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Invasive ants alter the phylogenetic structure of ant communities
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Abstract. Invasive species displace native species and potentially alter the structure and
function of ecological communities. In this study, we compared the generic composition of
intact and invaded ant communities from 12 published studies and found that invasive ant
species alter the phylogenetic structure of native ant communities. Intact ant communities were
phylogenetically evenly dispersed, suggesting that competition structures communities.
However, in the presence of an invasive ant species, these same communities were phylo-
genetically clustered. Phylogenetic clustering in invaded communities suggests that invasive
species may act as strong environmental filters and prune the phylogenetic tree of native species
in a nonrandom manner, such that only a few closely related taxa can persist in the face of a
biological invasion. Taxa that were displaced by invasive ant species were evenly dispersed in the
phylogeny, suggesting that diversity losses from invasive ant species are not clustered in
particular lineages. Collectively, these results suggest that there is strong phylogenetic
structuring in intact native ant communities, but the spread of invasive species disassembles
those communities above and beyond the effect of simple reductions in diversity.
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INTRODUCTION

Recent studies have taken advantage of the increasing

availability of phylogenetic data to infer assembly

processes from the taxonomic composition of local

communities (e.g., Slingsby and Verboom 2006, Kraft et

al. 2007, Swenson et al. 2007). Because ecological niches

tend to be phylogenetically conserved (Swenson et al.

2006, Johnson and Stinchcombe 2007), examining the

extent to which co-occurring species are related can

provide insights into the ecological processes shaping

communities (but see Losos 2008). Phylogenetic cluster-

ing (i.e., coexisting species are more closely related than

expected by chance) can arise if habitats filter species.

This results in a set of closely related species whose traits

allow them to persist in a particular habitat (Cavender-

Bares et al. 2004). Alternatively, phylogenetic evenness

(i.e., coexisting species are more distantly related than

expected by chance) might arise if competitive exclusion

reduces co-occurrence among closely related species

(Slingsby and Verboom 2006). If community structure

arises by neutral processes, or if the opposing forces of



(i.e., ‘‘intact’’) communities, and (2) used standardized,

quantitative sampling methods (Longino and Colwell

1997) to quantify ant community structure in both the

invaded and intact sites. Only 12 studies met those

criteria (Appendix A).

Invaded sites were those in which the invasive ant

species was at least twice as abundant as in intact sites,

and intact sites were those in which the invasive species

was either absent or very uncommon relative to the

invaded sites. Locally extinct taxa were defined as those

species that were recorded in intact sites but were absent

from the invaded sites. However, the degree to which

sampled communities are accurate estimates of actual

community composition depends on sampling efficiency

and techniques (Longino and Colwell 1997). In our

study, the absence of a species in a sample suggests that

it is either absent from the sampled community or not



genera in intact and invaded sites, at both local and

regional scales, using paired t tests and one-sample t tests.

Testing for differences in phylogenetic diversity

We assessed whether there were differences in phylo-

genetic diversity between intact and invaded sites using

Faith’s index in PHYLOCOM (Webb et al. 2008). We



difference in the number of species was greater than zero

(one-sample t ¼ �1.76, n ¼ 12, P , 0.0001), but the

proportional difference in the number of genera was not

(one-sample t ¼�0.07, n ¼ 12, P ¼ 0.31).

At the genus level, there was no difference in

phylogenetic diversity between intact and invaded sites

(intact¼ 0.135 6 0.013, invaded¼ 0.116 6 0.016; paired

t ¼�1.23; n ¼ 12; P ¼ 0.12). At the species level, there

was also no difference in phylogenetic diversity between

intact and invaded sites (intact¼ 0.131 6 0.015, invaded

¼ 0.116 6 0.019; paired t¼�0.94; n ¼ 12; P ¼ 0.18).

Local-scale studies

The phylogenetic structure of local intact communi-

ties was idiosyncratic. Phylogenetic structure was

clustered in one study, evenly dispersed in three, and

random in two (Appendix F). Further, neither the

number of species (paired t¼ 0.55, n¼ 12, P¼ 0.30) nor

the number of genera (paired t¼�0.44, n¼12, P¼0.34)

differed between intact and invaded communities at

local scales. Phylogenetic diversity was higher in intact

communities in two studies, higher in invaded commu-

nities in one study, and not different in three.

DISCUSSION

We found that the phylogenetic structure of intact ant

communities at the regional scale differed significantly

from random: coexisting genera were, on average, more

distantly related than expected from a random assign-

ment of taxa to communities (Fig. 1). Although intact

communities were phylogenetically evenly dispersed as

estimated by NRI, their structure was random as

estimated by NTI. Because NRI is sensitive to deeper

clade-level patterns of phylogenetic structure, even

dispersion as measured by the NRI index indicates that

genera from a few disparate lineages co-occur in intact

communities.

