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Integrating climate-related stressor effects
on marine organisms:

...which proxies to use for climate

sensitivity?
...physiological proxies?

Are there unifying principles
(in animals)?...

Physiological mechanisms linking climate to
Hans Portner ecosystem change
-~ (modified for the PICES website) AWID G

The marine realm:
Multiple stressors in a climate context
(changing concomitantly):

global: ocean warming, acidification,
hypoxia...
local: eutrophication, pollution....

..with temperature presently being the
predominant driver

...a challenge for experimental biology




What we need...
....(a) concept(s) explaining the physiological
background of climate sensitivity

...(a) concept(s) integrating multiple environmental
drivers

....(a) concept(s) leading and linking to ecologically
relevant hypotheses:

e.g. climate effects on:
species abundance and distribution
community composition,
competitiveness,
predator prey relations

Thermal reaction norms: the ,backbone® of thermal responses and sensitivity
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Fig. 2. Hypothetical responses of performance functions to
variation in the thermal environment (adapted from Huey and
Kingsolver, 1993; The American Naturalist, © 1993




Not all thermal windows are the same:

Temporal dynamics and climate dependence
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Addressing the why, how and when of thermal specialization...
Concept of oxygen and capacity limited thermal tolerance
(OCLTT):

...confirmed in various animal phyla: sipunculids,
annelids, molluscs (bivalves, cephalopods), crustaceans,
insects (aquatic larvae), vertebrates, .....air breathers.

...provides access to the mechanistic underpinning
- of differences between climate zones (1997 onward)
- of climate sensitivity in the field (verified in 2007)
- of large scale biogeography (2001/8 onward)
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At the limits of acclimation capacity the loss of
fitness (performance capacity) beyond pejus limits
causes reduced field abundance!
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Endogenous influences on growth performance?
Optimum growth found in range of low oxygen consumption (Antarctic eelpout)
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The temperature induced rise in oxygen
consumption (indicating rising baseline energy
costs) causes reduced growth performance capacity
beyond pejus limits!

Brodte et al. 2006, Mark et al., 2002

Acclimation capacity Seasonal acclimation in temperate lugworms

causes shifts in acute
thermal windows within
the thermal niche:
tradeoffs in energy budget
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Climate dependent specialization in East Atlantic cod (Gadus
morhua) populations results in limited and different thermal
windows of growth performance
...due to tradeoffs in energy budget?
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Cardiocirculatory patterns . i
Growth, Metabolic patterns, Active OCLTT indicators
mitochondria: capacities, densities

body condition, behavioural

disturbances T . as on left
pejus p

/

Heat shock proteins

/

01)_(idative damage

Aerobic
window 4

eat shock proteins

A

Oxidative damage,

Metabolic pattern
Succinate, lactate

/

Metabolic pattern
Sucginate, lactate|

Passive

Cold shookareezing

denaturion

Tg

Temperature

Quantifying hypoxia tolerance
Patterns of critical Po, at standard metabolic rate (SMR):
Transition to anaerobic metabolism characterizes Pc
in toad Bufo marinus
in oxyregulating shrimp (Palaemon elegans)
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Factors influencing critical oxygen thresholds:
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SYNERGISTIC EFFECTS of climate change drivers (T, O,,
CO,) shape performance limits of marine animals:
variable hypoxia thresholds result
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How to integrate CO, sensitivity (ocean acidification)?

Sensitivity distribution across animal phyla:
a metaanalysis
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Crustaceans less sensitive than corals, echinoderms, molluscs,,,,fishes?

A. Wittmann & H.O. Portner, Nature Climate Change 2013

Synergism of multiple stressors:
sensitivity distribution shifted to lower values of Pco,

A

T ocean

% 1004 | acidification

uq:’ § AND

Species ® e.g. increased po—
itivi 20 [EIReritule acidification

sensitivity g 'S fo
distribution ¥ &

i

* >

Logio (Pco; (uatm))

A. Wittmann, H.O. Portner, 2013




SYNERGISTIC EFFECTS:
Ocean acidification constrains
thermal windows

Implications: ....biogeography, species interactions

Thermal windows for animals
(may include time dependent shifts through acclimatization)

Onset of loss of performance and abundance

Onset of anaerobiosis

Onset of denaturation

Scope for aerobic performance
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H.O. Pértner and A.P. Farrell,
Science 322, 690-692 (2008)

high CO,
decreases
functional
capacity, causing
a narrowing of
thermal windows

....a pattern first
seen in decapod
crustaceans
(Metzger et al.,
2007, Walther et
al., 2009)

A suggestion:

...bring (apparently isolated) effects of

various drivers together

using temperature relations as a matrix

...the same fitness proxies can be used
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