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INTRODUCTION

Breeding seabirds are central place foragers (Orians
& Pearson 1979) that rely on patchy, ephemeral prey
distributed in 3-dimensional space and must return to
nesting colonies to relieve their mates of incubation
duties or to feed their chicks (Lack 1968, Ashmole
1971). Energy and time allocation differs between
incubation and chick-rearing stages of reproduction,
which might lead to an adjustment in the foraging
behavior of parents (Salamolard & Weimerskirch 1993,
Weimerskirch et al. 1994, Obst et al. 1995, Meyer et al.
1997).

During incubation, parents must meet their energy
requirements and relieve their mates of incubation

duties. During chick-rearing, they need to obtain suffi-
cient food to sustain both themselves and their chicks,
and frequently transport food from foraging grounds to
their chicks. There is thus a marked shift in the
demands between the incubating and chick-rearing
stages of reproduction (Shaffer et al. 2003), and incu-
bating and chick-rearing birds are expected to adopt
different foraging tactics in regard to the selection of
foraging areas, foraging effort and prey selection
(Ydenberg 1994). However, the extent to which
seabirds adjust their foraging tactics during the transi-
tion from caring for an egg to provisioning a chick is
poorly understood (Shaffer et al. 2003). In addition,
incubation and chick-rearing usually occur at different
time periods, and it is not clear if observed differences

© Inter-Research 2010 · www.int-res.com*Email: m-ito@fish.hokudai.ac.jp

Foraging behavior of incubating and chick-rearing
thick-billed murres Uria lomvia

Motohiro Ito1,*, Akinori Takahashi2, Nobuo Kokubun2, Alexander S. Kitaysky3, 
Yutaka Watanuki1

1Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1, Minato, Hakodate, Hokkaido 041-8611, Japan
2National Institute of Polar Research, 10-3 Midori-cho, Tachikawa, Tokyo 190-8515, Japan 

3Institute of Arctic Biology, University of Alaska Fairbanks, Irving 311, Fairbanks, Alaska 99503, USA

ABSTRACT: The varying demands associated with egg incubation and chick-rearing are known to
have a corresponding effect on the foraging behavior of seabirds. We deployed data loggers on incu-
bating and chick-rearing thick-billed murres Uria lomvia to examine differences in their diving
behavior and characteristics of habitats used for foraging. To compare diets of incubating and chick-
rearing birds we collected their stomach contents using a water offloading technique. We found that
incubating birds performed longer foraging trips than chick-rearing birds (incubating: 19.0 ± 7.2 h;
chick-rearing: 9.9 ± 5.6 h). Incubating birds foraged in the offshore stratified water masses (sea sur-
face temperature [SST] > 9°C) and frequently dived to the depth of the thermocline (20 to 50 m).
Chick-rearing birds spent more time foraging in the inshore, well-mixed water masses (SST < 8°C),
and at depths >60 m. Small juvenile walleye pollock Theragra chalcogramma, squid and euphausi-
ids were the dominant prey of incubating and chick-rearing birds. Distributions of these small prey
were commonly associated with the thermocline, while larger fish, which parents brought back to
feed their chicks, were distributed below the thermocline. Results suggest that incubating murres
mainly foraged at shallow depths near the thermocline with higher concentrations of small prey,
while chick-rearing murres feed their chicks large prey caught on deep dives while feeding them-
selves on small prey caught on shallow dives.

KEY WORDS:  Diving behavior · Brünnich’s guillemot · Thermocline · Incubation · Brooding

Resale or republication not permitted without written consent of the publisher

OPENPEN
 ACCESSCCESS

Contribution to the Theme Section ‘Ecophysiology and biomechanics in diving seabirds’



Aquat Biol 8: 279–287, 2010

in foraging behavior of incubation and chick-rearing
seabirds reflect temporal changes in prey communities
rather than changes due to reproductive stage. Thus
behavior of incubation and chick-rearing birds needs
to be examined in a single colony during the same time
period.

The thick-billed murre Uria lomvia is a pursuit diver
that is capable of dives over 100 m deep (Croll et al.
1992). Males and females share breeding duties
equally for the duration of the breeding season, mak-
ing several foraging trips in a day (Gaston & Jones
1998). Thick-billed murres are known to dive deeper
and spend a greater proportion of time submersed
when rearing chicks than when incubating eggs
(Benvenuti et al. 2002, Elliott et al. 2008). However,
differences in the spatial foraging area and the types
of prey items that are coincident with these changes
in diving behavior are unclear.

