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Abstract We studied the effects of loggers attached to
chick-rearing little auks (Alle alle) on their daily time
budget (proportion of time spent in the colony and at sea),
foraging activity (duration and proportion of long and short
foraging flights), chick provisioning rate and their growth
and development on Spitsbergen. We found that experi-
mental parent birds performed shorter but more frequent
long foraging flights and reduced the frequency of short
foraging flights. They spent more time at the colony and
reduced chick provisioning rate compared to control birds.
Nestlings reared by experimental parents weighed signifi-
cantly less at their middle, peak and fledging age and
departed colony later than chicks of control parents. Little
auks depend on energy-rich copepods associated with cold
Arctic waters and are expected to face the climate-induced
worsening of the foraging conditions, which may have
negative impact on their time/energy budget and survival.
The study may help to determine the level of extra effort
little auks need to invest to breed successfully.

Keywords Little auk - Alle alle - Logger -

Artificial burden - Foraging effort - Chick growth
Introduction

The breeding season is a period of high energy demands, as

adults have to forage for themselves and also feed their
offspring (Lack 1968). Long-lived species are limited in
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time and energy invested into current parental effort since
overexertion may be detrimental to their future condition,
survival and breeding opportunities (Stearns 1992; Saether
et al. 1993; Paredes et al. 2005). Thus, seabirds breeding in
suboptimal conditions are expected to respond to variations
in food availability by adjusting their foraging behaviour
(e.g. Hamer et al. 2007). Several authors suggest that
stressed parents with experimentally increased flight costs
prioritize self-maintenance over increased chick provi-
sioning efforts when foraging costs become too high
(Weimerskirch et al.1999; Velando and Alonso-Alvarez
2003; Harding et al. 2009c). On the other hand, there is
some evidence that the other parent can fully or partially
compensate for a reduction of the manipulated partner’s
parental effort by increasing its own investment above the
usual levels (Paredes et al. 2005; Harding et al. 2009b, c).

The number of studies using data gathering devices
attached to birds (e.g. time-depth recorders, radio trans-
mitters, satellite transmitters) has increased considerably
over recent years (e.g. Tremblay et al. 2003; Hamel et al.
2004; Iguan et al. 2005; Philips et al. 2003; Anker-Nilssen
and Aarvak 2009). However, some studies indicate a
potentially detrimental effect of devices on the birds’
behaviour, possibly biasing the data collected (e.g. Sohle
2003; Paredes et al. 2005; Ropert-Coudert et al. 2007,
Barron et al. 2010). The study of Saraux et al. (2011)
demonstrated that even flipper banding in penguins has
massive long-term negative impact on population growth
rate. Several authors found that birds equipped with devi-
ces prolonged their foraging trips (Weimerskirch et al.
1999; Taylor and Leonard 2001) or reduced the quantity of
food delivered to chicks (Tremblay et al. 2003; Ackerman
et al. 2004; Paredes et al. 2005). Comparisons of foraging
strategies of experimental and control individuals provide
an opportunity to investigate reactions of individuals to
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increased costs of parental care and/or their partners’
compensation. Such comparisons are still scarce.

Little auks (Alle alle) are small, planktivorous, long-
lived, colonial seabirds breeding in the high Arctic. They
are considered the most abundant alcids in the Palaearctic
(>37 million pairs; Stempniewicz 2001; Egevang et al.
2003). Hornsund and Magdalenefjorden are two main
breeding areas of little auks in Svalbard (Isaksen 1995).
Owing to the high cost of locomotion, both in the air
(flapping flight) and in the water (wing-propelled diving),
foraging in little auks is energetically expensive (Gabrielsen
et al. 1991; Konarzewski et al. 1993; Stempniewicz 2001).
As a consequence, they are forced to feed on energy-rich
copepods associated with cold Arctic waters (Karnovsky
et al. 2003; Wojczulanis et al. 2006; Jakubas et al. 2007,
2011a). Moreover, little auks use a dual foraging strategy
consisting of several short and long trips (Steen et al. 2007,
Welcker et al. 2009a; Wojczulanis-Jakubas et al. 2010).
During energetically expensive short trips, parent birds
appear to forage mainly for chick provisioning, while dur-
ing the long trips, they feed and rest at the sea surface to
restore their own energy reserves (Wojczulanis-Jakubas
et al. 2010). The ranges of short trips were calculated to
12-33 km and long trips to 130-219 km, based on the mean
flight times of parent birds equipped with time—depth
recorders (Welcker et al. 2009a). Data from GPS loggers
confirm that little auks are able to forage on distant feeding
grounds (>100 km away from the colony) (Jakubas et al.
2011b).

