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ABSTRACT: Because of the correlation expected between the phy- 
logenetic relatedness of two taxa and their net ecological similarity, 
a measure of the overall phylogenetic relatedness of a community of 
interacting organisms can be used to investigate the contemporary 
ecological processes that structure community composition. I de- 
scribe two indices that use the number of nodes that separate taxa 
on a phylogeny as a measure of their phylogenetic relatedness. As 
an example of the use of these indices in community analysis, I 
compared the mean observed net relatedness of trees (210 cm di- 
ameter at breast height) in each of 28 plots (each 0.16 ha) in a 
Bornean rain forest with the net relatedness expected if species were 
drawn randomly from the species pool (of the 324 species in the 28 
plots), using a supertree that I assembled from published sources. I 
found that the species in plots were more phylogenetically related 
than expected by chance, a result that was insensitive to various 
modifications to the basic methodology. I tentatively infer that var- 
iation in habitat among plots causes ecologically more similar species 
to co-occur within plots. Finally, I suggest a range of applications 
for phylogenetic relatedness measures in community analysis. 

Keywords: phylogenetic conservatism, net ecological similarity, 
supertree, tropical rain forest, taxonomic diversity. 
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lineage, we expect, in general, a positive relationship be- 
tween a measure of the phylogenetic relatedness of two 
species and a measure of their overall life-history and eco- 
logical similarity (Brooks and McLennan 1991; Harvey and 
Pagel 1991; Silvertown et al. 1997). Hence, the analysis of 
the phylogenetic structure of a community should provide 
insight into the ecological processes that organize the com- 
munity. In this article, I describe two simple, general meth- 
ods for quantifying the phylogenetic structure of local 
communities of interacting organisms (relative to a shared 
species pool) and use data from a rain forest tree com- 
munity in Borneo as an example of how this method can 
be used to address questions of community organization. 

Significant advances have been made in understanding 
the historical and biogeographic development of com- 
munities by studying the phylogeny and taxonomy of re- 
gional species assemblages (e.g., Gorman 1992; Cadle and 
Greene 1993; Losos 1996; Grandcolas 1998; Qian and 
Ricklefs 1999). The member species of these regional as- 
semblages (biotas) may come together to form local com- 
munities of interacting organisms. Any ecological inter- 
actions within these communities that cause the local 
extinction of species may in turn shape the composition 
of the regional assemblage (Richman and Price 1992). Sev- 
eral researchers have explored the taxonomic structure of 
regional assemblages, searching for evidence that local eco- 
logical interactions are important in this way. In particular, 
patterns in the "taxonomic diversity" (Simberloff 1970) of 
communities have been studied, especially of those on 
islands, comparing species-to-genera ratios to a priori ex- 
pectations (Elton 1946; Moreau 1948; Williams 1964) or 
to explicit null models (Simberloff 1970; reviewed by 
Strong 1980). The expectation has generally been that 
competition among closely related (congeneric) species 
should lead to the regional extinction of all but a few 
species in a genus, which would be reflected in lower 
species-to-genera ratios in island biota than in mainland 
biota. 

The method I describe here follows from the same eco- 
logical questions driving these analyses of species-to- 
genera ratios, but for the first time, considers a much 

The search for patterns in the species composition and 
dynamics of local communities of interacting organisms, 
and for the processes that cause pattern, has seldom em- 
ployed information about the phylogenetic relationships 
of species within those communities. Instead, species are 
usually treated as equivalent units, with independent func- 
tional traits (e.g., Diamond and Case 1986; Roughgarden 
1989; Webb and Peart 1999; Weiher and Keddy 1999; but 
see Cotgreave and Harvey 1991). However, because of the 
conservatism of many species traits in the evolution of a 
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smaller spatial scale. Local communities of potentially in- 
teracting individuals (e.g., 10l-103-m2 scale for forest trees) 
are compared within the context of a larger species pool 
(e.g., 104-106-m2 scale for trees) to assess the role of con- 
temporary ecological interactions in determining the local 
community composition. This new approach also differs 
from earlier studies of the taxonomic diversity of assem- 
blages in using an explicitly phylogenetic approach. The 
search for patterns in rank-based taxonomic structure is 
hampered by the partly subjective nature of traditional 
classification, which often represents overall similarity 
rather than the possession of shared derived characters 
and in which ranks may differ greatly in age and species 
richness among different lineages (Miles and Dunham 
1993). Now, as well-supported, cladistic, molecular phy- 
logenies are being published for many organisms (e.g., 
Sibley and Ahlquist 1990; Chase et al. 1993; Soltis et al. 
1999), we can begin to examine the explicit phylogenetic 
structure of the species in a community. 

