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INTRODUCTION

To understand the biological effects of climate
change, scientists need to understand not only the
direct effects of climate change on individual species
(reviewed in Parmesan 2006), but also how changing
climate may affect complex interspecific interactions
(Van der Putten et al. 2010). The most frequently
studied interactions are ‘trophic mismatches’ in

which disparate phenological changes between
trophic levels affect species interactions (e.g. Visser
& Both 2005 and references therein). Less frequently
considered are intratrophic interactions that may be
affected by climate change (exceptions include
Chadwick et al. 2006, Ahola et al. 2007). Climate
change can alter the relative timing of breeding and
the ecological interactions among species that utilize
a shared set of limited resources (food, breeding
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space, etc.). This effect may be particularly acute
where migratory species co-exist with resident spe-
cies, the latter of which are in a better position to
respond to changing conditions at the breeding loca-
tion and are therefore at a competitive advantage
(Ahola et al. 2007). Although the effect of climate
change on breeding phenology in birds has been
considered in many studies (e.g. Brown et al. 1999,
Crick & Sparks 1999, Przybylo et al. 2000, Both et al.
2004), the subsequent impacts of these phenological
changes on interspecific competition among sym-
patrically-breeding bird species has only recently
been addressed (Schaefer et al. 2006, Ahola et al.
2007). Although imperfect, biological responses to
interannual variability in climate are perhaps the
best indication available of how populations might
respond to long-term changes due to regional cli-
mate change (Trathan et al. 2007). Breeding syn-
chrony among individuals in a population, although
bestowing a number of potential benefits for colo-
nially nesting seabirds (Birkhead 1977, Hatchwell
1991, Murphy & Schauer 1996), may constrain a pop-
ulation from responding adequately to environmen-
tal variability (Reed et al. 2006) and, ultimately,
adapting to longer-term climate change. Addition-
ally, migration away from the breeding colony during
non-breeding months may preclude a timely assess-
ment of environmental conditions at the breeding
site and thus may prevent an adequate phenological
response to interannual or long-term climate change
(e.g. Both & Visser 2001, Both et al. 2006).

Few places on the planet have warmed as quickly
as the Western Antarctic Peninsula (WAP) (Vaughan
et al. 2003), and abundant empirical evidence links
the changing climate in this region to observed
changes in physical (Smith & Stammerjohn 2001) as
well as ecological systems (e.g. Croxall et al. 2002,
Trathan et al. 2007, Clarke et al. 2007, Ducklow et al.
2007). Of particular interest is the impact of climate
change on the WAP’s 3 pygoscelid penguin species:
Adélie (Pygoscelis adeliae), gentoo (P. papua) and
chinstrap (P. antarcticus). The study of niche segre-
gation among sympatric congeneric penguin species
(e.g. Lishman 1985, Fraser et al. 1992, Lynnes et al.
2002, Wilson 2010) is complicated by the spatiotem-
poral heterogeneity of resources for which the spe-
cies compete. Climate change introduces a dynamic
element, as the ecological axes along which species
are segregated adjust along with the resulting com-
petitive relationships (Fraser et al. 1992, Croxall et al.
2002, Forcada et al. 2006). One such axis is breeding
phenology, with Adélie, gentoo and chinstrap pen-
guins breeding in sequence and over a restricted

interval of 3 wk or less (Trivelpiece et al. 1987). The
staggered timing of breeding among these species
may reduce the extent of direct foraging competition
during chick rearing (Croxall & Prince 1980, Lishman
1985, Trivelpiece et al. 1987), and the relative timing
of arrival and nest building is an important factor for
the ultimate distribution of limited snow-free nesting
space, as gentoo and chinstrap penguins can outcom-
pete Adélies for available space in mixed colonies
(Trivelpiece & Volkman 1979, Trivelpiece et al. 1984,
Carlini et al. 2005, Sander et al. 2007; see also
Slagsvold 1975). Despite the potential for breeding
phenology to mediate competitive interactions, rela-
tively little quantitative work has been done to
understand what environmental factors are corre-
lated with the timing of breeding in pygoscelid pen-
guins (exceptions include Bost & Jouventin 1990 and
Barbraud & Weimerskirch 2006), how breeding phe-
nology varies over the spatial scale of the peninsula,
or the extent to which breeding synchrony may vary
between species.

