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The feeding behaviour of Pink-footed Geese Anser brachyrhynchus was
studied in Adventdalen, Svalbard, during 15–28 May 2004 to determine
habitat use of newly arrived birds based on their distribution in relation
to the major vegetation types present. Goose numbers increased from
initial arrival on 15 May to 380–440 during 23–28 May, with a brief
arrival peak of 990 on 20 May. Geese fed initially on grass-rich commu-
nities associated with gravel out-wash fans, but shifted to wet meadow
habitats as the thaw progressed, and increasingly used moss tundra and
heath habitats after 22 May. Less than 20% of observed geese fed by
grubbing the substrate prior to 21 May, but more than 85% did so from
24 May onwards as rising air temperatures exceeded freezing point and
the substrate progressively thawed, permitting excavation of subter-
ranean plant storage organs. This pattern was reflected in the diet based
on examination of epidermal fragments in the droppings, which showed
geese initially fed on above ground dead material from the previous
growing season (most abundant in the productive out-wash fans).
However, as the substrate thawed, from 22 May geese fed increasingly
on the more nutritious Equisetum spp. and finally on below-ground stor-
age organs of Bistorta viviparum as these became available with sub-
strate thaw. The implications of these changes are discussed in the con-
text of the energetic implications for arriving birds and their subsequent
reproductive output. 
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INTRODUCTION

The pre-breeding period following their arrival on
the nesting grounds is a critical one in the annual
cycle of arctic-nesting geese. After an energetically
demanding migration, females prepare to invest
energy and nutrients in clutch initiation and incuba-
tion. Any supplements to energy and nutrient stores
are therefore likely to enhance her probability of
reproductive success. For this reason, food availabil-
ity on arrival to near-breeding and nesting areas is
highly likely to affect the breeding potential of indi-
viduals. In particular, the extent of snow cover and
the depth of frozen substrate are factors highly
likely to affect the availability of above and below-
ground parts of food plants which are exploited by
geese and these factors are highly likely to be mod-
ified in time and space by climate change.

Svalbard-breeding Pink-footed Geese Anser
brachyrhynchus migrate from their Belgian, Dutch
and Danish wintering areas to stage in the
Trøndelag and Vesterålen areas of Norway in
spring. The last leg of the spring migration com-
prises a flight of c. 1100 km over the sea from NW
Norway to nesting areas in Svalbard (Madsen et al.
1999). Shortly after this prolonged and energeti-
cally expensive flight, females lay a clutch of 4–5
eggs, which they incubate for 24–26 days (Owen
1980), necessitating considerable use of protein
and energy resources. Some studies show that
geese invest both endogenous stores and exoge-
nously derived nutrients in their eggs (e.g.
Gauthier et al. 2003). Hence, although the nutri-
ent and energy stores retained in the body affect
the ability of an individual female to invest in egg
production and maintenance during incubation,
supplements derived from pre-nesting feeding may
potentially enhance her reproductive output.
However, geese must depart from the final
Norwegian staging areas to set out for Svalbard
with little knowledge (but perhaps some environ-
mental cues) of weather or feeding conditions at
their destination. Since first egg date and nutrient
investment are likely to be the result of the interac-
tion between nest site availability and the nutrient
status of the female, the meteorological conditions

and availability of food on arrival at, or close to,
the breeding areas are likely to affect the breeding
success of individuals. This is particularly critical
in the case of the Pink-footed Goose in Svalbard, a
relatively large-bodied avian herbivore breeding in
a High-arctic biotope, typified by scant vegetation
cover and low productivity. Pink-footed Geese can
successfully exploit such ecosystems, especially in
early spring, by feeding on plant storage organs,
such as the below-ground rhizomes of Bistorta
viviparum, Equisetum spp. and graminoids (Bauer
& Glutz von Blotzheim 1969, Fox et al. 1997, Fox
& Bergersen 2005). Such organs represent a rich
source of food during a period when above-ground
primary production has yet to commence, but
access to such food is dependent upon substrate
softness, which in turn is affected by snow cover,
solar radiation and ground temperatures. Climate
change is likely to affect seasonal patterns in soil
temperature profiles in the immediate future. For
this reason, it is important to understand the way
in which temperature and snow cover affect access
to food and hence the diet of early arriving and
pre-nesting Pink-footed Geese in Svalbard in
spring, yet little is known about this critical period
in the annual cycle.

