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Community ecology seeks to unravel the mechanisms that allow species to coexist in space. Some of the contending 
mechanisms may generate tractable signatures in the amount of trait and phylogenetic dispersion among co-existing 
species. When a community presents a pattern with reduced trait or phylogenetic dispersion, mechanisms based on 
ecological filters are brought into consideration. On the other hand, limiting similarity mechanisms such as competitive 
exclusion are proposed when communities present patterns of trait or phylogenetic even-dispersion. The strength of 
these mechanisms likely varies with the spatial scale of an observed sample. I surveyed species-rich tropical litter ant 
communities in a spatially nested design that allowed me to explore the spatial scales, fine (0.25 m2), intermediate 
(9 m2), and broad (361 m2) at which these mechanisms act. I then assessed the relationship between observed ant 
communities and potential species pools ranging in size, from plot, site, and island-wide areas. Patterns of phylogenetic 
dispersion within ant communities suggested that ant communities were composed of species that were more closely 
related than expected by a random sampling of phylogenetic pools. The magnitude of phylogenetic ‘clustering’ increased 
with the size of the species pool but was similar among communities assembled from different spatial scales. Patterns of 
dispersion of one ecological trait (i.e. body size) within ant communities also showed clustering of body sizes, and most 
communities were composed of ant species that were smaller than expected by a random sampling of trait pools. Trait 
clustering increased with the size of the species pool but decreased at broad spatial scales. Together, these results suggest 
that ecological filters, not interspecific interactions, are structuring tropical ant communities, favoring clades with small 
worker sizes. The larger dependency on the size of regional pools than on the spatial scale suggests that environmental 
heterogeneity is greater among than within the study sites.

Much of community ecology seeks to unravel the assembly 
mechanisms allowing species to coexist in space 
(Hutchinson 1959, Diamond 1975, Hubbell 2001). An 
increasingly common approach is to infer niche-based 
assembly mechanisms by the patterns of phylogenetic and 
trait dispersion among species within communities 
(Cavender-Bares et al. 2009, Fukami 2010). One set of 
mechanisms focuses on biotic or abiotic ‘filtering’ pro-
cesses that generate communities in which the phyloge-
netic and trait variability among species is reduced. For 
example, the structure of grassland communities across 
North America is generally shaped by fire frequency 
(Collins and Glenn 1990, Cavender-Bares and Reich 
2012). Another set focuses on the processes that generate 
communities where the similarity among coexisting spe-
cies is limited (e.g. interspecific competition), thus increas-
ing trait and phylogenetic dispersion among species 
coexisting in communities (Hutchinson 1959). The bal-
ance of these processes has been shown to vary among 
taxocenes and across phylogenetic and spatial scales 
(Swenson et al. 2006, Cavender-Bares et al. 2009, Lessard 
et al. 2012, Swenson 2013).

Recently, it has been argued that the final composition of 
local communities should be a function of the assembly 
mechanisms acting on the community and the degree of 
phylogenetic signal shown by traits (i.e. the tendency  
of closes relatives to resemble each other) (Kraft et al.  
2007). While alternative interpretations (Mayfield and 
Levine 2010) and re-interpretations (Swenson 2013) have 
begun to emerge, early observations suggest that ‘limiting 
similarity’ mechanisms such as interspecific competition are 
strongest between sister species due to high niche overlap 
(Elton 1946, Hutchinson 1959). But high niche overlap 
among sister species requires traits to show phylogenetic  
signal (i.e. phylogenetic conservatism). Trait and phyloge-
netic dispersion among communities assembled by competi-
tion may be high if traits present substantial phylogenetic 
signal. Instead, when traits present low phylogenetic  
signal, competition may result in community assemblages 
formed by what appears to be a random set of species (i.e. 
strongest competitors may no longer be related taxa) (Kraft 
et al. 2007). On the other hand, mechanisms reducing  
the extent of phylogenetic and/or trait variability should 
result in ‘clustered’ communities when traits important for 
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ecological filtering present significant phylogenetic signal 
(Lessard et al. 2009). Alternatively, both field and modeling 
work suggest that environmental filters may generate com-
munities with even phylogenetic and trait dispersion when traits 
are phylogenetically convergent (Cavender-Bares et al. 2004, 
Kraft et al. 2007). Assessing the phylogenic signal in func-
tional traits across communities may thus facilitate the identifi-
cation of the assembly mechanisms shaping communities.

