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Illustration by Fiona Morris
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Life cycles of many marine organisms tied to seasonal processes

Block et al. (2011)
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OBSERVED CHANGES IN COASTAL UPWELLING

Differential heating of the surface air over 
the landmass relative to the ocean…

…will result in intensification of the 
thermal Low over the Southwest, 
generating a stronger pressure gradient.

Sydeman et al. (2014)

Bakun (1990)
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o Changes in upwelling?

o Changes in stratification?

o Changes in nutrient content of source waters?

o Increased hypoxia and ocean acidification?

Jacox et al. (2015)

ANTICIPATED CHANGES IN UPWELLING SYSTEMS
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CLIMATE PROJECTIONS

RCP 8.5 offers the largest “signal to noise”
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Rykaczewski et al. (2015)

CLIMATE PROJECTIONS: COASTAL UPWELLING
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Rykaczewski et al. (2015)

Summer Sensitive

Winter Sensitive

Black et al. (2011)

CLIMATE PROJECTIONS: COASTAL UPWELLING

Weaker summer 
upwelling south of 40NEarlier upwelling, longer 

upwelling season
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CLIMATE PROJECTIONS: SEA SURFACE TEMPERATURE

Temperature Change
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CLIMATE PROJECTIONS: PRIMARY PRODUCTION

Primary Production Change
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OXYGEN

PH

CLIMATE PROJECTIONS: OXYGEN, PH
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R. Rykaczewski

CLIMATE PROJECTIONS: OXYGEN, PH
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CAVEATS IN CLIMATE PROJECTIONS

o Model uncertainty: model spread, internal variability, 
emissions scenario
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o Model uncertainty: model spread, internal variability, 
emissions scenario

o Important coastal processes not resolved with typical 
spatial resolutions

CAVEATS IN CLIMATE PROJECTIONS

Jacox et al. (2017)

Global Climate Model Regional Ocean Model
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o Model uncertainty: model spread, internal variability, 
emissions scenario

o Important coastal processes not resolved with typical 
spatial resolutions

CAVEATS IN CLIMATE PROJECTIONS

Jacox et al. (2017)

Tune in for next week’s webinar!
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CAVEATS IN CLIMATE PROJECTIONS

Sea Surface Temperature Primary Productivity

Henson et al. (2016)

o Model uncertainty: model spread, internal variability, 
emissions scenario

o Important coastal processes not resolved with typical 
spatial resolutions

o Signal:Noise ratio of anthropogenic climate change 
signal can be small. Time of emergence can be long.
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The ‘Blob’ Godzilla El Niño

HIGHLY ANOMALOUS ENVIRONMENTAL CONDITIONS SINCE 2013!
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Comparison of SST Anomalies in Strong El Niños

Coastal anomalies in 
1982-83 and 1997-98

Widespread anomalies in 2015-16
(Blob + El Niño)

Jacox et al. (2016)



What Do We Expect to Happen in the California Current Under Climate Change?   |   January 25, 2018

Jacox et al. (2016)

Comparison of SST Anomalies in Strong El Niños
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2014-16 ‘CLIMATE STRESS TEST’

Photo:	Sharon	Melin,	NOAA

Kudela
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Biological Impacts in the California Current
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Biological Impacts in the California Current

McCabe et al. (2016)
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What Caused the Recent Extreme Ocean Temperatures?
Storm Track

High pressure ridge à Reduced storm-driven mixing à Warm Gulf of Alaska

+ Anomalous winds 
off US west coast

+ One of the strongest El Niños on record
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Jacox et al. (2017)

What Was the Contribution of Anthropogenic Forcing?

Under 1920-1950 forcing, there was a 0% chance of a 1.71˚C anomaly
Under 2000-2030 forcing, there is ~ 2-4% chance of a 1.71˚C anomaly
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What Was the Contribution of Anthropogenic Forcing?

Under 1920-1950 forcing, there was a 0% chance of a 1.71˚C anomaly
Under 2000-2030 forcing, there is ~ 2-4% chance of a 1.71˚C anomaly
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Short-term variability due largely to a confluence of 
complimentary natural forcings

BUT

Extreme/unprecedented conditions are far more likely due to 
long-term climate change
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2 examples of emerging 
challenges in West Coast 

fisheries management

Episodic: 2015-16 spike in West Coast 
whale entanglements in fishing gear

– 71 entangled whales reported in 
2016 with gear from U.S. fisheries 
(54 humpback, 3 gray and 4 blue 
whales), mostly California

Chronic: West coast salmon fishery 
declines and the increased frequency of 
federal fishery disasters

– 1980s (1), 1990s (3), 2000s (5+)

Map from 
http://www.westcoast.fisheries.noaa.gov/publications/protected_species/
marine_mammals/cetaceans/wcr_2016_whale_entanglements_3-26-
17_final.pdf
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2015-16 whale entanglements: what happened?

