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Abstract

We develop a statistical method to infer the parameters of Hubbell’s neutral model of
biodiversity using data on local species abundances and their phylogenetic relatedness.
This method uses the approximate Bayesian computation (ABC) approach, where the
data ate summarized into a small number of informative summary statistics. We used
three statistics: the number of species in the sample, Shannon /7 index of evenness and
Shao and Sokal’s B; index of phylogenetic tree imbalance. Our approach was found to
outperform previous methods, illustrating the potential of ABC methods in ecology.
Applying it to four large tropical forest tree data sets, the best-fit immigration rates
m were found to be two ordets of magnitude smaller and regional diversities 0 larger
than previously reported for the same data. This implies that neutral-compatible regional
pools of tropical trees should extend over continental scales, and that 7 measures, in this

context, mostly the frequency of long-distance dispersal events.
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INTRODUCTION

As phylogenetic trees become more widely available through
molecular methods, ecologists have an invaluable new
dimension of information with which to investigate the
mechanisms of community assembly (Losos 1992; Webb
et al. 2002; Pennington et al. 2006). It has long been
suggested that ecological processes may have a distinctive
fingerprint on the patterns of evolutionary relatedness of
coexisting species (Hutchinson 1959; Losos 1992; Wiens &
Donoghue 2004). However, most models of species
coexistence fail to take into account the phylogenetic
structure of a species assemblage, as they are usually
restricted to the scale at which individuals interact physically,
thus neglecting larger spatial and temporal scales (Ricklefs
2004). One exception is Hubbell’s (2001) neutral theory of
biodiversity and biogeography, which includes both local
and regional processes in a single conceptual framework.
Hubbell’s neutral model assumes that a local community is
connected to a larger pool of species through dispersal,
much like in classic island biogeography (MacArthur &
Wilson 1967). A single parameter 0, the number of species

arising per generation through speciation in the regional
species pool, summarizes the diversity in this pool. A second
parameter 7, the fraction of recruits coming from the source
pool into the local community, describes the magnitude of
dispersal limitation in the local community.

In many of the recent applications of the neutral theory,
the species abundance distribution of a local assemblage has
been used to test the neutral theory. Of particular relevance
here is the work of Latimer ¢f a/ (2005), who assessed the
evolutionary consequences of the neutral assumption by
analysing plant species abundance distributions in the South
African fynbos. They inferred the neutral parameters and
found neutral migration rates to be two orders of magnitude
smaller than those found in tropical forest tree communities.
Latimer ez al. (2005) also found that parameter 0, as inferred
from their data set, was much higher than in previous
reports. They interpreted this result as a signature of a
peculiarly high speciation rate of the fynbos flora. However,
Etienne ez al. (2000) critically reassessed this finding. They
commented that the inferred neutral parameters 0 and
often have two neatly equally likely values when they are
inferred from species abundance data. For the tropical
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forest trees of Barro Colorado Island (BCI), Etienne ¢ al.
(2006) found that the maximum likelihood estimation
(MLE) of the neutral parameters (0, 7) yields two different
but almost equally likely maxima. This finding is a serious
theoretical challenge for the neutral theory, because it
suggests that there is no way to estimate accurately these
parameters. For the BCI tree data set, it has been assumed
that the parameters are close to 0 = 47.7 and » = 0.093
(Leigh 2007). The second combination of neutral parame-
ters (0 = 241.9, » = 0.003, Etienne ¢ a/. 2006) would imply
that the BCI forest is far more dispersal limited, and that the
regional diversity is much higher than previously imagined.