St. George Island, southeastern Bering Sea, holds a
large breeding colony of thick-billed murres (approxi-
mately 1.1 million pairs, Kitaysky et al. 2000). The
marine environment around the island is usually char-
acterized by an inshore (<14 km from the colony), well-
mixed water mass with lower sea surface temperatures
(SSTs) (<9.0°C) and offshore (>14 km), stratified water
masses with higher SSTs (>10°C) (Decker et al. 1995,
Decker & Hunt 1996, Sinclair et al. 2008, Takahashi et
al. 2008). In the present study, we used bird-borne data
loggers to examine differences in trip duration, use of
inshore/offshore water masses and diving behavior
between incubating and chick-rearing thick-billed
murres breeding on St. George Island during the same
time period. We also examined prey of those birds
using a water offloading technique.

MATERIALS AND METHODS

Study area and data-logger deployment. The pre-
sent study was conducted at the High Bluff colony
on the northern side of St. George Island (56° 35’ N,
169° 35’ W) in the Bering Sea during the summer of
2006. Eight birds brooding small chicks and 5 birds
incubating eggs were captured from 29 July to 6
August using a 5 m noose pole. Temperature-depth
recording data loggers (diameter: 8 mm, length:
30 mm, weight in air: 2.7 g; Cefas G5, Cefas Techno-
logy) were used to record temperature and depth to a
resolution of 0.1°C and 0.1 m at 2 s intervals for up to
8 d. The data loggers were calibrated using a mer-
cury thermometer. Data loggers were attached to the
ventral surface of each bird using Tesa® tape (Trem-
blay et al. 2003, Takahashi et al. 2008). The birds
were released within 5 min and recaptured 2 to 8 d
later. Depth and temperature data were downloaded

from the loggers to a computer using custom-written
software (G5 Host, Cefas Technology) at the field
station.

In murres, negative effects of devices on birds’
breeding performance have been previously reported
(Wanless et al. 1988, Paredes et al. 2005). In the pre-
sent study, we also observed a loss of body mass in
all individuals fitted with data loggers (incubation:
mean ± SD = 20.0 ± 7.1 g d–1; chick-rearing: 17.1 ± 9.2
g d–1). However, murres usually experience large
weight losses during reproduction (Croll et al. 1991),
and it was not clear whether the weight loss we
observed was due to natural causes or logger deploy-
ments. Although negative effects of logger deploy-
ments on reproductive performance of murres could
not be ruled out, chick mortality among birds fitted
with loggers in the present study (11%) was markedly
lower than previously observed in those fitted with
larger devices (33%, Takahashi et al. 2008), and simi-
lar to that of non-instrumented murres breeding on
St. George Island in 2006 (15%, Byrd et al. 2008).
Among incubating birds, 1 out of every 6 eggs was
lost accidentally at the time of a bird’s capture. Taka-
hashi et al. (2008) reported that there were no sig-
nificant differences in either basal or acute stress-
induced levels of corticosterone, a sensitive indicator
of stress in seabirds (Kitaysky et al. 2007, in press),
between instrumented and non-instrumented murres,
suggesting that logger deployment does not have a
severe negative effect on their physiology. Finally, the
data loggers we deployed were lighter (2.7 g in air)
than the 16 g loggers used by Takahashi et al. (2008),
enabling us to minimize potential negative effects of
the instrumentation on the birds’ behavior.

Diet. The stomach contents of all birds recaptured
for logger retrieval were sampled using a water
offloading technique (Wilson 1984). Briefly, an elastic
tube (diameter 13 mm, length 50 cm) was inserted into
the bird’s proventriculus and ~50 to 100 ml of luke-
warm water was loaded in the stomach. The water and
stomach contents were offloaded from the mouth into a
bucket by applying gentle pressure to the bird’s belly.
The procedure was repeated 2 to 3 times until the
offloaded water became clear. Stomach samples were
then passed through a 0.33 mm mesh filter and prey
items were identified to the lowest taxonomic level
using keys for identifying fish otoliths and plankton
(Chihara & Murano 1997). Identifiable prey items were
recovered in 4 and 8 of the stomach samples from incu-
bating and chick-rearing birds, respectively.

Analysis of diving profiles. Depth and temperature
data recorded by the loggers were analyzed using Igor
Pro software (Wave Metrics).

