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The field of community ecology asks: what are the processes rezponsible for the identity and relative
abundance of species that coocecur 1n local assemblages. and how do these vary through time? These
processes span a wide range, from ecophysiology and stress tolerance, to the infricacies of biotic
mnteractions including competition, predation. symbioses, etc. The concept of the niche has played a
central, though controversial role in community ecology. Two related 1deas have shaped the mtersection
of community ecology with phylogenetics: 1) identical species cannot coexist (the competitive exclusion
principle), and 2) related species are ecologically sumilar (niche conservatism or phylogenetic signal).
Therefore, as Darwin argued:

As species of the same genus have wually, though by ne means invariably, some similarity in
habits and consiitution, and always in structure, the struggle will generally be more severe
between species of the same genus, when they come into competition with each other, than

between species of distinct genera
(Darwin 1359)

The corollary of these two principles 1s that closely related species should co-occuor less than would be
expected (though the question of what 15 expecied requires careful consideration). Initial efforts to test
thiz hypothesz1s focused on species;genus ratios, predicted to be lower than expected mn local assemblages
(e.g., on izlands see citations in Webb et al. 2002). With the elaboration of detailed and time-calibrated
phylogenies, these questions have been reframed in terms of phyletic distance among co-occurning
Species.

Starting with Diamond (1973), the focus on the competitive exclusion principle was expanded to the more
general idea of commumity assembly, and the search for mules and regulanities in commumity strocture that
might reflect underlying ecological processes. One of the important rezults of these studies, especially 1n
plant ecology, was the renewed attention to convergence in community assembly, 1.e., that co-cccurnng
spectes may actually be phenotypically similar, reflecting similar functional requirements to survive
under shared abiotic and biotic conditions. So 1t 13 an open question for any particular trait whether co-
occurrng species Will be more similar or more different from each other than expected. These patterns
may be termed phenotypic clustering or and phenctypic evenness.

The mitial focus on niche conservatism (or high phylogenetic signal) can alzo be expanded to conszider the
full range of possibilities: traitz of relevance to community aszembly may exhibit a high degree of signal



no signal (= random), or a significantly low signal (convergent evolution). Theze different possibilities set
up the following table, relating patterns of phylogenetic signal. community azsembly and resulting
phylogenetic community structure (see Webb et al. 2002, Cavender-Bares et al. 2004):

Phylogenetic signal
Community azsembly K>=>1 K<<1
Phenotypic clostenng Phylogenetic clustering Phylogenetic evenness
Phenotypic evenness Phylogenetic evenness Random

We have dizscussed measures of phylogenetic zignal previously. Analysis of phenotypic clustering and
evenness can be conducted bazed on trait vanance and other statistics applied to the distributions of traits
among co-occurring spectes. L'wo metrics that have proven useful are tests for reduced tratt range, as a
measure of phenotypic clustering, and for reduced standard deviation of nearest neighbor distances (in
trait space), for phenotypic evenness (Kraft et al. 2008; Comwell and Ackerly 2009). Null models with
randomly aszembled communities are used as a basis to test for reduced values of these statistics, relative
to the null.

Here I will introduce two measures of phylogenetic clustering and evenness, as applied to community
ecology.

The basic data for phylogenetic community structore analysis 13 a phylogenetic tree for the species of a
regional species pool (1.e, the collective species list across a range of habitats or a large area), together
with individual species lists for smaller plots or specific habitats within the community.

1. Phylogenetic diversity (INet relatedness index, Nearest taxon index):

To determine 1f the species 1n a particular plot are more closely related than expected by chance, the mean
phvlognetic distance (MPD) 13 calculated as as the sum of the pairwise phyletic distances among all pairs
of taxa in the community:
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where d;; iz phyletic distance between taxa 1 and §, and p., p; are 0,1 for prezence/abzence of species.
Relative abundance may also be used for p; values, and the numerator alone is then known as Rao's
entropy, and 13 closely related to the Simpson diversity index uzed m ecology.

The expected value for this statiztic under a null model can the be calculated by randomly drawing
communities of the same species richness from the regional species pool, and calculating the mean MPD
across a large number of random draws. If MPDobs < MPDexp, then the observed community 1z
phyvlogenetically clustered, and conversely if MPDobs > MPDexp. Webb et al. (2002, 2008) define the
Net Relatedness Index as:



MPDobs — mn(MPDexp)

NRI=-1%

sd( MPDexp)
where mn and 3d are the mean and standard deviation of MPD values cbiained from a large number
{usually 999+) of random draws. NRI iz positive for clustered communities and negative for evenly

spread communties, and significance can be determined by ranking the observed value 1n comparizon
with the distribution of noll values.

A second measure of community phylogenetic structure 13 whether the most closely related co-occurring
species in a community 13 more or less closely related than expected. Thiz measure 1z more directly
related to the calculation of species:genus ratios, as it focuses on whether closely related species tend to
co-occur or not. It can be determined by first calculating the mean nearest neighbor diztance:
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and then comparing that to the expected distribution under a null model, to obtan the Nearest Taxon
Index:

. NNPDobs — mn(NNPDexp)
sd(NNPDexp)

NTT =-1

Again_ positive values of NTI indicate that species co-occur with more closely related species than
expected, and negative values indicate that closely related species do not co-occur.

Here I have only mentioned the simplest null model, inveolving a random draw of species from the overall

species pool. There are a vanety of more sophisticated null models, in particular ones that keep the
frequency of occurrence of species constant across an entire data set (see Gotelli and Graves 1996,

Kembel 2006).

2. Mantel test approaches

The second major class of methods to azsess phylogenetic community strocture 15 based on Mantel tests
of comrelations between distance matrices, and 13 analogous to the use of Mantel tests for assessing
phvlogenetic signal In this casze the data set would be a series of plots of communities across a landscape.
For each pair of taxa in the entire landscape, you can calculate phyletic distance (@) and a measure of co-
occurrence or overlap in distribution, such as:
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where P 13 the total number of plots in the data zet, and p. ; 1= prezence/abzence (or abundance) of species 1

in plot x_ ¢ ranges from 0O, for species that never co-occur, to 1 for species that are always found
together. A plot of ¢;; vs_ p,, then provides a measure of whether closely related species tend to co-occur




