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The regional community concept embraces the idea that species
interactions across large areas shape both the geographic/ecolog-
ical distributions and the local abundances of populations. Within
this framework, I analyzed the distribution and abundance of 79
species of land birds across 142 ca. 10-ha census plots from stan-
dardized breeding bird censuses in deciduous and mixed forests of
eastern North America. To characterize the regional ecological
space, plots were ordinated on the basis of species abundances.
Within the regional community defined by these synthetic axes,
the distribution and abundance of individual species did not ap-
pear to be shaped by competition or to reflect the adaptations of
individuals: (i) local abundance and population extent across the
ordination axes were unrelated, (ii) pairwise correlation coeffi-
cients of species abundances were centered on 0, (iii) average
species distribution and abundance were independent of the num-
ber of close relatives, and (iv) distribution and abundance ex-
hibited no evolutionary (phylogenetic) conservatism. To explain
these seemingly random patterns, I speculate that species are ap-
proximately evenly matched competitors over much of the region
and that their distributions and relative abundances are deter-
mined by the labile coevolutionary outcomes of interactions with
specialized pathogens. Thus, despite the appearance that random
processes determine patterns in the distribution and abundance of
populations in the regional community, it is plausible that species-
specific deterministic interactions are responsible. Although compe-
tition is a dominant force in ecological communities, variation in the
distribution and abundance of individual species might instead re-
flect the outcome of interactions with specialized antagonists, in-
cluding pathogens.
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Biological communities comprise large numbers of potentially
interacting species. Although ecologists broadly embrace this

concept of community (1, 2), they are not agreed on the integrity
of communities as ecological entities or the scale on which com-
munities can be perceived (3). Interactions between populations
in local assemblages are evident through natural (4, 5) and ex-
perimental (2, 6) manipulations, but dispersal of individuals
across space also connects and integrates assemblage dynamics
within the larger region. The local presence and relative abun-
dance of species integrate processes of evolutionary diversi-
fication and ecological interaction operating at large spatial and
temporal scales (7). Accordingly, ecological communities make
sense only as regional entities. Nonetheless, factors that influence
the numbers and distributions of species within the regional
community are poorly understood.
The distribution and abundance of a species have two com-

ponents (8). The individual component reflects adaptations to
use substrates and exploit resources within the individual’s ac-
tivity space, which is also influenced by its tolerance of physical
conditions (1, 9, 10). The population component reflects the
changing balance of births and deaths over space as they are
affected by regional conditions and interacting populations (11).
The individual (primarily within-habitat) component tends to be
evolutionarily conservative—for example, most warblers glean

insects from foliage and most woodpeckers scale bark and exca-
vate wood to find their prey. In contrast, the population compo-
nent is highly labile (8, 12), being influenced by small changes in
the balance of births and deaths.
In this essay, I argue that although resources limit populations,

making competition a potent force, the distribution and abun-
dance of a particular species are also influenced by coevolved
interactions with specialized antagonists, plausibly pathogens.
The idiosyncratic and evolutionarily dynamic nature of host–
pathogen interactions creates the appearance of randomness in
community organization, which has largely defeated attempts by
ecologists to relate distribution and abundance to species char-
acteristics (13, 14). I explore this paradox further here: a) I begin
by describing a regional community of forest birds in eastern
North America, for which population densities of individual
species are available for a sample of local forest plots. b) I use an
ordination based on species abundances to place the plots in
a multidimensional space reflecting axes of variation that are
meaningful to bird populations, i.e., taking a bird’s-eye view of the
ecological space. Both species richness and total density on the
plots are strongly related to plot positions on the ordination axes,
suggesting regulation of overall community attributes. c) Within
the regional community, population density and distribution vary
independently among species and, lacking phylogenetic signal,
these traits appear to be evolutionarily labile. d) This evidence of
species-level idiosyncrasy is reinforced by the absence of negative
pairwise correlations among local species abundances, which
could be expected from competitive interactions among ecologi-
cally similar species. e) Finally, lacking evidence for strong com-
petitive structuring, I speculate that distribution and abundance
of species within the regional community reflect evolutionarily
labile interactions between populations and pathogens or other
antagonists.

