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Salmon

•commercially and culturally very important in 
the NE Pacific.

•Closely managed
•Interest in what factors influence salmon 
success (e.g. dams, ocean habitat)

13 year time- 
series shows 
juvenile salmon 
occupy the shelf.

Variability 
between stocks.
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We study the ocean phase of salmon life history and develop 
management advice based on a suite of indicators

Local Conditions
Upwelling & SST
Spring Transition
Coastal currents

PDO 

ENSO

Physical/Hydrographic
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Basin and local scale forces influence biological process 
important for salmon

Local Conditions
Upwelling & SST
Spring Transition
Coastal currents

Local Biological Conditions

PDO 

ENSO

Our work is an  example of
an ecosystem approach to 

management

Physical/Hydrographic



Data Sources

SHELF SAMPLING - Newport
• Historical Hydrographic and plankton data 

at Newport Hydrographic Line (NH) – 
1960s and 1970s, 1983, 1990-1992

• NH Line 1996-present 
SHELF SAMPLING – Newport north to tip of 

Washington State
• Historical sampling of salmon and pelagic 

fish (1979, 1981-1985)
• BPA-hydrography, plankton, pelagic fish 

and juv. salmon (1998-present)
• PaCOOS-CCLME Cruises (2004 – present)
BLUE WATER SAMPLING – Newport south to 

northern California
• GLOBEC –LTOP and Mesoscale 

hydrography and plankton 1998-2003
• PaCOOS-CCLME (partially funded by 

SAIP) 2004-present; sampling LTOP grid



Ecosystem Data Available

Year-around data from Newport Line (bi-weekly):
• Hydrography:  CTD casts 1997-present; Secchi depths
• Chlorophyll:  fluorometer and filter extractions
• Hypoxia (SBE-43 sensor since summer 2006) 
• Phytoplankton species; 2000-present

– Harmful Algal Blooms (MERHAB funding)
• Zooplankton and krill biomass and species composition; copepod egg 

production; krill egg production and moulting rates; ichthyoplankton
• Seabirds (on some cruises)
Spring-Summer Spatial surveys (BPA and LTOP)
• Hydrography (T-S), oxygen, pH, chlorophyll, zooplankton, krill, fish eggs 

and larvae
• Pelagic fishes; seabirds; whales
Satellite Data – color, SST, SSH



http://www.nwfsc.noaa.gov





Broad array of indicators 
spanning a range of 
spatial scales and 
processes.

•physical, biological

Indicators related to 
ocean conditions for 
salmon species (coho 
and Chinook) in the 
NCC. 



Pacific Decadal Oscillation
Mantua et al (1997)
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Spring Chinook Salmon
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Seasonal upwelling in the NCC
Using the CUI (Bakun

 

1973)



Logerwell

 

et al. 2003  Fish. Ocean. 23

Seasonal upwelling in the NCC
Using the CUI (Bakun

 

1973)



Importance of the food source:
Zooplankton assemblage is dependent on source 

 
waters.

Boreal (northern) zooplankton may ultimately 
be a better food source for salmon (high in 
lipids).
Sub‐tropical zooplankton are lower in quality.

Boreal Sub-tropical



1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
PDO (December-March) 5.07 -1.75 -4.17 1.86 -1.73 7.45 1.85 2.44 1.94 -0.17 -3.06 -5.41 2.17
PDO (Sum May-September) -0.37 -5.13 -3.58 -4.22 -0.26 3.42 2.96 3.48 0.28 0.91 -7.63 -1.11 -3.53
MEI Annual 0.80 -0.89 -0.53 -0.18 0.58 0.45 0.43 0.29 0.31 -0.33 -0.67 0.38 -0.42
MEI Jan-June 2.22 -0.85 -0.67 -0.30 0.31 0.57 0.26 0.62 -0.27 0.25 -0.84 -0.17 0.84

SST 46050 deg C 13.66 13.00 12.54 12.56 12.30 12.92 14.59 13.56 12.77 13.87 12.39 13.02 12.92
SST NH 05 Summer deg C 11.26 10.79 10.64 11.08 10.73 10.91 13.11 12.00 11.11 12.08 10.74 12.00 11.50
SST NH 05 Winter Before (Novdeg C 12.00 10.80 9.96 10.04 10.11 10.78 11.02 10.74 10.47 9.84 9.36 10.03 11.28
Physical Spring Trans UI BaseDay of Yea 83 88 134 120 84 109 113 142 109 70 87 82 95
Upwelling Anomaly (April-May) -14 19 -36 2 -12 -34 -27 -55 -14 9 0 -5 -35
Length of upwelling season (Udays 191 205 151 173 218 168 177 129 195 201 179 201 161
NH 05 Deep T deg C 8.58 7.51 7.64 7.50 7.38 7.75 7.88 7.91 7.92 7.55 7.46 7.70 7.67
NH 05 Deep S 33.51 33.87 33.83 33.87 33.86 33.70 33.66 33.79 33.82 33.88 33.87 33.73 33.71

