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THE UNIFIED NEUTRAL THEORY OF BIODIVERSITY:
DO THE NUMBERS ADD UP?

RoBERT E. RICKLEFS'

Department of Biology, University of Missouri—St. Louis, 8001 Natural Bridge Road, St. Louis, Missouri 63121-4499 USA

Abstract. Hubbell’s unified neutral theory is a zero-sum ecological drift model in which
population sizes change at random in a process resembling genetic drift, eventually leading to
extinction. Diversity is maintained within the community by speciation. Hubbell’s model makes
predictions about the distribution of species abundances within communities and the turnover
of species from place to place (beta diversity). However, ecological drift cannot be tested
adequately against these predictions without independent estimates of speciation rates,
population sizes, and dispersal distances. A more practical prediction from ecological drift is
that time to extinction of a population of size N is approximately 2N generations. I test this
prediction here using data for passerine birds (Passeriformes). Waiting times to speciation and
extinction were estimated from genetic divergence between sister populations and a lineage-
through-time plot for endemic South American suboscine passerines. Population sizes were
estimated from local counts of birds in two large forest plots extrapolated to the area of wet
tropical forest in South America and from atlas data on European passerines. Waiting times to
extinction (ca. 2 Ma) are much less than twice the product of average population size (4.0 and
14.4x 10 individuals in South America and Europe) and generation length (five and three years)
for songbirds, that is, 40 and 86 Ma, respectively. Thus, drift is too slow to account for turnover
in regional avifaunas. Presumably, other processes, involving external drivers, such as climate
and physiographic change, and internal drivers, such as evolutionary change in antagonistic
interactions, predominate. Hubbell’s model is historical and geographic, and his perspective
importantly links local and regional process and pattern. Ecological reality can be added to the
mix while retaining Hubbell’s concept of continuity of communities in space and time.

Key words:  community diversity; ecological drift; extinction; neutral theory, passerine birds, population
size; regional diversity, speciation.
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INTRODUCTION

Hubbell (1979, 2001) proposed an individual-based,
stochastic theory to explain patterns of species richness
in ecological communities. He called this the unified
neutral theory of biodiversity. As in other neutral
theor1e§ (see Chave [2004] fo.r a r?VIeW)’ Hubbell’s individual, i.e., species) becomes fixed while all others
model is one of zero-sum ecological drift, meaning thata  ooome extinet and diversity drops to zero. In both
community has a fixed number of individuals and that genetic (Kimura and Ohta 1971, Kimura 1983) and
each randqm .de.ath is replaced by the s'ingle' offspripg of  ecological drift models, the tendency towards extinction
a random individual regardless of the identity or size of  can be balanced by the creation of new diversity through

a haploid population with overlapping generations.
Under both genetic and ecological drift, the entire
population eventually is composed of the descendants of
a single allele (or individual) present in the population at
some time in the past, referred to as the coalescence time
(Hudson 1990). Thus, one allele (or one type of

its population. Consequently, there is no frequency or
density dependence. Many authors have commented
upon Hubbell’s model, both positively and negatively.
Rather than reviewing these arguments, I shall focus on
testing some quantitative predictions of the model using
data on passerine birds, for which critical parameters of
ecological drift can be estimated.

Hubbell’s model is identical to random genetic drift of
neutral alleles in a single-locus, infinite-alleles model for
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p. 1368.
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mutation or species formation. Indeed, to find an
analytical solution to the equilibrium diversity in a
community, Hubbell (2001:114) modeled speciation as a
mutation event. Accordingly, a random offspring of a
single individual would become transformed into a new
species, which initially would have a population size of a
single individual.

Zero-sum ecological drift is purely geographical and
historical. The equilibrium number of species in the
regional “community” (or metacommunity) depends
only on the total number of individuals (Jy, a function
of geographic extent and population density) and the
rate of speciation (v, the lowercase Greek nu). Local
communities including J individuals are part of the
larger metacommunity and connected to it by migration,
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at rate m. The relative importance of migration
compared to species formation in maintaining diversity
increases with decreasing size of the local community.
Migration slows change in local communities over time.
This effect can be extended to the turnover of species
(beta diversity) in a continuous landscape by introduc-
ing limited dispersal distance for the offspring of each
individual (Chave and Leigh 2002, Condit et al. 2002).

