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Abstract Dietary segregation of sympatric seabirds in
the Southern Ocean is partly linked to differences in
their foraging techniques. We have investigated the
activity of giant petrels (Macronectes spp.) in a king
penguin (Aptenodytes patagonicus) colony day and night
during the austral winter of 2001 on the Crozet Islands.
Using an automatic identification system and an infra-
red video camera, we followed 15 petrels tagged with
micro transponders. Our data show that giant petrels
predate king penguin chicks during the night. The
activity of giant petrels is even slightly higher during
nighttime than during the day. In addition, our data
show a higher nocturnal activity by northern giant pet-
rels (M. halli) than by southern giant petrels (M. gi-
ganteus). These unexpected results raise questions
concerning visual adaptations to nocturnal foraging in
giant petrels and their potential impact on the sleep,
vigilance and créching behavior of penguin chicks.

Introduction

The differential exploitation of food resources by sea-
birds is linked to their foraging techniques which depend
on behavioral and physiological adaptations such as
visual (Martin and Prince 2001), olfactory (Nevitt 1999;
Bonadonna et al. 2001) or diving capacities (Costa 1991).
Data on the foraging behavior of seabirds during the
night remain scarce. Previous studies have been essen-
tially limited to albatrosses at sea (e.g. Weimerskirch
et al. 1993; Croxall and Prince 1994; Fernandez and
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Anderson 2000). This paucity of data for night feeding is
largely due to the technological difficulties associated
with observations at night. The diet, feeding ecology at
sea and the foraging activity of giant petrels (Macro-
nectes spp.) have been investigated during daytime
(Hunter and Brooke 1992; Warham 1996; Gonzalez-
Solis et al. 2001). Giant petrels feed both by direct pre-
dation and by scavenging carrion (Hunter and Brooke
1992). Southern (M. giganteus) and northern (M. halli)
giant petrels are considered the main king penguin
(Aptenodytes patagonicus) predators, in particular for
the chicks during the winter (Hunter and Brooke 1992).
It has been assumed that giant petrels do not feed noc-
turnally in penguin colonies (Hunter 1991). However, to
our knowledge, the nocturnal activity of giant petrels
has only been addressed in a single study which dealt
with how they behave at sea during the breeding season.

The aim of this study was to determine the activity of
giant petrels over the 24-h cycle in a king penguin colony
during the austral winter on the Crozet Islands, and to
compare the activities of both species of giant petrels
using an automatic identification system associated with
an infrared video camera.

Materials and methods

The study was carried out in a colony of 25,000 pairs of king penguins
at Possession Island (46°25’S, 51°45’E) in the Crozet Archipelago,
between May and August 2001. A breeding area with about 10,000
pairs (about 0.8 ha) is connected to the sea by three pathways which
giant petrels use to walk into or leave the penguin colony.

Between March and July 2001, seven southern giant petrels and
eight northern giant petrels were randomly caught in the penguin
colony. The visual feature which can be used to confidently dis-
tinguish the species is the color of the end plates of the bill, greenish
in southern giant petrels and reddish in northern giant petrels
(Voisin 1968; Conroy et al. 1975). A miniature transponder tag
weighing 0.8 g (TIRIS) was implanted under the bird’s skin
between the leg and tail.

Antennas for bird identification are installed permanently on
the three pathways (Fig. 1; see also Descamps et al. 2002 for a
complete description). The system consists of two buried antennas
3 m apart on each pathway. Each antenna is 3-5 m wide, supplying
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Fig. 1 Scheme describing the
automatic identification setup
for the detection of the passage
of free-living microtagged king
penguins (Aptenodytes
patagonicus) and giant petrels
(Macronectes spp.) on
Possession Island, Crozet
Archipelago
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energy to the passive transponders, which are activated electro-
magnetically at a distance of about 70 cm and receive in response
the identification code of an individual upon each passage. The
antennas are connected to a computer which collects the data on
the number of daily passages of each bird. The sequence of signals
from the two antennas on each pathway reveals if a bird is entering
or leaving the breeding site (data collected for the incomplete
month of the transponder implantation are excluded from the
analysis). In this study, we took into account all daily crossings of
each bird occurring during these 4 months.

A remote-controlled infrared video camera working 5 times
slower than real time was put on the pathway where the majority of
the passages occurred. We directed it so as to cover one-third of the
studied area. During the month of May, the video tapes were
studied at the times the transponded giant petrels passed between
the antennas. We defined night passages as those between sunset
and sunrise. A tear-off calendar specifically adapted to the Crozet
Islands was used to determine when sunset and sunrise occurred for
each month.

