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Direct and indirect responses

Direct responses of herbivores to temperature
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Direct and indirect responses

Direct responses of herbivores to temperature

Indirect through host plant: how trees respond 

to cc and affect herbivores
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Direct and indirect responses

Direct responses of herbivores to temperature

Indirect through host plant: how trees respond 

to cc and affect herbivores

Indirect through natural enemies: how 

parasitoid, predators and pathogens respond to 

cc and affect herbivores
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Summer survival

Winter survival
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Stress

+     Herbivore -
Indirect effects of climate change through host plant on

Summer 2003 and spruce bark beetle Ips 
typographus Rouault et al. (2006)
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Voltinism

Arthropod fitness 
and behaviour
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Summary of the action of climate change on trophic levels
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Will climate change affect the probability of escape from control?
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Examples: 
tent caterpillars
spruce webspinning sawflies
green spruce aphid
European pine sawfly

Hypothesized mechanisms: 
reduced mortality by enemies 
increased host susceptibility
release from winter mortality
reduced mortality by enemies
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N

Pine processionary moth
Thaumetopoea 
pityocampa

Contiguous expansion / 
retraction according to 
winter larval performance, 
with long-time colonisers

Winter moth
Operophtera brumata

Mountain pine beetle
Dendroctonus 
ponderosae

Contiguous expansion / 
retraction according to 
winter egg survival

Distant dispersal + 
contiguous expansion / 
contraction
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Range expansion and outbreak release
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Work in progress, contributions welcome!
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