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Native vs non-native temperate corals,  

a 7 months experiment 

Cold-water corals,  

a 10 months experiment 

pH vs temperature in temperate corals,  

a one year experiment 

Calcification rates (mg CaCO3 g
-1 day-1) 

(Mean 
 

 SE) 

Treatment T

20.0 ± 0.6

(19.1 - 21.1)

19.8 ± 0.3

(19.5 - 20.2)

Treatment pCO2 χCO2 DIC [CO2]aq [HCO3
-
] [CO3

2-
] ΩA

Control 381 ± 9 390 ± 9 2211 ± 15 12.1 ± 0.5 1966 ± 20 232 ± 6 3.6 ± 0.1

High-CO2 780 ± 40 800 ± 40 2362 ± 14 25 ± 1.4 2197 ± 18 140 ± 7 2.1 ± 0.1

(2520 - 2550)

2539 ± 9

(2525 - 2550)

37.3 ± 0.2

Measured parameters

Calculated parameters

SalpHT

Control
37.4 ± 0.28.092 ± 0.008

(37.0 - 37.7)(8.070 - 8.100)

High-CO2

7.830 ± 0.021

(37.0 - 37.5)(7.807 - 7.862)

TA

2534  ± 11

Treatment

Treatment pCO2 χCO2 DIC [CO2]aq [HCO3
-
] [CO3

2-
] Ωc ΩA

Control 379 ± 23 384± 24 2280 ± 19 15.2 ± 0.9 2080 ± 23 185 ± 7 4.3 ± 0.2 2.8 ± 0.1

High-CO2 810 ± 53 821 ± 53 2421 ± 15 32.4 ± 2.2 2284 ± 18 105 ± 6 2.5 ± 0.2 1.6 ± 0.1

Measured parameters

pHT TA Sal

Control
8.097 ± 0.021 2536  ± 14 37.6 ± 0.1

(8.061 - 8.115) (2521 - 2551) (37.5 - 37.8)

(12.0 - 12.6)

Calculated parameters

High-CO2

7.808 ± 0.027 2543 ± 11 37.6 ± 0.1

(7.787 - 7.854) (2524 - 2551) (37.4 - 37.7)

T

12.3 ± 0.2

(11.9 - 12.5)

12.3 ± 0.3

Treatment

Calculated parameters

Treatment pCO2 χCO2 DIC [CO2]aq [HCO3
-
] [CO3

2-
] Ωc ΩA

Control 433 ± 13 441± 14 2254 ± 35 14.9 ± 1.4 2042 ± 51 198 ± 19 4.6 ± 0.5 3.0 ± 0.3

Medium-CO2 829 ± 42 846 ± 46 2375 ± 32 28.3 ± 2.8 2222 ± 42 124 ± 15 2.9 ± 0.4 1.9 ± 0.3

High-CO2 1024 ± 46 1044 ± 45 2411 ± 31 35.5 ± 4.4 2272 ± 41 104 ± 15 2.4 ± 0.4 1.6 ± 0.2

Control      

+3ºC
468 ± 12 479± 14 2257 ± 34 15.4 ± 1.4 2044 ± 51 198 ± 20 4.6 ± 0.5 3.0 ± 0.3

Medium-CO2       

+3ºC 
899 ± 35 921± 40 2369 ± 33 28.5 ± 2.8 2213 ± 45 128 ± 16 3.0 ± 0.4 2.0 ± 0.3

High-CO2 

+3ºC 
1070 ± 56 1095 ± 58 2410 ± 34 34.5 ± 4.1 2265 ± 44 110 ± 15 2.6 ± 0.4 1.7 ± 0.3

Control
8.045 ± 0.012 2527  ± 16 37.9 ± 0.4 17.3 ± 3.8

Measured parameters

pHT TA Sal T

Medium-CO2

7.801 ± 0.019 2527 ± 19 37.9 ± 0.4 17.2 ± 3.8

(8.022 - 8.056) (2507 - 2557) (37.4 - 38.4) (12.5 - 21.4)

High-CO2

7.717 ± 0.019 2532 ± 15 37.9 ± 0.4 17.2 ± 3.9

(7.780 - 7.830) (2506 - 2560) (37.4 - 38.3) (12.5 - 21.4)

