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ABSTRACT: Analysis of food contents of 784 stomachs was made in 5 species of
fishes of the family Nototheniidae: Notothenia coriiceps neglecta. Notothenia rossi marmf-
rata, Notothenia nudifrons, Trematomus newnesi and Pleuragramma antarcticum. In the food
of the first two of the mentioned species benthic forms predominated and among them
Amphipoda were a decidedly preferred component. The composition of the food of
N. nudifrons indicates that they feed at the bottom of the sea, the most preferred compo-
nent of their diet, however, were pelagic Salpae. T. newnesi and P. antarcticum are
characterized by a typically pelagic kind of food. The comparison of food composition
and the values of the stomach fullness indices in N. coriiceps neglecta, N. rossi mar-
morata and T. newnesi in the summer and winter seasons shows a markedly higher
feeding intensity in the summer.
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1. Introduction

In the Admiralty Bay (King George Island) the occurrence of over 40
species of fishes was recorded. The families Nototheniidae and Chanmchthyzdae
were represented by the greatest variety of species. The representatives of No-
totheniidae predominated also in respect of their numerousness (Rembiszew-
ski, unpublished materials).

Food composition of the species under examination was the subject of

*) This paper was prepared on the basis of the materials collected during the First and
Fourth Antarctic Expeditions within the MR-II-16 Project of the Polish Academy of
Sciences.
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a series of publications in the past years. The dietary habits of Notothenia
coriiceps neglecta Nybelin were investigated by Arnaud and Hureau (1966)
in the regions of Terre Adélie; Hureau (1970) in the vicinity of Ker-
guelen Islands; Richardson (1975), Permitin and Tarverdieva (1978)
in the regions of the South Orkney Islands; Showers, Daniels and
Laine (1977) at Arthur Harbour (Anvers Island).

The food habits of Notothenia rossi marmorata Fischer were most tho-
roughly investigated in the regions of South Georgia (Olsen 1954; Permi-
tin 1970; Latogurskij 1972; Tarverdieva 1972; Linkowski and Rem-
biszewski 1978). Permitin and Tarverdieva examined the food of
Notothenia nudifrons Lonnberg in the regions of South Georgia (1972) and
the South Orkney Islands (1978). Studies on the food habits of Trematomus
newnesi Boulenger cover the regions of Alasejev Bight (Rakusa-Suszczew-
ski and Piasek 1973) and the South Orkney Islands (Richardson 197%)
and of Pleuragramma antarcticum Boulenger — the regions of Bransfield Strait
(Rembiszewski, Krzeptowski and Linkowski 1978 and the South
Orkney Islands (Permitin and Tarverdieva 1978).

‘This study constitutes one of the stages of a larger thematic cycle de-
voted to identification of fish species and determination of trophic depen-
dence of fishes and cephalopods of the shelf and epi- and mesopelagic
Antarctic waters with particular regard to Admiralty Bay. The results obtai-
ned from qualitative analysis of food composition make possible the deter-
mination of food preferences of the investigated fish species.

2. Material and methods

The analysed material was collected at Admiralty Bay (King George
Island) in winter 1977 and the summer 1979/1980. The range of total length
of investigated species, number of the analysed stomachs, date, fishing gear
and approximate depth of catches, are given in Table I.

Gill nets were set out in the evening and caught fishes were collected
next morning. Catches with pelagic trawl were carried out exclusively by
night and the depth of catches was determined by triangulation on the
basis of the length and the angle of the hauling wire. Beam trawl (beam
length 1 m) was used in daytime. Fishes caught by means of traps — set
without bait — were also used for food analyses. The fishing methods
employed in winter season were described by Zukowski (1980).

