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Global Warming - Upwelling
Intensification Hypothesis

Continent Continent

Bakun 1990 Science; Bakun et al. 2010 GCB
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CLIMATE AND OCEAN ECOLOGY OF
RUSSIAN RIVER CHINOOK SALMON




Klamath Ocean
Abundance Anomaly

Sacramento Index

Anomaly

1200
1000
800
600
400
200

-200
-400
-600

1000
800
10]0]
400
200

-200
-400
-600
-800
-1000

Russian River
Return Anomaly

4000
3000
2000
1000

-1000
-2000
-3000

I

T

e%o eoo\, eooe eoo& eoa, e%o e%o_ e%) e%e




Path Analysis Approach

Response: Russian River Chinook adult returns
* Lagged 2 years (e.g. 2008 returns predicted by 2006 oceanographic
and biological variables)

Oceanographic predictors: Seasonal Upwelling "modes”
*First principal component: summer upwelling
*Second principal component: winter upwelling

Biological predictors:
*Chlorophyll concentrations
*Farallon Islands and Bodega Bay
*First principal component (PC1)
*Zooplankton
*Copepod biomass
*Copepod community index
*Euphausiid (Thysanoessa spinifera) abundance (% of auklet diet)
*First principal component (PC1)
*Juvenile rockfish abundance
*% of common murre diet
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Path Analysis Diagrams

-.361
| -
Winter . \ Chlorophyll | . Zooplankton 5 Rockfish | . Abundance
Upwelling .933 .937 .740 604

-~ Fy

-.358

| v -
Summer Chlorophyll | . Zooplankton | . Rockfish | . Abundance
Upwelling .797 .882 .733 607




2
1000

Russian River Lag

2000

0

-1000

-2000

3000

2000

=2

1000

Russian River Lag
0

-1000

-2000

T T T
-2 -1 0 .
Zooplankton/Summer Upwelling
coef = 1009.3182, se = 374.36107, t = 2.7

n 0
(@]
(@)
(o]
O
i o)
o) 0
) T T T T T T
-3 -2 -1 0 1 2

Winter Upwelling
coef = -531.25732, se = 486.78201, t = -1.09

’ [} = [}
00DIC 0 % edlg
hea 0 orrelatio

_nho=0.4 6 p=0.26
ble reare 0

ndel Rc=0) 624 N
0oblad 0 0




Forecasting Ecosystem Productivity
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