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Introduction 

The Arctic is one of the regions of the globe where the 
impacts of climate change are being seen most indisput-
ably (IPCC 2014; Pörtner et al. 2019). Global warming 
has led to increased air and water temperatures, reduc-
tion of sea ice and melting of glaciers, among other phys-
ical changes to the environment (Maslanik et al. 2007; 
Spielhagen et al. 2011; Nuth et al. 2013; Serreze & Stroeve 
2015). These changes have been especially pronounced 
in the Barents Sea area, which is directly influenced by 
the inflow of warm (mixed) Atlantic Water from the 
south (Tverberg et al. 2014; Laidre et al. 2015; Lind et al. 
2018). Since the beginning of the 2000s, the West 

Spitsbergen Current, which runs along the continental 
shelf break west of the High-Arctic Svalbard Archipelago, 
has warmed markedly (Spielhagen et al. 2011). As a 
result, the marine ecosystem around Svalbard is being 
affected quite dramatically, giving rise to concern for 
Arctic species in the region (Kovacs et al. 2011; Fossheim 
et al. 2015; Descamps et al. 2017). There is therefore a 
need to study and monitor species distributions in order 
to document climate change impacts and to provide use-
ful data for management bodies involved in spatial plan-
ning and protective measures (e.g., Laidre et al. 2015).

All of the North Atlantic Arctic pinnipeds are found in 
and around Svalbard, including year-round resident ringed 
seals (Pusa hispida), bearded seals (Erignathus barbatus) and 

Abstract

This study presents comprehensive mapping of the current distribution of 
pinnipeds and polar bears (Ursus maritimus) around Svalbard based on a 
regional marine mammal sightings programme and explores time-trends 
(2005–2018). Walruses (Odobenus rosmarus) were observed with high fre-
quency and in high numbers around previously identified haul-out sites. 
At-sea walruses were seen close to the coast in shallow waters. Ringed seals 
(Pusa hispida) were observed in coastal areas throughout Svalbard, often in 
association with tidewater glacier fronts. There was no increase in the mean 
latitude for ringed seal observations, but there was an increased frequency of 
observations at around 82°N, which reflects their following a northward shift 
in the ice edge during summer foraging trips. Bearded seals (Erignathus barba-
tus) were observed frequently in north-western Spitsbergen and shared many 
habitat features with ringed seals. There was a slight increase in the mean 
latitude of bearded seal observations and a decreased frequency of observa-
tion in the southern parts of the archipelago, suggesting that this species 
might be shifting its distribution. Harbour seal (Phoca vitulina) observations 
within fjords have increased, likely as a consequence of increased inflow of 
Atlantic water into west coast fjords. Harp seals (Pagophilus groenlandicus) 
were observed with high frequency north of Svalbard. Hooded seals (Cystophora 
 cristata) were observed only rarely. Polar bears were reported most frequently, 
undoubtedly as a result of an effort bias favouring this species. In spite of 
biases, citizen-based observations are useful for assessing broad distributional 
patterns of marine mammals through time.
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walruses (Odobenus rosmarus), as well as seasonally- resident 
harp seals (Pagophilus groenlandicus) and hooded seals 
(Cystophora cristata) (Smith & Lydersen 1991; Gjertz et al. 
2000a, b; Kovacs et al. 2014). Additionally, there is a resi-
dent population of harbour seals (Phoca vitulina), which is 
the northernmost population of this wide-ranging, but 
largely north-temperate, species in the world (Merkel et al. 
2013; Blanchet et al. 2014; Hamilton et al. 2014). Polar 
bears (Ursus maritimus) also range throughout the Svalbard 
Archipelago (Mauritzen et al. 2002; Aars et al. 2017; Lone 
et al. 2018). All of these marine mammals are high-trophic 
predators. The pinnipeds feed on a wide variety of fish and 
invertebrate species (Lydersen et al. 1989; Lydersen et al. 
1991; Andersen et al. 2004; Skoglund et al. 2010). 
Pinnipeds themselves are prey for polar bears as well as 
Greenland sharks (Somniosus microcephalus) and Arctic 
foxes (Vulpes lagopus) (Lydersen & Gjertz 1986; Derocher 
et al. 2002; Leclerc et al. 2012).

Ringed seals have a close association with ice and 
occupy fjord habitats as well as offshore drift-ice areas 
(Gjertz et al. 2000a; Wathne et al. 2000; Hamilton, 
Lydersen et al. 2015; Hamilton et al. 2016). Bearded 
seals are also found within fjords, generally occupying 
shallow areas (Hamilton et al. 2018, 2019). Walruses 
concentrate in shallow areas in summer periods when 
they haul out on land but spend time offshore in drift-ice 
during winter (Gjertz, Griffiths et al. 2001; Hamilton, 
Kovacs et al. 2015). The harbour seal population in 
Svalbard is concentrated around Prins Karls Forland, 
west of Spitsbergen (Gjertz, Lydersen et al. 2001; 
Blanchet et al. 2014; Hamilton et al. 2014). This species 
avoids heavy concentrations of sea ice, uses land as a 
haul-out platform and feeds in relatively shallow coastal 
waters, preferring the shelf edge west of Spitsbergen for 
foraging (Blanchet et al. 2014). Harp seals and hooded 
seals in the Barents Sea spend most of their time in drift-
ing pack-ice areas and migrate seasonally to breed in the 
Greenland Sea or in the White Sea (Haug et al. 1994; 
Folkow & Blix 1999; Folkow et al. 2004). Polar bears are 
also highly dependent on sea ice as a hunting ground 
and seem to prefer first-year ice, over the continental 
shelf or in coastal areas (Larsen 1986; Durner et al. 2009; 
Lone et al. 2018). Sea ice is particularly important to 
female bears as a transport corridor for travelling from 
the drifting pack ice to the denning areas on land, and 
for moving between areas with small cubs (Stirling & 
Derocher 2012). The sea-ice dependence of all of these 
Arctic marine mammals makes them acutely susceptible 
to the negative impacts of climate change on their pri-
mary habitat. The situation for harbour seal is in marked 
contrast because the Svalbard Archipelago is likely to 
become a more suitable habitat for this species (Blanchet 
et al. 2014). 

