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Outline

• Brief introduction to the problem of diversification rate inference
• Model (non-)identifiability and macroevolution
• How model (non-)identifiability explains why extinction rates = 0
• Expanding our results to include sampling through time
• Why this is such a challenging problem to resolve
• Potential solutions that might work



GG Simpson

Variation in lineage diversity is a consequence 
of variation in speciation and extinction rates



Phylogenies of extant organisms contain 
information about these rates

Nee et al. 1994 PTRS



Phylogenies of extant organisms contain 
information about these rates

Nee et al. 1994 PTRS Nee 2006 AREES
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Can also compare alternative models 
with different diversification histories

Morlon et al. 2014 Ecol Lett



Two (related) questions:

1. Which models can we potentially tell apart 
with phylogenetic data?

2. How robust are parameter estimates if we 
mis-specify (even a little) the actual 
generating process



This has been examined using…
Simulations Case Studies

Rabosky 2010 Evolution Steeman et al. 2009 Sys Bio; Quental and Marshall 2010 TREE



Consider a model where speciation (λ) 
and extinction (μ) rates vary through time    

For example:

𝜆𝜆 𝑡𝑡 = 𝜆𝜆0 + 𝛽𝛽𝑡𝑡
speciation rates change linearly with time

𝜇𝜇 𝑡𝑡 = 𝜇𝜇
extinction rates are constant



General equations for the likelihood of such a 
model in terms of branching times have been 
previously derived

e.g., Morlon et al. 2011 PNAS



But…we discovered an alternative way to 
obtain the likelihood of a tree given a BD model
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The likelihood of any 
diversification model can be 
computed directly from the 
curvature of the “deterministic” 
lineage-through-time plot  
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Also see Lambert and Stadler 2013
Theoretical Population Biology
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The likelihood of any 
diversification model can be 
computed directly from the 
curvature of the “deterministic” 
lineage-through-time plot  

Any two models with the same 
“deterministic” lineage-through-
time plot will have the same 
likelihood 

But…we discovered an alternative way to 
obtain the likelihood of a tree given a BD model



𝜆𝜆 − 𝜇𝜇
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The likelihood of any 
diversification model can be 
computed directly from the 
curvature of the “deterministic” 
lineage-through-time plot  

Any two models with the same 
“deterministic” lineage-through-
time plot will have the same 
likelihood 

We call any two models congruent
– they cannot ever be distinguished 
using any dataset 

But…we discovered an alternative way to 
obtain the likelihood of a tree given a BD model



“Congruent” model sets all share the 
same mathematical properties
Any two scenarios – where speciation rate (𝜆𝜆) and extinction rate 
(𝜇𝜇) vary through time according to some function – will have the 
same likelihood if

𝜆𝜆 − 𝜇𝜇 +
𝑑𝑑𝜆𝜆
𝑑𝑑𝑡𝑡

𝜆𝜆0𝜌𝜌

are both the same. Many different scenarios will satisfy this.

Describes rates + change 
in rates over time

Speciation rate at the 
present X sampling rate

Louca and Pennell 2020 Nature



Can use our 
math to find 
congruent sets 
of models

Different 
combinations of 
changes in 
speciation and 
changes in 
extinction are 
indistinguishable 
from one another

Louca and Pennell 2020 Nature



Congruent diversification models can lead to opposite conclusions

Louca and Pennell 2020 Nature



Congruent diversification models can lead to opposite conclusions

Louca and Pennell 2020 Nature

And again, you can never distinguish these using phylogenetic data!



Louca and Pennell 2020 Nature



Empirical studies of diversification often 
estimate extinction rates of zero

In the fossil record, speciation and 
extinction rates are often quite similar.



But it is actually pretty hard to explain 
why this is the case!

Why this is such a challenging problem to resolve

Beaulieu and O’Meara 2015 Evolution



Louca and Pennell 2020 Nature



Louca and Pennell 2020 Nature

Also includes models with
negative extinction rates



The most likely estimate for extinction 
can be negative

Louca and Pennell BioRxiv 2021.01.04.425256



Often happens when fitted model is not same 
as generating model -- even if fitted model is 
adequate

Louca and Pennell BioRxiv 2021.01.04.425256



Negative extinction scenarios are in the same 
congruence class as positive extinction models

Louca and Pennell BioRxiv 2021.01.04.425256



Similar patterns appear in empirical data

Louca and Pennell BioRxiv 2021.01.04.425256
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