Results and Discussion
Regional Community. Although the concept of the regional com-
munity is straightforward, working with its structure and dy-
namics is challenging because the spatial scale is large, regions
are not integral ecological entities (their boundaries are poorly
defined), and species distributions are complex and only partially
overlapping. How can one comprehend the regional community?
Consider that populations are the core entities of ecological
communities and that their interactions extend over their spatial
extent. It follows that regional distributions of populations should
provide insight into the organization of the regional community.
With this in mind, I characterize attributes of the distributions of
forest birds in eastern North America. Analysis of these dis-
tributions suggests that the component populations of the re-
gional community are individually and independently dynamic
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over periods that are short relative to the time for species for-
mation and extinction. Moreover, I show that ecological and
geographic distributions are independent of local abundance,
both of which vary without regard to the number of species in an
evolutionary clade and hence the number of ecologically similar
species that are likely to be close competitors (15). Owing to the
complexity of interactions influencing each species, the internal
structure of the regional community appears deceptively random.
Indeed, species give the impression of being relatively evenly
matched as competitors over much of the regional community
landscape, with their distributions and abundances appearing to
reflect stochastic processes (16).

Eastern North American Forest Birds. The pertinent “region” in this
analysis corresponds to the extent of broad-leaved and mixed
forest in eastern North America (17), within which few natural
barriers impede the movement of birds and the distributions of
their populations. The 142 local assemblages included 79 species
of birds that are typical of forested habitats in the region (SI Text
S1). Bird distributions reflect variations in physical conditions of
the environment, including climate, but also variations in habitat
structure, including openness of the forest canopy, shrub layer
density, presence of standing water, and the mix of broad-leaved
and needle-leaved trees (18). I realized this multidimensional
nature of the regional community using a Bray–Curtis (BC) or-
dination (19) of the forest census sites based on the distributions
of the bird species among them (SI Text S2). Ordination extracts
synthetic axes of plot and species distribution while preserving
pairwise dissimilarity between plots as distance in the ordination
space. Except for the first BC axis, which represents a north–
south gradient, the remaining ordination axes were only mod-
estly related to climate variables (SI Text S3).

Summary Attributes of Local Assemblages. Two assemblage-level
(i.e., local census) characteristics—the number of species of birds
and their summed population densities at each census site—were
strongly correlated with the position of the site within the ordi-
nated regional community space. As one would expect from
sampling effects, the logarithm of the number of species was re-
lated to the logarithm of the total number of bird territories per
site with a slope of 0.34 ± 0.03 SE, explaining 27% of the variance.
Additional statistical association with BC axes 4 and 6 increased
the explained variance in the number of species to 73%. Likewise,
78% of the variance in the overall density of territories (pairs per
hectare) was explained by the BC ordination axes, with large
contributions (P < 0.0001) from BC axes 1, 2, 3, 6, and 7, and
a contribution of <2% from the log-transformed number of
species (P = 0.002). Similar analyses relating log-transformed
species richness and population density to climate variables
explained only 49% and 22% of the variance, respectively (SI Text
S4), emphasizing that bird species sort themselves more by hab-
itat structure than by physical (climate) conditions of the envi-
ronment. The strong relationship between total numbers of birds
and the ordination axes additionally implies regulation of total
population density independently of the composition of the
community. Density dependence in local populations is further
indicated by the generally lower variance in population size over
years compared with the mean (SI Text S5).

