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Natural solutions to the climate and
biodiversity crises in our forests

Prof. Christian Messier, ing. f., Université du Québec a Montréal (UQAM) et
(UQO), Chaire du Canada sur la résilience des foréts face aux changements
globaux et Chaire HQ sur le contrdle de la croissance des arbres

.
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Université du Québec a Montréal Centre d'étude de la forét
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Foestry ha's always almed to

simplify the forest to maximize
certain services. Is this still the right
~ approach?
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The threat of exotlc msects and dlseases
AR 2
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Ecological Applications€QQ 6. pp. 1437-1455 B

i© 2016 The Authors Ecol®gadlApplications published by Wiley Periodicals, Inc. on behalf of Ecological Society of America B

This 1s an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in |

any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

Nonnative forest insects and pathogens in the United States: Impacts |
and policy options |

poucy op |
GaARY M. Lovert, 12 MaRrissa WEiss,>? ANDREW M. LieBHOLD,* THOMAS P. HOLMES,? BRIAN LEUNG,® J.

KatHY FALLON LAMBERT,22 DaviD A. OrwIG,? FAITH T. CAMPBELL,” JONATHAN ROSENTHAL.® DEBORAH G. MCCULLUUGH,9 ;_;

RaDKA WiLDOVA,® MATTHEW P. AYRES,!” CHARLES D. CaNtaM,! Davip R. FosTer,? SHANNON L. LADEAU,! AND
- AL 11 J‘

More than 25 exotic msects and diseases are present and
may strongly affect more than 30 tree species in Quebec in
the next 50 years

JlE, ARy




Global warming

\ D : 7 Y <} X S
(] B i  \ % L v . ‘-,P Y‘ , ~"
X ‘ o y } !” 4 i t % .'}:?\

N\ ’
N

ulti-model Averagés and Assessed Ranges for Surface Warming

A2

A1B

B1

Year 2000 Constant
Concentrations

20th century

—
&)
5
o)
£
=
| .
©
=
)
O
o
3 =
=
7
©
Q
O
O




LETTERS

a 4.0 b 40 i
35 - - West Regions 3c | = Trembling aspen Species g
' = East ' = Jack pine |

L 307 T 3.0 = Black spruce
§ i ;{ | == White spruce g
e 25 & 25 - .
> g Others l
5 207 S 201 g
B p ﬁ
£ 157 g 151 \
@ P a
& a U all ,

Tree mortality rates have been increasing EVERYWHERE in Canada
and for ALL species since the 1970s and 1980s
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Tepresent, respectively, Canada s poreal and nemiporeal regions. O these plots, 70 were tocated In western Canada mciuamg Alberta (AB), saskatchewan
(SK) and Manitoba (MB), and 26 were located in eastern Canada including Ontario (ON) and Quebec (QC).
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Annual Review of Plant Biology

Climate Change Risks to
Global Forest Health:
Emergence of Unexpected
Events of Elevated Tree
Mortality Worldwide

Annu. Rev. Plant Biol. 2022. 73:673-702

Henrik Hartmann,' Ana Bastos,” Adrian ]. Das,’
Adriane Esquivel-Muelbert,** William M. Hammond.®
Jordi Martinez-Vilalta,”* Nate G. McDowell *!?
Jennifer S. Powers,!' Thomas A.M. Pugh,**:?

Katinka X. Ruthrof,"”*'* and Craig D. Allen"”
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Figure 1

Published observations of elevated tree mortality in response to drought and heat (yellow dots). These documented observations have
been presented in References 9, 10, 72, and 78. Locations of selected mortality events presented here as case studies are indicated by red
dots and illustrated by inset photos. The forest cover shown here is adapted with permission from the canopy height map of