Copepod richness anomaly no. of spec 5.49 -2.46 -3.03 -0.41 -0.72 1.52 0.57 5.02 3.67 -0.39 -0.53 -0.35 3.70
Northern Copepod Biomass log biomas -1.97 0.08 0.72 0.49 0.83 -0.08 0.26 -1.74 0.16 0.62 0.87 0.66 0.68
Biological Transition Day of Yea 365 134 97 79 108 156 146 230 150 81 64 65 135
Copepod Community structur X-axis ordin 0.75 -0.84 -0.83 -0.78 -0.98 -0.18 -0.11 0.57 0.00 -0.66 -0.93 -0.81 -0.19
Winter Ichthyoplankton log biomas 0.16 0.90 1.80 1.25 1.05 0.63 0.58 0.83 0.59 0.60 1.84 0.89 1.65

June-Chinook Catches fish per km 0.26 1.27 1.04 0.44 0.85 0.63 0.42 0.13 0.69 0.86 2.56 0.97 0.89
Sept-Coho Catches fish per km 0.11 1.12 1.27 0.47 0.98 0.29 0.07 0.03 0.16 0.15 0.27 0.01 0.03

Original data available on the website
Different levels of simplification used to help with interpretation



1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
PDO (December-March) 12 4 2 8 5 13 7 11 9 6 3 1 10
PDO (May-September) 7 2 4 3 8 12 11 13 9 10 1 6 5
MEI Annual 13 1 3 6 12 11 10 7 8 5 2 9 4
MEI Jan-June 13 1 3 4 9 10 8 11 5 7 2 6 12

SST at 46050 (May-Sept) 11 8 3 4 1 7 13 10 5 12 2 9 6
SST at NH 05 (May-Sept) 8 4 1 6 2 5 13 10 7 12 3 11 9
SST winter before (Nov-Mar) 13 10 3 5 6 9 11 8 7 2 1 4 12
Physical Spring Trans (UI Based) 3 6 12 11 4 8 10 13 8 1 5 2 7
Upwelling Anomaly (Apr-May) 7 1 12 3 6 10 9 13 7 2 4 5 11
Length of upwelling season (UI Based) 6 2 12 9 1 10 8 13 5 3 7 3 11
Deep Temperature at NH 05 13 4 6 3 1 9 10 11 12 5 2 8 7
Deep Salinity at NH05 13 3 6 2 5 11 12 8 7 1 4 9 10

Copepod Richness Anomaly 13 2 1 5 3 9 8 12 10 6 4 7 11
N.Copepod Anomaly 13 10 3 7 2 11 8 12 9 6 1 5 4
Biological Transition 13 7 5 3 6 11 9 12 10 4 1 2 8
Copepod Community structure 13 3 4 6 1 9 10 12 11 7 2 5 8
Winter Ichthyoplankton 13 6 2 4 5 9 12 8 11 10 1 7 3

June-Chinook Catches 12 2 3 10 7 9 11 13 8 6 1 4 5
Sept-Coho Catches 9 2 1 4 3 5 10 12 7 8 6 13 11

Mean of Ranks of Environmental Data 10.8 4.1 4.5 5.4 4.6 9.4 10.0 11.0 8.2 5.9 2.7 6.1 8.1
RANK of the mean rank 12 2 3 5 4 10 11 13 9 6 1 7 8

Original data available on the website
Different levels of simplification used to help with interpretation



Initially using a simple mean-rank 
to forecast salmon returns.

Surprisingly good results, 
especially for Chinook. 

Coho
R-sq = 0.37, p = 0.02

Mean Rank of Environmental Variables
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R-sq = 0.53, p = 0.007
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R sq = 0.50, p = 0.009
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What’s New?

Determine ‘weights’ for the different indicators (Brian Burke)

•Maximum Covariance Analysis [MCA]
•Partial Least Squares Regression [PLSR]

“Multivariate regression methods like PLSR have been 
designed to confront the situation that there are many, 
possibly correlated, predictor variables, and relatively few 
samples.”

-Mevik and Wehrens, Journal of Statistical Software 18(2):1-24.



