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Two people who know fairly little about anadromous fishes:  

     Me 
Dynamics and 
biogeochemistry of  
upwelling systems; 
planktivorous fishes 



Interest in understanding ecosystem dynamics unites us 

Kobe 

Atlanta 
and 

Columbia 



The climate-science community’s interest in interannual to 
interdecadal variability has been motivated by fisheries 
research in the Pacific. 

Climate modes; discovery and current understanding 

PDO* 

(and its 
associated  
processes)  on  
Pacific salmon 
stocks of North 
America (Beamish; 
Brown; Francis; Mantua; 
Hare; Hayward; Welch) 
 
*Pacific Decadal Oscillation 

ENSO*  

and its 
influence on 
anchovy and  
sardine of eastern 
boundary currents 
(noted since the 1890s; 
Kawasaki; Lluch-Belda; 
Schwartzlose) 
 
*El Niño Southern Oscillation 



We have pursued a number of strategies for describing 
variability in salmon stocks (with varied levels of success). 

Strategies for understanding variability in salmon 
populations 

Manage freshwater 

habitat and escapement 

 
Wishful thinking. 
 
Variability in survival 
during the marine life 
stage is apparently quite 
influential. 

Use a climate index as a 

proxy for marine survival 

 
Aha!  It’s the PDO! 
 
Dynamics of the 
physical-biological 
interaction remain vague, 
though many insightful 
hypotheses exist. 
 

Seems to work ok, until 
recently. 

Understand bioenergetics, 

genetics, and food-webs 
 

It’s complicated. 
 
 

We are largely data-limited. 



The Pacific Decadal Oscillation (PDO) describes the leading 
principal component of detrended SST anomalies in the North 
Pacific. 

Temporal changes in this 
pattern are associated with 
strong transitions in the marine 
ecosystem, including the marine 
survival of North American 
salmon stocks (as popularized 
by Mantua et al., 1997). 

A brief overview of what we think we know 

SST anomaly (+PDO) 



Statistical relationships between the PDO and biological 
time series are abundant 

Variability in a number of 
lower-trophic-level species 
can be linked to PDO, 
potentially mediating the 
relationship with salmon. 

courtesy of Bill Peterson 

Examples from mid-latitudes: 
- Copepods of the NH Line 

(Peterson et al., 2003-present) CCI
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Statistical relationships between the PDO and biological 
time series are abundant 

Nyctiphanes simplex 

courtesy of Mark Ohman 

 PDO Index 

Examples from mid-latitudes: 
- Copepods of the NH Line 

(Peterson et al., 2003-present) 
- Euphausiids of the California 

Current (Di Lorenzo and 
Ohman, 2013) 

Variability in a number of 
lower-trophic-level species 
can be linked to PDO, 
potentially mediating the 
relationship with salmon. 



Mechanisms relating PDO to salmon remain vague 

Despite promising work on lower-trophic-level species (i.e., 
potential prey densities) we lack a clear understanding of what 
drives the relationship between salmon and the PDO. 
 
Freshwater life stages 
- Stream flow, timing, and temperature can influence spawning 

success 
Marine life stages 
- Temperature may have a direct influence on bioenergetics 
- Prey abundance (and susceptibility to predation) may be altered 

by stratification, upwelling, and advection 
 
NOTE: There needs not be a single and/or a temporally invariant 
process that mediates the relationship between PDO and salmon. 
 



Regardless of uncertainty in the physical-biological mechanisms, 
there remains a desire to understand interdecadal variability in 
physical conditions.  Such understanding could aid prediction. 

What forces variability associated 
with the PDO? 
1. changes in the Aleutian low-

pressure system 
2. ocean “memory” (anomalous 

signals that may be stored 
below the pycnocline) 

3. decadal changes in the KO 
Extension region stimulated 
by Rossby waves 

A brief overview of what we think we know 

Newman et al., 2015 submitted 

Aleutian 

Low 

SST anomaly (+PDO) 



Variability in the PDO 
appears to be related, in 
part, to changes in the 
intensity of the Aleutian 
low-pressure system. 
 
What drives changes in the 
intensity of the Aleutian 
Low? 

Atmospheric forcing 

Oceanic response 

: mixing and curl strong offshore, downwelling at coast 

Variability in the Aleutian Low is not independent of ENSO 



Aleutian 

Low 

Variability in the Aleutian Low (and 
the PDO) may appear to be 
independent of other modes of 
variability: 
- fluctuations are notably of low 

frequency 
- simultaneous correlation with 

ENSO is low 
 

However, lag of one season 
reveals strong association between 
ENSO and the Aleutian Low. SST anomaly (+PDO) 

Variability in the Aleutian Low is not independent of ENSO 



El Niño 

◦C 

Global atmospheric teleconnections allow ENSO events to 
influence temperature, precipitation, clouds, and wind in the 
extratropics. 