In this paper, we examine the way in which
temperature and thaw of the soil interact to affect
the feeding ecology of Pink-footed Geese during
the arrival and pre-breeding phase in Svalbard, by
tracking changes in feeding behaviour, habitat use
and diet in Adventdalen (78°10'N, 16°20'E). 

METHODS

We used a car to cover a set 10 km transect up
Adventdalen from the southern end of Longyear-
byen (78°13'N, 15°40'E) to the bottom of Bolter-
dalen (78°10'N, 15°59'E), surveying a sampled
area of c. 20 km2. Observations were restricted to
the southern side of the valley because heat haze
and dust storms precluded effective counts and
assignment to vegetation types on the northern
side of the glacial melt river, and patterns here
were considered representative of the entire valley.
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Geese tended to feed and roost in the same vicin-
ity (as shown by neck collared birds), and showed
no sign of redistribution that could explain the
major patterns in abundance observed. Many pairs
of Pink-footed Geese breed in the valley and side
tributary valleys, so in the later periods, birds
likely include local nesting geese. We repeated this
survey 2–5 times every day at different times
throughout the 24 hour cycle between 14 and 28
May 2004, counting all geese encountered and
plotting these on a map in the field. We summed
the number of birds counted along the same route
sampled in the same way to give a count total for
each survey. Each bird observation consisted of an
assessment of its behaviour (including feeding by
grubbing or grazing, see Fox & Bergersen 2005),
sex (based on size and behaviour, Boyd & Fox
2003) and was assigned to a habitat type based on
the detailed vegetation community map of
Brattbakk (1984). These are broadly defined as
follows:

Fluvial outwash fans – Dupontia fisheri, Cala-
magrostis stricta pioneer vegetation along
fans and rivers emptying into the main
glacial melt river, mainly interspersed with
Luzula confusa dominated areas. This habitat
type constituted c. 10% of the survey area.

Moss tundra – dominated by the moss Tomen-
thypnum nitens on base-rich soils with inter-
mediate snow-lie (c. 10% of study area).

Wet meadow – Drepanocladus revolvens–Calier-
gon sarmentosum-community with much
Dupontia fisheri – grass and moss dominated
vegetation in wet areas (c. 5% of study area).

Heath vegetation – Carex rupestris, Dryas octo-
petala and Cassiope tetragona dominated
areas on base-rich free-draining soils (c. 25%
of study area).

Braided glacial melt-river flats – Carex sub-
spathacea and Puccinellia phryganodes pio-
neer vegetation (which, together with bare
substrate, open water and ice constituted
c. 45% of the study area).

Willow vegetation – Equisetum arvense and Salix
polaris with abundant moss mat (c. 5% of
study area). 

In practice, the geese rarely used the latter two
vegetation types, and these are not presented in
the analysis. We arc sine square root transformed
the proportion of geese using each habitat type on
each date to undertake a regression analysis of
change over the period, accepting a significant
increase or decrease where the slope of the regres-
sion model was shown to statistically differ from
zero based on standard t-tests. 

We collected fresh droppings from Pink-footed
Geese on 15, 17, 20, 23 and 25 May wherever
they were actively feeding, and used these to iden-
tify the intact epidermal fragments present to
determine the diet (Owen 1975). Daily collections
represented samples of between 2 and 14 individ-
ual droppings. Collected droppings were dried
within 24 hours and analysed during December
2004, samples were milled to a powder before
being eluted with water, mounted on microscope
slips and examined microscopically. Following
Owen (1975), the first 100 fragments encountered
centrally within a 4 mm diameter circle inscribed
on the ocular were identified (where possible) to
species, and content expressed as a percentage.
Data are presented amalgamated into broader cat-
egories for ease of interpretation as follows: moss
(Bryophyta), grasses (Gramineae), sedges and
rushes combined (Cyperaceae and Juncaceae),
Dicotyledonous species, Equisetum and Bistorta.
Between 0.3 and 8.3% of fragments from any one
date could not be identified to species with confi-
dence but were retained within the calculations of
percentages. To look for trends in diet with time
and accessibility to geese, we used arc sine square
root transformed proportion of each plant con-
stituent as the dependent variables with date and
air temperature as independent variables in simple
regression models, testing for significant differ-
ences in slope from zero to show trends. Frequency
of encounter of inorganic soil fragments were also
recorded, but not used in the calculation of diet
constituents. Daily temperatures recorded from
Longyearbyen, on the periphery of the study site,
were used in the analysis. Twenty tagged plants of
the grass Dupontia fisheri were measured at three
day intervals from 17 May 2004, but showed no
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appreciable elongation by 28 May, suggesting little
above ground primary production during the study
period. The depth to which the substrate remained
frozen was measured by forcing a knife into the
soil until the tip reached solid ice. Twenty such
penetration measurements (in mm) were taken in
the vicinity of the tagged grass plants on 17 (when
only 5 measurements were taken), 19, 22, 24 and
26 May as the distance from the knife tip to the
soil surface. 

