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Abstract

Biostatistical data obtained by Soviet research and commercial vessels from 1970 to
1991 have been used to determine the age-length composition of mackerel icefish
(Champsocephalus gunnari) from different parts of the South Georgia area. An analysis of
the spatial distribution of C. gunnari size and age groups over the eastern, northern,
western and southern parts of the shelf, and near Shag Rocks, revealed a similar
age-length composition for young fish inhabiting areas to the west of the island and near
Shag Rocks. Differences were observed between those two groups and the eastern group.
The larger number of mature fish in the west is related to the migration of maturing
individuals from the eastern and western parts of the area. It is implied that part of the
western group migrates towards Shag Rocks at the age of 2-3 years. It has been found
that, by number, recruits represent the largest part of the population, whether a fishery is
operating or not. As a result of this, as well as the species’ ability to live not only in off-
bottom, but also in pelagic waters, an earlier age of sexual maturity compared to other
nototheniids, and favourable oceanographic conditions, the C. gunnari stock could
potentially recover quickly from declines in stock size and may become abundant in the
area, as has been demonstrated on several occasions in the 1970s and 1980s.

Résumé

Les données biologiques des statistiques des navires soviétiques de recherche et de
commerce de 1970 a 1991 ont servi a déterminer la composition dge-longueur du poisson
des glaces (Champsocephalus gunnari) de divers secteurs adjacents a la Géorgie du Sud.
Une analyse de la répartition spatiale des groupes de tailles et d’ages de C. gunnari sur les
secteurs est, nord, ouest et sud du plateau, ainsi qu’a proximité des ilots Shag révéle la
similarité de la composition dges-longueurs des juvéniles de poissons fréquentant I"'ouest
de I'lle et les alentours des ilots Shag, mais des différences entre ces deux groupes et le
groupe de l'est. La proportion importante de poissons matures a l'ouest est liée a la
migration des individus matures des régions est et ouest. Il semble qu’une partie du
groupe de I'ouest migre vers les ilots Shag a I'dge de 2-3 ans. De plus, en nombre, les recrues
représentent la plus grande partie de la population, qu'une pécherie soit en activité ou
non. En conséquence, et si l’on considere par ailleurs la capacité de 1'espéce de vivre non
seulement en eaux proches du fond, mais aussi en eaux pélagiques, sa maturité sexuelle
a un age moins élevé que d’autres notothéniidés, et les conditions océanographiques
favorables, le stock de C. gunnari pourrait récupérer rapidement des décimations du stock
et devenir abondant dans la région comme cela a été démontré a plusieurs reprises dans
les années 70 et 80.

Pesrome

Jg M3yueHnsl pa3MepHO-BO3PACTHOrO COCTARA WyKoBUaHOH Senokposku (Champso-
cephalus gunnari) Ha pa3JMYHBIX yyacTKax pafioHa FHOxHoil 'eoprun Mcmosib30BaHbl
OGuocTaTiCcTHISCKHE MaTEpHAJTbl NONCKOBDIX H IPOMBIC/IOBBIX PEliCOR COBETCKUX CY/10B
3a nepuon 1970-1991 rr. Avajiu3 mpOCTPAHCTBEHHOTO pachpelesieHus] pa3MepHO-
BO3pacTHbIX rpynn C. gunnari HA BOCTOKE, CEBEPE, 3anaje, re meabda ocTposa 'y
ckas [Har BeIstBHIT CXOHCTBO PA3MEPHO-BO3PACTHOMH CTPYKTYPHI B NEPBBIC MOABI KH3HH
Mexkay peiooil, odutarouieli K 3anagy ot ocTposa i y ckas Hlar, u orsinuue 3Tux ABYX
TPYHIHPOBOK OT BOCTOYHOU. boJsibliiee KOJMUYECTBO MOJIOBO3PEsIOH phiObl HA 3anaje
CBSI3aHO ¢ MUTpalueii crofga co3peBIUIHX 0coOel ¢ BOCTOUHOrO M 3alaIHOTO YUYaCTKOB.
IpepnosaraeTcs, YTO YacTh 3aHaqHON IPYNIHPOBKH peIOb! MUTPHUpYeT K ckasnam Ilar
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Ha BTOPOM~TPEThEM roay KU3HH. OOHAPYKEHO, UTO, YUCJIEHHO, HANOOIBINYIO YacCTh
HOMYJISIIUH  COCTABJISET MOMOJIHEHHUE, HE3aBHCHMO OT HAJIMUMS WM OTCYTCTBHSI
npoMmbicaa. biarogaps atomy, a TakXKe CMOCOGHOCTH BHa OOUTATh HE TOJIBKO B
NPHIAOHHBIX, HO U B NeJIarHyecKux BOJaX, O0Jiee PAHHEMY IIOJIOBOMY CO3DEBAHHID 1O
CPaBHEHUIO C APYTHMH HOTOTEHHEBBIMH U OJ1arONpUSITHBIM  OKEaHOIOIHISCKHM
ycsoBuaM 3amnac C. gunnari MOXKeT OBICTPO BOCCTAHABJIMBATLCH W JOCTUIATH BHICOK O
YHCJIEHHOCTH B 3TOM pafioHe, UTo HEOOHOKpaTHO cuydasoch B 1970-e u 1980-e roamt.