All of the pinnipeds that reside in, or frequent Svalbard 
waters, as well as the polar bear, have been the subjects 
of tracking studies, which provide considerable insight 
into their distributional ecology and habitat needs 
(Blanchet et al. 2014; Hamilton, Lydersen et al. 2015; 
Lowther et al. 2015; Hamilton et al. 2016; Hamilton et al. 
2018, 2019; Lone et al. 2018). However, the specific sites 
where animals are captured does create geographical 
biases in area use and environmental conditions within 
the archipelago are changing very rapidly. Using citizen 
 science in the form of extensive observations made 
throughout most of the Svalbard Archipelago over a 
period of close to two decades, provides a complementary 
large-scale data set for mapping species distributions and 
changes in them over time. It is also a good way to engage 
the public and to raise awareness and interest in climate 
change impacts on nature (Silvertown 2009; Vann-
Sander et al. 2016). Storrie et al. (2018) used the NPI’s 
MMSDB to analyse the distribution and habitat charac-
teristics of cetaceans around Svalbard during the period 
2002–2014. The study contributed the first comprehen-
sive baseline description of cetacean assemblages in 
Svalbard and documented signs of northward range 
expansions for many species (Storrie et al. 2018). The 
purpose of the current study was to conduct similar anal-
yses for seals and polar bears in order to (1) increase 
knowledge of the distributions of pinnipeds and polar 
bears around Svalbard, (2) to analyse habitat characteris-
tics for the various species to increase predictive capacity 
for assessment of climate change impacts and (3) detect 
potential distributional shifts over time—using the 
MMSDB records for pinnipeds and bears.

Materials and methods 

Observations of marine mammals in Svalbard have been 
collected since 2002; they are stored in the MMSDB 
(https://data.npolar.no/sighting/), managed by the NPI. 
Observations of marine mammal species are recorded 
with date and coordinates, along with some information 
about species, number of individuals in a group, maturity 
status or other things of note regarding behaviour, body 
condition etc., as well as the name of the reporting vessel 
and a contact person. Marine Cruise Expedition opera-
tors, the Norwegian Coast Guard, personnel on research 
expeditions (e.g., NPI and IMR), local residents and the 
Governor of Svalbard’s field inspectors all report sightings 
to the MMSDB. The reporting area is Svalbard fjords and 
surrounding waters, 74–84°N and 0–35°E (Fig. 1). For 
this study, the period 2005–2018 was selected because 
these years offered sufficient sample sizes; in the early 
years of MMSDB (2002–04), records were limited.

http://dx.doi.org/10.33265/polar.v40.5326
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Environmental variables 

In order to characterise habitats used by the study species, 
environmental variables were extracted from grid files for 
each observation, based on the coordinates of the observa-
tions, using the raster package in R version 3.5.2 (R 
Development Core Team 2018). Monthly daytime SST at 
11 µm wavelength, with a 4-km resolution, was acquired 
from the MODIS system (NASA 2014). SSTs were assigned 
to each observation using a 12-km radius buffer (calculat-
ing the mean temperature even when observations had 
coordinates on land, that is, animals hauled out). The buf-
fer radius was gradually increased to 130 km for observa-
tions where the original buffer was too small to assign a 
value, as in the case of animals observed deep in pack ice. 
In such cases, an SST of 0°C was assigned to reflect the SST 
of water in proximity to sea ice. Sea-ice charts, produced 
by the Ice Service of the Norwegian Meteorological 
Institute (http://osisaf.met.no/p/ice/index.html) were 

used to acquire data on daily sea ice coverage. These charts 
categorise sea-ice coverage in the following categories: 0%, 
0–10%, 10–40%, 40–70%, 70–90%, 90–100% and 100%. 
Bathymetry values were acquired from the International 
Bathymetric Chart of the Arctic Ocean version 3.0 
(Jakobsson et al. 2012). Because of the resolution of this 
chart (500 m × 500 m), depth was divided into categories 
of < 5 m, 5–25 m, 25–50 m, 50–100 m, 100–200 m and 
> 200 m. Distance from the coast and distance from tide-
water glacier fronts was calculated using the ‘rgeos’ 
 package in R together with polygon shape-files of the 
Svalbard Archipelago and tidewater glacier fronts (Kohler 
et al. 2018).

