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THE ENVIRONMENTAL SETTING

Sea ice and glacial icebergs structure and support
Arctic marine life (Gutt 2001, Arrigo 2014). As the cli-
mate changes, both ice forms undergo rapid changes:
at the same time as icebergs calve heavily from the
Greenland ice sheet, the sea-ice cover diminishes
(Straneo & Cenedese 2015, Schaefer et al. 2016,
Polyakov et al. 2017). This is particularly evident for
September (Arctic summer minimum) when the sea-
ice cover in 2015 (4.6  × 106 km2) was nearly 30% less
than the September mean for the period 1981−2010.
March (Arctic winter maximum), on the other hand,
seems more stable with an average loss of 7% during
the same period and a sea-ice extent of 14.5 × 106 km2

in 2015 (NSIDC 2016). In addition to the overall loss
of sea ice, multi-year ice is gradually being replaced
by annually formed first-year ice (Hunt et al. 2016).
There are however large regional differences in  sea-
ice loss across the Arctic seas. Spitsbergen in the
Northeast Atlantic is displaying particularly dramatic

changes, with Kongsfjorden (~79° N) being virtually
free of sea ice all year round (Wiencke & Hop 2016).
Lengthened periods of open water are evident across
the Arctic (Barnhart et al. 2016) and, as the overall
decline in sea ice proceeds, parts of the Arctic
shelves will become permanently free of sea ice in
the coming decades. The deep Arctic Ocean, on the
other hand, may still maintain ice cover in winter but
with open water in summer (Wang & Overland 2012,
Notz & Stroeve 2016).

This environmental setting fundamentally affects
the entire Arctic biota from phototrophic micro -
organisms via benthic consumers to top predators
(Post et al. 2013). Fishes are excellent tellers of cli-
mate change because environmental and ecological
chronologies are readily archived in metabolically
inert tissues such as otoliths (Izzo et al. 2016) and eye
lenses (Nielsen et al. 2016). What then is the eco -
logical role of fishes native to icy waters, how are
they affected by dwindling sea ice, and how do they
tackle invading fishes and industrial fisheries from
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lower latitudes? These questions are
addressed but not answered in the
recent Arctic Biodiversity Assessment
Report of the Arctic Council (Chris-
tiansen & Reist 2013). Case studies
build ecological concepts, but the
lack of time series and deficient key
data on biodiversity, life histories and
physiological constraints clearly pre-
vent credible assessments and fore-
cast modeling (Flyvbjerg 2006, Chris-
tiansen et al. 2014, Boero et al. 2015,
Planque 2016). ‘The fewer the facts, the stronger the
opinion’: this cliché governs the current strife over
Arctic resources. Environmental and ecological con-
ditions differ greatly between the Pacific and Atlantic
sectors of the Arctic Ocean (Hunt et al. 2013, 2016,
Tremblay et al. 2015) and the regional peculiarities
preclude holistic scenarios of climate change. Here,
I offer a sneak peek into the future and alleged fate
of ocean fishes primarily in the Arctic sector of
the Nordic Seas (Paasche et al. 2015). I base my
 opinion on qualified guestimates from recent case
studies and reviews in Arctic marine ecology and
 climatology.

PRESENT STATE OF ARCTIC OCEAN FISHES

The study of Arctic ocean fishes is still exploratory
but about 220 species are currently described from
the Arctic seas sensu strictu, i.e. excluding larger
parts of the sub-Arctic Bering, Barents and Norwe-
gian Seas (cf. delineations in Mecklenburg et al.
2011). This number is likely to change as new areas
become accessible for scientific surveys (Witze 2016),
taxonomic issues are addressed (Mecklenburg &
Steinke 2015), and as more species from lower lati-
tudes move into the Arctic Ocean proper (Fossheim
et al. 2015). Although the terms ‘Arctic’ (capital A)
and ‘arctic’ (lower case a) are often considered syn-
onyms, care is required for the ocean fishes: the noun
‘Arctic’ is a mere toponym whereas the adjective
‘arctic’ specifies a zoogeographic category of fishes
constrained by functional biodiversity and oceanog-
raphy. In other words, ‘Arctic fishes’ comprise all
 species occurring within the geographic realm of the
Arctic seas whereas ‘arctic fishes’ are further rest -
ricted to those species that are distributed and re -
produce mainly in ice-laden waters (i.e. with water
temperature ≤0°C), and only infrequently occur in
adjacent boreal waters (Mecklenburg & Steinke
2015). Table 1 shows the zoogeographic affiliation