Resumen

Se utilizaron los datos de bioestadistica obtenidos de las investigaciones soviéticas y de los
barcos de pesca comercial de ese pais desde 1970 hasta 1991 para determinar la composicién
de talla-edad del draco rayado (Chanmpsocephalus gunnari) de varias regiones de Georgia
del Sur. El andlisis de la distribucién espacial por talla y edad de las poblaciones de
C. gunnari de las regiones este, norte, oeste y sur de la plataforma y cerca de las rocas
Cormoran, demostré una similitud entre la composicién de talla-edad de los peces
juveniles que habitan en las regiones al oeste de la isla y cerca de las rocas Cormoréan, y
una diferencia entre estas dos poblaciones y la del este. La mayor abundancia de peces
maduros adultos en la poblacién del oeste se relaciona con la migracion de peces juveniles
del este y oeste de la zona. Se supone que parte de la poblacién del oeste migra hacia
las rocas Cormorén a los 2 6 3 afos. Se observé que los reclutas representan la mayor
proporcién en niimero de la poblacién, independientemente de la explotacién. Debido a
esto, a la capacidad de la especie para habitar tanto cerca del lecho marino como en aguas
peldgicas, a la temprana madurez sexual de la especie en relacién a otros nototénidos, y a
las condiciones oceanograficas favorables, el stock de C. gunnari tiene un gran potencial de
recuperacién de las disminuciones del tamafio de la poblacién, e incluso de alcanzar una
gran abundancia en la zona. Esto ya ha sido demostrado en varias ocasiones durante las

décadas del 70 y 80.
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INTRODUCTION

Mackerel icefish (C. gunnari) has been, and
continues to be, one of the most important com-
mercial species in waters around South Georgia.
A number of papers on the ecology of C. gunnari
have been published (e.g. Permitin, 1982, 1987;
Efremenko, 1982; Lubimova, 1980, 1987; Shust,
1987, 1998). The most detailed information on
C. gunnari has been provided by Kock (1979, 1981)
and Sosinski (1981). These articles, however, lack
information on the species’ life history, e.g. the
spatial distribution of various size-age classes of
C. gunnari on the shelf. In particular, this relates to
the size composition of C. gunnari off Shag Rocks.
Materials collected by AtlantNIRO from 1970 to
1991 allowed us to study the spatial distribution of
different size—age classes in considerable detail.

We have analysed and summarised all the
data available to us in order to determine the
distributional and biological characteristics of
C. gunnari. We hope the results of our work will
help explain a number of features of this species’
biology.

CCAMLR scientists are currently giving a great
deal of attention to various aspects of the ecology
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of C. gunnari. Studies carried out by scientists from
different countries will enable the development of
a long-term strategy for managing C. gunnari stocks
in the South Georgia area which take into account
the ecological characteristics of this species.

MATERIAL AND METHODS

The materials used in this study were collected
during research cruises conducted from 1970 to
1991. Supplementary data on C. gunnari were taken
from commercial fishing vessels of the USSR
Northern and Southern Fleets.

In addition, we analysed the results of six
pelagic and seven bottom trawl surveys carried out
by AtlantNIRO around South Georgia from 1984 to
1991. These surveys covered the area outside the
island’s territorial waters, i.e. mainly beyond the
100 m isobath.

Pelagic trawl survey methods are described in
Frolkina et al. (1998).

For bottom trawl surveys, a HEK-4 bottom
trawl was used, which had been considerably
modified to prevent snagging on hard bottoms.
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The trawl mouth was 18-25 m wide and 7-8 m
high. The trawl had a small-mesh liner with
10 mm meshes in the codend.

Bottom trawl surveys were carried out using
the same design as pelagic surveys, i.e. stratified
random sampling. Depth strata selected were 100
200 m, 201-300 m and 301-500 m. Trawl stations
were selected by a random number generator with
one trawl station for each 80-100 miles?, with no
less than three stations per stratum. Hauls were
only made during daylight hours to prevent bias
caused by diurnal vertical migrations. The trawl
was towed at 3-3.5 knots for 30 minutes. Catch-
ability was assumed to be 100%.

Approximately 200000 fish were measured.
More than 90 000 fish were examined to obtain
condition indices (stage of maturity, intestinal fat
content, stomach fullness). Length was measured
to the nearest centimetre. Maturity stages used by
CCAMLR and in Russia are interpreted somewhat
differently. The Russian scale is as follows: I -
juvenile, II — immature period of protoplasmatic
growth and the initial phases of trophoplasmatic
growth (maturity coefficient less than 1), Il -
maturing (maturity coefficient between 1 and 6%
of total body weight), IV - prespawning (between
10 and 17%), V — spawning (between 15 and 20%)
and VI —spent (end of spawning).