Data analysis 

KDEs for each species were calculated with the ‘ks’ 
 package  in R, using a normal scale bandwidth selector 
and  a grid size of 1 km, displayed with 10 quantiles 

Figure 1 Map of the study region, showing names of places mentioned in the text. Arrows show ocean currents present around Svalbard; WSC: West 

Spitsbergen Current; ESC: East Spitsbergen Current; SCC: South Cape Current. Red arrows represent currents of Atlantic Water and blue arrows repre-

sent Arctic Water. 
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(Silverman 1986; Chacón & Duong 2018). Following 
Storrie et al. (2018), temporal changes of observation fre-
quencies were visualised by taking KDEs for the first half 
of the study period (2005–2011) and subtracting them 
from KDEs calculated for the most recent half of the study 
period (2012–18). A land polygon for the Svalbard 
Archipelago was plotted on top of the kernels for visual 
representation of KDEs, since the ‘kde’ function in the ‘ks’ 
package in R does not discriminate between land and sea. 
This results in masking of observations inland, but given 
the coastal distribution of the study species and the coastal 
nature of the observations reported to the MMSDB, this is 
a minor concern; only bears walk across land/glaciers and 
the coastal observation platforms would rarely see these 
animals if they were more than 1 km inland in any case. To 
explore potential trends with regard to latitudinal changes 
over time, linear regressions of yearly mean latitude were 
calculated for each species. Level of significance was set at 
α = 0.05.

Results 

A total of 127 573 individual animals, derived from 6985 
observations of pinnipeds and 4002 observations of polar 
bears (involving 7248 individual polar bears) were 
recorded in the MMSDB during the study period (Table 
1). Most of the observations (9333; 85%) were made 
during the summer months (June–August), while 14% 
were during the months when there was a mix of light 
and dark. Ninety-one (0.8%) observations were reported 
during the polar night (November–February): 52 (57%) 
were of polar bears; 16 (18%) were of walruses; and 10 
(11%) were of bearded seals. 

The polar bear was the most frequently reported spe-
cies, followed by the walrus (Table 1; Fig. 2a). The walrus 
was the species with the greatest number of individuals 

(75  416), followed by the harp seal (32  783; Table 1; 
Fig.  2b). Most observations were of single animals. 
However, both harp seals and walruses had median group 
sizes of six and were on a few occasions observed in larger 
groups of 1000 animals or more (Table 1).

Resident pinnipeds 

Walruses. Walrus observations occurred most frequently 
around the north-west corner of Spitsbergen, in 
Forlandsundet and in the area between Torellneset and 
Wahlbergøya on Nordaustlandet, in the north-east of the 
archipelago (Fig. 3a). In terms of the number of animals, 
most individuals were observed around Moffen, Storøya 
and Torellneset (Fig. 3b). Walrus observations were 
recorded in areas with relatively shallow water; 57% of 
the observations were from areas with a depth of less than 
5 m (this includes animals on shore) and only 8% of the 
observations were from areas with a depth > 100 m (Fig. 
4a). Walruses were generally observed in areas with little 
or no sea ice (53%); 9% of the observations of this species 
were from areas with ≥ 40% ice cover (Fig. 4b). Walruses 
were generally observed close to the coast (median = 0.3 
km; Fig. 4c), but not close to tidewater glacier fronts 
(median = 17 km; Fig. 4d). The median SST in the areas in 
which they were observed was 2.9°C (Fig. 4e).

Ringed seals. Ringed seals were observed most frequently 
in north-western Spitsbergen but were seen in coastal 
areas throughout the archipelago and in areas with drift-
ing ice north of Spitsbergen (Fig. 5a). In terms of number 
of animals, frequencies were high in Isfjorden, Hornsund 
and Wahlenbergfjorden (Fig. 5b). Ringed seals were gen-
erally observed close to land in relatively shallow areas. 
The median distance from the coastline was 1.2 km (Fig. 
4c) and 45% of the observations were from areas with a 
depth of < 5 m. An additional 31% of the observations of 

Table 1 Number of observations and number of individuals, median group size and the largest recorded group size for pinniped species and polar bears 

in the MMSDB for the years 2005–2018; early (2005–2011) and late (2012–18) records are identified in parentheses.

Species
Number of observations  

(Early period / late period)
Total number of 

individuals
Median group size Largest groupa size

Bearded seal 1503 (536 / 967) 3969 1 58

Harbour seal 513 (97 / 416) 4600 2 151

Harp seal 848 (342 / 506) 32 783 6 10 000

Hooded seal 45 (18 / 27) 52 1 3

Ringed seal 764 (312 / 452) 5569 1 320

Walrus 2848 (939 / 1909) 75 416 6 1000

Unidentified pinniped 464 (262 / 202) 5184 1 1000

Polar bear 4002 (1433 / 2569) 7248 1 20

a‘Group’ includes animals observed in the same area and does not necessarily refer to a social group.
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Figure 2 (a) Yearly percentage of observations for different species of pinnipeds and the polar bear recorded in the MMSDB during 2005–2018. (b) Yearly 

percentage of animals for different species of pinnipeds and the polar bear recorded in the MMSDB during 2005–2018. Sample sizes for each year are 

given over the corresponding bars.   

Figure 3 KDE plots showing observation frequencies of walruses around Svalbard during 2005–2018, based on (a) number of observations and (b) num-

ber of animals observed. Black circles mark locations of observations. 
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Figure 4 Environmental variables for observations of seven different species of marine mammals that were recorded in the MMSDB during 2005–2018. 

