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Abstract: The purpose of this study was to present the current state of avifauna in the vicinity
of Polish Polar Station, at Hornsund (SW Spitsbergen). During four seasons (2003–2006) ten
bird species were recorded as breeding there. Among them colonial little auk and Arctic tern
were most abundant. Six additional species were noted during the breeding season but none of
them bred there and their visits in the study plots were a consequence of their nesting nearby
study area. Remaining 11 species were recorded during migration. The most pronounced
changes over the last 35 years has been a considerable increase in number of barnacle geese
exploiting the tundra as their foraging and resting area.
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Introduction

The structure of the High Arctic ecosystems is believed to be simple, with rela−
tively small number of elements (Remmert 1985; Woodin and Marquiss 1997).
Therefore shifts in population numbers of any species could have cascading ef−
fects on the whole ecosystem. Many Arctic bird species being top predators, are
excellent indicators of changes in the environment (Stempniewicz et al. 2007).
Changes in their population dynamics may reflect changes in the lower trophic
levels at an early stage, therefore birds may be a good tool for monitoring the
whole ecosystem.

The Arctic environment is undergoing dramatic climate changes, and this trend
is expected to continue (Kattsov et al. 2005; IPCC 2007; Przybylak 2007). Many
Arctic birds respond to climate variability in terms of energetic costs, timing of
breeding, reproductive output and mortality rates (e.g. Järvinen 1994; McCleery and
Perrins 1998; Durant et al. 2004; Gjerdrum et al. 2003; Madsen et al. 2007). In addi−
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tion, there are new potential threats such as industrial fisheries, environmental con−
taminants, oil exploration, tourism and other types of disturbance that influence bird
populations and potentially, the structure of the whole ecosystem. Consequently,
there is a need to assess the current status of particular bird species populations in or−
der to have the possibility of tracking future changes.

This paper aims to present updated information on the composition, number,
and local distribution of bird species breeding and resting in the vicinity of the Pol−
ish Polar Station, in Hornsund fjord (South−Western Spitsbergen). Ornithological
investigations in Hornsund area have a long history (e.g. Norderhaug 1968;
Stempniewicz 1980, 1981; Konarzewski et al. 1993; Karnovsky et al. 2003; Har−
ding et al. 2004; Wojczulanis et al. 2005; Jakubas et al. 2007). However, only a
few studies have focused on the composition of the entire avifauna, which were
done a long time ago (Ferens 1958, 1968; Jakubiec 1982) thus this is the first quan−
titative analysis of local avifauna at Hornsund since 1973.

Presented results pertain to relatively small but important area. The species com−
position and abundance of birds in the study area seem to be rather representative for
Spitsbergen, so any general change in Spitsbergen avifauna, for instance related to
the climate change, should be reflected also in bird community from the Hornsund
area. Additionally, the neighborhood of Polish Polar Station provides continuous
presence of ornithologists what makes possible that potential future changes in
avifauna will be recorded. Moreover, recent rapid growth of tourism as well as sci−
entific activity in Hornsund area (own data) may potentially affect negatively birds
breeding there. Several studies report adverse effects of human disturbance on birds
nesting in polar regions (e.g. McClung et al. 2004; Culik et al. 1990; Wilson et al.
1990, 1991; Giese 1996, 1998; Giese and Riddle 1999; Woehler et al. 1994). Thus it
is worth to monitor the local avifauna in order to undertake appropriate steps in case
of occurrence of any anthropogenic changes. The present study may also serve as a
background for subsequent ecological studies carried out in the area.

Study area, materials and methods

This study was carried out in the northern part of the Hornsund area in the vi−
cinity of the Polish Polar Station (77°00’N 15°33’E) during four seasons: 2003
(27 July – 30 September), 2004 (14 July – 14 August), 2005 (24 May – 31 July)
and 2006 (16 May – 7 August). The study area comprised flat tundra between the
fjord coast and the Ariekammen mountain as well as northern slopes of the moun−
tain (in total ca 2 km2; Fig. 1). The flat tundra was naturally divided by a permanent
stream into two plots with the surface of ca 0.75 km2 each. The habitats of the first
plot (T1, Fig. 1) was greatly diversified and included skerries, low, gravel beaches,
flat moss and lichen tundra with periodic and permanent stream flows, ponds and
rock hummocks. The second part of the area (plot T2, Fig. 1) is geologically and
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hydrologically far less heterogeneous, with sparse vegetation. The mountain slope
(ca 0.5 km2) is a mosaic of rock debris (average diameter of rock 0.5 m) and rich
vegetation of vascular plants.

