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Abstract One of the central goals of community ecology
is to understand the forces that maintain species diversity
within communities. The traditional niche-assembly theory
asserts that species live together in a community only when
they differ from one another in resource uses. But this theory
has some difficulties in explaining the diversity often observed
in specie-rich communities such as tropical forests. As an
alternative to the niche theory, Hubbell and other ecologists
introduced a neutral model. Hubbell argues that the number
of species in a community is controlled by species extinction
and immigration or speciation of new species. Assuming
that all individuals of all species in a trophically similar com-
munity are ecologically equivalent, Hubbell’s neutral theory
predicts two important statistical distributions. One is the
asymptotic log-series distribution for the metacommunities
under point mutation speciation, and the other is the zero-sum
multinomial distribution for both local communities under
dispersal limitation and metacommunities under random
fission speciation. Unlike the niche-assembly theory, the
neutral theory takes similarity in species and individuals as
a starting point for investigating species diversity. Based on
the fundamental processes of birth, death, dispersal and spe-
ciation, the neutral theory provided the first mechanistic
explanation of species abundance distribution commonly
observed in natural communities. Since the publication of the
neutral theory, there has been much discussion about it, pro
and con. In this paper, we summarize recent progress in the
assumption, prediction and speciation mode of the neutral
theory, including progress in the theory itself, tests about the
assumption of the theory, prediction and speciation mode at
the metacommunity level. We also suggest that the most
important task in the future is to bridge the niche-assembly
theory and the neutral theory, and to add species differences
to the neutral theory and more stochasticity to the niche
theory.
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1 Introduction

One of the central concerns in community ecology is to
explain species distribution at different spatio-temporal
scales. The most important issue here is how species coexist
as they do (Tokeshi, 1990; Tilman and Pacala, 1993; Chesson,
2000; Hubbell, 2001). In the long history of pursuing the
mechanisms of species coexistence, studies have mainly been
focused on various mechanisms for niche differentiation.
In view of the traditional coexistence theory based on niche
differentiation, ecologically equivalent species cannot stably
coexist for a long period (Zhang et al., 2000).

However, the niche differentiation theory cannot explain
the species diversity distribution of tropical rain forests. There
are so many species in such a community, and there cannot
be so many niches for these species. For example, most of
the tree species are shade tolerant species in the BCI tree
community (Barro Colorado Island) that are not clearly niche
differentiated, and the resource-based niche theory has diffi-
culty in explaining the plethora of such species (Hubbell,
2005a; 2005b; 2006). American ecologist Stephen Hubbell
and other ecologists put forward an explanation analogous
to the neutral theory in population genetics (Hubbell, 1979;
Hubbell and Foster, 1983; 1986; Hubbell, 2001; 2005a;
2005b; 2006)—ecologically equivalent species can coexist.
The basic assumption in this so called neutral theory in com-
munity ecology is ecological equivalence among species.
That is to say, all the individuals of all the species in the com-
munity have the same probability of birth, death, migration
and speciation. The abundance of each species increases
or decreases randomly, and the number of species in the
community depends on the dynamic equilibrium between
speciation (or immigration) and extinction.

In fact, the neutral theory dates back to the island biogeo-
graphy theory first put forward by MacArthur and Wilson
(1967). According to this theory, the number of species on an
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island depends on the speed of immigration from outside and
the extinction of extant species, as well as the area of the
island and the distance from the mainland. Neither difference
among species nor niche differentiation is considered in this
theory. The neutral theory extends the theory of biogeography
and takes population dynamics, the number of coexistent
species as well as speciation into account for the species dis-
tribution both in a local community at the ecological scale and
in a metacommunity at the evolutionary scale. A local com-
munity is the aggregate of species in a local area competing
for the same or similar resources. A metacommunity is the
collection of local communities mediated by gene flow
between them. Species diversity in a metacommunity depends
on the dynamic equilibrium between birth and death, stable
species extinction and speciation. A local community is con-
nected with the metacommunity via migration, and its species
distribution is determined by individual birth, death and
immigration from the metacommunity. The metacommunity
is assumed to be relative to a local community when the focus
is on the dynamic of the local community which occurs at a
much larger spatio-temporal scale just as the metacommunity
process. However, the concept of a local community is not
clearly defined in the neutral theory, and it is also difficult
to distinguish a local community from a metacommunity in
nature.