The shelf area was divided into five regions,
each containing approximately the same proportion
of the population: east — 53°S to 56°S and 34°W to
36°W; west — 53°S to 56°S and 38°W to 40°W; north
—52°S to 54°S and 36°W to 38°W; south — 54°30°S to
56°S and 36°W to 38°W; and Shag Rocks - 52°S to
54°S and 40°W to 43°W. This division enabled
the exclusion of zones where fish from various
spawning areas (north and south) become mixed.

In addition, for those years for which data on
age-length composition were available, the size
composition of catches was defined for comparative
analyses for each of the following three regions:
east and west of South Georgia and Shag Rocks.

Fish age was determined according to Frolkina
(1989). Fish were divided into the following four
size classes: juveniles (515 cm), immature fish
(15-25 cm), mature fish (25-39 cm) and large
mature fish (240 cm plus) (Frolkina, 1999). All age
estimates were adjusted according to the Southern
Hemisphere split-year, which starts on 1 July. On
this date fish age was increased by one year.

RESULTS

History of Commercial
Fishing for C. gunnari

C. gunnari was first caught commercially in
the shallow waters of Shag Rocks by Soviet vessels
in November-December 1970. The total catch
was approximately 10 000 tonnes for that period
(6C-CAMLR, 1993), giving a catch per unit effort
of 55.6 tonnes/vessel /day. In 1971/72 this species,
together with Pseudochaenichthys georgianus, was
occasionally taken in the northern and northeast-
ern regions of the South Georgia shelf, yielding
catches at the rate of approximately 40 tonnes/
vessel/day in various months. C. gunnari comprised
5-10% of those catches. In November—December
1974, December 1975 and January-August 1977,
vessels again targeted commercial concentrations
of this species off Shag Rocks. Catches were taken
at the rate of 50 to 100 tonnes. In subsequent years,
the C. gunnari fishery shifted to the South Georgia
shelf. Dense concentrations off Shag Rocks were
not observed for many years thereafter, although
abundance of Patagonotothen guntheri in this area
was high. Large catches of C. gunnari were again
taken here only from 1983, as was P. guntheri,
comprising 20-60% of catches (Bunato, 1991).

Large-scale fishing for C. gunnari off South
Georgia began in 1976/77, when 93 000 tonnes
were taken (SC-CAMLR, 1993). During that season,
commercial quantities of C. gunnari were taken
only in the northeast of the area. Other species -
Notothenia rossii marmorata, Gobionotothen gibberifrons
and Lepidonotothen squamifrons — formed commercial
concentrations in the northwest. In later years,
C. gunnari was observed distributed over the entire
shelf, becoming the main target species and
forming the densest concentrations in the north
of the shelf (from east to west). Significant catches
taken in some fishing seasons (approximately
100 000 tonnes per year) (SC-CAMLR, 1993) did
not lead to depletion of the species. Fishing effort
usually decreased for a short period (1-2 years)
after which it again intensified, yielding large
catches. Interest in this species was maintained
until 1991 when a total fishing ban was introduced.
During this entire period, fishing for C. gunnari
over the South Georgia shelf was mainly carrjed
out by Soviet vessels (Bunato, 1991).

Size Composition

Fish were sampled over the entire shelf area
and at all designated depth strata (see above).
The size range of C. gunnari was larger in research
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Correlation by month between different age groups of Champsocephalus

gunnari caught by USSR commercial and research vessels.

hauls than in commercial catches. The smallest
individuals (34 cm) were found in surveys targeting
small juveniles when a midwater traw! with a fine-
meshed liner was used. The largest specimens
recorded (69 cm) were caught during bottom trawl
surveys.

The size of fish in commercial catches ranged
from 10-59 cm. The smallest and largest fish
recorded from the Shag Rocks region were 6 cm
and 47 cm respectively. Usually, fish taken off
South Georgia were 20-53 cm long, while fish
taken off Shag Rocks measured 19-43 cm.

In general, the size composition of C. gunnari
varied over the course of the year. On average,
immature fish comprised approximately 20% of the
catches. The proportion of immature fish increased
from July to November, reaching a maxi-mum in
October. At that time a new generation of fish
reaching 20-25 cm in length (age class 2+) entered
the stock targeted by the commercial fishery
(Frolkina, 1999) (Figure 1).

Mature fish of 25-39 ¢m comprised 70-90% of
catches throughout the year. Large fish of 40 cm or
more were usually found in catches in insignificant
numbers (only 1-4%). In March-April, i.e. in the
months leading up to spawning, the proportion of
large fish increased to 6-10% (Figure 1).

The proportion of young fish in commercial
catches was also insignificant (about 1%). Therefore
we analysed samples of young fish only from
pelagic surveys. The mean length of juveniles by
month fluctuated significantly from year to year.
The average length of fish observed in May-June
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1984, 1986 and 1990, varied between 108 mm in
1984 and 76-80 mm in 1990. During pelagic surveys
the largest of juvenile fish, as a rule, were taken
to the south and to the east of South Georgia. The
smallest fish were taken in the west region of South
Georgia (Table 1).

