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Abstract

Combined studies on the inner and outer northeastern part of the Kerguelen shelf
during the 1989/90 to 1993/94 period provide new information on the stock of
Champsocephalus gunnari. A quarterly program of ichthyoplanktonic and bottom trawl
surveys over the inner shelf has enabled a new cohort of fish to be identified each year.
However, annual variations in abundance have been observed. During the sampling
period the 1988 cohort was dominant on the outer shelf. The three-year cycle observed
previously seems to be related to the maturation stage of each current cohort and the
relative abundance of spawners-at-age during each winter spawning period. Only once
have spawners been observed in large numbers on the inner shelf: during the winter of
1991/92. These fish were the first of the 1988 cohort to spawn.

Résumé

Les études combinées des zones interne et externe du plateau nord-est de Kerguelen
réalisées de 1989/90 a 1993/94 fournissent de nouvelles informations sur le stock de
Champsocephalus gunnari. Un programme de campagnes d’évaluation trimestrielles de la
zone interne du plateau, tant par prélévements de I'ichtyoplancton que par chalutages
de fond, permet d’identifier une nouvelle cohorte de poissons chaque année. Des
variations annuelles d’abondance sont toutefois notées. Pendant la période
d’échantillonnage, la cohorte 1988 était dominante sur la partie externe du plateau. Le
cycle de trois ans observé précédemment semble étre lié au stade de maturation de
chaque cohorte existante et a 'abondance relative des reproducteurs par age pendant
chaque période de reproduction hivernale. Il n’a été possible d’observer de
reproducteurs en masse sur la partie interne qu’en une seule occasion : pendant I'hiver
1991/92. Ces poissons sont les premiers de la cohorte 1988 a se reproduire.

Pesrome

Hccnenoanus, npoBeIeHHbIE BO BHYTPEHHEH ¥ BHEIHEH YacTaX CeBEpO-BOCTOUHOIOQ
cexTopa wennda Kepresen 3a nepuon 1989/90 no 1993/94 rr., gajm HOBYIO
uncdopmanuio o 3anace Champsocephalus gunnari. ITlporpaMma HXTUOITAHKTOHHBIX
JOHHBIX TPAJIOBBIX ChEMOK, BBIMOJIHSRBILUXCS KaXXJble TPH MecCAla BO BHYTPEHHEH
4acTH wesbda, NO3BOJIAIA eXErOAH0 UASHTU(MUINPOBATL HOBYIO KOTIOPTY DbIO.
HaGnropannch eXeroaHble N3MEHEHHSI YHCJICHHOCTH. B TeueHuwe mepuoma
UCCJ/IEIOBAHNA BO BHEUIHEH vacTu 1esbda JomMuHuposasia koropra 1988 r. Panee
HaOJIFOAABILMICS TPEXTOOUYHBHI HUKJI, MO-BHIMMOMY, CBSI3aH C OTAlOM CO3PEBaHHUS
KaX 0l UMeIoLIeHCsT KOropThbl H OTHOCHTEIBHON UHCJIEHHOCTH HEPECTSIUuXCs ocobeil
B OTHEJILHBIX BO3PACTHBIX KJlaccax B TEUEHUE KaXXJOr0 3MMHErO HEepECTOBOIO
neproaa. bosblioe KOMYEeCTBO HepecTsLmXxcs 0cobeil HabIoaa/10ch BO BHYTPEeHHEH
yacT Wwesabda BCero Aulllib oaun pas: 3umMoil 1991/92 r. Dto Obiin BrepBbEe
OTHepeCTHRBILECs phlObI 3 Koroptsl 1988 .

Resumen

Los estudios combinados efectuados en el sector interno y externo de la zona noreste de
la plataforma de Kerguelén durante el periodo de 1989/90 a 1993/94 ofrecen nuevos
antecedentes sobre el stock de Champsocephalus gunnari. Un programa de prospecciones
de arrastre de fondo y de toma de muestras de ictioplancton efectuado cada tres meses
en el interior de la plataforma ha permitido la identificacién de una nueva cohorte de
peces cada afio. No obstante, se han observado variaciones anuales en su abundancia.
Durante la época de estudio la cohorte de 1988 prevalecié en el sector externo de la
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plataforma. El ciclo de tres afios observado anteriormente parece estar relacionado con
la fase de madurez de cada una de las cohortes actuales y a la abundancia relativa de los
reproductores por edad en cada periodo de desove invernal. El invierno de 1991/92 ha
sido la tinica vez que se han observado grandes cantidades de peces en desove en el
interior de la plataforma. Estos fueron los primeros peces en desovar de la cohorte de

1988.

Keywords: Champsocephalus gunnari, Kerguelen Islands, cohort growth, reproduction,
demographic structure, CCAMLR

INTRODUCTION

It is currently recognised that two stocks of
Champsocephalus gunnari exist around the
Kerguelen Islands: the shelf stock and the Skif
Bank stock (Duhamel, 1987 and 1991). The
biomass of the latter is, however, only about 5 to
15% of that of the first (Duhamel and Agnew,
1990).