There are two fundamental assumptions in the neutral
theory. One is the assumption of the constant size of a com-
munity. In such a community, an increase in one species’
abundance will definitely accompanied by a decrease of the
same extent in other species’ abundance. The second assump-
tion is the ecological equivalence among all the individuals of
all the species in the community. Based on these assumptions,
the neutral theory predicts that species abundance distribution
in a local community is the zero-sum multinomial distribution
rather than the log-normal distribution. Compared to the log-
normal distribution, the zero-sum multinomial distribution
has a long tail at the end of rare species, and its length depends
on the community size and migration from the metacommu-
nity. This theory is very successful in recreating the relative
species abundance distribution and the species-area relation-
ship in tropical rain forests, despite that most of the species
may have different fecundity rates, death rates and migration
rates. In fact, Hubbell accepted that there are significant dif-
ference in the growth rate and the ability of shade tolerance
among tropical tree species, but he claimed that such differ-
ence is not important to the community structure (Hubbell,
2001; Bell, 2000; 2001), and species diversity mainly depends
on the demographic stochasticity at the individual level.

The earliest theories of relative species abundance were
based on statistical distributions without considering the
underlying ecological process (Fisher et al., 1943; Preston,
1948). Later deductive theories of relative species abundance
also failed to derive from the fundamental biological pro-
cesses in population dynamics. The neutral theory includes
some factors that are normally neglected in the niche theory,
such as migration, speciation and community size. It provides
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a theoretical framework for investigating the community
structure from the viewpoint of individuals. This theory
has brought about deep discussion and related studies in
ecology. Hubbell’s book The Unified Neutral Theory of
Biodiversity and Biogeography was also reviewed and
widely appreciated.

In this paper, we summarize theoretical and experimental
researches on the neutral theory. We also highlight the
possible progress that can be made in the near future.

2 Species abundance distribution and
neutral theory of biodiversity

In the 1940s, statistical models were used to investigate
species abundance distribution in a community (Fisher et al.,
1943; Preston, 1948). Fisher et al. defined the number of spe-
cies consisting of n individuals in a sample of J individuals
as

n
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Fisher’s « is usually used to fit datasets from insect and animal
communities with large numbers of individuals. But it
often underestimates number of species when it is applied to
tropical forests.

Despite of Fisher’s model, Preston put forward another
famous model for species abundance distribution (Preston,
1948). Preston transformed the number of individuals into
log2 abundance categories (species of abundance 1, 2-3, 4-7
and so on), and found that species abundance distribution is
log-normal rather than log-series. Log-normal distribution
fits well in many real communities (Tokeshi, 1990), but not
always. For example, log-normal distribution predicts too
many abundant species and too few rare species for the BCI
rainforest (Chave, 2004).
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Neither Fisher’s model nor Preston’s model directly relies
on actual demographic processes. It is Karlin and McGregor’s
neutral model in population genetics that combines the sto-
chastic theory and demographic population models (Karlin
and McGregor, 1967). It is easy to translate this model into
community ecology by replacing ‘type’, ‘mutation’ and
‘population’ with ‘species’, ‘speciation and immigration’ and
‘community’, respectively. In this model, the community is
assumed to be of constant size with J individuals and v pro-
bability for speciation. Hence, new species enter the commu-
nity as a Poisson process through speciation or immigration
at rate v in each generation. There are totally S species that
coexist in the community 7, which is the abundance of
species / and will increase or decrease by one within one
time interval. If the abundance of all the species is small, and
there are many distant species, Karlin and McGregor deduced
F(n), which is equivalent to the abundance of species i in
community ecology when n, = n as

F(n)= NIZIDR ©)
n

where A and p is per capita birth and death rate, respectively.
Compared with model (1), v/ is equivalent to Fisher’s o with
Mu=x

The first realistic neutral model in ecology was proposed
by Hubbell (1979; 2001). Hubbell extended MacArthur and
Wilson’s dispersal assembly theory (MacArthur and Wilson,
1963; 1967) and proposed the neutral theory of biodiversity
at the individual level. Hubbell made the first attempt to
explain species abundance in a community based on funda-
mental biological processes. Based on the assumption that a
community consists of a constant of J individuals that share
the same probability of birth, death and migration, and there
is just one birth following one death at one time interval, then
the probability that there is one birth in species i and one death
in species j is

Pr{N,+1,N,—=LN,....N; | N,,N,.N,.....N; }

zﬂ[mpim_m)(in
J J—1

The probability that there is no change in each species’
abundance is

Pr{N,,N,.N,....Ng|N,.N,.N,.....N}
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where m is per capita migration rate, and P; is the relative
abundance of species i in the metacommunity. This matrix
gives the probability of the transformation from one state
to another. Its eigenvector gives the equilibrium probabilities
of each relative abundance combination in the local
community.

