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Abstract

Rapid climate change recorded in the western Antarctic Peninsula confronts
species with less predictable conditions in the marine and terrestrial environ-
ments. We analysed the breeding chronology and nesting site selection of
gentoo penguins (Pygoscelis papua) at King George Island (Isla 25 de Mayo),
Antarctica, during four seasons in which differences in snow presence and
persistence on the ground were observed. We recorded an overall delay as well
as seasonal asynchrony at the beginning of reproduction for those years with
higher snow deposition. A redistribution of breeding groups was also observed.
Nevertheless, the population breeding success and chicks” weight at fledging
remained relatively constant, despite the delay in breeding chronology, the
increased duration of foraging trips during the guard stage and the decreased
weight of stomach contents during the créche stage. We suggest that the
plasticity of their trophic biology, along with the flexibility of their breeding
phenology and relocation of breeding groups, may be complementary reasons
why gentoo penguin populations in the region have remained stable in spite of
the changing conditions currently registered.

Significant changes in population trends of pygoscelid
penguins in the western Antarctic Peninsula have been
recently reported (Forcada et al. 2006; Hinke et al. 2007;
Sander, Balboa, Costa et al. 2007; Sander, Balboa, Polito
et al. 2007; Lynch et al. 2008; Carlini et al. 2009; Lynch
et al. 2010; Gonzalez-Zeballos et al. 2013; among others).
These changes have been associated with rapid climate
warming observed in the area (Croxall 1992; Fraser
et al. 1992; Trivelpiece & Fraser 1996; Croxal et al.
1999; Trivelpiece et al. 2011). The increase in atmo-
spheric (Smith et al. 1999; Vaughan et al. 2003; Ducklow
et al. 2007) and sea-surface temperatures (Meredith &
King 2005) affects sea-ice dynamics (Fraser et al. 1992;
Smith et al. 1999; Smith & Stammerjohn 2001; Ducklow
et al. 2007; Stammerjohn et al. 2008). As a consequence,
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changes in the abundance, distribution and composition
of phytoplankton (Moline et al. 2004; Montes Hugo et al.
2009) and zooplankton have been recorded (Loeb et al.
1997; Loeb et al. 2009). In particular, Antarctic krill
(Euphausia superba) abundance in the waters of the Scotia
Arc has recently declined (Atkinson et al. 2004; Reiss
et al. 2008). Biological responses to climate change are
complex and vary according to the ecological features
and life strategies of each species and also to the different
regional or local conditions (Forcada et al. 2006; Trathan
et al. 2007; Forcada & Trathan 2009; among others).
Shifts in distribution, breeding range, abundance, phe-
nology and predator—prey interactions are the main
specific responses so far reported (Trivelpiece & Fraser
1996; Croxall et al. 1999; Barbraud & Weimerskirch 2006;
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Trathan et al. 2007; Lynch et al. 2008; McClintock et al.
2008; Miller & Trivelpiece 2008; Forcada & Trathan 2009;
McClintock et al. 2010).

The gentoo penguin (Pygoscelis papua) is a major
predator in the Antarctic ecosystem, consuming Antarctic
krill and fishes in different proportions depending on the
locations of their breeding sites (Libertelli et al. 2010).
This species has a circumpolar distribution and nests
between 46° and 65° south latitude (Williams 1995),
exhibiting contrasting population trends according to the
region considered (Lescroél & Bost 2006). Colonies in
the western Antarctic Peninsula have remained stable
or increased their breeding population size (Forcada
et al. 2006; Hinke et al. 2007; Carlini et al. 2009; Lynch
et al. 2010; Gonzalez-Zeballos et al. 2013) and a southern
expansion of their breeding range has recently been
reported (Lynch et al. 2008; McClintock et al. 2010).

