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ecosystem functions under climate change
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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 éach of these factors
in limiting adaptive responses to climate change?

High gene flow L 4 I

Low mutation rate - 0

Phylogenetic constraints l ’ .
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Small population size K3 _
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Rapid climate change
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Urban et al. 2023. Evolution Letters



(Local) extinction

Predicted extinction risk

Urban, 2024. Science
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Declining tree species pools

Loss throughout the century
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Percentage loss (%)

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
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Assisted Migration

Assisted population
migration

Assisted range
expansion

Williams & Dumroeseg 2013. Journal of Forestry
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Assisted Migration

oThe trans/ ocation of repr
population harmed by climate change

fo 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
t / meo

Hallfors et al. 2014 PlosOne



Hallfors et al. 2014 PlosOne
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Risks and benefits assisted range expansion

Perceived risk of
Introducing new invasive
non-native species

threatened by climate

\
Save species that are
change i

Prober et al. 2019. Ecological Monographs



Ecosystem functioning perspective
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Van Meerbeek et al. 2025EcoEvoRxiv




Ecosystem functioning perspective
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Functional Assisted Migration

Orhe 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
regli ono

Van Meerbeek et al. 2025EcoEvoRxiv



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?

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

K Target region

100

Suitability (%)

5. Edaphic suitability

Check if selected non-natives are adapted to edaphic conditions
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¢ Native key species

Ordination axis 1

@ Climatically suitable non-native species that could fill functional gaps

2. Co-occurrence analysis
Select species co-occuring with key species of native target community
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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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B. Phylogenetic analysis



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. 2025EcoEvoRxiv



2. Co occurrence analysis

Select species co
occurring with key
species of native
target community

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

A Target region

Check if selected non
natives are adapted to
future climate
conditions

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



4. Functional gap analysis

|dentify functional

gaps left by native
species that might
disappear locally

|ldentify non-natives
that are able to fill the
predicted functional

gaps

Van Meerbeek et al. 2025EcoEvoRxiv

Trait analysis
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5. Edaphic suitability

Ordination axis 2

Check if selected non
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6. Expert check and experimental validation

W Native key species
B Non-native species | f

Check species
disservices

Test species in
controlled settings

Van Meerbeek et al. 2025EcoEvoRxiv



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



Case study: Climate analogues

Euclidean distance
from the target region
In climate space

high

Van Meerbeek et al. 2025EcoEvoRxiv Climate SImIIarlty



Case study: Ceoccurrence analysis

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



Case study: Climate suitablility analysis

Species Distribution SSP126
Modelling
0.64 -
>
= - SSP370
8 0.60 -
g Fagus sylvatica
0.56 -
SSP585

1981-2010 2011-2040 2041-2070 2071-2100

ssp — 126 — 370 — 585  Thresholdoresencéabsence - -

Desie et al. 2024



Case study: Climate suitablility analysis
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Case study: Functional gap analysis

Species in functional
trait space

Van Meerbeek et al. 2025EcoEvoRxiv



