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ABSTRACT. A small collection of otoliths was obtained from scats of sub-adult male
Antarctic fur seals Arctocephalus gazella at Bird Island, South Georgia. A reference
collection of otoliths from South Georgia fish was used to identify the material and to
derive relationships between otolith length and fish weight which were then applied
to the sample otoliths, after correcting for loss of material during digestion.

The pelagic icefish Chamsocephalus gunnari was the main prey, in terms of
numbers (55%) and weight (76% ) of fish consumed. Other species taken include the
lantern fish Gymnoscopelus nicholsi. the nototheniids Notothenia rossit, Notothenia
gibberifrons, and Patagonotothen larseni and Pseudochaenichthys georgianus. The
estimated mean weight of the C. gunnari specimens was 160 g (range 45-560¢) and
most were young adults aged 3-5 vears: individuals of other species were mainly
much smaller.

Individual scat samples contained remains which represented a weight of
80-2000 g of fish, and in all but one case a single species accounted for over 80% of
this. Fish formed a very small portion of the fur seals’ diet in summer. The fish taken
were mainly epi-pelagic, krill-feeding species. This is in line with the diet and diving
patterns of A. gazella which feeds principally on krill in the upper water layer, and it
is likely that the seals take fish from shoals associated with krill. Studies of otolith
digestion rates and more data on relationships between otolith length and fish weight
would greatly improve the future analysis in similar studies.

INTRODUCTION

Seals are important top predators in most marine ecosystems and especially so in
the Southern Ocean (Laws, 1977). However it is diffcult to obtain appropriate
samples with which to study their diet quantitatively and, partly for this reason,
estimates of their impact on prey stocks are very provisional.

Information on the composition of their diet results mainly from examination of
stomach contents of animals collected, often when hauled out at their breeding sites.
Usually only a small proportion of these animals have food remains in their stomach.
Quantitative assessments also depend on the material present being representative
of the material orginally ingested.

A common bias is the overestimation of the importance of squid because their
hard. keratinous beaks accumulate in the stomachs of predators (Clarke, 1980).
including Antarctic seals (Clarke and MacLeod, 1982a, b: Lipinski and
Woyciechowski, 1981). A second bias is probably underestimation of the importance
of fish, as this is the most rapidly digested of prey types taken by seabirds (Croxall
and Prince. 1980a: Prince a. b), and identifiable hard parts (eg, otoliths) are small
and probably pass out in the faeces.

Considerable use has been made of otoliths to determine the age of fish (Bagenal.
1974) and it is known that the otoliths of different species tend to have charactenstic
shapes and structures which may permit identification of the fish when only otoliths
are available (Yukhov, 1971). A few studies have identified fish prey from otoliths in
seal scats (Anderson and others, 1974: Pitcher, 1980 and references therein).
However, it should be possible to derive information on the age, length and weight of

Br. Antarct. Surv. Bull. No. 61, 1983, pp. 27-3

27




28 NORTH, CROXALL AND DOIDGE

the fish taken by predators if standard relationships between otolith size and these
parameters can be developed. Few such relationships exist for any fish (see Frost and
Lowry, 1981 and references cited) and none for Antarctic species.

We report here the results of a preliminary attempt to study the fish eaten by
Antarctic fur seals Arctocephalus gazella at Bird Island, South Georgia, by analysing
the otoliths present in their faeces in conjunction with a reference collection of
material from fish caught at South Georgia. Although Antarctic fur seals mainly eat
krill Euphausia superba, fish has been recorded in their diet (Bonner. 1968) but its
nature and importance is unknown.

METHODS

Collection of samples

The original sampling objective was to collect randomly 50 scat samples per month
from the vicinity of the fur seal breeding beaches. The samples collected from
November 1982 to March 1983 contained only remains of krill: after December
samples likely to contain fish (i.e. of whitish-grey colour) were actively sought. Six.
such scats were collected in February and one each in January and March, all from
tussock grassland behind the beaches, areas almost solely populated by sub-adult
(aged about two to six years) male seals.

Each sample was individually washed through sieves, the finest with a mesh
diameter of 0.5 mm. All otoliths were removed. dried and then stored in filter-paper
packets within labelled envelopes for further analysis at Cambridge. Special care was
taken to extract the smallest otoliths and it is unlikely that any were overlooked.

