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Potential Effects of OA on Species, 
Ecosystems and Human Communities on 

the U.S. West Coast
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Ocean Acidification Driven Changes in pH Exposure of 
Zooplankton: Projections from the Salish Sea Model

(But really, what about Dungeness crab…)
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Ocean Acidification and Dungeness Crab



Vulnerability Framework
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Ocean Time Machine
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Dungeness crab survival and 
development

Miller, Maher, Bohaboy, Friedman, and McElhany. 2016 (Marine 
Biology)
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Relative pH Sensitivity: 
Meta-analysis of ~400 OA Papers Relevant to California Current

Busch and McElhany. 2016 (PLOS)
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Pacific Northwest National Laboratory (PNNL) 
Circulation Model 



Carbonate Chemistry Proxies
Carbonate Parameter = f(temperature, salinity, 
oxygen)

Feely et al. 2010

Puget Sound Carbonate Cruise
2008 (Feb and Aug)
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Model vs. Cruise pH - 2014

13 Data provided by Simone Alin, NOAA PMEL



Simulation Parameters
• Circulation model input
• Number of trajectories
• Starting locations

Horizontal Movement
• Stochastic
• Current-driven
• Environment-driven
• Combination

Vertical Movement
• Surface  only
• Daily Vertical Migrations 

(DVM)
• Current-drive
• Environment-driven
• Combination

Plankton Movement Program 
(PMP) 

Java program implements individually-based movement simulation







Trajectories



Dispersal from Ship Harbor
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Crab Zoea on Edmunds Beach April 2017

19 Photo by Paul Briggs, City of Edmunds
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Experimental Fluctuating pH
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Fluctuating pH Experiment
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Zoea Development Stage in Fluctuating pH 
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SSM and Vulnerability Framework
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Next Steps…
• Improved validation/tuning 

of carbonate chemistry
• Explicit forcing with future 

carbon
• Include more complex 

behavior (e.g. vertical 
decision making)

• User interface for plankton  
tracking
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