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Ocean acidification is            
                chemistry…

CO2 + H2O H2CO3
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… not conjecture



Doney et al. (2009)

Ocean acidification is happening now



50% of marine animals threaten by ocean acidification
Including shellfish

Negative impact on marine life



Quantity and quality – taste of shrimps and mussels



High evidence – “virtually certain”
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From chemistry to biology



e.g. Threshold:  < 1.5 for calcifiers

Paradigm #1: 



(Thomsen et al. 2010)

pH 7.5, ara=0.35

Shellfish are not pieces of calcium carbonate



Afreezer

Energy cost

Threshold for ice = 0°C
How do you make ice when temperature is >0 °C



How to make CaCO3 at <1?

>1 at the calcification site

Acid-base regulation + energy



(Thomsen et al. 2010)

pH 7.5, ara=0.35
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Shellfish are not pieces of calcium carbonate



Calcification:

Ca++ + CO3
-- -> CaCO3

Ca++ + 2HCO3
- -> CaCO3 + H2O + CO2

Paradigm #2: CO3
2-



Roleda et al. 2012
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Side note: bivalve cultures are not CO2 sink



Main driver: pH

OA
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Tipping point for normal 

development = pHT 7.765.

Thresholds



Population 1 Population 2

--- =

Need to study all species and population in the world 

if we want to forecast biological impacts?

Population-specific response



Open ocean: P(CO2)atm = p(CO2)sw

CO2

CO2
Atmosphere

Seawater

400ppm

400atm pH 8.1

Equilibrium true for open ocean Present: 8.1

OA – 2100: 7.7 (pH: 0.4)



✓ Mixing/upwelling

✓ Interaction with other parameters (e.g. temperature, salinity)

✓ Other sources of acidification (nutrients, SOx/NOx)

✓ Biology (photosynthesis, respiration, calcification, etc.)

CO2 CO2 CO2

Coastal zone



Costal zone: P(CO2)atm ≠ p(CO2)sw

CO2

CO2
Atmosphere

Seawater

400ppm

200-1400 atm pH 8.7 - 7.6

Biology
Not in equilibrium Present: 8.7-7.6

OA – 2100: 8.3-7.2 (pH: 0.4)



Population 1 Population 2

--- +

Local adaptation

Local adaptation



Local adaptation: importance of monitoring
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Problem: Not possible to produce spats in hatcheries
-> No production, no money, no jobs

2007 crash in US west coast aquaculture



Feely et al. 2008

Diagnosis: ocean acidification (+ upwelling)



Solution?: Mitigation

✓ Policy

✓ Change

✓ Acceptance
Citizen

Inefficient: different times scales

Solution #1 – CO2 mitigation



Window of opportunity

Solution #2 – adaptation (change of practices)



Solution #2 – adaptation (genetic strains)



OA

More relisient offsprings to OA

Solution #2 – adaptation (pre-acclimation)



Conclusions

• Ocean acidification is a direct consequence of 
CO2 emission

• Shellfish are sensitive and impact driven by pH

• Local adaptation to present range of pH 
variability

• Aquaculture already impacted

• Mitigation is the solution but need to buy time

• Adaptation solutions exist
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