Analysis of reference material

The reference set of otoliths (sagitta) was made using specimens removed directly
from freshly caught fish and stored dry. They were drawn using a binocular
microscope with a drawing tube. Maximum (anterior—posterior) length in the sagittal
plane was measured from the drawings and converted into true length. Relationships
between length and fish weight were investigated by fitting linear (least squares)
regressions to the log-transformed data. The relationships, which are of the form Y =
aX”, where Yis the fish weight in g. X'the otolith length in mm and a (intercept) and b
(slope) the regression coefficients, are illustrated for three species in Figs. 1-3. The
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Fig. 1. Log-log relationship between fish weight and otolith length in ¢ hampsocephalus gunnari.
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Fig. 2. Log-log relationship between fish weight and otolith length in Notothenia rossii.
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Fig. 3. Log-log relationship between fish weight and otolith length in Patagonotothen larseni. 1. Value
derived from data in Targett (1981).

egression statistics are summarized in Table I and indicate good correlation

‘;etwcen otolith length and fish weight in all cases. For other species, measurements
were only available from otoliths longer than those in the seal samples. Approximate
fish weights were obtained for these by extrapolating assumed log-linear
length-weight relationships.

Table I. Regression coefficients (+ one standard deviation) and correlation coefficients of relationships
between otolith length (mm) and fish weight (g).

Sample Log Correlation
size Stope Intercept infercept coefficient
Species (n) (h) (a) (loga) (r)

Champsocephalus gunnari 24 4.048 = ).453 3.087 0.490 +0.221 (.88
Notothenia rossil 28 3.549 +10.263 4.205 0.624 =0.112 0.97

Patagonotothen larseni 5

3 7%

2.735 £0.259 0.635 0.198 =0.132 .99
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Analysis of samples

The dried otoliths from the scat samples were identified by comparison with the
reference material and drawn and measured as described above. The measurements
of length, however, need to be corrected for the reduction in otolith size due to
digestion during their passage through the seal’s gut. There are few quantative data
on this subject. Prime (1979) investigated the digestion of otoliths from four species
of gadoid fish fed to the common seal Phoca vitulina. For otoliths between 1.28 and
2.38 mm in width, digestion was between 15 and 50% of width with a mean of 38.5%.
The morphology of the otoliths from fur seals was compared with that of undigested
material and the amount of digestion assessed. Champsocephalus gunnart otoliths
appeared to have lost 10-20% of their length whereas the less dense nototheniid
(Patagonotothen, Notothenia) types, were about 15-25% digested. In view of the
subjective nature of these estimates it is assumed here that otoliths of all fish species
had lost 20% of their length and measurements were corrected accordingly. This
value is appreciably lower than in common seals which may reflect that gut retention
times in otariid seals are much shorter than the 16 h recorded by Prime (R. Gentry,
pers. comm. ).

Fish have a pair of sagittal otoliths, which are used for identification purposes.
Therefore the estimates of the number and total weight of fish eaten were divided by
two, although both otoliths would not necessarily be presentin the same scat sample.

Ages were estimated by comparison with otolith dimensions of aged fish in the
reference collection and by using data on size-age relationships from Olsen (1955)
and Kock (1981, 1982).

REsuLTS

The identification and measured (uncorrected) lengths of all 92 otoliths collected
are given in Appendix 1, together with estimates of the corrected and uncorrected
weight and age of the fish from which they derive.

Some otoliths from nototheniid fish could only be assigned to a species group
rather than positively identified to species. In Appendix 1 these are recorded under
the name of the species which they most resemble. They were combined with
material of that species for estimation of weight and age. The N. gibberifrons
aggregation (agg.) includes N. rossii and N. hansoni; the P. larseni agg. includes N.
nudifrons and N. angustifrons.

Thirteen otoliths could not be identified to species or species-group. One belonged
to the genus Notothenia. Ten certainly (and possibly an eleventh) belonged to a
single taxon (Species A), which is presently unidentifiable. The weight c.\lim;nc\.
derived for these are very provisional.

The composition of material from all samples combined (Table IT) emphasises the
importance of Champsocephalus gunnari, which contributes 55% of the otoliths and
76% of the estimated weight consumed. Of the other species only Gymnoscopelus
nicholsi (see Hulley, 1981: also known as G. aphva, McGinnis, 1982),
Patagonotothen larseni (formerly Notothenia larseni, Andersen and Hureau, 1979),
and Species A contribute more than 10% of the otoliths and none of these makes a
really significant contribution by weight.

In estimating the weight of the fish taken the importance of allowing for the effect
of digestion is demonstrated by comparing the values for corrected and uncorrected
weights in Table I1. Thus a 20% reduction of otolith length results in a 230%
underestimate of the overall weight of the fish taken. including a 250%
underestimate for C. gunnari alone.
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Table I1. Composition. by numbers and estimated weight, of the fish eaten by Antarctic fur seals.

