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Our Story

The North Pacific Gyre Oscillation explains
factors related to ecosystem productivity

NPGO is linked to central Pacific warming-type
ENSO, which is more frequent in recent decades

NPGO linked to coho and Chinook salmon

survival rates, which are becoming increasingly
coherent

Concern that coherence in survival causes increased
overall variability



Approach

* Early ocean survival a critical period for salmon

* Used CWT-based estimates of coho and Chinook
salmon survival to investigate:

* Spatial and temporal coherence of survival rates from
AK to CA, 1980-2006

* Relationships between survival rates and low-
frequency, broad spatial scale environmental

variability (NPGO, PDO)

* Consequences of coherent responses to
environmental variability on harvest (simulations)



Background

* Pacific Decadal Oscillation (PDO) linked to important
changes in salmon productivity:

* Most salmon species had long-term, synchronous
changes in mid-1920s, mid-1940s and mid-1970s

* California Current salmon productivity:
* Coho: spatially coherent fluctuations
* Chinook: varied at smaller spatial scales
* Different spawning-age distributions

Mantual et al. 1997, Mantua and Hare 2002, Botsford and Lawrence 2002



Getting oriented
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How do coho and
Chinook survival rates
vary over space?




>

North American Coast

o
o
(V)
o
=Y
o
o
o
(]

Salmon PC1 Loadings

COHO PCT1
42.0%

CHINOOK PCH
43.8%

North American Coast

0 02 04 06 08 1 1.2
R2

Chinook PC 1: 1986-2006

Principal components of
survival time series

Contribution of each region
to 18t principal component

Coho: high loadings in
CCS; lowest in AK

Chinook: high loadings OR
to WA:; lower in S and N

Spatial coherence within
species



Regional covariability: coho
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Regional covariability: Chinook
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How does survival relate
to large-scale ocean
conditions?




C  PC1 oF SALMON SURVIVAL

A Salmon PC1 Loadings COHO PC1
NPGO

§ COHO PCH1 1

: ° Each PC1 is

s 1 highly correlated
S p < 0.0 with NPGO

0 02 04 06 038 1

B D Correlation with
- CHINOOK PC1
S CHINOOK PC1 PDO not
‘é " NPGO ] .
i | significant
£
: ol
5 4| p<olos

002040608 1 1.2
R2

1980 1985 1990 1995 2000 2005
YEAR

Chinook PC 1: 1986-2006



Coho

Chinook

Spatial correlation of PCls with SST like NPGO
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NPGO — ecosystem
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How did these species
become “similar’?




Increased between species correlation
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What are the
consequences of
Increased between
species coherence?




Population diversity and
stability

* Independent sub-populations buffer aggregate
response to environmental variability:
« Decreased overall population risk
* Reduced risk of overharvest
« Species diversity important for community stability
* Increased covariability in two components of ecosystem

(Tilman 1996; Doak et al. 1998; Schindler 2010)



Effects of coherence over
different life histories?

Age 1 2 3 4 5 6

Coho 0—H—@—0—0—
Chinook 2-3-4 Y—@—@0—@—0—
Chinook 3-4-5 Y&=—0—0—0—@—

Environmental variability = ocean survival
at ocean entry %
Coho have a 1-year time lag from to harvest ®
Chinook salmon broader age distributions

« Different lags and longer lags than coho
Impact on catch?

« Function of survival correlation between

species and intra-series correlation



Consequence of coherence?

0.6

0.5

04

— correlated
------ uncorrelated

0.2

Chinook 234
---------------------------- -.._| Chinook 345

Correlation between coho and chinook catches
0.1 0.3
|

0.0

0.0 0.2 0.4 0.6 0.8

Redness (lag—1 autocorrelation)

No matter how “red” the noise, if coho and Chinook
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environment, catches will not be correlated



Consequence of coherence?
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Consequence of coherence?
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Take home message

e Both species have spatial
coherence

» Dominant mode of variability in survival
of both species covaries with the
NPGO, which is linked to central
Pacific warming

e Increased covariability between
species implies greater aggregate
variability in catch and abundance
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