Reference 142, with only canopies 5 m or taller plotted and taller canopies in increasingly darker green. (@) Dying Pinus and Abies in
California; photo provided by Nate Stephenson. () Pinus sylvestris mortality in a matrix of living Fraxinus excelsior in Germany; photo
provided by Henrik Hartmann. (¢) Photo taken in 2017 of ongoing mortality after 2015 drought in Costa Rica; photo provided by
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Significant increase in natural disturbance impacts on European
forests since 1950
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Marco Pataccal?® | Marcus Lindner® ® | Manuel Esteban Lucas-Borja4® |
Thomas Cordonnier’ © | Gal Fidej°® | Barry Gardiner®® | Ylva Hauf’® |
Gediminas Jasinevi¢ius’®® | Sophie Labonne® | Edgaras Linkevi¢ius!l® |
Mats Mahnken’'?® | Slobodan Milanovic®>**® | Gert-Jan Nabuurs?® |
Thomas A. Nagel®® | Laura Nikinmaa®*>® | Momchil Panyatov®® |
Roman Bercak ©® | Rupert Seidl’®'® | Masa Zorana Ostrogovi¢ Sever?°© | 3
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Mart-Jan Schelhaas® ®

o MR O




SN I 227577 SRR

250
Disturbance agent
Bark Beetles
Fire
Other Abiotic
Other Biotic
Wind
200
5
Q 150
E
<
[}
(o)}
1]
£
1)
o
100-
50
-
e | |
QA ¥
‘ = ]
0
1960 1980 2000 2020
Year
FIGURE 3 Total reported damage caused by natural disturbance in Europe between 1950 and 2019.
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REPORT Anderegg et al., Science 377, 1099-1103 (2022)

FOREST ECOLOGY

A climate risk analysis of Earth’s forests
in the 21st century

William R. L. Anderegg"?*, Chao Wu'?, Nezha Acil**, Nuno Carvalhais®®, Thomas A. M. Pugh®**”,
Jon P. Sadler*?, Rupert SeidI®®

Earth’s forests harbor extensive biodiversity and are currently a major carbon sink. Forest conservation
and restoration can help mitigate climate change; however, climate change could fundamentally
imperil forests in many regions and undermine their ability to provide such mitigation. The extent of
climate risks facing forests has not been synthesized globally nor have different approaches to
quantifying forest climate risks been systematically compared. We combine outputs from multiple
mechanistic and empirical approaches to modeling carbon, biodiversity, and disturbance risks to conduct
a synthetic climate risk analysis for Earth’s forests in the 21st century. Despite large uncertainty in
most regions we find that some forests are consistently at higher risk, including southern boreal forests
and those in western North America and parts of the Amazon.
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Flg 2 Global forest risk estlmates from climate envelope 5
y approaches. (C) Risk of loss in species richness [quantified as | }13
. an effect size (ES) of —1 x Iog(DSpeC|esR|chnesshlghcc-%
' mitigation/ DSRbaseline)] where higher numbers indicate more |
risk of species loss) in the 2070s in a high climate change =
¢ (RCP 8.5) scenarlo from I\/Ior| et al. 2021 (21)




Climate Risks -
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Flg 4, Cnmparlsnns and syntheses across tllﬂ‘erent chmate r|sk axes.

(A) Average percentile of risk combined across all metrics where 0%ile is lowest
climate risk and 100%ile is highest climate risk, averaged across all datasets
that covered a given grid cell.




Intensification of forest disturbances and interactions with
climate change

Nerth America Surope

Feux N Insects

Pathogénes: Sechergsﬁs

Insectes v Ny y -
Py \"‘\,_,4""- \\\\__/-"'". Snaw \
ol and ice N
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"We conclude that ecosystems and society must be prepared for an
INCREASINGLY PERTURBED future for forests."

A

Fire

Drought

ncreasing disturbance activity
Mixed response or no signal

Decreasing disturbance activity

Seidl et al. 2018. Nat. Clim. Change
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We are enterlng a perlod of “hlgh
turbulence and uncertainty”. Are
there any solutions?




