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Glossary

Beta-diversity: the component of biodiversity that is due to the spatial

nature of ecological communities. It measures the extent to which species

composition changes along the spatial dimension.

Binomial sampling: see dispersal-assembled communities.

Competitive hierarchy: a community ordered by competitive strength.

Communities are called ‘egalitarian’ when such an ordering does not exist.

Dispersal-assembled communities: communities where it is assumed that

species are present mainly or solely owing to dispersal (immigration), rather

than because they adapted to the habitat (this yields niche-assembled

communities). In a dispersal-limited community, immigrants cannot freely

enter the community and the probability that an empty site will be occupied

by an immigrant is <1. According to recent theory, such a dispersal-limited

community can be regarded as a dispersal-limited sample from the

metacommunity, in contrast to a binomial (drawing with replacement) or

hypergeometric (drawing without replacement) sample, which are random

samples and apply to nondispersal-limited communities.

Dispersal limitation: see dispersal-assembled communities.

Ecological equivalence: when differences among individuals belonging to

different species do not translate into differences in their probabilities of

being, and persisting, in the present and future community.

Etienne sampling formula: see Box 3.

Ewens sampling formula: see Box 3.

Fundamental biodiversity number: a measure of regional diversity in

neutral theory. It is a composite parameter, comprising the speciation rate

and the metacommunity size (number of individuals). It is asymptotically

equal to the alpha parameter introduced by Fisher, and can be estimated

from species abundance data (Boxes 1 and 3).

Fundamental dispersal number: a measure of the amount of dispersal

limitation of a given community in neutral theory. It is a composite

parameter, comprising the immigration rate and the local community size.

It is indicated by I and can be estimated from species abundance data.

Hypergeometric sampling: see dispersal-assembled communities.

Neutral drift: when the abundances of different species differ owing only to

stochasticity in birth, death and dispersal. This causes neutral or ecological

drift; a random walk of the abundance of a species.

Niche-assembled communities: see dispersal-assembled communities.

Sampling formula: multivariate probability distribution that gives the

probability of obtaining n1 individuals of species 1, n2 individuals of species 2,

and so on, when a given sampling process is applied. Sampling formulae are true

likelihood functions to be used in parameter estimation and model comparison.

Species abundance distribution: a measure describing how abundances

are distributed over species in a community. A species abundance data set

contains the abundances of each species empirically observed in a sample.

It can be summarized by giving the number of species that have the same

abundance. When abundances are grouped in, usually logarithmic,

abundance classes, the data can be plotted in a species abundance

histogram and also by ordering the abundances by decreasing magnitude

and then plotting them against their number in this order. This yields a

rank-abundance curve, also known as a dominance-diversity curve (Box 3).

Species–area relation: how the number of species increases with the area

sampled. At a very small scale, the number of species increases rapidly

owing to sampling effects. At an intermediate scale, the number of species

appears to increase as a power of the sampled area.

Zero-sum assumption: that the available resources in a community are

saturated at all times. If, owing to the death of an individual in the

community or to seasonal fluctuations, a resource becomes available, it

will immediately be used by a new individual. When the amount of
Hubbell’s neutral theory of biodiversity has challenged
the classic niche-based view of ecological community
structure. Although there have been many attempts to
falsify Hubbell’s theory, we argue that falsification
should not lead to rejection, because there is more to
the theory than neutrality alone. Much of the criticism
has focused on the neutrality assumption without full
appreciation of other relevant aspects of the theory.
Here, we emphasize that neutral theory is also a sto-
chastic theory, a sampling theory and a dispersal-limited
theory. These important additional features should be
retained in future theoretical developments of commu-
nity ecology.

The entangled bank
‘When we look at the plants and bushes clothing an
entangled bank, we are tempted to attribute their propor-
tional numbers and kinds to what we call chance. But how
false a view is this!’. In this statement, Darwin clearly
summarized his philosophical position: there is no place for
stochasticity in population biology [1]. In 2001, Stephen
Hubbell [2], after more than 25 years working on popula-
tion and community ecology of tree species in tropical
forests, presented an explanatory theory that is formulated
entirely in terms of chance. Given that On the Origin of
Species by means of Natural Selection [1] is one of the most
influential scientific books ever written, it is no wonder
that Hubbell’s ideas have generated so much controversy
among ecologists [3–10].