Nests of all bird species, and in case of Passeriformes – singing males, were re−
corded in four consecutive seasons within the whole study area. A singing male,
which was observed at the same place at least 5 times during one season, was con−
sidered as breeding nearby. In order to estimate the nest density of little auks (Alle
alle) colonially breeding in crevices within rock debris, fresh piles of chick faeces
found in rock crevices were counted within the four 5 × 5 m plots in the centre of
one of the colony patch in late chick rearing period in 2003. It is known that chicks
defecate usually in the same place in the nest chamber, thus considerable amount
of fresh faeces should indicate an active nest (Stempniewicz 1995).

Additionally, regular counts of geese (adults and gooslings separately), ducks,
terns and gulls were performed in 2005 (24 May – 31 July) and 2006 (16 May –
7 August). All birds observed in the study area (Fig. 1) were counted 1–5 times a
day (on average 1.4 times) during the prelaying, incubation and chick rearing pe−
riod. Occasionally, inshore waters of the fjord (ca 1 km from the coast) were sur−
veyed as well. Age and sex of birds were determined, whenever it was possible
(using field guide by Mullarney et al. 1999). In total, 157 counts (81 in 2005 and
76 in 2006) were performed. Additionally, counts of glaucous gulls, Larus hyper−
boreus, were made during the period of little auk young departure from the colony
(second week of August) in 2003 (N = 27 counts) and 2004 (N = 14 counts). Terms
of phenological periods (prelaying, incubation and chick rearing) were determined
according to species−specific breeding time.
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Results

Of the 27 bird species observed during four seasons, ten species have been rec−
ognized as breeding within the study area (Table 1). The little auk was the most nu−
merous colonially breeding species, followed by Arctic tern (Sterna paradisea).
Virtually all breeding species were recorded on the slope and in plot T1, whereas
in plot T2 only one nest of Arctic skua (Stercorarius parasiticus) and one nest of
snow bunting (Plectrophenax nivalis) were noted.

Northern fulmars (Fulmarus glacialis), black−legged kittiwakes (Rissa tridac−
tyla), Brünnich’s guillemots (Uria lomvia), Atlantic puffins (Fratercula arctica)
and black guillemots (Cepphus grylle) were regularly observed during the breed−
ing season in the area and/or in the adjacent fjord waters, but did not nest there.
One individual of ptarmigan (Lagopus mutus) was observed on the slope of
Ariekammen in July 2005.

Eleven additional species were recorded on the beach or in the coastal tundra,
but only during the period of spring and/or autumn migration. They were: brant
goose (Branta bernicla) (12 individuals in autumn 2003 and 2 individuals in

190 Katarzyna Wojczulanis−Jakubas et al.

Table 1
Number of breeding bird species in three studied plots (T1 – 0.75 km2, T2 – 0.75 km2, S –
0.5 km2) in the vicinity of the Polish Polar Station in Hornsund, Spitsbergen, in 2003–2006
(ranges were given for the whole studied period, except for little auk – data from 2003)

Family Species Number of nests Nesting habitat
(studied plot)

Alcidae Little auk* Alle alle
on average:
1.6 per 1 m2 slope (S)

Anatidae Pink−footed goose Anser brachyrhynchus 0–1 slope (S)

Anatidae Barnacle goose Branta leucopsis 0–1 skierres (T1)

Anatidae Eider Somateria mollissima 0–1 tundra (T1)

Scolopacidae Purple sandpiper Calidris maritima 0–1 tundra (T1)

Sternidae Arctic tern Sterna paradisea 10–12
near to shore

tundra and beach
(T1)

Stercoraridae Arctic skua Stercorarius parasiticus
1–1
1–1

tundra (T1),
tundra (T2)

Laridae Glaucous gull Larus hyperboreus 1–2 skierres (T1)

Emberizidae Snow bunting** Plectrophenax nivalis
3–4
2–3
0–1

slope and rocks
(S)

tundra (T1)
tundra (T2)

Turdidae Wheatear*** Oenanthe oenanthe 0–1 slope (S)

