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Abstract

The plasticity in the trophic ecology, the breeding phenology, and the low nesting site fidelity would be the reasons why most
of the gentoo penguin (Pygoscelis papua) populations breeding in the western Antarctic Peninsula and islands of Scotia Arc
remained stable or increasing, despite the changing environmental conditions. Regardless of the overall trend, recent studies
revealed a decline in the abundance of some gentoo penguin populations at those regions. Therefore, it is highly valuable to
update the population size of each colony in order to confirm the current trends of individual colonies and generate a com-
prehensive overview of the population status. We report the abundance and breeding performance of gentoo penguins at the
Stranger Point/Cabo Funes colony from 2000/2001 to 2018/2019. During the last season, 5383 breeding pairs and 5545 chicks
in creche were counted. Despite there were considerable inter-annual fluctuations over the study period, the total number of
gentoo penguin breeding pairs increased by 74.6% (+3.1% per annum), while the number of chicks créched increased by
60.0% (+2.6% per annum). However, the index of breeding success remained relatively constant over time, varying between
0.74 and 1.23 chicks in creche/breeding pairs. Gentoo penguins have life-history strategies that are advantageous to face the
environmental variability, allowing the species to maintain their breeding performance stable over time and enhance their
resilience, which can favour the population growth at Stranger Point.
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Introduction

The western Antarctic Peninsula (WAP) and Scotia Arc
regions have been experiencing a marked environmental
variability, driven by a rapid climate warming and conse-
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quent sea-ice loss (Kerr et al. 2018 and references therein;
but see Turner et al. 2016). This variability in marine and
terrestrial conditions impacts, direct or indirectly, on popu-
lation dynamics of predators such as pygoscelid penguins
(Fraser et al. 1992, 2013; Forcada et al. 2006; Hinke et al.
2007, 2012; Trathan et al. 2007; Trivelpiece et al. 2011;
Lynch et al. 2012a; Juares et al. 2015). However, the bio-
logical responses of these predators will be species-specific
according to their life-history strategies, and to regional and
local conditions (e.g. Forcada et al. 2006; Hinke et al. 2007;
Trathan et al. 2007; Carlini et al. 2009; Lynch et al. 2010,
2012a; Trivelpiece et al. 2011; Fraser et al. 2013; Casanovas
et al. 2015; Juares et al. 2015; Dunn et al. 2016, 2019).
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Changes in the abundance and breeding performance
of penguins can be used as bioindicators of shifts in their
ecosystem (CCAMLR 2014). Gentoo penguin (Pygosce-
lis papua) populations have remained stable or increased
in abundance throughout the WAP and islands of Scotia
Arc (e.g. Carlini et al. 2009; Lynch et al. 2012a; Gonzalez-
Zevallos et al. 2013; Korczak-Abshire et al. 2013; Casano-
vas et al. 2015; Dunn et al. 2016; Braun et al. 2017; Hinke
et al. 2017). This less ice-adapted penguin species exhibits
an ecological plasticity that can buffer the potential impact
of ecosystem changes. The greater flexibility in their feeding
and breeding behaviour as well as a low nesting site fidel-
ity contributes to maintain relatively constant their breeding
success despite the adverse effects of environmental vari-
ability on their main prey—the Antarctic krill (Euphausia
superba)—and on local conditions in the breeding site, such
as the increase in the frequency of years with heavy snowfall
(Miller et al. 2009; Hinke et al. 2012; Lynch et al. 2012b;
Juares et al. 2013). Nevertheless, more recent studies have
shown a decline in the abundance of some gentoo penguin
populations in this region both in colonies exposed and not
exposed to human disturbance (Petry et al. 2018; Dunn et al.
2019). Therefore, it is valuable to update the population size
of each monitored colony in order to confirm the current
trends. Additionally, the update of the population size of
gentoo penguins contributes to current estimates of the total
predator populations in the region, which is crucial for the
management and conservation of Antarctic marine living
resources (Santos et al. 2018).

For the Stranger Point/Cabo Funes colony, the avail-
able information on the population size and breeding per-
formance of gentoo penguins is outdated by a decade (see
Carlini et al. 2009). In order to update information on the
abundance and the breeding performance of gentoo penguins
nesting at Stranger Point, and to assess whether the popula-
tion trajectory previously reported have persisted over time,
we examined the direction and magnitude of changes in the
number of breeding pairs and chicks in créche from ground
counts carried out between 2000/2001 and 2018/2019. Addi-
tionally, we evaluated the long-term changes over a 54-year
period from historical records of the number of breeding
pairs reported by this colony (Aguirre 1995).