Gentoo penguin population trends have been related to
their lower dependence on sea-ice during winter and the
plasticity observed in their feeding strategies (Forcada
et al. 2006; Hinke et al. 2007; Miller et al. 2009). The
gentoo penguin is an open-water predator that would not
be negatively affected by a decrease in sea-ice cover
during the winter, when gentoo penguins remain near
their natal colony (Trivelpiece et al. 1987; Wilson et al.
1998; Tanton et al. 2004). Indeed, diminishing sea-ice
could widen their foraging niche (Trathan et al. 2007;
McClintock et al. 2008; Miller et al. 2009). Though
Antarctic krill is their main food source at the Scotia
Arc (Volkman et al. 1980; Croxall et al. 1999; Miller
et al. 2009; Kokubum et al. 2010; Miller et al. 2010), a
considerable interannual variation in the trophic ecology
of gentoo penguins has been reported, particularly related
to prey abundance (Miller et al. 2009). This flexibility has
been recently proposed as the principal feature allow-
ing them to withstand changes in prey availability and
maintain their breeding success (Miller et al. 2009).

However, climate warming has increased the frequency
of years with higher snow accumulation (Turner et al.
2005; Thomas et al. 2008), which may affect nesting site
availability and breeding success, and consequently their
population size (Croxall 1992; Williams 1995; Trivelpiece
& Fraser 1996; Cobley & Shears 1999; McClintock et al.
2008; Trathan et al. 2008; among others). Several factors
may have an effect on breeding success. Locally, snow
plays a significant role in interannual variability at the
beginning of the breeding season (Williams 1995; Cobley
& Shears 1999; Boersma 2008; Lynch et al. 2009). Since
the period of optimum weather conditions for breeding
is rather short, the delay in egg laying can be quite dis-
advantageous (Bost & Jouventin 1990a; Bost & Jouventin
1991; Croxall 1992; Trivelpiece & Fraser 1996; Boersma
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2008). Furthermore, heavy snow accumulation can drive
individuals towards higher sites in the colony (Trivelpiece
& Fraser 1996; Boersma 2008), making extra energy
demands on adult breeders.

If the plasticity of their trophic parameters gives gentoo
penguins an advantage in the face of variation in food
availability (Miller et al. 2009), the flexibility of their
breeding phenology and selection of breeding sites may
also be advantageous. In order to determine whether the
flexibility of their breeding phenology allows them to
withstand changes in local conditions resulting from
environmental warming, we analysed different breeding
and feeding parameters of gentoo penguins on King
George Island (Isla 25 de Mayo) during four consecutive
breeding seasons, 2007/08-2010/11.

Material and methods

Study area

The study was carried out at Stranger Point, King George
Island (Isla 25 de Mayo; 62°16’S, 58°37'W), in the South
Shetland Islands, within the Antarctic Specially Protected
Area No. 132 during four austral summers, from 2007/08
to 2010/11, from October to February. The year in which
each breeding season begins hereafter indicates the
whole season studied, e.g., 2007 represents the 2007/08
season.

The colony was divided in two contiguous areas,
A and B (Fig. 1), according to differences observed in the
accumulation and persistence of snow on the ground.

Meteorological data

Daily records of temperature, rain and wind were pro-
vided by the meteorological station (Argentine National
Weather Service) at Argentina’s Carlini Station (formerly,
Jubany Scientific Station).

The following parameters were calculated for each
season: October average temperature, the number of
snowy days, the number of days with moderate to strong
north-easterly winds (20 km/h or higher) and the number
of days combining the last two parameters (snowfalls and
north-easterly winds).

Geographic location of breeding groups

Each breeding group at Stranger Point was geo-
referenced during the four seasons studied. Following
Young (1994), a group of birds breeding as a geographi-
cally continuous unit within a larger area was considered
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Fig. 1 Study area. Gentoo penguin (Pygoscelis papua) colony at Stranger Point, King George Island (Isla 25 de Mayo), South Shetland Islands. The

division of the colony into areas A and B is shown.

as a breeding group. The aggregation of breeding groups
within a discrete area was regarded as a colony.

A Google Earth image was used and was calibrated
using the geographic information system (GIS) software
gvSIG. Every breeding group in the field was determined
with a global positioning system instrument with eTrex
Legend (Garmin, Olathe, KS, USA) and was transferred
to the map using Garmin’s DNR application.

