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This special issue originated from an international work-
shop on the Biology and Ecology of Arctic Cods convened
in Fairbanks, Alaska, in June 2018 as part of the Ecosystem
Studies of the Subarctic and Arctic Seas (ESSAS) Annual
Science Meeting. This followed an earlier ESSAS workshop
on Arctic gadids held in Copenhagen, Denmark, in April
2014 (Mueter et al. 2016). The aim of both workshops was
to synthesize recent advances in our understanding of the
biology, ecology, and dynamics of Arctic gadids around the
circumpolar North in the context of a rapidly changing Arc-
tic marine environment. Changes in the structure of Arctic
marine ecosystems with direct effects on humans have been
particularly pronounced on the major Arctic inflow shelves
(Fig. 1), including the Northern Bering Sea and Chukchi
Sea (Huntington et al. 2020) and the Barents Sea (Skern-
Mauritzen et al. 2018; Haug et al. 2020), where the majority
of the contributed papers are focused. The growing inter-
est in the Arctic, combined with increased accessibility of
formerly ice-covered regions within these major gateways
to the Arctic, has led to a proliferation of research in Arc-
tic seas over recent decades, including research on Arctic
gadids (Fig. 2).

The strong focus on the polar cod (Boreogadus saida)
throughout these papers reflects the central role of this
species in Arctic marine ecosystems (Bradstreet et al.
1986; Hop and Gjgseater 2013), as well as its circumpolar

< Franz Mueter
fmueter @alaska.edu

College of Fisheries and Ocean Sciences, University
of Alaska Fairbanks, Juneau, AK 99801, USA

Greenland Climate Research Centre, Greenland Institute
of Natural Resources, 3900 Nuuk, Greenland

Norwegian Polar Institute, Fram Centre, 9296 Tromsg,
Norway

Alaska Fisheries Science Center, National Marine Fisheries
Service, National Oceanic and Atmospheric Administration,
Newport, OR 97365, USA

College of Fisheries and Ocean Sciences, University
of Alaska Fairbanks, Fairbanks, AK 99775, USA

distribution (Mecklenburg et al. 2011). The importance of
polar cod as prey for seabirds and marine mammals is con-
sistent with estimates of very high natural mortality rates in
the Chukchi Sea (Marsh et al. 2020). In addition to a num-
ber of regional studies of polar cod, contributions include
circumpolar studies on diets (Bouchard and Fortier 2020)
and genetics (Nelson et al. 2020) of polar cod and labo-
ratory studies comparing aspects of polar cod with other
Subarctic and Arctic gadids (Copeman et al. 2020; Leo et al.
2020; Spencer et al. 2020). Only two studies primarily focus
on other species, namely the navaga (Eleginus nawaga)
(Maznikova and Orlov 2020) and the saffron cod (Eleginus
gracilis) (Smé et al. 2020). These congeners are limited to
relatively nearshore waters in the White, Barents, and Kara
seas, and in the Pacific Arctic, respectively. Few studies on
navaga are available outside the Russian literature, and the
synthesis of their biology and distribution in the White Sea
by Maznikova and Orlov (2020) makes much of what is
known about this true Arctic gadid more widely available.
The first main theme in this special issue is the population
structure of polar cod and other Arctic gadids. Population
genetic structure is evident in polar cod collections from
around the Arctic, suggesting the existence of at least four
major groups in the Alaskan Arctic (northern Bering Sea to
western Beaufort Sea), western Canadian waters (Beaufort
Sea and Amundsen Gulf), eastern Canadian waters (Resolute
Bay to Gulf of St. Lawrence), and European waters includ-
ing the Greenland, Iceland and the Laptev Sea (Nelson et al.
2020). The differentiation between the Alaskan and western
Canadian groups is consistent with an earlier regional study
that found small-scale geographic partitioning in the transi-
tion zone between these groups (Wilson et al. 2019). How-
ever, the mitochondrial genome suggests little population-
level structure but high levels of genetic diversity in polar
cod from the northern Bering Sea to the Canadian Beaufort
Sea, suggesting the potential for local differentiation (Wilson
et al. 2020). Population differentiation in the Pacific Arctic
is supported by a distinct gap in the distribution of juve-
nile polar cod between the western Beaufort Sea, which is
contiguous with the Chukchi Sea, and the eastern Alaskan
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Fig.1 Arctic Ocean with major currents indicating flows of deep
waters originating in the Atlantic (yellow) and surface waters origi-
nation in the Pacific (red). Currents compiled from various sources.

