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ABSTRACT

Aim A focal task for invasion biology is to identify the environmental variables

and biological traits that set and underpin realised and potential habitats of

invasive species. Ecophysiology provides powerful empirical knowledge that

connects theory with natural phenomena and may improve the accuracy of

species distribution modelling. We used the introduced Kamchatka red king

crab Paralithodes camtschaticus of the Barents Sea as a prime case to show how

thermal behaviour may drive the spreading of a marine invader in context of

ocean warming. Finally, we discuss the conceivable consequences for a pole-

ward spread of invasive top predators on native marine biota, conservation and

management policies.

Location Barents Sea, Euro-Arctic shelves, Northeast Atlantic.

Methods We used novel and non-manipulative tests which allowed adult red

king crab to freely select and monitor ambient temperature in situ across

a < 1–14 °C gradient by means of a temperature data storage tag attached to

the carapace.

Results Adult red king crab, irrespective of body size, maturation stage and

nutritional state, (1) displays clear behavioural thermoregulation in a hetero-

thermal environment and, (2) conclusively selects temperatures in the coldest

end of a gradient and avoids temperatures > 4 °C. The final thermal preferen-

dum matches completely present day Arctic shelf temperatures north and east

in the Barents Sea.

Main conclusions This is the first published study on the thermal behaviour

of a marine invasive top predator. Our tests and the concurrent realised habitat

north-east of Kola Peninsula suggest that the introduced red king crab is capa-

ble of invading the Euro-Arctic shelves in less than three decades. We argue

that current management practices of the introduced red king crab compromise

Arctic biodiversity and conservation and, to counteract further spreading, we

recommend free fisheries on this species across its entire distributional area in

the Northeast Atlantic.

Keywords

Arctic shelves, invasive species, Kamchatka red king crab, Paralithodes

camtschaticus, prospect spread, realised and potential habitats, thermal behaviour.

INTRODUCTION

Biological invasions are generally considered a major threat

to native organisms and, in the light of climate change and

increased human activity, native biota of the Arctic seas and

shelves is particularly at risk of being confronted by invasive

species (CAFF, 2013; Fernandez et al., 2014). Climate

change and ocean warming presently shift range boundaries

of fishes and other marine organisms northward (Hollowed

et al., 2013; Poloczanska et al., 2013; Christiansen et al.,
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2014), and direct human activity mediates the spreading of

non-native species (Havel et al., 2015) either by infrastruc-

ture such as water channels (Lepp€akoski et al., 2002; Keller

et al., 2011), accidental leakages from aquaculture and ship-

ping enterprises (Miller & Ruiz, 2014; Ware et al., 2014) or

by managed translocations (deliberate introductions). There-

fore, knowledge of environmental preferences and thresholds

for invasive species in novel environments is fundamental

to assess their potential spreading and impact on native

biota and to initiate proper counter measures for conserva-

tion (Ricciardi et al., 2000; Somero, 2005; Cooke et al.,

2014).

Big pictures and concepts in conservation biogeography

and invasion biology are rooted in case studies that connect

theory with natural phenomena. The Kamchatka red king

crab (hereafter red king crab), Paralithodes camtschaticus

(Tilesius, 1815), Lithodidae, is a prime case to gain impor-

tant insights to how marine invasive species may disperse

and impact native biodiversity and conservation sensu lato

because its history, from the first and failed attempts of

translocation in the 1930s (Yu. I. Galkin cited in Timofeev,

[1999]) into the full-grown invasive species of today, is

meticulously documented. The red king crab, a native and

valuable fisheries resource to the Bering Sea and the North

Pacific, is the most prominent and infamous example of a

marine invasive species intentionally introduced to the

Northeast Atlantic (Sundet, 2014). In the period 1961–1969,
scientists from the former Soviet Union successfully trans-

ferred the animal from the Far East (Peter the Great Bay and

Sea of Okhotsk, Fig. 1) into the Barents Sea to support com-

mercial fisheries in the Kola region (Orlov & Ivanov, 1978).

