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Abstract

Notothenia rossii was the first target species in Southern Ocean fisheries. The species was
already heavily fished at the beginning of the 1970s. The closure of the fishery for this
species in 1985 was one of the first conservation measures adopted by CCAMLR. Fish
biomass within a CCAMLR subarea or part of a subarea is commonly estimated from
surveys that target a number of species, including N. rossii, at the same time. These
surveys are conducted under the assumption that the target fish species are more or less
evenly distributed over the area at the time of the survey. This assumption is violated in
the case of N. rossii, which is non-randomly distributed such that a large proportion of the
population tends to aggregate in small areas, leaving most of the survey area only thinly
populated. In order to provide more accurate estimates of the abundance of the species,
it is suggested that an acoustic survey combined with a number of identification hauls
might be the most promising approach to estimating the biomass of N. rossii.

Résumé

Notothenia rossii, premiére espece visée par la péche dans 1'océan Austral, faisait déja
I'objet d'une exploitation intensive au début des années 1970. La fermeture de la péche
de cette espéce en 1985 faisait partie des premieres mesures de conservation adoptées par
la CCAMLR. En général, la biomasse de poisson dans une sous-zone de la CCAMLR, ou
dans un secteur d’une telle sous-zone, est estimée au moyen de campagnes d’évaluation
visant a la fois plusieurs espéces — dont N. rossii. Il est présumé que la répartition des
especes de poisson visées est plus ou moins uniforme dans toute la région a I'époque de la
campagne. Dans le cas de N. rossii, dont la distribution est non aléatoire, au point qu'une
grande proportion de la population tend a se concentrer dans des secteurs limités, laissant
le reste de la zone d’étude tres peu peuplé, cette hypothese est démentie. Il est suggéré,
afin d’estimer avec davantage de précision ’abondance de N. rossii, de suivre 'approche la
plus prometteuse, celle qui consiste a adjoindre a une campagne d’évaluation acoustique
plusieurs traits d’identification.

141



Kock et al.

Pesrome

Notothenia rossii Obi1a mepBBIM IETEBBIM BHIOM MpH Tpombicie B HOKHOM OKeaHe.
B nagane 1970-x IT. yke Beycs WHTCHCHUBHBIA TPOMBICEN 3TOTO BHJA. 3aKPBITHE
mpombiciia 3Toro Bumga B 1985 . ObIIO OMHONW W3 TEPBBIX MEP MO COXPaHEHUIO,
npunateix AHTKOMowm. buomacca pbeiObl B mpeaenax moapaidioHa WIM YacTH
noapaifona AHTKOMa 00BIYHO OIIEHHBAETCS MO ChEMKaM, KOTOPBIE OJHOBPEMEHHO
HaICTICHBI HA HECKOJIBKO BUIOB, BKITF04Yast N. rossii. DTH CheMKH TOBOISITCS, UCXOS U3
MPEJIIONIOKEHHsI, YTO 1IeJIeBbIC BHJIBI PhIO OOJiee MIIM MEHEe PABHOMEPHO pacIipe/ieieHbl
10 BCEMY palioHy BO BpeMs ChEMKH. JTO MPEANOIOKEHHE HapylIaeTcs B clydae BUAA
N. rossii, KOTOpBIil pacrpesesieH HecaydalHbIM 00pa3oM, Tak YTO OONbIlas YacTh
MOMYJISIIAK OOBIYHO KOHIIGHTPHUPYETCS B HEOONBIIMX paioHax, a B OONbIIEH yacTh
CHEMOYHOT0 paifoHa MOmyNAIUs MajoducieHHa. [Ipeamomaraercs, 4To aKycTHYecKas
CHhEMKa B COUCTAHHUHU C HECKONBKUMHU WICHTU(DHUKAIMOHHBIMU TPAJICHUSIMA MOXKET OBITh
HanOoJIee MHOTOOOEIIAOIIUM TTOIX0I0M K oreHKe Gruomacchl N. rossii, ¢ TOUKH 3peHuUs
MoJTy4eHus 0oJiee TOYHBIX OIEHOK YHCICHHOCTH 3TOTO BUJA.

