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Phylogenetic Trees, 
Their Inference, and 

Importance to 
Evolutionary Biology.



Outline

• A brief history of phylogenetics and its 
role in evolutionary biology.

• Uses for phylogenies.

• Basic phylogenetic terminology.



The Chain of Being

• The Great Chain 
of Being from 
Didacus Valades, 
Rhetorica 
Christiana (1579).



Darwin’s Trees

• The first phylogenetic 
tree.

• From Darwin’s First 
Notebook on 
Transmutation of 
Species (1837) 





Darwin’s Trees

• The only figure in 
Darwin’s classic 
“On the Origin of 
Species” (1859)



Phylogenetic Trees Today

www.tolweb.org www.proweb.org

http://www.tolweb.org
http://www.tolweb.org
http://www.proweb.org
http://www.proweb.org


Fruits of the Tree
• Early 20th Century: 

• “Eclipse of Darwinism.”

• Mid-20th Century:

• The Modern Synthesis and it’s emphasis on 
process instead of history.

• Late 20th Century:

• Resurgence of phylogenetics.



Causes for the Resurgence of 
Phylogenetics

1. Development of rigorous phylogenetic methods. 

• In spite of early conflict...

2. New data from molecular biology.

• Also permitted synthesis of phylogenetics and 
population genetics.

3. Renewed interest in ‘macroevolution.’

• Evo-devo, punc. eq., species selection, patterns of 
diversity

4. Support for synthesis.

• Methods for using phylogenies invented.



Realization of the 
Resurgence
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Intraspecific 
Applications

• Coalescent methods and the 
integration of population genetics with 
evolutionary trees.

• Phylogeography.

• Inference of processes like sexual 
selection (e.g., swordtail preference).



Intraspecific Insights:
Phylogeography

Bermingham & Avise. 1986. Genetics.
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Speciation

• Timing of speciation events.

• Speciation duration.

• Distinguishing allopatric from 
sympatric.



Mode of 
Speciation



Character 
Evolution

• Do specialists 
(white) evolve 
from generalists 
(black)?

Nosil & Mooers. 2005. Evolution.



Questions About Species 
Diversity

• Why are some clades 
more diverse than others?
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Explaining Diversity

• Key innovations.



Calculating Rates of 
Diversification

Klak et al. 2004. Nature.

Richardson et al. 2001. Nature.

Richardson et al. 2001. Science.

Mendelson & Shaw 2005. Nature.
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• Madagascar connected 
to South America (via 
Antarctica) more 
recently than to Africa.
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Biogeography



Madagascan Origins
26



Basic Terminology



The Tips of the 
Tree

• Taxon: A unit of analysis in taxonomic 
or systematic analysis.  Historically 
referred to Linnaean taxonomic ranks.

• Higher taxa: Above the level of species.

• OTU (Operational Taxonomic Unit): The 
units of a phylogenetic analysis.  May 
be populations, species, or higher taxa.



Tree Topology



How Many Trees?

€ 

N =
(2n − 5)!
2n−3(n − 3)!

€ 

N =
(2n − 3)!
2n−2(n − 2)!



How Many Trees?



Tree Rooting



Tree Rooting



Tree Resolution



Polytomies



Tree Balance



Key Terms
• Monophyletic: A group that includes a common 

ancestor and all of its descendents.

• Paraphyletic: A group that includes a common 
ancestor and some, but not all, of is descendents.

• Polyphyletic: A group that includes descendents of 
two or more common ancestors.

• Outgroup: Outside the group of interest.

• Sister taxa: The two branches descending from a 
shared node.



“Phylys”



“Phylys”

• Paraphyletic: A group that 
includes a common ancestor and 
some, but not all, of is 
descendents.

• Polyphyletic: A group that 
includes descendents of two or 
more common ancestors.



Cladistic Terms
• Plesiomorphy: An ancestral state.

• Symplesiomorphy: An ancestral state shared by two 
or more descendent taxa.

• Apomorphy: A derived or newly evolved character 
that is not present in the common ancestor.

• Synapomorphy: A derived state shared by two or 
more descendent taxa.

• Autapomorphy: A derived state that is unique to a 
single taxon.



‘Morphys’





Branch Lengths



Branch Lengths



NEWICK Text 
Format