(a) Depth, (b) ice cover, (c) distance to coastline, (d) distance to tidewater glacier front and (e) SST. Boxplots show values between the 25th and the 75th 

percentile within boxes that are divided by the median. Vertical lines outside the boxes extend to the maximum and the minimum values up to 1.5 times 

higher or lower than the upper and lower quartile. Dots represent outliers, more than 1.5 times higher or lower than the upper and lower quartile. 
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Figure 5 KDE plots showing observation frequencies of ringed seals and bearded seals around Svalbard during 2005–2018, based on (a) number of 

ringed seal observations and (b) number of ringed seals observed; (c) number of bearded seal observations and (d) number of bearded seals observed. 

Black circles mark locations of observations.

ringed seals were from areas with a depth between 5 and 
100 m (Fig. 4a). Ringed seals were often seen in ice-filled 
waters, 17% of the observations were from areas with 
sea-ice concentration of ≥ 70% (Fig. 4b). In this high ice 
concentration category, 61% of the sightings involved 

seals hauled out on ice, 20% were in the water and the 
last 19% lacked specific information regarding the activ-
ity of the seals. Ringed seals were often observed close to 
tidewater glacier fronts (median = 7.3 km; Fig. 4d) and in 
areas with moderate SST (2.8°C; Fig. 4e).

http://dx.doi.org/10.33265/polar.v40.5326
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Bearded seals. Bearded seals were most commonly 
observed in the north-west corner of Svalbard (Fig. 5c, 
d). They were usually close to the coast (median = 1.0 
km; Fig. 4c) in shallow areas; 46% of the bearded seal 
observations were from areas with a depth of ≤ 5 m and 
34% of the observations for this species were in areas 
with a depth between 5 and 100 m (Fig. 4a). Similar to 
ringed seals, the bearded seal was commonly observed in 
areas with sea-ice concentrations ≥ 70% (13%; Fig. 4b) 
and close to tidewater glacier fronts (median distance = 
7.1 km; Fig. 4d) and the median SST for this species was 
3.1°C (Fig. 4e).

Harbour seals. Harbour seals were almost exclusively 
observed on the west coast of Spitsbergen, with the 
exception of one observation of a single animal in 
Wahlenbergfjorden and two observations of single ani-
mals on Edgeøya (Fig. 6a). The highest frequency of 
observations and the greatest numbers were seen in 
Smeerenburgfjorden (Fig. 6). Harbour seals were observed 
close to the coast (median = 0.2 km; Fig. 4c) and also 
modestly close to tidewater glacier fronts (median = 
6.0 km; Fig. 4d). They were the pinniped with the highest 
percentage of observations in shallow areas (including 
hauled out animals—80% from 5 m or less; Fig. 4a) and 
the species with the highest percentage of observations in 
ice-free waters (64%). Only 1% of the observations were 

from areas with ≥ 40% ice cover (Fig. 4b). Harbour seals 
were also the species that occurred in areas with the 
highest median SST (4.9°C; Fig. 4e).

Polar bears. Polar bears were seen most commonly in 
north-western Spitsbergen, around Raudfjorden, both in 
terms of number of observations and number of animals 
observed (Fig. 7). They were observed at a median dis-
tance of 0.4 km from the coast and were not tightly asso-
ciated with tidewater glacier fronts (median distance 14 
km; Fig. 4c, d). Polar bears were often seen in shallow 
areas with little ice cover or on land; 57% of the observa-
tions were from areas with a depth of 5 m or less (Fig. 4a) 
and 65% of the bear observations were from areas with 
0% ice cover (Fig. 4b). The median SST in the areas 
where polar bears were observed was 2.6°C (Fig. 4e). 

Seasonal visitors 

Harp seals. Harp seal observations were most frequent in 
northern Svalbard, especially in Liefdefjorden and areas 
around Moffen and at the sea-ice edge north of Svalbard 
(Fig. 8a). However, on account of one observation of a 
large group of 10 000 harp seals, the highest frequency of 
observations in terms of number of animals was around 
76°N, off the southern tip of Spitsbergen (Fig. 8b). Harp 
seals were observed further away from the coastline than 

Figure 6 KDE plots showing observation frequencies of harbour seals around Svalbard during 2005–2018, based on (a) number of observations and (b) 

number of animals observed. Black circles mark locations of observations.  
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the resident species (median = 19 km; Fig. 4c) and far 
from tidewater glacier fronts (median = 42 km; Fig. 4d). 
They were observed in deep water; 64% of the observa-
tions were from areas ≥ 100 m and 34% were from areas 
≥ 200 m (Fig. 4a). SSTs where harp seals were observed 
were cold (median = 2.0°C; Fig. 4e), but ice concentra-
tions were generally light, with 60% of observation in 
areas with ≤ 10% ice cover and only 10% of observations 
in areas with ≥ 70% ice cover (Fig. 4b).

Hooded seals. Hooded seals were the least commonly 
sighted pinniped (N = 45; Table 1). The observation fre-
quency, both in terms of observations and number of ani-
mals, was highest along the west coast of Spitsbergen, 
especially around the north-west corner (Fig. 8c, d). They 
were found in deep water; 64% of the observations were 
from areas with depths ≥ 200 m (Fig. 4a). Hooded seals 
were observed far from the coast (median = 34 km; Fig. 4c) 
and tidewater glacier fronts (median = 54 km; Fig.  4d). 
They were observed in waters with relatively high SSTs 
(median = 4.2°C; Fig. 4e) and little ice cover; 60% of the 
observations were from areas with no sea ice (Fig. 4b).