Resumen

Notothenia rossii fue la primera especie objetivo de las pesquerias del Océano Austral, y
ya habia sido explotada extensamente a comienzos de la década de los 70. Una de las
primeras medidas de conservacién que adopté la CCRVMA fue la clausura de la pesca
dirigida a esta especie en 1985. La biomasa de peces dentro de parte o toda una subarea de
la CCRVMA se estima normalmente sobre la base de los datos de prospecciones dirigidas
a varias especies, incluida N. rossii. Estas prospecciones son llevadas a cabo suponiendo
que las especies objetivo de peces se encuentran, en mayor o menor grado, distribuidas
uniformemente en el drea cuando se realiza la prospeccion. Esta suposicién no es valida
en el caso de N. rossii, especie que no se encuentra distribuida al azar, sino de tal manera
que una gran proporcién de la poblacién tiende a formar agrupaciones en areas pequenas,
dejando la mayor parte del drea de la prospeccién escasamente poblada. A fin de
proporcionar estimaciones mas exactas de la abundancia de las especies, se sugiere que un
enfoque mas promisorio para la estimacién de la biomasa de N. rossii serfa la realizacion
de una prospeccién actstica en combinacién con varios lances para la identificacion.

Keywords: biomass estimation, method choice, multi-species surveys, trawl and
acoustic surveys, Notothenia rossii, Atlantic Ocean sector, CCAMLR

Introduction

The directed fishery for Notothenia rossii was
prohibited by CCAMLR in 1985. No exploitation on
a commercial scale has occurred since then. From
1985 onwards, a large number of surveys have been
conducted around Shag Rocks and South Georgia
and in the southern Scotia Arc using commercially
sized bottom trawls in order to assess the status
of stocks (Gabriel, 1987; White, 1988; Anon., 1990;
McKenna and Saila, 1988; Balguerias, 1989, 1991;
Parkes, 1991; Parkes et al., 1989; Everson, 1997;
Everson et al., 1991, 1992, 1994, 2000, 2002; Jones et
al., 1998, 2000, 2001, 2003; Kock, 1991, 1998; Kock
et al., 2002). These surveys did not target a single
species specifically but aimed at estimating stock
size and monitoring the recovery of all exploited
stocks in a subarea or division simultaneously.
To estimate the biomass of a range of species
with similar precision, one has to assume that the
species are more or less evenly distributed over the
area. The higher the coefficients of variation (CVs)

142

of the abundance estimates are, the less useful
these abundance estimates appear in detecting
trends in abundance.

Despite the closure of the fishery almost
20 years ago, none of these multi-species surveys
has indicated a substantial recovery of N. rossii,
either at South Georgia or off Elephant Island.
Catches of the species have been small (<50 kg/
30 min) with the exception of one or two hauls
yielding 500-1 000 kg/30 min or more (Balguerias,
1989; Everson, 1997; Everson et al., 1991, 1992,
1994, 2000, 2002; Jones et al., 1998, 2001, 2003;
Kock, 1991, 1998; Kock et al., 2002). Consequently,
biomass estimates obtained for N. rossii have in
general been low. Due to one or two large catches,
95% CVs often exceeded 100% which suggested
that the reliability of the estimates was low (e.g.
Kock, 1998, Table 4).

In this paper it is argued that the patchy
distribution of N. rossii has prevented conventional
multi-species bottom trawl surveys conducted
in the past from providing valid estimates of its



biomass. Suggestions are provided concerning how
future surveys and analyses might be structured in
order to overcome these difficulties.

Material and methods

This analysis focuses on catch data from
scientific surveys conducted around South Georgia
(Figure 1) in 1985 (Kock, 1986), 1991 (Everson et al.,
1991), 1992 (Everson et al., 1992), 1994 (Everson et
al., 1994), 1997 (Everson, 1997), 2000 (Everson et
al., 2000) and 2002 (Everson et al., 2002), around
Elephant Island (Figure 1) which was surveyed
in 1981, 1983, 1985, 1986, 1987 and 1996 (Kock,
1991, 1998) and Elephant Island and the lower
South Shetland Islands in 1998 and 2001-2003
(Jones et al., 1998, 2001, 2003; Kock et al., 2002).
These surveys were conducted individually by
the UK, Germany and the USA until the mid-1980s
and thereafter in close international collaboration
within the framework of CCAMLR. The surveys
were stratified according to depth only, i.e. more
hauls were placed in the 100400 m depth stratum
where most of the fish biomass was located.

