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ARTICLE

Origin and life history of Atlantic salmon (Salmo salar) near
their northernmost oceanic limit
Arne J. Jensen, Sten Karlsson, Peder Fiske, Lars Petter Hansen, Gunnel M. Østborg, and Kjetil Hindar

Abstract: 138 Atlantic salmon (Salmo salar) captured in the Advent Fjord off Svalbard were genetically assigned to two main
clusters of European salmon. Two-thirds were assigned to salmon rivers in Finnmark (the northernmost county in Norway) and
the rest to salmon rivers further south in Norway. The genetic assignment was based on genetic profiles from 60 Norwegian
rivers. The two clusters correspond to two larger genetic groupings: the Barents–White seas and Atlantic groupings. Thus, we
cannot rule out other populations from these groupings as sources of Atlantic salmon at Svalbard. Svalbard salmon assigned to
the two genetic groupings differed in ecological and phenological traits, with highest smolt age and lowest postsmolt growth in
the Finnmark salmon cluster. High smolt ages in both groups, however, suggest a northern origin of most individuals in the
sample. Although Atlantic salmon have sporadically been observed in the Arctic Ocean at earlier times, the high abundance
outlined here seems to be a recent phenomenon, suggesting a northward penetration caused by climate change.

Résumé : Cent-trente-huit saumons atlantiques (Salmo salar) capturés dans le fiord de l'Avent au large de Svalbard ont été affectés
génétiquement à deux grands groupes de saumons européens. Deux tiers d'entre eux ont été affectés à des rivières à saumons du
Finnmark (le comté le plus nordique de la Norvège) et les autres, à des rivières à saumons norvégiennes situées plus au sud. Cette
affectation génétique repose sur les profils génétiques de 60 rivières norvégiennes. Ces deux groupes correspondent à deux
regroupements génétiques plus larges, celui des mers de Barents–Blanche et celui de l'Atlantique. La possibilité que des saumons
atlantiques de Svalbard proviennent d'autres populations de ces regroupements ne peut donc être exclue. Les saumons de
Svalbard affectés aux deux regroupements génétiques présentent des caractères écologiques et phénologiques distincts, le
groupe de Finnmark présentant les âges de saumoneaux les plus grands et la croissance post-saumoneau la plus faible. Les âges
de saumoneaux élevés des deux groupes suggèrent toutefois une origine nordique pour la plupart des individus de l'échantillon.
Bien que des saumons atlantiques aient sporadiquement été observés dans l'océan Arctique par le passé, leur forte abondance
relevée dans la présente étude semble constituer un phénomène récent qui indiquerait une pénétration vers le nord causée par
les changements climatiques. [Traduit par la Rédaction]

Introduction
Historically, the Arctic Ocean off Svalbard (Spitsbergen) was

expected to be north of the oceanic distribution of Atlantic
salmon (Salmo salar) (MacCrimmon and Gots 1979). New surveys
have, however, increased our knowledge of the northern distribu-
tion of this species at sea (Holm et al. 2000, 2004; Jensen et al.
2012b; Chittenden et al. 2013). Catches of Atlantic salmon with sur-
face trawls during the period 1990–2001 were reported north to
75°N in the Northeast Atlantic, while several trawl hauls with no
catch were conducted further north (Holm et al. 2003). In 2002,
however, some Atlantic salmon were captured at 78°N in the Arc-
tic Ocean west of Svalbard (Holm et al. 2004), and the same year
mass occurrence of Atlantic salmon was reported at the west
coast of Svalbard at the same latitude (Berge et al. 2005). The latter
observation was related to unusually high northward mass trans-
port of warm Atlantic water resulting in elevated sea-surface tem-
peratures (SSTs) in the North Atlantic and along the west coast of
Svalbard (Berge et al. 2005). Concurrently, an anomalous appear-
ance of the temperate plankton diatom Skeletonema costatum and
mass occurrence of Atlantic cod (Gadus morhua) were observed,
and blue mussels (Mytilus edulis) probably settled in the area after
a 1000 years’ absence (Berge et al. 2005).