Under the assumptions of niche conservatism, an

evenly dispersed pattern of phylogenetic structure

suggests that competition shapes the structure of un-

invaded communities by preventing species that are

closely related from coexisting with one another (Kraft

et al. 2007). An alternative explanation for even

phylogenetic dispersion is that it may reflect the effects

of habitat filtering (Cavender-Bares et al. 2004) if

important ecological traits reflect ecological conver-

gence, rather than niche conservatism (Kraft et al.

2007). Additionally, facilitation might cause communi-

ties to appear phylogenetically evenly dispersed (Va-

liente-Banuet and Verdu 2007). However, both the

habitat filtering and the facilitation mechanisms seem

implausible for ant assemblages. Habitat filtering is

unlikely to be operating here because most genera

recorded in these studies have large geographic ranges

and are not strong habitat specialists. For example, most

of the genera found in Sanders et al.’s (2003) study of the

impacts of Linepithema humile on native ants in

California were also represented in Gotelli and Arnett’s

(2000) study of impacts of Solenopsis invicta in the

eastern United States. Facilitative interactions between

ant species have not been documented in the commu-

nities analyzed here, but they have been documented in

desert ant assemblages (Davidson et al. 1984). Clearly,

the role of positive, indirect, and facilitative interactions

in shaping ant assemblages deserves more attention.

In the presence of invasive species the phylogenetic

structure of ant communities tended to be clustered.

This is consistent with the prediction that invasive

species prune the phylogenetic tree of native species in a

nonrandom manner, such that only a few closely related

taxa can subsist in the face of biological invasion.

Another possibility to account for phylogenetic cluster-

ing in invaded communities is that some other factor,

such as disturbance, affected both the phylogenetic

structure of the invaded community and their suscepti-

bility to invasion (King and Tschinkel 2006). However,

at least for several studies in our database, both the

invaded and intact sites were relatively undisturbed and

yet the structure of the native ant community still

differed between intact and invaded sites. Although

disturbance affects native ant communities and can

increase the probability that invasive species become

established, one study in our analysis (Sanders et al.

2003), and one recent study by Tillberg et al. (2007),

used pre- and post-invasion data in sites that had not



number of species did not differ between invaded and

intact communities. Although ant invasions did not alter

the number of genera present, other studies have

documented a decline in native ant species richness in

the presence of invasive species (Holway et al. 2002).

However, even in those studies, there is evidence that

changes in species composition cannot be accounted for

simply by species losses (Gotelli and Arnett 2000,

Sanders et al. 2003).

The relative importance of habitat filtering and

competition on community assembly can vary with spa-

tial scale (Kembel and Hubbell 2006). Here, although the

phylogenetic structure of intact ant communities at the

regional scale was evenly dispersed, results at the local

scale were inconsistent, with examples of even, random,

and clustered patterns. Our findings are similar to other

studies that have documented differences in phylogenetic

structure at different spatial scales (e.g., Kembel and

Hubbell 2006, Swenson et al. 2006). Why might the phy-

logenetic structure of ant communities be scale depen-

dent? Dayan and Simberloff (1994) argued that long-

term responses of species to interspecific competition are

more likely to be detected at regional scales than at local

scales, perhaps because competing species might avoid

competition at local scales by partitioning time, space,

and resources. Another study of ant community struc-

ture has also detected nonrandom community structure

at regional, but not local, spatial scales (Gotelli and

Ellison 2002).

The ant genera that were displaced were significantly

evenly dispersed in the phylogeny. Our results contrast

with results from previous studies on plants in which

extinct taxa were more related than expected by chance

(Willis et al. 2008). If displaced taxa were evenly

dispersed in the phylogeny, then how could it be that

the remaining communities were phylogenetically clus-

tered? One possibility is that all subfamilies have an

equal probability of losing at least one genus. But,

because some subfamilies have perhaps only one genus,

displacement of that genus strongly affects the topology

of the remaining tree (see Fig. 1). As an example, when a

species in the genus Neivamyrmex (usually the only

representative of the Ecitoninae) is displaced, then there

are likely to be drastic changes in phylogenetic structure.

If the phylogenetic structure of the displaced taxa

were clustered, it would be consistent with the hypoth-

esis that displaced taxa share traits that make them more

vulnerable to displacement following the spread of an

introduced species. Two possibilities are that invasive

species displace specialists (e.g., seed dispersers, Suarez

et al. 1998; or specialist predators) or primitive lineages

(Ward 1987), perhaps because these groups are locally

rare even in intact communities. But our results suggest

that identifying which species will be displaced by

invasive species may be challenging. In addition, and
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