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Abstract Knowledge of the feeding ecology of a species at
local level is fundamental to determine the relationship
between the fluctuations in local marine resources and
population dynamics of predators. In this study, we
examined the diet of Adélie penguins (Pygoscelis adeliae)
during the créche stage at the Stranger Point colony, South
Shetland Islands, Antarctica, over a 13-year period (2002/
2003-2014/2015). Antarctic krill (Euphausia superba) was
the dominant prey for Adélie penguins during the creche
period (contribution: 100% of occurrence and >99.7% by
mass). The fish component in the diet represented a small
proportion of the total prey (contribution: from 4 to 24% of
occurrence but <0.15% by mass). A marked inter-annual
variability in the mass of stomach contents, the krill size
consumed and the proportion of juvenile krill was
observed. Moreover, a possible recruitment event of krill
was recorded. A negative relationship between the size of
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krill in the diet and breeding success was found, suggesting
that population dynamics of krill also reflected changes in
the local availability of this crustacean. This work is the
first long-term study of dietary parameters of Adélie pen-
guins for the Stranger Point colony.

Keywords Pygoscelis adeliae - Krill-dependent species -
Prey availability - South Shetland Islands

Introduction

Knowledge of predator—prey relationships is essential to
understand ecosystem structure and function, to assess the
potential long-term changes in the abundance of predators
and to model different future scenarios in their population
dynamic (Nicol et al. 2008; Trivelpiece et al. 2011;
Emmerson et al. 2015; Handley et al. 2016; Niemandt et al.
2016; Waluda et al. 2017). Antarctic krill (Euphausia
superba) dominates the main flow of energy in food webs
along the Western Antarctic Peninsula (Ducklow et al.
2006). However, krill is also the target of commercial
exploitation from the Mar de la Flota/Bransfield Strait off
the Antarctic Peninsula to the northwest of South Orkney
Islands, and this activity overlaps with foraging areas of
some krill-dependent predators, such as penguins, seals,
and whales (Hinke et al. 2017; Weinstein et al. 2017).
The availability of prey depends on its abundance and
accessibility (Emmerson et al. 2015) and changes in either
of these aspects can affect the feeding ecology and repro-
ductive performance of its predators (Lynnes et al. 2004;
Nicol et al. 2008; Tierney et al. 2009; Waluda et al. 2017).
Then, when a key predator responds predictably to shift in
availability of its main prey, the diet of this predator can be
used as an indicator of population state of this prey (e.g.
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Lynnes et al. 2004; Tierney et al. 2009; Saba et al. 2014;
Waluda et al. 2017).

In Adélie penguin (Pygoscelis adeliae) breeding popu-
lations of the Scotia Arc, the Antarctic krill constitute their
dominant prey (Volkman et al. 1980; Trivelpiece et al.
1983, 1987, 2011; Coria et al. 1995; Lynnes et al. 2004;
Hinke et al. 2007; Juares et al. 2016). During the breeding
period, they become central place foragers due to the need to
return regularly to their nests to complete incubating and
brooding duties (Ainley 2002). In this period, the study of the
diet composition, total meal mass and length of Antarctic
krill found in the stomach contents, provides important
information on the trophic ecology of the predator as well as
evidence of changes in the availability, quality and quantity
of food resource in the vicinity of its reproductive colony
(Clarke et al. 2002; Fraser and Hofmann 2003; Lynnes et al.
2004; Nicol et al. 2008; Tierney et al. 2009; Rombola et al.
2012; Saba et al. 2014; Emmerson et al. 2015). Thus,
knowledge of feeding ecology of a species at each breeding
site is essential to determine the relationship between the
fluctuations in local marine resources and population
dynamics of the predator (Scioscia et al. 2014).

The aims of this study were to examine the diet of
Adélie penguins at the Stranger Point colony (25 de Mayo/
King George Island) over a large temporal scale and to
assess its inter-annual variability and its relationship with
the index of breeding success. This work is the first long-
term study of dietary parameters of Adélie penguins for the
Stranger Point colony.

Materials and methods
Study area

Fieldwork was conducted at Stranger Point/Cabo Funes
(62°16'S, 58°37'W. 25 de Mayo/King George Island, South
Shetland Islands, Antarctica; Fig. 1) during the créche stage
of the 2002/2003 (hereinafter 2003) to 2014/2015 (here-
inafter 2015) seasons. This colony is located on the south side
of the island facing the Mar de la Flota/Bransfield Strait and
here, as in others colonies of the West Antarctica, a marked
population decline has been recorded (Juares et al. 2015).
Over the study period, the mean number of breeding pairs
occupying c. 50% of this colony was 1310 (+326.48; range
777-1979 nests; Juares et al. 2015).