Ecological relationships are usually scale dependent 
(Wiens 1989), and different assembly mechanisms operat-
ing at the same time do not necessarily operate at the same 
spatial scale (Weiher and Keddy 1999, Lessard et al. 2012). 
Impacts of environmental filters on community composi-
tion likely appear at spatial scales in concert with the nature 
of the filter (e.g. soil profiles, physiological demands 
imposed by the weather or forest management and his-
tory). For example, habitat filtering was found to deter-
mine ant occurrence in small (  1m2) quadrats of Atlantic 
Forest (Silva and Brandão 2010). Likewise, ant community 
composition in central Florida is highly correlated with 
environmental variables such as surface temperature, water 
pressure and vegetation cover (Wiescher et al. 2012). In 
contrast to habitat filtering, limiting similarity mechanisms 
such as competition likely act at smaller scales and within 
areas where species likely compete more strongly for avail-
able resources (Swenson et al. 2007, Cavender-Bares et al. 
2009). Evidence of competition among ants has not always 
been found to be stronger at smaller scales (Sanders et al. 
2007); however, consistent with this argument, both Gotelli 
and Ellison (2002) and Nipperess and Beattie (2004) 
reported even dispersion of ant co-occurrences and body 
size ratios at fine, not broad, scales. Moreover, in the tropi-
cal forest where this study was carried out (see below), 
Levins and Franks (1982) found that nests of litter ants in 
10  10 m plots were evenly dispersed, suggesting strong 
intraspecific competition among ants at these scales.

Few assembly mechanisms are known to shape litter inver-
tebrate communities in brown food webs (BFWs; Swift et al. 
1979), and much of the functional diversity presented by 
these taxa is traditionally assumed redundant (Ayres et al. 
2006). However, BFW assemblages are species rich, and per-
form a diverse set of critical ecological functions (Coleman 
et al. 2004, Coleman 2008). Exploring the extent of trait 
variability and the phylogenetic structure among BFW com-
munities can provide insights into evolutionary processes that 
permit coexistence, drive the myriad ecological functions in 
the soil, and sustain the high diversity of most of these  
webs. Because ants compete through several trait-based strat-
egies [such as chemical and physical weaponry (Andersen 
et al. 1991), behavioral dominance (Cole 1983, Cremer  
et al. 2006), worker and colony sizes (Davidson 1977, Lester 
et al. 2009), and dominance-discovery trade-offs (Holway 
1998), among others (reviewed by Parr and Gibb 2010)], 
studying the level of phylogenetic signal present among ant 
ecological traits is an important goal. However, with few spe-
cies-level molecular phylogenies available (but see Moreau 
2008), little is known about the phylogenetic signal of func-
tional traits in BFW taxa in general, and particularly in ants.

Here I expand this framework by studying the patterns of 
trait and phylogenetic dispersion within a tropical litter ant 
community. First, I examined the distribution of worker size 

among ants in my study site. Worker size is a functional trait 
considered fundamental to several activities carried out by 
ants including fighting and foraging. Second, I used a  
barcode-generated species-level molecular phylogeny to 
examine the evolutionary history of worker size. Third, I 
described the patterns of phylogenetic and trait dispersion 
among these litter ant communities and use this to infer the 
mechanisms of coexistence within these communities. 
Finally, I explored the influence of the scale of the observa-
tions and the size of species pools in my results by sampling 
communities in an explicit spatially nested design. This 
allowed me to explore simultaneously the effects of increas-
ing habitat heterogeneity with area and the spatial scales  
at which assembly mechanisms could act more strongly.

Material and methods

Study and site location

Ant communities were sampled from July to September 
2009, on Barro Colorado Island (BCI; 09°09′N, 79°51′W), 
a seasonal tropical forest managed by the Smithsonian 
Tropical Research Inst. in Panama. BCI receives ca 2600 mm 
of annual rainfall, with nearly 90% of it falling from May to 
December (Leigh et al. 1999). Sampling occurred in mid wet 
season on BCI – a period of high ant activity (Kaspari 1996).