Stories about sporadic catches of individual Atlantic salmon at
the coast of Svalbard have been told since the 1970s, but mass
occurrence seems to be a recent phenomenon. In a local gillnet
fishery for anadromous Arctic char (Salvelinus alpinus) and marine
fish species in the Advent Fjord outside Longyearbyen, Svalbard,
some individuals of Atlantic salmon occurred in the catches for
the first time in 2006. Also, some leaping Atlantic salmon were
observed, and after increasing the mesh size of the nets, Atlantic
salmon became more frequent in the catches (F. Jakobsen, Long-
yearbyen, personal communication). Since then, catches of Atlan-
tic salmon have been reported in that area in most years. The
origin of Atlantic salmon occurring in this area of the Arctic is
unknown, with the exception of one tagged individual captured
in this gillnet fishery just outside Longyearbyen in October 2006.
This individual was tagged 15 months earlier as a 18 cm hatchery-
reared smolt and released at 70°N in the River Halselva, a small
river in the northernmost county (Finnmark) of Norway (Rikardsen
et al. 2008). The salmon weighed 3 kg at capture and was caught
together with about 20 untagged individuals of about the same
size.

The Arctic Ocean west of Svalbard is characterized by the warm
West Spitsbergen Current, a branch of the Norwegian Atlantic
Current. On reaching the latitude of West Spitsbergen, the tem-
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perature in the core of the Atlantic Ocean off the shelf break
ranges between 2.5 and 5 °C, and its salinity may typically be
between 35.0 and 35.1 (Blindheim 2004). The warm waters of this
current form the northernmost ice-free area in the Arctic. The
strength of the West Spitsbergen Current is mainly forced by
densification of the water masses by cooling at higher latitudes,
and major wind systems and strong currents are associated with
high North Atlantic Oscillation (NAO) winter indices (Blindheim
2004). These temperatures are around the lower sea temperature
of about 3–4 °C from where Atlantic salmon have usually been
reported (Reddin 1985; Lacroix 2013).

The objective of this study was to estimate the origin and exam-
ine the life history of Atlantic salmon occurring in the Advent
Fjord, Svalbard. We have recently demonstrated, using scale
reading and genetic analyses of 76 single nucleotide polymor-
phisms (SNPs), that 8% of the Atlantic salmon captured off Sval-
bard were escaped farmed salmon (Jensen et al. 2013). Here we use
the same SNPs to assign the wild Atlantic salmon to their region
of origin, using genetic data from 60 wild Norwegian Atlantic
salmon populations as a reference. These populations represent a
broad geographical distribution and the two major regional ge-
netic clusters of Atlantic salmon in Europe, excluding the Baltic
Sea (Bourret et al. 2013). We hypothesize that individuals from
Svalbard who are genetically assigned to the northernmost of
these two groups will show ecological and phenological evidence
from scale reading of being from northern rivers.

Materials and methods

Fish sampling
During late August to mid-October in 2008–2010, 138 Atlantic

salmon (42, 41, and 55 individuals in 2008, 2009, and 2010, respec-
tively) were captured with a chain of three littoral floating gillnets
attached to shore (i.e., about 150 gillnet days each year) in the
Advent Fjord close to Longyearbyen on the west coast of Spitsber-
gen (78°15=N, 15°40=E; Fig. 1). Their total lengths and body masses
(round mass in 2009 and 2010, gutted mass in 2008) were deter-
mined, and a scale or tissue sample was retrieved from each indi-
vidual.

Age and growth analysis
Age and detailed growth data were obtained from image

analysis of scales, as described by Jensen et al. (2013). Using Image
Pro 6.3 software, the spacings between circuli in the scales were
automatically measured for the marine zone, and an aggregate
length was recorded for the freshwater zone (smolt length), simi-
lar to Friedland et al. (2009). Circuli spacings were used to quantify
marine growth, with narrow spacings indicating periods of de-
creased growth and wider spacings representing periods with
increased growth. A sum value of all circuli spacings from the
outermost freshwater circulus to the narrowest part of the first
winter annulus represents the total postsmolt growth (PSG) for
each individual. The number of circuli on the postsmolt zone was
used as a signal for the length of the growth season for the first
summer at sea. Fulton’s condition factor (K) was estimated accord-
ing to Jensen et al. (2013).

