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Understanding and predic ng the dynamics of biodiversity in 
environments that change in space and me

Local community dynamics

MetapopulaƟon and metacommunity 
dynamics

EvoluƟonary and biogeographical 
dynamics



Hierarchy of processes
Community assembly

Dispersal, establishment, 
reproducƟon and local survival 
 Neutral theory

+
Variable composiƟon depending 
on environment and role of 
interacƟons 
 Niche theory

=

PaƩerns of diversity within and 
between communiƟes

(MiƩelbach and Schemske 2015)



Heated discussion on the meanning of the good fits:
- Some think that the neutral theory is « true »
- Some other think it is bullshit, with a number of methodological issues

Hypothetico-deductive point of view: the theory is correct until we find 
predictions that do not fit correctly (falsification)
Many studies elaborate in this direction

Integrative framework: the theory has to be integrated into a larger 
theoretical framework.
Stochastic neutral process are trivially occurring in any ecosystem, due to 
the limited number of individuals and the limited ability of dispersal

Neutral theory as a null model?



Back to the basics
Apart from discussing the role of neutral processes in community 
dynamics, a critical issue is still wether the « functional 
equivalence » assumption is clearly enough specified

This assumption is weak:

1. Species demographic and dispersal parameters are equal in 
probability. It is enough to consider equivalence in expectation, and 
thereby to allow some level of variation within and between species,

2. Equivalence in survival and establishment can arise in very different 
ways, and is fully consistent with a variety of niches in the community.
The only constraint is that the success of the species is equivalent over 
the long term.

3. Even if differences of fitness exist, they can be overcome by regional 
processes (dispersal-competition trade-off) or by stabilizing mechanisms

Extended neutral theory



Stabilizing processes
The Chesson (2000) framework (see also Adler et al 2007): stabilizing 
processes causes species to limit themselves more than they limit
others. Then niches cause intraspecific effects to be more negative than 
interspecific effects. 

1. and 2. Equalization or weak stabilization of fitness differences 
sustains the equivalence assumption

3. Strong stabilization: in this case the equivalence assumption does 
not hold because fitness differences between species are too large, but 
the differences does not influence the resulting dynamics beyond the 
neutral model
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Growth rate of invader DeviaƟon from average fitness

StabilizaƟon due to niche 
difference

Extended neutral theory



A framework of stabilizing processes for two species (Adler et al 2007)

Stabilizing processes

Extended neutral theory



A further critical aspect is the coupling of local 
and regional scales, based on migration and 
speciation processes

(Munoz et al 2012)(Mouquet and Loreau 2003)

The intensity of migraƟon and the variaƟon in compeƟƟve 
abiliƟes modulate the composiƟon of communiƟes

Stabilizing processes

Extended neutral theory



A departure from neutrality is expected during immigration over 
environmental gradients

Scale-dependent neutrality

There are niche differences 
among species in the 
metacommunity

Their success of 
establishment depends on 
the local habitat

Habitat filtering during 
immigration

Still neutral local zero-sum game

Extended neutral theory



Weighted lottery of immigrants according to both dispersal limitation 
and habitat preferences

• For each individual the algorithm first decides whether the individual has a new 
immigraƟng ancestor (i.e. an ancestor that has no descendants among the previously 
considered individuals). The probability of this event is governed by I and the fit of species 
niches to local environment (weighted loƩery).

• If the individual has a new immigraƟng ancestor, the individual is assigned a new ancestry 
label and the algorithm conƟnues to decide whether the new immigraƟng ancestor is of a 
new species. 
 The probability of this event is governed by θ. If the new immigraƟng ancestor is of a 

new species, the individual and its ancestor are assigned a new species label, 
otherwise they receive the species label of a randomly chosen already considered 
ancestor.

• If the individual does not have a new immigraƟng ancestor, the individual is assigned the 
ancestry and species labels of a randomly chosen already considered individual; it then has 
the same immigraƟng ancestor as this randomly chosen individual.

Scale-dependent neutrality

Extended neutral theory



Weighted lottery of immigrants according to both dispersal limitation 
and habitat preferences

Scale-dependent neutrality

Extended neutral theory

 Coalescent-based model of community 
assembly
 With environmental filtering depending
on species trait values
 With reference to a given regional pool
of species

What about the composi on and dynamics 
in the species pool?

