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Local and large scale physical forces can influence 
biological process important for food web structure 

and ocean productivity 

We use a suite of physical and biological indicators to index ocean 
conditions that relate to different fisheries, including salmon 
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ω From 1925-1998, PDO 
shifted every 20-30 years 

 

ω Recent periods of 
persistent sign changes: 
ς 1999-2002 

ς 2003-2006 

ς late 2007 

ς Weak El Niño/La Niña  

 2009-10 

ς 2014 

 
ω Highly seasonal structure 

of coastal upwelling 
 

PDO and the Upwelling Index 

Upwelling 

Downwelling 
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ω From 1925-1998, PDO 
shifted every 20-30 years 

 

ω Recent periods of 
persistent sign changes: 
ς 1999-2002 

ς 2003-2006 

ς late 2007 

ς Weak El Nino/La Nina  

 2009-10 

 
ω Highly seasonal structure 

of coastal upwelling 
 

PDO and Upwelling Index not coupled 



Newport Hydrographic 
Line 

ω Sampled biweekly for 20 years  

ς 1996 - present  

ς7 stations (1 ς 25 nm) 

ςNH05 (60 m) 

ω Ichthyo-zooplankton  

ω CTD, nutrients, chl-a 

 

 

 

 

NH Line 

Washington 

Oregon 

Columbia River 

Cape Blanco 



Strong seasonality of Northern and Southern copepods  
 

NH05 Northern Copepod Biomass
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NH05 copepod biomass anomalies 



Inter-annual variability of the copepod anomalies  
largely driven by basin-scale processes at NH05 
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Comparisons of copepods by size and 

chemical composition  

ÅWarm-water taxa - 
(southern species) have 
minimal high energy wax 
ester lipid depots 

 

ÅCold-water taxa ς 
(northern species) store 
high-energy wax esters as 
an over-wintering strategy 

Climate shifts can significantly alter 
the bioenergetics  of the food chain 
 

Cƛƭƭ ƛƴ ǘƘŜ ōƭŀƴƪǎΥ ά! Ŧŀǘ ψψψψψψ ƛǎ ŀ ƘŀǇǇȅ ψψψψψέΗ 

Omega-3 
fatty acids 



Basin-scale 
physical 
indices 

Regional 
physical 
indices 

Regional 
biological 
indices 

Ecosystem approach to understanding  
ocean conditions (15 indicators) 

Values are ranked and color coded based on 
ǇƻǘŜƴǘƛŀƭ ΨōŜƴŜŦƛǘΩ- Good, Bad 

 

Ecosystem                                  

Indicators
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

PDO                                               

(°C anomaly; Dec-March)
16 6 3 12 7 17 11 15 13 9 5 1 14 4 2 8 10

PDO                                               

(°C anomaly; May-Sept)
10 4 6 5 11 15 14 16 12 13 2 9 7 3 1 8 17

ONI                                                

(°C anomaly; Jan-June)
17 2 1 5 13 14 12 15 7 11 3 9 16 4 5 7 9

46050 SST                                       

(°C; May-Sept)
15 8 3 4 1 7 17 14 5 16 2 9 6 10 11 12 13

Upper 20 m T                               

(°C; Nov-Mar)
17 11 8 10 6 14 15 12 13 5 1 9 16 4 3 7 2

Upper 20 m T                                

(°C; May-Sept)
13 10 12 4 1 3 17 15 7 8 2 5 11 9 6 14 16

Deep temperature                      

(°C; May-Sept)
17 6 8 4 1 9 12 14 10 5 2 7 13 11 3 16 15

Deep sal ini ty                             

(May-Sept)
17 3 7 4 5 13 14 8 6 1 2 11 15 10 9 12 16

Copepod richness anom.                

(no. species; May-Sept)
17 2 1 7 6 13 12 16 14 11 9 10 15 4 5 3 8

N. copepod biomass anom.                        

(mg m-3; May-Sept)
16 13 9 10 3 15 12 17 14 11 6 8 7 1 2 4 5

S. copepod biomass anom.                        

(mg m
-3
; May-Sept)

17 2 5 4 3 13 14 16 12 10 1 7 15 9 8 6 11

Biological  transi tion                

(day of year)
17 11 6 7 8 12 10 16 15 3 1 2 14 4 9 5 13

Ichthyoplankton                    

(mg 1000 m-3; Jan-Mar)
17 8 2 4 6 15 14 10 13 12 1 9 3 11 7 5 16

Chinook salmon juveni le                

catches (no. km-1; June)
16 4 5 14 10 12 15 17 11 8 1 6 7 13 3 2 9

Coho salmon juveni le              

catches (no. km-1; June)
16 7 11 5 6 2 13 17 14 3 4 8 9 12 15 1 10

Year



Metric of combined 
environmental 
indices relates well 
with salmon returns 
to the Columbia River 

Ecosystem approach to forecasting salmon returns 

and to: 

Sablefish in the NCC 

Rockfish in the CCC 

Sardine in the SCC 
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2014 

An unusual situation  

2015 

http://www.cpc.ncep.noaa.gov/products/
analysis_monitoring/enso_advisory/  

El Niño conditions are present  

Chance of El Niño 70% through summer 

60% chance through Fall  



NH05 copepod species richness 

17 new zooplankton species observed in 2014-2015, 
many with oceanic and/or sub-tropical affinities 


