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Key resource:



Goal



Human threats on the ocean

Multiple stressors



Different interacting categories

✓ Habitat destruction (physical, pollution)

✓ Over-exploitation of resources (e.g.

fishing)

✓ Movement of species (invasions, diseases)

✓ Global changes (climate change, ocean 

acidification, deoxygenation, etc.)

✓ Interactions 

e.g. extreme event + invasion

Local

vs 

Global

Natural

vs.

Foreign

Abiotic

vs.

Biotic



What shall we do?



Identify priorities



Identify priorities



Strategy to identify priorities

- Exposure

- Effects

- Solution

availability

Different all 

every location



Exposure

Paracelsus

« Dosis facit venenum » 

Hoegh-Guldberg & Bruno 2010 Science

Need for local monitoring



Take home messages

✓ Different combination of stressors at each location



Foreign vs. Natural stressors

Chemistry
(monitoring, models)

Services, Society

Thresholds

Mitigation, Adaptation

E.g. pollution (ecotoxicology)



Foreign vs. Natural stressors

E.g. Temperature

Chemistry
(monitoring, models)

Services, Society

Biology

Thresholds

Mitigation, Adaptation



Effects – What is a stressor?

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.



(Van Straalen 2007)

Biological thresholds different from 

chemical thresholds



A driver can become a stressor

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

Outside the present range of variability
ocean acidification
stressor / stress

Today



Same species, different responses

Biological response is locally dependent

Population 1 Population 2

--- +



Same species, different responses

Biological response is locally dependent

Population 1 Population 2

--- +



Theory: adaptation drives sensitivity
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The more you deviate from today, the more 

negative impact (stress is relative)

Local adaptation



Take home messages

✓ Different combination of stressors at each location

✓ What defines a stressor is relative and depends also on each 

location



THE question

Multiple drivers/stressors

(A, B, C, D, etc.)

What is the effect of A+B+C+D+etc.



Increased drivers = increased stress

Combined effects can change priority



Combined effects are complex

Additive

Synergism/Synergistic

Antagonistic



E.g. impact of temperature on 

mussels

Effect on growth:

+2C (A): +10%

+4C (B): +15%

+6C (A+B): ?



An increase by 2C = 10% increase in growth

An increase by 4C = 25% increase in growth

What is the % of increase in growth after a 6C increase in temperature?

o 35%

o <35%

o >35%

o It depends

E.g. impact of temperature on 

mussels
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Why does it depend?

Performance

curves are not 

linear
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Additive effect

For additive driver, the effect depends on the 

shape of the curve and starting point
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Antagonistic effects

For additive driver, the effect depends on the 

shape of the curve and starting point
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Synergistic effects

For additive driver, the effect depends on the 

shape of the curve and starting point



Additive stressors add in a non-linear way (depends on the shape of the 

curve) so it does not translate into an arythmetic mathematical addition at 

the effect level

As a consequence:

1. What you see at the effect level does not say anything on the additivity of 

stressors

2. Multiple stressors experiments have limited potential to resolve how

stressors work in combination



Take home messages

✓ Different combination of stressors at each location

✓ What defines a stressor is relative and depends also on each 

location

✓ Combined effects are complex and cannot easily be 

understood from classic effect studies



To understand how two

stressors work in combination 

you need the mode of action



Driver 1 = beer

Driver 1 = wine

Driver 1 = drugs

No interaction / Additive

Interaction

Mode of action and interactions

Mechanistic studies



o Additive

o Synergism/Synergistic

o Antagonistic

Absence of interaction between drivers/stressors

(dose-addition)

Interactions between drivers/stressors

Definitions



o Same or different mode of action

o Interactions or no interactions

Mode of action

Same

Different

Interaction

Yes No
(additive)

Four options



Case study: warming and over-fishing

Global warming (A): kills 50% of fish

Fishing (B): kills 50% of fish

A+B?



Mode of action

Same

Different

Interaction

Yes No
(additive)

Different mode of action and 

no interactions



Stressor 1 = overfishing (50%)

Stressor 2 = Global warming (50%)

Stressor 1 + Stressor 2 = ???

Different mode of action and 

no interactions



Stressor 1 = overfishing (50%)

Stressor 2 = Global warming (50%)

Stressor 1 + Stressor 2 = ???

Different mode of action and 

no interactions



RA+B =RA + RB – RAxRB = 75% 

Stressor 1 = overfishing (50%)

Stressor 2 = Global warming (50%)

Stressor 1 + Stressor 2 = ???

Different mode of action and 

no interactions



Mode of action

Same

Different

Interaction

Yes No
(additive)

Same mode of action and no 

interactions



Low temperature

Positive effect of OA

Mid temperature

No effect of OA

High temperature

Negative effect of OA

OA + temperature

Additive stressor, 

Depends on effects



Mode of action

Same

Different

Interaction

Yes No
(additive)

Different modes of action and 

interactions



Ocean acidification with toxicants

Need a deeper mechanistic understanding

Complex

interactions



Take home messages

✓ Different combination of stressors at each location

✓ What defines a stressor is relative and depends also on each 

location

✓ Combined effects are complex and cannot easily be 

understood from classic effect studies

✓ Mechanistic studies are needed to understand multiple 

stressors



THE question

Multiple drivers/stressors

(A, B, C, D, etc.)

What is the effect of A+B+C+D+etc.



How to answer this question

Multiple stressors experiments

✓ Many stressors

✓ Many scenarios

Complex to perform

Complex to interpret !



1. List your drivers/stressors
(intensity, duration, thresholds, etc.)

2. Understand the mode of action and 

interactions

3. Understand your performance curves

4. Model

5. Test your model

Research strategy

Monitoring

Single stressor

experiments

Modeling

Multiple stressors

experiments



Take home messages

✓ Different combination of stressors at each location

✓ What defines a stressor is relative and depends also on each 

location

✓ Combined effects are complex and cannot easily be 

understood from classic effect studies

✓ Mechanistic studies are needed to understand multiple 

stressors

To build a local priority list of stressors, you need a good

understanding of the local conditions (monitoring) as well as a 

mechanistic understanding of each stressors and their

combined effects (mode of action)



+ Solutions – The science we need

Science priority based on

development and

implementation of solutions

✓ General vs. Specific?

✓ Already available

✓ Timeline

✓ Science needs



Other resources: SCOR WG 149

https://meddle-scor149.org/



Other resources: Training

Check: https://news-oceanacidification-icc.org/

Basic Training Course on Multiple Stressors

May 2022 (2 weeks)

Monaco (IAEA), Villefranche-sur-Mer (LOV)



Thanks a lot for your attention !