(Munoz et al. 2018)



Biogeography and biodiversity 
dynamics

How are the spaƟal and temporal dynamics of taxa driven by 
environmental changes?



Biogeography and biodiversity 
dynamics

The journey of India and Madagascar



Biogeography and biodiversity 
dynamics

Lineages Per Period (LPP) metric of phylogeneƟc diversity 
through Ɵme



Biogeography and biodiversity 
dynamics

Museums and craddles

(Barthélémy et al 2022)



(Barthélémy et al 2022)

Biogeography and biodiversity 
dynamics

Museums and craddles



(Barthélémy et al 2022)

Biogeography and biodiversity 
dynamics

Museums and craddles



Biogeography and biodiversity 
dynamics

Historical biogeography: roles of dispersal and vicariance in 
relaƟon to geodynamics and environmental changes



Biogeography and biodiversity 
dynamics

Objec ve : reconstruct fragmentaƟon 
events, migraƟon and populaƟon 
dynamics from the current geneƟc 
structure of populaƟons

Human phylogeography (Cavalli-Sforza 2003) 



Biogeography and biodiversity 
dynamics

Fundamental processes:
- SpeciaƟon
- MigraƟon
- DriŌ
- SelecƟon

Drive the paƩerning of organism 
lineages in space and Ɵme

(Shaw and Gillespie 2016)

Eco-evoluƟonary perspecƟve



Biogeography and biodiversity 
dynamics

Eco-evoluƟonary perspecƟve



Genealogical approach

Coalescent : rebuilding shared coancestry

Ancestor

Present

In a populaƟon

Sampled individual

time



Genealogical approach

Coalescent : rebuilding shared coancestry

In a metapopulaƟon

(Pannell 2003)



Biogeography and biodiversity 
dynamics

Compara ve phylogeography: reconstruct fragmentaƟon 
events, migraƟon and populaƟon dynamics common to a set of 
co-distributed species

(Bowen et al. 2016)

Recurrent impact of the 
Indo-specific barrier on 
interspecific 
distribuƟons (leŌ) and 
intraspecific geneƟc 
differenƟaƟon (right)



Genealogical approach
MulƟspecies coalescent : integraƟng speciaƟon events 

Community Extant 
biodiversity 

Biogeography 
and evoluƟon

Ecology



Genealogical approach
Past processes having determined extant diversity



Biogeography and biodiversity 
dynamics



Inference framework
Approximate Bayesian ComputaƟon



FormulaƟon of an assembly model
- DefiniƟon of parameters
- And their prior distribuƟons

Performing 
simulaƟons for 
different  parameter 
values

Inference framework
Approximate Bayesian ComputaƟon



CalculaƟon of summary 
sta s cs for each 
simulaƟon

Inference framework
Approximate Bayesian ComputaƟon

FormulaƟon of an assembly model
- DefiniƟon of parameters
- And their prior distribuƟons



Based on the distance between the observed and simulated 
staƟsƟcs (with a tolerance α), the simulaƟons are accepted 
or rejected. By seƫng aside the parameters used to produce 
the accepted simulaƟons, the a posteriori distribuƟon is 
approximated by

Inference framework
Approximate Bayesian ComputaƟon

CalculaƟon of summary 
sta s cs for each 
simulaƟon

FormulaƟon of an assembly model
- DefiniƟon of parameters
- And their prior distribuƟons



 The way in which diversity paƩerns are simulated 
influences the result of the inference!

• How can we ensure that condi onality does 
not bias our conclusions?

1. MisclassificaƟon analysis (verificaƟon of the 
ability to select a model) 

SimulaƟons

Model 1 Model 2

Observa ons

Model A Model B

SimulaƟons 
B aƩributed 
to model B

SimulaƟons B aƩributed to 
model A

SimulaƟons A 
aƩributed to 

model B
SimulaƟons 
A aƩributed 
to model A

Inference framework
Approximate Bayesian ComputaƟon



SimulaƟons

Model 1 Model 2

Observa ons

Inference framework
Approximate Bayesian ComputaƟon

 The way in which diversity paƩerns are simulated 
influences the result of the inference!

• How can we ensure that condi onality does 
not bias our conclusions?

