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Most heat is being transferred to
the oceans
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Since 1955, 84% of “global warming” is found in the ocean



Arctic warming increases river flows

Salinity change over 10 NE Atlantic Stations



...freshening & warming the Meridional
Overturning Circulation...



Arctic warming Is pumping heat
straight into the North Atlantic

Empirical SSTs 1982 — 2006; Igor Belkin & Ken Sherman



Physical changes



Probability of extreme cold and
extreme warm years

In Baltic and NS
summer temperatures
have risen 2-5 times
faster compared to
other seasons, mainly
due to the increased
frequency of extremely
warm years.

MacKenzie, B.R. & Schiedek, D. (2007) Daily ocean monitoring since the 1860s shows record warming of northern European seas.
Global Change Biology, 13, 1335-1347.



1.6°C rise In North Sea bottom
temperatures over last 25 years

North Sea Bottom temperature °C
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Warming in both summer and
particularly winter

Autumn Winter

Difference in mean annual temperature between 1980s and
1990s and 2000s

Dulvy, N.K., S.I. Rogers, S. Jennings, V. Stelzenmiiller, S.R. Dye & H.R. Skjoldal. 2008. Climate change and deepening
of the North Sea fish assemblage: a biotic indicator of regional warming. Journal of Applied Ecology 45: 1029-1039.



Component demographic
effects



Herring Norway Pout

Residual recruitment
Residual recruitment

ICES (2007) Report of the study group on recruitment variability in North Sea planktivorous fish (sgrecvap). International Council for

the Exploration of the Seas, Copenhagen, Denmark. ICES CM 2007/LRC:07, 69 pp.



Invasions



Red Mullet iInvasion

. The change in distribution of striped red mullet (Mullus
Striped red mullet (Mullus surmuletus). surmuletus) between the periods 1977-1989 and

Courtesy of Robert A. Patzner, Salzburg University. 20002005 in the first quarter (Q1) of the North Sea



Invasion of the pipefishes

Harris, M. P., Beare, D., Toresen, R., Ngttestad, L., Kloppmann, M., Dérner, H., Peach, K., Rushton, D. R. A., Foster-Smith, J. &
Wanless, S. (2007) A major increase in snake pipefish (Entelurus aequoreus) in northern European seas since 2003: Potential
implications for seabird breeding success. Marine Biology, 151, 973-983.



What seabirds prefer to eat



Pipefishes and seabirds



Potential synergistic effect of climate, fishing &
Invasion on small pelagic fishes and seabirds

“At UK colonies a major increase in the
presence of pipefish in seabird diet was
usually associated with poor or catastrophic
breeding success”

“Researchers repeatedly commented on the
difficulty chicks had in swallowing pipefish and
there were graphic descriptions of terns on
Coquet Island and the Farne Islands, and
Atlantic puffins on St Kilda with pipefish
protruding out of their bills and of chicks
choking to death trying to swallow them”

Harris, M. P., Beare, D., Toresen, R., Ngttestad, L., Kloppmann, M., Dérner, H., Peach, K., Rushton, D. R. A., Foster-Smith, J. &
Wanless, S. (2007) A major increase in snake pipefish (Entelurus aequoreus) in northern European seas since 2003: Potential
implications for seabird breeding success. Marine Biology, 151, 973-983.



Population response of
residents

Die or move”?



What Is the drive to move?

What happens if you can’t move?

Portner, H.O. & Knust, R. (2007) Climate change affects marine fishes through the oxygen limitation of thermal tolerance.
Science, 315, 95-97.



Linking physiology to demography:
If you can’t move you die
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Changing geographic distributions
of fish populations and species

bib

Range expansion of
southern species

Perry, Low, Ellis & Reynolds (2005) Climate change and
distribution shifts in marine fishes. Science 308, 1912-1915. %}




Range contraction of northern fish
species

haddock

Perry et al. (2005) Science



Deepening of North Sea fishes

Depth anomaly (m)
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Dulvy, Rogers, Jennings, Stelzenmdller, Dye & Skjoldal (2008). Climate change and deepening of the North Sea fish assemblage:
a biotic indicator of regional warming. Journal of Applied Ecology, 45, 1029-1039.