Since then, the red king crab has become firmly established

in the Barents Sea biota, and the population has increased

from a mere ~ 2600 introduced adults during the 1960s to

an estimated peak abundance of > 20 million adult speci-

mens in 2003 (Orlov & Ivanov, 1978; Matishov et al., 2012).

The animal is currently spreading westward along the Nor-

wegian coast of Finnmark and to the north-east in Russian

offshore waters (Sundet, 2014) (Fig. 1). Speculations about

the spreading of red king crab now and again spark eye-

catching headlines in the international press such as: “. . . a

red army of monster crustaceans – marshaled by Soviet-era

leaders – is threatening to invade Western Europe . . .as far

south as Spain and Portugal . . .” (National Geographic,

2004).

The study of invasive species intersects multiple disciplines

spanning from biology to social sciences and management

(Richardson & Whittaker, 2010). A key topic in invasion

biology is to identify the environmental variables and biolog-

ical traits that define and underpin realised (confirmed pres-

ence) and potential (threshold) habitats of introduced

species in both donor and recipient areas (Jim�enez-Valverde

et al., 2008). Empirical knowledge of environmental prefer-

ences and physiological tolerances is deemed particularly

valuable to pinpoint potential habitats and invasion routes –
core issues for spread models, integrating statistical and

mechanistic approaches, and in forecasts of realistic dispersal

scenarios for invasive species (Somero, 2005; Kearney &

Porter, 2009; Franklin, 2013).

In view of ocean warming, ambient temperature has

become the most pervasive abiotic variable that governs the

spatial distribution and the geographic spreading of ectother-

mic animals. Crustaceans have body temperatures similar to

that of the surrounding water but, in hetero-thermal envi-

ronments, freely moving animals may readily regulate body

temperature by actively seeking temperature zones that opti-

mise physiological processes such as food conversion and

growth, that is display behavioural thermoregulation (Lagers-

petz & Vainio, 2006).

The terms acclimation and acclimatisation denote pheno-

typic adjustments to abiotic stimuli in the laboratory and in

nature, respectively (Cossins & Bowler, 1987). When sub-

jected to a thermal gradient in the laboratory, ectotherms

eventually gravitate towards a stable and narrow thermal

zone, the final thermal preferendum (FTP), which is consid-

ered to be a species-specific trait unaffected by thermal his-

tory, for example acclimation temperature (Fry, 1947;

Jobling, 1981). In fishes, the FTP is usually obtained after

24–48 h in a gradient. In nature, on the other hand, the rea-

lised thermal acclimatisation zone is defined by a multitude

of non-thermal variables such as life cycle stage, prey–preda-
tor relationships, growth trajectories, infections and hypoxia

that should be considered in studies of thermal preferenda in

ectotherms (Christiansen et al., 1997; Lagerspetz & Vainio,

2006; Somero, 2010; Golovanov, 2013; Killen, 2014).

Species-specific responses to cold and heat preclude

uncritical extrapolations across ectothermic taxa and biomes

and necessitate tailored tests for focal species in question. In

its native Pacific waters, red king crab occurs across ambient

temperatures -1.8–18 °C (Matishov et al., 2008; Stevens &

Lovrich, 2014). In the Barents Sea, the thermal habitat of red

king crab is less studied, but finds span ambient tempera-

tures -0.8–8.5 °C, with males predominantly at 4–6 °C and

females at 5–7 °C (Pinchukov & Sundet, 2011). A shortage

of empirical data on the thermal behaviour and environmen-

tal thresholds for larvae and adults clearly hamper substanti-

ated distribution modelling and spread scenarios of red king

crab in the Northeast Atlantic.

Through a series of novel and non-manipulative labora-

tory experiments, we tested temperature selection and FTP

by adult red king crab and provide the first strong indices

for a potential spread of this introduced species northward.