Beaufort Sea, which is contiguous with the Canadian Beau-
fort Sea (Forster et al. 2020).

The genetic population structure in the Northeast Atlan-
tic remains unclear, as Nelson et al. (2020) did not have
samples from the Barents Sea. There is evidence of two dis-
tinct spawning populations in the southeastern Barents Sea
(Pechora Sea) and in the northwestern Barents Sea east of
Svalbard, respectively, supported by distinct distributions
of eggs and larvae (Boitsov et al. 2013) and by biophysi-
cal modeling studies (Huserbraten et al. 2019; Eriksen et al.
2020). Hypothesized spawning sites to the south, east, and
north of the Svalbard Archipelago are consistent with the
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Black ovals indicate the major Arctic inflow shelves with other study
regions indicated. Base map from Arctic Council Conservation of
Arctic Flora and Fauna Working Group (2000)

observed distribution of age-0 polar cod in the northwest
Barents Sea (Eriksen et al. 2020). In contrast, particles
released in the western fjords were largely retained in the
fjords, consistent with previously reported fine-scale genetic
structure differentiating fjord populations in western Sval-
bard and eastern Greenland from open ocean populations
(Madsen et al. 2016). To what extent Barents Sea popula-
tions are connected with the Russian Siberian shelf to the
east remains unresolved (Chernova 2018).

Relatively small-scale population structure is also evident
in the navaga, with three distinct populations in the White
Sea (Maznikova and Orlov 2020), as well as in the saffron
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cod in the Pacific Arctic. The latter displays limited genetic
variation within the northern Bering and Chukchi seas, but
shows evidence of distinct Subarctic populations in the Gulf
of Alaska and in the Sea of Okhotsk, with the Gulf of Alaska
population forming a divergent lineage (Smé et al. 2020;
Wilson et al. 2020). These patterns likely reflect the expan-
sion of saffron cod into the Bering Strait and Chukchi Sea
regions as sea levels rose after the last glacial maximum
(Smé et al. 2020).

The second major theme aims to understand how envi-
ronmental changes drive the growth and survival of polar
cod in the Arctic and their ability to adapt to sea ice loss
and rising ocean temperatures. Polar cod can be considered
a sentinel species for Arctic changes as the southern limits of
their distribution are closely tied to variations in temperature
(Marsh and Mueter 2020) and variability in early survival
is linked to the timing of sea ice retreat (Bouchard et al.
2017; Gjgseeter et al. 2020; LeBlanc et al. 2020). Bouchard
et al. (2017) suggest that polar cod, which are adapted to
a narrow range of temperatures, will initially benefit from
rising temperatures, but will ultimately be replaced by more
southern species as ocean temperatures continue to increase.
This hypothesis is supported by LeBlanc et al. (2020), who
show that an earlier ice breakup in the Canadian High Arc-
tic is associated with an earlier bloom, higher zooplankton
abundances in August and a higher biomass of young polar
cod. However, they found no evidence that zooplankton or
cod biomass experienced additional benefits from ice retreat-
ing prior to June.

In contrast to the Canadian High Arctic, young polar cod
at the southern edge of their distribution on both the Pacific
and Atlantic inflow shelves can encounter temperatures well
above those associated with maximum growth in the labora-
tory, which occurs at 5-7 °C (Kunz et al. 2016; Laurel et al.
2016; Koenker et al. 2018). Age-0 polar cod in the Chukchi
Sea are most likely to occur at the coldest temperatures, but

abundances peak near the temperature of maximum growth
and decline rapidly at higher temperatures (Marsh et al.
2020). Acoustic surveys suggest large interannual variabil-
ity in abundance (De Robertis et al. 2017), but the effects
of interannual variability in environmental conditions in the
Chukchi Sea on the abundance of polar cod have not yet
been examined. Young polar cod in the Barents Sea typi-
cally encounter temperatures well within their physiological
tolerance (< 6 °C), but individual-based models suggest that
an earlier ice melt, reduced summer ice, and the increasing
influence of warmer Atlantic waters negatively affect the
survival of polar cod larvae from the major spawning aggre-
gations in the southeast Barents Sea (Gjgseter et al. 2020).
The Barents Sea stock is one of the main stocks of polar cod
in the Arctic and has long supported an important fishery
in the Russian part of the Barents Sea (Boitsov et al. 2013;
Hop and Gjgseter 2013). The abundance of this stock has
fluctuated widely, is currently at low levels, and is expected
to further decline under continued warming (Gjgseter et al.
2020).

