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Abstract Breeding animals can increase the survival of
their offspring by defending their offspring and perform a
conspicuous display against nest predators and potential
risks. Here, we recorded the behavioral responses of
Antarctic penguins when a stuffed skua and a human
approached their nests. We investigated (1) how sym-
patrically breeding chinstrap (Pygoscelis antarcticus) and
gentoo (Pygoscelis papua) penguins responded to the
approaching skua (a real nest predator) and human (a
newly introduced intruder) and (2) how the penguin
responses varied based on the degree of previous exposure
to humans. Our results showed that chinstrap penguins
mostly displayed strongly threatening behavior, with
physical attacks on both the skua and human. However,
gentoo penguins displayed a weaker threatening behavior
toward the skua and responded differently to the presence
of a human. Many gentoo individuals avoided the human
rather than displaying threatening behavior. Furthermore,
gentoo penguins near the pathway used by humans
exhibited weak responses after 4 weeks of exposures to
passers-by, whereas other individuals far from the pathway
responded with threatening behavior. These results indicate
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that chinstrap and gentoo penguins may have different
strategies for defending their offspring; gentoo penguins
might discriminate between intruder types depending on
the degree of danger, whereas chinstrap penguins consis-
tently reacted to any intruders approaching to their nest
sites. Our findings suggest that gentoo penguins may
become habituated with humans following prior to short-
term exposure.
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Introduction

Breeding animal parents can increase the survival of their
offspring by defending them against predators with vari-
ous forms of parental care by either or both parents in
many taxa, including invertebrates (Tallamy 2000), fish,
reptiles (Reynolds et al. 2002), birds (Cockburn 2006) and
mammals (Clutton-Brock 1991). Parents carefully respond
to predators and other potential risks to protect their
offspring when they are young and vulnerable (Redondo
1989). It may be beneficial for parents to discriminate
between predators on conspecific and harmless species
and to then respond differently to approaching intruders.
In many avian species, nest predation is one of the major
causes of nesting failure (Nilsson 1984; Martin 1993;
Caro 2005). Therefore, birds have evolved behaviors
against predators, called ‘nest defense behavior,” which is
defined as “behavior that decreases the probability that a
predator will harm the contents of the nest (eggs or
chicks) while simultaneously increasing the probability of
injury or death to the parent” (Montgomerie and
Weatherhead 1988).
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Nest defense behavior may vary among species, even
between closely related species (Gochfeld 1984; Byrkjedal
1987), because there are several life history characteristics
that determine this behavior, such as clutch/brood size, life
expectancy, future breeding opportunity, offspring/parental
quality and nest characteristics (reviewed in Montgomerie
and Weatherhead 1988). Moreover, avian parents have
been recently shown to use different strategies based on the
type of predatory threat (Suzuki 2011, 2012; Suzuki and
Ueda 2013). For Antarctic penguins, skuas (Stercorarius
spp.) are the main nest predator, and they will prey on both
penguin eggs and young chicks during the breeding season
(Young 1994). Because penguins usually nest in large
groups, with many thousands of nests packed together,
skuas mostly attempt to access exposed eggs or chicks on
the ground at the edge of the breeding colony. Therefore,
breeding penguin parents in these locations must defend
their offspring against approaching skuas and other
potential predators. Accordingly, penguins respond defen-
sively by displaying threatening behavior at offenders
using bill and head movements (Jouventin 1982; Vifuela
et al. 1995; Holmes et al. 2006). The degree of display
varies among penguin species and among individuals
within the same species (Young 1994; Holmes 2007).