An invasion of red king crab onto the Euro-Arctic shelves

will inevitably have wide consequences for ecology, conserva-

tion and socio-economy albeit the magnitude of impact is as

yet speculative. Our results are discussed in context of rea-

lised and potential habitats, ocean warming and Arctic mar-

ine wildlife. We argue that current (mis)management

practices of introduced red king crab may compromise Arc-

tic biodiversity and conservation as outlined in the recent

Arctic Biodiversity Assessment Report commissioned by the

Arctic Council (CAFF, 2013).
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METHODS

Test animals

Intact adult male and female red king crab were collected in

crab pots in Varangerfjorden and Tanafjorden, North Nor-

way, and transported live to the Aquaculture Research Sta-

tion in Tromsø, Norway. Animals were ID-tagged and

distributed in 700 l holding tanks supplied with stable run-

ning seawater (~ 6.5 °C, salinity ~ 32) and held at the natu-

ral photoperiod (~ 70 °N, midnight sun: 17 May–20 July).

During the acclimation period (primo February–mid June

2007), animals were fed in excess manufactured pellets for

cod culture (Dana Feed A/S) and fish carcases.

Tests of thermal behaviour

Altogether 26 adult animals pertaining to three maturation

groups were tested in a temperature gradient (Table 1): sexu-

ally mature males (SMM, n = 12), immature females (IFM,

n = 7) and ovigerous females (OFM, n = 7). Temperature

tests were conducted in two flow-through PVC channels
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Figure 1 Upper panel – geographic

distribution of native and invasive

(introduced) Kamchatka red king crab

Paralithodes camtschaticus (modified

from R. Pravettoni, http://www.grida.no/).

The filled circle denotes the main site of

sampling (Peter the Great Bay near

Vladivostok), and the filled triangle

denotes the main site of introduction

(Kola Bay near Murmansk). Lower panel

– near bottom temperatures of the

Barents Sea in August–September 2009

(modified from Boitsov et al., 2012):

> 4 °C (dark grey), 0–4 °C (grey) and

< 0 °C (light grey). The 0–4 °C area

demarcates the potential thermal habitat

for introduced animals (cf. Fig. 3).
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(water volume: 2.6 9 0.9 9 0.3 m). A stable horizontal ther-

mal gradient, range: < 1–14 °C, was obtained by mixing

cooled and warmed water at four length ward sites with sep-

arate inlets and outflows. Valves ensured that the gradient

could be reversed or turned off and on within minutes. Tem-

peratures were checked daily, and water flow was adjusted

accordingly to secure gradient stability. At the start of a test,

a single animal was removed from the holding tank, and a

temperature data storage tag (DST, iBKrill-AlphaMach, Inc.,

QC, Sainte-Julie, Canada) was attached dorsally to the cara-

pace. The DST was programmed to log ambient temperature

every 3 min, that is a 24-h test period would render 480

temperature recordings per animal. In effect, an animal was

left undisturbed during tests while it freely monitored the

selected temperature across the < 1–14 °C gradient (Fig. 2).

Prior to the main tests, a series of pilot studies were success-

fully run by reversing the gradient to ensure that animals

actually responded to temperature per se and not to the

channel or surroundings. Direct observations also revealed

that animals were not unduly affected by the DST.

From 20 March to 16 June, single animals were tested

twice in the gradient, that is both fed and unfed. Unfed ani-

mals were food deprived for about 2 weeks prior to the test.

The animals were left in the gradient for 48 h without access

to food. During the first 24 h, animals were allowed to

habituate to the gradient. Only data logged during the last

24 h were used in the subsequent analyses. Temperature data

were downloaded to a PC, and tested animals were returned

to the holding tank.

Data analyses

Selected temperatures within and across maturation groups

(n = 480 logs per animal per test) were analysed using ANO-

VA with data compared to a normal distribution using Kol-

mogorov–Smirnov Lilliefors. Homogeneity was checked

using Levene’s test (SYSTAT v. 12-Systat Software, Inc., San

Jose, CA, USA). Data are presented as mean � standard

error (SEM), and statistical significance was assumed when

P < 0.05. Individual test data are available upon request to

the senior author (J.S.C.).

