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Additional file 1 – Description of the MEDUSA method

 MEDUSA (Modeling Stepwise Diversification Using Stepwise AIC) [1] is an 

extension of an approach described by Rabosky et al. [2] which uses 

phylogenetic and taxonomic information to estimate birth (b) and death (d) rates 

for an incompletely resolved phylogenetic tree.  Nee et al. [3]  describe a 

likelihood for estimating birth and death rates from the timing of splits in the 

resolved parts of a phylogeny.  This phylogenetic likelihood from Nee et al. [3] is 

not useful in cases where the tree is not known.  However, the timing of the split 

of an incompletely sampled clade from its sister group, along with an estimate of 

its species richness, does provide some information about diversification rates 

since all of the observed diversity in the clade must have arisen since the origin 

of the lineage [2, 4]. The net diversification rate (b - d) of a single unresolved 

stem lineage can be calculated using the stem group equations presented by 

Magallon and Sanderson [4]. The distribution of the age and species richness of 

multiple unresolved stem lineages such as those found in our diversity tree (Fig. 

4), allows birth and death rates to be calculated using the taxonomic likelihood 

described by Rabosky et al. [2].  Using these equations, one can test whether a 

rate shift has occurred on any branch of the phylogeny by comparing likelihoods 



or AIC scores from the simpler model with a single birth and death rate for the 

tree, to the more complex model where birth and death rates shift on one branch. 

This is described in Rabosky et al. [2].

 MEDUSA extends this approach by using a stepwise procedure to add rate 

shifts to a tree until there is no substantial improvement in the AIC score. An 

example of this is shown in supplemental figure, Fig. S1. As a preliminary step 

we compare the fit of a birth-death model to pure birth model using AIC scores. In 

our example, this reveals overwhelming support for the birth-death model (ΔAIC 

> 146) (Fig. S1B). Then we calculate the AIC score for a four parameter model 

where b and d are allowed to shift on the optimal location of the phylogeny. To 

find the optimal branch for a rate shift, we allow b and d to change along every 

branch of the tree in Fig. S1A and retain the model that yields the greatest 

improvement in AIC score. In this case, a rate shift along the branch leading to 

the species-rich clade ʻEʼ is selected. We compare the AIC score of this four-rate 

model to the original two-rate birth death model and accept the four rate model if 

the improvement in AIC score is substantial (ΔAIC > 4 [5]).  In Fig S1, a rate shift 

on the branch leading to clade ʻEʼ yields an improvement in AIC score of ~6, so 

the four-rate model is retained. We repeat this process and compare the four-

parameter model (with a rate shift leading to clade ʻEʼ) to the optimal six 

parameter model (a background b-d rate, a shift in b and d on the branch leading 

to E, and a second rate shift on the optimal branch in the phylogeny.  In our 

example, allowing the rate to shift again on clade ʻCʼ nets the largest 



improvement in AIC. This improvement is substantial (ΔAIC > 19) so the three 

rate shift model is retained.  Additional rate shifts result in minor improvements to 

the AIC score or cause it to get worse, so we stop after allowing rates to shift on 

clade ʻCʼ
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Supplemental figure S1- MEDUSA

S1. MEDUSA example. A) Diversity tree with location of rate shifts identified by 

MEDUSA (black bars). B) Improvement in AIC score of rate-shift models.

Taxa
1
10
100
1000

00.511.5

b

c

a

d

e

f

2 4 6 8 10 12

1
0

0
1

5
0

2
0

0

Number of parameters

A
IC

birth-death

rate shift on e

rate shift on c

pure birth
A) B)

Time


