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Abstract Community phylogenetics combines ideas from community ecology
and evolutionary biology, using species phylogeny to explore the processes
underlying ecological community assembly. Here, we describe the development of
the field’s comparative methods and their roots in conservation biology, biodi-
versity quantification, and macroevolution. Next, we review the multitude of
community phylogenetic structure metrics and place each into one of four classes:
shape, evenness, dispersion, and dissimilarity. Shape metrics examine the structure
of an assemblage phylogeny, while evenness metrics incorporate species abun-
dances. Dispersion metrics examine assemblages given a phylogeny of species that
could occupy those assemblages (the source pool), while dissimilarity metrics
compare phylogenetic structure between assemblages. We then examine how
metrics perform in simulated communities that vary in their phylogenetic struc-
ture. We provide an example of model-based approaches and argue that they are a
promising area of future research in community phylogenetics. Code to reproduce
all these analyses is available in the Online Practical Material (http://www.
mpcm-evolution.org). We conclude by discussing future research directions for the
field as a whole.
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19.1 Overview

Community phylogenetics seeks to explore the ecological and evolutionary factors
that underlie the assembly of communities and how species interactions influence
evolutionary and ecosystem processes. The field represents a (re-)integration of
community ecology and evolution, in the hope that historical species interactions
and environmental conditions reflected in phylogeny can inform us about present-
day ecology. However, rapid advances in computational tools, phylogenetic
inference methods, DNA databases, and metrics mean the scope of community
phylogenetics is constantly expanding and developing.

This chapter should provide the reader with an entry point to begin critically
conducting their own community phylogenetic analysis. To this end, the Online
Practical Material (http://www.mpcm-evolution.org) contains annotated R (R Core
Team 2014) code with which the reader can repeat all the analyses and simulations
presented in this chapter. We begin by describing the development of community
phylogenetics and follow by outlining a framework to understand community
phylogenetic metrics. We then examine the performance of several metrics in a
simulated data set and give a brief introduction to the field of community phy-
logenetic modelling. We conclude the chapter by discussing caveats and future
directions for the field.

19.2 Historical Overview of the Metrics of Community
Phylogenetics

It was Darwin 1859 who first hypothesised a relationship between species’ taxo-
nomic proximity and competitive interactions, arguing that congeners use the same
resources and so competition should be strongest among them. While Darwin was
interested in how this increasing competition would affect natural selection, later
scientists (Jaccard 1901; Elton 1946) would ask how the number of congeners
present in a community reflected the biogeographic and ecological processes
structuring it. Despite controversies over the sensitivity of such approaches to
species richness (Järvinen 1982), the idea that ecological processes could be
detected in the evolutionary relationships among species in ecological communi-
ties took hold.

Conservation biologists were quick to recognise the utility of phylogeny as a
way to quantify species uniqueness and thus aid conservation prioritisation. Vane-
Wright et al. (1991) first argued to prioritise more basal evolutionary lineages
(acknowledged by May (1990) who published first), and Altschul and Lipman
(1990) suggested incorporating time-calibrated phylogenies and Felsenstein’s
comparative method (1985). Soon after, Faith (1992) coined the phylogenetic
diversity (PD) metric as the summed phylogenetic branch length connecting all
species in a set to rank areas for preservation. Later metrics partitioned the

452 W. D. Pearse et al.

http://www.mpcm-evolution.org


phylogenetic diversity of clades among their species to facilitate species-based
conservation of phylogenetic diversity (Pavoine et al. 2005; Redding and Mooers
2006; Isaac et al. 2007).

In parallel, the taxonomy-based metrics developed in conservation biology
(May 1990; Vane-Wright et al. 1991) were adapted to understand community
assembly in degraded ecosystems. Warwick and Clarke (1995) counted the mean
number of taxonomic ranks separating community members to derive the D family
of metrics (some members were independently derived by Izsáki and Papp 1995),
which were later extended to estimate taxonomic similarity among communities
(Izsáki and Price 2001). Although not the first modern study of ecological taxo-
nomic structure (cf., e.g. Douglas and Matthews 1992), Warwick and Clarke
(1995) provided the first clear example of how habitat filtering can change the
taxonomic (and so phylogenetic) composition of ecological communities.

