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The phylogenetic structure of ecological communities can shed light on assembly processes, but the focus

of phylogenetic structure research thus far has been on mature ecosystems. Here, I present the first inves-

tigation of phylogenetic community structure during succession. In a replicated chronosequence of 30

sites in northeastern Costa Rica, I found strong phylogenetic overdispersion at multiple scales: species

present at local sites were a non-random assemblage, more distantly related than chance would predict.

Phylogenetic overdispersion was evident when comparing the species present at each site with the regional

species pool, the species pool found in each age category to the regional pool or the species present at each

site to the pool of species found in sites of that age category. Comparing stem size classes within each age

category, I found that during early succession, phylogenetic overdispersion is strongest in small stems.

Overdispersion strengthens and spreads into larger size classes as succession proceeds, corroborating

an existing model of forest succession. This study is the first evidence that succession leaves a distinct

signature in the phylogenetic structure of communities.
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1. INTRODUCTION
The phylogenetic structure of ecological communities has

become a major focus of recent research (Webb 2000;

Webb et al. 2002; Cavender-Bares et al. 2004, 2006;

Kembel & Hubbell 2006). Newly available tools (Webb

et al. 2008) make it possible to examine ecological datasets

from an evolutionary point of view. Here, I present the first

assessment of changes in community phylogenetic struc-

ture during succession, using vegetation data from a

chronosequence of sites in a tropical rainforest (Letcher &

Chazdon 2009). Natural forest regeneration in the tropics

provides an ideal system to examine phylogenetic struc-

ture during succession because tropical forests are

highly diverse in terms of both species composition and

phylogenetic make-up. Structural and floristic changes

during tropical forest succession have been well studied

(Finegan 1996; Guariguata & Ostertag 2001; Chazdon

2003, 2008; Letcher & Chazdon 2009), but the dynamics

of community phylogenetic structure during succession

have not yet been investigated comprehensively in any

system. Incorporating phylogenetic community structure

into studies of succession will bridge a gap between eco-

logical and evolutionary questions, and greatly increase

our understanding of community assembly processes.

The phylogenetic structure of communities can be

assessed by comparing the species composition of a com-

munity with that of a regional species pool, where the

pool ideally constitutes all the potential colonists in the

community under study (Webb 2000; Webb et al. 2002;
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Swenson et al. 2006, 2007). Examined in this manner,

community phylogenetic structure can take three basic

forms: random, clustered or overdispersed (Webb 2000).

With random phylogenetic structure, organisms in a com-

munity are no more or less related to one another than to

random draws from the regional species pool. With cluster-

ing, species in the community are more closely related than

expected by chance, and with overdispersion they are less

closely related.

Depending on the conservatism or lability of func-

tional traits in the community under study, these three

types of community phylogenetic structure suggest differ-

ent mechanisms of community assembly (Webb 2000;

Webb et al. 2002; Kembel & Hubbell 2006; Silvertown

et al. 2006). Random phylogenetic structure is predicted

by neutral theory (Hubbell 2001), and reflects a commu-

nity assembled solely by stochastic processes (Webb et al.

2002). Phylogenetic clustering is a predicted consequence

of abiotic filtering, where functional traits are conserved

(Webb 2000), because shared evolutionary history predis-

poses organisms to share habitat tolerances and

preferences (Harvey & Pagel 1991; Tofts & Silvertown

2000; Webb et al. 2002; Silvertown et al. 2006; Webb

et al. 2006). Where functional traits are strongly diver-

gent, phenotypic (rather than phylogenetic) clustering is

indicative of abiotic filtering (Cavender-Bares et al.

2004). Phylogenetic overdispersion can result from sev-

eral different processes. Theoretically, closely related

species are more prone to competitive exclusion, so phy-

logenetic overdispersion within a community could be

seen as evidence for biotic filtering (Harvey & Pagel

1991; Tofts & Silvertown 2000; Webb 2000; Webb et al.

2002; Kembel & Hubbell 2006; Silvertown et al. 2006).

