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Talk Outline I. The tempo of macroevolution II. Clade size disparity across the ToL III. The problem of extinction IV. Cetaceans & Carnivores V. Conclusions/Future directions
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Measuring the Tree of Life •



Estimates of the tempo of evolution can guide us towards an understanding of the mode of evolution



•



Allow contemplation of a number of questions 1.



Why is the ToL shaped the way it is?



2.



Why are some lineages more diverse than others?



3.



How are rates of lineage diversification and trait evolution related?



4.



Do changes in lineage diversification rates follow mass extinctions?
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speciation (λ)



Neontology-based Methods
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Modelling Lineage Diversification Birth-death Models •



Assume a time-homogeneous constant rate of speciation (λ) and extinction (μ)



•



units of lineage/lineage-unit-time Goal: to find the parameter values which best explain the observed edge lengths and speciation times.
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Fitting BD Models to Phylogenies Richness



The complete extant tree
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Merging Phylogenetic and Taxonomic Information Richness



Unsampled taxa



The complete extant tree
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Merging Phylogenetic and Taxonomic Information Richness



Unsampled taxa



The complete extant tree Collapse nodes, update richnesses X
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Merging Phylogenetic and Taxonomic Information Richness



Uncertain position



The complete extant tree It is often the case that we do not know exactly where an unsampled taxa lies in the tree i.e. crown vs. stem X
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Merging Phylogenetic and Taxonomic Information Richness



Uncertain position



The complete extant tree It is often the case that we do not know exactly where an unsampled taxa lies in the tree X
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Fitting a Birth-Death Process to a Tree



Construct our likelihood model by considering both phylogenetic (internal) and taxonomic (pendant) information
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Fitting a Birth-Death Process to a Tree



Internal Edges = Phylogenetic likelihood log LP = N•log(r) - r∑ELi - ∑log[1 - ε • exp(-r • xi)] N = # internal edges ε = extinction fraction (μ/λ) r = net diversification (λ-μ) xi = birth time of edge i X



ELi = length of edge i



Rabosky et al. 2007. Proc. Roy. Soc.
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Fitting a Birth-Death Process to a Tree



Pendant Edges = Taxonomic Likelihood log LT = ∑log(1-βi) + ∑(ni - 1) • βi ni = # extant species at tip i exp(r • ti) - 1 βi = exp(r • ti) - epsilon * These calculations are conditioned on survival (i.e. the phylogeny is observed) X



Raup. 1985. Paleobiology; Foote et al. 1999. Science Y
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Fitting a Birth-Death Process to a Tree



Likelihood Of Entire Tree log L(tree+diversity) = log LP + log LT



Goal: Identify values of r and ε that maximize the likelihood X
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Clade Disparity Across the ToL Problem



•



The ToL is decidedly unbalanced



-



• •



vertebrates, arthropods, plants, etc. Birth-death models predict trees more balanced than observed Suggests a single diversification model may be inadequate



-



the is a general problem of any model-based inference: as data grow larger, it becomes increasingly less likely that the data conform to (or are best explained by) a single generating model
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Stepwise AIC Approach (MEDUSA) Algorithm For (x in 1:(num.nodes)): 1. Split move: Fit individual (piecewise) BD models to: 1. The clade defined by x, plus the edge leading to x 2. The remaining edges 2. Merge move (if num(models) > 2) 3. Find piecewise model with optimal AICc score



•



Is this a significant improvement over base model?



X



-



Yes: Test subsequent splits.



-



No:You’re done.
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A drawback of fitting so many models is that spurious ‘significant’ results can arise
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Data Dredging •
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Birth-Death AIC



We can use a threshold value of AICc to determine significant improvements to the model



• NOTE: this renders AIC-weights as
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However, the relationship between tree size and Type I error is straightforward
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2500



MEDUSA •



Learn about diversification dynamics through fitting piecewise models of birth (λ) and death (μ) -



Where have rates changed?



-



By what magnitude?