Within BCI, six sites named after trail markers  
(i.e. Barbour, Donato, Drayton, Miller, Shannon, and  
Tower, Fig. 1A) were chosen to represent the general vari-
ability in soil and forest disturbance history encountered in 
the island. Barbour, Donato and Miller were located in the 
secondary forest ( 100 yr old) part of the island. Drayton, 
Shannon and Tower were located in old-grown forest. 
Barbour, Drayton, and Shannon are in weathered, phospho-
rus poor, soils. Donato, Shannon, and Tower, on the  
other side, are generally located on rocky, phosphorus rich, 
soils (Baillie et al. 2007).

Sampling design

I used berlese funnels to extract ants from litter samples har-
vested across the island in a spatially nested design (Fig. 1B). 
This design allowed me to study local ant communities at 
three spatial scales and simultaneously compare communi-
ties at these scales against regional species pools that increased 
in size (Wiens 1989, Horner-Devine et al. 2004). At  
the broadest spatial scale, I sampled six sites (361 m2)  
across the island. Each site was a square area of 19  19 m. 
At intermediate spatial scales, nine plots (9 m2) were sur-
veyed within each site. These plots were arranged in a 3  3 
square grid and separated from each other by 5-m. At the 
finest spatial scale, four quadrats (0.25 m2) were surveyed 
within each plot. These quadrats were taken from the corners 
of each plot. All litter in these quadrats was harvested in the 
field and transferred in plastic bags to the lab to be surveyed 
manually for colonies and then transferred to berlese funnels 
for 24 h. I identified all ants to species/morphospecies level 
using standard taxonomic keys and reference collections in 
Panama and Oklahoma.
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Local communities were built, for each spatial scale, by 
combining all the species occurrences in nested samples. In 
total, 216 local assemblages were quantified at the finest 
spatial scales, 54 assemblages at intermediate spatial scales, 
and 6 assemblages at the broadest spatial scales. Each assem-
blage was characterized by the presence/absence of an ant 
species (out of 98 species present in the whole survey). 
Presence/absence is a conservative measure of species com-
position and assumes that a maximum of one colony per 
species occur in each 0.25 m2 quadrat.

Building regional species pools

The nested design allowed me to compare community com-
position in the local communities against increasingly large 
regional species pools. Plot pools consist of all the species 
summed across the four quadrats within a plot. Plot pools 
represent the arena where most species-level interactions 
should take place. Site pools consist of all species summed 
across the nine plots within a site. Site pools are likely respon-
sive to within-island variability in soil profiles and forest his-
tory. Finally, the island pool consists of all the species summed 
across the six sites (i.e. all the species encountered in this 
study). The island pool represents the minimum set of species 
from which local communities can assemble but it does  
not represent the total species pool for Barro Colorado Island. 
Because of the nature of the nested design, local communities 
at each spatial scale were compared with regional species  
pools above the spatial extent they belong to, such that com-
munities at the finest spatial scales were compared to plot, site 
and island pools. Intermediate spatial scales were compared 
to site and island pools. Finally, communities at the broadest 
spatial scales were compared only to the island pool.

Worker size as functional trait

I chose worker size as an ecological trait that summarizes 
important species level characteristics among ant species 
(Davidson 1977, Silva and Brandão 2010). Worker size can 

constrain prey/food particle size, foraging area and defense 
strategies (Davidson 1977, Kaspari 1996, Hurlbert et al. 
2008). I used Weber’s length as a proxy for worker  
size. Weber’s length is defined here as the distance from the 
anterior-most part of the ant pronotum, to the posterior 
most part of the ant metapleuron. I measured between two  
and five different specimens for a total of 218 worker speci-
mens from all 98 species found in this study. All measure-
ments were taken on dry, pinned, specimens using Olympus 
SZX12 and Olympus SZ51 stereoscopes, with a reticule to 
the nearest 0.01 mm.

