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Neutral Macroecology
Graham Bell

The central themes of community ecology—distribution, abundance, and diversity—
display strongly marked and very general patterns. These include the log-normal
distribution of abundance, the relation between range and abundance, the species-
area law, and the turnover of species composition. Each pattern is the subject of a
large literature that interprets it in terms of ecological processes, typically involving
the sorting of differently specialized species onto heterogeneous landscapes. All of
these patterns can be shown to arise, however, from neutral community models in
which all individuals have identical properties, as the consequence of local dispersal
alone. This implies, at the least, that functional interpretations of these patterns must
be reevaluated. More fundamentally, neutral community models provide a general
theory for biodiversity and conservation biology capable of predicting the fundamen-
tal processes and patterns of community ecology.

T he linked themes of range, abundance,
and diversity form the core of commu-
nity ecology. Although they are very

simple in themselves, they give rise to pat-
terns that have engrossed the attention of
ecologists for the last 50 years. The distribu-
tion of range and abundance among species,
the relation between range and abundance,
the variation of diversity among sites, and the
increase of diversity with area, in particular,
have been investigated many times. They
form part of the field of macroecology (1),
which is concerned with the description and
interpretation of broad ecological patterns.
Such patterns are usually held to be produced
by the differing characteristics of species,
which in a given environmental context cause
one species to be common and another rare,
or one species to be a specialist adapted to a
narrow range of conditions, whereas another
is a generalist that can be found everywhere.
This being so, the contemplation of ecologi-
cal patterns can be used to infer the nature of
ecological processes. There is a deep flaw in
this research agenda. It is now becoming
clear that patterns indistinguishable from
those generated by survey data emerge from
community models in which all individuals
have identical demographic properties. The
behavior of these neutral community models
will force us to revise the procedures of
comparative analysis in ecology and, indeed,
to reconsider large parts of the classical eco-
logical curriculum.

Competition and Community Sorting
Consider a community of ecologically similar
species, which will be defined for present
purposes as a set of species, each interacting

with at least one other, with all interactions
being negative. This specifically excludes
predator-prey, parasite-host, and mutualistic
relations, and includes only those species that
pursue similar ways of life and thus compete
with one another for resources. Competition
among species is the ecological equivalent of
selection among genotypes, and is expected
to have the same outcome—at equilibrium,
the single best-adapted species will have re-
placed all others. This may not happen, how-
ever, if species are divergently adapted to
different conditions of growth. There is then
no unequivocally superior type, and a heter-
ogeneous environment may support a diverse
community. Each species will tend to pre-
dominate in the habitats where it grows better
than any other and will tend to be eliminated
from the rest. The spatial structure of the
community will emerge in this way through a
process of sorting, with the distribution of
each species being the consequence of its
unique combination of adaptations. The sites
occupied by a species will then represent only
a fraction of the environmental variance
present in a region, and they will tend to be
aggregated, because conditions of growth
will tend to be similar in nearby sites. From
these two properties flow all the familiar
ecological relations, such as the distribution
of abundance among species or the increase
in species richness with area.

If ecological processes give rise to char-
acteristic ecological patterns, then the com-
parative study of patterns may reveal the
operation and the magnitude of processes
such as the role of competition in community
structure. This claim has aroused some con-
troversy and has stimulated the development
of null models with which the observed pat-
terns could be compared (2). These have been
statistical null models, characteristically us-
ing some randomization procedure to gener-

ate an artificial data set, which do not them-
selves provide any kind of mechanism for
driving ecological change. This requires a
dynamic model that specifies the demograph-
ic processes responsible for changes in distri-
bution and abundance. If these processes are
invariant, then they define a particular kind of
null model, a dynamic neutral community
model, and govern its behavior. One can then
ask, what patterns would emerge from a com-
munity in which all individuals had identical
demographic characteristics, regardless of the
species they belonged to?