Presentation Plan

* Forestry and its ghosts
* The threatened forest

* Some interesting new
concepts
* For a forestry of resilience




Concept of a new ecosystem

- Management of novel ecosystems: are novel
~ approaches required? |

Timothy R Seastedt", Richard ] Hobbs’, and Katharine N Suding’

L VARt Novel
o ecosystem

on our knowledge of the past, but ALSO on the
changing and uncertain future conditions.
F L T | & ©

Historical Altered H - i |

Environmental conditions Environmental conditions E



Reconciling Conflicting Paradigms
of Biodiversity Conservation: Human
Intervention and Rewilding |

December 2019 / Vol. 69 No. 12 » BioScience 997
» We must increasingly consider
INTERVENING to maintain the services we

want even Iin our protected areas.

COI0gICal ocience In tne

Twenty-first Century

BioScience * June 2011/ Vol. 61 No. 6

RICHARD J. HOBBS, LAUREN M. HALLETT, PAUL R. EHRLICH, AND HAROLD A. MOONEY

Rapid, extensive, and ongoing environmental change increasingly demands that humans intervene in ecosystems to maintain or restore ecosystem |
services and lnori’nuqr} At the same mm thc basic prmr zplw and tenets of restoration ecology and conservation biology are being debated and '
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AMAT test site and seed source locations 62"
Northwest Terrtones

Concept of assusted mlgratlon _
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We can adapt our forests for the future by
ENRICHING their genetic (provenance) and
specific (new species) composition.

climate, one forester in British Columbiais already doing it. Emma Matris r.jeﬁ’o’rts _.

- 00 &l

t a research station in the Okanagan and premature. Plants moved by humans may  important treesand moving them south, forcing
valley in British Columbia, a fewkilo- becomeinvasive in their new haunts or justfail  them to endure a warmer climate, quickly simu-
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REVIEWS REVIEWS

The portfolio concept in ecology and evolution ﬁ

Daniel E Schindler'’, Jonathan B Armstrong’, and Thomas E Reed’

Biological systems have similarities to efficient financial portfolios; the emergent properties of aggregate systems
are often less volatile tistical averaging across the
dynamics of system ch other through time and
space. The “portfolio nt insights into how ecosys-
tems are organized, 1 t also helps identify appro-
priate scales for devel s an approach that does not
rely on prescriptive p 1ts a framework for manag-
ing risk from inevitalj\ and or anticipate.

Front Ecol Environ 2015; 13(
¥ certain emerge
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» As for investments, we can intlligenly
DIVERSIFY the species of trees in our forest
fo reduce the risks.
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For the sake of resilience and multifunctionality, let’s
diversify planted forests!

SUSCEPTIBILITY TO DISTURBANCES

"
higher
susceplivility

PROVISION OF ECOSYSTEM SERVICES |

higher | |
\

I . M '&&&& z
* By diversifying our plantations, we reduce
susceptibility to disturbances and increase

&
&
g
<

the production of ecosystem services




The effect of tree species diversity
on productivity

SCIENCE sciencemag.org 14 OCTOBER 2016 » VOL 354 ISSUE 6309 aaf8957-1

Positive biodiversity-productivity =~ " °
relationship predominant
in global forests

Jingjing Liang,'* Thomas W. Crowther,>?{ Nicolas Picard,*
Giorgio Alberti,’ Ernst-Detlef Schulze,” A. David McGuire,” F§2
Hans Pretzsch,'® Sergio de-Miguel,'"'* Alain Paquette,’® Brunfg
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Global effect of tree species diversity on forest productivity. Ground-sourced data from 777126
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h. ANNUAL Annu. Rev. Entomol. 2022. 67:181-99
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A b} .- . il . |

a Landscape with low spatial heterogeneity

. ot
c
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o :
-
¥}
- Forest types
g N
2 Attacked forests
s R "
Time (decades) f;r%‘:t“;?’a ing

é b Landscape with high spatial heterogeneity Pest gullds

>By diversifying thé forest landscape, ihe

risks are reduced

Time (decades)

10 km Time (decades)
' Figure 2
9 Expected effects of landscape heterogeneity on insect damage. (#) In highly homogeneous landscapes dominated by single tree species,

here are high chances of large outbreaks causing quick pulses in forest biomass, while (#) in heterogeneous landscapes with mulaple
forest types, insect disturbances are expected to be smaller and shorter, maintaining higher stability in ecosystem functioning at a large

spatial scale.
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OK, but how do we apply it in the
field?
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What IS resnhence"

The ability of a system to withstand,
rapidly recover from, or adapt to one
, or more disturbances or stresses so
P that the system retains its structure

# and functions. (adapted from
Gunderson & Holling 2002).
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THE SOLUTION by diversifying
INTELLIGENTLY and EFFECTIVELY




Reversing the relationship

WOOD FOREST === INDUSTRY

Until now, the "wood" industry has conditioned the simplification of
the forest: a typical TOP-DOWN approach

Forest Wood industry

Furniture
, etc.

