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Abstract A diet analysis of the Patagonian toothfish
Dissostichus eleginoides, trawled in the South Georgia
Islands area in March–April 1996, was carried out by
frequency of occurrence (F%) and coefficient ‘‘Q’’ (%)
methods. The samples consisted chiefly of immature
specimens, with predominant length ranges of 30–70 cm
(TL). Fish was by far the main food on the shelves of
Shag Rocks and South Georgia, accounting for about
70% of prey. Krill appeared as secondary food, al-
though its importance was overestimated by the fre-
quency of occurrence method. Cephalopods and mysids
were infrequent in the stomachs, and only at Shag Rocks
and South Georgia, respectively. Lepidonotothen kempi,
Champsocephalus gunnari and Chaenocephalus aceratus
constituted the main fish prey and their variability be-
tween Shag Rocks and South Georgia depended on their
local abundance. The large proportion of fish exhibiting
stomachs full or close to fullness (together 62%) sug-
gests that feeding intensity of the species was high.

Keywords Antarctica Æ Patagonian toothfish Æ Diet Æ
Ecology Æ Dissostichus eleginoides

Introduction

The Patagonian toothfish, Dissostichus eleginoides, is a
large, long-lived nototheniid widespread in deep waters
of the Southern Hemisphere, mainly in the sub-Ant-
arctic region of the Atlantic and Indian Oceans near the
Antarctic Convergence and along the southern coasts of

Argentina and Chile (Fischer and Hureau 1985; Gon
and Heemstra 1990; Yukhov 1997; Pilling et al. 2001).
The congener Antarctic toothfish, Dissostichus mawsoni,
is endemic to the Antarctic continental shelf, south of
latitude 65�S (Goldsworthy et al. 2002).

Both toothfish species are commercially important
and of interest to the Commission for the Conservation
of Antarctic Marine Living Resources (CCAMLR). In
the Atlantic sector of the Antarctic Ocean, D. eleginoides
has been caught mainly around South Georgia and Shag
Rocks as by-catch in otter-trawls and, since 1989, tar-
geted in the longline fishery. Total allowable catches of
this resource have been established annually by
CCAMLR from 1991 onwards resulting in reported
catches in the range of 650–7,600 tonnes (SC-CAMLR
2003). The general knowledge of the biology of this
species is useful for the development of stock assessment
methods necessary for fishery management.

In the Atlantic and Indian Antarctic sectors the dis-
tribution in depth of D. eleginoides ranges from 70 m to
1,500 m (Fischer and Hureau 1985). Juveniles are more
pelagic and are mainly distributed down to a depth of
400–500 m ; adults are demersal and inhabit deeper
waters, down to maximum depth. The larger specimens
caught reached around 215 cm total length (DeWitt
et al. 1990). Sexual maturity in males and females is
reached mainly at total lengths of 70–90 cm (7–11 years)
and 90–100 cm (9–12 years), respectively (Zhivov and
Krivoruchko 1990). Spawning takes place during au-
tumn–winter (Duhamel 1981; Zhivov and Krivoruchko
1990). Around South Georgia, early stages of D. elegi-
noides from eggs to post-larvae were caught in summer
between December and January (Efremenko 1983).

From a number of publications on the diet of
D. eleginoides in its area of distribution, several are
referred to the South Georgia and Shag Rocks region
(Tarverdiyeva 1972; McKenna 1991; Garcı́a de la Rosa
et al. 1997; Pilling et al. 2001; among others). This study
aims to provide new information on the diet of Pata-
gonian toothfish in these regions, focusing the attention
on juvenile stages.
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Materials and methods

Samples were obtained during the survey of the R/V Dr
Eduardo L. Holmberg around South Georgia and Shag
Rocks from 20 March 1996 to 9 April 1996 (Fig. 1). The
survey was organised and sponsored by the Instituto
Antártico Argentino in conjunction with the Instituto
Nacional de Investigación y Desarrollo Pesquero. It was
planned principally to estimate the biomass of Cham-
psocephalus gunnari in the area; sampling was conducted
during daylight from 7:00 h to 19:00 h along random
transects. The net used is a copyright design of Engel
Netze. Its main dimensions are: headline, 35.3 m; mesh
sizes: wings, 200 mm; body, 100 mm and codend
25 mm. The target was a 15-min haul on the bottom.
Complete data of the stations and fishing operations are
given in Marschoff et al. (1996). The entire catch of 353
D. eleginoides specimens was processed. The stomach
were frozen on board at �30�C and later examined at
the Instituto Antártico Argentino. The gonad matura-
tion stage was determined immediately after capture,
according to a five-point scale (Kock and Kellermann
1991). Basic information on sampling stations and fish
examined is summarised in Table 1.