Human disturbance has the potential to interrupt
breeding penguins (Hockey and Hallinan 1981; Woehler
et al. 1994; Ellenberg et al. 2006, 2007, 2012). Individuals
of many penguin species are physiologically influenced by
human activity (Fowler 1999; Villanueva et al. 2012,
Magellanic Penguin Spheniscus magellanicus; Ellenberg
et al. 2006, Humboldt Penguin Spheniscus humboldti,
Ellenberg et al. 2007, Yellow-eyed Penguin Megadyptes
antipodes; Ellenberg et al. 2012, Snares Penguin Eudyptes
robustus; Viblanc et al. 2012, King Penguin Aptenodytes
patagonicus), which can affect breeding success. The
responses to humans vary among species and populations.
At the species level, some species displayed more exag-
gerated behaviors than others against similar human dis-
turbance. For example, Humboldt penguins are very
sensitive to the presence of humans (Ellenberg et al. 2006)
compared with other more tolerant species, such as Mag-
ellanic penguins (Yorio and Boersma 1992; Walker et al.
2006). Ellenberg et al. (2006) suggested that this difference
between species might originate from different levels of
hunting pressure on penguin species by humans. If there is
a selection pressure by human hunting, reactions against
humans can be selected for (Festa-Bianchet 2003). How-
ever, species-specific responses were observed even in the
same area. For example, on Macquarie Island, gentoo
penguins (Pygoscelis papua) were more sensitive to human
visitation than king and royal (Eudyptes schlegeli) pen-
guins (Holmes 2007). However, it is still unclear why there
was such substantial variation to human disturbance among
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species. At the population level, previous reports showed
behavioral differences (e.g., gentoo penguins in Holmes
et al. 2006; Snares penguins in Ellenberg et al. 2012). To
explain the differential responses among populations, the
“habituation hypothesis” has been proposed. Habituation
is defined as a ‘reduced response to repeated stimulation
not attributable to fatigue or sensory adaptation’ (Domjan
2003). This hypothesis indicates that increased tolerance
levels are acquired by frequent exposure to humans (El-
lenberg et al. 2009). Many studies have shown that pen-
guins are affected by human disturbance and have become
habituated by repeated and predictable low-level distur-
bance, such as controlled tourist visits, i.e., “ecotourism”
(Burger and Gochfeld 2007; Ellenberg et al. 2009; Viblanc
et al. 2012). However, unregulated tourism can cause ele-
vated hormonal response and eventually reduced repro-
ductive output in yellow-eyed penguins (Ellenberg et al.
2007). This indicates that uncontrolled human disturbance
can reduce breeding success.

Gentoo penguins in on-station areas with high human
activity display weak responses to humans compared with
populations in off-station areas (Holmes et al. 2006).
However, only a few studies have tested this hypothesis in
restricted areas, where the effects of human exposure can
be identified (see Ellenberg et al. 2012). We studied sym-
patrically breeding chinstrap (Pygoscelis antarcticus) and
gentoo penguins near the King Sejong Station on King
George Island in Antarctica. Chang (1999) observed that
chinstrap penguins were more aggressive to skuas or
humans than gentoo penguins in this breeding area. Other
studies have also demonstrated similar aggressiveness of
chinstrap penguins compared with other penguins in the
same breeding site while breeding (Crawford 1974; Conroy
1975; Trivelpiece and Volkman 1979; Macdonald et al.
2002). To explain the interspecific differences of degree of
aggressiveness, Trivelpiece and Volkman (1979) and
Macdonald et al. (2002) hypothesized that aggressiveness
of chinstrap penguins may be related to nest-site compe-
tition and helps them invade the nest sites of other penguin
species in mixed sites; they argued that aggressive chin-
strap penguins expelled Adélie penguins (Pygoscelis ade-
liae) and took the nest sites near the shore even though
chinstrap penguins arrived later than Adélie penguins.
Another hypothesis, which is not mutually exclusive with
the former hypothesis, is that intraspecific aggression could
be linked with anti-predatory aggression (Huntingford
1976). This hypothesis implies that aggression toward
predators could be correlated with intraspecific aggression.
Huntingford (1976) suggested that the level of anti-preda-
tory aggression and that of intraspecific aggression would
be related through hormone effects. This hypothesis was
supported by recent reports in a seabird (black-tailed gulls,
Larus crassirostris), which found that individuals with high
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aggression levels as antipredator nest defense showed
higher testosterone levels (Kazama et al. 2011) and had
more frequent intraspecific aggression behaviors (Kazama
et al. 2012).