Neutral Models
Neutral models have been debated at great
length in population genetics (3, 4 ), where-
as they have seldom been discussed at all
by community ecologists. Indeed, few as-
pects of the history of ecology and evolu-
tionary biology are more remarkable than
the lack of development of an individual-
based neutral theory of species diversity in
community ecology during the entire 20
years when the neutralist-selectionist de-
bate over allelic variation was at its height
in population genetics. The solitary attempt
by Caswell (5) to apply the population
genetics models to ecology, and the few
articles published by Hubbell (6, 7 ) to de-
velop a concept of “community drift,” rep-
resent the only exceptions to the prevailing
silence. Perhaps ecologists find it difficult
to accept that the differences they so clearly
recognize among their study species have
no functional significance, whereas geneti-
cists, dealing with spots on a gel, are more
inclined to neutralism. However this may
be, the long silence has now been broken
decisively by the extensive account pub-
lished recently by Hubbell (8), and the time
has come to evaluate the neutral theory of
community structure.

Neutral models refer to communities of
ecological similar species in which individu-
als compete with one another and do not
describe trophic interactions. A simple neu-
tral community model (NCM) has five vari-
ables. These are the probabilities of birth b
and death d for each individual, the probabil-
ity of immigration m for each species, the
number of individuals K in the community,
and the number of species N in the external
species pool. The model is set up by inocu-
lating the community with a given number of
individuals drawn at random from the exter-
nal pool. It runs by iterating a series of four
procedures. First, a single individual of each
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species is added to the community with prob-
ability m. Next, each resident individual gives
birth with probability b and dies with proba-
bility d. Finally, if the number of individuals
in the community now exceeds K, excess
individuals are removed at random. To inves-
tigate species distributions, we need a spatial
NCM. This comprises a network of sites,
each supporting a simple NCM, connected by
dispersal. Dispersal can be modeled by a
random walk: With probability u, a newborn
individual moves to a random adjacent site
and continues to move until the criterion
fails, and it settles permanently in the site to
which it moved last.

The NCM provides a simulacrum of an
ecological community, within which the
abundance and range of each species, and the
diversity of each site, are completely known
and can, if desired, be estimated by sampling.
Beginning with an empty or randomly assem-
bled community, the model usually ap-
proaches dynamic equilibrium after a few
thousand cycles of birth-death-dispersal, after
which there is little if any systematic change
in patterns of abundance and diversity; the
results presented here were all obtained after

2000 cycles. It can then be used to generate
ecological patterns, which can be compared
with those emerging from real biological sur-
veys. The “normal configuration” of the
model refers to a situation in which one new
immigrant of each species is introduced every
few generations, while each site is neither
very isolated from its neighbors nor more or
less completely connected with them; thus,
m 5 0.001 to 0.01 for a 50 3 50 grid, and u 5
0.01 to 0.1. These values generate realistic dis-
tributions of range and abundance, but more
extreme cases can readily be considered.

The Distribution of Abundance
The first systematic attempts to account for
the variation of abundance among species
were based on the observation that abundance
often seemed to follow some simple statisti-
cal distribution. Fisher et al. analyzed sam-
ples of insects and found that abundance was
distributed geometrically (9). Preston noted
that in other cases the most numerous cate-
gory contained species of intermediate abun-
dance, and proposed that abundance was dis-
tributed log-normally (10). In samples from
log-normal communities, however, the distri-

bution would appear to be skewed, because
the rarest species in the community would be
unlikely to be sampled. In thoroughly cen-
sused communities, the log-normal distribu-
tion does, in fact, seem to fit the survey data
with remarkable precision (11). This might
merely reflect the tendency of exponential
processes influenced by many independent
factors to lead to log-normal distributions
(12). On the other hand, the form of the
distribution of abundance might emerge from
the nature of interactions between organisms
and their environment, and this led to at-
tempts to identify the ecological processes
responsible for variation in abundance (13–
15).

The distribution of abundance among spe-
cies in simple communities has been de-
scribed (16). With moderate rates of immi-
gration, this resembles a log-normal distribu-
tion, skewed to the left to form a minor mode
of rare species representing recent immi-
grants. As immigration increases, this mode
becomes larger, until at very high immigra-
tion rates, it dominates the distribution, which
now resembles a geometric or log-series dis-
tribution. The NCM thus explains both of the
major patterns reported by previous authors.
Hubbell has proven that both the skewed
log-normal and the geometric are special cas-
es of a single distribution, which he called the
zero-sum multinomial (8).