Breeding season in little auks starts between late February
and early May and is strongly determined by snow melting in
spring, which allows birds to enter the nest (Stempniewicz
2001; Moe et al. 2009; Jakubas and Wojczulanis-Jakubas
2011). Little auks lay a single egg in late June. Nests are
concealed under the surface in extensive boulder screes
(talus). Egg is incubated by both parents for 28-29 days.
Biparental care is also provided to the chicks that are brooded
until they become homeothermic (3—4 days) and fed until
they leave the colony (Stempniewicz 1981, 2001; Harding
et al. 2004). Energy demands of little auk chicks (262 kJ per
day; Konarzewski et al. 1993) are much higher than those of
other seabird chicks of similar body mass. Also, their max-
imum growth rates (g/day; expressed as a percentage of adult
mass) are more than twice those of other Alcidae. Chicks
reach their peak body mass (120-124 g, max 150 g) at the
age of 19-24 days, and fledge weighing 110-114 g on
average (Stempniewicz 1980, 2001). Body mass recession
preceding fledging may be associated with a reduction in
feeding frequency (females cessate feeding before fledging,
probably due to a sex-specific role in parental care during and
after fledging and/or an ancestral pattern of parental care;
Wojczulanis-Jakubas et al. 2011), tissue maturation and/or
might be an essential prerequisite for efficient flight
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(Ricklefts 1968; Gaston 1985; Taylor and Konarzewski
1989; Stempniewicz 1980, 2001). The fledging age of chicks
varies among individuals. Most chicks leave the colony at
25-27 days of age, but chicks as young as 20 days old have
been observed as well (Stempniewicz 2001; Harding et al.
2004).

The aim of this study was to test the hypothesis that little
auk parents carrying an extra load (logger) of small weight
(0.9-3.4% of body mass) have undisturbed chick provi-
sioning, chick development and survival rates. We com-
pared number of chick feeds, duration of foraging flights,
proportions of long and short foraging trips, time spent in
the colony by experimental and control parent birds, chick
body mass at mid, peak and fledging stages, and breeding
success between the experimental and control nests.

In earlier studies on artificially burdened little auks,
Harding et al. (2009b, c) examined changes in condition
(body mass and plasma corticosterone level) of parents
with clipped primaries and their chicks, Welcker et al.
(2009a) and Karnovsky et al. (2011) used temperature
recording loggers to study the foraging behaviour.

This is the first study describing simultaneously the
effects of artificially increased flight costs of parent little
auks equipped with loggers on their time budget, foraging
activities, as well as on chick provisioning, growth rate and
survival during the nesting period.

Materials and methods

The study was carried out in two breeding colonies of little
auks in Spitsbergen, Alkekongen in Magdalenefjorden
(79°35'N, 11°05E) and Ariekammen in Hornsund
(77°00'N, 15°22'E) during the chick-rearing periods in
July—August 2009 and 2010. To determine the effects of
data loggers on parental behaviour and chick growth, we
compared experimental (E, one parent loaded with logger)
and control nests (C, both parents without logger; Table 1).

Two types of loggers were used: temperature loggers
(ECOTONE ETL 1, Ecotone, Sopot, Poland) and global
positioning system (GPS) loggers (ECOTONE PATRON
EP-2, Ecotone, Sopot, Poland). One bird would carry only
one logger.

The temperature loggers were oval, measured 14 x
15 x 4 mm and weighed 1.0 g. Birds were caught in the
nests during the early chick-rearing period, and loggers
were attached to the belly feathers using LOCTITE 4860
cyanoacrylate glue (Henkel Corp., Rocky Hill, Connecti-
cut, USA) at approximately the midpoint of the centre-line
of the body. The logger together with the potting mass
(1.5 g) was equivalent to 0.9% of an average birds’ body
mass (mean body mass of the adults measured during the
early chick-rearing period: 166.2 + 11.60 g, n = 52) and
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Table 1 Study area and season, number and type of loggers, number of experimental and control birds studied

Colony and Season Loggers attached to adult birds Measure Experimental group Control group
Hornsund 2009 10 temperature loggers Chick body mass 15 chicks 58 chicks
5 GPS loggers
Chick body mass 9 chicks 70 chicks
Magdalenefjorden 2009 9 temperature loggers
Foraging effort 8 adult birds 11 adult birds
Magdalenefjorden 2010 10 GPS loggers Chick body mass 10 chicks 45 chicks

constituted 1.5% of birds’ frontal area (cross-sectional
area). Birds were released back into the nest after 10 min
of handling. Regular checks at the nests started 24 h after
attachment and were continued until the birds were
recaptured and the loggers removed.