A simple, initial way to quantify phylogenetic structure, 
having a goal in common with previous studies of taxo- 
nomic diversity, is to derive indices that estimate the over- 
all phylogenetic relatedness of a community. With this 
approach, a community consisting of many species in the 
same terminal clade (e.g., genus) would have a high index 
of net relatedness, while one consisting of species all from 
different terminal clades would have a lower index. If eco- 
logical similarity is correlated with the phylogenetic relat- 
edness of species, then this index would also reflect the 
"net ecological similarity" of species within a community. 

The expectation that related species should be more 
similar than unrelated ones is the basis of the comparative 
method in biology (Harvey and Pagel 1991) and arises 
because phylogenetic constraints to evolutionary change, 
resulting from inherited developmental pathways, can re- 
strict the range of available trait space on which selection 
can act. Selection itself may also act to prevent the niche 
of an organism diverging ("phylogenetic niche conserva- 
tism"; Lord et al. 1995). Under certain circumstances, 
where new niches are encountered (e.g., on islands) or 
where competition with an ecologically similar species is 
strong and predictable, particular ecological traits of an 
organism may change adaptively over time (Schluter 
1994), leading to a breakdown of the correlation between 
phylogenetic relatedness and ecological similarity for some 
traits in some groups of organisms (e.g., Bohning-Gaese 
and Oberrath 1999). However, even in these organisms 
we would still expect that a measure of"overall" ecological 
similarity, taking many traits into account, would be cor- 
related with phylogenetic relatedness. Indeed, speciation 
may even take place without any measurable change in 
ecological niche (Peterson et al. 1999; McPeek and Brown 
2000). Ecological traits less subject to external selection 

will also be more likely to be conserved in a lineage. An 
example of such a trait might be plant secondary chem- 
istry; polyphagous herbivore and pathogen species are 
more likely to feed on more closely related host species 
than less related ones (Futuyma and Mitter 1996), indi- 
cating conservatism in host secondary chemistry. 

Fully addressing the relationship between the phylo- 
genetic relatedness of a community and the ecological sim- 
ilarity of its species will be a large, complicated research 
program, requiring the explicit measurement of ecological 
traits for individual species. Without the full study of the 
autecology of individual species, interpreting phylogenetic 
structure in terms of ecological similarity must rely on the 
(justified) expectation of the conservatism of autecology 
during lineage evolution and, thus, must be made tenta- 
tively. However, the quantification of phylogenetic struc- 
ture described here is a fundamental first step in this 
process. 

Indices of Community Phylogenetic Relatedness 

The measure of the phylogenetic relatedness of two species 
that is most likely to be correlated with their ecological 
similarity is the age of the speciation event suffered by 
their most recent common ancestor. While this infor- 
mation is impossible to obtain directly, it might be ap- 
proximated by the base-pair difference between two spe- 
cies in a neutral gene used for molecular phylogeny. 
However, this would require every species in a community 
to be sequenced in order to obtain an estimate of com- 
munity phylogenetic similarity, which is currently infea- 
sible for large communities. There is also no guarantee 
that the rate of molecular change in any particular gene 
is the same in the widely different lineages that may form 
an ecological community, which necessitates the sequenc- 
ing of several genes for each species. Given these drawbacks 
to ideal methods, I propose a simple, but more limited, 
method that considers just the topology of a phylogeny, 
estimating relatedness by using the number of nodes be- 
tween two species on some reference phylogenetic tree. 
Since only branching topology is needed, composite phy- 
logenies ("supertrees"; Sanderson et al. 1998; Bininda- 
Emonds et al. 1999) can be used, which can be constructed 
to include all the species in a community, even if they are 
not part of a preexisting phylogeny. Such supertrees can 
be constructed from published phylogenies, attaching spe- 
cies by their orders and families to more well-resolved, 
higher-level branching structures and leaving lower nodes 
unresolved where information is not available. The recent 
publication of hypotheses of angiosperm phylogeny based 
on molecular data (Chase et al. 1993; Nyffeler 1999; Soltis 
et al. 1999) and of its order-level classification (APG 1998) 
now makes possible the construction of a reasonable hy- 
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pothesis for the phylogeny of any angiosperm plant 
community. 