The Kerguelen Island shelf stock of C. gunnari,
which has been fished since 1971/72, yielded
annual catches up to 30 000 tonnes in the first
years of exploitation (Gerasimchuk, 1993). Good
catches occurred at about three-yearly intervals
with very low catches in between. Monitoring of
the fishery, since the establishment of an EEZ
(1978), has provided detailed information on the
demographic structure, migration patterns,
spawning periods and areas, sexual maturation
and diet composition (Duhamel and Hureau,
1985; Duhamel, 1987, 1991 and 1993). The early
life history of the species has recently been
investigated by means of fishery-independent
programs (Koubbi et al., 1991; Koubbi, 1992).

Only one cohort appears to contribute to the
annual catches. This is different from the
situation around South Georgia but seems to be
comparable to the catch history around the South
Orkney Islands (Kock et al., 1985; Kock, 1991).
Since 1980 an abundant cohort has been observed
to occur every three years (Duhamel, 1987, 1991
and 1993). This cohort constitutes, usually for a
period of one to two years, the bulk of the catches
in the fishery, which is based only fish over three
years old (legal fish size for the fishery: 25 cm).
The biomass of such cohorts has been estimated
using both the swept-area method (Duhamel,
1988) and cohort analysis (Duhamel and Agnew,
1990). The second method shows a quick decline
in abundance in proportion to growth and,
consequently, a cohort disappears from catches at
age four to five years. A cohort is therefore only
available to the fishery for a short period.
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The fishery targets feeding aggregations of
C. gunnari on the outer shelf and shelf break.
Preliminary investigations (Duhamel, 1984)
enabled the spawning grounds of the stock to be
identified as being located on the northeastern
part of the inner shelf. However, no information
was available on spawning, hatching and early
life history. In 1989 we therefore established a
monitoring program to throw light on this part of
the reproductive cycle.

MATERIAL AND METHODS

The study was conducted on the northeastern
part of the Kerguelen shelf, both on board
trawlers (‘Atlantic’ type, 85 m) fishing on the
outer shelf and on the scientific RV La Curieuse
(25 m) on the inner shelf (Figure 1). The results,
when these research operations were carried out
simultaneously, were compared.

The inner shelf (depths: 75 to 110 m) was
investigated every three months both by bottom
trawl (31 m groundrope length, 25 mm mesh size
in the codend) and Bongo samplers (two nets
having a mouth opening of 63 cm in diameter,
and a mesh size of 500 p, equipped with
flow meters) (Table 1). The survey covered a full
three-year cycle (spring 1989/90 to spring
1992/93) and comprised 13 cruises. Samples were
taken both by bottom trawl (30" duration; 12 to
20 stations, depending on weather and bottom
conditions, total 150 hauls) and by Bongo net
(oblique tows in the water column from bottom to
surface, 28 to 38 stations, total 409 hauls) over
grids of standard stations where sampling was
carried out simultaneously (Figure 1). Juvenile
and adult fish were collected using the first
method and the ichthyoplanktonic stages using
the second. The trawl catches were sorted and the
entire sample of C. gunnari weighed and
measured. Gonad analysis was carried out on a
sub-sample. A mean abundance index was
calculated for each cruise using the total number
of fish and duration of fishing. The larvae of
C. gunnari collected in each ichthyoplankton
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1- Grid of stations (one station per 5 latitude x 10" longitude rectangle) used, both with the Bongo

sampler and the bottom trawl, during the quarterly monitoring program carried out from 1989 to
1992 in the northeastern inner Kerguelen Island shelf area. Triangles indicate that bottom trawling
was impossible at that site because of rough seabed.

2 - Fishing grounds (inside the contour line) for C. gunnari (positive catches) for trawlers on the outer

shelf during the 1990/91 season.

3 - Fishing grounds (dotted area) for C. gunnari (positive catches) for trawlers on the outer shelf during

the 1991/92 season.

sample were sorted, measured and their
abundance index estimated using the mean
number of fish reported per swept cubic metre.

Regular samples of C. gunnari were taken by
fishery observers on board the trawlers when
catches of this species took place on the fishing
grounds (Figure 1 and Table 2). Data have been
selected for the period 1989/90 to 1993/94. A
mesh size of 80 mm was used in the codend of the
trawls (groundrope length - 41.7 m). This
procedure is followed in an ongoing scientific
program devoted to the management of the stocks

(Duhamel, 1987). Where directed fishing for
C. gunnari has taken place, an index of abundance
(mean number of fishes by trawled hour) has been
used (Duhamel, 1991) to enable the data from the
study period to be compared with those collected
previously.