RESULTS

Numbers of Pink-footed Geese in Adventdalen
gradually increased after the first sighting of 9
birds on the evening of 14 May until 19 May
(Fig. 1). There appeared to be a substantial arrival
of migrating birds on 20 May, with a peak count of
991 that morning, after which numbers decreased
again and remained remarkably constant at
380–440 individuals to the end of the study
(Fig. 1). Because of this dichotomy in patterns of
Pink-footed Goose abundance, we hereafter con-
sider 14–20 May the ‘arrival’ period and 21–28
May the ‘pre-breeding’ period. Barnacle Geese did
not appear in substantial numbers, were common
only after 21 May and are not considered further
here (Fig. 1).

Pink-footed Geese initially used the fluvial out-
wash fans almost exclusively, but use of this habi-
tat declined (r35 = –0.917, P < 0.001), as geese
increasingly shifted to wet meadow habitats as the
thaw progressed (r35 = 0.893, P < 0.001), increas-
ingly using moss tundra (r35 = 0.783, P < 0.001)
and heath habitats (r35 = 0.744, P < 0.001) after
22 May (Fig. 2). Other habitats showed no trend
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Figure 2. Proportion of all Pink-footed Geese distributed
between four different major habitat types (see text for
details) during standard surveys undertaken in
Adventdalen during 15–28 May 2004. 
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Figure 1. Counts of Pink-footed and Barnacle Geese sur-
veyed along the standard route in Adventdalen during
15–28 May 2004. 



in use (r35 = 0.260, P > 0.05). Less than 20% of
Pink-footed Geese fed by grubbing prior to 21 May
(Fig. 3), although the proportion increased rapidly
to constitute more than 85% from 24 May on-
wards as air temperatures rose above freezing
point (Fig. 3) and the substrate progressively
thawed (Fig. 4). Penetrability of the soil increased
with date (r35 = 0.859, P < 0.001) and air tem-

perature (r35 = 0.552, P < 0.001). The proportion
(arc sine square root transformed) of birds grub-
bing was significantly correlated with temperature
(r13 = 0.755, P = 0.002). Along the river in
Longyearbyen (outside of the study area) on 23
May 2004, soil penetrability was 45.8 mm (± 1.4
SE) in areas where Pink-footed Geese had been
actively grubbing, significantly deeper compared
to 27.6 mm (± 1.6 SE, t47 = 8.6, P < 0.001) in the
same moss mat community where they had not. In
the main study area, geese initially fed on the
above ground parts of dead grass, sedges and
rushes, although the diet became more variable
after 23 May, as the parts of Equisetum (probably
below ground parts) became more evident in the

diet (Fig. 5). Finally, the below ground parts of
Bistorta appeared in the droppings only during the
latter collection periods (Fig. 5). There were signif-
icant increases in the proportion of subterranean
plant parts (i.e. Equisetum and Bistorta) in the diet
over time and with increasing temperature and a
significant increase in moss with temperature
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Figure 4. Depth penetration (mean values in mm, ± SE)
into the soil measured in the same area of Adventdalen
on 17, 19, 22, 24 and 26 May 2004. See methods for
details.
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Figure 5. Percentage frequency of different food items in
the faecal material collected from Pink-footed Geese
using Adventdalen during 17–26 May 2004. Values repre-
sent mean daily percentage frequency for amalgamated
samples for each plant category as defined in the text.
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ground food items) in Adventdalen during 15–28 May
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(Table 1). The proportion of grass in the diet
declined with both time and temperature (Table
1). Inorganic soil fragments were encountered at
between 1% and 3.7% between 15 and 23 May,
but between 5.4 and 6.0% subsequently.

