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Ocean Acidification: An Overview



http://www.climateshifts.org/?p=4647

The carbon put into the atmosphere 
each year is enough to fill a string of
coal cars 159,000 miles in length.  

This would wrap around the world almost
7X.

The burning of fossil fuels releases 

9 BILLION TONS 
of carbon dioxide into the atmosphere 

every year.

http://www.climateshifts.org/%3Fp=4647


Source: Le Quéré et al. 2012; Global Carbon Project 2012
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Atmospheric CO2 and ocean pH



Turley et al., 2006

Rapid ocean acidification



CO2 from fossil fuels or 
CO2 from Phytoplankton…
at the end of the day it is 
all acid and it is produced 

in both
the overlying water and the 

underlying sediments.

O2 + CH2O à CO2 + H2O àH2CO3



Salisbury et al. 2009

Coastal and Estuarine Acidification - Examples

Rivers lower available CO3
Estuaries also show evidence of 
acidification

Coastal acidification threatens all commercially and 
ecologically important calcifying organisms

Waldbusser et al. 2010



• CO2 / air mixed in gas 
proportionator to desired flow rates

•Experiments replicated with pre-mixed 
gases

• Desired CO2 levels bubbled into 
replicated treatment vessels

S.Talmage

Methods: CO2 treatments

• Constant temperature is
maintained via circulating water bath
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(Talmage and Gobler 2010)



Pre-Industrial, 
250 ppm

Current, 
390 ppm

Mid-century, 
750 ppm

Next century, 
1500 ppm
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The changes in CO2 which have 
occurred in the past 200 years 

(and mostly in the last 50 years) 
are capable of significantly 

depressing survival of clam and 
scallop larvae.

(Talmage and Gobler, 2010)
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Mercenaria mercenaria, 36 day old juvenile scanning electron microscopy images



Mortality (Death by Dissolution)

Day 0 Day 7Day 4

Representative clams from 0.2 mm size class at 0.6 W

Notice area near umbonal is the remnant of the larval 
shell 

(Green et al. 2009; 2013)





Foodwebs at risk

Seattle Times
April 30,2014



Nature Geoscience | Letter 

Extensive dissolution of live pteropods
in the Southern Ocean (2012)

(N. Bednarsek)









“Phytoremediation” as an 
adaptation strategy



It works in the lab (and in the field)…



Conclusions
1. Increasing atmospheric carbon dioxide is causing the surface ocean 

to become more acidic.

3. The coastal ocean is acidifying even faster and represents a look 
into the future.  Maine is particularly vulnerable.

4. It’s getting more difficult for some marine organisms to make 
shell material (but it’s not all about clams) and the cascade 
effect through marine ecosystems could be severe.

5. The window of conditions sufficient for natural bivalve larvae will 
continue to close.  Recruitment will become less and less 
predictable.

6. Multi-trophic farms and hatcheries and buffering (seaweeds and 
shells) can mitigate poor water chemistry on a VERY small local 
level.

7. The slow and relentless increase in atmospheric and surface 
ocean CO2 continues.  There is only one real solution to 
overcome the looming disaster that is OA….

2. There has been a significant increase in acid (decrease in pH) in 
your lifetime  and it is changing faster than at any time during the 
last 60,000,000 years (at least). 