Length frequency distributions (LFDs),
measurement of individual fish (to the nearest cm
below, total length - TL) and gonad stages (five
stages according to Everson’s scale, 1977) at
length have been taken into account for study
purposes.
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Table 1:  Characteristics of the Kerguelen Island inner shelf program carried out every three months from 1989
" to 1992 for the bottom trawl and ichthyoplanktonic surveys. Only C. gunnari was reported in the
catches.
Date Bottom Trawl Bongo
No. of Fishing Catch Catch Sample No. of Filtered No. of
Stations Hours (no.) (kg) Size Stations Volume Larvae
(no.) @)
10-11/1989 14 7.5 295 7.14 295 31 12 532 208
2/1990 4 1.75 45 1.26 45 5 2239 0
5/1990 0 / / / / 33 10 707 0
8/1990 16 8.08 19990 | 152215 1042 37 14 601 0
11-12/1990 18 9.0 72 3.89 72 28 14 181 1
1/1991 0 / / / / 36 11 802 0
4/1991 13 6.25 269 9.83 269 31 15 482 0
7/1991 17 8.5 2 249 310.65 1179 34 12 542 0
10/1991 12 6.0 330 10.69 330 36 11 241 43
2/1992 0 / / / / 34 10 158 0
5/1992 20 9.92 296 6.14 287 34 13 673 0
7/1992 16 8.08 209 50.61 207 34 11 725 0
10/1992 20 9.75 368 11.27 333 36 12 333 20
Table 2:  Numberof C. gunnari in monthly samples taken on the fishing grounds of
the Kerguelen Island northeastern outer shelf and total catches for the
period extending from October 1989 to June 1994. No fishing took place for
the months for which there are no records.
Date Type of Fishing Catch Sample Size
(tonnes) (no.)
10/1989 exploratory / 86
12/1989 “ / 382
7/1990 ” 10.4 195
8/1990 “ 0.3 664
10/1990 “ 1.2 74
1/1991 comimercial 1 693.0 /
2/1991 “ 3770.4 1218
3/1991 “ 4 593.9 1 468
4/1991 “ 2 574.0 /
5/1991 “ 16.7 /
11/1991 i 11.3 481
12/1991 “ 2.4 199
1/1992 “ 30.8 /
10/1993 exploratory 6.0 1 140
11/1993 “ 6.1 /
6/1994 “ / 140
RESULTS

Fish range from 6 to 38 cm in the samples but
differences between LFDs in a time series are

Length Frequency Distributions
for C. gunnari from Trawl Catches

LFDs for C. gunnari have been obtained from
each quarterly trawl survey on the inner shelf
(Figure 2); however, in autumn 1989/90 and the
summers of 1990/91 and 1991/92 no surveys
were conducted for logistic reasons. The outer
shelf has not been investigated (no fishery) during
autumn 1989/90, autumn/winter 1990/91 and
from summer 1991/92 to spring 1993/94
(Figure 3).
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clearly visible during the whole of the study
period. Size groups are identified and one to two
modal lengths are dominant in each sample when
the number of fish in the samples is large enough
(n > 100, see Tables 1 and 2). Time series enable
the growth of fish groups to be readily monitored.

Only one major size group is currently
observed on the outer shelf. Thus, the size group
ranging from 16 to 22 cm recorded during
summer 1989/90 reached 27 to 36 cm during the
spring of 1991/92 (Figure 3). This group was also
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Figure 2: Quarterly LFDs for C. gunnari on the northeastern Kerguelen
Island inner shelf obtained during the 1989-1992 bottom
trawl monitoring surveys. LFDs for C. gunnari larvae in the
ichthyoplankton samples are also reported (bars).
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Monthly LFDs for C. gunnari on the northeastern
Kerguelen Island outer shelf obtained from fishery
catches during the period 1989/90 to 1993/94.
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observed on the inner shelf during the same
period (modal peak to about 23 cm for winter
1990/91 and 28 cm for winter 1991/92) and later
(34 cm for winter 1992/93) (Figure 2). Another
size group was observed from autumn 1990/91
(7 to 11 ¢m in size) to the following spring (12 to
19 cm) in the inner shelf samples. A third size
group follows a parallel growth to the previous
ones in the same area from autumn 1991/92 (6 to
13 cm) to spring 1992/93 (8 to 20 cm). This group
is found again in the 1993 and 1994 outer shelf
samples. The smallest fish are always recorded
during autumn sampling on the inner shelf. It is
noteworthy that the largest size groups (up to
20 cm) are not permanently present in the inner
shelf. Their presence is mainly noted during the
winter. Also noteworthy, from inner shelf
samples, is the similarity of LFDs from spring
1989/90 with those of spring 1992/93, three years
later.

Maturity Stages of Fish

Fish from the outer shelf samples were not
observed to be maturing, in the size group
monitored from early 1990 to mid 1991, until they
reached a mean size of 24/25 cm TL. All the fish
below this limit were still in stages 1 and 2. Only
four specimens of a large sample (n = 708, size
range: 23 to 34 cm) were reported as being in
stage 3 during March 1991, the other fish still
being in advanced stage 2. However, stage 3
(developing) is common at the end of autumn.
Post-spawning fish (stage 5) were recorded in the
summer sample of January 1992 (37 of the
194 specimens analysed, size range: 25 to 35 cm).
At the end of June 1994, fish from the size group
already observed to be in stage 2 in October 1993,
were mainly in advanced stage 3 (116 of the
164 specimens analysed, size range: 22 to 31 cm).
Finally, post-spawning fish (stage 5) were present
in the spring sample (25 of the 27 specimens, size
range: 29 to 38 cm) of November 1989.

