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The comparative  
phylogeographic 

pipe dream

John Avise Godfrey Hewitt



mtDNA Gene trees carry signature of species demographic 
histories  (outgrowth of PCR revolution)

   ~1987 Avise coins “phylogeography” J. Avise



Coalescent Theory (1983) slowly percolates into  
phylogeography and later into phylogenetics 
     (working statistical model)  

Kingman Tajima



Edwards et al. 2016Avise et al. 1987



R.I.P.

Edwards et al. 2016

R.i.P.?



phylogeography ~= demographic historical inference  

Excoffier et al. 2015

Dannemann & Racimo 2018



phylogeography = demographic historical inference  



The comparative  
phylogeographic 

pipe dream 
lives!

John Avise Godfrey Hewitt

leveraging inferences from multiple species 
demographic histories



i.e. stepping back and looking at the combined 
results of multiple phylogeographic studies

community assembly  
after glaciers retreat 
(i.e. co-expansion)

Hewitt 2004  



i.e. stepping back and looking at the combined 
results of multiple phylogeographic studies

regional 
diversification 
i.e. co-
diversification

Edwards et al. 2016



Comparative population genomics w/genomes  
(PSMC)

whole genome approach 

Zhou et al. 2014



blast from the past 1998 - 2006



Nested Clade Analysis 1998 - 2006



Comparative  
population  
genetics 

Prediction

data

Inference

DNA 
barcodes 
(ie mtDNA)

“whole”  
genomes 

Coalescent 
Model

co-demographic 
/assemblage  
history



Central Questions of Comparative 
Phylogeography 
1. vicariance or dispersal? 
2. synchronous demographic histories? 
3.



fitting models of 
co-expansion, 
co-contraction 
with SNP data

Alexander Xue  

A)Synchronous  
       expansion 

B) Asynchronous 
 expansion  

C) Expansion mixture: 
      asynchronous 

&  
    synchronous  

F) Trajectory mixture I: 
asynchronous
expansion 
      &
contraction 

 

D) Synchronous  
      contraction 

E) Asynchronous  
      contraction 

Present

Present

Present

Present

Present

Present

G) Trajectory mixture II:
          synchronous &
             asyncrhonous  
               expansion
                    &
             contraction
 

Present

aggregate  
site frequency  
spectrum (aSFS)

https://github.com/xanderxue/Multi-DICE


fitting models of co-
divergence with SNP data

Alexander Xue  

τ1s
τ1i,5

τ1i,6

τ1i,7 τ1i,8

https://github.com/xanderxue/Multi-DICE


fitting co-demographic models is not easy  

ζ = 1.0 

ζ = 0.0 

ζ = 0.5 

ζ = % of taxa co-expanding

Xue and Hickerson 2015



fitting co-demographic models is not easy  

ζ = 1.0 

ζ = 0.0 

ζ = 0.5 

ζ = % of taxa co-expanding
Burbrink et al 2016



Co-expansion & Co-contraction

Co-expansion

asynchronous expansion



Shortcomings (plenty)

too much inferential uncertainty? 

model is too simple? 

not spatially explicit 

  



Shortcomings (plenty)
too much inferential uncertainty? 

model is too simple? 

not spatially explicit 

models not well-grounded in ecological theory  

  



Central Questions of Comparative 
Phylogeography  
1. vicariance or dispersal? 
2. synchronous demographic histories? 
3. how deterministic is assembly and/or 
co-demography? (e.g. do traits matter?)



Population genetics/ Phylogenetics

Macro-Ecological Assembly/
Biogeography

?
Phylogeography



how about the whole enchilada ? 

a comparative phylogeographic model that 
predicts all 6 axes of the data hyper-cube 

& divergences
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Overcast et al. in review

Species abundance spectra

Trait diversity spectra

Biodiversity  
Metrics
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Hierarchical Bayesian Model
Genetic diversity spectra

Overcast et al. in review

Species abundance spectra

Trait diversity spectra

Biodiversity  
Metrics

Historical-Biogeographic 
Processes 

abiotic variables
bioclimatic variables
remote sensing products

prediction

estimation

can we bridge models of population genetics 
and abundance under a unified model of 
biogeographic assembly? 

Isaac Overcast 
CUNY
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Hierarchical Bayesian Model
Genetic diversity spectra

Overcast et al. in review

Species abundance spectra

Trait diversity spectra

Biodiversity  
Metrics

Historical-Biogeographic 
Processes 

abiotic variables
bioclimatic variables
remote sensing products

prediction

estimation

yeah,  
right



JOINT ASSEMBLY MODEL: co-generates richness, 
distributions of abundance and genetic diversity across 
island/mainland community 

Isaac Overcast 
CUNY



Massive 

Eco-
Evolutionary 

Synthesis 

Simulations

sEcoEvo Working 
Group

Neutral & non-neutral 
community-wide 
predictions of: 
● Abundances 
● Genetic diversity/

divergence 
● Phylogenies 
● Trait values

Andy Rominger 
(SFI)



MESS    DAG
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Thank you! 


