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Rates of Evolution 

1.  Continuous trait measurements 
2.  Tree(s) with meaningful branch 

lengths 
•  Time or relative time 
•  Molecular changes 

3.  Model of evolution 
4.  Optional – discrete character 



Rates & Diversity 



•  Blue species have 
had far less time to 
accumulate trait 
changes 

Rates & Diversity 



•  Blue species have had 
far less time to 
accumulate trait 
changes 
Ø Morphological 

variance within 
blue species < 
black species 

Rates & Diversity 



•  Blue species have had 
far less time to 
accumulate trait 
changes 

•  Measure of 
diversity that takes 
into account time 

Rates & Diversity 



•  Blue species have had 
far less time to 
accumulate trait 
changes 

•  Measure of 
diversity that takes 
into account time 
Ø  Rate  

Rates & Diversity 

Darwin - e-fold change in a 
trait over one million years 
(Haldane 1949) 



•  Blue species have had 
far less time to 
accumulate trait 
changes 

•  Measure of diversity 
that takes into account 
time 
Ø Brownian rate 

(σ2) estimated on 
the phylogeny 
(branch lengths 
= time) 

Rates & Diversity 



Brownian Motion 



Brownian Motion 
RATE = 1 RATE = 2 



Estimating Brownian motion (BM) 
rate using ML 



Compare rates in Traits 1 and 2 between clades A and B 
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Rates of Continuous Trait Evolution 



Compare rates in Traits 1 and 2 between lineages in 
different states (black & grey) 

Rates of Continuous Trait Evolution 
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Incorporating Uncertainty 

1.  Phylogenetic 
– Random sample from the posterior distribution 

generated by MrBayes/BEAST etc. 
2.  Character history 

– Multiple samples using stochastic character 
mapping  

3.  Model choice 
– Model-averaging 



TUTORIAL 

Do reef habitats promote the evolution of 
morphological diversity? 

Tropical Temperate 



Complex Reef Habitats 

Promote ecological differentiation & speciation 



PREDICTION 
Fishes living on reefs exhibit 

greater morphological diversity 
within traits underlying niche 

differentiation. 
 

Complex reef habitats promote 
ecological – morphological 

diversification 



Diet & Trophic Morphology 

Four-bar linkage 

Closing lever Buccal length 



HAEMULIDAE - GRUNTS 



TUTORIAL 

Are rates of evolution faster in reef 
lineages? 

1.  Model-testing using the Akaike Information 
Criterion: Does a 1-rate (fit a single rate across all 
species regardless of habitat) or 2-rate model (which allows 
the rate to vary depending on habitat) fit the data best? 

2.  Model-averaging: combine the parameter 
estimates of both 1 and 2-rate models weighted 
by the support for the model using Akaike 
weights. 



ADDITIONAL METHODS: 
Rates of Continuous Trait Evolution 

  



ADDITIONAL METHODS 

1.  Comparing rates among traits 

Compare rates between Trait 1 and 2 across the phylogeny 

Time	
  

Trait 1 Trait 2 



ADDITIONAL METHODS 

1.  Comparing rates among traits 

R code in appendix 2 



ADDITIONAL METHODS 

2.  Identifying rate shifts without a priori 
hypotheses  

–  Eastman et al. 2011: RJMCMC approach for fitting 
multiple shifts in rate class across the tree. auteur 
package in R  

–  Revell et al. 2012: MCMC approach for fitting a single 
rate shift to a tree. phytools package in R. 

–  Thomas & Freckleton 2011: maximum likelihood 
method similar to Medusa for lineage diversification. 
MotMot package in R. 

–  Vendetti et al. 2011: RJMCMC with GLS approach for 
fitting multiple shifts in rate across the tree allows OU 
and time-dependent models ? 



ADDITIONAL METHODS 

3.  Methods that don’t require Brownian 
motion? 

R package OUwie 



ADDITIONAL METHODS 

3.  Methods that don’t require Brownian 
motion? 

– Generalized Ornstein-Uhlenbeck-based 
models of continuous characters evolving 
under discrete selective regimes. 
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dX(t)   =   σdB(t) + α[θ - X(t)]dt 

Brownian motion 

Strength  
of selection Change in time Optimal 

trait value 
Rate 



GENERAL CAVEATS 



GENERAL CAVEATS for 
phylogenetic comparative methods 

Need to be able to answer YES: 
 

1.  Do your data fit the assumptions of the 
evolutionary model? 

2.  Do your tree and data have the power 
to estimate the parameters in the 
model? 



GENERAL CAVEATS for 
phylogenetic comparative methods 

Need to be able to answer YES: 
 

1.  Do your data fit the assumptions of the 
evolutionary model? 
– e.g Brownian: Pagel’s λ, κ & δ parameters (can 

be implemented in Geiger using fitContinuous function) 

2.  Do your tree and data have the necessary 
power? 
– Simulations (parametric bootstrapping/

phylogenetic Monte Carlo (pmc)) to determine 
uncertainty in parameter estimates and power. 