The effect of species and month on the percentage of nocturnal
passages was analyzed with two-way ANOVAs with unequal
sample size (Snedecor and Cochran 1980). Arcsine transformations
(Sokal and Rohlf 1981) were performed on the percentage of
nocturnal passages in order to obtain normal distributions. All
tests were two-tailed. Results are considered to be significant at the
5% level. Values reported are means + SE.

Results

The movements of the 15 giant petrels in the penguin
colony were greater at night (ANOVA: Fj4=12,
P <0.01) since, for the 4 months, an average of 71% of
the passages occurred at night. Over the 24-h cycle, giant
petrels showed a peak of activity around sunrise (be-
tween 0600 and 0900 hours; Fig. 2). From then on, the
movements of the birds progressively decreased until
sunset. A strong reduction of activity occurred in the
daylight hours, chiefly from 1300 to 1700 hours. In
addition, both species of giant petrels were active day
and night, but M. halli were significantly more active
than M. giganteus over the 24-h cycle (ANOVA:

Fy14=12.24, P <0.05) independent of the month during
which the data were collected (ANOVA: F 4,=041,
P=0.75). Comparison of nocturnal versus diurnal
activity of each species is shown in Fig. 3.

Nocturnal predation on king penguin chicks by giant
petrels occurred every night as shown by the video
recordings. Most often, the predator ran at one or a
group of chicks in order to isolate one individual and
bring it down by biting it around the head and neck.
Once the chick weakened, the attacker bit the anal area.

Discussion

In the present study, the activity of both species of giant
petrels has been investigated day and night in a king
penguin colony during the austral winter. Contrary to
what has been assumed, giant petrels remained active
during the night to predate king penguin chicks. This is
therefore the first study to provide data on nocturnal
predation by giant petrels.

Indeed, both giant petrels can be characterized as
opportunistic predator-scavengers, but had been
assumed to be diurnal. Hunter (1991) reported that giant
petrels did not hunt nocturnally in penguin colonies
while stipulating that any kills may have been missed in
his direct observations. Using activity recorders on giant
petrels, with the sensors indicating when the birds were
at sea or on land, Gonzalez-Solis et al. (2001) docu-
mented their activity patterns during the incubation
period. This indicated that giant petrels usually travel at
sea during daylight and are less active at night, which
implies that the birds spend much of the night on land.
This therefore accords with our observation in the
present study that giant petrels engaged in nocturnal
predation during all 4 months of the study, suggesting
that their presence on land at night not only is not
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Fig. 2a—d Number of daily crossings of giant petrels [7 southern
(M. giganteus) and 8 northern (M. halli) giant petrels] in the
penguin colony over the 24-h cycle (time = UTC+ 5). a May 2001;
b June 2001; ¢ July 2001; d August 2001. For each column, the data
is the median number of crossings of all identified birds = SE

unusual, but may be an integral part of their foraging
strategy. Accordingly, the quantification of time-activity
budgets of giant petrels would benefit from a more
detailed description of night activities.

The higher activity of giant petrels at night may be
due to a larger vulnerability of penguin chicks in dark-
ness. Giant petrels would consequently have a higher
capture success at night. During the winter, king pen-
guin chicks congregate in flocks of several dozens to
several thousands of individuals, the so-called créches.
Créching behavior offers adaptive benefits as protection
from predators (Munro and Bédard 1977; Seddon and
Van Heezik 1993). In particular, animals in groups
benefit from an increased probability of detecting a
predator (Dimond and Lazarus 1974; Elgar 1989). The
nocturnal predation by giant petrels probably has
evolutionary consequences on the sleep, vigilance and
créching behavior of penguin chicks.

These results also raise questions concerning the
visual adaptations to nocturnal foraging in giant petrels
and king penguins. Penguins and albatrosses show
amphibious optical design (Martin 1998) and the king
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Fig. 3 Number of crossings in the penguin colony by night and day
of southern giant petrels (n=7) and northern giant petrels (n=38).
Values are means + SE

penguin eye’s optical design facilitates vision at low light
levels (Martin 1999). These adaptations have been sug-
gested as offering a facility for underwater foraging. In
king penguins, this could reduce predation risk during
the night. The visual capacity of giant petrels at low light
levels seems not, however, to have been investigated.
Good nocturnal vision would offer them help in moving
and catching penguin chicks at night.
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