Genetic analysis
Genomic DNA was obtained from three to four scales of each

individual, as described by Jensen et al. (2013). Genetic data from
60 wild Norwegian Atlantic salmon populations (Fig. 1), genotyped
at 76 SNP loci, were used as a reference for wild salmon (see online
Supplementary Materials, Table S11). Genotyping accuracy was as-
sessed by comparing genotypes obtained for the same individual
using two different genotyping platforms (Illumina infinium as-

say and the Sequenom Mass ARRAY platform (Sequenom 2013)). Of
a total of 405 individuals, 140 had zero mismatches, 167 had a
mismatch at one locus, 54 at two loci, 26 at three loci, nine at four
loci, seven at five loci, two at six and seven loci, respectively, and
none had mismatches at more than seven loci. Because all speci-
mens in the present data set were genotyped using only one of the
platforms (Sequenom Mass ARRAY platform), even better repro-
ducibility is expected.

Eleven farmed salmon among the individuals caught in the
Svalbard waters were identified by combining information from
genetic and scale analysis, as described by Jensen et al. (2013), and
excluded from the material. The remaining wild fish were as-
signed to the most likely river and region of origin. The overall
genetic structure for the 60 wild populations from pairwise esti-
mates of FST between rivers and from pairwise genetic distances
between individuals were initially explored, using GENALEX 6.0
(Peakall and Smouse 2006). To explore at which level of popula-
tion structure (i.e., population or group of populations) individu-
als could reliably be assigned, the population structure for the

1Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjfas-2014-0169.

Fig. 1. Map of Svalbard (upper left) and Norway, with the location at
Svalbard where Atlantic salmon were captured by gillnets (star) and
the locations of 60 Norwegian Atlantic salmon populations that
were included in the genetic baseline (dots). Codes used for counties
are as follows: Fi, Finnmark; Tr, Troms; No, Nordland;
NT, Nord-Trøndelag; ST, Sør-Trøndelag; MR, Møre og Romsdal;
SF, Sogn og Fjordane; Ho, Hordaland; Ro, Rogaland; AA, Aust-Agder;
Te, Telemark; VF, Vestfold; ØF, Østfold.
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60 wild populations was analyzed using STRUCTURE (Pritchard et al.
2000), assuming one to ten different number of populations, with
three replicate runs for each K. For each run, 50 000 repetitions as
burn-in and 100 000 repetitions after burn-in were applied. The
number of assumed populations that probabilistically best matched
the data was explored using minimum likelihood value as de-
scribed by Pritchard et al. (2000) and the �K method by Evanno
et al. (2005), using STRUCTURE HARVESTER (Earl and vonHoldt
2012). Individual genetic assignment to population or groups of
populations was also explored using the direct assignment ap-
proach and the Bayesian method (Rannala and Mountain 1997), as
implemented in GeneClass2 (Piry et al. 2004). For the latter, whole
populations were excluded, one at a time, from the reference
populations and individuals excluded in the reference popula-
tions were assigned. For the sake of presentation and as a proxy
for geographical locality ranging from north to south, popula-
tions were grouped into counties. Individual fish caught off
Svalbard were assigned to the reference populations using the
direct assignment option and the Bayesian method (Rannala and
Mountain 1997), as implemented in GeneClass2 (Piry et al. 2004).
Analysis of the genetic structure of Atlantic salmon from the
60 Norwegian rivers suggested two genetic clusters to which indi-
vidual fish could be assigned. Hence, individual Svalbard fish were
genetically assigned to these two groups. The proportion of the
overall genetic variation ascribed to genetic variation between the
two groups to which the salmon from Svalbard were assigned was
estimated by an analysis of molecular variance (AMOVA), using
ARLEQUIN version 3.5.1.2 (Schnider et al. 2000) and applying 1000
permutations. To explore the possibility that fish caught at Sval-
bard were unlikely to originate from any of the Norwegian refer-
ence populations (i.e., originate from a river not included in the
baseline), the option of computing the probability of belonging to
each reference population was applied using the sampling algo-
rithm of Paetkau et al. (2004) with 10 000 simulated individuals, as
implemented in GeneClass2 (Piry et al. 2004).