This research is part of a long-term monitoring program of
Adélie penguins carried out by the Argentine Ecosystem
Monitoring Program. The data were collected, whenever
possible, according to the standard protocols defined by the
Ecosystem Monitoring Program (CEMP) of the Commission
for the Conservation of Antarctic Marine Living Resources
(CCAMLR 2004).
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Stomach contents (CEMP parameter A8)

Stomach contents of Adélie penguins were collected
annually except for the 2007 season, when the samples
were lost in the fire of the icebreaker ARA “Almirante
Irizar”. Sampling was carried out in adults during the stage
of creche of chicks (mainly in January). Initially, each adult
bird captured on the beach was assumed as breeder. Fol-
low-up studies conducted in last seasons to confirm the
breeding status of our candidate diet birds (i.e. following
the bird to the nest after obtaining the sample) support this
assumption. The diet samples were obtained by using the
water-offloading technique (Wilson 1984; Gales 1987) and,
after the removal of excess fluid, they were frozen
(=20 °C).

At the laboratory, each sample was thawed, drained and
weighed. Individual prey items were then separated and
each of them was weighed and identified. The presence of
each prey item was described in terms of frequency of
occurrence (FO% = total number of samples containing
the item/total number of samples analysed by 100) and
percentage in mass (M% = total mass of the item/total
mass of all samples by 100). To evaluate the individual
variability in the contribution by mass of the main prey, we
calculated the total mass of an item in one sample/total
mass of that sample.

All entire Antarctic krill specimens from each sample
have been measured annually, since 2004 (except for 2006
and 2007 seasons), from the anterior tip of the rostrum to
the posterior tip of the telson using a digital caliper
(0.01 mm error). Individuals with a size < 35 mm were
considered juveniles (CCAMLR 2004). Neither sex nor
sexual maturity of these individuals was determined.

Statistical analyses

All data were examined for normality with the Shapiro—
Wilk test and Levene’s test for homogeneity of variances.
Due to the lack of normality or homogeneity of variances,
non-parametric tests were used. Kruskal-Wallis test
(H) followed by multiple comparison tests was used to test
the existence of inter-annual variation in the total meal
mass. The size of krill consumed was compared among
years using Kruskal-Wallis test (H) followed by multiple
comparison tests to examine pair-wise differences. The
length-frequency distribution of krill ingested in each
breeding season was plotted in 12 size categories of 5 mm
each (from 10 to >65 mm of length) in order to examine
changes in the length-frequency distributions of krill in
relation to its presumed annual growth (Fraser and Hof-
mann 2003; Saba et al. 2014).

We used Kendall’s rank correlations coefficient (7) to
assess the relationship between pairs of dietary and
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Fig. 1 Location of the Stranger Point/Cabo Funes colony within the Antarctic Specially Protected Area—ASPA No 132 (“Potter Peninsula”) on

25 de Mayo/King George Island, South Shetland Islands, Antarctica

breeding variables. Annually, the number of breeding pairs
and chicks créched were counted in 16 breeding groups.
Three counts were made for each breeding group and the
average values were calculated (CCAMLR 2004). These
counts were used to calculate the index of breeding success
(IBS = the number of chicks in creche/the number of
occupied nests; Juares et al. 2015).

Values are given as mean =+ standard deviation (SD).
We performed the data analysis using Statistica 7.0 soft-
ware and the significance level was assumed at p < 0.05.

Results
Overall diet composition

Antarctic krill dominated the Adélie penguin diet over the
study period (n = 12; Table 1). Krill was present in 100%
of the samples, comprising in each season over 99.7% of
the mass consumed. When assessing a possible individual
variability in the diet composition, we observed that in all
cases (i.e. 298 samples) the krill represented > 95% of
each sample by mass.

Evidence of fish in the stomach contents was recorded in
six of 12 seasons (Table 1). In those years, the frequency of
occurrence of fish varied from 4 to 24% but contributed
<0.15% to the diet by mass (Table 1). The only evidences
of fish recorded in the samples analysed were scales and
bone fragments, such as spines or vertebrae, but no otoliths

were found. Other items (i.e. other euphausiids, amphi-
pods, squid, algae, mollusc shells, unidentified material)
represented <0.1% of the diet by mass in all cases.