Temporal changes: resident species 

There was no significant increase in mean latitude for wal-
ruses (Supplementary Fig. S1); 0.5% of the observations 

were made north of 81°N during the recent period and 
only 0.1% during the early period. Frequencies of walrus 
observations increased in the north-west corner of 
Spitsbergen and in Forlandsundet over the study period 
(Fig. 9a), while they decreased slightly at the north end of 
Hinlopenstretet, between Spitsbergen and Nordaustlandet, 
and also close to the Kapp Lee haul-out site (Fig. 9a).

There was no significant increase in the mean latitude 
of ringed seal observations (Supplementary Fig. S2), but 
7% of the observations were made north of 81°N during 
the recent period, compared to 2% during the early period. 
Ringed seals were reported more frequently in the central 
regions of Spitsbergen during the recent period, especially 
in the inner parts of Isfjorden (Fig. 9b). Decreases were 
seen immediately north of Spitsbergen, in Hornsund and 
other parts of southern Spitsbergen (Fig. 9b).

There was a significant increase in the mean latitude at 
which bearded seals were observed during the study 
period (0.03° per year; p = 0.045, d.f. = 12; Fig. 10a). The 
greatest increases in the frequency of bearded seal obser-
vations from the early to the recent period were seen in 
the coastal regions in the north-west and the easternmost 
parts of Spitsbergen (Fig. 9c). There was also an increase 
between 81°N and 82°N, north of Nordaustlandet at 
around 20°E (Fig. 9c). During the recent period, 5% of 
the observations were observed north of 81°N, whereas 
during the early period the proportion of observations 

Figure 7 KDE plots showing observation frequencies of polar bears around Svalbard during 2005–2018, based on (a) number of observations and (b) 

number of animals observed. Black circles mark locations of observations. 
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Figure 8 KDE plots showing observation frequencies of harp seals and hooded seals around Svalbard during 2005–2018, based on (a) number of harp 

seal observations and (b) number of harp seals observed; (c) number of hooded seal observations and (d) number of hooded seals observed. Black circles 

mark locations of observations. 

this far north was 2%. Decreases in the frequency of 
sightings were seen in southern Svalbard, especially in 
Hornsund (Fig. 9c).

There was no significant trend in the mean latitude for 
harbour seal observations during the study period (Fig. 
10b) although latitude accounted for approximately 20% 

of the variance in location through time. Harbour seals 
were observed more often in the north-westernmost 
fjords on Spitsbergen, while there was a decrease in sight-
ings at the north end of Prins Karls Forland (Fig. 9d). 

There was a significant increase in mean latitude at 
which polar bears were observed during the study period 
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Figure 9 KDE plots showing change in observation frequency around Svalbard between the early period (2005–2011) and the late period (2012–18) for 

(a) walruses, (b) ringed seals, (c) bearded seals, (d) harbour seals, (e) polar bears, (f) harp seals and (g) hooded seals.
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Figure 10 Latitude of observations for four different species in the MMSDB recorded during 2005–2018; showing (a) bearded seals, (b) harbour seals, (c) 

polar bears and (d) harp seals. Boxplots show values between the 25th and the 75th percentile within boxes that are divided by the median. Vertical lines 

outside the boxes extend to the maximum and the minimum values up to 1.5 times higher or lower than the upper and lower quartile. Circles represent 

outliers, more than 1.5 times higher or lower than the upper and lower quartile. Linear regression of the mean for each year is displayed as a black line 

together with the r2 value for the regression in the top left corner. Numbers above or below error bars depict sample sizes. 
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(0.06° per year; p = 0.013, d.f. = 12; Fig. 10c). The pro-
portions of observations made north of 81°N were 9% 
during the recent period and 2% during the early period. 
The observation frequency of polar bears increased in 
the central parts of Spitsbergen, especially in Isfjorden 
and on Prins Karls Forland (Fig. 9e). There were also 
increases in areas in the north, east and south-east of 
Nordaustlandet (Fig. 9e). Decreases were seen in 
north-central and southern Spitsbergen and in the vicin-
ity of Hopen (Fig. 9e).

Temporal changes: seasonal visitors 

There was a significant increase in the mean latitude at 
which harp seals were observed during the study period 
(0.12° per year; p = 0.0081, d.f. = 12; Fig 10d). 
Observation frequency increased north of Svalbard 
during the recent period compared to the early period 
(24% of observations compared to 6% of observations), 
especially at around 81°N, off the coast of Nordaustlandet 
(Fig. 9f).

There was no significant latitudinal shift for hooded 
seals observations (Supplementary Fig. S3). The observa-
tion frequency of hooded seals increased off the coast of 
south Spitsbergen, at around 77°N and 15°E and north of 
Svalbard around 81°N and between 10°E and 22°E, while 
it decreased in eastern Svalbard at around 79°N and 8°E 
(Fig. 9g). 