DISCUSSION

To understand the consequences of climate change
and the effects of variation in weather condition
on the food availability for Pink-footed Geese
arriving to breeding areas in Svalbard, it is essen-
tial to have at least a rudimentary understanding
of how and where the arriving birds derive their
food. The energetic costs of long-distance flight
constrains the complexity of digestive architecture
that an inefficient herbivore, such as a goose, can
carry with it to the Arctic, where geese encounter
a hostile environment often characterised by
frozen substrates, deep snow cover and absence of
above-ground primary production. Geese must
therefore adopt innovative strategies to glean
high-quality food under these circumstances, since
any supplement to the internal energy and nutri-
tional state of a breeding female is likely to
enhance her reproductive output over and above
the investment of her endogenous stores brought
from outside the breeding grounds. It is for this

reason that it is of interest to define the adapta-
tions shown by Pink-footed Geese arriving to the
breeding grounds immediately after spring migra-
tion from their ultimate spring staging areas and
to see how they respond to the conditions encoun-
tered.

This study was carried out under circum-
stances that permitted the complete census of all
of one side of a major glacial valley throughout the
arrival period. Hence, at this geographical scale, it
was possible to follow changes in the way that
birds assorted themselves between the vegetation
communities during the first two weeks after
arrival to Svalbard. The results showed that during
the initial arrival period, geese were almost
entirely confined to gravel out-wash fans close to
main braided glacial melt-water river in Advent-
dalen. This confinement was not due to snow
cover, since c. 60% of the area below 200 m was
snow free on 14 May (Fig. 6). Although the thaw
did continue to expose new areas of vegetation
until 28 May, there was no obvious difference in
the area of snow melt between the different vege-
tation types, nor did geese feed along snow edges
in a manner likely to affect their use of these.
Rather, we contend that this confinement early on
was because the geese were foraging largely upon
the above-ground grass litter from the previous
year. This was most abundant in the fertile and
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Day Temperature

r P r P

Moss 0.196 0.226 0.510 < 0.001
Equisetum 0.365 0.021 0.360 0.022
Dicotyledonous species 0.079 0.630 0.258 0.108
Grass species –0.535 < 0.001 –0.625 < 0.001
Cyperaceae and Juncaceae 0.223 0.168 0.153 0.343
Bistorta 0.537 < 0.001 0.444 0.004

Table 1. Summary table of fitted regression models, using arc sine square root transformed proportions of each plant
constituent in the diet (based on faecal content) modelled as the dependent variable and day or daily mean air tempe-
rature as the independent variable. Correlation coefficients are shown together with the trend (positive or negative)
and the probability that each slope of the fitted regression line differs significantly from zero, based on t-tests with 39
degrees of freedom. Values in bold signify significant values.



productive gravel out-wash fans where fluvial
processes during the growing season ensure a rich
supply of nutrient compared to other vegetation
communities. Pink-footed Geese almost exclusively
feed on the below-ground overwintering organs of
graminoids, as well as Equisetum and Bistorta dur-
ing the pre-breeding phase in Svalbard (Fox &
Bergersen 2005), and it is likely that these are of
superior nutritional and energetic content com-
pared to above-ground grass litter. Hence, during
the initial arrival period, the nature of the frozen
substrate precluded Pink-footed Geese from grub-
bing for such food items whilst soil temperatures
remained below freezing. However, after 22 May,
soil temperatures elevated as a result of the
increases in solar radiation and air temperatures
and so geese spread to exploit other habitats, the
diet became more varied and feeding geese were
increasingly seen to be grubbing in the substrate
for these subterranean food items.

It would therefore appear that in a year such as
2004, arriving Pink-footed Geese are highly con-
strained by the availability of their different food
items and their accessibility as determined by

snow cover and the degree to which the substrate
is frozen. The consequence of this is to constrain
early arrivers to feed on poorer quality food to
maintain condition until the thaw renders more
nutritional plant storage organs available. The
temporal variability of food items will therefore
affect the costs and benefits of arrival time in
terms of nutrient acquisition, and therefore opti-
mal arrival time (i.e. one that maximises net bene-
fits) relative to the internal state of a female at the
point of her arrival to Svalbard from Norwegian
spring staging areas. 

Numerous studies have attempted to demon-
strate a reproductive advantage amongst northern
nesting geese to be first to the breeding areas in
best condition, because these birds produce great-
est numbers of young (Cooke et al. 1995, Kokko
1999), although few have demonstrated the
effects of individual arrival time and condition on
reproductive success. Pink-footed Geese are known
to stage within Svalbard before continuing to
breeding areas (Glahder et al. 2006), so nutrient
acquisition and continuing rapid follicle develop-
ment must occur post arrival in Svalbard. In a year
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Figure 6. Photograph looking down the census transect in Adventdalen towards the NW, to Adventfjorden and
Isfjorden beyond. Image shows extent of snow free vegetation available in the middle distance as of 14 May 2004
(photo Ian S. Francis).



