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Trends and projections of ocean warming:

IPCC 2007IPCC 2007

Many open questions ….however…
…ecological impact is observed

…physiological knowledge is emerging

Antragsskizze BIOACID – Biological Impact of Ocean ACIDification Bonn, 10. Dezember 2007 

Temperature anomalies in different oceans between 1906 and 2005 compared to 1901 to 
1950. Projections until 2100 according to emission scenarios B1, A1B, A2.



The „The „emergingemerging“ “ dangerdanger: : OceanOcean AcidificationAcidification ((throughthrough COCO22 enrichmentenrichment)…)…
...associated with a pH‐decrement in surface water by 0.02 units per decade since 1980

Canaries

Hawaii
Even more questions….
l i l i i d…ecological impact is expected

…hypotheses about physiological basis
Bermuda

IPCC 2007



Analysing ecosystem effects of ocean acidification

…..against the background of ongoing change
on species level- on species level

- on ecosystem level 

What do we need? To identify….
• Physiological mechanisms: for a cause and effectPhysiological mechanisms: …for a cause and effect 

understanding!
• Response of those mechanisms to various levels of OA!Response of those mechanisms to various levels of OA!
• Thresholds and time scales of effects: …at species & 

ecosystem levels!ecosystem levels!
• Realistic scenarios: …on top of ongoing change!

↔ Learning from thermal ecology and physiology 



Cod recruitment closely follows temperature 
SpeciesSpecies specificspecific thermal thermal windowswindows behindbehind ecologicalecological phenomenaphenomena: : 
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Thermal windows 
explaining ecological 

phenomena?

The climate‐induced 
“regime shift“ from sardinesregime shift  from sardines 
to anchovies (Japanese Sea) 
is linked to the thermal 

windows of growth of the 
two species. 

Takasuka et al. 2007



Climate induced changes in the food web
Regime shift from LARGE to SMALLer copepods in the North 

Sea…… driven by warmer temperatures. 
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Explaining thermal windows from animal physiology: Explaining thermal windows from animal physiology: 
Concept of oxygen and capacity limited thermal toleranceConcept of oxygen and capacity limited thermal tolerance
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Shelford‘s law of tolerance
applicable to thermal limitations?Range of maximum aerobic capacity
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Are Are thesethese physiologicalphysiological findingsfindings suitablesuitable toto explainexplain
ecologicalecological phenomenaphenomena??ecologicalecological phenomenaphenomena??
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Climate effects in the field…..To
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Ocean acidification: The superimposed problem

The future ocean (e.g. in 2100)

• warmer more stratified• warmer, more stratified  
• less oxygen in the deep
• more acidified

Pre industrial Today

Modified water chemistry 
(surface)

Pre‐industrial Today

∆pH = 0.12

Caldeira & Wickett 2003

Today  2100

∆pH = 0.45Caldeira & Wickett 2003



Current research focuses on specific CO2 effects
e.g. on growth performanceg g p
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GazeauGazeau et al., 2007et al., 2007Water physicochemistry

Doubling of present day PCO2: acutely (!) reduced calcification 
→ 30% ↓ of calcification in mussels (M. edulis)
→ 15% ↓ of calcification in oysters (C. gigas)

Effective mechanisms?
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Four membranes crossed from sea water to 
extrapallial fluid

WaterWater carbonatecarbonate [[COCO33
22--]] oror ΩΩ isis onlyonly a a proxyproxy

forfor shiftsshifts inin calcificationcalcificationforfor shiftsshifts in in calcificationcalcification: : 
NoNo directdirect influenceinfluence on on thethe calcificationcalcification

processprocess..

Haemolymph

Schematic calcification model for marine bivalve shells (Carre et al., 2006): 



PartiallyPartially compensatedcompensated extracellularextracellular acidosisacidosis in in haemolymphhaemolymph
ofof MytilusMytilus galloprovincialisgalloprovincialis
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Reduced cellular proteinReduced cellular protein 
synthesis during 

acidosis associated withacidosis associated with 
reduced metabolic rates

….likely causing
reduced growth rates

Langenbuch et al. 2006



Disentangling effective acid-base parameters by 
experiments manipulating acid-base status under 

d h inormo- and hypercapnia.
Effects on metabolic rate, S. nudus muscle

Extracellular pH only is 
consistently related to y

metabolic rate.
Reipschläger and Pörtner, 1996



Low ocean pH and high CO2

Na+/H+ exchange etcion equilibria ‐
and reduced HCO3

‐

Pörtner et al. 2005, 2008
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COCO22 inducedinduced lossloss in in performanceperformance
enhancesenhances thermal stressthermal stress
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Hypothesis: Through decrements in extracellular pH……Hypothesis: Through decrements in extracellular pH……
COCO22 causescauses a narrowing a narrowing ofof thermal thermal windowswindows aandnd
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Addressing CO2 effects and sensitivities in 
warming oceans, hypothesesa g ocea s, ypot eses

First First lineslines ofof COCO22 sensitivitysensitivity ((withwith ecologicalecological relevancerelevance) ) likelylikely
dependdepend onon
•• COCO effectseffects onon temperaturetemperature dependentdependent performanceperformance in relin rel toto•• COCO2 2 effectseffects on on temperaturetemperature dependentdependent performanceperformance in rel. in rel. toto

compensationcompensation capacity for extracellular acidcapacity for extracellular acid--base status.base status.
•• ThisThis includesincludes disturbancedisturbance ofof calcificationcalcification throughthrough extracellularextracellular

acidificationacidificationacidificationacidification..

IImplicationsmplications toto bebe consideredconsidered::
•• seasonalseasonal shiftsshifts in in performanceperformance windowswindows
•• climateclimate dependentdependent functionalfunctional specializationspecialization
•• temperaturetemperature dependentdependent biogeographybiogeographytemperaturetemperature dependentdependent biogeographybiogeography
•• climateclimate dependentdependent growthgrowth, , fecundityfecundity
•• synergisticsynergistic interactionsinteractions withwith factorsfactors in in additionaddition toto

temperaturetemperature ((hypoxiahypoxia pollutantspollutants ))temperaturetemperature ((hypoxiahypoxia, , pollutantspollutants, …), …)

Germany United Kingdom
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