among Arctic fishes, and follows the delineations and
definitions outlined in Mecklenburg et al. (2011)
and Mecklenburg & Steinke (2015). From a zoogeo-
graphic standpoint more than half of the species are
boreal (53.4%), barely 26% are considered true
 arctic and only 3 of these—polar cod Boreogadus
saida, navaga Eleginus nawaga and Arctic flounder
Liopsetta glacialis —are of commercial interest and
also support subsistence fisheries of indigenous peo-
ples (Ellis 1962, Christiansen et al. 2014).

Conservation and ecological outcomes of dwin-
dling sea ice must be viewed in context of species’
life histories, physiological constraints and trophic
roles (e.g. Cooke et al. 2014). Arctic fishes occur from
the littoral zone and deep waters of fjords, via
troughs and shelves to the abyssal plains of the Arctic
Ocean. But most are not directly associated with the
sea ice (Fig. 1) and the most prominent and species-
rich fish families found in the Arctic, i.e. eelpouts
(Zoarcidae, n = 39), sculpins (Cottidae, n = 30), snail-
fishes (Liparidae, n = 20) and pricklebacks (Stich -
aeidae, n = 12), are all considered non-migratory
 residents of the seafloor (‘demersal’) as adults (Meck -
lenburg et al. 2013, Mecklenburg & Steinke 2015). A
few fishes such as gelatinous seasnail Liparis fabricii,
Arctic staghorn sculpin Gymnocanthus tricuspis and
daubed shanny Leptoclinus maculatus have plank-
tonic larvae but most species lay few demersal eggs
and often display parental care, while larval develop-
ment is direct with no intermediate planktonic stages
(Christiansen et al. 1998). Arctic fishes primarily feed
on zoobenthos (e.g. Atkinson & Percy 1992). Few are
detritus feeders, scavengers or predate other fishes
and, beneath the photic zone, they rely on olfactory
cues and chemo-tactile senses instead of eyesight, as
in the case of the Greenland shark Somniosus micro-
cephalus (Ferrando et al. 2016). Many arctic fishes
are slow-growing, long-lived and likely respond to
and reflect long-term environmental trends rather
than seasonal fluctuations. In other words, arctic
fishes share many functional traits with benthic in -
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Class Zoogeographic affiliation
Arctic Arctic- Boreal Widely 

boreal distributed

Hagfishes (Myxini) 1
Sharks and rays (Chondrichthyes) 1 1 11 2
Ray-finned fishes (Actinopterygii) 56 31 106 12
Proportion across classes (%) 25.8 14.5 53.4 6.3

Table 1. Number of fishes and fish-like vertebrates in the Arctic seas (n = 221) 
and their zoogeographic affiliation (cf. Mecklenburg et al. 2013)
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vertebrates and therefore form an integral part of the
Arctic megabenthos (Fig. 1; Renaud et al. 2015a).
Future studies of Arctic benthic communities can be
expected to underscore this fact (Johannesen et al.
2017).

By contrast, the cryopelagic (sensu Andriashev
1970) gadoids—the elusive ice cod Arctogadus gla -
cialis and the omnipresent polar cod—are the only
fishes living within sea-ice crevices for periods of
their lives (i.e. ‘sympagic’; see Fig. 1). Ice cod is
largely confined to the Arctic shelves (Aschan et al.
2009) whereas polar cod also inhabits the Arctic
Ocean proper (Melnikov & Chernova 2013, David et
al. 2016). Although polar cod does occur in open
waters, the intimate association between polar cod
and sea ice, particularly in early life, has been re -
peatedly documented across the Arctic seas (e.g.
Ponomarenko 1968, Andriashev 1970, Lønne & Gul-
liksen 1991, Karamushko et al. 1997, Bouchard &
Fortier 2008, Geoffroy et al. 2011, Hop & Gjøsæter
2013, Eriksen et al. 2015, Kohlbach et al. 2017).