Hubbell’s theory is unifying because it brings togeth-
er, in a single model, predictions concerning the number
and relative abundance of species within communities,
the relationship of diversity to area, and the turnover of
species with distance. This is a remarkable accomplish-
ment. However, the relevance of Hubbell’s model to
ecologists depends on the degree to which it describes
the real world. Many believe that it does not, because
their experience with nature suggests that density
dependence (Wills et al. 1997) and habitat specialization
(Tuomisto and Ruokolainen 1994, Tuomisto et al. 1995,
Clark et al. 1999, Duivenvoorden et al. 2002, Potts et al.
2002), both of which violate the premises of Hubbell’s
model, are fundamental features of ecological systems.

Hubbell’s theory makes several quantitative predic-
tions that can be tested against observations. Two of
these predictions have received considerable attention.
One is the particular form of the relative abundance
curve within communities (McGill 2003, Volkov et al.
2003, Etienne and OIff 2004, Potts et al. 2004). When
migration is infinite and the local and regional
communities coincide, the form of the rank—abundance
relationship assumes a log-series distribution, which can
be described by a single parameter, Fisher’s alpha (o;
Fisher et al. 1943, Magurran 1988) for a given
community size (number of individuals, N, which is the
same as Hubbell’s J). Alpha is linked to Hubbell’s model
in the following way. When new species are formed by
individual mutation, species richness is determined by a
single “fundamental biodiversity number,” theta (0),
which is related to community size and speciation rate as
0=2Jv. For a given biodiversity number, species richness
is approximately S(6) ~ 6 In(J/0). In the absence of
migration, 0 is asymptotically equivalent to Fisher’s
alpha. Migration to local communities at rate m distorts
the log-series form of the rank-abundance curve in a
predictable manner, and most rank-abundance curves
can be fitted by some combination of values of J, v, and
m (e.g., Hubbell 2001:131). It should be evident,
however, that without measuring J, v, and m independ-
ently, this “test” becomes an exercise in curve fitting
rather than hypothesis testing.

A second prediction that has been used to test
Hubbell’s theory addresses the turnover of species with
respect to distance (Durrett and Levin 1996, Pitman et
al. 2001, Chave and Leigh 2002, Condit et al. 2002). The
theory predicts that the correlation in abundance
between species should decrease with distance when
dispersal is limited, but the rate of decrease depends on
the speciation rate and the dispersal distance. Without
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knowing these parameters, which are not part of the
drift mechanism itself and thus are external variables,
such tests of Hubbell’s model involve too many
unknowns and are ambiguous.

Other predictions of Hubbell’s model concern changes
over time. Because the abundances of species within
communities are stochastic variables, the variance in the
abundance of each species among local communities
increases linearly with time. Clark and MecLachlan
(2003) tried to test this prediction using the abundance
of tree species in fossil pollen from cores of Holocene
lake sediments in eastern North America. They found,
contrary to Hubbell’s model, that variance in abundance
among sites did not increase, but remained relatively
stable over a period of 5000-7000 yr, or about 50-70
generations. This is a relatively weak test, however,
because the time since the revegetation of glaciated
North America was not sufficient for the establishment
of equilibrium under ecological drift, and 50-70
generations would probably produce little change in
the frequencies of abundant trees in a community of
millions of individuals. Furthermore, dispersal across
the region from which the samples were taken (about
three degrees of latitude, or 330 km, and four degrees of
longitude at 45 N, or about 316 km) might be sufficient
to prevent community divergence under any circum-
stance. Without knowing population size and dispersal
distance, such a test of Hubbell’s model is inconclusive.

DRIFT AND TIME

At this point, the most unambiguous test of Hubbell’s
model addresses time itself. Drift takes time; the larger
the community, the longer it takes (Hubbell 2001:83).
For example, when birth and death are stochastic
processes having equal rates, the probability of extinc-
tion increases with time and reaches 1/e (0.37) in
approximately N generations, where N is the initial size
of the population (Pielou 1969:17 ff). Leigh (1981)
determined that the average time to extinction under
neutrality when a population cannot exceed size K is
equal to 2N(1 + In[K/N]), which is at least 2N. Leigh
(1981:219) pointed out that this result for extinction
“agrees with Fisher’s (1930) calculation that the number
of descendants of a single neutral mutant will not exceed
a small multiple of the number of generations elapsed
since the mutant occurred.” That is, under neutrality the
increase and decrease in the number of alleles or
individuals in a population are mirror images in time
(see also Kimura and Ohta 1971). Thus, the expected
time to extinction of a population of size N is minimally
2N generations, as is the period required for a single
mutant (or newly formed species of size 1) to increase by
drift to N individuals. Furthermore, the time required
for the number of species and their relative abundances
to approach equilibrium under genetic drift is several
multiples in generations of the total size of the
community in individuals (K or J). Leigh (1981) pointed
out that for some kinds of communities the expected life