3

Denote the probability of the kth combination as @(k),
then the expected abundance of the ranked species in a local
community of size J is given by

Epu {r 17} =Y 1k - p(k) 3)

where C is the total number of combinations, r(k) is the
abundance of the ith ranked species in the kth configuration.
Such a species abundance distribution in a local community
is named the zero-sum multinomial distribution, and its shape
depends on the fundamental biodiversity number 0, the
size of the local community J, and the immigration rate m

(Fig. 1).
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Fig. 1 Patterns of relative species abundance in a diverse array of
ecological communities. Note: Species in each community are
ranked in percent relative abundance from the commonest (left) to
the rarest (right). The percent relative abundance is log transformed
on the y-axis. 1. Tropical wet forest in Amazonia; 2. tropical dry
deciduous forest in Costa Rica; 3. marine planktonic copepod
community from the North Pacific gyre; 4. terrestrical breeding
birds of Britian; 5. tropical bat community from Panama (revised
from Hubbell, 2001).

Forametacommunity, Hubbellused Karlinand McGregor’s
(1972) method and gives the probability that there are S
species consisting of n,, n,, ..., ng individuals respectively in
a sample of J individuals from a metacommunity undergoing
the point mutation mode of speciation as

J10°
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Where 0 = 2J,v, J,, is the size of the metacommunity, v is
the speciation rate, and ¢, is the number of species consisting
of i individuals in a sample of J individuals. Hence, the
rank-abundance distribution in a metacommunity of size J is

E{r|J}= ;;(k)~R{S,iq,r2,...,rS}k
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where r(k) is the expected abundance of the ith ranked

species in the kth configuration, and C is the total number of
configuration, and P,{S, r, r,,..., s} is the probability of the
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kth configuration. The fundamental diversity number 0, which
is equal to twice the speciation rate times the metacommunity
size, is dimensionless and is equivalent to « in the log-series
distribution. It controls species richness and relative species
abundance in a metacommunity at equilibrium between spe-
ciation and extinction. This parameter appears throughout the
neutral theory at all the spatio-temporal scales.

The relative abundance distribution in a metacommunity is
a zero-sum multinomial distribution under random fission
speciation (Hubbell, 2001).

Hubbell considered the neutral theory as a unified neutral
theory of biodiversity and biogeography. This theory seems
mediating the log-series and log-normal distributions. The
unified theory predicts the existence of a new distribution
of relative species abundance distribution called zero-sum
multinomial distribution, which would be logseries-like,
lognormal like, or geometric-like, depending on the degree of
isolation from the metacommunity under the semi-log scale.
This distribution fitted many species abundance distributions
well in real communities. But Hubbell did not present an
analytical expression of relative species abundance with dis-
persal limitation, and this makes it difficult to fit the datasets
of the natural community (McGill, 2003).

Bell (2000; 2001) proposed another neutral model based
on two assumptions that differed from Hubbell’s models. The
first one is constant migration. That is, the probability that a
species can immigrate into the local community does not
depend on whether the species is already present in the com-
munity. Bell also assumed equivalent per capita birth rate
b and death rate d in his model, with b>d. If the number
of individuals is more than the size of community J, excess
individuals are removed at random, which is similar to the
model developed by Ewens (1972). Bell’s model predicts
approximately log-normal species abundance distribution,
skewed to the left by immigration.

Some neutral models also considered the spatial structure
of a community (Durrett and Levin, 1996; Chave et al., 2002;
Chave and Leigh, 2002; Levin et al., 2003), but this makes the
models more complicated to simulate or analyze.

3 Recent developments and analytical
expressions of the neutral theory

To obtain an analytical expression of the neutral model, two
methods are used. The mean-field master equation approach
with a Markovian description of states and transition proba-
bilities deduces analytical expressions and approximations
for the expected number of species with certain abundance
in a dispersal-limited local community (Volkov et al., 2003;
Alonso and Mckane, 2004). Volkov et al. started with a simple
model describing the birth-death population process and
obtained the species distribution both in a metacommunity
and local community. They deduced the log-series distribu-
tion for a metacommunity with x = b/d, and 0 = S,,P,v/b,
which is equal to Fisher’s o, where P, is the extinction
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probability and S, is the number of species in a metacommu-
nity. For a local community, the expected number of species
with 7z individuals is given as

_ J! ()
(0)=0 n(J —n)! F(J+y)j

exp(=y0/y)dy

m(J —1)
l—m

For certain parameter values of J, , and m, the numerical
solution of Eq. (5) is available. Volkov et al. fitted their ana-
lytical model to the BCI dataset and compared its merits with
that of the log-normal model. They found the species abun-
dance distribution is better fitted by the neutral model than
the log-normal model. This advance in the time method can
directly calculate the expected number of species with certain
abundance, but it is constrained to practical application
because it is difficult to estimate the unknown parameters.

