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Coexistence of  similar species – Sylvia warblers

Moltoni’s Warbler
Sylvia subalpina Sardinian Warbler

Sylvia melanocephala

Marmora’s Warbler
Sylvia sarda

Dartford Warbler
Sylvia undata

Martin and 
Thibauld (1997)



Coexistence of  large herbivores

Diet analysis 
based on DNA 
metabarcoding 

of  fecal 
samples

Pansu et al. (2022)
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N(t)

All individuals belonging to a species are indistinguishable
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How does adding a larval life-stage affect community assembly driven by 
competition for shared resources?

Simple life cycle
competition for resources 

affects birth rate

Complex life cycle
competition for juvenile resources affects maturation rate 

and competition for adult resources affects birth rate
(ontogenetic niche shift)



From LV predatory-prey to LV competition (Robert MacArthur)
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Gradual diversification driven by competition for resources
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From LV predatory-prey to LV competition – with ontogenetic niche shift
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Gradual diversification driven by competition for resources at two life stages

T
im

e



From LV predatory-prey to LV competition – with ontogenetic niche shift

σJ σA



Results: Gradual evolution

Complex life cycle

Simple life cycle



Results: Gradual evolution

Simple life cycle



Results: Immigration

Addition of  randomly selected phenotypes until community is saturated.
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Symmetry breaking under gradual evolution
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A version with two resources per stage

juvenile resources

adult resources

juveniles

adults



Stage specific trade-off  in resource feeding efficiencies



Results: Joint gradual evolution

Symmetric resource
growth rates

diagonal community
(as in model with infinitely many resources)



Results: Joint gradual evolution

Symmetric resource
growth rates

Asymmetric resource
growth rates

three coexisting types possible
(but never four)

diagonal community
(as in model with infinitely many resources)



The End



Simulation algorithm: jump process

Establishment probability: probability of  a beneficial mutation to 
escape extinction due to demographic stochasticity 

Trait substitution rate: per-capita mutation rate times population 
birth rate times establishment probability

Polymorphic trait substitution sequence: next trait substitution given 
by relative trait substitution rate 

Dieckmann and Law (1996)
Champagnat et al. (2006)



Gradual evolution vs. Immigration



k=1 vs. k=2



Asymmetry in resource abundance – Gradual evolution



Asymmetry in resource abundance - Immigration



Gradual evolution – ten simulation runs



slope=2.2

slope=1.1

Complex life cycles facilitate species richness through immigration
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From LV predatory-prey to LV competition – Complex life cycles
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Intrinsic maturation and birth rate



Competition coefficients


