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Copepod Dynamics:
Two Different Source Waters
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1. Subarctic Currents bring

cold water and northern copepod
species to the Northern California
Current (NCC)

2. The North Pacific Currents bring
subtropical water and subtropical
copepod species to the NCC



Interannual variability

Negative PDO and Cool Coas®ilaseC

A Weaker Aleutiarow

A Subarctic Current source waters
A More southerly flow along theoast
A Lipid-rich, borealzooplankton

Positive PDO and Wari@oastal Phas€

A Stronger Aleutiarm.ow

A North Pacific Current source waters

A Sronger Davidson Current thusore
northerly flowalong thecoast

A More water from subtropicabyre

A Smaller subtropical zooplankton
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PDO downscales to local SST
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RED = positive PDO + warm water; BLUE = negative PDO + cold water
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downscales to local SST
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PDO

Southern CopepodsNorthern Copepods
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PDO and Copepods

Species
Composition

RED BARS =
positive PDO, warm
water and fewer
boreal neritic
copepods

BLUE BARS =
negative PDO, cold
water, and greater
proportion of
northern copepod
species



Alongshore transport and cold neritic
subarctic copepods

y =-3.47*x+1.544
® o F=119p <0.01

2.5 . R=0.66 1 Bi, etal. 2011GeophysRes.
; * Lett, 38, L12607

Asimilar result was shown with
some ROM#&odeling Keister et
al. 2011. Global Change Biology.

Cold neritic copepod Biomass
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Why does it matter?

A Warm - water taxa -

(from offshore OR and S. Therefore, significantly
California) aresmallin size different food chains

and have minimal high result from climate  shifts
energy wax ester lipid

depots

A Cold- water taxa
(boreal coastal species) are
largeand store higkenergy
wax estersas an over
wintering strategy




Seasonal changes cuner Tm
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Seasonal changes cuner Tm

AWVinter :

- Winds from the South cause downwelling

- Poleward-flowing Davidson Current

- Subtropical and southern species
transported northward & onshore

ASpring Transition in April/May

ASummer:

- Strong winds from the North cause

coastal upwelling

- Equatorward alongshore transport

- Northern species transported
southward

AEall Transition in October
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Copepod biomass is correlated with large scale
Indices but not local scale indices (Upwelling)

Correlation
coefficient

PDO Northern Copepod -0.48
NPGO  Northern Copepods 0.36
ON| Northern Copepods  -0.38
Ul Northern Copepods 0.07

PDO Southern Copepods 0.49
NPGO  Southern Copepods -0.44
ON| Southern Copepods 0.34
Ul Saithern Copepods 0.12

PDO = Pacific Decadal Oscillation
NPGO = North Pacific Gyre Oscillation
ONI = Oceanic Nifio Index

Ul =Bakun(PFEL) Upwelling Index



Relationship to Salmon



Indicators

A Basin Scale:

APDO, PGO, ONI
A Local Scale SST:

A SST offshore and SST waleelf in summer; SST In winter
A Coastal upwelling:

A spring transition; length of upwelling season, upwelling in sprin
deep T and S in mishelf waters

A Copepods:

A species richness, northern copepod biomass, copepod
community structure index, date of biological spring transition

A Ichthyoplankton
A density in JasMar of the larvae of species of fish that salmon ec

A Salmon:
A catches of spring Chinook in June and coho in September



Stoplight Table

Ecosystem Indicators 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
PDO (December-March) 7 9

PDO (May-September)

ONI Jan-June

46050 SST (May-Sept)

NH 05 Upper 20 m T winter prior (Nov-Mar)
NH 05 Upper 20 m T (May-Sept)

NH 05 Deep Temperature

NH 05 Deep Salinity

Copepod Richness Anomaly
N. Copepod Biomass Anomaly
S. Copepod Biomass Anomaly
Biological Transition

Winter Ichthyoplankton
Chinook Juv Catches (June)

Coho Juv Catches (Sept) 10
Mean of Ranks 13.8 5.5 4.7 5.6 50 109 121 13.0 9.9 7.8 2.8 7.6 9.9 5.9 5.5
RANK of the Mean Rank L o ol il
Principle Component Scores (PC1) 656 -222 295 -160 -212 208 312 421 110 -030 -439 -091 113 -1.76 -1.96
Principle Component Scores (PC2) 051 004 -024 076 -196 -153 255 -043 -066 1.07 -050 096 -0.74 136 1.35

Ecosystem Indicators not included in the mean of ranks or statistical analyses
Physical Spring Trans (Ul Based)
Upwelling Anomaly (Apr-May)

Length of Upwelling Season (Ul Based)
NH 05 SST (May-Sept)

Copepod Community Structure

[ Good for salmon

B Poor for salmon [1 Average for salmon



Count of Adult Salmon at Bonneville Dam (thousands)

Coho Smoltto Adult Survival (%)
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Forecasted Returns in 2012

% Spring Chinook
R%= 053, p=0.007

Fall Chinock
. R%= 080, p =0009

* Coho
R%= 045, p=001
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Coho Smolt to Adult Survival (%)

Components Analysis
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R2=087,p=0.001
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Fall Chinook
R2=0.60, p= 0.003 *

Coho 5
RZ= 052, p=0.005

Coho
R2=0.58 p=0.002
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