Polar cod spawns mainly in January and February
and eggs may occur as late as in June in the Pechora
Sea (Rass 1968). The floating eggs accumulate in the
surface layers and develop mainly beneath the sea-
ice cover, which acts as an upturned spawning sub-
strate, shelter and feeding ground in early life (Rass
1968, Andriashev 1970, Lønne & Gulliksen 1991). In
the laboratory, polar cod eggs (1.5 to 1.9 mm dia -
meter) develop normally at −1.0 to 3.5°C in ice-free

surface layers and hatch after
between 11 wk (at −1.0°C) and
4 wk (at 3.5°C)  (Sakurai et al.
1998, Kent et al. 2016). Moreover,
eggs and larvae are euryhaline,
surviving in brackish water as
low as 5 ppt (Doroshev & Arono -
vich 1974).

Besides being a notable mem-
ber of the sympagic biota (Lønne
& Gulliksen 1991), polar cod is
the utterly dominant and abun-
dant fish species in both inshore
and offshore Arctic waters (e.g.
Hop & Gjøsæter 2013, Majewski
et al. 2017) and throughout the
entire water column from surface
to ~1000 m depth (Geoffroy et
al. 2016). Polar cod, a focal spe-
cies that makes ecosystems swing,
displays the main attributes of a
‘wasp-waist species’ (sensu Bakun
2006) because it acts at the mid-

trophic level and so regulates the abundance of
both lower and higher trophic organisms, by preying
on zooplankton and being preyed upon by other
fishes, marine birds and mammals (Welch et al.
1993, Christiansen et al. 2012, Griffiths et al. 2013,
Hop & Gjøsæter 2013, Atkinson et al. 2014). Im -
portantly, polar cod is the only true arctic fish spe-
cies that swarms, undertakes migrations en masse
between spawning and feeding grounds (Pono-
marenko 1968, Welch et al. 1993, Karamushko et
al. 1997), and so may teleconnect and drive the hori-
zontal flow of energy and nutrients from the inner
parts of fjords, across the shelves, into the  ice-
covered Arctic Ocean and vice versa (see also Kessel
et al. 2017).

PUTATIVE PROSPECTS FOR 
ARCTIC OCEAN FISHES

Sea-ice loss raises a quaestio vexata about the flow
of energy and matter between newly opened surface
waters and the seafloor biota. Arctic benthic commu-
nities are sustained by the export of biogenic matter
(‘marine snow’) from the photic zone to the seafloor
and, near-shore, macroalgal detritus (Kędra et al.
2015, Renaud et al. 2015b). As climate change pro-
gresses, rivers increasingly advect terrestrial organic
matter to the Arctic shelves and slopes (McClelland
et al. 2012, Bell et al. 2016, Hunt et al. 2016), and ice-
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Fig. 1. Habitat of arctic and arctic-boreal fish species (black bars, n = 89), cf. Meck-
lenburg et al. (2013, Table 1). The seafloor species account for ~88% of the fish fauna.
Background: Polar cod Boreogadus saida within Arctic sea ice. Photo credit: Peter 

Leopold, UiT The Arctic University of Norway
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rafted debris from discharged icebergs and melting
sea ice may constitute a source of nutrients to benthic
food webs (Hemming 2004). Also swarming plank-
tonic tunicates such as salps (Thaliacea) may effi-
ciently enhance the export of nutrients to the seafloor
(Henschke et al. 2016).

In summary, the magnitude of export following the
loss of sea ice depends inter alia on subtle inter -
actions between sunlight, stratification, nutrient sup-
ply and advection, timing of ice algae and phyto-
plankton blooms, microbial processes, and mismatch
gaps among producers and consumers (Arrigo 2014,
Leu et al. 2015, Tremblay et al. 2015, Hunt et al. 2016,
Polyakov et al. 2017).

Scenarios of sea-ice loss are probabilistic and seem
inconclusive across and within Arctic and Antarctic
ecosystems (Renaud et al. 2015a, Hunt et al. 2016).
Some argue there will be a diminished supply of bio-
genic matter to the seafloor due to pronounced strat-
ification and increased recycling in the photic zone
(Wassmann & Reigstad 2011). Others maintain that
pelagic-benthic coupling will tighten, advection and
benthic productivity will increase, and there will be
intensified invasions of benthic taxa from lower lati-
tudes (Peck et al. 2010, Barnes 2015, Renaud et al.
2015a, Bell et al. 2016). In light of climate change, the
study of advection and pelagic−benthic coupling is

key in order to understand temporal shifts in abun-
dance and functional diversity of benthic communi-
ties (Lovvorn et al. 2016, Griffiths et al. 2017). What
then are the putative prospects for the arctic seafloor
fishes and the cryopelagic polar cod (Table 2)?