Immediately after the capture fish specimens were measured (total body
length) and their stomachs were preserved in 4% formalin. The analysis of
stomach contents was made as follows: the content of a slit stomach was
washed out with water into a fine mesh (0.25mm) screen. The food
components of the stomach contents were determined to general taxonomic
groups and in some cases to species. The identified material was dried on
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filter paper for about two minutes and=weighed on torsion balance (wet
weight) with an accurracy of 0.01 g (0.001 g in the case of the food of
P. antarcticum). The methods of food analyses and the presentation of the
results are after the Hureau (1970) method, recommended by SCAR
(Anon. 1979). The results are presented in tabular form using the follow-
ing indices:

N,
V — coefficient of emptiness (V = Ne -100'?{;)

Wi

I — index of stomach fullness (1 = -100‘?/;,)

N

N;
f—frequency of occurrence of each prey ( e )
N,
C,— percent of diet by number of each prey (C“, = N” '100‘7£,)
p
C, — percent of diet by weight of each prey (Cp s .100(;,:,)

QO — dietary coefficient (Q = C,-C),)
where:
N, — number of empty stomachs in given species,
N, — total number of stomachs of that species examined,
W,. — wet weight of stomach contents of an individual,
W, — wet weight of that individual,
N; — number of individuals of a species containing prey .,
N, — number of prey individuals taken from that species,
W; — total weight of prey taken from a species,
W,. — total weight of stomach contents in that species.
The dietary coefficient estimates the importance of the various groups
found in the food of a fish:

Q0 >200 — preferential preys,
20 < Q <200 — secondary preys,
1 <Q <20 — accidental preys.

In the calculations of the dietary coefficient (Q) stones and parasites
found in the stomachs were not taken into account. This index does not
show the importance of algae in the food of fishes. Due to the difficulties
in an objective determination of the quantity of this component in the food
the quantity of Algae =1 was accepted for each stomach where they were
present.

3. Results

The contents of 684 stomachs from 5 species of fishes of the family
Nototheniidae were thoroughly examined. The characteristic of food compo-
sition in various species is as follows:
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Table I

Samples of Notothenia coriiceps neglecta, Notothenia rossi marmorata, Notothenia nudifrons,
Trematomus newnesi and Pleurogramma antarcticum used for the stomach contents analysis