Facilitation interactions among distantly related

species can also produce phylogenetic overdispersion
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(Valiente-Banuet & Verdú 2007), although evidence for

this phenomenon comes from Mediterranean shrublands

where established plants provide shady germination

microsites for distantly related taxa. This mechanism is

unlikely to act in tropical forest communities, where

light is often a limiting factor (Wright 2002). Finally,

where strong trait divergences occur between lineages,

abiotic filtering may contribute to phylogenetic over-

dispersion as lineages radiate into different habitats. In a

simplified scenario, species A, B and C each radiates

into a pair of sister species, one in habitat alpha and

one in habitat beta. The species within habitat alpha or

beta will appear overdispersed because their closest

relatives occur outside the habitat (Webb et al. 2002;

Fine et al. 2006; Baraloto et al. 2007).

The detection of clustering or overdispersion is sensi-

tive to the taxonomic and spatial scales examined

(Cavender-Bares et al. 2004, 2006; Swenson et al. 2006,

2007). Local populations of species from a narrowly

defined lineage (e.g. one genus at a site) tend to be phylo-

genetically overdispersed (Cavender-Bares et al. 2006),

but when a broader phylogenetic sample is included

(e.g. all angiosperms present at a site), plant neighbour-

hoods tend to show phylogenetic clustering (Cavender-

Bares et al. 2006; Swenson et al. 2006). The choice of

species pool also impacts the detection of phylogenetic

structure. When the species pool is very large compared

with the sample, clustering is detected, but when

the species pool is drawn from the local area, random

phylogenetic structure is observed (Swenson et al. 2006).

In addition, the phylogenetic structure of a forest com-

munity may differ among stem size classes, a putative

proxy for forest dynamics over time. Swenson et al.

(2007) found that phylogenetic overdispersion increased

with stem size in five Neotropical forest plots, a result

that they interpret as a signature of biotic filtering as

tree cohorts age. In contrast, Webb et al. (2006) found

increased clustering from the sapling to adult size class

in a forest in Borneo. They interpret this result as abiotic

filtering, but it is important to note that this study was

conducted in a Dipterocarp forest, where that single

family dominates the canopy (Cannon & Leighton

2004 and references therein).

Most of the research on community phylogenetic

structure has been conducted in mature, presumably

undisturbed ecosystems (Webb et al. 2002, 2006;

Cavender-Bares et al. 2004, 2006; Silvertown et al. 2006).

Although several studies have included secondary forest

(Kembel & Hubbell 2006; Swenson et al. 2006, 2007),

they did not specifically investigate successional changes

in phylogenetic structure. This study, combining a chrono-

sequence approach and a multiple size class approach,

provides the first investigation of the phylogenetic structure

of a community undergoing succession.
2. MATERIAL AND METHODS
(a) Study site and data collection

The study area, in the Sarapiquı́ region of northeastern Costa

Rica, is classified as tropical lowland wet forest (McDade

et al. 1994). The landscape matrix consists of old-growth

forest fragments surrounded by secondary forest and agri-

cultural lands (McDade et al. 1994; Guariguata et al.

1997). I selected 30 study sites, seven in old-growth forest
Proc. R. Soc. B (2010)
and 23 in secondary forests ranging from 10 to 44 years old

on abandoned agricultural lands at 40–200 m elevation. I

verified forest age and prior land use via satellite images,

aerial photos and interviews with landowners and neigh-

bours. The sites are mapped and described in detail by

Letcher & Chazdon (2009).

In each site, I performed a 0.1 ha vegetation inventory

using a modified Gentry transect (Phillips & Miller 2002):

a series of five parallel 2 � 100 m strips, each separated by

10 m, and at least 10 m from the forest edge. In the survey

area, I recorded the species identity and diameter at 1.3 m

(dbh) of all woody stems 2.5 cm or more dbh for trees/

shrubs and 0.5 cm or more dbh for lianas (Letcher &

Chazdon 2009). Following the methods of Gentry (Phillips &

Miller 2002), I also recorded giant herbs (Zingiberales) if

their pseudostem diameter exceeded 2.5 cm dbh at 1.3 m

height. For each species at each site, I collected a voucher

specimen for verification at the Instituto Nacional de Biodi-

versidad (INB), Santo Domingo de Heredia, Costa Rica. All

voucher specimens are on file at INB, with duplicates of

fertile specimens filed in the Museo Nacional de Costa Rica.

(b) Analytical methods

Sites were divided into five successional age categories

(table 1), such that each age category contained at least

five sites. Originally, I had planned to have enough sites so

that each age category would be 5 years, but it proved

impossible to find enough appropriate sites. The areas

sampled represent all of the sites in this region with large

enough patches of even-aged forest where I could verify the

land-use history and obtain permission to work (Letcher &

Chazdon 2009).