Aside from Latimer e /. (2005), attempts to examine the
neutral theory at evolutionary timescales are scarce (but see,
e.g. Lande ef al. 2003; Lavin e al. 2004). Many studies of
macroevolutionary patterns are based on simple models of
lineage diversification, such as the Yule model, which
produces tree topologies assuming that all species have the
same chance to give tise to an altogether new species (Yule
1924). Simulated trees are often compared with empirical
ones using the balance of the tree topology, i.e. the extent to
which nodes define subgroups of equal size (balanced trees
are also called ‘symmetrical’, while imbalanced ones are
sometimes called ‘pectinate’, see Mooers & Heard 1997). It
turns out that the Yule model produces trees that are
generally more balanced than those reconstructed from
biological data (Mooers & Heard 1997). Recently, Mooers
et al. (2007) used Hubbell’'s neutral model to produce
simulated trees, and they found that it produced trees less
balanced than empirical ones. Hubbell (2001) had already
noticed that larger 0 values were associated with a more
even distribution of speciation events among lineages;
hence, neutral trees simulated with larger 0 should be more
balanced. Thus, there are reasons to believe that the trees
produced by Hubbell’s model encompass a range of balance
values, if the parameter 0 is free to vary more than in
Mooets et al’s (2007) study. Turning this argument around,
we speculate that the balance of real phylogenetic trees may
provide a ditect way to infer the neutral parameter 0,
independently from species abundance distributions.

Here, we develop a new sampling theory of Hubbell’s
neutral model, which takes into account not only the species
abundance distribution in a sample, but also the phyloge-
netic relatedness of these co-occurring species. We first
assess whether phylogenetic trees predicted by Hubbell’s
neutral model are a reasonable fit for real phylogenies, in
particular with respect to phylogenetic imbalance. Next, we
use simulated data to show that phylogenies enable us to
infer the neutral parameters more precisely. We finally apply
outr new inference method to tropical tree data sets in the
Neotropics and in South-East Asia. New parameter
estimates ate reinterpreted in the light of dispersal biology
and biogeographical patterns.
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METHODS
Approximate Bayesian computation

In a classical likelihood framework, inferring parameters of
the neutral model using phylogenies would entail the
derivation of an exact likelihood function for these data.
Currently, there is no simple formula for such a likelihood
function. Instead, it is possible to approximate this function
through simulation, using a method called approximate
Bayesian computation (ABC). This method is commonly
used in population genetics (Tavaré e al. 1997; Beaumont
et al. 2002; Marjoram & Tavaré 2000), but to our knowledge,
has not been employed in ecology.

The ABC method is useful when the exact likelihood
function of a model can be approximated by a large number
of independent simulations, across a wide range of model
parameter values drawn from a set of prior distributions.
Empirical data are summarized into a set of informative
statistics called summary statistics. These summary statistics
are then computed for each of the simulated data sets and
compared with the values observed in the empirical data set.
Only the simulations whose summary statistics are close
enough to the observed values are retained. The corre-
sponding parameter values, in our case 0 and », then form
an approximate joint posterior distribution for the param-
eters. A computer-intensive approach like the ABC method
relies on the ability to quickly simulate samples under the
model considered. For Hubbell’s neutral model, this is made
possible by using the coalescent approach (Wakeley 2007).
Details on our simulation algorithm are provided in
Appendix S1.

Choice of summary statistics

Various diversity indices may be used to summarize the
species abundance distribution (Magurran 2004). Likewise,
phylogeny-based diversity indices, and statistics describing
the tree topology may be used to summarize the phylogeny
of species occurring locally in the community (Mooers &
Heard 1997). We included a total of 24 candidate summary
statistics in our preliminary tests (Table S1). To assess which
statistics were the most informative, we simulated 1 000 000
local communities each of size / = 20 000, where / is the
number of individuals in the local community. We sampled
the neutral parameters with a uniform prior distribution on
In(0) (0 < 1n(0) < 7) and on In(J) (0 < In(l) < 10), where /is
the scaled immigration rate defined as 7 = m() — 1)/(1 — m)
(Etienne 2005). These priors contain the range of neutral
parameters that have been previously estimated for tropical
forests (Chave et al. 2000).