One prominent feature of survey data is
that abundance tends to be a consistent char-
acteristic of species: If a particular species of
understory herb is abundant in one patch of
woodland, it is likely to be abundant also in
another patch in the same region. This has led
to strenuous attempts to identify the ecolog-
ical characteristics responsible for the abun-
dance or rarity of species. A consistent level
of abundance, however, is characteristic of
species in a neutral metacommunity. This can
be evaluated by calculating the correlation of
species abundance among sites. For moderate
levels of local dispersal (u . 0.01) this usu-
ally exceeds 10.8, and it falls to low values
only when sites are almost completely isolat-
ed from one another. Thus, species that are
abundant (or rare) in one part of the grid tend
also to be abundant (or rare) in other parts.
The reason is that a species that becomes
abundant in any part of the grid will supply a
stream of migrants to other parts, making it
likely that the species will become estab-
lished elsewhere. Species are thus expected
to show consistent patterns of abundance and
rarity except at very great spatial scales.

Distribution of Range
Geographical range can be expressed in sev-
eral ways, but the simplest is the number of
sites occupied by a species within a region.
There has been general agreement that the
distribution of spatial extent is a left-skewed

Fig. 1. The distribution of range among species. (A) The distribution of range among New World
birds. Units of range are equal-area grid squares at intervals of 10° longitude, weighted by the
proportion of land. Redrawn from Blackburn and Gaston (18). (B) The distribution of range among
passerine birds in Australia. Units of range are 100-km 3 100-km grid squares. Redrawn from
Schoener (19). (C) The distribution of range size among North American birds. Units of range are
106 km2. Redrawn from figure 6.1 of Brown (1). (D) The distribution of range in a neutral
community. The community comprised 125 species whose ranges (number of sites occupied) in the
central 1600 sites of a 50 3 50 matrix are shown for 25 equal range-size classes for local dispersal
rate u 5 0.1.
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log-normal, and thus follows a “hollow
curve” when plotted on an arithmetic scale
(17–19) (Fig. 1, A to C). The distribution of
abundance among sites follows a similar dis-
tribution (20). In the most extensive recent
review of the distribution of range size, Gas-
ton remarked that “range-size distributions
have been found to be well described by a
log-series model” (21). The mechanisms re-
sponsible for this pattern have been identified
variously as habitat availability, habitat gen-
eralism, breadth of environmental tolerance
and dispersal ability (21, 22).

In the spatial NCM, the distribution of
range size is basically geometric or log-se-
ries, but the pattern that is observed depends
on the rate of dispersal. At very low dispersal
rates, each community becomes dominated
by one of the species that initially colonized
the site. Range size therefore has a nearly
Poisson distribution. Provided that the num-
ber of sites is much greater than the number
of species, this will resemble a nearly sym-
metrical bell curve. As dispersal increases,
species are able to “infect” neighboring sites
more readily, thereby making it more likely
that they will occupy many more sites (by
displacing residents) or many fewer (by being
themselves displaced). The variance of range
increases, and the mode shifts to the left. In
normal configuration, the mode is at small
range size, and the frequency of larger range
sizes falls off geometrically (Fig. 1D). There
is an elegant analytical proof that overall
abundance in a metacommunity has a log-
series distribution (8). It is readily demon-
strated that at moderate levels of dispersal
range is log-log linear on abundance, and this
generates the observed log-series distribution
of range. At very high rates of dispersal, this
begins to break down, because at any given
time many species are found to have spread
to all (or almost all) sites. The frequency
distribution of range then becomes bimodal,
with most species being either very abundant
or very rare.

The distribution of range size will there-
fore depend on the design of the survey. If
grain (the area of each site within the re-
gion surveyed) and extent (the total area of
the region surveyed) are chosen so that the
population of a species at a given site is
likely to have become extinct before its
remote descendents have colonized a dif-
ferent site, then the distribution of range
will be geometric, with many more species
having small ranges than have large ranges.
For most multicellular organisms, this is
likely to characterize large-scale surveys of
entire countries or continental regions.
Within smaller areas, the most successful
species will be able to occupy all available
sites, whereas others will be extirpated, or
will occur only as recent immigrants in a
few sites.