The GPS loggers (40 x 17 x 9 mm) were attached to
bird’s central back feathers with 10-mm-wide Tesa tape
(code 4965; Tesa Tape Inc., Charlotte, North Carolina,
USA). Birds were caught in the nests during the chick-
rearing period and were released back into the nest after no
more than 25 min of handling. The logger mass (including
attachment = 5.4-5.7 g) was equivalent to 3.2-3.4% of an
average little auk’s body mass and constituted 3.9% of
birds’ frontal area. The nests were checked every day,
starting from 24 h after the birds handling and continued
until their recapture.

All birds, those carrying the loggers (experimental) and
control birds, were handled in a similar manner (control
birds handling time—10 min) and were marked individu-
ally with temporary colour marks dyed on their breasts
(control birds were additionally marked with combinations
of plastic colour rings) for quick identification during
observation. This double marking system allowed to rec-
ognize the birds correctly and quickly.

Temperature and GPS records from the same experi-
mental birds were used to study their foraging ecology and
published separately (Jakubas et al. 2011b). In the current
paper, we focus on the influence of both types of loggers
carried by parent birds on chick growth and development,
while changes in foraging performance of parent birds
were investigated only in birds loaded with temperature
loggers.

Foraging effort

Both experimental (N = 9) and control nests (N = 70)
were randomly chosen throughout the colony in Magda-
lenefjorden in 2009. The number of chick feeds, duration
of foraging trips and time spent in the colony per 24 h were
compared between experimental and control parent birds
with chicks of similar age (1-8 days old). Thus, 8 experi-
mental and 11 control birds were compared (Table 1).

In total, we obtained 1,930 h of temperature records
from the 8 individuals. On the basis of the recorded tem-
perature distribution, three main types of little auk activity
were distinguished: presence in the colony, flight and
presence on the water (Tremblay et al. 2003; Welcker et al.
2009a; Jakubas et al. 2011b). The period of high temper-
atures was considered to be a presence in the colony.
Decrease in temperature recorded after that period was
interpreted as departure from the colony. A further steep
decrease in temperature was considered as landing on the
water and presence on the sea surface. Subsequent rapid
increase in temperature was interpreted as take-off from the
water and flight (see Jakubas et al. 2011b for more details).
The frequency distribution of foraging trip durations was
bimodal, shown as two separate log-normal distributions of
short and long trips (see later). The difference between the
means of the distributions was greater than the sum of their
standard deviations (Schilling et al. 2002). The cut-off
value separating short and long trips (6 h for experimental
and 10 h for control birds) was obtained by calculating the
minimal sum of the variances of both trip types given their
log-normal distribution (Welcker et al. 2009a).

In the control group, we carried out one continuous 48 h
observation of 11 parent birds from nests situated in close
proximity, thus allowing observers to watch all marked
birds. Little auks transport food for their chicks in the gular
pouch. When they arrive in colony from the sea, they sit in
the vicinity of the nest for a while, resting and socializing,
both before entering and/or after exiting the nest. The
presence or absence on the surface of the colony and all
departures and arrivals with/without food of the marked
individuals were noted. Under continuous daylight condi-
tions, the visibility of birds was comparable throughout the
whole period of observation.

Chick body mass

Growth of chicks from experimental (both logger types
combined) and control nests was investigated during two
seasons in two breeding colonies (Table 1). In order to
estimate the chick hatching dates, the nests were checked
every 2 days. Loggers were attached to parent birds when
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their chicks were less than 14 days old. Chicks from both
groups were weighed with an electronic balance (OHAUS,
accurate to 0.1 g) every 3 days starting from the 14th day
of their life, when chicks began to exercise their wings
outside the nest chamber. Measurements continued until
the chicks left the colony.

Body mass of the chicks at three stages of their life was
compared between the experimental and control groups.
Chicks were measured at the age of 14—15 days, when they
achieved peak mass (the highest mass measured), and prior
to fledging (measured before colony departure). Since the
growth-curve measure is not influenced by the particular
asymptote that individual chicks attain (Gaston 1985), the
peak and fledging mass are considered to be effective
growth indicators (Zach 1988; Jakubas and Wojczulanis-
Jakubas 2011).