Stomach content mass

The mass of the stomach contents collected from 2003 to
2015 showed a marked inter-annual variability (Kruskal—
Wallis test, Hyq 298 = 78.81, p < 0.0001; Table 1).

The total meal mass recorded during the 2003, 2004 and
2013 seasons was similar to each other (multiple compar-
isons, ns) but significantly lower than the rest of the sea-
sons (multiple comparisons, p < 0.05) except for 2010 and
2011, when meal mass showed intermediate values (mul-
tiple comparisons, ns).

Antarctic krill length

The mean krill size consumed by Adélie penguins varied
significantly —among years (Kruskal-Wallis test,
Ho 530 = 2184.48, p < 0.0001), although a clear 4/5 year
cycle was not evident (Fig. 2). During the 2004, 2005 and
2010 seasons, krill found in the diet were larger than in
remaining years (multiple comparisons, p < 0.05),
whereas the smallest krill were found in 2012 and 2014
(multiple comparisons, p < 0.05).

The proportion of juvenile krill (i.e. <35 mm) con-
sumed by Adélie penguins fluctuated among years (Fig. 3),
being higher during 2012 (49.91%) and 2014 (52.92%)
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Table 1 Diet composition of Adélie penguin (Pygoscelis adeliae)
adults at Stranger Point during the créche stage from 2002/2003 to

occurrence (FO%) and the percentage in mass (M%) of the main
prey (Antarctic krill and fish); the mean (£SD) and the range of the

2014/2015 season (except for 2006/2007). The frequency of total meal mass are shown
Season n FO (%) M (%) Stomach content mass (g) Stomach contents range (g)
Krill Fish Krill Fish (%)

2003 24 100 4.17 99.94 0.04 214.50 £+ 95.57 48.80-469.10
2004 20 100 0 99.97 0 206.21 % 90.35 79.10-475.00
2005 24 100 4.17 99.98 0.02 372.24 £ 147.67 87.90-637.80
2006 25 100 4.00 99.88 0.11 340.27 £ 120.86 147.46-567.97
2008 30 100 0 99.99 0 376.54 £ 150.73 111.96-683.26
2009 25 100 24.00 99.92 0.03 375.30 £ 152.99 146.01-736.70
2010 25 100 0 99.91 0 268.63 £+ 132.54 62.60-569.00
2011 25 100 8.00 99.83 0.11 238.02 + 81.22 71.20-390.69
2012 25 100 4.00 99.98 0.01 326.33 £ 80.56 169.80-471.23
2013 25 100 0 99.78 0 192.90 £ 87.01 73.86-380.67
2014 25 100 0 99.82 0 367.40 £ 142.07 98.19-674.51
2015 25 100 0 99.86 0 370.17 £ 152.31 140.65-733.81
Total 298 100 4.03 99.91 0.02 306.97 £ 140.68 48.80-736.70

Data detailed by breeding season and total values by analysing all samples together, regardless of seasons

n number of stomach contents analysed, FO% total number of samples containing the item/total number of samples analysed by 100, M% total

mass of the item/total mass of all samples by 100

seasons. A higher percentage of krill with a size < 25 mm
(26.14%) was only recorded during the 2012 season
(Fig. 3).

Associations between variables

The correlation coefficients (r) and their significance
(p) for each pair of variables compared (i.e. stomach con-
tent mass, krill length, presence and mass fish, breeding
success) are shown in Table 2. Between pairs of dietary
variables, the only significant relationship was found
between the frequency of occurrence and percentage in
mass of fish.

When considering the index of breeding success
(Fig. 4), we observed a significant negative relationship
between this and mean krill length (Kendall’s rank corre-
lation, t = —0.47, n = 10, p = 0.04; Table 2), indicating
that the breeding success is higher when the krill length is
smaller.

Discussion

The study of Adélie penguin diet at each breeding colony can
help us to interpret the ecological role of the predator, to
evaluate its potential relationship with its long-term popu-
lation trends (Trivelpiece et al. 2011; Scioscia et al. 2014;
Niemandt et al. 2016) and also to detect marine resources
(prey and/or areas) that may need protection (Handley et al.
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2016). Furthermore, fluctuations in the meal mass of
Pygoscelid penguins can reveal changes in the local avail-
ability of their main prey (Clarke et al. 2002; Nicol et al.
2008; Tierney et al. 2009; Niemandt et al. 2016). In other
cases, some higher-level predators can switch the diet
composition and/or foraging behaviour to buffer the fluctu-
ations in the availability (or size) of their main prey (Miller
and Trivelpiece 2008; Nicol et al. 2008; Handley et al. 2016;
Niemandt et al. 2016; Waluda et al. 2017).