Building on an earlier study to develop predictive
models of clutch initiation (Lynch et al. 2009), we
used data on clutch initiation dates (CIDs) for all 3
species of pygoscelid penguin at 4 different sites on
the WAP to address 3 specific hypotheses: (1) species
differ in the degree of breeding synchrony within a
colony, (2) interannual variation in pygoscelid pen-
guin breeding phenology (as measured by CIDs)
reflects interannual variation in environmental con-
ditions immediately prior to clutch initiation, and (3)
species differ in their phenological plasticity, and
these differences reflect a dichotomy between those
that are resident and migrant in the non-breeding
period. In the Discussion, we use these results to
understand how differential breeding plasticity and
synchrony may impact interspecific interactions
under a climate change scenario.

MATERIALS AND METHODS

Clutch initiation data were taken from long-term
studies of penguin colonies at 3 penguin breeding lo-
cations (Table 1, Fig. 1): Cape Shirreff, Livingston Is-
land (62° 28’ S, 60° 46’ W; 1997−2006); Admiralty Bay,
King George Island (62° 10’ S, 58° 30’ W; 1991−2006);
and Humble Island (64° 46’ S, 64° 06’ W; 1991−2000).
Breeding phenology data were collected according to
the CCAMLR Ecosystem Monitoring Pro gram (CEMP)
Standard Methods (Standard Method 9; CCAMLR
2004). Additional data were used from a short-term
study at Petermann Island (65° 10’ S, 64° 10’ W;
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2005−2007); site details and field
methods of the Petermann Island study
may be found in Lynch et al. (2010). A
total of 6108 CIDs were recorded. Of
these, we discarded a small number
(174) of CIDs because the first egg
laid was not directly observed and
CID had been inferred based on the
timing of subsequent phenological
events (e.g. second egg laid or first
egg hatched). In all cases, new nests
were chosen for observation each sea-
son, minimizing the potential for serial
autocorrelation in CIDs.

We modeled mean clutch initiation
(site j, year t) as a linear function of 3
a priori covariates — species (sp), lati-
tude (lat) and year (measured relative
to 2000) — and a suite of a posteriori
environmental covariates. On the
basis of previous studies reporting
staggered breeding among sympatric
pygoscelid penguins (e.g. Trivelpiece
et al. 1987), we included species as a
factor in our model. As latitudinal
gradients have been found to be
important in the breeding phenology
of penguins (Warham 1972, Ainley
2002, Lynch et al. 2009) and other
seabirds (Croxall 1984, Wanless et
al. 2008), latitude was included as a
covariate in the model. Year was
included (as a fixed effect) to quantify
any temporal trends in breeding phe-
nology unaccounted for by trends in
modeled environmental covariates.
We considered 8 additional covari-
ates representing various aspects of
environmental conditions in the aus-
tral spring immediately prior to clutch
initiation (August−October; Table 2).
Monthly averages of mean air tem-
peratures and sea-ice area were
included for each of August, Septem-
ber and October. Both sea-surface
temperature and monthly average
Southern Oscillation Index were
highly correlated between adjacent
months and so a seasonal average
(August−October) of these indices
was used instead of separate monthly
means. Models of CID at nest i, at site
j, in year t took the form:
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Site Species Period n Source

Admiralty Bay, Adélie 1991−2006 83−194 W.Z.T. & S.G.T.
King George Island (unpubl. data)
(62° 10’ S, 58° 30’ W) Gentoo 1991−2006 38−199 W.Z.T. & S.G.T.

(unpubl. data)

Cape Shirreff, Chinstrap 1997−2006 57−99 W.Z.T. & S.G.T.
Livingston Island (unpubl. data)
(62° 28’ S, 60° 46’ W) Gentoo 1998−2004, 23−53 W.Z.T. & S.G.T.