Stage 4 (spawning condition) fish are only
found in samples taken during the winter
season on the inner shelf: in July 1991 most of the
fish between 26 and 34 cm (n = 610 of the
1 179 specimens analysed) were in spawning
condition, in July 1992 the fish within the range
31 to 38 cm (n = 124 of the 207 specimens
analysed) were in spawning condition, but during
August 1990 the size range of fish comprised only
immature specimens. Stage 5 is found in samples
taken during spring (October 1989, size range
31 to 35 cm, n = 11 of the 295 specimens analysed);
November 1992, size range 30 to 37 cm, n = 23 of
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the 333 specimens analysed) as observed on the
outer shelf. All the fish from the other samples
are in stage 1 or 2 with the exception of the
specimens in the size range 25 to 31 cm from the
April 1991 sample (n = 48 of the 269 specimens
analysed) and rare specimens ranging between
25 and 35 cm (n = 20 of the analysed 287) taken
during May 1992, which are all in stage 3.

C. gunnari Larvae in the
Ichthyoplanktonic Samples

Larvae were present in the ichthyoplankton
only from October to December each year
(Figure 4), suggesting a brief planktonic phase.
However, mean abundances varied considerably
between years:

Period No. of Larvae/1 000 m?
late Oct 1989 13.19
end Nov/early Dec 1990 0.07
mid Oct 1991 3.72
late Oct 1992 1.82

The value for 1990 may be negatively biased
by the late sampling.

Larvae ranged from 11 to 24 mm in length
(Figure 2). Minjimum lengths were found in early
October, maximum lengths in early December.
Hatching seems to occur in early spring (late
September to early October). Incubation is likely
to take place for about three months up to the
above-mentioned hatching period.

Index of Abundance from Trawl
Surveys and Fishery Yields

The mean index of abundance is available for
10 surveys of the inner shelf (Figure 5). Values
range from 9 to 2 499 C. gunnari per hour of
fishing. The lowest value was observed during
spring 1990/91, the highest during the previous
winter and again during the winter of the
following year. The other values range between
28 and 50. The insertion of the proportion of
immature/mature fish in the figures makes it
clear that the first winter peak comprises only
immature fish, while the second is dominated by
mature fish. The abundance index outside these
two periods shows mainly young fish, with the
exception of the last winter sample when adult
fish exceeded immature ones in number, but at a
low level of abundance.
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Figure 4: Relative seasonal abundance of C. gunnari larvae in the ichthyoplanktonic
samples during the 1989-1992 Kerguelen Island inner shelf program. The
mean and the standard deviation between the stations of the grid are shown.
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Figure 5: Mean abundance (number of fish per fishing hour) of C. gunnari on the
northeastern Kerguelen Island inner shelf during the 1989-1992 bottom trawl
monitoring program. Proportions of immature and mature fish are included
in the values. Standard deviation between catches of the stations grid is

reported, except for the first and the second winter (SD = 6 753 and SD = 525
respectively).
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A directed fishery was only conducted on the
outer shelf during summer/early autumn
1990/91 and the following spring/summer
1991/92. The values of the previously-used
mean annual index (Duhamel, 1991), which
differs from the indices of the above surveys
because characteristics of the fishing gears used
are not comparable, are respectively 32 300 and
4 790 individuals per fishing hour. The index
shows a clear cline in the abundance of the same
size group of fish from one year to another. The
area of geographical distribution on the shelf is
correlatively reduced (Figure 1).

DISCUSSION

The above results show that the modal size
groups correspond to fish spawned during the
same period and which form a new cohort. The
LFDs observed on the outer shelf confirm the
succession of abundant cohorts every three years
in this area, described previously (Duhamel, 1987
and 1991). The 1985 cohort (28 to 38 cm) was
observed in the 1989/90 spring sample but
disappeared later on. The 1988 cohort is recorded
from summer 1989/90 to spring 1991/92. It
constitutes the bulk of commercial catches
reported for summer 1990/91 (12 645 tonnes,
Table 2) but its abundance becomes very low
during the following season (1991/92), as is
shown in the abundance index. A gap appears
before the new 1991 cohort is identified. The
recent samples taken during the 1993/94 season
have enabled it to be identified. Because of the
absence of young fish in the outer shelf samples
the origin of these cohorts must be sought outside
this depth range.

The quarterly inner shelf trawl monitoring
program provides new and interesting data.
New cohorts are identified each year from
routine LFDs during the sampling period. The
1989 cohort is clearly present (first modal peak,
mean = 12.7 cm) in the 1990/91 winter LFDs and
is also present in the following years (spring and
autumn 1990/91, winter and autumn 1991/92).
The 1990 cohort exhibits clear modes from
autumn 1990/91 to spring 1991/92 but these are
indistinct in the subsequent samples. The most
recent cohort monitored during the study period
is the 1991 one, which is also clearly identified in
the samples from autumn 1991/92 to spring
1992/93. Previous cohorts are also present and
the 1988 one can be followed from the beginning
(spring 1989/90: 8 to 18 cm) to the end of the
study period, when it almost attains the
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maximum size of the Kerguelen shelf stock
(winter 1992/93: 30 to 38 cm). The 1985 cohort is
still observed during spring 1989/90 (32 to 36 cm)
and even winter 1990/91 (36 to 38 cm). However,
specimens of 1986 or 1987 cohorts are by now
very rarely identified.

