
Phylogenetic analysis of community patterns



Theodosius Dobzhansky 1973



Community composition is determined by:

• phylogenetic processes forming regional species pool
• ecological processes recruiting species from this pool

Life history traits in communities are determined by:

• phylogenetic constraints on life history evolution 
• ecological processes selecting for particular traits 

The interpretation of community composition has to include

• phylogeny 
• ecology  

Phylogeny as a statistical nuisance, causing non-independence of species as data points

Phylogeny as explanation of the observed patterns



Community assembly 
from 

regional species pools

Regional species pool

Community

Cadotte & Tucker 2017, TREE 32:429

• dispersal, 
• habitat preferences 
• biotic interactions 
all can have a phylogenetic 
component 



Weiblen et al. 2000

Wasps on figs: pollinators, gallers and parasitoids



Ficus – pollinator interaction web determined by phylogeny 

pollinators



Ficus – parasite interaction web co-determined by ecology 

parasitoids



Gomez et al. Nature 538: 233
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Lower higher than 
phylogenetic prediction

Phylogenetic signal in intraspecific violence

Human tribal societies were well 
predicted by phylogeny



Emerson & Gillespie 2008, TREE 23:619

Community assembly by environmental 
filtering and interspecific competition

Environmental filtering:
only species with certain life history 
traits can survive in a particular 
environment

red, blue, black - different life history traits



Phylogenetic distribution of species & traits in a community 

v

REGIONAL SPECIES POOL
traits are conservative
clustered on cladogram

habitat filtering 
[demanding     trait]

maximum trait differences 
facilitate coexistence

species clustered species overdispersed

bees
bats
wind

pollination



Phylogenetic distribution of species & traits in a community 

v

habitat filtering 
[demanding     trait]

maximum trait differences 
facilitate coexistence
species clustered species overdispersed

REGIONAL SPECIES POOL
traits are flexible 
overdispersed



Sargent & Ackerly 2008, TREE 23:123

Species trait (flower colour) evolutionary conserved (a) or not (b)
community assembly determined by filtering (ii) or competition (iii)

FILTERING

COMPETITION



Ecological traits

conserved convergent

Habitat filtering
[demanding      trait]

Community 
phylogenetic 

structure
clustered overdispersed



A: both phylogenetic and phenotypic clustering of spp. in communities
B: both phylogenetic and phenotypic overdispersion
C: phylogenetic clustering and phenotypic overdispersion
D: phylogenetic overdispersion and phenotypic clustering 

Squares: 
communities, 

Colours: 
life histories 
of species

Phylogenetic and/or phenotypic clustering/overdispersion of species
in communities [compared to the regional species pool]

Emerson & Gillespie 2008, TREE 23:619



Tests of distribution of ecological traits in community vs. regional
species pools:

the same procedure as for the tests of local/regional species composition



Habitat filtering: 
habitat [biome] choice in lineages is phylogenetically conservative

Crisp et al. 2009. Nature 458:754



Phylogenetic distance between communities

Graham & Fine 2008, 
Ecology Letters 11:1265

An example: 
communities from 2 habitats on 2 islands:
phylogenetic distance between habitats and/or 
islands depends on species phylogeny



Why species are not 
independent data points
and what to do about it



How many independent data points do you see?

Correlation between ecological traits of species:
species are not statistically independent data points

trait 1
trait 2

0

5

10

15

20

25

30

0 2 4 6 8 10

Variable X

Va
ria

bl
e 

Y

Species are not statistically independent data 
points since they share common phylogeny       



The problem of ignored phylogeny has been known for a long time

and

Felsenstein (1985) Phylogenies and the comparative method. Am. Nat. 
125:1 provided a practical approach to the analysis

but

nothing happened because of the lack of phylogenetic information 

until

the last 15 years or so when there is an exponential increase in available 
phylogenies and interest in phylogenetic community analysis
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The worst case scenario:
what looks like 10 data points 
can in fact be only 2! 
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A real word example:
Abundance of different herbivore taxa 
on plant species from a New Guinea 
rainforest
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Solution:
Covariance of traits X 
and Y between sister 
species is mutually 
independent between 
different sister 
species pairs 
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Independent contrasts, Phylogenetic generalized least squares (PGLS)



Independent contrasts
can be calculated 
between all nodes:

X4 - X5
X2 - X3
X6 - X7
X1 - X8

Ancestral reconstruction: tricky
Assumption of a constant rate of evolution along each node -
ancestral value is an average of those for its descendants
X6 = (X2+X3)/2
different branch lengths - the average is weighted by branch length



Tree abundance 
(no. of 10x10km squares)
vs. 
number of its herbivore species
Britain (squares) and Germany (circles)

Each point represents one tree species

Correlating species traits X and Y across species from a community:
What is wrong with such analysis? 