Here, we do not enter into a philosophical discussion of
the nature and origins of randomness in the world around
us, but instead take an operational approach and argue
why chance should be taken into account in any attempt to
gain insight in the structure and functioning of ecological
communities [11,12]. We discuss the ability of neutral
theory to generate new insights in community ecology,
which, in the end, might not support neutrality. We also
discuss the limitations and potential application of neutral
ideas to biodiversity assessment in empirical settings.

Neutral theory is an ideal theory
Most previous articles on neutral theory highlight its fail-
ure to capture the complexity of ecological communities
[5,13–15]. However, here, we emphasize its merits and
argue that neutral theory in ecology is a first approxima-
tion to reality. Ideal gases do not exist, neither do neutral
communities. Similar to the kinetic theory of ideal gases in
physics, neutral theory is a basic theory that provides the
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essential ingredients to further explore theories that
involve more complex assumptions [16,17].

What are the essential ingredients of neutral theory?
First, and foremost, it is a neutral theory in that the
resources is constant, it implies that so too is the community size.
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Box 1. Community ecology and population genetics

Ideas of neutrality in population genetics were quickly acknowledged

to also be valuable in ecology. In population genetics, a set of different

alleles encoding the same protein is referred to as a genetic

polymorphism. When the different protein variants encoded by each

allele do not confer a selective advantage on the individuals carrying

them, the different proteins are said to be functionally equivalent and

the collection of such alleles is called a neutral polymorphism.

Similarly, when the differences between any pair of species in a

species community do not translate into an ecologically competitive

advantage for either of them, the ecological community is said to be

neutral. By analogy, we can also say that such species are

‘functionally equivalent’.

In Table I, we display various aspects of this analogy, in which the

fundamental biodiversity number, u, has a central role. The funda-

mental dispersal number, I, also has an analog in population genetics

where it is confusingly also called u [71]. The relative abundance, x, is

defined as abundance divided by system size. For a very large

metacommunity, or population, this can be regarded as a continuous

variable (0 < x < 1) and the relative abundance distribution F(x), can

be introduced. F(x)dx is then the number of species, or alleles, with a

relative abundance x within the interval (x, x + dx).

Table I. Analogies between community ecology and
population genetics

Property Community

ecology

Population

genetics

System (size) Metacommunity (JM) Population (N)

Subsystem Local community Deme

Neutral system unit Individual organism Individual gene

Diversity unit Species Allele

Stochastic process Ecological drift Genetic drift

Generator of diversity Speciation (at rate n) Mutation (at rate m)

Fundamental

diversity number

u � 2JMn u � 4 Nm

Fundamental

dispersal number

I � 2JLm u � 4 Nm

Relative abundance

distribution, F(x)

u x�1 (1 � x)u�1 u x�1 (1 � x)u�1

Time to common

ancestor (in small

u approximation)

�JM x (1 � x)�1 log(x) �N x (1 � x)�1 log(x)

Dispersal Immigration Migration
interactions among species are assumed to be equivalent
on an individual ‘per capita’ basis [2]. Second, it is a
stochastic theory, based onmechanistic assumptions about
the processes controlling the origin and interaction of
biological populations at the individual level (i.e. specia-
tion, birth, death and migration). Because interactions are
assumed to operate at the individual level, but the regula-
rities that we would like to explain are truly macroscopic,
this feature is reminiscent of the statistical thermody-
namics approach in physics [2,18,19]. Third, it is a sam-
pling theory: because it is built upon the sampling theory of
selectively neutral alleles in population genetics [20], the
sampling nature of the theory is guaranteed. In this way,
we interact with the system under study through the
sampling process and obtain measures in our sampling
that are related to those in the real system in a particular
way clearly specified by the theory. Fourth, and most
innovatively, it is a dispersal-assembled theory [2]. This
means that dispersal is assumed to have a leading role in
structuring ecological communities. However, dispersal
and sampling are intertwined and a nonrandom way of
sampling can be formulated that incorporates dispersal
limitation [17] (see Glossary).