O
S
m
0
>
r
-n
>
_|
c
T
m




Ll
o
=)
<
Ll
L
|
<
O
Ll
o
D)

1426 ROBERT E. RICKLEFS

spans of the commonest species, not to mention the time
to equilibrium of the entire community, would exceed
the age of the earth.

Under a mutation model of speciation, species rich-
ness in a metacommunity (S) with neutral dynamics is
related to metacommunity size (Jy) and rate of
speciation (v) according to S ~ —2vJy In(2v) (Hubbell
2001:165, Ricklefs 2003). This provides a testable
relationship, but while the mutation model allows an
analytical solution to the equilibrium number of species,
it does not portray species formation realistically.
Alternatively, Hubbell (2001:264) devised a fission
model whereby a population of one species would split
at random into two species. Each daughter species
would contain a random fraction of the individuals in
the parent species.

Hubbell was not able to derive an analytical solution
for the equilibrium number of species under a fission
model of speciation, but we may use the following logic
to find an approximate solution. According to the fission
model, a random individual from a metacommunity of
size Jy 1s chosen with probability v and the species to
which it belongs (population size N) is then cleaved
randomly into two parts. The probability that a
particular population will undergo fission is vN and
the rate at which new species form by this process in the
metacommunity as a whole is vJy. The time in
generations to extinction in a drift model is approx-
imately twice the population size (Leigh 1981), which,
on average, is twice the total size of the metacommunity
divided by the number of species (2Jy/S). Thus, the
average rate of extinction per species is the inverse,
S/2Jm, which, multiplied by the number of species,
provides the overall rate of extinction in the community,
S%/2Jy. At equilibrium, extinction equals speciation,
that is, S2/2JM = vJu, and S = Jyv/2v.

Regardless of whether extinction occurs at a rate
consistent with drift, or at some other rate, for example
resulting from species interactions in a heterogeneous
environment, speciation and extinction will come into
balance. Accordingly, knowing S and Jy, one could
estimate the speciation rate v. However, neutral theory
makes no prediction about the time to speciation; rather,
extinction provides the critical test of neutrality. If one
assumes that extinction and speciation rates are
approximately balanced, then the time to extinction will
equal the time to speciation, 2Jy/S. Thus, knowing Jy
and S, one can ask whether Hubbell’s model predicts a
plausible average time to extinction. In other words, do
the numbers add up? In an earlier comment on
Hubbell’s theory (Ricklefs 2003), I expressed some
doubt about this with respect to tree species richness
in Neotropical forests. Considering the large metacom-
munity sizes (on the order of 1 X 10'® individuals), large
number of species (perhaps 2 X 10%), and long generation
times of trees (~1 X 10% yr), it seemed that drift runs too
slowly (perhaps 1 X 10® yr to extinction), a point made
earlier by Leigh (1981).

Ecology, Vol. 87, No. 6

In this article, I use estimates of population sizes and
rates of speciation in songbirds (Passeriformes) to test
the prediction that time to extinction is about twice the
average population size of a species. Songbirds differ
from forest trees as a model system for this purpose
because they have relatively short generation times and
are several orders of magnitude less abundant. I based
the following analyses on data for passerine birds from
South America, North America, and Europe.

ESTIMATION OF SPECIATION AND EXTINCTION INTERVALS
Use of molecular phylogenies

In a random speciation process, the time between
speciation events is exponentially distributed with mean
1/A, where LA is the rate of speciation. In a phylogenetic
tree, the most straightforward estimate of 1/A is the
average length of internal branches. In practice, this is
unrealistic to the extent that taxon sampling is incom-
plete and extinction has erased the evidence of internal
nodes. Terminal branches suffer less than internal
branches from the problem of extinction and their
average length estimates approximately one-half the
distance between speciation events. Where taxon sam-
pling is complete, genetic distance between sister taxa,
which is commonly reported in the literature, can be used
to estimate genetic distance between speciation events
along a branch. Genetic distance can be converted to
time by a suitable calibration. For mitochondrial DNA
(mtDNA) sequences, a commonly used calibration is 2%
sequence divergence between sister taxa per million years
(Shields and Wilson 1987, Klicka and Zink 1997,
Fleischer et al. 1998, Lovette 2004).