All vessels used commercially sized two-
panel (Germany, UK) (Parkes, 1991; Kock and
Jones, 2004) or four-panel bottom trawls (USA)
(Watters et al., 1997) with a mouth opening of
18-22 m between the tips of the wings and a net
height of 34 m in two-panel nets and 7-9 m in
four-panel nets. Surveys were based on a stratified
random survey design. Trawling time was, with
few exceptions, 30 min (period during which the
net was on the bottom). Hauls of less than 20 min
duration were disregarded. All survey data are
held in the CCAMLR database.

For comparative purposes, catch data from
semi-commercial fishing activities of the two
German trawlers Weser and Julius Fock, conducted
in the course of the Antarctic Expeditions in
1975/76 and 1977/78 around South Georgia and
Elephant Island (Kock, 1978, 1979), were used.
Both vessels left the survey track and targeted
fish concentrations whenever these were detected.
Trawls of dimensions similar to those used by the
research vessels were used. Trawling times were
between 10 and >120 min on the bottom. All catches
were scaled down to 30 min in order to make them
directly comparable to the research vessel catches.
Catch information from the two trawlers was the
only commercial data which were available to the
authors from the fishery on N. rossii.
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Results
South Georgia

N. rossii were found in low abundance, rarely
exceeding 50 kg/30 min over most of the South
Georgia shelf as exemplified in results from the
survey of FRV Walther Herwig around South
Georgia in 1985 (Figure 2a). Similar patterns of
abundance were found during scientific surveys
conducted in 1991, 1992, 1994, 1997, 2000 and
2002 (Everson, 1997; Everson et al., 1991, 1992,
1994, 2000, 2002). Fish caught were 35 to 78 cm
long. Smaller fish (3543 cm) were primarily
caught closer inshore, for example the extension of
Cumberland Bay onto the shelf.

Much larger concentrations of fish have
been observed regularly in rather limited areas.
Catches exceeding 500 kg/30 min were taken in
a horseshoe-shaped underwater canyon about
10 n miles southeast of Cooper Island (SE South
Georgia) at 220-335 m depth in 1975/76 and again
in 1977/78 (Figures 2b and 2c). This concentration
was found to be fairly stable over time. It was also
detected in 1985 (Figure 2a), 1987, 1989, 1990, 1991,
1992 and 1994 (Gabriel, 1987; McKenna and Saila,
1988; Parkes et al., 1989; Anon., 1990; Everson et al.,
1991, 1992, 1994). In 1997 and 2002 large catches
(>1 000 kg/30 min) were taken over the shelf to
the east-northeast of South Georgia in the offshore
extension of Cumberland Bay onto the shelf.
Underwater topography at this location resembles
that found close to Cooper Island where large
catches had been reported previously.

Elephant Island

Distribution and abundance patterns similar
to those observed at South Georgia were also seen
on the Elephant Island shelf (Jones et al., 1998,
2001, 2003; Kock, 1986, 1998; Kock et al., 2002).
N. rossii was widespread over the shelf, albeit
again in low numbers: catches hardly yielded
more than 50 kg /30 min. Small juvenile fish of less
than 30 cm in size were found in shallow coastal
waters of less than 120 m in depth. Larger juvenile
fish (30-44 cm), however, were found to be more
widespread over the shelf than at South Georgia
and were regularly taken with sexually mature fish
which were recruiting to the adult stock.

Concentrations of fish were found in only
two rather limited areas on the shelf. One dense
concentration of fish was observed on the north-
western part of the shelf at 220-360 m depth in
1975/76 (Figure 3a). This aggregation yielded
catches of 1-8 tonnes/30 min (Kock, 1978). The
same concentration was detected again in 1977/78
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and yielded catches of similar size (Figure 3b)
(Kock, 1979). Fish forming this concentration were
34-75 cm long and thus similar in size to those
found at South Georgia. However, in contrast to
South Georgia, a larger proportion of the smaller
fish (34—44 cm) were pre-recruits which were still
sexually immature.