The mechanisms regulating the abundance of polar cod at
the end of their first summer are likely tied to the effects of
sea ice and temperature conditions on the quantity and qual-
ity of prey. Larval polar cod are highly specialized predators
on large calanoid copepods (Bouchard and Fortier 2020),
which tend to be replaced by smaller, less lipid-rich species
under warmer conditions (Aarflot et al. 2018; Kimmel et al.
2018; Mgller and Nielsen 2020). Reduced abundances of
large calanoid copepods, in turn, impact the ability of young
polar cod to store lipids (Copeman et al. 2020), which may
result in a reduced transfer of energy to higher trophic levels
and may affect their overwinter survival. While variability
in the survival of polar cod during their first winter has not
been estimated to our knowledge, mortality rates are thought
to be high (Marsh et al. 2020) and are likely affected by
pre-winter condition. For example, the survival of Subarctic
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walleye pollock (Gadus chalcogrammus) in the Bering Sea
from spawning to recruitment at age 1 is substantially lower
if young pollock fail to store sufficient lipid reserves prior
to their first winter (Heintz et al. 2013).

A key uncertainty in a changing climate is the ability of
a species to adapt physiologically to changing conditions
through phenotypic plasticity or genetic variation. Labora-
tory experiments indicate that eggs are very temperature-
sensitive (Laurel et al. 2018), but Spencer et al. (2020)
indicate that polar cod larval stages are more resilient to
changes in salinity than other Subarctic gadids. Wilson et al.
(2020) suggest that polar cod may be able to evolutionar-
ily adapt to a changing environment due to large popula-
tion sizes combined with high levels of diversity in the
mitochondrial genome, which plays a key role in aerobic
metabolism and energy balance. On the other hand, labo-
ratory studies suggest that enzymes involved in mitochon-
drial respiration in the hearts of polar cod have very limited
phenotypic plasticity (Leo et al. 2020), limiting the ability
of polar cod to overcome their adaptation to a very narrow
thermal range. In contrast, Atlantic cod (Gadus morhua),
acclimated to similarly cold temperatures, show high plas-
ticity in enzyme activity and appear to be much more resil-
ient to variable temperature conditions (Leo et al. 2020).
This suggests that Atlantic cod will outperform polar cod
as temperatures increase in the areas of overlap between
these two species and may explain the negative relation-
ship between local abundances of Atlantic cod and polar
cod on the Newfoundland/Labrador shelf (Marsh and Mueter
2020). Atlantic cod and haddock (Melanogrammus aegle-
finus) have already expanded north to the margins of the
Arctic Ocean, likely resulting in increased competition and
predation on polar cod (Renaud et al. 2012; Ingvaldsen et al.
2017). Negative relationships between polar cod and walleye
pollock abundances in the Bering Sea suggest that similar
mechanisms may be at play in the Pacific Arctic (Marsh and
Mueter 2020).

In summary, the available evidence suggests that a
combination of bottom-up processes, the lack of pheno-
typic plasticity, and competitive interactions with other
species will result in declining abundances of polar cod
populations at or near the southern limits of their range,
and increasingly at higher latitudes. Earlier ice retreat and
warmer summer temperatures directly and indirectly affect
growth and condition of young polar cod. Direct effects
result from temperature-dependent effects on physiological
rates, while indirect effects are mediated by prey avail-
ability, likely limiting survival at the larval and juvenile
stages beyond a critical temperature threshold. Further-
more, competitive interactions with sympatric or Subarctic
species that are more resilient to higher temperatures limit
the southern extent of polar cod and may result in the
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replacement of this key forage species in many regions.
The replacement of polar cod by other species will have
unknown consequences for seabirds, marine mammals and
ultimately people living in Arctic and Subarctic regions
where cultural identity, food security and socioeconomic
systems are closely linked with marine ecosystems.

Acknowledgements We thank ESSAS (Ecosystem Studies of the Sub-
arctic and Arctic Seas), a Regional Program of IMBER (International
Marine Biogeochemistry and Ecosystem Research), for conceiving the
workshop and for providing logistical and travel support. We thank
NASA, the European Space Agency, and the Scientific Committee of
Oceanic Research for providing funds to support the Annual Meeting
and Workshop in Fairbanks, and the PEW Charitable Trusts and the
International Arctic Science Committee (IASC) for providing gener-
ous travel support.