Local Density and Regional Distribution of Populations.Although the
species richness and average total density of the bird assemblages
varied systematically over the ordination space, the average local
density of any particular bird species was independent of the
breadth of its distribution on any ordination axis. Distributional
breadth can be characterized by the SD of a species’ occurrence in
local counts over each of the nine ordination axes. Surprisingly,
neither the total number of individual territories of each species
reported over the 142 census sites (F18,60 = 1.55, P=0.10) nor the

average density of each species in occupied censuses (F18,60 =
1.33, P= 0.20) was related to the mean position or the breadth of
the species distribution on nine ordination axes.
The local abundance of each species is presumably related

to its local resource base. If local abundance of resources were
positively related across localities, one would expect locally
abundant species to be widely distributed (20), as often appears
in regional analyses at coarse scales (21). However, the average
density of each species within local sites and the number of sites
occupied were unrelated among species of forest birds in eastern
North America (Fig. 1), further emphasizing the apparent in-
dependence of populations from the distribution of particular
resources. Moreover, neither distribution (P = 0.33) nor local
abundance (P = 0.67) varied significantly among 20 ecologically
defined groups (SI Text S7).

Evolutionary Lability of Population Attributes.None of the variables
used to describe the occupation of community space by in-
dividual species exhibited phylogenetic conservatism. Each var-
iable was subjected to a nested analysis of variance with respect
to the taxonomic levels superfamily, family, genus, and species
(the latter representing the residual or error variance) (SI Text
S5). In not a single case did the means or SDs of the ordination
axis scores have significant variance components at any level
above species within genus, for which the species-level variance
was 75.6–100% (means) and 70.2–100% (SDs) of the total, re-
spectively. This was also true of the number of sites occupied
(82.1%), the total abundance of each species over the entire
region (99.4%), and the average density at occupied census sites
(91.7%). Thus, the distributions of species within the regional
community appear evolutionarily labile within the time duration
of individual species, emphasizing the dynamic nature of the
regional community (12–14, 22). In contrast, the principal
components scores of species based on morphological meas-
urements exhibited significant variation above the species-within-
genus level (42–95%), as one would expect of evolutionarily
conservative traits (SI Text S5).

Competition Within the Regional Community. Bird populations are
limited largely by resources (23). Accordingly, competition—
particularly between evolutionarily closely related species—
should impact the abundances and local population densities of
individual species. Seeking evidence of competitive effects, I
calculated pairwise Spearman rank correlation coefficients (rS)
between the average densities of all 79 species over the 142 census
sites (SI Text S6). If species interactions strongly influenced spe-
cies population sizes, one could expect the distribution of corre-
lation coefficients to be skewed toward negative values,
particularly among species with similar resource requirements.
Alternatively, both positive and negative correlations could result

Fig. 1. Mean local abundance is unrelated to number of census sites
occupied (F1,77 = 0.6, P = 0.45).
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from similarities and differences in habitat preferences of bird
species across census sites, even in the absence of direct com-
petitive interactions.
Over all 79 species (3,081 pairwise comparisons), rS was cen-

tered close to 0 (0.034 ± 0.232 SD) (Table 1). Randomly shuffling
local densities among species within sites or over the entire data
matrix resulted in mean rS close to 0, with SDs of 0.082 and 0.086,
respectively. Among fully randomized data, 95% of observations
would lie between −0.167 and 0.167 (24). Of the observed cor-
relations, 27% were more positive and 19% were more negative
than these boundaries. Thus, birds are not distributed randomly
with respect to each other over the regional community, but the
slight predominance of positive correlations suggests that asso-
ciations between species more likely derive from similar and
dissimilar habitat preferences than from pairwise competitive
interactions. The distributions of rS values within smaller groups
of species having similar resource requirements [warblers (Par-
ulidae), vireos (Vireonidae)], woodpeckers (Picidae), and fly-
catchers (Tyrannidae)] were also centered on 0 (−0.002–0.088)
and had SDs similar to the complete sample (0.17–0.24) (Table
1). A more telling result is that the 140 pairwise comparisons
between warblers and woodpeckers, which have little in common
with respect to resource requirements, nonetheless exhibit a sim-
ilar distribution of rank correlations (rS = −0.010 ± 0.215). Be-
cause the correlations within and between taxonomic groups of
species do not differ from the correlations in the whole set,
pairwise species competition does not appear to influence dis-
tribution and abundance.