There are two main limitations of the nodal-distance 
method. The first is that the measures obtained are relative, 
not absolute and can only be used to compare commu- 
nities whose species are a subset of the species in the 
reference phylogeny. This is because the number of nodes 
between two taxa is determined by the particular reference 
phylogeny used. The only way to avoid this relativity is to 
use the phylogeny of all extant plants as the reference 
phylogeny; I demonstrate a possible way to approximate 
this method (see "Sensitivity Analyses"). 

The second limitation is that the species richness of a 
clade will influence the level of relatedness of two species 
in that clade: unlike estimates of age of the most recent 
common ancestor, nodal distance is not independent of 
subsequent speciation events. This means that two species 
drawn randomly from a species-rich clade (e.g., containing 
100 species) are likely to appear less related (in nodal 
distance) than two species from a less species-rich clade 
(e.g., with 10 species), even if the ages of the most basal 
speciation event in the two clades are the same. Using 
nodal distance as a proxy for ecological dissimilarity will 
also mean that the former two species are predicted to be 
less ecologically similar than the latter pair. This expec- 
tation differs from that arising out of the simplest model 
of ecological change, in which ecological differences ac- 
cumulate as a linear function of time ("ecological Brown- 
ian motion"): we should expect similar levels of ecological 
differentiation in both hypothetical clades. However, while 
this counterintuitive tendency when using nodal distances 
as relatedness measures is a real problem for comparisons 
between pairs of species, it decreases in effect as the num- 
ber of species included in a community increases. When 
there are more species, more widely distributed over the 
whole phylogeny, we expect the influence of variation in 
the species richness of particular terminal clades to de- 
crease, and in general, species separated by more nodes 
will tend to truly share older common ancestors and be 
less ecological similar. Later, I will further examine the 
consequences of this issue for interpretation of results. 
Despite these drawbacks, this simple topological method 
is again a first step toward a more comprehensive approach 
that would include variation in branch length in estimates 
of relatedness. 

In detail, then, we can use the number of nodes (x) 
separating two taxa in a rooted phylogeny as a simple 
measure of their (un)relatedness, relative to other taxa in 
the particular sample pool (of Npool species) in which they 
occur. The net (un)relatedness of a particular community 
(of Nc species, a subset of the Npool species) is then rep- 
resented by the mean number of nodes (on the phylogeny 
of the Npool species), separating all possible [NC(Nc- 

1)]/2 pairs of the Nc taxa. To standardize this mean nodal 
distance (x) and correct its direction, we can calculate a 
net relatedness index (NRI) as 1-(i/Xmax)) where Xmax is 
the maximum value of x possible for a given number of 
taxa and a given phylogeny. The xmax may be determined 
by inspection for small communities and phylogenies or 
by recording the maximum value of xmax found during 
many reiterations of randomized drawings of Nc taxa from 
Npool, for large communities and phylogenies. Figure 1 
illustrates the calculation of this index for two commu- 
nities (A, B, C, D and A, B, E, F) drawn from a pool (A, 
B, C, D, E, F) for which we have a hypothetical phylogeny. 
This method is similar to the algorithms used to calculate 
"phylogenetic uniqueness" that aid in the evaluation of 
species and sites for conservation plans (Williams et al. 
1991; Faith 1996). 

This net relatedness index reflects the phylogenetic 
"clumpedness" of taxa over the whole pool phylogeny. We 
may also, however, wish to compare communities for the 
extent to which taxa are "locally clustered" within partic- 
ular terminal clades, irrespective of the relationship among 
those clades. This approach is similar to using species-to- 
genera ratios and is less sensitive to errors in the higher- 

Phylogeny 

^ I I ^ 
A B C D E F 

community 1: A, B, C, D 

Nodal distances: 

A B C D 

Greatest possible mean pairwise 
nodal distance for a community ol 
4 taxa (given this phylogeny) 
= 3.66 nodes (for A, B, E, F) 

Greatest possible mean nearest 
nodal distance for a community of 
4 taxa (given this phylogeny) 
= 2.00 nodes (for A, C, D, F) 

Community 2: A, B, E, F 

Nodal distances: 