.. Paper and
e—— __, cardboard

|
E
3

L i
e e .

Photo: Hafner




Reversing the relationship

WOOD INDUSTRY 4= FOREST

In the future, the need a MORE DIVERSIFIED RESILIENT forest that
will condition the "wood" industry: a typical BOTTOM-UP approach of
an Adaptive Complex System

Forest Wood industry

‘m
Furniture
toed <=:1 , etc.

~  Paper and
~ cardboard T e

Energy

—

Photo: Hafner
Buche Eiche Fichte Kiefer



Messier et al. Forest Ecosystems (2019) 6:21
https://doi.org/10.1186/s40663-019-0166-2 FO reSt E COSySte ms

Hupedidoorg/ 101 186/A0GG01501662
The functional complex network approach @
to foster forest resilience to global changes

updates
Christian Messier, Jurgen Bauhus?, Frederik Doyoﬁ, Fanny Maure?, Rita Sousa-Silva', Philippe Nolet',
Marco Mina>* Nuria Aquiluéz, Marie-Josée Fortin® and Klaus Puettmann®
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FUNCTIONAL TRAIT DIVERSITY: A better way to characterize tree diversity

» Or how dlfferent spec:es ACT in the ecosystem and REACT
to disturbances

*%°* Properties of the ype of mycorrhizae
leaves X8 Density of the wood
+* Dispersal method +%* Bark thickness

X8 Rooting depth *®* Germination capacity



GROUPING TREE SPECIES INTO FUNCTIONAL GROUPS: to help diversify
effectively

Urban Forestry & Urban Greening 62 (2021) 127157
= URBAN
- Contents lists available at ScienceDirect S TOREIRY
Urban Forestry & Urban Greening r
journal homepage: www.elsevier.com/locate/ufug

Short communication 1)
Praise for diversity: A functional approach to reduce risks in urban forests = &&&

Alain Paquette " “, Rita Sousa-Silva “, Fanny Maure *, Elyssa Cameron ', Michael Belluau“,

Christian Messier "

(d)

Yy,

Ginkgo Spruce : Maple Basswood

: ¢
Zelkova tree Poplar Birch Willow



FUNCTIONAL CONNECTIVITY AND CENTRALITY: a way to
optimize our intervention

R NP o YT s TN W
FUNCTIONAL CONNECTIVITY: The CENTRALITY: The level of influence |
potential level of exchange of tree or connectivity of nodes in a
propagules (measured in terms of | network. It is used to determine the

functional traits that can be transferred) most influential nodes.
between stands and forest properties A

Connectivity
Y

Complex
network
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Here is an example

Densité

N \
T

e
Wf‘ll“ﬂ' $

" ) % o=

Diversité fonctionne !
Diversité Fonctionnelle = 2 7 -
’ o0

Faible Forte
|
Connectivité Fonctionnelle_ 1 3y 8

(4) We plant/foster the regeneration of missing functional groups



LES CONSEILLERS FORESTIERS DE L'OUTAQUAIS

CARTOGRAPHIE Localisation des peuplements
Numéro de la carte forestiére : 31 G15NO
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Application: iForét

This tool makes it
possible to determine:

The functional diversity
of stands

Functional connectivity
between stands
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Forest Ecology and Management 481 (2021) 118692

Contents lists available at ScienceDirect

FOREST
ECOLOGY AND
MANAGEMENT

Forest Ecology and Management v i
Sy = . s -

[_[_5 EVIER journal homepage: www.elsevier.com/locate/foreco

M)

Chack for

A simple-to-use management approach to boost adaptive capacity of forests [
to global uncertainty

Niria Aquilué ©5:" Christian Messier ™, Kyle T. Martins 4 Véronique Dumais-Lalonde 4
Marco Mina*

Zona

i

L
- —EN K

USA \H“‘x IR B

N
pay Y A 1 -] 1L 20

Fig. 1. . Geographic location of the Haliburton Forest in Ontario, Canada (left panel) and the eight forest zones in the Haliburton Forest (right panel).



