following.
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(i) To detect changes in indices of the status (in either demographic or
physiological (e.g. condition) respects) and/or reproductive performance of
seabirds and seals.

(ii) To relate these changes to indices of prey (at present krill) abundance and
availability (to the predators).

(iii) To use predator indices, on the basis of relationships between predators and
prey developed above, as a measure of (a) prey availability (to the predators)
and (b) prey stock abundance.

(iv) To use the predator indices to detect changes in food availability that result
from commercial harvesting as distinct from changes due to natural
fluctuations in the biological and physical environment.

In my judgement a realistic assessment of these aims is that:
(i) should be possible for many species, sites and circumstances;

(ii) may be possible for certain species at certain sites under favourable
circumstances;

(iii) (a) might be possible under optimum conditions;
(b) is unlikely to be possible even under optimum conditions; and
(iv) is unlikely to be possible, unless under exceptional circumstances.

We should accept that proof, in terms of scientific evidence which would pass
rigorous scrutiny, of commercial harvesting causing detriment to predators, is very
unlikely. Even if it were obtained, it would probably come so long after the start of the
causal problem as seriously to prejudice reversal of the situation within two to three
decades (as required by Article Il of the Convention).

We should also accept that, with our present knowledge of the dynamics of
predator-prey interactions in the marine environment, evidence for short-term changes
(year-to-year differences or trends over three to five years) will rarely be available even
at 90%, let alone 95% levels of statistical significance (Croxall et al., 1988).

In addition, not all predator indices are equally important because not all parameters
fulfil equally the criteria of relevance, accuracy and detectability. Furthermore, as more
knowledge accumulates and/or more parameters are added to the CEMP, the relative
importance of indices may change. Also, as more CEMP data become available there is likely
to be a better chance of meaningful trends being detected. Important though such results may
be, they will not replace the need for some kind of short-term assessment, permitting a
finer-scale tuning of management policy.

Finally, it might not be too difficult (in theory) to incorporate predator indices into
the management approaches being developed for fisheries directed at existing target species,
where there are adequate data available to CCAMLR coming from the fishery itself. A fishery
starting for a completely new target species would be a different matter, because there will
be few, if any, data on which to base rational management. It is, therefore, not unreasonable
to plan to take greater note of changes in relevant predator indices concurrent with the start
of a new fishery.
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2.3 Harvesting Perspective

Commercial harvesting, especially in the Southern Ocean, is a difficult and costly
operation, where, nowadays, profit margins are usually small. Restrictions on the timing,
location, or permitted catch levels of fishing may interfere with sensible, safe or effective
fishing practice to the point where the fishery becomes uneconomic and therefore
unsustainable. This may also eliminate one of the main sources of data for monitoring future
trends in the prey.

Indices of predator status/performance derived from study sites on the Antarctic
Continent and perhaps Antarctic Peninsula are likely to be as much, if not more, affected by
changes in the physical, rather than biological, environment (Croxall et al., 1988).
Resulting difficulties in interpretation may, therefore, reduce their direct relevance to
fisheries management.

Even if we accept that predator indices can theoretically reflect prey
abundance/availability, in practical terms they do so over areas that are often not congruent
with. those for which prey stock assessments are carried out. Furthermore, prey
abundance/availability and predator status/performance are unlikely to be coupled in linear
fashion. Therefore, predator indices may be a poor guide to prey abundance/availability,
except perhaps at more extreme values.

There is evidence that some predator populations in the Southern Ocean are currently
increasing in numbers. If, as is likely, density-dependent factors ultimately limit
population size (Croxall and Rothery, in press), indices of status and performance may show
a negative trend when this happens. Uncritical interpretation could easily attribute such a
trend to adverse effects of harvesting.

Finally, climatic trends have already been detected in the Antarctic and are likely to
be an important feature of the next decades. The responses of predators and prey are likely
to involve changes in abundance and reproductive performance. This will significantly
complicate detecting any effects which might be ascribed to harvesting.

2.4  Conclusions

Taking both sets of perspectives into account, what might be a reasonable set of
conclusions for a sensible general approach?

First, if we wish to use indices of predator status/performance to influence fishery
policy on a year-to-year basis, we need to develop a system that takes notice of changes
where the likelihood of correctness is less than 95%, provided the required responses make
appropriate allowance for our reduced certainty.

Second, it may be most profitable initially to develop a policy for incorporating
predator indices into CCAMLR fisheries management for sub-Antarctic and Antarctic
Peninsula areas. This may avoid much of the problem concerning the relative importance of
physical and biological influences and would also concentrate on locations where significant
harvesting is regularly occurring at present.

Third, the initial focus of attention should be on krill and krill-eating predators.
This interaction is the most closely coupled of those available and must offer the best chance
of developing a sensible policy. Doing this would facilitate extending the policy to less
closely linked trophic interactions (e.g. between seabirds/seals and fish), including those
hitherto largely unstudied (e.g. involving squid).
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Fourth, it is important that estimates of prey abundance/availability to predators be
forthcoming as soon as possible and that these be as congruent as possible with the areas
generating the predator indices. There is a particular need to ensure that broad-scale data
(e.g. at the “stock” level) are complemented by fine-scale data (e.g. 1°x 1/,° squares),
because it is the latter which are of greater relevance in assessing predator-prey
interactions.

Fifth, until the nature of relationships between predator indices and prey
abundance/availability are established, we need to be prepared to proceed on the assumption
that changes in predator indices are reflecting changes in food availability, unless there is
clear evidence to the contrary. Evidence from a wide variety of marine ecosystems provides
examples of indices of predator population status and reproductive performance correlating
with various indices of prey stock availability and abundance (see reviews in Croxall,
1987; Furness and Monaghan, 1987; Croxall and Rothery, in press). Such relationships
certainly need investigating in more detail and there may be special problems where
physical and environmental factors regularly exert stronger influences than biological ones,
but the above assumption is probably a suitably conservative one from which to proceed.

Sixth, we should accept that there is a need to avoid harvesting exacerbating a
situation where predator indices tell us that populations are performing poorly - even when
there is no evidence that harvesting is, or has been, a contributory factor. The logic for this
is that if predator populations are in trouble, any level of harvesting, if conducted at critical
times and places, may have significant adverse effects.

3. SPECIFIC APPROACHES

It is not intended to develop here a detailed formal scheme. Rather, the aim is to
suggest one possible approach, which can then serve as a basis for discussion and
development.

Consideration is confined to krill-eating predators and, inevitably, the perspective is
chiefly that gained from work at Bird Island, South Georgia over the last 14 years. The
emphasis is entirely on the detection and evaluation of short-term change.

3.1 Outline of Approach

3.1.1 Preparation

(i) Rank or group parameters according to relevance criteria.

(ii) Also, using information on accuracy and detectability criteria, define the lowest
level of significance that would constitute evidence of change for each parameter
or group of parameters.

The process of formal ranking of parameters and definition of level at which
changes would be regarded as significant will inevitably be somewhat
arbitrary, especially in the present state of our knowledge. One alternative
would be to take into account the information on relevance, accuracy and
detectability at the assessment stage.

(iii) For each parameter, calculate magnitude of change, compared with last year and

with average(s) of previous years. Determine level of statistical significance
of change.
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3.2

360

3.1.2 Assessment

(i)

(ii)

For each species at each site, examine magnitude (and direction) of all
significant changes and determine overall nature of predators’ response to that
years environmental circumstances.

For each species at all sites (particularly within the same general area) and for
all species monitored at each site, review overall pattern of responses.

3.1.3 Recommendations

Make recommendations for appropriate management action. This, and the preceding
assessments, will obviously need to take into account additional information on:

the biological environmental background (e.g. current/recent diet of monitored
species, current/recent prey stock assessments and level of commercial catches
in each subarea);

the physical environmental background (weather and climate prevailing during
monitoring period); and

the current status of the monitored species (e.g. population trend, latest
demographic information, etc.).

Evaluation of Parameters

The approach outlined here requires that, at some stage, parameters be evaluated.
Croxall et al. (1988, pp. 278-281) assessed a variety of parameters, including all those
currently selected by CCAMLR (1988). Based on this, parameters might be classified, in
relation to their potential for detecting short-term changes, as follows.

(i)

(iii)

Potentially high relevance and of appropriate accuracy and detectability

(a) foraging trip duration;
(b) offspring growth rate and/or weight at independence (fledging/weaning).

Potentially high relevance but with large interannual variation and/or difficult
to acquire enough data

(a) diet;
(b) breeding success.

Potentially lower relevance (because reflects a variety of influences over
rather longer timespans) but easy to measure accurately

(a) adult weight (e.g. at arrival).

Potentially lower relevance (reflects a variety of influences over much longer
timespans) and difficult to obtain very accurate data

(a) demographic variables;
(b) breeding population size.



Detailed demographic (including population trend) studies, however, should
receive high priority; evidence of statistically significant trends (especially in
vital rates) should be considered, in the context of the CEMP, as soon as it is
available.

(v) Potentially high relevance, but apparently rather insensitive to environmental
change

(a) clutch size;
(b) incubation shift duration (see Davis and Miller, in press);
(c) onshore attendance in fur seals.

An informal use of this, or any other parameter classification would simply give
greater weight to changes in some parameters than others, particularly when considering
the overall picture at the species and site level. A more formal approach would be to assign
levels of significance at which changes in each parameter (or parameter group) would be
accepted. Categories (ii) and (iv) above might be best regarded simply as vital background
information.

3.3  Recommendations for Management Action

The assessment procedure has three distinct elements. First, the evidence for change
in monitored parameters is considered individually. Second, the overall pattern of changes
within species, sites and areas is evaluated. Third, factors possibly influencing or
correlated with these changes are reviewed.

Recommendations for management action are only likely to follow when there is
evidence either of a broad scale general effect or of an acute effect at a more local level. The
content of recommendations is likely to involve restrictions on the magnitude, timing and
location (or some combination of these, perhaps involving effort limitation) of krill
harvesting (Table 1).

Restricting the total catch in an area requires regular reporting of catches by all
vessels and a system for informing them of the rate of progress towards the target catch.
Checking the accuracy of catch reports is very difficult and imposing a catch limit, even in a
subarea, is unlikely to be the most effective way of improving conditions for predators.
Limiting the timing and location of fishing is easier to do, easier to monitor and, by avoiding
times and places of greater likely impact on predators, more likely to have a significant
effect.

Restricting fishing within the foraging radius of breeding fur seals and penguins, or
confining fishing to areas downstream of the main predator breeding concentrations in a
subarea, would be obvious possible actions. Closing the fishery at particular times could be
used to avoid harvesting occurring simultaneously with times of critical energy
requirements by predators. One such time might be while adults have dependent offspring.
Critical periods for adults may also occur just before breeding starts and for juveniles when
they become independent. Winter may generally be a time of reduced food availability.
However, most predators are well dispersed at this time and it is difficult to identify any
management actions which could be implemented effectively in winter.

Limitations on the timing of fishing may well be the most difficult for commercial
operations to cope with. Thus fishing conditions may be better in some seasons than others;
also fishing fleets have timetables involving fishing for other resources in other areas at
fixed periods. Their capacity for flexibility may be severely limited and more so than in
respect of modifying the location of fishing.
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The recommendations themselves need to be flexible in terms of the magnitude of the
restriction they seek to impose. Some possible examples are shown in Table 2. The degree of
restriction would obviously depend on the magnitude of the perceived problem but in many
circumstances it would be prudent to start with a relatively modest restriction and adopt
more severe ones if there are no signs of a change for the better.

3.4 General

If CCAMLR adopts any strategy involving the evaluation of the results of predator
monitoring in order to consider these in the context of fisheries management, then WG-CEMP
will need annually to review and evaluate the predator data. They would provide detailed
advice for the Scientific Committee to consider, as a basis for making appropriate
recommendations to the Commission.
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Table 1:

Practical considerations relating to applying restrictions on commercial
harvesting.

Feasibility of
Restriction Implementation Monitoring Consequences Probability of
on Catch Compliance for Fishery Aiding Predators
Size Moderate-difficult Difficult Moderate Low
Timing Easy Moderate Serious Moderate
Location | Easy Moderate Moderate Moderate-good
Table 2:

Examples of measures of differing degrees of restriction on commercial
harvesting.

Restriction on Catch Increasing Intensity of Restriction

1 2 3
Size 30% reduction 60% reduction Zero
Timing Not Jan-Mar Not Dec-April Closed
Location Downstream in subarea Close subarea Close area
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Tableau 1:

Tableau 2:

Ta6auna 1.

Tabuauna 2:

Tabla 1:

Tabla 2:

Liste des tableaux

Considérations pratiques relatives a Il'application de restrictions sur

I'exploitation commerciale.

Exemples de mesures de différents degrés de restriction sur l'exploitation

commerciale.

CrnUucokK TabJuiy

IIpakTHueckue coobpaXeHus, CBsi3aHHbIE ¢
orpaHHUeHUN Ha KOMMeEpPUECKUI I PpOMBICEJL.

Hp]/IMepbl Pa3/IMUHBIX NO HWHTEHCHBHOCTU MEp
KOMMEPUECKOIro nNpoMbICJia.

Lista de las tablas

HaJIOXXE€HHUEM

OorpaHHUuY€HU A

Consideraciones practicas relacionadas con las limitaciones a la pesca

comercial.

Ejemplos de medidas de diferentes tipos de limitaciones a la pesca comercial.
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THE USE OF ANALYSIS OF PENGUIN STOMACH CONTENTS IN SIMULTANEOUS
STUDY OF PREY AND PREDATOR PARAMETERS

E. Marschoff and B. Gonzalez
Abstract

Size selectivity of krill by penguins is shown to be highly sensitive to
the statistical assumptions made during the analysis of data. The
nested ANOVA method is proposed as being the correct approach for
analysis because lack of independence between krill specimens found
in the stomach of a given penguin prevents the pooling of krill lengths
from different samples. Samples taken in Bahia Esperanza were used
to illustrate the different approaches to this analysis. A highly
significant linear regression between krill size and time of sampling
was found.

Full use of information obtained from analysis of penguin stomach
contents requires block sampling designs. Replicating samples from
the same penguin or studying portions of stomach samples at different
stages of digestion are proposed as alternative methods.

Résumé

La sélectivité de la taille de krill par les manchots est démontrée
comme étant trés sensible aux hypothéses statistiques sur lesquelles
I'analyse des données est fondée. |l est proposé de considérer que la
méthode correcte est celle des modéles ANOVA & emboitements, étant
donné que le manque d'indépendance entre les spécimens de krill
trouvés dans I'estomac d'un manchot donné empéche de regrouper les
longueurs du krill provenant d'échantillons différents. Les
échantillons prélevés dans la Bahia Esperanza sont utilisés pour
expliquer les différentes approches a cette analyse. Une régression
linéaire trés significative entre la taille du krill et I'époque
d'échantillonnage a été observée.