2. Cross-validaƟon analysis (verificaƟon of the 
ability to infer the parameters of a model) 



DistribuƟon des staƟsƟques simulées par le modèle

Focus model
 A posteriori distribuƟon of parameters that can be 

approximated by an esƟmator (mean, median, mode, 
etc.)

Simulation of n communities
 CalculaƟng staƟsƟcs (summary sta s cs or others)

Comparison with the real community
 Probability that the observed staƟsƟc is different from 

the statsiƟcs simulated with the model

Is the selected model capable of reproducing observed biodiversity pa erns? 

Note: it is also possible to see whether certain species 
are systemaƟcally under/overesƟmated by the model, in 
which case another trait is involved

• Posterior predic ve checks

Inference framework
Approximate Bayesian ComputaƟon



Simulation of ecological processes

Model misclassificaƟon

Model selecƟon

Cross-validaƟon

Parameter esƟmaƟon

2 or more 
models

1 model

Possible community assembly model(s)

Species pool(s) FuncƟonal trait(s) Summary 
staƟsƟcs

Environmental 
filtering

Priors & 
constraints

Inferred community 
assembly model

• Do the simula ons allow for 
sa sfactory discrimina on 
between models?

• Which is the single best model?

• Do the simula ons allow for 
sa sfactory parameter es ma on 
for the chosen model? Which is 
the best es mator of the posterior 
distribu on? 

• What are the plausible parameter 
values driving community 
assembly? Are these related to 
environmental varia on? 

Assessing the reliability of 
simula on-based analysis

Inferring assembly 
processes from observed 
data

How to design relevant assembly 
models? 

• Which species pool to choose?
• How to define trait-based 

environmental filtering?
• Which summary sta s cs to use 

to describe community 
composi on? 

• Which assembly scenarios should 
be simulated?

How to assess the validity of 
inference? How can we infer 
assembly processes from 
observed data? 
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If not

If not

Inference framework
Approximate Bayesian ComputaƟon



Python package developed to model mulƟspecies 
coalescence, performing inferences and hypothesis tesƟng

ecophylo project

Simulate a large number of phylogenies 
according to a desired biogeographical 
scenario, but whose parameters vary 
according to prior distribuƟons specified 
by the user:

Simulate phylogeny according to a desired 
biogeographical scenario (specifying the 
various parameters of the eco-evoluƟonary 
model):



ecophylo project
Impact of habitat reducƟon (refugia)

Model components



ecophylo project
Impact of habitat
reducƟon (refugia)

Two parameters:
• Size of refuge
• Time of expansion



ecophylo project
Impact of habitat reducƟon (refugia)

PaƩerns of taxonomic diversity

(Barthélémy et al. 2021)



ecophylo project
Impact of habitat reducƟon (refugia)

PaƩerns of 
phylogeneƟc 
diversity

(Barthélémy et al. 2021)



ecophylo project
Impact of habitat reducƟon (refugia)

PaƩerns of funcƟonal diversity

(Barthélémy et al. 2021)



Tropical rainforests: fragmentaƟon scenarios, area changes 
and migraƟon

ecophylo project

Exemple : rainforests of India and 
Madagascar



ecophylo project
Tropical rainforests: forest inventories, geneƟc 
measurements and funcƟonal traits



ecophylo project
Tropical rainforests: forest inventories, geneƟc 
measurements and funcƟonal traits

(ter Steege et al. 2013)

ATDN network 
within Amazonia



Imprint of forest habitat reducƟon during Last Glacial 
Maximum

(Munoz & Tournebize, in prep)

First results



Methodological challenges

EvaluaƟng inference and test capaciƟes

Which data

 SpaƟally-explicit coalescent
 Coalescent with selecƟon
 Influence of bioƟc interacƟons

 MisclassificaƟon of alternaƟve models
 Cross-validaƟon for parameter esƟmaƟon
 PredicƟve checks for assessing model consistency

 Different facets of biological diversity
 PhylogeneƟc + intraspecific geneƟc diversity
 IntegraƟng fossil data

ecophylo project



ecophylo vs. ecoloƩery

 Coalescent-based model of community 
assembly
 With environmental filtering depending
on species trait values
 With reference to a given regional pool
of species

PerspecƟve to integrate the eco-evoluƟonary 
and community assembly models in a single 
framework

(Munoz et al. 2018)
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