A B E F 

A 1 2 4 

B 2 4 

A 

B 

E 

1 5 5 

5 5 

c 3 

Mean pairwise nodal distance = 
(1 +2+4+2+4+3)/6 
=2.66 

Net Relatedness Index = 
1 - (2.66 J 3.66) = 0.273 

Mean nearest nodal distance = 
(1 + 1 + 2 + 3) I 4 = 1.75 

Nearest Taxa Index = 
1- (1.75 / 2.0) = 0.125 

Mean pairwise nodal distance = 
(1 +5+5+5+5+1)16 
= 3.66 

Net Relatedness Index = 
1 - (3.6613.66) = 0.0 

Mean nearestnodal distance = 
(1 + 1 + 1 + 1) I4 = 1.0 

Nearest Taxa Index = 
1 - (1.012.0) = 0.5 

Figure 1: Example of the calculation of the net relatedness index and 
the phylogenetic nearest taxa index for two communities (A, B, C, D, 
and A, B, E, F) drawn from the pool of species included in a hypothetical 
phylogeny (A, B, C, D, E, F). 
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level phylogenetic structure of the species pool. We can 
thus construct a second index based on the mean of the 
nodal distance (xmin) to the closest relative in the com- 
munity for each of the Nc species, again, using the phy- 
logeny of the pool. The phylogenetic nearest taxa index 
(NTI) is then equal to 1-[Xmin/(xmin)max], where 
(xmin)max is the greatest value of xmin possible for a given 
number of taxa and a given phylogeny, determined by 
inspection or randomization (as for NRI). 

Both indices will have a value of 0 when the community 
is as spread out as possible on the pool phylogeny, with 
both x and xmin reaching theoretical maxima. The indices 
will increase as the "clumping" of community taxa on the 
pool phylogeny increases and will both reach a value of 1 
when the community contains only one species (by def- 
inition zero nodes from itself). 

An Example: Using Rain Forest Trees 

As an example of the use of these indices in the exploration 
of community structure, I applied them to a data set of 
rain forest trees at Gunung Palung (in Indonesian Bor neo). 
Rain forest tree communities have long been a focus of 
attention by ecologists, primarily due to their very high 
species diversity (e.g., 190 species of tree, >10 cm di- 
ameter at breast height [DBH], per hectare at Gunung 
Palung; Webb 1997). Hypotheses of the maintenance of 
high local species diversity can be grouped around two 
main concepts: the role of habitat partitioning, including 
partitioning of regeneration and architectural niches (Lie- 
berman et al. 1985; Hubbell and Foster 1986; Newbery et 
al. 1986, 1996; Denslow 1987; Kohyama 1994; Terborgh 
et al. 1996; Clark et al. 1998; Webb and Peart 2000) and 
the role of density-dependent herbivores and pathogens 
(Janzen 1970; Connell 1971; Antonovics and Levin 1980; 
Clark and Clark 1984; Condit et al. 1996; Webb and Peart 
1999), which are both set against a general null hypothesis 
of community drift (Hubbell 1979, 1997). In addition, 
competitive exclusion of inferior competitors may be pre- 
vented by disturbance and recruitment fluctuations 
(Chesson and Warner 1981; Chesson and Huntly 1989) 
and may be retarded by dispersal limitation (Hurtt and 
Pacala 1995; Hubbell et al. 1999; also see general review 
by Tilman and Pacala 1993). 

The demonstration of nonrandom spatial association of 
species with habitats is a necessary but not sufficient cri- 
terion in demonstrating that habitat partitioning is im- 
portant in enabling many species to coexist; habitat as- 
sociation may also be caused by dispersal limitation (Webb 
and Peart 2000). However, to be able to show that co- 
occurring species in different habitats are more ecologically 
similar than expected by chance would support the case 
that species are partitioning habitat according to their aut- 

ecology. On the other hand, if species in local communities 
were less ecologically similar than expected by chance, this 
would suggest that negative neighborhood interactions 
were causing increased mortality among ecologically sim- 
ilar species, an effect that would probably be density de- 
pendent. Such negative interactions might be due to in- 
terspecific competition (e.g., Elton 1946) but might also 
result from attack by polyphagous herbivores and path- 
ogens. Pathogens appear to be an important factor in the 
maintenance of species diversity in this Bornean forest 
(Webb and Peart 1999). Hence, by comparing the observed 
mean phylogenetic relatedness of local communities with 
expectations from a null model of random species co- 
occurrence and interpreting phylogenetic relatedness in 
terms of ecological relatedness, we may gain valuable in- 
sight into the community organization of rain forest trees. 
Tropical rain forest is a particularly suitable system with 
which to examine the role of ecological interactions in 
structuring community composition because the members 
of the community are sedentary and densely packed so 
that the potential for biotic interaction to leave a per- 
manent "signature" in community species composition is 
high. 