The Range-Abundance Relation
If each site were so small that it could support
only a single individual of a given species,
then range and abundance would be identical.
As sites become larger and their populations
increase, the two concepts become de-
coupled, but a correlation between range and
abundance can be expected to persist and has
often been observed (23) (Fig. 2A). Gaston
lists nearly a hundred cases involving a vari-
ety of animals and plants; about 80% reported
a significant positive correlation (24). The
fundamental relation is between the number
of sites occupied and global abundance (total
number of individuals occurring) within a
region. Although the direction of the effect is
well-established, the shape of the relation has
aroused much less interest, in contrast to the
species-area curve [but see (25)]. For well-
studied communities, however, it is often a
power law. In British vertebrates, for exam-
ple, power laws have exponents of 0.43 for
birds and 0.37 for mammals (26). These re-
lations are well-fitted, with up to about 80%
of the variance of range explained by global
abundance. A worldwide survey of wildfowl
gave a similar value of 0.33, with 60% of the
variance explained (27). The relation be-
tween range and local abundance (mean num-
ber of individuals per site) is also positive but
is usually much weaker, with only about 10 to
20% of the variance in range explained. Con-

sequently, even the shape of this relation is
poorly documented, and its slope is unknown
[although for British birds the data again
suggest a value of 0.3 to 0.4 (28)]. The
ecological mechanisms responsible for these
patterns have been the subject of much incon-
clusive debate. Gaston et al. identify eight
hypotheses, including the connection be-
tween rarity and resource specialization,
resource availability, habitat selection, and
position within geographical range, but
conclude that “no single mechanism has
unequivocal support” (29).

The regression of range on global abun-
dance in neutral community models is invari-
ably positive. It is usually well-fitted by a
power law, which explains about 90% of the
variance. The exponent of this law depends
primarily on the rate of local dispersal, and
therefore also on the grain at which the anal-
ysis is conducted (Fig. 2B). In normal con-
figuration, it is about 0.6 to 0.7 for fine-
grained analyses based on about 1000 sites.
At lower rates of dispersal, species are more
highly aggregated, and any new individual
added to a species population is likely to
remain in its natal site; consequently, the
exponent tends to be lower. The same reason-
ing applies to a coarse-grained analysis that
combines adjacent sites into larger blocks;
thus, with 50 blocks, the exponent falls to
about 0.4. At very high rates of dispersal,

Fig. 2. The range-abun-
dance relation. (A) The
relation between range
and global abundance
in wildfowl. Redrawn
from figure 2(a) of Gas-
ton and Blackburn (25).
(B) The range-abun-
dance relation in a neu-
tral community. The
range (number of sites
occupied) of species as
a function of their glob-
al abundance, calcu-
lated for contiguous
blocks of 1, 4, and 25
cells. Data were fitted
to power laws by non-
linear least-squares re-
gression. The analysis
refers to 125 species
occupying the central
1600 sites of a 50 3 50
matrix with an immi-
gration probability of
0.001 per species per
marginal site per cycle
and a local dispersal
probability of 0.1.
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however, the most abundant species are
present almost everywhere, so that the log
range to log abundance plot is nonlinear, and
the exponent of the power law is again rela-
tively low. A similar pattern holds for the
relation between range and local abundance,
which is likewise positive although much less
well fitted.

Geographical Variation in Abundance
Brown et al. identified a series of generaliza-
tions about the structure of species distribu-

tions (20). The abundance of a species tends
to be similar in nearby sites; abundances do
not usually change much over periods of 10
generations or so; and the patterns of abun-
dance of closely related species are often
quite dissimilar. They interpret these patterns
in terms of “the influence of spatial and
temporal variation in environmental variables
on population dynamics.”

Although species tend to be consistently
abundant or consistently rare, abundance is
not a fixed property of a species. It is
usually greatest near the center of the geo-
graphical distribution of a species; popula-
tions become fewer and smaller toward the
edges of their range, until the species is
eventually unable to maintain itself (30).
Thus, local population density tends to de-
crease from the center of the range of a
species outwards (Fig. 3A). Brown argues
that the center of each species’ range is
likely to provide the conditions to which it
is best adapted, so that the tendency for the
similarity of sites to decay with distance
explains the observed pattern (1).