Independence of Population Attributes and Clade Size. If species
interactions influenced the abundance of species locally, one
might expect species in larger evolutionary clades to divide
resources more finely, leading to reduced abundance locally and/
or globally. I assigned species in the analysis into 20 monophyletic
taxonomic/ecological groups, within which body size, foraging
behavior, diet, and other ecological variables are uniform com-
pared with their distributions among all of the species (SI Text
S7). The largest groups were warblers (22 species), finches (10
species), woodpeckers (7 species), and vireos, thrushes, and fly-
catchers (5 species each); 7 of the groups were represented by
single species. Unexpectedly, neither the number of sites occu-
pied by each species (F19,59 = 1.15, P = 0.33) nor the mean
density of each species in occupied sites (F19,59 = 0.82, P = 0.67)
varied significantly among groups.
These population traits also were not negatively related to the

number of species per group, as could have been expected on the
basis of competition and evolutionary conservatism of resource
use; local density was weakly related to the number of species but
the relationship was positive (Fig. 2). The independence of local

density per species and the number of species per group could
reflect a relationship between group size and resource abun-
dance, but data are not available to test this hypothesis. Alter-
natively, larger groups might use a broader spectrum of the
available local resources. To the extent that morphology reflects
variation in foraging substrates and movements, as well as vari-
ation in prey types (25), larger groups might exhibit greater
variation in morphology (26). In fact, however, the relationship
between the SDs of species positions on the eight morphological
principal components and the logarithm of the number of species
per group was insignificant (P > 0.05, R2 < 0.2) for all but
principal component (PC) 5 (1.6% of the total morphological
variance), which represented the trait combination tarsus length ×
bill width/bill depth (F1,11 = 8.0, P= 0.017, R2 = 0.42). Thus, the
morphological space occupied by each of the clades bore little
relationship to clade size.

Conclusions
Analyses of the structure of the regional community led to the
following conclusions:

i) Variation in local species richness and number of individ-
uals is strongly related to ordination scores based on the
distribution of species among sites, suggesting that local
attributes of the environment constrain the combined abun-
dance of local bird populations. Over the range of environ-
ments considered in this analysis, climate variables predict
combined abundances in local assemblages less well than
ordination axes based on species distributions, emphasizing
the contribution of locally variable forest structure to hab-
itat quality for bird populations.

Table 1. Pairwise Spearman’s rank correlation statistics
between the densities over 142 census sites for the complete
species set and several subsets of species

Species N Average SD

All species 79 3,081 0.0334 0.232
Row shuffled (randomized) 79 3,081 0.0244 0.082
Fully shuffled (randomized) 79 3,081 −0.0014 0.086
Warblers 20 190 0.0654 0.201
Vireos 5 10 −0.002 0.241
Woodpeckers 7 42 0.088 0.213
Flycatchers 5 10 0.006 0.174
Woodpeckers × warblers 7 × 20 140 −0.010 0.215

N refers to the number of pairwise comparisons among species used to
calculate the observed average correlation and the SD of the distribution of
correlations.

Fig. 2. Distribution and local density of species as a function of the number
of species in 20 taxonomically and ecologically defined groups of birds.
Number of sites per species is independent of number of species per group
(F1,18 = 0.1, P = 0.75); local density per species increased with the size of the
ecological group (F1,18 = 5.8, P = 0.027, R2 = 0.24; slope 0.099 ± 0.041 SE pairs
per hectare per log10-transformed number of species).
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ii) Local abundance and regional distribution of populations
are largely uncoupled (Fig. 1). Although several analyses
have shown positive correlations between range size and
local abundance, most of these cases have involved ecolog-
ically varied regions and coarse spatial scales (21, 27, 28),
potentially confounding local abundance, distribution, and
environmental heterogeneity.

iii) Local abundance and geographic distribution are unrelated
to number of presumed close competitors (i.e., close rela-
tives) (Fig. 2), as shown also with respect to regional distri-
bution, habitat distribution, and local abundance in South
American passerine birds (29) and with respect to the abun-
dance of tree species on Barro Colorado Island, Panama
(8). Accordingly, competition cannot account for variation
in the distribution and abundance of species within the
regional community.