* nest density, ** nests or singing males, *** pair of adults; probably only breeding attempt



spring 2006), king eider (Somateria spectabilis) (1 male in spring 2005 and one
pair in spring 2006), long−tailed duck (Clangula hyemalis) (2 males and 1 female
in spring 2005), ringed plover (Charadrius hiaticula) (1 individual in autumn
2005 and 2 individuals in spring 2006), whimbrel (Numenius phaeopus) (1 adult in
spring 2005), common redshank (Tringa tetanus) (2 observations of 1 adult in
spring 2005 – 1 ind.), ruddy turnstone (Arenaria interpres) (1 adult in spring
2003), red phalarope (Phalaropus fulicarius) (one pair in spring 2005 and two
males and one female in spring 2006), great skua (Catharacta skua) (few observa−
tions of one individual in spring 2005 and 2006), and black−backed gull (Larus
fuscus graelsi) (1 individual in spring 2005 and 2006). One carcass of adult barn
swallow (Hirundo rustica) was found in spring 2006 (probably died in autumn
2005).

Counts of birds:

Barnacle geese (adults) were recorded in considerable numbers throughout the
whole breeding season; greatest numbers were noted during the chick rearing period
(Kruskal−Wallis test, 2005–2006 combined, H2 = 10.01, N = 157, P = 0.007, Dunn
test, P <0.05; Fig. 2). Barnacle geese were observed more frequently on the slope
(S in Fig. 1) than in the flat tundra (T1 and T2 on Fig. 1) during the prelaying
(Mann−Whitney test, 2005–2006 combined, Z = 4.86, N = 60, P <0.001) and the in−
cubation period (Mann−Whitney U−test, 2005–2006 combined, Z = 3.80, N = 122,
P <0.001). The opposite pattern (more geese in the flat tundra comparing with the
slope) occurred during the chick rearing period (Mann−Whitney U−test, 2005–2006
combined, Z = −2.47, N = 96, P = 0.01). Up to 8 families (adults and gooslings) in
2005 (on average 6.9 ± 2.8, N = 29 surveys) and 10 in 2006 (on average: 4.4. ± 1.3,
N = 54 surveys) were observed foraging and resting in the studied area.

Pink−footed geese (adults) were observed in the course of the whole breeding
season; however, they occured in highest numbers during the prelaying period
(Kruskal−Wallis test, 2005–2006 combined, H2,157 = 60.82, P = 0.005, Dunn test,
P <0.05; Fig. 2). Regardless of the period, pink−footed geese were recorded almost
solely on the slope and hardly ever on the flat tundra (Mann−Whitney U−test,
2005–2006 combined: prelaying: Z = 4.48, N = 60, P <0.001; incubation: Z = 5.19,
N = 122, P <0.001; chick rearing: Z = 2.03, N = 96, P = 0.04).

Eiders (adults) were recorded in small numbers, up to 12 males and 15 females
[on average 0.4 ± 1.64 males and 0.4 ± 1.88 females (N = 157, 2005–2006 com−
bined) were recorded per the survey]. All birds were observed during the incuba−
tion period at the banks of ponds in both flat plots (T1, T2 on Fig. 1).

Arctic terns were found with an average 14.3 ± 7.71 (N = 157) adult individu−
als per survey in the course of whole breeding season (2005–2006 combined) and
solely within the coastal belt of tundra and beach.

Glaucous gulls were recorded in small numbers (up to 8) but consistently fly−
ing over and/or sitting within the little auk colony during all stages of the breeding
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season (2003–2006). Then, during the time of colony departure by young little
auks, gulls were observed in higher numbers (on average 10.0 ± 7.19, N = 27; up to
23 in 2003 and 7.2 ± 2.40, N = 17; up to 14 individuals in 2004) in the flat tundra
(T1 and T2 on Fig. 1).

Discussion

All breeding birds recorded, except of the wheatear Oenanthe oenanthe
(which is an irregular breeder), are common or abundant in the study area, as well
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as throughout Spitsbergen (Strøm 2005). Five species, which have been noted reg−
ularly but did not breed there, are also common in Spitsbergen. Their regular visits
in the study plots were a consequence of their breeding in the proximity of the in−
vestigated region. There is a large seabird colony at Gnålberget (ca 10 km to the
east), consisting mainly of black−legged kittiwakes and Brünnich’s guillemots
(several thousands pairs of each species, own estimation), but also of northern ful−
mars and Atlantic puffins breeding in smaller concentrations. Black guillemots are
nesting in low numbers on Fugleberget mountain, adjacent to Ariekammen. A sin−
gle record of ptarmigan was probably associated with its permanent presence (pos−
sibly breeding) on the near slope of Fugleberget, where the species was observed
regularly in the earlier seasons (the staff of the Polish Polar station, personal
communication).