On the other hand, as krill length can be used as a
proxy indicator of its age, the krill sizes obtained from the
stomach contents of penguins can reflect events of
recruitment of krill (Fraser and Hofmann 2003; Lynnes
et al. 2004; Saba et al. 2014) and might also indicate shifts
in krill availability (e.g. Lynnes et al. 2004; Rombola et al.
2012). In poor recruitment years, large krill is dominant
but less abundant and frequently observed in offshore
waters (e.g. Fraser and Hofmann 2003; Lynnes et al. 2004;
Reiss et al. 2008). Thus, when krill is less available pen-
guins spend more time searching for food. For example,
longest foraging trips were recorded in Adélie penguins
when the large krill dominated their diet (Fraser and
Hofmann 2003).

Diet composition
Diet composition of Adélie penguins at Stranger Point

during the chick-provisioning stage was dominated by
Antarctic krill in all years and only a small fraction of the
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Table 2 Kendall’s rank correlations between pairs of dietary and breeding variables recorded in Adélie penguins (Pygoscelis adeliae) at
Stranger Point; Kendall’s tau (t) and p (in brackets) values. The signs + and — show the type of association

Stomach content mass (mean) Antarctic krill length (mean) FO% fish M% fish
Stomach content mass (mean)
Antarctic krill length (mean) —0.07 (0.43)
n=10
FO% fish +0.12 (0.58)* —0.05 (0.50)
n=12 n=10
M% fish +0.02 (0.94)* 0.00 (1.00) +0.78 (0.0004)
n=12 n=10 n=12
IBS —0.02 (0.94) —0.47 (0.04) +0.41 (0.08) +0.43 (0.07)
n=11 n=10 n=11 n=11

Statistically significant values in bold

FO% frequency of occurrence, M% percentage in mass, /BS index of breeding success (in Juares et al. 2015)

* Same results were obtained when comparing these variables (FO% and M% of fish) with M% of Antarctic krill (Kendall’s rank correlation,
FO% fish vs. M% krill: T = 0.12, n = 12, p = 0.58. M% fish vs. M% krill: © = 0.02, n = 12, p = 0.94)

Fig. 4 Fluctuation in the index 12
of breeding success (IBS the A
number of chicks in creéche/the
number of occupied nests) of
Adélie penguins (Pygoscelis
adeliae) at Stranger Point from
2003/2004 to 2014/2015
(modified from Juares et al.
2015). The graph also shows the
number of breeding pairs (from
2003/2004) and the chicks in
creche (from 2002/2003) 02 4

= e
) o N

Index of breeding success

S
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diet was composed of fish. These results are in agreement
with those reported by Coria et al. (1995) in a previous
study carried out in the same colony during the 1988
breeding season (contribution of krill: 100% of occurrence
and 98 £ 1.6% by mass). Although we recorded a lower
frequency of occurrence of fish (24 vs. 83%), in both
studies, the contribution of fish by mass was insignificant
(<1.5%). These results suggest that the Adélie penguin diet
at Stranger Point was krill-dominated, at least in the last
27 years. In this early study, Coria et al. found Pleura-
gramma antarcticum (Nototheniidae) as the most fre-
quently observed fish species, followed by Electrona
antarctica (Myctophidae) and unidentified species of the
family Channichthyidae. These fish species were also
recorded in the diet of other predators of the same location,
such as gentoo penguins (Pygoscelis papua; Juares 2013),
southern elephant seals (Mirounga leonina; Carlini et al.
2005) and Antarctic fur seals (Arctocephalus gazella,
Daneri et al. 2008), suggesting that these species are
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available as prey for adults of Adélie penguin at Stranger
Point.

Overall, our results are also in line with those previously
published in breeding colonies located in the Scotia Arc
(Volkman et al. 1980; Trivelpiece et al. 1983, 1987; Lyn-
nes et al. 2004; Hinke et al. 2007). In these studies, the diet
has been analysed from stomach contents collected by
gastric lavage, except in Volkman et al. (1980) who anal-
ysed complete stomachs of animals sacrificed. In all these
cases, krill accounted for >98% of the diet by mass.

