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Outline

• Establishing salience of CC to UK fisheries

• impact on individual growth of North Sea fish 

• impact on North Sea cod spawning times

• impact on North Sea cod recruitment 

• Mitigation measures

• Adaptation to CC

• Research needs
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Temperature & marine fish – some fundamentals

• fish are ectotherms

• metabolic processes double for every 10°C increase

• fish are water breathing

• respire via gills (surface area); metabolism scales with volume

• oxygen solubility in water decreases as temperature increases



Commercial fish have long time series of age & length data

FMIG Meeting, June 2020 5 / 21

8° 6°

Baudron et al. 2011
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When fish shrink yields  because more fish are required to make up 1 tonne

Species Sub-stock Decrease in L∞
(%)

Decrease in Yield-Per-
Recruit

Haddock North 29% 38.7%

Whiting North 13% 3.1%

Whiting South 29% 48.1%

Herring North 10% 12.3%

Norway pout North 19% 22.2%

Sprat South 16% 4.0%

Plaice Male South 12% 46.2%

Sole Male South 13% 17.8%

Sole Female South 1% 15.9%

AVERAGE 16% 23.1%

Baudron et al. 2014

reductions in YPR 
have already

occurred
1970-2006



McQueen and Marshall 2017

Cod have shifted their spawning time: 
• 1 week per decade in the northern North Sea
• 2.3 weeks per decade in the central North Sea
• 0.7 weeks per decade in the Irish Sea

North Sea and Irish Sea cod are spawning earlier due to warming
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Earlier spawning of cod has implications for larval survival
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Match-mismatch hypothesis: survival (and recruitment) is high when 
there is a close overlap between production curves of fish larvae and their 

zooplankton prey (and vice versa)

Match-mismatch index



Cod are spawning earlier in the North Sea and Irish Sea →
match-mismatch index is increasing over time in three areas
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IVb

VIIa

IVa

Marshall et al in prep.

https://www.google.co.uk/imgres?imgurl=https%3A%2F%2Fstatic-movie-usa.glencoesoftware.com%2Fjpg%2F10.1073%2F885%2Fab6de134e089be9a67081f922baf52173a2c16f1%2Fpnas.1323205111.sm01.jpg&imgrefurl=https%3A%2F%2Fwww.pnas.org%2Fcontent%2F111%2F22%2F8083&docid=GCnmAjOOQTKNlM&tbnid=lXvrKVK2w7PuVM%3A&vet=10ahUKEwixrYWd-NPlAhUuxYUKHYmZBCgQMwhTKBIwEg..i&w=772&h=545&bih=691&biw=1366&q=starved%20cod%20larvae&ved=0ahUKEwixrYWd-NPlAhUuxYUKHYmZBCgQMwhTKBIwEg&iact=mrc&uact=8


As mismatch has increased due to earlier spawning→
recruitment rates of both cod stocks has decreased
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Irish Sea

North Sea

Marshall et al in prep.
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Outline

• Establishing salience of CC to UK fisheries
• impact on individual growth of North Sea fish 
• impact on North Sea cod spawning times
• impact on North Sea cod recruitment 

• Mitigation measures
• integration in fisheries management 
• decarbonisation & climate smart food production
• role of certification schemes

• Adaptation to CC
• See presentation to CLG on 19/11/2019
• climate vulnerability assessment

• Research needs
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Yield



UK Fisheries Bill designates CC as a fisheries objective
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Integrating climate change in fisheries management 
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If yields  with warming 
temperatures then the MSY 

reference points conditioned 
on historical productivity will 

not be appropriate

Kritzer et al. 2019
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wild capture 
finfish

wild capture finfish a 
climate smart food 
source, albeit one 
that is inherently 
limited by stock 

productivity
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Fish species Region Fishing method Carbon Footprint 

(kg CO2eq/ kg)

Source

Small pelagic Shetland Pelagic trawl 0.452 Sandison et al. in review

Atlantic Mackerel Galicia Pelagic trawl 0.880 Iribarren et al. (2011)

Atlantic Mackerel Galicia Purse seine 0.610 Iribarren et al. (2011)

Horse Mackerel Galicia Purse seine 0.797 Vázquez-Rowe et al. (2010)

Horse Mackerel Galicia Bottom trawl 2.28 Vázquez-Rowe et al. (2010)

Salmon UK Farmed 3.27 Pelletier et al. (2009)

Cod Norway Mixed 1.60 Winther et al. (2009)

Haddock Norway Mixed 1.75 Winther et al. (2009)

Shrimp Senegal Trawl ~ 29 Ziegler et al. (2011)

Carbon footprint of seafood



Are carbon footprints currently included in seafood ecolabels?
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0% 4% 4% 24% 72%

Included 
as 

Essential

Partially 
Included

Non-
Essential 
Inclusion

Related criteria 
included

Not 
Included

Not Included

Gradient of inclusion of carbon footprint criteria in seafood ecolabels

Sandison et al. in prep
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Combined nutrient density and climate 
impact of seafoods analyzed. Log 
transformed data scaled around average. 
Bubble size reflects Swedish consumption 
rates on a continuous scale. B beef, P pork, 
C chicken, E egg.

Hallström et al. 2019

Joined up, smart targets for seafood policy objectives
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Climate Vulnerability Assessment (CVA) 
of fish and invertebrate species is 
becoming an established tool for 

adaptation planning

Goals: 

• determine which stocks are vulnerable to CC and why

• identify data gaps and research priorities

Implementations of CVA methodology: 

• Southeast Australia (Pecl et al. 2014)

• Northeast U.S. Large Marine Ecosystem (Hare et al. 2016)
• Eastern Bering Sea (Spencer et al. 2019)

Exposure Sensitivity

Species
Vulnerability

Resilience
Adaptive 
Capacity

Inform science priorities & 
management/adaptation 

actions

Determined for 
each marine 

species



CVA for Eastern Bering Sea (Spencer et al. 2019)
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“CVA … is anticipated to be 
part of the Bering Sea Fishery 

Ecosystem Plan which will 
consider how climate change 
affects human communities 

and what types of adaptation 
strategies are suitable”
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Research priorities

• continue to grow the evidence base for climate impacts on UK fish
• examine whether current reference points are sufficiently resilient to CC
• develop tools for quantifying carbon footprint to meet policy objectives 

and decarbonisation commitments 
• explore joined up, smart targets policy objectives for achieving 

sustainability, CC, and nutrition targets
• undertake trait-based climate vulnerability assessment of fish and 

invertebrate communities in UK waters
• promote knowledge exchange to increase salience and support 

adaptation & mitigation planning
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