The distribution maps generated by the
NCM share many properties with survey
data. The abundance of a species at any given

site is strongly correlated with its abundance
at nearby sites, through local dispersal, and
the spatial pattern of abundance is stable for
tens or hundreds of cycles. Any two species
may differ to any extent, paralleling the ob-
servation that closely related species often
differ markedly in range and abundance.
Species tend to be most abundant at or near
the geographical center of their range, and
mean density declines consistently away
from this central region. This is the conse-
quence of two phenomena: a weak tenden-
cy for abundance at occupied sites to de-
crease toward the edge of the range, and a
strong tendency for the frequency of occu-
pied sites to decrease (Fig. 3B).

The Species-Area Relation
All things being equal, diversity will increase
with sampling effort. In most cases, the num-
ber of species recorded will increase steeply
at first as more individuals are examined, but
will then level off as a steadily decreasing
number of rare species remain to be discov-
ered. The exact shape of the curve depends on
the distribution of abundance among species:
It will be a negative exponential curve if
abundance is log-series, and a power law

Fig. 4. The species-area
relation. (A) Species
richness and area for
birds on British islands,
from Reed (41). (B) The
species-area relation in
a neutral community.
Species number in suc-
cessively larger blocks
of neighboring cells,
representing spatially
nested continental ar-
eas. The data were fit-
ted to power laws by
nonlinear least-squares
regression.

Fig. 3. The geographical structure of abun-
dance. (A) The relation between abundance and
position within geographical range for two spe-
cies of bird. Redrawn from figure 2 of Brown
(1). (B) The geographical structure of abun-
dance in a neutral community. The two deter-
minants of overall density, the mean density of
occupied sites and the fraction of sites occu-
pied, are shown for all sites falling within a
band at a given distance from the geographical
center of the distribution of the species in the
region.
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curve if abundance is log-normal. If the area
encompassed by a survey is extended, the
number of species recorded tends to increase
for two reasons: The larger number of indi-
viduals that can be collected from a larger
area and the wider variety of conditions that
will occur within a larger area. These both
contribute to the species-area relation, one of
the best-known generalizations in ecology:
As the area surveyed increases, the number of
species recorded follows a power law with an
exponent of about 0.25 (Fig. 4A). The slope
varies with the extent of the survey and the
type of area included (31), but values of
between 0.1 and 0.4 are obtained in most
cases (32).

Neutral community models give rise to a
positive relation between species richness
and area that is governed in most cases by a
power law. At low rates of dispersal there are
very few species per site, and the correlation
between neighboring sites is low. Conse-
quently, as neighboring sites are grouped into
blocks, species diversity rises steeply, with an
exponent of 0.6 to 0.7. As dispersal rates
increase, the number of species per site in-
creases, but the rate at which new species are
added as area increases becomes less. This is
partly because the total number of species in
the region is fixed, and partly because in-
creased dispersal causes neighboring sites to
have more similar species composition. At a
dispersal rate of u 5 0.01, the exponent falls
to about 0.4, and at u 5 0.1, it falls further to
values between 0.1 and 0.2 (Fig. 4B). At even
higher rates of dispersal, the mean number of
species in each unit site is greater, but the
number in large blocks of sites may be less
than at lower rates of dispersal. This is be-
cause extinction rates rise as the metacom-
munity becomes more highly integrated. The
slope of the species-area curve continues to
drop, however, and falls below 0.1 for u 5
0.5. A power law fits the data very closely for
all combinations of immigration and dispers-
al rates, except when both are high, and in
consequence most species are found at most
sites.

Turnover and Community Structure
As the distance between sites increases,
conditions of growth become more differ-
ent, and it will become more likely that
species found at one site do not occur at
another. Thus, species composition will
change as one moves across a region, a
phenomenon called “turnover” (33). It can
be expressed in terms of the correlation of
species occurrence or abundance between
sites. This will tend to decay with distance
at a rate characteristic of a particular kind
of environment: A rapid rate of decay, for
example, would signify a patchy, coarse-
grained environment with distinct groups
of specialists occupying each different kind

of habitat. Now, the overall number of
species in two (or more) sites is a total
score that can be partitioned into the indi-
vidual contributions of each site and their
covariance (34 ). One consequence of turn-
over, therefore, is that the combined diver-
sity of any two sites will tend to increase
with the distance between them (Fig. 5A).
There is thus a species-distance law, which,
unlike the more familiar species-area law,
is independent of the number of individuals
sampled. The most thorough quantitative
analysis of the species-distance relation to
date concluded that pooled diversity gener-
ally increased with distance for most of 15
groups of plants and animals along a north-
south transect in the British Isles (35).