The combined use of LFDs from the inner and
outer shelf enables the growth of each cohort to be
reconstructed. An almost complete growth curve
is obtained when the 1988 cohort is monitored for
the four years from the first autumn of life. Mean
length at each similar life-stage can be obtained
for successive cohorts (Table 3). Daily growth
increments are available for the first two years of
life, which have been well sampled. Values for
three cohorts give ranges of between 0.025 and
0.043 cm/day with the maximum increment
occurring during spring and the minimum after
autumn. Specimens grow more than 10 cm a year
during the two first years, after which minimum
values are observed.

Differences in LFDs from one area to the other
are not related to the selectivity of the mesh size,
at least for fish of up to about 16 cm, as can be
seen from the LFDs (16 to 22 cm) reported during
the summer of 1989/90 for the outer shelf. These
differences are, however, related to changes in the
habits of fish during growth. Part of the life cycle
is consequently clarified. The fish use the inner
shelf as a nursery zone for one to two years, then
migrate to the outer shelf. This is shown for each
cohort, mainly after spring of the second year of
growth (Figures 2 and 3), when, except during the
winter season, fish of size classes of up to 20 cm
TL disappear from the inner shelf samples and are
observed on the northeastern part of the outer
shelf and shelf break, which is the main feeding
area of sub-adult and adult fish (Duhamel, 1991).
Sexual maturation involves an annual reverse
spawning migration to the inner shelf, which
temporarily becomes the spawning ground
during the winter, thus confirming previous
studies (Duhamel, 1984 and 1987). The 1991/92
winter sample is thus completely different from
those of the previous autumn and the following
spring. A mass migration of the 1988 cohort is
observed, obviously indicated by changes in the
abundance index (Figure 4). Part of the 1989
cohort is also present but not in spawning
condition (immature fish) and seems to repeat
the situation of the winter of 1990/91 when
the 1988 cohort was observed but was still
immature. The winter reproductive situation of
icefish from the inner shelf spawning ground
during the three-year study period can be
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Table 3:  Seasonal mean lengths (cm) of C. gunnari cohorts observed from sprin? 1989/90 to spring 1992/93 in the northeastern part of the Kerguelen Island shelf (a cross
c

indicates that the number of specimens is too low for the mean to be calculated). The bold-faced type highlights the first winter mean values for three successive

cohorts.
Cohort Mean Length (cm)

1985 32.9

1988 14.6 18.5 22.5 + 28.2 + + 29.9 31.7 33.8

1989 12.7 + + 22.7 + + + +

1990 9.7 12.2 16.6 21.9 + +

1991 9.8 11.6 14.9
Season Spring Summer  Autumn Winter Spring Summer  Autumn Winter Spring Summer  Autumn Winter Spring
Split-year 1989/90 1990/91 1991/92 1992/93
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outlined as follows, taking into account the gonad
condition of fish and the values of the percentage
of the cohorts in the total sample for each period:

winter 1990/91
1985 cohort: few 5-year-old spawners (< 1% of
the total sample)
1986 and 1987 cohorts: absent
1988 cohort: 2-year-old immature fish (97.1%
of the sample)
1989 cohort: 1-year-old immature fish (2.9% of
the sample)

winter 1991/92
1988 cohort: first spawning, 3-year-olds or
33 months of life (85.9 % of the total sample)
1989 cohort: 2-year-old immature fish (8.1% of
the sample)
1990 cohort: 1-year-old immature fish (6% of
the sample)

winter 1992/93
1988 cohort: second spawning, 4-year-olds
(60.9% of the total sample)
1989 and 1990 cohorts: few spawners of the
1989 cohort, 1990 immature fish (3.9% of the
sample)
1991 cohort: 1-year-old immature fish (35.8%
of the sample).

Such an analysis of the gonad condition of fish
present on the inner shelf spawning ground,
correlated with the abundance index, shows a low
abundance of spawners during 1990/91, a high
concentration of spawners during 1991/92 and
moderate abundance for the last winter period
studied (1992/93). It must be noted that the
situation in winter 1989/90 must certainly be
close to that reported above for 1992/93 because
of the similarity of the spring 1989/90 and
1992/93 LFDs. This would mean that the
specimens of the 1985 cohort (about 5% of the
spring 1989/90 sample) had spawned twice,
that few (0.7%) immature fish of the 1986 cohort
were present and that the sample was dominated
(94.3%) by 1-year-old immature fish of the
abundant 1988 cohort. Furthermore, this confirms
the existence of a three-year cycle.

