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Les différents niveaux de la biodiversité

 Le niveau des écosystèmes: forêts, pelouses, rochers, zones 
humides, rochers, éboulis, etc.

► Le niveau génétique: entre populations, entre individus d’une 
même espèce

• Le niveau des espèces: environ 3500 espèces végétale dans 
l’arc alpin, 2500 dans les Hautes-Alpes, 1500 autour du Lautaret, 
680 à plus de 2500 m



 Le niveau phylogénétique: les différentes familles et genres, 
leur position évolutive
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 Le niveau phylogénétique: les différentes familles et genres, 
leur position évolutive

► Le niveau fonctionnel: les différents types biologiques 
(arbres, arbustes, herbes, plantes en coussins, à bulbes, 
annuelles, etc.), plantes fixatrices d’azote atmosphérique, 
carnivores, herbivores, détritivores…

Les différents niveaux de la biodiversité



Les fonctions/services de la biodiversité

 Importance écologique/économique: 
 fertilité des sols, pollinisation, contrôle des ravageurs

 Rôle d’approvisionnement: 
 qualité de l’air, de l’eau, molécules utiles (médicaments)

 Rôle de régulation: 
 climat, puits de carbone, cycles de la matière, inondations

 Rôle culturel, esthétique, récréatif





IPBES - Global Assessment

 What is the status of and trends in nature and in indirect and direct 
drivers of change?

 How does nature contribute to the achievement of Global Goals? 
 What are the plausible futures for nature and for  a good quality of life 

between now and 2050?
 What pathways and policy intervention scenarios can lead to 

sustainable futures? 
 What are the opportunities and challenges, as well as options 

available to decision makers relating to nature and its contributions to 
good quality of life?

Bob Watson @ IPBES



Life on Earth is deteriorating 
fast worldwide.

Virtually all indicators of the 
global state of nature are 

decreasing: 
biomes, ecosystems, species, 

varieties and breeds

Bob Watson @ IPBES



More species of plants and animals are threatened with extinction 
now than at any other time in human history

Bob Watson @ IPBES
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More species of plants and animals are threatened with extinction 
now than at any other time in human history



Underpinning the proximate causes of deterioration in nature are the root causes, or 
indirect drivers of change.
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Bob Watson @ IPBES

Yeah…. But how about nature‘s
vital contributions to people ? 



The potential for nature to sustainably contribute to human quality 
of life has declined for almost all contributions analysed 

Bob Watson @ IPBES



Aichi Biodiversity Targets Sustainable Development Goals

Bob Watson @ IPBES



[SIMPLIFIED AICHI TABLE]

Progress towards the Aichi Biodiversity Targets

Bob Watson @ IPBES



[SIMPLIFIED SDG TABLE]

Progress towards the UN Sustainable Development Goals

Bob Watson @ IPBES



How well protected is global biodiversity?
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How well protected is global biodiversity?
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How conservation objectives influence priorities for the phylogenetic or functional trees of life? 

How well protected is global biodiversity?
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A 5% increase

How well protected is global biodiversity?
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What the future is gonna look like ? 



The need for biodiversity models and scenarios

Policy and decision making

Assessment and decision-support 
interface

Data and knowledge
(scientific, indigenous, local)

Models
translating scenarios 

into consequences for 
nature, nature’s benefits 

and quality of life

Scenarios
describing plausible 

futures indirect drivers 
and direct drivers and 

policy options
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The need for biodiversity models and scenarios

Data and knowledge
(scientific, indigenous, local)

Models Scenarios

Climate models Land/ocean use 
models

Biodiversity models

Services models Prioritization Representative Concentration Pathways

Shared Socioeconomic Pathways

Pollution / Biotic exchanges



Bellard et al. 2012 Ecology
Letters







Phylogenetic diversity of European breeding birds
Current Future 2080





What are the key challenges to address?

 Integrating multiple sources of uncertainties

Uncertainties in projected mean species
turnover in Europe by 2050 



What are the key challenges to address?

 Integrating multiple sources of uncertainties/variations
 Trade-off between mechanism and pattern modelling



Integrating multiple sources of uncertainties

 The future is uncertain => how to deal with this uncertainty 
when making biodiversity projections?