iv) Evidence of pairwise competitive effects among popula-
tions across the region is lacking. Correlation coefficients
are centered close to 0 (Table 1), and significantly positive
and negative values would appear to represent similar or
different habitat preferences among species rather than
the outcome of species interactions.

v) The relative abundance of species over the whole region
corresponds closely to the expectation of a homogeneous
random birth–death process (SI Text S8). Accordingly, one
could not reject a neutral model of population dynamics
within the region (16). To the extent that the population
of a species is a cohesive entity, the relevant dynamics are
regional rather than local, forwhich the summedpopulation
over the whole region is the appropriate unit of comparison.

vi) Local abundance and ecological distribution exhibit little
indication of phylogenetic conservatism (8, 12), suggesting
that population characteristics are labile over time spans
within the durations of individual species (30, 31).

Ecologists have traditionally conceptualized local biological
communities in terms of strong interactions between ecologically
specialized species, with deterministic outcomes (e.g., refs. 15
and 32–34). The absence of several expected patterns in the dis-
tribution and abundance of species and clades within the regional
community challenges this concept. The picture of the regional
community that emerges from the analysis of forest birds of
eastern North America seems closer to the zero-sum ecological
drift model of Hubbell (16), without strong ecological distinction
between species across environmental gradients or evolutionary
conservatism in their regional distributions. Of course, the pattern
at the community level, particularly regarding species abundance
distributions and species–area relationships, often provides little
insight into the underlying community processes (35).

Rationalizing the Regional Community. How can we reconcile the
contrasting viewpoints of ecological determinism and ecological
indifference in the distribution and abundance of species (36)?
The combined densities of local populations appear to be con-
strained by the availability of resources. For example, in island
compared with continental avifaunas, lower species richness is
compensated by higher individual population densities (4, 5, 37).
Decades of experimentation in ecology, including “natural ex-
periments” involving ecological release on islands, have further
demonstrated the strength of interspecific competition in limiting
populations (38–40). In the present analysis, we see this resource
dependence in the strong correlation between the summed den-
sities of breeding birds and the positions of census sites on the
ordination axes, reflecting both physical conditions of the envi-
ronment and structure of the habitat.
At the species level, however, the regional community of forest

birds in eastern North America shows little evidence of structuring
by competition; abundance and distribution appear unrelated to

ecological adaptations of species in that these population param-
eters do not exhibit evolutionary conservatism. Negative correla-
tions between the local population densities of potentially
competing species are not evident in pairwise comparisons. The
similar distributions of correlation coefficients between pairs of
ecologically related and ecologically distant species suggest that
significant negative and positive correlations reflect the outcome
of different or similar habitat selection and range distribution
with respect to major climate and habitat-structure gradients. Al-
though individuals of the same and different species “compete” for
resources, in the sense that resource use reduces availability (33),
interspecific competitors might be so closely matched, and their
effects spread so diffusely through the regional community, that
competition between species is a weak force in establishing species
abundances and setting boundaries to species distributions.
What is the regional community? How is the regional com-

munity organized? What factors influence the structure of the
regional community? To the degree that the dispersal of indi-
viduals integrates a population over space and time, populations
should be considered as the basic units of ecological communities.
To the extent that geographic or habitat boundaries circumscribe
the distributions of a set of species, as in the case of the forest birds
of eastern North America, natural boundaries can define a re-
gional community within which ecologically similar species in-
teract and influence each others’ distribution and abundance. The
regional community is not a discrete entity, but might be conve-
niently bounded in such a way that it functions as a relatively self-
contained unit and can be comprehended as an integrated whole.

