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INTRODUCTION

The diet of the Imperial Cormorant or Blue-eyed Shag Phala-
crocorax atriceps has been usually studied by the analysis of
pellets or regurgitated casts (Schlatter & Moreno 1976,
Blankley 1981, Green et al. 1990a,b, Barrett 1991, Wanless
et al. 1992, Casaux & Barrera-Oro 1993, Barrera-Oro &
Casaux 1996). This method provides valuable information
with little effort in the field. However, due to erosion and
digestion of the otoliths in the gastrointestinal tract (Hartley
1948, Duffy & Laurenson 1983, Jobling & Breiby 1986,
Johnstone et al. 1990), the estimation of the number, length
and mass of the ingested fish is, at least for some species,
biased. Collection of stomach contents is a disturbing tech-
nique for both adults and chicks, and one that demands more
time in the field but, although also with some biases associ-
ated, better reflects qualitatively and quantitatively the diet.

In a feeding experiment on a captive Imperial Cormorant,
Casaux et al. (1995) provided preliminary correction factors
aimed at evaluating quantitatively the mass of fish ingested.
However, those factors were tested and shown to be some-
what high, probably because natural conditions were not
appropriately reproduced in the feeding trial (Casaux et al.
1997). Thus, the aim of this study is to provide new correc-
tion factors estimated for different periods and for the whole
breeding season by the comparative analysis of pellets and
stomach contents of Imperial Cormorants collected simul-
taneously at Nelson Island, South Shetland Islands,
Antarctica.

METHODS

The study was carried out in a colony of Imperial Cormorants
(120 nests) at Duthoit Point (62º18'S, 58°47'W), Nelson
Island, South Shetland Islands, Antarctica, from 1 December
1994 to 3 February 1995. The sampling design consisted of
three periods of four days each (Table 1); the pellets and
stomach contents were obtained during the first three days of
each period, whereas the remaining day was used for obser-
vations on foraging activity.

One hundred and twelve pellets (40, 40 and 32 in the three
periods, respectively) were collected in an undisturbed sector of
the colony by visiting marked nests (13, nine and nine nests in
each sampling period) every 12 hours. Prior to each sampling
period all old pellets were removed from the studied nests. All
pellets observed in those nests were collected every 12 hours.
The individuals sampled for pellet analysis were not included
in the stomach sampling. To estimate the mean number of pel-
lets produced daily per bird it was assumed that both males and
females have similar regurgitation rates. There was no evidence
of the existence of pellets regurgitated by chicks, therefore, we
assumed that all pellets came from adults. The pellets were dried
to constant mass at 60°C. Their contents were sorted into prey
classes under a binocular microscope. The otoliths (all sagittal)
were cleaned and identified where possible to species, using
descriptions and illustrations in North et al. (1984), Hecht
(1987), Williams & McEldowney (1990) and our own reference
collection. They were separated into right and left, the most
abundant being considered as the approximate number of fish
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A comparative analysis was carried out on stomach contents and pellets (regurgitated casts) of the Imperial
Cormorant Phalacrocorax atriceps collected throughout the breeding season at Nelson Island, South
Shetland Islands, Antarctica. This allowed an estimation of correction factors to compensate for the loss
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species both in mass and number. Observations of activity patterns showed that daily foraging trips per bird
increased in number but diminished in duration through the breeding season. These trends reflected the
increase in the chicks’ energetic demands.
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present by species in each pellet. Length in cm and mass in g
of these fish were calculated by means of equations estimated
from measurements of otolith length (OL). The equations were:

Notothenia coriiceps1

TL = –11.4918+11.31757*OL cm (n = 161)
Mass = 0.0032*TL3.4407+25.439 g (n = 501)

Harpagifer antarcticus1

TL = 3.268603+1.812654*OL cm (n = 124)
Mass = 0.954388+e(0.292596*TL–0.367153) g (n = 124)

Nototheniops nudifrons1,2

TL = 0.37+3.19*OL cm (n = 46)
SL = 33.78*OL0.96 mm (n = 11)
Mass = 4.01*10–7*SL3.81 g (n = 11)

Trematomus newnesi1

TL = 1.568699+4.166653*OL cm (n = 84)

Mass = 0.146477*TL2.127549 g (n = 77)
Gobionotothen gibberifrons 2

TL = 17.64*OL1,468 mm (n = 85)
Mass = 2.98*10–6*TL3.2 g (n = 78)

Pagothenia bernacchii 2

TL = 53.52*OL0.979 mm (n = 32)
Mass = 9.76*10–7*TL3.44 g (n = 20)

Electrona antarctica 2

SL = 31.42*OL1.109 mm (n = 19)
Mass = 1.08*10–5*SL3.05 g (n = 19)