Discussion 

This study was based on data that was largely acquired 
via ‘citizen science’. Using the MMSDB made it possible 
to map the spatial and temporal distribution of pinnipeds 
and polar bears in Svalbard during an extended period, 
throughout much of the Svalbard Archipelago and com-
pare trends in distribution over time. This study joins a 
growing list of successful applications of this type of data 
to monitoring distribution and habitat use of marine 
mammal populations across the world (Tonachella et al. 
2012; Lodi & Tardin 2018; Storrie et al. 2018; LaRue et al. 
2020; Stephenson et al. 2020). However, using data 
acquired by citizen science does mean accepting some 
biases. For example, there are no real measures of sight-
ing effort though the routes taken by the reporting ves-
sels, which generally follow the same path each year 
(see  Storrie et al. 2018), with circumnavigation of the 
main island in the archipelago, Spitsbergen, being the 
most commonly travelled path. Additionally, there is a 
risk of misidentification of species—young ringed and 
harbour seals in the water can be particularly challenging 
to differentiate—though the guides on marine cruise ship 

are generally very good naturalists. Another problem 
arises with observations of groups of animals, especially 
when numbers are high. Generally, reports of group 
numbers appeared to be crudely estimated when group 
size exceeded circa 20 animals; it is impossible to know 
the error margins of such observations. Another clear bias 
in the data is species popularity (preference) and predict-
ability/sightability. Tour operators target known walrus 
haul-out sites because of their predictability and popular-
ity, and they spend a lot of search effort looking for polar 
bears. The popularity of these charismatic megafauna 
species results in observations of these two species being 
over-represented in the database compared to less visible, 
less spatially predictable or less ‘flashy’ species. Smaller 
pinnipeds, for example, are less likely to be recorded con-
sistently, even if they are sighted.

Given the biases discussed above, this sort of sighting 
data should not be used to assess relative abundance. 
Analyses must be kept to simple distributional assess-
ments such as those reported herein, considering trends 
in reporting frequency when doing time series compari-
sons. KDEs for the number of animals were plotted in this 
study to get an idea of where the different species con-
centrate. But given uncertainties regarding actual group 
sizes for social species, only observations were used in the 
assessment of habitat characteristics and possible distribu-
tional changes through time. Another caveat to be men-
tioned when interpreting the results is that when 
observations are being reported to the MMSDB, the coor-
dinates of the vessels at the time of observation are some-
times reported instead of the actual coordinates of the 
animal, so fine-scaled spatial analyses should not be 
attempted with this type of data.

The KDEs for walruses highlight their tendency to use 
coastal haul-outs during summer. Walruses were seen 
very close to shore, often around known terrestrial haul-
out sites, and over 90% of the observations occurred in 
areas shallower than 100 m. These findings are consistent 
with the results of previous studies that have shown that 
walruses occupy coastal waters during summer in the 
Svalbard area, occupying shallow waters where mollusc 
beds occur and hauling out on land approximately 25% 
of the time (Gjertz & Wiig 1992; Freitas et al. 2009; 
Hamilton, Kovacs et al. 2015). The walrus population in 
Svalbard is recovering from historical overharvesting and 
as their numbers are increasing, they are spreading back 
through their earlier range, expanding the number of 
haul-out areas they use (Kovacs et al. 2014; MOSJ 2019). 
Observation frequencies in the current study were high 
around previously identified haul-out sites, for example, 
on Prins Karls Forland, north-western Spitsbergen, 
Moffen and Torellneset (Gjertz & Wiig 1994; Lydersen 
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et al. 2008; Kovacs et al. 2014), while individual animal- 
based observations were highest around Storøya and 
Kvitøya in the north-east of the archipelago, where herds 
tend to be much larger (Gjertz & Wiig 1994; Kovacs et al. 
2014; Øren et al. 2018). 

Observations of ringed seals in this study took place 
throughout the archipelago, though the majority of 
sightings and the greatest numbers of animals being 
seen close to the coast, especially where tidewater gla-
ciers occur. However, ringed seals were also seen up to 
200 km offshore in areas where there was drifting sea 
ice. Ringed seals were, perhaps not surprisingly, the 
most ice- affiliated resident species in Svalbard in this 
study, with only 40% of the observations of this species 
classified as open-water sightings. Ringed seals are 
known to have a sympatric lifestyle year-round 
(McLaren 1958). In Svalbard, ringed seals nurse their 
pups and offspring on land-fast ice, while in the broader 
Barents Sea region they also use drift ice as a birthing 
platform (Lydersen 1998; Wiig et al. 1999). Adult ani-
mals that breed in the fjords remain in their breeding 
areas throughout the year, while most young animals 
move offshore after the moulting period to the ice edge 
during the summer and autumn for foraging (Freitas et 
al. 2008; Hamilton, Lydersen et al. 2015; Hamilton et al. 
2016; Hamilton et al. 2019). Tidewater glacier fronts are 
known hotspots for marine mammal and seabird forag-
ing, because upwellings created by katabatic winds com-
ing down from the glaciers and, to a lesser degree, 
subglacial discharge of freshwater cause concentrations 
of zooplankton and fish close to the glacier fronts 
(Hartley & Fisher 1936; Lydersen et al. 2014; Sundfjord 
et al. 2017). Ringed seals made up 5–10% of all recorded 
observations in all years of the study. During two 
unusual ice-years (2007 and 2008) when polar pack-ice 
lay along the north-west corner and north coast, rela-
tively large numbers of ringed seals were seen hauled 
out on this ice in the summer, inflating the numbers of 
animals in those years for this relatively shy seal that 
spends most of its time in the water.