The originality of Hubbell’s neutral theory lies in the
combination of the fact that it (i) assumes equivalence
among interacting species; (ii) is an individual-based sto-
chastic theory; and (iii) can be formulated as a dispersal-
limited sampling theory. Previous formulations of neutral
theory lacked some of these aspects and no niche-based
dynamical theory for ecological communities has been
formulated as a sampling theory from scratch. Here, we
discuss the relevance and limitations of each of these
features.

Neutrality assumption
At the beginning of the 20th century, communities were
viewed as a superorganism that develops in a particular
and fixedway to form awell-established climax community
[21]. A community is then a group of species whose com-
petitive interaction strengths are determined by their
niche overlaps, and new species originate through adapta-
tion to newniches. This viewwas challenged byMacArthur
and Wilson with their equilibrium theory of island biogeo-
graphy [22], which was extended by Hubbell [2].

The importance of random mutations and genetic drift
was formalized as the neutral theory in population genetics
by Kimura and Crow [23]. As reviewed elsewhere [24],
these ideas readily found an ecological interpretation
(Box 1). Although Watterson [25], Caswell [26] and Leigh
and co-workers [27] had already translated neutral models
from population genetics into community ecology, Hub-
bell’s [2] original intuition was that, in addition to neutral
drift, random dispersal is the main factor controlling the
assembly of ecological communities. Migration had also
been studied in population genetics, but had never taken
such a prominent role as in Hubbell’s theory.

Hubbell’s unifying approach gives quantitative insights
into the origin, maintenance and loss of biodiversity in a
biogeographical context.Thebeautyofneutral theory is that
it can be formulated by making only a few, albeit funda-
mental assumptions (Boxes 2 and 3). Hubbell’s original
www.sciencedirect.com
formulation [2] relies on two basic principles,which, in turn,
are based upon two biological observations. The first is that
different individuals from different species belonging to the
same functionally uniform ecological community appear to
be controlled by similar birth, death and dispersal rates.
This leads to the so-called neutrality, equivalence, or sym-
metry [28,29] assumption, which includes neutral specia-
tion. The second observation, that ecological systems are
saturated, leads to what Hubbell [2] calls the ‘zero-sum
dynamics’ assumption [30].

The quantitative nature of neutral theory has fostered
empirical evaluation with species abundance data [3–
7,9,16,29,31]. In a review of tests of neutral theory, McGill
[32] found that most studies overwhelmingly reject its
predictions. However, McGill also summarized good
statistical practices to test the theory and concluded that
all published empirical tests violate at least one of
those practices. Furthermore, concerning the species abun-
dance distribution, which is one of the most accurate
quantitative predictions of the neutral theory, only two
of the 13 tests reported in [32] were performed using the
dispersal-limited sampling formula [33] and other related



Review TRENDS in Ecology and Evolution Vol.21 No.8 453

Box 2. Hubbell’s mainland–island model

Including dispersal as a leading mechanism controlling species

abundances makes neutral theory a spatial theory. The particular

model discussed here is only one of those studied by Hubbell [2], and

is a spatially implicit model where either dispersal or migration is the

mechanism linking the biogeographical area (the metacommunity)

with the local community (Figure I).

The metacommunity

Metacommunity dynamics is controlled by two quantities: a prob-

ability for an individual to undergo speciation, n, and to reproduce, b,

per unit time. The neutrality assumption implies that these are the

same for all species. The zero-sum assumption means that the total

number of individuals is fixed (JM), and so a new individual can only

be introduced at the expense of one being eliminated (i.e. dying). We

can formulate the dynamics as a one-step stochastic process in

continuous time [40] by focusing on one species i, and writing down a

set of equations telling us how the probability that there are n

individuals of species i in the community at time t, P(n,t), changes

with time. This set of equations is called the ‘master equation’. After a

long enough period of time, the system reaches a dynamical

equilibrium that is characterized by a stationary probability distribu-

tion, Ps(n). Because all species are equivalent, Ps(n) is the probability

that any species is represented by abundance n at equilibrium. Thus,

this distribution corresponds to the classic definition of a species

abundance distribution.

