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High-Arctic nesting geese occupying less favourable
nest sites are more vulnerable to predation
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In a simple, rodent-free Arctic ecosystem in Svalbard, we assessed the nest- pink-footed geese; late snowmelt
site characteristics of the main (and highly abundant) migratory herbivore—
pink-footed geese (Anser brachyrhynchus)—to determine which nesting geese
were preferentially attacked and killed by the only local predator of adult
geese, the Arctic fox (Vulpes lagopus). We collected data on goose carcasses and
nest-site characteristics at one of the main pink-footed goose breeding areas
in Svalbard. Arctic foxes depredated adult pink-footed geese from just over a
quarter of the unsuccessful nests in the colony and carcasses were generally
found just under 10 m away from a nest. Geese that occupied nests of poorer
quality (limited visibility, further distance to forage patches and situated on
flatter slopes) and were less well established (indicated by the low degree of
fertilization from accumulations of goose droppings) were more likely to be
depredated by Arctic foxes. As geese show a high degree of nest-site fidelity
and preferentially occupy nests with better protection against depredation and
closer to feeding areas, we propose that Arctic foxes targeted, and were more
successful in killing younger, more inexperienced or low-quality geese that
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occupied less favourable nest sites.

Introduction

The nesting period is a time when both adult birds and
their eggs can be particularly vulnerable to depredation
(Magnhagen 1991; McLennan et al. 1996). Often, the
choice of nesting site can have significant impacts on
nesting success rates, with birds predicted to nest where
the chances of reproductive success are higher (Fretwell
& Lucus 1969). Nest sites that have higher chances of
successful egg hatching may also benefit the adult birds
by affording them some protection against depredation
(Bjorklund 1990). Therefore, the choice of nesting site
may not always be wholly related to the ability to success-
fully incubate and hatch eggs, but also linked to improved
adult survival. In complex ecosystems, with multiple prey
and predator species present, it can be difficult to elucidate
the relative importance of nest-site characteristics to adult
survival rather than nesting success rates.

As Svalbard has one of the simplest vertebrate tundra
food webs in the world (Ims et al. 2013), the archipelago
provides an excellent environment in which to study

depredation of breeding birds and to investigate if nest-
site quality has any effect on adult mortality. The most
abundant migratory nesting birds in Svalbard are geese
(van der Wal 2005). Geese show nest-site faithfulness
and natal philopatry, and during nesting they form loose
colonies (Rockwell & Cooke 1977; Finney & Cooke 1978;
Larsson & van der Jeugd 1998; Tombre et al. 1998). In
Svalbard, during incubation their eggs are susceptible to
predation by the Arctic fox (Vulpes lagopus), glaucous gulls
(Larus hyperboreus) and the Arctic skua (Stercorarius para-
siticus) (Inglis 1977; Eide et al. 2004; Madsen et al. 2007).
However, the only predator of adult geese in Svalbard is
the Arctic fox (Prestrud 1992).

The most abundant goose species in Svalbard is the
pink-footed goose (Anser brachyrhynchus) (Madsen et al.
1999). The population has increased from approximately
10000-15000 individuals in the late 1960s to about
60000-80000 individuals in the last decade (Madsen
et al. 2018). Faced with this rapid population increase,
Wisz et al. (2008) used species distribution models to
predict which landscape features would be important for

Polar Research 2019. © 2019 Helen B. Anderson et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial 1
4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), permitting all non-commercial use, distribution, and reproduction in any medium, provided

the original work is properly cited.

Citation: Polar Research 2019, 38, 3352, http://dx.doi.org/10.33265/polar.v38.3352

(page number not for citation purpose)



mailto:helen.anderson@abdn.ac.uk
http://creativecommons.org/licenses/by-nc/4.0/�
http://dx.doi.org/10.33265/polar.v38.3352�

Nesting geese vulnerable to predation

nesting pink-footed geese, allowing areas susceptible to
future colonization to be identified. Sites with a southerly
aspect, intermediate slopes, at low elevations and with
ready access to specific feeding areas were proposed as
being preferred for nesting (Wisz et al. 2008). A south-
erly aspect would ensure earlier snowmelt, allowing nest-
ing geese to start incubation earlier, giving offspring the
maximum time available to fledge during the short Arctic
summer (Wisz et al. 2008). Intermediate slopes and lower
elevations in conjunction with a southerly aspect were
thought to promote earlier snowmelt, as well as providing
drainage for the nest site (allowing it to remain dry) and
giving shelter from cold winds that could increase adult
energy loss during incubation (Wisz et al. 2008).