2006 (unpubl. data)

Humble Island Adélie 1991−1996, 81−100 Fraser (2004)
(64° 46’ S, 64° 06’ W) 1999−2000

Petermann Island Gentoo 2005−2007 92−99 H.J.L., W.F.F. & R.N.
(65° 10’ S, 64° 10’ W) (unpubl. data)

Adélie 2005−2007 47−56 H.J.L., W.F.F. & R.N.
(unpubl. data)

Table 1. Details of study sites and clutch initiation data. n: range of clutch initi-
ation dates (CIDs) recorded per year for each Species × Site combination (not
including discarded CIDs; see ‘Materials and methods’ and Table S1 in the 

supplement at www.int-res.com/articles/suppl/m454p135_supp.pdf)
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(1)

(2)

where Eq. (1) links individual nest CID to population
mean CID (meanCID) with a variance that depends on
intraspecies breeding synchrony , and Eq. (2)
links population mean CID to interannual variability
in environmental conditions. The interaction between
environmental conditions and species is included to
account for potential differences in phenological re-
sponse among the 3 pygoscelids. Note that empirical
data for meanCID, and not model estimated meanCID
from Eq. (2), are used in Eq. (1) to prevent error in
Eq. (2) from inflating estimates of . All population-
level mean CID data are given in Table S1 in the

 supplement at www. int-res.com/artic-
les/suppl/m454p135_ supp.pdf. Model
parameters were given vague normal
prior distributions and the precisions
associated with model synchrony (1/τ2)
and model error (1/σ2) were given
vague gamma distributions. Models
were fit to the data using the software
package WinBUGS (Spiegelhalter et
al. 2003). We used a burn-in period of
1000 samples and drew our posterior
distribution from the following 9000
samples in each of 3 overdispersed
and randomly-initialized parallel Mar -
kov chain Monte Carlo chains. This
was more than sufficient to achieve
model convergence and adequate
sampling of the posterior distribution.
Models were compared using the de-
viance information criterion as de-
scribed in Spiegelhalter et al. (2002).

RESULTS

There was overwhelming support for the model
containing mean October temperature (Table 3).
Mean October temperatures were significantly cor-
related with clutch initiation, and all 3 species
showed an advanced schedule of breeding in
response to warmer October temperatures (Table 4).
CIDs were delayed 5 to 16 d in 1994 and 2002
because of unusually cold October temperatures
(>2σ below the 1944−2006 mean at Bellingshausen
Station). Although all 3 species demonstrated some
degree of plasticity in breeding phenology, as
defined by interannual variation in clutch initiation
in response to environmental conditions, we found

meanCID sp lat year

additional c
i j t i j tN, , (∼ + + +

oovariate sp× i j t, ),σ2

τsp[ ]i
2

τsp[ ]i
2

CID meanCID spi j t i j t iN, , , , [ ]( , )∼ τ2
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Source

Temperature
King George Is. Bellingshausen Stn (www.antarctica.ac.uk/met/gjma/)
Livingston Is.
Petermann Is. Vernadsky Stn (www.antarctica.ac.uk/met/gjma/)
Humble Is. Palmer Station (LTER archivea, http://pal.lternet.edu/)

SST National Climatic Data Center Global Surface Tempera-
ture Anomalies Dataset (www.ncdc.noaa.gov/cmb-faq/
anomalies.html)

SOI University Center for Atmospheric Research Climate
Analysis Section Data Catalogue (www.cgd.ucar.edu/cas/
catalog/climind/SOI.signal.ascii)

Ice area Palmer Station (LTER archiveb, http://pal.lternet.edu/)

aK. S. Baker (2008) Daily weather observations (air temperature, pressure,
wind, precipitation) starting in April 1989

bS. Stammerjohn (2007) Mean monthly sea ice coverage for the PAL LTER
region west of the Antarctic Peninsula derived from passive microwave

Table 2. Sources of environmental data considered in the model selection
process.