The local community

The diversity of the local community is maintained by immigration

from the metacommunity; no speciation is assumed to take place

within it. We denote the number of individuals in the local community

as J. The dispersal parameter m measures the probability that any

dying individual is replaced by an immigrant from the metacommu-

nity, rather than by offspring of a local individual. The dynamics can

be formulated in the same way as for the metacommunity: a master

equation can be constructed and be solved for stationarity [57].

The time evolution of the meta- or local community can be

determined by either solving the master equation analytically or

numerically, or more directly by simulating the original process.

Hubbell originally relied mostly on simulations, but remarkably many

of the most interesting quantities can be calculated exactly or with

good accuracy within approximation schemes [57].

Figure I. Hubbell’s mainland–island model and its relation to a sample from a

continuous landscape. When we sample a locality, represented here by a

rectangular area shaded in green in (b), within a continuous region (or

metacommunity), and obtain estimates of the fundamental biodiversity and

dispersal numbers, we are calculating the effective neutral mainland-island

model (a), that best approximates the empirical distribution of species

abundances observed. The fundamental numbers of the theory do not

depend on sample size. The fundamental biodiversity number (u) is a

measure of the effective regional (or metacommunity) diversity, while the

fundamental dispersal number (I) is a measure of the effective degree of

isolation of the local community.
recent theoretical advances [17,29], mainly because, at
that time, such tools were not yet available. But, most
importantly, the main common limitation to all tests was
that the alternative model was poorly and loosely defined;
therefore, the rejection of neutral theory does not imply
that a particular alternative niche-based theory holds [32].
Unlike neutral theory, current niche-based theory is not a
sampling theory and, thus, lacks the important property of
falsifiability. Finally, testing neutral theory has encoun-
tered the problem of the diversity of theory formulations
and model versions (Box 3) [24].

Statistical regularities resembling neutral patterns
have been observed [2,29,34–37] (Box 3, Figure I) and thus
call for a convincing explanation. Although it is now gen-
erally accepted that neutral theory works as a null model of
community structure with which to study when empirical
data are consistent with neutrality, two central questions
remain. First, to what extent is the neutral assumption a
good operational first approximation to describe ecological
communities and, second, which mechanisms are respon-
sible for any observed departures from neutrality? We also
need to be aware that non-neutral processes can also
generate neutral patterns [38,39]. In Box 4, we summarize
different mechanisms that, although strictly violating the
equivalence assumption, can generate patterns resembling
neutrality.
www.sciencedirect.com
An individual-based stochastic dynamical theory
There is a long tradition of stochastic modelling in ecology
[12,40]. Most classical stochastic approaches are popula-
tion-level descriptions and deal with one- or two-species
systems. However, controversial and important topics in
community ecology, such as community assembly, invasion
resistance, food-web structure and function, or the diver-
sity–stability debate, all involve a large number of inter-
acting species. Whenever this is the case, a population-
level deterministic approach has been taken, owing to its
simplicity. More recently, it has been recognized that
stochastic, discrete and spatial approaches are important
to gain insight into ecological processes [41]. Individual-
based approaches have been even envisioned as a para-
digm shift in ecology [42]. As a consequence, these issues
have been explicitly addressed by taking into account
demographic and environmental stochasticity and by try-
ing to understand individual-based stochastic dynamics of
species-rich ecological communities [12,38,43–47].

Any theoretical attempt to explain the distribution,
abundance and diversity of species in a biogeographical
context requires at least three ingredients. First, it must
define the stochastic dynamics of species from their origins
to their extinction. Second, it must have an (implicit and
explicit) spatial formulation. Third, it must consider the
dynamics of discrete individuals, which enables a more
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Box 3. Theoretical formulations, sampling formulae and abundance curves

Theoretical formulations

Essentially, there are only two different formulations of current

neutral theory: with [2] or without zero-sum dynamics [31]. The latter

maintains the ‘equivalence’ assumption, but assumes instead of the

‘zero-sum’ assumption that species grow, die and disperse indepen-

dently from each other, performing a stochastic process governed by

density-independent birth-death rates in the metacommunity. For

ecological communities that are extraordinary large and species-rich,

these two formulations are similar [35]. For the zero-sum formulation

[2], an exact sampling formula is available [33], whereas there is

currently no sampling formula for the non-zero-sum formulation [31].