L'utilisation intégrale des informations provenant de l'analyse des
contenus stomacaux des manchots nécessite I'emploi de modéles
d'échantillonnage en bloc. La reproduction des échantillons provenant
du méme manchot ou I'étude de portions du contenu stomacal a
différents stades de digestion est proposée comme autre méthode
possible. A

Pe3wMe

CeJIeKTUBHOCTDb MUHTBUHORB B OTHOIEHUH pasMmepa
norpebasieMoro HMU KpUJist NpOSIBASIET BBICOKY IO
YYBCTBUTEJNIbHOCTD K CTATUCTUUECKUM JAOMYUEHUSIM,
cAeJIaHHBIM TMpPU aHaJu3e J[aHHBIX. B KauecTBe BEPHOIro
noaxoJa NpeajaraeTrcsl rHe3ZloBoli MeTo aHaJuza (ANOVA),
NOCKOJIbKY JaHHble MO JJIUHe KpWJis, TMOJIyueHHble IO
OTAEJbHBIM NpPO6aM, HEBOMOXHO CBECTH BOEJUHO B CBSI3U C
TEM, UTO B XeJyAKe MUHIBUHA KPUJIb B 3HAUUTEJBHOI CTEMEHU
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nepeMemaH. IIpo6bl, B3sITble B PpalloOHE 3aJjuHBa JCIE€paH3a,
HCMOJBb3YyTCsT B KauecTBe  WJIJIIOCTPALUM  PasJIMUHBIX
MOAXOJOB K TaKOMY aHaJu3y. Dbljla BbIsIBJIEHA BaXHasi
JUHEelHasl perpeccUBHasl 3aBHCHUMOCTb MeEXJY Ppa3sMepoM
KpuJisi U BpeMeHeM c6opa npob.

[/ U3BJEUEHUs] MAKCHMAaJIbHOIO KOJIMUecTBa HHPOPMaIUU
Npu HCCJAEZOBAHUM COAEPXKHUMOIo KeJYyAKOB MNUHIBUHOB
HeoB6XOAMMBI CXeMbl IpPOBeAEHUs IpyNnnoBoil Bb6OpKU. B
KauecTBe aJIbTEePHATUBHBIX METOIOB NpeAaaranTcsl
MHOI'OKpaTHBIe NPO6BI COAEPKHUMOro xeJyAKka OJHOIo U TOro
€ MUHIBUHA U U3yueHue GparMeHTOB COAEPXXHUMOTO XeJly Ka
Pa3JIMUHON CTENEHU NNEPERAPEHHOCTH.

Resumen

La selectividad del tamafio del krill hecha por los pingiiinos demuestra
ser sumamente sensible a las suposiciones estadisticas hechas en el
analisis de datos. El método inclusivo ANOVA se propone como el
correcto enfoque para analisis, porque la falta de separacion entre los
especimenes de krill que se encuentran en el estémago de un cierto
pingiino evita hacer un agrupamiento de datos sobre medidas del krill
de diferentes muestras. Muestras tomadas en la Bahia Esperanza se
utilizan para ilustrar los diferentes aproches a este analisi. Se
encontré6 una regresion linear sumamente significante entre el
tamafio del krill y tiempo.

Se necesita un conjunto de disefios de muestreo para lograr la
utilizacién completa de la informacién obtenida de los contenidos
estomacales. Se proponen como métodos alternativos, la reproduccién
de muestras de un mismo pingliino o estudiando porciones del
contenido estomacal que presenten diferentes niveles de digestion.



A study of penguin diet conducted simuitaneously with monitoring prey parameters
would be clearly advantageous. It would enable interpretation of changes observed in
predator parameters by taking into account changes in monitored prey parameters. It would
also allow prediction of possible consequences for predators of changes in prey parameters.
Such a simultaneous approach is fundamental to the CCAMLR Ecosystem Monitoring Program.

It would be difficult to design an experiment which combines simultaneous
measurement of prey and predator parameters (e.g. measurement of krill size distribution
and abundance within the foraging range of a monitored colony of predators during their
breeding season). Sampling of krill introduces the problem of net selectivity which,
together with krill swarming behaviour, makes it extremely difficult to ensure that the area
of sampling coincides accurately with the foraging range of penguins.

A study of krill length frequency distribution in samples taken from penguin
stomachs provides a great deal of important information on prey and predators. If designed
properly, a study of this type may be used for evaluating the variability of some prey
parameters.

The value of this study would depend on selectivity properties of penguins as krill
samplers; whether or not a length frequency distribution of krill in their stomachs reflects
changes in food availability. If penguins do have selectivity properties, would it be possible
to define which characteristics of penguins (e.g. sex, age, etc.) may be considered as
representative selection factors and also, would it be possible to define groups of penguins
lacking selectivity?

Some published studies on size selectivity of krill describe penguins as highly
selective predators. A statistically significant difference was found in length distribution of
krill in samples taken from penguins of different sex and size. In these studies, all krill
taken from stomachs of a particular group of penguins were pooled together in order to
estimate the mean size of krill which in turn, was tested against the variance of the pooled
samples. These analyses imply that an individual krill was independent from the remaining
krill in the same penguin stomach. This assumed independence does not take note of krill
swarming behaviour and is therefore incorrect.

In our study we made comparative analyses of 41 stomach samples of penguins from
Bahia Esperanza, randomly divided into two groups (Table 1). Obviously, the highly
significant F-statistic means only that the assumption of independence is incorrect, and
demonstrates that differences between groups of penguins cannot be tested against the “krill
in penguins variance” because such tests will yield misleading results.

The nested ANOVA method is the correct statistical procedure for this type of analysis.
This method of analysis demonstrated that there was an insignificant F-statistic for the
random groups, but a highly significant F-statistic for penguins within the random groups
(Table 2).

At this stage it seems reasonable to assume that the question of size selectivity of
krill by penguins is at least open to question.

Results shown in Table 3 are much more interesting. When samples were grouped
according to their collection dates, the resultant statistics were insignificant both for the
dates and “penguin within dates” groups. It is now evident that individual penguins feed on
krill of different sizes; but krill size is also affected by the date of collection.

The “penguin within dates” component is, at least partially, a consequence of patch
distribution of krill. A fraction of this component might reflect particular characteristics
of penguins (e.g. sex, age, etc.), which may be responsible for their preference for krill of a
particular size.
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It should be stressed that unless any grouping by date is tested against the appropriate
variance (between dates), erroneous results will be obtained. One example is shown in
Table 5: samples from penguins have been classified in accordance with the day of the week of
collection (e.g. Monday, Tuesday, etc.). The resulting nested ANOVA does not take into account
“between dates” variability and shows a significant result. Obviously, penguins do not
observe religious fasts stipulating that only smaller krill be eaten on Wednesdays and
Fridays. This result illustrates that penguins included in any weekday group are not
independent but related through sampling dates, and this dependence should be reflected in
the analysis.

The regression analysis demonstrates a positive trend in mean sizes of krill with
time (Table 4 and Figure 1). In view of this significant regression, it is reasonable to
assume that the variance component due to date is the result of differences in krill
population parameters during the sampling period. It may be argued that some pertinent
component may result from the changing preferences of penguins (e.g. due to their varying
needs throughout the creche period). The complex nature of these possible changes prevents
the comparison of colonies to test the existence of more general trends.

The important point here is that data as currently collected will not contribute
towards resolving this difference. A random block design is needed to separate penguin
dependent sources of variation from those depending on krill availability, and increasing a
number of samples in order to include adults is desirable.

Blocks might be defined in different ways, but the most interesting would be a swarm
of krill. Unfortunately it would be technically very difficult, if not impossible, to identify
the swarm on which individual penguins feed. Another useful set of blocks would be obtained
by replicating samples from the same individual. This procedure would: provide the “within
blocks” degree of freedom needed for the independent testing of hypotheses about selectivity
and prey parameters and can be obtained simply by replication of samples from the same
individual, by comparison of differently digested portions of the same sample or by a
combination of both methods.

Other definitions of blocks based on penguin characteristics (sex, age, beak size,
reproductive condition, etc.) can be used, but results would be difficult to interpret because
the distribution of penguins at sea is basically non-random.

The proposed methodology would also be useful for krill studies. When preferences of
penguins are evaluated and discounted, the remaining effects of variations in prey
parameters will provide valuable information about krill populations. Krill length
distributions might be considered as resulting from environmental conditions within the
area continuously sampled by penguins in the foraging range of a colony, thus opening the
possibility for combining ship and land-based studies using powerful and well designed
dynamic models.
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Table 1:  One factor ANOVA for two random groups of penguins. See text for discussion.

Analysis of Variance
Source of Variation DOF Sum of Squares  Mean Square Fs Probability
Random groups 1 611.46 611.46 8.01 0.004772
Krill (within group) 2238 170824.75 76.33

Table 2:  Nested ANOVA for two random groups of penguins. See text for discussion.

Analysis of Variance

Source of Variation OF Sum of Squares  Mean Square Fs Probability
Random groups 1 611.46 611.46 0.32 0.57913
Penguins in groups 39 73702.28 1889.80 42.79 0.0
Krill (within group) 2199 97122.39 44 .17

Components of Variance

Source of Variation Percentage
Random groups 0.0
Penguins in groups 45.07
Krill (within group) 54.93

Table 3: Nested ANOVA for groups of penguins sampled on the same day. See text for

discussion.
Analysis of Variance

Source of Variation DF Sum of Squares  Mean Square Fs Probability
Dates 9 56052.57 6220.06 10.57 0.0
Penguins in dates 31 18261.16 589.07 13.34 0.0
Krill (within group) 2199 97122.39 44 .17

Components of Variance

Source of Variation Percentage
Dates 37.50
Penguins in dates 11.82
Krill (within group) 50.68
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Table 4:  Regression of krill mean size consumed by penguins as a function of collection

date.
Analysis of Variance
Source of Variation OF Sum of Squares Mean Square Fs Probability
Between dates 15 1043.63 69.58 4.43 0.00055
Linear regression 1 908.46 908.46 57.81 0.0
Constant regression 1 52911.36 52911.36 3367.10 0.0
Deviation from regression 14 135.17 9.66 0.61 0.82842
Error within groups 25 392.86 15.71
Total sum of squares 40 1436.49
Uncorrected total 41 54347.84

Table 5: Nested ANOVA for groups of penguins sampled on the same weekday. See text for

discussion.
Analysis of Variance

Source of Variation OF Sum of Squares Mean Square F Probability
Between days of the week 5 39299.13 7859.83 7.86 0.000055
Penguins in weekday 35 35014.61 1000.42 22.65 0.0
Krill (within group) 2199 97122.39 44,17

Components of Variance

Source of Variation Percentage
Between days of the week 26.84
Penguins in groups 21.70
Krill (within group) 51.46
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Figure 1: Krill size as a function of time of sampling. Krill consumed by penguins in Bahia Esperanza. Observed trend in the size of
krill consumed by penguins. See Table 4 for statistical analysis.
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ON THE POWER TO DETECT CHANGES USING THE STANDARD METHODS FOR
MONITORING PARAMETERS OF PREDATORY SPECIES

"~ P. Boveng and J.L. Bengtson
Abstract

The CCAMLR guidelines (CCAMLR, 1989) for analyzing the statistical
power to detect changes are applied using variance estimates from
studies at the South Shetland Islands of lengths of first incubation
shifts by penguins (Standard Method A2.1), duration of penguin
foraging trips (A5.1), penguin breeding success (A6.1), penguin
chick diet (A8.1), and fur seal foraging trip duration (C2.0). The
other Standard Methods are not evaluated because the power analysis
in the CCAMLR guidelines is inappropriate (fur seal pup growth rate
C1.0), and/or because data from the studies considered here are
insufficient for conducting power analyses (penguin arrival weight
A1.1, trend in penguin population size A3.1, penguin demography
A4.1, penguin fledging weight A7.1). Alternative forms for analyses
of the power of Standard Methods A3.1, A5.1, C1.0, and C2.0 are
proposed.

Résumé

Les lignes directrices de la CCAMLR (CCAMLR,1989) concernant
I'analyse de la puissance statistique de détection des changements sont
mises en application en utilisant des estimations de variance
provenant d'études faites aux fles Shetland du Sud. Celles-ci-portent
sur la durée du premier tour d'incubation des manchots (Méthode
standard A2.1), la durée des sorties alimentaires des manchots
(A5.1), la réussite de la reproduction des manchots (A6.1), le
régime alimentaire des jeunes manchots (A8.1) et la durée des
sorties alimentaires des otaries (C2.0). Les autres Méthodes
standard ne sont pas évaluées, I'analyse de la puissance dans les lignes
directrices de la CCAMLR étant impropre (taux de croissance de
jeunes otaries C1.0), et/ou les données provenant des études prises
en considération dans ce document étant insuffisantes pour effectuer
des analyses de la puissance (poids du manchot a l'arrivée A1.1,
tendances dans la taille de la population de manchots A3.1,
démographie des manchots A4.1, poids des jeunes & la premiére mue
A7.1). D'autres formes d'analyses de la puissance des Méthodes
standard A3.1, A5.1, C1.0 et C2.0 sont proposées.

Pez3oMe

PykoBoACTBRA AHTKOMa (CCAMLR, 1989) mno aHaJausy
CTaTUCTUUECKO! MOIHOCTH IpU BbISIBJIEHUHU U3MEHEHUH
IPUMEHSITCS € MCHOJIb30OBAHUEM OLEHOK MNPOAOCJIKUTENb-
HOCTU NepROU MHKY6a1HOHHOU CMEHBI IMUHIBUHOB
(CranzaapTHblil MeToa A2.1), MPOAO/KUTEJNbHOCTU I1€PUOJOB
KOPMJIEHUS] TNMUHIBUHOB B Mope (CtaHaapTHbili Metoa A5.1)
PENPOAYKTUBHOIO ycnexa MUHIBUHOB (CTaHzapTHBIHI
Metoz A6.1), panuoHa nTeHUOB NUHIBUHa (CTaHAAPTHBIN
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MeToZ A8.1) U MNPOAOJXKHUTEJNbHOCTU NEPUOJOB KOPMJEHHS
Mopckoro koTuka (CraHzapTHbii MeToZ C2.0), mosayueHHble B
xoAe MccJaeAoBaHUN Ha IOXHbIx IIeTJaHACKHUX OCTpPOBaX.
OcrasbHble CTaHAAPTHBIE METO/Jbl HE OL€HHUBRAIOTCS B CBSI3U C
TeM, UYTO MNPpUBEJAECHHBIIl B pykKoroJAcTBax AHTKOMa aHaaus
MOIMHOCTH HeNMPUMEHUM (TEMINT pOCTa IEHKOB MOPCKOI'O KOTUKA
C1.0), u/uan B CBS3M C TeM, UTO JaHHBIX, NOJYUYEHHBIX B
pe3yJibTaTe paccMaTpUBaeMbIX HccJ/eoBaHUI, HEeJOCTATOUYHO
AJs1 BBIIOJIHEHUS aHaJiM3a MOMHOCTH (Bec MMUHIBUHOB MO
npub6bITUM B KoJIOHHKW Al.1, TeHAeHUUU H3MeHeHUs1 pasMepa
nonyJasiiud NUHrBUHOB A3.1, zeMorpadusi nuHrBuHoB A4.1,
BeC TMNUHrBUHOBR TIMpu onepeHuu A7.1). IpeanarawTcs
aJIbT€pHATHBHbIE (POPMBI aHAJU3a MOMHOCTU CTATHUCTUUECKUX
MeTtonoB A3.1, A5.1, C1.0 u C2.0.

