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Abstract Ants are the dominant soil faunal group in
many if not most terrestrial ecosystems, and play a
key role in soil structure and function. This study
documents the impacts of invasion by the exotic cat’s
claw creeper vine, Macfadyena unguis-cati (L.)
Gentry (Bignoniaceae) on surface-situated (epigaeic)
and subterranean (hypogaeic) ant communities in
subtropical SE Queensland Australia where it is a
major environmental weed of riparian areas, rainfor-
est communities and remnant natural vegetation,
smothering standing vegetation and causing canopy
collapse. Soil ants were sampled in infested and
uninfested areas at eight sites spanning both riparian
and non-riparian habitats in subtropical SE Queens-
land. Patterns of ant species composition and func-
tional grouping in response to patch invasion status,
landscape type and habitat stratum were investigated
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using ANOVA and non-metric multidimensional
scaling ordination. The epigaeic and subterranean
strata supported markedly different ant assemblages,
and ant communities also differed between riparian
and non-riparian habitats. However, M. unguis-cati
invasion had a surprisingly limited impact. There was
a tendency for ant abundance and species richness to
be lower in infested patches, and overall species
composition was different between infested and
uninfested patches, but these differences were rela-
tively small, and did not occur consistently across
sites. There were changes in functional group com-
position that conformed to known functional group
responses to environmental change, but these were
similarly limited and inconsistent across sites. Our
study has shown that ant communities are surpris-
ingly resilient to invasion by M. unguis-cati, and
serves as a warning against making assumptions
about invasion impacts based on visual appearances.

Keywords Biological invasion - Ant community

composition - Macfadyena unguis-cati -
Subterranean ants - Weed impact - Woody vines

Introduction
Invasive plant species often occur in near-monospe-

cific stands, resulting in marked landscape transfor-
mation of habitat structure and complexity. This
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habitat modification can be expected to have a major
impact on animal assemblages, and in particular lead
to reduced faunal diversity because plant communi-
ties with greater diversity and structural complexity
tend to support a richer fauna (e.g., Southwood 1978;
Hunter and Price 1992; Wenninger and Inouye 2008;
Wolkovich et al. 2009). While this trend has been
documented in much plant invasion work comparing
invaded versus non-invaded sites (e.g., Herrera and
Dudley 2003; Standish 2004; Ernst and Cappuccino
2005; Gerber et al. 2008), some studies of faunal
diversity have shown smaller than expected impact or
even an effect opposite to the expected trend (e.g.,
Harris et al. 2004; Lindsay and French 2006; De
Groot et al. 2007; Heleno et al. 2008; Pearson 2009;
Parr et al. 2010). These inconsistent results suggest
that the extent of impact of invasion is highly context
dependent, being contingent upon landscape scenario,
the characteristics of the invader/s, and the faunal
group assessed. There have consequently been calls
for studies of invasion impacts to assess their
generality across a variety of situations (Ehrenfeld
2003; Vanderhoeven et al. 2006; Hejda et al. 2009;
Wolkovich et al. 2009).

Ants are a dominant faunal group in most terres-
trial habitats, particularly in the tropics (Holldobler
and Wilson 1990), where they play key roles as
ecosystem engineers, mediators of energy and nutri-
ent flow, and mutualists with plants and other insects
(Folgarait 1998; Dunham and Mikheyev 2010;
Sanders and van Veen 2011). Ants are also widely
used as indicators of ecological change in environ-
mental monitoring and assessment (Andersen and
Majer 2004). Here we assess the impacts of near-
monoculture stands of the invasive cat’s claw
creeper, Macfadyena unguis-cati (L.) Gentry (Big-
noniaceae) on soil ant biodiversity in eight sites
representing a range of landscape settings in sub-
tropical southeastern Queensland, Australia. Macfa-
dyena unguis-cati is a perennial woody climbing vine
native to tropical America (Downey et al. 2007), and
has invaded much of the Indo-Pacific region (King
and Dhileepan 2009). In Australia, M. unguis-cati is a
major environmental weed in Queensland and New
South Wales (NSW), where it poses a significant
threat to biodiversity in riparian and forest commu-
nities (Batianoff and Butler 2003; Vivian-Smith and
Panetta 2004; Osunkoya et al. 2009; Dhileepan et al.
2010).
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Given the extent of habitat transformation caused
by M. unguis-cati invasion, we expect it to have a
marked impact on ant biodiversity. However, our
focus is on the extent of context-dependency of ant
responses, and we examine this by comparing
responses in contrasting habitat types, as well as
responses of ants from contrasting habitat strata. Our
first hypothesis is that invasion impacts will differ
between riparian and non-riparian habitats because of
major differences in soil moisture and physico-
chemical properties between these habitats. Invasion
impacts can also be expected to be habitat-dependent
because (a) levels of invasion might vary between
habitats, (b) the effects of the invasion on vegetation
structure might vary between habitats, and (c) the
associated ant communities might be differentially
sensitive to invasion. Our second hypothesis is that
within a given site, invasion impacts will vary with
the habitat stratum occupied by ants. Given that
M. unguis-cati infestation transforms habitat structure
above ground, we would expect greater impacts on
surface-active (epigaeic) compared with the below
ground (subterranean; hypogaeic) ants.