The analyses of fledging body mass do not contain data
from Hornsund, since studies at that site had finished
before the chicks fledged. Chick survival was estimated as
the percentage of nests from which chicks disappeared
after 20 days of age (when they were assumed to have
fledged) (Harding et al. 2004; Welcker et al. 2009a).

All data were tested for normality and homogeneity of
variances, and the parametric assumptions were not met.
Therefore, non-parametric tests were used to compare
experimental and control parents and their chicks (Mann—
Whitney U tests, Kruskal-Wallis and Dunn’s tests). All
analyses were conducted using Statistica 9.0.

Results
Foraging effort

The frequency of chick feds by a parent birds per 24 h was
significantly lower in the experimental parents (med-
ian = 2, Q;—Q5; = 1.5-3, N = 32) compared to the control
birds (median = 4, Q,—-Q; = 2-5, N = 23; Mann-Whit-
ney U test, Z = 3.02, P = 0.002; Fig. 1).

The durations of foraging trips performed by experi-
mental birds were significantly longer (median = 271.6
min, Q;—Qs: 134-638 min, N = 66) than in the control
group (median = 140 min, Q,—Qj3: 100-269 min, N = 73;
Mann—Whitney U test, Z = 2.72, P = 0.007; Fig. 2).

The temperature logger data and observation of control
individuals indicated that during the early chick-rearing
period, little auks from Magdalenefjorden adopted a
bimodal foraging trip strategy, alternating one long trip
with several short foraging trips (Fig. 3). The duration of
the long foraging trips was significantly longer in control
birds (median = 850 min; Q;—Qj3: 760-959 min, N = 10),
compared to experimental birds (median = 659 min;
Q;—Qs: 558-788 min, N = 29; Mann—Whitney U test,
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Fig. 1 Number of chick feeds per 24 h performed by experimental
and control parent little auks studied in Magdalenefjorden colony in
2009. Sample sizes are provided in parentheses. Significant differ-
ences are indicated by arrows (Mann—Whitney U test, P < 0.05; see
text for details)
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Fig. 2 Foraging trip duration in experimental and control parent little
auks studied in Magdalenefjorden colony in 2009. Sample sizes are
provided in parentheses. Significant differences between chicks are
indicated by arrows (Mann—Whitney U test, P < 0.05; see text for
details)

Z =227, P=0.023), while the duration of the short
foraging trips was similar in the experimental (med-
ian = 138 min, Q;—Qj3: 80-236 min, N = 37) and control
birds (median = 131 min, Q;—Q3: 91-196 min, N = 63;
Mann—Whitney U test, Z = 0.09, P = 0.93). Moreover,
the frequency distribution of the foraging trips duration
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differed between the groups (Kolmogorow-Smirnow test,
D = 0.048, P = 0.02, N = 21; Fig. 3). The ratio of short
versus long trips differed between the control and experi-
mental birds (12 test, 12 = 14.24, P = 0.0002), with a
lower frequency of short trips in the experimental (56%)
than control birds (86%).

The overall time experimental birds spent in the colony
per 24 h were significantly longer (median = 531 min,
Q:—Q3: 398-494, N = 32) than the control birds (med-
ian = 217 min, Q;—Qs: 179-358 min, N = 11; Mann—
Whitney U test, Z = 3.71, P = 0.0002; Fig. 4).

Chick body mass

None of the chick body mass parameters differed between
the two types of loggers used (temperature loggers vs. GPS
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Fig. 4 Time spent in colony by experimental and control parent little
auks studied in Magdalenefjorden colony in 2009. Sample sizes are
provided in parentheses. Significant differences between chicks are
indicated by arrows (Mann—Whitney U test, P < 0.05; see text for
details)
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loggers, see Table 1; Mann—Whitney test: 0.05 <P <
0.68). No significant differences were also found in the
studied chick body mass parameters between the two col-
onies and years of study (Hornsund 2009 vs. Magdale-
nefjorden 2009 vs. Magdalenefjorden 2010, see Table 1;
Kruskal-Wallis and Dunn’s tests: 0.18 < P < 0.87). Con-
sidering this lack of differences for the device types, col-
onies and years, data of chicks’ body mass were pooled to
increase sample size.