The diet analysis was done using the frequency of
occurrence of each prey item expressed as a percentage
of all the stomachs with food (F%) and by the dietary
coefficient ‘‘Q’’, which is the product of the percentage
by number and the percentage by weight of each prey
type (Hureau 1970).

The use of frequency of occurrence presents short-
comings and advantages, but usually this procedure is
used because it allows quick comparison among the
results of similar diet studies (see Kock et al. 1994).
However, this method does not discriminate among the
number or weight of organisms of single prey items,
indicating only ‘‘presence’’ or ‘‘absence’’ and therefore is
very sensitive to small amounts of prey. The coefficient
‘‘Q’’ gives a more consistent measure of the importance
of each prey type in the diet, as it combines numeric and
weight data. According to this method, prey are classi-

fied as main (Q>200), secondary (200>Q>20) or
occasional food (Q<20).

The index of stomach fullness was evaluated
according to a five-point scale: 0 (empty), 1 (1/4 full), 2
(1/2 full), 3 (3/4 full), 4 (full).

The length compositions (Total length=TL) of the
fish are expressed in 5-cm intervals.

Results and discussion

The length composition of D. eleginoides caught during
the survey is summarised in Fig. 2. Almost 90% of the
fish were caught around Shag Rocks, where the length
distribution showed a predominance of sizes in the range
30–50 cm with a peak at 40–45 cm. The mean length was
44 cm and only 1.2% of the specimens were larger than
70 cm. From the point of view of sexual maturity, most
of the fish (94%) were immature or at an early stage of
development (stages 1 and 2), whereas the remaining
(6%) was at stage 3. The ratio between males and
females was close to 1:1. The specimens from South
Georgia (24 females, and 11 males) predominated in the
sizes 60–70 cm with a mean of 64 cm. Eight fish (23%)
were larger than 70 cm. Similarly to Shag Rocks,
most fish (68%) were at maturity stages 1 and 2, 32% at
stage 3.

The known bathymetric distribution of D. eleginoides
indicates that, in general, fish lengths increase with
increasing depth. The dominance of smaller sizes in the
samples from Shag Rocks might be due to differences in
fishing depth, since in this region the stratum from
250 m to 500 m was not sampled due to the difficulty to
find suitable grounds for trawling.

All these data showing that the material collected
consisted chiefly of small immature individuals are in
agreement with reported information on length at
maturity of the species at South Georgia, i.e. 70–100 cm
(Zhivov and Krivoruchko 1990; Konforkin and Kozlov
1992). It is to be expected that mainly the juveniles are
caught on the shelves.

Fig. 1 Sampling stations of
D. eleginoides around Shag
Rocks and South Georgia
Islands

638



The results of the stomach content analysis by fre-
quency of occurrence and dietary coefficient ‘‘Q’’ show
that demersal fish was by far the main food at Shag
Rocks and South Georgia (Fig. 3). Fish occurred in
about 70% of the stomachs analysed, and in 63% as sole
prey. Krill (Euphausia superba) appeared as secondary
prey, although its importance was overestimated by the
frequency of occurrence method. This problem was
evident in the analysis of data of a previous Holmberg
survey in 1994, in which the importance of krill in the
diet of the mackerel icefish C. gunnari was overestimated
by the frequency of occurrence, when compared with
Hureau’s method (Barrera-Oro et al. 1998).

The occurrence of cephalopods (both, octopods and
squids) and mysids in the diet was very low and only at
Shag Rocks and South Georgia, respectively. The
importance of these items appeared as negligible by the
index of Hureau (1970). The presence of other taxa was
found as negligible (F% <0.5) and therefore not con-
sidered in the following discussion.

Among the fish prey, the species identified included
Nototheniidae [Lepidonotothen kempi, Gobionotothen
gibberifrons and Gobionotothen marionensis (=N. an-
gustifrons)], Channichthyidae (C. gunnari and Chaeno-
cephalus aceratus) and Muraenolepididae (Muraenolepis
microps). In 49% of the stomachs containing fish
material, this was too digested to be identified as to the
species level.

