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Integrating Phylogenetic Data in Ecological Analysis
Wolf L. Eiserhardt

Ecoinformatic approaches to understand ecological processes in a changing world 
Summer School 16.-20.9.2013, Department of Bioscience, Aarhus University
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• Why phylogenetic data in ecological analysis?

• Character evolution: basic principles

• Phylogenetic community ecology

• Phylogenetic data: practical issues

• Tutorial

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

“It is interesting to contemplate an entangled bank, […] and to reflect that these 
elaborately constructed forms, so different from each other, and dependent on each 
other in so complex a manner, have all been produced by laws acting around us. “
Charles Darwin 1859, On The Origin of Species

1. ecology = interactions

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

interactions depend on traits

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  http://commons.wikimedia.org

Barton et al. ”Evolution”

traits are evolved

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

species and their interactions
are not independent

ecological patterns should reflect the 
evolutionary history of traits. 

A
ck

e
rly

&
 R

e
ic

h 
19

9
9

 A
m

 J
 B

ot

Angiosperms

conifers
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2. species pools  lineage diversification

Hardy & Senterre 2007 J Ecol

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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Eiserhardt 2011

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

Cavender‐Bares et al. 2009 ELE

community assembly: 
evolutionary history matters across scales

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

ecology  evolution

- adaptive speciation/radiation
- coevolution in trophic networks
- character displacement 
- convergence
- …
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tip, operational
taxonomic unit

internal branch/edge

terminal branch/edge

root node

internal node
terminal node

phylogenetic trees:
hypotheses about species’ history
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cladogram phylogram chronogram

t[mya]

no branch lengths –
just topology

branch lengths ~
character change

branch lengths ~ time

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

commons.wikimedia.org

”Phylogenetic signal [is the] tendency (pattern) for evolutionarily related organisms to 
resemble each other, with no implication as to the mechanism that might cause such
resemblance (process).” Blomberg et al. 2003

t[mya]

phylogenetic signal

phenotypic similarity ~ time of joint evolution

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

Brownian Motion

௧ାଵݔ ൌ ௧ݔ ൅ࣨሺ0, ଶሻߪ

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

http://commons.wikimedia.org

Brownian Motion

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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Brownian Motion is often wrong.

Numerous alternative models
- Ornstein-Uhlenbeck (selective optima)
- ACDC
- density dependence
- punctuational
- trait-dependent (##SSE-models)
- …

can be tested using e.g. GEIGER 
(Harmon et al. 2008 Bioinformatics)

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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Phylogenetic Signal (PS)

Quantitative statistic: How strong is the 
”tendency for related species to resemble 
each other”?

Blomberg’s K: observed vs. BM
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later stasis ‐ ”Phylogen. Niche Conservatism”
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Picante:
Kcalc
phylosignal
multiPhylosignal

Phylogenetic Signal (PS)

Quantitative statistic: How strong is the 
”tendency for related species to resemble 
each other”?
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GEIGER:
fitDiscrete
fitContinuous
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„As species of the same genus have
usually … some similarity in habits
and constitution, and always in 
structure, the struggle will 

generally be more severe between
species of the same genus.“

Darwin (1859) On the Origin of Species

Are co‐occurring species
more closely related (less closely related)
than expected based on random assembly?

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

http://commons.wikimedia.org

overdispersion
phylogenetic
overdispersion

phylogenetic 
clustering

overdispersion
phylogenetic
overdispersion

phylogenetic signal

phylogenetic convergence

?
Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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1. quantifying phylogenetic relatedness
2. null model testing
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1. quantifying phylogenetic relatedness

- Faith’s PD

 ”feature diversity”

Picante:
pd
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1. quantifying phylogenetic relatedness

- MPD

1 2 3 4 5 6

1 d12 d13 d14 d15 d16
2 d21 d23 d24 d25 d26
3 d31 d32 d34 d35 d36
4 d41 d42 d43 d45 d46
5 d51 d52 d53 d54 d56
6 d61 d62 d63 d64 d65

d15
d16
d25
d26

d14
d24
d34

d56 d12
d13 

d23 d35
d36
d45
d46

t[mya]

3x 2x 1x
Picante:

mpd
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1. quantifying phylogenetic relatedness

- MNTD
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2x 1xmpd:

Picante:
mntd
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3x

1. quantifying phylogenetic relatedness

- PD
- MPD
- MNTD
- PSV/PSR/PSE/PSC (Helmus et al. 2007 Am Nat)

- BST/ST (Hardy & Senterre 2007 J Ecol
Hardy & Jost 2008 J Ecol)

Picante:
psv

spacodiR:
spacodi.calc

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

Alternatively: distance based measures
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Hardy 2008 J Ecol for a comparison with the previous approach

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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Which metric should I use?

 Cadotte et al. 2010  ELE

see also: 
Hardy 2008 J Ecol
Schweiger et al. 2008

Oecologia
Kembel 2009 ELE

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

e
.g

. W
e

b
b

e
t a

l. 
20

02
 A

nn
u.