Control     

+3ºC

8.016 ± 0.010 2526  ± 15 37.9 ± 0.3 19.7 ± 3.8

(7.688 - 7.740) (2513 - 2561) (37.1 - 38.3) (12.5 - 21.4)

Medium-CO2 

+3ºC 

7.771 ± 0.014 2525 ± 16 37.9 ± 0.3 19.7 ± 3.8

(8.001 - 8.029) (2510 - 2554) (37.5 - 38.2) (15.5 - 23.9)

High-CO2 

+3ºC 

7.704 ± 0.022 2531 ± 15 37.8 ± 0.3 19.8 ± 3.7

(7.670 - 7.737) (2511 - 2556) (37.5 - 38.1) (15.5 - 23.9)

(7.749 - 7.789) (2511 - 2555) (37.5 - 38.2) (15.5 - 23.9)

 
 C. caespitosa polyps were examined at the end of the 

acidification period by SEM, with no obvious differences in 

morphology/microstructure. A, C, E = Control; B, D, F = acidified. 

 
 Changes in skeletal growth were evaluated measuring the 

buoyant weight at day 62, 118, 182, 249 and 314 after the 

beginning of the experiment, taking as a reference the initial 

day of the each period. 

 
 Specific micro-density and porosity were determined at the end of the experiment in order to 

convert buoyant weight  to dry weight, and also the percentage of organic matter for 

comparison with lipid and protein content. 

* 

* 

 
 Total alkalinity (potentiometric titration), pHT (spectrophotometry), salinity and 

temperature were measured periodically and used to calculate all the other parameters of 

the seawater CO2 system.  

 
 We investigated the response to ocean acidification of the two 

zooxanthellate coral species capable of constituting the main 

framework of the community in the Mediterranean, the endemic 

Cladocora caespitosa and the non-native Oculina patagonica. 

  
 Only three studies have been performed on the effects of ocean 

acidification on temperate Mediterranean corals. (Fine and 

Tchernov, 2007; Rodolfo-Metalpa et al., 2010, 2011). 

 

Experimental setup 

 

Filtered seawater (L) was continuously supplied to two 150 L tanks and pH was adjusted to 

values of ~8.09 (B) and ~7.83 units (A) by bubbling CO2 (G) or CO2-free air (using a soda 

lime filter, F) through microbubbles diffusers (J). Seawater pH was continuously monitored 

by glass electrodes (C) connected to a pH controller (D) , which automatically controlled the 

solenoid valves (E). Temperature, salinity and light conditions (K) were constant throughout 

the whole experiment. Corals were kept in 25 L incubation aquaria (2 replicates per 

treatment (H and I)) during 92 days. After that, we conducted a recovery experiment, in 

which corals reared in the acidic treatment were brought back to control conditions (from 

day 92 to day 216). 

 
 Skeletal growth rates of O. patagonica and C. caespitosa were measured using the 

buoyant weight technique after the acidified treatment exposure (three months) and at the 

end of the recovery period (four months) when the acidified treatment was basified to 

match the control pH. 

  
 At the end of the acidification period, we compared the calcification rate of colonies in 

control conditions and the degree of impairment of the same colonies at low pH. 

Independent of species, faster growing colonies were more affected by decreased pH. 

 
 Endemic species showed similar decreases in calcification rates than alien species. A low 

pH-driven decrease of up to 35% was detected in the calcification rates of both species 

compared to control conditions. 

  

 High intraspecific variability was observed in the response to acidification among different 

colonies, with the fastest growing organisms displaying the greatest sensitivity. This could 

be related to the energy requirements associated to the growing process. 

  

 Corals recovered calcification to normal values after rising the pH to normal levels, 

pointing to a similar certain degree of adaptation to fluctuations in seawater pH. 

 

REFERENCES: 

Note that the results from this experiment are in press in: 

Movilla et al., in press. Calcification reduction and recovery in native and non-native Mediterranean corals in 

response to ocean acidification. J. Exp. Mar. Biol. Ecol.  
 Fine, M. & Tchernov, D., 2007. Scleractinian coral species survive and recover from decalcification. Science 315, 1811.  
 Rodolfo-Metalpa et al., 2010. Response of the temperate coral Cladocora caespitosa to mid- and long-term exposure to 

pCO2 and temperature levels projected for the year 2100 AD. Biogeosciences 7, 289-300.  
 Rodolfo-Metalpa, et al., 2011. Coral and mollusc resistance to ocean acidification adversely affected by warming. Nature 

Climate Change 1, 308-312. 