RESULTS

The temperatures selected by individual red king crab are

disclosed in Fig. 3a–f. Animals explored the entire tempera-

ture range of the gradient < 1–14 °C (Table 1; Fig. 2) but

68–78% of the temperature recordings gravitated within the

< 1–4 °C zone (Fig. 3). The selected mean temperature (ST)

was completely decoupled from body size (carapace length,

CL: 100–148 mm) irrespective of maturation group and

nutritional state (ST = 0.009 CL + 2.97, r2 = 0.019, P = ns,

n = 50) and ranged from 2.5 °C � 0.3 in fed IFM to

3.5 °C � 0.4 in unfed OFM (Table 1). However, there were

no statistical differences in selected temperature neither

within nor across maturation groups (F2,50 = 1.43,

P = 0.249) (Table 1). The overall selected mean temperatures

Table 1 Temperature means (� SEM) and ranges selected by introduced Kamchatka red king crab Paralithodes camtschaticus in a

thermal gradient (< 1–14 °C) during a 24-h test period

Group Animals (n) CL (mm) Tests (n) Temperature logs (n)

Selected temperature (°C)

Fed Unfed

SMM 12 108–121 24 11,520 2.7 (0.2) 3.0 (0.2)

0.9–13.5 1.3–13.5

IFM 7 100–115 14* 6,240 2.5 (0.3) 2.7 (0.3)

1.0–13.7 1.8–13.5

OFM 7 112–148 14* 6,240 2.9 (0.2) 3.5 (0.4)

2.0–13.5 0.6–13.5

There were no statistically significant differences in temperature selection neither within nor across groups.

CL, carapace length; SMM, sexually mature males; IFM, immature females; OFM, ovigerous females.

*One test on fed animals excluded from statistical analysis (cf. Fig. 3c, e).
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Figure 2 Temperatures selected and recorded by introduced

Kamchatka red king crab Paralithodes camtschaticus exemplified

by 12 fed males (SMM, n temperature logs = 5760) tested

individually for 24 h in a thermal gradient (< 1–14 °C). Filled
symbols depict the thermal footprints of the 12 animals

combined, and the horizontal shaded bar indicates the stable

acclimation temperature (~ 6.5 °C) of the holding tanks. See

text and Table 1 for further information.
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in the gradient, on the other hand, were significantly below

(3.0–4.0 D°C) the acclimation temperature of the holding

tanks (~ 6.5 °C) (Fig. 3).
To sum up, our study shows that adult red king crab, irre-

spective of body size, maturation stage and nutritional state,

(1) displays clear behavioural thermoregulation in a hetero-

thermal environment and, (2) conclusively selects tempera-

tures in the coldest end of a gradient (2.5–3.5 °C) and avoids

temperatures > 4 °C (Fig. 3).

DISCUSSION

Looming invasion of introduced red king crab onto

the Euro-Arctic shelves

Native Pacific and introduced Atlantic populations of red

king crab show similar genetic diversity which suggests that

alleged founder effects are insignificant and that the disjunct

populations share the same physiological capacity for spread-

ing into new areas (Jørstad et al., 2007; Grant et al., 2014).

Experimental studies with live animals have pros and cons.

Laboratory animals collected in the field are inevitably artifi-

cially selected and do not necessarily reflect natural popula-

tions. On the other hand, our tests were simple and the red

king crabs were able to freely and undisturbed explore the

entire temperature gradient, regulate body temperature by

behavioural means and log ambient temperatures in situ

(Fig. 2). A high level of precision (reproducibility) was

obtained for all the tested animals (Fig. 3), and the accuracy

(true value) is deemed credible as the selected mean temper-

atures were well within those observed in the field (Pinchu-

kov & Sundet, 2011). Moreover, the selected mean

temperatures in the gradient were consistently lower than the

imposed acclimation temperature of the holding tanks

(Fig. 3). This suggests that the animals actually gravitated

towards their FTP within 48 h in the gradient.

Freely moving crustaceans avoid extreme temperatures by

behavioural thermoregulation (Lagerspetz & Vainio, 2006).

Although red king crab entered gradient extremes 0.6 and

13.7 °C (Table 1), the bulk of recordings (~ 72%) was

obtained within the < 1–4 °C temperature zone (Fig. 3).

