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Abstract. The diet of the South Georgia shRlgalacrocorax georgianuat Laurie Island, South

Orkney Islands, was studied by the analysis of 420 pellets (regurgitated casts) collected from the 1995
to 1999 breeding seasons. Demersal-benthic fish were by far the main prey, followed by molluscs
(mainly octopods and bivalves) and polychadtsspagifer antarcticugin 1995, 1998, 1999) and
Lepidonotothen nudifrond 996, 1997) were the most frequent prey, followe&bpionotothen
gibberifronsor Trematomus newnesil. antarcticus followed byL. nudifronsor T. newnesiwas the

most numerous prey in all of the seasons and predominated in mass in 1995 and 1996, followed by
Notothenia coriicepandL. nudifrons In 1997 and 199%. gibberifronsandN. coriicepswere the

species that most contributed to the diet whelkeariicepsandH. antarcticuscontributed most in

1998. Our results differ from those reported for the South Orkney Islands in previous studies. These
differences could be due to the use of different diet-analysis methods and to shags-related and/or
fisheries-related changes in the food availability around the colonies. These alternative explanations
are analysed and discussed.

Introduction

The South Georgia shaBHalacrocorax georgianQdreeds at South Georgia, Shag Rocks and at the
South Sandwich and South Orkney Islands (D8@2. The total population estimated for this last
archipelago is approximately 2,000 breeding pairs (N. Cobley, unpublished work, quoted in Rootes
N. Coria, unpublished data) distributed in colonies of up to 770 pairs.

Several studies carried out at South Georgia deal with the foraging behaviour of this shag. Wanless
and Harris[{993 and Wanless et reported on the daily foraging activity and the extension

of the foraging areas of breeding individuals. Croxall efl@9% and Wanless et a[I§99

considered the diving behaviour of this shag whereas Kato [&D8B) @nalysed sexual differences in



diving patterns and performance. Despite this information, few authors have reported on the
composition of the diet of the South Georgia shag. Wanless @088 @nd Wanless and Harris
observed thaP. georgianusat South Georgia forage mainly on bottom-living species, fish

being the commonest prey, followed by octopods, polychaetes and crustaceans. However, these
authors do not provide information on the species ingested. Few studies provided information on the
diet of shags breeding at the South Orkney Islands (Conroy and T{i6K@&sShaw1984 Casaux et
al.[19979 and, although from occasional or few samples, all of them reported that thifathenia
coriicepswas the main prey.

Commercial fishing in the South Orkney Islands region (FAO Statistical Subarea 48.2) started in the
1977/1978 season. A total of 250,263 t of finfish was caught until the closure of the fisheries in the
area in the 1990/1991 season, but most of the catches were fished during the first 3 years of
exploitation (KocKL993. Champsocephalus gunnamonstituted the bulk of the catches (187,898 t)
whereas 2,888 t and 38,821 t\ifrossiiandGobionotothen gibberifronsere taken, respectively.
However, as reported by Ko, the catches of Piscasi (approximately 9,691 t, excluding
Channichthyida@ei and Myctophida@ei) probably consisted mostly &f. gibberifrons As reported

for Kerguelen Island (Duhami@B90 and the South Shetland Islands (Barrera-Oro and Marschoff
[199)), it is to be expected that the fisheries had affected the structure of the fish community around the
South Orkney Islands, but there is not enough information available to corroborate this hypothesis
and/or evaluate trends in fish populations.

Given that shags are opportunistic feeders (Craven ar{@#38% Keller[1999 and that the fish
represented in their pellets (regurgitated casts) agreed, even in relative numbers, with those regularly
sampled by means of trammel-nets (Casaux and Barreia998) the Commission for the
Conservation of Antarctic Marine Living Resources (CCAMLR) considered that, among other
parameters, the analysis of the diet of these birds could help to monitor trends in coastal-fish
populations, mainly those of commercial interest sudl.asssiiandG. gibberifrons(SC-CAMLR

[1999. Thus, in this study, we provide new information on the fish species represented in the diet of
the South Georgia shag, obtained from the analysis of pellets collected during five consecutive
breeding seasons at Laurie Island, South Orkney Islands, to improve the knowledge of the foraging
behaviour of this bird, and give advice on changes in the abundaNceassiiandG. gibberifronsin

the area.