All migratory species which visited the study area in spring and autumn
(11 species) were observed in other sites of Spitsbergen and some of them are
known to nest there (brant goose, king eider, long−tailed duck, ringed plover,
ruddy turnstone, red phalarope, great skua). The rest are considered as frequent
(whimbrel, common redshank, black−backed gull) and relatively frequent (barn
swallow) visitors (Strøm 2005).

The estimated numbers of breeding pairs of particular species in the study area
may be not precise due to the way of particular species nesting and to constraints of
the applied methods. In case of the little auks, calculated nest density may be under−
estimated as some chick faeces depositions used for nest number estimation might
have been unvisible. Nevertheless, the nest density presented in this study (1.6 nests
per 1 m2) seems to be one of the highest densities recorded for little auks (0.5–1.6
nests per 1 m2, Isaksen 1995). This remains in agreement with other studies showing,
that the Hornsund area is one of the most important breeding sites of little auk in
Svalbard (Norsk Polarinsttitut thematic maps, http://miljo.npolar.no/temakart).

The number of breeding pairs of barnacle geese may be underestimated con−
sidering relatively high number of families recorded in the study area during the
chick rearing period. On the other hand, families noted could have nested some−
where outside the studied area and then migrate towards the vicinity of the Polish
Polar Station after hatching, attracted by the richness of plant life within the study
plots. Nevertheless, high number of adults of barnacle geese recorded during the
whole breeding season (counting results) indicates that the study area is an impor−
tant foraging and resting place for this species. It is worth noting that they were
rarely observed in 1970s–80s (few individuals by Jakubiec 1982; Stempniewicz
1990, 1992 and own, unpublished data). Increase in the barnacle goose population
in this area is probably related to the general increase in the Svalbard population of
this species. Since the banning of hunting many new areas have been colonized
(e.g. Kongsfjorden in the 1980s), and the populations that survived the earlier
hunting pressure at both ends of their migration route have all increased in number
dramatically (Mehlum and Pokrovskaya 2000; Strøm 2005).
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The number of breeding pink−footed geese, based on nests recorded, seems
quite reliable or at most a little underestimated. The number of both breeding and
staying geese within the study area during the breeding season, was relatively
small and is similar to the results presented by Jakubiec (1982). However, accord−
ing to Stempniewicz (1992) and own, unpublished data, the geese were observed
twenty years ago much more frequently (5–10 nests) than in the present study. It is
possible that the decline in the pink−footed goose local population is in part due to
the increasing numbers of barnacle geese in the area. There is some evidence of
food competition between these two species (Fox et al. 2006). Results of this study
seem to confirm also the existence of competition between the two goose species,
showing distinct spatial and temporal separation between them. In general, pink−
footed geese use mountain slopes, and barnacle geese flat tundra habitats. It is also
important to stress here that brant goose (Branta bernicla), which in this study was
recorded only during migration, used to breed in this area regularly in the 1950s
(Ferens 1958). In the 1970s, however, this species was already not recorded
(Jakubiec 1982; Stempniewicz, unpublished data).

The number of breeding Arctic terns, although based on the nests recorded,
may be overestimated. It is possible that a few pairs were counted more than one
time because of replacement clutches. High predation pressure (mainly by Arctic
fox, Alopex lagopus) resulted in very low breeding success throughout the four
studied seasons (own unpublished data). Nevertheless, number of breeding pairs
seems to be stable at least since the study by Jakubiec (1982).

Nests of glaucous gulls were relatively easy to find, thus estimations of num−
bers of breeding pairs are likely to be accurate. The study area seems not to be very
important for the gulls as a breeding place. Greater numbers are breeding in the
close vicinity of the study plots (Fugleberget and Revdalen; Stempniewicz 1995;
Malinga 1999, own unpublished data from 2005 and 2006). Nevertheless, glau−
cous gulls are permanent “users” of the area because of the large numbers of little
auks constituting their important prey (Stempniewicz 1995; Malinga 1999; Woj−
czulanis et al. 2005). Increasing gull numbers observed in the second part of Au−
gust, when massive colony departure of little auk fledglings took place, were result
of arrivals from neighbouring areas. There is some indirect evidence that the local
population of glaucous gull and consequently its predatory pressure on little auk
have increased over the last twenty years (Wojczulanis et al. 2005).