Kennedy & Southwood 1984. J.Anim. Ecol. 53:455
Kelly & Southwood 1999. PNAS 96:8013

Tree abundance x herbivore 
richness relationship revisited:
Independent contrasts re-analysis of 
of herbivore species richness on 
British trees: no new insights



When independent 
contrasts are not needed:
Asclepias plant traits cluster 
in 3 defence strategies (A, 
B, C) which do not 
correspond to plant 
phylogeny

raw correlation r=0.60
independent contrasts r=0.62



Correlation in species diversity between folivorous guilds:
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0

4

8

12

16

20

24

28

0 2 4 6 8
Miners

Se
m

i-c
on

ce
al

ed
 fo

liv
or

es

r = 0.560
-300

0

300

600

-200 -100 0 100 200
Miners

Se
m

i-c
on

ce
al

ed
 fo

liv
or

es

Species richness of semi-concealed (leaf-tying, rolling) 
caterpillars and miners

tree species as data points             independent contrasts



Measuring resource use on host 
phylogeny



Host specialization in phylogenetic context: 
from counting host species (and genera, and families) 

to more precise measures

Mean pair-wise phylogenetic distance MPD: 
between all pairs of host plant species

genus A       genus B



Net relatedness index (NRI):

NRI = - (Xnet - X(n)) / SD(n)
Xnet is the mean phylogenetic distance between all pairs of n
host plants sharing a herbivore
X(n) and SD (n) are the mean and standard deviation of 
phylogenetic distance for n host plants randomly distributed 
on the phylogeny, obtained by multiple iteration

Web et al. 2002



Herbivore species as plant ecological traits
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Weiblen et al. 2006, Ecology 87:S62 



Food webs and phylogeny



Mean phylogenetic distance (MPD) based on the distribution of individual insects on the host plants is 
compared with MPD generated by random distribution of these insects among all available plant species, 
reflecting plants’ relative abundance (Z-score) and rescaled from minimum to maximum possible mean 
phylogenetic distance (MPD) for a given sample size. This distance-based specialization index (DSI) is a 
quantitative analogy to the net relatedness index (NRI, Webb et al. 2002).



How to distribute insects to maximize their mean phylogenetic distance? 



DSI rescaled from minimum to maximum possible mean phylogenetic 
distance (MPD) for a given sample size
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Rescaled DSI can be used to characterize host specificity 
in different herbivorous guilds



Japan C. Europe 1 C. Europe 2
Chewers 

Miners

Gallers

Plant-herbivore food webs in temperate zone forestsFood web parameters: purely functional approach
Generality, vulnerability, conectance, diversity, modularity, and other 

assorted ahistoric indices describing web structure and functions



Exploring the effect of plant diversification on host specificity
caterpillars

miners gallers
Steep decrease in plant-
caterpillar food web 
generality (= how many 
herbivores eat a given 
plant sp.) when the plant 
diversity generated during 
the past 20 - 50 myr

Martin Volf et al. 
J. Anim Ecol. 86, 556
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Simon Segar et al. 
Proc RS 2017

Predicting plant-caterpillar food webs in a lowland rainforest

Geometrids: 
plants better 
predictor of 
interactions 
than moths
Pyraloids: 
moths better 
predictors 
than plants

Geometrids Pyraloids

Ives & Godfray 2006 (Am. Nat 168: E1) Parameter d as a measure of phylogenetic signal in food webs 
d=1 Brownian motion phylogeny, 0<d <1 stabilizing selection, d<0 absence of phylogenetic correlation (“star” phylogeny)

Plants d=0.51          Insects d=0.35                             Plants d=0.12                Insects d=0.63



Next step: prediction from plant secondary metabolites
Geometrids and oxidative activity of polyphenols

Polyphenol oxidative 
activity

Geometrid phylogeny

OBSERVED  MODELLED
Geometrid abundance

Oxidative activity
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Phylogenetic structure in 
communities



primary forest                     secondary [2.5 yrs]             secondary [5.5 yrs]

19 plots 0.25 ha each
plants with DBH>5cm

primary forest               secondary forest 2.5 yrs                     5.5 yrs