Materials and methods

The diet of the South Georgia sh&y georgianusat South Orkney Islands was studied by the
analysis of 420 pellets (regurgitated casts) collected at Pirie Peninsula, close to Orcadas Station (60°42

! S, 44°3¢ W) at Laurie Island, during the chick-rearing period of the 1995/19984( hereafter
1995), 1996/1997nE226, 1996), 1997/1998€54, 1997), 1998/199077, 1998) and 1999/2000
(n=39, 1999) breeding seasons.

The pellets found in active nests were collected in separate polythene bags, and at the laboratory were
dried at 60°C and sorted into prey classes, up to the lowest taxonomic level possible, using a binocular
microscope. The otoliths present in the samples were identified, where possible, to species using
descriptions and illustrations in HediB8?) and Williams and McEldownefi890, and by

comparison with our own reference collection. The otoliths belonging to each species were sorted into
right and left, the most abundant being considered as the number of individuals from that species
present in the sample. The otoliths were measured in length (to 0.01 mm), to calculate the size and
mass of the specimens, applying the equations in H&88#( Williams and McEldowneyi@90 and

Casaux et al[l098. For the fish and shag species, we followed the nomenclature given in Gon and



Heemstraf990Q and Orta[{9939), respectively.

Results

The overall composition of the diet of the South Georgia shag was similar in all of the years
considered. Fish were by far the main prey, followed by molluscs (mainly octopods and bivalves) and
polychaetes (Tabld 1).

Table 1. Composition of the diet of the South Georgia sRhglacrocorax georgianuas reflected by

the analysis of 420 pellets collected in 5 consecutive breeding seasons at Laurie Island, South Orkney
Islands. Diet is described by percentage frequencies of occurfgad number%). Sampling

sizein parentheses

1995 =24)| 1996 (=226) 1997 (=54)| 1998 (=77)| 1999 (=39)

F% [N% |F% N [F% |[N% [F% |N% |[F% |N%
Fish 100.0 96.8 100.0 93.2 100.0 92.5 100.0 93.2 100.0 |91.3
Octopods 625 16 673 3.0 53/]7 56 546 50 48.7 (6.8
Bivalves 70.8| 0.6 443 24 130 08 130 05 51 04
Limpets 83| 0.1 21| 00 - - - - - -
Snails 708/ 01 2974 05 19 01 6p 02 154 11
Squids - - 04| 0.0 - - 1.3] 0.0 - -
Polychaetes 25.0 0.2 186 03 185 08 52 D.2 - -
Brachiopods - - 40| 05 37 o083 78 09 51 04
Crustaceans - - 2.2 0.0 - - 26 01 26 Q1
Algae 1000 - | 70.8 -] 296 -| 338 - 615

A total of 38,925 otoliths was found in the samples and represented 25,080 fish; 11,898 of them were
identified to species; 52.6% of the fish represented in the samples (13,182 individuals) remained
unidentified as the otoliths were broken or too eroded, but mainly due to the fact that most of them
belonged to early stages of nototheniid species, presumigdstyatomuspp.

Fish belonging to the families Nototheniidae and Harpagiferidae dominated in the diet whereas those
from the families Channichthyidae, Bathydraconidae, Artedidraconidae and Myctophidae were
scarcely representedarpagifer antarcticugin 1995, 1998, 1999) andepidonotothen nudifrongn

1996 and 1997) were the most frequent prey, followe@ hyibberifronsor Trematomus newnesi
(Tablg 2) H. antarcticus followed byL. nudifronsor T. newnesiwas the most numerous prey in all of
the years and predominated in mass in 1995 and 1996, followdddoyiicepsandL. nudifrons In

1997 and 1999%. gibberifronsandN. coriicepswere the species that most contributed to the diet by
mass whereds. coriicepsandH. antarcticuscontributed most in 1998.