References

Aarflot JM, Skjoldal HR, Dalpadado P, Skern-Mauritzen M (2018)
Contribution of Calanus species to the mesozooplankton bio-
mass in the Barents Sea. ICES J Mar Sci 75:2342-2354. https
://doi.org/10.1093/icesjms/fsx221

Arctic Council Conservation of Arctic Flora and Fauna Working
Group (2000) CAFF Map No. 14—topographical map of the
Arctic (image). https://library.arcticportal.org/id/eprint/1336.
Accessed 17 June 2020

Boitsov VD, Dolgov AV, Krysov Al, Seliverstova EI, Shevelev MS
(eds) (2013) Polar cod of the Barents Sea. PINRO Press, Mur-
mansk (in Russian)

Bouchard C, Fortier L (2020) The importance of Calanus glacialis
for the feeding success of young polar cod: a circumpolar syn-
thesis. Polar Biol. https://doi.org/10.1007/s00300-020-02643-0

Bouchard C et al (2017) Climate warming enhances polar cod
recruitment, at least transiently. Prog Oceanogr 156:121-129.
https://doi.org/10.1016/j.pocean.2017.06.008

Bradstreet MS, Finley KJ, Sekerak AD, Griffiths WB, Evans CR,
Fabijan MF, Stallard HE (1986) Aspects of the biology of Arctic
cod (Boreogadus saida) and its importance in Arctic marine
food chains. Can Tech Rep Fish Aquat Sci 1491:193

Chernova N (2018) Arctic cod in the Russian Arctic: new data, with
notes on intraspecific forms. J Aquacult Mar Biol 7:28-37

Copeman L et al (2020) Ontogenetic patterns in lipid and fatty acid
biomarkers of juvenile polar cod (Boreogadus saida) and saffron
cod (Eleginus gracilis) from across the Alaska Arctic. Polar
Biol. https://doi.org/10.1007/s00300-020-02648-9

De Robertis A, Taylor K, Wilson CD, Farley EV (2017) Abundance
and distribution of Arctic cod (Boreogadus saida) and other
pelagic fishes over the U.S. continental shelf of the northern
Bering and Chukchi seas. Deep Sea Res 135:51-65. https://doi.
org/10.1016/j.dsr2.2016.03.002

Eriksen E, Huserbraten M, Gjgsater H, Vikebg F, Albretsen J (2020)
Polar cod egg and larval drift patterns in the Svalbard Archi-
pelago. Polar Biol. https://doi.org/10.1007/s00300-019-02549-6

Forster CE, Norcross BL, Mueter FJ, Logerwell EA, Seitz AC (2020)
Spatial patterns, environmental correlates, and potential sea-
sonal migration triangle of polar cod (Boreogadus saida) dis-
tribution in the Chukchi and Beaufort Seas. Polar Biol. https://
doi.org/10.1007/s00300-020-02631-4


https://doi.org/10.1093/icesjms/fsx221
https://doi.org/10.1093/icesjms/fsx221
http://library.arcticportal.org/id/eprint/1336
https://doi.org/10.1007/s00300-020-02643-0
https://doi.org/10.1016/j.pocean.2017.06.008
https://doi.org/10.1007/s00300-020-02648-9
https://doi.org/10.1016/j.dsr2.2016.03.002
https://doi.org/10.1016/j.dsr2.2016.03.002
https://doi.org/10.1007/s00300-019-02549-6
https://doi.org/10.1007/s00300-020-02631-4
https://doi.org/10.1007/s00300-020-02631-4

Polar Biology (2020) 43:945-949

949

Gjgsater H, Huserbraten M, Vikebg F, Eriksen E (2020) Key pro-
cesses regulating the early life history of Barents Sea polar cod.
Polar Biol. https://doi.org/10.1007/s00300-020-02656-9

Haug T et al (2020) Influence of ecosystem changes on harvestable
resources at high latitudes. ICES J Mar Sci 76:11-i2. https://doi.
org/10.1093/icesjms/fsz253

Heintz RA, Siddon EC, Farley EV, Napp JM (2013) Correlation
between recruitment and fall condition of age-0 pollock (Ther-
agra chalcogramma) from the eastern Bering Sea under vary-
ing climate conditions. Deep Sea Res 94:150-156. https://doi.
org/10.1016/j.dsr2.2013.04.006

