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ABSTRACT
Colonial seabirds from neighbouring breeding aggregations may share foraging grounds or
utilize different areas in order to decrease the competition over food resources. In our study,
we present the meso-scale variations in the diet composition of zooplanktivorous little auk
chicks (Alle alle), based on samples collected over two years in two neighbouring colonies
(Aasefjellet and Magdalenefjorden) located in north-west Spitsbergen, Svalbard. Although the
colonies are situated only 10 km apart, they differ in geographical features (in-fjord vs.
coastal). The main findings of our study were significant inter-colony and inter-year differ-
ences in the total abundance of diet items and in abundance of particular components. The
open-sea species Themisto abyssorum was more abundant in the diet of chicks from
Aasefjellet, situated in the outer coast. Another open-sea species, Calanus hyperboreus was
also characteristic for this colony but only in the first year of study. On the other hand, the
ice-associated amphipod Apherusa glacialis was regularly observed in the diet of little auk
chicks from the Magdalenefjorden colony, which is located closer to the marginal ice zone.
The differences observed in the diet composition of birds from the two neighbouring sites
may indicate that two colonies of birds have at least partly separate foraging areas. Our
results could also suggest flexibility in the little auk’s foraging behaviour that enables it to
adapt to local feeding conditions. Thus, our study significantly contributes to the deeper
understanding of little auks’ feeding strategies in the changing environment of northern
Spitsbergen.
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Breeding seabirds are restricted by their colony location.
To provide offspring with sufficient food in a reasonable
period of time, they exploit the foraging areas located as
close to the breeding colony as possible (Davies et al.
2012). Nevertheless, because the distribution of food
resources often varies annually (e.g., Hovinen et al.
2014) as well as within the breeding season (e.g.,
Ashmole’s halo effect [Ashmole 1963; Birt et al. 1987;
Elliott et al. 2009]), seabird parents usually need to cover a
great distance from their colony to collect enough food
and/or to collect food of appropriate quality (Amélineau
et al. 2016). As a consequence, birds from different colo-
niesmaymeet at a distant, common foraging ground and
exploit the same food resources (Ainley et al. 2004;
Jakubas & Wojczulanis-Jakubas 2011). On the other
hand, birds from neighbouring colonies may forage in
completely different zones. There is growing evidence for
space partitioning among colonial seabirds. For instance,
petrels (Pelecanoides georgicus and P. urinatrix) from
neighbouring colonies on the sub-Antarctic island of
South Georgia have been reported to forage in exclusive
areas that are not necessarily located close to their

breeding colony (Bocher et al. 2000). There is also evi-
dence for partial and/or complete spatial segregation in
shags (Phalacrocorax aristotelis) in colonies on South
Georgia (Wanless & Harris 1993) and among some pen-
guin species in separate colonies situated only 2–2.5 km
apart on New Island, in the Falkland Islands (Masello
et al. 2010). Although it is still not clear why such space
partitioning occurs among birds, it is likely to be influ-
enced by memory (individuals return to the previously
“successful” location), local enhancement (other birds at
sea follow the “successful” ones), information centre
effect (when “uninformed” birds follow “successful”
birds from their colonies [Wakefield et al. 2013]) and/or
avoidance of competition.

Inspired by all these findings, we examined food
samples of the little auk (Alle alle) collected in two
north-west Spitsbergen colonies—Aasefjellet and
Magdalenefjorden—which are located 10 km apart.
The little auk is a small, zooplanktivorous seabird
that breeds colonially. It is considered to be the most
numerous alcid in the Arctic (Stempniewicz 2001).
The little auk has one of the highest mass-specific
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metabolic rates of all seabirds (Gabrielsen et al. 1991;
Konarzewski et al. 1993). To satisfy their high energy
demands (e.g., Konarzewski et al. 1993), the birds
focus on energy-rich planktonic organisms associated
with cold Arctic waters—mainly large copepods, such
as Calanus glacialis and/or C. hyperboreus. Less fre-
quently, but regularly, they also consume smaller and
less-nutritional food items, such as C. finmarchicus,
which is associated with Atlantic waters (Mehlum &
Gabrielsen 1993; Weslawski et al. 1999; Planque &
Batten 2000; Pedersen & Falk 2001; Karnovsky et al.
2003; Weslawski et al. 2006; Wojczulanis et al. 2006;
Jakubas et al. 2007; Jakubas & Wojczulanis-Jakubas
2011; Hovinen et al. 2014). Moreover, little auks
from some colonies are able to fly up to 130 km
(Jakubas et al. 2013) to forage on the sympagic amphi-
pod Apherusa glacialis occurring at the MIZ.

