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Goal:

• Create methods that analyze the data that 
people actually have to estimate things that 
they really want to know
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What data do people actually have?
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Taxa
1
5
10
50
100
500
1000
5000
10000
20000

0100200300400500
MYA

Anseriformes
Galliformes
Neoaves
Struthioniformes
Tinamiformes
Alligatorinae
Camininae
Gavialidae
Crocodylinae
Cryptodira
Pleurodira
Gekkos
NongekkoSquamates
Sphenodon
Afrotheria+Xenarthra
Boreoeutheria
Marsupials
Monotremes
Caudata
Anura
Gymnophiona
Dipnoi
Latimeridae
Zeiforms
Percopsiformes
Lampriformes
Polymixiiformes
Scombridae
Percomorpha
Ophidiiformes
Beryciformes+Stephanoberyciformes
Myctophiformes
Aulopiformes
Argentiniformes
Osmeriformes
Stomiiformes
Galaxiiformes
Salmoniformes
Esociformes
Clupeomorpha
Ostariophysi
Osteoglossomorpha
Elopomorpha
Amiiformes
Chondrostei
Polypteriformes
Sharks

More common to have 
incomplete trees

where tips represent
unsampled clades
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What do people really want to know?
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Simpson 1953

Adaptive Radiation
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Yoder et al. 2010
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Brownian motion

• Two parameters: starting value (μ) and rate 
(σ2)

i

j
sij
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No current comparative methods 
look very much like Simpson’s vision!

Tuesday, February 15, 2011



Goal:

• Create methods that analyze the data that 
people actually have to estimate things that 
they really want to know
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Three vignettes

• Fossil MEDUSA

• Reversible-jump MCMC

• MECCA
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Three vignettes

• Fossil MEDUSA

• Reversible-jump MCMC

• MECCA

Joseph Brown
Harmon lab post-doc
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time

Z

Y

X
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Taking a time-slice...
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...of fossil richnesses...
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...can reveal diversification dynamics unobservable from molecular phylogenies.
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time

Z

Y

X

...can reveal diversification dynamics unobservable from molecular phylogenies.

Fossil MEDUSA
A method to combine fossils and 

phylogenetic trees to fit
models of lineage diversification
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• Fit piecewise birth-death models:

1. Without fossil information

2. Assuming fossil richnesses as exact

3. Treating fossil counts as minimum richnesses
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Three vignettes

• Fossil MEDUSA

• Reversible-jump MCMC

• MECCA

Jon Eastman
Harmon lab post-doc
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rj-MCMC
A method to identify shifts

in the rate of character evolution
on a phylogenetic tree

Tuesday, February 15, 2011



Three vignettes

• Fossil MEDUSA

• Reversible-jump MCMC

• MECCA

Tuesday, February 15, 2011



60 50 40 30 20 10 0
MYA

Family richness mean log(g) variance sample size
1 7.68 0 1
40 9.18 1.59 33
2 6.78 0.13 2
34 7.89 0.66 27
4 10.30 0.80 4
33 7.18 0.48 29
8 7.24 0.92 8
35 8.58 0.68 32
8 11.75 0.30 8
19 12.24 0.75 19
16 11.69 0.38 14
1 13.86 0 1
12 7.26 0.57 10
1 8.55 0 1
14 7.65 0.53 13
59 7.45 2.26 49

(a) (b)
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Data on body size in carnivores
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MECCA

• Modeling evolution of continuous 
characters using ABC

• ABC = approximate Bayesian computation

• ABC is a method for calculating Bayesian 
posterior distributions WITHOUT 
likelihoods
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MECCA

• We assume:

• Trees grow under a birth-death model 
(parameters: λ, μ)

• Traits evolve by Brownian motion 
(parameters: σ2, θ)

• Use ABC to calculate posterior distribution 
of all four parameters given priors & the data
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MECCA
Can fit models of lineage

diversification and character 
evolution together using ABC
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Goal:

• Create methods that analyze the data that 
people actually have to estimate things that 
they really want to know
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