Pleuragramma antarcticum 2

TL = 99.6*OL1.05 mm(n = 32)
Mass = 1.08*10–5*TL2.9 g (n = 41)

Notolepis coatsi 2

TL = 55.85*OL1.79 mm (n = 8)
Mass = 0.153*OL6.29 g (n = 6)

TABLE 1

Development stages of Imperial Cormorant chicks throughout the sampling periods at Duthoit Point, Nelson Island

Date Stage Chick mass (g) Chick age (d)*

Period 1 1–4 Dec 1994 Incubation – –
Period 2 22–25 Dec 1994 Early rearing 288, n=52, SE=55 9
Period 3 31 Jan–3 Feb 1995 Late rearing 2683, n=40, SE=73 42

* Estimated from M. Favero (unpubl. data).

TABLE 2

Fish species represented in the diet of the Imperial Cormorant at Duthoit Point as reflected by the analysis of
A: pellets; B: stomach contents

A: Pellets

Fish species Period 1 Period 2 Period 3 Total
F% N% M% F% N% M% F% N% M% F% N% M%

N. coriiceps 60.0 4.2 43.0 25.0 1.4 18.2 46.9 3.8 40.7 44.0 3.0 33.2
H. antarcticus 65.0 71.4 36.0 75.0 71.3 44.9 71.9 73.3 20.1 70.6 71.8 35.7
N. nudifrons 50.0 16.5 10.6 55.0 20.9 19.1 50.0 12.6 12.3 51.7 17.3 14.2
T. newnesi 45.0 5.6 7.2 40.0 4.0 6.4 50.0 8.1 11.0 45.0 5.6 7.8
G. gibberifrons 18.0 1.7 2.8 22.5 0.9 2.1 31.3 2.1 15.9 23.9 1.5 5.4
P. bernacchii 3.0 0.2 0.5 15.0 1.3 4.3 3.1 0.1 0.1 7.0 0.6 1.8
P. charcoti – – – 2.5 0.1 0.1 – – – 0.1 0.0 0.0
N. rossii – – – 2.5 0.2 5.0 – – – 0.1 0.1 1.9
P. antarcticum 2.5 0.2 0.1 – – – – – – 0.1 0.1 0.0
N. coatsi 2.5 0.2 0.0 – – – – – – 0.1 0.1 0.0
E. antarctica* 2.5 0.1 0.0 – – – – – – 0.1 0.0 0.0

B: Stomach contents

N. coriiceps 56.3 14.6 53.8 58.7 11.9 40.9 53.3 9.4 50.4 56.1 11.9 48.5
H. antarcticus 33.3 58.5 11.9 41.3 51.2 13.8 42.2 62.6 17.0 38.8 57.6 14.3
N. nudifrons 20.8 12.5 9.0 34.8 26.5 22.0 44.4 20.9 20.4 33.1 20.0 17.1
T. newnesi 25.0 11.6 13.1 17.4 7.9 12.8 8.9 6.0 8.0 17.3 8.5 11.2
G. gibberifrons 2.0 0.6 7.7 – – – 4.4 0.6 2.8 2.2 0.4 3.5
P. bernacchii – – – 2.2 0.3 1.7 2.2 0.3 1.3 1.4 0.2 1.0
P. charcoti 4.0 1.8 0.2 8.7 1.5 2.6 2.2 0.3 0.1 5.0 1.2 0.9
N. rossii 2.0 0.3 4.1 4.3 0.6 6.2 – – – 2.2 0.3 3.3

*Length estimated in standard length.
F%: Frequency of occurrence percent.
N%: Importance in number percent.
M%: Importance in mass percent.
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Notothenia rossii
TL = 66.14*OL1.2 mm (n = 34)
Mass = 1.77*10–6*TL3.38 g (n = 22)

TL: Total length
SL: Standard length
Mass: Fish body mass
1 Calculated using unpublished fish data from Potter Cove,
South Shetland Islands.
2 Taken from Hecht (1987).

Simultaneously with the pellet collection, 139 stomach con-
tents (46, 46 and 47 in periods 1, 2 and 3, respectively) were
obtained from birds returning to their nests from foraging trips
applying the ‘shaking’ technique used by Cooper (1985) and
Coria et al. (1995); individual birds were sampled only once
a day. When tested on Imperial Cormorants, this technique
proved to be as effective as stomach flushing (see Coria et al.
1995). To avoid biases due to sexual and/or daily prey and
predator differential activity, each sampling day was separated
in three time periods (08h00–12h00, 13h00–17h00 and
18h00–22h00 local time), obtaining a minimum of five
stomach contents per period. In the field, the samples were
wet-weighed and sorted into alimentary items. Fish total
length (to 0.1 cm) and mass (in g) were recorded. When the
specimens obtained were partially digested, the otoliths were
recovered and measured to calculate their size and mass by
applying the equations described above.