Hop H, Gjgsater H (2013) Polar cod (Boreogadus saida) and capelin
(Mallotus villosus) as key species in marine food webs of the
Arctic and the Barents Sea. Mar Biol Res 9:878-894. https://doi.
org/10.1080/17451000.2013.775458

Huntington HP et al (2020) Evidence suggests potential transformation
of the Pacific Arctic ecosystem is underway. Nat Clim Change.
https://doi.org/10.1038/s41558-020-0695-2

Huserbraten MBO, Eriksen E, Gjgsater H, Vikebg F (2019) Polar cod
in jeopardy under the retreating Arctic sea ice. Commun Biol
2:407. https://doi.org/10.1038/542003-019-0649-2

Ingvaldsen RB, Gjgsater H, Ona E, Michalsen K (2017) Atlantic cod
(Gadus morhua) feeding over deep water in the high Arctic. Polar
Biol 40:2105-2111. https://doi.org/10.1007/s00300-017-2115-2

Kimmel DG, Eisner LB, Wilson M T, Dufty-Anderson JT (2018) Cope-
pod dynamics across warm and cold periods in the eastern Bering
Sea: implications for walleye pollock (Gadus chalcogrammus) and
the Oscillating Control Hypothesis. Fish Oceanogr 27:143-158.
https://doi.org/10.1111/fog.12241

Koenker BL, Laurel BJ, Copeman LA, Ciannelli L (2018) Effects of
temperature and food availability on the survival and growth of
larval Arctic cod (Boreogadus saida) and walleye pollock (Gadus
chalcogrammus). ICES J Mar Sci 75:2386-2402. https://doi.
org/10.1093/icesjms/fsy062

Kunz KL et al (2016) New encounters in Arctic waters: a comparison
of metabolism and performance of polar cod (Boreogadus saida)
and Atlantic cod (Gadus morhua) under ocean acidification and
warming. Polar Biol 39:1137-1153. https://doi.org/10.1007/s0030
0-016-1932-z

Laurel BJ, Spencer M, Iseri P, Copeman LA (2016) Temperature-
dependent growth and behavior of juvenile Arctic cod (Bore-
ogadus saida) and co-occurring North Pacific gadids. Polar Biol
39:1127-1135. https://doi.org/10.1007/s00300-015-1761-5

Laurel BJ, Copeman LA, Spencer M, Iseri P (2018) Comparative
effects of temperature on rates of development and survival
of eggs and yolk-sac larvae of Arctic cod (Boreogadus saida)
and walleye pollock (Gadus chalcogrammus). ICES J Mar Sci
75:2403-2412. https://doi.org/10.1093/icesjms/fsy042

LeBlanc M, Geoffroy M, Bouchard C, Gauthier S, Majewski A, Reist
JD, Fortier L (2020) Pelagic production and the recruitment of
juvenile polar cod Boreogadus saida in Canadian Arctic seas.
Polar Biol. https://doi.org/10.1007/s00300-019-02565-6

Leo E, Graeve M, Storch D, Portner H-O, Mark FC (2020) Impact of
ocean acidification and warming on mitochondrial enzymes and
membrane lipids in two Gadoid species. Polar Biol. https://doi.
org/10.1007/s00300-019-02600-6

Madsen ML, Nelson RJ, Fevolden S-E, Christiansen JS, Prebel K
(2016) Population genetic analysis of Euro-Arctic polar cod

Boreogadus saida suggests fjord and oceanic structuring. Polar
Biol 39:969-980. https://doi.org/10.1007/s00300-015-1812-y

Marsh JM, Mueter FJ (2020) Influences of temperature, predators,
and competitors on polar cod (Boreogadus saida) at the southern
margin of their distribution. Polar Biol. https://doi.org/10.1007/
s00300-019-02575-4

Marsh JM, Mueter FJ, Quinn II TJ (2020) Environmental and bio-
logical influences on the distribution and population dynamics of
polar cod (Boreogadus saida) in the US Chukchi Sea. Polar Biol.
https://doi.org/10.1007/s00300-019-02561-w

Maznikova OA, Orlov AM (2020) Navaga Eleginus nawaga of the
White Sea: a brief review with emphasis on the Soviet-Russian
literature. Polar Biol. https://doi.org/10.1007/s00300-020-02681-8

Mecklenburg CW, Mgller PW, Steinke D (2011) Biodiversity of Arc-
tic marine fishes: taxonomy and zoogeography. Mar Biodivers
41:109-140