Sampling formulae

Different sampling processes produce different sampling formulae.

We can sample individuals until we have observed S species, or we

can sample a fixed number of individuals J regardless of the number

of species that we finally obtain [29]. An example of the latter is the

Ewens sampling formula [20], which describes the probability of

observing species abundance data in a neutral community without

dispersal limitation. The Etienne sampling formula is a generalization

of this formula, allowing for dispersal limitation [33]. The estimate of

the parameter I and the corresponding likelihood inform us about the

importance of dispersal limitation in a particular situation (Figure I).

Abundance curves

The number (or fraction) of species with abundance n is called the

(relative) species abundance distribution or abundance curve (RSA)

[24] (Figure I). These curves are traditionally used to represent

commonness and rarity in community composition empirically.

The abundance curve has frequently been used for model fitting

[7,16,31,37], but this is not strictly correct, because it ignores the fact

that a particular sampling process can introduce correlations between

species abundances encountered in the sample. Sampling formulae

correctly account for this [33]. Current theory relates sampling

formulae to abundance curves as follows [17,25] (Equation I):

E½SnjQ; J� ¼
X

fDg
Fn½D�P ½DjQ;J� [Eqn I]

E[SnjQ,J] is the expected number of species with abundance n in

sample of size J, that is, the theoretical prediction for the abundance

curve under a model with parameters Q (u and I in the neutral model).

P[DjQ,J] is the probability of a sample D = (n1,. . .,nS), that is, the

sampling formula for D. Fn[D] denotes the number of species with

abundance n in the sample D. The sum is over all samples of size J.
Figure I. A large data set of marine Diatomea (112 352 individuals

representing 107 species, [66,37]), presented as abundance curves in the

form of a Preston-like histogram (a) and a log-log plot (b); in both cases, actual

data are presented by open bars or squares, the predictions of the neutral

model for the expected abundance curve, based on these parameter estimates,

are shown by red squares. The Etienne sampling formula yields maximum

likelihood estimates of u = 11.6 and I =1 (m = 1), suggesting that this is a

nondispersal-limited sample of Diatomea from the metacommunity. (For

details of the exact interpretation of the species probability density, see

[35,37]).
straightforward testing of the theory by using empirical
data. The three features together enable quantitative pre-
dictions to be made regarding very general patterns,
such as the abundance distribution of species, the spatial
and temporal turnover of species, the distribution of
species ranges, the species–area relation, and the relation
between species range and abundance. Neutral theory
is the first example of such a theory. Its dynamical for-
mulation is purely stochastic, individual based, and spatial
(Box 2), and it provides a unifying explanation and quan-
titative predictions for all these general macroecological
patterns [2,48]. The degree of generality, and the ability to
furnish quantitative insights (which relies on the conflu-
ence of the three key features mentioned above) are rarely
www.sciencedirect.com
encountered in other stochastic dynamical theories for
ecological communities [12,43,47].

A dispersal-limited sampling theory
Hubbell’s neutral theory is designed to apply to samples
from a community, not just to the community as a whole.
This is an important property, because it facilitates con-
frontation of the neutralmodel to data (Box 3); the theory is
thus tailor-made for the empiricist. Other community
models, such as the lognormal model of species abun-
dances, do not apply to samples. Furthermore, the classic
lognormalmodel is not an abundance distribution based on
individual-level mechanistic processes such as migration,
reproduction, speciation, species interactions, or the way
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Box 4. Non-neutral mechanisms causing neutral patterns

Patterns do not uniquely imply process and this also holds for

neutral patterns [38,39]. In Darwin’s entangled bank, any change in

the abundance of a species can be caused by various factors.

