
« Sélection naturelle multi-niveaux, des gènes aux écosystèmes »

Hommage à Sébastien Ibanez

 
Florian BOUCHER, École de printemps de la chaire MMB, 19/06/2026



Biological levels of organization

Genes
...

Cells
...

Organisms
…

Populations
...

Species
…

Communities
…

Ecosystems



Biological levels of organization

Genes
...

Cells
...

Organisms
                                                                     → ‘Darwinian’ individuals, natural selection

Populations
...

Species
…

Communities
…

Ecosystems



OUTLINE OF THE PRESENTATION

Part I : WHAT ARE SPECIES ?
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Part I : WHAT ARE SPECIES ?



50% teaching : 

– Biology, Ecology, Evolution - Licence & Master

– Responsible for the whole Licence de Biologie
50% research : 

– Ecology and evolution of high alpine cushion plants

– Community assembly and ecosystem functioning : empirical, theoretical & philosophical aspects

50% teaching : 

– Plant Biology - Licence 1 & 2

– Evolutionary Biology – Licence 1 & 2, Master 1
50% research : 

– Model development for trait evolution on phylogenies

– Phylogenetics & systematics of Alpine plants
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                 Systematics (and taxonomy) : describing taxa (species) and their 
relationships

  Heritage from the pre-Darwinian era?
  Purely descriptive?
  Dealt-with already, at least in Europe and North America?

SYSTEMATICS: AN OLD (-SCHOOL?) SCIENCE



                 Systematics (and taxonomy) : describing taxa (species) and their 
relationships

  Heritage from the pre-Darwinian era?
  Purely descriptive?
  Dealt-with already, at least in Europe and North America?

SYSTEMATICS IS NOT DEAD!

   HUGE DEMAND FROM FIELD CONSERVATION 
                                    BIOLOGY !



Species are a fundamental unit in biology, especially important for conservation.  

ONE RANK ABOVE ALL : SPECIES



Taxonomic ranks (orders, family, genera, species, subspecies, etc.) have long been criticized for 
being arbitrary :

‘so long as the [Linnean] hierarchic arrangement is maintained, ranks within it are assigned by art rather 
than by science.’ GG Simpson, 1990

Many problematic cases with unclear/non-standardized species definitions (continuum ?)…

... but on the other hand folk taxonomy usually aligns with scientific 
classification (Coyne & Orr 2004, morphological discontinuities in nature ?)

BUT ARE SPECIES REAL ?



 

(TOO) MANY ‘SPECIES CONCEPTS’

from de Queiroz 2007 Syst. Bio.



 

(TOO) MANY ‘SPECIES CONCEPTS’

from de Queiroz 2007 Syst. Bio.

SHALL WE GIVE UP ? 



 

TOWARDS A UNIFIED SPECIES CONCEPT

Michael Ghiselin’s proposal (1970’s) : 

rather than being classes defined by some physical characteristics, species are historical 
entities, individuals with a cohesion given by sexual reproduction

Kevin de Queiroz’s proposal (2000’s) : 

all proposed ‘species concepts’ share a key component,
                                           species are independent meta-population level lineages

species are individuals formed by independent lineages (and this is all!)



No single diagnostic criterion is necessary to recognize species. 

This leads to some difficult truths to admit: 

- 2 species might be exactly similar (cryptic)
      → issue for field naturalists!

- 2 species might have the same niche
      → issue for community ecologists!

- 2 species might be extremely difficult to distinguish
using genomic data 

      → issue for phylogeneticists!

- 2 species might be perfectly able to reproduce and 
      might fuse into a single one in the future

      → issue for high school biology teachers
… and Ernst Mayr’s ultras

 

 

CONSEQUENCES OF A UNIFIED SPECIES CONCEPT

SC= species criteria



Systematists and philosophers of science are still working on it

 

 

NOT AN EASY PROBLEM



HOW TO APPLY THIS CONCEPT ?

Even if the species concept is clarified, delimiting species in practice is difficult and remains 
a challenge.