Bearded seals were observed most commonly close to 
land in shallow areas, deep into fjords along the west and 
north coasts of Spitsbergen, which is in keeping with 
their benthic foraging habits and strong affinity for ice 
when resting (e.g., Gjertz et al. 2000b; Hamilton et al. 
2018, 2019). However, some bearded seals were seen in 
pack ice areas up to 300 km offshore north of Svalbard, 
but still over the continental shelf (Gjertz et al. 2000b; 
Hindell et al. 2012). Similar to ringed seals, bearded seals 
were often observed close to tidewater glacier fronts. 
Hamilton et al. (2019) compared the habitat use of ringed 
seals and bearded seals in Kongsfjorden and concluded 

that ringed seals have a much higher probability of 
 hauling out during summer, which suggests a conflict 
with what was found in this study. But it is likely the shy 
nature of ringed seals, which respond to ships more 
 readily by terminating a haul-out session, dictates their 
respective sighting rates (Kovacs & Lydersen 2006). 
Additionally, bearded seals are much larger and darker 
than ringed seals, making them easier to detect at greater 
distances when they are resting on ice, creating a poten-
tial bias in the numbers seen.

Harbour seals were observed very close to the shore 
and at a high frequency around north-western Spitsbergen 
in this study. This is very much in line with previous stud-
ies that have found harbour seals in Svalbard to be tightly 
linked to the coast, occupying waters over the shelf 
(Blanchet et al. 2014, Hamilton et al. 2014). However, the 
current study shows that harbour seals are observed with 
increasing frequencies in the fjords and close to tidewater 
glacier fronts along the west coast of Spitsbergen, contrary 
to what has been reported from tracking studies (Blanchet 
et al. 2014). There were relatively few observations of har-
bour seals around Prins Karls Forland, which had earlier 
been identified as the most important area for the local 
harbour seal population (Reder et al. 2003; Hamilton et al. 
2014). The reason for the low observation frequency 
around Prins Karls Forland in this study is most probably 
that boats simply travel within Forlandsundet, east of Prins 
Karls Forland, which is the main haul-out area for harbour 
seals in Svalbard, and seldom close to the west coast of the 
island because it is a protected bird reserve during the 
summer months. There were three single-animal observa-
tions of harbour seals on the east coast of Spitsbergen in 
this study. Harbour seals have been observed in the east of 
Spitsbergen in the past, but they are rare (Henriksen et al. 
1997). One of the observations on Edgeøya was of an ani-
mal hauled out on a rock; a behaviour typical for harbour 
seals. However, this behaviour has in recent years also 
been observed for ringed seals in a few specific sites 
(Lydersen et al. 2017), which is a common species in east-
ern Svalbard. In the current study, 64% of the observa-
tions of harbour seals were from ice free waters, while 
only 1% of the observations were from areas with more 
than 40% ice, making them the least ice associated pinni-
ped in Svalbard. This is consistent with tracking studies 
showing that harbour seals in Svalbard avoid areas with 
more than 50% ice cover (Blanchet et al. 2014). Harbour 
seals were the species in this study that had the highest 
proportion of observations in shallow areas and/or on 
land. Only a small percentage of the harbour seal observa-
tions in the MMSDB were from areas deeper than 100 m, 
which is consistent with previous studies (Krafft et al. 
2002; Blanchet et al. 2014). 
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Most polar bear observations in this study were close 
to, or on land in north-western Spitsbergen. This is con-
sistent with the findings of Aars et al. (2017), who found 
that the density of bears on land is higher than that of 
bears on pack ice around Svalbard. Polar bears in this 
study also had high observation frequencies around the 
easternmost part of Spitsbergen and Edgeøya, and 
ice-covered areas north of Nordaustlandet. Hamilton et 
al. (2017) showed that polar bears spent less time in asso-
ciation with tidewater glacier fronts during summer in 
2010–13 than during the period 2002–04. Consequently, 
they also spent less time associated with ringed seals, 
their preferred prey, during the summer months 
(Hamilton et al. 2017). Consistently, polar bears in this 
study were observed at a greater median distance from 
tidewater glacier fronts than the resident phocid seals. 
Polar bears are known to be largely solitary with the 
exception of mother and cub groups and the short liaison 
between adult females and males during the mating sea-
son (Rode & Stirling 2018). But, some observations of 
polar bears included up to 20 individual animals in this 
study. These concentrations of animals (10 or more bears) 
were made either around whale or walrus carcasses, or 
around walrus resting sites. High concentrations of food, 
such as stranded whale carcasses, are known to result in 
such polar bear hotspots (Lønø 1970; Larsen 1986). It is 
possible that such concentrations of bears are becoming 
more common as the sea-ice declines reduce their range 
(Laidre et al. 2018). 

Harp seals were observed in high frequencies north of 
Svalbard and in Hinlopenstretet. These two areas have 
not been described as particularly important for harp 
seals previously (Folkow et al. 2004). The increasing 
presence of harp seals in these areas is likely a result of 
the retreating summer sea ice edge and increased inflow 
of Atlantic Water to the region, opening up these areas 
for both harp seals and their main prey, capelin (Mallotus 
villosus) (Ingvaldsen & Gjøsæter 2013). Harp seals are a 
very social species, sometimes occurring in the thou-
sands, as seen in this study. Harp seals move into the 
Barents Sea seasonally from both the Greenland Sea and 
the White Sea stocks following the capelin distribution 
and feeding along the ice edge during the summer 
months (Haug et al. 1994; Folkow et al. 2004; Nordøy et 
al. 2008). Harp seals in this study were generally 
observed further from the coast relative to the resident 
species and in waters with low SST and relatively high 
sea-ice concentrations, consistent with their affinity to 
the sea-ice edge. The yearly mean latitude of harp seal 
observations increased significantly, and observation fre-
quencies increased north and east of the Svalbard archi-
pelago. This is likely a consequence of the fact that 

increased water temperatures since the early 2000s have 
markedly reduced the average sea-ice concentration 
north and east of Svalbard compared to the 1990s 
(Isaksen et al. 2016). 

