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Introduction

The Svalbard Archipelago is one of the areas on the 
globe where climate change is occurring at the fastest 
rate (Core Writing Team et al. 2014; Po ̈rtner et al. 2019). 
This High-Arctic archipelago is influenced by warm AW 
transported northward by the West Spitsbergen Current 
(Fig. 1), which brings nutrient and plankton-rich water 
to fjords and troughs around the islands (Menze et al. 
2020). The West Spitsbergen Current has experienced a 
marked warming during the last two decades (Spielha-
gen et al. 2011; Tverberg et al. 2014; Lind et al. 2018). 
This has affected the marine ecosystem in the Svalbard 
area markedly, reducing sea-ice cover dramatically and 
increasing the number of Atlantic species in the marine 
ecosystem, posing an uncertain future for endemic Arctic 
species in the area (Kovacs et al. 2011; Fossheim et al. 

2015; Descamps et al. 2017). The dramatic changes tak-
ing place in both the physical and biotic environment 
around Svalbard make it particularly valuable to docu-
ment changes in species distributions at this time in order 
to provide management bodies and stakeholders with 
sufficient information for conservation planning where 
this is deemed necessary (Laidre et al. 2015). 

The NPI manages a citizen science sightings database 
MMSDB (https://data.npolar.no/sighting/) that stores 
observations of marine mammals around Svalbard. 
Storrie et al. (2018) used the MMSDB to study the distri-
bution and habitat characteristics of cetaceans around 
Svalbard during the period from 2002 to 2014. This pro-
duced important baseline data that showed the first 
signs of distributional change for some whale species, 
adding to the growing list of successful studies using cit-
izen science to monitor marine mammal populations 
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(e.g., Lodi & Tardin 2018; LaRue et al. 2020; Stephenson 
et al. 2020; Bengtsson et al. 2021). Since the time of 
Storrie et al.’s (2018), study an increasing number of 
observations of summer-resident baleen whales have 
been recorded on the coastal shelves and in the fjords of 
western Spitsbergen, new studies have been published 
on the movement patterns of individual whale species 
in  Svalbard (e.g., Hamilton et al. 2019; Kovacs et al. 
2020; Lydersen et al. 2020), and detailed studies on 
 temporal trends of water masses in western Spitsbergen 
fjords have become available (e.g., Tverberg et al. 2019; 
Skogseth et al. 2020). The purpose of this study is to: (1) 
update the cetacean distribution analyses performed by 
Storrie et al. (2018; which included data up to 2014) by 
including observations recorded in the MMSDB from 
2015–19 and exploring the extended time series, com-
paring the early years to the most recent for both the 
Arctic endemic species (white whales, narwhal and 

bowhead whales) that reside in the High Arctic year-
round and the seasonally resident cetacean species; 
and  (2) investigate potential correlations between AW 
inflows into the fjords on the west coast and the obser-
vations of the most common summer-resident baleen 
whales (blue whales, fin whales, minke whales and 
humpback whales) in the area.

Methods

Observations of marine mammals in Svalbard and sur-
rounding waters (74–84°N and 0–35°E; Fig. 1) have been 
recorded systematically since 2002 in the NPI’s MMSDB, 
documenting contact information for the observer/
observing vessel, date, coordinates and information about 
species encountered, group size and other parameters, 
such as body condition. The first few years (2002–04) had 
few records, so the start year in this study was set to 

Fig. 1 Map depicting Svalbard, Norway, and surrounding Arctic (blue) and Atlantic Water (red) currents: West Spitsbergen Current (WSC); East Spitsbergen 

Current (ESC); South Cape Current (SCC).
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2005.  The most important contributors to the MMSDB 
include marine cruise expeditions operators, many asso-
ciated with the Association of Arctic Expedition Cruise 
Operators, the Norwegian Coast Guard, research insti-
tutes (e.g., the NPI and the Norwegian Institute of Marine 
Research) and the Governor of Svalbard’s field inspectors 
and residents in Svalbard. Most reports come from expe-
dition leaders and guide naturalists, who are experienced 
marine mammal spotters. All rare sightings are checked 
before being entered into the database, usually with pho-
tographic confirmation (see Storrie et al. 2018 for more 
details). This study provides an update to the study by 
Storrie et al. (2018), which covered the period 2005–2014, 
by including cetacean observations from 2015–19 and 
comparing these recent, novel data with data collected in 
a five-year period 10 years before (2005–09).