Phytoplankton blooms and lumps of sinking ice
algae coincide with the melt of sea ice and ultimately
underpin and nourish seafloor communities on the
Arctic shelves (Dünweber et al. 2010, Szymanski &
Gradinger 2016) and even in the deep Arctic basins
(Assmy et al. 2013, Boetius et al. 2013). In this sce-
nario, a flourishing benthic environment would favour
the arctic fishes beneath the photic zone. Nearshore,
prolonged periods of sunlight stimulate the growth of
kelp, other seaweed and even seagrass (Clark et al.
2013, Bartsch et al. 2016, Duarte & Krause-Jensen
2016). Arctic littoral fish communities are little stud-
ied (Brand & Fischer 2016), but at lower latitudes it is
well established that subsea vegetation provides an
essential habitat as shelter and nursery for young
fishes (Steneck et al. 2002). Moreover, enhanced kelp
photosynthesis and carbon sequestration counteract
local acidification, which may sustain habitats for cal-
cifying prey organisms (Krause-Jensen et al. 2016). It
is therefore conceivable that arctic fishes in the veg-
etation zone could benefit from an early breakup of
shore-fast ice and declining sea ice (Table 2).
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HABITAT & FISH 
TAXA 

BENTHIC REALM 
Seafloor fishes 

PELAGIC REALM 
Polar cod (Boreogadus saida) 

Littoral zone Deeper waters Sympagic 

Ecological traits 

Prey availability Likely improved – 
higher prey diversity in 
subsea vegetation 

Likely improved – 
increased biogenic export 
from euphotic waters to 
the benthic biota 

Likely reduced – potential 
competition with Atlantic herring 
and Atlantic capelin 

Predatory pressure Alleviated – subsea 
vegetation as safe 
haven from predators 

Heavier – Atlantic cod and 
Atlantic haddock 

Heavier – Atlantic cod (ongoing) 
and Atlantic mackerel (potential) 

Reproduction and 
early life 

Improved – subsea 
vegetation as shelter 
and nursery 

Worsened – ovivorous 
Atlantic haddock predates 
demersal eggs 

Critical – ongoing loss of spawning 
habitat and shelter (i.e. sea ice) 
due to climate change 

Man-made 
disturbances 

 

Industrial fisheries None Critical – bycatch fisheries 
and degraded habitats 
inflicted by bottom trawls 

Bycatch and targeted fisheries (pro 
tem Russia) 

Petroleum 
exploitation and 
shipping 

Critical – oil spills 
widespread on and 
near shore habitats 

Blowouts from subsea oil 
wells may affect local 
biota 

Critical – at the egg and larval 
stages. Oil spills widespread in 
surface layers and within sea-ice 
crevices 

Table 2. Dwindling sea ice and alleged costs (dark shade), benefits (no shade) and uncertain (light shade) outcomes for arctic
fishes of the seafloor and the sea-ice associated (sympagic) polar cod Boreogadus saida. Costs and benefits are evaluated 

against key ecological traits and man-made disturbances, as discussed in the text
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Yet loss of sea ice, multi-year ice in particular, most
likely poses a severe threat to the migratory polar
cod. Polar cod shows an interesting dichotomy in
thermal biology. Although largely confined to sub-
zero ice-laden waters in its realised habitat, labora-
tory studies show that polar cod seeks ambient
 temperatures between 3 and 6°C (Schurmann &
Christiansen 1994) and attains maximum growth at 7
to 8°C (Kunz et al. 2016, Laurel et al. 2016). In effect,
polar cod acts as a cold arctic stenotherm in terms of
ecology and habitat choice but it also reveals signs of
eurythermy in physiological capacity within a tem-
perature span of at least 10°C (from −2 to 8°C)
(Whiteley et al. 2006). The idea of partial eurythermy
in polar cod is well supported in recent laboratory
studies by Drost et al. (2014), who demonstrated
recovery after acute heating to 9.5°C and first symp-
toms of cardiac arrhythmia only at between 10 and
13.6°C. It is therefore unlikely that polar cod will suc-
cumb to elevated temperatures per se. The immedi-
ate and direct threat, however, lies in the fact that
polar cod uses sea ice to propagate offspring.