The data set consisted of trees (210 cm DBEI) sampled 
in 28, 0.16-ha plots (40 m x 40 m) in lowland mixed 
dipterocarp forest at the Gunung Palung National Park, 
West Kalimantan, Indonesia (Webb 1997; Webb and Peart 
1999,2000). The plots were scattered in a stratified random 
sampling design over 150 ha, on homogeneous, sandy-clay 
soils derived from granite and contained 2,862 individuals 
of 325 species in 50 families. I asked the question, Are the 
tree species in local (0.16 ha) communities more or less 
related than expected if such communities were formed 
from a random sampling of available species in the larger 
area (150 ha)? 

I used 324 species recorded in the total 4.48 ha as the 
species pool for which to assemble a supertree phylogeny 
(one of the 325 total taxa was omitted from analyses be- 
cause it could not be reliably identified to genus). I as- 
sembled a composite tree "by hand" (Sanderson et al. 
1998), using the phylogeny in the recent ordinal classifi- 
cation of angiosperms (APG 1998) as the backbone (fig. 
2). I also used published molecular studies of relationships 
within orders and families where available: for the Malvales 
(Baum et al. 1998), Dipterocarpaceae (Kamiya and Harada 
1998), and Fabaceae (Doyle et al. 1997). Species within 
genera and genera within families were left unresolved in 
the absence of sufficient molecular information. As more 
phylogenies of angiosperm groups are published, the res- 
olution of a composite tree will increase, as will the power 
of the methods described here. 

The NRI and NTI indices were calculated for the NC 
species in each local community (0.16-ha plot), using the 
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An observed value more extreme than 975 of the ran- 
domized values was used as an indicator of significance, 
equivalent to a two-tailed P value of 0.05. I implemented 
all algorithms in the C programming language, compiled 
with GNU gcc under the Linux operating system (Free 
Software Foundation 1996). 

Results 

I found that the mean NRI of all plots did not differ 
significantly from the expectation of the null hypoth- 
esis, whether whole plots were used (NRI = 0.091, 
quantile = 0.836) or when smaller subplots were used 
(112, 20 x 20-m plots or 448, 10 x 10-m plots, within 
the 40 x 40-m plots). The NTI (=0.231), however, was 
significantly greater than expected by the Ho (quantile = 
0.991), indicating that, overall, species in the 0.16-ha plots 
were more likely to be found with species separated by 
fewer nodes than expected by chance (e.g., congeners). 
This pattern in the two indices differed when only the 
small, understory trees (10-16 cm DBH) were considered 
(a class containing 50% of all individuals): the NRI was 
significantly more than expected by the null model 
(NRI = 0.137, quantile = 0.989; fig. 3A, 3B), while the NTI 
was not significantly different than expected (NTI= 
0.278, quantile = 0.940). 

We can therefore reject our Ho that species are assembled 
into local communities at random; there is evidence that 
species occur with closely related species more than we 
expect by chance. Insofar as our assumption of a corre- 
lation between phylogenetic relatedness and ecological 
similarity is correct, this finding supports the general hy- 
pothesis that habitat partitioning is important in the main- 
tenance of rain forest tree species diversity. Higher seedling 
and sapling mortality in suboptimal habitats in this forest, 
with those suboptimal habitats being more similar for 
more closely related taxa, may have created a spatial as- 
sociation among trees of closely related taxa. Species-level 
physiographic habitat association (with ridges, plateaus, or 
gullies) has been found in this forest, with seedlings being 
less associated with habitat than adults (Webb and Peart 
2000). When the NTI result is considered in the light of 
a field botanist's experience, it is perhaps not surprising 
to find phylogenetic "clumping" in different habitats: one 
notices that some genera tend to be associated with par- 
ticular habitats. However, this technique now provides rig- 
orous support for this subjective perception. 

Sensitivity Analyses 

To increase confidence in the main results presented above, 
I assessed the effect of changing the assumptions of the 
basic analysis. I tested two alternate ways to deal with 

Figure 2: Summary of the composite phylogenetic tree assembled for all 
the tree taxa in 4.48 ha of rain forest at Gunung Palung. Numbers after 
family names indicate the number genera and species within that family. 
An asterisk indicates that published sources (see text) were used to resolve 
relationships among some genera or species within the family; all other 
families were modeled as an unresolved polytomy of monophyletic gen- 
era, containing unresolved species. 

