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We examine a hypothesized relationship between two descrip-
tions of community structure: the niche-overlap dendrogram that
describes the ecological similarities of species and the pattern of
relative abundances. Specifically, we examine the way in which
this relationship follows from the niche hierarchy model, whose
fundamental assumption is a direct connection between abun-
dances and underlying hierarchical community organization. We
test three important, although correlated, predictions of the niche
hierarchy model and show that they are upheld in a set of 11
communities (encompassing fishes, amphibians, lizards, and birds)
where both abundances and dendrograms were reported. First,
species that are highly nested in the dendrogram are on average
less abundant than species from branches less subdivided. Second,
and more significantly, more equitable community abundances are
associated with more evenly branched dendrogram structures,
whereas less equitable abundances are associated with less even
dendrograms. This relationship shows that abundance patterns
can give insight into less visible aspects of community organiza-
tion. Third, one can recover the distribution of proportional abun-
dances seen in assemblages containing two species by treating
each branch point in the dendrogram as a two-species case. This
reconstruction cannot be achieved if abundances and the dendro-
gram are unrelated and suggests a method for hierarchically
decomposing systems. To our knowledge, this is the first test of a
species abundance model based on nontrivial predictions as to the
origins and causes of abundance patterns, and not simply on the
goodness-of-fit of distributions.

A fundamental idea behind the study of patterns of species
abundance is the presumed connection between species

abundances and the functional ways in which communities are
organized. Functional organization refers to how species are
related to one another, as competitors or members of a web of
interactions. The hypothesis that readily available data on rel-
ative abundances give insight into these less visible aspects of
functional organization is not new (1, 2). For example, it is
commonly observed that disturbed biotas are dominated by very
few species and have a very different form of organization than
their undisturbed and more diverse counterparts (3–5). Despite
the importance of this fundamental connection for dialogues
about conservation and biodiversity (6), and the century of effort
that has gone into gathering data on species abundances, our
understanding of these deeper aspects of community structure,
and of how they connect to species abundances, remains poor.

Recent developments in models of species abundance have
focused on the incorporation of species’ dynamics (7) or on the
use of spatially explicit individual-based models that include
basic physiological processes (8). All of these models rely
exclusively on the goodness-of-fit between theoretical and ob-
served distributions for verification. A very interesting recent
example is the approach by Hubbell (6), which is based on the
basic processes of birth, death, migration, and speciation. It
generates a class of flexible multinomial distributions whose
various free parameters can be tuned to match some character-
istics of recent data sets (i.e., lognormal distributions with a

negative skew). Gross fits of theoretical distributions to data can
be helpful as a first step in model validation; however, they are
often not unique (especially when more free parameters are
allowed), and nearly all are post hoc. A central aspect of
Hubbell’s neutral theory (and indeed of statistical ensemble
arguments as a genre) is that all species are regarded as
equivalent: all individuals of the community have the same
probability of speciating, migrating, and dying. It is a beguilingly
simple null hypothesis for the absence of biological uniqueness
and structure. Although it can be tuned to fit the negatively
skewed lognormal, it does not reproduce the ubiquitous canon-
ical lognormal observed by Preston (9).

To our knowledge, the only species abundance model that
actually ‘‘predicted’’ negatively skewed lognormal abundance
distributions and reproduced the canonical lognormal was the
niche hierarchy model (10, 11). This model requires individual
species variation by asserting that species abundances are con-
nected to the unique functional ways in which communities are
organized (1–4, 12, 13). This structure can be summarized by
dendrograms of niche overlap. A community that is organized
along a gradient of increasing niche similarity can be sequentially
broken down into a nested hierarchy of smaller and more tightly
related species groups. Aside from heuristic convenience, there
is evidence from the formal topological structure of food webs
that tree-like dendrograms are natural descriptions of many
communities (14, 15).