Results of bottom trawl surveys revealed distinct
differences in the size composition of fish larger
than 15 cm taken in different regions (Table 2).
Major differences were evident between the east
and west regions of South Georgia and the Shag
Rocks region. According to average long-term data,
individuals of 15-25 cm comprised 43% of catches
in the east and 16% in the west regions of South
Georgia, and 27% in the Shag Rocks region. Fish of
26-39 cm comprised 50%, 80% and 71% of catches
in these regions respectively. Fish greater than 40 cm
made up 5.5%, 3% and 1.6% of catches respectively.
Thus, smaller fish of 15-25 cm were most common
in the east region of South Georgia, while larger
individuals (26-39 cm) were most common in the
west region of South Georgia and the Shag Rocks
region.

When comparing species composition for various
regions, it was only possible to use the results for
1983-1988, when catches were taken simultaneously
in all three abovementioned regions. This is because,
in the early stages of the C. gunnari fishery (1970s),
only the eastern part of the shelf was fished,
followed by fishing in the northern and western
parts of the shelf. It was only from 1983 that dense
concentrations were found over the entire subarea,
including the shallow-water area around Shag

Rocks.
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Table 1:  Size composition of Champsocephalus gunnari less than 15 cm in length in different regions around
South Georgia, based on the results of pelagic trawl surveys. (See text for definition of regions.)

Vessel, Date Parameters East North South West
Eorika Averagelength (m) 62 58 61 55
30/03-07/04 Lengthfrequency(mm) 30-90 40-70 30-90 30-70
1988 Individual numbers 563 240 410 94
Gizhiga Averagelength (m) 91 100 96 95
25/05-08/06 Lengthfrequency(mm) 70-130 80-130 70-130 70-130
1984 Individual numbers 370 85 458 587
Anchar Averagelength(m) 80 81 78 76
29/05-07/06 Lengthfrequency(mm) 60-120 60-100 60-110 60-100
1990 Individual numbers 2 267 1 400 2113 2 001
Gizhiga Averagelength (m) 108 108 108 99
30/05-29/06 Lengthfrequency(mm) 60-130 80-130 60-140 70-120
1986 Individual numbers 110 53 567 334
P. Latvii Averagelength (m) 113 100 116 101
08/07-24/07 Lengthfrequency(mm) 90-150 80-140 80-150 70-150
1989 Individualnumbers 585 259 451 696
Gizhiga Averagelength (m) 103 101 108 100
07/07-08/08 Lengthfrequency(mm) 80-130 80-130 70-150 80-140
1987 Individualnumbers 506 895 2 459 1678

Table 2:  Frequency of occurrence of Champsocephalus gunnari more than 15 cm in length from the east, west,
north and south regions of South Georgia and the Shag Rocks region.

