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Impacts of climate change in marine ecosystem was already in the focus of ICES before 1950

”Climatic changes in the Arctic in relation to plants and 

animals”

Preface by Gunnar Rollefsen with Appendix: Enquiry into 

the Problem of Climate and Ecological Changes in 

Northern Waters

Introductory address by Hans W:son Ahlmann

A. Contribution to Physical Changes

 Recent Climatic Fluctuations  by Leo Lysgaard

 The increase in the Sea Temperature in Northern Waters 

during Recent Years   by Jens Smed

B.  Contributions on Biological changes

  On Changes in the Marine Fauna on the North- Western 

Atlantic Area, with special reference  to Greenland  by Å. 

Vedel Tåning

  Boreo-tended Changes in the Marine Vertebrate Fauna of 

Iceland during the last 25 years  by Arni Fredriksson

 Fluctuations in the two most important Stocks of Fish in 

Northern Waters, the Cod and the Herring  

 by Gunnar Rollefsen

 On Changes inthe Distribution of Terrestrial Animals in 

Relation to Climatic Changes   by Poul Jespersen

 The Forecasting of Climatic Fluctuations and Its Importance 

to the Arctic Fisheries  by Arthur Lee

1948: ICES Special scientific meeting on 

«Climatic changes in the Arctic in relation to plants and animals»

Soviet climate time series  

from Eastern Barents Sea

1900-1948
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The subsequent ocean 

temperature declined again
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Climate response from Northeast-Arctic cod

In cooling 

phases:  

- Spawning 

sites 

displaced 

southward

- decreasing 

spawning 

stock

In warming 

phases:

- Spawning 

sites displaced 

northward

- Increasing 

spawning 

stock
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Barents Sea cod

Iceland cod

North Sea cod

Sundby (2000)

Key prey species for 

early-life Atlantic cod:

Calanus finmarchicus



Conceptual model for the combined advection of heat and 

Calanus finmarchicus from the deep-sea core production 

region onto the surrounding shelves with cod populations

Change in advection 

along a negative 

temperature gradient

Change in advection 

along the isolines of 

temperature

Change in advection along a 

positive temperature gradient

Sundby (2000)
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North Sea cod and Calanus finmarchicus



Sundby et al. (2017) KINO Report

Cod spawning areas 

1950s -1980s
Cod spawning areas 

1980s - present
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North Sea shifts in species distributions since 1980s

Sundby et al. (2017) KINO Report

Endemic

boreal 

species

«Invasive»

temperate 

species



Sundby (2000)
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Supercritical spawning 

migration length                      

due to  improved feeding 

condition in the northern 

Barents Sea

All three northeast Atlantic cod stocks have displaced their spawning areas northeastward during the recent 40 years of ocean warming 

Northward displacement of 

key spring-spawning prey 

species for the cod offspring

Supercritical tempeature for 

maturation and spawning of 

SSB

Kjesbu et al. (2023) F&F



Small long-term trend over the recent 20 years



Conclusions for the Celtic Seas cod

* Climate-induced decline/northward displacement of cod populations associated with the  

Celtic Seas are probably linked to multiple causes:

1) Most importantly, in the southernmost part of the habitat, ambient temperature for the 

maturing and spawning cod are on the limit of being supercritical  resulting in 

unsuccessful spawning.

2) In central to northern regions, change in suitable prey species (e.g. spring-spawning 

copepods like Calanus finmarchicus) may have contributed to reduced offspring survival.
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