In this study, we observed the nest defense behavior of
breeding chinstrap and gentoo penguins using a human and
a stuffed skua. For chinstrap and gentoo penguins, skuas
are the main predator that will take eggs or chicks from
nests, and humans are a recent intruder that may indirectly
affect fitness by disturbance (Frid and Dill 2002). Here, we
investigated how aggressiveness differed between gentoo
and chinstrap penguins (chinstrap vs. gentoo) and whether
the nest-defending response differs depending on the type
of approaching intruders (skua vs. human). In addition, we
evaluated whether penguin responses varied with the
degree of previous exposure to humans. Among several
sub-colonies of gentoo penguins, we investigated behav-
ioral responses in the colonies with previous exposure
where humans passed close by and less exposure to humans
passing prior to the behavioral experiments (approximately
10 m vs. 50 m away).

Materials and methods
Study area and species

We performed this study on breeding chinstrap and gentoo
penguins at Nargbski Point (Fig. 1; 62°14.3'S, 58°46.5'W)
on King George Island for two breeding seasons (Decem-
ber 2012-January 2013 and December 2013-January
2014). Migratory chinstrap penguins arrive at the rookery
in early November and lay eggs in late November and early
December (Trivelpiece and Trivelpiece 1990). Hatching of
chinstraps is in late December and early January, and
fledging is in late February (Trivelpiece et al. 1987). Semi-
migratory gentoo penguins tend to remain near the rookery
(Trivelpiece and Trivelpiece 1990). They lay eggs in mid-
November (Trivelpiece and Trivelpiece 1990), hatch
between mid- and late December, and fledge between late
February and early March (Trivelpiece et al. 1987). In the
2012-2013 and 2013-2014 breeding seasons, penguin
colony size and breeding nest locations were measured
(Fig. 1) with a GPS unit (Geo7x handheld, Trimble
GeoExplorer®, Sunnyvale, CA, USA) before fledging. The
number of nests and the number of offspring were counted
near the créche. Locations of nest sites were recorded, and
breeding areas of both species were plotted using ArcGIS
Platform (version 10.0, ESRI Inc., Redlands, CA, USA).
All measurements on colony size and nest locations were
performed after the experiments. From our observations,
3332 chinstrap and 2496 gentoo breeding pairs were
counted in the 2012-2013 season, and 3157 and 2378,

respectively, were counted in 2013-2014. In the same area,
we consistently observed breeding skuas (Brown Skua,
Stercorarius antarcticus; four pairs in 2012-2013 and
seven in 2013-2014). For calculating the densities of
breeding nests (defined as the number of nests per given
area), we excluded solitary nests over 5 m away from the
nearest neighboring nests. Totally, 3 chinstrap and 41
gentoo penguin nests in the 2012-2013 season and 9 and
51, respectively, were excluded in 2013-2014 in the nest
density estimation.

This breeding site is located in an Antarctic Specially
Protected Area (ASPA; no. 171, for which a management
plan was submitted by the Republic of Korea in 2009),
where human activity such as ecotourism has been con-
trolled. From the late 1980s to 2008, this area had occa-
sionally been visited by a few scientists through the Korea
Antarctic Research Program to study its fauna and geology
(ASOC 2007, 2008). Thus, we cannot exclude the possi-
bility that penguins had previously been exposed to
humans. However, as far as we know, this area has not
been visited by tourists compared with other places in King
George Island. During the Antarctic summer (from early
December until February) in 2012-2013 and 2013-2014,
approximately 80-100 Korean researchers visited King
Sejong station, which is 2 km away from the penguin
breeding site, with permission from the Ministry of Foreign
Affairs and Trade (Republic of Korea). Some of the
researchers pass through the middle of the breeding site to
get to their field site. There were 16-18 overwintering
people annually at the station, but the ASPA area was not
visited by these people because of the low accessibility
from the station during the Antarctic winter.

Experimental tests with an approaching skua
in 2012-2013 and 2013-2014

We visited the gentoo and chinstrap penguin breeding site
and recorded their responses to an approaching stuffed skua
(South polar skua, Stercorarius maccormicki). In total, 74
chinstrap penguins (50 in four colonies in 2013 and 24 in
three colonies in 2014) and 107 gentoo penguins (79 in
nine colonies in 2013 and 28 in three colonies in 2014)
were used. The tests were conducted for 2 days each year
(1 and 4 January 2013; 4 and 7 January 2014). During a
single test, 5-13 individuals were approached by the
stuffed skua. Each colony was only visited once to avoid
repeated sampling from one individual. The sex of the
individuals was not determined in this study.