Vessel, Date Parameters East North South West Shag Rocks
autumn
Anchar L =15-25 cm (%) 66.75 6.70 31.87 9.16
07-30/04/1990 L =26-39 em (%) 24.42 85.77 64.63 86.62
L =40 cm plus (%) 8.84 7.53 3.49 422
Averagelength (cm) 26.1 34.9 28.9 32.5 No data
Numberofspecimens 1245 3 520 2 262 4 192
Atlantida L =15-25 cm (%) 45.10 16.71 23.48 13.10 2.23
01/04-27/05/1991 L =26-39 cm (%) 51.82 64.03 72.56 82.83 95.88
L =40 cm plus (%) 2.99 15.03 3.96 4.08 1.87
Averagelength (cm) 26.8 31.8 29.6 31.5 32.3
Numberofspecimens 3 140 3 260 1 465 7 140 4 331
Gizhiga L =15-25 cm (%) 51.55 44.24 8.0 16.12
24/04-23/05/1984 L =26-39 cm (%) 46.80 52.05 88.12 81.03
L =40 cm plus (%) 1.66 2.19 3.96 2.79
Averagelength(cm) 26.7 27.1 325 31.7 No data
Numberofspecimens 906 1510 303 1 861
winter
Gizhiga L =15-25 cm (%) 15.59 1.71 3.73 0.85
10-31/08/1987 L =26-39 cm (%) 76.31 76.15 79.05 97.34
L =40 cm plus (%) 8.10 22.13 17.22 1.81
Averagelength (cm) 33.6 36.8 37.1 314 No data
Numberofspecimens 667 348 482 827
spring
Gizhiga L =15-25 cm (%) 39.97 13.41 41.31 22.14 38.16
16/09-21/10/1986 L =26-39 cm (%) 58.01 82.87 42.27 76.88 60.56
L =40 cm plus (%) 1.57 0.18 4.13 0.74 1.28
Averagelength (cm) 26.8 28.8 26.9 29.9 28.8
Numberofspecimens 4 837 6 837 2181 4 079 3 527
summer
P. Latvii L =15-25 em (%) 41.31 48.75 50.4 33.63 40.60
10/12/1988-03/01/1989 L =26-39 cm (%) 43.38 44.69 45.4 58.81 58.92
L =40 cm plus (%) 8.72 4,92 2.56 2.63 0.49
Averagelength (cm) 27.6 27.8 27.0 29.1 26.5
Numberofspecimens 1513 1403 1 055 4 457 10 493
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Table 3:  Averagelength (cm)by age of Champsocephalus gunnari, caught in different regions of the South Georgia
area by USSR research and commercial vessels, by year and quarter.
Year Location Age
1 2 3 4 5 6 7 8 9 10 11
1 1988 Shag Rocks 16.2 214 287 32.6 353 383
East South Georgia 149 176 279 32,6 36.6 394 418 450 46.0 48.0
West South Georgia ~ 14.2 30.1 325 352 394 422 - 48.0 - -
II 1983 Shag Rocks 23.7 30.8 3423 37.0 38.5
East South Georgia - 225 307 345 387 407 - 46.5 48.67 51.0
West South Georgia - 273 304 357 393 415 441 473 495 509 -
1984 Shag Rocks - 23.4 304 344 - - -
East South Georgia 18.7 24.8 292 36.0 405 - - - -
West South Georgia  18.0 25.0 31.5 351 385 41.2 438 460 488 - -
1986 Shag Rocks 22.8 - 353 385 408 -
East South Georgia 22.8 304 338 - 410 - - - -
West South Georgia 23.0 29.0 - - - - - - - -
1987 Shag Rocks - 272 301 - 374 40.8 41.5
East South Georgia - 26.5 30.3 355 383 39.7 408 453 - -
West South Georgia - 27.1 30.0 349 39.0 40.7 424 450 - - -
Average for Shag Rocks 24.3 304 346 37.6 40.0 415
II quarter East South Georgia 18.7 242 30.2 35 392 405 408 459 48.7 51
West South Georgia  18.0 25.7 30.2 352 389 41.1 434 46.1 492 509
11 1983 Shag Rocks - 283 313 349 378 -
East South Georgia - - 234 289 356 385 - - -
West South Georgia 27.6 321 352 374 42
1987 Shag Rocks - - 270 306 347 387 -
East South Georgia - 19.2 264 31.6 36.0 383 439 - - -
West South Georgia - 19.5 28.1 30.8 354 392 435 464 47.4 498 516
Average for Shag Rocks 27.7 31.0 34.8 38.3
[I quarter East South Georgia 19.2 249 303 358 384 439
West South Georgia 19.5 279 315 353 383 428 464 474 498 51.6
v 1986 Shag Rocks 6.6 203 261 - 36.3 38.1 41.0
East South Georgia 13.8 214 262 29.7 36.8 405 445 471 50.0 522
West South Georgia  13.6 21.7 264 31.6 362 404 43.6 458 485 - -
Shag Rocks 19.3 276 317 349 - -
East South Georgia - 21.4 272 317 368 402 456 473 495 53.0
West South Georgia - 22.0 283 31.6 355 40.7 442 48.0 485 - -
Average for Shag Rocks 6.6 198 26.9 317 356 38.1 41
IV quarter East South Georgia 13.8 214 26.7 30.7 368 404 451 472 498 52.6
West South Georgia 21.6 274 31.6 359 40.6 439 469 485

Differences in length composition to the north
and south of South Georgia were attributed to fish
being mixed in different proportions from the east
and west regions. When commercial fishing started
in South Georgia waters, C. gunnari was generally
concentrated in any one of three regions considered
(i.e. east and west regions of South Georgia and
the Shag Rocks region). Therefore, data obtained
simultaneously from all three regions were available
only from 1983 to 1988.

In the east region of South Georgia the mean
length of C. gunnari was generally the smallest, due
to the presence of large numbers of immature fish
(Table 3), while in the west region of South Georgia
it was greater, due to lesser numbers of immature
fish. At Shag Rocks, the mean length differed from
that of fish in both shelf regions of the island.
Similar results were obtained from bottom census
trawl surveys of C. gunnari (Table 2). Mean length
was smallest in the east region of the South Georgia
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shelf due to the predominance of fish measuring
15-25 cm. Large fish were distributed over the entire
north region of the shelf (northeast to northwest),
and this influenced the mean length of fish in the
east and west, and, in some years, in the south of
the South Georgia shelf.

The differences in size composition of C. gunnari
distributed near South Georgia and at Shag Rocks
were quite significant and constant.