Species that did not have more than 10 observations 
in a given time period—sei whale [Balaenoptera borealis], 
long-finned pilot whale (Globicephala melas), northern 
bottlenose whale (Hyperoodon ampullatus) and killer 
whale (Orcinus orca)—were not analysed further in this 
study, but a map of where they have been observed is 
presented in Supplementary Fig. S1. For the species with 
more sightings, KDEs were calculated for each species 
with the ks-package in R version 4.0.2 (R Core Team 
2020), using a plug-in bandwidth selector and a grid size 
of 1 km, displayed with 10 quantiles (Silverman 1986; 
Wand & Jones 1994; Chacón & Duong 2018). To visual-
ize temporal changes in observation frequencies, KDEs 
for the period 2005–09 were subtracted from KDEs cal-
culated for the most recent five years (2015–19). Since 
there is no discrimination between land and sea in the 
built-in kde-function in the ks-package, a land polygon 
of the Svalbard Archipelago (https://geodata.npolar.no/) 
was plotted on top of kernels for visual representation 
of KDEs. 

Potential northward expansions of the different spe-
cies were explored by calculating linear regressions of 
yearly mean latitude of observations. Level of significance 
was set at α = 0.05 for all analyses.

To investigate whether the amount of AW in Svalbard 
fjords influenced the number of sightings of summer- 
resident baleen whales during a given year, correlation 
coefficients were calculated between the number of 
observations per year and the annual mean summer 
 fraction of AW for west coast fjords for which these 
oceanographic data were available (Isfjorden and 
Kongsfjorden). The annual mean summer fractions of 
AW (also including transformed AW) compared to other 
water masses present (e.g., Arctic Water, Local Water and 
Intermediate Water) were acquired from Tverberg et al. 
(2019) and Skogseth et al. (2020). Water masses were 
determined on the basis of temperature and salinity in 

Kongsfjorden (1994–2016, Tverberg et al. 2019) and 
Isfjorden (1987–2017, Skogseth et al. 2020). Prior to 
analysis, the distribution of the data was tested for nor-
mality using Shapiro-Wilk’s normality test. Depending on 
whether the data fulfilled the assumption of normality, 
either a Pearson correlation coefficient (t; normally dis-
tributed data) or a Kendall’s rank correlation coefficient 
(z; non-normally distributed data) was calculated.

Results and discussion

The MMSDB contains 7036 cetacean observation events 
during the study period (2005–2019), with a total of 
32 297 animals observed (Table 1). The average number 
of  cetacean observations recorded each year was 469 
(SD  = 269), with the lowest number of observations 
made during 2018 (207) and the greatest during 2012 
(1000) (Supplementary Table S1). During the recent 
period (2015–19), 1298 observations were recorded 
(Table 1), which make up 18.4% of the total number of 
cetacean sightings in the MMSDB. Most of the observa-
tions in the recent period (72.3%) were made during 
summer (June–August), the period when marine activi-
ties reach their yearly peak in Svalbard. Only 155 (2.2%) 
observations were made during the polar night 
(November–February). The minke whale (Balaenoptera 
acutorostrata) was the species with the most observations 
(Table 1), comprising 29.6% of all observations. In terms 
of number of individuals, white whales (Delphinapterus 
leucas) and white-beaked dolphins (Lagenorhynchus albi-
rostris) dominated, with 38.8% and 23.6% of the total 
number of individuals respectively (Table 1), which is 
unsurprising given their highly social lifestyles. These two 
species had the greatest median group sizes of the species 
within this study: 10 and 6, respectively (Table 1). 