Estimates of the average mtDNA sequence divergence
between presumed sister species vary between about
1.9% and 5.1%, with a range for individual pairs between
0% and almost 11% (Klicka and Zink 1997, Avise and
Walker 1998, Johns and Avise 1998, Johnson and Cicero
2004, Lovette 2004). Assuming an overall average of 4%,
the average time between speciation events for passerine
birds would be about 2 million years (Ma).

Use of lineage-through-time plots

Harvey et al. (1994) showed how one can use a
lineage-through-time (LTT) plot to estimate speciation
and extinction rates within a clade. The LTT plot
portrays through time the number of lineages ancestral
to present-day extant species (Fig. 1). When speciation
rate (A) and extinction rate (i) are constant through time
(1), the logarithm of the number of lineages increases
linearly with time at rate A — p. However, because
phylogenetic reconstructions, from which LTT plots are
constructed, do not include extinct lineages, lineage
accumulation is not strictly linear. The number of
lineages ancestral to extant species (the realized line)
increases more rapidly towards the present because
progressively fewer recently produced lineages have had
time to go extinct (Fig. 1). Thus, the slope of the lineage
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Fig. 1. Theoretical shapes of actual and realized lineage-
through-time plots (after Harvey et al. [1994]), showing the
slope (m) and separation of the two plots (a) used to estimate
speciation (A) and extinction rates (i) from the relationships m
=X - pand a=-In(l — p/A). Note the log scale of the y-axis.

accumulation curve approaches the speciation rate A as
the curve approaches the present.

On an LTT plot, the slope of the near-linear portion
of the realized line represents approximately the net
diversification rate, that is, A — p. The difference between
the actual and the realized lines (a) is equal to —In(l —
w/A), which can be rearranged to give A = (A — p)/exp(-a).
Thus, knowing A — p and a, one can estimate A and, by
subtraction, p. Although one cannot measure the actual
number of lineages at any given time in the past, the
actual and realized lines are parallel in the middle of the
time span, both having slopes approaching A — p. A
reasonable approximation to the actual number of
lineages through time is a line with slope A — p that
passes through the contemporary number of species.
Thus, one can estimate « by extrapolating the linear part
of the realized LTT plot to the present (time 7) and
subtracting the extrapolated number of species from the
actual number of species.

I extracted a lineage-through-time plot for all of the
South American members of the Parvorder Tyrannida
from the DNA-DNA hybridization-based phylogeny of
Sibley and Ahlquist (1990). The relative times of linecage
splitting are indicated by the difference in melting point
temperatures (A750, °C) between heteroduplexed and
homoduplexed hybridized DNA. The Tyrannida repre-
sent a large radiation of suboscine passerine birds
endemic to South America and subsequently to tropical
parts of Central America, with a small number of
lineages extending to temperate regions of North
America. The clade is represented by 966 species in
South America (Meyer de Schauensee 1966). Sibley and
Ahlquist (1990) obtained DNA samples from 111
species representing most of the genera and virtually
all of the higher clades. The lineage-through-time plot is
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linear through much of the history of the group,
suggesting a relatively time-homogeneous rate of diver-
sification (Fig. 2).

Because Sibley and Ahlquist did not sample all species
of the clade, the slope of the lineage-through-time plot
falls off towards the Recent. However, one can anchor
the plot in the present (time 7) by the contemporary
number of species in the group. I estimated the slope of
the LTT plot by linear regression using 36 points from
the base of the clade up to a depth of ATH50 = 5°C.
Most genera branch from nodes more recent than this
point, and so Sibley and Ahlquist’s representation of
lineages up to this depth in the phylogeny is probably
relatively complete. The slope of this line, which
estimates the net rate of diversification is A — p=0.313
+ 0.005 °C”'. Extrapolating this line to the present
(ATy50 =T), gives a value of 5.176 = 0.045 (natural log
of 177.0 species), and the estimated difference between
the actual and realized lines is 6.873 (natural log of 966
species) — 5.176 = 1.697. From this, we can estimate A =
1.71 and p=1.71-0.31=1.40 °C"". Thus, the extinction
rate in this growing clade has been about 82% of the
speciation rate.