Since fish are digested faster than krill and that small
otoliths can be digested completely or excreted (see Kar-
novsky et al. 2012 and their references), the analysis of
stomach contents might underestimate the real contribution
of that soft-bodied prey to the specific requirements of the
adult breeders of Adélie penguin, i.e. for self-maintenance
and not for chick provisioning. This hypothesis is in line
with that proposed by Quillfeldt et al. (2005) and Juares
et al. (2016) who analysed the diet of chicks and adults of
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Adélie penguins at Stranger Point, respectively, with the
stable isotope method. These results suggested that chick
diets would be krill-dominated while the pelagic fish would
be best represented in adult diets (24%, range 8.6-37%;
Juares et al. 2016).

Although higher contribution of fish was recorded dur-
ing two seasons (2006 and 2011), this was insignificant
respect to the mass of krill consumed (<1%). This finding
was similar to that reported by Volkman et al. (1980) by
analysing complete stomachs of animals sacrificed.
Besides, during our study, there was no association
between the frequency of occurrence of fish (or its per-
centage in mass) and the index of breeding success. Thus,
we consider that the presence of fish in the diet of Adélie
penguins at Stranger Point as reflected by the analysis of
stomach contents did not reveal a change in the local krill
availability, similar to that reported by Tierney et al.
(2009).

Stomach content mass

In our long-term study, we recorded both a total mean and
some annual means of meal mass similar to that reported
by Volkman et al. (1980) for the 1978 season (350 g),
although different methodologies were used in both studies
(gastric lavage and complete contents, respectively). Nev-
ertheless, the mean meal mass reported by Coria et al.
(1995) from the same location during 1988 (554 £ 210 g,
range 127-1197 g) was higher that any annual mean mass
recorded in our study (Table 1).

During our study period, the mass of the stomach con-
tents varied significantly among years. Given that the meal
masses were significantly lower during 2003, 2004 and
2013 compared to the rest of the seasons, a reduction in
krill availability within the area potentially exploited by the
penguins could be assumed for these seasons (Clarke et al.
2002; Nicol et al. 2008; Tierney et al. 2009; Niemandt et al.
2016). Evidences of a reduction of krill availability in the
surroundings of Stranger Point have been reported for 2003
and 2004 (Rombola et al. 2010; Richerson et al. 2017).
Despite this, no association was found between the stom-
ach content mass and the index of breeding success.
Emmerson et al. (2015) hypothesised that there are dif-
ferent thresholds of prey availability, and only during
extremely good or poor conditions the predators’ response
is observed. Thus, the feeding strategies of penguins such
as an increase in the duration of foraging trips or changes in
the diving behaviour could help mask the prey variability
(e.g. Fraser and Hofmann 2003; Lynnes et al. 2004). Given
the discordance in krill abundance and the high spatio-
temporal variability reported in different studies (e.g. Reiss
et al. 2008; Saba et al. 2014; Richerson et al. 2017), we do

not support the idea that the mass stomach contents may be
a good indicator of food availability.

Antarctic krill length

The krill size consumed by Adélie penguins in the Stranger
Point colony varied appreciably among years. The pro-
portion of krill juveniles in the diet was higher during 2012
and 2014 (unavailable data for 2006 and 2007 season), with
a higher frequency of one-year-old krill (ie.
length < 25 mm) only during 2012 (>25%). This class of
krill individuals of the smallest size was absent from the
samples during four seasons (Fig. 3). Based on our results,
and without a clear pattern in the krill length distribution
(similar to that reported by Clarke et al. 2002 and Rombol4
et al. 2012), we could interpret that at least one year of high
recruitment of krill occurred in the waters surrounding
Stranger Point (i.e. 2012). This event of recruitment is
consistent with the findings reported by Saba et al. for 2012
(2014; see Fig. 1). Although large krill individuals were
more frequent for all seasons (representing about 70% of
krill taken by Adélie penguins; Fig. 2a), during 2012 and
2014 we recorded a similar percentage of both small and
large krill individuals (Fig. 2b). Our results support the
hypothesis of Lynnes et al. (2004) that when small krill
individuals are available, predators even forage predomi-
nantly on them.

