
DNA-based species delimitation
• Phylogenetic species concept based on tree 

topologies
Ø How to set species boundaries?
Ø Automatic species 

delimitation?
druhů?



DNA barcoding
• Species boundaries recognized by identifying 

„barcoding gaps“

Meyer & Paulay (2005): PLoS Biol. 3: e422



DNA barcoding
• Uneven mutation rates

Ø tropics vs temperate
Ø islands vs continents
Ø free-living vs symbionts

Wright et al. (2009): Evolution 63: 2275-2287 Zoller & Lutzoni (2003): Mol. Phyl. Evol. 29: 629-640



Good & Wake method
• test of a priori defined 

species
• linear regression of 

genetic and geographic 
dostances should in 
single species go through 
the graph origin (gene 
flow with isolation-by-
distance)

• Different regression 
indicates the presence of 
two distinct, genetically 
isolated  species

Sites & Marshall (2012): Trends Ecol. Evol. 18: 462-470



Coalescence-based methods
• Linking phylogenetics and population genetics

Ø Identification of independently evolving 
lineages
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Species phylogeny Population genetics



Coalescence-based methods
• Coalescence processess (Wright-Fisher)

Ø Allele transfer among the generations
Ø Allele frequency can change in each generation
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Leliaert et al. (2014): Eur. J. Phycol
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Coalescence-based methods
• Phylogeny at the level of populations and species



GMYC method 
• Differences between species-level and population-

level evolutionary processes (fitting Yule and 
coalescence models) 

• Detecting the shift between interspecific and 
intraspecific branching



GMYC method 
• Detecting the shift between interspecific and 

intraspecific branching
Ø Statistical tests Interspecific branching Intraspecific branching

Confidence interval



bPTP
• Bayesian Poisson tree processes method

• Similar to GMYC
• No need of ultrametric tree
• Using directly the number of 

substitutions (instead of 
time) to simulate speciation 
and coalescent events



DNA-based species delimitation methods

Carstens et al. (2013): Mol. Ecol. 22: 4369-83



Pitfalls of DNA-based species delimitation

Hoef-Emden (2012): Plos ONE 7(8): e43652.

• Incongruence between species delimited by GMYC 
and by those delimited by a combined
molecular and morpho-
logical aproach



• Problems with taxon sampling, using identical 
sequences

Pitfalls of DNA-based species delimitation

Malavasi et al. (2016): Plos ONE 11: e0151137.



Trait evolution, PGLS 
 
 
 
 

Tomáš Fér 



Is correlation phylogenetically correct? 
…fylogenetic autocorrelation… 

• strong correlation between 
two traits due to relatively 
few independent 
comparisons 

• disappearmizí after 
phylogenetic correction 

• strong correlation between 
traits masked by 
phylogenetic differences 
among groups 

• phylogenetic independent contrast (PIC) – Felsenstein (1985) 
• phylogenetic generalized least square (PGLS) 

http://cran.r-project.org/web/packages/caper/vignettes/caper.pdf 



PGLS (phylogenetic generalized least square) 
• linear regression: y = βX + ε 

• y –response variable 
• β – estimated coefficients 
• X –explanatory variable 
• ε – reziduals 

• in case of related taxa y and X are not independent 

• solution – include covariance matrix (V) which defines evolutionary distance between samples 

 

 

 

 

 

 

 

 

 

 

• Brownian motion of trait evolution is expected, i.e., traits evolve proportionally to branch 
lenghts 

• not always suitable – three different types of transformation for better model fitting 

http://cran.r-project.org/web/packages/caper/vignettes/caper.pdf 



PGLS – scaling parameters 
• lambda (λ) – phylogenetic association 

• internal branch length multiplied by a constant 
• λ = 0: internal branches zero, i.e., variability independent on phylogeny 
• λ = 1: no scaling, variability copies phylogeny 
• λ > 1: more covariance than expected by Brownian motion 

• delta (δ) – tempo of evolution 
• power all value to ‘δ’ – transform sum of shared distances individuals, i.e., scaling 

‘root to tip’ distance 
• detection of acceleration of trait evolution 
• δ < 1: early changes important (adaptive radiation), slow changes among closely 

related 
• δ = 1: gradual evolution, i.e., proportional to branch length 
• δ > 1: later changes important, i.e., acceleration of changes during evolution 

(species-specific adaptation) 
• kappa (κ) – mode of evolution 

• power all branch lengths to ‘κ’, i.e., scaling of all branches  
• κ < 1: branch length becoming identical (longer branches shortened more), i.e. 

variability accumulated only if groups are different 
• κ = 0: evolution independent on branch length – punctualism 
• κ = 1: gradualism 

 
http://cran.r-project.org/web/packages/caper/vignettes/caper.pdf 
http://www.evolution.rdg.ac.uk/Files/ContinuousManual.pdf 



PGLS – scaling parameters 

http://www.evolution.rdg.ac.uk/Files/ContinuousManual.pdf 



PGLS – scaling parameters 

http://cran.r-project.org/web/packages/caper/vignettes/caper.pdf 



PGLS 
• fitting trait evolution or correlation of two traits with respect 

to phylogeny 

• parameter estimation (λ, δ and κ) for better fit 
• ML – caper (funkce pgls) – value + confidence interval 

• Bayesian – BayesTraits 

• parameters can be estimated simultaneously – interpretation 
of complex model? 

http://cran.r-project.org/web/packages/caper/vignettes/caper.pdf 
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