Following from these predictions, a seven-year study
of a growing Svalbard pink-footed goose colony assessed
if the landscape factors associated with nest sites influ-
enced nesting success rates (Anderson, Madsen, Woodin
et al. 2015). Nest sites that had better protection against
depredation (those situated on steeper slopes and those
with greater visibility from the nest) and that were closer
to suitable feeding areas were occupied preferentially
during early stages of colony formation, while nest sites
occupied later were further away from forage areas and
offered poorer protection against depredation (Anderson,
Madsen, Woodin et al. 2015). However, despite the pref-
erential selection of particular nest sites, significant differ-
ences in nesting success between such sites did not occur
(Anderson, Madsen, Woodin et al. 2015). Therefore, the
reason for preferential selection of nesting sites with such
high-quality characteristics by pink-footed geese remains
unexplained.

Rather than being solely based on improved reproduc-
tive success, the preferential selection of nest sites with
better characteristics may be to reduce the risk of dep-
redation on adult geese by Arctic foxes while the geese
are confined to the nest site during incubation. Nest sites
that occupy steeper slopes may afford more protection for
incubating geese against approaching Arctic foxes than
nests on shallower slopes. If the nest site has a greater area
of visibility around it, then there may be fewer opportu-
nities for Arctic foxes to approach a nest site undetected
and ambush the incubating female goose. Furthermore,
if patches of suitable forage vegetation are closer, there
may be more opportunities for feeding male pink-footed
geese to observe an Arctic fox approaching the nest and
to return to it in time to defend it and his mate.

To determine if nest-site characteristics had any effect
on adult goose mortality during the nesting period, we
studied one of the main pink-footed breeding areas in
Svalbard. We predicted that pink-footed goose carcasses
found within the colony would be situated closer to nests
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possessing characteristics less favourable to Arctic fox
detection by incubating females (limited visibility from
the nest, shallower slopes, further distances from the
nest to forage patches). Following on from this, we also
predicted that pink-footed goose carcasses found within
the colony would be situated closer to unsuccessful nests
than to successful ones, as Arctic foxes are more likely to
depredate the nest following the killing of one member
of the breeding pair. Furthermore, we predicted that dep-
redated geese would be more likely to be associated with
nests that had been established more recently, as indicted
by a lower fertilization effect around the nest. We also
determined if nest proximity to the colony boundary had
any relationship with nesting success as it has been sug-
gested, in line with the selfish herd theory, that birds that
occupy sites at the colony edge are more likely to suffer
egg depredation (Hamilton 1971).

Methods

Data were collected in 2015 at the Sassendalen pink-
footed goose colony (78° 20" N 17° E), which, as one of
the main pink-footed goose breeding areas in Svalbard
(Jepsen et al. 2002), has been studied for over a decade.
The colony is situated on exposed, vegetated south-
west facing tundra slopes and covers an area of approxi-
mately 0.76 km? (Anderson, Madsen, Fuglei et al. 2015).
Vegetation is characterized by Cassiope tetragona and
Dryas octopetala dwarf shrubs on the slopes (Elvebakk
1997) and fen, marsh and moss tundra where freshwa-
ter accumulates (Vanderpuye et al. 2002). The location
of pink-footed carcasses, nesting success assessments and
nest-site characteristic data were all collected after hatch-
ing because the pink-footed goose is particularly shy of
humans, with nest losses after human disturbance known
to be over one-third (Madsen et al. 2009).