Despite the high prevalence of these zooplankters in
little auks’ diets, some differences in composition (per-
centage of the main items and contribution to supple-
mentary components) are regularly reported (e.g.,
Karnovsky et al. 2003; Falk-Petersen et al. 2009;
Harding et al. 2008; Jakubas et al. 2007; Harding et al.
2009; Kwasniewski et al. 2010; Jakubas et al. 2014;
Boehnke et al. 2015; Jakubas, Iliszko et al. 2016; Jakubas,
Wojczulanis-Jakubas et al. 2016). These differences could
be caused by the partitioning of available foraging
grounds (in terms of geographical location and/or envir-
onmental characteristics) among birds from different
colonies.

The two colonies in whichwe examined the little auk’s
diet are separated by 10 km. This distance is within the
range of little auk’s regular foraging flights (Grémillet
et al. 2004), which have amedian of 126 km, as estimated
from GPS tracking in Magdalenefjorden (Jakubas et al.
2013). Given the high costs of these flights (Gabrielsen
et al. 1991; Konarzewski et al. 1993), little auks are
expected to forage exclusively within a “cost-effective”
distance from the breeding colony (Kwasniewski et al.
2010). As a consequence, individuals from both colonies
can utilize the same foraging grounds and should have
similar diets. On the other hand, some differences in diet
composition of birds could be caused by their tendency to
avoid competition for food resources. Furthermore, the
fact that one colony is located in theMIZ and the other is
sea-exposedmight influence the direction of the foraging
flights and favour the segregation of feeding grounds.
Since the Magdalenefjorden colony was situated closer
to theMIZ than Aasefjellet (60 vs. 90 km in 2009 and 120
vs. 140 km in 2010; Fig. 1), ice-associated fauna should
have appeared more frequently in the diets of birds from
this colony. In contrast, the Aasefjellet colony has a more
outer-coast location than the inside-fjord colony in
Magdalenefjorden (Fig. 1). We may therefore expect a
higher frequency of prey items living in waters outside
fjords, such asThemisto abyssorum (Koszteyn et al. 1995)

and Calanus hyperboreus (Hirche et al. 2006), in the diet
of birds breeding in Aasefjellet.

Material and methods

Study area

Diet samples were collected in 2009 and 2010 in two
breeding colonies of little auks, in Aasefjellet (79°32’N,
10°45’E) and in Magdalenefjorden, on the Alkekongen
slopes (79°35’N, 11°05’E; Fig. 1). The distance between
the Magdalenefjorden colony (which faces the south)
and Aasefjellet colony (facing the west) is 10 km. The
foraging areas of birds from these colonies are influ-
enced by the warm Atlantic waters of the West
Spitsbergen Current and the cold Arctic waters of the
coastal Sørkapp Current, which converge, mix and
exchange, forming the hydrographical Arctic front
along the West Spitsbergen Shelf (Saloranta &
Svendsen 2001; Cottier et al. 2005; Nilsen et al. 2008).

Diet sampling and laboratory analyses

The samples were collected at roughly the same time in
the two colonies, between the third and fourth week of
the little auk chicks’ life: 9–10 August 2009 and 11–12