The estimates of number of eider, Arctic skua, purple sandpiper and snow
bunting were based on recording of nest number and are quite reliable or at most
somewhat underestimated. Numbers of these species recorded in this study seem
to be similar to those presented by Jakubiec (1982), except for snow bunting,
which was far less numerous in the present study. For this species the differences
may be partly due to the criteria applied in the present study (at least five records of
singing male at one place versus one record of a singing male in the earlier study).
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Among bird species which used to breed in the vicinity of the Polish Polar Sta−
tion in the past but not currently, are red−throated diver (Gavia stellata), ruddy
turnstone and red phalarope (Jakubiec 1982). Nevertheless, because only single
pairs of these birds were observed nesting in the past, their current absence brings
no information about any changes in the studied area.

The majority of breeding birds were recorded within T1 plot, whereas in the
plot T2 only few birds were nesting (Fig. 1). Also birds visiting the area to feed and
rest were observed mainly in T1 plot. The reason of such plot diversification is a
little auk colony situated in the neighborhood of T1 plot. Large amounts of excre−
ments delivered by these planktivorous birds (~60 t dry mass/km−2 for the colony
area, ~25 t km−2 in the circular flight zone around the colony and ~0.6 t km−2 for the
tundra between the colony and sea) are considered a significant factor stimulating
primary and secondary production near the colony area (Stempniewicz 1990,
1992; Stempniewicz et al. 2006). Thus, the areas adjacent to the little auk colony,
like T1 plot, form rich pastures for herbivorous and insectivorous birds (Stemp−
niewicz et al. 2007; Jakubas et al. 2008). Also the gathering of glaucous gulls in
the immediate vicinity of little auk colony is not surprising as they are an important
predator on the little auks (Stempniewicz 1995; Wojczulanis et. al. 2005). These
findings emphasize the existence of mutual relationships between Arctic organ−
isms. Any disturbance in such precisely functioning system may cause serious
consequences for all of its components.

Acknowledgments. — The authors are very grateful the staff of the Polish Polar Station at
Hornsund (Institute of Geophysics, Polish Academy of Science) for their kind assistance and
hospitality. Special thanks go to Dr. Nina Karnovsky for critical comments and English im−
provements of the earlier version of the manuscript. We thank also Dr. Zygmunt Dajdok,
Dr. Lucyna Hałupka and Dr. Kazimierz Walasz for their help in finding the appropriate litera−
ture. This study was supported by grants of the Ministry of Science and Higher Education
(PBZ−KBN−108/PO4/2004, KBN 0640/PO4/2005/29).

References

CULIK B., ADELUNG D. and WOLKES A.J. 1990. The effect of disturbance on the heart rate and be−
haviour of Adélie penguins (Pygoscelis adeliae) during the breeding season. In: K.R. Kerry and
G. Hempel (eds) Antarctic ecosystem ecological changes and conservation. Springer, Berlin:
177–182.

DURANT J.M., STENSETH N.C., ANKER−NILSSEN T., HARRIS M.P., THOMPSON P.M. and WANLESS S.
2004. Marine birds and climate fluctuation in the North Atlantic. In: N.C. Stenseth, G. Ottersen,
J.W. Hurrell and A. Belgrano (eds) Marine Ecosystem and Climate Variation the North Atlantic.
Oxford University Press, Oxford: 95–105.

FERENS B. 1958. Badania ornitologiczne na Spitsbergenie. Problemy 14: 517–523.
FERENS B. 1968. Zoological Research in the Area of Hornsund, West Spitsbergen 1957–1960. In:

K. Birkenmajer (ed.) Summary of Scientific Results. Polish Academy of Sciences, III I.G.Y/I.G.C.
Committee. Warszawa: 139–164.

Avifauna of Hornsund 195



FOX A.D., BERGERSEN E., TOMBRE I.M. and MADSEN J. 2006. Minimal intra−seasonal dietary over−
lap of barnacle and pink−footed geese on their breeding grounds in Svalbard. Polar Biology 30:
759–768.

