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Normalised catches of 11
commercial fish species
(accounting for about
40% of the wo
catch) have fluctuated
together over the

20th century.

Catches also show a
strong relationship with
the Atmospheric
Circulation Index (ACI).

ACl is a large-scale,
multi-decadal climatic
Index based on the
direction of atmospheric
alr mass transfer.

Adapted from Klyashtorin
(2001)
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Regional Climatology Affects Ecosystems
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The Northern Atlantic Oscillation

NAO Index
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North sea changes

Northern North Sea
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Trends in the abundance of Calanus finmarchicus from Continuous Plankton
Recorder Survey (CPR) data. Annual mean biomass (mg C m3) in the upper 10m,
and as a proportion of the biomass of species representing all omnivorous
zooplankton. http://www.igbp.kva.se/documents/recources/NL_47.pdf
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Climate (NAO) influence biology
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Relationship between annual abundance of Calanus finmarchicus from CPR
Surveys and the winter NAO index 1958-1955 in the North Sea. Blue
triangles are from when the relationship broke down in the late 1990s.
Redrawn in Skjoldal (2004) after Reid and Beaugrand (2002)



Spawning stock biomass (SSB) of Norwegian
spring-spawning herring and the long term-
averaged temperature (the AMO signal)
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El NIino-Southern Oscillation

Historical sea surface temperature index (ENSO)
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El Niflo and La Nifa events are characterized by warmer or cooler than
average sea surface temperatures in the tropical Pacific. They are also
associated with changes in wind, pressure, and rainfall patterns. Once
developed, El Niflo and La Nifia events are known to shift the seasonal
temperature and precipitation patterns in many different regions of the world,
even ones that are distant from the equatorial Pacific Ocean.

For publications on ENSO and fisheries see:
http://www.coaps.fsu.edu/lib/elninobib/fisheries/



El Nino
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Comparison of El Nifio conditions (left) with normal conditions (right).

http://coastwatch.noaa.gov/images/Sea_Surface Temperature.ppt



Pacific Decadal Oscillation
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Normalized PDO Index and Primary Production in the Nino3
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Pacific Decadal Oscillations (PDO) index and modeled primary production
(integrated from the surface to 120m) between 1962 and 2000. During the
negative PDO, before 1978, the equatorial Pacific was cooler and primary
productivity was higher. Throughout the 1980s and 1990s, the PDO was In
the positive phase and, therefore, productivity in general was lower.
http://www.ncsu.edu/kenan/ncsi/Docs/Presentations/Duke?2.ppt



Climate change
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Time series of departures from the 1961 to 1990 base period for an annual
mean global temperature of 14.0°C (bars) and for a carbon dioxide mean of
334 ppmv (solid curve) during the base period. From Karl et al. (2003)



Temperature and CO, concentration in the atmosphere over the past 400 000 years
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Heat Content (10%J)

Heat Content (10%J)

Ocean Heat Content
0-3000m Layer, 5-yr Running Composites
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Historical data examined
shows changes in the
ocean heat content (to
depths of 3000 m) to be
slowly increasing with
substantial decadal time
scale variations related to
climate variability.

Levitus et al (Science, 1999)



Cod Recruitment and Temperature

* Faeroes
Warm Temperatures ° *:..'%' Warm Temperatures
Increases Recruitment . decreases Recruitment
iceland ¥4 Georges Bank
Barents Sea 6 North Sea

2]
West Greenland 4 Irish Sea
. -
l s Recruits T
4l Newfoundland o 10 il CelticS
) - 3 2 e:lc e:i
o o Temp ‘ 1 s
I Mean Annual Bottom Temperature | 1'1'
2 Planque and Fredou (1999)

From Drinkwater (2004)



Cod Recruitment and Temperature
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d(Recruitment)/dT
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Bottom Temperature

If BT <5 and T warms stock recruitment generally increase
If BT between 5 and 8.5C little change in recruitment

If BT >8.5 C recruitment generally decreases
| f B TC w2 dd.ndt see any cod stocks

Drinkwater (2004)



Latitude (°N)
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Examples of North Sea fish that have moved
north with climatic warming. Relationships
between mean latitude and 5-year running
mean winter bottom temperature for (A) cod,
(B) anglerfish, and (C) snake blenny. In (D),
ranges of shifts in mean latitude are shown.
Bars on the map illustrate only shift ranges of
mean latitudes, not longitudes. From Perry et
al. (2005)



North sea cod i fishing or
environment?
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Sea level changes

http://www.ipcc.ch/present/cop7/part2.ppt