Arctic endemic species

Observations of white whales, both in terms of number of 
observations and number of animals, were high in the 
fjords and close to shore, especially along the west coast 
of Spitsbergen (Fig. 2; Supplementary Fig. S2). This is 
unsurprising given their tight affiliation to the coastline 
and glacier fronts (Lydersen et al. 2001; Lydersen et al. 
2014; Vacquié-Garcia et al. 2018; Vacquié-Garcia et al. 
2020). The high observation frequency on the west coast 
in this study is in keeping with the known seasonal distri-
bution of white whales, which favour the west coast of 
Spitsbergen during summer (Vacquié-Garcia et al. 2018). 
The patterns were similar during the early and the recent 
periods of the study and there was no significant trend in 
mean latitude of the observations for this species (Fig. 3). 
Tracking studies of white whales have shown that they 
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spend somewhat less time immediately adjacent to gla-
cier fronts and more time in fjords in recent years com-
pared to two decades ago (Vacquié-Garcia et al. 2018; 
Hamilton et al. 2019). However, the largest relative 
increase in observation frequency in this study was seen 
deep in Billefjorden, an area with a retracting tidewater 
glacier (Fig. 2). This is almost certainly the consequence 
of increased tourism in the Isfjorden area, with day-trip 
excursions to Billefjorden occurring virtually daily 
throughout the summer.

There were only a few observations of narwhals 
(Monodon monceros) in recent years (Table 1), with the 
majority being seen in the north-eastern parts of Svalbard 
(Supplementary Fig. S3), similar to the majority of earlier 
observations of this species within the archipelago (see 
Gjertz 1991; Lydersen et al. 2007). However, the frequency 
of sightings in the past was highest in Wahlenbergfjorden, 
in western Nordaustlandet (Supplementary Fig. S3), while 
during the last five years the frequency of sightings was 
highest north of Svalbard, at around 81°N (Supplementary 
Fig. S3). During a recent survey, narwhals were observed 
deep into the marginal ice zone north of Svalbard (Vacquié-
Garcia et al. 2017). This association with heavy pack ice 
probably explains why so few narwhals are observed close 
to Svalbard in the recent period, given the northward 
retreat of the edge (Walsh et al. 2017; Lebedev et al. 2019).

The Spitsbergen bowhead whale (Balaena mysticetus) 
stock is tightly associated with sea ice, feeding at the mar-
ginal ice zone during summer and moving deep into the 
pack ice during winter (Vacquié-Garcia et al. 2017; 

Kovacs et al. 2020). It is therefore not surprising that the 
few bowhead whale observations in the recent period 
have occurred north of the archipelago, between 80°N 
and 82°N (Supplementary Fig. S4). During the period 
2005–09, bowhead whales were seen mostly west of 10°E 
(Supplementary Fig. S4) because designated bowhead 
expeditions took place to the sea-ice edge during several 
springs during that period (see Wiig et al. 2010). However, 
observation frequencies in the Svalbard area were high-
est between 10°E and 20°E in the recent period 
(Supplementary Fig. S4). The increased observation rates 
north of the archipelago, and decreased rates west of and 
around Spitsbergen, resemble the pattern seen for nar-
whals, and are likely similarly due to the northward 
retreat of the marginal ice zone.

