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Understanding and predicting the dynamics of biodiversity in
environments that change in space and time

Local community dynamics

Metapopulation and metacommunity
dynamics

Evolutionary and biogeographical
dynamics
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Dispersal, establishment,
reproduction and local survival
- Neutral theory

+

Variable composition depending
on environment and role of
interactions

- Niche theory

Patterns of diversity within and
between communities



Neutral theory as a null model?

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
Functional trait and phylogenetic tests of community assembly
across spatial scales in an Amazonian forest

1
Natuan J. B. Krarr anp Davip D. ACKERLY

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

LETTER

Reconciling niche and neutrality:
the continuum hypothesis



Extended neutral theory

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.
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Growth rate of invader  Deviation from average fitness

1. and 2. Equalization or weak stabilization of fithess 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




Extended neutral theory

Stabilizing processes

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

Stabilizing processes

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

speciation processes World =
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(Mouquet and Loreau 2003) (Munoz et al 2012)

The intensity of migration and the variation in competitive
abilities modulate the composition of communities
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Extended neutral theory

Scale-dependent neutrality

A departure from neutrality is expected during immigration over

environmental gradients
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Still neutral local zero-sum game

There are niche differences
among species in the
metacommunity

Habitat filtering during
immigration

Their success of
establishment depends on
the local habitat



Extended neutral theory

Scale-dependent neutrality

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
immigrating 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 lottery).

* If the individual has a new immigrating ancestor, the individual is assigned a new ancestry
label and the algorithm continues to decide whether the new immigrating ancestor is of a
new species.

—> The probability of this event is governed by 6. If the new immigrating 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 immigrating ancestor, the individual is assigned the
ancestry and species labels of a randomly chosen already considered individual; it then has
the same immigrating ancestor as this randomly chosen individual.



Extended neutral theory

Scale-dependent neutrality

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

RL‘ EE:I'EI:IL'L' THJUI.

» 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 composition and dynamics
in the species pool?

(Munoz et al. 2018)



Biogeography and biodiversity
dynamics
How are the spatial and temporal dynamics of taxa driven by
environmental changes?




Biogeography and biodiversity
dynamics

The journey of India and Madagascar
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Biogeography and biodiversity
dynamics

Lineages Per Period (LPP) metric of phylogenetic diversity
through time
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Biogeography and biodiversity
dynamics

Museums and craddles
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Biogeography and biodiversity

dynamics

Museums and craddles
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Biogeography and biodiversity
dynamics
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Biogeography and biodiversity
dynamics

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

Vicariance

=D i I=[>
A’ B

Dispersal

Species A’ Species B

Species A => Species A Species A

Ancestral population Geographic Isolation Speciation



Biogeography and biodiversity
dynamics

Objective : reconstruct fragmentation
PHYIOGEOGRAPHY events, migration and population

| dynamics from the current genetic
structure of populatlons
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Human phylogeography (Cavalli-Sforza 2003)



Biogeography and biodiversity

dynamics

Eco-evolutionary perspective A rauai
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(Shaw and Gillespie 2016)

Clades and grades



Biogeography and biodiversity
dynamics
Eco-evolutionary perspective

Environnement
passé
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Fluctuations environnementales:
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Genealogical approach

Coalescent : rebuilding shared coancestry

In a population

Ancestor S /O\ |
time
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Genealogical approach

Coalescent : rebuilding shared coancestry

In @ metapopulation

Collecting
phase

Scattering
---------- phase

deme 1l deme?2 deme 3 (Pannell 2003)




Biogeography and biodiversity
dynamics

Comparative phylogeography: reconstruct fragmentation
events, migration and population dynamics common to a set of
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Genealogical approach

Multispecies coalescent : integrating speciation events

Ancestor

Speciation rate, v
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La généalogie simulée est
parsemée  d'événements
de spéciation selon un
modele qui définit:

®  |e taux de mutation

®  |le nombre de
mutations accumulées
pour considérer qu’il
s'agit d’'une nouvelle
espéece

Megaphylogénie obtenue grace a 7 régions généetiques
(18S rDNA, 26S rDNA, ITS, matK, rbel, atpB et trnlL-F) e
incluant des régions a faible taux de mutation

Zanne et al. (2014)

20000 15000 10000 5000 0

‘Comparaison

Diversité phylogénétique
de I'assemblage realise

Observations:




Biogeography and biodiversity
dynamics

DEVELOPPEMENT D’UNE APPROCHE ECO-EVOLUTIVE

Comment les changements environnementaux
passes onf faconné la diversite d'especes associees
a des environnements actuels?

Comment évaluer I'impact de ses changements?

Simuler la généalogie des individus
- Démographie des especes

Fluctuations environnementales: - Evénements de migration
- Dérive continentale + Speéciation
- Glaciations |

Cadre méthodologique développé en M2

l

Quelle dynamique éco-évolutive
explique la diversité actuelle?