Breeding chronology and success

When the first egg was observed in the colony, 100 nests
from different breeding groups were marked. Nests were
followed every five days until the chicks reached 14 days
old and then every two days until the chicks reached the
creche stage (CS). At each sampling date, the number of
abandoned nests, eggs, chicks in guard and chicks in
creche were recorded according to the Ecosystem Mon-
itoring Program Methods (Method A6, Procedure B)
promulgated by the Commission for the Conservation
of Antarctic Marine Living Resources (CCAMLR 2004).
The guard stage (GS) involves the presence of chicks in
the nest brooded by a parent, whereas during the CS,
chicks are alone, aggregated with other chicks, while
both parents forage (Williams 1995).

Breeding chronology was estimated according to the
number of nests with eggs, chicks in GS and those in CS.
The chronology of gentoo penguin was described in two
ways: (1) considering the entire colony; and (2) dividing
the colony into areas A and B.

The measure of breeding success used was as follows:
the number of chicks surviving to GS per breeding pair
(overall breeding success), the number of eggs laid per
breeding pair and the number of chicks hatched per
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breeding pair. This estimation was interannually and
seasonally compared, considering the entire colony and
both A and B areas.

Diet composition and duration of foraging trips

Diet samples were collected from breeding adults follow-
ing the CCAMLR (2004) sampling protocol (Method A8),
using the stomach-flushing method described by Wilson
(1984) and carrying out two flushes per bird, in accor-
dance with Gales (1987). Stomach contents were drained
and weighed (balance 200+ 1 g). Individual prey items
were then separated and each was weighed and identi-
fied to the minimum taxonomic level possible using a
binocular magnifying glass and reference material.

The frequency of occurrence expressed as a percentage
of each prey item (total number of samples containing
the item/total number of samples analysed by 100), and
percentage in weight for each item (total weight of the
item/total weight of all samples by 100) were estimated
for each season.

We determined the duration of foraging trips for the
2008, 2009 and 2010 seasons using time—depth recorders
(TDR; Lotek Wireless, Newmarket, ON, Canada) attached
on one to six adult breeders during the GS. We used LAT
1110 model TDRs (11 x32 mm, 5 g, sampling interval
2 s) during 2008, and LAT 1400 TDRs (11 x 35 mm, 4.5 g,
sampling interval 3 s) during 2009 and 2010. This last
model allowed the device, which was programmed with
a conditional pressure (>1 m depth), to achieve higher
memory performance and also reduced disturbance of
nests, since it only records when birds are in the water.
TDRs were attached with epoxy adhesive and duct tape.
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The duration of a foraging trip was determined as the
time elapsed between the first and last diving recorded
(>1 m depth), analysed in conjunction with tempera-
ture profiles to confirm that the bird was at sea. Trips
were considered independent after more than two hours
without a recording of pressure change, in accordance
with Miller et al. (2009).

Chick weight at fledging

Fledging chicks were weighed during three periods of
five days each, following the CCAMLR (2004) protocol
(Method A7).

Statistical analysis

Interannual and seasonal variability in gentoo penguin
breeding success was analysed using Chi-square tests
after Yates correction. Diet composition variability, parti-
cularly the proportion of fish consumed, was analysed by
means of Fisher’s exact test. Stomach content weights
were statistically compared using a generalized linear
model (GLM). Since no samples from the 2007 GS were
available, the GLM was divided into two stages: (1) two-
factor GLM (year and breeding stage) to test the existence
of variability among 2008, 2009 and 2010 weights; and
(2) one-factor GLM (year) for interannual comparison of
content weights during CS for the four seasons studied.
Mean and standard deviation (SD) for the duration of
foraging trips and fledging weight were calculated. The
one-factor GLM (year) was used to test interannual
variability. All data were examined for normality with
the Shapiro-Wilk test and transformed to logarithmic
scale. The post hoc Tukey’s test was applied when
necessary. The significance level for all tests was set at
P <0.05.

Results

Meteorological data

During October 2007 and 2009, mean temperatures
were lower than those recorded for 2008 and 2010 sea-
sons (—3.7 and —2.3 vs. —0.2 and +0.2, respectively).
Similarly, more days with snowtfall and strong north-
easterly winds were also recorded for the same month in
the same years (2007: 18; 2008: 6; 2009: 11; 2010: 0).
Though no snow deposition data are available, during
2007 and 2009 a greater presence and persistence of
snow were registered in the colony at the beginning of
reproduction, being higher for 2009 than for the 2007
season (pers. obs.; Fig. 2). Moreover, local differences
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were observed during those seasons: area B showed

higher snow accumulation and persistence than area A.

