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Crise climatique

 → Réchauffement global (1970-2020)

Crise de la biodiversité

 → Perte de biodiversité (Living Planet Index, 1970-2020)
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Réchauffement Global +1.19°C en 2014-2023

Forster et al. 2024

(+1.31°C en 2023)



Les interactions Climat / Biodiversité, avec L. Abbadie et L. Bopp

Réchauffement Global +1.19°C en 2014-2023

Forster et al. 2024

(+1.31°C en 2023)
+1.7-1.8°C en France

GIEC, AR6, WGI, 2021
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Réchauffement Global / Changement climatique

Canicules marines,
Fonte de la banquise
Précipitations Extrêmes, 
….

GIEC, AR6, WG1, 2021
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Indice d’abondance des vertébrés
(terrestres, d’eau douce et marins)

10 000 populations suivies
WWF. Living Planet 

Report 2022



Les interactions Climat / Biodiversité, avec L. Abbadie et L. Bopp

Abondance des oiseaux 
communs spécialistes 

en France

La biodiversité française en déclin. 10 ans de chiffres 
clés par l’Observatoire National de la Biodiversité. 

Office Français de la Biodiversité, 2023.



Les interactions Climat / Biodiversité, avec L. Abbadie et L. Bopp

Quelles sont les 
causes ?
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Observations
Gaz à 
effet 
de 

serre

Autres 
causes 
anth.

Facteurs 
naturels

100% du réchauffement observé est 
attribué aux activités humaines (GIEC, 2021)

La plupart des autres modifications du climat 
(extrêmes, niveau des mers, fonte des glaces, …) 
sont aussi attribuées aux activités humaines
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Perte d’habitats, 
fragmentation des 
habitats, pesticides

Surexploitation, 
modification des 

milieux

Saisonnalité 
perturbée, migration 

vers le nord, extrêmes 
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Les trois premières causes de la crise de la biodiversité
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IPBES, 2019

L’importance des différents 
facteurs varient en fonction 
des milieux
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LETTER Rates of projected climate change dramatically exceed past

rates of climatic niche evolution among vertebrate species

Ignacio Quintero1 and John J.

Wiens2*

Abstract

A key question in predicting responses to anthropogenic climate change is: how quickly can species adapt

to different climatic conditions? Here, we take a phylogenetic approach to this question. We use 17 time-

calibrated phylogenies representing the major tetrapod clades (amphibians, birds, crocodilians, mammals,

squamates, turtles) and climatic data from distributions of > 500 extant species. We estimate rates of

change based on differences in climatic variables between sister species and estimated times of their split-

ting. We compare these rates to predicted rates of climate change from 2000 to 2100. Our results are strik-

ing: matching projected changes for 2100 would require rates of niche evolution that are > 10 000 times

faster than rates typically observed among species, for most variables and clades. Despite many caveats,

our results suggest that adaptation to projected changes in the next 100 years would require rates that are

largely unprecedented based on observed rates among vertebrate species.

Keywords

Adaptation, climate change, extinction, niche evolution, vertebrates.

Ecology Letters (2013) 16: 1095–1103

INTRODUCTION

Climate is changing rapidly, and this change may pose a major

threat to global biodiversity (e.g. Thomas et al. 2004; Hof et al.

2011; Bellard et al. 2012). In the last 30 years, average global annual

temperature has increased 0.6 °C, and by 2100 it is likely to increase

an additional 4.0 °C or more (IPCC 2007). Rainfall will also be

affected, and by 2100 some regions may experience a 30% decrease

or increase in annual precipitation (IPCC 2007). Recent climate

change has already driven many local populations to extinction, as

shown by contractions at the warm-edge limits (low latitude or low

elevation) of many species’ geographical ranges (e.g. Chen et al.

2011; recent review in Cahill et al. 2013). Many authors predict that

climate change will have a major negative impact on global biodi-

versity, especially when combined with other threats, such as habitat

destruction (e.g. Hof et al. 2011). However, the extent to which spe-

cies are threatened by climate change depends on the details of

how they respond, including whether they can adapt to these

changes evolutionarily.

Populations faced with climate change can respond in several dif-

ferent ways. These include dispersal to more suitable locations, per-

sistence in situ through either phenotypic plasticity or evolutionary

adaptation to changed conditions (either abiotic or biotic), or some

combination of these processes (e.g. Holt 1990; Visser 2008). If dis-

persal, acclimation or adaptation do not occur, then the population

may go extinct, especially if climate change pushes local conditions

outside the fundamental climatic niche of the population or species

(i.e. the set of temperature and precipitation conditions where the

population or species can persist). Nevertheless, almost all models

that have predicted future impacts of climate change have assumed

that rates of evolutionary change in the climatic niche are negligible

(e.g. Thomas et al. 2004; Deutsch et al. 2008; Schloss et al. 2012).