Phylogeny construction

Because a robust species-level phylogeny for ants is still not 
available, I inferred a species-level phylogeny in a Bayesian 
framework using molecular characters and a topologically 
constraint tree. Molecular data came from DNA barcode 
sequences (COI, cytochrome c oxidase subunit I, 654 bp) 
from most species in my survey plus 5 genes [18S, 28S, 
AbdA, LR and Wg: from Moreau and Bell (2013)] for taxa 
that were closely related to, or represented by, species in my 
survey (Supplementary material Appendix 1). I chose the 
genus-level phylogeny of Moreau et al. (2006) as a  
constraint tree because of its wider coverage of Neotropical 
taxa. COI dataset was aligned using MAFFT ver. 6.847b 
(Katoh and Toh 2008) and the Bayesian tree was estimated 
using BEAST ver. 1.7.1 (Drummond et al. 2012) imple-
mented in the Phylogenerator platform (Pearse and  
Purvis 2013). I used a GTR  GAMMA model of molecu-
lar evolution as implemented in Phylogenerator. MCMC 
searches were run one time with 10 000 000 generations, 
and I sampled the chain every 1000 generations. The con-
vergence of the runs and the optimal burnin (set to 2000 
trees) was determined using Tracer ver. 1.4 (Rambaut and 
Drummond 2007).

COI barcodes for the ant species were obtained in col-
laboration with the Biodiversity Inst. of Ontario and using 
sequencing techniques and available analytics tools using 

Figure 1. (A) Map of Barro Colorado Island depicting the relative position of the six sites (1 – Donato, 2 – Shannon, 3 – Tower, 4 –  
Barbour, 5 – Miller, 6 – Drayton) included in this study. (B) The spatial nested design used in this study. The lines on top indicate the  
area (in m2) of the 3 spatial scales at which I sampled the communities. The lines on the right indicate the length (in m) of the side of  
each spatial scale and distance between intermediate scale communities.
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Phylogenetic signal of body size

I measured phylogenetic signal in worker size using the  
species-level phylogenetic tree and the Blomberg’s K statistic 
(Blomberg et al. 2003). Blomberg’s K estimates the amount 
of trait variability within a phylogeny. When K  1 the trait 
distribution on the phylogeny matches a Brownian motion 
evolution model. This model does not assume that traits are 
invariable across the phylogeny; rather, it assumes that trait 

tools in the Barcode of Life Database (BOLD, Ratnasingham 
and Hebert 2007). New sequences for the study were 
uploaded on the BOLD database (www.boldsystems. 
org/ ), and are publicly available under the project  
‘DT’ named AntsofBCI_1_ProjectCommScal_1. I provide 
in the Supplementary material Appendix 1 Genebank  
accession numbers for the COI barcode sequences used  
in this study. Figure 2 depicts the resulting phylogeny  
plus some additional details on phylogeny construction.
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Figure 2. Bayesian consensus tree depicting the phylogenetic relationships of the ant species present in this study. The tree was inferred  
using a constraint tree generated from Moreau et al. (2006) and COI Barcode sequences for 90 species. Five ant species (Pheidole lash9, 
Rogeria antcnp_sp2, Rogeria antcnp_sp3, Rogeria inermis, Solenopsis picea) are not included in this tree, but for analysis were manually 
included as polytomies basal to their respective genera. Support values above branches represent posterior probabilities. The tree scale  
represents substitutions per site.
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tests were used to test whether NRI and NTI values dif-
fered from zero.

Trait-based tests of community composition

I inferred assembly mechanisms shaping litter ant commu-
nities in BCI by determining the patterns of trait disper-
sion present among the local communities, using the 
approach developed by Kraft et al. (2008) and Kraft and 
Ackerly (2010). First, I calculated the mean of the size dis-
tribution across my communities. Second, two indices sen-
sitive to the breadth in trait dispersion for each local 
community. These indices, trait ‘range’ and trait ‘variance’ 
of a community, are assumed to decrease in the presence of 
an environmental filter. Next, I calculated two indices sen-
sitive to the spacing of trait values. One of these indices, 
the ‘kurtosis’ of the trait distribution, should decrease with 
respect to a normal distribution (i.e. should flatten or grow 
platykurtic) when traits are evenly spaced. The second 
index is obtained by dividing the standard deviation of the 
distance of a given species to its successive neighbor (in 
trait space) by the observed trait range (hence SDNDr). 
SDNDr measures the evenness of trait distribution among 
species once a correction for the species present in a given 
community is applied. If assembly mechanisms such as 
interspecific competition are acting in a community, the 
spacing of trait values is assumed to become constant, and 
both kurtosis and SDNDr are expected to decrease. 
Moreover, because SDNDr controls for the species present 
in a community it is adequate to measure the spacing of 
traits within a background of ecological filtering.

