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Brownie for species delim 

Infers species assignments and species tree 
simultaneously, using two approaches: 

O’Meara 2010 



Minimize excess intraspecific structure 

Minimize gene tree-species tree conflict 

Same gene 
topologies 



Knowles and Carstens 2007 



Brownie for species delim 

Infers species assignments and species tree 
simultaneously. Returns a set of equally good trees. 

O’Meara 2010 





Brownie 

Single point estimate, no confidence 
 

Tries a wide range of models 
 

No migration 



Many other approaches 

Migration only (e.g. Migrate) or population 
coalescence  only (e.g. BPP, gmyc) 

 
Often specify two or a few models (backbone tree, 

specific ABC model, etc.) 



http://www.glyphweb.com/arda 



Posada and Crandall 1998 

13,522!

13,522 citations of first ModelTest paper 
(Posada and Crandall 1998) alone 



Question 
Specified hypothesis  

method 
Try all  

method 

DNA model PAML ModelTest 

AA model PAML ProtTest 

Continuous trait model 
OUCH, Brownie 
(traits), OUWie 

SURFACE, auteur 

Diversification model laser Medusa 

Phylogeographic 
various ABC 
approaches phrapl 



phrapl 
phylogeographic inference using approximated 

likelihoods 

Jargon 
N = number of populations 
K = number of free parameters (as in AIC) 

Input:  
gene topologies 
assignments of samples to populations 



Generate all possible models 
Given N populations, ≤K free parameters 

1 

Filter 
(only tree models, no more than two migration rates, etc.) 

2 

Analyze 
(find best, find AIC for all 

3 



Generate all possible models 
Given N populations, ≤K free parameters 

Filter 
(only tree models, no more than two migration rates, etc.) 

Analyze 
(find best, find AIC for all 

1 

2 

3 



Coalescence of populations 



Coalescence of populations 



Coalescence of populations 

K=1 K=1 K=1 

K=2 

K=0 

K=2 

K=1 

K=2 



A: N1 

B: Same or 
different as A 

AB: Same or 
different as A  

and/or B 

C1: Same or 
different as A  

and/or B and/or AB 

C2: Same or 
different as A and/or 
B and/or AB and/or 

C1 
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1 collapse parameter 
2 population size parameters 



 

 

 

 

 



  

   



  

   

0 or 1 



  

   

0 or 1 

0, 1, 2 



  

   

0 or 1 

0, 1, 2 

0, 1, 2, 3 



  

   



1 collapse parameter 
2 population size parameters 
2 migration parameters 

 

 

 

  



0 2 4 6 8 10

1

10

100

1000

10000

100000

Max K (# free parameters) 

N
um

be
r 

of
 m

od
el

s 

2 populations 



Model free parameters, 
three populations, max K=5 

Model index 

K
 

0 500 1000 1500 2000 2500

0
1

2
3

4
5 Collapse

N
Migration



Generate all possible models 
Given N populations, ≤K free parameters 

Filter 
(only tree models, no more than two migration rates, etc.) 

Analyze 
(find best, find AIC for all 

1 

2 

3 



Generate all possible models 
Given N populations, ≤K free parameters 

Filter 
(only tree models, no more than two migration rates, etc.) 

Analyze 
(find best, find AIC for all 

1 

2 

3 



Exact likelihood: P(gene tree | population history) 

COAL (Degnan and Salter 2005), STEM (Kubatko et al. 2009), BPP (Yang and Rannala 
2010), IM (Nielsen and Wakely 2001), etc.  

Issue: Not all models (currently) have analytical solutions, and 
it’s always simpler to simulate (think of selection). But if it does 

work, can use it. 



Approximate Bayesian Computation 
Carmago et al. 2012, DIYABC (Cornuet et al. 2010), PopABC (Lopes et al. 2009) 

for (many reps) {!
!sample parameters (or models) from prior!
!simulate dataset using these parameters !
!if (|(summary(dataset) – summary(observed)|<ε){!
! !count as match, save these parameters !
!}!