Assemblage scale responses
to climate change



Assemblage-wide depth response
to local & regional climate
variability

mean depth anomaly (m) of fish community
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Dulvy, Rogers, Jennings, Stelzenmdller, Dye & Skjoldal (2008). Climate change and deepening of the North Sea fish assemblage:
a biotic indicator of regional warming. Journal of Applied Ecology, 45, 1029-1039.



Deepening of North Sea fishes

North Sea bottom temperatures have warmed by 1.6°C in last quarter
century

The whole fish assemblage has deepened by 3.6 m decade, 22
species have deepened by 5.6 m decade!

The latitudinal response is heterogeneous due to
Northward shift of abundant, widespread thermal specialists &

Southward shift of relatively small, abundant southerly species with
limited occupancy and a northern range boundary (benefiting
from indirect impact of fishing — not enough fear!)

Latitude response less coherent than the deepening response



Life histories drive a
differential climate
shift reponse

Few species decreasing
Wolffish Anarhichas lupus
Spurdog Squalus acanthias
Ling Molva molva

Hiddink, J.G. & ter Hofstede, R. (2007) Climate induced increases in
species richness of marine fishes. Global Change Biology.



Fish species richness increasing
over time with increasing
temperature
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Hiddink, J.G., and ter Hofstede, R. 2008. Climate induced increases in species richness of marine fishes. Global Change Biology, 14: 453—-460.



Where can | learn more?



The Marine Climate Change Impacts Partnership
annual report card

e Last published 2008

* 60 scientists from 30 institutes
contributed to 26 topics

» 8 page-summary card with headline messages
« Communicates uncertainty on each topic
» Peer-reviewed backing reports online

» Highlights changes to ocean climate (e.g. warming UK seas) and impacts on
biodiversity, cleanliness and safety and commercial interests.

e 3 full report card due in summer 2010


http://www.mccip.org.uk/arc/2007/PDF/ARC2007.pdf

The MCCIP annual report card
Online version with full reviews

Annual Report Ecosystem

Partners Card

e Access to full reviews
Collaborative reviews
across institutes

Cefas: FRS; MBA

 Individual topics with
‘drop down’ menus:
Executive summaries e Ther ha been a noable nflux of snake
PDFs of full reviews narssals |
Confidence rationale
Knowledge gaps
Socio-economic impacts

[ On I I n e q u eStI O n n al re =k Executive summary

=h Full scientific review (with references)

ohb Confidence assessments

2k Knowledge gaps

ok Commercial impacts

o4 Authors

Copyright MCCIP 2008 Last Modified: February 15, 2008

www.mccip.org.uk



Raising the profile of UK marine climate change impacts
Media coverage of the 2007-2008 ARC launch

The Press Association
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MCCIP report card — Launch July 2010

Almost 100 researchers from 40 institutes
contributing to 31 topics.

Over 30 specialist peer-reviewers.

More regional level information and ‘first
look’ at implications of latest UK marine
scenarios

New topics
* human health impacts
« air-sea CO2 fluxes
» waterbirds
» deep sea habitats

Knowledge gaps and socio-economics



MCCIP Ecosystem linkages report card 2009

 MCCIP launched a new product in mid-2009 looking at
ecosystem connections:

 Topics focus down from broad scale to local
scale issues (acidification — arctic sea ice - food
webs - non-natives - coastal economies and people)

» Aimed to help politicians, policy makers, advisors
and stakeholders understand how marine climate
change impacts come together.


http://www.mccip.org.uk/elr/MCCIP-ELR2009.pdf

Summary

Climate change is already affecting fishes and ecosystems and will
potentially have profound effects in the near future

Understanding the response of fishes and fisheries will be challenging
and we may not be able to wait for the necessary mechanistic detall

But beware of invasions and ecological surprises
Considerable latitudinal and depth changes and species turnover

There is a broad life history link to the degree of response, this may be
muted in low connectivity areas, such as the Baltic and Wadden Sea.

If you can’t move you die. Might expect higher local extinction rates in
enclosed seas with lower connectivity.
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