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Abst rac t ,  We describe the application of Markov Chain Monte Carlo (MCMC) metli- 
ods to two funda.rnenta1 problems in evolutionary biology. Evolutionary biologists fre- 
quently wish to investigate the evolution of traits across a. range of species. This is 
known as a comparative study. Comparative studies require constructing a phylugen~ 
of the species and then investigating the evolutionary transitions in tlie trait on that 
phylogeny. A difficulty with this approach is that phylogenies themselves are seldom 
known with certainty and different phylogenies can give different answers to tlie com- 
parative hypotheses. MCMC methods make it possible to avoid both of these problems 
by conskructing a random sample of phylogenies from the universe of possible pliy- 
logenetic trees for a given data set. Once this sample is obtained the comparative 
hypotheses can be investigated separately in each tree in the MCMC sample. Given 
the statistical properties of the sample of trees - trees are sampled in proportion to 
the probability under a model of evolution - the combined results across trees can be 
interpreted as being independent of the underlying phylogeny. Thus, investigators can 
test comparative hypotheses without the real concern that results are valid only for 
the particular tree used in the investigation. We illustrate these ideas with an example 
from the evolution of lichen formation in fungi. 

1 Introduction 

Phylogenetic trees describe the pattern of descent amongst a group of species. 
Wi th  the  rapidly accumulating quantities of DNA sequence data, more ancl more 
phylogenies are being constructed based upon sequence comparisons (Fig. 1). 
T h e  combination of phylogenies and statistical models for the  analysis of trait 
evolution provides investigators with a means to  reconstruct the  probable an- 
cestral states and trajectories of traits as they evolved in the past, ancl to test 
hypotheses about  correlations among pairs of traits (Pagel, 1997, 1999a). Coin- 
parative methods comprise one of biology's most enduring set of techniques 
for investigating evolution and adaptation (Harvey and Pagel, 1991). They are 
widely used in evolutionary biology, molecular evolution, animal beliaviour, ecol- 
ogy and coi~serva~tion. 

Recent applications of statistical ~ompa~rat ive models of trait  evolution to 
phylogenies include reconstructing the nucleotide content of the common ances- 
tor t o  life o n  Ear th  (Galtier, Tourassel ancl Gouy, 1999), predicting ancestral 
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