The number of species S in the local community sample
was retained as the first summary statistic, because in the
limiting case were » = 1, S is a sufficient statistic for 0
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(Ewens 1972). We then tested which of the other statistics
were the most informative in predicting the neutral
parameters. Constraining the simulation outputs to a fixed
value of S (in practice, for § = 200 species), we regressed the
23 remaining summary statistics against In(0). All statistics
of tree imbalance monotonically correlated with In(0);
hence, we compared their relative predictive power based
on the regression coefficient of a linear model. The
summary statistics for the species abundance distribution
presented a mode for intermediate values of In(f) (Fig. 1).
We then compared their predictive performance based on
the adjusted- of a quadratic model. Among these statistics,
two were found to be the most correlated with In(6) (see
Results): the Shannon’s index of diversity /7 defined as
H = =5 .p:In(p;), whete p; is the relative abundance of
species / in the sample and Shao & Sokal’s (1990)
phylogenetic  tree  balance  statistic  B; defined as
By =Y, 1/M;, where M; is the maximal number of nodes
between the interior node 7 and the terminal species of the
subtree rooted at node 7 the summation being on all interior
nodes except the root (Shao & Sokal 1990). More balanced
phylogenetic trees have higher B; values. The definition of
the other trial statistics is reported in Table S1. Regtression
of the statistics against In(/) would be very similar to those
against In(0), because the two parameters 0 and 7/ atre
strongly negatively correlated.

We also assessed whether the range of phylogenetic
imbalance that the neutral theory is able to predict
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Figure 1 Four summary statistics in simulated data sets for
different values of the regional diversity index, In(0). The goodness
of fit between the summary statistics and In(0)) was measured by
the adjusted 7 and the retained statistics correspond to the best fit
results. (a) Shao and Sokal’s B; imbalance index. (b) Shannon’s
diversity index /. (c¢) Number of nodes in the phylogeny between
two randomly chosen individuals Dist_Node. (d) Simpson’s index
1-D.

encompassed realistic values in phylogenetic imbalance.
We retrieved the first 2000 published phylogenies in
TrREeBASE  (http://www.treebase.org/), measured the
imbalance statistics 5; and compared this statistics to that
obtained from phylogenies simulated with Hubbell’s meta-
community model (see Appendix S3 for more details).

Test of the ABC method using simulated data

It is impossible to ensure that the chosen set of summary
statistics is optimal to infer the parameter in the ABC
method (Matjoram ez a/. 2003). However, it is possible to
check that the selected summary statistics do summarize
most of the information present in the data and thus lead to
an efficient estimation method. We simulated 300 neutral
data sets with various parameter values and then estimated
the neutral parameters by ABC. More precisely, we
computed a mean standard error and a bias on the estimated
parameters, defined as

MSE = <<<1n(ommlze;(>0;m$<osimul>>2>>

()

. lln(eestimated) - 1n(95imu1) ’
Bias =
In ( Hsimul )
+ ‘ln([tstimatcd) - 1n([5imu]) |
In (]simul)

where the brackets represent a mean over the 300 simulated
communities. Both statistics describe the estimation effi-

1/2

1/2

ciency of the ABC method. For comparison, we also
computed these statistics with the estimates obtained from
an exact maximum-likelihood approach based on the species
abundance distribution only (Etienne 2005).

Application to four tropical forest tree data sets

The ABC method was used to infer the neutral parameters
from four large tropical forest tree data sets (data from
Condit e al 2006). These data sets correspond to a full
census of trees greater than 10 cm in trunk diameter at
breast height (dbh) in plots of 25-52 ha in size, in central
Panama (BCI), Colombia (La Planada), peninsular Malaysia
(Pasoh) and Malaysia, Sarawak (Lambir). More details on
these study sites may be found in Losos & Leigh (2004).
For each site, a maximally resolved phylogenetic tree
subtending the local community was generated using the
software PHyLoMaTIC (Webb & Donoghue 2005). For the
BCI site, we also included additional published data to
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produce an improved phylogenetic tree (see Appendix S2).
For the BCI phylogeny, about 69% of nodes were resolved
in this improved phylogenetic tree, compared with 53% with
the default options of PHyLoMATIC. The remaining polyto-
mies were resolved randomly.