The niche hierarchy model (11) posits a direct correspondence
between this particular conception of community structure and
species abundance. A physical metaphor for transforming den-
drograms into abundances is sequential breakage. We explore
this connection and report new evidence that demonstrates the
empirical correspondence between species abundance patterns
and the structure of niche-overlap dendrograms (11, 14). Our
findings have special relevance to the neutral hypothesis, because
they cannot be accounted for by existing statistical models
disregarding variation in species traits. Moreover, they are based
on nontrivial model predictions and not simply on the goodness-
of-fit of observed versus theoretical abundance distributions.

The Niche Hierarchy Model
One of the most familiar models or metaphors aimed at shedding
light on observed patterns of species abundances is MacArthur’s
‘‘broken stick’’ (1). He imagined a homogeneous resource axis
(‘‘the stick’’) simultaneously broken at random into several
pieces. Each species’ abundance is reckoned to be directly
proportional to the size of its piece. This depiction of appor-
tionment with respect to a single resource axis is the defining
assumption in essentially all so-called resource apportionment
models (13, 16, 17).

By contrast, such homogeneity is not required in the niche
hierarchy model, where the breakages are sequential (11). To
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illustrate, one can imagine a community of birds where the first
split at the base of the dendrogram divides the community into
those birds that forage primarily on the ground versus those that
forage in trees. Of those that forage in trees, this group can be
further split into those that forage along the trunk versus those
that forage in branches. The trunk feeders may be further split
into those that eat one type of surface grub versus those that eat
another subbark grub, and so on. The branch dwellers may in
turn be divided by yet other ecologically important differences
until the dendrogram is eventually resolved to the level of
individual species. Accordingly, a species’ abundance can be
thought of as a product of multiplicative factors (niche inter-
faces) that nest hierarchically and sequentially to constrain the
final abundance. The splits in the dendrogram are thought of as
describing different niche interfaces (11). The sequence of
interfaces generates a sequence of multipliers that determine
relative abundances.

This is a ‘‘niche-ordering model’’ rather than simply a model
of resource apportionment. The mechanism of sequential break-
age is simply a physical metaphor for mapping from the under-
lying dendrogram to abundances. It is a quantitative guide that
yields testable predictions about abundances and their relation-
ship to the dendrogram. The ordering is the sequence of
multipliers corresponding to branch points in the dendrogram
whose product describes the nested constraints that determine
abundances. This multiplicative ‘‘niche-ordering rule’’ has been
referred to as the ‘‘splitting or breakage sequence’’ (11).

A dendrogram provides a ‘‘partial ordering’’ of species insofar
as the resource base is heterogeneous (14). The more homog-
enous and low dimensional the resource base, the more unevenly
branched the dendrogram, leading ultimately to a perfect or-
dering (Fig. 1b). For example, if only one factor is at work in
structuring the community, then one can always produce a
perfect ordering of species: no two species are exactly alike, and
they can be ranked in perfect order with regard to the factor. By
contrast, a partial ordering describes a case where distant parts
of a dendrogram belonging to different branches may describe a
splitting sequence that involves different constraining factors
(e.g., different resources or niche interfaces) and thus are not
directly comparable. When species cannot be ordered along one
axis with respect to each other, we have a partial ordering. This
metaphorical splitting process, or niche-ordering model, ex-
presses the idea that communities do indeed ultimately assemble
themselves by such processes. Or, to put it another way, insofar
as communities can be said to evolve (remembering always that
Darwinian evolution acts on individuals, not populations, much
less communities), this ‘‘niche splitting’’ process is a plausible
one. By the same token, environmental disturbance or changes
in interactions among populations (resulting, for instance, from
invasions) can, over time, change both dendrograms and abun-
dances, although in correlated ways.

Two decisions need be made for this model to generate
relative abundances. The first decision concerns the so-called
binary apportionment rule. This is essentially the probability
density function of fractional splits (multipliers) for the two-
species case. It is the rule that determines how binary breakages
are made at each step: uniformly randomly or otherwise. Be-
cause each breakage will produce two fractions of size x and
1 2 x, this distribution is symmetric on (0, 1). Consequently, the
interval (0.5, 1) is sufficient to describe it (11). This rule was
determined empirically from known two-species cases, and the
distribution for the more abundant member of the pair was found
to be roughly triangular on the interval 0.5 to 1 with a mode
between 0.6 and 0.8. Thus on average, the dominant species is
roughly three times as abundant as the other member of the pair
(see figures 4 and 5 in ref. 11).