The length of C. gunnari in catches from shallow
waters off Shag Rocks was consistently much smaller
than around South Georgia. In general, fish of more
than 40 cm were not common in the Shag Rocks
region. Juveniles of less than 12 cm were not found
during annual pelagic surveys from 1984 to 1990.
In commercial catches, juveniles of 5-8 cm were
observed only in 1986. Fish from the 1+ age group
(11-15 c¢m) at Shag Rocks were only observed in
five out of 20 abundant year classes at South
Georgia (1975, 1981, 1985, 1986 and 1988).
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Table 41 Age composition (%) by year and quarter of Champsocephalus gunnari caught in different regions of the
South Georgia area by USSR research and commercial vessels.
Quarter Year Region Age
1 2 3 4 5 6 7 8 9 10 11
I 1988 Shag Rocks 416 84 238 226 37 03
East South Georgia 1.4 19 501 229 190 3.7 08 0.02 0.02 003
West South Georgia 6.2 323 474 129 08 04 - 0.01 -
1983 Shag Rocks - 27.6 61.1 11 02 01
East South Georgia - 902 67 23 02 02 - 01 02 01
West South Georgia - 81 562 149 97 71 31 08 01 01 -
il 1984 Shag Rocks - 663 299 38 - -
East South Georgia 18.1 547 106 125 32 06 - - - -
West South Georgia 69 160 400 320 28 16 03 02 02 - -
1986 Shag Rocks - 732 - 231 32 05
East South Georgia 95.1 35 0.6 02 - - - -
West South Georgia 78.9 21.1 - - - - - - -
1987 Shag Rocks - 167 81.8 - 1.3 02 0.06
East South Georgia - 175 409 366 29 08 08 04 - -
West South Georgia - 168 748 70 1.0 03 01 001 - - -
I 1983 Shag Rocks - - 198 688 96 1.8
East South Georgia - 986 09 03 02 - - - -
West South Georgia - - 6.6 593 288 47 06 - - - -
1987 Shag Rocks - 441 543 14 02
East South Georgia - 0.05 11.2 189 37.1 29 1.7 - - -
West South Georgia - 0.11 285 47 105 82 15 18 13 07 06
v 1986 Shag Rocks 1.1 5 855 - 77 0.7 0.01
East South Georgia 03 54 779 131 24 06 02 01 001 002
West South Georgia ~ 0.15 28 321 362 26 24 02 01 003 - -
1987 Shag Rocks - 0.8 222 665 105 -
East South Georgia - 01 203 358 367 65 02 01 02 0.04
West South Georgia - 02 164 667 147 1.8 02 0.04 003 - -

A regular cycle of fluctuation in size composition
and average length of C. gunnari was observed at
South Georgia (Figure 2), but not at Shag Rocks.
This can be attributed to a strong year class which
remained abundant over the years (Frolkina, 1993).
At Shag Rocks the same size class and age group
were predominant in most years except 1970, 1974,
1981 and 1988. This may be an artefact of sampling,
however, because in 1974 only survey data, and
not commercial catch data, were available. The
length composition of fish varied during 1981 and
1988, but the average length of fish in these years
was the same as in all other years.

Age Composition

Fish taken in the commercial fishery off South
Georgia were between 1 and 7 years old, with occa-
sional individuals up to 11 years. At Shag Rocks
fish were aged up to 5-6 years, with small numbers
of individuals up to 7 years old (Figures 3 and 4).
As a rule, 3-year-old, and sometimes 4-year-old
fish dominated in both areas.

It should be noted that on the South Georgia
shelf the presence of one or two dominant age
groups was characteristic for C. gunnari, not only

during years of systematic intensive fishing (1980-
1987), but also in preceding years (1971-1976).
On the South Georgia shelf, both in the absence
of fishing and in years of intensive fishing, fish
were recruited to the commercial stock at age 3
(Figure 3), i.e. at the age of first spawning (Frolkina,
1999). Compared to the period 1971 to 1976, the
number of fish over 5 years old almost halved from
1980 to 1987.

The age structure of C. gunnari off Shag Rocks
was found to be different from those on the South
Georgia shelf. For Shag Rocks it is characterised
by the absence of fish more than 6-7 years old,
compared to 10-11 years on the South Georgia
shelf, and by the absence of fish less than 12 cm.
Entire year classes were sometimes observed to be
completely absent for several years (e.g. 1982 year
class) (Figure 4).

A comparison of the age structure of C. gunnari
in different regions shows that it was similar in
the west region of South Georgia and the Shag
Rocks region, whereas it was different in the east
region of South Georgia (Table 4). There were also
differences between regions in average length at
age (Table 3).
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A notable teature of C. gunnari size—age structure
was also observed in near-bottom depth strata:
one or two age groups were always prevalent in
catches, with age group 3 always being one of them.

DISCUSSION

The comprehensive data presented here show
fluctuations in the length and age composition of
the C. gunnari population in South Georgia waters
(Subarea 48.3) as a whole, as well as in separate
regions within that area.

Observed growth was not constant between
years and regions, as is evident from differences
found in juvenile and immature fish. The highest
growth rate was observed in juveniles inhabiting
the east and south regions of the South Georgia
shelf, while smaller fish were found on the west
region. Fluctuations in annual mean fish length
in this area could be related principally to the
strength of year classes. Thus, fish of the most
abundant 1989 year class (1990 survey) were the
smallest, juveniles from the 1983 year class (1984
survey) were somewhat larger, while the largest
fish were from the weak 1985 year class (1986
survey results) (Table 1).

Immature fish were found throughout the
year to the east, southeast and southwest of the
South Georgia shelf. As they grow, these fish grad-
ually migrate over the shelf from the south and
southwest towards the northeast, and from the
southwest towards the west (Frolkina, 1999). The

140

]

= R e e e N R e R e T e N e R R

LI v 1 T £ 1 1 11 I VI 1T A 1 O A TR 1}
76 77 78 79 80 81

82 83 84 85 86 87 83 89 90 91

Quarter/Year

Average length by year and quarter of Champsocephalus gunnari from the South Georgia shelf.

predominance of immature fish in the eastern and
northeastern parts of the shelf affected the size
composition of catches: the smallest average fish
length in catches was found in these parts. The
predominance of fish 15-25 cm long in the east and
northeast of the shelf could be attributed to more
successful spawning in these waters.