Methods
Study species

Macfadyena unguis-cati is a high-climbing woody
vine with twining stems (up to 6 cm in diameter) that
produce horizontal runners and/or adventitious roots.
It can grow successfully in a wide variety of light and
soil conditions (Raghu et al. 2006; Osunkoya et al.
2010a). Some leaflets of its compound leaves are
modified to form pronged, claw-like tendrils with
deciduous horny hooks, which enable the plant to
climb almost any structure (Raghu et al. 2006;
Downey and Turnbull 2007). In densely infested
areas, M. unguis-cati covers standing vegetation,
including large trees and shrubs, eventually causing
canopy collapse (Osunkoya et al. 2009; Dhileepan
et al. 2010). In areas without standing vegetation or
other structures (e.g. fences) the vines grow along the
forest floor and form dense mats that preclude the
recruitment and growth of native vegetation. In most
infested sites, M. unguis-cati roots produce large
numbers (~ 1,000 per m?) of subterranean, golf ball-
size (25 mm x 7 mm) tubers that promote its
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persistence and aid its vegetative propagation
(Osunkoya et al. 2009).

Study sites

The study was conducted at eight sites (Oxley,
Bardon, Carindale, Ipswich, Nerang, Boonah, Moog-
erah and Canungra) in the Brisbane-Gold coast region
of south-eastern Queensland Australia, chosen on the
basis of known M. unguis-cati infestations. The
region experiences an average yearly rainfall of
900-2,000 mm (depending on topography and dis-
tance from the coast), approximately half of which
occurs in the summer months of December to
February. Temperatures range from an average daily
minimum of 6°C in July to a maximum of 29.6°C in
December. Predominant vegetation types in the area
include tall open eucalypt (dry sclerophyll) forest and
subtropical (microphyll vine) rainforest. Distances
between study sites ranged from 10 to 150 km.
Macfadyena unguis-cati infestation sites in Oxley
(27°60’ S, 152°59' E), Bardon (27°30’ S, 152°60' E),
Carindale (27°30' S, 152°59’ E) and Ipswich (27°32' S,
152°42’ E) were all in remnant natural open forest
vegetation in non-riparian landscapes with gentle
undulating topography, with each approximately
5-10 ha in size. The first three were within the
Brisbane City Council forest parks, and the last was
at Pine Mountain, which is managed by the Ipswich
City Council. The other four sites [Nerang (27°60’ S,
153°20' E), Canungra (28°10' S, 153°10" E), Moogerah
(28°03’ S, 152°54' E) and Boonah (27°60’ S, 152°41'
E)] represented riparian habitats dissecting larger open
forest areas. The first two riparian sites are located in
the Gold Coast hinterland, approximately 80 km south
of Brisbane, while the latter two are in the Esk Shire,
about 120 km west of Brisbane. In all eight sites,
M. unguis-cati completely dominates the landscape,
covering many of the trees (mainly species of Euca-
lyptus, Araucaria and Alphitonia) and much of the
ground. Anecdotal evidence suggests M. unguis-cati
has been a major weed in all of the chosen sites for at
least 30 years. Occasionally other exotic, but less
invasive vines such as Passiflora suberosa and Ari-
stilochia elegans and native vines including Smilax
australis, Parsonsia straminea and Pandorea jasmi-
noides also occur, especially at the riparian sites. At
these infested sites, subterranean tubers and seedlings
of M. unguis-cati occur at extremely high densities,

averaging 1,000/m> and 1,280/m?, respectively
(Osunkoya et al. 2009). The soils at these eight sites
are slightly acidic (pH range: 5.9-6.3), with low clay
(25%), total carbon (3—5%) and nitrogen (0.28-0.35%)
contents (Osunkoya OO, unpublished data).

Ant sampling and processing

Epigaeic ants were sampled using standard pitfall traps,
consisting of 4-cm diameter plastic containers dug into
the soil with their rims flush with the soil surface. They
were partly filled with 70% ethylene—glycol as a
preservative. Hypogaeic species were sampled using
subterranean traps following Andersen and Brault
(2010). These were created from 1.5 ml eppendorf
tubes (4 cm high, 1 cm diameter) with four holes (each
3 mm in diameter) drilled close to the top of the tube to
allow access by ants. The upper part of the tube, just
above the access holes, was coated with a mixture of
peanut butter and honey to attract ants, and tubes were
partly filled with 70% ethylene—glycol as a preservative.
These were then buried into a hole of 10 cm depth dug
with a hand-held augur, with a length of string attached
to the lid to facilitate relocation and retrieval. Australian
sclerophyll (open forest) habitats have a very depau-
perate fauna of specialist arboreal ants, with the vast
majority of species foraging in trees but nesting on the
ground (Andersen 2000). We therefore made no attempt
to sample the arboreal fauna.