El Niño events lead to 
deepening of the Aleutian Low, 
stimulating characteristics 
associated with the positive 
phase of the PDO. 

Variability in the Aleutian Low is not independent of ENSO 



El Niño 

◦C Atmospheric 

Teleconnections 

Aleutian 

Low 

Variability in the Aleutian Low is not independent of ENSO 

SST anomaly (+PDO) 

Alexander et al. 1992  
Newman et al. 2003 
Scheider et al., 2007 
Chhak et al. 2009 



◦C 

Observations continue to shape our understanding of 
ENSO 

Our existing understanding of ENSO is limited by relatively few 
well observed events. 

El Niño events are “diverse” in 
their expression. 
 
Recent emphasis has been 
placed on two extremes of 
El Niño types: 
 
1. Eastern Pacific events 

(i.e., “canonical” El Niño) 
2. Central Pacific events 

(i.e., El Niño “modoki”) El Niño 



◦C 

Observations continue to shape our understanding of 
ENSO 

While canonical El Niño are characterized by anomalous SST 
extending from the Eastern to Central Pacific… 

“Eastern Pacific” El Niño 



◦C 

“Central Pacific” El Niño 

Observations continue to shape our understanding of 
ENSO 

While canonical El Niño are characterized by anomalous SST 
extending from the Eastern to Central Pacific… 

…modoki, or Central Pacific El Niño 
have warming focused further west. 



Many of the recent events have been classified as  
Central Pacific El Niño events 

The trend over the past 40 years has 
tended towards more Central Pacific 
El Niño events than Eastern Pacific 
events (e.g., ‘82-’83 and ‘97-’98). 

Should we care? Pay attention for two reasons: 
1. The timing of anomalies in copepod 

composition along the NH Line appears 
to be sensitive to El Niño type (Fisher, 
Peterson, and Rykaczewski, 2015 
submitted). 
 

2. El Niño type may influence extratropical 
variability through distinct teleconnections 
(Capotondi et al., 2015 in press). 

El Niño event Type 
1969–70 EP 
1972–73 EP 
1976–77 EP 
1977–78 CP 
1982–83 EP 
1986–87 EP 
1987–88 CP 
1991–92 CP 
1994–95 CP 
1997–98 EP 
2002–03 CP 
2004–05 CP 
2006–07 EP 
2009–10 CP 

Yu et al., 2015 



◦C 

Central Pacific El Niño 

Atmospheric 

Teleconnections 

North 
Pacific 
High 

North Pacific Gyre Oscillation 
(NPGO; aka Victoria Pattern) 

Central Pacific El Niño is associated with the NPGO 

Central Pacific ENSO 
stimulates weakening of the 
North Pacific High (indexed by 
the North Pacific Oscillation). 



North Pacific Gyre Oscillation 
(NPGO) 

Pacific Decadal Oscillation 
(PDO) 

PDO and NPGO are two distinct modes of extratropical 
variability 



Atmospheric forcing 

Oceanic response 

PDO and NPGO are two distinct modes of extratropical 
variability, associated with diverse ENSO events 



Salmon have switched their allegiance from the PDO to the 
NPGO (at least for this period in time) 



Strategies for understanding variability in salmon 
populations 

Manage freshwater 

habitat and escapement 

 
Wishful thinking… 
 
…but it’s not going to 
hurt. 

Use a climate index as a 

proxy for marine survival 

 
Insightful, but past 
performance is not an 
indicator of future 
results.  Don’t use an 
index blindly. 

Understand bioenergetics, 

genetics, and food-webs 
 

It’s complicated, but this 
is the answer.  The key is 
integrating understanding 
of physical climate 
changes with the prey 
and energetics of salmon.  



Recent climate in the North Pacific 

Great.  The story is complicated, but at least we recognize that 
variability in the North Pacific is related to a range of ENSO types, 
and each influence salmon ocean survival. 
 
We’re set, right? 
 

  NO! 

Anomalies in the 
last two years have 
befuddled ocean 
climatologists. 



Recent climate in 
the North Pacific 
 
Temperature 
anomalies in the 
Northeast Pacific are 
the most extreme 
recorded. 
 
Notably, this anomaly 
was not triggered by 
tropical activity. 
 
SSTa data here are COBE SST2 
from the Japan Meteorlogical 
Agency. 



figure courtesy of Dave Pierce (KQED) 

Recent climate in the North Pacific 



Thank you for your attention! 
 
Ryan Rykaczewski 
ryk@sc.edu 

 
Pieter Brueghel the Elder 

"Big Fish Eat Little Fish", 1557 


