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Ecosystem effects of ocean acidification in times of
ocean warming:
a physiologist’s view

Physiological mechanisms linking
climate to ecosystem change

Hans Portner

AWI Searching for unifying physiological
@NMR principles in animal ecology and evolution
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Trends and projections of ocean warming:

e IPCC 2007

Many open questions ....however...
...ecological impact is observed
...physiological knowledge is emerging
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Temperature anomalié_s in different oceans between 1906 and 2005 compared to 1901 to
1950. Projections until"2100 according to emission scenarios B1, A1B, A2.



The ,,emerging” danger: Ocean Acidification (through CO, enrichment)...

...associated with a pH-decrement in surface water by 0.02 units per decade since 1980
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Analysing ecosystem effects of ocean acidification

..... against the background of ongoing change
- on species level
- On ecosystem level

What do we need? To identify....

Physiological mechanisms: ...for a cause and effect
understanding!

Response of those mechanisms to various levels of QA
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Thresholds and time scales feffects: ...at species &
ecosystem levels!

Realistic scenarios: ...on top of ongoing change!

<> Learning from thermal ecology and physiology



Species specific thermal windows behind ecological phenomena:

Cod recruitment closely follows temperature
reflecting upper and lower thermal limits
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Growth rate (mm day™")
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Climate induced changes in the food web
Regime shift from LARGE to SMALLer copepods in the North

Sea...... driven by warmer temperatures.
100
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Explaining thermal windows from animal physiology:
Concept of oxygen and capacity limited thermal tolerance

Aerobic
window

performance decrement
Tpejus Tp

I | O,-deficit

Teritical Tc

Climate sensitivity is based on the speC|a||zat|on of
animals on limited thermal windows set by aerobic
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performance

capacity
growth SpeC|f|c Dynamic
Action (SDA), exercise,
behaviours, immune
capacity,
reproduction.....survival
Temperature

After Portner, 2001, 2002, Portner et al., 2005, Portner and Knust, Science 2007



Range of tolerance (passive) A. anterior

A. lateralis

heart

Range of maximum aerobic capacity A. hepatica —_

A. sternalis
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Concept of oxygen and capacity limited thermal
tolerance supported by data from various animal phyla:
sipunculids, annelids, molluscs (bivalves, cephalopods),

crustaceans, vertebrates, ..... air breathers
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relative abundance

Are these physiological findings suitable to explain
ecological phenomena?
Eelpout (Zoarces viviparus) abundance in the German
Wadden Sea falls at high summer mean temperatures

10

Early loss of LARGE

individuals due to the
allometry of oxygen
limitation
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Ocean acidification: The superimposed problem
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Caldeira & Wickett 2003

The future ocean (e.g. in 2100)

» warmer, more stratified
* less oxygen in the deep
» more acidified

Modified water chemistry
(surface)

Pre-industrial > Today
ApH = 0.12

Today = 2100
ApH =0.45



Current research focuses on specific CO, effects
e.g. on growth performance

Mediterranean Pacific sea urchin
mussels Hemicentrotus
2 Mytilus pulcherrimus
b %4 galloprovincialis
’ 560 ppm CO,
pH, 7.3
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Water physicochemistry Gazeal et al.. 2007

Doubling of present day Pco,: acutely (!) reduced calcification
— 30% | of calcification in mussels (M. edulis)
— 15% | of calcification in oysters (C. gigas)

Effective mechanisms?



Tissue wet weight M. galloprovincialis
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Four membranes crossed from sea water to
extrapallial fluid

Calcifying Mantle
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Water carbonate [CO4%] or Q is only a proxy ~

for shifts in calcification: v
No direct influence on the calcification |
C process.
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Schematic calcification model for marine bivalve shells (Carre et al., 2006):



Partially compensated extracellular acidosis in haemolymph

of Mytilus galloprovincialis

Extracellular pH (pHe)
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Reduced cellular protein
synthesis during
acidosis associated with
reduced metabolic rates

....likkely causing
reduced growth rates

4 6
Incubation period (h)

te of '*C-phenylal
1 1
—

(Relative units / h)

AW @
@ NMR

Langenbuch et al. 2006 byt

I p
—

pH 7.90 pH 6.70



Rate of oxvgen consumption (%o of control)
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Disentangling effective acid-base parameters by
experiments manipulating acid-base status under
normo- and hypercapnia.
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Portner et al. 2005, 2008

Low ocean pH
and reduced -

and high CO,
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Unifying principles of CO, effects on marine

animals?
a major factor in defining

sensitivity?

Acidosis causes performance

decrements...

....the link to thermal tolerance?
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CO, induced loss in performance

nhances thermal stress
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Similar pattern during cooling (S. Baumgartner et al. unpubl.)
—

Metzger et al., 2007




Hypothesis: Through decrements in extracellular pH......
CO, causes a narrowing of thermal windows and
Influences species and their interactions

CO Is T‘s: Limitation of = Effects on
ther sf 2, r aerobic performance  behaviour,
e otner stressors growth,
% oxygen T, Te : critical T's: reproduction
erob fitness
b . N i
1ir§p;° ‘ Anaerobic
ol ) metabolism
Shifts In:
serotic | Ot._]er_igé’ssm_s - geographical
for- . . .
e distribution
| )\ - Species
Temperature Interactions
e ....food web
structure

Pdrtner et al, 2005, JGR Oceans, Metzger et al. 2007



Addressing CO, effects and sensitivities in
warming oceans, hypotheses

First lines of CO, sensitivity (with ecological relevance) likely
depend on

* CO, effects on temperature dependent performance in rel. to
compensation capacity for extracellular acid-base status.

* This includes disturbance of calcification through extracellular
acidification.

Implications to be considered:
 seasonal shifts in performance windows
* climate dependent functional specialization
e tambneratiire denendent hioageoaranhyv
L\I.l ] I'J\JI CALUII W \JI\IP\JI IGANS T I Uluvvuvl UL-rJI I]
« climate dependent growth, fecundity

e synergistic interactions with factors in addition to
temperature (hypoxia, pollutants, ...)
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