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Foliage Protection Strategy

Population Control Strategy



~35-40 year outbreak cycle

Population dynamics: 
The basis of management strategy
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What drives spruce budworm 
outbreak cycles?



Oscillatory hypothesis

Predator-prey cycles drive budworm outbreaks
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Oscillatory hypothesis

Predator-prey cycles drive budworm outbreaks

…but, no data for 
the rise

Only data for 
collapsing 

populations
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Oscillatory hypothesis

1968197119731975

Outbreaks are synchronous across the landscape

Moth dispersal 
does not spread 

outbreaks

Regional 
outbreaks are 

inevitable
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2018Foliage protection strategy

Prevent tree mortality 
(defoliation <50%)

Protect high-value 
stands 

Wait it out…

Main strategy since the 
1950’s!



2007-2013

Density-
dependent moth 

dispersal
Régnière & Nealis 2019

No natural enemy 
release

Boucher et al. 2018

Outbreaks spread ‘contagiously’

Epicentre Hypothesis
(Double equilibrium hypothesis)

Mate-finding Allee
effect

Régnière et al. 2012



2009Population control strategy

Target ‘hotspots’ &
slow or stop spread.
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Early Intervention 
Strategy

Target ‘hotspots’ &
slow or stop spread.

Population control strategy



Early Intervention Strategy

Conceptual Framework:

1) Population dynamics

2) Monitoring: Hotspots and treatment areas

3) Efficacy and non-target effects

4) Communication and outreach

5) Benefits > costs
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Fall 20162016

‘Hotspot’ 
>7 L2/branch
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DDT - 1962

Fenitrothion - 1982
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Communications

Strategy:

1) Transparent and proactive engagement
– public, indigenous communities foresters, politicians, 

media, etc.

2) Scientists communicate on the science

3) Directly address issues raised by the public
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Communication Strategy

• A website was created: 
http://www.healthyforestpartnership.ca/
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http://www.healthyforestpartnership.ca/


Budworm Tracker: Community science



Less than 5% 
of woodlot 

owners have 
opted out.

No provincial 
political party 

made this 
program part of 
their platform.

Federal funding 
was renewed 

from 2018-2021

~$75 million

Media 
coverage has 

been 
universally
positive (to 

date).
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Benefits > Costs?

• Uncontrolled budworm outbreak 
= ~$15 billion loss over 30 years.

• Foliage protection protects <4% of outbreak 
area in Quebec (though it is ~85% effective).

• Cost depends on the framework efficiency…

• Framework efficiency will vary regionally 
depending on how well framework needs can 
be satisfied…



Ok…but does it work?
And, what are the risks?

Dr. Sara Edwards
Forest Protection Ltd.
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How do we control pest populations?

We need to ‘add’ mortality:

1) Control populations while densities are 
relatively low.

2) Control over large areas to limit sources 
of immigration.

3) Avoid impacting natural enemies or 
other non-target organisms.
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‘Hot spots’

Fall 
2016



Treatment area (147,000 ha)

Summer
2017

‘Hot spots’

Btk or tebufenozide



Treatment area (147,000 ha)‘Hot spots’

Fall
2017



Fall
2017

‘Hot spots’



Summer
2018

Treatment area (220,000 ha)‘Hot spots’
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Treatment area (220,000 ha)‘Hot spots’



Fall
2018

‘Hot spots’



Summer
2019

Treatment area (~10,000 ha)‘Hot spots’

90%
decline





Experiments: Are we 
adding mortality?



Treatment mortality



Population growth
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Is it working?

• Results are encouraging.

• A little ‘added’ mortality goes a long way.

• Is it sustainable? Can we outlast the ongoing 
outbreak in Quebec?

• What are the potential non-target impacts? 

– (e.g., for other caterpillars and the natural enemies 
they harbor).



Non-target Impacts: Broader ecosystem







Bioaccumulation - net accumulation of contaminant



Btk
(Bacillus thuringensis
kurstaki)

Tebufenozide

Targeted treatments
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Btk is a common soil bacteria  

• Highly selective with low toxicity 
• No effect on mammals, fish, birds, shellfish, etc. 

• How does it work? 
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Btk toxins are activated in the gut 
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Btk toxins are activated in the gut 



X

Btk spores germinate in the body cavity 



Healthy

Daniel L. Mahr

24h post ingestion

48h post ingestion (dead)

X

ActivatesBreaks down



Tom Coleman

Josh Mayer

Only treat areas with high spruce/fir content



How much ends up 
in water?



Freshwater 
fish

Rodents Quebec Charlo
River 

(Reservoir)

Charlo
River 

(River)

Eel River 
(Upper)

Eel River 
(Mid)

Eel River 
(Facility)

Quebec

Charlo
River

Eel River

~600 colonies per mL
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Conclusions: 

• Btk needs to be ingested by caterpillars to be effective

• No bioaccumulation 

• Btk is specific to caterpillars due to their unique gut chemistry

• Only trace amounts end up in water – what ends up in water is not 
harmful to non-caterpillars