Rank           Model: CID ~ sp + lat + year + covariates (see below) × sp        pD                  DIC                 ΔDIC              wi

1                  Mean October temperature                                                          18.1              32600.6                  0               ~1.0
2                  Mean August temperature                                                           16.6              32641.1               40.5           <0.001
3                  August−October average Southern Oscillation Index               17.7              32641.9               41.3           <0.001
4                  August ice area                                                                             15.4              32642.3               41.7           <0.001
5                  August−October average sea surface temperature                   19.3              32644.3               43.7           <0.001
6                  October ice area                                                                            13.6              32644.8               44.2           <0.001
7                  September ice area                                                                       13.4              32646.0               45.4           <0.001
8                  Mean September temperature                                                     15.2              32647.7               47.1           <0.001
9                  (No environmental covariates)                                                     19.1              32649.3               48.7           <0.001

Table 3. Models for CID ranked by fit to data. pD: rough measure of the effective number of parameters (Spiegelhalter et
al. 2002); DIC: deviance information criterion; ΔDIC: difference between each model and the best model; wi: model weight. 

The null model contains no environmental covariates and is included for comparison. sp: species; lat: latitude

http://www.int-res.com/articles/suppl/m454p135_supp.pdf
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that gentoo penguins advanced breeding almost
twice as much as either Adélies or chinstraps in
response to warmer temperatures (Figs. 2 & 3, Table
4). In addition to the effect of warmer October tem-
peratures on CIDs, we found an overall trend
towards earlier reproduction of 0.15 ± 0.05 d yr−1

(posterior mean ± 1 SD) over the period for which
data were available (1991−2007). This trend was sig-
nificant for all of the models compared (Table 3) and,
therefore, cannot be explained by underlying trends
in any of the covariates not included in the final
model. As such, the cause of this additional advance
in CIDs is unknown.

Both species and latitude were significantly cor-
related with CIDs. Pygoscelid penguins bred in a
predictable sequence, with Adélie penguins being
the first to arrive and lay eggs, followed by the
gentoos and then the chinstraps (Table 4, Fig. 2).
At Admiralty Bay, model predicted mean CIDs in
2000 (mean October temperature = −2.0°C) were 29
October, 3 November and 19 November for Adélies,
gentoos and chinstraps, respectively. Sites further
south (negative latitude relative to Admiralty Bay)
had delayed CIDs relative to more northerly sites
(Table 4).

We found different levels of intraseason breeding
synchrony among the 3 pygoscelid species (Table 4),
with chinstraps showing the most synchronous
breeding (τ = 2.7 d), followed by Adélie penguins (τ =
3.6 d) and then gentoo penguins (τ = 4.2 d). All pair-
wise differences in synchrony were statistically sig-
nificant (Table 4). Despite containing only 4 vari-
ables, our model for clutch initiation explained a
large proportion of the variability in observed mean
CID at the 4 study sites (r2 = 0.74).

DISCUSSION

Despite strong similarities in breeding habitat, diet,
clutch size and overall life history, breeding phenol-
ogy is one niche axis along which the pygoscelid
penguins are segregated. Our results provide strong
evidence that climate change may significantly alter
the absolute and relative timing of clutch initiation in
these 3 species. Gentoo penguins are more asynchro-
nous and demonstrate greater plasticity in breeding
phenology than either Adélie or chinstrap penguins,
with potential attendant consequences for interspe-
cific interactions in mixed colonies.

There are compelling biological reasons why
October temperatures might be expected to play a
role in the timing of breeding of the 3 penguin spe-
cies. All 3 study species at our study sites nest
directly on rocks and breeding is conditional on the
appearance of snow-free areas in October when
penguins arrive to breed. Warm October tempera-
tures hasten snow melt in breeding colonies and
allow for earlier nest building and egg laying,
although long-term trends in accumulation will
reflect a balance between increased snow melt and
changing patterns of precipitation (Thompson et al.
1994, Turner et al. 2005, Bracegirdle et al. 2008).
Snow accumulation has been implicated as an
important factor driving differential Adélie colony
trends at the local (within-site) scale (Fraser & Pat-
terson 1997, Patterson et al. 2003, Bricher et al.
2008), and the importance of snow-free areas to
inter-season variability in the timing of gentoo
breeding has been suggested by Gwynn (1953). In
an Arctic analog, Moe et al. (2009) found that egg
laying in ground-nesting little auks was strongly
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Covariate                                         Interpretation of regression coefficient                                                           Estimate