Table 2.Fish represented in the diet of the South GeorgiaBhatacrocorax georgianuas reflected
by the analysis of 420 pellets collected in 5 consecutive breeding seasons at Laurie Island, South
Orkney Islands. Diet is described by percentage frequencies of occuFéticengmber %) and

mass 1%). The number of fish represented in the pellets each year is preisepaeentheses



1995 (2924) | 1996 (16725)| 1997 (1713)| 1998 (3030) 1999 (688
F% |N% |[M%|F% |N% |M%|F% |N% |M%|F% |N% |M% F% |N% | M%

Nototheniidae
G. gibberifrons | 70.8| 1.8/ 7.9 61.

3.8 7.9 66.7 10.6 33.9 67.5 11.8 13.6 61.5/14.1| 38.3

Ol

L. larseni 29.2| 09| 3.7 257 14 1) 260 31 32 325 25 B2 128|1.0]01
L. nudifrons 75.0| 4.2 16.0 854 9.4 138 70.4 15.6 15.0 ¥5.3 16.1 15.1/59.0/17.4 6.9
L. squamifrons | - - - 104 00| 02 - - - - - - - - -

N. coriiceps 37.5] 0.9 19.1 49.1 1.8 28,0 48.1 2.6 20.1 50.7 2.5 B2.4|59.0| 7.9|38.0
N. rossii - - - 12200 06 56 02 24 - - -/ 51 03 3|0
T. bernacchii 42 0.0| 01/ 3.1 01 03 938 04 07 208 0.8 2.2 256 |22 |24
T. eulepidotus | 4.2 | 0.0| 0.4| - - - - - - - - - - - -

T. newnesi 79.2| 46| 15.7 70.8 4.7 10.1 46.3 44 8.2 442 28 |58 23.1|25( 15
T. scotti - - - - - - 119 01 0.6/ - - - - - -

Harpagiferidae

H. antarcticus | 87.5| 16.8 36.8 79.2 247 36.8 63.0 18.0 14.7 83.1 31.9 (26.7|69.2 30.2 9.2

Channichthyidae
C. wilsoni - - - - - 119|011 0.3 - - - - - -
C. gunnari 42 | 0.0| 0.3 - - - - - - - - - - - -

C.
rastrospinosus

Bathydraconidae

P. charcoti - - - 113,00/ 03 19 01 06 6.1 02 22 -+

v

Artedidraconidae

P. scotti - - - - - - 119 01 0.1 - - - - - -

Myctophidae

P. normani - - - 104 00| 0.0 - - - - - - - - -
Unidentified 100.0 70.9 -| 934 540 -+ 90.7 448 |- 87.8 37.7 |- V1.8 24.4| -

The length of the fish consumed varied in the different years (AN®Ayps7=185.2,P<0.00001).

The largest fish were ingested in 1999 (Newman-Ké&4#8,0001) whereas the smallest ones were
ingested in 1995 (Newman-KeuRs0.0001) (Tablg¢]3). Within species, there were also significant
differences in the length of the fish eaten in the different years; the largest specitdensrateps
(F4‘498=7.4,P<0.0001),H. antarcticus(F476112=95.6,P<0.000001)G. gibberifrons(F4‘1325:47.0,

P<0.00001) andL.epidonotothen larser{F 4 414=26.5,P<0.000001) were ingested in 1999 whereas
the largest.. nudifrons(F 4 257¢=15.6,P<0.000001) and. newnes(F 4,1097~101.0,P<0.000001)
were ingested in 1995 and 1998, respectively.



Table 3. Total length (mean in centimetres, standard deviation and range) of the fish represented in the
diet of the South Georgia shBfyalacrocorax georgianuas reflected by the analysis of 420 pellets
collected in 5 consecutive breeding seasons at Laurie Island, South Orkney Islands. The number of
fish considered each year is presentegarentheses

1995 (851) 1996 (7694) 1997 (945) 1998 (2072) 1999 (520)
Mean‘ Sd Range Me%n #D Range M%an ‘SD Range I‘%ea% SD Range ‘Mebn SD Range

Nototheniidae

G. gibberifrons | 8.8 | 4.1 3.5-24.y 8.7 37 0.3-30|8 115 5.5 4.8-30.2 10.4| 27 47183 |144 8.1 3.3-358
L. larseni 9.3 /3.2 5.0-16.4 7.7 18 4.0-192 89 16 6.9-1r.5 10.1/09 7.5{11.3 |99 12 7.4-10.8
L. nudifrons 8.8 | 2.0 47-131 7.8 2/0 3.9-145 812 1.7 51-129 84 |15 44132 |86 15 55125
L. squamifrons | - - - 221 - - - - - - - - - - -