However, communities are assemblages of many individuals and it

is through a process of statistical mechanical averaging that most

factors balance out [2,18,19,37]. As a result, neutral patterns can

arise through non-neutral ecological processes within communities

where the ‘equivalence’ assumption is violated.

Tradeoffs

As Hubbell [2] stated: ‘Life history trade-offs equalize the per capita

relative fitness of species in the community, which set the stage for

ecological drift’. For instance, the hierarchical competitive model

analyzed by Tilman [62,67] shows a log-series abundance distribu-

tion that is mediated by a specific trade off between colonization

ability and persistence. At the other extreme, for a totally egalitarian

community where there is only competition for empty space, it can

be shown, by using the same modelling approach [68], that

coexistence is also mediated by a similar tradeoff and the

community is also represented by a log-series distribution at

equilibrium. Similar tradeoffs have been reported in spatially

extended model communities [38].

Invariance under assemblage

In the absence of dispersal limitation, the expected neutral

abundance curve is essentially a power law of exponent �1 [37].

The factor multiplying this power law depends on the particular

model formulation used. Power law distributions are invariant

under aggregation, which enables us to pool noninteracting, but not

ecologically equivalent, neutral subguilds into a nonuniform total

guild that will still show the same neutral pattern [37].

The complexity of ecological interactions and the ‘melting’ of

competitive hierarchies

If we take two species from a functionally uniform ecological

community, it is easy to test, under controlled experimental

conditions, which species outcompetes the other. These experi-

ments appear to point to the existence of competitive hierarchies in

nature [69,70]. However, complex coexistence mechanisms, envir-

onmental variability, perturbations and specific natural enemies are

always present. Under these changing conditions, rigid competitive

hierarchies fail to control competitive interactions. The complexity

of such interactions enhanced by variable natural conditions might

prevent real competitive differences between species from always

resulting in the same predictable output. In the long term, this

unpredictability might cause nonequivalent species to behave

effectively almost neutrally, giving rise to neutral patterns at at

least some temporal or spatial scales.
individuals react to environmental heterogeneity and
physical disturbances [49,50]. In spite of these limitations,
it has been extensively used as an alternative model to
neutrality [7,29,31]. To apply the lognormal and other
models, which are defined at the community level, to
community samples, wemust perform an additional opera-
tion. Preston [51] already noted that there is a substantial
sampling effect at low abundances in that rare species are
likely to be unobserved. He accounted for this effect by
simply truncating the lognormal distribution with the so-
called ‘veil line’ at some low abundance. Pielou [52] and
Bulmer [53] and, more recently, Dewdney [54] and Diserud
and Engen [49] argued that this crude truncation should be
replaced by Poisson sampling or, even more accurately, by
hypergeometric sampling [54]. Finally, as zero abundances
cannot be observed, the resulting distribution must be
renormalized [29]. In the neutral model, all these addi-
tional operations are incorporated in the theory [25].
www.sciencedirect.com
Furthermore, Etienne and Alonso [17] showed that, in a
neutral community, a local sample can be equivalently
viewed as a binomial sample from an infinite metacommu-
nity or a hypergeometric sample from a finite metacom-
munity with or without dispersal limitation. The dispersal-
limited distribution can be applied to transform commu-
nity descriptions of nonsampling theories in the same way
as the Poisson or hypergeometric distribution was applied
before (e.g. for the lognormal). The result is a dispersal-
limited description of the ecological community. The neu-
tral theory has thus led to new ways of studying the effect
of dispersal limitation even in non-neutral settings.

Recent developments and prospects
Most work on neutral theory to date has been concerned
with investigating spatially implicit models
[17,31,33,35,55–58]. In this context, the dispersal-limited
sampling formula [33] has probably been one of the most
relevant theoretical achievements since 2001. A few
authors have also analyzed spatially explicit models
[59–61]. The calculation of the probability, P(x), that two
individuals, which are separated by a certain distance x,
belong to the same species is another important theoretical
achievement [59]. When this prediction was tested by
using spatial data from rainforests, an inconclusive result
was obtained [4], which would imply that the ecological
community behaves neutrally only at some spatial scales.

