
Endpoints



It is NOT possible to test ALL species/ecosystems, in ALL locally

relevant conditions including LOCAL variability (today and future)

We need to understand the mechanisms

Dupont & Pörtner (2013) Nature

An impossible task?



1. Good data on local variability / future

scenarios

2. Good understanding of biological response

for each driver [mode of action] 

3. Build models

Mix all the ingredients & test using scenarios 

[field, laboratory]

E.g. organism response to 

multiple drivers



Sea urchin

Keystone species

Commercially important

Genome available + GRN

Functional tools

Centuries of data (model)

Sensitive to acidification



1. Good data on local variability / future

scenarios

2. Good understanding of biological response

for each driver [mode of action]

3. Build models

Mix all the ingredients & test using scenarios 

[field, laboratory]

E.g. organism response to 

multiple drivers



1. Good data on local variability / 

future scenarios

(Dorey et al. 2013)



1. Good data on local variability / future

scenarios

2. Good understanding of biological response

for each driver [mode of action]

3. Build models

Mix all the ingredients & test using scenarios 

[field, laboratory]

E.g. organism response to 

multiple drivers



e.g. Martin et al. (2011) J. Exp. Biol; Stumpp et al. (2011a,b) Comp. Biochem Physiol

2. Good understanding of a species 

response

Delay in development



Stumpp et al. (2011a,b) Comp. Biochem. Physiol.

Dissecting the energy budget

Increased respiration



Ingestion/Digestion rates

pH in the digestive track

Enzymatic activity

Cellular structure

Stomach is alkaline

Compensation mechanisms

Extra costs

Feeding physiology

Stumpp et al. (2013) Nature Climate Change
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Acid-base regulation

Stumpp et al. (2012) PNAS



No pHe regulation

pHi regulation

Role of HCO3-, H+-pumps

Extra costs

Acid-base regulation

Stumpp et al. (2012) PNAS



Key role of H+-pumps

(Dupont et al., unpublished)

Acid-base regulation



(Pennington & Strathmann 1990)

What is the 

cost of

calcification?

Methods from other disciplines
Méthodes utilisées dans d’autres disciplines

Quel est le coût de la 

calcification?



Pluteus 7d (control) pH 5.8…3 days 

7d pluteus + 3d decalcification 3d pluteus 



“Les bières du vendredi soir

ont fait oublier ses oursins à 

Sam Dupont”



Calcification = <10% of energy budget
Calcification = <10% du budget énergétique



Swimming
[Chan et al. 2015a,b]

Growing
[e.g. Dorey et al. 2013]

Surviving
[Dorey et al. 2013; Dupont et al. 2012]

Calcifying
[Dupont et al. In prep]

Feeding
[Stumpp et al. 2013]Respiration

[Dorey et al. 2013]

Acid-base regulation
[Stumpp et al. 2012]

Settle
[Garcia et al. 2015]

Mechanistic understanding



Shift in energy budget



Increased pCO2

Physiological tipping point

8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2

Shift in energy budget



Multidrivers model



Physiological 

tipping point 

reached when out 

of present range of 

variability

Plasticity vs stress



1. Good data on local variability / future

scenarios

2. Good understanding of biological response

for each driver [mode of action]

3. Build models

Mix all the ingredients & test using scenarios 

[field, laboratory]

E.g. organism response to 

multiple drivers



“Essentially, all models are 

wrong, but some are useful”

George E. P. Box



1. Good data on local variability / future

scenarios

2. Good understanding of biological response

for each driver [mode of action]

3. Build models

Mix all the ingredients & test using scenarios 

[field, laboratory]

E.g. organism response to 

multiple drivers



KOSMOS rocks

6 months / 50 researchers

10 x 55m3

2 treatments: ctl vs low pH



Into the wild

Bach et al. (2016) PloS one



d1 d9 d17 d25

d32

Into the wild

Same mortality

Delay in development

“Desperate” larvae



Predicted

[mesocosm chemistry +

Dorey et al. 2013]

Observed

Field validation



1. Good data on local variability / future

scenarios

2. Good understanding of biological response

for each driver [mechanisms – ecology, 

evolution, physiology]

3. Build models

Mix all the ingredients & test using scenarios 

[field, laboratory]

It works !!!

Into the wild