N. coriiceps 11.5| 5.7 1.2-20.2 13.8 5[8 0.2-26.5 13.2 4.2 54-22.1 15.8/ 50 5.7t259 |16.6 5.6 2{4-29.9
N. rossii - - - 18.7| 2.4 16.1-21.0 19.0 5/1 13.3-28.1 - - 23.7 16.1 19.4-8.0
T. bernacchii 95| - - 10.5| 3.2 7.8-21.9 114 25 8.7-159 13.8 |1.0 12.115.8 (3.1 3.0 8.3-18.6
T. eulepidotus | 11.9| - - - - - - - - - - - - - -

T. newnesi 6.4 13 4.7-11.2 7.1 10 48-1210 85 09 6.7-11.9 8.7 |12 6.24106 |8.0 1.3 6.1-10.6
T. scotti - - - - - - 13.1| 0.0 13.1-13.1 - - - - - -

Harpagiferidae
H.antarcticus | 6.1 | 0.6 4884 65 0/ 42-101 60 06 5386 69 05 5888 |69 05 5781
Channichthyidae

C. wilsoni - - - - - - 16.3| - - - - - - - -

C. gunnari 176| - - - - - - - - - - - - - -

C.
rastrospinosus

Bathydraconida¢e

P. charcoti -

Artedidraconidae

P. scotti -

Myctophidae
P. normani - - - 54 /0.1 5.3-55 - - - - - - - - -
Overall 70|23 12247 7.4 15 0.2-30.8 8,8 3.5 4.8-30.2 85| 29 4.4:27.6 |10.04 54 24-35.8

N

Discussion

As reported by Wanless et 41909 and Wanless and Harr[$993 for South Georgia, and by Shaw

and Casaux et a[L9979 also for the South Orkney Islands, demersal-benthic fish, followed by
invertebrates such as octopods, polychaetes and crustaceans, were the main prey of the South Georgia
shags considered in this study.

Conroy and Twelve§l@73 reported that the only shag-stomach content sampled at the South Orkney
Islands contained a single coriicepsspecimen (formerly known &¢otothenia neglec)awhereas by

the analysis of 84 regurgitated food samples, Si#84 observed that at this locality this fish was

the main prey, followed byrematomuspp. andN. rossii Recently, Casaux et provided

new information on the diet &f. georgianust the South Orkney Islands, based on the analysis of 29
stomach contents collected throughout the breeding season. These authors also obshrved that



coriicepswas the most important prey, followed DynewnesandL. nudifrons Although in our

study the analysis of pellets indicated tNatoriicepswvas the main prey in 1998Bl. antarcticus

dominated in the diet in 1995 and 1996, &djibberifronsdominated in 1997 and 1999. Several
hypotheses are suggested to explain the differences between our findings and those from previous
studies: (1) analysis of different types of samples, (2) biased results in our study due to a large number
of unidentified fish, (3) shags-related changes in the food availability around the colony, and (4)
fisheries-related changes in the food availability.

Casaux et al[l097H[1998 and Casaufi@98 compared results from pellets with those from stomach
contents and from stomach contents and regurgitated food samples collected simultaneously. It was
reported that the food spectrum observed in pellets was slightly wider than those observed in stomach
contents and regurgitated food samples. This may be explained by a higher number of foraging trips
represented per pellet (four to seven foraging trips per pellet, Casak@@ 7). compared with

those represented in stomach contents or regurgitated food samples (one foraging trip per sample).
There were also quantitative differences in the diet reflected by the different type of samples; e.g. the
importance oH. antarcticusin the diet as reflected by the analysis of pellets is usually higher than
when estimated by the analysis of stomach contents and/or regurgitated food samples. Thus, at least
partially, hypothesis (1) probably explains the differences observed with previous studies. Mainly in
1995 and 1996, but also in the other years, a high number of the fish represented in the samples
remained unidentified, chiefly due to the fact that the otoliths belonged to early stages of nototheniid
species, presumablrematomuspp. Hypothesis (2) does not explain the differences with previous
studies since, if we consider the unidentified fisfi@snatomuspp., the composition of the diet in