In order to give the full reproductive situation
of a cohort, it is necessary to add that it has been
observed from previous cohorts that a percentage
of the adult fish seems not to participate in the
annual spawning when sexually mature (Sosinski,
1981; Duhamel, 1984). During the spawning
period these fish, which are in the same size range
as those which are spawning, remain on the outer
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shelf. It would be very useful to evaluate this
proportion of the cohort, in order to show the
reduction of the standing stock in the feeding area
(outer shelf and shelf break) resulting from the
spawning migration, and the subsequent increase
when spawners return. However, this proportion
is difficult to obtain because commercial fishing is
prohibited on fishing grounds during the winter
season. This situation is comparable to that in
South Georgia (Kock, 1989), where 15 to 25% of
the population do not spawn each year. No clear
explanation can be advanced to explain this
phenomenon. In addition, atretic oocytes are
frequently observed in a certain (sometimes large)
proportion of females’ gonads during the post-
spawning seasons. This highlights potential
problems in reproductive success in some years.
Similar observations have been noted previously
(Duhamel, 1987) for the Kerguelen shelf stock
(data for the cohort 1979 during spring/summer
1982/83). A possible mortality of these females
(atretic oocytes filling in the total abdominal
cavity) and certainly the fact that it is impossible
(due to asynchronism) for these fish to participate
in the spawning the following year, are the most
probable consequences.

Annual hatching of C. gunnari larvae is
observed over the time series. Hatching occurs
early in spring and the planktonic phase lasts no
more than three months, which is short in
comparison with other species of the Kerguelen
Island shelf (Koubbi, 1992). The size range
corresponds to that of newly-hatched larvae of
C. gunnari observed in South Georgia (North and
Ward, 1990). The ichthyoplanktonic results seems
to confirm the above results because the
occurrence of spring larvae follows the same
trend as is observed in the occurrence of spawners
on the spawning ground three months earlier
(Figures 4 and 5). Thus the annual abundance of
C. gqunnari larvae seems to be related to the
density of the winter spawners, reflecting the
strength and the state of maturation of the annual
cohorts. Finally, the size of larvae during the
spring samples enables the growth curve obtained
from trawl catches to be completed. Growth of
some cohorts can thus be monitored from
hatching to the second spawning and after.

The three-year cycle of abundant cohorts (for
example 1982, 1985, 1988 and probably 1991),
which has been observed on the shelf for two
decades (Duhamel, 1987, 1991 and 1993;
Gerasimchuk, 1993), seems to be related to the
maturation stage of each current cohort and the
relative abundance of spawners-at-age during



each winter period. The inner shelf LFD samples
exclude the hypothesis that there is only one
cohort at any time, appearing every three years.
The ichthyoplanktonic surveys also eliminate this
assumption. The fishery, adding to the natural
mortality, contributes in reducing the level of
abundance of each cohort on the outer shelf and
could thus be the cause of this cycle. The
abundance-at-age of the 1988 cohort is therefore
lower than the cohorts studied previously - those
of 1979, 1982 and 1985 (Duhamel, 1991). In order
to improve management of the stock, the present
life cycle would need to be taken into account. A
limitation of fishing before the fish reach their
fourth year of life would certainly help to change
the demographic structure in that the total stock
would then comprise more than one abundant
cohort.
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Liste des tableaux

Caractéristiques du programme de campagnes d’évaluation par échantillonnages d’ichtyoplancton
et chalutages de fond sur le secteur interne du plateau de Kerguelen menées tous les trois mois de
1989 a 1992. Les captures déclarées ne concernent que C. gunnari.

Nombre de C. gunnari dans les échantillons mensuels prélevés sur les lieux de péche du secteur
externe du plateau nord-est de Kerguelen et captures totales pour la période d’octobre 1989 a juin
1994. Les mois qui ne figurent pas dans les déclarations n’ont fait I'objet d’aucune péche.

Longueurs moyennes (cm) par saison des cohortes de C. gunnari observées du printemps 1989/90 au
printemps 1992/93 sur le plateau nord-est de Kerguelen (les croix indiquent que le nombre de
spécimens est trop faible pour permetire de calculer une moyenne). Les valeurs moyennes du
premier hiver des trois cohortes successives sont données en caractéres gras.

Liste des figures

1 - Réseau des stations d’échantillonnage (une station par case de 5 de latitude x 10" de longitude)
tant au filet Bongo qu’au chalut de fond, du programme trimestriel de contréle suivi de 1989 a 1992
sur le secteur interne du plateau nord-est de Kerguelen. Les triangles indiquent qu’il était
impossible de procéder a un chalutage de fond en raison du relief accidenté du site.

2 - Lieux de péche (zone délimitée) de C. gunnari (captures positives) fréquentés par les chalutiers
sur le secteur externe du plateau pendant la saison 1990/91.

3 - Lieux de péche (zone en pointillés) de C. gunnari (captures positives) fréquentés par les chalutiers
sur le secteur externe du plateau pendant la saison 1991/92.