Each pellet and stomach content sampling period was comple-
mented with one day of continuous direct observations at five
to seven undisturbed nests, totalling 864 bird hours (336, 288
and 240 in the three periods, respectively) recording a total of
94 foraging trips. During incubation and early chick rearing,
the duration of the trips was used to distinguish foraging (mean
= 170 and 126 min, respectively) from other trips (e.g. gath-
ering nest material or bathing, mean = 7 and 10 min for both
periods). In the late rearing period, a foraging trip was identi-
fied when the birds returned to the nests and fed the chicks
immediately.

To compare results and calculate correction factors to compen-
sate for the loss and digestion of otoliths found in pellets and
to estimate more accurately the original fish mass ingested, the
mean mass of each fish species ingested daily per bird as
reflected by both methods (Msc, for stomach content; Mp, for
pellets) were estimated for each sampling period and for the
whole season. For such purposes, the relative importance by

mass of each fish species as reflected by the stomach contents
(RIsc = M%/100, see Table 2b), the mean fish mass in the
stomach contents (FMsc) and the daily number of foraging
trips (FT) were considered to calculate that value for stomach
contents (Msc = FMsc*RIsc*FT). Similarly, the relative
importance in mass of each fish species in pellets (RIp = M%/
100, see Table 2a), the mean fish mass per pellets (FMp) and
the mean number of pellets produced per day (NP) were used
for regurgitated casts (Mp = FMp*RIp*NP) (Tables 3 & 4).
The proportional difference between this pair of values is the
factor (CF) to be applied to the fish mass of each species
estimated from pellets (CF = Msc/Mp) (Table 4). Correction
factors to compensate the underestimation in number can be
calculated in an analogous manner.

RESULTS AND DISCUSSION

As has been widely reported for cormorants from other
localities (Schlatter & Moreno 1976, Blankley 1981,
Espitalier-Noel et al. 1988, Green et al. 1990a,b, Barrett
1991, Wanless et al. 1992, Casaux & Barrera-Oro 1995a,
Barrera-Oro & Casaux 1996) and also previously for Duthoit
Point (Casaux & Barrera-Oro 1993, Casaux et al. 1997),
pellet analysis showed that fish were the main prey of the
Imperial Cormorant. Molluscs and polychaetes followed in
order of importance (Table 5). A total of 3510 fish was
represented; 3125 were identified to 11 species: N. coriiceps,
H. antarcticus, N. nudifrons, T. newnesi, G. gibberifrons, N.
rossii, P. bernacchii, Parachaenichthys charcoti, P. ant-
arcticum, N. coatsi and E. antarctica. Harpagifer antarcticus
was the most important fish, both in frequency and mass,

TABLE 3

Data used in the estimation of correction factors: mean
fish mass per stomach contents (FMsc), number of daily

foraging trips (FT), mean fish mass per pellet (FMp),
and number of pellets produced per day (NP)

FMsc (g) FT FMp (g) NP

Period 1 213.4 1.7 310.1 0.51
Period 2 205.5 2.0 294.3 0.74
Period 3 221.8 4.6 225.3 0.59
Total period 213.6 2.8 280.2 0.60

TABLE 4

Correction factors (CF) estimated by comparison of the mean mass (g) of fish ingested daily per bird estimated from
stomach contents (Msc) and pellets (Mp)

Fish species Period 1 Period 2 Period 3 Total

Msc Mp CF Msc Mp CF Msc Mp CF Msc Mp CF

N. coriiceps 195.2 68.0 2.87 168.1 39.7 4.23 514.1 54.0 9.52 290.1 55.8 5.20
H. antarcticus 43.2 57.0 0.76 56.7 97.7 0.58 173.5 26.7 6.50 85.5 60.0 1.43
N. nudifrons 32.7 16.8 1.95 90.4 41.6 2.17 208.1 16.3 12.77 102.3 23.9 4.28
T. newnesi 47.5 11.4 4.17 52.6 13.9 3.78 81.6 14.6 5.59 67.0 13.0 5.15
G. gibberifrons 27.9 4.1 6.80 – 4.5 – 28.6 21.1 1.36 20.9 9.1 2.30
P. bernacchii – 0.8 – 7.0 9.3 0.75 13.3 0.1 133.0 6.0 3.0 2.00
P. charcoti 0.7 – – 10.7 0.2 53.50 1.0 – – – – –
N. rossii 14.9 – – 25.5 10.8 2.36 – – – – – –
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followed by N. coriiceps (Table 2a). The cormorants produced
a mean of 0.6 pellets per day, with an estimated mean mass of
fish per pellet of 280.2±185.1 g (Table 3).