To estimate the behavioral responses of the chinstrap
and gentoo penguins to the approaching nest predators, we
operated a stuffed skua on a radio control car (R1 1/10
Rock Buggy ARTR, Gmade Co., Seoul, Korea; a picture in
Online Resource 1) at a slow approach speed of
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Fig. 1 Location of our study area at Nargbski Point on King George
Island. This breeding site is an Antarctic Specially Protected Area
(ASPA, no. 171). The map of sub-colonies of chinstrap and gentoo
penguins in the 2012-2013 and 2013-2014 breeding season. The
edges of sub-colonies were measured with a GPS unit (Geo7x
handheld, Trimble GeoExplorer®, Sunnyvale, CA, USA) before
fledging. Four gentoo penguin colonies relative to the human pathway

approximately 0.2 m/s. The car was operated with a remote
radio at least 20-30 m away from the colonies. To reduce
the possibility that penguins are affected by human pres-
ence, the human tried to hide himself and controlled the
car. We mimicked the presence of a skua, which is known
for hunting for penguin chicks on the ground by
approaching the nest (Young 1994). We arbitrarily selected
chick-guarding penguin adults that were sitting on their
eggs or young hatchlings (0-7 days after hatching) in
peripheral areas of the colonies. Because chinstrap and
gentoo penguin breeding pairs alternate feeding trips by
individual, either of the parents could have occupied the
nest during testing. We did not conduct tests in the center
of the colonies because penguins could be affected by the
researcher walking into the colonies. To calculate the nest
densities, we measured the nest distances between the nests
in both penguin species. We randomly chose 652 chinstrap
nests and 440 gentoo nests in the 2013-2014 season. Using
a tape measure (in 0.1 cm unit), we measured the nest
distances from a center of a nest to another center of a focal
nest. To avoid the disturbance, the measurements were
conducted after fledging. We recorded the behavioral
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in 2014. Four gentoo penguin colonies were tested to determine the
response of breeding penguins at their nest sites to an approaching
human. Two gentoo penguin colonies were located near the human
pathway, and the other two colonies were located farther away from
the pathway. The distance of the closest colonies to the pathway was
measured (G 12.8 m, G3 8.5 m, G6 51.5 m, G7 48.5 m)

responses of individual penguins when the stuffed skua
entered the space between the nests, which is considered a
defense zone (up to 0.5 m from the nest site), where active
defensive behavior is displayed toward skuas on the ground
(Young 1994). Based on the degree of responses, we cat-
egorized the penguin behavior to approaching intruders
into three categories: “beak-bite,” “head up” and “no
response.” “Beak-bite” is the physical action of biting the
intruder with the beak and is regarded as a strong threat
display. “Head up” is a defensive action whereby the head
is moved upward while calling loudly, with no direct attack
on the intruder. This behavior is assumed to be a weak
threat, which is a less strong response. “No response”
refers to when no apparent responses to the intruder were
observed.

Experimental tests with an approaching human
in 2013-2014

To examine the responses of penguins to human
approaching, we measured the behavioral responses in a
similar manner to that of the stuffed skua. We used
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different penguin nests for the stuffed skua experiment in
2012-2013 and 2013-2014 and for the human experiment
in 2013-2014. Before the behavioral tests, we recorded the
number of human subjects who passed across the penguin
breeding site. For 16 days, from 6 December 2013 until 4
January 2014, 28 human individuals used the pathway
between 09:00 and 10:30 h when departing from the sta-
tion to the field sites and between 16:00 and 17:00 h when
returning to the station. Researchers were supposed to
record the time and the number of groups when departing
and arriving at the station. During the period, an average of
9.12 (£3.90 SD) people per day was recorded. Moreover,
we gave a GPS (GPS850, AscenKorea Inc., Seoul, Korea)
to each researcher who went through this site, and, from the
GPS data, human pathways were recorded. For safety, a
solitary human was not allowed to move out in the field.
Based on the records, 2-9 members (average 3.74, £2.01
SD) made groups, and an average of 2.47 groups (£1.30
SD) per day used the pathway. After the human visits for
4 weeks, we had a human subject who had not previously
visited the breeding site. The human slowly approached the
nest site and move into the defense zone. The response of
the penguins was recorded by a researcher located
3040 m away from the nesting penguins. These tests were
conducted on two clear days on 5 and 9 January 2014
between 09:00 and 11:00 h.