Proposal for the Regional Community. I suggest that the apparent
indeterminism of population properties within the regional com-
munity follows from three underlying principles: (i) Species are
approximately equivalent in competitive ability over large por-
tions of the region; (ii) small differences in the demography of a
population can cause large changes in abundance and distribu-
tion; and (iii) population processes are influenced by highly species-
specific influences in the environment, for which specialized patho-
gens are potential candidates, leading to idiosyncratic outcomes.
Proposition (i). Species are approximately equally competent com-
petitors, at least within the relatively homogeneous forests of
eastern North America. Most ecological groups contain some
species that are distributed throughout most of the region, in-
dicating that a particular ecological type can persist in most of the
census sites that contribute to the present analysis. Moreover, all
of themajor ecological types of species occur at all of the sites, and
individual species have persisted over hundreds of thousands or
millions of years, likely within their present habitat types. The fact
that closely related species can exhibit any combination of low to
high local abundance and narrow to broad ecological distribution
within the region suggests that the properties of populations
within the regional community do not reflect conservative adap-
tations associated with particular foraging substrate types, forag-
ing movements, or prey items, i.e., the traditional concept of the
ecological niche of an individual (34, 41, 42).
Proposition (ii). Small differences in demography translate into
large variation in distribution and abundance. When species are
approximately equal competitors across large expansesof ecological
space, small changes in population productivity can produce large
changes in the geographic and ecological extent of a population.
Along a single dimension of ecological space, such a dynamicmight
lead to frequent extinction and the long-term coexistence of rela-
tively few species (32). However, in regional communities of higher
dimension—forest birds of eastern North America appear to rec-
ognize multiple environment/habitat dimensions—manymore spe-
cies are able to stay in the game, so to speak (43). Nevertheless, the
extent of each population might be labile within the regional com-
munity, at least on the timescale of species existences, judging
from the concentration of variance in distribution and abundance
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at the species-within-genus taxonomic level (12, 22). Accordingly,
one would not expect to find a close correlation between species
ecology and population parameters.
Proposition (iii). The idiosyncratic nature of species abundances
and distributions gives the appearance of randomness and lack
of structure within the regional community, particularly in eco-
logically homogeneous regions. Nonetheless, these apparently
stochastic manifestations likely reflect multiple, independent,
but deterministic forces shaping the distributions of each species.
Species can partition the environment in ways that promote di-
versity, but only in an environment having high dimensionality
(43, 44).
I argue here that one of the ways species can differ is with

respect to their interactions with specialized pathogens. Special-
ized pathogens create largely independent ecological axes and
can make the dimensionality of the environment comparable to
the number of host species. Host–pathogen interactions, by their
nature, are well matched to the apparently independent, labile
determination of host abundance and distribution (8). Pathogens
exhibit rapid coevolutionary dynamics capable of uncoupling
population properties from ecological adaptations; they normally
evolve toward relatively benign effects on host populations, al-
though novel host or pathogen mutations, or changes in the en-
vironment, can upset this balance. Because pathogen trans-
mission often is directly related to host density (45–48), small host
population sizes might be self-correcting owing to poor pathogen
transmission, thereby preventing extinction of narrowly distrib-
uted populations and stabilizing community diversity.
Plausible alternative explanations would have to predict the

high lability and independence of range size and local abun-
dance, the lack of correlation between clade size and species
distributions, and the absence of skew toward negative correla-
tions in pairwise comparisons of species abundances. Models of
species coexistence based on strong habitat selection and narrow
ecological ranges of competitive dominance depend on ecolog-
ical specialization and are not favorable toward population la-
bility, even in an environment that has changed in response to
glacial climate cycles. Models of species formation based on vi-
cariant or peripatric division of populations might create the
appearance of lability in population density and range (49), but
there is little evidence for lineage splitting within the regional
community considered here (SI Text S9). Moreover, few barriers
impede the dispersal of forest species, and range expansion and
contraction quickly obliterate distribution asymmetries following
allopatric or peripatric species formation (14, 30, 50).
The apparent approximate competitive equivalence of species