Range of total

Number

Approxima-

Species g length of exami- of examined Date ted depth of Eishing
2 ned fishes (cm) stomachs catch (m) gear
Notothenia 27.5—30.5 2 17 Jul. 77 10—15 hooks
coriiceps neglecta 30.5 1 15 Jul. 77 10—15 5
29.0—-34.0 3 16 Jul. 77 10—15 .
26.0—39.0 24 18 Jul. 77 10—15 ’
5 24.5—37.0 6 13 Aug. 77 10—15 %
] 23.0—36.5 16 18 Aug. 77 10—15 ’
3 23.0—32.5 8 29 Aug. 77 10—15 %
270 1 08 Sep. 77 10—15 ’
22.5—35.0 15 09 Sep. 77 10—15 .
24.5—36.5 8 15 Sep. 77 10—15 5
19.0—45.0 16 23 Sep. 77 10—15 '
38.0—42.0 6 17 Dec. 79 30 gill nets
37.0—45.0 5 21 Dec. 79 50 ’
32.5—44.5 15 22 Dec. 719 60 ’
5 38.5—39.5 2 30 Dec. 79 100 5
£ 31.0—38.5 8 04 Jan. 80 50 ’
5 275 1 07 Jan. 80 5 .
22.0—38.5 19 08 Jan. 80 40 ’
28.0—44.5 9 12 Jan. 80 40 5
30.5—44.5 35 20 Jan. 80 40—60 ’
36.5—49.0 10 22 Jan. 80 40—60 5
Notothenia 19.0—28.5 E 13 Jul. 77 10—15 hooks
rossi marmorata 22.5—-295 7 15 Jul. 77 10—15 i
21.0—33.5 22 16 Jul. 77 10—15 .
21.5—-30.5 23 18 Jul. 77 10—15 35
& 19.0—31.0 20 13 Aug. 77 10—15 »
=1 25.5—36.0 12 18 Aug. 77 10—15 ”
S 18.5—34.0 29 29 Aug. 77 10—15 -
18.0—31.5 8 08 Sep. 77 10—15 -
19.0—32.5 15 09 Sep. 77 10—15 53
14.5—30.5 22 15 Sep. 77 10—15 '
21.0—-34.5 16 23 Sep. 77 10—15 i3
32.0—-41.0 3 17 Dec. 79 30 gill nets
28.0—36.0 4 21 Dec. 79 50 i3
23.0—-34.5 15 22 Dec. 79 60
o 31.5—-35.0 2 28 Dec. 79 60 ’
£ 285375 4 04 Jan. 80 50 .
2 24.5—35.5 38 08 Jan. 80 40 51
26.5—31.5 14 12 Jan. 80 40 ”
24.0—36.0 2 20 Jan. 80 40—60 s
31.0—33.0 3 22 Jan. 80 40—60 s
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1 2 3 4 5 6
Notothenia 9.5—20.0 10 07 Jan. 80 60—90 traps
nudifrons 5 7.0—15.0 2 12 Jan. 80 60—90 5
g 7.5—13.0 5 19 Jan. 80 90 beam trawl
5 45-130 5 23 Jan. 80 70100  ,
6.5—13.0 22 14 Feb. 80 120 ” ”
8.0—16.0 1 20 Feb. 80 60 5 5
Trematomus 5 19.0 1 03 Aug. 77 10—15 hooks
newnesi = 16.5—20.0 8 13 Aug. 77 10—15 »
2 145-225 3 18 Aug. 77 10—15 .
14.0—18.0 20 23 Jan. 80 70—100 beam trawl
- 9.5—13.0 2 14 Feb. 80 70 5 %
£ 12.5 1 18 Feb. 80 150 & 5
E 125145 3 21 Feb. 80 150 w o
@ 8.0—15.0 3 29 Feb. 80 30 - »
16.5 1 01 Mar. 80 130 5 5
Pleuragramma 8.9—11.9%) 6 11 Jan. 80 0—100 pelagic trawl
antarcticum 11.2 1 19 Jan. 80 0—50 55
- 12.3—12.7 2 20 Jan. 80 0—50 »
g 10.8—14.3 14 07 Feb. 80 0—150 55
g 10.8—14.2 10 18 Feb. 80 0—150 .
* 10.4—11.9 2 21 Feb. 80 0—150 5
10.7—12.6 26 24 Feb. 80 0—150 »
104—14.3 46 29 Feb. 80 0—150

*) P. antarcticum total length denotes Standard Length

Notothenia coriiceps neglecta (210 specimens collected in the winter and
summer seasons).

In the region under investigations the presence of 9 age-groups (from 4
to 12 years) of N. coriiceps neglecta was found (Linkowski and Zukowski
1980). All the examined stomachs of this species contained food. The com-
position of the food of N. coriiceps (Tables II and III) indicates that this is
a benthophagous species.

In the winter season Amphipoda (Q = 3465.2) were the preferential com-
ponent of the food. Very often the examined stomachs were filled almost
exclusively with these tiny crustaceans. Representatives of the families Ly-
sianassidae and Eusiridae — Cheirimedon femoratus, Bovallia gigantea and
Pontogeneiella sp. — were consumed first of all; less frequently: Hippomedon
kergueleni, Eurymera monticulosa, Orchomene plebs, Waldeckia obesa and
others. An approximate evaluation of the quantitative distribution of various
species of Amphipoda in the food of N. coriiceps neglecta shows predomi-
nance of Cheirimedon femoratus, Pontogeneiella sp., Hippomedon kergueleni
and Bovallia gigantea. Amphipoda made up 82.9°, of the total number of the
devoured animals and algae and 41.6";, of their total weight.
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Table II
Diet composition of Notothenia coriiceps neglecta (winter)