sp [Adélie]                                        Baseline CID for Adélie penguins                                                                25.4 ± 0.6 d
sp [gentoo]                                       Baseline CID for gentoo penguins                                                                27.6 ± 0.9 d
sp [chinstrap]                                   Baseline CID for chinstrap penguins                                                            46.5 ± 1.4 d
lat                                                      Effect of latitude                                                                                        −5.2 ± 0.2 d deg−1

Oct. temp. [Adélie]                          Effect of mean Oct. temp. on CID for Adélie penguins                          −1.7 ± 0.2 d °C−1

Oct. temp. [gentoo]                         Effect of mean Oct. temp. on CID for gentoo penguins                          −3.2 ± 0.2 d °C−1

Oct. temp. [chinstrap]                     Effect of mean Oct. temp. on CID for chinstrap penguins                      −1.8 ± 0.6 d °C−1

year                                                  Overall trend in CID shared by all 3 species                                          −0.15 ± 0.05 d yr−1

τ [Adélie]                                          Within-site standard deviation of CID for Adélie penguins                      3.62 ± 0.05 d
τ [gentoo]                                         Within-site standard deviation of CID for gentoo penguins                      4.16 ± 0.06 d
τ [chinstrap]                                     Within-site standard deviation of CID for chinstrap penguins                  2.73 ± 0.07 d

Table 4. Model parameters, their interpretation and estimates (mean ± 1 SD of the posterior distribution). Clutch initia -
tion dates (CIDs) are measured relative to 1 October (e.g. CID = 32 is 1 November), and latitude is measured relative to Admi-
ralty Bay, King George Island (latitude is negative for sites further south). sp: species; lat: latitude; τ: standard deviation of 

intra-season intra-site breeding synchrony
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determined by the appearance of snow-free nesting
sites and, as a consequence, found breeding phe-
nology to be correlated with spring air temperature.
Significant topography-mediated microscale vari-
ability makes it difficult to extrapolate snow depth

at individual colonies from measurements recorded
at the nearest meteorological station. Air tempera-
ture, although just one influence on spring snow
melt, represents a useful proxy for modeling breed-
ing phenology across a large latitudinal gradient.
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Potential effects of shifting phenology on 
competition and coexistence

In addition to being inshore feeders during the
breeding season, gentoo penguins differ from
Adélies and chinstraps by remaining in the waters
near their breeding colonies throughout the austral
winter (Wilson et al. 1998, Clausen & Pütz 2003, Tan-
ton et al. 2004). For this reason, gentoos can be con-
sidered resident species relative to Adélies and chin-
straps, both of which can migrate long distances from
the colony in the non-breeding months (Davis et al.
1996, Fraser & Trivelpiece 1996, Trivelpiece et al.
2007, Ballard et al. 2010). The dichotomy between
resident and migrant species is important in light of
recent evidence that migrant species are often less
able to respond appropriately to the phenological
effects of climate change (Both & Visser 2001, Both et
al. 2006, Rubolini et al. 2010), leading to dispropor-
tionate impacts on migrant species that can alter
competitive relationships between resident and
migrant bird species breeding at the same location
(Ahola et al. 2007). Gentoo penguins, foraging in
inshore waters near the breeding colony prior to the
breeding season, are in a position to experience and
take advantage of a warm spring and early snow
melt whereas Adélies and chinstraps must decide
when to return to the colony without the benefit of
local information on breeding conditions.