Diversité Actuelle



Inference framework

Approximate Bayesian Computation

Observed community

g,
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Calculation of observed
summary statistics:

= richness

- diversitya, B ...

= functional diversity



Inference framework

Approximate Bayesian Computation

Performing
simulations for
different parameter

’ ’ ’ values

Formulation of an assembly model
- Definition of parameters
’ ’ - = And their prior distributions

s7 9

|

Calculation of observed
summary statistics:

= richness

- diversitya, B ...

= functional diversity

Observed community

\ 4




Inference framework

Approximate Bayesian Computation

Performing
simulations for
different parameter

Formulation of an assembly model
- Definition of parameters
= And their prior distributions |

" . ; / | 7 7 7 evalues
Calculation of summary | g g g 7 F 4 :

ule &
Calculation of observed .:itrt:]tlslt;;iaoreach ’ ’ ’ ’

summary statistics:

= richness

- diversitya, B ...

= functional diversity

Observed community
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Inference framework

Approximate Bayesian Computation

Performing
simulations for
different parameter

Formulation of an assembly model
- Definition of parameters
’ ’ o = And their prior distributions |

\’ o (,’ | e P 7 7 evalues
Calculation of summary | g g g 7 F 4 :

statistics for each ’
Calculation of observed  simulation ’ ’ ’ ’
summary statistics:

= richness x
- diversitya, B ...
- functional diversity 4 : .
Based on the distance between the observed and simulated
statistics (with a tolerance a), the simulations are accepted
or rejected. By setting aside the parameters used to produce
the accepted simulations, the a posteriori distribution is
approximated by

Observed community

o
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X
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Inference framework

Approximate Bayesian Computation

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

* How can we ensure that conditionality does
not bias our conclusions?

1. Misclassification analysis (verification of the
ability to select a model)

Simulations
o Confusion matrix
Simulations A "
attributed to g - Observations
model B . .
z 2 Simulations Simulations
@ H -
g _ | A attributed B attributed
L v to model A to model B
o e — Simulations B attributed to

Model A Model B model A



Inference framework

Approximate Bayesian Computation

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

* How can we ensure that conditionality does
not bias our conclusions?

2. Cross-validation analysis (verification of the
ability to infer the parameters of a model)

Simulations

Observations




Inference framework

Approximate Bayesian Computation

* Posterior predictive checks

Is the selected model capable of reproducing observed biodiversity patterns?

Focus model
v" A posteriori distribution of parameters that can be
approximated by an estimator (mean, median, mode,
etc.)

Simulation of n communities
v' Calculating statistics (summary statistics or others)

Comparison with the real community
v" Probability that the observed statistic is different from
the statsitics simulated with the model

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

2 Observation

[

Distribution des statistiques simulées par le modéle




Redesign the model(s)

Inference framewor

Approximate Bayesian Computation

If not

If not

How to design relevant assembly
models?

* Which species pool to choose?

* How to define trait-based
environmental filtering?

* Which summary statistics to use
to describe community
composition?

* Which assembly scenarios should
be simulated?

How to assess the validity of
inference? How can we infer
assembly processes from
observed data?

* Do the simulations allow for
satisfactory discrimination
between models?

* Which is the single best model?

* Do the simulations allow for
satisfactory parameter estimation
for the chosen model? Which is
the best estimator of the posterior
distribution?

* What are the plausible parameter
values driving community
assembly? Are these related to
environmental variation?

)

2 or more
models

Possible community assembly model(s)

)

1 model

Inferring assembly
processes from observed
data

Inferred community
assembly model




ecophylo project

Python package developed to model multispecies
coalescence, performing inferences and hypothesis testing

Simulate phylogeny according to a desired Simulate a large number of phylogenies
biogeographical scenario (specifying the according to a desired biogeographical
various parameters of the eco-evolutionary scenario, but whose parameters vary
model): according to prior distributions specified

amples, deme_sizes, mu, tau » Spmodel R by the user:

gr_rates

erhoce
IETEESE gr_rates



ecophylo project

Impact of habitat reduction (refugia)

Model components

A. demographic fluctuations B. mutation and speciation C. trait evolution
e e . Y p— p ol A SO S
e = "_:-__-— |

04 02 0 02 04
Ob=erved trail destnbutions




Impact of habitat
reduction (refugia)

Two parameters:
* Size of refuge
* Time of expansion

Time of expansion

old

recent

larger smaller




ecophylo project

Impact of habitat reduction (refugia)

Patterns of taxonomic diversity

species richness
N
o
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Amplitude of expansion (A)

(Barthélémy et al. 2021)



ecophylo project

Impact of habitat reduction (refugia)

Patterns of
phylogenetic
diversity

(Barthélémy et al. 2021)
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ecophylo project