over large parts of the regional community and the stochastic-
appearing distribution of overall species abundances within the
region are suggestive of neutral or nearly neutral population dy-
namics, as envisioned by Hubbell (16). By suggesting that species
tend to be broadly equivalent competitors over much of the re-
gional community, I basically support the fundamental assumption
of ecological equivalence, upon which neutral theory is based, at
least within an ecologically homogeneous region. I differ, however,
with respect to the mechanisms that determine population abun-
dance and distribution. In neutral systems, population size depends
on the history of stochastic variation in births and deaths. In con-
trast, I envision deterministic influences of specialized pathogens
on host population size and distribution. One can imagine that the
appearance of randomness in the regional community arises from
specific coevolutionary outcomes that reflect a history of random
mutation in both parties that influences pathogen virulence and
host resistance, each engendering strong selection.
Neutral models have very slow dynamics where large pop-

ulations are concerned (51, 52). Extinction times, measured in
generations, are on the order of the population size. With the
land area of eastern North America (from the western Mis-
sissippi River border states to the east) at ∼300 × 106 ha, species

densities averaging 0.089 ± 0.091 pairs/ha in forested habitats
over the entire region, and an average generation time of 3 y
(representing maturity at 1 y of age and 50% annual adult sur-
vival rate), stochastic extinction times would be on the order of
tens of millions of years and >100 million years for the more
abundant species (53). Because the life spans of bird species
appear to be less than this by one or two orders of magnitude
(53–55), bird abundance and distribution cannot be the outcome
of purely random processes. Deterministic influences must pre-
vail, but these influences are sufficiently independent and vari-
able for each population, as would be the case for specialized
pathogens, that they give the appearance of randomness.
A high degree of specificity in the distribution and abundance

of individual species also could be achieved by differential
responses to generalized ecological factors in an environment
with high dimensionality, perhaps on the order of the number of
species (43, 44). Depending on trade-offs in the responses of
each species to these factors, resource partitioning with respect
to a sufficient number of these factors could allow many species
to coexist within a regional community. What are these factors
and what phenotypic trade-offs constrain individual species to
respond to these factors in a unique manner? Ordinations of
species abundances across communities in this study revealed
a limited number (seven to nine) of significant axes of variation
(i.e., shared among species) within the regional community.
Perhaps, combined with within-habitat opportunities for resource
and structural niche partitioning, seven axes are sufficient to ex-
plain coexistence within the regional community. This mechanism
does not, however, explain the lack of phylogenetic signal in dis-
tribution and abundance or the absence of clear indications of
between-species competition in these population attributes.
Pathogens hold promise as environmental factors that can

promote coexistence among multiple species of hosts by limiting
host populations. Host specificity of pathogens generates a high
dimensionality among limiting environmental factors; selection
for pathogen resistance can create the kinds of trade-offs needed
to explain unique population responses of host species; density-
dependent transmission tends to stabilize host–parasite systems;
and parasite–host coevolution decouples host distributions from
the host phylogenetic relationship. Time will tell whether these
speculations are useful. However, they suggest that pathogens,
and probably other specialized microbes with beneficial effects
on fitness, might hold a key to understanding the organization
and maintenance of diversity in regional communities.

Materials and Methods
I analyzed the abundances of 79 species of bird that are typical of forested
habitats distributed across 142 local assemblages selected from Breeding Bird
Censuses (SI Text S1). Individual census plots harbored 12–51 of the 79 species
(26.4 ± 7.70 SD), and individual species were distributed over 8–124 of the 142
census plots (47.4 ± 29.4 SD). Of the total cells in the 142 sites × 79 species
matrix (11,218 cells), 3,746 (33.4%) were occupied. Details of the parameters
used in the Bray–Curtis ordination of these sites are described in SI Text S2.
Mean scores and their SDs on each ordination axis were calculated for both
census sites and species presences. Statistical analyses of variance and co-
variance were carried out in SAS procedure GLM. Evolutionary conservatism
was determined by nested analysis of variance (SAS procedures NESTED and
MIXED) on the basis of superfamily, family, and genus taxonomy described in
SI Text S5. Rank correlations between abundances of pairs of species across
censuses were calculated in SAS procedure CORR (SI Text S6). To determine
the relationship between population distribution and clade size, species were
assigned to 1 of 20 monophyletic ecological groups (SI Text S7).
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