Forest landscape:

Zone #3

2. Calculate functional

1. Calculating

functional diversity

connectivity and centrality
to determine management
priorities

4440

) Vulnerability to ““# #’ *

tand's P2
functional L7
diversity S

L ow ‘,* *; A\ @ 0.25-0.50 “ di\’l‘:r's‘?t’;a

I moderate o = @ 0.50-0.75 ~ B

I hich ‘ ’ %,: ) © 0.75-1 -

I very high X *
3. Simulate the 1,00 " Management

- z~ : .
effects of different > : | £ I scenarios:
management §°7° e | 8
scenarios on . o ; g| & I * harvest low
: : ¢ o 0 - ,

functlon_al_ landscape : g oe 1 harvest high
connectivity, §02 Bor t
centrality, harvesting, | 2. e s ¢ ¢ harvest + plant low
etc. 0 5 10 20 40 0 5 10 20 40

management intensity (%)

management intensity (%)
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Iobal Change Biology
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Managing for the unexpected: Building resilient forest
landscapes to cope with global change

Marco Mina?® | Christian Messier'> | Matthew J. Duveneck®® | Marie-Josée Fortin® |
Ndria Aquilué®’




Functional Diversity

@0-01
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Forestry Connectivity fonctional
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' e ? ¢ The functional complex network approach hd
® to foster forest resilience to global changes
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Marco N Mare-Jouke Fort and Kaus Puettrmann
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Assessment of functional diversity habltat

La Mauricie National Park LA NATURE A L'CEUVRE

> Distribution of the functional diversity
of forest stands

> Identification of priority sectors for
diversification interventions

> Recommendations to promote
diversification

Indice de diversité
fonctionnelle

Faible
Bl Elevé

Parc nati?ngl de la
Mauricie




Vulnerabilities to abiotic threats
La Mauricie National Park

Ecarts de température Inondations Sécheresse

» Identification of threats of greatest
concern

\'\:

> Guide to diversification interventions

Vulnérabilité

Moins de 25 % du
peuplement vulnérable

Entre 25 % et 75 % du
peuplement vulnérable

B Plus de 75 % du
peuplement vulnérable

Parc nati?ngl de la
Mauricie



Vulnerabilities to biotic threats
La Mauricie National Park

Maladie corticale du Puceron lanigére du
hétre sapin

Longicorne asiatique

» Identification of threats of greatest
concern

> Guide to diversification interventions

Vulnérabilité
Moins de 25 % du
peuplement vulnérable

Entre 25 % et 75 % du
peuplement vulnérable

B Plus de 75 % du
peuplement vulnérable

Parc national de la

Rouille vésiculeuse du Spongieuse asiatique Mauricie
pin blanc



Identification of vulnerable sectors
La Mauricie National Park

> Anticipate impacts on the
landscape and ecological
connectivity

> Prioritize interventions in
the sectors :
> the least diverse
> the most vulnerable

Prioriser les interventions

Parc national de la
B N S
Faible Elevée Mauricie
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« Marshall » Plan for Quebec forests

Do not plant or promote ONLY species considered

commercial today

The species present locally may not be well adapted or
diversified enough to face future climatic and biotic rigors and
uncertainties

THE PAST IS NO LONGER A GUARANTEE OF THE FUTURE
NO MORE PLANTING MONOCULTURES

Favour species that are diversified in terms of their
functioning

Think wood and carbon, biodiversity, key species, water,
mental health, resilience, stability, etc.

1+1 =3 OR EVEN 5: OUR BEST ALLY...DIVERSITY
We must think globally and act locally
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