These antecedents provided the basis for papers (Webb 2000; Webb et al. 2002)
that developed a framework and set of hypotheses for the use of phylogenetics in
mainstream ecology and mark the beginning of modern community phylogenetics.
Webb (2000) developed the Net Relatedness Index (NRI) and the Nearest Taxon
Index (NTI) to measure the phylogenetic structure of a tropical forest plot. NRI
and NTI examine whether the relatedness of species to one another in a com-
munity differs from what would be expected under random assembly from a list of
potential species (the source pool). Most community phylogenetic studies assume
close relatives are ecologically similar (niche conservatism; reviewed in Wiens
et al. 2010). Under this assumption, communities whose species are more closely
related than under random assembly (underdispersed, or clustered, communities)
reflect habitat-filtered assembly, while communities of unexpectedly distantly
related species (overdispersed communities) indicate the influence of competitive
exclusion.

The assumption of niche conservatism has subsequently been scrutinised, and
inferring ecological process purely on the basis of phylogenetic pattern is now
treated with scepticism. For example, in one of the early empirical tests of the
Webb et al. (2002) framework, Cavender-Bares et al. (2004) demonstrated that
niche convergence (rather than conservatism) among distantly related oak lineages
caused overdispersion in hyper-diverse oak forest communities. Subsequently,
Valiente-Banuet and Verdú (2007) found that facilitation among distantly related
species could lead to overdispersion, and Mayfield and Levine (2010) argued that
competition may lead to phylogenetic clustering. The ecological and evolutionary
mechanisms that produce phylogenetic community structure vary and depend on
where in the tree of life one is looking (phylogenetic and biogeographic scale) and
the modes of trait evolution at work (Cavender-Bares et al. 2006). Kraft et al.
(2007) demonstrated that when known ecological and evolutionary processes are
simulated, the anticipated community phylogenetic patterns are reliably recovered,
but Kembel (2009) has shown that dispersal can mask such patterns. Development
of model-based methods (see Sect. 19.5) offers hope of explicitly testing mecha-
nistic hypotheses about how evolutionary and ecological processes interact, rec-
onciling many objections about inferring process from phylogenetic pattern.
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19.3 A Systematic Classification of Community
Phylogenetic Metrics

While many have reviewed issues in community phylogenetics (e.g. Emerson and
Gillespie 2008; Graham and Fine 2008; Cavender-Bares et al. 2009; Vamosi et al.
2009; Mouquet et al. 2012; Swenson 2013), our focus here is specifically on meth-
odology. Pavoine and Bonsall (2011) are of note in that they emphasise analogues
between phylogenetic and functional trait diversity and define six major classes of
diversity metric. Three of these classes (all shape measures in our classification) are
of particular interest here: multivariate richness (the sum of a phylogeny’s branches;
essentially PD), regularity (the balance of a tree; see Sect. 19.3.1), and divergence
(the mean distance among species). Vellend et al. (2011) chose a very different
scheme, classifying phylogenetic diversity metrics as ‘type I’ or ‘type II’ depending
on whether they begin by measuring the phylogenetic distinctiveness of species (I) or
examine subsets of a regional phylogeny (II).

We propose four classes of community phylogenetic structure with names
chosen to reflect existing community ecological literature: shape, evenness, dis-
persion, and dissimilarity. A graphical overview of these measures is given in
Fig. 19.1, and more than 40 metrics are placed into the scheme in the online
supplementary materials. Shape metrics describe an assemblage phylogeny’s
topology, branch lengths, size, how closely related its species are, and many