This raises a fundamental question: how quickly do species’ climatic

niches actually evolve? This question may be especially critical as

human activities increasingly limit the ability of populations to track

suitable climates over space, and given that unimpeded rates of

movement may be slower than rates of climate change (e.g. Schloss

et al. 2012).

There are many ways that the rate of climatic niche evolution can

be addressed. Several studies have used or described a microevolu-

tionary approach, utilising estimates of selection and heritability on

relevant traits (e.g. Visser 2008; Sinervo et al. 2010; Hoffmann &

Sgro 2011). However, this approach may be difficult to apply to

large numbers of species, especially if the relevant traits are

unknown (e.g. physiology vs. traits related to species interactions).

Another way that this question can be addressed is using compari-

sons among species. By documenting the climatic conditions where

species occur, their realised climatic niches can be estimated (i.e. the

set of climatic conditions where the species occurs, which must be

included within the fundamental climatic niche). Time-calibrated

phylogenies can then be used to estimate the time spans over which

changes occur between climatic conditions occupied by closely

related species. These rates can then be compared to projected rates

of climate change in relevant climatic variables in the future. Some

recent studies have focused on comparing rates of climatic niche

evolution among clades using time-calibrated phylogenies (e.g. Smith

& Beaulieu 2009; Kozak & Wiens 2010; Cooper et al. 2011; Fisher-

Reid et al. 2012). Recent studies have also used phylogenetic analy-

ses of climatic data to help predict species’ responses to current

changes (e.g. Lavergne et al. 2012) and to predict future shifts in

geographical ranges (Lawing & Polly 2011). However, there has

been little emphasis on absolute rates of climatic niche evolution

among species and their relevance to rates of projected climate

change.

1Department of Ecology and Evolut ionary Biology, Yale University,

New Haven, CT, 06511, USA

2Department of Ecology and Evolut ionary Biology, University of Arizona,

Tucson, AZ, 85721, USA

* Correspondence: E-mail: w iensj@email.arizona.edu

© 2013 John Wiley & Sons Ltd/ CNRS
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La réponse 
évolutive des 
vertébrés aux 
changement 

climatique est 
10 000 fois trop 

lente ! 

Réponses évolutives du vivant au changement climatique
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Dans le canton de Vaud, en Suisse, la fréquence des chouettes hulotte (Strix
aluco) au plumage clair régresse au profit de celle des chouettes à plumage 
foncé (selection naturelle) en raison de la diminution du nombre de jours de 
paysage enneigé.

Roulin et al. 2003. Journal of 
Avian Biology 34: 393-401

Réponses évolutives du vivant au changement climatique
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Quelles rétroactions 
entre climat et 
biodiversité ?
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De l’importance des puits de carbone pour l’évolution du CO2

(Bilan du carbone pour 2014-2023, GCB – 2024)

Combustion des réserves fossiles 
(charbon pétrole, gaz)

Changement d’utilisation des sols (déforestation)
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De l’importance des puits de carbone pour l’évolution du CO2
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De l’importance des puits de carbone pour l’évolution du CO2

Processus biologiques

Photosynthèse > Respiration

Processus physico-chimiques

Dissolution du CO2 en excès, 
transport en profondeur
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Rôle des écosystèmes 
marins dans la pompe 
biologique de carbone

- Plancton et neige 
marine

- Migration verticales 
des organismes

→ Une rétroaction 
potentielle sur le CO2 
atmosphérique
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2003: la température moyenne de juillet est de 6°C 
plus élevée que la normale et le déficit annuel de 
précipitation de 300 mm environ

La production primaire brute (forestière) en Europe a 
diminué de 30 %, ce qui correspond à une réduction 
de séquestration du carbone de 0.5 Pg C, soit 
l’annulation de quatre années fonction puits de 
carbone des écosystèmes européens.

Effet des extrêmes climatiques sur la production
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Latte et al. 2013. European Journal 
of Forest Research 132: 565-577

Stocks de carbone 
(tonnes de C par ha) 
dans des forêts de 
feuillus (B) et de 
conifères (C) en 

Wallonie, Belgique

La forêt, stock de carbone
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Sign of radiative forcing:

Temperate forest: uncertain.

Boreal forest: positive (albedo > C sequestration).

Tropical forest: negative (strong C sequestration, cooling by evapotranspiration).