We compared the responses to the approach of a human
between penguins that were previously exposed to humans
and those that were less exposed to humans. We conducted
the human approach experiments in different sub-colonies
where we did the skua experiments. We arbitrarily selected
116 chinstrap penguins from six colonies and 72 gentoo
penguins from four colonies. During a single test, 840
individuals were approached by a human who did not stare
at the penguins. Each colony was visited one time, and the
same individual was not evaluated multiple times. The
human approached the nests with a similar speed as the
stuffed skua did (approximately 0.2 m/s). Consequently,
the human was in the defense zone (up to 0.5 m from the
nest) for approximately 2-3 s during a single approach.

In addition to the three types of behavioral response
observed with skuas (“beak-bite,” “head up” and “no
response”), “desertion” behavior was included as a
response to humans. “Desertion” is a form of escape
behavior, whereby the parent bird leaves the nest and takes
up a position approximately 1 or 2 m away, then returning
to the nest when the intruder has passed by. During this
behavior, no aggressive or threatening displays toward
humans were observed, and we therefore concluded that
this is not a threat display. Desertion behavior was not
observed in the skua experiments in 2012-2013 and
2013-2014, so this behavior was not included in analyses
of the skua experiments.

To determine the effect of the degree of previous human
disturbance (i.e., distance from the human pathway) on the
penguins’ response to an approaching human, we used
gentoo sub-colonies that were different distances from the
human pathway. A previous test on heart rate response in
king penguins to human approaches revealed that the
penguins did not react until the human was within 30 m,
increased heart rates occurred at around 20-25 m, and
behavioral responses occurred at 10 m (Viblanc et al.
2012). Preliminary data indicated that gentoo penguins in
our population also showed behavioral responses toward
approaching humans at approximately 10 m away (Jung,
unpublished data), so we think there was a similar behav-
ioral threshold in our penguins. Four colonies were arbi-
trarily selected for gentoo penguins: two colonies were
near the human pathway (less than 10-15 m), and two were
far from the pathway (over 40-50 m). Thus, we selected
two sub-colonies that were close to one another and
approximately 10 m from the human pathway (G1: 12.8 m,
n=24; G3: 8.5m, n =136) and two sub-colonies that
were far from one another and approximately 50 m away
from the human pathway (G6: 51.5 m, n = 24; GT7:
48.5 m, n = 39) (see Fig. 1). In addition, G6 and G7 were
located beyond an approximately 10-m-high hill (Fig. 1),
which could interrupt the visions of incubating penguins.
Therefore, we expected that the researchers were less vis-
ible in the far sub-colonies, compared to those in the close
sub-colonies.

Statistics

We used ¢ tests in SPSS, version 21.0, to compare the
densities of breeding nests between 13 chinstrap and 17
gentoo sub-colonies in 2012-2013 and 13 chinstrap and 33
gentoo sub-colonies 2013-2014.

We used multinomial analyses (Lee et al. 2013) with
generalized linear mixed models (GLMMs) using the lme4
package in R software, version 3.0.1 (Bates et al. 2015), to
examine the behavioral differences of the two species
(chinstrap and gentoo) to different intruder types (skua and
human). Statistical significances of the fixed effects were
acquired using the likelihood ratio test with log-likelihood
of the two models (one model with fixed effects and the
other without fixed effects) in the lme4 package. To
compare the behavioral responses between the two species
in 2013 and 2014 experiments toward the stuffed skua,
behavioral response (“beak-bite,” “head up,” “desertion”
or “no response”) was included as a dependent variable
with multinomial distribution. Species (chinstrap and
gentoo) and year (2013 and 2014) were included as fixed
effects, and sub-colony identity was treated as a random
effect in the model. The effect of year was initially tested,
and then it was removed from the actual models because
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the year effect was not statistically significant in either
species (;(2 = 0.75, P = 0.39 in chinstrap penguins and
%> = 0.01, P = 0.99 in gentoo penguins). To compare the
behavioral responses between the two different intruder
types (skua and human) in 2014 experiment, behavioral
response (“beak-bite,” “head up” or “no response”) was
included as a dependent variable with multinomial distri-
bution, and intruder type was a fixed effect. Sub-colony
identity was included as a random effect.