For each data set, we ran the ABC method using 200 000
simulated species assemblages, with a uniform prior distri-
bution for In(@) (0 <1In(@) <10) and for In())
(0 < In() £ 10). To control for the possible bias due to
the incomplete resolution of the phylogenies, we repeated
the random resolution procedure 100 times (see Discussion).
For each of the 100 random tesolutions of the polytomies in
the observed phylogenetic tree, we selected the 200 outputs
for which the simulated values of S, /7 and B; were the
closest to the real ones — by taking the euclidean distance in
the space of summary statistics (5, /7, By). We thus obtained
200 x 100 = 20 000 points in the plane (In(0),In(2), from
which we computed an approximate posterior distribution.

Analyses using Etienne’s (2005) MLE were performed
using the TETAME freeware (http://www.edb.ups-tlse.fr/
equipel/chave/tetame.htm). Post-processing of the ABC
simulations (determination of the approximate posterior
distribution and mode) were carried out with the R software
version 2.7.0 (http://www.r-project.org/), using the routine
‘bkde2D’ of the library ‘KernSmooth’. All R sctipts are
available upon request.

RESULTS

We found that the summary statistic of species abundances
with the largest correlation with In(f) was Shannon’s index
H, a measure of the evenness of the species abundance
distribution. The phylogenetic summary statistic with the
largest correlation with In(0)) was found to be Shao & Sokal’s
(1990) B, imbalance statistic, which measures the level of
symmetry in the phylogenetic tree subtending the local
community (Fig. 1). All statistics based on branch lengths
pootly cotrelated with In(0) and were thus found to be
uninformative in our inferential framework. Our simulations
showed that large 0 values lead to more balanced
phylogenetic trees (larger B; values) than small 0 values
(Fig. 1). We also found that observed levels of phylogenetic
imbalance of the 2000 published trees examined were always
within the range of Hubbell’'s model predictions (Fig. 2).

When only species abundance data were used in the ABC
method — by using solely the summary statistics ' and 77, we
found that inference by ABC was nearly as efficient as
Etienne’s (2005) exact MLE method. The mean standard
error on the parameters was equal to 30% with the ABC
method, when compared with 25% for the MLE method.
However, our inference method was more biased that the
MLE method (Bias = 22% with the ABC method versus
9% with the MLE method).
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Figure 2 Compatibility of 2000 published phylogenies with Hub-
bell’s neutral theory in terms of phylogenetic tree shape.
Phylogenetic tree shape is measured by the statistic of imbalance
By. Each dot represents a published phylogeny. The lines
correspond to minimum and maximum B; values obtained in
simulated neutral phylogenies.

By contrast, when we estimated the neutral model
parameters with the ABC method using all three statistics
S, H and B; — i.e. including information on the phylogenies,
the mean standard error of the inferred parameters with
ABC was equal to 17% (versus 25% with the MLE) and the
bias was of 2% (versus 9% with the MLE). Hence,
phylogenies do add relevant information that improves the
quality of parameter inference.

Based only on species abundance data, the likelihood
function for the BCI data set has two alternative likelihood
maxima, the low @ and high » value being slightly more
likely (Fig. 3a, Etienne ef a/. 2006). Similarly, the ABC
method yields two alternative maxima when based on the
two species abundance statistics (Fig. 3b). By contrast, our
new method based on all three summary statistics unam-
biguously selects the high 0 and low » values (Fig. 3c,d).
The parameter 0 that was selected is one order of magnitude
larger than in previous analyses, and the selected 7 parameter
is two orders of magnitude smaller (Table 1). We were able
to test whether this result was sensitive to the resolution of
the phylogeny with the BCI data set, as a more refined
phylogenetic hypothesis is available for this site. We found
that our result was independent of the choice of the
phylogeny (Fig. 3c,d).