The other method takes a coalescent-type approach in
which individuals are traced back to the ancestors that once
immigrated into the community. Such an effort results in the
multivariate probability of observing a specific species abun-
dance distribution in a sample of J individuals. The proba-
bility of such a sample consisting of S species with abundance
n, n,,..., ngrespectively is given by Etienne and OIlff (2004a;
2004b), Etienne (2005) and Etienne and Alonso (2005)
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m=1I/(I+J—1),
®; is the number of species with j individuals in a natural
community and 5(y,i) is the ith coefficient in the expression
of (x)yzﬁ(x—i—i—l). The model parameters can be esti-

mated usilnlg likelithood maximization approach. Hence it
is suitable for parameter estimation and model comparison,
but the rank-abundance distribution is not straightforward.
However, formulas from these two lines can be related to one
another (Etienne and Alonso, 2005).

4 Fundamental assumption of the neutral
theory

The assumption that all the individuals of all the species in
a community are ecologically equivalent or symmetric is
fundamental to the neutral theory of biodiversity, and it is
also always questioned. According to this assumption, all of
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the individuals have the same probability of birth, death and
migration and speciation. It also implies the symmetric
competition among species. This assumption results in no
difference in the life history among species, and stabilizing
factors such as density dependence are also non-existent in
such a community. For example, density dependence implies
that the death rate will increase with the community size,
which means the existence of rare species’ advantages
(Armstrong, 1989; Chave et al., 2002). Hubbell claimed that
ecological equivalence stands as long as the intensity of
density dependence is equal among species (Hubbell, 2003).
But the birth rate of an individual of rare species should
be higher than that of a common species if density depen-
dence works. Hence, density dependence and ecological
equivalence are virtually contradictive.

Zhang and Lin (1997) and Yu et al. (1998) relaxed the
ecological equivalence of the neutral model by allowing the
small differences in fecundity or mortality among species.
They both found that the time of species coexistence decreases
dramatically due to these small differences among species.
The competitively superior species with higher fecundity
rates or lower death rates becomes dominant in the commu-
nity very quickly. This means that the assumption of eco-
logical equivalence is fundamental to the neutral theory. It
also should be pointed out that ecological equivalence auto-
matically implies the equal competitive ability, but not the
reverse.

Let us turn to natural communities. The mortality rates of
tree species varied from 0.44% to 16.4% annually and the
recruitment rates varied from 0.34% to 12.0% annually for 63
species with over 50 individuals bigger than 10 cm dbh during
1990-1995 (Condit et al., 1995; Sheil et al., 2000; Chave,
2004). Chave also calculated standard errors and performed a
t-test on each species. He found only 26 of the 63 species
(41%) are neutral. This seems running against the neutral
assumption. What about individual relative fitness? Does
ecological equivalence make sense with individual relative
fitness? Chave calculated R, which is the ratio of per capita
birth rate to per capita death rate for the 63 tree species and
found they varied from 0.20 to 4.36 (Chave, 2004).

However, Hubbell supposed that niche differentiation will
result in the equal relative fitness among species, and then the
species abundance distribution will be structured by the eco-
logical drift (Hubbell, 2001). But there is no mechanism in
the neutral theory for such a process. To verify that ecological
equivalence is a reasonable assumption, Hubbell (2006)
developed a spatially explicit model to demonstrate that the
ecological equivalence for resource use can evolve easily and
often, especially in species-rich communities with limited
dispersal and recruitment. He asserted that dispersal and
recruitment limitation, as well as high species richness
strongly reduce the potential for the competitive exclusion of
functionally equivalent or nearly equivalent species, making
it possible for slow speciation to compensate species extinc-
tion (Hubbell, 2006). In the BCI forest, two individuals of the
same species share an average of only four tree species in
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common among their 20 nearest neighbours (Hubbell and
Foster, 1986). He argued that such different biotic environ-
ments in species-rich communities will not result in any con-
sistent direction for niche differentiation. Instead, he expected
species to evolve similar strategies adapted to their common
environments encountered over their evolutionary life spans.
He also presented some evidence of ecological equivalence
or near equivalence of BCI tree species, as well as evidence
for the lack of relationships between species richness and
stability or productivity (Hubbell, 2005a; 2006).