Materials and methods

Study area

Fieldwork was carried out at Stranger Point/Cabo Funes,
(62°16' S, 58°37' W. 25 de Mayo/King George Island, South

Shetland Islands, Antarctica; Fig. 1) during 19 consecutive
breeding seasons (i.e. from 2000/2001 to 2018/2019).
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This research is part of a long-term monitoring of gentoo
penguins conducted by the Argentine Ecosystem Monitor-
ing Program (Argentine Antarctic Institute). Data were col-
lected, whenever possible, according to the standard proto-
cols defined by the Ecosystem Monitoring Program (CEMP)
of the Commission for the Conservation of Antarctic Marine
Living Resources (CCAMLR 2014).

Breeding population size and chicks créched

In this study, a breeding group was defined as an assemblage
of birds nesting as a geographically continuous unit within a
colony (Carlini et al. 2009). Annually, all breeding groups of
gentoo penguins were surveyed from direct ground counts.
The total number of occupied nests (i.e. the sum of the nests
with eggs and pairs occupying an empty nest) was counted
approximately 1 week after the peak of egg-laying (typically
from October 28 to December 14), while the total number of
chicks créched was counted when at least two-thirds of the
chicks had entered creche (typically from December 30 to
January 18). Due to the continual arrival of gentoo penguin
pairs at the breeding site that compensates the loss of nests,
the penguin count will remain flat for a wider period, i.e.
the time interval in which the censuses can be carried out
is broader and may be less critical than in their congeners
(Lynch et al. 20009).

In both censuses, three counts were made on each breed-
ing group and the average values were calculated. From
the sum of the average values recorded in each breeding
groups, we estimated the breeding population size (except in
2003/2004 and 2007/2008) from all the occupied nests (i.e.
all breeding pairs) and the productivity using the total num-
ber of chicks that survived until creche stage. Additionally,
considering information on previous censuses (taken from
Aguirre 1995, Table 1), the overall fluctuations in the num-
ber of breeding pairs were analysed over a broader period
(54 years; Table 1). Carlini et al. (2009) reported the popula-
tion size of gentoo penguins from 1995/1996 to 2006/2007;
however, those authors only considered the number of nest
with eggs. In order to avoid an overestimation of the popula-
tion increase, these data were not included.

Following Dunn et al. (2019), we analysed the direc-
tion and magnitude of population changes. The percentage
annual change in the total number of breeding pairs and in
the number of chicks reared to créche was calculated as

Annual change (%) = (PS,,,/ PS¢, — 1) % 100,

where PS is the population size or chicks créched in season
s.

We calculated the annual intrinsic rate of population
changes:
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Fig.1 Location of the Stranger Point/Cabo Funes colony within the Antarctic specially protected area (ASPA) No 132 on 25 de Mayo/King

George Island, South Shetland Islands, Antarctica

Table1 Summary of gentoo penguin (Pygoscelis papua) breed-
ing pairs recorded at Stranger Point/Cabo Funes from 1965/1966 to
1988/1989. These data were previously compiled and published by
Aguirre (1995)

Season Breeding References
population
size
1965/1966 2920 Croxall and Kirkwood (1979) as cited by
Aguirre (1995)
1980/1981 2584 Jablonski (1984) as cited by Aguirre
(1995)
1988/1989 2325 Aguirre (1995)

R = (InPS(s + 1) — InPS(s))7,

where InPS is the natural logarithm of the population size or
chicks créched in season s and T'is the time interval between
counts.

Furthermore, the coefficient of variation (CV) of
the abundance was calculated to evaluate its temporal
fluctuation.

Index of breeding success

The index of breeding success (IBS) was calculated as total
number of chicks in creche/total number of occupied nests
(CCAMLR 2014). This index was estimated for each season
when both parameters were available.

Simple linear regressions of counts against time were
used to visualize the general trend in the number of breed-
ing pairs, the number of chicks in créche, and the index of
breeding success.

Results

The total number of gentoo penguin breeding pairs present
on Stranger Point increased by 74.6% between 2000/2001
(3083 pairs) and 2018/2019 (5383 pairs) at an annual rate
of +3.1% (R*>=0.69; Fig. 2). However, inter-annual fluctua-
tions in the number of breeding pairs were evident (Fig. 2;
Online Resource 1). Overall, the breeding population
increased by 40.2% (+4.2% per annum) between 2000/2001
and 2008/2009, decreased 26.1% in the 2009/2010 sea-
son, and increased by 68.6% (+5.8% per annum) between
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Fig. 2 Inter-annual fluctuations in the total number of breeding pairs (black line) and chicks in creche (grey line) of gentoo penguins (Pygoscelis
papua) at Stranger Point/Cabo Funes from 2000/2001 to 2018/2019. Linear regressions of the abundance were plotted

2009/2010 and 2018/2019. The number of breeding pairs
counted in 2000/2001 and 2009/2010 seasons represented
the lowest values recorded throughout our study period (i.e.
3083 and 3192 nests, respectively).