The second decision concerns the niche-ordering rule or
breakage sequence. This is where the connection to the den-

drogram begins. The splitting sequence determines which frag-
ment will be chosen to be further split. For example, in Tokeshi’s
(13) dominance decay model, the largest fragment is always
chosen to be further split. In contrast, the ordering rule of the
niche hierarchy model is set by the dendrogram, without refer-
ence to the size of the fragments. Each branch point in the
dendrogram defines a separate split between two species or two
groups of species (Fig. 1). Each species’ abundance is deter-
mined by a sequence of multiplicative split factors (x or 1 2 x,
where 0 , x , 1 comes from the binary apportionment rule)
tracing from the root to the terminal branch.

In the original exposition (11), a fixed ratio of 0.75, was
adopted for the apportionment rule, and the splitting sequence
was random with successive fragments to be split chosen inde-
pendently of its size. This earlier deterministic rule was used as
a surrogate (the spatial average) for the triangular distribution,
the latter being the depiction of a random binary tree, which is
the ‘‘minimal’’ assumption when the shape of the dendrogram of
niche overlap is unknown. This was the case for the data sets
examined at that time (11). It is interesting to observe that the
application of the above two decisions or rules yields distribu-
tions of species abundance that closely resemble the canonical
lognormal distribution of Preston (9). The model thus provides
a minimal biological explanation (with no post hoc fitting) for a
distribution known successfully to describe many empirical abun-
dance data (13), including an explanation for why the species

Fig. 1. Two dendrograms depicting the organization of a hypothetical four
species (s1 to s4) community. (a) A symmetrical branching structure; (b) an
asymmetric one. The sequential splitting process (a physical metaphor for the
nested ordering of niche interfaces) is shown in c and d for the dendrograms
a and b, respectively. Numbers correspond to the bifurcations in the dendro-
grams, with 1 being the root (lowest similarity). The corresponding abundance
distributions are given in e and f. Note that the abundances in f that follow
from an asymmetrical branching structure b are less equitable than in e, where
the underlying dendrogram a was more evenly branched.
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area exponent has a value of z ' 1y4 (S ' cAz) (18). Nearly a
decade later, it was found that for large data sets, the model
generates lognormal distributions with a characteristic negative
skewness, thereby allowing Nee, Harvey, and May (10) to
accurately predict the excess of rare species that they observed
in the British bird census data. This earlier work is not discussed
by Hubbell (6), who suggests the neutral theory is the only one
that generates such skewed distributions.

Although the niche hierarchy model can reproduce several
features seen in nature, these tests are based on goodness-of-fit
between observed and theoretical distributions. Goodness-of-fit
tests are certainly a valuable initial approach to test a model (19),
but they are far from definitive. Almost always, many alternative
models can be produced that yield similar fits. Such tests alone
cannot provide any guarantee that the model is correct, or even
interesting, and this problem is not new in the field of species
abundance models (20). An additional step in the validation of
a model is to test its assumptions and further implications (if
there are any). This is possible here, because the model generates
several nontrivial predictions concerning the link between spe-
cies abundances in a community and the operating dendrogram
of niche similarity. We now suggest several ways to test it that we
think provide new insight into species abundance patterns.