5 Testing predictions of the neutral theory

Experimental tests of the neutral theory are usually conducted
in species-rich communities, such as tropical rain forests.
Hubbell based the fitting of the neutral theory mainly on BCI
datasets (Hubbell, 2001; 2005a; 2006). He also fit the neutral
model to the relative abundance data from the tree community
in the 52-ha plot in Lambir Hills National Park, Sarawak
(Hubbell, 2006), and obtained a very high fitting precision
(r> = 0.996) for over 1100 species (Fig. 2). However, contro-
versy occurs even upon the same BCI dataset. McGill (2003)
tested the prediction of the neutral theory using the North
American Bird Breeding Survey (BBS) and the BCI’s 50-
ha plot. In both cases, he concluded that the log-normal
species abundance distribution provided a better fitting
than Hubbell’s (2001) distribution. But Volkov et al. fitted the
analytical version of the neutral model to BCI datasets and
concluded that the analytical solution of the neutral model
fitted BCI datasets better than the log-normal distribution
(Volkov et al., 2003).
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Fig.2 Fit of the UNT to the dominance-diversity curve for the
tropical tree community in Lambir Hills National Park, Sarawak
(Borneo). Note: The dotted line extending diagonally down to the
right is the best-fit metacommunity curve for 0 = 310, assuming
no dispersal limitation (probability of immigration m = 1). The
distribution of the relative tree species abundance for the 52-ha
plot was best fit with 0 =310 and m = 0.15. The error bars are
+ one standard deviation. The heavy solid line is the observed
dominance-diversity curve. The agreement between the fitted
line and the observed line for 1197 species excellent (2 = 0.996)
(revised from Hubbell 2006).



Tests of the neutral model have also been conducted in
other communities. Pandolfi used a paleo-reconstruction of
coral reef assemblages in Papua, New Guinea over a period
of 95000 years, and he observed that the commonest species
were consistently the same despite the repeated exposure to
marked fluctuations of sea level and sea-surface temperatures
(Pandolfi, 1996; 2002). This suggests that the most abundant
species are also the best equipped to withstand environmental
shifts, which works against the neutral drift model. Magurran
and Henderson (2003) tested the neutral theory using a 21
years’ dataset from an estuarine fish community at Hinkley
Point in the Bristol Channel, UK, in which 80 species and
96,000 individuals were recorded. They showed that an eco-
logical community could be separated into two components.
Core species, which are persistent, abundant and biologically
associated with estuarine habitats, are log normally distri-
buted. Occasional species, which are typically low in abun-
dance and have different habitat requirements, follow a log
series distribution. The prediction of the neutral theory is also
challenged by a continental-scale analysis of habitat and bird
distribution in South America (Ostling, 2005). Recently,
Walker and Cyr (2007) tested the neutral theory in 30 well-
studied lake communities. Three different fit measures are
used. They found all but two zooplankton communities (7
of 9) and three fish communities (9 of 12) were consistent
with all the three fit measures. However, all the nine phyto-
plankton communities did not fit the neutral model by at least
one measure.

Chave et al. (2002) contrasted the predicted species abun-
dance patterns of both the neutral and non-neutral simulated
models, and they found that they predicted similar patterns.
They also carried out extensive simulations of spatially
structured neutral models both with and without dispersal
limitation, and six non-neutral models including density-
dependence and/or tradeoffs among species, with and without
dispersal limitation. The results showed that the species
abundance distribution was modified by the presence of dis-
persal limitation, and to a lesser extent by density-dependent
processes, but not so much by the presence of other diversity-
maintaining mechanisms. Some other studies also confirmed
that non-neutral models predict patterns that are difficult to be
distinguished from neutral ones (McGill, 2003; Mouquet and
Loreau, 2003; Sugihara et al., 2003).