To determine the effect of the degree of human distur-
bance (i.e., distance from the human pathway) on the
penguins’ response to an approaching human, we also used
a GLMM with the Ime4 package in R software. As a
dependent variable, we included binary data for the pres-
ence (Y) or absence (N) of threat displays, such as “beak-
bite” or “head up,” with the binary distribution. As a fixed
effect, we used the binary coded distance data (“near,”
which was less than 13 m, or “far,” which was more than
48 m). We treated each colony as a random effect in the
analysis.

Results

Densities of breeding nests of chinstrap and gentoo
in 2012-2013 and 2013-2014

Our GPS data indicated that a 4705.7 m* area was occu-
pied by 3329 breeding chinstrap nests (0.71 nests/m?) in 13
sub-colonies in 2012-2013 and 4187.8 m” by 3148 nests
(0.75 nests/m?) in 13 sub-colonies in 2013-2014. In gentoo
penguins, a 6111.0 m*> area was used by 2455 nests
(0.40 nests/m?) in 17 sub-colonies in 2012-2013 and
3916.4 m* by 2327 nests (0.59 nests/m?) in 33 sub-colo-
nies in 2013-2014. The nest density of chinstrap penguins
was marginally higher than that of gentoo in 2012-2013
(t test, F=0.17, t = —0.1.87, df =28, P = 0.07) and
significantly higher than that of gentoo in 2013-2014
(¢ test, F = 1.20, t = —2.66, df = 44, P = 0.01).

The mean distance between the chinstrap nests was
65.3 cm (£18.0 SD) in 444 nests in 2012-2013 and
82.2 cm (£15.5 SD) in 652 nests in 2013-2014. In gentoo
nests, the mean distance was 84.0 cm (£19.3 SD) in 1022
nests in 2012-2013 and 90.3 cm (+14.5 SD) in 440 nests
in 2013-2014.

Responses to approaching nest intruders

The responses of chinstrap penguins did not differ between
the skua and human (for pictures, see Fig. 2b to the skua
and Fig. 2d to the human; multinomial GLMM, X2 = 0.81,
P = 0.37; Fig. 3a); they predominantly displayed strongly
threatening behavior to both the approaching skua and
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human. However, gentoo penguins displayed different
responses to different approaching intruders; they dis-
played weakly threatening behavior (mainly the “head up”
display; Fig. 2a) to the skua, but displayed “head up,” “no
response” or “desertion” (Fig. 2c) to the approaching
human (multinomial GLMM, 12 = 102.64, P < 0.001;
Fig. 3b). The responses of chinstrap and gentoo penguins
to an approaching stuffed skua and human were different
(multinomial GLMM, »*> = 18.25, P < 0.001; Fig. 3a, b).

Responses of gentoo penguins to an approaching
human based on pathway proximity

In gentoo penguins, the responses to the approaching
human were different between individuals in the colonies
near the pathway and colonies far from the pathway (bi-
nomial GLMM; ;> =591, P = 0.02; Fig. 4). Gentoo
penguins in two colonies near the human pathway (G1 and
G3) displayed no threatening behavior, but the individuals
in the other two colonies far from the pathway (G6 and G7)
responded aggressively to an approaching human by dis-
playing “beak-bite” and “head up” behaviors.

Discussion

Our results indicated that chinstrap and gentoo penguins
displayed different defensive behaviors to approaching
intruders. Chinstrap penguins consistently displayed
threatening behavior and strongly attacked the approaching
intruders, both the skua and human, with their beaks.
However, gentoo penguins displayed weaker responses to
both the skua and human, compared with chinstrap
penguins.