Fishes generally seek higher temperatures during the spawn-

ing season compared with other life stages (Christiansen

et al., 1997). A relatively high mean temperature was selected

by OFM (3.5 °C), but it was not statistically different from

those of the other groups (2.5–3.0 °C). Nutritional state (i.e.

fed vs. unfed) also affects temperature selection in fishes but

results are inconclusive (Christiansen et al., 1997). Fed and

unfed red king crab, on the other hand, selected similar tem-

peratures. Interestingly, a growth study of introduced red

king crab showed that adult males fed at and subjected to

constant temperatures 4, 8 and 12 °C had the better food

conversion efficiency at the lowest temperature (Siikavuopio

& James, 2015). The selected mean temperature (2.7 °C) by

fed males (Table 1; Figs 2 & 3a), thus, suggests that food

conversion is even more efficient at ambient temperatures

< 4 °C. For technical reasons, red king crabs were tested one

by one and an experimental shortfall may lie in the fact that

the species is gregarious by nature (Sundet, 2014). Social

interactions may affect temperature selection in fishes (Chris-

tiansen et al., 1997), but this has yet to be tested for crusta-

ceans.

The FTP depicts the temperature zone within which bio-

chemical and physiological processes become fine-tuned

(Hochachka, 1991). The FTP is readily measured under the

stringent settings of a laboratory. In nature, on the other

hand, the complex, subtle and often impenetrable interplay

linking biology, environment and climate sets the realised

thermal habitat of a species, and inevitably weakens the accu-

racy and predictive power of species distribution modelling

drawn solely from field and statistical metrics (Christiansen

et al., 1997; Somero, 2005; Bellard et al., 2013; Franklin,

2013). For example, polar cod Boreogadus saida (Lepechin,

1774) is an abundant gadoid in the subzero waters of the

Arctic seas (Christiansen & Fevolden, 2000) but, in the labo-

ratory, the species selects considerably higher temperatures

(3–5 °C) and shows pronounced hardiness to ~ 14 °C
(Schurmann & Christiansen, 1994; Christiansen et al., 1997).

In effect, the polar cod is both a cold stenotherm in its rea-

lised habitat and a eurytherm in physiological capacity – a

eurythermy that might be elicited once environmental condi-

tions change. In other words, the manifestation of realised

and potential habitats differs in temporal scale: the realised

habitat results from short-term changes in environment and

biotic interactions while the potential habitat reflects adapta-

tions carved on an evolutionary time-scale.

To identify the underlying environmental, ecological,

behavioural, physiological and genetic mechanisms of rea-

lised and potential habitats is a focal task for conservation

biogeography and invasion biology (Somero, 2005, 2010;

Franklin, 2013; Fordham et al., 2014). Following the above

considerations, the FTP is an empirical metric that gives

powerful and accurate insights to dispersal potentials inferred

from ambient temperatures that are selected and, in particu-

lar, avoided by ectotherms in nature.

Near seafloor temperatures > 0 °C cover ~ 70–95% (years

2000–2010) the area of the Barents Sea (Boitsov et al., 2012),

and the FTP of the introduced red king crab (Table 1)

matches completely present day shelf temperatures west and

north of Svalbard Archipelago at latitudes ~ 74–80 °N, large
parts of the northern and central Barents Sea and to the

north-east of Kola Peninsula (Boitsov et al., 2012; Fig. 1).

Notably, the latter area was recently invaded by red king

crab. Our tests and the concurrent realised habitat off Kola

indicate that the introduced red king crab may indeed invade

the Euro-Arctic shelves < 4 °C and, thus, abate speculations

about a southward spreading.

Data on dispersal rates for the introduced red king crab are

scarce. Occasional observations of single animals along the

Norwegian coast south to Bergen (~ 60 °N) and one extraor-

dinary find in the Mediterranean Sea are all ascribed trans-

plants from fishing vessels or ballast water (Faccia et al., 2009;

1008 Diversity and Distributions, 21, 1004–1013, ª 2015 John Wiley & Sons Ltd
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Sundet, 2014). A recent tag-recapture study from the Barents

Sea, on the other hand, revealed that most adult red king

crabs cover a distance < 30 km year�1 while some individuals

may disperse > 100 km year�1 (Windsland et al., 2014). In

other words, a conservative dispersal rate of 25 km year�1

corresponds ceteris paribus to a full latitude (~ 60 nmi) every

4–5 years and about three decades for adult red king crab to

reach the Arctic shelves north in the Barents Sea.