-



Why do clades differ in size? r = net diversification rate =λ-μ ε = extinction fraction =μ/λ X



Alfaro et al. 2009 PNAS
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Best described by a 26-piece diversification model
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Multiple Trees Rate



• • •



A distribution of trees can be passed to MEDUSA Each tree is individually fit
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The results are plotted on some consensus or optimal tree
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Hypothesis Testing With MEDUSA



•



Sometimes we may not be interested in dredging for the best model, but instead some specific hypothesis



-



this may involve fixing specific parameter values (say, with extinction results from the fossil record)



-



comparison of a focal clade against the larger tree comparisons across sister clades
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Large Problems



•



For large and/or multiple trees, it is efficient to utilize multiple computing cores



•



MEDUSA can make use of multiple cores, but: 1. only non-Windows 2. only non-GUI
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The Problem of Extinction



1. Extinction rates are poorly estimated if birth-death model assumptions are violated



•



E.g. rates are not time-homogeneous



2. We know that some lineages were more speciose in the past!
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Fitting birth-death models to molecular phylogenies
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Y



Z



X



time



Y



Z



time



Wednesday, 13 June, 12



An Introduction To MEDUSA - MacroInR 2012



X



Fitting birth-death models to molecular phylogenies
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Existing Maths •



The paleontological literature is replete with maths describing changes in diversity (both increases and decreases)



•



These paleontological likelihoods can be spliced with phylogenetic likelihoods to more fully explain macroevolutionary dynamics
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Fit Birth-Death Process to Tree, With Fossils n fossils



Divide edge into 2 (or more) sub-edges For interval t1, calculate like pendant edge For interval t2, assuming fossils are exact:
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t2



Entire Tree log LT = log LI + log LP + log LF X



Raup. 1985. Paleobiology; Foote et al. 1999. Science Y
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Fit Birth-Death Process to Tree, With Fossils Treating a fossil as a minimum count:
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Entire Tree log LT = log LI + log LP + log LF X
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•



Fossil richness information can come from: 1.



Time-slice(s) through the tree



•



May be appropriate when considering periods of following mass extinction



2. Unique time periods for each taxon



•



Appropriate when temporal quality of the fossil record differs across taxa, or if trying to incorporate the maximum amount of information from the fossil record
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Balaenopteroidea Eubalaena Pontoporiidae Iniidae Lipotes vexillifer AF304071 Delphinapterus leucas DLU72037 Monodon monoceros MMU72038 Phocoenidae Orcinus orca AF084061 Orcaella brevirostris AF084063 Pseudorca crassidens AF084057 Grampus griseus AF084059 Globicephala macrorhynchus AF084055 Feresa attenuata AF084052 Lagenorhynchus acutus AF084075 Lagenorhynchus albirostris Lagenorhynchus cruciger AF084068 Lagenorhynchus australis AF084069 Cephalorhynchus hectori AF084071 Cephalorhynchus commersonii AF084073 Cephalorhynchus eutropia AF084072 Cephalorhynchus heavisidii AF084070 Lagenorhynchus obscurus AY257161 Lagenorhynchus obliquidens AF084067 Lissodelphis borealis AF084064 Steno bredanensis AF084077 Sotalia guianensis DQ086827 Sotalia fluviatilis AF304067 Tursiops truncatus AF084095 Tursiops aduncus AF084091 Stenella frontalis AF084090 Stenella coeruleoalba AF084082 Stenella clymene AF084083 Delphinus tropicalis AF084088 Delphinus delphis AF084085 Delphinus capensis AF084087 Lagenodelphis hosei AF084099 Stenella attenuata AF084096 Sousa chinensis AF084080 Stenella longirostris AF084103 Ziphiidae Platinistoidea Physeteroidea



Cetaceans •



Cetaceans are of particular interest, as several lineages have previously enjoyed higher diversity in the past
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Cetaceans are of particular interest, as several lineages have previously enjoyed higher diversity in the past Data from G Slater via the Paleobiology Database (http://paleodb.org)
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Conclusions/Implications 1. Incorporating fossil richness information:



•



gives reasonable estimates of extinction rate



•



refines/overturns our understanding of patterns of macroevolutionary diversification



2. However, methods are only applicable to lineages with a decent fossil record



•



Can we accurately reconstruct past diversification dynamics from taxa lacking a fossil record?
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