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How does speciation occur?
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C. Roux et al., PLOS Biology. 14, e2000234 (2016).

Genetic distance

G
e
n

e
 f

lo
w

 s
u

p
p

o
rt

How does speciation occur?

3

Perfect gene

flow

Isolated

populations



How can we measure speciation rates? 
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(1)

Diversification model with 

varying rates of speciation 

Example ClaDS

(2)

Infering the parameters of 

the model on a true

phylogeny

O. Maliet, F. Hartig, H. Morlon, Nature Ecology & Evolution. 3, 1086–1092 (2019).
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Speciation rates vary by several orders of 

magnitude

We know speciation occurs by reproductive 

isolation

We should find a link between speciation 

rates and the speed of reproductive 

isolation



Rate of population divergence

No apparent link between speciation rate and RI
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We understand much about the genetic basis for reproductive 

isolation, which plays a critical role in maintaining species 

diversity. However, until we understand the relative 

contribution of reproductive isolation (and other factors) to 

taxonomic speciation rates, we cannot claim to have answered 

the most basic questions about the diversity of life that 

surrounds us.

D. Rabosky, 2016, Biol. J. Linn. Soc.
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▪ Demography,

▪ population structure,

▪ external splitting events,

▪ population extinction

may be more limiting than RI in the speciation rate

No apparent link between speciation rate and RI



Building an explicit model of speciation
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Demography
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Demography
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Population splitting
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Genetics
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Kimura, Genet. Res. 15, 131-133 (1970).



Species clustering
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Threshold model Transitive closure+



Predicting the macroevolutionary rates
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Protracted birth-death model (PBD)



Predicting the macroevolutionary rates
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Protracted birth-death model (PBD)
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Influence of the parameters on the diversification rates 

Population size



• All populations are not demes (polymorphism)

• One mutation at the time → not very realistic

• Not fixed mutations may play a role in the reproductive isolation
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Genetics
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Genetics

19 S. Gavrilets, The American Naturalist. 154, 1–22 (1999).



Genetics

20 S. Gavrilets, The American Naturalist. 154, 1–22 (1999).



Genetics

21 S. Gavrilets, The American Naturalist. 154, 1–22 (1999).



Clustering in the holey adaptive landscapes
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Clustering in the holey adaptive landscapes
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• A deterministic approach of the genetic 

divergence 

• 𝜏 depends on population size, mutation 

rate, 𝐾, generation time 

• What if 𝑁 varies across populations, or 

generation times? 



Conclusions
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We have built an explicit model of speciation to predict the 

processes that are limiting the speciation and extinction speed
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We have built an explicit model of speciation to predict the 

processes that are limiting the speciation and extinction speed

Population structure dynamics is the most relevant factor to 

predict speciation rate 
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predict speciation rate 

Population dynamics and mutation rates are not always

limiting processes



Conclusions
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We have built an explicit model of speciation to predict the 

processes that are limiting the speciation and extinction speed

Population structure dynamics is the most relevant factor to 

predict speciation rate 

Population dynamics and mutation rates are not always

limiting processes

Holey adaptive landscape can provide a more accurate model 

of accumulation of genetic divergence 
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