GIESE M. 1996. Effects of human activity on Adélie penguin Pygoscelis adeliae breeding success.
Biological Conservation 75: 157–164.

GIESE M. 1998. Guidelines for people approaching breeding groups of Adélie penguins (Pygoscelis
adeliae). Polar Research 34: 287–292.

GIESE M. and RIDDLE M. 1999. Disturbance of emperor penguin Aptenodytes forsteri chicks by heli−
copters. Polar Biology 22: 366–371.

GJERDRUM C., VALLÉE A.M.J., St.CLAIR C.C., BERTRAM D.F., RYDER J.L. and BLACKBURN G.S.
2003. Tufted puffin reproduction reveals ocean climate variability. Proceedings of the National
Academy of Sciences 100: 9377–9382.

HARDING A.M.A., PELT T.I.V., LIFJELD J.T. and MEHLUM F. 2004. Sex differences in Little Auk
Alle alle parental care: transition from biparental to parental−only care. Ibis 146: 642–651.

IPCC 2007. Climate change 2007: The physical science basis. Summary for policy makers. Contribu−
tion of Working Group I to the Fourth Assessment. Report of the Inter−governmental Panel on
Climate Change, University Press, Cambridge: 1–996.

ISAKSEN K. 1995. The breeding population of Little Auk (Alle alle) in colonies in Hornsund and
Northwestern Spitsbergen. In: K. Isaksen and V. Bakken (eds) Seabird populations in the north−
ern Barents Sea – source data for the impact assesment of the effects of oil drilling activity. Norsk
Polarinstitutt Rapport 135: 49–58.

JAKUBAS D., WOJCZULANIS−JAKUBAS K. and WALKUSZ W. 2007. Response of Dovekie to Changes
in Food Availability. Waterbirds 30: 421–428.

JAKUBAS D., ZMUDCZYŃSKA K., WOJCZULANIS−JAKUBAS K. and STEMPNIEWICZ L. 2008. Faeces
deposition and numbers of vertebrate herbivores in the vicinity of planktivorous and piscivorous
seabird colonies in Hornsund, Spitsbergen. Polish Polar Research 29: 45–58.

JAKUBIEC Z. 1982. A quantative investigation on birds of the Hornsund region, SW Spitsbergen.
Acta Universitatis Wratislaviensis 525: 77–91.

JÄRVINEN A. 1994. Global warming and egg size of birds. Ecography 17: 108–110.
KARNOVSKY N., KWAŚNIEWSKI S., WĘSŁAWSKI J.M., WALKUSZ W. and BESZCZYŃSKA−MÖLLER A.

2003. The foraging behaviour of little auks in a heterogeneous environment. Marine Ecology Prog−
ress Series 253: 289–303.

KATTSOV V.M., KÄLLEN E., CATTLE H., CHRISTENSEN J., DRANGE H., HANSSEN−BAUER I.,
JÓHANNESEN T., KAROL I., RÄISÄNEN J., SVENSSON G. and VAVULIN S. 2005. Future climate
change: modelling and scenarios for the Arctic. In: Arctic Climate Impact Assessment. Cam−
bridge University Press, Cambridge: 99. 100–150.

KONARZEWSKI M., TAYLOR J.R.E. and GABRIELSEN G.W. 1993. Chick energy requirements and
adult energy expenditures of Dovekies (Alle alle). Auk 110: 343–353.

MADSEN J., TAMSTORF M., KLAASSEN M., EIDE N., GLAHDER C., RIGÉT F., NYEGAARD H. and
COTTAAR F. 2007. Effects of snow cover on the timing and success of reproduction in high−Arc−
tic pink−footed geese Anser brachyrhynchus. Polar Biology 30: 1363–1372.

MALINGA M. 1999. Miejsce i rola mewy bladej Larus hyperboreus (Gunn., 1767) w strukturze
troficznej i transporcie metali ciężkich w ekosystemie arktycznym. Unpublished Ph.D. thesis.
University of Gdańsk, Poland.

MCCLEERY R.H. and PERRINS C.M. 1998. Temperature and egg−laying trends. Nature 391: 30–31.
MC CLUNG M.R., SEDDON P.J. and SETIAWAN A.N. 2004. Nature−based tourism impacts on yel−

low−eyed penguins Megadyptes antipodes: does unregulated visitor access affect fledging
weight and juvenile survival? Biological Conservation 119: 279–285.