At the age of 14-15 days, chicks from the experimental
nests had a significantly lower body mass (median = 87 g,
Q—Qs: 68-97 g, N = 23) than chicks from the control
group (median = 109.5 g, Q;—Q5: 102-117 g, N = 127,
Mann-Whitney U test, Z = —5.63, P < 0.001; Fig. 5).
Chicks from both groups reached their peak body mass at a
similar age (14-28 and 13-25 days, respectively). How-
ever, chicks from the control nests achieved significantly
higher peak body mass (median = 123.8 g, Q;—Qs:
118-131 g, N = 113) compared to experimental chicks
(median = 101.6 g, Q—Q3: 84-117 g, N = 31; Mann—
Whitney U test, Z = —5.94, P < 0.001; Fig. 5).

Furthermore, experimental chicks fledged 3 days later
than control chicks (Mann—Whitney U test, Z = 3.37,
P < 0.001; Fig. 6). Fledging body mass of nestlings from
experimental nests (median = 81.7 g, Q;—Q5: 74-109 g,
N = 13) was also significantly lower compared to the con-
trol ones (median = 111.8 g, Q;—Q3: 107-117 g, N = 44;
Mann—Whitney U test, Z = —3.80, P < 0.001; Fig. 5).

Chick mortality/survival during the nesting period was
not affected by the artificial extra loading of the parent
birds (Table 2).

Discussion

Experimental birds reduced the number of food deliveries,
spent more time at the colony and less time at the sea
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Dunn’s tests, P < 0.05; see text for details)

compared to the control birds. Moreover, foraging trip
durations were generally longer, but trips were less fre-
quent in the experimental group compared to the control

birds. Both experimental and control birds adopted a
bimodal foraging strategy, although experimental individ-
uals performed long foraging trips (hypothesized as self-
feeding trips) more frequently, and short foraging trips
(presumably for chick provisioning) less frequently than
control birds.

These findings along with the results of the previous
studies (Weimerskirch et al. 1999; Taylor and Leonard
2001; Sohle 2003; Tremblay et al. 2003; Ackerman et al.
2004; Paredes et al. 2005; Ropert-Coudert et al. 2007,
Barron et al. 2010) strongly suggest that logger attachments
might impact the energetics and behaviour of parent birds.
Indeed, results of our study revealed that reduced provi-
sioning of the experimental little auk parents had detri-
mental effects on the chicks growth. The body mass of
14-day-old chicks, as well as their peak and fledging body
mass, were significantly lower than in the control group.
On the other hand, chick survival was not affected by
reduced provisioning of the experimental parents. Several
papers have documented that the fledging body mass is not
always related to the subsequent survival in alcids (Hed-
gren 1981; Harris et al. 1992). For example, the probability
of survival in ancient murrelets Synthliboramphus antiquus
increased in chicks with higher departure mass. However,
in precocial, chicks are never fed in the nest and depart the
nest to sea within the first 3 days after hatching (Gaston
1997).

Despite the fact that loggers did not restrain parent birds
from reaching remote foraging areas (Jakubas et al. 2011b),
some aspects of their behaviour, feeding frequency, and
consequently, chick growth were impaired.

The weight and size of a device may be of crucial sig-
nificance. According to previous studies (Caccamise and
Hedin 1985; Calvo and Furness 1992; Wilson and Culik
1992), the mass of the fixed device should not exceed 5%
of the bird body mass, while Kenward (1987) suggests that
even devices constituting 3% might have a negative impact
on birds’ flight agility. According to Paredes et al. (2005)
and Harding et al. (2009a), data loggers weighing
approximately 3.0-3.3% of the bird body mass negatively
affected the diving depth and duration, provisioning rates
and frequency of foraging trips. Even small devices
equivalent to <0.5% of the common guillemots Uria aalge
body mass (Tremblay et al. 2003) and <2% in case of the
little auks (Welcker et al. 2009a) appeared to have negative

Table 2 Chick survival in experimental (E) and control (C) parent little auks

Hornsund 2009 Magdalenefjorden 2009 Magdalenefjorden 2010 Overall Fisher exact test
E C E C E C E C for overall
Chick survival ~ 100% (13)  98.2% (56) 100% (9) 98.6% (70) 100% (10) 97.6% (42) 100% (32)  98.2% (168) P =1.0000

Number of studied chicks in parentheses
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effects on the frequency and length of foraging trips per-
formed by burdened birds.

