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                  Phylogeography 
Definition: 

  The study of current geographic distributions and the geographic  

   structure of genetic variation from a historical perspective  

   provided by phylogenetic & coalescent analyses. 
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Phylogeography involves a continuum of processes. 



Analytical Approaches 

There are three basic approaches to analyzing phylogeographic data: 

 

 - Conventional phylogenetic analysis. 

 - Network-based analyses, such as Nested Clade Analysis 

 - Coalescent analyses. 

 

These are complementary, and all should be done. 

 
      Divergence   Goal           Ease    Statistical     Software 

Phylogeny    mod-high    Tree   hard        yes             P��AUP* 

Network      low-mod     Structure   easy       quasi          TCS/GeoDis 

Coalescent    low-mod    Parameter   hard    yes      MDiv, IM 

 

We’ll use each of these in discussing the various examples. 



Why Study Genetic Variation in Natural Populations? 

Individual Species Level: 

 The degree of genetic variation may be a predictor of population viability. 

 Identify invasive/non-native species. 

 Studies of gene flow within and between species (hybridization). 

 Define management units: Evolutionarily Significant Units. 

 Test current taxonomies. 

 

Ecosystem Level (Comparative Phylogeography): 
 If similar patterns of genetic variation recur across multiple species, we  

   can make predictions about genetic variation in unsampled species. 

 Healthy ecosystems require genetically healthy components.  

 From a basic research perspective, ecosystem data provide for an emerging 

   discipline, Evolutionary Community Ecology. 

I’ll provide examples of important management implications  

of phylogeography at both levels.  



Example: Testing taxonomies. 
Tamias amoenus - Yellow-pine chipmunk 

Habitat - xeric forests 

Question here is broad scale phylogeography and taxonomy. 



Example: Testing taxonomies. 

Tamias amoenus is widely distributed 

 in the northwest has several  

 subspecies. 

 

Subspecies receive conservation & 

 management status, so it’s important 

 to assess whether they represent 

 genetic units. 

 

Sampling should optimize geographic 

 breadth. 

 

200 individuals from 57 localities. 

Yellow-pine chipmunks 



Tamias amoenus Phylogeography 

N = 187 

800 bp Cyt b 

GTR+G 

Up to 7.5% Sequence  

  divergence  



Network-based analysis of Tamias amoenus 
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Tamias amoenus Summary 

1) Raises new questions about T. a. cancaudus 

 T. a. cratericus. 

 

2) There is very strong phylogeographic structure and deep  

 divergence - reflect old events and multiple refugia. 

 

3) mtDNA clades segregate largely via mountain range, not 

 along subspecies boundaries. 

 

4) Nested clade analyses suggest a complex history of  

 fragmentation, range expansion, and restricted  

 gene flow.  



Example: Detecting hybridization 
Tamias ruficaudus - Red-tailed chipmunk 

Habitat - Mesic forests 



Gene flow across the subspecific boundary. 

 It turns out that the boundary is 

 abrupt and coincides with the  

 Lochsa River. 

Red-tailed chipmunks 

Lochsa  River 

T. r. ruficaudus 

T. r. simulans 

Genital Bones 

Tamias ruficaudus contains two 

 subspecies (Red and Blue)  

 hypothesized to be separate species 



Tamias ruficaudus Phylogeography 

4.5% divergence 

Samples between N.F. Clearwater & Lochsa have ruficaudus mtDNA but simulans morphology.  



Network-based analysis of Tamias ruficaudus 

Conversion to Minimum Spanning Network 



Network-based inference of Tamias ruficaudus 



Tamias ruficaudus Summary 

1) The deepest genetic divergence is associated with  

 subspecies difference. 

 

2) There appears to be unidirectional gene flow across the  

 Lochsa river, in spite of morphological discontinuity.  

 

3) Although I didn’t discuss it, there is evidence of  

 hybridization T. amoenus and T. ruficaudus. 

 

 In a few geographically restricted areas, chipmunks 

 with T. ameonus morphology have T. ruficaudus  

 mtDNA. 



Conclusions - Part 1: 
 

Genetic variation may be distributed very differently than might be 

 predicted by morphology and/or taxonomy. 

 

Because phylogeography lies at the interface between phylogeny 

 & population genetics, we need to use a variety of analytical  

 approaches.  

 

Network and phylogenetic based approaches are very  

  complementary. 

 

 Phylogenetic approaches allow examination of deep splits. 

   

Network-based methods allow inference of more recent 

    population processes. They’re controversial and only   

    quasi-statistical: coalescent analyses are can address these. 