Distribution de fréquences de longueurs (LFD) trimestrielles de C. gunnari du secteur interne du
plateau nord-est de Kerguelen, obtenues a partir des campagnes d’évaluation par chalutages de fond
de 1989 a 1992. Les LFD des larves de C. gunnari dans les échantillons d’ichtyoplancton sont
également déclarées (barres).

LFD mensuelles de C. gunnari du secteur externe du plateau nord-est de Kerguelen, obtenues &
partir des captures déclarées par la pécherie pendant la période de 1989/90 a 1993/94.

Abondance saisonniere relative des larves de C. gunnari dans les échantillons d’ichtyoplancton du
programme mené sur la partie interne du plateau de Kerguelen de 1989 a 1992. La moyenne et
I"écart-type (SD) entre les stations du réseau sont indiqués.

Abondance moyenne (nombre de poissons par heure de péche) de C. gunnari du secteur interne du
plateau nord-est de Kerguelen obtenue pendant le programme de controle par chalutages de fond de
1989-1992. Les proportions de poissons immatures et adultes figurent dans les valeurs données.
L'écart-type entre les captures du réseau de stations est indiqué, sauf en ce qui concerne le premier
hiver (SD = 6 753) et le second (SD = 525).
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C. gunnari on the Kerguelen Shelf

Cruncox TabJImI

IToxasaTesnu MpOrpaMMbl HXTHOMJIAHKTOHHBIX W JOHHBIX TPAJIOBBIX CHEMOK, MPOBOAMUBILIMXCS BO
BHYTpeHHe# yacTu wenabda o-a Keprenen kaxasie Tpu Mecsua ¢ 1989 mo 1992 rr.
3aperucTpupOBaHHbIC YJIOBbI COepXKaliM TONbKO C. gunnari.

Kosmuectso C. gunnari B BBIOOPKAX, B3SATHIX €XKEMECSIUYHO HA MPOMBICIIOBBIX yYacTKax BHELIHEH
YACTH CEBEPO-BOCTOYHOrO ceXTopa uiesiba o-sa Kepresiet, a TakXe yJI0BHI 32 NEPHOJ ¢ OKTIOPS

1989 mo nronb 1994 r. [landpie OTCYTCTBYIOT IJTISI MECSNEB, Ha NPOTIXEHUU KOTOPBIX MPOMBICET
He BeJICd.

JlaHHBIC MO CE30HHBIM CPeAHNM [JIMHAM ocodeit C. gunnari (B €M) B KOroprax, HabJIrofaBIIMXCA C
pechbl 1989/90 1. no secny 1992/93 r. B ceBepo-BOCTOUHON yacTH 1esbda (KpecTHK 0003HaYaeT
cJlyuad, KOrja KOJIMUeCTBO OCO0el C/AMIIKOM HHM3KO /ISl BBIYUCJICHHS CPEdHEH BEJIMUYUHBI).

2KupHbM 1mipupTOM NMpPUBEICHDI CPEIHHE BEJIMUMHBI TIEPBBIX 3UM AJIA BCEX TPEX HAYIIHMX BCJEq
KOropT.

CnucoK pUCYHKOB

1 - Cerp cTanuuil (oaHa CTaHUMS Ha KBaagpaT pasMmepoM 5 muporws x 10° moJsroTsl), rae
UCIOTH30BATHCh CeTh BOHIO ¥ JOHHBIH TPasl B TEUCHHE NPOTPAMMBI MOHATOPHHT?, COCTOALe! 3
NPOBEAEHUS CHEMOK KaxKJple Tpu Mecsiua ¢ 1989 no 1992 r. B paiioHe BHYTpPEHHEH 4acTH ceBepo-
BOCTOYHOro cekTopa wesibcda o-Ba Kepresned. Tpeyrosibhuku 0003HAYalOT yUyacTky, rae ObLIo
HEBO3MOXHO MPOBECTH AOHHBIE TPAJICHUS IO MPUYMHE HEPOBHOIO MPYHTA.

2 - Y4acTKd TpajioBOro npomMelcia (BHyTpH KoHTypa) C. gunnari (rae ObLITH NOJYUYEHBI YJIOBBI) BO
BHELUHeH vyacTu wesbda B ce3one 1990/91 r.

3 - Y4acTKu TPaJIOBOr0 NPOMbIC/IA (BHYTPH NMyHKTUPHO# JiuHuK) C. gunnari (rae ObLIA OJTYyUYEHBI
YJIOBBI) BO BHeUIHEH yacTy mesibda B TeueHue cezoda 1990/91 r.

Exexsapranpable LFD g C. gunnari BO BHYTPEHHEHR YacTH CEBEP-BOCTOUHOrO CEKTOpa 1iebda
o-Ba Kepresied, nosiyueHHble Ha NPOTAXKEHUH NPOrPpaMMbl MOHUTOPHHTa NyTeM AOHHOIO
Tpasieausa 3a nepuon 1989 no 1992 rr. Takxke npeacrassiensl LFD nuunnounbix ocobeit C. gunnari
U3 UXTHOIJIAHK TOHHBIX npod (CcTos161b1).