The ABC method was also applied to the La Planada,
Pasoh and Lambir data sets (Fig. 4a—c respectively). For all
three data sets, the ABC method yielded a single MLE of the
neutral parameters. In La Planada, the most likely value of 0
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Figure 3 Posterior distributions of the neutral parameters for the
BCI tropical tree data set. (a) Likelihood profile for Hubbell’s
neutral model based on species abundances only and based on
Etienne’s sampling formula. Likelihood values are colour coded.
Solid lines: 95% confidence limits of the parameters. (b) Posterior
distribution for the neutral model using the ABC method with
species abundances only (i.e. based on the two summary statistics .§
and /7 only). Solid lines: density levels (approximate 95%
confidence intervals). (c) Postetior distribution for the neutral
model using the ABC method with both species abundances and a
phylogenetic hypothesis based on the angiosperm phylogeny
group. In this phylogeny, 53% of the nodes are resolved. Three
summaty statistics, S, /7 and B; wete used. (d) Same as in (c) but
with a better resolved phylogeny where 69% of the nodes are
dichotomous.

was 345 versus 30 for the MLE and » was equal to 0.003
versus 0.28 for the MLE (Table 1). In Pasoh and Lambir, the
values of 0 were fourfold larger than in the MLE and those
of m consistently equal to 0.01 (Table 1). In sum, the addition
of phylogenetic information to infer the parameters of
Hubbell’s model led to strikingly larger values for 0 and
lower values for 7 when compared with previous inference
methods, in all four tropical forest data sets tested here.

DISCUSSION
Neutrality and parameter inference

Etienne (2005) previously showed that the neutral model of
biodiversity is endowed with an exact sampling theory, like its
counterparts in population genetics (Ewens 2004; Wakeley
2007). This sampling theory relates the full species abundance
distribution of one community sample to the neutral model
parameters. However, the species abundance distribution
contains a limited amount of information and it is not
sufficient to jointly estimate both parameters (Etienne e a/.
2000; Fig. 5). Using simulated data, we first showed that the
ABC method based on species abundance only provides
results almost as good as Etlenne’s (2005) exact MLE. The
great advantage of the ABC method is thatitis easily amenable
to generalizations, through the addition of additional sum-
mary statistics. Adding phylogenetic information via the
imbalance statistic By, we inferred the neutral parameters of
simulated data sets more precisely than any previous inference
method. As B; is monotonously related to the neutral
parameters, it was successful at discriminating between the
two alternative maxima in the likelihood profile (Fig. 5).

More generally, the challenge of estimating the parame-
ters of ecological models based on real data has motivated
much recent research (Clark 2005). To our knowledge, our
study is the first to make use of ABC to solve an ecological
problem. Widely used in population genetics (Marjoram &
Tavaré 2000), such computet-intensive inference techniques
can allow complex models to be investigated. This should
provide an opportunity to expand the range of data used in
tests of ecological theories (McGill ez a/. 2007).

Neutrality and phylogenetic imbalance

Hubbell’s neutral model has often been rejected outright
because it was felt that it is much too simplistic to even
remotely reflect the complex evolutionary dynamics of
species assemblages (e.g. Ricklefs 2006). Although our work
does not address this point directly (see Lande ez a/ 2003;
Allen & Savage 2007), we found that Hubbell’s model is
able to predict phylogenetic tree imbalance. This suggests
that, although crude, this model may be sufficient to capture
basic features of the speciation—extinction balance. Classic
diversification models like the Yule and Hey models, which
assume an equal rate branching probability among lineages,
predict consistently too balanced phylogenies (Mooers &
Heard 1997). By contrast, Hubbell’s model, which assumes
that the branching probability of a lineage is proportional to
its abundance, produces phylogenetic balance consistent
with observed ones (Fig. 2, Appendix S3). This suggests that
the neutral theory’s assumption of a speciation rate
proportional to species abundance might be a less crude
diversification model than the Yule model (Webb & Pitman
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Table 1 Neutral parameter estimates inferred from local species abundances and phylogeny in four tropical forest plots: Barro Colorado
Island (BCI, Panama), La Planada (Colombia), Pasoh and Lambir (Malaysia)