To construct an appropriate regional species pool,

I attempted to identify all the potential colonists to these

sites that would have been detected by this inventory

method. I used a database of vascular plants in the Sarapiquı́

region (Proyecto Flora Digital de La Selva 2007) including

2016 species, and used herbarium records (INB, NY, MO,

USA) to identify species that could have entered my dataset

(trees and shrubs that reach a diameter of 2.5 cm or more

dbh, woody vines that reach a diameter of 0.5 cm or more

and giant herbs with pseudostems that reach 1.3 m and

have a diameter of 2.5 cm or more). I excluded non-

angiosperm taxa in the phylogenetic analyses, because they

are rare in the region and would contribute disproportio-

nately to phylogenetic structure owing to their low

relatedness to the majority of species. The final list for the

community species pool included 750 species (electronic

supplementary material, appendix I).

I used Phylomatic (Webb & Donoghue 2005) to map the

community species pool onto a maximally resolved supertree

of angiosperms (R20080417; available online at www.

phylodiversity.net). Interior nodes in the phylogeny were

assigned ages from Wikström et al. (2001), and I

implemented the BLADJ algorithm to reduce variance

between branch lengths by evenly spacing nodes of unknown

ages. I used this tree (henceforth ‘regional supertree’) to

investigate the phylogenetic community structure at each

site. I also constructed a tree for each successional age

category (henceforth ‘age-category supertree’), using the

pool of taxa found in sites in that category (table 1).

I used Phylocom 4.0.1 (Webb et al. 2008) to investigate

phylogenetic structure. The program implements techniques

from Webb (2000) based on mean pairwise distance (MPD),

http://www.phylodiversity.net
http://www.phylodiversity.net


Table 1. Sites and species pools for analysis.

forest 10–15

years

forest 16–20

years

forest 21–30

years

forest 31–44

years

old-growth

forest

number of sites 6 6 6 5 7

number of species in pool 196 226 218 250 275
average number of species

per site+ s.e.
52.8+4.0 54.7+4.0 64.6+4.5 85.2+4.8 90.7+5.7
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the average branch length on the supertree between each pair

of taxa in a sample. The net relatedness index (NRI) is a

standardized metric of phylogenetic clustering (Webb 2000;

Webb et al. 2002), defined as

NRI ¼ �ðMs �MrÞ
sr

; ð2:1Þ

where Ms is the MPD in a sample of taxa, Mr is the average

MPD obtained from a set of randomized samples (I used

9999 permutations) and sr is the standard deviation from

the randomized set. Species for the randomized samples

are drawn from the terminal taxa in the supertree (i.e. the

entire community species pool). The NRI indicates whether

taxa in a sample are phylogenetically clustered (positive NRI)

or overdispersed (negative NRI; Webb 2000).

Several different randomization models can be used to

calculate the NRI (Webb et al. 2002), and in some datasets

the models give divergent results (Kembel & Hubbell 2006;

Hardy & Senterre 2007). To test the effects of model

selection, I calculated the NRI with the four different

randomization models available in Phylocom (Webb et al.

2008). I calculated the NRI (using the regional supertree)

for all 30 sites with each of the four models and compared

the outcome using linear regression in the R Statistical Pack-

age (R Development Core Team 2008). Correlation

coefficients between each possible set of models were very

high (adjusted R2 ¼ 0.96–0.99). I chose a model 2 ran-

domization, in which the number of taxa in the sample is

kept constant and the taxa used in randomizations are a

random draw from the species pool, for all analyses.

In many studies of phylogenetic clustering, the nearest

taxon index (NTI) is also calculated (Webb 2000; Webb

et al. 2002; Kembel & Hubbell 2006; Swenson et al. 2006,

2007). The NTI measures phylogenetic clustering at the

tips of the branches, i.e. intrafamilial clustering (Webb

2000; Webb et al. 2002). It is calculated in a manner analo-

gous to the NRI, but using mean nearest neighbour distance

rather than MPD. The NTI is more difficult to interpret in

trees with little intrafamilial resolution because branch

lengths of many taxa are approximate. The Phylomatic algor-

ithm maps unknown relationships as polytomies on the

supertree, with congeners clustering together within a

family (Webb et al. 2008). In my regional supertree, 56/94

families (59.6%) had intrafamilial resolution (i.e. more

than one genus in the family). To test the effects of tree

resolution on NTI, I used MESQUITE v. 2.01 (Maddison &

Maddison 2007) to construct a version of the regional super-

tree with all families collapsed into polytomies. I compared

the NRI and NTI for each of the 30 sites in the maximally

resolved Phylomatic tree versus the polytomized tree using

linear regression in R (R Development Core Team 2008).