Species
Genera

Families

Plant phylogenetic diversity during rainforest succession 



Phylogeny of 349 local plant species >5 cm dbh



Whitfeld et al. Ecography 2011

overdispersed

clustered

Phylogenetic distance 
between coexisting plant 
species increases during 

succession 

Secondary plant 
species are 

phylogenetically 
clustered, 

primary plant 
species 

overdispersed 

succession

MPD = mean pair-wise distance
MNTD = mean nearest taxon 
distance



Phylogenetic distance of species 
and their ecological similarity

Example: 
plants species and their herbivorous communities  

herbivore species



Phylogenetic distance of plants matters to herbivores 
[but not very much: 44% of variance explained]

Caterpillars on 
65 rainforest tree species
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Evolutionary scenarios for 
ecological traits



Random walk along each lineage, the change in each unit of time is drawn from a normal distribution with mean = 0 and 
variance s2. The variance term describes the rate at which the trait values of related species will diverge from each other. 

Images Liam Revell’s blog
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Bloomberg’s K measures the similarity among relatives compared with expectations of the Brownian 
model. K=1 matched Brownian model, K<1 means low phylogenetic signal (closely related species 
differ from each other than expected), K>1 means stronger phylogenetic signal (closely related species 
are more similar than expected). It is a ratio of the variance among species over the independent 
contrasts variance (which will be low if phylogenetic signal is high). 
Pagel’s λ is a scaling parameter for the correlations between species, relative to the correlation expected under Brownian 
evolution. 

White noise Ornstein-Uhlenbeck: stabilizing selection

Brownian
O-U 
O-U



Ackerly 2009, PNAS 106:19699
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Volf, Segar et al. Ecology Letters in press

Phylogenetic distribution of plant defence traits on Ficus trees

Brownian motion White noise Phylogenetic signal



Closely related species are dissimilar in important defensive traits

Plant traits: habitat filtering vs. divergence facilitating coexistence 

Distribution of defensive traits along Ficus phylogeny

Volf, Segar at al. 
2018 Ecology 
Letters 21: 83



Plants and frugivores in Spain

Nestedness and phylogenetical signal: are 
related frugivores feeding on related plants?

Jordi Bascompte & Jordano 2007, Annu. Rev. Ecol. Evol. Syst. 38:567 
Rezende et al. 2007, Nature 448: 925

Why we need to know phylogenetic relationships of interacting species?



Standardizing phylogeny for 
ecological analysis 



original         standardized

Distribution of ecological traits 
in communities with unequal phylogenetic diversity 
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Comparing apples and oranges:
standardising phylogenetic diversity between 

temperate and tropical forests 



Standardization of plant phylogenetic diversity 
between temperate and tropical forests

Cladogram topography and branch lengths standardized,
but individual lineages not matched between the forests

temperate
trees

tropical
trees
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Herbivores determine 
plant competitive hierarchy

reciprocal transplants of plants between 
clay and white sands in tropical forest

clay plants do better on clay
than white-sand plants

but

white-sand plants do better on white-
sand only when insect herbivores are 
present





Things we will never know



Vietnam rainforest leafhoppers

Cell-feeders: Typhlocybinae

Xylem-feeders: 
Cicadidae, Cercopidae

Phloem feeders: various taxa

Is body size in sap-sucking insects determined by feeding niche?

We will never know as cell-feeding originated only 1x and xylem-
feeding only 1-2x in the entire group - not enough for statistics! 



Phylogenetical constraints on the composition of herbivore communities: 
leaf-cutting ants are the most successful herbivores, but exist only in the 
Neotropics



before

after

Atta nest



Leaf-cutter ants
50 million yrs ago

Army ants
95-120 million yrs ago

Moreau et al. 2006, Science 312: 101
Slide courtesy T Fayle



Guenard 2011, antmacroecology.org
Guirauda and Bosworth (1999)

Later origin of leaf cutter ants means that they are restricted to their continent of origin

Leaf cutter ants 



Conclusions:

(i) phylogeny is an important factor shaping community 
composition

(ii) ecologists can see phylogenetic effects either as a nuisance 
that needs to be filtered out from their analyses or as a focus of 
their analyses; either way, these effects cannot be ignored

(iii) despite the previous statement, the phylogeny has been 
ignored by ecologists until very recently; it remains to be seen 
whether and how the recent (after yr. 2000) proliferation of 
phylogenetic analysis changes our perception of ecological 
processes 
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