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Trees are complex and social beings



Aggregated food web of the Balsam fir: 1 host plant, 6 herbivores, 66 

primary parasitoids and 21 primary entomopathogens, 23 secondary 

parasitoids and 1 secondary entomopathogen, and 6 tertiary parasitoids.

From Eveleigh et al. 2007. Proceedings of the National Academy of 

Science

Fir

Budworm



They do trade

Suzanne 

Simard, UBC

Annie 

Desrochers, 

UQAT



They exchange information!



2017. Nature. 546: 145-147.

As us, they live better with a diverse 

microbiome 
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Changing & uncertain environmental and 

socio-economic conditions



Threats from exotic pests and diseases



Biomes of the world

East of Canada

Forêt tropicale

Forêt feuillue 

tempérée

Forêt boréale

Chaparral

Prairie

Savane

Désert

Toundra



Pin blanc

Chêne blanc

Hêtre

Pruche

Châtaigner

Tous les feuillus



Erable

Pins

Noyer

Sapin

Orme

Frênes

Chênes

Cerisiers, Érables 

et chênes
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Past

• One needs to plan our interventions based 

not only on past conditions, but also based 

on future, changing and increasingly 

uncertain conditions 

Present & future

Novel ecosystems 



Assisted tree migration

• One need to start adapting our forest for the 

future conditions by modifying  their genetic 

and specific composition



Epigenetic concept in trees

• One should conserve natural regeneration 

of species that we believe maladapted to 

future climatic conditions because this 

regeneration MIGHT BE BETTER ADAPTED 

THAN WE THINK 



IDENT: Mixed tree species experiments

- 12 indigeneous & 7 exotics - Gradient of functional diversity

- Mixed of 1, 2, 4 and 12 species - 14 000 trees

Complementarity concepts in forests



Picea glauca

Acer saccharum Acer rubrum

Abies balsamea

Low 

functional 

diversity

High functional diversity

Functional 
diversity: 0,08 

Functional 
diversity: 0,10  

Functional 
diversity: 0,29

Functional 
diversity: 0,23

Group 1a

Group 2a



Mixture of 2 species

Mixture of 4 species

4=<>2 =<>
• Maintaining biodiversed tree communities is 

ADVANTAGEOUS 

Increasing DF
Increasing DF
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•What is resilience?



Resilience: Capacity to recover

quickly or to adapt following one or

many disturbances or stress so to

maintain the functionality and

services of the ecosystem (adapted

from Gunderson & Holling 2002).



Resilience & collapse

Healthy forest

Beech bark disease

Severe drought



Résilience et effondrement

Emerald ashborer



Asian Longhorn

Resilience & collapse



Resilience & collapse



DIVERSITY/COMPLEXITY/REDUNDANCE
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Adapted from:  Loreau, M., S. Naeem, and P. Inchausti, eds. 2002. Biodiversity and ecosystem 

functioning: synthesis and perspectives. Oxford, UK: Oxford University Press.

Asian Longhorn + Severe drought

Forest A

Forest B
Forest C



• But, what can we do to help 

maintain or increase the resilience

of our forest? 

➢ Diversify « intelligently » in relation to 

known and unknown threats using a 

functional diversity approach



➢ Specific leaf area (SLA)

➢ Type of seed dispersal

➢ Rooting depth

➢ Mycorrhizal type 

➢ Wood density

➢ Bark thickness

➢ Ability to resprout

➢ Using Functional DIVERSITY instead

of species diversity
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Paquette, Alain, 2016, Augmentation de la canopée et de la résilience de la forêt urbaine de la région 

métropolitaine de Montréal. Sous la direction de Cornelia Garbe, Jour de la Terre, et du Comité de 

reboisement de la CMM. Montréal, Octobre 2016.

10 functional groups needed to diversify

« intelligently »



• But, what can we do to help 

maintain or increase the resilience

of our forest? 

➢ Diversify « intelligently » in relation to 

known and unknown threats using a 

functional diversity approach

➢ Use a network approach to optimize your

intervention at the landscape scale



The 

internet

Network of colleagues in the 

internet

➢ Using Complex NETWORK

CONNECTIVITY: Level of effective connection

among forest stands

CENTRALITY: Importance and number of stands

with strong connectivity

MODULARITY: Level of structural and/or

functional discontinuity among stands



CONNECTIVITY: Level of effective

connection among forest stands

CENTRALITY: Importance and number of

stands with strong connectivity

MODULARITY: Level of structural and/or

functional discontinuity among stands

FUNCTIONAL DIVERSITY: Level of

diversity of important biological

characteristics present in a tree community

Functional traits



Functional traits



In short

➢ One needs to evaluate the FUNCTIONAL 

DIVERSITY of each stand/patch

➢ One then calculates connectivity, centrality and 

modularity at the lanscape scale using complex

network 

➢ One determines the stands/patches that are more 

central to focus our forestry interventions

▪One favours and/or plants those tree species

having the most important/missing functional

traits

▪One makes sure to have redundancy



How do we do that in REAL LIFE?

My HOME



40 ha

fir

Poplars

Sugar maple

Red maple

Yellow birch

White birch

Linden

Tsuga

Cherry

White pine

Red oak

} >80%
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➢ Hornbeam

➢ Hackberry

➢ Other oaks

➢ Catalpa

➢ Hickory

➢ Other pines

fir

Poplars

Sugar maple

Red maple

Yellow birch

White birch

Linden

Tsuga

Cherry

White pine

Red oak

} >80%



Thanks/

Merci


