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Climate change
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Options under climate change

Migrate Adapt Local) extinction

(a) Climate change scenarios (b) Estimate of climate velocity to determine rate of displacement
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Migration

IPCC, 2014

(a) Climate change scenarios

Rate of climate change for global land and freshwater areas (*Cyr ')

(b) Estimate of climate velocity to determine rate of displacement
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Adaptation

How important are each of these factors
in limiting adaptive responses to climate change?
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(Local) extinction

Urban, 2024. Science

Predicted extinction risk
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Declining tree species pools

Loss throughout the century
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Wessely et al. 2024. Nature Ecology & Evolution

Gain throughout the century

Percentage gain (%)



Declining tree species pools

RCP 4.5
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Degradation of forest resilience




Assisted Migration

Assisted population
migration

Assisted range
expansion

Williams & Dumroese, 2013. Journal of Forestry
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Assisted Migration

“The translocation of representatives of a species or
population harmed by climate change

to an area outside the indigenous range of that unit
where it would be predicted to move as climate changes,

were it not for anthropogenic dispersal barriers or lack of
time”

Hallfors et al. 2014. Plos One



Hallfors et al. 2014. Plos One
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Risks and benefits assisted range expansion

Perceived risk of
introducing new invasive
non-native species

\
Save species that are
threatened by climate
change

Prober et al. 2019. Ecological Monographs



Ecosystem-functioning perspective
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Van Meerbeek et al. 2025. EcoEvoRxiv




Ecosystem-functioning perspective
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Van Meerbeek et al. 2025. EcoEvoRxiv




Functional Assisted Migration

"The translocation of representatives of a species or
population

to an area outside the indigenous range of that unit
where it would be predicted to move as climate changes,

were it not for anthropogenic dispersal barriers or lack of
time

in order to preserve ecosystem functioning of the target
region”

Van Meerbeek et al. 2025. EcoEvoRxiv



Forest carbon sink under climate change
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Chakraborty et al. 2024. Nature Climate Change



Decreasing microclimate buffer capacity?

Temperate climate
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Increase in flammability?
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How to FAM?

Van Meerbeek et al. 2025. EcoEvoRxiv

1. Climate analogues
Select vegetation plots in climate analogues of target region

. Target region
@ Vegetation plots

Climate similarity

3. Climate suitability (SDM)

Identify native species that will disappear locally in the future
Check if selected non-natives are adapted to future climate
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5. Edaphic suitability

Check if selected non-natives are adapted to edaphic conditions
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2. Co-occurrence analysis
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4. Functional gaps

Identify functional gaps left by native species that might disappear locally
Identify non-native species that can fill the predicted functional gaps

A. Trait analysis
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1. Climate analogues

Target region
. . @ Vegetation plots
Find climate analogue

regions i

Select vegetation
plots in climate
analogues of the
target region

high

Climate similarity

Van Meerbeek et al. 2025. EcoEvoRxiv



2. Co-occurrence analysis

Select species co-
occurring with key
species of native
target community

Van Meerbeek et al. 2025. EcoEvoRxiv
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3. Climate suitability analysis

A Target region

Check if selected non-
natives are adapted to
future climate
conditions

Identify native species
that are likely to
disappear locally in
the future
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Van Meerbeek et al. 2025. EcoEvoRxiv



4. Functional gap analysis

Identify functional

gaps left by native
species that might
disappear locally

Identify non-natives
that are able to fill the
predicted functional

9aps

Van Meerbeek et al. 2025. EcoEvoRxiv

Trait axis 2

Trait analysis

A o
o ® . X ®
® ) 4
o
®e sPC ¢
L ]
°, ® ye
SPA
o ° ® o
o X %
o o
y
Trait axis 1

Climatically suitable native key species
I Native key species that might disappear locally
® Climatically suitable non-native species

Phylogenetic analysis




5. Edaphic suitability
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6. Expert check and experimental validation

W Native key species
Bl Non-native species | J
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Van Meerbeek et al. 2025. EcoEvoRxiv



Case study: Old acidophilous oak woods (9190
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Van Meerbeek et al. 2025. EcoEvoRxiv



Case study: Climate analogues

Euclidean distance
from the target region
in climate space

high

Van Meerbeek et al. 2025. EcoEvoRxiv Climate Sim“arity



Case study: Co-occurrence analysis

Tz

EU-Forest dataset
(National Forest
Inventory data)
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Van Meerbeek et al. 2025. EcoEvoRxiv



Case study: Climate suitability analysis
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Desie et al. 2024



Case study: Climate suitability analysis

Probability
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Desie et al. 2024
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Case study: Functional gap analysis
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Case study: Edaphic suitability
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Case study: Expert validation

° EIVE-N vy, @
status T
@ native
@ non-native
2
POte ntlal fOr Tilia cordata
. . Q"‘ o [ ]
I nvaSIVeﬂeSS? ?D ! Populus tremula
. ™ EIVE-M
; ® EIVE-R
< Quercus robur
O
o [ ] Quercus ilex
Sorbus aucuparia
0 ® [ ] Acer monspessulanum
Betula pubescens Betula De”gﬂa Quercus pubescens
t Fraxinus ornus o
Quercus petraea Quercus faginea
Pinus sylvestris
o
-1 .
(Quercus pyrenaica)
[ ] Pinus halepensis
-3 -2 -1 0 1 2

PCA1 (53.3%)

Van Meerbeek et al. 2025. EcoEvoRxiv; Dengler et al. 2023. Vegetation Classification and Survey



Case study: Experimental validation

Climate adaptation Species composition
Treatment Oak Acquisitive Conservative
9190 OG Quercus robur Betula pendula Pinus sylvestris
9190 FAM Quercus pubescens  Populus tremula Pinus pinaster
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144 blocks = 36 compositions x4 replicates
Total area: 4,6 ha | Total trees: 20.737

Mixtures: 3 species x 48 individuals (144 trees)
Monocultures: identical layout, single species only



FutureNature: Shaping future functional plant communities

Advance the understanding of assisted migration as
a means to satequard functioning ecosystems by
1) Observational research
2) Experimental research
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FutureNature: Shaping future functional plant communities
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FutureNature: Shaping future functional plant communities

Objective 1
Study the contribution =4
of non-native plant g
species to biodiversity ' \!g ,ﬁ

and ecosystem
functioning
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FutureNature: Shaping future functional plant communities
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FutureNature: Shaping future functional plant communities
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FutureNature: Shaping future functional plant communities

Objective 2:
Study functional
assisted migration in
grasslands with a
climate experiment
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FutureNature: Shaping future functional plant communities
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Thanks for listening!
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