Despite the debate on fitting natural communities, some
studies found that species are quite different ecologically
while the species abundance distributions are fitted well by
the neutral model. Poulin (2004) investigated the patterns of
relative species abundance in intestinal parasite communities
of vertebrates and found the patterns qualitatively fit what is
expected under the neutral theory. However, the parasite com-
munity deviate both assumptions of the neutral theory. With
respect to individual helminths, host populations (i.e. parasite
component communities) are not saturated with individual
parasites. There are also huge inequalities in body size among
and within helminth species. Harpole and Tilman (2006)
studied grassland communities at Cedar Creek, US, where
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competition for nitrogen is a key factor in structuring com-
munities. They measured in monoculture the species trait R*,
and the minimum level of nitrogen in the soil for the sustain-
able growth of the species, and showed that across a variety
of gradients in nitrogen availability (experimental manipu-
lation, successional, and large scale natural), species abun-
dance was well predicted by R*, even though the observed
abundance distribution was qualitatively consistent with the
neutral theory. These studies lead to the conclusion that the
neutral pattern does not imply neutral processes (Purves and
Pacala 2005).

Most of the studies aim at testing whether the rank-
abundance distribution in natural communities are best fitted
by the neutral model, which was classified as the weak test by
Wootton (2005), because the predicted distributions are tuned
by the fundamental diversity parameter 6 and immigration
rate m, permitting the predicted distributions to match a wide
range of functional shapes. Wootton contended that a stronger
test would be able to estimate model parameters from system
dynamics, and then test the predictions of the parameterized
model in an independent situation that varied in known ways,
such as in a field experiment. He applied this method to a
rocky intertidal community and found that the neutral theory
recreated rank-abundance distribution of the system, but
the neutral theory poorly predicted the results of the field
experiment, indicating an essential role of variation in species
interactions.

6 Speciation mode

Hubbell (2001) assumed two modes of speciation: point
mutation and fission mutation. In the point mutation mode,
one individual mutate into a new species with a certain proba-
bility; while with the fission mutation mode, the assemblage
of one species split into two species. These two different
mutation modes in a metapopulation result in two different
species abundance distributions—the log-series distribution
and the zero-multinomial distribution, respectively. Ricklefs
(2003) investigated the predictions of the neutral theory under
these two mutation modes. In the point mutation mode, new
species arise with one individual, and they may likely go
extinct soon because of the drift. Taking the BCI tropical
forest as an example, the average species lifespan is 7~2
In(1/2v) under the neutral assumption. This yields 25 new
species every 100 years with a speciation rate of v= 1070,
where v is the speciation rate. Ricklefs argued that this would
result in a large number of species that are difficult to recog-
nize by classic taxonomic methods. On the other hand, the
fission mode of speciation would lead to too many abundant
species and too few rare species. Hubbell (2003) responded to
Ricklefs’s arguments that only old and abundant lineages
qualify as species for taxonomists. Hence, Ricklefs’s cryptic
species would be recognized as intraspecific variation, which
is commonly observed in population genetics. Hubbell also
argued that the point mutation mode and the fission model



Neutral theory in community ecology

represent the two extremes of a ‘speciation continuum’.
Hubbell proposed a new mutation mode as ‘peripheral isolate
speciation’, which is in the middle of those two modes. In this
mode, the species lifetime and initial size of new species
would also be in the middle of those under the point mutation
mode and the fission mode. Hubbell showed by simulation
that the initial size of new species has an important effect on
species abundance distribution.

7 Neutral versus niche theory and
synthesis

The species abundance distribution and the underlying
mechanism remain the main concern in community ecology.
Among several classical improvements, the neutral theory
has intrigued much interest as well as controversy because of
its radically different view of ecological community. Although
the neutral theory may not be able to exactly describe natural
communities at this stage, it did include some important pro-
cesses neglected by other community assembly theories. The
neutral theory provided a novel view on the mechanism of
community assembly and created species abundance distribu-
tions similar to those observed in natural communities. It at
least put forward a numerical null model of community
dynamics at different spatio-temporal scales. Its simplicity
and elegance should also be appreciated. The niche theory
is somewhat less elegant compared to the simplicity of the
neutral theory, and the dispersal limitation and stochasticity
makes it more complex. However, it is the niche theory rather
than the neutral theory that helps us in understanding the role
that species diversity and composition plays in the functioning
of entire ecosystems. Perhaps what should be done is to bridge
the neutral theory and the classical niche differentiation
theory. Adding drift and dispersal limitation in niche models,
as well as developing nearly neutral models and incorporating
differences among species (Zhou and Zhang, 2007) may fill
the gap. Several studies have made efforts to do this (Chase,
2005; Purves and Pacala, 2005; Volkov et al., 2005). The
frame provided by Volkov et al. (2003) may be used to inte-
grate both demographic processes and determinative pro-
cesses (Volkov et al., 2005). A unified theory for species
abundance distribution in communities consisting of key pro-
cesses of both the neutral theory and the niche theory will
definitely be a breakthrough in community ecology (Chase,
2005).