Most of the hooded seal observations in this study 
were made off the west and north coasts of Svalbard. 
These areas have previously been identified as foraging 
grounds during both summer and winter for hooded seals 
from the Greenland Sea stock (Folkow et al. 1996; Folkow 
& Blix 1999; Vacquie-Garcia et al. 2017). Hooded seals in 
this study were the species observed with the highest 
median distance from the coast and the highest propor-
tion of observations in areas ≥ 200 m deep. This is consis-
tent with them being a relatively deep diving species that 
feeds pelagically at shelf breaks and along the sea-ice edge 
(Folkow & Blix 1999; Vacquie-Garcia et al. 2017). Hooded 
seals were observed in areas with relatively high median 
SST (4.2°C), compared to the other species. Though sur-
prising, this finding is similar to a satellite tracking study 
of hooded seals in the North-east Atlantic that showed 
that this species seemed to associate with SSTs ≥ 4°C 
(Vacquie-Garcia et al. 2017). The low number of observa-
tions of hooded seals during most years in this study dis-
allows conclusions being drawn regarding potential 
distribution shifts for this species.

Except for the harbour seal, all species in this study 
were observed north of 81°N, with higher frequencies of 
sightings in northern areas during the recent period, 
when compared to the early period. This is probably a 
reflection of the location of the northern sea-ice edge, 
which has been retreating rapidly during the last three 
decades (Onarheim et al. 2014; Walsh et al. 2017; Lebedev 
et al. 2019). The ice edge is a highly productive area 
during spring, summer and autumn and is in many 
regards a hotspot for marine fauna (Sakshaug & Skjoldal 
1989). Harp seals follow the ice edge in the northern 
Barents Sea during summer and autumn, feeding pelagi-
cally and occasionally hauling out on the ice (Haug et al. 
1994; Smith & Stirling 2019), a habitat that they share 
with ringed seals (Wathne et al. 2000; Freitas et al. 2008; 
Hamilton, Lydersen et al. 2015). Ringed seals that under-
take offshore feeding migrations prefer sea-ice concentra-
tions close to 50% and prefer highly concentrated ice 
(80–100%) over ice-free waters or waters with low sea-
ice concentrations (Lone et al. 2019). In line with the 
results of this study, Hamilton, Lydersen et al. (2015) 
found that ringed seals feeding offshore during the period 
2010–12 travelled on average 1° further north than they 
did during 2002–03 before they reached ice.

There was a slight northward trend in latitude for 
bearded seal observations. The KDE plots also showed 
relative changes in observation frequency between the 
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early and recent periods, for example, a decrease around 
Hornsund and an increase around north-western 
Spitsbergen. Much like ringed seals, bearded seals are 
ice-associated year-round, throughout their circumpolar 
distribution (Simpkins et al. 2003; Lydersen et al. 2014; 
Cameron et al. 2018; Hamilton et al. 2019); and 
decreases in both sea ice coverage and days of land-fast 
ice have been recorded between 2000 and 2014 in 
Hornsund and Isfjorden (Muckenhuber et al. 2016). It is 
possible that bearded seals have shifted their distribu-
tion from fjords in southern and western Spitsbergen to 
fjords in the northern part of Spitsbergen, where ice 
conditions have historically been more stable (Smith & 
Lydersen 1991).

Harbour seal observations were more common in the 
north-western fjords (Smeerenburgfjorden and Kongs-
fjorden) during the recent period, but there was no sig-
nificant northward trend for observations of this species, 
which is associated with the coast and not the drifting 
ice. The proportion of harbour seal observations com-
prised an increment from only < 1–2% of the total num-
ber of observations, during the first four years to 5–10% 
during the last half of the study. Harbour seals appear to 
be expanding their range and are increasingly found in 
the fjords in western Spitsbergen, a likely consequence 
of the increased presence of Atlantic prey species follow-
ing an increase in the inflow of warm Atlantic water 
from the West Spitsbergen Current into these areas 
(Tverberg et al. 2014; Brand & Fischer 2016). This could 
lead to competition for resources between harbour seals 
and ringed seals (in particular), as they share similar for-
aging strategies (Gjertz, Lydersen et al. 2001; Andersen 
et al. 2004; Bengtsson et al. 2020). Comparative studies 
of habitat use of the two species in fjords where their 
distributions overlap should be conducted in the near 
future.

The latitude of polar bear observations increased sig-
nificantly and more bear sightings occurred in central 
areas along the coast of Spitsbergen and, north and east 
of Nordaustlandet. This corresponds well with findings of 
a study by Lone et al. (2018) that reported that the aver-
age number of days with suitable habitat related to sea ice 
for polar bears had increased in these areas during 2011–
15 compared to 1992–96. That study also found a general 
decrease in days with suitable habitat in most other 
regions (Lone et al. 2018) consistent with the decreases of 
observation frequency seen in this study.

Despite the lack of standardization of effort and a few 
other inherent biases, citizen science sighting programmes 
provide a cost-effective means to collect information 
regarding distributions of species through time, which are 
particularly useful at this time for identifying climate 
change impacts on ecosystems.
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