The NRI values calculated using the Phylomatic tree and
Proc. R. Soc. B (2010)
the polytomized tree were very highly correlated (adjusted

R2 ¼ 0.99, p , 0.00001). The NTI values showed a signifi-

cant correlation, but it was much weaker (adjusted R2 ¼

0.34, p , 0.001). Details of this analysis are included in

electronic supplementary material, appendix II, and NTI

results are reported in electronic supplementary material,

appendix III. Because a metric so sensitive to tree topology

may not be appropriate for comparing among multiple

trees, in subsequent analyses, I only used the NRI.

I calculated the phylogenetic community structure of each

successional age category in three ways. To investigate the

species pool for each age category, I pooled the species

found in all sites belonging to each age category (e.g. all

species found in old-growth forest) and calculated the NRI

for this pool using the regional supertree. To investigate the

site-specific phylogenetic structure, I calculated NRI values

for each site versus the regional supertree, and averaged the

values for sites in each age category. These analyses are

designed to reveal whether the species pools of each site

and each age category are drawn at random, with respect

to phylogeny, from the regional species pool. I also calculated

the NRI in each site using the appropriate age-category

supertree, to reveal whether the community of a local site

is drawn at random from the pool of species that inhabit

sites of that age.

I also examined the phylogenetic structure of diameter

classes within each age category. I divided all stems into

three size classes (less than 5, 5–9.9, or 10 cm or more

dbh) and calculated the NRI for each size class at each site

using the regional supertree, to investigate changes within a

site over time in the manner of Webb et al. (2006) and

Swenson et al. (2007).

To identify clades that contributed significantly to the

phylogenetic structure, I used the procedure nodesig in Phy-

locom (Webb et al. 2008) to compare the species pool of

each age category with the regional supertree. Nodesig tests

whether a particular node in the phylogeny has significantly

more or less descendent taxa in a sample than a null model

predicts. The null model is a random draw of n taxa from

the supertree, where n is the number of taxa in the sample

(Webb et al. 2008). I tested the sensitivity of nodesig to tree

resolution by comparing the results for the maximally

resolved versus polytomized trees. The nodesig results were

identical except in the cases where infrafamilial divisions

contributed significant structure (table 2), showing that the

nodesig procedure is robust to changes in tree resolution.

Results shown are from the maximally resolved tree.

I used indicator value (IV) analysis (Dufrêne & Legendre

1997), implemented in PC-ORD 4 (McCune & Mefford

1999), to investigate the distribution of species, genera and

families along the chronosequence, using false discovery

rate procedures (Benjamini & Hochberg 1995) to control

the familywise error rate. I compared the species



Table 2. Nodes in the phylogeny with significantly more/less daughter taxa in the given age category when compared with a

random draw of n taxa from the supertree, where n is the number of taxa in each age category (Phylocom procedure nodesig;
Webb et al. 2008). Where several consecutive nodes were significant, they are listed on the same line in the table. Clades
without accepted names are listed in parentheses. Where the significant node occurs below the family level, I have provided a
family name in the next column for reference. ‘Life form’ indicates prevalent life forms for this clade in this region
(excluding herbs, epiphytes and parasites). Where multiple life forms are listed, the first is the most common. Sig. more/less,

significantly more or less daughter taxa in the given age category.

forest age
category

sig. more/
less node family clade life forms

10–15 years more Smilax Smilacaceae monocot lianas
Zingiberales monocot giant herbs
Olacaceae core Eudicot small trees, lianas
Dilleniaceae core Eudicot lianas

Mendoncia Acanthaceae asterid I lianas
Paullinia Sapindaceae rosid II lianas
(Luehea, Apeiba, Byttneria) Malvaceae rosid II soft-wooded trees, lianas

less Ericales, Sapotaceae basal Asterid trees
(Ixoroideae, Cinchonoideae) Rubiaceae asterid I trees and shrubs

