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OA is a young field of research 

(Gattuso & Hansson 2011) 

Papers: 1760 Authors: 3492 



Are atmospheric CO2 and ocean pH changing? 
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Do we know present-day pH variability around 
coral reefs? 
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Do we know present-day pH variability around 
coral reefs? 

1. Coral reefs: 
- reef metabolism regulates local SW 
chemistry (e.g. pH) 

2. Local environment (SW chemistry & 
environmental parameters): 
 - local environment controls reef 

metabolism 



Are climate model scenarios suitable to predict 
future coral reef pH?  

Coral reefs pCO2 has increased 3.5 fold faster 
than in the open ocean over the past 20 y 
(Cyronak et al. 2014) 
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(Shaw et al. 2012) 



What is the effect of OA on coral reefs? 
Atmospheric CO2 

CO2 + H2O H2CO3 
(bicarbonate) 

HCO3
– + H+ 

(ion carbonate) 
CO3

2– + H+ 

HCO3
– 

IPCC scientists predict loss of tropical reefs by 2050  

Decline  
calcification 

Reef  
erosion 

CO3
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Today: 

Calcification 

2050?? 

Dissolution 

http://www.noaanews.noaa.gov 

- Acidification will decrease coral calcification rates up to 56% 
by the end of century (Kleypas et al. 2006) 
 
- Coral and molluscs are expected to decrease calcification 
drastically by 2050 (Hoegh-Guldberg et al. 2007) and may stop to calcify and 
dissolve by 2100 (Silverman et al. 2009; Gazeau et al. 2009) 

Coral reefs response to OA: General consensus 
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Time (2000-2015…) 

Studies reporting a 
decrease in coral 
calcification 

Coral reefs response to OA: Growing consensus 

Apparently, OA impact seems less obvious than previously thought 



Low-volume aquaria Large aquaria (mesocosm) 

Natural pH variations  
across reefs 

Underwater mesocosm 

Natural low pH environments  
at volcanic CO2 emissions 

Ti 

Tf 

Methods used to simulate OA 



Reconsidering previous 
misconceptions & 

biases: declines in coral 
calcification will be ca. 
20% by 2100 (Chan & Connolly 

2013) 

1) Experiment in aquaria are not ecologically relevant 

2) Methods used to acidify seawater might change responses 

3) The duration of the experiments might change responses 

4) Light, water flow, food, etc…might change responses 

5) Methods used to measure calcification might result in 

contradictory results 

The carbon source 

Poor knowledge on coral calcification mechanisms 

Methods used to simulate OA: aquaria 



Species-specific responses depend on 
ability to keep high pH values at 
calcification sites (Venn et al. 2011; McCulloch et al. 2012) 

(Ries et al. 2009) 

(Gagnon et al. 2013) 

Methods used to simulate OA: aquaria 



pH = 7.7-7.8 Why these studies found net dissolution? 

Net dissolution 

Methods used to simulate OA:  
Mesocosms & natural variations 



Reef 

TAi TAf 

Traditional techniques: 

Variation of Total Alkalinity  

over the reef 

• Animal excretion affects TA 
• Reef composition affects TA 
• Environmental parameters affect TA 
• It does not decipher calcification & dissolution 
• Sediment dissolution explains > 50% TA changes 
 (Eyre et al. 2014; Murillo et al. 2014; Comeau et al. 2015) 

Changes in net coral reef calcification could be due mainly to 
increased sediment dissolution rather than decreased calcification 

Methods used to simulate OA:  
Mesocosms & natural variations 



- Impressive high cost!! 
- Not consistent data 

FOCE: underwater mesocosm 

Methods used to simulate OA:  
in situ mesocosm 



Methods used to simulate OA:  
CO2 volcanic emissions 



Methods used to simulate OA:  
CO2 volcanic emissions 

 



pH 8.14 pH 6.57 pH 7.83 

Community shift at CO2 vents 

Hall-Spenceret al. (2008) Nature 



pH 8.17 pH 8.17 pH 8.00 pH 7.67 
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pH 8.17 pH 7.67 

Martin et al. (2008) Biol. Letters 

Community shift at CO2 vents 



The seagrass is 

less able to defend 

itself from grazing 

fish, the habitat is 

less biodiverse and 

invasive algae 

thrive. 

 

 

 

 

 
Arnold et al. (2012) PlosONE 



Coral reefs response to ocean acidification: 
Methods: CO2 volcanic emissions 



The gastropod Patella caerulea 

pHT 6.5-6.8 !!!! 

Positive GC rates 

and dissolution 

Rodolfo-Metalpa et al. (2011) Nat Clim Change 



The gastropod Nassarius corniculus 

Garilli, Rodolfo-Metalpa et al. (2015) Nat Clim Change 



Coral reef acclimatization to OA at CO2 seeps 



  

CARiOCA will start September 2016 



  

CARiOCA study sites 

Site 1:  
pH 7.7-7.8 
(Fabricius et al. 
2011 Nature Clim 
Change) 

Site 2:  
pH 7.7-7.8 & T 
+2-3°C (Pichler & 

Dix 1996 Geology) 



Reference site: pH
T
 8.1 Seeps site: pH

T
 7.7 

Reference site: pH
T 

8.1 Seeps site: pH
T 

7.7 

Exp. 2: ‘winners’ Exp. 3: ‘losers’ 

A 

E 

B C D 

F 

CARiOCA reciprocal transplants 

Outcome: 
1- whether winners are physiologically 
acclimated or adapted; 
2- why losers lack acclimation; 
3- how rapidly the phenotypic 
changes that confer tolerance occur. 
 



Future perspectives and research priorities 

pH change 
(monitoring) 

Impact on 
coral reefs 

Open Ocean 

Coastal 
ecosystems 

Global model 

Local model 

Improving 
methods 

Which species are 
more resistant 

and able to adapt 