Although differential foraging habitat use during
the breeding season (diving depth and distance to
shore) may mitigate interspecific competition for
prey (Trivelpiece et al. 1987, Lynnes et al. 2002,
Kokubun et al. 2010, Wilson 2010), penguins breed-
ing in mixed-species colonies must still compete for
snow-free breeding territory (Trivelpiece & Volkman
1979, Carlini et al. 2005). The average 2-day ‘head-
start’ of Adélies over gentoos may not result in a sig-
nificant temporal partitioning of prey resources dur-
ing chick rearing, but it does allow Adélie penguins
to establish nests in advance of the larger, and phys-
ically dominant, gentoo penguin. Gentoo penguins
have been known to disturb adjacent Adélie pen-
guins (H.J.L. & R.N., pers. obs.) and Adélie penguins
nesting in gentoo-dominated colonies (>80% gen-
too) have significantly lower reproductive success
than those nesting in Adélie-dominated colonies
(>80% Adélie) (H.J.L. unpubl. data). Likewise, other
studies have reported that chinstrap penguins usurp
nests from younger, less experienced and late-
 arriving Adélies, with adverse consequences on
Adélie breeding success (Trivelpiece & Volkman
1979, Trivelpiece et al. 1984, Carlini et al. 2005).
Thus, staggered arrival and clutch initiation may
allow Adélie penguin populations to persist at
 gentoo-dominated sites (e.g. Booth Island, Peter-
mann Island).

Our results show that the higher phenological plas-
ticity of the gentoo penguin compresses the head-
start of the Adélie penguin in warm years, which
suggests that Adélie penguin populations will be dis-
advantaged as the WAP continues to warm. This may
be one explanation for why small Adélie populations
breeding in mixed colonies with gentoo penguins
have been declining precipitously in recent years
(Lynch et al. 2008). This effect — a climate-induced
compression of the interval between the onset of
breeding in sympatric species — is known to increase
competition between species competing for limited
resources (Slagsvold 1975, Slagsvold 1976, Ahola et
al. 2007). The resident species, in this case the gentoo
penguin, is expected to have a significant advantage
over its 2 migratory congeners.

Breeding asynchrony and plasticity

We did not track CIDs of individual penguins
across years and, therefore, we cannot unequivocally
distinguish between phenotypic plasticity in individ-
ual response and microevolutionary change as a
result of natural selection (see discussion of this
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dichotomy in Gienapp et al. 2008, Visser 2008). How-
ever, the time scale over which local populations
responded to environmental cues (i.e. annually) rela-
tive to the generation time (8+ yr; Forcada & Trathan
2009) suggests that phenotypic plasticity played at
least some role in the phenological variability ob -
served in the present study; these results are consis-
tent with other studies suggesting the same (Przybylo
et al. 2000, Charmantier et al. 2008, Tøttrup et al.
2008, see also Forcada & Trathan 2009). Although
population-level plasticity need not imply individual
variability in phenotypic plasticity (Reed et al. 2006),
there is evidence to suggest that individuals with
more plasticity in breeding phenology may have a
selective advantage over individuals less able to
respond to local cues or environmental changes
(Brommer et al. 2005, Nussey et al. 2005). However,
highly synchronous colonial breeders derive many
well-documented benefits from their synchrony (e.g.
social foraging, reduced predation; Hoog land &
Sherman 1976, Birkhead 1977, Ims 1990, Hatchwell
1991) that may select against highly plastic (and
potentially asynchronous) individuals (Reed et al.
2006). Although all 3 of the penguin species studied
are phenologically limited by the short austral sum-
mer on the Antarctic Peninsula, our results found sig-
nificant differences in breeding synchrony, with gen-
too penguins being the least synchronous and
chinstraps the most synchronous of the pygoscelids.
Without the constraints imposed by the more highly
synchronous breeding strategy of the Adélies and
chinstraps, gentoo penguins may be more free to
respond to environmental cues.