The results obtained from stomach contents have been exten-
sively discussed by Favero et al. (1995). In agreement with
previous studies at Duthoit Point (Coria et al. 1995), stomach
content examination showed that fish constituted the bulk of
the diet, followed by molluscs and gammarids (Table 5). A
total of 1028 fish was recovered; 1019 were identified to eight
species: N. coriiceps, H. antarcticus, N. nudifrons, T. newnesi,
G. gibberifrons, N. rossii, P. bernacchii and P. charcoti.
Notothenia coriiceps was the most frequent and important in
mass, whereas H. antarcticus prevailed in number (Table 2b).
The mean mass of the stomach contents was 219.6±120.3 g,
with no significant differences between periods (F(df2,n131) =
0.453, P >0.5) (Table 3).

The analysis of the diet of the Imperial Cormorant by both
methods qualitatively showed similar results (see also Casaux
et al. 1997). The trophic spectrum observed in pellets was
wider than that reflected in the stomach contents, probably
because each pellet contains the remains of four to seven meals
(Casaux et al. 1997). As observed by Wanless et al. (1993) in
the European Shag Phalacrocorax aristotelis and as suggested
by Casaux & Barrera-Oro (1995b) for the Imperial Cormorant,
food loads carried to the nests by breeders are primarily for
their chicks and may not represent the whole prey spectrum of
breeding adults. Pellets seem to reflect more appropriately
both adult and chick diet (see also Harris & Wanless 1993),
which also would explain the differences observed. Not unex-
pectedly, some quantitative differences were observed, mainly
in the relative importance of fish species eaten. These differ-
ences can be partially explained by the second hypothesis
previously mentioned, but are also related to erosion by diges-
tion of otoliths found in pellets or their loss throughout the
gastrointestinal tract (see Jobling & Breiby 1986).

The number of daily foraging trips per bird averaged 1.7, 2.0
and 4.6 in the three periods, respectively (Kruskall-Wallis
Test, P <0.001) (see Favero et al. 1995) (Table 3). The

duration of the trips diminished significantly throughout the
season averaging 173, 126 and 91 min in the three periods
(F(2.71) = 5.979, P <0.01). These trends reflect the increase
of the chicks’ energetic demands throughout the breeding
season, and have been discussed in detail by Casaux &
Barrera-Oro (1995a) and Favero et al. (1995).

For most fish species, the correction factors estimated for the
third period were the highest (Table 4). Probably this could be
explained by the foraging behaviour of Greater Sheathbills
Chionis alba, which were associated with a nearby Gentoo
Penguin Pygoscelis papua colony but during this period also
preyed on fish remains available around the cormorant nests
and secondarily on pellets. As a consequence, some pellets
may have been ingested by the sheathbills from the studied
nests resulting in an underestimation of the mass ingested daily
per bird. The fact that the loads carried to the nests by breed-
ing Imperial Cormorants could primarily represent the chicks’
diet (Wanless et al. 1993, Casaux & Barrera-Oro 1995b)
whereas pellets seem to reflect more appropriately both adult
and chick diet (see also Harris & Wanless 1993), adds more
doubt in relation to the accuracy of the factors estimated for
the third period since they could compensate for the differ-
ences between chick and adult diet rather than for the loss and
erosion of otoliths represented in pellets. During period 1
(incubation) the cormorants were not feeding chicks thus, the
loads carried to the nest represents the adult diet and in con-
sequence pellets and stomach contents are fully comparable.
Something similar occurred during period 2 when chicks
(average nine days old, Table 1) ingested small amounts of
partially digested flesh and few otoliths were fed to them.
Thus, it is expected that the factors estimated for these periods
better compensate for the loss and erosion of otoliths in pel-
lets, especially when it is considered that the activity of
Greater Sheathbills in the cormorant colony during this time
was negligible.

In general, the correction factors calculated in this study were
lower than those obtained previously in a feeding trial on the
Imperial Cormorant (Casaux et al. 1995). The accuracy of
these factors was found to be somewhat high (Casaux et al.
1997), with the suggestion that they were biased because the
feeding experiment was conducted on a single captive bird
only, some of the fish species were scarcely used to feed the
cormorant and natural conditions were not appropriately
reproduced (Casaux et al. 1995). In contrast, the correction
factors presented here were estimated using a combined
methodology applied to a larger number of samples. As a
consequence it is expected that these factors can be used for
quantitative estimations of the mass of some of the benthic-
demersal fish species represented in the pellets of the Imperial
Cormorant.
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