The number of chicks in creche increased by 60.0%
between 2000/2001 (3466 chicks) and 2018/2019 (5545
chicks) at an annual rate of +2.6% (R*>=0.48; Fig. 2). In
comparison with the number of breeding pairs, the total
number of chicks showed a higher inter-annual variability
(Fig. 2; CV=16.8 vs. 23.6 for breeding pairs and chicks
créched, respectively). The number of chicks in créche
observed during the 2002/2003 and 2009/2010 breeding
seasons represented the lowest values recorded throughout
our study period (i.e. 2780 and 2652 chicks, respectively).

From 2000/2001 to 2018/2019, the mean IBS was
0.93+0.14 (range =0.74-1.23), which represents an aver-
age breeding performance of 46.6% (range =36.8-61.4%).
The IBS estimated for the 2002/2003 and 2014/2015 were
the lowest of the study period (0.74 and 0.77, respectively).
Nevertheless, the reproductive performance remained rela-
tively stable through the study period (R*=0.007; Fig. 3).

Breeding population size over a broader period

Between 1965/1966 and 2018/2019, the total number of
breeding pairs of gentoo penguins increased by 84.3%
(+ 1.2% per annum). However, the population experienced
periods of decline and increase over these 54 years. The
number of breeding pairs decreased by 20.4% (—1.0%
per annum) between 1965/1966 and 1988/1989 (Table 1),
increased by 32.6% (+2.4% per annum) from 1988/1989
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to 2000/2001 and since then, the population increased at a
faster rate of change per year (i.e. +3.1%).

In 1988/1989, the gentoo penguin colony consisted of
2325 pairs settled in 57 breeding groups (Aguirre 1995).
After 30 years, we recorded 5383 pairs breeding in 69
groups varying in size from 7 to 365 nests. During our study
period, there was colonization of new breeding areas and re-
occupation of sites previously abandoned (see Juares et al.
2013).

Discussion

Given that some gentoo penguin populations are undergo-
ing local declines both in colonies exposed and not exposed
to human disturbance (Chwedorzewska and Korczak 2010;
Petry et al. 2018; Dunn et al. 2019), there is a growing inter-
est in updating the breeding population size and describe
the population trajectory of individual colonies in order to
understand the mechanisms underlying such changes and
the large-scale processes (e.g. Dunn et al. 2016, 2019; Petry
et al. 2018). Here, we report the present status of the abun-
dance and breeding performance of gentoo penguins nesting
at Stranger Point, 25 de Mayo/King George Island. Dur-
ing the 2018/2019 season, 5383 breeding pairs and 5545
chicks in creche of gentoo penguins were counted. Despite
the inter-annual variability observed, our results reveal an
increasing trend of more than 60% in the abundance of gen-
too penguins between 2000/2001 and 2018/2019, while the
breeding performance remained relatively constant over time
(Fig. 3). The IBS (chicks créched/breeding pairs) observed
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Fig.3 Inter-annual fluctuations in the index of breeding success (Chicks in créche/breeding pairs) of gentoo penguins (Pygoscelis papua) at
Stranger Point/Cabo Funes from 2000/2001 to 2018/2019. Linear regression of the IBS was plotted

at Stranger Point fluctuated between 0.74 (in 2002/2003)
and 1.23 (in 2005/2006). Not surprisingly our values fell
within the range of IBS observed in other colonies which
exhibited an increase (e.g. Signy Island: 0.05-1.27 chicks
créched/pairs; Dunn et al. 2016) or even a decline (e.g.
Goudier Island, WAP: 0.2—-1.4 chicks créched/pairs; Dunn
et al. 2019) in their population sizes. Nevertheless, years of
extremely low breeding performance have not been observed
at Stranger Point.

Although this population has undergone a phase of
decline since the mid-1960s, a similar pattern of the long-
term population trajectories was recorded by Korczak-
Abshire et al. (2013) and Sierakowski et al. (2017) in gentoo
colonies also located in 25 de Mayo/King George Island.
Nevertheless, different trajectories in the long-term trends
were observed in other colonies, such as Signy Island (South
Orkney Islands; Dunn et al. 2016) and Danco Coast (WAP;
Quintana et al. 2000) whose populations showed an increase
of gentoo breeding pairs since the 1960s.

