
Phylogenetic Analysis



The phylogeny and classification of life a proposed by Haeckel (1866).







Trees - Rooted and Unrooted









Monophyletic: A group composed of a 
collection of organisms, including the most 
recent common ancestor of all those organisms 
and all the descendants of that most recent 
common ancestor. A monophyletic taxon is 
also called a clade.

Paraphyletic: A group composed of a 
collection of organisms, including the most 
recent common ancestor of all those 
organisms. Unlike a monophyletic group, a 
paraphyletic group does not include all the 
descendants of the most recent common 
ancestor.

Polyphyletic: A group composed of a 
collection of organisms in which the most 
recent common ancestor of all the included 
organisms is not included, usually because the 
common ancestor lacks the characteristics of 
the group. Polyphyletic groups are considered 
"unnatural", and usually are reclassified once 
they are discovered.



Character Evolution
• Heritable changes (in morphology, gene 

sequences, etc.) produce different character states.

• Variability in terms of similarities and differences 
in character states provide the basis for inferring 
phylogeny (i.e., provide evidence of 
relationships).

• Independent occurrence of different character 
states is a necessary requirement. The more 
frequent the better the resolution.





Numerical Taxonomy aka Phenetics

• Based on a numerical comparison of 
similarities and differences
of a group of organisms.

• Gave a new sense of rigor. 
(eventually used computers!)

• The source of data: characters and 
character states.





The Terminology of Cladistics

Synapomorphy: a shared, derived character state. 
These are the basis of cladistics!

Autapomorphy: a unique, derived character state.

Symplesiomorphy: a shared, ancestral character state.

Only synapomorphies are used in order to avoid or 
minimize homoplasy.



Within this taxon set, hair is a shared ancestral character
(symplesiomorphy) of non-cetaceans. It would not indicate a close 
relationship of marsupial and placental mammals.

Symplesiomorphy



Cladogram of Mesozoic Birds



Homoplasy: similarity that is not homologous (not due to 
common ancestry). Can provide misleading evidence of 
phylogenetic relationships (if mistakenly interpreted as 
homology). Remember same as analogous structures or traits.

Parallelism refers to the independent evolution of the 
same derived trait via the same developmental changes.

Convergence refers to superficially similar traits that 
have a distinct developmental basis.

Reversal refers to return to the ancestral state. More 
problematic when considering molecular character data.

Why Might Similarities and Differences Be 
Unreliable for Inferring Phylogenies?



How Do We Improve on Cladistics?

• Ockham’s Razor - “entities should not be 
multiplied unnecessarily” aka the KISS system.

• Parsimony - the best estimate of phylogeny requires the 
fewest evolutionary changes to explain the distribution of 
shared derived character states (synapomorphies) in the 
organisms.

• Maximum Parsimony – exhaustive examination of all 
possible trees, where trees with the fewest inferred changes 
between character states are the maximum parsimony trees. 