Resumen

Las directivas de la CCRVMA (CCAMLR, 1989) para analizar la
capacidad estadistica para detectar cambios, se aplican utilizando
estimaciones de variacién procedente de los estudios realizados en las
Islas Shetland del Sur sobre las duraciones de los primeros turnos de
incubacién de pingliinos (Método Estandar A2.1), duracién de los
viajes de alimentacién de los pinglinos (A5.1), éxito en la
reproduccién de pingliinos (A6.1), dieta de los polluelos de pingiliinos
(A8.1), y duracién de los viajes de alimentacién de los lobos finos
(C2.0). Los otros Métodos Estdndar no estan evaluados porque la
capacidad de andlisis de las directivas de la CCRVMA no es apropiada
(indice de crecimiento de los cachorros de lobo fino C1.0), y/o
porque datos de los estudios considerados aqui son insuficientes para
conducir analisis de capacidad (peso de llegada de los pingiiinos A1.1,
tendencias en el tamafio de la poblacién de pingilinos A3.1, demografia
de pinglinos A4.1, peso de pingiinos al emplumaje A7.1). Se
proponen maneras alternativas para los andlisis de la capacidad de los
Métodos Estandar A3.1, A5.1,C1.0 y C2.0.




1. INTRODUCTION

Members of the Working Group for the CCAMLR Ecosystem Monitoring Program
(CEMP) have been asked to conduct “sensitivity analyses” of existing data on predator
parameters. Those analyses, perhaps more properly called “power analyses”, should
provide information about the power of the standard methods to detect changes in parameters
monitored for predators.

Guidelines for conducting one type of power analysis were compiled by the CCAMLR
Secretariat (CCAMLR, 1989). That paper described the method for estimating the sample
size required to detect a specified difference (8) between or among years, subject to
acceptable probabilities of rejecting a true null hypothesis (o) or accepting a false null
hypothesis (B8). The required input for the analysis is an estimate of the standard deviation
(s) if 8is in the same units as the mean, or the coefficient of variation (cv) if 8 is expressed
as a percentage of the typical mean value.

The analysis described in CCAMLR (1989) provides information about the power to
distinguish between the mean values of parameters obtained in two or more years. We may
also wish to know what sample size is required in an annual monitoring effort to detect a
linear or log-linear trend in a parameter. Methods for such analysis were presented by
Gerrodette (1987). When the parameter values are proportions, the sample sizes required
to detect a specified slope can be obtained as described by Nam (1987). The quantities
required in a power analysis for detecting trends are essentially the same as those required
for the previous analysis, though the formulae are slightly different. The quantity § must be
expressed as the minimum detectable slope of a regression.

For some parameters the monitoring design is such that neither analysis mentioned
above is strictly appropriate. Because of the complexity of some of the designs, there may be
no general formula for evaluating power or determining a required sample size. For those
parameters we advocate using numerical simulations to assess the ability to detect changes.

In the remainder of this paper, we first suggest several changes to the guidelines
suggested in CCAMLR (1989). Then we consider each of the standard methods for monitoring
parameters of predatory species. For each method we discuss appropriate techniques for
evaluating the power to detect changes or for determining required sample sizes. For some of
the parameters, we apply those techniques to existing estimates of the uncertainty in the
parameter. We consider unpublished data from the US AMLR monitoring program at Seal
Island, Elephant Island (60°59.5'S, 55°24.5'W), and from the study by Trivelpiece et al.
(1989) at Admiralty Bay, King George Island (62°10'S, 58°30'W).

2. COMMENTS ON CCAMLR (1989)

First, we note that there was a typographical error in equation (1) of CCAMLR
(1989) by the omission of an exponent on the sum of the t-values. The corrected form of
the equation is reproduced here as

n 2 2(s/8)2{ty i+ top1-py, it (1)

where n the required sample size,

s = the standard deviation computed from the raw or transformed data,

) = the smallest true difference that it is desired to detect,

v = degrees of freedom for error in the ANOVA or t-test [v=r(n-1) where
r is the number of years or replicates],

P = desired probability that a difference will be found if it is as large as &

(P is the statistical power),
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tov] = value from a two-tailed t-table with v degrees of freedom and
corresponding to probability o, and

to(1.p) vy = Vvalue from a two-tailed t-table with v degrees of freedom and
corresponding to probability 2(1-P).

We also suggest that an additional column be added to the table described in
paragraph 19 of CCAMLR (1989). The additional column should contain the sample sizes
required when o =B = .05. For many of the parameters, these conditions will not be
attainable due to logistic impracticalities, so o and B may need to be reduced. However,
unlike situations typically presented in statistical textbooks, we suggest that in a
conservation context, type 2 errors (B errors) may be at least as important as type 1
errors (o errors). For example, failure to detect a decrease in penguin reproductive
success that actually occurred (type 2 error) may be equally or perhaps more serious than
detecting an apparent, but false, decrease (type 1 error).

The probabilities of committing the two types of errors have a direct bearing on the
circumstances under which decisions are taken to impose conservation measures. If one
were required to choose between the types of error that one would be willing to accept, a
conservative approach might suggest that it would be preferable to take protective action
when there was an apparent but false need rather than failing to take protective action when
there was a true but undetected need for conservation measures.

Finally, the suggestion that members compute estimates of required sample sizes for
both two and five years of monitoring seems unnecessary. The question addressed by equation
(1) simply uses the estimated variance of a parameter to determine how small a change (3)
could be detected between or among years with a given sample size. The number of years
monitored will have little effect on the size of the change that is detectable. Therefore, the
required sample sizes will differ by very little, if at all, for estimates based on two years or
five years of monitoring (though for detecting a trend, the number of years will be very
important). This can be seen in the table presented in paragraph 19 of CCAMLR (1989). In
the following analyses, we present only estimates of sample sizes required assuming two
years of monitoring.

3. METHODS FOR PENGUINS
3.1 Weight on Arrival at Breeding Colonies (A1.1)

As shown in CCAMLR (1989), the standard method for estimating the population mean
weight on arrival at the rookery is incomplete because it does not account for seasonal
variation in rates of arrival. No data were available, from the sources mentioned above, to
evaluate the variability in this parameter. Croxall et al. (1988) evaluated the power to
detect changes in this parameter for macaroni and gentoo penguins at Bird Island and for
Adélie and chinstrap penguins at Signy Island.

3.2  Length of First Incubation Shift (A2.1)

Trivelpiece et al. (1989) measured the durations of first incubation shifts of male
and female Adélie penguins for five years and of male and female chinstrap penguins for four
years at King George Island. Although a separate analysis could be conducted to determine the
statistical power which could be achieved by routine monitoring at the actual sampling
intensity attained in each year, a more useful approach would combine the standard
deviations from all five years (four years for chinstraps) into a single statistic that would
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be more representative of the variation in this parameter. Then the analysis suggested in
CCAMLR (1989) would be performed to investigate the trade-off between sample size and the
power to detect changes in the parameter.

One appropriate statistic for estimating the standard deviation of a parameter when
several years' data are available is the “mean-squared-error” (MSE) term from a one-way
analysis of variance with years representing treatments. The square root of the MSE term is
a “pooled” estimate of the quantity s of equation (1). Given the resulting value of s and
specified levels of acceptable type 1 and 2 errors (alpha and f respectively), the minimum
detectable difference 3 can be expressed as a function of sample size, or vice-versa.

The MSE within years for first incubation shifts by male Adélie penguins was 6.92
and for female Adélies was 13.07. Using the square-root of the MSE as an estimate of the
typical standard deviation in this parameter, we used equation (1) to compute the requisite
sample sizes for detecting changes of 10%, 20% and 30% of the mean value (males,
12.4 days; females, 10.0 days) for the 5 years studied (Table 1).

For chinstrap penguins, the MSE for length of first incubations by males was 9.0 and
for first incubations by females was 5.5. The mean length of first incubations by males was
5.8 days and by females was 3.9 days. The requisite sample sizes for detecting changes of
10%, 20% and 30% of the mean values are shown in Table 2.

No data on this parameter were available from the study at Seal Island.

3.3 Trends in Breeding Population Size (A3.1)

There were no suitable estimates of variance for the data on breeding population size
from the two studies considered here. This will likely be a problem for other studies as
well. Some techniques for abundance estimation result in particular and known relations
between the mean and variance of the estimate (Gerrodette, 1987). For studies utilizing
such techniques, a range of reasonable guesses about the variance in the estimates could be
applied to the formulae presented by Gerrodette (1987) to make a preliminary assessment
of the power to detect trends. As an initial upper bound to the range of variance, one might
simply use the variance between several recently obtained annual censuses. We have not
done such an analysis for the data considered here. Alternatively, replicate counts (at least
three replicates) of colonies in future seasons would allow estimating the variance.

3.4 Demography (A4.1)

The parameters to be monitored by method A4.1 are annual survivorship, age at first
reproduction, and cohort strength. The banding program in “Method A” will provide
estimates of the average survival of aduit breeding birds. “Method B” will provide
age-specific survival estimates as well as estimates of the age at first reproduction. Cohort
strength is not well defined in the method's description but presumably involves some
measure of the size of a cohort relative to that of adjacent cohorts.

Estimates for any of the three parameters will be available only after several years
of monitoring. Estimating the variability of the parameters may require an even longer
period, though some of the methods for estimating survival rates and age at first
reproduction in a mark-resight study are associated with theoretically derived analytic
estimates of variance.  Sufficient data for evaluating the variability in any of the three
demographic parameters were not available from either of the two studies considered here.
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3.5 Duration of Foraging Trips (A5.1)

The design for monitoring the duration of foraging trips is a nested, or hierarchical,
experiment. That is, for any particular year, several breeding birds are chosen (at
random) for monitoring and the lengths of foraging trips by each bird are measured. In
general, the sample of birds monitored one year is not the same as the sample monitored the
next year. Thus, each sample of birds is said to be “nested” within years when two or more
years are being compared. The analysis must take into account that some of the variation
between or among years is simply due to the fact that the birds used were not the same every
year.

In addition to the complication of a nested design, the standard method for monitoring
foraging trip duration may be complicated by an inverse relationship between trip duration
and number of trips. That is, if a bird with a propensity to make long trips tends to make
fewer of them than a bird which makes short trips, the usual statistical tests will not be
reliable. The usual methods for unbalanced (unequal sample size) nested ANOVA assume that
sample size and magnitudes of the items in the sample are independent.

The consequence of the problems mentioned above is that there is no simple or general
formula analogous to equation (1) to produce the required sample size for effective
monitoring of foraging trip duration. Existing estimates of the variance of trip duration for
an individual bird, the covariance of trip duration with number of trips, and the variance
between birds could be used in numerical simulations to assess the power of the method or to
choose reasonable sample sizes. Such an exercise is beyond the scope of this paper. Until
such time as those simulations are conducted, we advocate the following as a first
approximation to a power analysis of the standard method for foraging trip duration.

The problem of correlation between trip duration and numbers of trips can be avoided
by computing a mean trip duration separately for each bird and giving equal weight to the
mean for each bird when computing the annual mean. Then the sample size is simply the
number of birds, without regard to the number of trips made by individual birds. Likewise,
the variance is the variance between the means of individual birds, without regard for the
variance of the lengths of trips made by individual birds. Applying existing estimates of the
between-bird variance to the formula in equation (1), yields the approximate required
sample sizes, in terms of numbers of birds.

Trivelpiece et al. (1989) used visual monitoring of pairs of Adélie and chinstrap
penguins to estimate average foraging trip durations for each species at King George Island in
the 1981/82 and 1982/83 seasons. The mean trip duration for 37 pairs of Adélie penguins
in the two years was 24.3 hr. The mean duration of trips made by 47 pairs of chinstrap
penguins was 16.7 hr. The MSE for duration of trips was 20.5 for Adélies and 40.7 for
chinstraps. Sample sizes, estimated by the approximation method described in the previous
paragraph, for detecting changes of 10%, 20%, and 30% of the mean values are shown for
Adélie and chinstrap penguins in Table 3.

The data on durations of chinstrap and macaroni penguin foraging trips at Seal Island,
monitored with radio-transmitters, were not summarized in time for analysis in this
report. However, a comparison of data obtained using visual and radio-transmitter methods
would be useful in determining whether sample sizes required for these techniques differ.

Finally, we note that the scheme presented in CCAMLR (1989) for computing an
annual mean trip duration (paragraphs 28 and 29) ignores the problems of nested design
and correlation between trip duration and number of trips. That scheme gives equal weight
to each foraging trip made during a particular year. The simplification we presented above
partially avoids that problem, but ignores the five-day stratification scheme which may be
necessary to account for systematic changes in trip duration within a season.
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3.6 Breeding Success (A6.1)

The reproductive success of 150 pairs of chinstrap penguins was monitored at Seal
Island in 1987/88, though the field work was begun on 25 December, well after the first
egg was laid. Assuming no egg loss occurred prior to the study, the mean number of chicks
raised to creche age per pair was 1.26, with a standard deviation of 0.87. If those numbers
are typical, the minimum number of nests which would have to be monitored to detect
changes of 10% to 30% of the mean value are shown in Table 4".

Breeding success was monitored in 33 pairs of macaroni penguins at Seal Island in
1987/88. Because the number of macaroni chicks raised per pair can only equal zero or
one, the data can be treated as binomial proportions. Fleiss (1981, pp. 41-42) gives the
appropriate formulae for the sample sizes required to detect a specified difference between
two proportions. Table 5 presents estimated minimum sample sizes to detect a change from
the observed mean of 0.91 chicks per pair to each of several new values for the reproductive
success parameter. Note that the sample sizes in Table 5 are generally much larger than the
33 pairs used to estimate the mean for the analysis. Therefore, this analysis is presented
more as an example of the method than as a true power analysis.

The reproductive success of Adélie penguins, measured as the number of chicks
fledged per breeding pair was monitored by Trivelpiece et al. (1989) at Admiralty Bay,
King George Island. During each of six years (not all consecutive), several hundred breeding
pairs were observed. Therefore, a mean and standard deviation of the number of chicks
fledged per pair is available for each of the six breeding seasons. However, at the time of
this writing we were unable to adequately interpret those data because the quoted standard
deviations were larger than is possible for a variable which can only take on values of zero,
one, or two.

3.7  Chick Fledging Weight (A7.1)

As shown in paragraphs 9 and 10 of CCAMLR (1989), the standard method for
estimating the population mean fledging weight may not yield a reliable annual index if the
true average fledging weight varies between five-day periods. The average weights of
chinstrap penguins fledging in consecutive five-day periods differed significantly at Seal
Island in 1989. If this result is confirmed for other species, sites, and years, the standard
method will need to be revised to include a strategy for weighting the mean from each five-
day period by the number of chicks fledged in that period.

One potential method for obtaining an index of the numbers of chicks fledged in each
5-day period would be to keep daily counts of the numbers of chicks (unfledged) remaining
in several discrete, small or peripheral colonies. Adding up the daily decrements in chick
numbers might yield a satisfactory estimate of the relative numbers fledging in the several
5-day periods. The daily decrements will include mortality, but if the rate of mortality is
small relative to the rate of fledging and if the mortality rate is not dramatically different
between different five-day periods, the estimates should still be reliable.

3.8  Chick Diet (A8.1)

The data from the standard methods for monitoring penguin chick diet will consist of
total wet weights of the contents of individual stomachs or of more detailed information such

E. Marschoff (personal communication) has suggested that changes in the individual proportions
of pairs raising zero, one or two chicks might be detectable using sample sizes much smaller
‘than those apparently required to detect changes in the mean number of chicks raised.
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as the proportion of the total weight comprising a particular prey taxon. We consider here
only the data on total weight, deferring analysis of the proportion data to another paper
evaluating the different types of analysis appropriate for proportions.