●

●

Fig. 19.1 Overview of phylogenetic shape, evenness, dispersion, and dissimilarity metrics, as
described in Sect. 19.3. Shape metrics measure only the observed assemblage phylogeny—the
parts of the phylogeny in black. Evenness metrics measure how evenly species’ abundances are
distributed across the assemblage phylogeny; the abundances of species in two communities are
represented by the size of filled and open circles on the figure. Dispersion metrics examine
whether the observed members of an assemblage are a random subset of the species pool (grey
and black parts of the phylogeny). Dissimilarity metrics quantify phylogenetic similarity between
observed assemblages. The two assemblages in this figure contain the same species, and so their
phylogenetic dissimilarity is null unless abundances are taken into account

454 W. D. Pearse et al.



predate community phylogenetics. Evenness metrics reflect how species’ abun-
dances are distributed throughout a phylogeny, and many are extensions of
existing metrics of species diversity. Dispersion metrics ask whether an assem-
blage phylogeny differs from what would be expected, under a given null model,
from a source pool phylogeny of potential and actual members of that assemblage.
Finally, dissimilarity metrics quantify differences in the phylogenetic composition
of species occupancy and abundance between assemblages.

19.3.1 Shape

Shape metrics assess the structure of a phylogeny alone and can be calculated with
only a list of species and their phylogeny (reviewed in Mooers and Heard 1997).
Many predate community phylogenetics itself and were intended for use in
macroevolutionary studies. One of the more well known is Colless’ Index (IC),
which measures phylogenetic balance as the extent to which nodes in a phylogeny
define subgroups of equal size (Colless 1982). An unbalanced assemblage phy-
logeny indicates that particular clades dominate that assemblage, perhaps because
they display key traits that adapt them to that environment. The c statistic (Pybus
and Harvey 2000) was originally intended to detect decreases in the rate of
diversification through time; in a community phylogenetic context, this is con-
sistent with an assemblage containing species that are relatively unrelated to one
another. Phylogenetic species richness (PSV; Helmus et al. 2007) measures
whether the distribution of species across the phylogeny differs from expectation
under a Brownian null model and is analogous to the mean phylogenetic distance
(MPD) among species on a phylogeny. We caution that an assemblage phylogeny
is affected by processes operating outside the assemblage (see Heard and Cox
2007); shape measures sensitive to symmetry at different phylogenetic depths (see
Agapow and Purvis 2002) may be useful tools when exploring these issues.

19.3.2 Evenness

Measures of evenness ask whether species abundances are biased towards any
particular clade(s) throughout the phylogeny. Many are extensions of existing
measures of ecological diversity or shape measures; for instance, the Imbalance in
Abundance of higher Clades (IAC; Cadotte et al. 2010) metric is essentially an
abundance-weighted form of IC. Classical measures of the phylogenetic signal of
species’ traits (e.g. Pagel’s k; 1999) are evenness metrics when calculated using
species’ abundances, although in most cases statistical transformation of abun-
dances (e.g. taking their logarithm) is advised. Often shape and evenness metrics
are calculated for individual sites (a shape/evenness) and across a landscape (c) to
measure b shape or evenness (see Graham and Fine 2008). We intend to use the
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term evenness analogously to its use in other fields of ecology (see Magurran 2004;
Pavoine and Bonsall 2011), but the reader should note that Kraft et al. (2007) and
others use the term ‘phylogenetic evenness’ to indicate communities that contain
more distantly related species than expected from null models. We suggest the use
of the term ‘phylogenetic overdispersion’ for this case in reference to the statistical
definition of overdispersion (see Sect. 19.3.3 below).

19.3.3 Dispersion

Metrics of phylogenetic dispersion describe whether an observed assemblage is a
phylogenetically biased subset of the species that could coexist in that assemblage
(the source pool). Bias can reflect community assembly or survival of an extinction
episode, and most metrics focus on whether individuals or species are more or less
related to one another (under- or overdispersed, respectively) than under a null
expectation. They differ from shape and evenness measures, upon which they are
often based, in that they require a null expectation; their value is contingent not
just upon the observed assemblage but also a null expectation derived from ran-
dom assembly of same-sized assemblages from a more inclusive source pool. NRI
and NTI are the best known: the Net Relatedness Index (NRI) compares the
phylogenetic distance among all members of a community, while the Nearest
Taxon Index (NTI) examines only distances among nearest relatives. The first
definition of NRI and NTI (Webb 2000) counted nodal distance between species,
and the second (Webb et al. 2002) used phylogenetic branch lengths. Kembel
(2009) defined standard effect sizes of MPD and the mean nearest taxon distance
(SESMPD and SESMNTD), which are the negations of NRI and NTI, respectively.
Pearse et al. (2013) showed that the randomisations that control for phylogenetic
structure in NRI and NTI make the measures test statistics, and so their absolute
values can be misleading. They found that D (Fritz and Purvis 2010), which is
based upon independent contrasts (Felsenstein 1985) and a Brownian null distri-
bution, can be more sensitive than NRI.