Dive parameters: Dive depth and duration were
determined for each dive. Each dive was then divided
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into the following stages: descent (continuous descent
following initiation of the dive), bottom time (time
between the end of descent and beginning of ascent)
and ascent (continuous ascent at the end of the
dive). In thick-billed murres, the bottom time of each
dive corresponds to foraging time (Mori et al. 2002).
Records of 0 m indicated a surface interval, i.e. the bird
was either in flight or resting at the sea surface.

Dive bouts: Thick-billed murres usually performed
series of dives that were punctuated by surface inter-
vals. A dive bout was defined as a period of diving
activity between 2 long surface intervals (Watanuki et
al. 2001). The dive bouts were characterized using the
methods of Sibly et al. (1990), with the bout-ending cri-
terion calculated at 255 s. Thus successive dives were
grouped into dive bouts when the post-dive surface
interval exceeded 255 s.

Diving efficiency: Diving efficiency, defined as the
bottom time of dives divided by the sum of the
dive time and the post-dive surface interval (intervals
> 255 s were excluded) (Takahashi et al. 2003), was
calculated for each dive.

Because the data-loggers were attached to the ven-
tral surface of the birds, they occasionally recorded
depths of <0.5 m when the birds moved at the sea sur-
face. Consequently, all dive records within 0.5 m of the
ocean surface were excluded from analysis (Watanuki
et al. 2001, Takahashi et al. 2008).

Analysis of temperature profiles. SSTs around the
island during the year of the study were <11.5°C
(Ocean Watch, NASA, http://las.pfeg.noaa.gov/ocean-
Watch/oceanwatch.php), and air temperatures ranged
from 7.0 to 13.0°C (National Climate Data Center,
NOAA, http://www7.ncdc.noaa.gov/CDO/cdo). Since
the temperatures recorded by the data loggers when
the birds were at their nesting sites generally ex-
ceeded 15.0°C (mainly >20.0°C, due to heat flux from
the skin of the birds), we were able to determine
colony departure and arrival time, and thus trip dura-
tion (Fig. 1a), from records of temperature (Elliott et
al. 2008, Takahashi et al. 2008).

Because the data loggers were attached to the ven-
tral surface of birds, the temperature sensor recorded
SST when they were on the sea surface (Tremblay et
al. 2003). We therefore used these temperature read-
ings as the SSTs of the waters in which the murres
were foraging. SSTs were calculated for each dive bout
as the average temperature recorded during post-dive
surface intervals after 60 s from the end of the dive
with variations less than 0.3°C (Fig. 1b), since the re-
sponse time of the temperature sensors was relatively
slow (28 s for time to reach 66% of the step from 5 to
30 degrees). Because of the slow response time of the
temperature sensor, vertical temperature profiles could
not be reliably estimated.

Statistical analysis. Individual specializations in div-
ing behavior have been previously observed in the
thick-billed murre (e.g. Woo et al. 2008, Elliott et al.
2009). This means that birds with longer recording
times could have a greater effect on the statistical
analysis than birds with relatively shorter recording
times. To avoid the likelihood of pseudoreplication, lin-
ear mixed models (LMM) were used to compare the
foraging trip duration, time spent submerged (per hour
during each foraging trip), number of diving bouts per
trip per hour, and horizontal utilization of water masses
between the 2 reproductive stages (as reflected in
SST), between incubating and chick-rearing birds with
individual included into the model as random factor.

To compare vertical water mass utilization by incu-
bating and chick-rearing birds, we used 100 randomly
selected dives for each bird. Differences in frequency
of dive depth distribution (2 m intervals) were exam-
ined with Kolmogorov-Smirnov tests. We also com-
pared the percentage of bottom time at depths >60 m
between incubating and chick-rearing birds using a
Mann-Whitney U-test. The diving efficiency of incu-
bating and chick-rearing birds was compared using
ANCOVA with reproductive stage as a factor and
dive depth as a covariate. Diet compositions of incubat-
ing and chick-rearing birds were compared by using
Fisher’s exact test.

All statistical analyses were performed using SPSS
(v.11.0) and R (v.2.8.1, R Foundation for Statistical
Computing). Data are presented as means ± SD unless
otherwise specified.
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Fig. 1. Uria lomvia. Examples of temperature and depth data
recorded by a data logger attached to a chick-rearing thick-
billed murre. (a) All records obtained for a single complete
foraging trip. Upward and downward arrows indicate a bird’s
departure and arrival at a breeding site. (b) Expanded records
for 20 consecutive dives during the trip (a portion of data pre-
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average temperature during the post-dive surface interval 

and are shown as bold horizontal bars



Aquat Biol 8: 279–287, 2010

RESULTS

Trip duration

A total of 11 and 41 complete foraging trips were
obtained from 5 incubating and 8 chick-rearing birds,
respectively. All trips comprised several dives of at
least 5 m in depth and 10 min in total dive time. We
excluded 2 trips which recorded only <3 min in total
dive time and <5 m dive depth.