Trivelpiece et al. (1989) measured meal sizes of Adélie and chinstrap penguin chicks
during three years at King George Island. The average meal size for Adélie penguins was
533 g and the average for chinstraps was 443 g. Pooling the variances as described above,
the square-root of the MSE for meal size of Adélie penguins was 191.8 and for chinstrap
penguins the square-root of the MSE was 219.8. Using the square-root of the MSE as the
typical standard deviation, we estimated the sample sizes required to detect changes of 10%,
20%, and 30% of the mean values for Adélie and chinstrap meal size (Table 6). Because of
the relatively high variability in this parameter, the samples required to detect a modest
change in the mean are very large.

4. METHODS FOR FUR SEALS
4.1 Fur Seal Pup Growth (C1.0)

The data from this method consist of periodic weights of a marked sample of pups or of
random samples of pups. The resulting index will be the value of the slope of a regression of
pup weight versus date. The techniques for comparing the slopes of two or more regressions
are well established, and found in most introductory statistics texts. However, several
aspects of this technique should be considered in more detail before a formal power analysis
is conducted.

As discussed in CCAMLR (1989), the assumptions for linear regression analysis
(homogeneity of variance, fit to linear model) should be investigated. Assuming that those
investigations reveal that linear regression is appropriate, a power analysis will still be
more difficult than one which relies on equation (1) for the following reason.

There are two measures of sample size which must be considered in designing a test
for differences between pup growth rates among several years. The first is the number of
pups to be weighed on a particular date. The second is the number of dates within the
pup-rearing season on which pup weights are to be sampled. The issue of how many times
samples of pups should be weighed is further complicated by consideration of the time
intervals between successive weighings. Weights taken on each of four consecutive days will
not provide the “contrast” afforded by weights collected at four one-week intervals. A
thorough analysis of the power to detect changes in pup growth rates will likely require
numerical simulations in which the response of the parameter to systematic changes in
numbers of pups and in numbers and spacing of weighing dates is explored. Because good
estimates of the “within-date” variance of pup weights are available from two years at Seal
Island, we intend to pursue this topic in the near future.

4.2 Foraging/Attendance Duration (C2.0)

As we discussed above in the section on penguin foraging trip duration, this
monitoring scheme is a nested design with the complication that trip duration and number of
trips made by an individual are inversely related (Figure 1). One approach, to prevent
undue weighting of females which tend to make short trips, would be to weight the mean trip
duration for each female equally when computing the overall mean trip duration for the year.
Using that method on data from Seal Island, the following results were obtained.

The average of the mean trip durations of 19 fur seal females at Seal Island in

1986/87 was 59.7 hr, with a standard deviation of 43.6 hr. In 1988/89, the average from
13 females was 52.4 hr, with a standard deviation of 44.4 hr. With coefficients of variation
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of about 80%, it would clearly be very difficult to detect differences between years using
this type of analysis. This is shown in Table 7, by the very large sample sizes which would
be required (again calculated by using a pooled estimate of variance and equation (1)).

The data shown in Figure 2 suggest an explanation for the low statistical power
obtained by the previous method: the lengths of foraging trips tend to decrease as the season
progresses. Therefore, some of the “within-year” variation may be due to differences
between the dates on which different females' trips were made. Modifications to the standard
method, such as stratifying foraging data by calendar date or using analysis of covariance to
remove the effect of date, will likely reduce the within-year variation, thereby reducing the
size of the sample of females required to detect a specified difference between years.

Other modifications, addressing the problems we described above, to the standard
method for fur seal foraging trip length are also possible. For example, another way to give
equal weight to the mean of each female's trip durations would be to use only a specified
number, say the first 5, of her postpartum foraging trips. That strategy may also partially
remove the “date effect”, by reducing the portion of the season during which trips are
measured. In any case, a thorough investigation of the power of standard method C2.0, with
the modifications we described above, is beyond the scope of this paper. We will use the data
from Seal Island to conduct such an analysis, making the results available to the Working
Group as soon as they are completed.
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Table 1: Estimates of the minimum sample sizes (number of birds) required to detect a
change of magnitude equal to 3 in the mean lengths (days) of Adélie penguin first
incubation shifts are presented for a range of values for desired statistical
power. All estimates are for tests conducted after two years of monitoring. Data
are from Trivelpiece et al. (1989) Table 11.

Incubation shifts by males:

Statistical Power (1-B)
S 0.95 0.90 0.80 0.60

For oo = 0.05:

1.24  (10%) 119 96 72 46

2.48 (20%) 31 25 19 13

3.72 (30%) 15 12 9 7
For a« = 0.10: .

1.24  (10%) 99 79 57 34

2.48 (20%) 26 21 15 10

3.72 (30%) 12 10 8 5

Incubation shifts by females:

Statistical Power (1-B)
3 0.95 0.90 0.80 0.60
For oo = 0.05:
1.00 (10%) 341 276 207 130
2.00 (20%) 86 70 53 34
3.00 (30%) 39 32 24 16
For o = 0.10:
1.00 (10%) 284 225 163 95
2.00 (20%) 72 57 42 25
3.00 (30%) 33 26 19 12
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Table 2:  Estimates of the minimum sample sizes (number of birds) required to detect a
change of magnitude equal to & in the mean lengths (days) of chinstrap penguin
first incubation shifts are presented for a range of values for desired statistical
power. All estimates are for tests conducted after two years of monitoring. Data

are from Trivelpiece et al. (1989), Table 12.

Incubation shifts by males:

Statistical Power (1-B)
) 0.95 0.90 0.80 0.60
For o = 0.05:
0.58 (10%) 698 564 422 264
1.16 (20%) 176 142 107 67
1.74 (30%) 79 64 48 31
For a« = 0.10:
0.58 (10%) 581 460 332 194
1.16 (20%) 146 116 84 50
1.74  (30%) 66 52 38 23
Incubation shifts by females:
Statistical Power (1-B)
) 0.95 0.90 0.80 0.60
For a = 0.05:
0.39 (10%) 953 771 576 360
0.78 (20%) 239 194 145 91
1.17 (30%) 107 87 65 41
For o« = 0.10:
0.39 (10%) 794 629 454 265
0.78 (20%) 200 158 114 67
1.17  (30%) 89 71 52 31
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Table 3:  Estimates of the minimum sample sizes (number of birds) required to detect a
change of magnitude equal to § in the mean duration (hours) of chinstrap and
Adélie penguin foraging trips are presented for a range of values for desired
statistical power. All estimates are for tests conducted after two years of
monitoring. Data are from Trivelpiece et al. (1989), Table 9.

Adélie penguins:

Statistical Power (1-B)

S 0.95 0.90 0.80 0.60

For a = 0.05:
2.43 (10%) 92 74 56 36
4.86 (20%) 24 20 15 10
7.29 (30%) 12 10 8 6

For o = 0.10:
2.43 (10%) 77 61 44 26
4.86 (20%) 20 16 12 8
7.29 (30%) 10 8 6 4

Chinstrap penguins:

Statistical Power (1-B)

8 0.95 0.90 0.80 0.60

For o = 0.05:
1.67 (10%) 382 309 231 145
3.34 (20%) 97 78 59 37
5.07 (30%) 44 36 27 18

For o = 0.10:
1.67 (10%) 318 252 182 107
3.34 (20%) 81 64 47 28
5.07 (30%) 37 29 21 13
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Table 4:  Estimates of the minimum sample size (number of pairs) required to detect a
change of magnitude equal to & in the mean number of chinstrap chicks raised to
creche age per breeding pair are presented for a range of values for desired
statistical power. All estimates are for tests conducted after two years of
monitoring. Data are from Seal Island, 1987/88.

Statistical Power (1-B)

& 0.95 0.90 0.80 0.60

For ¢ = 0.05:
0.129 (10%) 1185 958 716 448
0.258 (20%) 297 241 180 113
0.387 (30%) 133 108 81 51

For o = 0.10:
0.129 (10%) 986 782 564 329
0.258 (20%) 248 196 142 83
0.387 (30%) 111 88 64 38

Table 5: Estimates of the minimum sample sizes (number of pairs) required to detect a
change in macaroni penguin reproductive success from a value of 0.91 chicks
raised per pair to each of the new values (P2) listed below. The usual quantity &
would be the difference between P2 and 0.91. All estimates are for tests
conducted after two years of monitoring. Data are from Seal Island, 1987/88.

Statistical Power (1-B)

P2 0.95 0.90 0.80 0.60

For o = 0.05:
0.95 1104 902 686 446
0.85 792 647 492 319
0.80 281 231 177 117
0.75 152 125 97 65
0.70 98 81 63 43

For o = 0.10:
0.95 927 744 551 341
0.85 665 533 394 243
0.80 236 191 143 90
0.75 128 104 79 51
0.70 83 68 52 34
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Table 6:

Estimates of the minimum sample sizes required to detect a change of magnitude
equal 1o § in the average wet weight of Adélie and chinstrap penguin chick meals
(grams) are presented for a range of values for desired statistical power. All
estimates are for tests conducted after two years of monitoring. Data are from
Trivelpiece et al. (1989), Table 6.

Adélie penguins:

Statistical Power (1-B)

5 0.95 0.90 0.80 0.60
For o = 0.05:

53.3 (10%) 338 273 205 128
106.6 (20%) 86 69 52 33
159.9 (30%) 39 32 24 16

For oo = 0.10:

53.3 (10%) 281 223 161 95
106.6 (20%) 71 57 41 25
159.9 (30%) 33 26 19 12

Chinstrap penguins:
Statistical Power (1-B)
) 0.95 0.90 0.80 0.60
For oo = 0.05:

44.3 (10%) 641 519 388 243

88.6 (20%) 162 131 98 62
132.9 (30%) 73 59 44 28

For o = 0.10:

44.3 (10%) 534 423 306 179

88.6 (20%) 135 107 77 46
132.9 (30%) 61 48 35 21
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Table 7:  Estimates of the minimum sample sizes (number of females) required to detect a
change of magnitude equal to & in the mean duration (hours) of fur seal foraging
trips are presented for a range of values for desired statistical power. These
estimates are likely to be too high because they do not account for the
“within-year” variation of the type shown in Figure 2. All estimates are for
tests conducted after two years of monitoring. Data are from Seal Island,
1986/87 and 1988/89 seasons.

Statistical Power (1-B)
3 0.95 0.90 0.80 0.60

For o« = 0.05:

5.67 (10%) 1558 1261 942 589
11.35 (20%) 391 316 237 148
17.02  (30%) 175 141 106 67

For o = 0.10:

5.67 (10%) 1298 1029 742 433
11.35 (20%) 326 258 186 109
17.02 (30%) 146 115 84 49
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Les estimations de taille minimum d'échantillons (nombre d'oiseaux)
nécessaires pour détecter un changement d'une ampleur égale a & dans la
durée moyenne (jours) du premier tour d'incubation du manchot Adélie sont
présentées pour une fourchette de valeurs de la puissance statistique voulue.
Toutes les estimations proviennent de tests conduits aprés 2 ans de contrdle.
Les données sont fournies par Trivelpiece et al. (1989), Tableau 11.

Les estimations de taille minimum d'échantillons (nombre d'oiseaux)
nécessaires pour détecter un changement d'ampleur égale a §, dans la durée
moyenne (jours) du premier tour d'incubation du manchot & jugulaire, sont
présentées pour une fourchette de valeurs de la puissance statistique voulue.
Toutes les estimations proviennent de tests conduits aprés 2 ans de contrdle.
Les données sont fournies par Trivelpiece et al. (1989), Tableau 12.

Les estimations de taille minimum d'échantillons (nombre d'oiseaux)
nécessaires pour détecter un changement d'une ampleur égale a & dans la
durée moyenne (heures) des sorties alimentaires des manchots a jugulaire
et Adélie; elles sont présentées pour une fourchette de valeurs de la
puissance statistique voulue. Toutes les estimations proviennent de tests
conduits aprés 2 ans de contrble. Les données sont fournies par Trivelpiece
et al. (1989), Tableau 9.

Les estimations de taille minimum d'échantillons (nombre de couples)
nécessaires pour détecter un changement d'ampleur égale a & dans le nombre
moyen de jeunes manchots a jugulaire par couple reproducteur, élevés
jusqu'a I'age d'entrée en créche, sont présentées pour une fourchette de
valeurs de la puissance statistique voulue. Toutes les estimations
proviennent de tests conduits aprés 2 ans de contrle. Les données ont été
recueillies a I'lle Seal, 1987/88.

Les estimations de taille minimum d'échantillons (nombre de couples)
nécessaires pour détecter un changement dans la réussite de la reproduction
a partir d'une valeur de 0.91 jeunes élevés par couple, a chacune des
nouvelies valeurs (P2) figurant sur la liste ci-dessous. La quantité
normale de § serait la différence entre P2 et 0.91. Toutes les estimations
proviennent de tests conduits aprés 2 ans de contréle. Les données ont été
recueillies a I'lle Seal, 1987/88.

Les estimations de taille minimum d'échantillons nécessaires pour détecter
un changement d'ampleur égale & § dans le poids moyen mouillé (grammes)
des repas des jeunes manchots a jugulaire et Adélie sont présentées pour une
fourchette de valeurs de la puissance statistique voulue. Toutes les
estimations proviennent de tests conduits apres 2 ans de contrfle. Les
données sont fournies par Trivelpiece et al. (1989), Tableau 6.

Les estimations de taille minimum d'échantillons (nombre de femelles)
nécessaires pour détecter un changement d'ampleur égale a & dans la durée
moyenne (heures) des voyages alimentaires des otaries de Kerguelen sont
présentées pour une fourchette de valeurs de Ia puissance statistique voulue.
Ces estimations risquent d'étre trop élevées parce qu'elles ne tiennent pas
compte de la variation "dans le courant d'une année" du genre figurant a la
Figure 2. Toutes les estimations proviennent de tests conduits aprés 2 ans de
contréle. Les données ont été recueillies a I'lle Seal, saisons 1986/87 et
1988/89.
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Relation entre la durée d'un voyage et le nombre total de voyages
alimentaires en mer entrepris par les otaries femelles de Kerguelen a I'lle
Seal, aux iles Shetland du Sud, en Antarctique. Les données de la saison
1986/87 proviennent d'échantillons prélevés lors de voyages effectués de
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mer entrepris par les otaries de Kerguelen femelles a I'lle Seal, aux iles
Shetland du Sud, en Antarctique. Les données concernent la saison 1986/87.

CrHCOK TabJIUIL

IIpeAnoJioXUTEeNbHblE MUHUMAJbHbIE pa3sMepbl Npob6 (KOJMUEeCcTBO
ocofell), Heo6XoAUMbIe AJs1 BbISIBJIEHUSI U3MEHEHUI TMopsijka,
paBHoOro 9, cpeZHell  NPOAOJIKUTEJbHOCTH  (AHK)  mepBOH
MHKYBallMOHHOM CMeHbl MUHIBUHOB AJeJ il NpeACTaBJeHbl AJsl psifia
YPOBHell CTAaTUCTHUUEeCKON MOIHOCTU. Bce olleHOUHble BeJMUUHHBI
6bL/IU MOJIYUEHBl B pe3yJbTaTe 3KCIIEPUMEHTOR, NPOBEZAEHHbIX Uepel
JIBa roja nocJie HauaJia MOHUTOpHHra. llo fanHbeiM TpuUBeJanuca U Ap.
(Trivelpiece et al., 1989) 6 Ta6uuna 11.