Possible differences in smolt age, PSG, and number of circuli in
the postsmolt zone between individuals genetically assigned to
the two genetic clusters were tested by using POP TOOLS and the
bootstrap resampling approach. Confidence limits for individ-
uals assigned to Finnmark were achieved by sampling at random
1000 times (with replacement) the same number of individuals as
those in the group assigned to outside Finnmark and noting mean
estimates for each sampling.

Environmental data
Mean monthly SST data were obtained for the period 1961–2011

from the Meteorological Office Hadley Centre (HadISST) with 1° ×
1° horizontal solution (Rayner et al. 2003) and spatially averaged
over the area 77°N–78°N, 9°E–13°E. Further, monthly SST anoma-

lies from the standard period 1961–1990 were retrieved from these
data.

Results

Biological parameters of sampled fish
During 2008–2010, a total of 42, 41, and 55 Atlantic salmon,

respectively, were captured in gillnets off Svalbard. The catches
corresponded to a catch per unit effort (CPUE) of 0.3–0.4 individ-
uals per gillnet day. Scales for ageing were suitable for analysis
from 121 wild Atlantic salmon, whereas 126 individuals were ana-
lysed genetically. Eight of the 126 individuals assayed for genetic
variation at 76 SNP loci had a genotyping success rate lower than
80% and were discarded from further analyses; hence, 118 wild
Atlantic salmon were assigned using genetic methods.

The mean length ±95% confidence interval (CI) of wild Atlantic
salmon captured at Svalbard was 653 ± 17 mm, with a range be-
tween 500 and 925 mm. The length distribution was bimodal
(Fig. 2a), corresponding to the sea age distribution of the fish, with
the two groups having spent one (1SW) and two winters at sea (2SW),
respectively. Based on scale analyses, the duration of the stay at
sea could be determined for 113 individuals. Among them, 79 had
spent one winter and 34 had spent two winters at sea, with mean
lengths of 601 ± 10 mm and 780 ± 24 mm, respectively. The degree
of maturation was noted for 94 individuals, and they were all
characterized as immature.

The mean ±95% CI Fulton’s condition factor (K) was 1.17 ± 0.06
(n = 36) and 1.13 ± 0.04 (n = 46) for fish captured in 2009 and 2010,
respectively, and was not significantly different (ANOVA, F[1,80] =
1.002, P = 0.320). In 2008, when gutted mass was measured, K was
estimated at 1.03 ± 0.05 (n = 41). On average, round mass has been
found to be 1.14 times higher than the gutted mass on salmon
caught on the coast of Norway (K. Hindar, personal observation),
and although K may vary considerably (with catch date, fish size,
sea age, stomach contents, and origin), after adjusting for gutted
mass, round mass K values for 2008 do not differ significantly
from those of 2009 and 2010.

The smolt age varied between 1 and 5 years, with 3 and 4 years
as the predominating ages (Fig. 2b). PSG and the number of circuli
that were laid down in the postsmolt zone of the scales decreased
with smolt age (Fig. 3).

Genetic grouping of Advent Fjord salmon
A principal coordinate analysis plot based on pairwise FST

(Table S21) revealed two main clusters among the 60 Norwegian
reference populations, one made up by the salmon rivers in the
County of Finnmark (the northernmost county of Norway) and
the other made up by salmon originating from Norwegian rivers
outside Finnmark (Fig. 4). From AMOVA, 5.7% (P � 0) of the total

Fig. 2. Frequency distribution of (a) length and (b) smolt age of Atlantic salmon captured off Svalbard in the period 2008–2010, separated
between individuals genetically assigned to the County of Finnmark (black bars) and outside Finnmark (grey bars).
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genetic variance could be ascribed to genetic differences between
the Finnmark and the non-Finnmark clusters, while 2.5% (P � 0)
could be ascribed to genetic variation among populations within the
groups. The two clusters were found by analysing the most likely
number of populations from individual assignment in STRUCTURE
(Fig. 5) and STRUCTURE HARVESTER, revealing a strong signal for
two populations (K = 2) according to the �K method, but not accord-
ing to the ln-likelihood values (Fig. S11). In a broader geographical
context, the two Norwegian clusters correspond to two major
genetic groupings of European Atlantic salmon (Bourret et al.
2013), the Barents–White seas group (including Finnmark) and the
Atlantic group (including the rest of Norway). Also, from direct
genetic assignment, using GeneClass2, 65% to 89% of fish from a
population in Finnmark were assigned to a different population
in Finnmark instead of a population outside Finnmark (Fig. S21).
From self-assignment of all reference populations (i.e., all samples
included in the reference populations), between 80% and 95% of
the fish from Finnmark were correctly assigned to a population
in Finnmark. Using 0.01 as our level of exclusion, any fish in our
data set could originate from any of the Norwegian reference
populations.