Absolute rates of speciation and extinction require
calibrating Sibley and Ahlquist’s ATy50 scale against
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Fic. 2. Realized lineage-through-time (LTT) plot based on
a DNA-hybridization phylogeny of 111 species of the South
American Tyrannida clade (Sibley and Ahlquist 1990) and the
966 species of Tyrannida in the contemporary South American
avifauna. Relative times of lineage splitting are indicated by the
difference in melting point temperatures (A7yH50) between
heteroduplexed and homoduplexed hybridized DNA. The slope
of the lower straight line (A — 1) is estimated from the 36 branch
points up to a relative time of ATy50 = 5°C. The value of a
(difference between the actual and realized lines) was estimated
from difference between the extrapolated value of the fitted line
at time 0 and the total contemporary number of species. The
parallel upper straight line represents the more recent part of
the actual LTT plot with slope A — p and an intercept equal to
the contemporary diversity. The heavy curved line is the
realized LTT curve calculated according to Harvey et al. (1994).
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time, assuming a linear relationship. In the Sibley-
Ahlquist phylogeny, the oscine-suboscine split within
Passeriformes has a molecular divergence of ATy50 =
19.7°C. The oldest fossils of passeriform birds date to
about 55 Ma (Boles 1997), but these bone fragments
cannot be assigned to any subgroup within the Passer-
iformes. Calibrated molecular clock estimates have
placed the oscine—suboscine split at 77 Ma (van Tuinen
and Hedges 2001) and 66-70 Ma (Harrison et al. 2004).
This might be too old, considering the absence of fossils
attributable to either oscines or suboscines prior to the
Miocene (e.g., Mayr and Manegold 2004). Thus, 1°C
ATy50 equals, at most, approximately 4 Ma, based on
van Tuinen and Hedges’s estimate, but probably no less
than 2 Ma.

Using the longer calibration time, we may estimate the
speciation rate for South American suboscines to be 1.71
per 4 Ma, or approximately 0.43 per Ma, which
corresponds to an average waiting time between speci-
ation events of 1/0.43 =2.34 Ma. Alternatively, using the
shorter calibration time, the waiting time would be 1.17
Ma. These values are similar to estimates of speciation
intervals based on mtDNA divergence and assuming 2%
sequence divergence per Ma (4% =2 Ma). If we assume
that p = 0.82A, the average waiting time between
extinction events would be either 2.86 or 1.43 Ma.

The average annual mortality (M) rate of Neotropical
passerine birds is probably close to 0.25 yr! (Karr et al.
1990, Brawn et al. 1995, 1999, Johnston et al. 1997,
Ricklefs 1997) which, allowing one year to maturity,
corresponds to a generation time of approximately 1 +
I/M = 5 years. Thus, the waiting time to extinction,
which is the average time to extinction of a newly
formed species, would be approximately 2.86/5=0.57 or
1.43/5 = 0.29 million generations.

EstimaTIiON OF PoPULATION Si1zE AND TIME TO EXTINCTION
Tropical forest birds

Detailed censuses are available for two Neotropical
forests: a 97-ha plot of floodplain forest in Amazonian
Peru (Terborgh et al. 1990) and a 100-ha plot in primary
rainforest of French Guiana (Thiollay 1994). For each
of these plots, I considered only resident passerine
species typical of mature forest habitats. For the
Peruvian plot (Terborgh et al. 1990, Appendix), 1
deleted vagrant (V), edge (E), early successional (ES),
and lake edge species (LS), as well as migrants (MG).
Species associated with forest streams (ST) and tree fall
openings (TF), as well as other classes of birds, were
retained. Densities were reported as pairs per 100 ha.
Species with densities too low to measure (+) were
assigned 0.1 pair per 100 ha. The resulting sample
included 126 species and 586.4 pairs per 100 ha.

For the French Guianian site, all the passerine species
listed by Thiollay (1994, Appendix) were included except
the migratory Vireo olivaceus. For two species of
antbirds (Federickena viridis and Pygiptila stellaris),
whose abundances were not estimated (+), I included 0.1
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pairs/100 ha. The census included 146 species of
passerines and 657.45 individuals per 100 ha.