Although many factors are related to their aggressive-
ness, one possible explanation about the interspecific
aggression differences is that chinstrap penguins invade the
colonies of other species at mixed sites, which could
indicate nest-site competition among different species
(Trivelpiece and Volkman 1979; Trivelpiece et al. 1987,
Macdonald et al. 2002). In our study populations, Chang
(1999) described that gentoo adults arrived earlier (around
September) than chinstrap adults (late October). Although
chinstrap breeders came to the breeding sites later than
gentoo, chinstrap occupied the nesting places near the
seashore, and gentoo penguin colonies were located inland
and far behind the chinstrap colonies (Fig. 1). We suspect
that the aggressive characteristics of chinstrap penguins
potentially enabled them to assume a higher nesting rank
than the gentoo penguins by interspecific competition.
However, it is still unclear whether the two species have
conflicts in a limited space and compete for the nesting
places.
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Fig. 2 Examples of behavioral responses to an approaching stuffed
skua and a human in gentoo (a, ¢) and chinstrap (b, d) penguins.
Gentoo penguins displayed weakly threatening behavior to an
approaching skua by moving their heads upward and calling loudly.
We termed this “head up” (a). Chinstrap penguins displayed strongly
threatening behavior with actual physical attacks, such as pecking the

In addition to interspecific competition for breeding
territory, intraspecific competition in chinstrap penguins
can also explain anti-predatory aggression. Chinstrap
penguins were more likely to compete for breeding terri-
tory, compared with gentoo penguins; in both breeding
seasons, chinstrap penguins were in more densely popu-
lated areas (1.8 and 1.3 times as dense as those of gentoo
penguins; 0.71 in 2012-2013 and 0.75 nests/m”> in
2013-2014 in chinstrap penguins; 0.40 and 0.59 nests/m?,
respectively in gentoo penguins). Thus, we hypothesize
that, if the chinstrap penguins in a densely populated
breeding territory had more chances to interact with each
other for nesting competition, this could induce more
intraspecific competitions and high levels of hormonal
secretion, such as testosterone, and consequently affect
aggressiveness.

To explain the different levels of intensity of nest
defense behaviors, body size difference between the two
species can be also considered. Body mass of gentoo
penguins is 20 % higher than that of chinstrap penguins at
King George Islands (Volkman et al. 1980). Because body
size differences may affect their vulnerability to the same
predator (Montgomerie and Weatherhead 1988), chinstrap
penguin, which is smaller than gentoo penguin, could have
stronger aggression toward nest intruders as a defensive
strategy.

Notably, many gentoo penguin adults displayed deser-
tion behavior to the human subject rather than aggression.
In our study area, humans were controlled so as not to

stuffed skua with their beaks. We termed this “beak-bite” (b). When
a human approached, many gentoo penguins moved 1-2 m away
from the nest sites and returned after the human had passed by. We
termed this “desertion” behavior (¢). In chinstrap penguins, the
responses to humans were similar to the responses to the stuffed skua,
with strongly threatening behavior, including “beak-bites” (d)

disturb the penguins and have become “predation-free
predators” (Beale and Monaghan 2004). When an unfa-
miliar species approaches a nest, perceiving the degree of
danger they impose and responding accordingly are
important. Discrimination between approaching intruders
(i.e., dangerous or harmless) is beneficial by allowing the
birds to expend energy defending against dangerous
predators and ignoring harmless intruders (McLean and
Rhodes 1991). Gentoo penguins may be able to adjust their
anti-predatory behavior based on the type of intruder.
Considering that gentoo penguin habitats are located in
sub-Antarctic areas from 46° to 65°S (Bost and Jouventin
1990), which overlap with human habitats, they therefore
are likely to be exposed to humans. Previous studies
revealed that wild birds that adapt to human areas quickly
learn to identify dangerous humans (Levey et al. 2009;
Marzluff et al. 2010; Lee et al. 2011). Gentoo penguins
likely did not develop the ability to discriminate between
humans. Rather, we hypothesize that gentoo penguins may
have the ability to distinguish between heterospecific
intruders and react differently depending on the degree of
danger.

