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Charles Darwin in On the Origin of Species, 1859
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Tree of Life from tolweb.org



http://ifisc.uib-csic.es

Universal branching in phylogenetic trees

Eubacteria Archaea

Eukaryotes

Archaea

W. Martin, BioEssays 21.2, 1999
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Eubacteria Archaea

Eukaryotes

Archaeaspecies A species B
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GENETIC SIMILARITY NETWORKS
Betweeness and degree:

Gene flow

Key populations 
Gene source and sink     

populations 

Meta-
populations 
structure

ifisc.uib-cisc.es/publications/
ifisc.uib-csic.es/eng/lines/bio.html

Rozenfeld et al., J. Roy. Soc. Interface (2007)
Hernandez-Garcia et al., AIP Conf. Proc. 913 (2007)
Hernandez-Garcia et al., Physica D (2006)
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The “Tree of Life”

and phylogenetic trees Ciccarelli, F. D. et al. Science (2006)
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Purvis, A. and Hector, A.
Nature (2000) 

Ricklefs, R. E. 
Trends Ecol. Evol. (2007) 
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CLASSICAL STUDIES OF 
PHYLOGENETIC BIODIVERSITY

Distributions of species within genera (or of subtaxons
within taxons)

Symmetry of the branching: balance vs unbalance



http://ifisc.uib-csic.es

Universal branching in phylogenetic trees

Numbers of species in biological taxa
Willis, J. C. and Yule, G. U. Nature (1922) 

Size (Frequency distribution) ...

ng(ns) ~ ns
γ ,   γ≈1.5−2
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Darwin (1859) 
“Species in species-rich genera had more subspecific varieties.”
Willis (1922), Corbet (1942), Anderson (1975).
Subtaxa within taxa are often distributed unevenly.
Burlando (1990, 1993), Minelli (1991), Nee (1992).
Described the uneven distribution in terms of fractal geometry.

Purvis and Hector Nature (2000) 

Purvis and Hector Nature (2000) 
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Tree shape ...
Holman, E. W. Sys. Biol. (2005) 

Colless (1982). Colless index of imbalance 
Savage (1983). Patterns in the frequencies of all possible 
tree topologies.

Agapow,  P.-M. and 
Purvis, A. Sys. Biol. 
(2002) 

UNBALANCED BALANCED
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Garlaschelli, D., Caldarelli, G. and Pietronero, L. 
Nature (2003) Banavar, J. R., Maritan, A. and Rinaldo, A. 

Nature (1999) 
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Branch size (A) 
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Cumulative branch size (C) 
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Cumulative branch size (C) 
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( Ai , Ci ) 
portion of a catfish filogeny
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Branch size A, cumulative branch size, C, and classical 
quantifiers

P(A) ∼Α−τΑ branch size distribution: related to subtaxa within 
taxa . P(C) ∼Α−τC

Ci/Ai mean distance of leaves to node i: mean depth (Sackin’s
index). Related to Coless index of unbalance. 

Ci ∼ Ai
η allometric scaling: shape vs size. Related to efficiency 

measures. 

FULLY UNBALANCED:         η = 2, τA = 0, τC = 0.5 
SIMMETRIC (and random!):  η = 1 (+log), τA = τC = 2
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AIM:  
To explore interesting objects from the point of view of 
network science, but also:

To use this topological characterization of phylogenies to 

compare macroevolutionary processes (leading to 

speciation) with microevolution (leading to population 

differentiation within the same species)
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TreeBASE@30June2007: 5212 trees of 
interspecific phylogenetic relationships

http://www.treebase.org
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Vibrio vulnificus Catfishes

TreeBASE: 5212 interspecific phylogenies

INTRAspecific set of 67 manually selected 
phylogenies.

from all kingdoms  
climatic regions (terrestrial, marine, fresh water…)
environments (from polar to desertic) 
and reconstruction methods (neighbour joining,

maximum parsimony and maximum likelihood)

INTERspecific set of 67 manually 
selected phylogenies (same criteria)

Three data sets
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Branch Size distribution     F(A) = prob (Ai ≥ A) 

F(A) ~ A1-τΑ ,  P(A) ~ A-τΑ

τA

TreeBASE: 1.74
INTER: 1.73
INTRA: 1.73

Universality across 
evolutionary scales, 

kingdoms, 
geographic regions, 

…
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Cumulative Branch Size distribution     F(C) = prob (Ci ≥ C) 

F(C) ~ A1-τC ,  P(C) ~ A-τC

τC

TreeBASE: 1.53
INTER: 1.52
INTRA: 1.51
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Allometric scaling (C ≈ Aη) 

η
TreeBASE: 1.46

INTER: 1.43
INTRA: 1.43

vibrio

catfish
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CAN THIS BE EXPLAINED BY RANDOM 
BRANCHING?

Equal-rates Markov (ERM) model (ERM model):

✔ The phylogenies are the product of random 
branching.
✔ The "effective speciation rate" (the difference 
between extinction and speciation rate) is equal for 
all species.
✔ The process is memoryless.
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Cr ~ A logA TreeBASE data

Alternatives:
Proportional-to-Distinguishable-Arrangements (PDA) model: Rose (1978)
Aldous beta model (2001) 

Random-like scaling (η=1, τA = 2) is extremely robust: ERM, Yule, Cayley, 
Moran, coalescent, … any model in which all nodes are equivalent at a 
given time 
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Phylogenies vs Taxonomies
Domain 

Kingdom 

Phylum 

Class 

Order 

Family 

Genus 

Species
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TolwebCatalogue of Life

http://www.tolweb.orghttp://www.catalogueoflife.org
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Allometric scaling (C ≈ Aη) 

Catalog of life
ToLweb

TreeBASE
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We have characterized large sets of phylogenies with topological quantities which 
combine previous approaches based on diversity statistics, unbalance, and efficiency of 
transportation networks.

There is a striking universality across domains of life, environments, and scales of 
evolution of the branching behavior of the above topological indices. In particular we 
found the same branching patterns at the macroevolutionary scale (species formation) as at 
the microevolutionary/ecological scale (population differentiation).

Power-law distributions and allometric scaling characterize the branching properties 
as a function of tree size (A). 

Simple random branching models do not explain the observed behavior. Memory of 
previous diversification history seems to be needed. 

Taxonomical classifications have rather different topological properties

Conclusions...

Ifisc.uib-csic.es/EDEN ifisc.uib-csic.es/research/research_bio.php
ifisc.uib-cisc.es/publications/