Assuming that the census plots in French Guiana and
Peru (roughly 600 pairs per 100 ha [I km?]) are
representative of the densities of passerine birds in
tropical forests in South America, we can estimate the
total number of breeding pairs in all of South America
by multiplying the total area of tropical forest in km? by
600. According to the United Nations Environmental
Program, the combined area in South America of
tropical lowland evergreen broadleaf rain forest (forest
type 14) and semi-evergreen moist broadleaf forest (18)
exceeds 5 X 10° km? (data available online).? Thus, we
may estimate the number of forest passerine birds in
lowland, tropical South America as 600 X 5 X 10°=3.0 X
10° breeding pairs, or approximately six billion breeding
adult individuals.

The total South American passerine avifauna includes
1725 species (Meyer de Schauensee 1966). If, generously,
tropical forest habitats harbor 1500 of these, the average
population size would be N =4 X 10° individuals, and
the estimated average time to extinction (2N, in
generations) would be 40 X 10° Ma, assuming five years
per generation. This exceeds, by more than an order of
magnitude, values of 1.4 or 2.9 Ma estimated above
from genetic divergence and lineage-through-time plots.

European birds

Population sizes for European birds have been
estimated from extensive atlas projects in most countries,
which are summarized in the EBCC Atlas of European
Breeding Birds (Hagemeijer and Blair 1997). Estimates
are presented as the total number of breeding pairs in
Europe, European Russia (west of the Ural Mountains),
and Turkey. The database includes 196 species of
passerine birds, most of which are distributed generally
through continental Europe. The total estimated number
of pairs of all species is 1417824413 (1.4 X 10°) spread
over roughly 10.5 X 10° km?. The maximum was for the
Chaffinch Fringilla coelebs, estimated to have 120 X 10°
pairs, but population estimates for an additional 33
species exceeded 10 X 10° pairs, and the average
population size was 7.2 X 10° pairs.

Average adult mortality rates for temperate passerine
birds are on the order of M = 0.50 (Henny et al. 1970,
Dobson 1990, Karr et al. 1990) and, assuming birds
begin to breed at an age of 1 year, the average
generation time would be about 1 4+ 1/M = 3 yr. Thus,
for an average population size of 7.2 X 10° pairs (14.4 X
10° individuals), the expected time to extinction in a
random drift model (2N generations) would be more
than 86 X 10° yr. This estimate for the average European
population clearly is incompatible with intervals be-
tween extinction events. Drift is simply too slow to

2 (http://www.unep-weme.org/forest/s_america_stats.
htm)
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account for the rates of turnover of passerine birds in
either tropical or temperate communities.

DiscussioN

As Leigh (1981) and Leigh et al. (1993) have pointed
out, a critical test of individual-based neutral ecological
theory is whether observed life spans of newly formed
species are consistent with random drift in population
size. The average time to extinction in generations should
be on the order of twice the population size, as is the time
for a population to increase from a small number to its
present size (Leigh 1981). Extinction times are exponen-
tially distributed (Grimm and Wissel 2004), and so their
standard deviation is equal to the mean and many
individual times to extinction would be several multiples
of the average value. Calculations based on forest trees
(Ricklefs 2003) suggested that drift is too slow to account
for the turnover of species within a regional flora and that
other forces must act. Observations on rapid increase in
populations of introduced species, and relatively rapid
decline in species richness in communities in recently
isolated areas (Leigh et al. 1993, Ricklefs 2003), also do
not support extinction by drift. As shown by the present
analysis, even for passerine bird populations of average
size expected times to extinction under drift greatly
exceed values calculated from genetic divergence times
and lineage-through-time plots. The expected persistence
of the largest populations under a drift scenario would
exceed the age of the passerine radiation.

Is it possible to extract oneself from this impasse and
still cling to a neutral world? I believe there is no way
around the fundamental problem for ecological drift—
the problem of time.

What view of communities should we adopt?

Hubbell’s (2001) view of ecology is individual based,
recognizing that the geographic extent and abundance of
a species reflect the demographic history of its popula-
tion. Because every population must have an origin,
Hubbell also emphasizes the fundamental importance of
species origination. Although Hubbell’s world is eco-
logical in the sense that the total number of individuals
is limited, individuals are not distinguished ecologically.
Thus, it is possible to treat the dynamics of communities
as random population processes, with limited dispersal
providing some degree of spatial structure. Such a zero-
sum ecological drift model produces as an outcome a
stochastic statistical distribution of species abundances
and extents. Age, rate of speciation, and area are
defining components of both regional and local diversity
in an ecological drift model (Kirkpatrick and Barton
1997, Butlin et al. 2003).