Trip duration ranged between 0.9 and 27.9 h, with
incubating birds undertaking longer trips (19.0 ± 7.2 h)
than chick-rearing birds (9.9 ± 5.6 h; LMM, F1,50 = 7.1,
p < 0.05).

Water mass utilization shown by SST

The SSTs encountered by birds ranged from 6.9 to
10.4°C. Incubating birds mainly foraged in waters with
SSTs of 9.0 to 10.4°C, while chick-rearing birds mainly
used waters with SSTs of 9.0 to 9.9°C and 7.0 to 7.9°C
(Fig. 2). The median SST of waters used by incubating
birds (9.5°C) was higher than that of chick-rearing
birds (8.5°C; LMM, F1,521 = 3.2, p < 0.01) (Fig. 2).

Diving behavior

A total of 913 and 3393 dives in 178 and 345 dive
bouts were recorded for incubating and chick-rearing
birds, respectively. The frequency of dives to depths of
1 to 5 m was very high in both incubating and chick-
rearing birds, but the percentage of bottom time (cor-
responding to murre’s foraging time, Mori et al. 2002)
was low in depths of 1 to 5 m in both reproductive
stages (Fig. 3). Thus 1 to 5 m dives may not usually be
associated with foraging, and dives less than 5 m were
excluded from further analyses. Frequency distribu-
tions of dives for each depth range differed signifi-
cantly between incubating and chick-rearing birds
(Kolmogorov-Smirnov test, D = 0.41, p < 0.01) (Fig. 3).
In incubating birds, percentage bottom time peaked
(61% of total bottom time) between depths of 30 to
50 m (Fig. 3), while in chick-rearing birds percentage
bottom time was more equally distributed among the
depth ranges, but included a weak secondary peak
observed at depths of 62 to 78 m (Fig. 3). Chick-rearing
birds foraged relatively longer (median = 22%, n = 8
birds) at depths >60 m than incubating birds (median =
4%, n = 8 birds; Mann-Whitney U-test, U1,1 = 6.0, p <
0.05).

Diving efficiency was greater when murres dived shal-
lower (Fig. 4), but the difference in those relationships
between incubating and chick-rearing birds was mar-
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ginal (ANCOVA, F1,2903 = 3.6, p = 0.06) (Fig. 4). During
foraging trips, chick-rearing birds tended to spend a
larger proportion of time diving (21.2 ± 11.5%) com-
pared to incubating birds (12.5 ± 5.3%), though the
difference was marginal (LMM, F1,50 = 3.8 p = 0.07)
(Fig. 5). Mean number of bouts per trip did not differ be-
tween incubating (1.3 ± 0.4 bouts h–1) and chick-rearing
birds (2.4 ± 6.9 bouts h–1; LMM, F1,50 = 0.3, p = 0.61).

Diet

Walleye pollock Theragra chalcogramma were the
dominant prey item found in 2 of 4 and 6 of 8 stomachs

of incubating and chick-rearing birds, respectively
(Table 1). Cephalopods (1 of 4 incubating birds and 2
of 8 chick-rearing birds) and euphausiids (1 of 4 incu-
bating birds and 1 of 8 chick-rearing birds) were also
observed in the stomachs of both reproductive stages
(Table 1). The frequency of occurrence of prey species
in the stomachs of birds did not differ between the
reproductive stages (Fisher’s exact test, p > 0.99).

DISCUSSION

Water masses used by murres for foraging

Since the observations of foraging behavior in incu-
bating and chick-rearing birds were conducted over
the same period, seasonal changes in the marine
environment or prey availability could not explain the
observed differences.
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Table 1. Uria lomvia. Composition of stomach contents in in-
cubating and chick-rearing thick-billed murres. Occurrence
is given as frequency (%) and number (N) of stomachs in
which a particular prey item was present. n: number of birds 

