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Outline

• Pacific Ocean
- El Niño/Southern Oscillation (ENSO)
- Interdecadal Pacific Oscillation (IPO/PDO)

• Indian Ocean
– Indian Ocean Dipole (IOD)

• North Atlantic
- North Atlantic Oscillation (NAO)

• Southern Oceans
- Southern Annular Mode (SAM)

• Observed Change in Ocean Climate and 
Fisheries



Pacific Ocean

http://www.pmel.noaa.gov/tao/elnino/nino_normal.htm
l

http://www.pmel.noaa.gov/tao/elnino/nino_normal.html#nina



Surface temperature anomalies

(red warm; blue cold)

Pacific Ocean



Pacific Ocean

Catches increase for warm water species normally caught in 
the warm season in southern California including dolphin fish, 
yellowtail and California barracuda. California sheephead, 
bonito, and swordfish, typically found in Southern California, 
are caught in northern California during warm events and 
Pacific mackerel, skipjack tuna, Pacific bonito, bluefin tuna, and 
white seabass are caught off Oregon and Washington.



Pacific Ocean

First half of 1989 (La Niña period)

First half of 1992 (El Niño period))

Lehodey et al 1997



Pacific Ocean

• Climate shifts driven by Interdecadal Pacific Oscillation (IPO)
• This is an ‘ENSO’ like feature of the climate system, but on 

longer time scales
• The IPO operates on time scales of one to three decades



Pacific Ocean

Salmon stocks from Alaska have been highly 
productive since the 1976 regime change in the 
North Pacific, 3 times more productive than in the 
1946-75 period with an eastward shift of the 
Aleutian Low pressure system, warming of the 
surface waters in the Gulf of Alaska. The warmer 
conditions and increased nutrient levels from 
upwelling in the central Alaska gyre carried 
northward toward the coast contributed to an 
increase in plankton, a source of food for young 
salmon in the ocean. 
Hare et al 1997



Pacific Ocean
Annual mean temperature 

Chavez et al. 2003



Pacific Ocean

Historical variability 
of Fish Populations 
from Sediment 
Records

Sardine and 
anchovy 
populations over 
seventeen 
hundred years 
from sediments 
off Santa Barbara, 
California.

Baumgartner, T. A. 
Soutar and V. 
Ferreira-Bartrina. 1992 



Indian Ocean
Indian Ocean Dipole (IOD)

Evolution of composite SST and surface wind anomalies from May–June (a) 
to Nov–Dec (d). Statistical significance of the anomalies were estimated by 
the two-tailed t-test. Anomalies of SSTs and winds exceeding 90% 
significance are indicated by shading and bold arrows, respectively.  Saji et 
al 1999



Height of IOD November 1997

Indian Ocean
Indian Ocean Dipole (IOD)

• Positive IOD period is characterised by cooler than normal water in the 
tropical eastern Indian Ocean and warmer than normal water in the 
tropical western Indian Ocean 
• Negative IOD period is characterised by warmer than normal water in the 
tropical eastern Indian Ocean and cooler than normal water in the tropical 
western Indian Ocean



North Atlantic
• Stronger than usual 
subtropical high; deeper 
Icelandic low
• Stronger winter storms 
crossing the Atlantic 
Ocean on a more 
northerly track
• Warm and wet winters 
in Europe; cold and dry 
winters in NE Canada 
and Greenland ern

• Weak subtropical high; 
weak Icelandic low
• Fewer weaker winter 
storms on a easterly track
• Moist air into the 
Mediterranean and cold air
to northern Europe
• US east coast more cold 
air outbreaks; Greenland 
milder winter temperatures



North Atlantic

Visbeck et al. 2003

Spatial correlation map of 
mean winter (DJFM) station 
temperature and sea surface 
temperature (SST) correlated 
against the NAO index. 

The NAO index is defined by 
Hurrell as the difference 
between the normalized 
DJFM sea level pressure 
(SLP) anomaly at Lisbon, 
Portugal and Stykkisholmur, 
Iceland



North Atlantic

Lavin et al. 2003



North Atlantic

Lavin et al. 2003



Southern Oceans
Southern Annular Mode (SAM)

• The SAM controls where and how strongly the westerly winds blow across  
the Southern Oceans
• The SAM has been trending ‘upwards’ lately

Blue shading indicates below-average 
pressures and red shading indicates 
above-average pressures

Renwick & Thompson 2006



Southern Oceans

Regressions of 
weekly-mean sea 
surface temperature 
anomalies (C) onto 
standardized
values of SAM

Ciasto et el 2009



SAM, once oscillated 
between two states, 
has remained in its 
more ‘positive mode’
since the time of the 
fish extraction. 

Southern Oceans



Observed Changes in Climate

• Temperatures are rising



Observed Changes in Climate

Dave Keeling started 
accurate measurements of 
atmospheric CO2 in 1957. 
He showed it was increasing 
faster than scientists 
originally expected.



Blue = cool (>= -1°C) Red = warm(>= +1°C)
• Oceans are warming in 0 – 700m layer

Deuterium 
(Temperature)

Observed Changes in Climate



Observed Changes in Climate

Linear trends (1955-2003) of ocean heat content 
(Wm-2) for the 0 to 700 metre layer. Contour 
interval 0.25 Wm-2

(IPCC 2007)
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Observed Changes in Climate

G. Meehl, NCAR, 2007

Surface seawater
pH has 

decreased
by 0.1 units in 

the
last 200 years
(Orr et al. 2005) 

ATLANTIC
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Reduced Abundance of Zooplankton and Temperate 
Fish Off Southern California During Two Decades of 

Warming

Ocean productivity off southern California has declined during the last 25 
years. Zooplankton levels have dropped by 80% from the 1950-70 level 
to the early 1990s, sea surface temperature increased  by 1.4°C. 
Researchers believe this was because of increased warming of the
surface layer reducing the nutrient enrichment of this layer by reducing 
upwelling of nutrients from below the thermocline

Roemmich, D. 
and J. 
McGowan. 1995

Observed Changes in Fisheries



Observed Changes in Fisheries

Deepening of North Sea bottom dwelling 
(dermersal) fish assemblages  over 25 
years by ~ 3.6 m per decade
Brander, 2005



Concluding Remarks
• ENSO causes seasonal l variability of Pacific fisheries

• IPO causes decadal variability of Pacific fisheries

• IOD cauto interannual variability in Indian Ocean fisheries

• NAO also effects seasonal variability in some North Atlantic 
fisheries

• SAM also may cause fisheries variability in the Southern 
Oceans

•Warming has caused poleward migration of fisheries

•These will require resolving between non-climatic threats with 
increasing temperatures & pro-active management