Wilson et al. (1986) claimed that non-breeding African
penguins Spheniscus demersus with devices up to a max-
imum of 6.8% in frontal area could still balance their
energy budgets. However, an experiment with little pen-
guins Eudyptula minor equipped with two types of loggers
showed that large devices considerably modified the diving
behaviour (Ropert-Coudert et al. 2007). Birds with smaller
loggers (3.4% vs. 4.9% of the bird’s frontal area) dived
deeper and were more efficient in capturing prey, while the
effects of the different logger positions (back and middle of
the penguin’s back) appeared negligible (Ropert-Coudert
et al. 2007). Also, studies on thick-billed murres Uria
lomvia revealed that the drag produced by data loggers,
which constituted 1.2-1.3% of the birds’ frontal area,
affected the underwater swimming performance and
increased the energy costs (Paredes et at. 2005). Karnovsky
et al. (2011) ensured that the effect of loggers, which
constituted ~2% of the cross-sectional area and 1.6% of
the average bird’s body mass, was negligible. However,
time allocation of experimental birds was not compared
with the control group, birds equipped with loggers lost
3.1% of the average initial mass and only 6 of the 11
experimental birds in one of the study areas were observed
feeding chicks during and after the logger attachment.

Drag is the main mechanical cost to diving birds
(Lovvorn et al. 2001), but a part of the extra expenditure
could be due to exertion to retain balance rather than to
drag (Culik et al. 1994). In the current study, the direct
effect of two loggers, varying in size, weight and place of
attachment (larger, back-mounted and smaller, belly-
mounted) on birds’ foraging behaviour could not be com-
pared. However, there were no significant differences in
the experimental chicks’ growth, what may suggest that the
total effect of two types of loggers was similar. Consider-
ing that in flying birds devices should be placed between
the shoulder blades to be optimally balanced (Obrecht
et al.1988), it is likely that more favourable position of the
back-mounted loggers compensated for their larger size
and weight. However, the synthetic study of Barron et al.
(2010) shows that the effects of devices do not vary with
the method of attachment for most aspects of avian
behaviour and ecology. Moreover, Godfrey and Bryant
(2003) in the review study suggest that the different
severity of stress-related effects of devices in birds and
mammals may be more important than locomotion medium
itself, as land-based animals were more likely to show a
deleterious impact of devices.

Although long-living seabirds are not expected to
increase their breeding investment in response to a reduc-
tion in parental care by the partner (Beaulieu et al. 2009),
Harding et al. (2009¢c) suggested that little auks have the

capacity to increase the provision rate in response to
reduced efforts of the mate. A possible explanation of this
compensatory behaviour is an increased chick begging
behaviour in response to increased corticosterone secretion
(Kitayski et al. 2001). However, the lower body mass of the
experimental chicks found in the present study, as well as
shown in the study by Harding et al. (2009c), indicate that
in little auks, a reduced food delivery rate by one partner is
not fully compensated for by the other.

Our results offer an opportunity to test the chicks’
endurance to a declined feeding rate. Even when the
number of feeds per chick per 24 h is reduced by 25%, that
is, from 8 (median in control group x 2 parents) to 6 times
(median in experimental birds + median in control birds—
partner), chicks were still able to fledge, though at the cost
of lower fledging body mass and longer nesting phase. This
knowledge may be crucial for constructing reliable sce-
narios of climate-induced changes in zooplankton compo-
sition and availability in the little auk feeding grounds.
Predicted shift towards a warmer climate scenario is likely
to favour smaller boreal zooplankton species, with a lower
energy content compared to the copepods little auks are
currently feeding on (Falk-Petersen et al. 2007; Stem-
pniewicz et al. 2007). This may have a negative impact on
the little auks’ time and energy budgets, feeding frequency,
breeding success and range of distribution (Kwasniewski
et al. 2010; Jakubas et al. 2011a). Based on sea surface
temperature modelling, Karnovsky et al. (2010) predict that
many little auk colonies in the Nordic Seas will face a shift
towards a zooplankton community dominated by small
Calanus finmarchicus by the end of the twenty-first cen-
tury. In Iceland, in the first half of last century, little auks
abandoned their colonies following a shift in sea currents
and plankton dispersal (Nettleship and Evans 1985). Quite
extreme predictions indicate that a strong reduction in sea
ice coverage in future years might induce the breeding
failure of the whole Spitsbergen population (Joiris and
Falck 2010). Little auks exploiting less favourable foraging
grounds may increase their foraging effort to a certain
extent (Jakubas et al. 2007; Kwasniewski et al. 2010; Ja-
kubas et al. 2011a). However, those extra costs may have
detrimental effects in the subsequent breeding season,
appearing in the reduction of future survival and/or
breeding attempt (Welcker et al. 2009b). It is likely that in
worsening foraging conditions (like in Iceland), stressed
adults may reach a threshold of prioritizing self-mainte-
nance over increased provisioning effort when foraging
costs become too high.
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