In catches from the northwest and west parts
of the shelf approximately 80% of fish were
25-39 cm long with, on average, less than 20% of
fish measuring 15-25 cm. Therefore it is apparent
that the northwest and west parts of the shelf
represent a favourable habitat for large fish.

Analysis of the size—age structure of fish around
Shag Rocks suggests that this region is an area of
expanded C. gunnari habitat of the total population
around South Georgia, as evidenced by the absence
of juveniles, the presence of large fish and the
similarity between the early-life age-length com-
position of fish here and those from the western
shelf of South Georgia.

The absence of C. gunnari less than 11 ¢cm in
length was observed in the Shag Rocks region.
Although spawning individuals and even larvae
of C. gunnari were taken in catches in this region
in some years, spawning has always appeared
to be relatively unsuccessful. Hatched larvae had
obviously been carried by the Antarctic Circum-
polar Current either to the South Georgia shelf or
far offshore. Since C. gunnari from South Georgia
and Shag Rocks belong to the same population, as
indicated by numerous investigations, C. gunnari
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present in the Shag Rocks region could have
migrated from the western part of the South Georgia
shelf. The similar size-age structure of 2- to 4-
year-old fish from both parts of the C. gunnari
population corroborates this assumption. Fish from
strong year classes sometimes migrate towards
Shag Rocks at age 1+ (juveniles, 11-15 cm length)
but more frequently at age 2+ (20-25 cm length). It
should also be noted that some C. gunnari year
classes were completely absent in our samples or
were at such low abundance that they were not
detected. In the case of a weak year class or
intensive fishing effort over the shelf, there is no
apparent migration of fish towards Shag Rocks.
Fish older than 5 years were only caught occasionally.

The dominance of recruits in catches taken on
the South Georgia shelf has been noted in all years
of observation. This was also noted during surveys
of the pre-exploitation population (1965-1969)
(Frolkina and Dorovskikh, 1989). The same situation
was observed during periods of low-level fishing
(1970-1975), as well as high-intensity fishing (1980s).
Trawl surveys carried out several years after the
ban on fishing was introduced (1997-2000) gave
similar results. The exception was the 1976/77
season, when age-group 5 fish dominated catches.
This can be explained by the appearance of the
highly productive 1971 cohort after the sharp
decrease in the N. rossii stock. The population later
returned to its usual size-age structure.

Analysis of size-age structure data for C. gunnari
explains how the biomass of this species could
dramatically increase in such a short period of time
following the reduction in the N. rossii marmorata
stock and become the most important commercial
species. Irrespective of fishing intensity, fish of age-
group 3 and, less often, of age-groups 2 or 4,
dominated in catches. The total proportion of the
two dominating age groups in catches was between
64 and 96%. However, the 1976/77 season was an
exception. During the early stages of the C. gunnari
fishery on the South Georgia shelf the very strong
age-group 5 was dominant and fished for the
first time. As a result of fishing, the proportion of
5-year-old fish decreased from 11% to 5%. However,
as the bulk of the spawning stock has always
consisted of first-time spawners (60% on average),
this decrease of an older age group did not have an
adverse impact on the reproductive capacity of the
C. gunnari population in the following years of
intensive fishing.

Therefore, the C. gunnari population from South
Georgia can be considered a category II type
spawning population (as defined by Monastyrsky
(1952)), in which recruits dominate over the rest of
the population.

Previously published results showed that
70% of individuals become mature at 30 cm length,
i.e. mainly at age 4 (Frolkina, 1999). According
to Monastyrsky’s method of spawning popula-
tion analysis, C. gunnari age-length structure and
abundance are influenced more by biology and
environmental factors than the fishery.

In the author’s opinion, the pelagic aspects
of C. gunnari distribution (Andriashev, 1964,
1986), earlier age of maturity compared to that of
N. rossii marmorata, and favourable oceanographic
conditions have allowed C. gunnari to rapidly
increase in abundance after the decrease in abun-
dance of N. rossii marmorata on the South Georgia
shelf. These factors contributed to the very rapid
restoration of the C. gunnari stock after it was
significantly depleted by intensive fishing.

CONCLUSION

The data collected reveal a similarity in the
size—age structure of C. gunnari during the first
years of its life cycle on the western shelf of South
Georgia and at Shag Rocks. These two parts of the
C. gunnari population differ from those on the
eastern shelf of South Georgia. C. gunnari migrate
from the western shelf towards Shag Rocks when
they reach 15-25 cm in length. The fishery for
C. gunnari at Shag Rocks mainly caught 4- to 5-
year-old fish. It was also observed that the life
span of the species in waters off South Georgia is
longer than at Shag Rocks.

Various parts of the C. gunnari population have
different age-length compositions: on the eastern
South Georgia shelf fish of 15-25 cm are dominant,
whereas in the western South Georgia shelf indi-
viduals of 25-39 cm are dominant.