Methods and Results
Data Sets. The sole criterion in selecting studies to include in the
tests was that they contain both a dendrogram and an abundance
list. These are hard to find together. We found 11 such studies
from the literature, involving fishes, amphibians, lizards, and
bird communities (Table 1). Note that these studies are essen-
tially limited to communities that are taxonomically homoge-
neous. We believe a degree of homogeneity is required insofar
as the members of these communities must be linked by some
sequential or nested chain of commonality. We do not expect to
find any obvious relationship when the assemblage is excessively
heterogeneous, so that there is no fundamental common root,
i.e., when the underlying resource (niche) space is unconnected
(11). In the data sets, abundances are measured by population
biomasses, that is, by density or total abundance times body
weight, except for the lizards and amphibians, for which infor-
mation on body mass was lacking. For simplicity, we shall call
these ‘‘abundances.’’ Whether to use abundance, biomass, or
energy is potentially problematic (21). It is, however, not a
sensitive issue here, because the relationship between body
weight and energy consumption is only mildly nonlinear (22),
and because it has been found that energy and abundance
partitioning appear to be nearly equivalent processes (21, 23–26).

Finally, we note that in no case did the construction of the
dendrograms ever involve the use of abundances as a discrimi-
nation criterion, in which case the hypothesized relationship
would be tautological. Yet there are likely to be relationships
between body size and some factors used to construct the
dendrogram and between body size and population abundance
(27, 28). Nonetheless, we see no general way in which such a
degree of interdependence between the dendrogram and abun-
dance could spuriously generate our observations.

(i) Test of the Niche-Ordering Rule (Sequential Niche Fragmentation).
According to the niche hierarchy model, a species whose niche
is highly nested in a dendrogram will have a corresponding
‘‘niche fragment’’ that has been subdivided many times. This
niche fragment should be smaller on average than one that has
fewer subdivisions. Thus we should expect, on average and with
individual exceptions, to find an inverse relationship between the
abundance of a species and its position in a dendrogram (as
measured by the number of bifurcations to this species; see Fig.
2). This relationship would be unambiguous if the fractions were
always halved, but given the probabilistic divisions, it can occa-
sionally happen that fractions divided many times are sometimes
the largest. In short, we should not expect an inverse relationship
to hold in all cases, nor should we expect a statistically significant
relationship in communities with very few species. A workable

Table 1. Catalogue of the 11 data sets that provide both species abundances and a dendrogram of
niche similarity

Fig. 3
graph Taxonomic group and study site Ecological descriptors

Similarity or
distance index

Clustering
method Ref.

a Fishes, Rio Manso, Brazil Ecomorphology (15) Pearson r Ward 42
b Amphibians, tropical forests,

Mt. Kupe, Cameroon
Morphology (2) and

microhabitat use (28)
Gower similarity UPGMA 43, 44

c Lizards, tropical forests,
Mt. Kupe, Cameroon

Morphology (1) and
microhabitat use (18)

Gower similarity UPGMA 43, 44

d–g Birds, four types of Ponderosa
pine forest, U.S.

Activity, foraging
methods and sites (7)

Euclidean distance UPGMA 45

h Birds, Hubbard Brook forest, U.S. Foraging methods (27) Euclidean distance Complete link 46, 47
i Birds, mixed forest, Australia Foraging methods (25) Euclidean distance Complete link 48
j Warblers, Himalayan slopes,

Pakistan
Morphology (6) and

foraging methods (4)
Gower similarity UPGMA 44, 49

k Waterfowl, Finland Feeding methods (17) Percentage similarity UPGMA 50

Numbers in parentheses indicate the number of descriptors retained in the studies. Letters a to k refer to the graphs in Fig. 3.

Fig. 2. Dendrogram of niche similarity for the lizards inhabiting the tropical
forests of Mt. Kupe, Cameroon. n, abundance; #b, number of bifurcations
from the root to a terminal node. (a–g) Bifurcations and the corresponding
fractional abundance; for bifurcation c, fractional abundance 5 max (49 1
39,17)y(49 1 39 1 17). See Fig. 3c for the relationship between n and #b. (Top
to bottom) Species are C. montium, Chameleo pfefferi, Leptosiaphos sp.A,
Cnemaspis koehleri, L. sp.B, L. sp.C, R. spectrum, and Chameleo quadricornis.
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way to test the presumed link between abundances and dendro-
grams is to gather data from a variety of different communities
and perform a simple metaanalysis as follows. Compute the
Pearson correlation between abundances and the number of
bifurcations for each community in the ensemble. Then compute
the binomial probability of obtaining the observed number of
negative correlations, under the null hypothesis that negative
and positive values are equally likely. Although few of the
individual correlations are significant (Fig. 3), as expected, we
find a predominance of negative relationships between abun-
dance and number of bifurcations in the niche overlap dendro-
gram. Only one correlation is positive, which yields a significant
binomial probability of 0.012 for the ensemble.