As in the phylogeny-based analyses, I assessed signifi-
cance by comparing the observed values to a null distribu-
tion generated by 999 null communities. These null 
communities had the same species richness as the observed 
sample, and were generated by sampling randomly the spe-
cies pool (Kraft et al. 2008, Kraft and Ackerly 2010). 
Because both assembly mechanisms are expected to reduce 
the value of the indices, I used one-tailed Wilcoxon tests to 
test whether the mean range, variance, kurtosis and SDNDr 
differed from zero.

Comparisons between spatial scales and regional 
pools

In this study, the statistical power of detecting significant 
results increases at finer spatial scales because in the nested 
design there are always more observations at finer spatial 
scales (216 quadrats) than at broader scales (6 sites). Thus, I 
used two-tailed Wilcoxon tests on rarefied data to control for 
statistical power when doing comparisons of phylogenetic-
based (NRI and NTI) and trait-based (Range, Variance, 
SDNDr and Kurtosis) values among spatial scales and 
regional pools. To rarefy data I chose randomly six observa-
tions from each set of results such that I matched the sample 
size (n  6) present at broadest spatial scale. It should be 
noted that the rarefaction procedure controls for differences 
in the number of observations gathered for each comparison 
(e.g. sample size), not for species pool size differences. The 
effect of species pool size on the power to detect assembly 

variability is proportional to the amount of evolution 
depicted in the phylogenetic tree. K  1 indicates more trait 
convergence than expected by the Brownian model (e.g. 
cases when traits are more malleable than expected). K  1 
indicates more trait conservatism than expected by the 
Brownian model (e.g. cases when traits are less malleable 
than expected). I assessed the significance of the observed K, 
by comparing K values to the ones obtained by generating 
999 random combinations of traits values in the phylogeny. 
Using a two-tailed approach, probability values of less  
than 0.025 indicate significant trait conservatism. The R 
package ‘Picante’ (Kembel et al. 2010) was used to perform 
these calculations.

Phylogeny-based tests of community composition

Phylogenetic analyses of community structure were per-
formed using the species-level phylogenetic tree onto 
which local communities were mapped. I estimated the 
level of phylogenetic structure among the communities 
with two indices: the net relatedness index (NRI) and the 
nearest taxon index (NTI) (Webb 2000), as implemented 
in the R package ‘Picante’. NRI and NTI allow me to 
determine if local communities are composed by a random 
or deterministic (i.e. phylogenetic clustering or even dis-
persion) subset of the regional pool of species (Cavender-
Bares et al. 2009). NRI corresponds to the standardized 
effect size (multiplied by –1) of the mean phylogenetic dis-
tance (MPD) across all species in the local communities. 
NRI is more sensitive to deep phylogenetic branching. 
Instead, NTI corresponds to the standardized effect size 
(multiplied by –1) of the mean nearest taxon distance 
(MNTD, i.e. the phylogenetic distance each species in its 
nearest neighbor in the local community), and it is more 
sensitive to branching in the tips of the phylogeny. Positive 
NRI and NTI values indicate communities that are phylo-
genetically clustered. Negative NRI and NTI values indi-
cate communities that are phylogenetically evenly 
dispersed. I obtained standardized effect sizes of MPD and 
MNTD by comparing the observed values to a null distri-
bution generated with 999 null communities, standardized 
by the standard deviation of the null distribution (Gotelli 
and Ellison 2002). I considered each local community as 
significantly clustered or even dispersed if the observed 
phylogenetic distance was above or below 2.5% of the null 
distribution of MPD and MNTD, respectively.

To construct the null communities I used two null mod-
els generally named ‘taxa labels’ and ‘sample pools’ (Kembel 
et al. 2010). The taxa label null model generates random 
communities by shuffling the tips in the phylogeny. The 
sample pool null model generates null communities by 
drawing species from the species pool. A third widely used 
null model (e.g. ‘independent swap’) that is generally used 
when the goal is to produce null communities with the 
same species occurrence and sample richness (Gotelli and 
Entsminger 2003, Kembel 2009) was not used because in 
my community species incidence (a proxy for species abun-
dance in social insects) did not show phylogenetic signal 
(see below). Null communities were generated from plot, 
site, and island regional species pools. Two-tailed Wilcoxon 
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pools, they were also phylogenetically clustered (n  6, 
NTI  1.85, p  0.031; n  6, NRI  1.36, p  0.031). 
Similar trends were found when using with a null model 
that draw species by randomizing tips in the phylogeny  
(Fig. 3B), but not when using the more conservative  
‘independent swap’ algorithm (Fig. 3).