Need to do it objectively and consistently for different taxa.



MOLECULAR SPECIES DELIMITATION

Modern phylogenomics : distinction between gene trees and species trees

    → multi-species coalescent (MSC) model : evolution of gene trees within species trees



MOLECULAR SPECIES DELIMITATION

Molecular species delimitation : use DNA data from multiple loci to identify idependently 
evolving lineages (= species)

→ testing for independent lineages under the MSC

(mutation & drift dominate within species,
 relatively little gene flow between species)



Part II : DISCOVERY OF NEW SPECIES 



50% teaching : 

– Biology, Ecology, Evolution - Licence & Master

– Responsible for the whole Licence de Biologie
50% research : 

– Ecology and evolution of high alpine cushion plants

– Community assembly and ecosystem functioning : empirical, theoretical & philosophical aspects

50% teaching : 

– Plant Biology - Licence 1 & 2

– Evolutionary Biology – Licence 1 & 2, Master 1
50% research : 

– Model development for trait evolution on phylogenies
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Androsace (Primulaceae) : c. 150 species from temperate 
and cold regions of the Northern Hemisphere

Some high-altitude species in the Alps (>3000m) that host 
entire ecosystems (PhD thesis K. Dumas - sup. S. Ibanez)

Field observations → their taxonomy deserves scrutiny !

Sébastien Ibanez started investigating them from 2010. 

All photos : Sébastien Ibanez

THE ANDROSACE GENUS



Species delimitations in a group of three high-altitude Androsace species (Boucher et 
al. 2021 Scientific Reports)

Statistical comparison between alternative species 
delimitation scenarios : strong support for 6 species 

Plants that were formerly known as A. pubescens 
split into 4 species:
• A. pubescens s. s. → limestone

+ 3 new (cryptic) species described: 
• A. delphinensis sp. nov.  → acidic rocks / Dauphiné
• A. saussurei sp. nov.  → acidic rocks / Savoie
• A. vesulensis sp. nov. → ophiolites / Mont Viso

THREE NEW ANDROSACE SPECIES



Dated species tree of the six species

• New species have allopatric distributions and grow on distinct substrates 
→ geographic isolation (glaciers/valleys) + divergent adaptation to 

substrate drove speciation?

• Dating suggests Pleistocene speciation

limestone

ophiolites

limestone
granite/gneiss

granite/gneiss

granite/gneiss

INSIGHTS INTO SPECIATION



Natural selection (differential production of offspring) at the species level ≠ natural 
selection on organisms that has consequences for species

Causes of high speciation rates in high-altitude Androsace species

- divergent adaptation to substrate

         → natural selection on organisms (strictly Darwinian), with 
consequences at the species level

- geographic isolation (glaciers/valleys) 
                        → natural selection directly on species characteristics/traits : 
fragmented geographic distribution in Alpine landscapes, prone to speciation

SPECIES LEVEL SELECTION ?



All three new species directly enter the French 
red list of protection

Used as a reglementary argument for protecting an 
environment… and a flagship for a social 
movement!

Image credit: 
Alessandro Pignocchi, Girose : Défendre le glacier de La Grave

UNFORESEEN CONSEQUENCES



 

SCIENTISTS IN ACTION



Part III : MULTILEVEL SELECTION  
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Genes
                      → ‘selfish’ genes ? 

Cells
                                                            → selection for co-operation of organelles ? 

Organisms
                                                                     → ‘Darwinian’ individuals, natural selection

Populations
                      → group selection ? 

Species
                      → species selection ? 

Communities
                      → community-level selection ? 

Ecosystems
                      → ecosystem-wide selection ? 

SELECTION BEYOND ORGANISMS ?



SELECTION BEYOND ORGANISMS ?

Difficult to explain some empirical observations based on selection at the level of 
organisms only :
                        - cooperation of organelles within cells
                        - multi-cellularity
                        - altruism in groups
                        - diversity of some groups of organisms and not others
                        - mutualisms between species

Can natural selection operate on other organizational levels ?