Food item Na N / C. i) G 0
Algae 83 83 0.83 1.0 18.49 5.5 5.5
Polychaeta 97 45 0.45 1.1 15.85 4.7 52
Euphausiacea 39 14 0.14 0.5 3:22 0.9 0.5
Amphipoda 6798 97 0.97 82.9 141.71 418 3465.2
Isopoda
Glyptonotus sp. 15 11 0.11 22.63
Serolidae 44 15 0.15 0.8 7.80 9.0 7.2
Other 7 5 0.05 0.06
Gastropoda 218 47 0.47 2.7 12.72 3.8 10.3
Bivalvia
Laternula elliptica 1 1 0.01 23 1.40 0.5 1.2
Other 190 29 0.29 ’ 0.42
Cephalopoda 4 4 0.04 0.1 - 16.91 5.0 0.5
Salpae 542 65 0.65 6.6 18.92 5.6 37.0
Pisces 54 47 0.47 0.6 76.02 22.4 13.4
Various
Nemertini 6 6 0.06 1.00
Hirudinea 2 2 0.02 0.02
Copepoda 2 2 0.02 0.02
Bryozoa 6 6 0.06 L4 0.17 0.8 12
Ascidiacea 1 1 0.01 0.01
Eggs 95 18 0.18 1.49

N; — number of individuals of the species containing prey i
N ; — number of individuals of prey i taken the species
f—frequency of occurrence of each prey

W, — total weight of prey taken from the species

C — percent of diet by number of each prey

C, — percent of diet by weight of each prey

Q — dietary coefficient

In winter only salps (Q = 37) belonged to the group of secondary preys.
They made up 6.6, of total number of components and 5.6%, of the total
food weight.

On the basis of the values of the dietary coefficient all other com-
ponents of the diet must be regarded as accidental food of this species.
However, it is worthy of notice that some of them appeared in the food
quite often (e.g. Algae — f = 0.83, Gastropoda and Pisces —f = 0.47, poly-
chaetes — f = 0.45) or made up a considerable percentage of the total food
weight (e.g. Pisces — 22.4°,, Isopoda — 9°). The occurrence of stomachs filled
almost exclusively by one or several fishes or by one or several isopods —
Glyptonotus antarcticus was observed frequently.

In the summer season the highly preferred food components of N. coriiceps
neglecta were Amphipoda (Q =1714.3) and Salpae (Q = 268.5). Among
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Table III
Diet composition of Notothenia coriiceps neglecta (summer)

Food item N.i*) N; S/ G Wi(g) G Y
Algae 86 86 0.78 0.5 282.40 19.4 9.7
Polychaeta 48 19 0.17 0.3 25.44 1.8 0.5
Euphausiacea
Euphausia superba 110 15 0.14 0.6 25.19 18 11
Unidentified 6 6 0.05 ’ 0.96 ’ ’
Amphipoda 14140 99 0.90 79.0 315.41 21.7 1714.3
Isopoda
Glyptonotus sp. 6 4 0.04 13 63.53 8.5 11.1
Serolidae 220 32 0.29 ’ 60.12 ’ -
Gastropoda 125 32 0.28 0.7 17.21 1.2 0.8
Bivalvia
Laternula elliptica 7 5 0.05 63.22

: i 8.
Other 1752 31 0.28 e 25.01 60 258 |
Salpae 1334 106 0.96 7.5 519.58 35.8 267.5
Pisces 17 15 0.14 0.1 51.57 35 0.4
Various
Scyphozoa 1 1 0.01 0.19
Nemertini 6 4 0.04 2.62
Hirudinea 1 1 0.01 0.02
Ostracoda \ 2 1 0.01 0.01
Tanaidacea 3 1 0.01 0.02

5 3 0.1
Pycnogonida 1 1 0.01 02 0.24 0
Bryozoa 5 5 0.05 0.25
Cephalopoda 1 1 0.01 0.57
Ascidiacea 8 4 0.04 0.51
Eggs 11 5 0.05 0.32