19.3.4 Dissimilarity

Measures of dissimilarity explicitly examine differences in assemblages’ compo-
sitions, and many have analogues with classical ecological measures (e.g.
PhyloSor and Sørensen’s Index; Bryant et al. 2008). Unlike standard dissimilarity
metrics, phylogenetic dissimilarity metrics differentiate among communities with
no shared species. The metric phylogenetic community dissimilarity (PCD; Ives
and Helmus 2010), for example, partitions dissimilarity into compositional (the
proportion of shared species) and phylogenetic (the relatedness of unshared spe-
cies) components, but the most widely used measure—especially by microbial
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ecologists—is UniFrac (Lozupone and Knight 2005). UniFrac measures the
amount of phylogenetic branch length unique to each community, essentially
asking how much PD is unique to each community. These measures are distinct
from measures of co-evolution (see Chap. 20) in comparing assemblages across a
common phylogeny.

19.4 Quantitative Classification of Community
Phylogenetic Metrics

Our classification of metrics into four groups is based on how the metrics are
calculated and what the metrics attempt to measure. Here, we ask whether the
members of our groupings give similar results in common data sets.

Given a particular number of species, n, in a species pool, there is a finite
number of unique community compositions that we label the feasible set of
community compositions for n species (Haegeman and Loreau 2008; Locey and
White 2013). The feasible set can be calculated for any n (though it is often
approximated for large n), and given a phylogeny, the distribution of the feasible
values of any phylogenetic metric can be derived. Figure 19.2a provides the
feasible distribution of PSV for a fully balanced phylogeny of 8 species with equal
branch lengths (as in Fig. 19.1). Using this same tree, we simulated 6,000 com-
munities, half structured by phylogenetic attraction where closely related species
were more likely to be found together and half by repulsion (the converse). For an
ultrametric phylogeny of n species with covariance matrix V, we defined attraction
as the Cholesky decomposition of V and repulsion as the decomposition of V21,
referring to either as the matrix L below. The probability of species s residing in a
simulated community was a stochastic process as defined by

ps ¼
ecLR

1þ ecLR
ð19:1Þ

where c was a scalar (fixed at 10) that determined the strength of attraction/
repulsion and R an n 9 1 matrix of normally distributed random numbers centred
at 0. The PSV distributions of these two simulated communities (Fig. 19.2b, c)
differ markedly from the feasible set (Fig. 19.2a) and from each other, suggesting
that metric distributions for empirical and feasible sets of communities can be
compared to detect processes that cause phylogenetic attraction and repulsion. To
group metrics calculated on these three data sets, we obtained the values of 27
metrics across the simulated communities and hierarchically clustered the metrics
(R function hclust, complete linkage method) based on their standardised (centred
to have a mean of zero and standard deviation of 1) Euclidian distances. Our
methods were chosen to permit direct comparison with a similar study by Cadotte
et al. (2010).
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The classification of Sect. 19.3 does not perfectly map onto groupings in
Fig. 19.2d, e, f; the clustering of the metrics was inconsistent between the
attraction and repulsion simulations. This suggests that a single quantitative
classification of metrics is unlikely since the metric correlations depend on the
underlying data set, but the systematic classification of Sect. 19.3 provides
definitive categories for all the metrics.
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Fig. 19.2 Distributions and clustering dendrograms of community phylogenetic metrics
calculated for feasible communities and communities simulated under models of phylogenetic
attraction or repulsion. In (a), (b), and (c), the size of the circles (centres marked in grey)
represent the numbers of unique species compositions that give each PSV value. a The feasible
distribution of PSV for an eight species, balanced phylogeny. b The PSV distribution for
communities simulated with attraction is generally lower than the feasible distribution and much
lower than the communities simulated under repulsion (c). Below each distribution (d–f) are
dendrograms based on a hierarchical clustering of the values of 27 community phylogenetic
metrics calculated for each data set. The number of metrics differs among (d) and (e, f) because
(d) uses the feasible set of species which is defined only for species presence/absence; in (e) and
(f), we simulated abundances and thus incorporated evenness metrics. The white, black, and grey
circles indicate shape, dispersion, and evenness metrics, respectively. See the Online Electronic
Material for all metric names and abbreviations
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19.5 Statistical Models of Community Phylogenetic
Structure