Eighty individuals (68%) of those caught at Svalbard were genet-
ically assigned to the Finnmark group of Norwegian rivers (66%,

71%, and 67% in 2008, 2009 and 2010, respectively), and 38 (32%)
were assigned to Norway outside Finnmark.

The two genetic groupings found at Svalbard are also different
in ecological and phenological traits. Smolt age was significantly
higher, whereas PSG and the number of circuli in the postsmolt
zone (PSG circuli) were significantly lower in the fish assigned to
Finnmark compared with fish assigned to Norway outside Finn-
mark (Table 1).

The 1961–1990 mean of SST in the West Spitsbergen Current
west of Svalbard (77°N–78°N, 9°E–13°E) fluctuated between a min-
imum of 1.2 °C in March and April to a maximum of 5.1 °C in July
and August. Since 2002, SSTs have been considerably higher than
normal in that region (Fig. 6). This warm period is not exceptional,
however, because similar SSTs have been recorded in earlier peri-
ods, such as in the early 1970s (Fig. 6).

Discussion

Genetic grouping of Advent Fjord salmon
This is the first study of origin and life history of Atlantic

salmon in the Arctic Ocean. Smolt age, growth pattern, and ge-
netic assignment suggest that most of the Atlantic salmon caught
off Svalbard during the period 2008–2010 belong to northern Eu-
ropean populations. North American Atlantic salmon are geneti-
cally different from European Atlantic salmon (cf. Bourret et al.
2013), and although not explicitly tested, North American salmon
would arguably have a multilocus genotype unlikely to match the
Norwegian reference populations used in this study. We did test
and found that the fish from Svalbard could not be excluded as
belonging to the Norwegian reference populations.

Among 118 Atlantic salmon of wild origin that were analysed
genetically, 80 were assigned to the County of Finnmark and 38 to
Norway outside Finnmark, corresponding to the Barents–White
seas grouping and the Atlantic grouping, respectively, of Atlantic
salmon in Europe (Bourret et al. 2013). This assignment was
strengthened by the significant and expected differences in smolt
age, PSG, and number of circuli in the postsmolt zone of the
scales of these two groups. Our reference data set consisted of only
Norwegian populations of Atlantic salmon, and all individuals
were “forced” to be included in one of the two regions. The possi-
bility that individuals from other countries than Norway were
present in the samples could not be excluded. For example, North-
west Russian salmon were likely present, and these individuals
would most probably have been included in the Finnmark cluster
(Svenning et al. 2011; Bourret et al. 2013). Individuals originating in
rivers south and west of Norway (e.g., Iceland and Scotland) would
probably be included in the other cluster south of Finnmark (i.e.,
the Atlantic grouping; Bourret et al. 2013).

Age and growth
The high smolt age (87% of the fish had spent 3 years or more in

fresh water) suggests that most of the individuals in this study
originate from North European populations. Within Europe, smolt
age increases with latitude, from mainly 1-year-old smolts in
Spain and France to 4-year-olds as the predominating smolt age in
northern Norway (Metcalfe and Thorpe 1990). In the County of
Finnmark, 4-year-old smolts are predominating, however with
significant numbers of 3- and 5-year-old smolts. On the other
hand, 2-year-old smolts are few in number in that region (Jensen
et al. 2012a).