Figure 1. The study area of little auk colonies in north-west
Spitsbergen: Magdalenefjorden (square) and Aasefjellet (star).
Large and smaller dashed circles represent 75 and 25 percentiles
of foraging flights range of GPS-equipped little auks from
Magdalenefjorden (Jakubas et al. 2013). Potential ranges of fora-
ging flights of birds from Aasefjellet (marked in black) and
Magdalenefjorden (in grey). Isobath: 200 m indicates the range
of the shelf zone. The warm West Spitsbergen Current is abbre-
viated to WSC and the cold Sørkapp Current to SC.
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August 2010 in Magdalenefjorden; 9 August 2009 and
7–8 August 2010 in Aasefjellet. The little auk`s phenol-
ogy was established based on median hatching dates in
Magdalenefjorden: 17 July in 2009 (Jakubas &
Wojczulanis-Jakubas 2011) and 16 July in 2010
(Jakubas, Wojczulanis-Jakubas et al. 2016). The phenol-
ogies of birds in the Aasefjellet and Magdalenefjorden
colonies were assumed to be the same on account of their
proximity. Snow melt onset is unlikely to differ between
the colonies, which is the main factor that influences the
timing of egg laying for little auks (Moe et al. 2009). To
collect the food samples, we captured adults with full
gular pouches (while returning from the foraging
grounds to their colony) by a mist-net and/or noose
carpet spread in the colony area. The contents of the
gular pouch (a special sac under the bill to transport food
for chicks) were gently scooped out with a small plastic
spoon, placed in a separate plastic container and pre-
served in a 4% solution of formaldehyde diluted with
filtered salt (sea) water. The birds were released
unharmed after 5–10 min. of handling. In total, 93 sam-
ples were collected (Table 1). The taxonomic content of
the samples was analysed in the laboratory, following the
procedures described by Kwasniewski et al. (2010).

Data analyses

The diet in both colonies was examined considering a
total abundance of diet items, as well as abundance of the
most frequent items. Dissimilarities in the samples were
also compared. To investigate factors affecting the total
abundance of diet items, distance-based PERMANOVA
(Anderson 2001) was used. As categorical factors, the
following predictors were used: colony, year and the
interaction colony × year. To assess contribution of the
most frequent prey items to the dissimilarity between
samples, the SIMPER procedure was used based on a
Bray-Curtis dissimilarity matrix (Clarke 1993). To inves-
tigate factors affecting abundance of these particular prey
items (i.e., contributing ≥ 5% to overall dissimilarity),
two-way PERMANOVA with colony, year and interac-
tion between the two was used. For prey species with
significant interaction effect in two-way PERMANOVA,
one-way PERMANOVAwith a categorical factor (season
and colony combined) was performed. Both the analyses
—two-way PERMANOVAand one-way PERMANOVA
—were based on a Bray-Curtis resemblance matrix. For

all data the fourth root transformationwas used, and each
analysis was tested using 9999 random permutations.
PERMANOVA and SIMPER analyses were conducted
in PERMANOVA+ add-on to Primer version 7 software
(Plymouth Marine Laboratory, Plymouth, UK; Clarke &
Warwick 2001).

Based on the prey item dominance in a sample (over
50% of identified taxa in total sample abundance), sam-
ples were categorized into one of the following types: (1)
“Calanus glacialis dominated” (CGD), where Calanus
glacialis constituted over half of the sample content; (2)
“other item dominated” (OID), where species other
than C. glacialis constituted over half of the sample
content; (3) “no defined dominant” (NDD), where
none of the identified taxa exceeded half of the sample
content.

The proportion of different types of diet samples
between colonies was analysed with a G test. To exam-
ine similarities between the compositions among con-
sidered types of diet samples, HACAwas used on a data
matrix of all little auk food items abundances. Analyses
were based on Bray-Curtis similarities of log-trans-
formed data [x’ = log (x + 1)], which downplays any
species/taxa with very high abundance/share, whilst
retaining the basic quantitative information (Clarke &
Warwick 2001). In HACA analyses only clusters with
bootstrap probability over 95% were considered.
Cluster and bootstrap probability analyses were run
using Primer version 7.0.

Results

Two-way PERMANOVA revealed that the abun-
dance of all prey items combined was affected sig-
nificantly by colony (F1 = 4.95, p < 0.001) and years
(F1 = 5.12, p < 0.001). The effects of interaction
between colony × year were not significant
(F1 = 1.83 p = 0.12). Aasefjellet was characterized by
a higher number of diet items (median = 820) than
Magdalenefjorden (median = 588). The first year of
the study was characterized by a higher abundance of
diet items (median = 907) than the year 2010 (med-
ian = 474). SIMPER revealed the following prey items
contributing the most (≥5%) to overall dissimilarity
in abundance of prey items in little auk chicks` meals:
three copepod species in the genus Calanus—C. gla-
cialis, C. finmarchicus and C. hyperboreus—and the
amphipods Themisto abyssorum and Apherusa
glacialis.