IIpeaAnoJIOXUTENbHBIE MUHHUMAaJbHBIE pa3Mepbl Npo6 (KOJUUECTBO
ocobeli), Heob6xoJuMble AJs BbIIBJEHUS U3MEHEHUM TNopsijka,
pPAaBHOI'O B, CpeJHell MPOAOJKUTEJbHOCTH  (OHM)  TepBoM
WHKY6allMOHHON CMEHBl NUHIBUHOB UYMHCTpan NpeAcTaBJeHbl AJs
psiZa YpoOBHell CTATUCTUUYECKOM MOIMHOCTU., Bce olieHOuHble
BEJIMUUHBI 6BLJIM  MOJIyUEHb B  pe3yJbTaTe  3KCIIEPUMEHTOB,
NpPOBE/IEHHBIX Uepe3 JBa roja Ioc/Je HauaJa MOHUTOpuHra, Ilo
AaHHbIM TpuBedsnuca u ap. (Trivelpiece et al., 1989) 6 Ta6auna 12.

IIpeanoJioxXUTeNbHbIE MHWHUMaJbHbIE pa3Mepbl Mpo6 (KOJIMUECTBO
ocoberll), HeobxoauMble AJIA BBISIBJEHUS] U3MEHEHHH [OpsiKa,
paBHoro o, cpeAHell NOPOJAOJ/KUTENBHOCTU  (4achl) INEepHOAa
AOBBIBaHUS NUIM NUHIBHHAMU UMHCTPAN U AZeJid IpeACTaBJIEHDI AJ1s
psJa YPOBHENH CTATUCTUUYECKOM MOIHOCTU. Bce oOleHOUHble
BeJIMUUHB OblIM  MOJyuyeHsl B  pe3yJibTaT€  3KCHEPUMEHTOB,
NpoBeJIeHHbIX Uepe3 JBa oAa IocJe HauaJja MOHUToOpUHra. Ilo
AaHHbIM TpureJsinuca u ap. (Trivelpiece et al., 1989) 6 Ta6auua 9.

IIpeanoJioXUTE/NbHbIE MHWHHMaJbHbIE pasMepbl Npo6 (KOJHUecTBO
nap), Heo6xoAMMble AJ1st BbISIBJIEHHUS] U3MeHEeHUH Nopsiika, PaBHOIO
8, cpeaHero KOJIMYUECTBAa BbBIKUBIIUX O “sICEJbHOrO" BO3pacTa
IITEHLIOBR NUHIBUHA UUHCTPAN Ha POAUTEJLCKYI0 ITapy, NpeCTABJEHDI
AJisl psiAa ypoOBHENM CTATUCTUUECKONM MOIHOCTH. Bce olileHOUuHble
BEJIMUMHBI  6bIJIM  NOJyUYeHbl B  pe3yJbTaTe€  3KCIEPUMEHTOR,
NIpoBeAEHHbBIX Uepe3 ZBa rojla nocJse HauaJla MOHUTOPUHIra. aHHble
65111 oJIyUy€eHbl Ha ocTpoBe CuJ, B 1987/88 T,

IpeanoaoxXUuTe bHblE MHUHHUMAJIbHbIE pa3Mepbl Npo6 (KOJHYECTBO
nap), Heo6xoAVMble AJisI BbISIBJIEHUS] H3MEHEHUS PeNnpoAyKTHBHOIO
yCIlexa 30J/I0TOBOJIOCHIX MUHIBUHOB OT 0,91 BBIKMBHIIErO NTEHLA Ha
napy Ao yporHell (P2), ykaszaHHBIX HuXe. O6bIUHO 3HaueHUe § ByaeT
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PaBHO pasHuULe MexAy BeauuuHaMHu P2 u 0,91, Bce olieHOuHble
BEJUUMHBl 6blJIM  MOJIyueHbl B  Ppe3yJbTaTe€  3KCINEPHUMEHTOBR,
NMpOBEAEHHDbIX Uepe3 ZBa '0Ja NocJ/e HauaJla MOHUTOpHHra. /laHHbIe
6b1J1M OoJIyueHbl Ha ocTpoBe CuJi B 1987/88 rT.

HpelIHOJIO)KI/lTeJIbele MHUHHUMAJIbHBIE Pa3MeEPbI Hp06, HCOGXOﬂHMbIe
AJIs BbIsIBJIEHHS U3MEHEHUS TIOpdAAKa, PaBHOI'O 5, CpeAHEro CbhIporo
Beca (rpaMMbl) UMY, NOTpebisieMoll NTeHIlaMHU MUHIBUHOB AZesu U
UHUHCTpaln 3a OJUH IpUeM, NpeACTaBRJeHb AJas psgAa YPOBHEN
CTaTUCTUUECKOMN MOIIHOCTHU, Bce olleHOUHbBIE BeJIMUUHBL 6b1JIU
MoJiyueHbl B pe3yJibTaTe€ 3KCIEPUMEHTOB, NPOBEJEHHbIX Uepe3 /ZBa
roja mnocJsieé HadaJsia MOHUTOPUHIA. Tlo AaHHBIM TpMBeJIHHC& u Ap.
(Trivelpiece et al., 1989) 6 Ta6uauna 6.

IIpeAnoiIoXUTEbHBIE MHHHMAaJIbHBIE pasMepbl MNpo6 (KOJIHMUECTBO
CaMOK), HEO6XOAMMbIe AJis1 BbISIBJIEHHWS] U3BMEHEHUH NOopsJKa, PaBHOI'O
8, cpeZHell NPOAOJMXUTEJbHOCTU (Uachl) NepvoZfa AoO6blBAaHUST TTUIU
MOPCKMMH  KOTHKaMHM  MNpeACTaBJEeHb  AJs1  psila  YPOBHEH
CTATHCTUUECKON MOWMHOCTU. BEpOSITHO, UTO 3TH OLIEHKU 3aBbIIMIEHBI,
MOCKOJIbKY OHM He IMPUHHUMAaKT BO BHMMaHHe “BHYTPUIoZoOBblE"
KoJebaHUsI NOKasaHHOro Ha PuHcyHKe 2 Tuna, Bce oOIlleHOUHble
BEJMUHHbl 6bIJIM  NOJIyue€Hbl B  pe3yJbTaT€  3KCIEPUMEHTOBR,
NpOBEJIEHHbIX Uepe3 JBa I'oja InocJe HauaJa MOHUTOpUHTa. aHHblEe
6bJIM MMOJIyueHbl Ha ocTpoBe CHUJI B TeueHHe ce3oHoB 1986/87 u
1988/89 rr.

CrycoK pUCYHKOB

3aBHCUMOCTb IPOJOMXUTEJbHOCTH OTJeJbHbIX IEPUOJOR MOULCKA
Nymy M obmero KoJuuecTBa IepUoOB AOGBIBAHUS NUIM B Mope
CaMKaMU I0KHOI'O aHTapPKTUUECKOro KOTHKA Ha oCcTpoBe CuJ, I0OXHbIe
IMeTnaHzackue ocTtpoBa, AHTapKTHKa. [laHHble 3a ce30H 1986/87 r. no
nepuoziaM Jo6BIBAHUS MUIH B MOpe C KOHIA JlekaBpsi 0 cepejiuHbI
deBpaJisixX AaHHble 3a 1988/89 r. no nepuoAaM Ao6bIBaHUS MUY B
Mope ¢ cepeJJUHBI sTHRapsl A0 KOHLLa peBpaJis,

BHyTpHUCe30HHbIE  U3MEHEHUsl NPOJOJ/DKHUTEJNbHOCTH  MEPUOJAOB
AobblBaHMS NUIM B MOpPE CaMKaMH H0XHOIO MOPCKOIo KOTHKa Ha
ocrpore CuJ, I0xHbie IlleTsaHACKHUE OCTPOBAa, AHTApKTHKaA. [JaHHbIE
6b1J11 TTOJIyueHbl B TeueHUe ce3oHa 1986/87 r.

Lista de las tablas

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
8 en la duraciones medias (dias) de los primeros turnos de incubacioén de los
pingiiinos Adelia, para un rango de valores para la habilidad estadistica
deseada. Todas las estimaciones son para los estudios conducidos después de
2 afios de monitoreo. Datos son de Trivelpiece et al. (1989), Tabla 11.

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
& en la duraciones medias (dias) de los primeros turnos de incubacién de los
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Tabla 4:

Tabla 5:

Tabla 6:

Tabla 7:

Figura 1:

Figura 2:

pinglinos Barbijo para un rango de valores para la habilidad estadistica
deseada. Todas las estimaciones son para los estudios conducidos después de
2 afios de monitoreo. Datos son de Trivelpiece et al. (1989), Tabla 12.

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
8 en la duracién media (dias) de los viajes de alimentacién de los pingiinos
Barbijo y Adelia. Todas las estimaciones son para los estudios conducidos
después de 2 afios de monitoreo. Datos son de Trivelpiece et al. (1989),
Tabla 9.

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
8 en el numero medio de polluelos Barbijo que llegan a la edad de créche por
cada pareja reproductiva para un rango de valores para la habilidad
estadistica deseada. Todas las estimaciones son para los estudios conducidos
después de 2 afios de monitoreo. Datos provienen de la Isla Seal, 1987/88.

Estimaciones de los tamafios menores de las muestras (niGmeros de pares)
necesarias para descubrir un cambio en el éxito reproductivo de los
pinglinos Macaroni de un valor de 0.91 de polluelos incubados por cada
pareja a un nuevo valor indicado (P2) aparecen en la tabla siguiente. La
cantidad normal & deberia ser la diferencia entre P2 y 0.91. Todas las
estimaciones son para los estudios conducidos después de 2 afios de monitoreo.
Datos provienen de la Isla Seal, 1987/88.

Se presentan las estimaciones de los tamafios menores de las muestras
(nameros de aves) necesarias para descubrir un cambio de magnitud igual a
3 en el peso himedo promedio (gramos) del alimento de los polluelos de los
pinglinos Adelia y Barbijo para un rango de valores para la habilidad
estadistica deseada. Todas las estimaciones son para los estudios conducidos
después de 2 afios de monitoreo. Datos son de Trivelpiece et al. (1989),
Tabla 6.

Se presentan las estimaciones de los tamafios menores de las muestras
(nomeros de hembras) necesarias para descubrir un cambio de magnitud
igual a & en la duracién media (horas) de los viajes de alimentacién de los
lobos finos para un rango de valores para la capacidad estadistica deseada. Es
posible que estas estimaciones sean demasiado altas porque no toman en
consideracion la variacion “dentro del afio” del tipo que se muestra en la
Figura 2. Todas las estimaciones son para los estudios conducidos después de
2 afios de monitoreo. Datos provienen de la Isla Seal, durante las temporadas
1986/87 y 1988/89. ’

Lista de las figuras

Relacion entre la duracién individual y el nimero total de los viajes de
alimentacién hechos al mar por la hembra de los lobos finos antarticos en la
Isla Seal, Islas Shetland del Sur, Antartica. Datos de los viajes observados
desde finales de diciembre hasta mediados de febrero durante la temporada
1986/87; datos de los viajes observados desde mediados de enero hasta
finales de febrero durante la temporada 1988/89.

Cambios dentro de la temporada en la duracién de los viajes de alimentacién

hechos al mar por la hembra de los lobos finos antarticos en la Isla Seal,
Islas Shetland del Sur, Antartica. Datos son de la temporada 1986/87.
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STATISTICAL POWER TO DETECT CHANGES IN GROWTH RATES OF ANTARCTIC
FUR SEAL PUPS

P. Boveng, J. L. Bengtson and M. E. Goebel
Abstract

Numerical simulations were used to investigate the power of methods
for detecting changes (between years) in pup growth rates, the loss
of power associated with obtaining weight samples on only three dates
in a season, and potential means of increasing the power of the
CCAMLR Ecosystem Monitoring Program Standard Method C1 (B).
Using estimates of variance in pup weights obtained at Seal Island
(60°59.5'S, 55°24.5'W), the simulations suggest that following the
protocol of the Standard Method (50 pups of each sex, weighed on four
dates at 28-day intervals) would result in the ability to detect a 17%
change in the growth rate with a 10% chance of committing Type 1 or
Type 2 errors. If only three samples (50 pups, 28-day intervals)
are obtained, the detectable change increases to about 34% under the
same conditions. Slight gains in power can be obtained in some cases,
without increasing the total number of pups weighed in a season, by
decreasing the time between weighings.

Résumé

Des simulations numériques ont été utilisées pour examiner
I'efficacité des méthodes de détection des changements (entre années)
dans les taux de croissances des jeunes, la perte d'efficacité liee au
fait que les échantillons de poids n'ont été obtenus que trois fois par
saison, et les moyens potentiels d'augmenter l'efficacité des Méthodes
standard du Programme de contréle de I'écosystéme de la CCAMLR
C1 (B). En se basant sur les estimations de variance de poids des
jeunes, obtenues a I'fle Seal (60°59,5'S, 55°24,5'W), les
simulations suggerent qu'en suivant le protocole de la Méthode
standard (50 jeunes de chaque sexe, pesés a quatre dates espacées de
28 jours), l'on pourrait déceler un changement de 17% dans le taux
de croissance, avec 10% de chances de commettre des erreurs de type
1 ou 2. Si l'on n'obtient que trois échantillons (50 jeunes, a
intervalle de 28 jours), les changements décelables augmentent
d'environ 34%, dans les mémes conditions. Dans certains cas,
I'efficacité peut étre légerement augmentée sans augmentation du
nombre total de jeunes pesés en une saison, en diminuant le temps
passé entre les pesées.

PezoMe

IIpu uccaenoraHuu 3PPEeKTUBHOCTHU METOAOB B BBISIBJIEHUH
(MeXroAoBbIX) U3MEHEeHUN TeMIa pocTa I[€HKOB,
PACCMOTpPEHHUH  CHUXeHUU  >PPEeKTUBHOCTH  BCJEACTBUE
NMoJiyueHUusl AaHHLBIX MO BeCy TOJIbKO 3a TPHU AHsI B TEeUEHUE
Ce30Ha U MOTEeHLUAJbHbIX NyTeH MoBblleHUst 3¢ PEeKTUBHOCTH
CrangaptHoro Metoza C1 (B), sBJsOIerocss 4acTbo
NMporpammel AHTKOMa Mo MOHHUTOPHUHIY 3KOCHCTEMBI, 6bljO
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HCIIOJb30BAHO MaTeMaTHUeCKoe MOJZeJIUPpOBaHHUE. B
pe3yJbTaTe MPUMEHEHUsI NMpH MOAEJUPOBAHHUHM MOJYy4Y€EHHBIX
Ha ocTtpoBe Cua (60°59,5'o.m., 55°24,5'3.1.) OLLeHOUHBIX
BeJIMUMH W3MEHUMBOCTH BeCa I[€eHKOB, 6bLJIO CJeJaHO
3aKJKUYEHHUEe O TOM, UTO MNpH CJAE€AOBaHUU IIpoUeypH
CrtanaapTHOro Metrona (50 I{eHKORB KaXxJjoro noJa
B3BEMIBAITCSI UETHIpE pa3a ¢ UHTEPBAJIOM B 28 AHeH) MOXHO
BBISIBUTh 17%-HO€ HU3MEHEeHHe TeMIla pocTa, IIpU 3TOM
cymectBryeT 10%-Hast BEpOATHOCTb AONYI[E€HHsI NMOrPEelHOCTU
Tuna 1 uau 2, IIpu noJsydyeHuu Jjavmb 3 npo6 (50 meHKOB B
KaXXZIoMl ¢ UHTEpBaJOM B 28 AHEN) NPH TaKUX Xe YyCJIOBUSIX
MOXHO BBISIBUTb 60Jiee 3HaUUTEJbHOE, 34 % -HOoe uaMeHeHue, B
HEKOTOPHIX CJAyUasix 3(h¢EKTUBHOCTb MOXET 6bITh MOBbINIEHA B
HEKOTOPOI CTENEHU NNPU OTCYTCTBUH YBEJHUEHUS] KOJIMUECTBA
H€HKOB, B3RElleHHbIX B TeueHHe OJHOr'o Ce30Ha 3a CcuUeT
COKpallleHUs1 UHTepBRaJia MeXAY B3BEMUBAHUSIMHU,

Resumen

Simulaciones numéricas se utilizaron para investigar la capacidad de
los métodos para detectar los cambios (entre afios) en el indice de
crecimiento de los cachorros, la incapacidad asociada con la obtencién
de muestras de peso en solo tres fechas en una temporada, y maneras
potenciales de aumentar la capacidad del Método Estandar C1 (B) del
Programa de Seguimiento del Ecosistema de la CCRVMA. Usando
estimaciones de variacién en el peso de los cachorros obtenidas en la
Isla Seal (60°59,5'S, 55°24.5'W), las simulaciones sugieren que
siguiendo el protocolo del Método Estandar (50 cachorros de cada
sexo, pesados en cuatro fechas a intervalos de 28 dias) resultaria en
la habilidad de detectar un 17% en el indice de crecimiento, con una
posibilidad de 10% de que se cometan errores del Tipo 1 o Tipo 2. Si
sbélo se obtienen tres muestras (50 cachorros, intervalos de
28 dias), el cambio detectable aumenta aproximadamente 34% bajo
las mismas condiciones. Leves aumentos en veracidad se pueden
obtener en ciertos casos, sin aumentar el namero total de cachorros
pesados en una temporada, disminuyendo el tiempo entre cada pesaje.