A second concentration was found in the course
of a random survey at depths of 198-219 m off
the north coast of Elephant Island to the east of
Seal Rocks in 1985 (Figure 3c). This concentration
consisted of fish 34-57 ¢cm long. The bulk of fish
was 40-50 cm long and thus mostly contained fish
that were recruiting to the adult stock. Larger fish,
abundant before commercial exploitation occurred
in 1979/80, represented only a very small fraction
of the catch. This concentration was not found
again in subsequent years (1986-2003), as shown
in the distribution of catches of N. rossii during
the 2002 random survey of RV Polarstern around
Elephant Island (Figure 3d) and the South Shetland
Islands (Figure 4).

Discussion and Conclusions

In contrast to well-established details of the
biology and ecology of the species (e.g. Linkowski
and Zukowski, 1980; Freytag, 1980; North et al.,
1980; Burchett et al., 1983; Burchett, 1983; Barrera-
Oro and Casaux, 1992; White et al., 1996; Kock,
1998; Barrera-Oro et al.,, 2000), information on
factors influencing the meso- and micro-scale
distribution and abundance of N. rossii remains
sparse. The limited data available suggests that
concentrations of the species formed in the same
localities and were stable over a number of years.

At South Georgia, one concentration was
observed in the same horseshoe-shaped under-
water canyon southeast of Cooper Island over a
period of almost 25 years (1975-2000). Another
location where aggregations of N. rossii appeared
over a large number of years was the extension of
Cumberland Bay onto the shelf. Large catches were
taken there in 1985 (Kock, 1986) and again in 2000
and 2002 (Everson et al., 2000, 2002), with occa-
sional large catches in other years, such as in 1992
(Everson et al., 1992). Other canyon-like bottom
topography to the south and southeast of South
Georgia yielded catches of N. rossii greater than
500 kg /30 min in individual years, such as in 1994
(Everson et al., 1994). These areas may have been
fished by commercial trawlers for aggregations of
N. rossii before commercial exploitation ceased in
1985. They have never been systematically investi-
gated by research vessels with the aim of locating
further sites where N. rossii tend to aggregate.
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The portrayal of underwater canyons as impor-
tant sites at which aggregations of N. rossii may
be located was less obvious on the Elephant
Island shelf, where few underwater canyons are
found. The large concentration of N. rossii fished in
1975/76 and 1977/78 by the Weser and Julius Fock
was found to the northwest of the island, in an area
sloping gently downwards with no canyon-like
structures in the vicinity. According to charts from
Russian fishing vessels, this particular area was
heavily fished in 1979/80. More than 18 763 tonnes
of N. rossii were reported as having been taken in
that season (CCAMLR, 1990). The annual catch
taken in 1979/80 exceeded the biomass estimate
of 15 663 tonnes calculated for the 1977/78 season
(Kock et al., 1985). It is likely from these figures
that the commercial fishery targeted the same
concentration located in 1975/76 and removed
most of them within the one season. The fact that
no fishing for this species was reported thereafter
might indicate how severely the stock had been
affected by fishing within the one season.

Investigations at Potter Cove (King George
Island) since the mid-1980s demonstrated a
decline of juvenile fish up to the beginning of the
1990s. These observations were consistent with
the dramatic decline of adult fish following heavy
fishing in 1979/80. Subsequently, the number of
juvenile N. rossii remained at a low level, with
some slight increases in the second half of the 1990s
(Barrera-Oro et al., 2000).