*) explanations see Table II

amphipods making up 797 of the total numbers and 21.7% of the total weight
of the eaten animals and algae — Pontogeneiella sp. and Hippomedon ker-
gueleni occurred most frequently and in greatest numbers. Cheirimedon femo-
ratus, Bovallia gigantea, Eurymera monticulosa and Waldeckia obesa were
observed much less frequently and in much smaller numbers. The most fre-
quently observed component of food of the fishes caught in summer were
salps (f = 0.96). Despite of relatively low percent frequency of occurrence
of this prey (C, = 7.5) they made up as 35.8%, of the total weight of the
examined food.

The value of the Q coefficient suggests that bivalves can be considered
secondary preys for this species (Q = 58.8). A detailed analysis of very
numerous small Bivalvia (2—3 mm diameter of the shell), however, showed
that in the greater part these were remains of dead animals (empty shells)
occurring in the stomachs of fishes most often together with gravel and
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fine stones. Fragments (mostly siphons) of Laternula elliptica, though not
very numerous, constituted an important part in the total food weight.

In the accidental prey (Q <20) the presence of a wide range of animals
was observed, among them the most frequently occurring and most nume-
rous were Isopoda of the family Serolidae, tiny gastropods, polychaetes and
krill. As regards the C, values Isopoda (Glyptonotus antarcticus and Seroli-
dae made up 8.5, and Pisces 3.5%, of the weight of all the components.
Very often (f = 0.78) remnants of algae were found in the stomachs, making
up 19.4% of the total weight of food.

The above observations show that there are little differences between
the composition of N. coriiceps neglecta food in summer and winter. In
spite of the changes in the structure of predominance of Amphipoda species
they are always in the group of highest preference. In the summer an
increased number of pelagic animals (Salpae and Euphausiacea) is observed
in food composition. Also, the variety of accidental food is greater (repre-
sentatives of Tanaidacea, Ostracoda and Pycnogonida were found in the
stomachs only in summer) and there is a markedly increased participation
of the fragments of algae in the total weight of food contents. A decrease in
the ratio of the weight of Amphipoda and Pisces to the total weight of
food was observed.

The comparison of the indices of stomach fullness 7, (Table IV) shows
a much higher feeding intensity of N. coriiceps neglecta in the summer
season.

Table IV

Mean values of the index of stomach fullness for the
examined fish species in the winter and summer seasons

Index of stomach fullness (%)

Species -
winter summer
N. coriiceps neglecta 0.88 1.55
N. rossii marmorata 0.71 1.50
N. nudifrons no data 1.71
T. newnesi 1.22 2.37
P. antarcticum no data 0.63

Notothenia rossi marmorata (263 specimens collected in the winter and
summer Seasons).
~ The examined fishes belong to the group of the so-called “fiord fish”,
i.e. young individuals living in the littoral zone. In the Admiralty Bay the
presence of fishes aged from 3 to 7 years was observed (Linkowski and
Zukowski 1980). Food was found in all examined stomachs. Just as in
the preceding species benthic forms predominate in N. rossi marmorata food
(Tables V and VI). '
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Table V
Diet composition of Notothenia rossi marmorata (winter)

Food item N,:*) N; / G Wi(®) S Q
Algae 96 96 0.54 1.5 4385 1.5 2.3
Polychaeta 461 87 0.49 7.0 42.26 13.5 94.5
Euphausiacea
Euphausia superba 2 2 0.01 0.67
Unidentified 39 22 0.12 0 1.09 0.6 24
Amphipoda 4111 167 0.94 62.1 73.33 234 1453.1
Bivalvia 470 26 0.15 71 2.21 0.7 5.0
Salpae 951 116 0.65 144 30.11 9.6 138.2
Pisces 109 86 0.48 1.7 143.65 458 779
Eggs 320 57 0.32 48 3.92 1.2 5.8
Various
Nemertini 6 4 0.03 1.24
Hirudinea 1 1 0.01
Isopoda 27 20 0.11 421
Bryozoa 3 3 0.02 0.22
Gastropoda 15 15 008 08 2.58 = —
Chaetognatha 1 1 0.08
Ascidiacea 4 4 0.02 3.32