 R
ev

. E
co

l. 
Sy

st
. 3

3,
 4

75
–5

05

1. quantifying phylogenetic relatedness
2. null model testing

Simulate community
assembly without the 
process(es) of interest

S0 = Sobs (usually…)

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

sp.1

sp.2

sp.4

sp.3

sp.5

sp.6

eliminate all processes that have something
to do with phylogeny
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sp.1

sp.2

sp.4

sp.3

sp.5

sp.6

eliminate all processes that have something
to do with phylogeny

sp.5

sp.2

sp.1

sp.6

sp.3

sp.4

Picante: null.model = ”taxa.labels”
spacodiR: resamp.1s

tree$tip.label <- sample(tree$tip.label)
colnames(dmat) <- rownames(dmat) <- sample(colnames(dmat))

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

problem: abundance/occupancy PS

sp.1

sp.2

sp.4

sp.3

sp.5

sp.6

1) test for PS or 
APD  0
(Hardy 2008 J Ecol)

2) abundance-
corrected
null model
(Hardy 2008 J Ecol)

spacodiR:
resamp.1a

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
http://commons.wikimedia.org

sp.1

sp.2

sp.4

sp.3

sp.5

sp.6

randomizing the community matrix

Picante: null.model = c(”independentswap”, 
”trialswap”)

spacodiR: resamp.2x, resamp3.x

”frequency”
3i

”richness”
2s

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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sp.1

sp.2

sp.4

sp.3

sp.5

sp.6

randomizing the community matrix

Picante: null.model = c(”frequency”, ”richness”)
spacodiR: resamp.2s, resamp.3i

see Hardy 2008 J Ecol and Kembel 2009 ELE 
for a comparison of NULL models. 

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

Hardy 2008 J Ecol
Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

deviation from the 0: standardized effect size

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

deviation from the 0: standardized effect size
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deviation from the 0: standardized effect size

NRI ൌ െ1 ൈ
௢௕௦ܦܲܯ െ ݉݁ܽ݊ሺܦܲܯ଴ሻ

଴ሻܦܲܯሺ݀ݏ

NTI ൌ െ1 ൈ
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Picante:
ses.mpd
ses.mntd

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

significance??

ses.mpd/mntd

one‐tailed test!

or: Z-score (e.g. =0.05  |Z|>1.96
(assumes normal distribution)

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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alternatives to null models?

empirical PD~SR analytical null

 good, but with 
assumptions
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effect ~ SR

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

limitations of the ”alpha-level”: its ambiguous
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species pool scaling
Eiserhardt et al. 2012 Bot J Linn Soc Kissling, Eiserhardt et al. 2012 PNAS

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

”Phylogenetic beta diversity“

allows more specific hypothesis tests. 
(Graham & Fine 2008 Ecol Lett)

A   B   C   D E   F   G   H 

full species turnover

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

”Phylogenetic beta diversity“

allows more specific hypothesis tests. 
(Graham & Fine 2008 Ecol Lett)

A   B   C   D E   F   G   H 

t[mya]
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”Phylogenetic beta diversity“

allows more specific hypothesis tests. 
(Graham & Fine 2008 Ecol Lett)

A   B   C   D E   F   G   H 

t[mya]

high phylogenetic
turnover

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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”Phylogenetic beta diversity“

allows more specific hypothesis tests. 
(Graham & Fine 2008 Ecol Lett)

A   B   C   D E   F   G   H 

t[mya]

low phylogenetic
turnover

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

”Phylogenetic beta diversity“

allows more specific hypothesis tests. 
(Graham & Fine 2008 Ecol Lett)

A   B   C   D E   F   G   H 

t[mya]

high phylogenetic
turnover

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

a: shared branch length

independent branch lengths
b
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cb
unifrac
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
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phylosor: Bryant et al. 2008 PNAS 105, 11505‐11511
unifrac: Lozupone & Knight 205 Appl Environ Microbiol 71, 8228‐8235
general:  Faith et al. 2009 Int J Mol Sci 10, 4723‐4741 

branch-length based indices
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distance-based indices: diversity partitioning

spacodiR:
spacodi.calc

average local diversity/
distinctness („alpha“)

global diversity/
distinctness („gamma“)

െ 


abundance: BST (Hardy & Jost 2008 J Ecol)

presence-absence: ST (Hardy & Senterre 2007 J Ecol)

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  



20‐09‐2013

© Wolf L. Eiserhardt, Aarhus University 
(wolf.eiserhardt@biology.au.dk)                         
unless a different source is stated on the slide. 10

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  Eiserhardt et al. 2013 Scientific Reports

needed: 
simultaneous models of trait evolution
and community assembly. 

Pillar & Duarte 2010 ELE
Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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how do I get a phylogenetic tree?

ecological sampling is bad for phylogenetics! 

http://acdb.co.za/

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

normally there is no tree covering all your spp. 