supertree phylogeny of the 324 species (Npool) as the pool. 
The mean of the index values of the 28 plots was compared 
to a distribution of similarly calculated mean values from 
1,000 runs using random plot species lists created under 
the following rules: species were shuffled randomly among 
plots (using only trees in the appropriate size class to form 
the species pool) while maintaining the same total number 
of plots in which a species occurred and the same total 
number of species within each particular plot as in the 
observed set. The main assumption implicit in this null 
model is that species have been able to disperse (possibly 
over many generations) anywhere within the 150 ha. This 
assumption is likely to be correct in this relatively small 
area without major barriers to dispersal, especially when 
the majority of species are animal dispersed (Webb 1997). 
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once, while NTI was significantly greater than expected 
five times, and for small trees (10-16 cm DBH), NRI was 
significantly greater than expected twice, while NTI was 
never significantly greater than expected. Hence, we can 
be quite confident that the lack of resolution in the original 
supertree does not influence the basic result for the NTI 
measure but must be less sure that the significance of NRI 
for small trees is not an artifact of the lack of resolution. 
A similar robustness to variation in phylogeny was also 
found by Ackerly and Reich ( 1999). 

This conclusion of robustness was also supported by a 
second method of assessing the effect of polytomies. When 
a polytomy of t taxa (or internal nodes) is fully, randomly 
resolved many times, the average nodal distance between 
any taxon (or node) and the clade root will converge on 
a value D that depends only on t; D is approximated by 
2 x ln(t)-0.85 (Aldous 1996; M. Steel, personal com- 
munication). Hence, by weighting each polytomous node 
with D, we can estimate what NRI and NTI would be for 
a fully resolved version of the supertree. I modified the 
index algorithms to weight polytomous nodes by D and 
reran the basic analyses. For all trees, NRI (=0.096, 
quantile = 0.800) was not significantly greater than ex- 
pected, but NTI was (NTI = 0.204, quantile = 0.981), and 
for small trees (10-16 cm DBH), neither NRI (=0.129, 
quantile = 0.933) nor NTI (=0.249, quantile = 0.802) dif- 
fered from expected. 

The choice of the appropriate sample of taxa to use as 
the basis for phylogenetic comparisons is a perennial prob- 
lem (e.g., Ackerly and Donoghue 1998). The current 
choice of the total of all species in the plots as the pool 
will tend to underestimate the effect of species from poorly 
sampled clades on measures of relatedness; that is, the 
inclusion in a plot of a species belonging to a high-level 
clade (e.g., order) that is represented in the species pool 
by that species alone will decrease the net relatedness less 
than the inclusion of species from a clade that has several 
species in the pool (again, a sampling problem closely 
related to the effect of variation in clade species richness; 
see the introduction to this article). While this should not 
influence the significance level when communities are 
compared within a species pool, or against a null model, 
it does contribute to the inability to compare communities 
from different species pools. 

An alternative species pool for this example, and one 
that would enable community indices to be compared out- 
side this particular rain forest region, is the entire set of 
extant angiosperms. Obviously, creating a supertree for all 
angiosperms is impossible. It is, however, possible to mod- 
ify any particular community supertree, adding additional 
branches at each node so that within the "phylogenetic 
locality" of the tree's topology the full angiosperm tree 
structure is reconstructed. For example, using the recently 
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Figure 3: A, Probability distribution of mean nodal distances between 

all possible pairs of species of tree (10-16 cm DBH) in each of 28 (0.16- 

ha) plots (used to calculate NRI; see text) and the most closely related 

taxon for each taxon in the same plots (used to calculate NTI), both 

averaged over the 28 plots. B, Difference between the observed distri- 

bution of mean nodal distances between all possible pairs of species (A, 

NRI method) and that generated by 1,000 randomized sets of plots with 

species drawn without replacement from the same pool. The NRI of the 

observed plots was greater than that of 987 of the NRI of the 

randomizations . 

polytomies in the supertree, used a different species pool 
for the supertree, and used an alternate model for the 
creation of random lists of species per plot. 

Species in more well-resolved clades will have more ef- 
fect on relatedness than species in clades that are large 
polytomies (an issue closely related to that arising from 
variation in a clade's true species richness; see the intro- 
duction to this article). I used two alternate ways to assess 
the effect of polytomies in the supertree on the main re- 
sults. First, and most simply, I randomly resolved all po- 
lytomies in the basic supertree of 324 species, using 
MacClade (Maddison and Maddison 1992) and reran the 
analyses. Out of five iterations of this procedure, I found, 
for all trees, NRI was significantly greater than expected 

* - l | | - * | 

l * l- 
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published phylogenetic classification of the angiosperms 
(APG 1998), the Malpighiales can be treated as a polytomy 
of 31 unresolved families of which nine are included in 
the forest pool considered in this study. By weighting the 
nodes of these polytomies by the expected number of 
nodes in a randomly resolved clade, as in the methodology 
described above (e.g., 6.02 nodes for the 31 Malpighiales 
taxa), the calculated nodal distance between any two taxa 
in a local community will now estimate the true nodal 
distance between those taxa on the fully resolved phylog- 
eny of all the angiosperms. 

