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adapted from Haines-Young et al 2012
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from Crowe and Frid 2015, adapted from 
Robinson et al 2008
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from Crowe, Fitch et al. 2011



Modifiers of effects

1. Characteristics of biota & receiving 
environment

2. Stressor regimes
• intensity, frequency, timing, etc.



1. Receiving environment
e.g. different effects of copper and freshwater in 
establishing  and  mature fouling assemblages

Saloni and Crowe 2015 Kinsella and Crowe 2016

Effect of copper, not freshwater

Weak interactive effects

No effect on functioning

Effect of copper after 3 months
No interactive effects
Functioning affected



2. Stressor regimes
• Effects of stressors modified by variation in

• Intensity
• Extent
• Frequency
• Duration
• Timing
• Temporal pattern
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2a. Variation in intensity

Brooks, Browne, Benedetti-Cecchi, Lyons and Crowe, in prep
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Copper accumulation in tissue

• Single stressors
• As expected 

• Multiple stressors
• Synergistic interaction
• Peak uptake at 

intermediate conc. of 
biocide and high conc. 
of copper

-5



Community respiration

-5

• Single stressors
• Copper: little effect
• Biocide: large 

effect peaks at 
intermediate conc. 

• Multiple stressors
• Antagonistic 

interaction –
copper reduced 
effect of biocide



2b. Variation in timing 
and sequence

Brooks and Crowe, in review
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Primary stressor: biocide
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Sequential order of stressors
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Summarise complexity and extent 
of challenge
• Use an image?  Marine spatial plan?  Array of 

activities and species?

www.green4sea.com



Ways forward
1. Focus on priority combinations of stressors, biota 

and receiving environments
2. Characterise mechanisms of interaction 
3. Explore co-tolerance and other trait-based 

approaches



2. Mechanisms of interaction between 
stressors

Exogenous

Endogenous

Ecological
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Côté 1995
Davenport et al 1996
Farrell & Crowe 2008
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3. Co- tolerance & other trait based 
approaches

Stressor 1 Stressor 2

Tolerant to only 
one stressor

Co-sensitiveScenario 3

Co-tolerant
to multiple 
stressors

Based on Vinebrook et al. 2004

No stressors



3. Co- tolerance & other trait based 
approaches

Stressor 1 Stressor 2

Tolerant to only 
one stressor

Co-sensitiveScenario 3

Co-tolerant
to multiple 
stressors

Based on Vinebrook et al. 2004

No stressors



Adding stressors to a 
degraded system will NOT 
cause further change 

— Partially degraded 
systems contain 
tolerant species which 
will also tolerate future 
stressors

Côté & Darling (2010) 

38

Most species co-tolerant



Adding stressors to a 
degraded system will NOT 
cause further change 

— Partially degraded 
systems contain 
tolerant species which 
will also tolerate future 
stressors

Côté & Darling (2010) 

39

Most species co-tolerant



A. kj

Adding stressors to a 
degraded system will cause 
further change

• Partially degraded systems 
contain species tolerant to 
one stressor but sensitive 
to others

Allison (2004) 

40

Most species not co-tolerant



0 + ++

Stressor 2

Would need to improve knowledge of co-
tolerances of individual species & test effectiveness

Stressor 1

0 + ++
Gastaldi Blanco et al, current research

etc.
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Ways forward
• Focus on priority combinations of stressors and 

contexts
• Use more complex designs and tools to 

characterise range of possible effects
• Characterise mechanisms of interaction

• Exogenous, endogenous, ecological 

• Explore co-tolerance and other trait-based 
approaches; collate and generate relevant trait 
information
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