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Brownian motion 

• A stochastic model original developed to 
describe the movement of particles in a fluid. 

• A model for the evolution of continuous traits. 
• Traits change continuously through time. 
• After some time the trait distribution follows a 

normal distribution 
 



Outline 

1. What is Brownian motion? 
2. When might characters evolve by Brownian 

motion. 
3. How can we simulate Brownian motion 

evolution on trees? 



Brownian motion: The model 

• Sometimes called a Wiener process. 
• A continuous time stochastic process. 
• Describes a ‘random-walk’ of evolution for a 

continuously valued character trait. 
 



Three facts describe Brownian motion 

• Let W(t) be the value of the character at 
time t. 
1. E[W(t)] = W(0) 
2. Successive changes are independent. 
3. W(t)~N(W(0),σ2t) 



Parameters of the Brownian model 

• The Brownian motion model has only two 
parameters: 
1. Θ, the starting value; W(0) = Θ.  
2. σ2, the rate of accumulation of variance 

through time. 
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Brownian motion 

• Brownian motion has been & continues to be an 
important model for studying the evolution of 
quantitative traits. 

• It provides the theoretical basis for other methods 
that we will learn (such as independent contrasts, 
phylogenetic regression, and ancestral state 
reconstruction). 

• It also provides the foundation for more complex 
models of trait evolution on trees. 
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