Polar cod eggs are positively buoyant (Aronovich
et al. 1975) and both eggs and newly hatched larvae
(~6 mm) accumulate in contact with the sea ice (Rass
1968, Graham & Hop 1995). The eggs are delicate
and transparent and sun-protective pigments de -
velop only in larvae >10 mm (Aronovich et al. 1975,
Matarese et al. 1989, Andersen et al. 1994). These
features, combined with an early break-up of sea ice,
make the earliest life stages of polar cod particularly
vulnerable to UV-B radiation, wave motions, visual
predators and potential petroleum spills (Rass 1968,
Browman et al. 2000, Gradinger & Bluhm 2004,
Nahrgang et al. 2016). Indeed, a time series (1984−
2014) from the Pechora Sea spawning grounds al -
ready suggests a direct link between reduced sea-ice
cover and failed recruitment of polar cod (Eriksen et
al. 2015). Polar cod is shown to be half as fecund in
the Atlantic waters off Spitsbergen compared with
conspecifics in ice-laden waters (life time fecundity
~39 000 vs. 75 000 eggs per female). The underlying
causes are unclear but may lie in the distinct ecolog-
ical peculiarities of the 2 water masses rather than
the ambient temperature (Nahrgang et al. 2014).

Ocean warming and loss of sea ice also lead to con-
spicuous range shifts of fishes from lower latitudes
into Arctic waters (Fossheim et al. 2015, Kortsch
2016). Harvested species such as Atlantic cod Gadus
morhua, Atlantic haddock Melanogrammus aegle -
finus, deepwater redfish Sebastes mentella and At -
lantic herring Clupea harengus are often reported to
be ‘newcomers’ to the Arctic. Nonetheless, they were

not uncommon at high latitudes in periods with
warmer climate in the past (Hamilton et al. 2000),
and Atlantic cod even supported industrial fisheries
in Spitsbergen (latitude 80°N) in the 1870s (Iversen
1923). So it is imperative that museum collections
and older analogue sources are consulted to avoid
misconceptions about the effects of climate change
and temporal occurrences of fishes for given Arctic
seas (Ricklefs 2012, Christiansen et al. 2016).

Atlantic mackerel Scomber scombrus, on the other
hand, has recently displayed a remarkable surge in
abundance and a northward shift in distribution
range. It has been recorded around Jan Mayen
Island since 1978. Larvae have been recorded off
Spitsbergen since 2004, and adults in Isfjorden,
Spitsbergen  since 2013, while the harvest in south-
east Greenland rose from about 160 t in 2011 to
78 500 t in 2014 (Wienerroither et al. 2011, Berge
et al. 2015, Jansen et al. 2016). Atlantic herring and
Atlantic mackerel are opportunistic predators on
zooplankton and fish larvae. Being largely epipelagic
and visual predators, they would likely benefit from
loss of sea ice and improved optical conditions with
prolonged periods of sunlight across large areas
(Varpe et al. 2015). Adult Atlantic mackerel also hunt
larger fishes and may thus pose a novel risk to polar
cod. Atlantic cod is a well-known predator on polar
cod, other fishes and zoobenthos (Link et al. 2009).
Atlantic haddock also feeds heavily on demersal fish
eggs (Richardson et al. 2011). In effect, the predatory
behaviour by the 2 gadoids likely threatens both
polar cod in open waters and the arctic fishes of the
seafloor (Table 2). The diadromous Arctic charr
Salvelinus alpinus is a well-known predator on polar
cod (Ellis 1962), and range shifts of other salmonids
(Salmonidae) into Arctic waters may restructure
trophic relationships even further (Dunmall et al.
2013, Nielsen et al. 2013).