Gentoo penguins that were near to the human pathway
displayed a weaker threatening behavior, whereas indi-
viduals far from the pathway displayed strongly threaten-
ing behavior. Our results support the habituation
hypothesis, because gentoo penguins became familiar with
humans through repeated exposure. Holmes et al. (2006)
showed that penguin colonies located close to research
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Fig. 3 Responses of chinstrap (a) and gentoo penguins (b) to
approaching skua and human. All experiments were performed in
2012-2013 with skua (n = 50, chinstrap; n = 79, gentoo) and
2013-2014 with skua (n = 24, chinstrap; n = 28, gentoo) and with
human (n = 116, chinstrap; n = 72, gentoo)

stations that had previously been exposed to human stimuli
weakly responded to human approach compared with
penguins breeding far from the stations.

In our study, we focused on behaviors at species and
sub-colony levels. Gentoo penguins displayed weaker
responses to an approaching human when they were closer
to the human pathway. Our findings indicate that, even
within the same population, penguins may have different
responses to an intruder depending on their degree of
exposure to human disturbance. Although during the
30 days of exposure to 2.47 human groups (mean £1.30
SD) per day, which were composed of 2-9 members,
passing along the pathway, with no intention to interrupt
the colony, this experience enabled the penguins to respond
differently.

In addition to the penguins’ behavior in response to
approaching humans, we also observed that brown skuas
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Fig. 4 Responses of gentoo penguins to an approaching human based
on the distance from the colonies to the human pathway. Two
colonies were near the pathway (G/ 12.8 m and G3 8.5 m), and the
other two colonies were far from the pathway (G6 51.5 m and G7
48.5 m)

seemed to exploit humans to predate penguin chicks. In
one instance, we watched that a brown skua pair took a
gentoo penguin nestling very quickly while we were con-
ducting the human approach experiments. We did not
video-record the situation, but it appeared that the skuas
were waiting for us to approach the nest sites and rapidly
hunted the nestling on purpose. Although it needs more
evidence, we think that skuas might take advantage of
approaching humans. It will be very interesting to test
whether the skuas recognize penguins’ responses to
humans and learn to predate penguin chicks while the
chicks are uncovered because of human visitation. Overall,
chinstrap penguins displayed strongly threatening behavior
toward approaching intruders, but gentoo penguins dis-
played relatively weak threatening behavior and responded
differently depending on the types of intruder. Although
chinstrap and gentoo penguins breed at the same site under
similar levels of predation pressure, the two species may
have evolved different strategies against predation. From
our results, we think it is possible that even researchers not
directly involved in penguin surveys could affect their
behavior because of their frequent visits to the area around
the breeding ground. Therefore, we suggest that researchers
in Antarctic regions take care to consider the presence of
these birds when they are approaching breeding sites.
Although we used a radio control car with a stuffed skua
to mimic skua approaching, it may still be distant from the
real situation. In Adélie penguin and skua studies, there
were two different attack approaches of skua to penguins:
one is ‘opportunistic attacks’ in which skuas attempt to
predate by a quick move mostly at visible eggs or chicks
and the other is ‘sustained attacks’ in which skuas attempt
to steal defended eggs and chicks from alert parents
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(Young 1994). Here, we could mimic the slow approach
from a distance so that it may be close to the sustained
attack. Thus, it is hard to exclude the possibility that we
only observed penguins’ responses to the sustained attacks
of skuas. Moreover, we did not mimic skuas’ searching
behaviors, such as hunting flights and observation of pen-
guins, before the actual predation events. In future works, it
would be interesting to mimic the two different approaches
of skuas and investigate the penguin responses to oppor-
tunistic attacks and sustained attacks.

In our study, the sex of each individual was not deter-
mined, although the responses could potentially differ
between sexes (Villanueva et al. 2012). Because other
individual variables, such as age (Miillner et al. 2004),
social hierarchy (Creel 2001) and personality (Ellenberg
et al. 2009), may potentially affect behavioral responses, it
will be interesting to investigate individual variation in
response to intruders. Future studies with detailed experi-
ments at the individual level could clarify the effects of
nest intruders on the defensive behavior of penguins.
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