Summer-resident species

Sightings of white-beaked dolphins are relatively common 
around Svalbard, mainly in groups: the median group size 
in this study was 6, though 13.6% of all white-beaked dol-
phin observations were of groups consisting of 20–200 ani-
mals. Most sightings of this species occurred along the 
continental shelf break, west of the archipelago, from 74°N 
to 80°N, during both the early and recent periods (Fig. 4). 
In terms of number of animals, the pattern through time 
was similar, although recently observations have been 
concentrated just west of the northern tip of Prins Karls 
Forland (Supplementary Fig. S5). Although this dolphin 
species is numerous in the Barents Sea region, few studies 

Table 1 Number of observations (proportion of total observations in a given time period) and median group size (rounded) by species for cetaceans 

observed around Svalbard, Norway, during three time periods: 2005–09 (early), 2014–19 (recent) and all years in the period 2005–2019.

Species Number of observations Number of individuals Median 

group size 
2005–09 2015–19 All years 

2005–2019

2005–09 2015–19 All years 

2005–2019

White whale 97 (3.5%) 231 (17.8%) 513 (7.3%) 1729 (17.9%) 6852 (69.5%) 12 542 (38.8%) 10

Narwhal 11 (0.4%) 15 (1.2%) 30 (0.4%) 47 (0.5%) 110 (1.1%) 162 (0.5%) 1

Bowhead whale 22 (0.8%) 28 (2.2%) 57 (0.8%) 47 (0.5%) 81 (0.8%) 142 (0.4%) 1

White-beaked dolphin 344 (12.5%) 67 (5.2%) 689 (9.8%) 3301 (34.2%) 1087 (11.0%) 7622 (23.6%) 6

Sperm whale 61 (2.2%) 14 (1.1%) 117 (1.7%) 76 (0.8%) 14 (0.1%) 137 (0.4%) 1

Blue whale 40 (1.5%) 283 (21.8%) 505 (7.2%) 60 (0.6%) 473 (4.8%) 820 (2.5%) 1

Fin whale 713 (25.9%) 192 (14.8%) 1583 (22.5%) 1811 (18.8%) 387 (3.9%) 3670 (11.4%) 1

Humpback whale 311 (11.3%) 121 (9.3%) 833 (11.8%) 680 (7.0%) 319 (3.2%) 2657 (8.2%) 1

Minke whale 883 (32.1%) 321 (24.7%) 2081 (29.6%) 1359 (14.1%) 474 (4.8%) 3126 (9.7%) 1

Sei whale 16 (0.6%) 2 (0.2%) 33 (0.5%) 45 (0.5%) 7 (<0.1%) 86 (0.3%) 2

Long-finned pilot whale 3 (0.1%) 0 4 (<0.1%) 13 (0.1%) 0 14 (<0.1%) 3

Northern bottlenose 15 (0.5%) 3 (0.2%) 38 (0.5%) 43 (0.4%) 7 (<0.1%) 100 (0.3%) 2

Killer whale 21 (0.8%) 5 (0.4%) 42 (0.6%) 114 (1.2%) 13 (0.1%) 178 (0.6%) 3

Unidentified 215 (7.8%) 16 (1.2%) 511 (7.3%) 331 (3.4%) 33 (0.3%) 1041 (3.2%) -

Total 2752 1298 7036 9656 9857 32 297 -
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have been conducted on them. They appear to have a 
strong affinity to the Polar Front (Fall & Skern-Mauritzen 
2014), where suitable small fish prey densities are thought 
to be high (Johannesen et al. 2012; Bergstad et al. 2018; 
Menze et al. 2020). They are therefore concentrated along 

the continental shelf edges because of frontal areas created 
by Atlantic and Arctic water masses meeting along the 
shelf west and south of Svalbard (Parsons et al. 1996). 
During 2015–19, the observation frequency of white-
beaked dolphins increased east of Bjørnøya at around 22°E 

Fig. 2 KDE plots showing observation frequencies of white whales around Svalbard, Norway, during 2005–09, 2015–19 and 2005–2019 as well as the 

changes in observation frequency between 2005–09 and 2015–19. Black dots indicate observation locations.
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Fig. 3 Mean annual latitude of observations of blue, fin, humpback, minke and white whales, as well as and white-beaked dolphins over the period 