EMERGING INDUSTRIAL FISHERIES 
IN THE ARCTIC

About 60 fish species (‘stocks’) are currently tar-
geted by industrial fisheries in West Greenland,
around Iceland and in the Norwegian, Barents and
Bering Seas (Christiansen & Reist 2013). Most fish-
eries target boreal species in the sub-Arctic seas
south of the Arctic Circle, except for in the northeast
Atlantic (Christiansen et al. 2014), where extensive
fisheries for Atlantic cod and Atlantic haddock and
other species occur even on the Arctic shelves
around Svalbard archipelago at latitude 80° N (Mis-
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und et al. 2016). The most numerous stocks belong to
the righteye flounders (Pleuronectidae, n = 18 spe-
cies), the cods (Gadidae, n = 14) and the rockfishes
(Scorpaenidae, n = 9) (Fig. 2). Harvesting of demersal
stocks is particularly disturbing because bottom
trawls lead to bycatch of arctic fishes. Bycatch fishes
have no direct commercial value but they make eco-
systems work and support wildlife central to the
livelihoods of indigenous peoples (Christiansen et al.
2014 and references therein). So which fishes and
concomitant industrial fisheries may expand further
and penetrate into as yet unregulated parts of the
Arctic Ocean (Lam et al. 2016, Norris & McKinley
2017)? There is no clear-cut answer to this key ques-
tion. Fishes of the Arctic Ocean proper are hardly
studied and expanded scientific surveys may disclose
unexpected distributions (Christiansen et al. 2016).

Ice cover prevents physostome fishes from gulping
air at the sea surface, which is necessary to maintain
normal gas bladder function (e.g. Solberg & Kaart -
vedt 2014). So loss of sea ice expands the distri -
bution potential for physostome salmonids, Atlantic
capelin and Atlantic herring, at least seasonally. The
salmonids and Atlantic capelin lack the antifreeze
required to endure sub-zero ice-laden waters. At -
lantic herring, on the other hand, seems well suited
to enter the epipelagic Arctic Ocean because it effi-
ciently synthetises antifreeze all year round (Chris-
tiansen & Lynghammar 2012). The amphi-boreal
fishes (sensu Berg 1934) such as Pacific herring Clu-
pea pallasii and walleye pollock Gadus chalcogram-

mus are especially intriguing. Their exceptional, dis-
junctive distribution in either the Atlantic or the
Pacific sector of the Arctic Ocean would suggest that
they represent the marginal remnants of a phylogeo-
graphic continuum, which broke up and disappeared
from the intervening seas as the Arctic cooled (Chris-
tiansen & Reist 2013). For example, the Pacific popu-
lation of walleye pollock supports one of the largest
whitefish fisheries in the world whereas a minuscule
population in the northeast Atlantic is known to
 science from <100 specimens since its discovery in
1932 (Christiansen et al. 2005, Byrkjedal et al. 2008).
Pacific herring is common in the East Siberian,
Chukchi and Beaufort Seas with genetic lineages
that also extend into the White Sea, the Barents Sea
and in secluded fjords in northern Norway (Mikkelsen
et al. 2016 and references therein). In other words, it
is conceivable that the 2 species may repopulate the
Arctic seas once suitable environmental conditions
are present. It is noteworthy that the walleye pollock
has recently been recorded north of the Bering Strait,
i.e. in the Chukchi and Beaufort Seas (Mecklenburg
& Steinke 2015).

The bathypelagic Greenland halibut Reinhardtius
hippoglossoides and deepwater redfish are believed
primary candidates to disperse further into the
deeper parts of the Arctic Ocean (Hollowed et al.
2013, Chernova 2017, Haug et al. 2017). They appar-
ently lack antifreeze but may survive in a super-
cooled state in deeper oceanic waters (Enevoldsen et
al. 2003, Christiansen & Lynghammar 2012). Deep-

water redfish is mesopelagic, occur-
ring from 200 to 900 m above bottom
depth of 3000 m, and this species
seems particularly fit for the Arctic
Ocean given the presence of suitable
prey such as other mesopelagic fishes
and zooplankton which are abundant
at high latitudes in the northeast
Atlantic (Siegelman-Charbit & Plan -
que 2016). Atlantic cod synthesises
antifreeze in sub-zero waters (Chri -
stiansen & Lynghammar 2012), and it
is conceivable that it may leave the
Arctic shelf for an epipelagic life into
the Arctic Ocean proper; however
more hard data are needed to sup-
port this conjecture (Christiansen et
al. 2016, Ingvaldsen et al. 2017).