Hereafter, when we refer to “snow accumulation” on
the ground, we point out these interannual differences,
e.g., the atypical snow presence and persistence recorded

in 2007 and 2009 breeding seasons.

Geographic location of breeding groups

Changes in the spatial disposition of breeding groups were
observed during each season, with a remarkable redis-
tribution in 2009. In this season, breeding groups were
located at a higher altitude snow-free area within the
colony, particularly in area A (Fig. 3). During the follow-

ing breeding season, they remained at the same place.

Breeding chronology

In years with high snow accumulation on the ground
(2007 and 2009), the breeding cycle showed a general
delay. Considering the entire colony, hatching peaks
were registered on 5 January 2007 and 4 January 2009,
while for 2008 and 2010 seasons, the hatching peak was
recorded on 30 November and 6 December, respectively.

Moreover, during 2007 and 2009, the seasonal breed-
ing asynchrony observed left the colony virtually divided
into two zones: areas A and B. In 2007, the difference in
the peak of egg laying between areas A and B was 17
days (17 November—4 December), whereas in 2009 it was
15 days (20 November-5 December). In contrast, for
2008 and 2010 seasons, the peak of egg laying was
recorded on 28 October and 1 November, respectively, for

both zones.

Breeding success

The number of eggs laid per breeding pair was similar
between the A and B groups, both interannually (Chi-
square test, df =3, P>0.05 for each zone) and seasonally
(Chi-square test, df =1, P> 0.05 for each season; Table 1).
No interannual variability was observed in the number
of chicks that hatched, considering the entire colony
(x* test =5.77, df=3, P=0.12). However, the number of
chicks hatched in area A was lower for the 2009 season,

both interannually (2007-09: %> test=6.316, df=1,
P=0.012; 2008-09: 3> test=4.486, df=1, P=0.034;
2009-10: ¥ test =6.757, df =1, P =0.009) and seasonally
(x* test =4.94, df=1, P =0.03; Table 1). During the 2009

season, only 37.8% of chicks hatched in area A, compared
with 82.5, 74.4 and 81.6% recorded in the 2007, 2008
and 2010 breeding seasons, respectively, and with 71%

registered in area B for the same season.
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Fig. 2 Interannual comparison of local conditions recorded at the Stranger Point colony, from 2007/08 to 2010/11: (a) 2007: first week of November;
(b) 2008: 10 November; (c) 2009: 5 December; (d) 2010: last week of November.

Considering the entire colony, overall breeding success
remained relatively stable and high (Table 2), without any
interannual differences (3 test =5.768, df =3, P =0.155).
However, pairs nesting in area A showed interannual
variability in their breeding success (x> test=10.704,
df=3, P=0.013). The 2009 season had the lowest
production of CS chicks (2007 vs. 2009: x? test = 8.664,
df=1, P=0.003; 2008 vs. 2009: 3 test =4.226, df=1,
P =0.04; 2009 vs. 2010: 32 test =6.088, df =1, P =0.014).
During 2009, only 27.6% of chicks reached CS, while
72.5, 56.4 and 61.2% of chicks reached it in 2007, 2008
and 2010, respectively. However, no interannual varia-
bility was observed in the success of pairs nesting in area B
(x? test =1.16, df=3, P>0.05). When comparing seaso-
nal breeding success, differences between A and B groups
were found only for 2009, in which the breeding success
of area A pairs was significantly lower (x> test =5.503,
df=1, P=0.019).

Diet composition and duration of foraging trips

Antarctic krill represented the main prey in terms of
frequency of occurrence (100%) as well as percentage
in weight (>98%) for each year and breeding stage
(Table 3). The frequency range of fish found in the
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samples was 13.33-50%, representing in all cases a non-
significant fraction by weight ( <1.6%). With regard to
the proportion of fish consumed, no significant variability
was recorded between breeding stages for the same
season (GS-CS: Fisher’s exact test, 2008: P =0.06; 2009:
P=0.22; 2010: P =0.60) or interannually (Fisher’s exact
test, P>0.05 for GS: 2008 to 2010, and for CS: 2007 to
2010). Other prey in diet samples (i.e., other euphausiids,
amphipods, squid, algae, mollusc shells, unidentified
material) represented <1% of the diet by weight in all
cases, and were considered accidental ingestion.