Whereas adult red king crabs actively explore new terri-

tory, the meroplanktonic larvae are subjected to and dis-

persed by the prevailing currents of the Barents Sea: Atlantic

water feeds the northbound Spitsbergen Current on the west

and the eastbound Murmansk Current on the north-east (cf.

map in Boitsov et al., 2012). A Lagrangian drift study based

on the hydrography and the distribution of sexually mature

red king crabs in years 1998–2000 showed that virtual larvae
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Figure 3 Number of observations within temperature intervals selected and recorded by introduced Kamchatka red king crab

Paralithodes camtschaticus tested individually for 24 h in a thermal gradient (< 1–14 °C). One observation corresponds to a time period

of three min. SMM = sexually mature males, IFM = immature females, OFM = ovigerous females. All animals are shown to reveal
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Unfed animals. Raw data for fed SMM are shown in Fig. 2. The vertical shaded bars indicate the stable acclimation temperature

(~ 6.5 °C) of the holding tanks. See also Table 1 and Fig. 2 for variability in selected temperature.
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were mainly advected eastward by the Norwegian Coastal

Current (Pedersen et al., 2006). Therefore, it is worrying to

realise that a ‘fast track advection’ of larvae into the Arctic

shelf areas is to be expected once ovigerous red king crabs

enter the source of the Spitsbergen Current on Tromsøflaket

Bank north of Troms County (Sætre & Aure, 2007; Boitsov

et al., 2012; Fig. 1).

Besides ambient temperature, bathymetry is deemed a

major threshold for marine zoobenthos (Brown & Thatje,

2014). In its native Pacific waters, red king crab occurs

mainly at depths < 100 m (Stevens & Lovrich, 2014). In the

Barents Sea, a sub-Arctic shelf sea with a mean depth

~ 230 m (maximum ~ 500 m), ovigerous red king crabs are

known from the shallows to depths ~ 270 m (Pinchukov &

Sundet, 2011; IMR, 2014). Interestingly, the realised bathy-

metric habitat for a range of benthic invertebrates is consid-

erably shallower than that disclosed from experimental

studies on the physiological thresholds to hydrostatic pres-

sure for the same taxa (Brown & Thatje, 2014). Species of

king crabs (Lithodidae) may reach the deep sea (Hall &

Thatje, 2009), and it is conceivable that the introduced red

king crab, a stenobar in its realised habitat, is a physiological

eurybar capable of exploring greater depths. As a noteworthy

analogue, king crabs of the Southern Ocean now reoccur in

the warming waters on the Antarctic Shelf (1–2 °C) after

they allegedly disappeared from the region during the cool-

ing period some 15 Ma (Thatje et al., 2005; Hall & Thatje,

2011; Smith et al., 2012; Anosov et al., 2015).

Contentious management policies imperil

conservation aims

The introduced red king crab is monitored and managed by

Norway and Russia (Sundet, 2014). In Norway, the manage-

ment policy for red king crab is at odds because the species

is handled both as a resource and a nuisance (Falk-Petersen

& Armstrong, 2013): the fisheries for red king crab are regu-

lated by quotas in the eastern part of Finnmark, and free

fisheries are encouraged outside the regulated areas on the

west. On one side, to serve socio-economic demands, red

king crab is considered a valid and lucrative resource for the

coastal fleet and in local aquaculture and the stock should be

maintained at a sustainable level. On the other hand, to serve

conservation aims and to honour international agreements

(Keller et al., 2011), the red king crab is viewed as a poten-

tially harmful invasive species that should be eradicated. In

Russia, the invasive red king crab is simply considered a

valuable commercial resource, as intended by former Soviet

authorities some 55 years ago.