Trait-based tests of community composition

The mean size of workers in local assemblages represented 
nonrandom subsets of the regional pools. Relative to null 
communities, local communities tended to be composed by 
workers that were small in size (Fig. 4). At fine spatial scales, 
the median of mean worker size distributions was 20.51 
(p  0.001) (effect size values) when compared to plot pools, 
by increasing the size of the regional pool, these effects were 
magnified. Median of mean worker size decreased to 20.80 
(p  0.001) when compared to site pools, and it further 
decreased to 21.21 (p  0.001) when compared to island 
pools. Increasing the scale at which local communities were 
assembled did not change the results. That is, at intermediate 
scales, median of mean worker size was 20.67 (p  0.001) 
when compared to site pools. At this scale, worker size fur-
ther decreased to 21.32 (p  0.001) when compared to 
island pools. At the broadest scale the pattern was similar; 
median of mean worker size was smaller than a random  
sampling of the regional-island-pool (21.71, p  0.031).

Patterns of trait dispersion suggest that worker sizes 
were more tightly clustered than predicted from a random 
sample of the species pool. At fine spatial scales, and when 
compared to plot pool, worker size presented significant 
levels of clustering (Table 1). The range (worker 
median  0.042, p  0.001), and variance (worker 
median  20.386, p  0.001), of Weber’s length were sig-
nificantly reduced. Across these communities, no evidence 
of even dispersion of traits existed, the standard deviation 
to the nearest distance index (SDNDr) (worker 
median  0.115, p  1.0), and kurtosis (worker 
median  0.265, p  1.0) were not significantly reduced. 
Similar results were present when comparing these com-
munities (from finer scales) to site and island pools (Table 1). 
The magnitude of trait clustering decreased at intermediate 
spatial scales, neither the range of worker (worker 
median  0.297, p  0.981) nor the variance (worker 
median  0.017, p  0.428) were reduced when compar-
ing these communities against site pools (Table 1). Worker 
size was clustered when I increased the size of the regional 
pool and compared these communities with island pools. 
No evidence was found of even dispersion in communities 
assembled at this scale. At broader spatial scales, clustering 
of worker size was weaker, and presented significantly 
reduced level of trait variance (median  20.72, p  0.03) 
and range (median  21.18, p  0.05). No evidence was 
found of even dispersion at this scale (Table 1).

Comparisons between spatial scales and regional 
pools

In general, the size of the regional pool and the scale at  
which communities were assembled had a small influence  

mechanisms is major and it is known to increase with filter-
ing mechanisms, and to decrease with limiting similarity 
mechanisms (Kraft et al. 2007). Further research will be 
required to assess how species pool size differences, per se, 
affects the results of this study.

Results

Across the 6 sites, I collected 26 234 ant specimens from 98 
species in 2857 events. The most abundant ants where 
Solenopsis ‘lash4’ (n  4121), Wasmannia auropunctata 
(n  3647) and Solenopsis ‘JTsp1’ (n  1988). Seventeen 
uniques and doubletons (between them: Proceratium 
micrommatum, four species of Gnamptogenys, and 
Acanthognathus ocellatus) were included in this study. 
Pheidole (with 15 species) and Strumigenys  Pyramica (with 
11 species) and Solenopsis (with 10 species) were the most 
species-rich genera.