The stomach content weight did not differ between
breeding stages (GS-CS: GLM, F,97;=1.36, P=0.89),
though it did interannually (GLM, F,q¢7;=38.95 P<
0.001). Although there were no interannual differences
in GS (post hoc Tukey’s test, P >0.05 for each season),
interannual variability was found in stomach content
weight during CS. Stomach content weights decreased
after each season, being significantly lower in 2010 than
in 2008 (post hoc Tukey’s test, P <0.001). This was most
evident when the 2007 season was included in the
analysis (GLM, F5 79 =22.99, P <0.001; post hoc Tukey’s
test: 2007-08, P=0.022; 2007-09, P <0.001; 2007-10,
P <0.001; 2008-10, P <0.001).
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Fig. 3 Comparison of the spatial distribution of the breeding groups of gentoo penguin (Pygoscelis papua) at Stranger Point, from 2007/08 to 2010/11.
The ovals show the notable redistribution observed during the 2009/10 breeding season. The locations of the breeding groups of Adélie penguin

(Pygoscelis adeliae) are included for comparison.

An increase of approximately two hours per season
was observed in the average duration of foraging trips of
breeding adults during GS (2008 [one bird; N=19]:
07:10+04:17; 2009 [six birds; N=40]: 09:15+03:29;
and 2010 [four birds; N=31]: 11:54+06:14 hr: min)
and significant interannual differences were recorded
between the 2008 and 2010 seasons (GLM, F,g; =6.20,
P =0.003; post hoc Tukey’s test: 2008-10, P =0.003).

Table 1 Measures of breeding success: number of eggs laid/breeding
pairs and number of chicks hatched/breeding pairs, for the entire colony
and separated by zones: areas A and B.

Breeding season

2007 2008 2009 2010

Eggs laid/breeding pairs

Entire colony 1.87 200 1.87 1.99
A 190 200 1.86 1.98
B 185 2.00 1.88 200

Chicks hatched/breeding pairs

Entire colony 1.44 150 1.09 1.70
A 1.65 1.49 076° 1.63
B 1.30 1.51 1.42 1.76

“Interannual significant differences in area A (x? tests, df =3, P <0.05); seasonal
differences significant between areas A and B (y tests, df =1, P <0.05).

(page number not for citation purpose)

Chick weight at fledging

The descriptive statistics of fledging weight are shown
in Table 4. No interannual variability was found in the
weight of fledging chicks (GLM, F; 79> =1.44, P=0.229).

Discussion

Penguins can be highly sensitive to climate change,
which could alter the weather, oceanographic conditions
and wintering or breeding habitats (Forcada & Trathan
2009). Species are confronted with variable conditions
through time and space, and only those with plasticity in
one or more aspects of their biology will be able to cope
with this variability (Forcada 2007; Forcada & Trathan
2009). Phenology changes can contribute to the under-
standing of penguin responses to climate variation.
Gentoo penguins show features, such as non-migratory
behaviour, the absence of a fasting period prior to egg
laying, and short nest reliefs, which probably increases
their phenological flexibility in the face of less predictable
conditions (Bost & Jouventin 1991; Forcada & Trathan
2009).

In response to snow accumulation, gentoo penguins at
Stranger Point showed less nest-site fidelity compared to
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Table 2 Overall breeding success (chicks in créche stage/breeding
pairs) for the entire colony and by zone: areas A and B.