Site _] S 01 al 02 V) w Gh 7y,

BCI* 20 788 236 724 0.002 43 0.32 0.78 48 0.14
BCIt 20 788 236 571 0.002 44 0.36 0.88 48 0.14
La Planada 14 100 104 345 0.003 31 0.39 0.8 30 0.28
Pasoh 29 257 674 534 0.01 - - 1 194 0.07
Lambir 29 890 990 2491 0.008 - - 1 282 0.13

J and S are the number of individuals and the number of species in the sample respectively. The neutral parameters estimated by the ABC
method are (01, 7). A lower peak is often observed in postetior distributions, whose values are (05, 72,). The relative weight of the mode (05,
711) compared with the other peak is V] defined as the number of ABC simulations in the confidence interval of the mode divided by the total
number of retained ABC simulations. (g, ) are the estimates obtained by the exact likelihood formula that uses only species abundances
(Etienne 2005).

*Phylogeny based on the compilation of phylogenies made by the software PHyLomATIC. In this tree, 53% of the nodes are resolved.
tPhylogeny based on additional compilation of phylogenies for species encountered in BCL. In this revised tree, 69% of the nodes are

resolved.
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Figure 4 Posterior distributions of the neutral parameters in three tropical forest sites using the ABC method. (a) Posterior distribution of the
neutral parameters at La Planada. Solid lines: the density levels (approximate 95% confidence intervals). (b) Posterior distribution of the
neutral parameters at Pasoh. (c) Posterior distribution of the neutral parameters at Lambir.

2002). As in Hubbell’s model regional pools with larger 0
have more even regional species abundances (Hubbell
2001), the corresponding phylogenies are more balanced
(Fig. 6). This explains why Mooers e al. (2007) found that
Hubbell’s model predicted too imbalanced phylogenies
compared with the observed ones, as they only used a small
value of 0 (0 = 10) in their simulations.

Our result sheds light on studies of the phylogenetic tree
shape in other species groups. For instance, Heard & Cox
(2007) recently compared primate phylogenies across
continents and they found that the phylogeny of New
World primates was more balanced than that of Old World
primates. They explained this pattern as a consequence of
different biogeographic histories: repeated speciation events
in connection with stepwise dispersal, or massive extinc-
tions, may lead to less balanced phylogenies. Conversely,
vicariance events should lead to more balanced phylogenies.
However, it may also be argued that South America is a
richer regional pool of primate species (§ = 80) than Asia
(§' = 57), Africa (§ = 52) and Madagascar (§ = 28). Hence,
the more balanced phylogeny observed in South America

© 2008 Blackwell Publishing Ltd/CNRS

when compared with other regional phylogenies is consis-
tent with neutral expectations, even in the absence of
differential speciation or extinction mechanisms.