(Oxalidales, Malpghiales,
Celastrales)

rosid I trees, lianas, shrubs

15–20 years more Smilax Smilacaceae monocot lianas
Siparunaceae magnoliid shrubs, trees
(Dilleniales, Caryophyllales) core Eudicot lianas, small trees

Sapindales, Sapindaceae,
Paullinia

rosid II lianas

less Ficus Moraceae rosid I trees
(Myrtaceae, Vochysiaceae) basal Rosid trees
Ericales basal Asterid trees

Rubiaceae, (Ixoroideae,
Cinchonoideae)

asterid I trees, shrubs

21–30 years more Smilax Smilacaceae monocot lianas
Lamiales asterid I shrubs, trees, lianas
Vismia Hypericaceae rosid I trees

Paullinia Sapindaceae rosid II lianas
(Anacardiaceae, Burseraceae),

Protium
Burseraceae rosid II trees

less (Sapotaceae, Lecythidaceae) basal Asterid trees

Eugenia Myrtaceae basal Rosid trees
more than

30 years
more Smilax

Magnoliids, (Laurales,
Smilacaceae
Annonaceae

monocot
magnoliid

lianas
trees

Magnoliales), Guatteria
less (Myrtaceae, Melastomataceae,

Vochysiaceae)

basal Rosid trees, shrubs

Myrtaceae, Eugenia basal Rosid trees
old growth more Arecaceae, Geonoma monocot understorey palms

Myristicaceae magnoliid trees
(Coussarea, Faramea) Rubiaceae asterid I trees, shrubs

less (Ixoroideae,Cinchonoideae) Rubiaceae asterid I trees, shrubs
(Fabales, Rosales), Moraceae,

Ficus
rosid I trees

Solanaceae asterid I shrubs, trees
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characteristic of each successional age category with the

species driving the phylogenetic structure detected for each

age category.
3. RESULTS
Omitting the non-angiosperms, I recorded data for 8856

individuals of 474 species from 94 families (APG classifi-

cation; Stevens 2008). Nine individuals were completely

unidentified, and five could only be identified to genus

level. I also collected 98 specimens of consistent morpho-

species corresponding to as-yet undescribed species in

eight genera (N. Zamora 1997, personal communication;
Proc. R. Soc. B (2010)
Letcher & Chazdon 2009). Overall, 8749 individuals

(98.8%) were positively identified and matched to

described species. Including the morphospecies, this

figure rises to 99.9 per cent.

Comparing sites to the regional supertree, I found phylo-

genetic overdispersion (NRI values below zero) at all

sites and for all age categories (figure 1). For the species

pools, overdispersion was most pronounced in the

oldest sites (30–44 years and old growth). For the site

averages, the youngest sites (less than 15 years) had rela-

tively little phylogenetic structure, but all the older sites

showed strong overdispersion. Thus, for intermediate-

aged sites (16–30 years), site-level overdispersion
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exceeded the overdispersion observed in the species pool

for the age category. Comparing each site with its respect-

ive age-category supertree, I also found phylogenetic

overdispersion (figure 1), with the strongest negative

values in sites of 16–30 years.

Phylogenetic overdispersion was highest in small

stems and declined with increasing stem size in all age

categories except old-growth forests, where overdisper-

sion was roughly equal across all diameter classes

(figure 2). Stems 10 cm or more dbh showed slight

clustering (NRI values greater than 0) in younger sites

(10–20 years), NRI values close to zero in intermediate-

aged sites (21–44 years) and overdispersion in

old-growth forest.

In the IV analysis, 23 of 94 families (24.5%), 56 of 283

genera (19.8%) and 67 of 474 species (14.1%) had signifi-

cant IVs after FDR error correction (electronic

supplementary material, appendix IV). Characteristic

species and genera were found for each age category, and

characteristic families were found for each category

except forests 21–30 years (electronic supplementary

material, appendix IV). The indicator taxa for young for-

ests were mainly lianas, shrubs or soft-wooded trees.

Indicator taxa for older forests were generally palms

(Arecaceae) and large-seeded, animal-dispersed trees (e.g.

Annonaceae, Burseraceae, Elaeocarpaceae, Lecythidaceae,

Sabiaceae and Sapotaceae; Chazdon et al. 2003).

The nodesig analysis (Webb et al. 2008) revealed taxa

contributing to the phylogenetic structure for each age cat-

egory (table 2). Clades with significantly more taxa in

young forests were generally rich in lianas, shrubs and

soft-wooded trees, though nodesig reveals a set of important

groups different from that revealed by the IV analysis.