Future developments of the neutral theory will no doubt
relax the neutrality assumption. This should be done in
such a way that neutrality arises naturally as a limiting
case. It is likely that ecological communities are often not
neutral, but they are not strictly hierarchical competitive
communities either [62]. Within a larger community, there
might be neutral subcommunities related to each other
through non-neutral processes [39,63]. Within a particular
subcommunity, species are exchangeable and, thus, ecolo-
gically and functionally equivalent. Community structure
and dynamics can be easily described with the community
matrix by using an individual-based stochastic approach
[45,46]. The number of different subcommunities is a
measure of functional diversity, while the average number
of species per neutral subcommunity in relation to the total
number of species in the community is a measure of func-
tional redundancy. Neutral communities are characterized
by high functional redundancy, because the extinction of a
few species has little effect on the functional integrity of the
community as a whole. However, high functional redun-
dancy might not result in community robustness, because
community robustness to environmental hazards is linked
to both functional diversity and functional redundancy. In
fact, given that neutral species would react to extinction
pressures in the same correlated fatal way, persistent
disturbances would have a stronger effect on a functionally
equivalent neutral community than on a functionally
diverse non-neutral community with some degree of
functional redundancy.

Hubbell’s formulation of neutrality [2] has been criti-
cized because of the poor linkage of the theory with current
existing theories in population genetics. Since Ewens’
sampling theory for selectively neutral alleles [20], much
work has been done to understand the role of selection,
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migration and neutrality in dynamically maintained
genetic polymorphisms [64]. We believe that some of
these genetic population models are also relevant in the
context of community ecology and that advances in com-
munity ecology might find applications in population
genetics.

Finally, after years of statistical diversity indices with
practical use but difficult dynamical interpretation [65],
the neutral theory has provided the fundamental biodiver-
sity number, which has a solid interpretation in terms of
the effectively ideal neutral community that best approx-
imates the real sampled community that is being charac-
terized. The same can be said about the fundamental
dispersal number [17] as a measure of the average dis-
persal limitation of the local community under study and,
hence, beta diversity. These measures might correlate well
with the true quantities that they try to represent and can
be used to compare diversity and the degree of isolation in
different areas. Because there are methods available to
estimate these quantities from abundance data, it will be
worthwhile investigating this issue further.

Concluding remarks
We have emphasized here the three main features of
neutral theory. Further work is needed to assess which
communities, and in which situations, the neutrality
assumption provides a first approximation in the descrip-
tion of ecological communities. However, we strongly
believe that any useful theory of species diversity in a
geographical context should be a dynamical individual-
based (and spatial) stochastic theory that can be formu-
lated as a sampling theory. Any further progress toward a
better understanding of biodiversity dynamics should be
based on a synthesis of neutral (or quasi-neutral) and
niche-based community theories incorporating both demo-
graphic and environmental stochasticity [12] within the
context of a sampling theory. Only this sampling feature
will enable a straightforward and sound comparison to be
made of theory predictions with empirical data.

The merits of the neutral theory are diverse. First, a
philosophical merit: science should aim at finding the
minimal set of processes that can satisfactorily explain
observed phenomena. Neutral theory identifies the mini-
mal but common set of mechanisms working in all func-
tionally homogeneous ecological communities. This
common set of mechanisms might be progressively
obscured by a cascade of ever less important system-depen-
dent ecological factors [37]. Put another way: good theory
has more predictions per free parameter than does bad
theory. By this yardstick, neutral theory fares fairly well.
For this reason, it has been extensively and successfully
used as a null model and it should continue to be used as
such. Second, a practical merit: neutral theory provides a
method to assess species diversity in a potentially better
way than do previous diversity indices. Third, and most
importantly, an intellectual merit: neutral theory has
fostered a rich debate about community structure over
the past few years, challenging niche-based approaches
with a simple combination of neutrality, stochasticity,
sampling and dispersal. It has inspired and will continue
to inspire further developments in community ecology,
www.sciencedirect.com
which, along with sound data analysis, should increase
our understanding on the different mechanisms control-
ling species diversity from ecological to evolutionary
spatio-temporal scales.
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