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Extinction rates can be estimated from 
molecular phylogenies 
SEAN NEE, EDWARD C. HOLMES, ROBERT M. MAY AND 
PAUL H. HARVEY 
A.F.R.C. Unit of Ecology and Behaviour, Department of Zoology, University of Oxford, South Parks Road, 
Oxford OX1 3PS, U.K. 

SUMMARY 

Molecular phylogenies can be used to reject null models of the way we think evolution occurred, 
including patterns of lineage extinction. They can also be used to provide maximum likelihood estimates 
of parameters associated with lineage birth and death rates. We illustrate: (i) how molecular phylogenies 
provide information about the extent to which particular clades are likely to be under threat from 
extinction; (ii) how cursory analyses of molecular phylogenies can lead to incorrect conclusions about the 
evolutionary processes that have been at work; and (iii) how different evolutionary processes leave 
distinctive marks on the structure of reconstructed phylogenies. 

1. INTRODUCTION 

Molecular phylogenies can both describe the hierar- 
chical relationships among taxa by defining clades 
(monophyletic groups), and provide a time axis by 
utilizing molecular clocks. Even when those clocks 
have not been calibrated against real time, molecular 
phylogenies can still describe the temporal orderings 
of nodes. We have shown elsewhere how many 
properties of the past, present and even the future of a 
clade leave their signatures in its molecular phylo- 
geny, even if that phylogeny is based only on informa- 
tion from extant organisms (Harvey et al. 1991, 1994b; 
Nee et al. 1992, 1994b). As a consequence, it is possible 
to use theoretical modelling, statistical analysis and 
biological knowledge of the clade under investigation 
to make inferences about many aspects of the tempo 
and mode of its evolutionary history. Here we describe 
how such inferences can be made, and produce 
illustrative examples to show how extinction rates can 
be estimated and other components of biodiversity can 
be measured. 

We first describe the relationship between the actual 
phylogeny of a group, as would have been recorded in 
a perfect fossil record, and its molecular phylogeny, 
which we will refer to as the reconstructed phylogeny as 
it is based solely on extant species. We show how the 
reconstructed phylogeny can be used to determine 
which clades may have enjoyed unusually high rates 
of cladogenesis (lineage splitting) and to identify 
biological correlates of diversification. We then intro- 
duce a simple model of cladogenesis, which has a good 
pedigree in palaeontology (Raup et al. 1973; Gould et 
al. 1977; Stanley 1979), the constant rate birth-death 
process, and explore its implications for the analysis of 
the reconstructed phylogeny of a complete clade. We 
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extend that model to describe situations in which the 
molecular phylogeny is based on only a random 
sample of extant species from the clade, and show how 
that extended model can provide important informa- 
tion for estimating biodiversity. 

2. ACTUAL AND RECONSTRUCTED 
PHYLOGENIES 

We first distinguish between actual and reconstructed 
phylogenies. Consider figure I which shows an actual 
phylogeny with lineages that give rise to descendants 
in the present day picked out in bold. The bold-lined 
phylogeny, with kinks removed, is the reconstructed 
phylogeny. We note four points when examining the 
actual and reconstructed phylogenies. First, both 
phylogenies have the same number of taxa in the 
present day. Second, at any point in the past, the 
reconstructed phylogeny generally has fewer lineages 
present (and never more) than does the actual 
phylogeny. Third, whereas the number of lineages can 
decrease towards the present in the actual phylogeny, 
that cannot happen in the reconstructed phylogeny. 
Finally, the reconstructed phylogeny provides timings 
for when each pair of species last shared a common 
ancestor and, therefore, commences at that point in 
the past when all present-day species shared their most 
recent common ancestor. 

The first observation that strikes people with an 
interest in biodiversity is the enormous extent to which 
diversity varies amongst taxa: the huge difference 
between the number of species of beetles and butter- 
flies would be a good example. In making a decision 
whether or not the causes of a clade's apparently high 
diversification should be investigated, it is desirable to 
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and mode of its evolutionary history. Here we describe 
how such inferences can be made, and produce 
illustrative examples to show how extinction rates can 
be estimated and other components of biodiversity can 
be measured. 

