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controlling for phylogenetic 
uncertainty and targeting 

future research effort.



Most Analyses Are Conditioned on a Single Tree

Purvis 1995:

• amazing breakthrough

• foundation for a huge number 
of comparative studies
- 538 citations!

• but also many polytomies

• abundance of new data on 
primate phylogeny since 1995

• more recent supertree by 
Bininda-Emonds et al.



The 10,000 Trees Project

•Bayesian analysis of 230 primate species.
•8 genes and up to 29 sets of genomic insertions.
• Saved 10,000 trees as a posterior probability distribution.
• Freely available for others to use via the Internet.
•A new “model” for phylogenetics... open access, new tools.

NW Primates

Apes

OW Monkeys

Strepsirrhines

Arnold, Matthews & Nunn, in press



The 10kTrees Website
http://10ktrees.fas.harvard.edu/

http://10ktrees.fas.harvard.edu
http://10ktrees.fas.harvard.edu


Does Phylogenetic Uncertainty 
Matter in Studies of Primates?
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Independent contrasts

An example:  parasite richness in primates

 richness ~ density + geographic range + mass + sampling effort



Population Density and Parasite Richness:  
Results Across 1,000 Phylogenies
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 richness ~ density + geographic range + mass + sampling effort
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Body Mass

t-statistic

Body Mass and Parasite Richness:  
Phylogenetic Uncertainty and ML Estimate of λ

critical value

 richness ~ density + geographic range + mass + sampling effort



10kTrees
The 10kTrees Website: A New Online Resource
for Primate Phylogeny
CHRISTIAN ARNOLD, LUKE J. MATTHEWS, AND CHARLES L. NUNN

The comparative method plays a central role in efforts to uncover the adaptive
basis for primate behaviors, morphological traits, and cognitive abilities.1–4 The
comparative method has been used, for example, to infer that living in a larger
group selects for a larger neocortex,5,6 that primate territoriality favors a longer
day range relative to home range size,7 and that sperm competition can account
for the evolution of primate testes size.8,9 Comparison is fundamental for recon-
structing behavioral traits in the fossil record, in studies, for example, of locomo-
tion and diet.10–13 Recent advances in comparative methods require phyloge-
netic information,2,14–16 but our knowledge of phylogenetic information is imper-
fect. In the face of uncertainty about evolutionary relationships, which phylogeny
should one use? Here we provide a new resource for comparative studies of pri-
mates that enables users to run comparative analyses on multiple primate phylog-
enies Importantly, the 10,000 trees that we provide are not random, but instead
use recent systematic methods to create a plausible set of topologies that reflect
our certainty about some nodes on the tree and uncertainty about other nodes,
given the dataset. The trees also reflect uncertainty about branch lengths.

The comparative method has under-
gone a revolution in the past 20
years.2,14–16 Specifically, new phyloge-
netic methods provide a way to in-
corporate evolutionary history directly
into comparative research. Phylogeny
is essential to comparative research
because related species tend to

resemble one another, resulting in
nonindependent data points.2,17,18

Phylogenetic comparative methods
can be used to investigate whether
two traits change in tandem through
time, while also providing the histor-
ical scaffolding to identify independ-
ent evolutionary origins of the traits

of interest. More recently, phyloge-
netic methods have provided a tool-
kit to investigate the tempo and mode
of evolution,19,20 quantify phyloge-
netic signal in comparative data,21,22

and study the factors that influence
diversification rates.23,24 Computer
simulations have revealed that it is
usually preferable to conduct com-
parative tests with some form of phy-
logenetic method because this reduces
false positives (Type I errors) and
increases statistical power.17,18,25,26

This latter point is often under-
appreciated, but it is a logical out-
come of phylogenetic comparative
analyses that reduce error associated
with the estimation of statistics and
thus enhance the probability of
detecting real effects.26