I constructed a weighted tree of this kind, using Mab- 
berley (1997) as the source for the total number of species 
within genera, and genera within families, and APG (1998) 
as the tree backbone and as the source for the number of 
unresolved families within an order. For all trees (>10 cm 
DBH), I found that both the NRI and NTI were signifi- 
cantly greater than expected (NRI = 0.052, quantile = 
0.980; NTI = 0.205, quantile = 1.000), and for small trees 
(10-16 cm DBH), the NRI was almost significantly greater 
than expected (NRI = 0.071, quantile = 0.972; NTI = 
0.245, quantile = 0.958). These results, using an estimate 
of the full angiosperm phylogeny as the species pool, are 
similar to those from the basic method, further supporting 
the conclusion that local tree communities in this forest 
are not assembled at random. 

The third way that I assessed the sensitivity of the results 
to changes in the methods was by using an alternate ran- 
domization model. The choice of the appropriate null 
model against which observed communities should be 
compared, in order to infer the presence of structuring 
ecological forces, has always been contentious (Connor 
and Simberloff 1979; Strong 1980). The randomization 
model used in all the above tests creates random com- 
munities very similar in structure to the observed com- 
munities, by preserving the abundances of the various spe- 
cies: an abundant species that was observed in many of 
the plots in nature would also occur in the same number 
of plots in the randomization. The simplest change in the 
randomization method is to relax this requirement and 
allow all species to be either abundant or rare (or absent) 
in the randomized plots, drawing species from the pool 
with replacement. I modified the randomization algo- 
rithms in this way and reran the basic tests (i.e., species 
not resolved, nodes not weighted, supertree of 324 species). 
For all trees (>10 cm DBH), I found that only the NTI 
was significantly greater than expected (NRI = 0.095, 
quantile = 0.063; NTI = 0.229, quantile = 0.983), and for 
small trees (10-16 cm DBH), neither index was signifi- 
cantly different than expected (NRI = 0.143, quantile = 
0.854; NTI = 0.279, quantile = 0.788). 

Discussion 

The consistency of results within these various modifi- 
cations to the basic model increases confidence that the 
NTI of locally occurring trees is truly greater than expected 
by chance (although the result of greater than expected 
NRI in small trees is more equivocal). Hence, despite the 
limitations of using nodal distance as a measure of phy- 
logenetic relatedness (discussed above), this example dem- 
onstrates the potential of this simple method to extract a 
meaningful phylogenetic signal from community structure 
data. 

When the taxonomic structure of other natural com- 
munities has been examined, a similar result has been 
found: taxonomic diversity has been lower than expected 
(i.e., relatedness has been higher than expected, measured 
by higher than expected species-to-genera ratios) and has 
been attributed to the effect of the similar habitat require- 
ments and/or dispersal abilities in closely related species 
(Williams 1964; Simberloff 1970). 

The differences in the significance of the NRI and NTI 
may reflect habitat-related associations of taxa at different 
phylogenetic levels (i.e., taxonomic ranks). The higher 
than expected NTI in the full set of trees indicates the 
"clumping" of a number of taxa within clades that are 
themselves well spread out on the phylogeny of the species 
pool and, thus, giving a nonsignificant NRI. Among the 
small trees though, there appears to be less "lower-level" 
clumping (the NTI is nonsignificant), while higher clades 
are more clumped than expected (the NRI is significantly 
greater than expected). 

In interpreting the results, we must be aware of the 
potential effect of variation in clade species richness on 
node-based relatedness measures and therefore on our in- 
ferences about ecological similarity (see the introduction 
to this article). A subcommunity that has many species 
from a particularly species-rich terminal clade may appear 
less related overall than one with species mainly from a 
less species-rich clade. However, while this may be prob- 
lematic for interpreting the relatedness of pairs of species, 
or the net relatedness of single, small communities, the 
current analysis, comparing average relatedness levels of 
species-rich communities to a null model, will be less af- 
fected. First, the more species there are in a community, 
the more scattered they will tend to be over the reference 
phylogeny and the less affected net relatedness will be by 
variation in clade species richness. Second, because the 
randomized communities are drawn from the same phy- 
logeny as the observed communities, the influence of spe- 
cies-rich clades will thus be shared, and the relatedness of 
the observed set relative to the randomized set should not 
be affected. 