1. INTRODUCTION

The CCAMLR Ecosystem Monitoring Program (CEMP) Standard Method C1 describes
two techniques for estimating growth rates of Antarctic fur seal (Arctocephalus gazella)
pups. Method (A) requires weighing each member of a sample of individually marked pups
several times between birth and weaning. Method (B) requires weighing samples of 50 male
and 50 female pups at monthly intervals beginning about 30 days after mean pupping date
and concluding prior to weaning, when pups are about 110 days old. The analysis presented
here pertains to the statistical power to detect changes in pup growth rate using Method (B),
deferring a similar treatment of Method (A).

Boveng and Bengtson (1989) suggested that the effective sample size for estimating
power to detect changes in growth rates depends not only on the total humber of pups
weighed, but on the number of weighing dates and the time intervals between them. Method B
does not specify clearly the number of dates on which pups should be weighed. If the first
sample is weighed 30 days after mean pupping date, three additional samples at monthly (say
28-day) intervals would conclude on the 114th day after mean pupping. Thus, it seems that
no more than four samples of pups will be weighed following this method and that possibly
three or fewer samples might be obtained.

A monitoring program in which pups are weighed on only three dates may not attain
acceptable statistical power to detect changes in pup growth rate. Furthermore, the ability
to detect non-linearity in the growth curve is minimized when only three samples are
available. This paper presents an investigation into the power of the standard method to
detect changes in pup growth rates, the loss of power associated with obtaining only three
weight samples, and possible means of increasing the power of the standard method.

2. METHODS

Antarctic fur seal (Arctocephalus gazella) pups were weighed on four dates in 1988
and three dates in 1989, at Seal Island, Elephant Island (60°59.5'S, 55°24.5'W). Linear
regressions (Sokal and Rohlf, 1981, pp. 480-482) of pup weight versus date, were
computed separately for each sex and year. Bartlett's test was used to evaluate heterogeneity
of variances. For each sex, pooled (i.e. weighted average) estimates of the slope and of the
mean squared error (MSE) from both years were formed for use in a power analysis.

Monte Carlo simulations were used to investigate the effects of number and spacing of
sampling dates, and number of pups weighed per date, on the power to detect changes of 5 to
50% of the observed mean pup growth rates. The simulations proceeded as follows:

(i) A simulated data set, with a specified number and spacing of sampling dates and
number of pups weighed per date, was drawn at random from normal
distributions with means determined by our observed growth rate and variances
equal to our observed MSE (the “null” data);

(ii) A second data set was drawn under similar conditions to the first, except that
the underlying growth rate differed by a specified amount from the first (the
“alternative” data);

(iii) Linear regressions were computed for each of the data sets (“null” and
“alternative”), and the regression coefficients compared (Sokal and Rohif
1981, pp. 499-506);

(iv) Steps (i) to (iii) were repeated 500 times with the same input parameters,
recording the number of times that the growth rates in the two data sets were
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significantly different. The number of significantly different results divided by
500 is an estimate of the power to detect a change in the growth rate from the
null value to the alternative value.

(v) Steps (i) to (iv) were repeated for several alternative growth rates, ranging
from 1.0 to 1.5 times the null rate.

Simulations were conducted to estimate the effects of using three versus four
weighing dates at 28-day intervals, of sampling smaller numbers of pups at more frequent
intervals, and of the choice of o for comparisons of regression coefficients.

3.  RESULTS AND DISCUSSION

The weighing dates, numbers of pups weighed, mean weights, and standard deviations
of weights from Seal Island are shown for each sex and year in Table 1. There were no
significant differences in variances of pup weights among dates, for either sex in either year
(P > 0.13 in all cases). Table 2 shows estimates of growth rates from linear regressions of
Seal Island pup weights versus date. Male pups grew faster and had more variable weights
than females (Table 2). Tests for departures from linearity were all non-significant
(P > 0.25 in all cases). Because the weighing periods at Seal Island were shorter than
specified in the standard method, this result is not a confirmation of the pup growth curve
being generally linear.

Figure 1 shows the statistical power achieved in a simulated monitoring program
following Standard Method C1 (B), and assuming that the typical growth rate and within-
date variance in pup weights are equal to the weighted averages of those observed in females
at Seal Island (Table 2). If four samples of 50 pups each are weighed at 28-day intervals,
there would be a 90% chance of detecting a 17% change in the true growth rate (using o
equal to 0.10 for comparing rates). Figure 1 also shows the reduction in statistical power
that would occur if samples of 50 female pups were weighed each year on three rather than
four dates, again at 28-day intervals. The lower power obtained in a program sampling on
only three dates is a result of the smaller total number of pups weighed (150 versus 200),
as well as the shorter duration of the weighing period.

Figure 2 shows that if the duration of the weighing period is limited (e.g. by logistic
or other constraints), weighing smaller samples of pups more often can result in higher
statistical power, even though the total number of pups weighed is not increased. No such
increase in power, however, was observed in simulations of a monitoring program in which
pups are weighed at intervals shorter than 28 days for the entire available weighing period.
For example, if samples of 28 pups are weighed on seven dates at 14-day intervals, so that
total sample size and duration of the weighing period are nearly identical to those in the
standard method, there is no increase in the power to detect changes. Therefore, the power of
a monitoring program that utilizes the entire available weighing period can be increased
only by increasing the total number of pups weighed or by accepting a lower value of a for
comparing growth rates.

Figure 3 shows the effect of the choice of o, the acceptable risk of a Type 1 error, on
the power to detect a change in growth rate. As expected, the simulations show that a
monitoring program using a relatively high a-level for comparing regression coefficients
(growth rates) will be more sensitive (i.e. will have higher power to detect a significant
departure from the typical growth rate) than a program using a lower a-level. Boveng and
Bengtson (1989) suggested that a and B (the risk of a Type 2 error) probabilities should be
equal in some resource conservation contexts. The magnitude of change detectable with o and
B probabilites equal, are shown for all simulations in Figures 1 to 3.
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If the relationships between the growth rates for males and females and between the
variance in weights of males and females observed at Seal Island are typical, the power to
detect a proportional change in growth rate will be similar for both sexes. This is because
the ratio of the standard deviation of weights to the growth rate is similar for both sexes.
Though simulations were conducted using data from both sexes, only the results from female
pup weights have been presented here.

The simulations were used to verify that the power curves are symmetric for

positive and negative deviations from the typical growth rate. Therefore, the statistical
power shown in Figures 1 to 3 pertains to increases or decreases in the growth rate.
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Table 1:  Dates, sample sizes, means, and standard deviations of male and female fur seal
pup weights measured at Seal Island in 1988 and 1989.

------- Males  ------- -------  Females -------
mean mean

Date - n weight (kg) s.d. n weight (kg) s.d.

1988:

2 Jan 30 9.91 1.60 20 8.78 1.13
15 Jan 40 11.28 1.64 26 9.50 1.49
27 Jan 41 12.91 1.64 20 10.76 1.15
12 Feb 36 15.91 2.22 35 12.38 1.66

1989:

17 Jan 21 10.65 1.94 29 9.19 1.81
31 Jan 26 12.81 1.88 24 10.62 1.70
13 Feb 30 14.42 1.77 35 12.61 1.42

Table 2:  Results of linear regressions of pup weight versus data. Growth rates, standrd
errors and estimated “within-date” variance in pup weights (MSE) are shown
separately for each year and as weighted averages of both years.

Growth Rate Standard Error

(kg/d) of Growth Rate MSE
Males, 1988: 0.147 0.0147 3.21
Males, 1989: 0.139 0.0089 3.45
Males, wt. ave.: 0.145 - - 3.29
Females, 1988: 0.092 0.0077 2.04
Females, 1989: 0.127 0.0130 2.67
Females, wt. ave.: 0.108 - - 2.34
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Figure 1:

4 weighing dates
A 28-day intervals
50 pups/day
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Difference in power to detect changes in fur seal pup growth rate using Standard
Method C1 (B) when three or four samples of pups are weighed. The typical
growth rate, or “null” rate, used in the simulation was 0.108 kg/d, the average
rate observed for females at Seal Island in 1988 and 1889. The
mean-squared-error for pup weights was 2.336, the average for females at Seal
Island.
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If the weighing period is limited to approximately 60 days, a slight increase in
power can be obtained by weighing smaller samples of pups at more frequent
intervals than specified in the Standard Method. As in Figure 1, null growth rate
equals 0.108 kg/d, mean-squared-error equals 2.336.
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The effect of the choice of o for comparing regression coefficients (growth
rates), on the power to detect changes. As in Figure 1, null growth rate equals
0.108 kg/d, mean-squared-error equals 2.336.
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Liste des tableaux

Dates, tailles des échantillons, moyennes et écarts-type du poids des jeunes
otaries de Kerguelen males et femelles mesurés a l'lle Seal en 1988 et
1989.

Résultats des rebroussements linéaires du poids des jeunes par rapport a la
date. Les taux de croissance, les erreurs standard et la variance "a la date"
du poids des jeunes (MSE) figurent séparément pour chaque année et comme
moyennes pondérées des deux années.

Liste des figures

Différence de puissance a déceler des changements du taux de croissance des
jeunes otaries, en utilisant la méthode standard C1.0 (B) lorsque 3 ou
4 échantillons de jeunes sont pesés. Le taux de croissance typique, ou taux
"nul", utilisé dans la simulation est de 0,108 kg/jour, ce qui correspond au
taux moyen observé pour les femelles a I'lle Seal en 1988 et 1989.
L'erreur quadratique moyenne du poids des jeunes est de 2,336, ce qui
correspond a la moyenne pour les femelles de I'lle Seal.

Si la période de pesée est limitée a environ 60 jours, une légeére
augmentation de puissance peut étre obtenue en pesant des échantillons plus
petits de jeunes & des intervalles plus courts que ceux spécifiés dans la
méthode standard. De méme que dans la Figure 1, le taux de croissance nul
est égal a 0,108 kg/jour, et l'erreur quadratique moyenne est égale a
2,336.

L'effet du choix de o pour comparer les coefficients de régression (taux de
croissance), a la puissance a détecter les changements. De méme que dans la
Figure 1, un taux de croissance nul est égal a 0.108 kg/jour, et l'erreur
quadratique moyenne est égale a 2,336.

CnUucoK TabJiull

[daTsl, pa3Mepsl Npo6, cpegHUe 3HaUEHHU U CTaHJapTHbIE OTKJIOHEHUS
BeCa I€HKOB MOPCKOI'0O KOTHKa OB60UX MOJIOB - OCTpoB CuJ, 1988 u
1989 rr.

JIuHeliHasl perpeccusi TeMna pocTa HMEeHKOB U AaThl. TeMnbl pocTa,
CTaHZapTHasl MOrpellHOCTb U NpPEeANOJIOXHUTEJNbHOE OTKJIOHEHUE "B
npeAesaax mnepuoaa” Beca meHKoB (MSE) nokasaHsl OTAeNbHO 3a
KaXX /bl 'OA U KaK cpeZlHsisl B3BElIeHHasi ReJIMUHHA 3a /B I'oJa.

CnHCcoOK pUCYHKOB

Pazauuust B 3dpdekTupHocTu CTaHzAaptHOoro Mertoza C1.0 (B) mpu
BBISIBJIEHUU U3MEHEHMH TeMIla pOCTa IEeHKOB MOPCKOIo KOTUKa MPU
B3BEMHUBAHUU 3 UJU 4 BHIGOPOK MEHKOB. TUNMUUHBIN TEMII pocTa, UJIU

"HyJIeBOI1" TEMIl, UCHOJIb3OBAHHBIN NPU MOJEJUPOBAHUH COCTAaBJISAI




PurcyHOK 2:

PucyHOK 3:

Tabla 1:

Tabla 2:

Figura 1:

Figura 2:

Figura 3:

0,108 kr/aeHb U paBHJICSI cCpeJHEMY TEMIy POCTa CAMOK Ha OCTPOBE
Cus B 1988 u 1989 rr. CpesHee KBaJpaTHUECKOE OTKJOHEHUE Beca
I[EHKOB paBHsJIOCh 2,336 - cpeAHee 3HaUeHUe J1 CaMOK Ha OCTpPOBE
Cua.

Ecau nepuoj B3BEMUBAHUSI He NMpeBbIMaeT NPpUOJIM3UTENbHO 60 ZHEH,
HEKOTOpOeE TNOoRblleHHE 3P HEeKTHUBHOCTH MOXET 6bITh JOCTUTHYTO 3a
CUeT B3BEUIMBaHHsI MeHee MHOIOUHCJIEHHBIX BBIGOpPOK uepes 6BoJiee
KOPOTKHE HHTEPBAJIbI, UEM DEKOMEHAYEMbIE CTAHAAPTHBIM METOOM.
Takxe, Kak U Ha PucyHke 1, HyJieroil TeMn pocTa paBHsietcs: 0,108
Kr/ AeHb, cpeJHee KRaJApaTUUecKoe OTKJOHEeHUE paBHsIeTcs 2,336,

Bumsinve Bhi6opa BeJMUMH o AJs CpaBHEHUs Ko3hPUIHEeHTOB
perpeccud  (TeMnoB pocTa) Ha  3PPEKTUBHOCTb  BbISIBJIECHUS
usMeHeHuHr., TakXe, Kak U Ha PHcyHKe 1, HyYJIEeBOIl TEMII pocTa
paBHsieTcst 0,108 Kr/zeHb, cpeAHee KBaJApaTHUUECKOE OTKJAOHEHUE
paRHsieTcs 2,336,

Lista de las tablas

Fechas, tamafios de las muestras, medias y desviaciones cuadraticas medias
de los pesos de los cachorros macho y hembra de lobo fino antartico obtenidos
en la Isla Seal en 1988 y 1989.