Within the colony, GPS locations of pink-footed goose
carcasses were recorded. Carcasses consisted of the body
skeleton, particularly the keel, with the meat and feath-
ers stripped away and the feet and heads also absent
(Fig. 1a, b). In some cases, the wings were no longer
attached to the rest of the skeleton and were found a
short distance away. As we counted more body skeletons
than pairs of wings, carcasses that consisted of wings only
were excluded as the body of the same individual may
already have been accounted for. Although field observa-
tions of the killing of breeding pink-footed geese by Arctic
foxes indicate that foxes do carry carcasses to the den
(J. Madsen pers. obs.), the carcasses included in this study
were not found in the immediate vicinity of a fox den. We
have therefore assumed that the carcasses had not been
transported by the foxes but were attacked and partially
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Fig. 1 Pink-footed goose carcasses and nests found within the main pink-footed goose colony in Svalbard. (a-b) Remains of goose carcasses killed by

Arctic foxes with plucked feathers clearly visible in (a) and the keel bone visible in (b). (c—d) Examples of the nearest unsuccessful pink-footed goose nests

to goose carcasses, showing the sparse vegetation and rocky substrate around the nests. (e—f) Examples of successful pink-footed goose nests, showing

the high degree of fertilization of the surrounding vegetation.

eaten where they were Kkilled. Although some moulting
or non-breeding geese have been observed in the same
valley as the colony studied (although not within the
colony), most have been found in other areas of Svalbard
(see Goosemap 2012). Therefore, we have assumed that
all the carcasses found were breeding geese and not float-
ers (non-breeders and moulting birds).

To determine pink-footed goose nesting success,
methodical searches for nests were undertaken. A sys-
tematic protocol was followed and searches were con-
ducted by two trained observers over the same fixed area
to ensure consistency in spatial coverage (see Anderson,
Madsen, Fuglei et al. 2015 for more details). Nests had
been used during the current breeding season if fresh
down feathers were found within the nest bowl and fresh
droppings were present in the nest vicinity. Empty nests
and nests containing eggshells with no membranes were
recorded as having been depredated. Successful nests
were those where membranes were still present within
the eggshell remains (Davis et al. 1998; Madsen et al.
2007; Prop et al. 2013). A nest was considered to have
been successtul if at least one egg hatched.

Nest-site characteristics that were considered as poten-
tially important for adult survival were (1) visibility from
the nest, (2) slope of the ground underlying the nest site
and (3) distance to visible forage vegetation. Slope was
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estimated in the field with a home-made clinometer
(Andrews 1988) and measured to the nearest 5°. The dis-
tance to visible forage vegetation and visibility from the
nest were measured using a range finder (Nikon Forestry
550, 10-500 m) to the nearest 1.0 m for distances >100 m
and 0.2 m for distances <100 m, or by eye for distances less
than 10 m (to the nearest 0.2 m approximately). In the
case of visibility from the nest, distances were measured
in the four cardinal directions from the nest to the nearest
visual obstruction (e.g., boulders, rocky outcrops). A single
figure indicating the area of visibility around the nest was
calculated using the area of an ellipse (area =7 x A x B,
where 7 equals 3.14, A equals half the major axis and
B equals half the minor axis), centred on the nest.

In addition, we estimated the fertilization effect (to
5%) of accumulated goose droppings at the nest site as
this could indicate if a nest was newly established or had
been in use for a number of years (higher fertilization
indicative of longer use by virtue of years of accumulated
goose droppings). On account of nest-site faithfulness
and natal-site philopatry exhibited by geese (Rockwell &
Cooke 1977; Finney & Cooke 1978; Larsson & van der
Jeugd 1998; Tombre et al. 1998), we expected sites with
a greater degree of fertilization to have been occupied by
older birds whose experience reduced their risk of depre-
dation by Arctic foxes.
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The proximity tool in ArcGIS was used to generate the
distance of each carcass to the nearest nest and the dis-
tances of successful and unsuccessful nests to the colony
boundary. A chi-squared test was used to determine if
goose carcasses were located closer to unsuccessful nests
than would be expected by chance. We used a binomial
logistic regression model with a logit link to analyse the
relationships between survival of adult nesting geese
and (1) visibility from nest site, (2) slope, (3) distance to
nearest visible forage patch, (4) fertilization effect at the
nest site and (5) distance to colony boundary. All spatial
analyses were carried out in ArcGIS (version 10.5 copy-
right 1999-2016 Esri Inc.) and statistical analyses in the R
programme, version 3.5.1 (R Core Team 2017). Statistical
significance was determined at the 0.05 a-level.