Regional assembly of tropical rainforest trees

We found values of 0 in four large tropical forest tree plots
that were up to one order of magnitude larger than estimates
based on previous methods (Table 1). In Hubbell’s model, 0
is the product of the regional pool size and of the speciation
rate. Larger values of 0 therefore mean that the regional
pool size is larger than previously thought, or that the
speciation rate is larger. Latimer ef a4l (2005) found
remarkably comparable values of 0 in the South Aftican
fynbos that they studied. To interpret their result, they
reasoned that the regional pool of the fynbos is roughly the
Cape Floristic Region, which extends over 50 000 km”. This
extent leads to a regional pool size of about 1.3 X 10"
individuals (Appendix S4). Using the same logic, our new
estimates of 0 imply that the regional pools of our
neotropical tree plots should extend over areas of the size
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Figure 5 Phylogenies improve the estimation of the neutral
theory’s parameters. (a) Exact likelihood profile of the neutral
parameters using the BCI tree species abundance data (see Fig. 2a).
Parameter inference leads to a confidence interval containing two
equally likely maxima: one at low 0 and high 7, the other at high 0
and low 7. (b) Variation of the evenness (measured by Shannon’s
H) in simulated neutral communities of the same size as in the BCI
data set. The species richness S determines a maximum-likelihood
ridge in the parameter space (0, 7). The evenness F contains
additional information about the position of the most likely
patameters along this ridge. However, as this evenness is
unimodally correlated with 0, two parameter combinations yield
the same evenness. (c) The phylogenetic tree imbalance statistic 5
of a local community is positively related to . A combination of the
statistics /7 and B yields a single most likely parameter set (0, 7).

of the entire Neotropics, and the South-East Asian tree pool
should extend over an area of the order of the former Sunda
Shelf (Appendix S4). An alternative interpretation would be
that speciation rates should be extraordinarily high for trees.
While limited evidence would support this claim in a few
species-rich groups (Richardson ez a/ 2001), this pattern
does not seem to hold universally across tropical plant
lineages (Pennington & Dick 2004; Pennington e# al. 2000).

Is a continental extent for the regional pool of tropical
trees a biologically sound inference? By definition, the
regional pool of an ecological community is the ensemble of
species likely to immigrate into the local community. In
tropical forests, long-distance dispersal events have been
reported based on floristic evidence (Pennington & Dick
2004) and using molecular tools (Dick ez a/. 2008). Although
rare, these long-distance dispersal events stir tropical forest
pools over wide geographical scales. Further, a regional
species pool extending over continental scales is consistent
with the fact that numerous Amazonian tree species have a

phylogenies. Fach species is denoted by a different symbol.
Regional pools are connected to local communities by immigration
(grey arrows). When 0 is large, regional pools are species rich and
have more balanced phylogenies. Based on species abundances
only, communities 1 and 2 cannot be distinguished. However, the
phylogenetic imbalance of community 1 is greater than that of
community 2.

wider distribution than previously thought. For instance,
many of the tree species in the family Sapotaceae that were
previously reported as having a narrow distribution are now
recognized as being pan-Amazonian species (T.C. Penning-
ton, personal communication). Finally, we found compara-
ble values of 0 across sites within the same continent,
suggesting that these sites indeed share the same pool, and
these values were also comparable across continents
suggesting that their regional diversity in tree species is
comparable as confirmed by independent evidence (Gentry
1988; Fine & Ree 2006). By contrast, previous estimates of 0
were one order of magnitude larger in Asia than in South
America (Chave e# al. 20006).

A possible limitation in our analysis is due to the fact that
the phylogenies used for parameter inference were not fully
resolved. In order to use our inference method, we had to
resolve these phylogenies randomly. This may have lead to a
bias towards high 6 values, because randomly branched
trees are more balanced than real ones (Mooers & Heard
1997). However, this potential bias is unlikely to lead to the
high estimated value of 0 because increasing the resolution
of the phylogeny at BCI did not increase the probability of
selecting the low 0 peak (Table 1, Fig. 3c,d).