Part II - Comparative Phylogeography 

   Case Studies 



Ecosystem Level (Comparative Phylogeography) 
  

If similar patterns of genetic variation recur across multiple species,  

 we can make predictions about genetic variation in unsampled  

 species. This could have enormous utility in conservation and  

 management planning. 

  

Healthy ecosystems require genetically healthy components.  

  

From a basic research perspective, ecosystem data provide for an 

 emerging discipline, Evolutionary Community Ecology. 

 

Therefore, many biologists are comparing patterns of variation across 

multiple elements of various ecosystems. 



Outline - Part 2 

1) Demonstrate the application of phylogenetics to test a priori  

      hypotheses:  

 Disjunct mesic forest taxa in the Pacific Northwest. 

 

2)  Apply coalescent analyses to try to date the disjunction in several  

 taxa. 

 

3) Give an example of the conservation and management  

 implications of multi-species phylogeography. 

 NRM mesic forest endemics.  



Testing a priori Hypotheses: Disjunct Mesic  

Forest Ecosystems 
Cedar-Hemlock Forest Disjunct Distribution 

Okanogan 

Highlands 

Central 

Oregon 

Highlands 



Pleistocene Glacial Maximum 

Moscow 

What was the fate of mesic forest ecosystems? 



Hypotheses Regarding the Origin of Inland Mesic Forests 

Hypothesis    Phylogeographic prediction: 
 

Ancient Fragmentation: 

 Continuous mesic forest at 

    close of Miocene and persistence  

    of inland refugia 

 

 

Inland Dispersal(North):   

 Disperse along Okanogan 

   Highlands as glaciers retreat 

 

 

 

Inland Dispersal(South): 

 Disperse along Central Oregon 

   Highlands 

N. Cascades 

S. Cascades 

Northern Rockies 

S. Cascades 

N. Cascades 

Northern Rockies 

N. Cascades 

S. Cascades 

Northern Rockies 



Tailed Frogs - Ascaphus truei complex 
Marilyn Nielson 

High Gradient Mountain Streams Juvenile Male 



Ascaphus Phylogeography 

1500 bp Cyt b & ND-2 

ML Tree (GTR+I) 

Up to 9% divergence 

These data support the Ancient Fragmentation hypothesis. 



Ascaphus Summary 

1) The deepest divergences split coastal/Cascades  

 populations from inland populations. 

 

2) The inland populations are a distinct species,  

 A. montanus.  

 

3) Rooting with a molecular clock supports the Ancient  

 Fragmentation hypothesis. 

 

4) There may have been two separate Pleistocene inland  

 refugia, one in the Clearwater, and one south of  

 the Salmon (?).  



Microtus richardsoni (Water vole) exhibits the  

same disjunction. 

John Demboski 

Grazing is detrimental to this species.  



ML Tree: 

GTR+I 

n = 85 

These data support a northern dispersal hypothesis, although from the  

Rockies to the Cascades. 

2.8% divergence 



Parametric Bootstrap Test of Inland  

Dispersal(South) Hypothesis 

N. Cascades 

S. Cascades 

Northern Rockies 
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Force the data to fit the southern  

dispersal hypothesis 

The likelihood score is 20.385 worse than  

the best tree (Northern dispersal). 

Generate the null distribution by simulation 

We can reject Ancient vicariance as well - accept northern dispersal. 



Comparative Phylogeography of an Ecosystem 

Mesic Forest Disjuncts 
 

• Ascaphus truei / A. montanus 
(Nielson et al 2001) 

• Dicamptodon aterrimus, D. copei, D. 
ensatus, D. tenebrosus (Steele et al. 
2005). 

• Plethodon idahoensis / P. vandykei 
(Carsetns et al. 2004) 

• Microtus richardsoni (Carstens et al. 
2005) 

• Salix melanopsis (Miller & 
Brunsfeld unpub) 

• Pinus albicaulus (Richardson et al 
2002) 





Coalescent Estimation of Divergence Time. 



           Mesic Forest Disjuncts Summary 
 

We’ve examined genetic variation in several mesic forest    

   disjunct species.  

 

 The disjunction in all three amphibians appears to have arisen  

     via an ancient fragmentation, suggesting the persistence of  

     mesic forests in the northern Rockies through the Pleistocene. 

 

Disjunction in Microtus richardsoni, Pinus albicaulis, & Salix    

   melanopsis appears to have arisen via a post Pleistocene       

   northern dispersal.  

 

We are collecting data from many more mesic forest disjuncts. 

 

Can we correlate mode of disjunction with life history? 