Results

Thirty-three adult goose carcasses (Fig. 1a, b) were found
within the colonyin 2015. As 125 (49%) of the nests found
were unsuccessful, the number of carcasses accounted for,
at most, one bird from just over a quarter (26%) of the
pairs of geese from unsuccessful nests. Furthermore, the
nearest nest to a goose carcass was almost always unsuc-
cessful (32 unsuccessful nests compared with 1 successful
nest, x> = 32.2, p < 0.001; Fig. 1c, d). Goose carcasses
were found, on average, 9.96 m (range: 0-35.3 m) away
from the nearest nest.

A higher probability of adult mortality was signifi-
cantly associated with nest sites that had limited visibility
from the nest (z = 4.01, p < 0.001; Fig. 2a), where the
underlying slope was shallower (z = 2.29, p = 0.02; Fig.
2b) and where the fertilization effect at the nest site was
low (z=2.97, p = 0.003; Fig. 2d). The distance to suitable
forage patches was only important to adult survival at the
a = 0.1 level, with a higher probability of adult mortality
associated with nest sites that were further away from
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forage areas (z = 1.69, p = 0.09; Fig. 2c). The average
distance of unsuccessful nests to the colony boundary
(188 m; range: 27-308 m) was only marginally greater
than that of successful nests (137 m; range: 46-262 m).
There was no evidence to support the view that increased
adult goose mortality was associated with nests closer to
the colony boundary (z=1.58, p = 0.1).

Discussion

The characteristics of a nest site are thought to play an
important part in the nesting success of many colony-
forming birds that nest in heterogeneous environments,
with individuals preferentially selecting sites where
their reproductive success is increased (Fretwell & Lucas
1969). Although Anderson and co-workers found that
within the pink-footed colony studied here, nest sites
with greater visibility, situated on steeper slopes and
closer to patches of forage vegetation visible from the nest
were preferentially occupied (Anderson, Madsen, Fuglei
et al. 2015; Anderson, Madsen, Woodin et al. 2015, they
also found that there was no evidence of improved nest-
ing success for birds that occupied such sites (Anderson,
Madsen, Woodin et al. 2015). An alternative hypothesis
for the preferential selection of such nest sites, which we
have explored here, is that they provide greater protec-
tion against adult goose depredation during the incuba-
tion period.

Our findings here are based on the pink-footed goose
carcasses found in just over a quarter of the unsuccessful
nests recorded in the colony. We hypothesize that we did
not find more carcasses because the geese associated with
those nests either escaped from attacking Arctic foxes or
were simply absent from the nest site when it was depre-
dated because they were foraging or had abandoned the
nest. The nest sites closest to the goose carcasses found
in this colony had limited visibility and were situated
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Fig. 2 Relationship between probability of adult goose survival and (a) visibility from the nest site, (b) underlying slope of the nest site, (c) distance to

patch of suitable forage visible from the nest and (d) fertilization effect at the nest site. Survival probabilities are displayed from O (death) to 1 (survival),

with the grey shaded areas indicating the 95% confidence intervals, and jitter
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on flatter underlying slopes. By comparison, at a nearby
pink-footed goose colony (about 0.6 km distant), where
all nest sites are situated on steep cliffs with good visibil-
ity, we have failed to find any pink-footed goose carcasses
in over 10 years of study despite the presence of active
Arctic fox dens in the vicinity (see Anderson, Madsen,
Fuglei et al. 2015). We therefore hypothesize that adult
geese occupying such poorer quality nest sites have a
greater probability of being killed.

Birds that occupy the less preferred nest sites may be
young and inexperienced, thereby lacking the knowledge
needed to locate, select and secure the better protected
sites. By virtue of their nesting inexperience, young birds
may also be less aware of how to deal with attacks by
Arctic foxes (see Fig. 3). Alternatively, less favourable
nest sites may have been occupied by low-quality geese,
which may also be more vulnerable to depredation. We
found no evidence to suggest that birds occupying nest
sites at the periphery of the colony experienced higher
mortality rates—the selfish herd theory (Hamilton 1971).
We speculate that in pink-footed goose colonies it is
the nest sites situated on shallower slopes, with limited
visibility, that are occupied by the more inexperienced
adults. Indeed, the low fertilization levels found at the
sites of the unsuccessful nests associated with dead adult
geese seem to lend support to the theory that these nests
were less well established and therefore likely occupied
by younger birds, particularly because geese exhibit nest-
site philopatry (Cooch et al. 1993; Fowler et al. 2004).