Both PSG and number of circuli during this life stage decreased
with increasing smolt age, and both traits were lower in Atlantic
salmon assigned to the County of Finnmark than in those as-
signed to outside Finnmark. Jensen et al. (2011) demonstrated that
PSG decreases from south to north, whereas daily growth rates are
about the same. The main reason for this is that Atlantic salmon
smolts migrate to sea earlier in spring in the south than further
north and hence experience a longer growth season at sea as

Fig. 3. Relationship between smolt age and (a) growth (mm) in the
postsmolt zone of their scales (y = –0.087x + 1.91, r2 = 0.088, F[1,98] = 9.43,
p = 0.003) and (b) number of circuli laid down in the postsmolt zone of
their scales (y = –1.32x + 28.9, r2 = 0.099, F[1,98] = 10.76, p = 0.001).
Individuals assigned to the County of Finnmark are indicated by filled
circles, and those outside Finnmark are in open circles.
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postsmolts (Hvidsten et al. 1998; Kennedy and Crozier 2010; Jensen
et al. 2012a). Hvidsten et al. (1998) suggested that Norwegian At-
lantic salmon migrate to sea when the sea temperature increases
to 8 °C in spring, and this happens about 5 weeks earlier in the
south than in the north of Norway. Jensen et al. (2012b) estimated
from postsmolts caught in the Norwegian Sea that in the early
postsmolt phase, new circuli were formed with a rate of 6.3 days
per circulus. This suggests that data on both PSG and number of
circuli may be combined to determine the geographical origin of

salmon caught at sea. Both decreasing PSG and decreasing num-
ber of circuli with increasing smolt age suggest that the catches
off Svalbard originated from different geographical areas and that
individuals with the highest smolt ages, lowest PSG, and lowest
number of circuli originated from rivers furthest to the north.

The Fulton’s condition factor of salmon caught off Svalbard
was rather high. Although not quite comparable because of dif-
ferences in length and mass measurements and season, the con-
dition factor of Atlantic salmon sampled in the Arctic Ocean was
much higher than salmon captured north of the Faroe Islands
(Jacobsen and Hansen 2001). In that area, the mean condition
factor of both 1SW and 2SW salmon (fork length, gutted mass)
was <0.95 both in autumn and winter. If the condition factor is
indicative of feeding performance in the area, the areas west of
Svalbard seem to be well suited as feeding areas for salmon at
this time of the year, despite the low sea temperatures.

Distribution of Atlantic salmon at sea
Atlantic salmon utilize large parts of the Northeast Atlantic as

feeding areas (Mills 1989). Although the distribution area at sea
is not known in detail, the highest abundance of postsmolts has
been detected in the Norwegian Sea at the Vøring Plateau area.

Fig. 4. Principal coordinate analysis plot of pairwise FST estimates between 60 populations of Atlantic salmon from Norway and individuals
captured off Svalbard. The first and the second axis explained 44.0% and 15.7% of the variation, respectively. The symbols on the right
represent populations located in different counties of Norway, coastwise from the Russian border in the northeast (Finnmark) to the Swedish
border in the southeast (Østfold). The symbol representing the 3 years of data of fish from Svalbard is given at the top. Codes used for
counties are given in Fig. 1.

Fig. 5. Probability of belonging to each of two assumed populations (K = 2), using STRUCTURE for 4028 individuals of Atlantic salmon
collected from 60 Norwegian populations in 13 counties (separated by blank lines) from north (Finnmark) to south (Østfold).
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100 %
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Table 1. Mean and 95% confidence interval of smolt age (years),
postsmolt growth (PSG, mm), and number of circuli in the postsmolt
zone of the scales (PSG circuli) of individuals genetically assigned to the
County of Finnmark and for individuals assigned outside Finnmark, es-
timated by using POP TOOLS and the bootstrap resampling approach.

County of Finnmark
(95% CI)

Outside
Finnmark P

Smolt age 3.49 (3.22–3.74) 3.09 P < 0.05
PSG 1.57 (1.49–1.66) 1.67 P < 0.05
PSG circuli 23.80 (22.77–25.13) 25.43 P < 0.05
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Smolt age, PSG data, as well as tagging experiments have revealed
that most of them originated from South Europe, however with
increasing proportions of individuals of northern European
origin to the north (Holm et al. 2000, 2004; Jacobsen et al. 2012;
Jensen et al. 2012b). Atlantic salmon older than postsmolts have
been found more scattered throughout most of the Northeast
Atlantic (Holm et al. 2004), with the highest abundance around
the Faroe Islands and farther north in the northern Norwegian
Sea (Jacobsen et al. 2012).