Researchers generally want to
include as many species as possible
in a comparative analysis. To incor-
porate phylogeny in comparative stud-
ies of primates, previous researchers
have used either published primate-
wide ‘‘supertrees’’ such as the Purvis
phylogeny27 or compiled smaller
trees from the literature, often patch-
ing these together from among exist-
ing phylogenies based on morphol-
ogy or genetics.28,29 More recently,
Bininda-Emonds and coworkers30,31

produced a new supertree of mam-
mals. Researchers have begun to use
the primate portion of this tree in
comparative studies of primates.32–34

The actual tree topology and timing
of speciation events is, however, never
known with certainty. In addition,
phylogenetic relationships should be
continually reassessed as new data
become available, which recommends
against the continued use of older
phylogenies such as Purvis’,27 since
better data are now available. Further-
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Most comparative studies make use 
of existing data...

Can we use a phylogeny and trait data to 
target future species for data collection?

Christian Arnold

Phylogenetic 
Targeting



One day in Leipzig in 2006, Brian Hare and I 
walked into a bar...

How can we test hypotheses for 
cognitive evolution using 
phylogenetic approaches? 

To start, we need more data 
across a wider array of species.

Phylogenetic targeting:  Christian Arnold



Lemur Cognition Example
Imagine that we are interested in 

two hypotheses involving the factors 
that favor spatial cognition skills.

H1:  Lemur species with larger home ranges 
perform better on spatial tasks.

H2:  Lemur species living in larger social 
groups perform better on spatial tasks.

Hn:  etc....



Basic Rationale for Phylogenetic Targeting:

• Imagine you have a set of hypotheses for variation in some 
dependent variable, Y.

• Further, you have data on X1, X2... Xn, relevant to each 
hypothesis.

• However, you lack data on Y.

• Assume that greater change in X1, X2... Xn gives greater 
power to detect effects in Y.

• In which species should we study Y?

• Phylogenetic targeting provides algorithms to assess this 
question while controlling for X2... Xn.

• Great for grant applications!



Phylogenetic Targeting Website and Example File

Input:  Nexus file, 
multiple trees.

Output:  Scores for 
each species, graphical 
depiction of contrasts.

Info:  website, 
Chapter 13, paper in 
review American 
Naturalist.

phylotargeting.fas.harvard.edu

http://phylotargeting.fas.harvard.edu
http://phylotargeting.fas.harvard.edu


Statistical Performance:  Simulation Tests of 
Phylogenetic Targeting vs. Random Selection of Species

St
at

is
tic

al
 P

ow
er

Phylogenetic targeting (PT) ~2x the Power of Random (R) sampling



Exercises for 10kTrees:

• Download trees
• View trees in 3 programs
• Add trait data in 1 program

What if you don’t care about 10kTrees?

• Skip the download and go straight to 
viewing trees (nexus file on wiki)
• Or, give PhylogeneticTargeting a try!





Example 1:  Competing Hypotheses

Hyp. 1:  More complex social environments favor greater 
cognitive skills.

Hyp. 2:  A longer life history favors greater cognitive skills.

X2: longevity 

X1: sociality

short long long short

asocial social asocial social

i ii iii v

red contrast 
distinguishes between 

hypotheses



Example 2:  Compatible Hypotheses

Hyp. 1:  More complex social environments favor greater 
cognitive skills.

Hyp. 2:  A longer life history favors greater cognitive skills.

blue contrast 
controls for longevity

X2: longevity 

X1: sociality

long long short

asocial social asocial social

i ii iii

long



Phylogenetic Targeting

• Christian Arnold of University of Leipzig

• One main hypothesis (Hm) and one or more 
alternative hypotheses (Ha).

• Data on predictor variables for each hypothesis.

• User decides whether hypotheses are mutually 
exclusive or compatible.

maximize or minimize difference in predictors for HA.

• Calculates all possible pairwise comparisons.

• Scores calculated for each comparison.



How to increase power?

Targeting:

Systematically target 
paired comparisons that 
offer the most power to 

test a hypothesis

• clear-cut difference in 
trait of interest

• control for alternative 
hypotheses

• increases with the 
number of comparisons.