Phylogenetic signal of ecological traits

Worker size, as measured by Weber’s length, varied one order 
of magnitude from 0.28 mm in the species Carebara  
panamensis, to 4.54 mm in the species Pachycondyla  
villosa. Worker size and presented high levels of trait conser-
vatism (K  1.31, p  0.001). The K value above 1 suggests 
that worker size was more conserved than predicted by a  
random Brownian motion model. Additionally, ant inci-
dence (no. of species occurrences across sites in this study) 
did not show phylogenetic signal (K  0.63, p  0.25)

Phylogeny-based tests of community composition

Phylogeny-based analysis revealed significant levels of phy-
logenetic clustering (Fig. 3). With respect to null communi-
ties created by drawing species from the sample pool  
(e.g. ‘sample pool’ algorithm, Fig. 3A), species in communi-
ties at fine scales were random or phylogenetically more 
closely related than expected when comparing them against 
plot pools (n  215, NTI  0.01 p  0.67; n  215, 
NRI  0.13, p  0.01). The pattern become stronger when 
I increased the size of the species pool, and all communities 
were phylogenetically more closely related than expected 
when comparing them against site pools (n  215, 
NTI  0.16, p  0.01; n  215, NRI  0.21, p  0.01), 
and island pools (NTI  0.67, p  0.001; NRI  0.59, 
p  0.001). At this scale the clustering signal increased with 
increasing size of the regional pool, as represented by increas-
ing median values. At intermediate spatial scales, species in 
local communities were phylogenetically more related that 
expected when comparing against site pools (n  54, 
NTI  0.49, p  0.01; n  54, NRI  0.08, p  0.31) and 
island pools (n  54, NTI  1.28, p  0.001; n  54, 
NRI  0.73, p  0.001). At this scale, the clustering  
signal also increased with the regional pool. Also, higher 
NTI values (with respect to NRI values) indicated that 
communities appeared more phylogenetically clustered at 
the tip of the phylogeny rather than tree-wise. At the broader 
spatial scale, when comparing local communities with island 
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Figure 3. Phylogeny-based analysis of community composition. Boxplot of net relatedness index (NRI) and nearest taxon index  
(NTI) values among communities assembled at different spatial scales (fine, intermediate and broad) when compared with different regional 
pools (plot-, site- and island-wise). Positive NRI and NTI values indicate communities that are phylogenetically clustered. Negative  
NRI and NTI values indicate communities that are phylogenetically evenly dispersed. Significant deviations from zero are blue-colored. 
Non-significant deviations from zero are white-colored. (A) Results with ‘sample pools’ null model, where null communities were assem-
bled by drawing species from the sample pool with equal probability. (B) Results with ‘taxa labels’ null model, where null communities 
where assembled randomizing tips (taxa) in the phylogeny.

on the results. For example, the magnitude of the phyloge-
netic clustering increased marginally when I compared com-
munities assembled at intermediate scales with site pools vs. 
comparing them with island pools, (intermediate scale,  
Site NRI vs Island NRI, p  0.06) (Table 2A). Similarly, the 
levels of kurtosis increased significantly from comparisons  
of fine scale communities to Plot pools, to comparisons  
of fine scale communities to Island pools (p  0.041)  
(Table 2A). On the other side, when keeping the regional 
pool constant, the scale at which community were assembled 

had little effect on the magnitude of the results. For example, 
the average phylogenetic clustering increased significantly  
at Island pools only when the scale of the observation went 
from fine to broad (p  0.031) (Table 2B).

Discussion

In this Neotropical ant community, both phylogenetic- and 
trait-based analysis revealed non-random, mostly clustered, 
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underrepresented in BCI if they suffer faster predation rates 
(Abrams and Rowe 1996). Third, nest limitation produced 
by the fast decomposing rates of tropical litter dispropor-
tionally affects larger ants. Supporting this hypothesis, 
Donoso et al. (2013) identified a positive relationship 
between ant abundance and the amount of litter depth in 
this same forest. The nature of these ecological filters, how-
ever, remains obscure. And different filters may be acting at 
different spatial scales.

These results were affected more by the size of the 
regional pool than by the spatial scale of the observations 
(Kraft et al. 2007, Lessard et al. 2012). For example, the 
magnitude of phylogenetic and trait clustering did not 
increase between scales, but within a given scale it increased 
with increasing regional pools. The relatively small influ-
ence of spatial scale in this analysis was unexpected and 
suggests that litter heterogeneity, which likely increases 
with area (e.g. variability of nesting sites, food patches, and 
diversity of predators, all likely increase with area), played 
little role in explaining these results. Alternatively,  
the influence of regional pools on the magnitude of  
phylogenetic and trait clustering suggest that non-random 
groups of taxa (e.g. those characterized by being phyloge-
netically distinct and/or larger taxa) continued adding  
to the regional pool as this increased from site to island 
representation (Swenson et al. 2006, Lessard et al. 2012).