It has been opined that invasive species are harmless to

marine biota and may even add to local biodiversity (Briggs,

2013), but this and similar arguments were countered by

Richardson & Ricciardi (2013). Following the impact catego-

ries outlined by Blackburn et al. (2014), the introduced red

king crab is certainly not harmless after its outbreak as an

invasive species in the 1990s (Matishov et al., 2012), and

numerous studies convincingly demonstrate its massive and

deleterious impact on native biota (Jørgensen & Primicerio,

2007; Falk-Petersen et al., 2011; Oug et al., 2011; Mikkelsen

& Pedersen, 2012). The introduced red king crab displays all

the biological features of a successful invader: high fecundity,

high mobility, few natural enemies and a long life

(~ 20 year) (Windsland et al., 2013; Sundet, 2014). Overpop-

ulated areas, food shortage and rising temperatures in its

coastal core habitat are main factors likely to speed-up an

invasion into colder waters even further.

It is problematic to codify native and invasive species

because they form parts of a continuum in context of geo-

graphic scales and timelines (Preston, 2009; Webber &

Scott, 2012). Range expansions and contractions of species

are common and reoccurring natural processes in space

and time (Thomas, 2010). But, mediated by climate change

and direct human intervention, both tempi and scales of

dispersal have increased disproportionally (Webber & Scott,

2012; Bellard et al., 2013) and boreal and sub-Arctic mar-

ine organisms are rapidly entering Arctic waters in unprec-

edented numbers (CAFF, 2013). For example, snow crab

Chionoecetes opilio (O. Fabricius, 1788) (Oregoniidae), a

native to the North Pacific and the North American Atlan-

tic, is a recent and abundant denizen to the Barents Sea

and the species constitutes yet a confounding benthic top

predator on the Euro-Arctic shelves (Alsv�ag et al., 2009;

IMR, 2014).

We argue that ecophysiological knowledge of species’ con-

straints and options is weighty and necessary complements

for biogeography, invasion biology and ensuing conservation

actions (L€uttge & Scarano, 2004; Somero, 2010; Cooke et al.,

2014). The red king crab has a well-documented invasion

history, but knowledge about environmental preferences and

physiological thresholds is scarce still. We present the first

study on the thermal behaviour of introduced adult red king

crab and show how increasing sea temperature may trigger

the spread of this invasive top predator onto the Euro-Arctic

shelves. We emphasise that the FTP by invasive ectotherms is

only one, although important, part in spread scenarios. Tem-

perature acclimation may shift physiological thresholds in

crustaceans (Ravaux et al., 2012), and long-term laboratory

studies are warranted to disclose the effect of acclimation on

thermal preferenda and tolerances across life stages. Short-

term challenge tests, on the other hand, show that intro-

duced adult red king crab survives temperatures close to the

freezing point of seawater (�2 °C) and ambient salinities as

low as 8 (Matishov et al., 2008; Ilyushchenko & Zenzerov,

2012). In other words, neither temperature nor mesohaline

waters generated by riverine runoff to the Arctic shelf seas

(McClelland et al., 2012) seem to impede a dispersal of red

king crab further north and east. Laboratory tests should be

supplemented by field campaigns using biotelemetry and

DSTs to document realised habitats by free-ranging animals

(e.g. Hunter et al., 2013).

From a conservation standpoint, we fully support the view

that invasive species threaten native biodiversity and biota
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(Richardson & Ricciardi, 2013), and we welcome the

discourse on anthropocentrism vs. ecocentrism, cf. ‘new con-

servation science’ (Doak et al., 2014a,b; Marvier & Kareiva,

2014). In the light of ocean warming and depleted feeding

grounds in its extant habitat, we suggest that the introduced

red king crab may invade the Euro-Arctic shelves in less than

three decades. Scientific uncertainty is a hallmark in conser-

vation biology and to enforce a strict precautionary approach

towards Arctic marine biodiversity (CAFF, 2013), we find it

urgent to brand the introduced red king crab a notorious

pest and not an asset. It appears futile to eradicate an intro-

duced species once it has turned into an established invader

(Blackburn et al., 2011). On the other hand, to counteract

further spreading of the introduced red king crab, free fisher-

ies on this species should be effectuated across its entire dis-

tributional range in the Northeast Atlantic. This would

benefit local fisheries in the short-term and protect native

biota in the long term.
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