2005–2019 in Svalbard, Norway. Boxes contain values between the 25th and the 75th percentiles, divided by a line showing 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 means for each year are displayed as a black line 

together with the r2 value for the regression (in the top left corner). Numbers above or below error bars show sample sizes.
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and in the area between Bjørnøya and the southern part of 
Spitsbergen, compared to 2005–09 when more sightings 
occurred west of Hornsund (Fig. 4). Observation frequency 
also increased moderately west of the north tip of 
Prins  Karls Forland, while it decreased along the 

continental shelf break south of 78°N (Fig. 4). Despite 
these changes, observation frequencies remained high in 
Polar Front areas and the mean latitude of white-beaked 
dolphin observations did not change significantly with 
time (Fig. 3). 

Fig. 4 KDE plots showing observation frequencies of white-beaked dolphins around Svalbard, Norway, during 2005–09, 2015–19 and 2005–2019 as well 

as the changes in observation frequency between 2005–09 and 2015–19. Black dots indicate observation locations.
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Observations of sperm whales (Physeter macrocephalus) 
are relatively rare in the MMSDB (Table 1), which is most 
likely because they feed in deep waters, off the Svalbard 
shelf where boats (observers) travel less frequently (e.g., 
Teloni et al. 2008). Sighting biases are also very likely 
because sperm whales spend long periods (up to hours) 
underwater and are very cryptic when at the surface 
because little of their body shows and their blows are low 
and diffuse. Carcasses of male sperm whales are washed 
ashore on the west and north coasts of Svalbard with 
some regularity (e.g., Derocher et al. 2002; NozoMojo 
2018), indicating a regular presence of this species in 
Svalbard’s waters. Sperm whales were observed with 
high frequency east of Bjørnøya, at around 74.5°N and 
15°E in 2005–09 (Supplementary Fig. S6), but recently 
they are more often seen in the northern parts of 
Forlandsundet (Supplementary Fig. S6). The relative 
increase in observation frequency in north-western 
Spitsbergen is based on few observations and should be 
interpreted with caution.

Blue whales (Balaenoptera musculus) were sighted most 
often in Isfjorden, Forlandsundet and in Woodfjorden 
(Fig. 5). During 2005–09, observation frequencies were 
high in the northern part of Spitsbergen around 
Woodfjorden and blue whales were seen with moderate 
frequency along the continental shelf break west of 
Spitsbergen. During 2015–19 observation frequencies 
were highest in Isfjorden and Forlandsundet (Fig. 5). 
Blue whales are seen more frequently within west coast 
fjords now compared to a decade ago, with decreased 
numbers of observations at the continental shelf break. 
The mean latitude of blue whale observations increased 
significantly across the study period (1.2° over a decade; 
p = 0.02, df = 13; Fig. 3). 

Fin whales (Balaenoptera physalus) were observed most 
often along the shelf break west of Spitsbergen and at the 
mouth of Isfjorden and in Hinlopenstretet in the north-
east of the archipelago (Fig. 6). The continental shelf 
break was a focal point for their distribution in 2005–09, 
but recently observation frequencies were highest in 
Isfjorden and north-west and south-west of Spitsbergen 
(Fig. 6). Observations increased in frequency in Isfjorden, 
Woodfjorden and north-west of Nordaustlandet, while 
they have decreased the shelf break south-west of Prins 
Karls Forland when comparing 2005–09 to 2015–19 
(Fig. 6). The mean latitude of fin whale observations has 
not changed significantly over the study period (Fig. 3).