The phylogenetic and trait clustering among ant com-
munities observed here fails to support expectations of  
soil food web theory. Because ants are the top predators of 
this tropical soil community (Donoso et al. 2013), competi-
tion among them is expected to be high (Wardle and  
Yeates 1993). However, general observations that predatory 
performance in ants may be governed by worker number, 
not size (O’Donnell et al. 2005) suggest that exploring  
the evolution and ecological distribution of worker number 
will be an important next step. Ant competition may be  
also evidenced in the relative abundance of behavioral traits 
(e.g. such as dominance-discovery hierarchies; Cerdá  
et al. 2013) that may be independent of ant sizes. Regardless 
of the mechanism, small ants are over-represented, which 
may constrain their impact as top-down predators of soil 
food webs. For example, small ants may contribute to the 
enemy-free space hypothesis (Peschel et al. 2006), where 
large hard exoskeletons of oribatid mites protect them from 

patterns of community composition. Local communities 
were composed of a subset of species that were more closely 
related (in phylogenetic and trait terms) than would be 
expected by chance. Because I found significant trait conser-
vatism in worker size, these results complement each other, 
and suggest that ecological filters are reducing the phyloge-
netic and trait dispersion at all spatial scales, favoring clades 
with small worker sizes. This pattern is currently difficult to 
disentangle with phylogenetic data (Lessard et al. 2009, 
Machac et al. 2011), trait data (Nipperess and Beattie 2004, 
King 2007, Sanders et al. 2007, Lester et al. 2009, Wiescher 
et al. 2012), or species occurrences (Albrecht and Gotelli 
2001, Ribas and Schoereder 2002, Sanders et al. 2003, Cerdá 
et al. 2012) alone.

Here I showed that ants of small sizes are selected for at 
any given spatial scale, and that an overrepresentation of 
small taxa exists at BCI. To explain these results I propose 
three working hypotheses. First, within BCI, at any  
given scale, small ants with fewer metabolic costs may dis-
place large ants. In high NPP environments, smaller ants 
having fewer developmental and energy requirements may 
better compete against large taxa (Blackburn and Gaston 
1996, Chown and Gaston 1997). Second, large ants may be 

Table 1. Trait-based analysis of community composition. Standard effect sizes and p values for trait range (range), trait variance (var),  
the standard deviation of the neighbor distance corrected by the trait range (SDNDr) and kurtosis (kurt). Range and variance are measures 
sensitive to ecological filtering. Kurtosis is sensitive to interspecific competition. SDNNr is sensitive to interspecific competition within a 
scenario of environmental filtering.

Filtering Even spacing

range p var p SDNDr p kurt p

Fine vs
Plot 0.04  0.01 20.39  0.01 0.12 1.00 0.27 1.00
Site 0.01  0.01 20.43  0.01 0.41 1.00 0.56 1.00
Island 20.19  0.01 20.61  0.01 0.79 1.00 0.76 1.00

Intermediate vs
Site 0.30 0.98 0.02 0.43 0.39 1.00 0.28 1.00
Island 20.10  0.01 20.42  0.01 0.80 1.00 0.82 1.00

Broader vs
Island 21.18 0.05 20.72 0.03 20.13 0.66 0.60 0.92

Figure 4. Trait-based analysis of community composition. Boxplots 
depict distribution of median values for mean worker size  
(effect sizes) across all (fine, intermediate and broad) spatial  
scales and all regional species pools (Pl  Plot, Si  Site, Is  Island). 
Significant deviation from zero, as summarized by one-tailed  
Wilcoxon test, are colored in blue.
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Cerdá, X. et al. 2012. Ant community structure on a small Pacific 
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predation. Tropical ants may be trapped between environ-
mental forces reducing their size and prey constraints impos-
ing a minimum achievable size.

In conclusion, here I show that litter ant communities in 
Barro Colorado Island are shaped by deterministic processes 
limiting the phylogenetic pool and trait strategies present 
among ants in the island; and that among the different sites 
ecological filters, not interspecific interactions, are structur-
ing tropical ant communities, favoring clades with small 
worker sizes.
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