Giant herbs were important in the youngest age category.

Clades with significantly fewer taxa in young forests were

mostly trees. The absence of Ericales, particularly Sapota-

ceae and Lecythidaceae, characterized forests less than 30

years. In old forests, clades with more taxa were generally

trees and lianas, and clades with significantly fewer taxa

were mainly trees and shrubs (table 2). Taxa with signifi-

cant nodesig values came from all the major clades of the

angiosperm phylogeny (table 2).
Proc. R. Soc. B (2010)
Taxa contributing significantly to the phylogenetic

structure showed some overlap with the indicator taxa

(table 2 and electronic supplementary material, appendix

IV): Dilleniaceae in the youngest sites, Laurales and the

genus Smilax in forests 30–44 years, Arecaceae and the

Coussarea–Faramea clade (Rubiaceae) in old-growth for-

ests contributed to the phylogenetic structure and

showed high IVs.
4. DISCUSSION
The strong phylogenetic overdispersion evident at almost

every scale suggests that succession generates non-

random patterns of phylogenetic structure. The taxa pre-

sent at a site are a non-random subset of the taxa that

could potentially occupy the site, and as succession pro-

ceeds, the taxa present become more distantly related

than chance would predict. This pattern is unlikely to

be an artefact of the methods I employed: according

to the phylogenetic scale dependence identified by

Cavender-Bares et al. (2006) and Swenson et al. (2006,

2007), the scales used in this study (a broad sample of

the angiosperm phylogeny, narrow geographical range)

more often reveal clustering than overdispersion. The

power of NRI-based methods to detect non-random

phylogenetic structure tends to decline with the size of

the phylogeny (Swenson 2009), and the phylogeny in

this study is twice as large as any of the examples provided

by Swenson (2009; 750 taxa versus a maximum of 320).

In addition, I omitted non-angiosperm taxa, which would

have contributed to unusually high MPD values in the

samples where they were observed and increased the over-

all likelihood of detecting overdispersion. Even with these

parameters, I detected significant phylogenetic over-

dispersion instead of clustering. Taxa responsible for the

overdispersion came from all regions of the angiosperm

phylogeny (table 2), showing that no single group is

driving the patterns observed.
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Ultimately, the interpretation of phylogenetic signal

depends on the traits of the organisms under study

(Webb 2000; Webb et al. 2002; Cavender-Bares et al.

2004, 2006; Fine et al. 2006; Losos 2008). There are

two broad possibilities to explain phylogenetic overdisper-

sion during succession: (i) if traits are conserved,

phylogenetic overdispersion indicates strong biotic filter-

ing during succession. (ii) If traits diverge strongly

among closely related taxa, abiotic filtering could produce

the overdispersion as sister taxa sort into different habitats

along an age gradient. It is likely that both these mechan-

isms act during succession, and future compilations of

trait data will be useful in teasing apart the importance

of these two processes for different groups (Losos

2008). Trait conservatism has been demonstrated for a

number of functional, defence-related and reproductive

traits in Neotropical forest trees (Chazdon et al. 2003;

Chave et al. 2006; Fine et al. 2006; Swenson et al.

2007). Alternately, studies of species pairs have shown

that strong divergences in functional and defence traits

can occur within a genus (Fine et al. 2006; Baraloto

et al. 2007). Certain tropical genera have undergone

rapid radiations, with species diverging into many

habitats; e.g. Inga (Fabaceae; Richardson et al. 2001),

Piper (Piperaceae; Jaramillo & Manos 2001), Ocotea

(Lauraceae; Chanderbali et al. 2001) and Miconia

(Melastomataceae; Renner et al. 2001).

If we assume that trait conservatism is widespread

(Prinzing et al. 2001) and that phylogenetic overdisper-

sion indicates biotic filtering, the data presented here

corroborate a model of forest succession developed by

Chazdon (2008) based on Oliver & Larson’s (1990) tem-

perate forest model. The model describes three phases of

tropical forest succession: stand initiation, stem exclusion

and understorey reinitiation (Chazdon 2008). Strong

biotic filtering mechanisms act in all but the first stage

of succession to produce local species pools that are less

closely related than would be expected by chance.