Bonan G.B. 2008. Science 

320: 1444-1449 

Effets multiples de la 
végétation dur le climat
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Température de l’air à 
2 m au dessus du sol, 

10 août 2003, 6 
heures du matin

APUR 2012. Les îlots de 
chaleur urbains à Paris

Effet de la végétation sur le climat local urbain
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Et demain ?
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Approved Version Summary for Policymakers IPCC AR6 WGI 

 SPM-2 Total pages: 41 

This Summary for Policymakers should be cited as: 
IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate 
Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 

Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T. Waterfield, 
O. Yelekçi, R. Yu and B. Zhou (eds.)]. Cambridge University Press. In Press. 
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Le climat change en fonction de la latitude
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La course entre les 
espèces et les 

zones climatiques

RCP 4.5 (= SSP2-4.5): 2,6 – 3,5 °C en 2100
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Nature Ecology & Evolution

Article https://doi.org/10.10 38/s41559-0 24-0240 6-8

European forest  management under climate change—that is, the spe-

cies pools calculat ed under both current  and end-of-century climate 

condit ions are considerably larger than the species pool obtained when 

cont inuous suitability throughout  the century is considered. In fact , the 

average number of climat ically suitable species per square kilometre is 

larger in the 2090s than it  is current ly, but  the number of species that  

are cont inuously suitable throughout  the century is substant ially lower 

than both in the 2090s and today, and decreases with the t ime span 

under considerat ion. When calculated at  decadal t ime steps between 

the 2030s and 2090s, the mean number of species cont inuously suit -

able per square kilometre decreases by 6.5% (compared with the current  

species pool) per decade, accumulat ing to a net  reduct ion of 38.1% in 

the 2090s under RCP 4.5 (Fig. 2; see Extended Data Figs. 3 and 4 for all 

other climate change scenarios). Basing decisions regarding which t ree 

species to plant  today on analyses of climate suitability for either cur-

rent  or future climate (that  is, stat ic t ime-slice approaches) is thus likely 

to overest imate the potent ial species pool available for management . 

The issue, here termed ‘t ree species bot t leneck’, is increasing with two 

factors, the rate of environmental change and the length of the period 

considered. While the former cannot be influenced direct ly by forest  

managers, the lat ter can, suggest ing that  new silvicultural systems 

should aim for shorter planning periods and the possibilit y to adapt  

t ree species composit ions with higher frequency (for example, via 

opening the canopy early to introduce newly suitable species during 

stand development).

The climate-induced t ree species bot t leneck in Europe’s forests 

could have considerable consequences for the achievement of major 

goals of forest  policy and management . Only a fract ion of  the t ree 

species that  can be sustained throughout  the twenty-f irst  centur y 

have high potent ial for cont r ibut ing to important  forest  funct ions. 

Of the 9.4 t ree species available for  management  on average across 

Europe (RCP 4.5), only 3.18, 3.53 and 2.56 are high-potent ial species 

for t imber product ion, carbon storage and biodiversity conservat ion, 

respect ively (Fig. 3 and Supplementary Table 5; see Extended Data 

Figs. 5 and 6 for all climate change scenarios). These values are 43.6%, 

33.6% and 39.6% lower than the corresponding values under current  

climat ic condit ions (Fig. 3 and Supplementar y Table 5), with an even 

st ronger reduct ion under more ext reme climate change (RCP 8.5; 

Supplementar y Table 6). For 6.2% of the study area, the species pool 

that  can be sustained throughout the twenty-f irst  century under RCP 

4.5 did not  include a single t ree species with high t imber product ion 

potent ial (5.9% and 9.8% for carbon storage and biodiversity conser-

vat ion, respect ively). Losses of high-value species relat ive to current  

condit ions were part icularly pronounced in low-elevat ion forests of 

the temperate and hemiboreal zones for all three forest  funct ions 

(see the interact ive online mapping tool at  ht tps:// bdc.univie.ac.at /

forest -bot t leneck). Across the three funct ions, the t ree species bot -

t leneck affected the capacity to produce t imber more st rongly than the 

potent ial to store carbon and harbour biodiversity. To assess impacts 

on forest  mult ifunct ionality (that  is, the ability to provide mult iple 

funct ions simultaneously), we determined the area where at  least  two 

species with high potent ial for all three funct ions were present in the 

t ree species pool (the results for one and three species are shown in 

Supplement ary Table 7). On the basis of this analysis, the species pool 

climat ically suitable throughout  the twenty-f irst  century holds high 

potent ial for mult ifunct ionality in 56.3% of the study area (RCP 4.5; see 

Extended Data Fig. 7 for maps for all climate change scenarios). This 

is a reduct ion by 43.6% relat ive to the species pool available for forest  

management under current  climate.