For a bias to be introduced in the randomization anal- 
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ysis, the average proportion of species from a clade rep- 
resented by many species in observed plots must, for some 
reason, be quite different from the overall proportion of 
those species in the species pool. For example, in the spe- 
cies pool used here, the most resolved clade represented 
by many species is that of the dipterocarp family. The 
overall observed result of higher than expected relatedness 
in local plots could have been generated spuriously if fewer 
than expected dipterocarp species occurred in observed 
plots. In fact, however, the average proportion of diptero- 
carp species in each plot was actually slightly higher than 
the overall proportion of dipterocarps in the species pool: 
for all trees, dipterocarps comprise 6.46% (21 out of 325 
species) of the pool but an average of 10.7% in observed 
plots, and for 10-16 cm DBH trees, dipterocarps comprise 
6.08% (16 out of 263 species) of the pool but an average 
of 8.4% in observed plots. While addressing only one of 
many clades, this simple check of the data structure does 
not support the idea that the overall results are spuriously 
generated. That these results were also robust to major 
changes in the resolution of the reference tree (see "Sen- 
sitivity Analyses") also indicates that they may be quite 
robust to variation in the species richness of different cla- 
des. Further work is planned to thoroughly assess this 
issue, using artificial phylogenies constructed with differ- 
ent, controlled, branching patterns and communities as- 
sembled under differing, specified rules. Additionally, an 
important goal of this research program will be to actually 
include branch length information into the analysis of 
community structure, thus voiding the problem discussed 
here. 

More generally, these methods have many other appli- 
cations in community analysis. First, the process of cre- 
ating supertrees for local communities is not difficult (es- 
pecially using the TreeBASE database; Sanderson et al. 
1993; Piel et al. 1999), and many plant communities have 
been sampled in a manner similar to that which I used. 
Hence, there are many data sets, in forest and in other 
vegetation types (e.g., fynbos, grassland), that can easily 
be analyzed in a similar fashion, allowing comparisons to 
be made along diversity gradients and among vegetation 
types. 

Second, the relatedness indices for separate plots within 
a site can be compared with other measured plot factors, 
particularly moisture, soil nutrients, and light (acknowl- 
edging the potential problems arising from variation in 
clade species richness; see above). For example, at Gunung 
Palung, per plot NTI in the basic analysis above was pos- 
itively correlated with the clay fraction (vs. sand and silt; 
Webb and Peart 2000) of soil cores (10-15 cm depth) taken 
at the center of each plot (r = 0.431, Spearman's rank cor- 
relation P- .019), indicating that drought-stressed, sandy 
plots may have communities that are less closely related 

than those on less drought-prone soils. Further investi- 
gation of this result is intended. 

Third, the incorporation of phylogenetic information 
may bring new power to the study of neighborhood in- 
teractions among sessile organisms. For example, neigh- 
borhood competition in plants has traditionally been 
framed in terms of intra- and interspecific interactions. 
However, classing neighbors in this way hides great eco- 
logical difference among species, and the effect of a neigh- 
bor on a focal individual may be correlated with the phy- 
logenetic distance between them. Hence, using nodal 
distance between a focal plant and its neighbor as a weight- 
ing factor, in addition to spatial distance and size differ- 
ence, may help explain much of the residual variation in 
focal performance (e.g., Pacala and Silander 1985). 

Finally, estimates of phylogenetic relatedness might be 
incorporated into standard community ordination and 
classification methods, by weighting the interspecies cor- 
relation coefficients by the phylogenetic relatedness of the 
two species involved. This would have the effect of in- 
creasing the clustering of sample units in eigenvector space 
where those sample units contained phylogenetically re- 
lated species, and reducing the clustering among sample 
units where those sample units contained phylogenetically 
unrelated species, thus causing the resulting ordination or 
clustering to reflect the "phylogenetic affinity" of sample 
units, as well as their simple species-level similarity. 

To conclude, most studies that have incorporated evo- 
lutionary relationships into ecology have primarily used 
phylogenies to control for phylogenetic constraints in anal- 
yses of trait evolution (the comparative method; Felsen- 
stein 1985; Harvey and Pagel 1991; Silvertown et al. 1997) 
or to deduce the historical context for the assembly of 
communities (Brooks and McLennan 1993; Cadle and 
Greene 1993; Losos 1996; McPeek and Miller 1996; Grand- 
colas 1998). One of the most powerful applications of 
better phylogenies will be to add a new dimension to the 
study of how contemporary ecological interactions influ- 
ence the species composition of communities. The meth- 
ods and findings presented here illustrate the great poten- 
tial of this approach. 
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