Two-way PERMANOVA for the abundance of
prey items mostly contributing to overall dissimilarity
revealed a significant effect of colony on A. glacialis
(F1 = 12.66, p < 0.001, with the higher abundance in
Magdalenefjorden) and T. abyssorum (F1 = 10.19,
p = 0.001, with the higher abundance in Aasefjellet).
A significant effect of year was found on C. hyperbor-
eus (F1 = 40.50, p < 0.001, with the higher abundance

Table 1. Frequency of particular types of little auk food
samples collected in Magdalenefjorden and Aasefjellet colo-
nies in 2009 and 2010.

Food sample type

Magdalenefjorden Aasefjellet Total
N2009 2010 2009 2010

Calanus glacialis dominated
(CGD)

37% 10% 23% 30% 30

Other item dominated
(OID)

32% 32% 24% 12% 41

No defined dominant (NDD) 23% 23% 32% 23% 22
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in 2009). An important effect of interaction season ×
colony was found only for C. hyperboreus (F1 = 9.62,
p < 0.001). One–way PERMANOVA with colony ×
year factor revealed noticeable differences (F3 = 16.10,
p = 0.001) with a significantly higher abundance of
this copepod in Aasefjellet’s food samples from 2009
compared to other studied years and colonies.
Neither colony nor year nor the interaction colony
× year affected the abundance of C. glacialis and C.
finmarchicus significantly (PERMANOVA all
p > 0.05).

The OID type food samples were the most fre-
quent (44%) in the analysed material. The CGD and
NDD sample types constituted 32% and 24% of all
studied little auks’ diet samples, respectively
(Table 1). There were no significant differences in

the proportions of various diet samples types between
years and colonies (G test, G6 = 8.05, p > 0.05).

Among the OID samples, a subgroup dominated
by T. abyssorum (D, Fig. 3) was the most frequently
observed (29%), with this zooplankter constituting
62% of all diet items abundance. The second sub-
group among the OID type was dominated by the
sympagic A. glacialis, which was regularly observed in
Magdalenefjorden and only once in Aasefjellet (A,
Fig. 3). This item constituted an exceptional diet
component, as it made up almost the whole samples:
mean contribution was 97% of the total prey items
recorded in subgroup A (Fig. 3). The third subgroup
in the OID category was dominated by C. hyperbor-
eus, whose mean contribution was about 70% of all
diet items in this subgroup (E, Fig. 3). The other

Figure 2. Cluster analysis for samples of the “Calanus glacialis dominated” (CGD) type from Aasefjellet (stars) and
Magdalenefjorden (squares) colonies, years: 2009 (white) 2010 (black). The main clusters are denoted with letters a-c.
Barplots show the proportion of the items in detail provided under the tree graph, separately for each main cluster.
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subgroups from the OID sample types were domi-
nated by Euphausiacea and C. finmarchicus (65% and
55% contribution in abundance in subgroups B and C
shown in Fig. 3, respectively). The rarest among the
OID samples type were two dominated by larval
stages of Decapoda (mean share of 73% of the total
prey items) and one with the highest contribution
(69%) of Pisces larvae (Fig. 3).

Samples of the CGD type were divided into three
subgroups in the hierarchical cluster analysis (Fig. 2).
In subgroup B, represented mainly by samples from
Aasefjellet from 2010, the highest contribution of C.
glacialis was observed (83%). The remaining sub-
groups were characterized by a lower abundance of
this prey item: 61 and 66% in subgroup A and C,
respectively (Fig. 2). Hierarchical cluster analysis did

Figure 3. Cluster analysis for samples of the “other item dominated” (OID) type from Aasefjellet (stars) and Magdalenefjorden
(squares) colonies, years: 2009 (white) 2010 (black). Letters under the x axis (a–g) indicate subgroups of samples dominated by:
Apherusa glacialis (a); Euphausiacea (b); Calanus finmarchicus (c); Themisto abyssorum (d); Decapoda larvae (e); C. hyperboreus (f).
Schemes under each subgroup of samples illustrate the dominant species in diet item abundance. Barplots show the proportion
of the items in detail provided under the tree graph, for each main subgroup separately.
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not distinguish any significant subgroups within
NDD type samples.