Humpback whales (Megaptera novaeangliae) were 
observed most often close to Bjørnøya at around 74°N–75°N 
and 18°E–22°E (Fig. 7). They were also observed quite 
commonly in Hornsund, Forlandsundet, Kongsfjorden, 
Hinlopenstretet and in the Erik Eriksenstretet (Fig. 7). In 
the early period from 2005–09, most humpback whale 

observations occurred north-east of Bjørnøya (ca 75°N and 
22°E) and east of the archipelago at around 77°N and 26°E 
(Fig. 7). In the recent period from 2014–19, most sightings 
occurred in Hornsund and in Kongsfjorden (Fig. 7). 
Comparing the periods, humpback whales were more 
common in fjords along the west coast of Spitsbergen espe-
cially in Isfjorden and around the north-western part of 
Spitsbergen and were less common east of the archipelago 
and around Bjørnøya (Fig. 7). The mean latitude of hump-
back whale observations increased significantly with time 
(0.17° per year; p = 0.01, df = 13; Fig. 3).

Minke whales are commonly seen in Woodfjorden/
Liefdefjorden, in Kongsfjorden and at the mouth of 
Isfjorden (Fig. 8). During 2005–09, the continental shelf 
break at around 74.5°N and 7°E was a hotspot for this 
species and they were also commonly seen around 
Bjørnøya and in the north-western part of Spitsbergen 
(Fig. 8). From 2014–19, minke whales were most often 
seen in Kongsfjorden and Woodfjorden, as well as in 
Isfjorden (Fig. 8). Observations increased in frequency in 
the north-western part of Spitsbergen and in Isfjorden 
during 2014–19 compared to 2005–09, while they 
decreased somewhat south of 78°N (Fig. 8). The mean 
latitude of minke whale observations increased signifi-
cantly throughout the study (0.24° per year; p = 5.30 * 
10-7, df = 13; Fig. 3).

Blue, fin, humpback and minke whales all share a 
similar distributional shift, to varying degrees, with a 
northward expansion of their ranges and movement onto 
the continental shelf and into fjords and coastal areas. 
This tendency was observed by Storrie et al. (2018), but 
the trends are further accentuated with the additional 
data from five more years. The pattern seen for these four 
baleen whale species coincides with the increased inflow 
of AW into the fjords of western Spitsbergen during the 
last two decades (e.g., Tverberg et al. 2019; Skogseth 
et al. 2020) and is probably based on the changing distri-
bution patterns of key prey species. More krill and differ-
ent boreal and Subarctic fish species are now present in 
west coast fjords of Spitsbergen, concomitant with the 
changing water mass regime (Buchholz et al. 2010; 
Fossheim et al. 2015; Brand & Fischer 2016; Dalpadado 
et al. 2016; Bergstad et al. 2018). Blue whales are still 
reduced in population number and are poorly studied in 
the North-east Atlantic/Barents Sea, but it is known that 
they feed almost exclusively on krill in other parts of their 
range (e.g., Kawamura 1980; Gavrilchuk et al. 2014) and 
their distribution is tightly linked to this primary prey 
type (Lesage et al. 2018). Fin, humpback and minke 
whales are all more generalist feeders, with varying pref-
erence for krill, but all of these whales also feed on vari-
ous fish species (Laidre et al. 2010; Skern-Mauritzen 
et al. 2011; Ressler et al. 2015). Levels of stable isotopes 
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and persistent organic pollutants of fin and blue whales 
sampled around Svalbard confirm that blue whales feed 
on a lower trophic level than fin whales (Tartu et al. 
2020). A recent tracking study of fin whales in Svalbard 
showed that this species occupied areas identified herein 

as key sites for them, for example, the shelf break west of 
the archipelago (Lydersen et al. 2020). Lydersen et al. 
(2020) also showed that fin whales occupied areas at the 
shelf break, north of Svalbard, which did not have a high 
observation frequency in this study, while other areas 

Fig. 5 KDE plots showing observation frequencies of blue whales around Svalbard, Norway, during 2005–09, 2015–19 and 2005–2019 as well as the 

changes in observation frequency between 2005–09 and 2015–19. Black dots indicate observation locations.
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with high observation frequencies in this study, such as 
Isfjorden and Hinlopenstretet, were only briefly (if at all) 
visited by the tagged whales. However, it is important to 
note that the tracking study was conducted in late 
September, outside the peak summer tourist season, so 

these two studies should be seen as complementary sea-
sonal snap-shots, rather than being contradictory.

