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Acidification des océans

• l’océan absorbe ¼ du CO2
anthropique émis dans 
l’atmosphère

• le CO2 est un gaz acide

• l’acidité de l’océan +30% 
depuis le début de l’ère 
industrielle

H2O + CO2 + CO3
2- → 2HCO3

-

acide antiacide
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-

CO2 + H2O → H+ + HCO3
-



Réduction du pH de l’océan déjà mesurable

Réduction anthropique du pH de surface 

de 0.1 unités depuis 1750 (méthode indirecte)

de 0.02 unités par décennie depuis 1980 (méthode directe) 

based on Bates, Dore, Gonzàles-Dàvila et al. in Willebrand, Bindoff et al. (IPCC AR4, 2007)



Grandes réductions de pH et [CO3
2-] en surface

• réductions de pH                   
-0.3 à -0.4 avant 2100          
= plus de [H+] (100-150%)

• réduction de [CO3
2-]                   

= sous-saturation (ΩA < 1) 
dans l’océan austral   
(jusqu’à 55+/-5 μmol/kg en 
2100, IS92a)

Aragonite Saturation

Calcite Saturation

1765
1994
2100s
2100i

Orr et al. 2005 (Nature)Orr et al. 2005 (Nature)
Ocean Carbon-cycle Model 
Intercomparison Project



Coral skeletons grow more slowly at higher CO2 levels
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Decline in GBR coral growth since 1990 
• 328 Massive Porites coral colonies 

(on 69 reefs)

• Reductions 1990-2005
-14% calcification
-13% linear growth

• Most probable causes:
warming
acidification

De’ath et al. (2009) Science



Mussels & oysters calcify less at higher CO2

Decrease in calcification rates for 
the 2 species: Mytilus edulis & 
Crassostrea gigas
– Significant with pCO2

increase and [CO3
2-] 

decrease

At pCO2 740 ppmv:
• 25% decrease in 

calcification for mussels
• 10% decrease in 

calcification for oysters

Gazeau et al., 2007



Pac

Atl

• Surface de l’océan             
sur-saturée partout
– depuis au moins 800 Ka
– et probablement 25Ma

• Horizon de saturation 
d’aragonite (ou Δ[CO3

2-]A = 0)
– Océan Austral

(jusqu’à 1000 m)
– Atlantique Nord 

(jusqu’à ~3000 m)

• Sous-saturation en surface 
(Δ[CO3

2-]A < 0)
– Océan Austral 
– Pacifique subarctique

• Remontée de l’horizon de 
saturation d’aragonite       
(i.e., Δ[CO3

2-]A = 0)
– Océan Austral

(vers ~1000 m)
– Atlantique nord

(vers ~3000 m)

Etat actuel de l’océan : saturation en terme 
d’aragonite: Δ[CO3

2-]A= [CO3
2-] - [CO3

2-]A
sat

En 2100… grands changements de l’état de 
saturation en sous-surface (Δ[CO3

2-]A)  [μmol kg-1]



Photo credit: Russ Hopcroft, NOAA

Limacina helicina
(dominant polar pteropod)

• Macro-Zooplankton
• Abundant food source for 

marine predators
• Integral component of 

food webs
• Pteropod populations 

highest in cold waters 
(reaching 10,000 / m3)

• Ross Sea
– L. helicina sometimes 

dominates over krill
– Indicator of ecosystem 

health
– Dominant exporter of 

organic & inorganic C



Pacific pink salmon growth depends on 
pteropod abundance



Cold-water corals may be particularly vulnerable

Stony Cold-water corals:
• 2005 :  95% with ΩA > 1
• 2100 :  35% with ΩA > 1

Most cold-water corals exposed to corrosive 
waters by 2100 (IS92a scenario)

Lophelia pertusa

Guinotte et al. (2006, Frontiers in Ecol. Env)



Undersaturation is strongest in the Arctic

Aragonite undersaturation Δ[CO3
2-]Arag at 2xCO2

*Model approach (IPSL model results only, scenario: +1% annual increase)
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Projections improved by adding model 
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Two possibilities:

1. Energy cost increase for calcifiers now living       
part-time in undersaturated waters                                   

affects growth, reproduction, competitiveness 

2. Some calcifiers may be pre-adapted                                    
unaffected by acidification

Should find evidence supporting or rejecting one of 
the two hypothetical outcomes in the coming 
decades.



Prominent role of shellfish in Arctic 
marine food web

Marine food web in the Beaufort Sea



Prominent predators of Arctic bivalve molluscs



pH=7.6

pH=8.2

Natural CO2 vents: windows into the future? 

Med Sea shallow CO2 vents reveal
• Less biodiversity
• Fewer calcifiers
• More algal genera                               

… including some invasive species

Hall-Spencer et al. (2008, Nature)

Balanes

Patelles



Conclusions

• Difficult to predict how acidification will alter marine 
ecosystems

• Current large spatial & temporal variability may make 
some species more resistant (Hendriks et al., 2010; 
Joint et al., 2010)

• But CO2 vent communities confirm expected trends in 
calcifiers & seagrasses due to acidification

• Indirect effects (ocean biogeochemistry, predator-
prey, …) are just beginning to be studied



A first EU response:

• Large-scale IP: ocean acidification 
& its consequences

100+ scientists

27 institutes

9 countries 

• Total budget: 16 M€
(6.5 M€ from EU) 

• 2008-2012

EPOCA Coordinator: J.-P. Gattuso 
(LOV, Villefranche-sur-mer, France)



A second EU response:

• Large-scale IP:
Mediterranean Sea Acidification 
under Changing Climate

17 institutes

11 countries 

• Total budget (under negotiation) 
• 2011-2013

MEDSEA Coordinator: P. Ziveri
(ICTA, Barcelona, Spain)



http://www.epoca-project.eu/index.php/FAQ.html
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