Body condition of the adult geese may also have affected
their depredation risk. For instance, when snowmelt is
late spring feeding opportunities are reduced (Anderson
et al. 2012), potentially leading to lower fat reserves
(Madsen et al. 2007). Under such conditions nesting
females are predicted to be under increased predation risk

Nesting geese vulnerable to predation

by Arctic foxes (only the female undertakes incubation)
if the male leaves the nest site to forage (Madsen et al.
2007). If a young and/or inexperienced male leaves his
mate to feed (Lovenskiold 1964; Nyholm 1965; Ing-
lis 1977), this could increase the chances of the female
being killed by an Arctic fox as a single goose is much
less able to defend itself and its nest against an Arctic
fox than a pair of geese (Inglis 1977; Frafjord 1990; see
Fig. 3). As this study was undertaken during a relatively
late snowmelt year (average May temperatures were
—2.2°C, data from Longyearbyen Airport, approximately
37 km west of the study area; available from Norwegian
Meteorological Institute), we cannot rule out the impact
that body condition may have had on adult depredation
risk. We cannot verify if the goose carcasses found were
male or female, but the close proximity of the carcasses
to unsuccessful nests led us to suspect that they were
female birds that had remained on the nest when the
male had left to feed. Under climatic conditions allow-
ing birds to feed to maintain adequate fat reserves, we
might expect adult goose mortality to be lower as there
would presumably be fewer occasions when the male
had departed from the nest site to feed. However, as we
found only a weak association between increased adult
mortality and nest sites that were further away from
forage patches, it may be that nest defensibility against
Arctic foxes is a more important factor in adult mortality
than proximity to feeding areas. Furthermore, we may
have overlooked forage patches that we deemed too
small for foraging (less than 1 m x 1 m) and we only
considered forage patches in wetter areas that had large
amounts of Dupontia species and Eriophorum scheuchzeri—
species that pink-footed geese are known to show a
preference for (Anderson et al. 2012). As pink-footed
geese are also known to feed on other plant species,

Fig. 3 Asolitary adult female pink-footed goose attempting to defend the nest and herself against attack by an Arctic fox (images provided by J. Madsen).
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particularly Bistorta vivipara in drier areas (Anderson et al.
2012), we may have discounted other areas of vegetation
that could be utilized if needed. Of course, the effects of
adult body condition, mediated by spring weather condi-
tions, and the age or experience of birds may both con-
tribute to their depredation. For instance, during later
snowmelt years, younger or inexperienced birds may be
in poorer condition because older, more dominant birds
have restricted their access to preferential nest sites and
feeding opportunities. Dominant barnacle geese (Branta
leucopsis) have been shown to feed for longer than shy
individuals (Kurvers et al. 2009).

We suspect that Arctic foxes in this area have inti-
mate knowledge of their territory and have developed an
accurate spatial map of the nests present (Careau et al.
2008). This is particularly likely because one of the Arctic
fox dens in the area is located within the colony and this
species is well known for its egg-catching ability (Careau
et al. 2008) and propensity to use goslings and adult
geese as an immediate food source for both adult foxes
and their pups during the short Arctic summer (Eide
et al. 2005). Arctic foxes are therefore likely to be well
aware of which nests may be easier to depredate because
of factors such as limited visibility, which would allow a
fox to approach a nest without being seen by adult geese.

Although this study has added to our knowledge of
the linkages between nest-site choice and adult survival, a
number of aspects remain unknown and warrant further
investigation. For instance, despite evidence showing that
it is the female goose that chooses a nest site (Avise et al.
1992; Fowler et al. 2004), we are unable to determine if
it is the female that succumbs to depredation because of
her choice of a poor-quality nest site. Even though the
carcasses we found were very close to nest sites, the dead
birds may have been males that were attacked while absent
from the nest feeding. To fully elucidate the relationship
between adult goose mortality, nest-site characteristics
and body condition, further studies under a range of dif-
ferent spring snow conditions would be required. The use
of camera traps, which have been successfully employed
in similar studies elsewhere, could further enhance our
understanding of these predator—prey relationships.
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