The neutral theory of biodiversity is still in its infancy.
Progress on the neutral theory depends on both theoretical
and experimental improvements. Efforts should be made to
test the predictions of the neutral model in other communities
except for tropical rain forests (Pandolfi, 2002; Magurran and
Henderson, 2003; McGill, 2003; Poulin, 2004; Walker and
Cyr, 2007). We should also pay much attention to the assump-
tion of ecological equivalence and the speciation mode. The
role dispersal limitation and recruitment limitation play in
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community assembly, and whether ecological equivalence
can be easily evolved are still not well understood and
verified. Important progress will also be made by constructing
powerful stochastic models to test the predictions of the
neutral model.

Acknowledgements This work was supported by the National Science
Foundation of China (No. 30670314, 30300045, 30125008).

References

Alonso D, McKane A J (2004). Sampling Hubbell’s neutral theory of
biodiversity. Ecology Letters, 7: 901-910

Armstrong R A (1989). Competition, seed predation, and species
coexistence. Journal of Theoretical Biology, 141: 191-195

Bell G (2000). The distribution of abundance in neutral communities.
American Naturalist, 155: 606-617

Bell G (2001). Neutral macroecology. Science, 293: 2413-2418

Chase J (2005). Towards a really unified theory for metacommunities.
Function ecology, 19: 182—-186

Chave J (2004). Neutral theory and community ecology. Ecology
Letters, 7: 241-253

Chave J, Leigh E G (2002). A spatially explicit neutral model of
beta-diversity in tropical forests. Theoretical Population Biology,
62:153-168

Chave J, Muller-Landau H C, Levin S A (2002). Comparing classical
community models: Theoretical consequences for patterns of
diversity. American Naturalist, 159: 1-23

Chesson P (2000). Mechanisms of maintenance of species diversity.
Annual Review of Ecology and Systematics, 31: 343-366

Condit R, Hubbell S P, Foster R B (1995). Mortality rates of 205 neo-
tropical tree and shrub species and the impact of a severe drought.
Ecological Monographs, 65: 419-439

Durrett R, Levin S A (1996). Spatial models for species area curves.
Journal of Theoretical Biology, 179: 119-127

Etienne R S (2005). A new sampling formula for neutral biodiversity.
Ecology Letters, 8: 253-260

Etienne R S, Alonso D (2005). A dispersal-limited sampling theory for
species and alleles. Ecology Letters, 8: 1147-1156

Etienne R S, OIff H (2004a). How dispersal limitation shapes species-
body size distributions in local communities. American Naturalist,
163: 69-83

Etienne R S, OIff H (2004b). A novel genealogical approach to neutral
biodiversity theory. Ecology Letters, 7: 170-175

Ewens W J (1972). The sampling theory of selectively neutral alleles.
Theoretical Population Biology, 3: 87-112

Fisher R A, Corbet A S, Williams C B (1943). The relation between the
number of species and the number of individuals in a random sample
from an animal population. Journal of Animal Ecology, 12: 4258

Harpole W S, Tilman D (2006). Non-neutral patterns of species
abundance in grassland communities. Ecology Letters 9: 15-23

Hubbell S P (1979). Tree dispersion, abundance, and diversity in a
tropical dry forest. Science, 203: 1299-1309

Hubbell S P (2001). The Unified Neural Theory of Biodiversity and
Biogeography. Princeton, NJ: Princeton University Press

Hubbell S P (2003). Modes of speciation and the lifespans of species
under neutrality: A response to the comment of Robert E. Ricklefs.
Oikos, 100: 193—-199

Hubbell S P (2005a). Neutral theory in community ecology and the
hypothesis of functional equivalence. Functional Ecology, 19:
166-172

Hubbell S P (2005b). The neutral theory of biodiversity and
biogeography and Stephen Jay Gould. Paleobiology, 31: 122-132



8

Hubbell S P (2006). Neutral theory and the evolution of ecological
equivalence. Ecology, 87: 1387-1398

Hubbell S P, Foster R B (1983). Diversity of canopy trees in a
neotropical forest and implications for conservation. In: Sutton S L,
Whitmore T C, Chadwick A C, eds. Tropical Rain Forest: Ecology
and Management. Oxford: Blackwell Scientific Publications, 2541