MEHLUM F. and POKROVSKAYA I.V. 2000. Barnacle Goose Branta leucopsis. In: T. Anker−Nilssen, V.
Bakken, H. Strøm, A.N. Golovkin, V.V. Bianki and I.P. Tatarnikova (eds) The status of marine
birds breeding in Barents Sea Region. Raport of Norsk Polarinstitutt No 113, Tromso: 40–42.

196 Katarzyna Wojczulanis−Jakubas et al.



MULLARNEY K., SVENSSON L., ZETTERSTROM D. and GRANT P.J. 1999. Bird Guide. Harper Collins
Publisher, London: 20–369.

NORDERHAUG M. 1968. Ornitologisk feltarbeid pa Svalbard [Account of Norsk Polarinstitutt‘s orni−
thological field work in Svalbard 1968]. Sterna 8: 187–190.

PRZYBYLAK R. 2007. Recent air−temperature changes in the Arctic. Annals of Glaciology 46:
316–324.

REMMERT H. 1985. Ekologia. Państwowe Wydawnictwo Rolnicze i Leśne, Warszawa. 339–347.
STEMPNIEWICZ L. 1980. Factors influencing the growth of the little auk, Plautus alle (L.), nestlings

on Spitsbergen. Ekologia Polska 28: 557–581.
STEMPNIEWICZ L. 1981. Breeding biology of the little auk, Plautus alle in the Hornsund region, SW

Spitsbergen. Acta Ornithologica 18: 141–165.
STEMPNIEWICZ L. 1990. Biomass of Dovekie Excrecta in the Vicinity of Breeding Colony. Colonial

Waterbirds 13: 62–66.
STEMPNIEWICZ L. 1992. Manuring of tundra near a large colony of seabirds on Svalbard. In: K.W.

Opaliński and Z. Klekowski (eds) Landscape, Life World and Man in High Arctic. Institute of
Ecology Polish Academy of Sciences, Warszawa: 255–267.

STEMPNIEWICZ L. 1995. Predator−prey interactions between Glaucous Gull Larus hyperboreus and
Little Auk Alle alle in Spitsbergen. Acta Ornithologica 29: 155–170.

STEMPNIEWICZ L., BŁACHOWIAK−SAMOŁYK K. and WĘSŁAWSKI J.M. 2007. Impact of climate
change on zooplankton communities, seabird populations and Arctic terrestrial ecosystem – a
scenario. Deep Sea Research II 54: 2934–2945.

STEMPNIEWICZ L., ZWOLICKI A., ILISZKO L., ZMUDCZYŃSKA K., WOJTUŃ B. and MATUŁA J.
2006. Impact of plankton− and fish−eating seabird colonies on the Arctic tundra ecosystem – a
comparison. Journal of Ornithology 147, suppl.: 257–258.

STRØM H. 2005. Birds of Svalbard. In: K.M. Kovacs (ed.) Birds and Mammals of Svalbard. Norsk
Polarinstitutt: 85–185.

WILSON K.L., TAYLOR R.H. and BARTON K.J. 1990. The impact of man on Adélie penguins at Cape
Hallet, Antarctica. In: K.R. Kerry and G. Hempel (eds) Antarctic ecosystems. Ecological change
and conservation. Springer, Berlin: 183–190.

WILSON R.P., ČULIK B.M., DANEFIELD R. and ADELUNG D. 1991 People in Antarctica: how much
do Adélies care? Polar Biology 11: 363–370.

WOODIN S.J. and MARQUISS M.1997. Ecology of Arctic Environments. Blackwell Science. 1–273.
WOEHLER E.J., PENNEY R.L., CREET S.M. and BURTON H.R. 1994. Impacts of human visitors on

breeding success and long−term population trends in Adélie penguins at Casey, Antarctica. Polar
Biology 14: 269–274.

WOJCZULANIS K., JAKUBAS D. and STEMPNIEWICZ L. 2005. Changes in the Glaucous Gull Preda−
tory Pressure on Little Auk in Southwest Spitsbergen. Waterbirds 28: 430–435.

Received 31 October 2007
Accepted 16 May 2008

Avifauna of Hornsund 197



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


