
Ecosystem  Effects of Ocean 
Acidification

Paul McElhany,
Research Ecologist
Northwest Fisheries 
Science Center

Background Photo by Jared Figurski

NWFSC OA Research Core Team: 
Shallin Busch, Jason Miller, Mike 
Maher, Sarah Norberg



Future Oceans?



Not so much…



Calcium Carbonate and Acidification



What is Calcium Carbonate?

Calcium carbonate ↔ Carbonate + Calcium

CaCO3 ↔ CO3
2- + Ca2+



Holcomb et al., 2010

What is Calcium Carbonate?



Shells Are Calcium Carbonate



Why CO2 is Bad for Shells

CO2 + H20 → H2CO3

Carbon Dioxide + Water → Carbonic Acid

Carbonic Acid → Hydrogen Ion + Bicarbonate

H2CO3→ H+ + HCO3
-

H+ + CO3
2- → HCO3

-

Hydrogen Ion + Carbonate Ion → Bicarbonate Ion 

Ca2+ + CO3
2-↔ CaCO3 

Calcium Ion + Carbonate Ion ↔ Calcium Carbonate 

Acidification of Seawater

Calcification

More CO2
means harder 
to make CaCO3



Saturation State
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Dissolution PrecipitationEnergy Needed to Calcify

Saturation State (Ω) goes up with carbonate

“Under
Saturated”



What makes CaCO3 shells?
About 600 species in Puget Sound!!!



Calcium Carbonate Mineralogy

From Busch et al. in prep

Mostly amorphous CaCO3, some calcite
High Mg calcite, some amorphous CaCO3
High Mg calcite
Mostly aragonite, some high Mg calcite
Aragonite
Mostly aragonite, some calcite
Mostly low Mg calcite, some aragonite
Low Mg calcite

30.16%
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49.03%

11.14% CaCO3
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 No biomineral
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Shells may dissolve

Green et al. 2009

Busch et al., unpublished

NWFSC 2009



Shells may be harder to build

Cohen et al. 2009

Ω = 3.71 (control)

Ω = 2.40

Ω = 1.03

Ω = 0.22 (under Sat.)



Calcification in Fish

Photo: Scripps Institution of Oceanography, UC San Diego

Photo: Hubbs SeaWorld Research Institute

Seabass Larvae
Otolith

Checkley et al. 2009



Hermie the Hermit Crab




Are shells the only thing impacted?

NO



Sensory tissues are affected by OA



CO2 and pH Affect Physiology



Photosynthesis is Affected by CO2



Seawater Nutrient Changes

Zeebe and Wolf-
Gladrow 2001 

Millero 1998 



A lot  to Learn…

From Busch et al. in prep



West  Coast Oyster Crisis

Figure by Alan Burton

Widespread 
repeated larval 
failures linked to pH



NWFSC Research



Larvae Culture 



Normal Develops in egg

Deformed

Deformed 
late hatch

NWFSC Research



NWFSC Research



Experiments at the NWFSC 
(underway and planned)

-CO2, DO, temp and nutrient interactions
- Natural temporal patterns in CO2

•Pacific oyster
•Rockfish larvae 
•Krill
•Dungeness crab
•Olympia oyster
•Pinto abalone
•Geoduck
•Copepod
•Fish sperm
•Species 
assemblages

Collaborations with
Universities, Tribes, 
State Agencies, NGOs



CO2 Fluctuations

Current 

Future 

“Climate is what you expect, weather is what you get”
─ Robert A. Heinlein



Ecosystem  Effects of Ocean 
Acidification???

Background Photo by Jared Figurski



Species are Interdependent



Puget Sound Ecosystem

Busch et al. in prep



Economic Cost of OA

Cooley and Doney 2009



What to Do About OA?





Reduce Other Stressors



Plan for Change
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