Although several factors can affect the breeding per-
formance, when analysing the relationship between diet
and breeding success we can assess the possible predator
response to changes in its ecosystem (e.g. Hinke et al.
2007; Waluda et al. 2017). Unlike findings of Clarke et al.
(2002) and Miller and Trivelpiece (2008), but similar to
those reported by Lynnes et al. (2004) and others, our
results indicate that foraging on larger krill was correlated
with lower breeding success. Foraging on large krill might
have resulted in higher cost for Adélie breeders if those
krill were located farther from shore. Alternatively, prey
may have been more abundant overall in years of high
recruitment leading to greater breeding success for Adélie
penguins. This conclusion is consistent with the pattern of
overall krill distribution (e.g. Fraser and Hofmann 2003;
Lynnes et al. 2004; Reiss et al. 2008). So, similarly to
previous studies, our results suggest that the krill size found
in the stomach contents of Adélie penguins at Stranger
Point could be a better indicator of local food availability
than the meal mass or diet composition.

Our results underline also the need to know the
Antarctic krill abundance (and its spatial and temporal
variability) in the vicinity of the study area (i.e. within the
feeding range of penguins). This information is essential to
assess the degree to which each dietary variable reflects the
food resource availability near the breeding colony, since
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clear inconsistencies with others studies were observed.
Moreover, these results highlight the need for future studies
to establish the relationship between the diet and feeding
strategies (i.e. duration of foraging trips, diving behaviour
and foraging areas) and thus, improve our understanding of
the trophic ecology of Adélie penguins at Stranger Point
and its influence on their reproductive performance.

This long-term study shows that Adé€lie penguins at
Stranger Point are krill specialists. If the abundance of this
prey declines, this can adversely affects species with a nar-
row feeding niche, which in turn can impact on their popu-
lation trends (Trivelpiece et al. 2011; Niemandt et al. 2016).
Nevertheless, other drivers of Adélie penguin trends should
not be underestimated, such as the sea ice conditions during
winter (e.g. Fraser et al. 1992; Hinke et al. 2007, 2014;
Carlini et al. 2009) and the local weather conditions during
summer (e.g. Fraser et al. 2013; Juares et al. 2015). Hinke
et al. (2017) and Weinstein et al. (2017) have demonstrated
that there is a spatio-temporal overlap between krill fishery
and krill-dependent predators in the Scotia Sea, suggesting a
competition between them for the resource. Management
strategies require expanding our knowledge on the trophic
ecology of predators in a larger number of breeding sites. As
the Adélie penguin diet at Stranger Point has only been
described in a few seasons (Coria et al. 1995; Juares 2013;
Juares et al. 2016), the main relevance of this study was to
assess the long-term diet composition of Adélie penguins in
an area where effects of climate warming and fishing pres-
sure are expected to increase.

Acknowledgements We thank all field and laboratory assistants that
helped collecting and analysing samples associated with this study.
The permit for this work was granted by the Direccion Nacional del
Antartico (Environmental Office). The FONCYT — Agencia Nacional
de Promocion Cientifica y Tecnoldgica (Grant: PICTO 2010-0111)
and the Instituto Antartico Argentino—Direccion Nacional del
Antartico (PI-05) provided financial and logistical support. We also
thank Dr Christian Reiss, two anonymous reviewers and editors for
their helpful comments and suggestions on improving the manuscript.
Finally, we are very grateful to Ana Gentile who improved the
English.

References

Ainley DG (2002) The Adélie penguin: bellwether of climate change.
Columbia University Press, NY

Carlini AR, Daneri GA, Marquez MEI, Bornemann H, Panarello H,
Casaux R, Ramdohr S, Plotz J (2005) Food consumption
estimates of southern elephant seal females during their post-
breeding aquatic phase at King George Island. Polar Biol
28:769-775

Carlini AR, Coria NR, Santos MM, Negrete J, Juares MA, Daneri GA
(2009) Responses of Pygoscelis adeliae and P. papua popula-
tions to environmental changes at Isla 25 de Mayo (King George
Island). Polar Biol 32:1427-1433

@ Springer

CCAMLR (2004) Standard methods for monitoring parameters of
predator species. CCAMLR Ecosystem Monitoring Program,
Hobart

Clarke J, Kerry K, Irvine L, Phillips B (2002) Chick provisioning and
breeding success of Adélie penguins at Béchervaise Island over
eight successive seasons. Polar Biol 25:21-30

Coria N, Fontana R, Vivequin S, Spairani H (1995) Dieta del
pingiiino Adelia Pygoscelis adeliae durante el periodo de crianza
en Punta Stranger, Isla 25 de Mayo, Shetland del Sur, Antartida.
Boll Mus Reg Sci Nat Torino 13:377-383