From Dan Lawson NOAA
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2015-16 whale entanglements: what happened?

Key ecosystem ingredients:
• Persistent marine heat wave
• Record harmful algal bloom in 2015 

caused widespread domoic acid 
contamination in Dungeness crab 

• Declines in krill, increased inshore 
abundance of anchovy in Monterey 
Bay/Gulf of the Farallones

• Humpback prey-switching from shelf-
break/slope krill to on-shelf anchovy

Key human-dimension:
• 5-month delay in the opening of central 

California’s Dungeness crab fishery

End result: unusual time-space overlap of large numbers of foraging humpback 
whales and crab pots/lines (image from Jarrod Santora)

May-June YOY Anchovy CPUE
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West Coast Troll Chinook Salmon Catch
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High variability between 
years and a 40 year 
downward trend
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ESA listings and the era of 
weak stock management
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Status of ESA Listings 
& 

Critical Habitat Designations
for 

West Coast Salmon & Steelhead

Updated July 2016

Recovery Domain
Puget Sound
Interior Columbia

Oregon Coast

North-Central California Coast

Central Valley

North-Central California Coast 
and Central Valley Overlap

So. OR / No. CA Coast and 
North-Central CA Coast Overlap

Southern OR / Northern CA  Coast

Willamette / Lower Columbia and 
Interior Columbia Overlap
Willamette / Lower Columbia

South-Central / Southern CA Coast

Evolutionarily Significant Unit / 
Distinct Population Segment

ESA 
Status

Date of ESA 
Listing

Date of CH 
Designation

Hood Canal Summer-run Chum Salmon   T   3/25/1999 9/2/2005

Ozette Lake Sockeye Salmon  T   3/25/1999 9/2/2005

Puget Sound Chinook Salmon T   3/24/1999 9/2/2005

Puget Sound Steelhead T   5/11/2007 2/24/2016

Middle Columbia River Steelhead T
3/25/1999
1/5/2006

9/2/2005

Snake River Fall-run Chinook Salmon T 4/22/1992 12/28/1993

Snake River Spring / Summer-run Chinook 
Salmon 

T 4/22/1992 10/25/1999

Snake River Sockeye Salmon E 11/20/1991 12/28/1993

Snake River Steelhead T
8/18/1997
1/5/2006

9/2/2005

Upper Columbia River Spring-run Chinook 
Salmon  

E 3/24/1999 9/2/2005

Upper Columbia River Steelhead T
8/18/1997
1/5/2006

9/2/2005

Columbia River Chum Salmon T 3/25/1999 9/2/2005

Lower Columbia River Chinook Salmon T 3/24/1999 9/2/2005

Lower Columbia River Coho Salmon T 6/28/2005 2/24/2016

Lower Columbia River Steelhead T
3/19/1998
1/5/2006

9/2/2005

Upper Willamette River Chinook Salmon T 3/24/1999 9/2/2005

Upper Willamette River Steelhead T
3/25/1999
1/5/2006

9/2/2005

Oregon Coast Coho Salmon T 2/11/2008 2/11/2008

Southern OR / Northern CA Coasts Coho 
Salmon

T 5/6/1997 5/5/1999

California Coastal Chinook Salmon T 9/16/1999 9/2/2005

Central California Coast Coho Salmon E
 10/31/1996 (T)   
6/28/2005 (E)
4/2/2012 (RE)

5/5/1999

Central California Coast Steelhead T
8/18/1997
1/5/2006

9/2/2005

Northern California Steelhead T
6/7/2000
1/5/2006

9/2/2005

California Central Valley Steelhead T
  3/19/1998
1/5/2006

9/2/2005

Central Valley Spring-run Chinook Salmon T   9/16/1999 9/2/2005

Sacramento River Winter-run Chinook 
Salmon

E
  11/5/1990 (T)  
1/4/1994 (E)

6/16/1993

South-Central California Coast Steelhead T
8/18/1997
1/5/2006

9/2/2005

Southern California Steelhead E
8/18/1997

5/1/2002 (RE)
1/5/2006

9/2/2005

ESA = Endangered Species Act,  CH = Critical Habitat,  RE = Range Extension
E = Endangered,  T = Threatened, 