Discussion

This is the first study to compare the diet composi-
tion of little auks chick on a meso-scale, i.e., between
two neighbouring colonies. Our study was con-
ducted during two consecutive years in north-west
Spitsbergen: Magdalenefjorden, regularly monitored
since 2007 (Kwasniewski et al. 2010), and the newly
investigated Aasefjellet. Diet composition of birds
from the Magdalenefjorden colony between 2009
and 2010 was partly presented by Kidawa et al.
(2015), Hovinen et al. (2014), Jakubas,
Wojczulanis-Jakubas et al. (2016) and Boehnke
et al. (2015).

Our research revealed substantial inter-colony dif-
ferences in the abundance of diet items. A higher
number of diet items were observed in the
Aasefjellet colony in comparison to the colony in
Magdalenefjorden. In the Aasefjellet colony, there
was a higher frequency of CGD samples (character-
ized by high numbers of individuals) and very low
frequency of samples predominated by Apherusa gla-
cialis (characterized by low number of items per
sample). Moreover, the number of prey items differed
significantly between years, which may have been
caused by changes in inter-year oceanographic con-
ditions that generally influence the availability of
particular zooplankters (Trudnowska et al. 2015).

Our results confirm the important role of the
sympagic amphipod Apherusa glacialis for the
Magdalenefjorden colony: it constituted from 17 to
24% of all analysed diet material from this site.
Previous research in this region showed that 5% of
samples (two samples) contained exclusively A. gla-
cialis in 2007 (Kwasniewski et al. 2010), while 10% of
samples (seven samples) described as “Apherusa gla-
cialis type” were reported one year later (Jakubas
et al. 2011). The presence of this amphipod is likely
to be conditioned by the changing sea-ice range in a
given year. According to the research of Scott et al.
(1999), these ice-associated amphipods are very rich
in lipids, which constitute about 51% of dry mass.

It is known that little auks are able to reach distant
feeding grounds in the Arctic Ocean, where multi-year
ice with sympagic fauna prevails, e.g., East Greenland
(Fort et al. 2010; Amélineau et al. 2016). The distance
from Magdalenefjorden to the MIZ in 2010 (120 km)
was closer to the median value of the foraging range of
GPS-tracked birds (median = 126 km; Jakubas et al.
2013) and it was lower than the distance from the MIZ
to Aasefjellet (140 km). The almost complete absence
of A. glacialis in the diet of birds from Aasefjellet
(Fig. 3) implies that even small differences in distances
between colonies and foraging grounds seem to

influence the possibility of feeding on ice-associated
fauna. This finding may be explained by the little auk’s
propensity to forage within a cost-effective distance
from its colony, since farther flights are more energy
demanding (Gabrielsen et al. 1991). This has also been
confirmed by the almost complete absence of this
amphipod in the diet of birds from other Svalbard
colonies located south of the studied ones:
Kongsfjorden (Seifert 2007), Isfjorden (Steen et al.
2007; Vogedes et al. 2014) and Hornsund (Jakubas
et al. 2007; Kwasniewski et al. 2010; Boehnke et al.
2015).

A relatively large number of samples containing A.
glacialis in the northernmost of little auk colonies in
Spitsbergen—Magdalenefjorden—could be explained
by the foraging birds’ ability to memorize successful
locations, such as the MIZ (Wakefield et al. 2013).
We should also take into account that little auks
adopt a bimodal foraging strategy, altering short
and long-foraging trips (Steen et al. 2007). The
shorter types of trips are typical for nearby locations
and their main purpose is to collect food for chicks,
while during the longer ones adults rest and forage in
more distant locations, such as the MIZ, in order to
collect food for both themselves and their chicks
(Jakubas et al. 2012; Welcker et al. 2012). Given the
lower frequency of long trips to more distant loca-
tions, such as the MIZ, in the bimodal strategy, it is
less probable to sample birds returning from long
trips compared to ones returning from short trips.