We first describe the relationship between the actual 
phylogeny of a group, as would have been recorded in 
a perfect fossil record, and its molecular phylogeny, 
which we will refer to as the reconstructed phylogeny as 
it is based solely on extant species. We show how the 
reconstructed phylogeny can be used to determine 
which clades may have enjoyed unusually high rates 
of cladogenesis (lineage splitting) and to identify 
biological correlates of diversification. We then intro- 
duce a simple model of cladogenesis, which has a good 
pedigree in palaeontology (Raup et al. 1973; Gould et 
al. 1977; Stanley 1979), the constant rate birth-death 
process, and explore its implications for the analysis of 
the reconstructed phylogeny of a complete clade. We 
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extend that model to describe situations in which the 
molecular phylogeny is based on only a random 
sample of extant species from the clade, and show how 
that extended model can provide important informa- 
tion for estimating biodiversity. 

2. ACTUAL AND RECONSTRUCTED 
PHYLOGENIES 

We first distinguish between actual and reconstructed 
phylogenies. Consider figure I which shows an actual 
phylogeny with lineages that give rise to descendants 
in the present day picked out in bold. The bold-lined 
phylogeny, with kinks removed, is the reconstructed 
phylogeny. We note four points when examining the 
actual and reconstructed phylogenies. First, both 
phylogenies have the same number of taxa in the 
present day. Second, at any point in the past, the 
reconstructed phylogeny generally has fewer lineages 
present (and never more) than does the actual 
phylogeny. Third, whereas the number of lineages can 
decrease towards the present in the actual phylogeny, 
that cannot happen in the reconstructed phylogeny. 
Finally, the reconstructed phylogeny provides timings 
for when each pair of species last shared a common 
ancestor and, therefore, commences at that point in 
the past when all present-day species shared their most 
recent common ancestor. 

The first observation that strikes people with an 
interest in biodiversity is the enormous extent to which 
diversity varies amongst taxa: the huge difference 
between the number of species of beetles and butter- 
flies would be a good example. In making a decision 
whether or not the causes of a clade's apparently high 
diversification should be investigated, it is desirable to 
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1) Fit a one-rate model to the data.

2) Fit “every” two-rate model to the data.

3) Fit “every” three-rate model that contains the  
    best two-rate model.

4) Keep fitting increasingly complex models.

5) Compute the AIC score for the best model in  
    each level of model complexity.

6) Starting with the one-rate model, accept the  
    next-most-complex model if the improvement  
    in model fit is “good enough.”
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DN0(t+ �t) = (1� µ0�t)[(1� q01�t)(1� �0�t)DN0(t) + (q01�t)(1� �0�t)DN1(t)

+(1� q01�t)(�0�t)E0(t)DN0(t) + (1� q01�t)(�0�t)E0(t)DN0(t)] + (µ0�t)0

DN1(t+ �t) = (1� µ1�t)[(1� q10�t)(1� �1�t)DN1(t) + (q10�t)(1� �1�t)DN0(t)

+(1� q10�t)(�1�t)E1(t)DN1(t) + (1� q10�t)(�1�t)E1(t)DN1(t)] + (µ1�t)0
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E0(t+ �t) = µ0�t+ (1� µ0�t)(1� q01�t)(1� �0�t)E0(t) + (1� µ0�t)

(q01�t)(1� �0�t)E1(t) + (1� µ0�t)(1� q01�t)(�0�t)E0(t)
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E1(t+ �t) = µ1�t+ (1� µ1�t)(1� q10�t)(1� �1�t)E1(t) + (1� µ1�t)

(q10�t)(1� �1�t)E0(t) + (1� µ1�t)(1� q10�t)(�1�t)E1(t)
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