Exemecsunnie LFD gna C. gunnari Bo BHELIHEl YacTH CEBEP-BOCTOUYHOrO CEKTOpa wesibda o-Ba
KepreJieH, oJy4YeHHbIE B3 TPOMBIC/IOBBIX YJI0BOB 3a nepuoa 1989/90 no 1993/94 rr.

OTHOCHUTEJIbHAST CE30HHASI YUCJIEHHOCTb JUYUHOK C. gunnari B UXTHONJAaHKTOHHBIX np06ax,
B34TbIX B XOI€ NPOrpaMMbl HCCJICJOBAHNA BHyTpeHHCﬁ HacTu H.ICJ'II)CI)a O-Ba €preJicH 3a nepuon ¢

1989 nmo 1992 rr. Ilokazanbl CpeaHsas BEJMYHHA U CTAHAAPTHOE OTKJIOHEHHE UHCJICHHOCTH
C. gunnari MeXJy CTAHIUSIMH.

CpeaHssi YUC/IEHHOCTD (KOJTMYecTBO pbI® Ha yac npombicia) C. gunnari BO BHYTpPeHHEH YacTu
CEBEPO-BOCTOYHOIO CeKTopa 0-Ba KepresieH Ha mpOTSIXKEHHM MPOrpaMMbl MOHUTOPHHTA AOHHBIM
TpasedneM 3a nepuon 1989 mo 1992 rr. BKUIOUeHB! JOJTH HENOJIOBO3PESIBIX H MOJIOBO3PEJIBIX
pui0. IlpeacraBiieHO CTaHAAPTHOE OTKJIOHEHHE MEX/Y YJIOBAMM HA CETH CTAHLMH - 3a
UCKJIIOYeHeM NepBoii 1 BTopoil 3umMbl (SD = 6753 u SD = 525 cOOTBETCTBEHHO).

Lista de las tablas

Detalles del programa de estudios ictioplanténicos y de arrastre de fondo realizado en el interior de
la plataforma de la isla Kerguelén cada tres meses desde 1989 hasta 1992. Sdlo se informé la
presencia de C. gunnari en las capturas.

Numero de ejemplares de C. gunnari en las muestras mensuales obtenidas en los caladeros de pesca
ubicados en el exterior de la zona noreste de la plataforma de la isla Kerguelén y capturas totales
para el periodo desde octubre 1989 hasta junio 1994. No hubo pesca en los meses no mencionados.
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Figura 1:

Figura 2:

Figura 3:

Figura 4:

Figura 5:
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Tallas promedio estacionales (cm) de las cohortes de C. gunnari observadas desde la primavera
1989/90 hasta la primavera de 1992/93 en la zona noreste de la plataforma de la isla Kerguelén (una
cruz indica que el ntimero de ejemplares es demasiado bajo para calcular un promedio). En negrita
se indican los valores promedios del primer invierno para tres cohortes sucesivas.

Lista de las figuras

1 - Red de estaciones (una estacién por rectangulo de 5 de latitud x 10" de longitud), en donde se
tomaron muestras con redes Bongo y mediante arrastres de fondo, durante el programa de
seguimiento realizado cada tres meses desde 1989 hasta 1992 en el interior de la zona noreste de la
plataforma de la isla Kerguelén. Los tridngulos denotan la imposibilidad de realizar arrastres de
fondo en el lugar debido a la irregularidad del fondo marino.

2 - Caladeros de pesca (dentro del contorno) de C. gunnari (capturas positivas) de los arrastreros en
el sector externo de la plataforma durante la temporada 1990/91.

3 - Caladeros de pesca (zona punteada) de C. gunnari (capturas positivas) de los arrastreros en el
sector externo de la plataforma durante la temporada 1991/92.

Distribuciones trimestrales de la frecuencia de tallas (LFD) para C. gunnari en el interior de la zona
noreste de la plataforma de isla Kerguelén obtenidas de prospecciones de arrastre de fondo
realizadas en 1989-1992. También se presenta la LFD para larvas de C. gunnari encontradas en las
muestras de ictioplancton (barras).

LFD mensuales para C. gunnari en el exterior de la zona noreste de la plataforma de la isla Kerguelén
obtenidas de las capturas de la pesqueria durante el periodo 1989/90 a 1993/94.

Abundancia estacional relativa de las larvas de C. gunnari en las muestras de ictioplancton obtenidas
como parte del programa de la plataforma interior durante 1989-1992 en la isla de Kerguelén. Se
muestran los promedios y las desviaciones estdndar entre las estaciones de la cuadricula.

Abundancia promedio (ntimero de peces por hora de pesca) de C. gunnari en el interior de la zona
noreste de la plataforma de la isla Kerguelén durante el programa de prospecciones de arrastre de
fondo 1989-1992. Los valores incluyen las proporciones de peces inmaduros y adultos. Se informa la
desviacion estdndar (SD) entre las capturas de las estaciones de la cuadricula, salvo para el primer y
segundo invierno (SD = 6 753 y SD = 525 respectivamente).



