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Pure-birth model: lineage through time plots, γ
statistic and lineage diversification index

Constant birth-death model: estimating speciation 
and extinction rates from molecular phylogenies

Complex models: diversity-dependent, time-
dependent & trait-dependent models



Estimating speciation & extinction rates 
from phylogenies

Although these methods are very useful and good at telling 
us something about the diversification process through 
time, they do not provide us with estimates of the 
parameters of the underlying evolutionary process

However, it is possible to estimate the rates of speciation 
and extinction on a reconstructed phylogeny – even if no 
extinct lineages are present in the tree



Pure-birth: how realistic is a model that 
assumes no extinction?

Time



An improvement: constant birth-death (bd)

At any point in time a lineage can speciate at rate λ
or go extinct with a rate of μ

Time



Assumptions of constant birth-death (bd)

Speciation and extinction occur at random

Each lineage has an equal and constant rate of 
speciation (λ) and extinction (μ)

Nee et a. (1994) – Phil. Trans. R. Soc. Lond. B



An improvement: constant birth-death (bd)

The image part with relationship ID rId2 was not found in the file.



Constant birth-death (bd) – waiting times

The image part with relationship ID rId2 was not found in the file.



Expected diversity under birth-death (bd)



Species accumulation under pure birth (pb)

Under a pure-birth model of species accumulation, the number of 
lineages accrues log-linearly with time



Imprint of extinction on the phylogeny

Nee et a. (1994) – Phil. Trans. R. Soc. Lond. B



When extinction (lineage death) is added, we see a different pattern –
the shape of the graph is no longer linear

Imprint of extinction on the phylogeny



This happens because older lineages are more likely to go extinct than 
younger ones

Imprint of extinction on the phylogeny



Stem-based div. rates < 
crown-based div. rates

Pure-birth speciation model

Imprint of extinction on the phylogeny



High extinction

Pure-birth speciation model

Birth death with high extinction

Imprint of extinction on the phylogeny



Branches in the Fish ToL
featuring high extinction

Betancur-R. et al. (2013, 2017)



Branches in the Fish ToL
featuring high extinction

Betancur-R. et al. (2013, 2017)



High speciationHigh sp

Estimating speciation & extinction rates
from molecular phylogenies

Pure-birth model rejected – early burst of speciation (evolutionary radiation)



Imprint of extinction on the phylogeny



“Pull of the present”

When extinction (lineage death) is added, we see a different pattern –
the shape of the graph is no longer linear

Specifically, the expected 
slope at the base of the 
tree is birth – death (b-d)

Whereas the expected 
slope at the tips of the 
tree is b, since d is 0



“Pull of the present”

The “pull of the present” occurs because extinction is 
close to zero towards the present

The term is adapted from (and should NOT be confused 
with) the “pull of the recent” in paleontology – a 
phenomenon in the fossil record, that causes past 
biodiversity estimates to be skewed towards the modern 
taxa (modern biodiversity is best sampled)



Nee et al. (1994) realized that we could take advantage of this 
phenomenon (“pull of the present”), to estimate speciation and 
extinction rates from phylogenies with branch lengths.

They developed a 
likelihood-method which 
uses relative branching 
times to estimate the birth 
and death rates on a tree.

Nee et a. (1994) – Phil. Trans. R. Soc. Lond. B

Estimating speciation & extinction rates
using the “pull of the present”



Nee et a. (1994) – Phil. Trans. R. Soc. Lond. B

Estimating speciation & extinction rates
using the “pull of the present”



Although the method by Nee at al. is very good at estimating 
speciation & extinction rates when the model assumptions hold, it has 
become clear in recent years that the method is highly sensitive to 
model assumptions.

Rabosky (2010) – Evolution

Caveats of the Nee et al. (1994) method



Although the method by Nee at al. is very good at estimating 
speciation & extinction rates when the model assumptions hold, it has 
become clear in recent years that the method is highly sensitive to 
model assumptions.

Rabosky (2010) – Evolution

Caveats of the Nee et al. (1994) method

The point of this article is that if 
speciation rates vary substantially 
through time and across clades, 
then the estimation of extinction 
rates is a nearly hopeless 
endeavor!



High extinction

Pure-birth speciation model

Birth death with high extinction

Imprint of extinction on the phylogeny



Model-fitting

What model(s) of lineage diversification fit(s) my 
tree best?

Model-fitting can be performed in a variety of 
packages (e.g., diversitree, BAMM, RPANDA, TESS)



Imprint of extinction? Or…