(ii) Test of Evenness–Shape Correlation. Here we test the predicted
positive correspondence between equitability in abundances and
symmetry in the shape of the dendrogram. We measure evenness
in abundances by the probability of interspecific encounter (29), an
unbiased estimator. The symmetry of the dendrogram was mea-
sured by the shape statistic r derived by Siegel and Sugihara (30):

r 5 E~N1 1 N1N2 2 N1
2!,

with N1 the number of edges (branches) from terminal node n1
to the nearest common ancestor of terminal nodes n1 and n2 (e.g.,
in Fig. 2, for n1 5 Chameleo montium and n2 5 Rampholeon
spectrum, N1 5 4 and N2 5 1). This index was then normalized
by the range between the minimum and maximum value of r for
the given number of species; this standardized index (rst) equals
0 for perfect ordering as in Fig. 1b and 1 for the most symmetric
dendrogram as in Fig. 1a.

Fig. 4 presents the relationship between the shape of the
dendrogram and the evenness of the abundance distribution. As
predicted, communities with asymmetrical dendrograms have
abundance distributions more uneven than those exhibiting
symmetrical structure. The observed relationship between the

shape of the dendrogram (rst) and evenness (probability of
interspecific encounter) yields a correlation coefficient r 5 0.88,
with P , 0.001. This relationship remains significant after
controlling for the effect of species richness (S) on evenness
(partial r 5 0.82, P 5 0.004). In sum, predictions of the niche
hierarchy model due to niche ordering (sequential niche frag-
mentation) are upheld. Abundances can give insight into less
visible aspects of community organization.

(iii) Recovering the Binary Apportionment Rule. Sugihara (11)
looked at assemblages containing two closely related species.

Fig. 3. Relationship between species abundance and the number of bifurcations in the dendrogram of niche overlap. See Table 1 for summary. Pearson’s
correlations are given; * denotes an individual P value significant at the 0.01 level. All correlations are negative except for h. The binomial null hypothesis for
the ensemble is rejected with a probability of 0.012. There is a significant negative correlation between a species’ abundance and how highly nested it is in the
dendrogram, suggesting that species with many niche interfaces are generally less abundant than those with fewer.

Fig. 4. Relationship between the shape of the dendrogram and the evenness
of the abundance distribution for the 11 studies of Table 1. As predicted by the
niche hierarchy model, asymmetric dendrograms have lower evenness than
symmetric ones (Pearson correlation r 5 0.88, P , 0.001). Thus abundances can
give insight into less visible aspects of community organization.

 

0 
100 
200 
300 

400 

500 

2 3 4 5 6 7 0 

200 

400 

600 

800 

0 2 4 6 8 10 
0

50

100

150

200

250

0 1 2 3 4 5
0 

100 

200 

300 

400 

1 2 3 4 5 6 7

0 

100 

200 

300 

400 

1 2 3 4 5 6 7
0 

200 

400 

600 

2 3 4 5 6 7

0 

2000 

4000 

6000 

8000 

1 3 5 7 9 

0

100

200

300

400

1 2 3 4 5 6

0

20

40

60

2 3 4 51 2 3 4 5 6
0 

200 

400 

600 

800 

Number of bifurcations in dendrogram 

Ab
un

da
nc

e 
a r = -0.13 b r = -0.56* c r = -0.60 d r = -0.25

f r = -0.37 h r = 0.37

i r = -0.59* 

g r = -0.23

k r = -0.16j r = - 0.21

e r = -0.18 

0 

100 

200 

300 

400 

1 2 3 4 5 6 

 