this study remains markedly different from that reported previously. Considering that Casaux and
Barrera-Oro[1999 observed experimentally that the structure of the population of a fish with a

marked site fidelity likeN. coriiceps(Barrera-Oro and Cas may be affected by a constant

catch rate, it is probable that in subsequent years shags deplete the stocks of sedentary fish around the
colonies (see also Birt et Leopold et afL998. Thus in order to perform a high prey catch rate

it is probable that the shags forage proportionally on different prey species annually and/or alternate
the feeding areas, which may explain the low importanéé& obriicepsin the diet mainly during

1995, but also during 1996, 1997, 1998 and 1999, when compared with previous studies. Finally,
Duhamel [{990 and Barrera-Oro and Marschd#9@3) reported that the severe depletion of the

offshore reproductive stocks Nf rossiiandG. gibberifronsby the commercial fishery at Kerguelen

and South Shetland Islands resulted in a marked diminution of the inshore stocks. After the closure of
the fisheries, the continuous and/or incipient recovery of those inshore stocks are being observed
(Duhame[L994 Barrera-Oro et dR00@). Given that shags are opportunistic inshore feeders (see also
Craven and Left987 Keller[I1999), it is to be expected that the diet of the South Georgia shag reflects
such trends in the inshore fish populations, if they also occur at the South Orkney Islands.

Shaw [[989 provided information on the diet of the South Georgia shag obtained during the

1979/1980 and 1980/1981 breeding seasons, after the first 2 years of commercial exploitation in the
area when the bulk of the catches were already fished and the fisheries were considered not
remunerative (see Ko@@093 for review). Shaw reported thidt rossiirepresented 13.4% by mass

and thaiG. gibberifronswas absent from the diet of the South Georgia shag. Casau1&0aid (

reported that during the 1994/1995 breeding season,4 years after the closure of the fisheries in the area,
N. rossiiwas absent an@. gibberifronswas scarcely represented (1% by mass) in the samples
analysed. Casaux et suggested that the absence or low abundance of these two species in
the diet of the South Georgia shag was probably related to a decrease in the abundance of these fish
due to the fisheries in the area, a phenomenon also observed at South Georgia (Burchett and Ricketts,
personal communication, quoted in North efl@83, Kerguelen Island (DuhamB90 and the

South Shetland Islands (Barrera-Oro and Mars¢t@fl). In our samples\. rossiiwas only scarcely
represented in 1996, 1997 and 1999 whereas the importance by number (Spearn@nieést,



P<0.01) and mass%£0.87, n.s.) of>. gibberifronsin the diet tended to increase throughout the study
period, being the most important prey by mass in 1997 (33.9%) and 1999 (38.3%). If it is assumed that
the fish stocks were affected by the fisheries, and taking into account the historical data, our results
seem to indicate a recovery®f gibberifronsin inshore waters around the South Orkney Islands.

When our results were compared with those reported for the other shag species distributed in
Antarctica, the Antarctic shaB, bransfieldensigguantitative differences in the contribution to the

diet of the different fish species were observed. Interestingly, the importaNceaficepsandG.
gibberifronsin the diet of the Antarctic shag at the South Shetland Islands (Casaux and Barrera-Oro
Coria et alL995 Barrera-Oro and Casafi®96l) was markedly higher and lower, respectively,
than observed in this study. In contrast, the contributidb. @fibberifronsto the diet of the Antarctic

shag at a locality far away from the main fishing grounds such as the Danco Coast, Antarctic
Peninsula, was largely higher than that reported here (CasauR@d2\l. These findings support the
observations of Barrera-Oro et who reported that the present abundand@.afibberifrons

in inshore waters at the South Shetland Islands remains low, with the most likely reason for such
populational decrease being the commercial fisheries around the archipelago at the end of the 1970s.
Our results are also consistent with the suggestion of Casaux and Barrdi@@3 ¢hat in
non-commercially exploited areas and/or where avail&@hlgjbberifronscould be an important
component in the diet of these shags (i.e. the diet of this bird reflects changes in the food availability)
(see also Casaux et, one of the main assumptions supporting the use of shags to monitor
coastal fish populations.
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