
Scenarios



Take home messages

✓ CO2sw is often different from CO2atm as many factors create variability

✓ Natural variability in relevant carbonate chemistry experienced by an 

organism should be included in the experimental design

Note: for this lecture we will consider pH but you need first to identify what are the key carbonate 

chemistry parameter for your species/ecosystem

✓ IPCC open ocean scenarios (e.g. pH 8.1 vs. 7.7) are often irrelevant for 

your experiment and several control pH targets should be considered. 



What pH targets to use in an ocean 

acidification experiment?

✓ You have a question / strategy / experiment

✓ You want to compare:

o Control / Present / Ambient

o Treatment / Ocean acidification / Future / End of the century 



When you read the literature… 

Ambient: 8.1

OA: 7.7



When you read the literature… 

Ambient: 8.1

OA: 7.7

IPCC scenarios based on open ocean

pH variability in temperate tidal zone : 7.2 – 9.1



Best Practice guide



Best Practice guide

p(CO2)atm



P(CO2)atm = p(CO2)sw

CO2

CO2
Atmosphere

Seawater

400ppm

400matm pH 8.1

Equilibrium true for open ocean Present: 8.1

OA – 2100: 7.7 (DpH: 0.4)



Other parameters are influencing the 

carbonate chemistry in the ocean

✓ Mixing/upwelling

✓ Interaction with other parameters (e.g. temperature, salinity)

✓ Other sources of acidification (nutrients, SOx/NOx)

✓ Biology (photosynthesis, respiration, calcification, etc.)

CO2 CO2 CO2



P(CO2)atm ≠ p(CO2)sw

CO2

CO2
Atmosphere

Seawater

400ppm

200-1400 matm pH 8.7 - 7.6

Biology

E.g. coastal zone

Not in equilibrium Present: 8.7-7.6

OA – 2100: 8.3-7.2 (DpH: 0.4)



Variability in space



(Dorey et al. 2013)

Variability in time

All present/Ambient/Control



Take home messages

✓ CO2sw is often different from CO2atm as many factors create variability

Why does it matter?



pH 5.36, ara=0.01

(Tunnicliffe et al. 2009)

Life adapts to its environment



Afreezer

Energy cost

How do you make ice at >0℃



How to make CaCO3 at <1?

>1 at the calcification site

Physiological mechanisms



(Van Straalen 2007)

Adaptation: Biological thresholds different 

from chemical thresholds



o Stressor

o Driver

o Stress

A pressure that causes a quantifiable change (positive 

or negative) an organism, process or community.

A pressure that causes a quantifiable negative effect on 

an organism, process or community.

A measurable response that is deleterious to an 

organism, process or community.

Definitions

Depending on where you are / species you study, a 

given pH can be: 



Within the present range of variability
NOT ocean acidification
NOT stressor / No stress (plasticity)

Outside the present range of variability
ocean acidification
stressor / stress

Response to pH depends on present natural 

variability: plasticity vs. stress

Present
OA



Response to pH depends on present natural 

variability: plasticity vs. adaptation
Within the present range of variability
NOT ocean acidification
NOT stressor / No stress (plasticity)

Outside the present range of variability
ocean acidification
stressor / adaptation

Present OA



Population sensitivity to pH



Different variability in pH



The more you deviate from 

today, the more negative impact

Local adaptation



Take home messages

✓ CO2sw is often different from CO2atm as many factors create variability

✓ Natural variability in relevant carbonate chemistry experienced by an 

organism should be included in the experimental design



Before starting your experiment

What are the physico-chemical conditions experienced 

by my organism/ecosystem?

Important to take into account:

✓ Microhabitats



50 mmol O2

pH 7.67

250 mmol O2

pH 8.00

Microhabitats



Before starting your experiment

What are the physico-chemical conditions experienced 

by my organism/ecosystem?

Important to take into account:

✓ Microhabitats

✓ Behaviour

✓ Life-history stages



Behaviour



Life-history stages



Life-history stages

What are the physico-chemical conditions experienced 

by my organism/ecosystem?

Three options:

✓ Data are available (weather)

✓ Data are not available:

o Collect some data to characterize the 

variability

o Use data from a similar environment



(Dorey et al. 2013)

Define your scenarios based on the present 

variability

Ambient

Present

Control(s)

Future

OA

Projected

DpH: 0.4



(Dorey et al. 2013)

Two pH scenarios (example)

pH 8.1 (present average)

pH 7.5 (outside present range)



(Dorey et al. 2013)

Three pH scenarios (example)

pH 8.1 (present average)

pH 7.4 (outside present range)

pH 7.6 (extreme of present)



(Dorey et al. 2013)

Range of pH scenarios (example)

pH 8.1

pH 7.5

pH 7.7

pH 8.3

pH 7.9

pH 7.3



Recommendations (writing)

✓ Use “pH” values in your manuscript as a 

given pH can be relevant in the context of 

present natural variability and OA

✓ Put tested pH into context of natural 

variability in the Methods

✓ Use the terminology “ocean acidification” in 

the Discussion



Recommendations (writing)



Take home messages

✓ CO2sw is often different from CO2atm as many factors create variability

✓ Natural variability in relevant carbonate chemistry experienced by an 

organism should be included in the experimental design

Note: for this lecture we will consider pH but you need first to identify what are the key carbonate 

chemistry parameter for your species/ecosystem

✓ IPCC open ocean scenarios (e.g. pH 8.1 vs. 7.7) are often irrelevant for 

your experiment and several control pH targets should be considered. 



Other parameters

✓ All other parameters (not manipulated) should 

be kept as close as possible to the field 

(except if testing specific hypotheses)

e.g. alkalinity, salinity, temperature, food, 

oxygen, etc.

Key if you are not using seawater from the 

sampling site

✓ Be careful with interactions !



(Bad) example

Tested factor: temperature

High density

Closed aquarium

Confounding factors: O2, CO2

Often require a pilot experiment 

or working with experts