In the open water masses, Green-
land halibut and Atlantic cod spawn
pelagic eggs while deepwater red-
fish gives birth to live offspring.
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Fig. 2. Number of harvested fish species (‘stocks’) within fish families of the
 Arctic Ocean and adjacent seas (cf. Christiansen et al. 2014). Insets: Atlantic
mackerel Scomber scombrus and deepwater redfish Sebastes mentella—
emerging species in the Arctic (see text). Photo credit: Institute of Marine 

Research, Norway
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Atlantic herring and Atlantic capelin, on the other
hand, are substrate spawners and require spawning
grounds in shallower coastal waters to close their
reproductive cycle. But both species are also known
to undertake extensive epipelagic migrations across
deeper oceanic waters and one could foresee that
they would enter the Arctic Ocean on a seasonal
basis.

OUTLOOK

Loss of sea ice is not irreversible. The extent and
quality of Arctic sea ice have changed considerably
over historic time (Falk-Petersen et al. 2015, Hunt et
al. 2016) and the Arctic marine biota was exposed to
numerous glacial and interglacial cycles, abrupt
shifts in climate and loss of sea ice during the Quater-
nary Period—well before humans made their mark
on global change (Cronin & Cronin 2015, Hoff et al.
2016, Schaefer et al. 2016, Hoffman et al. 2017).
Although blurred by recent human activity, climate
cycles are still natural and recurring phenomena that
Arctic biota likely withstood in the past.

The 2016 slogan of the annual conference Arctic
Frontiers (www.arcticfrontiers.com/), ‘Industry and
environment’, underscores that big business sets the
agenda in exploiting Arctic resources often at the
expense of indigenous peoples (e.g. Christiansen et
al. 2014, Crook et al. 2016, Ford et al. 2016, Nystø
2017). As I see it, the most blatant and unprece-
dented consequences of dwindling sea ice relate to
emerging industrial enterprises in hitherto ice-cov-
ered seas (Norris & McKinley 2017). Large-scale
groundfish fisheries pose a real, momentous and
novel threat to the arctic fishes and other megaben-
thos in terms of loss to bycatch and habitat destruc-
tion (Christiansen et al. 2014, Degen et al. 2016).
Moreover, increased seismic and naval activity, ship-
ping and accompanying noise pollution have wide-
ranging but yet little understood consequences for
Arctic wildlife (Eguíluz et al. 2016, Simpson et al.
2016). On the bright side, man-made disturbances
are manageable even though they may not be com-
pletely eliminated (Moreno-Mateos et al. 2017).

Recent model projections of industrial fisheries
show that ocean warming enhances species turnover
across marine ecosystems but also decreases the
maximum catch potential in tropical waters such as
the Indo-Pacific. By contrast, one may expect a
many-fold rise in catches in Arctic waters (Cheung et
al. 2016). So how is the future for the Euro-Arctic
ocean fishes? Promising—for boreal species that are

invading and taking advantage of Arctic ecosystems.
Complex—for native arctic fishes that may tem-
porarily benefit from improved feeding conditions
but also face novel competitors and predators, as well
as being threatened (as bycatch) by industrial fish-
eries. Moreover, with the notable exception of polar
cod, heat thresholds for arctic fishes are barely stud-
ied (Drost et al. 2016, Leo et al. 2017). In my opinion,
the bleakest and clearest prospects concern the polar
cod, with loss of sea ice being probably the single
most important stressor for this cryopelagic species
(Table 2).

Timescale (years, decades, centuries) and geo-
graphical scale (fjords, shelves, deep open seas) shape
our perception and interpretation of climate change
(Jenkins & Uyà 2016). The Arctic seas are diverse
and dwindling sea ice may temporarily enrich ben-
thic habitats in one region but impoverish them in
another. The strength of stratification (Wassmann &
Reigstad 2011, Tremblay et al. 2015, Polyakov et al.
2017) and advection (Hunt et al. 2016) seem key fac-
tors affecting the extent of energy and biogenic mat-
ter exported to benthic communities to which most of
the arctic fishes belong (Fig. 1).

As an immediate step, it is wise to recognize our
ignorance by fully adopting the  precautionary prin-
ciple, for example through a provisional ban on bot-
tom trawling on the Arctic shelves (Christiansen et al.
2014, Jensen 2016). An upcoming fleet of ice-going
research vessels will soon form the backbone of sci-
entific endeavours to close knowledge gaps and, pro-
vided politicians take note, will help mitigate our
environmental footprint in the Arctic seas (Witze
2016).
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