*) explanations see Table II

Table VI
Diet composition of Notothenia rossi marmorata (summer)

Food item N.i*) Ni f C, Wi(g) G [
Algae 49 49 0.58 1.2 23.33 3.5 42
Polychaeta 4 4 0.05 0.1 9.04 1.3 0.1
Euphausiacea
Euphausia superba 36 5 0.06 1.0 8.86 13 13
Unidentified 3 3 0.04 ’ 0.19 3 ’
Amphipoda 2943 71 0.84 75.6 84.84 1217
Bivalvia 3 1 0.01 0.1 23.90 35 0.4
Salpae 817 81 0.95 21.0 290.38 433 909.3
- Pisces 24 19 0.22 0.6 228.55 29.3 17.6
Various
Nemertini 1 1 0.01 0.04
Isopoda 4 4 0.05 043
Bryozoa 1 1 0.01 D4 0.02 02 0.1
Gastropoda 9 5 0.06 0.97

T explanations see Table 11
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In the winter season Amphipoda (Q = 1453) were the decidedly preferred
food component. They made up 62.1° of the total numbers of all the compo-
nents of the diet. Among them the most often occurring were: Cheiremedon
femoratus, Bovallia gigantea, Pontogeneiella sp. and Hippomedon kergueleni.
As regards numerousness tiny Cheirimedon femoratus were predominant.
N. rossi marmorata food was considerably diversified by willingly eaten
salps, fishes and polychaetes (secondary preys). Animals belonging to these
groups were found in more or less the half of the examined stomachs.
A very high percentage of Pisces in the total weight of the analysed food -
is noteworthy (predominance — 45.8°/). Among the animals eaten accidentally
(Q <20) there were: Isopoda of the genus Serolis, tiny snails and bivalves
and pelagic forms (Euphausiacea and Chaetognatha). Tiny fragments of algae
(f =0.54) and eggs of unidentified animals were found frequently.

In the summer season high preference for Amphipoda and Salpae was
observed; Amphipoda made up 75.6°, of the total number of food compo-
nents, whereas Salpae as much as 43.3% of their total weight. Among amphi-
pods most frequently found and most numerous were: Hippomedon kergueleni
and Pontogenciella sp. The presence of Cheirimedon femoratus, Eurymera
monticulosa, Bovallia gigantea and Waldeckia obesa was observed as well.
Pisces were also eaten rather willingly; they made up a fairly high percentage
(29.3%) of the total weight of the food. All the identifiable remnants of
fishes contained in the food of N. rossi marmorata belonged without doubt
to Notothenia gibberifrons. The remaining, occasional components had very
little participation in food composition. Among them most important (mainly
as regards their share in the total weight of the food) were algae, Eup-
hausia superba and polychaetes.

The comparison of the indices of stomach fullness for N. rossi mar-
morata in the winter and summer seasons indicates higher feeding intensity
in summer. Also the composition of the diet in the compared seasons is
markedly different. A considerably increased preference for salps in the sum-
mer and for fishes and polychaetes in the winter is noteworthy. In spite of
the decreased number of Amphipoda in food composition in summer they
remain just as in winter the dominant component of the diet. Only the
structure of species composition of the eaten amphipods is changed, that is
most probably connected with different feeding grounds in various seasons.

Notothenia nudifrons (62 specimens collected exclusively in the summer
season). .

This species occurred at a markedly greater depth than the two species
described above. All the examined stomachs of N. nudifrons contained food.
A high percentage of benthic forms in food contents (Table VII) indicates
that they feed at the bottom of the sea. The most preferred component
of the diet, however, were pelagic salps, making up 41.9%; of the total number
of components and 70.7%, of the food weight. The observations carried out in
