0.7 

0.8 

0.9 

Shape of dendrogram

E
ve

nn
es

s 
of

  
ab

un
da

nc
e 

di
st

rib
ut

io
n  

0.5 0.6 0.7 0.8 0.9 1

 

4



These data revealed a triangular frequency distribution that was
consistent with random breakages involving multiple factors
where the dominant species gets the larger share of each factor.
As noted earlier (11), the latter assumption is not likely to be
valid for assemblages containing many species: there will be
breakages where the species that gets the larger fraction on some
dimensions will get the smaller fraction on other dimensions.
The resulting binary apportionment distribution will be expected
to have a mode shifted to the left (e.g., right-skewed triangular).
If indeed there is a correspondence between the dendrogram
and associated abundances, one should be able to recover this
binary breakage rule by working backwards from the dendro-
gram as follows. Treat each bifurcation point of a dendrogram
as an aggregated two-species case. For each branch point, add up
the abundances of all species in each limb and compute the
fractional abundance of the greater limb (see Fig. 2 for a worked
example). The frequency distribution of these fractions regen-
erates the binary apportionment rule. The distribution of frac-
tional abundances for the 11 studies pooled is shown in Fig. 5. As
expected, it is right-skewed triangular with a mode in the interval
0.6–0.7. Similar-shaped distributions with a mode in the interval
0.6–0.7 are obtained for terminal and deeper branches; however,
the significance of this distribution for deep branches is ques-
tionable, because sample size decreases as a power of 2 with each
deeper split. It seems plausible that these deeper splits may have
a more uniform or random distribution.

To determine the statistical significance of this result, we use
a conservative permutation test, where the known set of abun-
dances is randomly shuffled in the known dendrogram. For each
permutation, we compute the binary apportionment rule (see
Fig. 5), which is repeated for 2,000 permutations to yield the
expected null distribution for a given community. Because the
number of species in an examined community is often too small
to allow for a meaningful computation of x2, we pool the
fractional abundances of all communities to generate the en-
semble observed frequency distribution. The permuted distri-
bution was similarly obtained by pooling the simulations for all
communities. This exercise shows that the derived breakage
distribution in Fig. 5 differs significantly from distributions
obtained by reshuffling the abundances in the known dendro-
grams (randomization test, P 5 0.005).

Interestingly, the binary apportionment rule derived here (Fig.
5) is right-skewed triangular with a mode close to 0.66, whereas
a mode at 0.75 was found for replicate two-species assemblages
(11). As noted by Siegel and Sugihara (30), a triangular distri-

bution with a mode at 0.75 does not generate canonical lognor-
mal distributions as closely as does a skewed-triangular distri-
bution with a mode at 0.66 [in fact, there is a broad family of
distributions that will generate canonicity (30)]. This discussion
is interesting but somewhat peripheral in the present context.
What is important to keep in mind concerning our empirically
deduced apportionment rule is that it cannot be generated by
randomly shuffling the observed abundances in the dendrogram.
Moreover, the shape of this distribution may shed light on hidden
aspects of resource sharing (see figure 5 in ref. 11).

Discussion
Our study demonstrates a link between two classical notions of
community organization: species abundance and dendrograms
of niche similarity. By linking community organization and
dendrograms of niche similarity, the niche hierarchy model
provides a framework for understanding the effects of ecological
factors on abundance distributions.

In this vein, one may ask what the extremes in dendrogram
branching patterns (symmetrical versus asymmetrical) may rep-
resent? One can expect to find an asymmetric branching pattern
where a single ecological factor dominates and a more even
branching pattern where multiple factors are important (14). For
example, if colonization precedence is the single dominating
variable structuring a community, then it is possible to generate
a perfect ordering among the species corresponding to who gets
there first. On the other hand, if other independent ecological
factors come into play, then it may no longer be possible to
generate a perfect ordering for the community. The result would
be a more evenly branched portrait of niche relationships. The
model thus predicts that the abundance distributions of com-
munities influenced by a single strong and dominating ecological
factor will be disequitable (similar to the geometric series),
whereas those governed by multiple unrelated factors will have
more equitable distributions (like the lognormal or the broken
stick). This prediction is clearly amenable to experimental tests
(31). Ruth Patrick’s nutrient enrichment studies involving dia-
toms (2) and the Rothamstead Parkgrass experiments are among
the best-documented examples of a decrease in evenness in
species abundance distribution after a perturbation (32, 33).
However, it is unknown in either case whether dendrograms of
niche similarity became more asymmetric with this shift toward
uneven abundances. This is fertile ground for future study.