Another frequent zooplankton item—Themisto
abyssorum—was observed among the prey of the
coastal colony at Aasefjellet. In Iceland and Hudson
Bay, this pelagic amphipod is characteristic of open-
sea sub-Arctic waters (Estrada et al. 2012; Gislason &
Silva 2012). The presence of this amphipod in the
colony located nearer to the shelf seemed to confirm
this species’ preference for water outside the fjords; a
recent study also confirmed the dominance of this
amphipod in waters outside Kongsfjorden
(Dalpadado et al. 2016). Themisto abyssorum domi-
nated samples from Aasefjellet indicate that birds
from this region forage in open-sea waters, possibly
close to their colony area. Themisto abyssorum was
also found in samples taken from Magdalenefjorden
(dominant in 50% of samples in subgroup D among
OID type), which suggests that little auks from this
colony can utilize the open-sea waters and possibly
share areas with the birds from Aasefjellet. These
results are consistent with the previous studies of
Kwasniewski et al. (2010), who reported a consider-
able contribution (12%) of T. abyssorum in the diet of
little auk chicks from Magdalenefjorden in 2007.
Furthermore, this item was reported in the diet of
little auks from the Bjørndalen colony, in Isfjorden,
with a sizeable contribution (17.6%) of total diet
items in samples, which were characterized by a
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relatively low share of copepod C. hyperboreus (Steen
et al. 2007). This amphipod is regarded as a rather
low-energy food item and its distribution is con-
nected to the influx of Atlantic Water
(Stempniewicz et al. 2007). Such a wide distribution
of T. abyssorum in little auk chicks’ diet could also
suggest offshore or opportunistic feeding behaviour
of the birds from both colonies.

The abundance of Calanus hyperboreus was signif-
icantly influenced by year and interaction colony ×
year. This prey item was found mainly in samples
from Aasefjellet in 2009 (group E in Fig. 3). This
copepod was previously reported as a component of
little auk chicks’ diet in the Magdalenefjorden colony,
with a 10–12% contribution to total diet item abun-
dance in 2007 and 2008, respectively (Kwasniewski
et al. 2010; Jakubas et al. 2011). During previously
mentioned studies from the year 2008, eight samples
described as C. hyperboreus type were observed.
Calanus hyperboreus was also an important diet
item for birds from the Bjørndalen colony
(Isfjorden); samples were distinguished based on the
share of C. hyperboreus with 25% criteria (Steen et al.
2007) and 21% of collected samples belonged to this
type. This item, regarded as a true Arctic inhabitant
(Hirche 2013), prefers deeper regions outside the
shelf in waters near Svalbard (Hirche et al. 2006).
According to Hagen and Auel (2001) this species
accumulates larger amounts of fatty acids than C.
glacialis and C. finmarchicus. This copepod therefore
seems to be a very nourishing source of lipids for
little auk chicks. Contrary to our study, in Greenland,
this species is more available for the little auks that
forage near to the shore (Karnovsky et al. 2010;
Amélineau et al. 2016).

In conclusion, our study reveals some significant
inter-colony differences in the composition of little
auks chicks’ diet at a meso-scale level (10 km), confirm-
ing our hypothesis about the differences between chicks`
diets. Our main finding was the absence of the ice-
associated amphipod Apherusa glacialis in the diet of
chicks from the southern colony, located further from
the MIZ. The open-sea species T. abyssorum was found
in higher abundance in the gular pouches of the birds
from open-sea colony at Aasefjellet. The second species
characteristic of open waters – C. hyperboreus was also
observed in higher numbers in parent birds from
Aasefjellet but only in the first year of study.

The observed inter-colony differences in the diet
composition of these birds suggest at least partial
segregation of foraging grounds that could be caused
by the flight costs from the colony to the feeding
areas. The differences in diet composition between
the two colonies reveal that the little auk is able to
efficiently utilize the available food resources. This
study, along with previous reports from
Magdalenefjorden, broaden our knowledge about

the progressive oceanographic changes occurring in
Spitsbergen. Further studies with the use of addi-
tional methods (e.g., GPS tracking) are required in
order to fully comprehend intra-specific meso-scale
differences in the foraging behaviour of little auk.
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