In a broad scale, there are differences among colonies
and years in the direction and/or magnitude of long-term
population changes (e.g. Humphries et al. 2017) which dif-
ficult the identification of the factors driving such trends.
Evidences suggest that fluctuations in pygoscelid penguin
populations are related to changes in suitable habitats, prey
availability, and to the potential impact of human activities
such as tourism and krill fishery (e.g. Forcada et al. 2006;
Ainley et al. 2007; Trathan et al. 2007, 2008; Trivelpiece
etal. 2011; Lynch et al. 2012a; Juéres et al. 2013; Korczak-
Abshire et al. 2013; Casanovas et al. 2015; Dunn et al. 2016,
2019). However, the regional complexity also highlights the

importance of considering how local conditions impact on
the population dynamics (e.g. Trathan et al. 2008; Casanovas
et al. 2015; Dunn et al. 2019).

According to the “krill surplus™ hypothesis, krill-depend-
ent populations grew during the 1970s in response to an
increase in the food availability due to the over-exploitation
of whales (Ainley et al. 2007). However, at Stranger Point a
declining population trend was observed between 1965/1966
and 1988/1989. Despite the limitations and potential biases
of the early counts, this negative trend is in line with those
previously reported in near breeding colonies (Korczak-
Abshire et al. 2013; Sierakowski et al. 2017). Since the
late 1980s, gentoo penguin populations increased in many
places of this region (Chwedorzewska and Korczak 2010;
Gonzalez-Zevallos et al. 2013; Korczak-Abshire et al. 2013;
Casanovas et al. 2015; Dunn et al. 2016; Braun et al. 2017).
In a scenario of shifts in krill availability—related to ice
loss and changes in primary productivity driven by climate
warming (e.g. see Kerr et al. 2018)—along with the recovery
of whale populations (that increase competition for krill),
a decline in gentoo populations would be expected as in
their congeners (Trivelpiece et al. 2011; Lynch et al. 2012a).
Thus, the positive trajectories observed in gentoo penguins
appear to be determined by their life-history strategies in
face of the influence of environmental variability. Gentoo
penguins are ice-avoiding species; therefore, the availability
of their breeding and foraging habitats can increase due to
the reduction of sea ice (Forcada et al. 2006; Trathan et al.
2007; Lynch et al. 2012a). Furthermore, the plasticity in
their feeding strategies allows them to withstand shifts in
the abundance and availability of Antarctic krill (Miller et al.
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2009) and by being inshore-foraging predators they could be
less affected by the recovery of whales (Lynch et al. 2012a).

On the other hand, breeding gentoo penguins are con-
strained by nest attendance and the foraging distance (e.g.
Hinke et al. 2017). Thus, both krill fishery and tourism—
which have increased in recent years—could negatively
impact on penguin populations through competition for the
same prey resource or the high disturbance generated at the
breeding site and/or at the feeding areas (Hinke et al. 2017;
Dunn et al. 2019). In the Stranger Point colony, the potential
interaction between gentoo penguins and krill fishery has
not yet been evaluated (although, up to now, the breeding
performance does not seem to be affected) and the human
disturbance can be considered minimal given that this col-
ony is located within a protected area (Fig. 1) and does not
receive tourists.

Furthermore, unusual weather conditions can be reflected
in the inter-annual fluctuations of abundance and breeding
performance of gentoo penguins, as recorded in other annu-
ally monitored colonies that also experienced an overall
increase (Lynch et al. 2010; Dunn et al. 2016). Snowfall
can impact on the breeding population size and/or breed-
ing performance (Trathan et al. 2008; Lynch et al. 2010;
Hinke et al. 2012). At Stranger Point, a high accumulation
and persistence of snow was observed during the austral
summer of 2009/2010 and 2012/2013 (Juares et al. 2013,
2015). Although a low number of breeding pairs and chicks
in creche were recorded in 2009/2010, the breeding perfor-
mance of gentoo penguins remained relatively constant and
the number of breeding pairs did recover in the following
season. During seasons of heavy snowfall, several breeding
pairs moved to previously unoccupied higher places (Juares
et al. 2013; unpublished data). Thus, the plasticity in the
breeding phenology (specifically in the timing of egg-laying)
and the relocation of breeding groups allow gentoo penguins
to cope with this local variability maintaining a relatively
constant breeding success (Juares et al. 2013) and conse-
quently, reflecting the high resilience of this species.

In the last decades, the WAP and Scotia Sea areas have
experienced an increase both in environmental variability
and in human activities (i.e. tourism and krill fishing). These
factors, alone or combined, may have profound implications
on population dynamics of pygoscelid penguins. Thus, all
updated information will help to improve our understanding
on ecological processes underlying the changes in penguin
populations observed in this region.
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