In neutral community models, local dis-
persal creates correlation between nearby
sites and thereby gives rise to patterns of
species turnover. The specific correlation is
large for adjacent sites, even when dispers-
al is low (u 5 0.001). It decays rapidly,
however, even for moderate rates of dis-
persal (up to u 5 0.1), and reaches or
approaches zero within the half-distance of
the region. At very low dispersal rates there
are 50% more species when adjacent sites
are pooled, and species number is doubled
for pairs of sites separated by the half-
distance of the region. This implies com-
plete replacement within the survey region,
something observed only at large geograph-
ical scales. At very high dispersal, there are
far more species, but turnover is very
slight: Adjacent sites differ by only about
10% of species, and distant sites by scarce-
ly more. At intermediate levels of dispersal,
there are moderately large numbers of spe-
cies and substantial turnover. Thus, at u 5
0.1 species number per site is 0.4 to 0.5 N;
it increases by about 20% when adjacent
sites are pooled and by about 50 to 60%
when more distant sites are pooled (Fig.
5B).

Specialization and Co-occurrence
The degree of specialization of a species can
be evaluated from the environmental variance
of the sites it occupies. Different species oc-
cupy different kinds of site, so that species
within a clade diverge ecologically. The sta-
tistical properties of specialization and diver-
gence in neutral communities seem to be
surprisingly difficult to distinguish from real
data, at least for small-scale surveys having
extent about a thousand times larger than
grain size (36). This strongly counterintuitive
result is generated by the spatial autocorrela-
tion created by local dispersal, and is not, of
course, a property of random models.

If species occur at sites providing condi-
tions to which they are adapted, species with
similar adaptations will tend to occur together
at the same sites. Thus, instead of a random

collection of species, sites will tend to be
occupied by one of a number of distinct
assemblages each with its characteristic spe-
cies composition. There are many ways of
representing the tendency of species to occur
together, but the simplest is just the distribu-
tion of a measure of correlation between all
pairwise combinations of species. If distinct
assemblages exist, there will be far more
highly positive and highly negative correla-
tions than would be expected by chance. The
correlation between species occurrence in the
NCM for moderate rates of dispersal is quite
broadly distributed, with a standard deviation
of about 0.2. A few percent of species pairs,
therefore, have quite high correlation coeffi-
cients of 60.5 or so. Randomized data, on the
other hand, are much more narrowly distrib-
uted, with a standard deviation of about 0.05.
The spatial autocorrelation of species occur-
rence thus gives rise to much stronger corre-
lations between species than would be ex-
pected from a simple random model, just as
it gives rise to unexpectedly strong corre-
lations between species and conditions of
growth. This shows, at the least, how ran-
dom models do not provide appropriate null
hypotheses for judging the spatial relations
among species.

Fig. 5. Species turnover. (A) The species-dis-
tance relation for animals and plants along a
north-south transect in Britain. The estimate
plotted is beta diversity as [S12/1⁄2(S1 1 S2)] –
1, where S12 is the pooled species number of
two sites and S1 and S2 are their species num-
bers separately. Four representative linear re-
gressions are shown from Harrison et al. (35).
(B) The species-distance relation in a neutral
community. The overall number of species in a
pair of sites tends to increase with distance
because the correlation of composition tends
to fall. Lines are all pairwise combinations of
the 1600 central sites in a 50 3 50 matrix, with
an immigration probability of m 5 0.0001 per
marginal cell per species per cycle and a local
dispersal probability of u 5 0.1.
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Conclusions
It has often been regretted that we lack a formal
general theory of abundance and diversity that
will account, in a simple and economical fash-
ion, for the many patterns that ecologists have
documented. The neutral community model
provides such a theory. Because it is unfamiliar
to most ecologists, and seems bizarre to many,
it may be appropriate to consider some of the
most frequently voiced objections to neutral
theory in ecology.