Discussion
Forest  ecosystems and the services they provide to society are increas-

ingly under pr essure from climat e change5. As a result  of large-scale 

disturbances, the forests of Europe are undergoing a profound reor-

ganizat ion25. This reorganizat ion holds the opportunity to init iate a 

new cohort  of climate-adapted forests that  are robust ly able to provide 

ecosystem services under climat e change. To seize this oppor tunity, 

however, suitable t ree species need to be ident if ied. Here we present 

t ree species pools that  can be sustained throughout  the twenty-f irst  

century, represent ing the opt ion space for current  European forest  

management . We show that  climate-adapted t ree species pools are 

shrinking relat ive to the species that  are current ly suitable—that  is, the 

opt ion space for forest  management is narrowing substant ially because 

of climate change. While progressing climate change also renders new 

species climat ically suitable in the future, current  condit ions are st ill 

outside of their climat ic niche, inhibit ing their immediate int roduct ion 

and creat ing a bot t leneck for forest  management. Technically speak-

ing, the emergence of such a bot t leneck is a necessary consequence 

of comparing species pools suitable over long t ime spans with those 

suitable over short  periods within these t ime spans if  climate is not  sta-

t ionary. From an applied perspect ive, the existence of this bot t leneck 

has substant ial implicat ions for forestry policy and management, yet  

it  has rarely been discussed in the lit erature and has never been quant i-

f ied across large scales.

We here quant if ied t ree species pools suitable throughout  the 

twenty-f irst  century to illust rate the implicat ions of climate change for 

current  forest  management  decision-making. We based our analysis 

on the relat ionship between current  t ree dist r ibut ion and climat ic 

averages rather than ext reme events, which often are the root  cause 

of t ree mortality. However, as extremes are deviat ions from the aver-

age, what  is considered an ext reme today may become the new nor-

mal under shift ing average climate. Likewise, condit ions beyond the 

ones occurr ing today will become the new ext remes in the future. A 

change in the average hence includes informat ion on changes in the 

intensity and frequency of extremes, and is preferable for modelling 

because of bet ter data availability and quality compared with ext remes. 

Moreover, long-term averages are good indicators for determining 

the growth and carbon balance of t rees, and hence for their f itness 

and long-term persistence. We also note that  we here focus purely on 

potent ial species pools for management, disregarding technological 

and socio-economic dimensions that  might  be relevant  in realizing 

this potent ial for sustainable forest  management, such as the capacity 

to grow individuals of desired species in nurseries and to plant  them 

on-site. Furthermore, natural processes of adaptat ion such as species 

migrat ion26,27 and int ra-specif ic variat ion in climate responses28 as 
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Fig. 2 | Average number of tree species per square kilometre that are 

climatically suitable across Europe (6,168,545 cells) under intermediate 

climate change (RCP 4.5). Bars in dark green show the number of species 

cont inuously suitable from 2020 unt il the respect ive decade. For example, t ree 

species in dark green in the 2090s are the species that  can be planted today and 

will be within their climat ic niche throughout the ent ire twenty-f irst  century.  

Bars in light green show the number of species that  become suitable in this 

decade because of climate change but  are not  yet within their climat ic niche 

under current condit ions (and thus have a high plant ing risk today). Bars in brown 

show the number of species lost in this decade, relat ive to current condit ions—

that  is, species that  cannot be sustained within their climat ic niche. The error bars 

show the coeff icient of variat ion across Europe.

Wessely et al. 2024. Nature 
Ecology and Evolution 

La course entre les arbres et les zones climatiques

RCP 4.5 (= SSP2-4.5): 2,6 – 3,5 °C en 2100



Les interactions Climat / Biodiversité, avec L. Abbadie et L. Bopp

Effet des extrêmes climatiques sur les espèces
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Changement climatique et perte de biodiversité
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Quelles solutions ?
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Quelles solutions ?

Les solutions basées sur la nature pour (1) l’atténuation et pour (2) l’adaptation au changement climatique
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NOM DU COURS
NOM DE L'INTERVENANT

Végétation + sol; émission 
annuelle de C: 7,8 gigatonnes

Bastin et al. 2019. Science 76-79

Potentiel forestier de stockage de carbone
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Herbiers Marais salés

Macro-AlguesForêts de mangroves

Stockage de carbone 
dans les écosystèmes du 
Carbone Bleu

- Productivité / stockage importants
- Mais surfaces limitées
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Diversité des arbres et productivité
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9 Dans des forêts d’Europe 
centrale, plus le nombre 

d’espèces (hêtre, chêne rouvre, 
épicéa commun) présentes à 
proximité d’un mélèze, plus la 

productivité du mélèze est 
élevé
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130 210 sites d’observation aux USA: au 
delà de 35 espèces, plus les espèces 
d’arbres sont nombreuses, plus les 

pathogènes (insectes, champignons) 
ont du mal à se disperser.

Un nombre élevé d’espèces d’arbres 
peut freiner la dispersion des 
pathogènes alors qu’une diversité 
faible peut la favoriser.

Diversité des arbres et résistance aux maladies
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(USGS)

(NOAA)

Récifs coralliens et protection contre les submersions côtières
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Solutions climat fondées sur la nature
(IUCN)
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