The overall number of observations of seasonally 
 resident baleen whales per year did not have a signifi-
cant   correlation with the fraction of AW in Isfjorden, 

Fig. 6 KDE plots showing observation frequencies of fin whales around Svalbard, Norway, during 2005–09, 2015–19 and 2005–2019 as well as the 

changes in observation frequency between 2005–09 and 2015–19. Black dots indicate observation locations.
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but this correlation was positive in Kongsfjorden (z = 3.38, 
R = 0.76, p = 0.00072; Supplementary Fig. S7). When con-
sidering the individual species, there was a significant cor-
relation between number of observations per year and 
fraction of AW for blue whales in Isfjorden (z = 2.66, R = 

0.58, p = 0.0079; Supplementary Fig. S8) and for minke 
whales in Kongsfjorden (z = 2.01, R = 0.46, p = 0.044; 
Supplementary Fig. S8). Small sample sizes probably limit 
the detect potential of such relationships and in addition, 
the water mass analyses are not very high resolution.

Fig. 7 KDE plots showing observation frequencies of humpback whales around Svalbard, Norway, during 2005–09, 2015–19 and 2005–2019 as well as 

the changes in observation frequency between 2005–09 and 2015–19. Black dots indicate observation locations.
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Citizen science is a cost-effective way to acquire data 
on species that are otherwise challenging and expensive 
to study, and it is a good way to raise public interest in 
wildlife and science (e.g., Vann-Sander et al. 2016). 
However, data collected through citizen science does 

come with some inherent biases. Most observations 
recorded in the MMSDB are derived from cruises that cir-
cumnavigate Spitsbergen, the main island of the archipel-
ago, during the summer. Such excursions focus a lot of 
their time on glacier fronts, walrus haul-outs and 

Fig. 8 KDE plots showing observation frequencies of minke whales around Svalbard, Norway, during 2005–09, 2015–19 and 2005–2019 as well as the 

changes in observation frequency between 2005–09 and 2015–19. Black dots indicate observation locations. 
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historical, cultural sites. Additionally, specific animals 
(e.g., large whales and polar bears) are often actively 
sought out and exact routes of cruises are not recorded; 
sampling effort undoubtedly varies somewhat between 
years, but it cannot be calculated precisely (Supplementary 
Table S1). Analyses of data like those housed in the 
MMSDB should therefore be focused on simple assess-
ments of general distribution and trends over time and 
not be used for estimating abundance or for fine-scaled 
assessment of distribution patterns. (See Storrie et al. 
[2018] for a more thorough discussion of biases in the 
MMSDB.)

The observation frequency of two of the three Arctic 
endemic species—bowhead whales and narwhals—has 
increased north of Svalbard and decreased in coastal 
areas and fjords of the archipelago. This is concomitant 
with a retreating sea-ice edge, with which they are asso-
ciated. White whales have, however, maintained their 
tightly coastal distribution. Similar to white whales, 
white-beaked dolphins showed no signs of a northward 
distribution shift. However, all other seasonally resident 
species showed signs of shifting from the shelf break to 
coastal areas and fjords in Svalbard, and most had clear 
northward trends in their distribution patterns. This is 
most likely a consequence of more boreal prey species, 
associated with the increased inflow of AW to west coast 
fjords within the archipelago, although the correlation 
between the number of observations per year and the 
fraction of AW in the fjords was only significant in some 
cases. This highlights the need for continued research, 
for example, through satellite tracking, for a deeper 
understanding of habitat use by cetaceans in Svalbard, 
while citizen science serves as a good complement and a 
cost-efficient way to detect large scale distributional 
changes.
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