 
 We investigated the effect of two stressors, acidification and  

warming, on the growth rates of Astroides calycularis and 

Leptopsammia pruvoti, two azooxanthellate temperate corals 

from the Mediterranean.  

  
 Only a few studies have evaluated the existence of synergies 

between these two stressors in corals (e.g. Reynaud et al., 

2003; Anthony et al., 2008; Rodolfo-Metalpa et al., 2010). 

 

Experimental setup 

 

Current and future pH levels (~8.05, 7.80 and 7.72 units, respectively) were adjusted 

in 3 tanks of 100 L (C, B and A) by bubbling CO2 (G) or CO2-free air (using a soda 

lime filter, F and microbubbles diffusers, J). pH was continuously monitored using 

glass electrodes (C) connected to a pH controller (D) , which automatically opened 

and closed the solenoid valves (E) when needed. Corals were kept in 11 L incubation 

aquaria (3 replicates per treatment) which were submerged in two larger tanks 

maintained at two different temperatures, the control (I) which followed the typical 

seasonal cycle and the warmed one (H), which added 3ºC to the control  (I) during 

314 days. 

 
 No acidification experiments have been reported yet for any 

of these two coral species.  

  

 L. pruvoti is an ahermatypic, solitary scleractinian coral, 

widely distributed in the Mediterranean basin (Caroselli et al., 

2012), while A. calycularis is a colonial species mostly confined 

to the Southwestern Mediterranean although it has been 

recently found also in the Adriatic Sea (Bianchi 2007).  

  

 Temperature does not seem to be an issue for L. pruvoti, 

whereas the more restricted habitat of A. calycularis seems to 

be controlled by this parameter. 

 
 We found contrasting results between the studied coral species. 

  

 A. Calycularis displayed a general insensitivity to acidification, whereas it 

tended to grow more under lower temperatures, particularly during 

summer and autumn. 

  

 L. pertusa, on the contrary, displayed clear reductions in growth when 

exposed to a lowering in pH, with a tendency of these detrimental effects 

to worsen at higher temperatures. 
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Astroides calycularis 
 

Calcification rates (mg CaCO3 g
-1 day-1)  (Mean 

 

 SE) 

Leptopsammia pruvoti 
 

Calcification rates (mg CaCO3 g
-1 day-1)  (Mean 

 

 SE) 

 
 We investigated the effect of ocean acidification on the 

skeletal growth rates of four cold-water coral (CWC) species 

(Dendrophyllia cornigera, Desmophyllum dianthus, Lophelia 

pertusa and Madrepora oculata) from the Cap de Creus 

canyon (NW Mediterranean).  

 

Experimental setup 

 

Current and future pH levels (~8.10 and 7.81 units, respectively) were adjusted in 2 

tanks of 100 L (B and A) by bubbling CO2 (G) or CO2-free air (using a soda lime 

filter, F and microbubbles diffusers, J). pH was continuously monitored by glass 

electrodes (C) connected to a pH controller (D) , which automatically opened and 

closed the solenoid valves (E) when needed. Corals were kept in 30 L incubation 

aquaria (3 replicates per treatment; H and I) during 314 days. 

 
 Only a few experimental studies have focused on the effects of acidification in CWC. Fast 

incubations of only 24h of L. pertusa showed significant reductions in calcification (Maier et al., 

2009), but no differences were found in M. oculata, although this later species grew better 

when subjected to pre-industrial levels of pH (Maier et al., 2011). More recently, a long-term 

experiment performed on L. pertusa pointed towards a high degree of acclimation of this 

species to ocean acidification.  

 In our experiment, only D. dianthus showed significant differences in calcification between 

treatments, but after 314 days of experiment. For the rest of the corals, no obvious effect on 

growth was detected.  

 Regarding biochemistry, only D. dianthus showed significant differences between treatments 

in the protein content at the end of the experiment, while no significant differences were 

detected for lipid content in any of the four species.   

 The low percentage of organic matter and lipid content in L. pertusa and M. oculata in both 

treatments suggest that they were not in ideal conditions during the last part of the experiment. 
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