Resultados de las regresiones lineales del peso del cachorro versus datos.
Indices de crecimiento, errores estandar y variaciéon estimada “dentro de la
fecha” en los pesos de los cachorros (MSE) se muestran separadamente para
cada afio y como pesos promedios para ambos afios.

Lista de las figuras

Diferencia en habilidad para detectar cambios en el indice de crecimiento de
los cachorros de lobo fino antartico usando el Método Estandar C1 (B) cuando
se pesan 3 6 4 muestras de cachorros. El indice tipico de crecimiento, o
indice de nulidad, usado en la simulacién fue 0.108 kg/d, el indice promedio
observado para las hembras en la Isla Seal en 1988 y 1989. EI error
cuadrado medio para los pesos de los cachorros fue 2.336, el promedio para
las hembras en la Isla Seal.

Si el periodo para pesar se limita a aproximadamente 60 dias, un leve
aumento en veracidad se puede obtener pesando muestras mas pequefias a
intervalos mas frecuentes que lo especificado en el Método Estandar. Segun la
Figura 1, el indice de nulidad de crecimiento es igual a 0.108 kg/d, el error
cuadrado medio es igual a 2.336.

El efecto de la eleccién de o para comparar los coeficientes de regresién
(indices de crecimiento), en la habilidad para detectar los cambios. Al igual
que Figura 1, el indice de nulidad de crecimiento es igual a 0.108 kg/d, el
error cuadrado medio es igual a 2.336.
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SENSITIVITY ANALYSIS FOR PARAMETERS OF PREDATORY SPECIES
CCAMLR ECOSYSTEM MONITORING PROGRAM

M.D. Whitehead
Abstract

Following the request of the Scientific Committee of CCAMLR to
conduct sensitivity analyses on existing data regarding predator
breeding biology parameters, this report presents such a treatment
of data obtained at the Magnetic Island Adélie penguin colony in Prydz
Bay in the 1987/88 and 1988/89 breeding seasons.

The data on the following parameters were analyzed:

adult weight on arrival at breeding colonies;
duration of first incubation shift;

duration of adult foraging trips;

breeding success; and

chick fledging weight.

Résumé

A la demande du Comité scientifique de la CCAMLR portant sur la
conduite d'analyses de sensibilité sur les données existantes
concernant les parameétres biologiques de reproduction des
prédateurs, ce rapport présente un tel traitement de données
obtenues & la colonie de manchots Adélie de I'lle Magnetic, dans la baie
de Prydz, pendant les saisons de reproduction 1987/88 et 1988/89.

Les données se rapportant aux paramétres suivants ont été analysées:

poids des adultes a l'arrivée aux colonies de reproduction;
durée du premier tour d'incubation;

durée des sorties alimentaires des adultes;

réussite de la reproduction; et

poids des jeunes a la premiére mue.

PesomMe

B oteer Ha npocbby HayuHoro kxomuretra AHTKOMa o
NpoBeJeHUU  aHaJiM3a  YYBCTBUTEJbHOCTH  IapaMETPOB
BOCIIPOM3BOJCTBAa XHIHUKOB C YUETOM CYHECTBYIOIHX
JaHHBIX, B HacTosmell pa6oTe NpeACTaBJIEHbl pPe3yJIbTATbl
Takoro aHaJH3a JaHHBIX [0 KOJIOHUM NHHIBUHOB AJeJy,
NoJiyueHHbIX Ha OCTpOBRe MarHeTuk B 3aJuBe IIpwjac B TeueHue
CE30HOB pa3MHOXeHW« 1987/88 u 1988/89 rT.

BelIM  MpOaHaJU3UPOBaHHbBI  JaHHblEe MO  CJeAYIIUM
NapaMeTpaM:
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» BEC B3pOCJIbIX ocobell No NpU6bITUH B THE3AOBYI0 KOJIOHHIO;

* MPOAOJIXUTEJBHOCTb NEPBOI MHKYBAIIMOHHOM CMEHbI;

* MPOAOJIXUTEJBHOCTb TEPHOAOB KOPMJIEHUSI B3POCJBIX
ocobeii;

+ PpenpoAyKTUBHBIN ycHex; U

* BEC NTEHIIOB NPU ONEpPEHUH,

Resumen

Siguiendo la solicitud hecha por el Comité Cientifico de la CCRVMA
para conducir analisis de sensibilidad en los datos ya existentes con
relacién a los parametros biolégicos de reproducciéon de los
depredadores, este informe presenta tal tratamiento de datos
obtenidos en las colonias de pingiliinos Adelia en la Isla Magnetic,
Bahia de Prydz, durante las temporadas reproductivas de 1987/88 y
1988/89.

Se analizé la informacion de los siguientes parametros :

+ peso del ejemplar adulto a la llegada a la colonias de reproduccién;
+ duracién del primer turno de incubacién;

« duracién de los viajes de alimentacién como adulto;

» éxito en la reproduccion; y

» peso del polluelo al emplumaje.




1. INTRODUCTION

Since the establishment of the Biological Investigation of Marine Antarctic Systems
and Stocks (BIOMASS) program, vertebrate predators have been considered potentially
useful environmental monitors, assuming that their populations are sensitive to conditions
within their foraging ranges (e.g. BIOMASS, 1982).

This interest in the use of vertebrate predators in environmental monitoring
continued in discussions of the Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLR) and its Scientific Committee (SC-CAMLR). In 1988 this culminated in
the publication by the Working Group for the CCAMLR Ecosystem Monitoring Program
(WG-CEMP) of a handbook entitled Standard Methods for Monitoring Parameters of Predatory
Species (CCAMLR, 1988).

This booklet summarized the parameters recommended for monitoring studies of
penguins and seals. Previous meetings of CCAMLR had identified a range of breeding biology
parameters likely to be sensitive to perturbations in the marine environment, which could
act as indicators of marine conditions when monitored annually. A few species were deemed
most likely to be useful in this capacity, based on their population sizes and accessibility,
and on their likelihood of reflecting fluctuations within the krill-based ecosystem. Species
identified included the Adélie penguin (Pygoscelis adeliae).

The monitoring methods which seemed the most likely to yield useful results were
selected for each identified species. The methodology proposed is in many cases based on few
data. It is important therefore to determine whether the scope and precision of the
observations are sufficient to monitor the vertebrate population parameters of interest
with acceptable reliability.

To comment on the suitability of the sampling methodologies proposed, it is necessary
to have an idea of some characteristics of the data generated; most importantly, the degree of
variance around the mean. While data sets can be simulated, and variances estimated if no
real data exist, the use of actual data with ‘real’ variance enables estimates of required
sample sizes for specified detection capabilities to be made with greater confidence. This was
recognised by the Scientific Committee (SC-CAMLR-VII, paragraph 5.22 (i) and (ii)) and led
to the instructions for sensitivity analysis set out by the CCAMLR Secretariat and Convener
of CEMP.

This report summarizes some preliminary data on various Adélie penguin breeding
biology parameters, collected at the Magnetic Island colony in Prydz Bay (68°33'S,
77°54'E) in the 1987/88 and 1988/89 breeding seasons.

Though assessed and presented under the parameter headings given by CCAMLR
(1988), it should be realised that differences did exist between methods of data collection
recommended for the Ecosystem Monitoring Program (CCAMLR,1988) and those used for the
analysis in this report. In most instances the data were collected in conjunction with other
research programs with their own specific aims. The characteristics of the data upon which
the subsequent ‘sensitivity’ analyses are based are described in the following section.

2. DATA ACQUISITION AND CHARACTERISTICS
2.1 Parameter A1 - Weight on Arrival at Breeding Colonies

This parameter is considered likely to reflect pre-breeding season conditions within
the penguins foraging range. The CEMP Standard Methods Sheets (CCAMLR, 1988)
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recommend the capture and weighing of between 50 and 75 (depending on whether sex can be
determined) adults every five days during the occupation period.

The data presented here are based on the weighing of 100 unsexed adults on
17 October 1987 and again on the 17 October 1988. Adults were captured as they moved
across the sea-ice toward their colonies, and weighed to the nearest 25 g.

The distribution of the data did not differ significantly from normality in either year
(Kolmogorov-Smirnov one-sample test (K-S); z=0.037, p=0.354 and z=0.071, p=0.239
for 1987 and 1988 respectively). The means and variances of the data were similar for both
years (Figures 1a and 1b) and sample size analysis was based on the 1987 data.

2.2  Parameter A2 - Length of the First Incubation Shift

The length of the first incubation shifts has been shown to be very closely related
with Adélie penguin breeding success (Davis, 1982). This parameter is considered likely to
be sensitive to variable food availability during the foraging trip of the incubating bird’s
partner. The CEMP Standard Methods Sheets (CCAMLR, 1988) recommend that 100 nests be
monitored daily and the length of the first incubation shift by both members of the pair be
recorded.

| recorded attendance of a sample of male and female Adélie penguins at two colonies on
Magnetic Island. Checks of marked nests were made every two days, and the presence of
either male or female recorded. The length of the first incubation shift was recorded for
both male and female of 26 pairs, and male only at an additional 31 nests, at the Turner
colony. At the East colony, length of the first incubation shift was recorded for both male and
female of 79 pairs, and male only at an additional 22 nests. Length of incubation shift was
calculated assuming that changeovers occurred midway between observation periods.

Distribution of data on first incubation shift length did not differ significantly from
normality for either sex at either study colony (K-S; p > 0.120 in all cases) (Figures 2a
to 2d). There was no significant difference between the study colonies in length of either
male or female first incubation shifts (1=0.261, p=0.791 and t=0.880, p=0.615
respectively), so data from each colony were pooled, and sensitivity analyses conducted for
each sex. Pooled data did not differ significantly from normality for either males (K-S;
2=0.088, p=0.134) or females (K-S; z=0.133, p=0.086) (Figures 2e and 2f).

2.3 Parameter A5 - Duration of Foraging Trips

This parameter is considered sensitive to the availability of food during the foraging
trip. The CCAMLR Standard Methods Sheets indicate that changes in this parameter can only
be satisfactorily detected by precise monitoring of adult attendance patterns using radio
transmitters and a continuous scanning receiver/logger.

Data collected for this study were from direct observation of two study colonies at
Magnetic Island. At the Turner colony, 21 nests were monitored and at the East colony,
68 nests were monitored. Nest sites were visited daily and the attendance of either adult of
the pair recorded. Foraging trip length was calculated assuming that changeover occurred
midway between observation periods. This strategy was only effective until the end of the
guard-stage, after which time both parents began to feed simultaneously, and colony
attendance could not be monitored without 24 hour watches or automatic recording devices.

The data used here were the estimated foraging trip lengths of the first post-hatching

(of first egg) foraging trip for each nest site. At the Turner colony this comprised nine male
and 12 female foraging trips, and at the East colony it comprised 36 male and 32 female

414



foraging trips. Foraging trips are relatively short during early chick rearing, so detection
of fluctuation in this parameter at this stage may require larger sample sizes (but more
importantly more frequent sampling), than when trips are longer. There was no significant
difference between estimated length of foraging trips for either sex at either location
(ANOVA; F=0.747, p=0.527), so data were pooled for sensitivity analysis. Although the
distribution of these data did differ significantly from normality (K-S: z=0.219, p=0.019)
(Figure 3), it was used for the sensitivity analysis.

2.4  Parameter A6 - Breeding Success

This parameter probably reflects the perturbations in food availability integrated
over an entire breeding season. The CEMP Standard Methods Sheet suggests that three
separate counts be made of adults and/or chicks in study colonies, so that a measure of the
variation in counting accuracy may be obtained. It recommends counting a sample of discrete
colonies from the entire breeding site, though not as replicates.

In this study, adults and chicks at four colonies on Magnetic Island were counted,
however, replicated data (from independent counters) were only available for chick counts.
Between three and five independent counts were made of the number of chicks surviving in
these study colonies in late January (Table 1). As sample sizes were small (n < 5 in all
cases), the distribution of the data were not examined. Sensitivity analyses were conducted
on data from colonies 3 and 4.

2.5 Parameter A7 - Fledging Weight

It is suggested that the weight of chicks at fledging in any particular season may
reflect food availability over the whole of that season. WG-CEMP recommends that
100 fledglings be weighed every five days during the fledging period.

Chicks fledging from the Magnetic Island colony were weighed daily from the
commencement of fledging (early February) in the 1987/88 season until 21 February
1988, when the author departed the area. This period encompassed the majority of the
fledging period. Chicks were weighed (to the nearest 25 @) as they milled around the waters
edge, marked with dye and released.

These data were pooled into five-day periods. The frequency distribution of each data
set corresponded closely with normality (K-S; p > 0.235 in all cases)(Figures 4a to 4d) and
the mean fledging weights of the four sequential fledging periods were not significantly
different (ANOVA; F=1.782, p=0.150), so data were pooled for sensitivity analysis. The
frequency distribution of the combined data set conformed closely with normality (K-S;
z=0.037, p=0.278) (Figure 4e).

There was clearly discrepancy between the methods stipulated for CEMP data (CCAMLR
data) and the data upon which the analyses in this report were based. In some cases our
methods were about as rigorous as those required by the CEMP (e.g. parameters A1, A7),
while in others they were not (e.g. parameter A5). As a result, the variances upon which the
sensitivity analyses were based were not always representative of the variances had the data
been collected according to the CEMP. This should be taken into account when considering the
recommended sample sizes.

3. SAMPLE SIZE (='SENSITIVITY’) ANALYSES

From these data it is possible to decide what sample size would be necessary if we
wished to detect a true fluctuation in the mean of any of these parameters, at some stipulated
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significance level, with a specified probability of the significance being found. It is
important to realize that such an analysis of the data presented here gives an indication of the
sample size necessary to detect a given parameter fluctuation if the data collected have a
variance the same as that upon which the sensitivity analysis was based. If a sampling
methodology different to that used here was employed, the variance would be effected, and the
necessary sample size would be different. These data do however give an indication of real
variance and allows fairly realistic estimates of sample size.

The appropriate formula for calculating the necessary sample size to detect a given
‘true’ difference between means is:

n > 2(sd/A)2 {t, 1) + ta-p.l?

where n = the required sample size (samples per year per site)

sd = frue standard deviation

A = the smallest true difference that is desired to detect

v = degrees of freedom for error in the ANOVA or t-test [v=r(n-1), where r
is the number of years or replicates]

a = significance level (i.e. probability of rejecting a true null hypothesis of
no difference among years)

P = desired probability that a difference will be found if it is large as A

(P is the statistical power)
tav = value from a two-tailed t-table with v degrees of freedom and
corresponding to probability a, and
value from a two-tailed Student's t-table with v degrees of freedom and
corresponding to probability 2(1-P)

il

t2(1-p),1v)

(Sokal and Rohlf, 1981)

This equation is solved iteratively, and calculations of the necessary sample sizes for
detecting differing degrees of change in the mean, at different levels of statistical
significance and power are given for these various parameters in the Tables 2 to 7. The
effect of number of years of sampling on the required sample size is also considered.

4. SUMMARY

Before continuing field work aimed at providing monitoring information it is
important to assess with whatever data available the degree of annual variation in these
breeding biology parameters. This will assist in deciding the minimum change in any
parameter that it is desirable to be able to detect. Some information has recently become
available in this respect (see Croxall et al., 1988) and should be considered as future
monitoring strategies are considered. With information such as that provided in this report
it is possible to then decide on the sample sizes required to detect changes in specific
parameters.

