
Bottom-up and top-down 
biocontrol of outbreaking forest 

pests
Emma Despland

Concordia University





European Spongy Moth (Spongieuse Européenne) 2021

Forest tent caterpillar (Livrée
des forêts) 2016-2017

Spruce budworm (Tordeuse des bourgeons de l’épinette) 
2006 -



Density dependence of mortality sources
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Parasitoïde 
attaquant une larve 
de spongieuse

Masse d’œufs parasités

Chenille atteinte d’une maladie fongique

Chenille atteinte d’un virus 



Spongy moth mortality sources
Egg overwinter survival (2022-2023):   
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Forest tent caterpillar mortality sources

(Despland & Lessard 2022)
Mortality of late instar larvae important in outbreak dynamics

What about early-instar larvae?



Forest tent caterpillar early instar mortality

• Cage: intrinsic mortality

• Tanglefoot: intrinsic + parasitoids

• Free: intrinsic + parasitoids + 
predators

James R. Meeker, FDACS, Division of Forestry.

(Caron et al 2022)



(Caron et al 2022)

Forest tent caterpillar early instar mortality



‘These findings show
that mortality from flighted
natural enemies and 
intrinsic source increases 
after the outbreak, but do 
not contribute to the 
population crash. However, 
they help maintain low 
endemic levels between 
outbreaks.‘

(Caron et al 2022)

Forest tent caterpillar early instar mortality



Spruce budworm  mortality: bottom-up & 
top-down forces in different habitats



Spruce budworm performance in different habitats

Bottom-up forces



Budworm mortality in different habitats
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Context dependency
• Importance of different mortality sources differs between species

• Mortality sources vary between habitats

‘Context dependence arises 
when ecological relationships
vary in magnitude or design, 
depending on conditions 
under which they are 
observed. Addressing context
dependence is a critical
challenge in ecology, 
essential for increased
understanding and 
prediction.’



What can we generalize?

• Parasitoids and pathogens show strong density dependence and are 
important in outbreak crashes

• Generalist predators show little response to density, but can still play
an important role in controlling pest populations

• Both bottom-up and top-down forces are modulated by habitat

• Complementary roles for multiple mortality sources: it takes a 
community to end an outbreak.
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