While community phylogenetic metrics will continue to be developed, explicit
statistical models are the next methodological frontier. Models explain phyloge-
netic structure across a number of assemblages simultaneously, maximising sta-
tistical power, and can incorporate phylogenetic, environmental, trait, and other
information. While not models in the statistical sense of fitting probability dis-
tributions, the first model-based approach stemmed from randomisation methods
developed to infer meta-community processes (Pillar and Duarte 2010). There are
a number of related approaches (Leibold et al. 2010; Pavoine and Bonsall 2011;
Peres-Neto et al. 2012), most involving the comparison of site-by-species matrices
with matrices of environmental and species trait data.

Fitting a statistical model to community data allows for estimates of covariate
effects and their errors, prediction of community composition, and model com-
parison using test statistics. Phylogenetic generalised linear mixed models
(PGLMMs; Ives and Helmus 2011) were the first statistical models to be devel-
oped for community phylogenetics. Here, we illustrate the simplest PGLMM that
predicts community composition on the basis of phylogeny alone. Fitting more
complex models is useful and possible, but comes with a greater computational
complexity and risk of fitting models too complex to be parameterised from the
data at hand.

For n species distributed across m sites, the probability of any species being
found at a site is logistically modelled as follows:

li ¼ logit�1ðaspp þ bi þ csiteÞ ð19:2Þ

where i indexes a particular spp at a particular site, aspp is a categorical fixed effect
that accounts for variation in species prevalence across communities, and bi is a
Gaussian distributed random effect with mean 0 that accounts for phylogeny. The
covariance matrix of bi is the Kronecker product of Im and rspp

2 Vspp, where Im is
the m 9 m identity matrix and rspp

2 Vspp an estimated scalar multiplied by the
n 9 n phylogenetic covariance matrix. The resulting covariance matrix of bi is
block diagonal with rspp

2 Vspp repeated as the blocks and zeroes elsewhere. Lastly,
csite is similar to b but with ones as the blocks in its covariance matrix. Including
aspp and csite separates differences in species prevalence across communities or
community size from phylogenetic effects.

We fit the PGLMM in Eq. 19.2 to the two simulated data sets from Sect. 19.4
(depicted in Fig. 19.2b and c). Note that the estimated scalar rspp

2 gives the
strength of the phylogenetic attraction, not repulsion, and so we expected rspp

2 to
only be significant for the communities simulated with attraction. Indeed, we
identified significant phylogenetic pattern only in the attraction-simulated com-
munities (attraction rspp

2 : 0.87, 0.78–0.95 95 % CI, repulsion rspp
2 : 0.0, 0.0–0.1

95 % CI). To test for repulsion, we altered the covariance matrix of bi by replacing
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rsppVspp with rsppVspp
21 (i.e. we replaced bi with di from model III of Ives and

Helmus 2011) and fit this new model to both data sets (note the similarity with
Sect. 19.4 model). This second PGLMM only detected phylogenetic pattern in the
communities simulated under the repulsion model (attraction rspp

2 : 0.0, 0.0–0.10
95 % CI, repulsion rspp

2 : 0.96, 0.87–1.06 95 % CI). The nature of this PGLMM
and its performance detecting phylogenetic dispersion did not change, as many
metrics did in Sect. 19.4. However, these models were calculated across only the
first 50 of the communities simulated in Sect. 19.4 due to computational limita-
tions, although new algorithms may overcome this (Ho and Ané 2014).