The extent to which individual variation in timing
of breeding (i.e. early or late relative to environmen-
tal cues or the colony’s mean breeding date) affects
reproductive success and, ultimately, fitness is
unknown, but early breeding has been associated
with higher breeding success in pygoscelids (Bost &
Jouventin 1991, Viñuela et al. 1996) and other colo-
nially nesting seabirds (Reed et al. 2006, 2009). Such
differential breeding success would drive a popula-
tion-level shift to earlier breeding even if individuals
in a population showed a high degree of variability
in phenological plasticity, although the strength of
heritability in the timing of egg laying among
pygoscelids remains unclear. On an interspecific
level, we would expect that a species with a more
plastic breeding phenology would be at an advan-
tage over its less-plastic congeners, which is consis-
tent with the rapid growth of gentoo penguin popula-
tions and sharp declines in Adélie and chinstrap
populations where they overlap in the southern WAP

(Ducklow et al. 2007, Lynch et al. 2008). The opti-
mum balance between the advantages of plasticity in
response to a changing climate and the advantages
of breeding synchrony will differ across the wide
environmental gradient inhabited by each of the 3
penguin species, but the rapidity of change on the
WAP will likely tip the balance in favor of individu-
als, populations and species capable of adapting
quickly.

Role of sympatric associations on breeding
 phenology

Despite broad agreement between the model and
the data, our model fit poorly for gentoo penguins
breeding at Cape Shirreff (Fig. 2d). If we removed
gentoos at Cape Shirreff from consideration, the fit of
mean predicted CID to the observed mean CID
improved considerably (r2 increases from 0.74 to
0.94). Gentoos at Cape Shirreff bred 14.8 d on aver-
age (and up to 25.9 d) later than gentoos only 130 km
away at Admirality Bay (a difference nearly equal to
the ~16 d gentoo laying period; Trivelpiece et al.
1987) and 19.9 d on average later than predicted by
the model. One important difference between these
2 sites is the different sympatric associations in -
volved. At Admirality Bay, gentoos breed alongside
Adélie penguins, which are the earliest to breed of
the 3 pygoscelid penguins, but at Cape Shirreff, gen-
toos breed alongside chinstrap penguins, which are
the last of the 3 species to initiate breeding. It has
been hypothesized that the staggered breeding of
the pygoscelid penguins is a byproduct of dissimilar
sea ice tolerances as reflected in the typical sea ice
phenology of their disparate but overlapping ranges
(Trivelpiece et al. 1987, Fraser et al. 1992). An alter-
native explanation is that staggered breeding facili-
tates the temporal partitioning of prey resources
(Lishman 1985). The former explanation would pre-
dict no difference in the breeding phenology of gen-
toos at these 2 sites; therefore, our results are incon-
sistent with this explanation. In contrast, competitive
interactions would predict that gentoos that breed at
Cape Shirreff would breed earlier than gentoos at
Admiralty Bay, but this is opposite of what we found.
Neither of these explanations is consistent with the
phenological differences between these 2 sites. A
third possibility is that enhanced interspecific syn-
chrony might be advantageous for predator swamp-
ing (Ims 1990). Gentoos may benefit from timing
their breeding in synchrony with other penguins so
as to minimize adult mortality by leopard seals
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(Hydrurga leptonyx) and egg and chick mortality by
skuas (Catharacta spp.). Actively brooding neighbors
are also less likely to flush off the nest when dis-
turbed and are thus less likely to trample or other-
wise interfere with incubation than pre-breeders or
non-breeders (Murphy & Schauer 1996). These
hypotheses are currently being investigated.

Long-term forecasts

Current climate models for the Antarctic Peninsula
predict a continued shift towards warmer and wetter
conditions (Meehl et al. 2007). Our study of pheno-
logical responses to interannual variation imply that
continued warming will cause additional advances in
breeding phenology for all 3 pygoscelid species until
gains are balanced by increased early spring snow
(Thompson et al. 1994), temporal mismatches with
prey resources (Trivelpiece et al. 1987), or physiolog-
ical constraints of light or pre-season body condition
(e.g. Ainley 2002). Although mean October air tem-
perature explained much of the interannual variation
in CIDs, the remaining trend of earlier laying (0.15 ±
0.05 d yr−1) shared by all 3 species requires further
investigation. Uncertainties regarding future climate
change scenarios preclude long-term forecasts of
breeding phenology on the WAP, although future
efforts to understand population-wide changes
should consider the potential role of shifting breed-
ing phenologies and the effect such shifts may have
on interspecific competition for resources.
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