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Oceans in a high CO, world
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26% absorbed by the oceans



The other CO, problem

Ocean acidification
CO, + H,0 =HCO, + H* =mmm) pH decrease

(Turley et al. 2006)



What we need to know ?

Ocean in a high
CO, world:
What will be the
consequence on
marine species /
population /
ecosystems ?

©Robin Paris (1994)

Urgent need to predict (?)



Impact of OA is species-specific

Difference in
life-history

strategy
Ophiothrix fraqilis: Crossaster papposus:
100% mortality in 8 days Same life- Increased growth
pH=-0.2 units history pH=-0.4 units
(Dupont et al. 2008) strategy (Dupont et al. 2010)

Paracentrotus lividus:

Normal development (but delayed & molecular plasticity)
pH=-1.2 (7.0)
(Martin et al. 2011)




ECHINODERMS
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A good model

Sea urchin - Strongylocentrotus spp.



A good model

PELAGIC
/—\ Different life stages
- Different habitats
k Transitions
Embr',f
"\ Morphogenesis

Metamorphosis
Settlement

BENTHIC Adult

(Dupont et al. 2012, Marine Biology)



1. Testing scenarios
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Two scenarios: TODAY vs NEAR-FUTURE (e.g. ApH=0.4)

REM: no need to cross with temperature (temperature is the spawning signal)




Impact of elevated pCO2 on sea urchin larvae

Delay in development

e.g. Martin et al. (2011) JEB; Stumpp et al. (2011a,b) CBP



Dissecting energy budget

Same feeding Increased respiration

Stumpp et al. (2011a,b) CBP



pH regulation

No pHe reqgulation

Micro-electrodes

-

\ elect%de

8.4

8.2

8.0 -

7.8

7.6

7.4 1

7.2

7.0 4

6.8

B R =0.9927

45 Pa CO» %

100 Pa CO, %

246 Pa CO, {

acute hypercapnia
®  chronic hypercapnia

68 70 72 74 76 7.8 80 82 84
seawater pH, g

pHi requlation
[HCO3-, H*-pumps]

BCECF

Stumpp et al. (subm.)



Stumpp et al. (subm.)



Shift in energy budget

CONCLUSION: Better than expected BUT ecological costs (Dupont et al. (2010) ECSS)



2. An always-changing world



What is a relevant scenario?



Working hypothesis — trade-off

Species sensitivity
Physiological tipping point
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Hypothesis:
-Energy partition is directly linked to metabolism / food availability




Impact on growth
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Impact on respiration

Increased respiration with decreasing pH

Dorey et al. (in prep)



Impact on feeding

(small) Increased feeding with decreasing pH



Impact on survival

—65—71 —73 —75——7.7 — 79 ——81 ——> pH

Increased mortality at low pH (<7.5)

Dorey et al. (in prep)



Impact on development

—65—71 —73 —75—7.7 — 79 — 81 ——> pH

Increased abnormality at low pH (<7.5) porey et al. (in prep)



Impact on symmetry

Asymmetry of the ALM
at lowest pH

—65—71 —73 —75——7.7 —79 ——81 ——> pH
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Conclusion

Larvae are tough...
... but have limits...

... and do not like the unexpected
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