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Low snowpack in 2015
Resulted in low river flow



Toxic Vectoring Through the Marine Food Chain

HABs may or may not be visible as “colored” seawater

Toxin producer

Filter feeder/plankton eater Predator  illness
or death?

Bioaccumulation





2015 
$100M loss



Closure of the majority of the 
2015 commercial razor clam 

season resulted in a $300 K loss 
to a small community of 

commercial harvesters. Oregon 
reports a similar loss.



Amnesic Shellfish poisoning (ASP)
in seabirds, mammals
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Brown pelicans
Pelecanus occidentalis

Sea Otters 
Enhydra lutris

Brandt’s cormorants
Phalacrocorax penicillatus Slide courtesy William Cochlan

California Sea Lions
Zalophus californianus

Vectors = shellfish, 
sardine, anchovy



Seizuring sea lion (first ever observed on WA coast)
Many sea lion, seal mortalities in Monterey Bay

Impacts of largest West Coast HAB

Anchovy and sardine fisheries health 
advisory in California due to high toxins

Tuesday, November 3, 2015

Closure of razor clam fishery
~$23 million lost in lost spending

Dungeness crab fisheries 
closed in multiple states.  
West coast crab fishery 
valued at $180 million



Kathi Lefebvre, NOAA

• ~65 sea lions strand in a 
typical year

• In 2015, 229 sea lions 
stranded



Seasonal temperature anomalies in the Northeast Pacific
with respect to 1981-2010 averages

Source: NOAA: http://www.esrl.noaa.gov/psd/cgi‐bin/data/composites/printpage.pl 

2013 2014 2015

A rapid and unexpected 
warming of the surface 
waters in the Gulf of Alaska 
was observed in the fall of 
2013 that persisted into 
2015.

This feature, labelled the 
“warm blob”, reach ~4°C 
above normal.

Along the continental shelf, 
cooler than normal waters 
persisted in early 2014 but 
by autumn the warm blob 
moved eastward, bringing 
extreme warm anomalies to 
the coast.





North America west coast closure 

Storm brought cells to coast

MAY 8



Cells brought to coast by storm, nutrients from upwelling fueled the BLOOM

Blob water Upwelling

Poleward transport

McCabe et al. 2016. Geophy. Res. Lett.
doi:10.1002/2016GL070023 



2005

2015

“The new normal”
Highly toxic, widespread blooms in spring?

Washington 
State



(c) 

(a) (b) 

R/V Shimada cruise: June – Sept 2015
McCabe et al. 2016. Geophy. Res. Lett.
doi:10.1002/2016GL070023 



Preceding the Bloom was the “Blob”

Source: NOAA: http://www.esrl.noaa.gov/psd/cgi‐bin/data/composites/printpage.pl 

• Unusually warm SST resulted in drought, low snowpack
• Ocean temperatures ~3oC above normal.
• The blob was 1000 miles long and 300 ft deep
• Nutrients (N) became depleted within the blob
• An “incubator” for toxic algae

SST anomalies



What does the future hold?
Toxic Pseudo‐nitzschia & climate

El Nino = yellow, solid lines = PDO 

Pseudo‐nitzschia growth potential

Shellfish DA

Razor clam DA correlated or lagging peaks in El Niño and Pacific Decadal Oscillation (PDO)
McKibben et al. 2017 (Proc. Nat. Acad. Sci. doi:10.1073/pnas.1606798114) &
McCabe et al. 2016 (Geophys. Res. Lett 43 doi:10.1002/2016GL070023  



New statewise advisory for razor clam consumption

FOR “SUPER CONSUMERS” ‐ “There is a possible association between long‐term, low level exposure to 
domoic acid through razor clam consumption and memory functioning”



What made 2015 unusual?

• Spring timing of large‐scale toxic Pseudo‐nitzschia bloom
• Simultaneous coastwide closures of shellfish harvest
• Unusual delivery of P. australis due more northward transport
• The Blob as an offshore incubator for toxic cells
• NO3 concentrations decreased in Blob water
• Surge uptake of upwelled nutrients by P. australis after they were 

delivered to the coast by storms
• Blob provided a natural experiment to simulate global warming



• Weekly 
phytoplankton 
monitoring (24 sites)
• Shellfish and water 
collection during 
blooms.
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Phytoplankton monitoring: 
SoundToxins and ORHAB

Olympic Region  
HAB (ORHAB) 
Partnership

SoundToxins 
Partnership

Partners include WDFW, WDOH, UW, Tribes

Partners include NOAA, WA SeaGrant (co-leads), Taylor, 
Coast, Penn Cove & Seattle Shellfish, Tribes, UW, WSU, 
Evergreen College, volunteers
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Collaborators
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Phytoplankton monitoring team, ORHAB