Lepidonotothen kempi, C. gunnari and C. aceratus
constituted the main fish prey of D. eleginoides and
their variability between Shag Rocks and South

Georgia depended on their local abundance (Fig. 4).
An example is C. aceratus, with greater consumption at
South Georgia reflected in its higher presence in the
catches at this area (88% and 9% of the stations at
South Georgia and Shag Rocks, respectively). Gobio-
notothen marionensis occurred in the stomachs occa-
sionally at Shag Rocks and G. gibberifrons and M.
microps secondarily at South Georgia. These last fish
preys appeared as less important or even negligible
according to the coefficient ‘‘Q’’.

In previous studies, piscivory has also been indicated
as predominating in juveniles and adults D. eleginoides
(Duhamel and Pletikosic 1983; McKenna 1991; Garcia
de La Rosa et al. 1997; Pilling et al. 2001; Goldsworthy
et al. 2002; Arkhipkin et al. 2003) and D. mawsoni
(Yukhov 1971; Pakhomov and Tseytlin 1992; Fenaughty
et al. 2003) at all depths in their entire area of occur-
rence. Although demersal fish was reported as the main
prey of D. eleginoides in the South Georgia region, the
presence in the diet of pelagic prey species of the family
Myctophidae was also indicated in samples taken from
around a depth of 200 m (Zhivov and Krivoruchko
1990; Konfortin and Kozlov 1992; Garcı́a de la Rosa
et al. 1997). In this study, myctophiids were not repre-
sented in the diet of D. eleginoides . This could be at least
in part due to the high percentage of stomach contents
with fish in advanced stage of digestion (49%), which
made taxonomic identification difficult, resulting in a
considerable number of fish remaining unidentified.

The high percentage of stomachs full or in degree 3 of
repletion (together 62%) indicates that feeding intensity
of D. eleginoides was high (Fig. 5). This finding agrees
with the observation of Garcı́a de la Rosa et al. (1997)
on juvenile specimens caught at similar depths (around
200 m) in the South Georgia region (83% of full stom-
achs).

The stomach fullness analysis showed 29% of empty
stomachs (30% and 26% at Shag Rocks and South
Georgia, respectively) (Fig. 5). These proportions are
very low in comparison to those observed in samples
collected by longlines, which are normally higher than

Table 1 Details of sampling stations and fish processed

Area No. of
stations

Depth (m) No. of
stomachs

Length
range

Range Mean Examined Empty TL (cm)

Shag Rocks 7 118–244 156 318 95 30–115
South Georgia 12 116–283 211 35 9 30–103

Total length (cm)
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Fig. 2 Length-frequency
distribution of D. eleginoides
around Shag Rocks and South
Georgia Islands
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90% and are indicated as being caused by the sampling
method (Konforkin and Kozlov 1992; Pilling et al.
2001). The scarce amount of stomachs in degrees 1–2 of
repletion (together 9%) in comparison with the large
amount of stomachs full (38%) or in degree 3 (24%),
raises some doubts on the proportion of empty stomachs
estimated in this study. As it happens in large scale in the
longline fishery, it is possible that a fraction of the fish

caught by trawls vomits due to pressure changes or
stress during net operations.

Although the present study deals mostly with juvenile
D. eleginoides specimens and the diet analysis was done
on sexes combined, information from trawling samples
in the literature indicate no differences in diet and
feeding intensity between males and females in the same
area (Garcı́a de la Rosa et al. 1997).
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Fig. 5 Index of stomach
fullness in D. eleginoides around
Shag Rocks and South Georgia
Islands
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Fig. 3 Comparative analysis of the diet of Dissostichus eleginoides
by frequency of occurrence (F%) and dietary coefficient ‘‘Q’’ (%)
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Fig. 4 Incidence of fish as prey of D. eleginoides

640



Conclusion

The stomach content analysis of D. eleginoides by fre-
quency of occurrence and coefficient ‘‘Q’’ methods
simultaneously gave a more complete picture of the
importance of prey items in the diet. Present results
agree with those reported in the literature for similar
depth ranges around Shag Rocks and South Georgia,
indicating that fish was the main prey, followed by krill.
Differences between areas in the fish species consumed
depend on their local availability. Not unexpectedly,
other invertebrates like cephalopods, mysids, shrimps,
crabs, etc. as well as mesopelagic fish of the family
Myctophidae were not or scarcely eaten, since they are
common preys at depths deeper than 500–600 m (Kon-
forkin and Kozlov 1992; Zaitsev 1995).
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