}!
!
plot(saved parameters) #or other way to summarize!



Approximate Bayesian Computation 

Robert et al. 2011 

ABC picks wrong model 26% 

Model choice hard to do with ABC: can 
depend on summary stats, priors, ε 

Use of priors itself 

https://www.facebook.com/LizardProtest 



Approximate Likelihood 

Estimate probability of data 
counting exact matches  



Approximate Likelihood 

!
for (many reps) {!

!sample parameters (or models) from prior!
!simulate dataset using these parameters !
!if (|(summary(dataset) – summary(observed)|<ε){!
! !count as match, save these parameters !
!}!

}!
!
plot(saved parameters) #or other way to summarize!



Approximate Likelihood 

sample parameters (or models) from prior guesses!
for (many reps) {!

!sample parameters (or models) from prior!
!simulate dataset using these parameters !
!if (|(summary(dataset) – summary(observed)|<ε){!
! !count as match, save these parameters !
!}!

}!
!
plot(saved parameters) #or other way to summarize!



Approximate Likelihood 

sample parameters (or models) from prior guesses!
for (many reps) {!

!sample parameters (or models) from prior!
!simulate dataset using these parameters !
!if (|(summary(dataset) – summary(observed)|<ε){!
! !count as match, save these parameters !
!}!

}!
!
plot(saved parameters) #or other way to summarize!

topology(dataset) == topology(observed) 



Approximate Likelihood 

sample parameters (or models) from prior guesses!
for (many reps) {!

!sample parameters (or models) from prior!
!simulate dataset using these parameters !
!if (|(summary(dataset) – summary(observed)|<ε){!
! !count as match, save these parameters !
!}!

}!
!
plot(saved parameters) #or other way to summarize!

topology(dataset) == topology(observed) 



Approximate Likelihood 

sample parameters (or models) from prior guesses!
for (many reps) {!

!sample parameters (or models) from prior!
!simulate dataset using these parameters !
!if (|(summary(dataset) – summary(observed)|<ε){!
! !count as match, save these parameters !
!}!

}!
!
Likelihood ≡ prob(topology(observed)| parameters) ≈ #matches / #reps!

topology(dataset) == topology(observed) 



Approximate Likelihood 

sample parameters (or models) from prior guesses!
for (many reps) {!

!sample parameters (or models) from prior!
!simulate dataset using these parameters !
!if (|(summary(dataset) – summary(observed)|<ε){!
! !count as match, save these parameters !
!}!

}!
!
Likelihood = prob(topology(observed)| parameters) ≈ #matches / #reps!

topology(dataset) == topology(observed) 



Observed 

Sim 1 

Sim 2 

Sim 3 

Sim 7 

Sim 4 

Sim 5 

Sim 6 



Observed 

Summary 

4/7 

Sim 1 

Sim 2 

Sim 3 

Sim 7 

Sim 4 

Sim 5 

Sim 6 

Match 

NA 

3/7 N 

5/7 N 

1/7 N 

4/7 N 

2/7 N 

4/7 Y 

5/7 N 



Observed 

Summary 

4/7 

Sim 1 

Sim 2 

Sim 3 

Sim 7 

Sim 4 

Sim 5 

Sim 6 

Match 

NA 

3/7 N 

5/7 N 

1/7 N 

4/7 N 

2/7 N 

4/7 Y 

5/7 N 



Approximate Bayesian Computation Approximate Likelihood 

Summary stats as functions of the data Topologies (= the data)  

Simulation Simulation 

Approximate match Exact match 

Priors Starting values, but optimize 

Integration Maximum 



Collapse 1 Pop size 1 Pop size 2 Migration 1 Migration 2 

4 1 3 0.2 0.6 

ms 15 100000 -T -I 3 5 5 5  -n 1 1.0 -n 2 3.0 -n 3 3.0 -ma x 0.0 0.0 0.2 x 0.0 0.0 0.0 x !
        -ej 4.0 3 1 -en 4.0 1 3.0 -en 4.0 2 3.0 -em 4.0 1 2 0.6 -em 4.0 2 1 0.6!

ms (Hudson 2002) 

Generate 100,000 trees, three populations, five samples per population (~5 sec): 
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A dumb idea? 