Hubbell S P, Foster R B (1986). Biology, chance and history and the
structure of tropical rain forest tree communities. In Diamond J M,
Case T J, eds. Community Ecology. New York: Harper and Row,
314-329

Karlin S, McGregor J (1967). The number of mutants maintained in a
population. Proc. 5th Berkeley Symp Math Stat Prob, 4: 415-438

Karlin S, McGregor J (1972). Polymorphisms for genetic and ecdogical
systems with weak coupling. Theoretical Population Biology, 3: 210—
238

Levin S A, Nathan R, Muller-Landau H C, Chave J (2003). The ecology
and evolution of dispersal: A theoretical perspective. Annual Review
of Ecology Evolution and Systematics, 34: 575-604

MacArthur R H (1957). On the relative abundance of bird species.
Proceedings of the National Academy of Sciences of the United
States of America, 43: 293-295

MacArthur R H, Wilson E O (1963). An equilibrium theory of insular
zoogeography. Evolution, 17: 373-387

MacArthur R H, Wilson E O (1967). The Theory of Island
Biogeography. Princeton, NJ: Princeton University Press

Magurran A E, Henderson P A (2003). Explaining the excess of rare
species in natural species abundance distributions. Nature, 422:
714-716

McGill B J (2003). A test of the unified neutral theory of biodiversity.
Nature, 422: 881-885

Mouquet N, Loreau M (2003). Coexistence in metacommunities: The
regional similarity hypothesis. American Naturalist, 162: 544-557

Ostling A (2005). Neutral theory tested by birds. Nature, 436: 635-636

Pandolfi J M (1996). Limited membership in Pleistocene reef
coral assemblages from the Huon Peninsula, Papua New Guinea:
constancy during global change. Paleobiology, 22: 152—-176

Pandolfi J M (2002). Coral community dynamics at multiple scales.
Coral Reefs, 21: 13-23

Poulin R (2004). Parasites and the neutral theory of biodiversity.
Ecography, 27: 119-123

Shurong ZHOU, Dayong ZHANG

Preston F W (1948). The commonness and rarity of species. Ecology, 29:
254-283

Purves D W, Pacala S W (2005). Ecological drift in niche-structured
communities: neutral pattern does not imply neutral process.
In: Burslem D, Pinard, M, Hartley S, eds. Eiotic Interactions in the
Tropics. Cambridge: Cambridge University Press, 107138

Ricklefs R E (2003). A comment on Hubbell‘s zero-sum ecological drift
model. Oikos, 100: 185-192

Sheil D, Jennings S, Savill P (2000). Long-term permanent plot obser-
vations of vegetation dynamics in Budongo, a Ugandan rain forest.
Journal of Tropical Ecology, 16: 765-800

Sugihara G, Bersier L, Southwood T R E, Pimm S L, May R M (2003).
Predicted correspondence between species abundance and dendro-
grams of niche similarity. Proceedings of the National Academy of
Sciences of the United States of America, 100: 52465251

Tilman D, Pacala S (1993). The maintenance of species richness in plant
communities. In: Ricklefs R E, Schluter D, eds. Species Diversity in
Ecological Communities. Chicago: Chicago University Press, 13-25

Tokeshi M (1990). Niche apportionment or random assortment:
Species abundance patterns revisited. Journal of Animal Ecology,
59: 1129-1146

Volkov I, Banavar J R, Hubbell S P, Maritan A (2003). Neutral theory
and relative species abundance in ecology. Nature, 424: 1,035-1,037

Volkov I, Banavar] R, He F, Hubbell S P, Maritan A (2005). Density
dependence explains tree species abundance and diversity in tropical
forests. Nature, 438: 658—661

Walker S C, Cyr H (2007). Testing the standard neutral model of
biodiversity in lake communities. Oikos, 116: 143—155

Wootton J T (2005). Field-parameterization and experimental test of the
neutral of biodiversity. Nature, 433: 309-312

Yu D W, Terborgh J W, Potts M D (1998). Can high tree species richness
be explained by Hubbell’s null model? Ecology Letters, 1: 193—-199

Zhang D Y, Lin K (1997). The effects of competitive asymmetry on
the rate of competitive displacement: How robust is Hubbell’s
community drift model? Journal of Theoretical Biology, 188:
361-367

Zhang D Y et al. (2000). Researches on Theoretical Ecology. Beijing:
China Higher Education Press (in Chinese)

Zhou S R, Zhang D Y (2007). A nearly neutral model of biodiversity.
Ecology (in press)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