Can selection act simultaneously on different organizational levels ?
 



THE EXAMPLE OF ALTRUISM

How can altruism/cooperation evolve when they are costly for individuals ?

Model proposed by Wilson (1975) : if groups formed by a majority of altruists 
survive better, then the altruistic behaviour will increase in frequency 

Balance between organismal selection and group selection.



ALTERNATIVE MULTILEVEL SELECTION SCENARIOS

MLS1 : organisms leave groups for reproduction
                     → fitness measured at the individual level, weak integration 

MLS2 : groups re-produce as such
                     → fitness measured at the group level, strong integration  



EVOLUTIONARY TRANSITIONS TOWARDS INDIVIDUALITY

Theoretical propositions to explain the ontogeny of individuals:
  - multicellular organisms (Buss 1987) 
  - any kind of individual subject to selection (Maynard Smith & Szathmary 1995)

1) Initial phase = formation of collectives of particles, MLS1

2) Increased integration with re-production of the collective as a whole, MLS2

3) Full integration so that the collective is an
     individual by itself, former particles are its 
     components  



EXTENSION TO SYSTEMS WITH MULTIPLE SPECIES

How do mutualisms originate ?

1) Classic/mainstream explanation 
- partners in the interaction coevolve
- selection at the organismal level only
- requires specific mechanisms for partner
choice and punishment/avoidance of
cheaters

→  issue : these recognition mechanisms are complex and need to appear !

2) Alternative explanation (Sébastien’s work)
- mutualistic behaviour might be costly for individuals
- but selection at the collective level might favour mutualism
→  issue : collectives of different species do not reproduce vertically (as collectives)



ISSUE WITH HORIZONTAL TRANSMISSION

In most mutualistic systems, interactors are not transmitted together :  

- plants and pollinators reproduce independently
- seeds do not disperse with their associated mycorhiza
- newborns do not have bacteria in their guts
- ...

But several models show that horizontal 
transmission does not lead to mutualism

Some degree of pseudo-vertical 
transmission is required !



A MODEL FOR THE EVOLUTION OF MUTUALISM

- spatially explicit landscape made of cellular automatons
- initial state = some cells occupied by an host (H), other by an host with symbionts 
(S) that are parasitic 
- mutations favoring mutualism in both H and S can occur, but they have a cost
- mutualism leads to higher reproduction of both H and S
- H and S reproduce independently → horizontal transmission



A MODEL FOR THE EVOLUTION OF MUTUALISM

Key results from the model : 

- if transmission is purely horizontal, stable mutualisms
never establish !

- if reproduction occurs locally this creates pseudo-vertical transmission and 
mutualistic clusters emerge



A MODEL FOR THE EVOLUTION OF MUTUALISM

When reproduction occurs locally and leads to 
pseudo-vertical transmission :
- the densities of H & S increase → selection !
- the transition is abrupt



EMPIRICAL SUPPORT FOR PSEUDO-VERTICAL TRANSMISSION

- Some plant seeds (or fruits) do disperse with the spores of their mycorhiza !

- Newborns in mammals might carry some bacteria from their mother’s guts at birth

- Some plants and their specialized pollinators might disperse very locally



GOING BEYOND ?

Results obtained on relatively simple systems with only two species interacting, 
often for highly specialized interactions

… what about more real systems ?

Sébastien Ibanez’s latest scientific interests (Ibanez 2020, Arnoldi, … & Ibanez 2020) : 
   - do higher-level ‘collectives’ like communities or ecosystems form individuals ?
   - how do these collectives re-produce ?
   - how does selection act directly at the level of these collectives ? 
   - examine how properties of the environment might be transmitted (!) 



MERCI POUR VOTRE ATTENTION
                                                              Travail garanti 100% sans IA

‘Ce qui est intéressant avec les philosophes des sciences, c’est qu’ils 
explorent les conséquences d’hypothèses auxquelles ils ne croient pas 
forcément’

Citation (approximative) de Sébastien Ibanez, 20/04/2026
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