Estimated weight”

Otoliths Uncorrected Corrected t
Species n % g % g %
Champsocephalus gunnari 51 55.4 1662 71.5 4100 76.0
Patagonotothen larseni 12 13.0 108 4.7 199 3.7
Notothenia gibberifrons 3 33 11 4.8 203 3.8
Notothenia rossii 1 1.1 112 4.8 249 4.6
Gymnoscopelus nicholsi 10 10.9 54 2.3 83 1.5
Notothenia hansoni | 1.1 16 0.7 32 0.6
Pseudochaenichthys georgianus 1 1.1 5 0.2 14 0.3
Species A 10 10.9 250 10.8 S00 9.3
Other unidentified 3 33 8 0.3 15 0.3
Total 92 2326 5395
. * Divided by two on the assumption that two otoliths from each fish were present.

T Allowing for 209 of otolith length lost by digestion

The uncorrected length distribution of the otoliths from the seal scats (Fig. 4)
shows that those of C. gunnari span a smaller size range than otoliths of the other
species. In contrast the distribution of the estimated weight of fish taken (Fig. 5)
shows that the C. gunnari were significantly heavier than other fish. The average
corrected weights of the three important species are given in Table IT1. The only fish
taken of comparable size to the C. gunnari were one N. gibberifrons (272 g) and one
N. rossii (497 g). The C. gunnari eaten were mainly 3-5 years old (range 2-10 years),
the G. nicholsi were less than 3 years old and the large N. gibberifrons and N. rossii
were 7-10 and 4 years old. respectively.

Despite the overall dominance of C. gunnari it is not the most important species in
every sample (Table IV). of which seven out of eight samples were dominated by a
single species of fish. Sample 8 was anomalous in that all three fish species taken
were equally important, and two of them were not represented in any other sample.

In each individual scat sample the otolith remains were estimated to represent
80-1993 g of fish (mean 675 g £ 636). Fur seals need to eat about 17% of their body
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Fig. 4. Length distribution of otoliths from Antarctic fur seal samples. Unshaded, Champsocephalus
gunnari, stippled, all other species.
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Fig. 5. Distribution of estimated corrected weight of fish taken by Antarctic fur seals. Unshaded
Champsocephalus gunnart: stippled, all other species. The range of weight of known age
specimens of €. gunnari is shown by the horizontal bars.

weight per day (Kooyman and others. pers. comm. from unpublished data). so
2-5-year-old males weighing 30-60kg (Payne, 1979) require 5-10kg of food each
day. The fish contents of the scats represented between 1% and 40% (meanc. 109%)
of their daily requirement.

I'able [11. Estimated corrected weight of fish taken by the Antarctic tur seal

Number Weight (g)
ol
Species otoliths

Champsocephalus gunnari 1
Paragonotothen larseni 12
Gymnoscopelus nichols: 10

I'able IV. Composition of fish prev in individual fur seal scat samples .

Weight Percent

Sample of fish by weight

no (gl Main preyv species of sample Other species

1112 Champsocephalus gunnari 95.9 Notothenia hansoni
Patagonotothen larseni
S06 Champsocephalus gunnari 83.5 Patagonotothen larseni
Pseudochaenichthys geor CIanus
243 Notothenia gibberifrons j Patagonotothen larseni
1993 Champsocephalus gunnari
454 Champsocephalus gunnari
80 Patagonotothen larseni
164 Champsocephalus gunnari
844 Species A Notothenia rossi

Gymnoscopelus nicholsi
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Discussion

On the evidence of this small collection of otoliths, the pelagic icefish
Champsocephalus gunnari 1s the most important element of the fish diet of
sub-adult male Antarctic fur seals at South Georgia during the summer. C. gunnari
matures sexually at age 3 years unlike many other Antarctic fishes which do not
mature until age 5-8 years (Everson, 1977). Therefore it is mainly young adults that
are taken by seals. C. gunnari and P. larseni are both epi-pelagic and feed
predominantly on krill (Permitin and Tarverdieva. 1978: Targett, 1981); P.
georgianus is also epi-pelagic but the myctophid lanternfish G. nicholsi may also be
mesopelagic (McGinnis, 1982) although it is often found with krill swarms in
sub-surface waters (Rembiszewski and others, 1978). The other fish taken are chiefly
bentho-demersal (Burchett and others, 1983) but may sometimes feed on krill
(Permitin and Tarverdieva, 1978; Linkowski and Rembiszewski, 1978).

During the summer female fur seals at South Georgia feed almost exclusively on
mature krill (Bonner, 1968; Croxall and Prince, 1980). Their diving patterns reflect

.w diurnal vertical migration of krill, most feeding being during shallow dives at

ight when much krill is between the surface and 30 m depth, although daytime dives

to 100m are recorded (Croxall and others, in press). If diving patterns of young

males are similar it is not suprising that their main fish prey should be epi-pelagic,

krill-feeding species and likely that they opportunistically take fish which are

associated with krill swarms. The data on the composition of individual scats suggest
that they mainly encounter single-species fish schools.