PF Stevens: http://www.mobot.org/MOBOT/research/APweb/

”backbone”
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how do I get a phylogenetic tree?

manual adjustments („grafting“):

gen1sp1

gen2sp1

gen2sp2

gen3sp1

gen3sp2

gen3sp3

gen3sp4

gen3sp5

gen3sp6

gen1sp1

gen1sp2

gen1sp3

gen1sp4

gen1sp5

gen1sp6

t[mya]

gen2sp1

gen2sp2

gen3sp1

gen3sp2

gen3sp3

gen3sp4

gen3sp5

gen3sp6

gen1sp1

gen1sp2

gen1sp3

gen1sp4

gen1sp5

gen1sp6
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how do I get a phylogenetic tree?

manual adjustments („grafting“):

gen1sp1

gen2sp1

gen2sp2

gen3sp1

gen3sp2

gen3sp3

gen3sp4

gen3sp5

gen3sp6

gen1sp1

gen1sp2

gen1sp3

gen1sp4

gen1sp5

gen1sp6

t[mya]

gen1sp2
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how do I get a phylogenetic tree?

gen1sp1

gen2sp1

gen2sp2

gen3sp1

gen3sp2

gen3sp3

gen3sp4

gen3sp5

gen3sp6

gen1sp1

gen1sp2

gen1sp3

gen1sp4

gen1sp5

gen1sp6

t[mya]

gen1sp2

gen1sp5
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how do I assign missing divergence times?
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how do I assign missing divergence times?

how do I assign missing divergence times?

BLADJ = Branch Length Adjustment
in Phylocom (Webb et al. 2008 Bioinformatics) 

t[mya]Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  

how do I assign missing divergence times?

BLADJ = Branch Length Adjustment
in Phylocom (Webb et al. 2008 Bioinformatics)

- not model based
- doesn‘t handle uncertainty

 randomize if you can.  
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how do I assign missing species?

use taxonomy

1. random addition

- pick a branch
P(bi)~Length(bi)

- pick a time on the branch. 

Add multiple spp. in random order
Do it N times. 

gen1sp1

gen1sp2

gen1sp3

gen1sp4

gen1sp5

gen2sp1

gen1sp6
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how do I assign missing species?

use taxonomy

1. model-based addition

- model expected MPD 
for the taxon based on 
richness and age (e.g. Yule model)

- update divergence time matrix

cannot be represented as tree any more. 

gen1sp1

gen1sp2

gen1sp3

gen1sp4

gen1sp5

gen2sp1

gen1sp6

Eiserhardt et al. 2012 Bot J Linn. Soc
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how do I get a phylogenetic tree?

supertree services:
- phylomatic/phylotastic
- Beaulieu et al. 2012 Ecology

supermatrix services:
- Roquet et al. 2012 Ecography
- phyloGenerator

(Pearse & Purvis 2013 Methods Ecol Evol)
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Pearse & Purvis 2013 Methods Ecol EvolRoquet et al. 2011 Ecography
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phylogenetic uncertainty
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phylogenetic uncertainty

optimal: Bayesian phylogenetics
 sample N trees from the Markov chain

‐40250

‐40200

‐40150

‐40100

‐40050

‐40000

‐39950

‐39900
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structure and handling of tree files:

A B C

((A,B),C);

Newick (Phylip):
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structure and handling of tree files:

A B C

((A:0.4,B:0.4):0.6,C:1);

Newick (Phylip):

Wolf L. Eiserhardt, CIRCE summer school, AU, 16-19/9 2013  
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structure and handling of tree files:

A B C

((A:0.4,B:0.4)E:0.6,C:1)F;

E
F

Newick (Phylip):
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structure and handling of tree files:

A B C

((A:0.4,B:0.4)E:0.6,C:1)F;

E
F

Newick (Phylip):

ape:
read.tree
write.tree
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#NEXUS 
BEGIN TAXA; 

TAXLABELS spA spB spC; 
END; 

BEGIN DATA;
DIMENSIONS ntax=4 nchar=15;
FORMAT datatype=dna symbols="ACTG" missing=? gap=-;
MATRIX
spA atgctagctagctcg
spB atgcta??tag-tag
spC atgttagctag-tgg
;

END;

BEGIN TREES; 
LINK Taxa = Taxa;
TRANSLATE

1 spA,
2 spB,
3 spC;

TREE tree1 = ((1,2),3); 
END;

NEXUS

ape:
read.nexus
write.nexus
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http://commons.wikimedia.org

#NEXUS 
BEGIN TAXA; 

TAXLABELS spA spB spC; 
END; 

BEGIN DATA;
DIMENSIONS ntax=4 nchar=15;
FORMAT datatype=dna symbols="ACTG" missing=? gap=-;
MATRIX
spA atgctagctagctcg
spB atgcta??tag-tag
spC atgttagctag-tgg
;

END;

BEGIN TREES; 
LINK Taxa = Taxa;
TRANSLATE

1 spA,
2 spB,
3 spC;

TREE tree1 = ((1,2),3); 
END;

NEXUS

ape:
read.nexus
write.nexus

 use other software (e.g. mesquiteproject.org)
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http://commons.wikimedia.org

Outline

• Why phylogenetic data in ecological analysis?

• Character evolution: basic principles

• Phylogenetic community ecology

• Phylogenetic data: practical issues

• Tutorial
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