Breeding season

Overall breeding success 2007 2008 2009 2010
Entire colony 1.27 1.21 0.87 1.35
A 1.45 1.13 0.55° 1.22
B 1.15 1.27 1.18 1.48

“Interannual significant differences in area A (x? test, df =3, P <0.05); seasonal
differences significant between areas A and B (y tests, df =1, P <0.05).

the sympatric Pygoscelis adeliae (Fig. 2). Notably some
entire breeding groups moved to higher altitudes in 2009,
a fact that was also observed by Boersma (2008) during
years of unusual amounts of snow. Several authors (Bost
& Jouventin 1990a; Bost & Jouventin 1991; Cobley &
Shears 1999; Boersma 2008; Lescroél et al. 2009) found
that, under unfavourable conditions, gentoo penguins
may delay the beginning of reproduction, which may be
related to lower availability of nest sites or food, affecting
their reproductive success. The chronology delay and low
breeding success registered for area A during 2009, but
not for area B during the same year, could indicate a
reduced availability of snow-free sites to start reproduc-
tion. In addition to the importance of age or experience
and the body condition of individual birds at the begin-
ning of their breeding season (Bost & Jouventin 1990a;
Bost & Jouventin 1991; Croxall 1992; Williams 1995),
behaviour is also crucial for breeding performance,
because the selection of partners as well as nesting sites
can determine their breeding success (Lescroél et al.
2010). At Stranger Point, it is likely that the flexibility of
gentoo penguin in the selection of nesting site helped
butfer the impact of unfavourable local conditions.

To reduce the disturbance generated by observers
(see Trathan et al. 2008), the breeding chronology was
estimated with an error margin of two to five days,
depending on the breeding stage. While this makes our
findings unsuitable for comparison with other colonies,
the method reliably detected changes in the phenology of

Breeding chronology of gentoo penguins

gentoo penguins within the studied colony during
different years, since the error was constant. Moreover,
using the same methodology, no variability was found for
the gentoo penguin’s congener P. adeliae, for the same
study area and years (unpubl. data). Lynch et al. (2009)
suggested that mean October temperatures constitute a
predominant factor at the beginning of reproduction,
given the need to find snow-free areas for nest building.
During the 2007 and 2009 seasons, local conditions were
similar: area B showed higher snow deposition and
ice persistence, possibly related to heavy north-easterly
snow storms and low temperatures recorded in October
for these years. During these seasons, interannual varia-
bility in reproductive phenology was recorded for the
entire colony, and seasonal asynchrony was observed for
all breeding pairs nesting in area B, which represents
63% of the breeding population.

Variability in the breeding chronology of gentoo pen-
guin has been previously reported (Williams 1990; Bost &
Jouventin 1990a; Bost & Jouventin 1991; Williams 1995;
Cobley & Shears 1999; Boersma 2008; Forcada & Trathan
2009; Lescroél et al. 2009; Lynch et al. 2009; Lynch et al.
2010). In some cases, the delay in the breeding cycle is
related to a previous failure in reproduction and second
egg laid, as well as to low food availability (Bost &
Jouventin 1990a; Bost & Jouventin 1991; Lescroél et al.
2009). Since this study did not include the replacement
clutches in the description of chronology, we have ruled
out that the delay observed here is due to reproductive
failure. Also, if low food availability is a factor contribut-
ing to reproduction delay, this was not reflected during
the periods studied (see below). On the other hand,
variability in reproductive timing has also been associated
with the age or experience of individual birds or the
social structure of the population (Williams 1990; Bost &
Jouventin 1990a; Williams 1995). The interannual varia-
bility reported here involved the entire colony, and the
asynchronism involved much of the colony, results which
appear to be independent of the age or experience of

Table 3 Diet composition of gentoo penguins rearing chicks at Stranger Point during four study seasons. Frequency of occurrence (as percentage) and
percent in weight of the items; the mean (g) +£5D of the stomach contents weights are shown.

Frequency of occurrence

Percent in weight

Season Breeding stage N Krill (%) Fish (%) Krill (%) Fish (%) Stomach contents weights (g)
2007 cs® 25 100 28.00 99.87 0.09 572.82+170.67
2008 GSP 15 100 13.33 99.95 0.02 392.00+180.16
CS 24 100 41.67 99.20 0.77 442.32+190.74
2009 GS 15 100 26.67 99.83 0.11 310.71+£171.74
CS 10 100 50.00 98.37 1.56 307.79+110.67
2010 GS 15 100 26.67 99.42 0.54 301.18+99.54
CS 24 100 25.00 08.38 1.49 248.31 +81.66

Créche stage.
bGuard stage.
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Table 4 Descriptive statistics of chicks fledging weight of gentoo penguins during 2007-10.