Less is known about the marine life of salmon originating in
rivers farthest to the north (North Norway and Northwest Russia),
although several Atlantic salmon tagged at the feeding areas
north of the Faroe Islands have been recovered in rivers in that
area (Hansen and Jacobsen 2003). Whether this area is the most
important feeding area at sea for these fish is not yet clear. From
scale analyses, Jensen et al. (1999) demonstrated that the growth
pattern at sea for Atlantic salmon originating from White Sea
rivers differed from that of salmon from Norway and the northern
part of the Kola Peninsula. Also, populations originating from
different parts of Norway have different growth patterns at sea,
suggesting that they utilize different regions (Jensen et al. 2011).
These studies do not bring to light which regions the different
populations utilize, only that they are partly different. The pres-
ent study demonstrates, however, that in spite of considerable
overlap, the northernmost populations utilize areas farther to the
north than their more southern counterparts.

Have Atlantic salmon always used the areas west of Svalbard as
feeding grounds? There are no exact data to answer this question.
During the present study, a CPUE of 0.3–0.4 Atlantic salmon per
gillnet day was obtained, compared with an average CPUE of 1.5–
2.2 in the commercial bend-net fishery for Atlantic salmon along
the coast of the County of Finnmark in Norway during the same
3 years (bend-nets are banned south of Finnmark since 1997; ICES
2013). Bend-nets are expected to be more efficient in catching
salmon than standard gillnets, and the rather high CPUE in the
present study suggests a mass occurrence of salmon at Svalbard at
present. If salmon had been correspondingly abundant in that
area also earlier, a fishery for salmon is expected to have been
developed, similar to the commercial high-seas long-line fishery
that commenced in the northern Norwegian Sea between 67°N

and 75°N in the early 1960s and peaked in 1970 (Rosseland 1971;
Dadswell et al. 2010).

Sea temperatures have increased in the West Spitsbergen Cur-
rent (Piechura and Walczowski 2009; Beszczynska-Möller et al.
2012), in West Spitsbergen fjords (Pavlov et al. 2013), as well as in
other parts of the Arctic Seas (Dalpadado et al. 2012) during recent
years, affecting species distribution and ecology of the region
(Berge et al. 2005; Rose 2005; Orlova et al. 2010; Dalpadado et al.
2012) and possibly also affecting Atlantic salmon distribution.
During some earlier periods, however, such as in the early 1970s,
SSTs west of Svalbard were as high as those recorded after 2000
(Rayner et al. 2003). Bearing in mind that Atlantic salmon live
mainly near the sea surface (Holm et al. 2004), these areas have at
least periodically, like in periods with high northward transport
of warm Atlantic water, been suitable as feeding areas for this
species also in earlier times. It has, for instance, been reported
that, apparently because of a gradual warming trend in the cli-
mate from 1919 to 1938 and enhanced by a strong inflow of warm
Atlantic water, the Atlantic salmon penetrated eastward into
the Kara Sea and was spawning in the Kara River in the 1930s
(MacCrimmon and Gots 1979).

After the year 2000, Atlantic water temperatures west of Spits-
bergen have been higher than the previous 100 years (Pavlov et al.
2013), and sea temperatures are expected to further increase in
the Arctic in the future (Lemke and Jacobi 2012). Owing to the
ongoing global warming, the Arctic sea ice has been noticeably
thinner during the last few years (Hansen et al. 2013), and the
Arctic is expected to be nearly sea ice-free during summer within
a few decades (Overland and Wang 2013). Hence, new areas fur-
ther to the north in the Arctic Ocean are now gradually expected
to be suitable as marine feeding areas for Atlantic salmon, likely
favoring in advantage for the northern populations of the species.
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Fig. 6. Monthly SST anomalies for the period 1961–2011, compared with the 1961–1990 mean, for the area west of Svalbard between 77°N–78°N
and 9°E–13°E. Data are from the Meteorological Office Hadley Centre (HadISST).
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