Local assembly of tropical rainforest trees

Another finding of our study is that the immigration rate » is
much smaller than previously reported for tropical forests
(Table 1). This result is a direct consequence of the large
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regional diversities 0 measured with our new method. If the
regional pool has more species, then the local community has
to be more dispersal limited from this pool to maintain the
same level of local diversity. Does this result make sense
biologically? To answer this question, we first emphasize that,
in Hubbell’'s model, an immigration event is not equivalent to
an observed immigration event in real continuous landscapes
(Alonso ez al. 2006). In Hubbell’s model, immigration events
come from anywhere in the regional pool; so, parameter »
measures the amount of sampling of this regional pool. In real
landscapes, immigration events mostly come from close
surroundings of the focal community, and only a small
fraction of the regional pool is actually sampled by short-
distance dispersal. By contrast, long-distance dispersal events
are contributed by the entire regional pool, as assumed in
Hubbell’s model. Consequently, in real landscapes, one must
distinguish short-distance immigration events which consti-
tute the bulk of immigration but do not contribute much to
the sampling of the regional pool, and long-distance
immigration events which, while rare, are likely to contribute
much more to the sampling of the regional pool (Nathan
20006). In this context, our estimate of # predicts that long-
distance dispersal events contribute at best 0.2—1% of the
within-site recruitment.

The consistency between the neutral parameter » and
field data have often made use of average dispersal distances
inferred from seed trap data, i.e. short-distance dispersal.
Using seed trap counts on BCI, a cross-species mean seed
dispersal distance from the parent tree to the propagule’s
arrival site was estimated to be 39 m (Condit e a/. 2002).
Using this value of mean dispersal distance, Etienne (2005)
computed 7 as the proportion of seeds in the plot coming
from outside the plot, and he found that this parameter
should be close to 0.1 with a Gaussian seed dispersal kernel.
However, as mentioned above, local dispersal should be a
poor predictor of the immigration rate . Hence, the
apparent contradiction between average dispersal distances
measured by seed trap data and our estimates of # is simply
resolved by the fact that the latter measures long-distance
dispersal. This quantity is of crucial importance in the
context of global change, because long-distance dispersal is
what will determine the overall ability of tropical forest
species to track environmental changes.

Perspectives

Deviations from the point-wise mutation model assumed
here may also contribute to the observed patterns of
phylogenetic tree balance. If the new assumption is that a
new lineage starts with more than one individual, like in
Hubbell’s fission model where population are randomly split
into two during speciation events (Hubbell 2001), then
phylogenetic balance will be higher than with the point-wise
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mutation model (Mooers ¢ al. 2007). Unfortunately, models
of speciation with non-point-wise mutation do not possess a
simple mapping with a coalescent; so, the present approach
cannot be straightforwardly extended to more general
speciation models. We hope to return to this question in
the future.

Our study paves the road between community modelling
and studies of phylogenetic structure. This theme has
received a great deal of attention in the recent literature and
tests have been devised to compare the phylogenetic
structure of local species assemblages to randomly assembled
(null) communities from a species pool (Webb 2000; Webb
et al. 2002). As an illustration, Webb (2000) assumed that the
species pool was simply the sum of all species encountered in
a surrounding area, because these were considered as
potential immigrants into the focal community. Yet, this
approach strongly depends on the size of the hypothetical
regional pool (Swenson e/ /. 2006) and on the choice of the
test statistics (Hardy & Senterre 2007). Further, it makes no
use of local species abundances, although species abundances
may be informative for testing ecological mechanisms.

A significant improvement of these tests requires building
a null theory based at the individual level, rather than at the
species level. This theory needs to be endowed with a proper
sampling theory, making no explicit reference to a regional
pool, for which information on abundances is seldom
available. In addition, it needs to take into account the
consequences of dispersal limitation on species abundances.
Finally, it needs to incorporate demographic stochasticity
and to be based on several sampling units. Our work
supports the view that the dispersal-limited neutral theory
may be used in this research programme (Pennington ez .
2006). We could extend it to include multiple plots
simultaneously (Jabot e a/. 2008). Then, by looking at
patterns that have not been used to fit the model parameters,
such as phylogenetic and taxonomic similarity, one could
assess the biological relevance of additional non-neutral
processes. Such a model would provide consistent null
scenarios to test the hypothesis of community phylogenetics.
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