19.6 Future Developments

Studies often use trait data to justify investigators’ assumption of niche conser-
vatism and thus map phylogenetic pattern onto ecological process (which is
contentious at best; Cavender-Bares et al. 2009). Yet if phylogeny is only a proxy
for species traits, it is unclear why a phylogenetic ‘middleman’ (Swenson 2013) is
needed when the trait data themselves are available. If we are to claim that a
perfect phylogeny reflects species’ niches better than trait data (Srivastava et al.
2012) or that phylogeny is a useful proxy for difficult to obtain functional trait data
(Mace et al. 2003), then we must directly compare the explanatory power of traits
and phylogeny. Yet phylogenetic signal in a trait does not mean phylogenetic and
trait data are in perfect agreement; even if they were (not), measurement error may
falsely indicate (dis)agreement. Recent developments, such as the traitgram
approach (Cadotte et al. 2013), allow the explanatory power of phylogeny and
traits to be partitioned and interactions between the two explored. An alternative is
to contrast the evolution of species’ traits with their present-day ecology; Cav-
ender-Bares et al. (2006) found that traits critical to habitat filtering (such as plant
height) were convergent, while traits associated with local competition (such as
leaf habit) were conserved in oak trees. Silvertown et al. (2006; also see Ackerly
et al. 2006) went a step further, categorising traits as a, b, or c depending on their
order of evolutionary divergence and relating these evolutionary dynamics to the
likelihood of species coexisting in the present.

Community phylogenetics provides an excellent framework within which to
examine the ‘problem and promise of scale dependency’ (Swenson et al. 2006),
and spatial and taxonomic scaling continues to draw interest (e.g. Cavender-Bares
et al. 2006; Kembel and Hubbell 2006). There is evidence of variation among
clades in phylogenetic structure even within well-defined groups (e.g. Parra et al.
2010) and tentative evidence of links between clade age and phylogenetic dis-
persion (Pearse et al. 2013). Variation among clades is to be expected; under a
Brownian model of trait evolution (which most metrics assume or, like PSV, are
derived under; see also Peres-Neto et al. 2012), phylogeny is a poorer predictor of
similarity for distantly related species. Advances in the modelling of species’ trait
evolution (reviewed in see also Cooper et al. 2010; Chap. 14) have provided us
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with more sophisticated models of trait evolution, which should generate different
expectations for ecological dissimilarity and so present-day phylogenetic structure.
Indeed, the mode of speciation in a clade could affect its community phylogenetic
structure today. To give a simplified example, species brought back into secondary
contact may be unlikely to coexist due to shared environmental tolerance (or gene
flow; see Fig. 5 in Cavender-Bares et al. 2009), while descendents of rapid
adaptive radiations might be sufficiently dissimilar to coexist.

19.7 Conclusion

There will never be one perfect definition of an ecological assemblage, and so
there will never be one perfect way of describing one. It is no surprise that some
express misgivings about the incursion of phylogenetic structure into ecology;
initial attempts to incorporate phylogenies into comparative analysis were met
with criticism, and many feared that implicit assumptions of the approach were
ignored (e.g. Westoby et al. 1995). Such initial scepticism is healthy—there is
always a danger that a new framework will be applied simply because it can be,
without any critical evaluation of its implications. The incorporation of phyloge-
netic structure into ecology is not without its pitfalls, but a little over a decade
since Webb et al. (2002) outlined their research paradigm we have a remarkably
mature suite of metrics and methods. Looking forward, ecologists and evolu-
tionary biologists are moving beyond describing phylogenetic structure, and
instead, testing detailed hypotheses about how that structure came to be. Species’
evolutionary history was shaped by their ecology, and it seems natural to see what
the shape of species’ evolutionary past can reveal about their ecology today.
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