Integrating multiple sources of uncertainties

 The future is uncertain => how to deal with this uncertainty 
when making biodiversity projections?

 How about climate?
 How about biodiversity modelling? 

Data and knowledge
(scientific, indigenous, local)

Models Scenarios

Climate models Land/ocean use 
models

Biodiversity models

Services models Prioritization Representative Concentration Pathways

Shared Socioeconomic Pathways

Pollution / Biotic exchanges

Different visions of 
the future

Different data 
sources and bias, 
knowledge

Different climate and 
land use models

Different state of the art, 
mechanisms, model types, 
etc.



Integrating multiple sources of uncertainties
 Different types of models => different projections

Process-based models

« Niche - Based » Models or « Bioclimate envelope » Models

Phenomenological models

 Nancy NBM (V. Badeau, INRA Nancy)
 BIOMOD (W. Thuiller, 2009. W. Thuiller, Grenoble)
 STASH (Sykes et al, 1996. E. Gritti, CEFE Montpellier)

 PHENOFIT
(Chuine and Beaubien 2001. I. Chuine, CEFE Montepellier)

« Phenology – Based » Model

 CASTANEA
(E. Dufrêne et al, 2005. C. François and A. Cheaib, ESE Orsay)

Tree C balance and Growth 

 ORCHIDEE 
(Krinner et al, 2005. N. Viovy CEA)

Dynamic Global Vegetation 
Models (DGVMs)  IBIS

(Kucharik et al, 2000. C. Delire Météo France)

 LPJ 
(Stich et al, 2003. E. Gritti, CEFE Montpellier)



Integrating multiple sources of uncertainties
 Different types of models => different projections

Regional climate modeling
Arpège A1b SRES 

Régionalised (≈ 8 X 8 km) - L. Terray, J. Boé, C. Pagé, 
CERFACS 



Integrating multiple sources of uncertainties
 Different types of models => different projections



Integrating multiple sources of uncertainties
 Uncertainty in global biodiversity scenarios

Species data

1,351 amph
7,248 bird
2,896 mam 

Climate data

MAT, MAP, 
Temp seas
Precip seas

Range of projection 
for each species

448 projections per 
species

BIODIV MODEL 

SDMs

Boost Reg Trees
Gen. Add Mod
Gen. Lin. Mod

Random Forest

CLIMATE MODEL

GCMs

CESM1-BGC
CMCC-CMS

IPSL-CM5A-LR
MIROC5

MPI-ESM-MR

SCENARIOS

RCPs

RCP2.6
RCP4.5
RCP6.0
RCP8.5

X 4

ECOL SCEN

Dispersal

No disp
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2000km amph
4000km bird
3000km mam

Current
2080



Temporal turnover

Median
SD

Explained deviance

Diversity-based indices

GCM effect

SDM effect



SDM
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Species range change (%) 

Thuiller 2007 Nature

Where to go from here?

 Think ensemble! 



Where to go from here?

FATE-HD model
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Boulangeat et al. 
Global Change Biology 2014

Yearly-time step

Rbernouil l i (hs)

 More dynamic and mechanistic vegetation models useful for 
decision making



Where to go from here?

time
stabilization

Canopy closure (%)

Climate change and 
abandonment

 More dynamic and mechanistic vegetation models useful for 
decision making



Where to go from here?

Multi-trophic interactions

Wild 
herbivores~
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 More dynamic and mechanistic vegetation models useful for 
decision making



Where to go from here?

Multi-trophic interactions

 More dynamic and mechanistic vegetation models useful for 
decision making



 More dynamic and mechanistic vegetation models useful for 
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Where to go from here?

Multi-trophic interactions



Concluding remarks

 Impacts of on-going environmental changes on biodiversity, 
ecosystem functioning and nature-benefit to people are declining 
globally

 Strong measure should be taken to halt this crisis
 Better reliance on biodiversity models to consider conservation and 

management options
 Better developments of biodiversity models that should integrate novel 

research on experiments and observations



Thanks for your attention!



Changement climatique – biodiversité 
Expérimentations – vers des Alpes Volants ! 



Site haute altitude (A) : 2450

Basse altitude (B) : 1950m



Galibier2450m 

Lautaret, 1950m
+ 3°C

20cm