Daneri GA, Carlini AR, Harrington A, Balboni L, Hernandez CM
(2008) Interannual variation in the diet of non-breeding male
Antarctic fur seals, Arctocephalus gazella, at Isla 25 de Mayo/
King George Island. Polar Biol 31:1365-1372

Ducklow HW, Fraser W, Karl DM, Quetin LB, Ross RM, Smith RC,
Stammerjohn SE, Vernet M, Daniels RM (2006) Water-column
processes in the West Antarctic Peninsula and the Ross Sea:
interannual variations and foodweb structure. Deep-Sea Res Part
II 53:834-852

Emmerson L, Southwell C, Clarke J, Tierney M, Kerry K (2015)
Adélie penguin response parameters signal reduced prey acces-
sibility: implications for predator-prey response curves. Mar Biol
162:1187-1200

Fraser W, Hofmann E (2003) A predator’s perspective on causal links
between climate change, physical forcing and ecosystem
response. Mar Ecol Prog Ser 265:1-15

Fraser WR, Trivelpiece WZ, Ainley D, Trivelpiece SG (1992)
Increases in Antarctic penguin populations: reduced competition
with whales or a loss of ice due to environmental warning? Polar
Biol 11:525-531

Fraser WR, Patterson-Fraser DL, Ribic CA, Schofield O, Ducklow H
(2013) A nonmarine source of variability in Adélie penguin
demography. Oceanogr 26:207-209

Gales RP (1987) Validation of the stomach flushing technique for
obtaining stomach contents of penguins. Ibis 129:225-343

Handley JM, Baylis AMM, Brickle P, Pistorius P (2016) Temporal
variation in the diet of gentoo penguins at the Falkland Islands.
Polar Biol 39:283-296

Hinke JT, Salwicka K, Trivelpiece SG, Watters GM, Trivelpiece WZ
(2007) Divergent responses in Pygoscelis penguins reveal a
common environmental driver. Oecologia 153:845-855

Hinke JT, Trivelpiece SG, Trivelpiece WZ (2014) Adélie penguin
(Pygoscelis adeliae) survival rates and their relationship to
environmental indices in the South Shetland Islands, Antarctica.
Polar Biol 37:1797-1809

Hinke JT, Cossio AM, Goebel ME, Reiss C, Trivelpiece WZ, Watters
GM (2017) Identifying risk: concurrent overlap of the Antarctic
krill fishery with krill-dependent predators in the Scotia Sea.
PLoS ONE 12(1):e0170132. doi:10.1371/journal.pone.0170132

Judres MA (2013) Biologia reproductiva y ecologia trofica de dos
especies simpdtricas del género Pygoscelis en las Islas Shetland
del Sur, Antartida (Breeding biology and trophic ecology of two
sympatric species of the genus Pygoscelis at the South Shetland
Islands, Antarctica). PhD Thesis, National University of La
Plata. http://hdl.handle.net/10915/27166

Judres MA, Santos M, Negrete J, Mennucci JA, Perchivale PJ, Casaux
R, Coria NR (2015) Adélie penguin population changes at
Stranger Point: 19 years of monitoring. Antarct Sci
27(5):455-461

Juares MA, Santos MM, Mennucci JA, Coria NR, Mariano-Jelicich R
(2016) Diet composition and foraging habitats of Adélie and
gentoo penguins in three different stages of their annual cycle.
Mar Biol 163(5):105. doi:10.1007/s00227-016-2886-y

Karnovsky NJ, Hobson KA, Iverson SJ (2012) From lavage to lipids:
estimating diet of seabirds. Mar Ecol Prog Ser 451:263-284


http://dx.doi.org/10.1371/journal.pone.0170132
http://hdl.handle.net/10915/27166
http://dx.doi.org/10.1007/s00227-016-2886-y

Polar Biol

Lynnes AS, Reid K, Croxall JP (2004) Diet and reproductive success
of Adélie and chinstrap penguins: linking response of predators
to prey population dynamics. Polar Biol 27:544-554

Miller AK, Trivelpiece WZ (2008) Chinstrap penguins alter foraging
and diving behavior in response to the size of their principal
prey, Antarctic krill. Mar Biol 154:201-208

Nicol S, Clarke J, Romaine SJ, Kawaguchi S, Williams G, Hosie GW
(2008) Krill (Euphausia superba) abundance and Adélie penguin
(Pygoscelis adeliae) breeding performance in the waters off the
Béchervaise Island colony, East Antarctica in 2 years with
contrasting ecological conditions. Deep-Sea Res Part II
55:540-557