sampled

Stage n Prey Occurrence
% N

Incubation 4 Walleye pollock 50 2
Euphausiids 25 1
Cephalopods 25 1

Chick-rearing 8 Walleye pollock 75 6
Euphausiids 12.5 1
Cephalopods 25 2
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Our results corroborate those of previous studies in
which it has been demonstrated that breeding com-
mon murres Uria aalge and thick-billed murres con-
duct longer trips during the incubation period than
the chick-rearing period (Cairns et al. 1987, Ben-
venuti et al. 2002). Compared to the thick-billed
murres on St. George Island, where incubating and
chick-rearing birds spent 19.0 and 9.9 h on trips,
respectively (present study), this species on Hakluyt
Island, Greenland, undertook shorter foraging trips
(incubating 13.8 h, chick-rearing 8.0 h) (Benvenuti et
al. 2002). Because of density-dependent competition
for the food resources near the colony, seabirds that
breed at a larger breeding colony may conduct longer
foraging trips to distant foraging areas than those at
smaller ones (northern gannet Morus bassanus, Lewis
et al. 2001; common murre, Davoren & Montevecchi
2003). The colony size of thick-billed muures on St.
George Island (approximately 1.1 million pairs) is
larger than that in Hakluyt Island (26 000 pairs, Ben-
venuti et al. 2002), which might explain why murres
made longer foraging trips in the present study than
in Benvenuti et al. (2002).

Ship-based surveys around St. George Island have
shown that the transition from the well-mixed inshore
water to stratified offshore waters occurs 10 to 20 km
from the island and that these disparate water masses
form a front (Decker & Hunt 1996, Sullivan et al.
2008). In 2006, the observed SSTs of 6.0 to 8.0°C cor-
responded with well-mixed inshore waters, while
SSTs of 8.0 to 9.0°C and 9.0 to 11.0°C corresponded
with stratified regions further offshore (N. Kokubun et
al. unpubl. data). Incubating murres undertook longer
trips and foraged in waters with higher SSTs (9.0 to
10.4°C), indicating that they foraged in stratified off-
shore waters more than 20 km away from the island.
Chick-rearing murres foraged in waters with lower
SSTs (6.0 to 8.0°C), indicating that they foraged in the
well-mixed waters in the vicinity of the island. The
longer foraging trips undertaken by incubating mur-
res probably occurred as a result of the increased time
required to reach the stratified waters farther off-
shore.

Another possible reason for the longer foraging trips
undertaken by incubating murres might be related to
the high energy costs of flight in murres and loss of
time that otherwise could be allocated to foraging.
Specifically, commuting long distances between for-
aging locations and the colony would incur high
energy and time costs if the incubating birds were
to commute as frequently as they do during chick-
rearing (Houston et al. 1996). Thus incubating murres,
which did not need to return to their nests frequently
to feed their chicks, spent a longer time foraging at
sea.

Prey distribution and dive depth

Frequency distributions of dives for each depth
range differed significantly between incubating and
chick-rearing murres (Fig. 3). Chick-rearing birds
spent ~5 times longer bottom time at depths >60 m
than incubating birds. Incubating birds mainly foraged
at depths of 30 to 50 m, while chick-rearing birds for-
aged at a variety of depths, including greater effort at
depths >60 m than incubating birds.

The vertical depth distribution of prey may affect
predator dive depth. Thick-billed murres in the pre-
sent study mainly fed on juvenile walleye pollock and
occasionally on euphasiids and squid. It is important to
note that the diet information based on stomach
contents data can be biased due to rapid digestion of
soft-bodied prey (e.g. crustaceans, Bradstreet 1980)
and extended retention of hard body parts (e.g. squid
beaks, Wilson et al. 1985). Retention times of stomach
contents in the black guillemot Cepphus grylle and
Atlantic puffin Fratercula arctica were 2.7 to 3.8 h
(Hilton et al. 2000), which is shorter than the trip dura-
tion of the murres in the present study. Consequently,
the proportion of soft-bodied prey such as euphausiids
in the diets of the murres in the present study might
have been underestimated, and it is possible that adult
breeding murres may depend on euphausiids more
heavily than we estimated.

The distribution of juvenile walleye pollock is usu-
ally associated with the thermocline at around 40 m in
the Bearing Sea (Brodeur 1998, Schabetsberger et al.
2000, 2003, Kokubun et al. 2008). High densities of
euphausiids occur epipelagically on the stratified side
of the frontal region in the vicinity of St. George Island
(Hunt et al. 1996a, Schabetsberger et al. 2000). In 2006,
thermoclines developed between 20 and 50 m in the
stratified waters offshore (N. Kokubun et al. unpubl.
data). Observations of incubating murres diving re-
peatedly to depths of 30 to 50 m (Fig. 3) suggest that
birds were foraging near the thermocline where juve-
nile pollock and euphausiids are typically concentrated.

