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Temperature-dependent processes:
particularly important in poikilotherms

• Zooplankton (e.g.copepods)

– Egg production

– Stage duration

– No. generations per year

– Maximum individual size

• Fish (e.g. cod)

– Growth rate

– Egg production

– Egg development rate

– Larval development rate

– Feeding activity

– Time of settlement

– Year-class strength

– Age at maturation

– Maximum individual size

– Geographical distribution of 
population
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Spotted wolffish: Imsland et al. (2006)  Aquaculture

Atlantic halibut: Jonassen et al. (1999) Journal of Fish Biology ; Bjõrnsson and Trygvadóttir (1996) Aquaculture

Arctic charr: Larsson and Berglund (1998) Journal of Fish Biology

Atlantic cod: Otterlei et al. (2000) Can J. Aquat. Fish.; Bjõrnsson et al. (2007) Aquaculture

Atlantic salmon: Handeland et al. (2008) Aquaculture

Pollock: Person-Le Ruyet et al. (2006) Aquaculture

Red abalone: Steinarsson and Imsland (2003) Aquaculture 

Turbot: Imsland et al. (2001) Aquaculture ; Van Ham et al. (2003) Aquaculture

European seabass:  Person-Le Ruyet et al. (2004) Aquaculture

Barramundi: Katersky and Carter (2007) Aquaculture

Specific Growth Rate (SGR) for several fish species

Dome-shape temperature adaptations in poikilotherms

Sundby (2009)
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The temperature-dependent dome shape also varies
among stages for one specific species

The example of Atlantic cod



Seasurface Temperature, 1 July 2026
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Global climate change will displace the thermal zones poleward.
Marine species must follow after – or go extinct

Major consequences: 
1. Habitas of Tropical and and Arctic/Antarctic species will encounter strong pressure
2. Shift in composition in Warm-temperate and Boreal regions to more warm-adapted species



Poloczanska et al. (2013) 

Meta analysis of poleward displacement of
1735 marine populations over an average
period of 41 years

Poleward shift in marine species world-wide has already happened



Poloczanska et al. (2013) 

At smaller scales, such as in the North Sea, species displacement has occured in all direction

WHY?



Cod abundance has decreased and 
distribution ”collapsed” to the northeastern North Sea shelf (Atlantic water)

Maps from Heessen, Daan and Ellis (eds.) (2015)

Whiting: first abundance increased and distribution expanded eastwards
Thereafter abundance decreased and distribution ”collapsed” to the British east coast (British coastal water)

«Endemic» species



Hake has increased in the North Sea, 
invasion from the western part of the British Isles to the northeastern shelf of the North 

Sea (along the Atlantic inflowing water)

Maps from Heessen, Daan and Ellis (eds.) (2015)

Deep-water «invasive» species

Poor cod has increased in the North Sea, 
invasion from the western part of the British Isle to the western part of the North Sea



Anchovy has increased in the North Sea, 
Expansion from the southern part of the North Sea and northwards

Maps from Heessen, Daan and Ellis (eds.) (2015)

Pelagic «invasive» species

Sardine has increased in the North Sea, invasion probably from the English Channel 
to the western part of the British Isles and  to the German Bight

?



KINO-rapporten (2017)

SUMMARY OF CHANGES OF DISTRIBUTIONS  IN SOME NORTH SEA SPECIES



”Traditional” seasonal 

distribution between 

Bay of Biscay 

and North Sea  

Atlantic mackerel

observations from 1994

Uriarte and Lucio (2001)xxxxxxx  Uriarte et al. (2001)

Centre of gravity starting to 

move towards north

observations from 1997 and 1998



Catches in 

Icelandic waters

Atlantic mackerel

1996-2010

Start of 

Icelandic 

commercial 

fishing

From Astthorsson et al. (2012) ICES Journal of Marine Science:

Red dots: 
research vessel catches

Blue dots: 
commercial catches
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Distribution of mackerel summer 2013

From E and 

Norway

to Greenland 

Iceland,

Svalbard,

Nøttestad et al. (2013)

Overlapping 
herring

Astthorsson et al. (2012)



Cod along the southern
habitat range is under 
pressure towards north

Cod along the northern
habitat range is advacing
further into the Arctic

Recent extension of Atlantic cod poleward of the North Sea



Projected change in SST 
2010-2041 (January–
March) under RCP 4.5 

ROMS downscaling from NorESM1-M 
Kjesbu et al.(2021) Fish and Fisheries



Kjesbu et al.(2021) Fish and Fisheries



Kjesbu et al.(2021) Fish and Fisheries



Concluding remarks

• Temperature is only one of several climate variables affecting marine ecosystems

• Climate variables affects fish stocks DIRECTLY and INDIRECTLY through other trophic
levels of the food web

• One POWERFUL DIRECT impact of temperature is the poleward displacement of fish
stocks in response to global climate change

• This is because fish stocks are zonally distributed in the world oceans according to their
(rather narrow) temperature adaptations

• Marine ecosystems of European shelf seas are exposed to shifts from boreal (cold-
temperate) to warm-temperate species

• Such changes have already taken place over the past 40 -50 years - and will continue to 
occur under the onward global climate change
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