Niemandt C, Kovacs KM, Lydersen C, Dyer BM, Isaksen K, Hofmeyr
GJG, Mehlum F, De Bruyn PIN (2016) Chinstrap and macaroni
penguin diet and demography at Nyrgysa, Bouvetgya. Antarct
Sci 28:91-100

Quillfeldt P, McGill RAR, Furness RW (2005) Diet and foraging
areas of Southern Ocean seabirds and their prey inferred from
stable isotopes: review and case study of Wilson’s storm-petrel.
Mar Ecol Prog Ser 295:295-304

Reiss CS, Cossio AM, Loeb V, Demer DA (2008) Variations in the
biomass of Antarctic krill (Euphausia superba) around the South
Shetland Islands, 1996-2006. ICES J Mar Sci 65:497-508

Richerson K, Santora JA, Mangel M (2017) Climate variability and
multi-scale assessment of the krill preyscape near the north
Antarctic Peninsula. Polar Biol 40:697-711

Rombola EF, Marschoff E, Coria N (2010) Inter-annual variability in
Chinstrap penguin diet at South Shetland and South Orkney
Islands. Polar Biol 33:799-806

Rombola E, Marschoff E, Coria N (2012) Analysis of the sources of
variance in the mean size of krill consumed by Chinstrap and
Adélie penguins at South Orkney Islands. Polar Biol
35:1601-1606

Saba GK, Fraser WR, Saba VS, Iannuzzi RA, Coleman KE, Doney
SC, Ducklow HW, Martinson DG, Miles TN, Patterson-Fraser

DL, Stammerjohn SE, Steinberg DK, Schofield OM (2014)
Winter and spring controls on the summer food web of the
coastal West Antarctic Peninsula. Nat Commun 5:4318. doi:10.
1038/ncomms5318

Scioscia G, Raya Rey A, Saenz Samaniego RA, Florentin O,
Schiavini A (2014) Intra- and interannual variation in the diet
of the Magallanic penguin (Spheniscus magellanicus) at Martillo
Island, Beagle Channel. Polar Biol 37:1421-1433

Tierney M, Emmerson L, Hindell M (2009) Temporal variation in
Adélie penguin diet at Béchervaise Island, east Antarctica and its
relationship to  reproductive  performance. Mar Biol
156:1633-1645

Trivelpiece WZ, Trivelpiece SG, Volkman NJ, Ware SH (1983)
Breeding and feeding ecology of pygoscelid penguins. Antarct J
US 18:209-210

Trivelpiece WZ, Trivelpiece SG, Volkman NJ (1987) Ecological
segregation of Adélie, Gentoo, and Chinstrap penguins at King
George Island, Antarctica. Ecology 68:351-361

Trivelpiece WZ, Hinke JT, Miller AK, Reiss CS, Trivelpiece SG,
Watters GM (2011) Variability in krill biomass links harvesting
and climate warming to penguin population changes in Antarc-
tica. Proc Natl Acad Sci 108:7625-7628

Volkman NIJ, Presler P, Trivelpiece WZ (1980) Diets of pygoscelid
penguins at King George Island Antarctica. Condor 82:373-378

Waluda CM, Hill SL, Peat HJ, Trathan PN (2017) Long-term
variability in the diet and reproductive performance of penguins
at Bird Island, South Georgia. Mar Biol 164:39. doi:10.1007/
$00227-016-3067-8

Weinstein BG, Double M, Gales N, Johnston DW, Friedlaender AS
(2017) Identifying overlap between humpback whale foraging
grounds and the Antarctic krill fishery. Biol Conserv
210:184-191

Wilson RP (1984) An improved stomach pump for penguins and other
seabirds. J Field Ornithol 55:109-112

@ Springer


http://dx.doi.org/10.1038/ncomms5318
http://dx.doi.org/10.1038/ncomms5318
http://dx.doi.org/10.1007/s00227-016-3067-8
http://dx.doi.org/10.1007/s00227-016-3067-8

	Diet of Adélie penguins (Pygoscelis adeliae) at Stranger Point (25 de Mayo/King George Island, Antarctica) over a 13-year period (2003--2015)
	Abstract
	Introduction
	Materials and methods
	Study area
	Stomach contents (CEMP parameter A8)
	Statistical analyses

	Results
	Overall diet composition
	Stomach content mass
	Antarctic krill length
	Associations between variables

	Discussion
	Diet composition
	Stomach content mass
	Antarctic krill length

	Acknowledgements
	References