Previous studies have showed that thick-billed murre
parents deliver larger fish such as capeline Mallotus
villosus, arctic cod Boreogadus saida, blennies Blenn-
ioidea or sculpin Cottidae to their chicks, and they
themselves feed on a variety of smaller prey (i.e.
amphipods and euphausiids, Hunt et al. 1981, Gaston
& Hipfner 2000). Similar observations were made for
common murres on the Isle of May, North Sea (Wilson
et al. 2004). At St. George Island, large fish (i.e.
>80 mm age-0 and age-1 pollock) have been reported
as the main prey items in chick diets in some years
(Hunt et al. 1996b, Sinclair et al. 2008, M. Ito et al.
unpubl. data), and these fishes usually occur below the
thermocline (Winter & Swartzman 2006). In addition,
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other prey items fed to chicks in 2006 included large
inshore benthic fish such as flatfish, sculpin and prick-
leback (N. Kokubun et al. unpubl. data). Thus, to feed
their chicks, birds probably targeted these larger prey
during deep dives. Chick-rearing murres also dived at
shallower depths near the thermocline (20 to 50 m),
probably to catch smaller prey items (small juvenile
pollock and euphausiids) for their own consumption.

Physiological constraints and foraging tactics

Murres maintain their vertical speed within a narrow
range during descent and ascent (1.2 to 1.8 m s–1,
Lovvorn et al. 2004, Watanuki et al. 2003, 2006). Con-
sequently, for a given dive duration, the dive depth
determines the bottom time. The dive efficiency of
thick-billed murres in the present study was greater
for shallow dives because of the shorter post-dive sur-
face interval and shorter time required for descent and
ascent (Fig. 4). The ANCOVA results for the differ-
ences in dive efficiency at a given depth between incu-
bating and chick-rearing birds were marginally signif-
icant. However, the differences in effect size (slope
and intercept) between incubating and chick-rearing
birds was small (Fig. 4), even if the sample size was
sufficiently large. Thus we suggest that there is no bio-
logical significance to the difference in those relation-
ships between incubating and chick-rearing birds.
This indicates physiological constraints (oxygen stores
accumulated during post-dive surface interval, for
example), so that the birds could not adjust the bottom
time according to their reproductive stages. Under
these physiological constraints, chick-rearing murres
presumably conducted deep dives, which maximized
chick-provisioning rates (Wilson et al. 2004) but re-
duced diving efficiency (Fig. 4).

The difference in the proportion of dive time per trip
between the reproductive stages was marginally sig-
nificant, which might be caused by small sample size
in the LMM analysis (n = 52; see Fig. 5). The mean pro-
portion of dive time per trip in chick-rearing birds was
about 2 times larger than that in incubating birds. The
longer dive times during chick-rearing possibly reflect
an increase in the foraging effort required to capture
large fishes for chicks at deeper depth, resulting in
lower diving efficiency, and to compensate, a higher
time cost associated with the commute between forag-
ing locations and the colony.

Younger thick-billed murres lay eggs later than
older murres (de Forest & Gaston 1996), which means
that the incubating birds in the present study were
likely to be younger than the chick-rearing birds.
Although we were unable to control for age effects in
the present study, foraging ability and dive efficiency

of thick-billed murres have been shown to be indepen-
dent of age (K. H. Elliott & A. J. Gaston unpubl. data).
Furthermore, our results are consistent with those of
other studies. For example, incubating birds undertook
longer foraging trips and dived shallower than chick-
rearing birds observed over the same period in both
thick-billed murres (Benvenuti et al. 2002) and king
penguins Aptenodytes patagonicus (Charrassin et al.
1998). Numerous studies have shown that incubating
seabirds have larger foraging ranges (chinstrap pen-
guin Pygoscelis antarctica, Ichii et al. 2007), dive
shallower (black-vented shearwater Puffinus opistho-
melas, Keitt et al. 2000) or forage more efficiently
(wandering albatross Diomedea exulans, Shaffer et al.
2003) than chick-rearing birds, although the effects of
season were not controlled for in those studies. Thus,
thick-billed murres, like other seabirds, adopt a flexi-
ble foraging strategy, allowing them to alter their for-
aging site, dive depth and foraging effort to meet
changing energy and time demands during a transition
from the incubation to chick-rearing stages of repro-
duction.
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