Impact of habitat reduction (refugia)

Patterns of functional diversity

Variance
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(Barthélémy et al. 2021)



ecophylo project

Tropical rainforests: fragmentation scenarios, area changes
and migration

Gondwana

Exemple : rainforests of India and
Madagascar

~120 Myr = separation
of Madagascar and
India from Gondwana

~90 Myr = separation of
Madagascar and India

~50 Myr = collision of
India with Asia and
dramatic reduction of
rainforest cover

Madagascar India



ecophylo project

Tropical rainforests: forest inventories, genetic
measurements and functional traits

Barro Colorado Korup Données disponibles:

Panama Cameroun
50ha—299sp BRIDGE 50 ha—494 sp

lllu. Guyane Francaise |||._ ;5
9 plots — 668 sp

@ Abondances

o Traits
Géeénetique

La Planada
Colombie

25 ha — 240 sp Ituri Edoro
RD Congo

|I| ¢
: § Yasuni 2*10 ha—402 sp Karnataka
Equateur Madagascar Inde
S0ha—1114sp g 753 ha 96 ha
lin. g #




ecophylo project

Tropical rainforests: forest inventories, genetic
measurements and functional traits

ATDN network
within Amazonia

(ter Steege et al. 2013)



First results

Imprint of forest habitat reduction during Last Glacial
Maximum

Les donneées:
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ecophylo project

Methodological challenges

» Spatially-explicit coalescent
» Coalescent with selection
> Influence of biotic interactions

Evaluating inference and test capacities

» Misclassification of alternative models
» Cross-validation for parameter estimation
» Predictive checks for assessing model consistency

Which data

> Different facets of biological diversity
» Phylogenetic + intraspecific genetic diversity
> Integrating fossil data



ecophylo vs. ecolottery

RESEARCH ARTICLE

Reference p-uul

Relative
dbundance

@ 4 m % Specics

llﬂljgr}ﬂit W rate
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Probabilicy of the &

species 1 be deawn
based on i eraie valbue

Crenealogy in the local

communicy [coalescent)

Local comimunity

Methods in Ecology and Evolution E Eﬁ%m

ecolottery: Simulating and assessing community assembly with
environmental filtering and neutral dynamics in R

» Coalescent-based model of community
assembly

» With environmental filtering depending
on species trait values

» With reference to a given regional pool
of species

Perspective to integrate the eco-evolutionary

and community assembly models in a single
framework

(Munoz et al. 2018)



UNIVERSITE

' Grenoble h
dl AI pes il_r?tl?;(rja:z:;?inaire de PhyS'Cﬂ

Modelling eco-evolutionary dynamics to
answer major questions in macroecology
and historical biogeography

Francois Munoz
Ecole de recherche de la Chaire MMB
Friday June 14th 2024









™.

y! -

Cypripediumfcalceolus (Orchidacees)




VLS P
/ . ’ 7 7o
- y/

Clematis alpina
(Renonculacées)

N \
: -
~
-
-~
-
A %
-
-
\\ -
—— —
- e -
- ;™
| .
, -
I3
I B
WAL Rl
~ra. e
\
/
-
b -
’- I
-







-

nr

'tepﬁi"i&f

e

-

'Pelouse s

-

¥

Ll

B

S
= AN
8 \, S,_
¥ ) 1e
R B
, 455 s

—_
.
\
~l

(@

Stipapennata




> 4 ‘ T KT

ve -
- &
.
7
-~ L
-
< /9
~o 4 )
Lo ‘ ’
=
) \) ;

. = N & Y \ / he P
7 Nl SU ¥/, (%2

Iphictides podeélfius, Flambé?

’ . 2 /1t 4 AN \ 7 P

rd 4
s \ /

Pétroglyphe
ot ihai ] Libelloides coccajus, Ascalaphe soufr



R L
; ERER
SN

N .
P
|
»
- W \‘ .v.v
»
L g
’ o A
-~ : of ¥ -
’ o’ y
o i v - -
- .,' :
. S .
- | . >
- /' ‘z - : ’ '
. - Y // -
' / " ‘
, - ’

A - »
| = ‘
/‘x.’\&_ & . ‘ ;
O !
Ach//fea tomem‘o a (Asteraceés)

a9

\b},\-" W N \

3 .Z;.s
D

VV

-l - ~ 5 ,I




Anthericum liliago (Liliace
/

s RN




i

Matthiola fruticulosa ssp valesiaca
(Brassicacées) : -

- N > . o ®
b <R
o J%s % vy o e ® il
. ¢ . ‘ »\‘ . .
et BRQLAY O Y
. ' V ’ \ ¥ 4 i * -
A s 2N " \ _ X
\‘ ' % —
A - L .
i N -
A |
| o b
Yy - . ®
. ' L3
:‘ .
| “
’ G 7 N\ »
i e

'S )