As many authors have pointed out, Hubbell’s model is
unrealistic because its basic premise of ecological neutral-
ity of individuals is clearly not generally true, as shown by
ecological segregation of species and density dependence
within local areas. One can sidestep this difficulty to some
extent by arguing that subsets of species match the
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assumptions of an ecologically neutral model. However,
assumptions about equilibrium also will rarely pertain in
such cases; neutral communities of any size take too long
to approach equilibrium relative to rates of climate and
geomorphologic change, not to mention the evolutionary
replacement of major lineages of species within commun-
ities. Finally, as I have emphasized here, observed
turnover of species within regional pools occurs too
rapidly to be accounted for by random stochastic
processes. Individuals are too numerous for populations
to disappear by drift in an empirically convenient time.
Something else must be going on.

Ecological systems present us with a basic contra-
diction. On one hand, habitat selection and density
dependence tend to establish demographic equality
across species over regions and stabilize population
sizes over time, so that changes in population size in a
constant environment would proceed more slowly than
predicted by drift. On the other hand, empirical evidence
points to more rapid change than expected by drift. This
contradiction can be resolved by two additional consid-
erations. First, rapid changes in communities are
commonly driven by extrinsic factors, such as climate
change, whose characteristic times are much shorter
than drift under most circumstances. Second, and
perhaps less appreciated, coevolutionary interactions
within ecological systems continually shift the demo-
graphic balance across species. These extrinsic and
intrinsic drivers probably are responsible for changes
in populations occurring at rates too fast to be
accounted for by drift.

An important aspect of Hubbell’s model is that both
local and regional diversity are directly related to the
rate of speciation within the metacommunity. Random
processes combined with limited dispersal create a
strong correlation between local and regional diversity.
This has been observed empirically (see Srivastava
[1999] for a review) but would seem to contradict the
rapid approach to equilibrium of interacting popula-
tions within a classic, bounded, local community. This
disparity in the relative strength of local compared to
regional processes creates a difficulty for a regional
perspective on local diversity (MacArthur 1965, Ricklefs
1987, 1989). I believe this difficulty has largely been
created by the unrealistic and unmanageable concept of
the community held, whether consciously or not, by
most ecologists. Decades of empirical research have
emphasized the openness of communities, with popula-
tions distributed more or less independently over multi-
ple environmental gradients within large regions
(Gleason 1926, Whittaker 1967, Cody 1993). In spite
of this, community matrix models (Vandermeer 1972,
May 1975), micro- and mesocosm experimental ap-
proaches in ecology (Morin 1999), and spatially con-
strained field studies of ‘“communities” implicitly
represent a locally bounded concept of the community,
wherein populations interact with one another.
Although this concept has been expanded by such
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theoretical structures as metapopulations (Hanski and
Gilpin 1997, Leibold et al. 2004), source-sink models
(Pulliam 1988), landscape matrices (Forman 1999), and
metacommunities with immigration dominating local
communities (Loreau and Mouquet 1999, Hubbell
2001), these models essentially provide extended con-
texts for local, equilibrium ecological communities.

Many ecologists, including Hubble, have expanded
their concepts of community to entire regions, within
which populations are integrated by dispersal of
individuals (e.g., Holt 1993, Loreau and Mouquet
1999, Leibold et al. 2004) and for which the diversity
equation includes the rate of origination of new taxa.
However, Hubbell’s vision falls short to the extent that
environments are not uniform within regions and species
are not equivalent ecologically. Populations respond to
each other and sort themselves out over environmental
gradients by changes in local population density and
geographic and ecological extent. The distribution of
each species reflects its adaptations with respect to
physical factors in the environment and biological
agents. The latter are constantly changing through
coevolution (Ricklefs 2004). Although the status of a
particular species at a given time would be difficult to
predict, its distribution through a region is more the
product of deterministic processes of population inter-
action than of a random walk. Thus, we should think of
ecological systems as being relatively stable with respect
to parameters that change continuously.

Except for its abandonment of ecology, Hubbell’s
view of the world incorporates much of the regional and
historical perspective that I would advocate. The fact
that many ecologists have been attracted to this idea
gives hope that the discipline is ready to embrace a more
comprehensive concept of the species composition of
ecological systems.
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