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Both laboratory experiments and field studies at natural analogues for ocean
acidification (0A) have highlighted different responses among coral species, with some showing a
stronger resistance than others. We showed that the fast growing tabular and branching corals
Acropora solitaryensis was more sensitive to both temperature and OA stresses than the slow growing
sub-massive coral Porites heronensis. In the case of the tabular species, mor strong variation in
the pH at the surface of the coral. Using resistant and sensitive corals from CO2 seeps, we showed
that resistant species have the potential to invest more energy in inorganic growth (calcification)
compare to sensitive species that allocated more energy towards somatic growth. Finally, we showed
for two sensitive species, that OA increase the respiration rates of the early life stage planula
larvae, and that it could impair their capacity to respond to chemical cues required for their

settlement.
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The recent increase in atmospheric carbon dioxide (CO2) causes climate change and ocean
acidification (OA) (the decrease of seawater pH due to dissolution of the excess of COz) . OA
has been identified as a major threat to marine ecosystems (Aze et al., 2014). However, many
uncertainties remain, and new approaches are required (Stocker et al., 2013). Scleractinian
corals have been shown to be highly threaten by OA as the future environment will not be
favorable to calcification and could limit their growth. Field survey at naturally acidified
sites, like volcanic CO:2 seeps, and laboratory experiments showed the negative effects of OA
on corals but also highlighted variations of the response among coral species (Doney et al.,
2009). Why are some coral species more resistant to OA than other remain unknown? Is it
due to physiological or morphological characteristics? Is it due to a difference in the effects
at different life stages?

While ocean acidification is recognized as a major threat to scleractinian corals, their
resistance is expected to differ among species. The aim of the study is to elucidate the
mechanisms behind this resilience. Two hypotheses will be tested: 1) Do resistant corals have
a morphology that mitigate the effect of ocean acidification 2) are resistant corals able to
allocate a higher amount of energy to maintain calcification under ocean acidification? 3)
does OA affect the respiration rates of the larval stages of sensitive corals?

1) Do resilient corals have a morphology that mitigate the effect of ocean acidification

We conducted a cross transplantation of two coral species, Porites heronensis which
show an encrusting to submassive morphology and Acropora solitaryensis which show a table
to branching morphology. The corals were transplanted at three sites on in the Shimoda,
which represent present conditions of temperature and pCO2, one the Shikine Island,
representing an analogues of ocean warming (compared to Shimoda) and one at the CO: seep
in Shikine Island representing an analogue for ocean warming and acidification (compare to
Shimoda). Their growth rates and physiological characteristics were investigated on a 9
months periods. Finally, the pH in the diffusive boundary layer (DBL) of these two species
under different pCO2 were measured under different flow rates.

2) Are resilient corals able to allocate a higher amount of energy to maintain calcification
under OA?

Resistant and sensitive coral species to OA were sampled from the Shikine Island CO: seeps
and a CO:2 seeps in Papua New Guinea. Corals were sampled from both control and elevated
pCO: zones. In addition, some species both resistant and sensitive, were transplanted from
the control to the elevated pCO: sites at both locations. Mitochondrial activities (ie
Mitochondrial Electron Transport System Activities: ETSA), protein contents and surface
area were measured.

3) The effects of OA on the respiration rates of the larval stages of two high latitude corals
The respiration rates of coral planula freshly collected of the coral species , Astroides
calycularis, from the Mediterranean Sea and Alveopora japonica from Japan were measured
in 1 ml glass vials using oxygen microsensors. The rates under reference and elevated pCO:
and in the presence of chemical cues favoring their settlement were measured.

1) Do resilient corals have a morphology that mitigate the effect of ocean acidification
The table corals Acropora solitaryensis was more sensitive to both the cold stress experienced
during the winter at Shimoda as shown by cold stress bleaching (reduced Fv/Fm,
zooxanthellae density and photosynthesis) and ocean acidification experienced at the Shikine
CO2 seep (reduced calcification and growth compared to the Shikine control sites). In
comparison, the sub massive coral Porites heronensis showed a higher resistance to both cold
stress and ocean acidification. However, under all scenarios but especially under the optimal
(for coral growth) ocean warming scenario (Shikine control site) the coral P heronensis
showed lower growth and calcification rates than A. solitaryensis. The pH in the DBL of these
two species under different pCO2 were measured under different flow rates. At all flow rates
and especially at the lower flow rates, the thickness of the DBL and the pH within, was more



homogenous on the surface of the coral P heronensis. In comparison, A. solitaryensis showed
a heterogeneous DBL depending on the direction of the surface measured, whether it was
facing or not the current.

2) Areresilient corals able to allocate a higher amount of energy to maintain calcification
under OA?

Contrary to expected, sensitive species showed a higher amount of biomass (proteins) per
surface areas compare to the resistant species. However, as the latter had similar ETSA per
surface, this resulted in higher ETSA per biomass. This was interpreted as a potential in
resistant species to allocate more energy towards inorganic growth (calcification) compare to
organic growth (somatic). Moreover, this ability could not be acquired neither through a 6
months nor to a lifetime exposure to elevated pCO2. These resulted in a decrease in biomass
for the sensitive species.

3) The effects of OA on the respiration rates of the larval stages of two high latitude corals
Planula from both species showed elevated respiration rate under acidified conditions.
Moreover, the planula reacted to the presence of chemical cues by either increasing or
decreasing their respiration rates in the presence of cues for A. calycularis and A. japonica,
respectively, but this change was not observed under acidified conditions. Increased
respiration under ocean acidification scenario for the planula of these two coral species could
limit the time they are able to spend in the water column before settling. In addition, ocean
acidification could impair their ability to detect the presence of the chemical cues required
for their settlemsent. Taken together, ocean acidification could limit the successful
recruitment of these two corals.
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