Effects of tree species diversity
on resistance to biotic disturbances

in planted forests
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An urgent need for new, planted forests

1. to meet the social demand for wood products
including energy wood

2. to contribute to climate change mitigation
through carbon sequestration

3. to alleviate the logging pressure
on natural forests and preserve biodiversity




Rising threats due to global change

1. Climate change

/1 temperatures trigger pest outbreaks and range expansion

Global Change Biology
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Drought effects on damage by forest insects and
pathogens: a meta-analysis
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Rising threats due to global change

2. World trade

/1 globalization results in more biological invasions
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Challenge: design new planted forests

less vulnerable on the long term

e Trees are being planted for decades or centuries

e Trees will experience disturbances never met before




Is mixing tree species in planted forest an option?

 Diversity — resistance relationships in grasslands

LETTER

Biodiversity increases the resistance of ecosystem
productivity to climate extremes
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Figure 3 | Biodiversity cffects on produdtivity during climatc cvents or
norneal years, Lines are mixed-effects model fits for each year within each



Is mixing tree species in planted forest an option?

e Evidence of multifunctionality in multiple species forests

Higher levels of multiple ecosystem services
are found in forests with more tree species
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Resistance of mixed forest to biotic disturbances

- - Pest insects

=2 - Fungal pathogens

h - Mammal herbivores
\] /)

1. Patterns of response to tree diversity
2. Underlying ecological mechanisms
3. Recommendations to managers




Resistance of mixed forest to pest insects

Ecology Letters, (2007) 100 B35-848 dot: 1011114, 1461-0248 2007 01073 x

— LETTER

| Tree diversity reduces herbivory by forest insects
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 Lower damage in mixed forests in 80% of the cases
* 36% decrease of damage for a tree species grown in mixed stands



Resistance of mixed forest to pest insects BIOLOGY

LETTERS
Tree diversity reduces pest damage
In mature forests across Europe

Virginie Guyot™, Bastien Castagneyrol®, Aude VialartelZ, Marc Deconchat!
and Hervé Jactel

5() = '31% =

¢ Expicratory regicn
*  Fapeimen i)
‘ Forast ireomarny

mean per cent of broadleaved tree defoliation

bl = DO D
G

—

lree species richness



Resistance of mixed forest to fungal pathogens

Overall better resistance of mixed forests to root rot fungi
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Resistance of mixed forest to fungal pathogens

Resistance or neutral effects for foliar pathogens
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Resistance of mixed forest to mammal herbivores

EOUHGRAPFHY 2 407 S, D

Contrasting effects on mammal herbivores

Moose and vole browsing patterns in experimentally assembled pure

and mixed lorest stands
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Resistance of mixed forest to mammal herbivores

Contrasting effects on mammal herbivores
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Resistance of mixed forest: common features

Effect sizes + 95% CI
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1. Direction and magnitude of effects depend on pest specialization
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Resistance of mixed forest: common features

2. Forest composition > tree species richness

% damage reduction
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Mechanisms underlying

diversity — resistance relationships

1. Reduced host tree density - less likely to enter the plot
- reduced residence time (OFT)

- lower amount of resources
- longer distance between host trees

Grlach t al. 1997
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ORPHEE experiment

www.facebook.com/orpheeexperiment
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Mechanisms underlying

diversity — resistance relationships

2. Reduced probability of host tree being found

Tree species composition rather than diversity triggers
associational resistance to the pine processionary maoth

Basticn Castagneyral® =, Margot Régalini®™2, Hervé Jactel®?
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Mechanisms underlying

diversity — resistance relationships

2. Reduced probability of host tree being consumed

Does the strength of facilitation by nurse shrubs depend on grazing
resistance of tree saplings?

Charlotie '\'r:uldml.bc‘l'iﬂ]ta'b. Christian Smit™", Mandy Pohl™!, Alexandre Butiler®®,
Frangois Freléchoux™"
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Mechanisms underlying

diversity — resistance relationships

3. Reinforced biological control by natural enemies
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Mechanisms underlying

diversity — resistance relationships

3. Reinforced biological control by natural enemies

Sawflies Ants
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Mechanisms underlying

diversity — resistance relationships

3. Reinforced biological control by antagonists

Fluorescent pseudomonad population sizes baited
from soils under pure birch, pure Douglas-fir, and

mixed forest stands and their antagonism toward

Armillaria ostoyae in vitro

R.L. DeLeng, Kathy J. Lewls, Suzanna W. Simard, and Susan Gibson
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Recommendations to forest managers

1. Mixing 2 species can be enough
2. Providing that they have contrasting traits
3. Favour conifer — broadleaved mixtures
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Recommendations to forest managers

1. Mixing 2 species can be enough
2. Providing that they have contrasting traits
3. Favour conifer — broadleaved mixtures

4. Two possible spatial configurations

Strip pattern Edge pattern
Diversification scheme
Dependent variable
and cffect I Inter-crop Ilnwmhcr In-trap In-repel F'ush—plﬂllhrmmd-«:md In-fower Around-flower
Herkivore abundance
No. studies LO0 43 23 =2 8 29 17 =2
Effect size -1 =243 —-D.49 0ol

Crop dumage

M. stindies 15 12 4 Q |5
Effcel size 2| —047 039 149 —3.44 Letourneau et al. 2011