Foraging activities of breeding female fur seals are probably confined to the South
Georgia continental shelf and shelf slope areas (Croxall and others, in press). If
young males feed in similar areas the virtual absence from the diet of N. rossii, the
most common nearshore fish species at South Georgia (Burchett, 1983). is perhaps
surprising. As sub-adult males are at sea for longer periods than breeding females
they may lead a more pelagic existence. Alternatively the predominantly benthic
habit of N. rossii and the recent reduction in abundance of this species (Burchett and
Ricketts, pers comm.), may make it less suitable prey for fur seals.

In summer the level of seal predation on fish stocks. even that of C. gunnari, must
be very low, with so few scats containing fish remains. However, male fur seals,
especially immature individuals, are increasingly common around South Georgia
during the winter (P. GG. Copestake, P. A. Prince, pers. comms.), and the colour of
their faeces in early spring (August—-September) suggest that fish are present in at
least 50% of scats (Prince, in Osborne, 1983). Therefore predation by seals might be

factor in the population dynamics of C. gunnari which is also heavily fished

Sahrhage, 1979; Kock, 1981). In winter fur seals may be more significant fish
predators of C. gunnari. which forms large nearshore spawning aggregations in April
and May (Olsen, 1955), and perhaps N. rossii.

Fish are a much more important component in the diet of other species of fur seal.
The Cape fur seal Arctocephalus pusillus feeds mainly on fish, by volume chiefly
maasbanker Trachurus trachurus (59%) and pilchard Sardinops ocellata
(19%)(Rand, 1959). The diet of the New Zealand fur seal A. forsteri comprises 53%
squid and 42% fish by weight, 80% of which is barracouta Thyrsites atun (Street,
1964). The Northern fur seal Callorhinus ursinus in the eastern North Pacific takes
18% squid and 82% fish by modified volume, mainly herring Clupea harengus and
salmonids Oncorhynchus spp. (Perez and Bigg, 1981) though walleye pollock
Theragra chalcogrammea is the main prey in the eastern Bering Sea in summer (Perez
and Bigg, in press). Fish dominate the diet of C. ursinus off California (Kajimura,
1981) with Pacific whiting Merluccius productus and anchovy Engraulis mordax
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predominating. The one element in common with the present study is that all these
are surface fish and the seals are believed to prey on them mainly at night (Street,
1964, Kajimura, 1981).

This preliminary study has shown that analysis of otoliths excreted in faeces can
provide quite detailed quantitative information on the composition of the fish in the
diet of seals. Additional data, however, would appreciably improve subsequent
analyses. First, experimental investigations of the digestion rates of otoliths are
required, as estimates of fish weights are very sensitive to changes in otolith length.
Second, much more extensive reference collections are needed to refine statistical
analyses of the relationship between otolith size, fish length and weight. Third,
methods for estimating the rate of production of facces and relating their
composition to that of ingested material are required. although good correlation
between stomach and faecal content has been reported for common seals (Pitcher,
1980).
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APPENDIX

Details of fish eaten by Antarctic fur scals
Column 1: Otolith length/mm.

Column 2: Estimated weight/g — uncorrected
Column 3: Estimated weight/g — corrected

Column 4: Esumated age/vears

NVotes

1. Aged using data from Kock (1981, 1982) and Chojnacki and Palczewski |

Aged using data from White and North (1979)
3. Aged using data from Burchett (in press b)
1. A single weight estimate, applied to all specimens, was der

It is probably a slight overestimate

Sample no. 1. 10 January 1983

" L)
Cnampsocephalus gunnari

2.05 57 139 —4 $.57
2.19 '4 182 4
219 74 182 4
2 12 65 160 34
.50
219 74 182 4
ol : 6.25
1.90 42 102 3 !
1 07 19 1 54
1.9 18 119 4
2.05 57 139 34
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Sample no. 2, 4 February 1983 6
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Notothenia
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1
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Notothenia sp
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Sample no. 5, 12 February 1983 Sample no. 8. 8 March 1983

Champsocephalus gunnari Gymnoscopelus nicholsi

196 21

—_——
C h ka2

166 34 14
160) < 2 10
139

88
111
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o da

Sample no. 6. 15 February 1983
Pataconotothen larseni ago. )
= o S Notothenia rossii
46 84 -
3 22 Q7
12 "y i 24 19
8] Iﬁ
19 Species A
13
5 weight estimates®
50 g (uncorrected)
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Sample no. 7, 21 February 1983 100 g (corrected)

Champsocephalus gunnari
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20
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