The stand initiation phase of succession is driven by

stochastic factors, dispersal limitation and the harsh

microclimatic conditions of open fields (Finegan 1996;

Chazdon 2008). Early regeneration is dominated by

light-wooded, fast-growing species (Finegan 1996;

Chazdon 2003). The relatively few species of pioneer

trees, coming from fairly closely related families (Urticaceae,

Malvaceae), may have contributed to the positive NRI in

trees 10 cm or more dbh in young forests (figure 2). The

overall lack of phylogenetic structure in forests less than 15

years (figure 1) reflects the lack of strong biotic interactions

during stand initiation.

During the stem exclusion phase, the forest gains flor-

istic and structural complexity. Biotic interactions become

important in the community assembly process as species

richness increases (Finegan 1996; Guariguata & Ostertag

2001; Letcher & Chazdon 2009). Forests in this phase are

highly dynamic, with high recruitment and high mortality

(Chazdon 2008). Smaller stem size classes are more

diverse than the canopy, as species characteristic of

mature forest begin to recruit (Guariguata et al. 1997;

Chazdon 2008). In this dataset, forests 16–30 years had

the fewest characteristic taxa (electronic supplementary

material, appendix IV). When compared with the species

pool for their respective age categories, sites in this age

range had the lowest NRI, even though the NRI of the
Proc. R. Soc. B (2010)
species pools for these two age categories was not particu-

larly low (figure 1). This pattern of phylogenetic

overdispersion could be attributed to strong biotic

filtering at the local scale.

In the understorey reinitiation phase, shade-intolerant

pioneer trees die back, leading to gap formation, and the

forest becomes more heterogeneous with respect to light

availability (Finegan 1996). In species richness, species

composition and structure, the forest converges with old

growth (Chazdon 2008). In this dataset, the species rich-

ness and composition of forests greater than 30 years was

not significantly different from that of old growth

(Letcher & Chazdon 2009). Palms and large-seeded,

animal-dispersed trees rise in importance (table 2;

Chazdon 2008). Both sites and species pools showed

strong phylogenetic overdispersion (figure 1). Forests

31–44 years still showed lower phylogenetic overdisper-

sion in large stem size classes, though old-growth forests

did not (figure 2). This pattern may be due to remnant

cohorts of pioneer trees in older secondary forests

(Finegan 1996; Chazdon 2008). In the understorey re-

initiation phase, the phylogenetic overdispersion evident

in both sites and species pools may indicate that strong

biotic interactions have shaped both local and regional

communities.

Thus, the interpretation that phylogenetic overdisper-

sion indicates biotic filtering corroborates an established

model of forest succession. What about the alternative

explanation for phylogenetic overdispersion, in which

traits are divergent and closely related taxa occupy differ-

ent successional stages? This could also shape community

structure. The disturbances that initiate succession have

occurred throughout the evolutionary history of tropical

forests, and plants could have diversified based on their

differential utilization of habitats at various successional

stages (van Steenis 1958). Evidence for phylogenetic

overdispersion via abiotic filtering during succession

would come from sister taxa that occupy different succes-

sional stages. In this dataset, few taxa had members that

were indicative of distinct successional stages (electronic

supplementary material, appendix IV). A notable excep-

tion is Miconia (Melastomataceae), which had species

with high IVs in three different age categories. In the

field, I also observed five other Miconia species that

were characteristic of particular forest ages, though the

numbers I recorded were too low for their specialization

to be apparent. Likewise, Protium (Burseraceae) had

species with high IVs in two age categories (electronic

supplementary material, appendix IV), though in this

case the categories were consecutive (forests 31–44

years and old growth). Fewer species of Protium than

Miconia are present in the regional flora (five versus 28;

Proyecto Flora Digital de La Selva 2007). Examining

relatedness and successional stage specialization in

species-rich tropical genera (e.g. Miconia, Ocotea, Inga

and Piper) could provide more insight into this

mechanism.

Theoretically, different filtering mechanisms govern

community assembly at different points in succession

(Connell & Slatyer 1977; Finegan 1996; Chazdon

2008), but this has proved difficult to test empirically.

Here, I demonstrate that succession produces a distinc-

tive signature in the phylogenetic structure of

communities. Isolating the mechanisms behind this
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pattern will require trait data for a large number of

species. Although efforts are underway, no dataset cur-

rently available combines trait data, phylogenies and

successional dynamics for any plant community. Combin-

ing community phylogenetic structure and trait data to

examine assembly processes will be a fruitful avenue for

further study.
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