Juvenile N. rossii form an important prey
item in the diet of the coastal blue-eyed shag
(Phalacrocorax atriceps bransfieldensis) (Casaux and
Barrera-Oro, 1993; Coria et al., 1995; Barrera-Oro
and Casaux, 1996; Favero et al., 1998). However,
they are rarely found in the diet of other predators,
such as Antarctic fur seals (Arctocephalus gazella),
elephant seals (Mirounga leonina) and Weddell
seals (Leptonychotes weddellii) and birds, such as
Cape petrel (Daption capense) and South Polar
skua (Catharacta maccormicki) (Casaux and Barrera-
Oro, 1993; Casaux et al., 1997a, 1997b, 1998, 2001;
Daneri, 1996; Daneri and Coria, 1993; Barrera-
Oro and Casaux, 1996; Montalti et al., 1996; Soave
et al., 1996; Croll and Tershy, 1998; Goebel et al.,
1998, 2003; Daneri and Carlini, 2001). From these
investigations it may be tentatively concluded that
predation is unlikely to play a major role and may
explain the continuous low level of abundance
of N. rossii in the absence of fishing impacting on
adult fish.

The reasons why N. rossii forms large aggre-
gations in certain areas of the shelf were unclear.
The species was found to aggregate in submarine
canyons around South Georgia. Catches obtained



from these canyons were in the order of 5 000 kg/
30 min and more in individual hauls (Kock, 1978,
1979). Catches very close to the canyons only
yielded a few individuals. The large concentra-
tion observed to the northwest of Elephant Island
formed on a gentle slope with no obvious geomor-
phological structures. However, it was an area
through which dense aggregations of krill, the
staple food of N. rossii at Elephant Island (Freytag,
1980), were regularly passing (Siegel et al., 2002).

The information available leaves no doubt that
stocks of N. rossii had been heavily depleted due to
fishing in the 1970s. Any direct exploitation of the
species was prohibited in 1985. Stocks should have
recovered to some extent since then. However,
results from conventional bottom trawl surveys
failed to support this notion, particularly in the
Elephant Island region. The only concentration of
N. rossii which was found off the north coast of
ElephantIsland to the east of Seal Rocks in February
1985, when fishing was no longer in its heyday,
consisted of an aggregation of fish recruiting to the
adult stock. All subsequent surveys failed to find
this aggregation and caught only small numbers
of adult fish (usually <50-100 kg/30 min) (Kock,
1986, 1988, 1998; Jones et al., 1998, 2001, 2003; Kock
etal., 2002).

Fish biomass within a CCAMLR subarea or part
of a subarea is commonly estimated by surveys that
target a number of species simultaneously, includ-
ing N. rossii. However, in comparison with more
evenly distributed species, such as Gobionotothen
gibberifrons and Chaenocephalus aceratus, N. rossii
shows a highly skewed spatial distribution of
abundance: hauls with large catches tend to occur
in small areas that are consistent between years
while hauls taken over the remaining area of
distribution contain few fish. Skewed distributions
of catches lead to highly stochastic estimates with
large confidence intervals, and can undermine the
normal distribution of estimates, assumed as the
Central Limit Theorem, even when large sampling
effort was applied (Jones et al., 1995). The authors
conclude that it was for this reason that CCAMLR
was unable to provide adequate biomass estimates
for N. rossii and follow the potential recovery of
the stocks properly in the almost 20 years since the
fishery was closed.

Two alternatives to the approach generally
used by CCAMLR in order to better estimate the
abundance of N. rossii are offered.

The comparatively low biomass estimates for
N. rossii obtained from surveys of a number of
demersal fish species between 1985 and 2003 were
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often associated with high CVs. Maximum like-
lihood methods based on empirically observed
distributions may provide biomass estimates with
smaller confidence intervals, as an alternative to the
method commonly used by CCAMLR to calculate
mean biomass and corresponding confidence
intervals (Pennington, 1983).

Attempts to detect N. rossii by means of acoustic
surveys date back to the 1970s when acoustic
surveys and their design were still in their infancy.
The species provided good marks on the echo
sounder used during the Antarctic Expedition of
Germany in 1975/76 (Freytag, 1978). Given the
high density of the species in certain small areas it
was unlikely that these marks were confused with
other species to a large extent. Since then, no new
attempts have been found in published material
which would give rise to the opinion that an
acoustic survey of N. rossii might be feasible.