such as 2004, the optimal breeding strategy may
not be to arrive at the earliest time possible, since
to do so ensured that individuals encountered
poorer feeding conditions compared to later arriv-
ing birds. It is known that early arriving Greater
Snow Geese Chen caerulescens caerulescens show
lower breeding probability, which may be caused
by reduced feeding availability at arrival (Bêty et
al. 2004). Unfortunately, this study did not exam-
ine the energetic consequences of foraging on dif-
ferent food items. However, if geese are con-
strained to feed on above ground parts of plants
that fail to maintain body condition of early geese
on arrival, birds arriving slightly later to milder
conditions and better feeding conditions may have
an advantage because they can exploit below
ground plants parts from arrival. This may mean
in such years, later arrivals attain breeding store
thresholds before the earliest arrivers and poten-
tially initiate clutches before them. In fact, the
mean daily abdominal profile score (following the
scores of Madsen 1985) of geese in the valley
showed an increasing tendency amongst males
and females throughout the staging period (pers.
obs.), providing little support for the hypothesis
that geese failed to maintain fat depots during the
first few days after arrival in Adventdalen. Hence,
it may be that the early-arriving females simply
have a longer pre-laying period and are therefore
able to initiate nests earlier than later arrivals (see
Bêty et al. 2003).

The potential effects of climate change on pre-
breeding feeding conditions for Pink-feet are diffi-
cult to interpret dependent upon the different
effects of changes in precipitation patterns and
wind (which affects snow lie in Svalbard) as well
as temperature. There is a further temporal ele-
ment associated with simple increases in tempera-
ture, in so far as elevated temperatures will enable
earlier (for the same solar date) growth of
graminoids which may offer a ‘new’ alternative
source of food for arriving geese. The earlier thaw
of substrate will also enable earlier exploitation of
the nutritious below ground parts of plants such as
Bistorta and Equisetum. However, this also means
that the initiation of growth of these plants will be

brought forward and cause an earlier reduction in
their nutritional value as the plants break winter
dormancy. At this time, plants translocate stored
nutrients and energy to invest in production of
above ground material as photosynthetically active
structures, making rhizomes and below ground
storage organs less attractive to feeding geese.
Hence, the consequences of climate change for
arriving geese will be complex and varied and dif-
ficult to predict.

Nevertheless, this study shows that the state of
thaw of the soil and the extent of snow cover has
considerable consequences for arriving Pink-footed
Geese in Svalbard, in terms of the vegetation com-
munities they exploit and the mode of feeding
they employ prior to breeding. It is therefore
important that these patterns are studied in other
seasons to contrast the effects of different spring
melt conditions on the geese, especially in con-
junction with tracking the relative food quality of
the different dietary items with respect to their
availability. 
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SAMENVATTING

Het foerageergedrag en de habitatkeuze van de Kleine
Rietgans Anser brachyrhynchus bij aankomst op Spitsber-
gen werd van 15 tot 28 mei 2004 bestudeerd in Advent-
dalen. De aantallen ganzen namen vanaf 15 mei toe tot
380–440 gedurende 23–28 mei met een korte piek van
990 op 20 mei. De ganzen foerageerden in het begin op
een grasrijke begroeiing van modderige oevers langs
waterstromen. Met het wegsmelten van de sneeuw scho-
ven de ganzen op naar zompige mosmatten met veel gras
en na 22 mei naar drogere gronden met veel mos of een
meer kruidenrijke begroeiing. Voor 21 mei zocht minder
dan 20% van de ganzen voedsel door in het substraat te
wroeten. Vanaf 24 mei nam het aandeel wroeters toe tot
meer dan 85%. Dit hing samen met het feit dat de tempe-
ratuur in die periode boven het vriespunt kwam,
waardoor de ondergrond ontdooide en ondergrondse
plantendelen beschikbaar kwamen. Een zelfde patroon in
benutting van opeenvolgende voedselbronnen kwam
naar voren uit een analyse van het voedsel op grond van
epidermisresten van plantencellen in de ganzenkeutels.
Eerst aten de ganzen vooral bovengronds dood materiaal
van het vorig jaar. Vervolgens werd in toenemende mate
paardenstaart Equisetum spp. gegeten, waarna de ganzen
overstapten op knolletjes van Knolduizendknoop Bistorta
viviparum. De implicaties van de veranderingen worden
besproken in de context van de energiebehoeftes van
ganzen na aankomst in het broedgebied en hun voort-
plantingssucces erna.
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