PDO.Dec.Mar
PDO.May.Sept
MEI.Annual
MEI.Jan.June
SST.46050
SST.NH05.Summer
SST.NH05.Winter.Before
Phys.Spring.Trans
Upwelling.Anomaly
Upwelling.season
NH05.Deep.Temp
NH05.Deep.Sal
Cop.richness
Northern.Cop.Biomass
Biological.Transition
Cop.Comm.structure
Winter.Ichthyoplankton
June.Chinook
Sept.Coho

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
5.07 ‐1.75 ‐4.17 1.86 ‐1.73 7.45 1.85 2.44 1.94 ‐0.17 ‐3.06 ‐5.41 2.23
0.9 ‐5.54 ‐3.23 ‐2.95 ‐0.47 3.42 2.21 3.94 0.28 0.18 ‐6.08 ‐1.11 ‐3.53
0.87 ‐0.85 ‐0.51 ‐0.18 0.59 0.46 0.38 0.40 0.22 ‐0.20 ‐0.65 0.32 ‐0.31
2.28 ‐0.8 ‐0.62 ‐0.26 0.32 0.55 0.27 0.62 ‐0.25 0.28 ‐0.85 ‐0.19 0.84
13.66 13.00 12.54 12.56 12.30 12.92 14.59 13.56 12.77 13.87 12.4 13.02 12.92
11.3 10.8 10.6 11.1 10.7 10.9 13.1 12 11.1 12.1 10.7 12 11.5
12 10.8 9.96 10 10.1 10.8 11 10.7 10.5 9.84 9.36 10 11.3
83 88 134 120 84 109 113 142 109 70 87 82 95
‐14 19 ‐36 2 ‐12 ‐34 ‐27 ‐55 ‐14 9 0 ‐5 ‐35
191 205 151 173 218 168 177 129 195 201 179 201 161
8.58 7.51 7.64 7.5 7.38 7.75 7.88 7.91 7.92 7.55 7.46 7.7 7.67
33.5 33.9 33.8 33.9 33.9 33.7 33.7 33.8 33.8 33.9 33.9 33.7 33.7
5.49 ‐2.46 ‐3.03 ‐0.41 ‐0.72 1.52 0.57 5.02 3.67 ‐0.39 ‐0.53 ‐0.35 3.7
‐1.97 0.08 0.72 0.49 0.83 ‐0.08 0.26 ‐1.74 0.16 0.62 0.87 0.66 0.68
365 134 97 79 108 156 146 230 150 81 64 65 135
0.75 ‐0.84 ‐0.83 ‐0.78 ‐0.98 ‐0.18 ‐0.11 0.57 0.00 ‐0.66 ‐0.93 ‐0.81 ‐0.19
0.16 0.9 1.8 1.25 1.05 0.63 0.58 0.83 0.59 0.6 1.84 0.89 1.65
0.26 1.27 1.04 0.44 0.85 0.63 0.42 0.13 0.69 0.86 2.56 0.97 0.89
0.11 1.12 1.27 0.47 0.98 0.29 0.07 0.03 0.16 0.15 0.27 0.01 0.03

Indicators

1998 177774
1999 391818
2000 269428
2001 195671
2002 168779
2003 74053
2004 96457
2005 66644
2006 124369
2007 114548
2008 244418

Spring Chinook
Returns

Covariance

PDO.Dec.Mar ‐0.63584

PDO.May.Sept ‐0.89104

MEI.Annual ‐0.73432

MEI.Jan.June ‐0.50984

SST.46050 ‐0.43357

SST.NH05.Summer ‐0.57051

SST.NH05.Winter.Before ‐0.17398

Phys.Spring.Trans ‐0.22045

Upwelling.Anomaly 0.581678

Upwelling.season 0.289281

NH05.Deep.Temp ‐0.32664

NH05.Deep.Sal 0.350739

Cop.richness ‐0.62916

Northern.Cop.Biomass 0.288515

Biological.Transition ‐0.23515

Cop.Comm.structure ‐0.54932

Winter.Ichthyoplankton 0.486241

June.Chinook 0.551948

Sept.Coho 0.743511

X



MCA PLSR

Predicted returns
(from outmigration year)

MCA PLSR

2009 192 134

2010 181 170



MCA PLSR

Predicted returns
(from outmigration year)

MCA PLSR

2009 159 162

2010 149 130

Without 1998 and 1999



How do the predictions compare?

Spring Chinook
Actual 

Outmigration Return Return Burke Peterson TAC
Year Year Mar - June ForecastForecast Managers

2008 2010 278 296 325 470
2009 2011 ~5 134 100 ~250
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