In order to provide more accurate biomass esti-
mates of the species in future, the authors suggest
investigations to assess whether the biomass of
N. rossii may be estimated more accurately by:

¢ stratifying on the basis of areas of consistent
high density;

® increasing the sampling effort that can be
applied by acoustic methods as indicated by
preliminary Russian investigations conducted
in the late 1970s. These methods need to
be combined with an adequate number of
identification hauls.
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Figure 2:

Catches (kg/30 min) of Notothenia rossii at South Georgia by:
(a) Walther Herwig, February 1985; (b) Weser, January—April
1976; (c) Julius Fock, November 1977-March 1978. e <100 kg,
@ <500 kg and A >500 kg.
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Catches (kg /30 min) of Notothenia rossii at Elephant Island by: (a) Weser, January—April 1976; (b) Julius

Fock, November 1977-March 1978; (c) Walther Herwig, March 1985; (d) Polarstern, January-February

2002. e <100 kg, @ <500 kg and A >500 kg.
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Figure 4:  Catches (kg/30 min) of Notothenia rossii at the South Shetland
Islands by Polarstern, February 2002. ® <100 kg, @ <500 kg and

A >500 kg.

Liste des figures
Ouest du secteur de 'océan Atlantique
Captures (kg/30 min) de Notothenia rossii en Géorgie du Sud par : a) le Walther Herwig, février 1985;

b) Weser, janvier-avril 1976; c) Julius Fock, novembre 1977-mars 1978. e <100 kg, @ <500 kg et
A >500 kg.

Captures (kg/30 min) de Notothenia rossii a I'lle Eléphant par a) le Weser, janvier-avril 1976; b) le Julius
Fock, novembre 1977-mars 1978; c) le Walther Herwig, mars 1985; d) le Polarstern, janvier—février 2002.
e <100 kg, @ <500 kg et A >500 kg.

Captures (lgg/ 30 min) de Notothenia rossii aux iles Shetland du Sud par le Polarstern, février 2002.
e <100 kg, © <500 kg et A >500 kg.

CIMcOK pHCYHKOB
3armaiHast 4acTh aTIAHTHYECKOTO CEKTOPA.
Vnossr (kr/30 mun.) Notothenia rossii y FOxuoii I'eoprum, nonydennsie cynamu: (a) Walther Herwig,

¢despans 1985 r.; (b) Weser, ssuBapb—anpens 1976 r.; (¢) Julius Fock, nosops 1977 r—mapr 1978 .
e <100 k1, @ <500 &r u A >500 xr.

Vo (kr/30 mun.) Notothenia rossii y o-Ba Dnedanr, nonyuennsie cyaamu: (a) Weser, supapb—arnpeib
1976 r; (b) Julius Fock, nosiops 1977 r.—mapr 1978 r; (c) Walther Herwig, mapt 1985 r.; (d) Polarstern,
suBapb—Qespans 2002 . @ <100 kr, @ <500 kr u A >500 kr.

Vroser (kr/30 mun.) Notothenia rossii y FOsxubix Iletnanickux 0-BoB, moiy4eHHble cynHom Polarstern,
despans 2002 1. @ <100 kr, @ <500 kr n A >500 kr.

Lista de las figuras
Parte occidental del sector del Océano Atlantico.
Capturas (kg /30 min) de Notothenia rossii extraidas en Georgia del Sur por los barcos: (a) Walther Herwig,

febrero de 1985; (b) Weser, enero—abril de 1976; (c) Julius Fock, noviembre de 1977-marzo de 1978.
e <100 kg, @ <500 kg y A >500 kg.
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Figura 4:
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Capturas (kg/30 min) de Nofothenia rossii extraidas en isla Elefante por los barcos: (a) Weser, enero—
abril de 1976; (b) Julius Fock, noviembre de 1977-marzo de 1978; (c) Walther Herwig, marzo de 1985;
(d) Polarstern, enero—febrero de 2002. o <100 kg, @ <500 kg and /A >500 kg.

Capturas (kg /30 min) de Notothenia rossii extraidas en las islas Shetland del Sur por el Polarstern, febrero
de 2002. e <100 kg, @ <500 kg and A >500 kg.
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