Irrespective of fishing intensity, the bulk of the
population comprises one or two age groups of
fish, predominantly at the stage of maturation.
This is one of the reasons why the population was
able to rapidly increase and become the most
important commercial species in the subarea fol-
lowing the sharp decline of N. rossii marmorata, and
to recover quickly after a pause in fishing,.
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Liste des tableaux

Composition en tailles de Champsocephalus gunnari de moins de 15 cm de longueur en diverses régions
des alentours de la Géorgie du Sud, selon les résultats des campagnes d’évaluation au chalut pélagique
(voir la définition des régions dans le texte).

Fréquence d’observation de Champsocephalus gunnari de plus de 15 cm de longueur dans les régions est,
ouest, nord et sud de la Géorgie du Sud et dans celle des ilots Shag.

Longueur moyenne (cm) de Champsocephalus gunnari selon 'dge, des captures de diverses régions
proches de la Géorgie du Sud par des navires soviétiques de recherche ou de commerce, par année et par
trimestre.

Structure démographique (%) de Champsocephalus gunnari des captures de diverses régions proches de
la Géorgie du Sud par des navires soviétiques de recherche ou de commerce.

Liste des figures

Corrélation par mois entre les différents groupes d’ages de Champsocephalus gunnari des captures des
navires soviétiques de recherche ou de commerce.

Longueur moyenne par année et par trimestre de Champsocephalus gunnari du plateau sud de la Géorgie
du Sud.

Structure démographique annuelle de Champsocephalus gunnari des captures des navires soviétiques de
recherche ou de commerce sur le plateau de Géorgie du Sud.

Structure démographique des navires soviétiques de recherche ou de commerce dans la région des ilots
Shag.

Criicok Tad il

Pasmepnsiit coctaB Champsocephalus gunnari piiuroil MeHee 15 M Ha pa3HBIX y4YacTKax pajioHa
FOxmnoit I'eoprun mo mMarepuanaM nesarudeckux cbeMok. (OmpesesieHHe yuacTKOB NPHBEACHO B
TEKCTE. )

Berpeuaemocts Champsocephalus gunnari anmnoit 6onee 15 cM Ha Ha BOCTOKE, ceBepe, 3anazie 1 rre
miesibha o-sa FOxnasg I'eoprust u y cxas [Har.

Cpemuie aumHBL (¢M) 1o Bo3pactaM i Champsocephalus gunnari, BbLIOBIEHHOH Ha Pa3/IMIHBIX
yuactkax pafiona FOxHoii ['eoprun monckosbiMu u npomblicoBbiMu cygamMu CCCP, no rogam u
KBapTaJiaM.

Bospactroil coctas (%) ynoBor Champsocephalus gunnari, HOJTyUEHHBIX HA Da3MYHBIX YYAcTKaXx
paiiona FOxxxoit 'eoprau nouckosbiMu 1 npomeic10BbiMu ¢y fami CCCP, no rogam u KBapTayiaM.

ChnncoK prCcyHKOB

COOTHOHIEHHE Pa3JINYHBIX BO3PACTHBIX rpyIn B yjoBax Champsocephalus gunnari, TOJTy4eHHBIX HA
paz/inyHbIx yuactkax paiiona FOxHoii ['eoprun nonckosbiMit 1 ipomblcsioBeiMu cygamun CCCP, no
MECSLIAM.

Cpenune aiunsl Champsocephalus gunnari ua wesbche FOxnol ['eopruu no rogaM u xBaprajiaM.

Bospactroit coctas Champsocephalus gunnari B y10BaX TOUCKOBBIX 1 npoMblcsioBbiX cyaos CCCP no
rojam, wesbod o-pa FOxHas ['eoprus.

Bospactroii cocras Champsocephalus gunnari B y7I0BaX NOMCKOBBIX U MPOMBICAOBHX cynos CCCP
o rogam, ckasst Iar.
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Lista de las tablas
Composicion de tallas de Champsocephalus gunnari menores de 15 cm, de los resultados de las
prospecciones de arrastres pelagicos en diversas regiones alrededor de Georgia del Sur (la definicién de

regiones figura en el texto).

Numero de ejemplares de Champsocephalus gunnari mayores de 15 cm de las regiones este, oeste, norte y
sur alrededor de Georgia del Sur y de las rocas Cormoran.

Talla promedio (cm) de Champsocephalus gunnari capturado en diversas regiones de Georgia del Sur por
barcos soviéticos de investigacion y de pesca comercial, por edad, afo y trimestre.

Composicidn de tallas (%) de Champsocephalus gunnari capturado en diversas regiones de Georgia del Sur
por barcos soviéticos de investigacién y de pesca comercial, por afio y por frimestre.
Lista de las figuras

Correlacion mensual entre las poblaciones de Champsocephalus gunnari de diferente edad capturadas por
barcos soviéticos de investigacion y de pesca comercial.

Talla promedio (cm) de Champsocephalus gunnari capturado en la plataforma de Georgia del Sur, por afio
y por trimestre.

Composicion por edad de Champsocephalus gunnari capturado cada afio en la plataforma de Georgia del
Sur por barcos soviéticos de investigacion y de pesca comercial.

Composicién de edad de Champsocephalus gunnari capturado cada ano en la regién de las rocas
Cormorén por barcos soviéticos de investigacién y de pesca comercial.