The development of annual indices for each parameter, on which to base comparisons,
was discussed in the “Instructions for the Preparation of Sensitivity Analyses” provided by
CCAMLR. For monitored parameters that give five-day running means (Parameters A1, A5
and A7), it is suggested that the annual index derived should reflect the importance of each
five-day period in calculation of the annual mean. In this report, the only parameter for
which data were collected over five-day periods was Parameter A7 (fledging weight). As no
significant difference was detected among five-day periods, the mean value from randomly
weighed fledglings or from a single five day period will probably serve as a suitable annual
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index. Further data and analysis is required before a suitable annual index for the other two
parameters in this category can be decided.

For Parameters A2 and A6 the suggested annual index upon which to base comparisons
was the mean of the data. This was the basis of the sensitivity analysis for these two
parameters in this report and is the obvious index to use.

The sensitivity analyses presented here provide those sample sizes for arbitrarily
chosen levels of fluctuation, however, the variances of the parameters themselves will
enable calculation for any desired level of detection.
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Table 1:  Counts of surviving chicks in Magnetic Island study colonies - late January
1989. Number of independent counts (n), mean (x), and standard deviation (sd)
are indicated.

Colony n X
1 5 162 3.03
2 3 53 1.00
3 4 104 6.38
4 4 74 3.74

Table 2:  Parameter A1: Adult weight on arrival at breeding colony (1987 data).
Sample size = number of arriving penguins that must be weighed.

Statistical Power (P)
0.6 0.8 0.9

Sample sizes required for two years of monitoring and a = 0.05

(5%) 42 66 88
Smallest Difference (d) (10%) 12 19 25
(% Current Value) (20%) 5 5 7
(30%) 2 3 4

Sample sizes required for five years of monitoring and a = 0.10
Smallest Difference (d) (5%) 30 51 71
(% Current Value) (10%) 9 14 20

Table 3:  Parameter A2: Length of the first incubation shift (males).
Sample size = number of nests that must be monitored.
Statistical Power (P)

0.6 0.8 0.9

Sample sizes required for two years of monitoring and a = 0.05
Smallest Difference (d) (10%) 34 54 72
(% Current Value) (20%) 9 14 19
(30%) 5 7 9

Sample sizes required for five years of monitoring and a = 0.10
Smallest Difference (d) {(10%) 33 53 71
(% Current Value) (20%) 9 14 18
(30%) 4 6 8
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Table 4:  Parameter A2: Length of the first incubation shift (females).

Sample size = number of nests that must be monitored.

Statistical Power (P)

0.6 0.8 0.9
Sample sizes required for two years of monitoring and a = 0.05
Smallest Difference (d) (10%) 24 38 51
(% Current Value) (20%) 7 10 14

(30%) 4 5 7
Table 5:  Parameter A5: Duration of foraging trips (post-hatching trip 1).
Sample size = number of nests that must be monitored.
Statistical Power (P)

0.6 0.8 0.9
Sample sizes required for two years of monitoring and a = 0.05
Smallest Difference (d) (10%) 165 264 352
(% Current Value) (20%) 42 67 89

Table 6: Parameter A6: Breeding success.

Sample size = number of independent counts of colony that must be made.

Statistical Power (P)

0.6 0.8 0.9

Colony 3 - late January chick counts
Sample sizes required for two years of monitoring and a = 0.05
Smaliest Difference (d) (10%) 5 7 9
(% Current Value) (20%) 3

Colony 4 - late January chick counts

Sample sizes required for five years of monitoring and a = 0.10
Smallest Difference (d) (10%) 4 5 7
(% Current Value) (10%) 2
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Table 7:

Sample size = number of fledging chicks that must be weighed.

Parameter A7: Chick weight at fledging (2 to 21 February 1988).

Statistical Power (P)
0.6 0.8

0.9
Sample sizes required for two years of monitoring and a = 0.05

(5%) 71 113 150

Smallest Difference (d) (10%) 21 33 43

(% Current Value) (20%) 6 8 10
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Frequency distribution of Adélie penguin arrival weight data (kg).

a. 17 October 1987
b. 17 October 1988

421




30
a n=>57
x=13.6
sd =2.1
=
o
=
Q
QL
p—
-
Q
o
(9]
=
o
(D]
Ty
o8
- t t 1
8 8 10 12 14 18 18 20 22 24 26
IS1 length (days) - Turner M
16
b n=26
14 X=137
sd=1.5
12 .
e
g 10
(@]
&)
S
> 8
(&
=
L s
o
(5]
Yt
. 4
2_
0 : " : } t
8 8 10 12 14 186 18 20 22 24 28

IS1 length (days) - Turner F

Figure 2: Frequency distribution of Adélie penguin first incubation shift lengths (days).

Turner colony - male
Turner colony - female
East colony - male
East colony - female
Both colonies - male
Both colonies - female

~oQoOom®

422




40

c ” n=101

Frequency (count)

8 8 10 12 i4 18 18

IS1 length (days) - EastM

20 22 24 26

Frequency (count)

: ; : - |
8 8 10 12 14 16 18 20 22 24 28

IS1 length (days) - East F .

Figure 2 {continued)

423




60

n=158
X=13.6

Frequency (count)

8 8 10 12 14 186 18 20 22 24 26

IS1 length (days) - Combined M

60

n=105

Frequency (count)

6 8 10 12 14

186 18 20 22 24

IS1 length (days) - Combined F

286

Figure 2 (continued)

424



40
- n=283
X=36.9
sd =151
=
=
S
(@}
Q
St
>
Q
o
v
—
ey
O
<3
; 4 a L : m
o] 10 20 30 40 50 80 70 80 30 100

Combined PH1 foraging tip length (hours)

Figure 3: Frequency distribution of Adélie penguin first post-hatch foraging trip lengths.
Sexes and colonies combined.

425



7
a n=24
8 - X=3.1 4
= 5
=
=
Q
2 4
>
Q
5 3
=
o
©
;j_‘" 2
14
Q- 1 . . . ]
1.50 1.75 2.00 2,25 2,50 2,75 3.00 3.25 3.50 3.75 4.00 4.25 4.50
2-6Feb
30
b n=87
_
E 20
=
Q
Q
-
>
Q
o)
L
e
g 10
[
0~

i 3 , B N iy A L e B
1.50 1.75 2.00 225 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25

7-11Feb

4.50

Figure 4: Frequency distribution of Adélie penguin chick fledging weights (kg).

2 to 6 February 1988

7 to 11 February 1988

12 to 16 February 1988

17 to 21 February 1988

2 to 21 February 1988 combined

PpoUTp

426



20
c n==64
X=29
fory
=
o}
Q
(@]
A
> 10
Q
o
L
S
o
D]
St
(
01— . Lo - . ST
1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50
12 -16Feb
30
d n=2380
X=3.0
sd=04
ey
= 20
=
(@]
[&]
N
=
Q
=
L
—
g 1o
St
{r,
I ] ] v
1.50 1.75 2,00 2.25 250 275 3.00 3.25 3.50 3.75 4.00 4.25 4.50

17 - 21 Feb

Figure 4 (continued)

427



60

e n=255
so X =3.0
sd=04
=
= 40
=
@}
(&)
g
>
o 30
)
Q
-
8 20
(=
10
1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50

2-21Feb

Figure 4 (continued)

428




Tableau 1:

Tableau 2:

Tableau 3:

Tableau 4:

Tableau 5:

Tableau 6:

Tableau 7:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Liste des tableaux

Dénombrement des poussins ayant survécu dans les colonies d'étude de l'ile
Magnetic, fin janvier 1989. Le nombre de dénombrements indépendants
(n), la moyenne (x), et I'écart-type (sd) sont indiqués.

Paramétre A1: Poids des adultes a l'arrivée a la colonie de reproduction
(données de 1987).

Taille de I'échantillon = nombre de manchots qui arrivent et doivent étre
pesés.

Paramétre A2: Durée du premier tour d'incubation (males).
Taille de I'échantilion = nombre de nids & contrdler.

Paramétre A2: Durée du premier tour d'incubation (femelles).
Taille de I'échantilion = nombre de nids a contrdler.

Paramétre A5: Durée des sorties alimentaires (sortie 1 aprés I'éclosion).
Taille de I'échantillon = nombre de nids & contrdler.

Parametre A6: Réussite de la reproduction.
Taille de I'échantillon = nombre de dénombrements indépendants de la colonie
a effectuer.

Paramétre A7: Poids des jeunes & la premiére mue (2 au 21 février 1988).
Taille de I'échantillon = nombre de jeunes en mue & peser.

Liste des figures

Distribution de fréquence des données de poids & l'arrivée: du manchot Adélie
(kg).

a. 17 octobre 1987
b. 17 octobre 1988

Distribution de fréquence de durée du premier tour d'incubation du manchot
Adélie (jours)

Colonie Turner - males
Colonie Turner - femelles
Colonie Est - males

Colonie Est - femelles

Les deux colonies - males
Les deux colonies - femelles

~oQapOop

Distribution de fréquence de durée de la premiére sortie alimentaire aprés
éclosion du manchot Adélie.
Sexes et colonies combinés.

Distribution de fréquence de poids des jeunes manchots Adélie & la premiére
mue (kg).

du 2 au 6 février 1988

du 7 au 11 février 1988

du 12 au 16 février 1988

du 17 au 21 février 1988

du 2 au 21 février 1988 combinés
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Tabuauna 1:

Tabauna 2:

Ta6uauna 3:

Tabuuia 4:

Tabauna 5:

Ta6auLa 6:

Tabauna 7;

PucyHok 1:

PHcyHOK 2:

PucyHok 3:
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CNUCOK TabJUL]

Pe3syJabTaThl yueTa UHWCJEHHOCTH BBIKUBIIMX MTEHLOB B M3y4YaeMbIX
KOJIOHUSIX Ha OCTpOBe MarHeTHk. YKa3aHO KOJIMUECTBO OTZEJbHbIX
noAcueToB (N), cpeZiHUe BEJIMUUHBI (X) U CTaHAapTHOE OTKJOHeHMe (sd).

IMapaMerp A1: Bec B3ocJbIX oco6ell MO NpUBLITUM B THE3JOBYIO
KOJIOHUIO (ITO AaHHbIM 1987 r.).
PasMmep npo6bl = UYMHCJAO MNpHUOGHIBAKIHUX B KOJOHUK MMHHIBUHOB,

- KOTOPDbI€ LOJIXKHbBI 6GbITb B3BEMEHDI.

HapameTp A2: NpPOAOJ/IKUTENbHOCTh NEPBOU MHKYBHAUIMOHHON CMEHDI
(caMupl),

PasMep mnpo6bl = UMCJO TIHe3Z, 3a KOTOPBbIMU CJIEAYET BRECTHU
HabJ10 1eHU S,

NMapaMeTp A2: NpOAOJ/IXUTEJNBHOCTh NepPROIl MHKYHALMOHHOM CMEHbI
(CaMKH).

PazMep mnpo6el = UHCJAO THe3Z, 3a KOTOPLBIMH cJeAyeT BeCcTH
HabJI0 IEHU S,

NapamMeTp A5: NpoAOXUTEJNbHOCTh NEPHOJAOR KOPMJIEHHUsI (MEPBHIl
NMOCTHUHKY6aLlMOHHbII TEepHOJ KOPMJIEHUST).

PazMep 1npo6bl = UMCJO THe3J, 3a KOTOPbIMH CJEAYEeT BECTHU
HabJ/0eHUs.

TapaMeTp A6: pelpoAYKTHBHbII yelex.,
Pasmep npobbl = HEOBXOAUMOE KOJIMUECTBO OTZAEJbHBIX IOACUYETOB
UHCJIEHHOCTH KOJIOHHM.

HapaMeTp A7: Bec ITEHLOB IIpU ollepeHUU (2-12 derpadast 1989 r.).
PaszMmep npo6bl = KOJHUECTBO ONEPSIOIUXCsT ITEHLOB, KOTOPbIX
cJelyeT B3BECUTD,

CIHUCOK PHCYHKOB

YacTOTHOE paclipejie/ieHle Beca NMUHIBUHOB AJles 1O NPUOGBITHU B
KOJICHUIO (KT).

a. 17 oxTs16ps1 1987 r.
b. 17 okTs16ps1 1988 r.,

YacTOTHOe paclnpezesieHre NpOoAO/IKUTENBHOCTU (B AHSAX) NepBOH
WHKY6a1lMOHHOI CMEHb! MUHIBUHOB AZleJu,

KoJioHus TepHep - caMLibl
KoJIoHUs1 TepHep - CaMKU
KOJIOHHsI BOCTOUHAasI - caMILbl
KOJIOHUSI BOCTOUHAasI - CAMKU
o6e KOJIOHUH - caMlbl

obe KOJIOHHU - CaMKU.

O L

YacToTHOE pacnpezieseHue NPOAOJXKUTENBHOCTH MepPBROro
MOCTUHKYBAaLMOHHOIO IMepuoja KOPMJIEHHsT B Mope MNHUHIBHUHOB
Apnenu. I1oJ1 U1 KOJIOHUH COBMEIEHBI.




PucyHOK 4:

Tabla 1:

Tabla 2:

Tabla 3:

Tabla 4:

Tabla 5:

Tabla 6:

Tabla 7:

Figura 1:

Figura 2:

YacTOTHOE paclnpejesieHUe Beca IMTEHIOB NUHIBUHa AJenau IpU
oInepeHuH (B Kr),

2-6 ¢en. 1988,

7-11 ¢den. 1988 r.

12-16 ¢deB. 1988 T,

17-21 den. 1988,

2-21 ¢es. 1988 I, cOBMECTHO.

Pop o

Lista de las tablas

Cuentas de los polluelos sobrevivientes en las colonias de estudio en la Isla
Magnetic - a finales de enero 1989. Se indica numero de cuentas
independientes (n), media (x) y desviacién cuadratica media (sd).

Parametro A1: Peso del ejemplar adulto a la llegada a la colonia de
reproduccién (datos de 1987).

Tamafio de la muestra = nimero de pingiinos que deben ser pesadosa la
llegada.

Parametro A2: Duracion del primer turno de incubacién (machos).
Tamafio de la muestra = nimero de nidos que deben ser observados.

Parametro A2: Duracion del primer turno de incubacion (hembras).
Tamafio de la muestra = nimero de nidos que deben ser observados.

Pardmetro A5: Duracién de los viajes de alimentacién (primer viaje después
del empolle).
Tamafio de la muestra = nimero de nidos que deben ser observados.

Parametro A6: Exito de reproduccion.
Tamafio de la muestra = numero de cuentas independientes de la colonia que
deben ser hechas.

A7: Peso del polluelo al emplumaje (2 al 21 de febrero 1988).
Tamafio de la muestra = nimero de polluelos emplumando que deben ser
pesados.

Lista de las figuras

Distribucion de la frecuencia de los datos de peso de llegada (kg) del pingiino
Adelia.

a. 17 octubre 1987
b. 17 octubre 1988

Distribucién de la frecuencia de la duracién (dias) del primer turno de
incubacién del pinglino Adelia.

colonia Turner - macho
colonia Turner - hembra
colonia Este - macho
colonia Este - hembra
ambas colonias - macho
ambas colonias - hembras

oo OoE
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Figura 3:

Figura 4:
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Distribucién de la frecuencia de la duracién del primer viaje de alimentacion
después del empolle del pingliino Adelia. Colonias y sexos combinados.

Distribucién de la frecuencia de los pesos al emplumaje (kg) de los polluelos
del pingliino Adelia.

2-6 Feb. 1988

7-11 Feb 1988

12-16 Feb. 1988

17-21 feb. 1988

2-21 Feb. 1988 combinados.
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