The first is that it is contrary to fact:
Reciprocal transplant experiments show that
resident genotypes or species have greater
fitness than incomers. This is certainly true of
transplants involving large distances and dif-
ferent kinds of habitat, which can be expected
to reveal some degree of local adaptation.
Coconuts cannot be successfully established
in boreal peat bogs. Transplants made over
quite small distances have sometimes yielded
the same result (37, 38). However, they have
often failed to show any consistent superior-
ity for residents (39, 40). Given the general
reluctance to publish negative results, the
available evidence does not strongly support
a scenario of precise local adaptation over
moderate distances within a single habitat.

Second, it is felt that neutral models
take no account of the strong and complex
interactions among organisms that we
know to occur in nature. Where interactions
such as predation, parasitism, or mutualism
are concerned, this is perfectly true; the
application of the theory is limited to eco-
logically similar organisms. With this res-
ervation, however, the objection is un-
founded. There are very strong interactions
among organisms in neutral models, gener-
ated by the finite capacity of sites and the
competition that this generates. These in-
teractions are complex, insofar as one spe-
cies may have an indirect effect on another
by virtue of their mutual interaction with a
third. The defining feature of neutral mod-
els is not that they lack interactions, but
rather that these interactions occur among
individuals with identical properties.

A third objection is that the models are
too complex: The spatial NCM has at least
six parameters, and with six parameters
free to vary, any result could be obtained
and any pattern generated. The answer to
this criticism is that all community models
of this general kind have the same number
of parameters; they differ only in the num-
ber that can be tuned. A model in which the
immigration rate (say) does not appear be-
cause it has been set at zero is not simpler
than a model in which it is specified ex-
plicitly; it is merely less flexible. Seeming-
ly simple equation-driven models such as
the Lotka-Volterra systems commonly used
in theoretical community ecology will con-
tinue to fill a useful heuristic role, but

high-speed computing has made it possible
to explore many important factors that they
conceal. In this context, neutral models are
not more complex, but actually much sim-
pler than alternatives in which the distinc-
tive properties of different species must be
specified.

If such objections can be set aside, then
the success of the NCM in predicting the
major patterns of abundance and diversity has
profound consequences for community ecol-
ogy. These depend on whether the “weak” or
the “strong” version of the neutral theory is
adopted.

The weak version recognizes that the
NCM is capable of generating patterns that
resemble those arising from survey data,
without acknowledging that it correctly iden-
tifies the underlying mechanism responsible
for generating these patterns. The role of the
NCM is then restricted to providing the ap-
propriate null hypothesis when evaluating
patterns of abundance and diversity. Even
this relatively modest role, however, involves
revising the comparative approach to ecolo-
gy. Statistical null hypotheses based on ran-
domization are not appropriate for evaluating
ecological patterns that stem from species
distributions, because local dispersal readily
gives rise to spatial patterns. These patterns
cannot be evaluated using standard statistical
procedures, because of spatial covariance,
and they often seem unexpected, perhaps be-
cause we are not accustomed to thinking in
terms of spatially correlated phenomena. All
the familiar patterns must be revisited, then,
and their interpretations reviewed in the light
of neutral theory. In my view, not many of
these interpretations will survive this scruti-
ny. It is even possible that this exercise will
lead to the same conclusion that was reached
many years ago by population geneticists:
that the contemplation of pattern is very un-
likely to succeed in distinguishing between
neutral and adaptationist theories of diversity.

The strong version is that the NCM is so
successful precisely because it has correctly
identified the principal mechanism underly-
ing patterns of abundance and diversity. This
has much more revolutionary consequences,
because it involves accepting that neutral the-
ory will provide a new conceptual foundation
for community ecology and therefore for its
applied arm, conservation biology. We shall
have, for the first time, a general explanation
for community composition and dynamics, as
well as a synthetic account of a range of
seemingly disparate phenomena. In practical
terms, we shall be able to predict community
processes such as the rate of local extinction,
the flux of species through time and the
turnover of species composition in space, in
terms of simple parameters such as dispersal
rates and local community sizes. The neutral
theory of abundance and diversity will cer-

tainly have its limitations; adaptation is, after
all, a fact, and the theory must fail at the
taxonomic and geographical scales where
specific adaptation has evolved. What these
limitations are remains to be seen.
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