Mgller EF, Nielsen TG (2020) Borealization of Arctic zooplank-
ton—smaller and less fat zooplankton species in Disko Bay,
Western Greenland Limnol Oceanogr 65:1175-1188. https://doi.
org/10.1002/Ino.11380

Mueter FJ, Nahrgang J, Nelson RJ, Berge J (2016) The ecology of
gadid fishes in the circumpolar Arctic with a special emphasis on
the polar cod (Boreogadus saida). Polar Biol 39:961-967. https
://doi.org/10.1007/s00300-016-1965-3

Nelson RJ et al (2020) Circumpolar genetic population structure of
polar cod, Boreogadus saida. Polar Biol. https://doi.org/10.1007/
s00300-020-02660-z

Renaud PE, Berge J, Varpe @, Lgnne OJ, Nahrgang J, Ottesen C, Hal-
langer I (2012) Is the poleward expansion by Atlantic cod and
haddock threatening native polar cod, Boreogadus saida? Polar
Biol 35:401-412

Skern-Mauritzen M, Olsen E, Huse G (2018) Opportunities for advanc-
ing ecosystem-based management in a rapidly changing, high lati-
tude ecosystem. ICES J Mar Sci 75(7):2425-2433. https://doi.
org/10.1093/icesjms/fsy 150

Smé NA, Lyon S, Mueter F, Brykov V, Sakurai Y, Gharrett AJ (2020)
Examination of saffron cod Eleginus gracilis (Tilesius 1810)
population genetic structure. Polar Biol. https://doi.org/10.1007/
s00300-019-02601-5

Spencer ML, Vestfals CD, Mueter FJ, Laurel BJ (2020) Ontogenetic
changes in the buoyancy and salinity tolerance of eggs and larvae
of polar cod (Boreogadus saida) and other gadids. Polar Biol.
https://doi.org/10.1007/s00300-020-02620-7

Wilson RE et al (2019) Micro-geographic population genetic structure
within Arctic cod (Boreogadus saida) in Beaufort Sea of Alaska.
ICES J Mar Sci 76:1713-1721. https://doi.org/10.1093/icesjms/
fsz041

Wilson RE et al (2020) Mitochondrial genome diversity and popula-
tion mitogenomics of polar cod (Boreogadus saida) and Arctic
dwelling gadoids. Polar Biol

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00300-020-02656-9
https://doi.org/10.1093/icesjms/fsz253
https://doi.org/10.1093/icesjms/fsz253
https://doi.org/10.1016/j.dsr2.2013.04.006
https://doi.org/10.1016/j.dsr2.2013.04.006
https://doi.org/10.1080/17451000.2013.775458
https://doi.org/10.1080/17451000.2013.775458
https://doi.org/10.1038/s41558-020-0695-2
https://doi.org/10.1038/s42003-019-0649-2
https://doi.org/10.1007/s00300-017-2115-2
https://doi.org/10.1111/fog.12241
https://doi.org/10.1093/icesjms/fsy062
https://doi.org/10.1093/icesjms/fsy062
https://doi.org/10.1007/s00300-016-1932-z
https://doi.org/10.1007/s00300-016-1932-z
https://doi.org/10.1007/s00300-015-1761-5
https://doi.org/10.1093/icesjms/fsy042
https://doi.org/10.1007/s00300-019-02565-6
https://doi.org/10.1007/s00300-019-02600-6
https://doi.org/10.1007/s00300-019-02600-6
https://doi.org/10.1007/s00300-015-1812-y
https://doi.org/10.1007/s00300-019-02575-4
https://doi.org/10.1007/s00300-019-02575-4
https://doi.org/10.1007/s00300-019-02561-w
https://doi.org/10.1007/s00300-020-02681-8
https://doi.org/10.1002/lno.11380
https://doi.org/10.1002/lno.11380
https://doi.org/10.1007/s00300-016-1965-3
https://doi.org/10.1007/s00300-016-1965-3
https://doi.org/10.1007/s00300-020-02660-z
https://doi.org/10.1007/s00300-020-02660-z
https://doi.org/10.1093/icesjms/fsy150
https://doi.org/10.1093/icesjms/fsy150
https://doi.org/10.1007/s00300-019-02601-5
https://doi.org/10.1007/s00300-019-02601-5
https://doi.org/10.1007/s00300-020-02620-7
https://doi.org/10.1093/icesjms/fsz041
https://doi.org/10.1093/icesjms/fsz041

	Arctic gadids in a rapidly changing environment
	Acknowledgements 
	References