Breeding season

Fledging weight 2007 2008 2009 2010

N 150 161 165 230
Mean +5D (kg) 5.09+0.64 5.014+0.52 5.0540.62 5134058
Range (kg) 3.00-6.50 3.95-6.27 3.65-6.85 3.75-6.60
Sampling period 11/02 to 25/02 21/01 to 4/02 06/02 to 20/02 31/01 to 14/02

breeding birds. Moreover, it chronology variability were
determined mainly by the presence of inexperienced
birds, it is reasonable to expect low reproductive success
for those years in which differences in the chronology
were more pronounced (Williams 1990; Williams 1995).

There is general consensus about the negative impact
of rainfall and snow precipitation on the breeding success
of penguins (Williams 1995; Trivelpiece & Fraser 1996;
Cobley & Shears 1999; Boersma 2008; McClintock et al.
2008; Trathan et al. 2008; Forcada & Trathan 2009; Lynch
et al. 2009; Lynch et al. 2010; among others), resulting in
the loss of nests due to flooding or desertion, and loss
of chicks to hypothermia. While in each season birds
laid eggs in the same proportion, there was a significant
decrease in the number of chicks that hatched and chicks
that reached the créche for birds nesting in area A during
the 2009 season. However, when considering the general
population, reproductive success was relatively stable
and high during the periods analysed, similar to findings
reported by Carlini et al. (2009) for the same study area,
suggesting that the high breeding plasticity of gentoo
penguins enables them to face successfully different
environmental conditions.

The abundance and quality of food have a strong
influence on reproductive chronology (Bost & Jouventin
1990a; Bost & Jouventin 1991; Lescroél et al. 2009) and
breeding success (Croxall 1992; Croxall et al. 1999; Boyd
& Murray 2001; among others). The gentoo penguin
exhibits behavioural plasticity with respect to diet com-
position and feeding and this favours their adjustment to
changes in food availability (Bost & Jouventin 1990b;
Putz et al. 2001; Miller et al. 2009). During the study
period, Antarctic krill was the principal prey in the diet of
gentoo penguins breeding at Stranger Point. The percen-
tage in weight of fish in samples was extremely low.
These results are consistent with those reported for other
colonies of gentoo penguins breeding on the same island
(Hinke et al. 2007; Kokubum et al. 2010; Miller et al.
2010). Our study showed no changes either in diet
composition or in the amount of food delivered to the
chicks during GS for all seasons, though an increase in
the duration of foraging trips in GS (2008-10) and a
gradual weight decline in stomach contents during CS
(2007-10) was observed. This may reveal a gradual

(page number not for citation purpose)

decrease in the availability or quality of food with each
season (Croxall et al. 1999; Fraser & Hofmann 2003;
Miller et al. 2009; Salihoglu et al. 2001). Declining prey
availability could substantially alter the breeding success
and survival of krill-dependent species (Croxall 1992;
Croxall et al. 1999; Fraser & Hofmann 2003; among
others). However, this decline in food abundance was
reflected in neither the phenology nor the breeding
success of the studied gentoo penguins; in fact, the
breeding population increased by 91% between 1995/
96 and 2011/12 (unpubl. data). On the one hand, only
two of the four seasons analysed (2007 and 2009)
showed a delay in reproduction, coinciding with high
snow deposition on the ground. On the other hand, both
reproductive success and fledging weight — considered
by Hinke et al. (2007) to be measure of reproductive
performance — remained constant despite the variability
in the breeding chronology, the apparent decline in prey
availability and the increased foraging effort of adults.

In summary, it has been previously demonstrated that
plasticity in the diet composition and foraging behaviour
of the gentoo penguin contributes to maintain their
relatively constant breeding success, despite the effects
of climate change on their main prey, Antarctic krill.
Similarly, according to our results, the flexibility in their
reproductive phenology and their low nesting site fidelity
are advantageous characteristics that help support their
breeding success, buffering against such changes ob-
served in local environmental conditions as increased
snowfall. Separately or together, these biological res-
ponses allow gentoo penguins to cope with the great
environmental variability, both marine and terrestrial,
and possibly influence the current population trends
recorded in the western Antarctic Peninsula.
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