Willamette / Lower Columbia Recovery Domain

Interior Columbia Recovery Domain

Puget Sound Recovery Domain

Oregon Coast Recovery Domain

North-Central California Coast Recovery Domain

Central Valley Recovery Domain

South-Central / Southern California Coast Recovery Domain

Southern Oregon / Northern California Coast Recovery Domain

Chinook Salmon ESA listings
1989 Sacramento Winter Run
1992 Snake Fall and Spr/Su
1999 Puget Sound, Lower Columbia, 

Upper Willamette, Upper Columbia 
Spr, Central Valley Spr, California 
Coastal  

Coho Salmon ESA listings
1996 CC CA Coho
1997 SOR-NCA Coho
1998 OR coast Coho
2005 Lower Columbia Coho
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Federal Fishery Disaster Timeline
1984: coastwide catch/escapement declines in 1983 due to El Niño-related warm/poor ocean 

conditions in the CCS in 1982-1983; catch declines in 1984 also due to harvest limits 
1994: poor catches in 1993 related to CA drought from 1987-1992, very low snowpack west-wide in 

1992, WA flooding in 1992-93, CCS warm ocean conditions related to El Niño in 1992-93; $16M 
aid package

1995: requested and received another $12M relief
1998: record flooding in WA in winters 95-96 and 96-97
2005: unprecedented restrictions on commercial ocean and in-river fisheries in northern CA and OR 

due to poor adult salmon returns to the Klamath R; multi-year drought and poor stream 
conditions in 2001-5

2006: severely restricted or closed fisheries from Cape Falcon, OR to Pt Sur, CA (700 miles of 
coastline); “recent decline in ocean conditions and 2001-5 Klamath drought”

2008-09: extremely poor CA fisheries and escapements in 2007, closed fisheries in 2008, collapse of 
Sacramento R fall Chinook salmon; 

2010-11: no fishery and record low escapement of Sacramento R. Fall Chinook in 2009; NMFS report 
concludes “poor ocean conditions in 2005-6 in conjunction with degradation of FW and estuary 
habitat, reliance on 4 hatcheries” were the proximate and underlying factors

2016-17: (1 granted, more pending): Klamath Tribes, CA/OR Governors – very poor catch in 2016, 
severe fishery restrictions or closures for 2017; caused by poor ocean conditions (2014-16), 
2015 western snow drought, CA “hot drought” (2012-2015), poor water quality and related 
parasites and fish disease in the Klamath R. 
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The Changing Climate and Context of West Coast Salmon Fisheries

o A warming climate and an era of frequent 
drought

o An increased frequency of ocean 
extremes

o Evolution of the salmon productions 
system: CA – increasing hatchery 
contributions and reliance on off-site 
releases of large smolts; evidence for 
increased synchrony among populations

o Evolving marine food webs: increases in top predators (whales, sea lions, harbor 
seals, and some sea birds); boom-bust cycles in key forage fish (California 
sardines, northern anchovy)
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Summary

We are entering an era of rapid ocean change:

• High frequency of extreme warm events in the CCS since the 1980s caused 
widespread ecosystem and fishery impacts

• Climate models predict ocean extremes will become more frequent and 
intense as warming trends accelerate

Ecosystem responses to future climate change:

• In the next decade or two, slower trends may be hard to detect in the 
presence of large year-to-year variations

• Chronic, climate-sensitive fishery challenges likely to become more frequent 
and intense (*West Coast Chinook salmon)

• A “no-anolog future”? As we move deeper into ocean states without 
historical analogs, expect novel and surprising ecosystem ocean impacts 
and fishery management challenges
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Questions?
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o Environmental conditions dominated the CCLME with record-high SST 
anomalies (the warm ‘Blob’) in the NE Pacific and off Baja California 
in 2014–2016, continued drought, followed by one of the largest El 
Niños of the past 100 years in 2015-2016

o Multiple indicators à poor productivity & anomalous events 

including:

o Huge harmful algal blooms à fishery closures,

o In-stream pre-spawn Chinook salmon die-offs & low catches

o Mass mortalities of CA sea lions, Guadalupe fur seals, & common murres,

o Record entanglements of baleen whales in nearshore fishing gear,

o Observed high numbers of juvenile leatherback turtles.

o Need for EBFM tools (IEA); ‘climate-ready’ strategies; dynamic ocean 
management

Climate ‘Stress Test’: Summary
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US West Coast Chinook Salmon 
commercial troll landed value
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The West Coast troll 
fleet has contracted by 

~80% since the late 
1970s

www.westcoasttrollers.com