We believe that the generality and interest of these findings is
reinforced by the diversity of communities where they are found;
however, as always, more data would be welcome. In this regard,
we see the standardization of methods as being an important
consideration for future work. Finding the correct niche overlap
dendrogram is important for practical and methodological rea-
sons. It is well known that different clustering methods can yield
dendrograms of different shapes (34). In this regard, we advocate
the use of ‘‘intermediate’’ methods such as Ward’s minimal
variance, UnweightedPair Group Method with Arithmetic Mean
(UPGMA), or intermediate linkage as being preferable to those
distorting the Euclidean space, such as the complete linkage or
the single linkage method. A more difficult aspect is the choice
of adequate ecological descriptors of the species to compute
niche overlap (35). One wants the relevant dendrogram oper-
ating at a given time. Although it is customary to regard
communities as being organized around trophic resources, there
is nothing in the niche hierarchy argument that excludes any
other factor. Thus, ‘‘enemy free space’’ may be an important
factor structuring the community (36). The factors may be
transient, with a different dendrogram early in succession than
later. It is this abstract space that the model assumes is sequen-
tially partitioned. Space itself is often used as a surrogate for
limiting resources (6). In this vein, habitat itself could be split
(37), and microhabitat use is a widespread descriptor of the niche

Fig. 5. Binary apportionment rule: frequency distribution of pair-wise
fractional abundances of all bifurcations of the 11 data sets. Shaded bars,
observed distributions; open bars, null distribution obtained by randomly
shuffling the observed abundances in the observed dendrograms. Ob-
served distributions differ significantly from their randomized counterpart
(P 5 0.005).
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(38, 39). In sum, the choice of an adequate set of descriptors is
not trivial and may affect the perceived organization of the
community. In an ideal world, all of these problems call for
standardization in future metaanalysis.

Finally, it is worth noting that this model has empirical
connections with topological regularities found in food webs,
namely the excess of interval food webs (40), the prevalence of
rigid circuits in niche overlap graphs (38), and the topological
unholiness of simplicial niche space (14). These regularities
support the formal mathematical result that underlying tree
structures (hierarchies) follow naturally from the overlying
topology (14). Moreover, they give rise to a simple necessary and
sufficient assembly rule: new species entering the community
tend to compete predominantly within single guilds (15, 41). As
an example, with a bird community composed of two feeding
guilds, one of seed eaters and one of insectivores, a newcomer
would in general be less likely to enter if it consumes both kinds
of food. This simple rule generates hierarchical structures that
can be captured by dendrograms of niche similarity, which in
turn provide the recipes for sequentially decomposing commu-
nities into simpler parts.

We note that this model is not limited to producing canon-
ical lognormal distributions (11). It can produce a wide range

of distributions depending on the underlying organization of
the community. In Hubbell’s terminology, the niche-ordering
paradigm places this model in the ‘‘niche-assembly’’ camp (6).
By contrast, Hubbell’s neutral theory (6) takes the ‘‘dispersal-
assembly’’ perspective. Although the mechanisms in niche
ordering and dispersal may appear different and are poten-
tially operating on very different time scales, the models are
not mutually exclusive. It is possible that the most constructive
view is to see real communities as being constrained by both
niche-ordering and dispersal-assembly dynamics, with each
providing a model that caricatures the governing forces.
Nonetheless, the power of any model is measured by the insight
it provides and the richness of the predictions it makes (with
minimal parameter tuning), and these predictions should be
verifiable.
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