A dumb idea? 

Tree probabilities not uniform (some trees much more 
likely than others) 
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0.
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Tree
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ue
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Simulated under phylogeographic model 

Sampled from 
uniform 



A dumb idea? 

Clever idea 1: Sample labels within populations arbitrary 

A1 A2 B1 B2 B3 C1 C2 

A1 A2 B1 B3 B2 C1 C2 Observed 

Simulated 

Match based on all possible labeling, then correct for this 
i.e., three possible permutations, so if there is a match divide by 3 to get probability 



A dumb idea? 

Clever idea 2: Polytomies are soft in gene trees (optional) 

A1 A2 B1 B2 B3 C1 C2 

A1 A2 B1 B3 B2 C1 C2 Observed 

Simulated 

Match based on all possible resolutions, then correct for 
this 



Generate all possible models 

Filter 

Analyze 

Grows (quickly) with 
number of populations 

Grows quickly with 
number of samples per 
population, but only 
linearly with number 

of genes 



Collapse 1 Pop size 1 Pop size 2 Migration 1 Migration 2 

4 1 3 0.2 0.6 

ms 15 100000 -T -I 3 5 5 5  -n 1 1.0 -n 2 3.0 -n 3 3.0 -ma x 0.0 0.0 0.2 x 0.0 0.0 0.0 x !
        -ej 4.0 3 1 -en 4.0 1 3.0 -en 4.0 2 3.0 -em 4.0 1 2 0.6 -em 4.0 2 1 0.6!

ms (Hudson 2002) 

Generate 100,000 trees, three populations, five samples per population (~5 sec): 
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Optimization 

Numerical parameters 

Collapse 1 Pop size 1 Pop size 2 Migration 1 Migration 2 

4 1 3 0.2 0.6 





Optimization 

Numerical parameters 

Model 

Exhaustive 



Optimization 

Numerical parameters 

Model 

Exhaustive 

Genetic 

Break model into genes (one gene for collapse 
structure, one for migration structure, etc.) 
Let them evolve, AIC is fitness 



Collapse Model Pop size Model Migration Model 

1 1 1 

Collapse Model Pop size Model Migration Model 

1 2 1 

Collapse Model Pop size Model Migration Model 

2 1 3 
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Collapse Model Pop size Model Migration Model 
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Collapse Model Pop size Model Migration Model 
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Collapse Model Pop size Model Migration Model 
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ms!
Hudson 
2002 



Code 

Analyses 



Satler et al. in press 



∆AIC AIC weight Model 

0.0 0.954 

9.5 0.008 

9.6 0.008 

10.6 0.005 

135 other models 

261.8 0.000 



Kent McFarland 



∆AIC = 0 



∆AIC = 5.6 



Summary 

•  Way to create many models 
•  Evaluate many models 
•  Prior free, but complementary with other 

approaches 
•  Should scale linearly with gene number 



Present/Future 

Coding 
Brian O’Meara 
Nathan Jackson 

Empirical example, 
use, documentation 

Bryan Carstens 
Ariana Morales 



Present/Future 

1.  Better code (changing pop size, better algorithms), incl. 
more testing and comparison. 

2.  Parameter estimation (done) 
3.  Additional Myotis samples 
4.  Shortcuts (equivalent to ModelTest using a single NJ tree rather 

than tree search) 
5.  Sensitivity to tree uncertainty 
6.  Statistical phylogeography workshops (2014 & 2015) 
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