At each of the eight sites, sampling was conducted
in and adjacent to 15 randomly located M. unguis-cati
patches, each with an infestation radius of at least
18 m (i.e. >745 m? in area). At each patch, one
pitfall and one subterranean trap were set inside
(infested), as well as at 5-10 m outside (i.e., in native
vegetation; uninfested control). For the riparian sites,
traps were located at least 5 m from the stream bank.
Each trap was opened for 6 days during September
(early spring) 2009. There was no substantial rain
during the sampling period.

Ant samples were sorted to species level in the
laboratory, and where possible named, with species
authorities following Bolton (1995). Species that
could not be confidently named were identified to
species-group following Andersen (2000), and
assigned letter codes (sp. A, sp. B, etc.) that apply
only to this study. Voucher specimens of all species
are held at the CSIRO Tropical Ecosystems Research
Centre in Darwin, Northern Territory, Australia.
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Data analysis

Data from pitfall and subterranean traps were
analysed separately, unless otherwise indicated. Rar-
efaction curves, plotting the cumulative number of
species recorded as a function of sampling effort
(Gotelli and Colwell 2001), were used to assess
sampling completeness and to compare ant species
richness in relation to invasion status (infested vs.
uninfested patches), landscape type (riparian vs. non-
riparian) and habitat stratum (epigaeic vs. subterra-
nean). Mean species richness, species diversity using
the Simpson index and abundance per trap and per
site were compared between invasion status and
landscape type using nested ANOVA with abundance
data square-root transformed to meet the assumption
of normality.

Patterns of ant species composition were investi-
gated using non-metric multidimensional scaling
(NMDS) in two dimensions on both species abun-
dance and presence/absence data, based on a Bray-
Curtis dissimilarity matrix. The extent of clustering
according to invasion status, landscape type and
habitat stratum was assessed by analysis of similarity
(ANOSIM), which compares the mean difference of
ranks between and within groups, generating the
statistic R (Clarke and Warwick 2001). Values of R
range from —1 to +1, with values approaching R = 1
indicating a strong dissimilarity among samples. Both
abundance and presence/absence data gave very
similar results and so only those from presence/
absence are presented. All multivariate analyses were
performed using the software Primer vs 6.0 (Clarke
and Gorley 2006).

The effects of M. unguis-cati invasion were also
examined in terms of ant functional composition. Ant
species were assigned to one of nine functional groups
(Table 1) based on global responses of their species-
groups to environmental stress and disturbance
(Andersen 1995, 1997). Functional group abundances
were compared between invasion status using univar-
iate (;{2 analysis, 7 test or nested ANOVA) as well as
multivariate techniques (NMDS).

Results

A total of 100 ant species from 41 genera were
recorded during the study (Appendix), with the
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richest genera being Monomorium (8 species), Phei-
dole (8), Polyrhachis (8) and Camponotus (5). The
fauna included two introduced species, one of which
(Paratrechina longicornis) was the fourth most
common species recorded in pitfall traps, especially
in infested patches (overall catch across trap types:
153 vs. 42 in infested and uninfested patches;
probability of a difference using ¢ test: P < 0.001).
The other was Tetramorium simillimum, represented
by a single individual in a subterranean trap (Appen-
dix). Many more individuals (2849 c¢f. 414) and
species (91 cf. 36) were recorded from pitfall traps
compared with subterranean traps (Appendix). The
most common species in pitfall traps were Nylanderia
sp. A (obscura gp.; 11.2% total individuals), Pheidole
sp. G (ampla gp.; 8.0%), Pheidole sp. C (variabilis
gp.; 7.5%), Paratrechina longicornis (6.6%), Irido-
myrmex suchieri (6.1%) and I. purpureus (6.1%). The
most common species in subterranean traps were
Solenopsis sp. B (22.7%), Carebara sp. A (16.9%),
Solenopsis sp. A (13.0%) and Solenopsis sp. C
(7.5%). These last three species were rarely, and in
one case (Solenopsis sp. C) never, recorded in pitfall
traps. The fauna included an unidentified and appar-
ently undescribed genus from the Tribe Pheidolo-
getonini that was recorded almost exclusively in
subterranean traps.

In pitfall traps, mean ant abundance was signifi-
cantly higher in control (uninfested) compared with
infested patches overall (Table 2). A total of 76
species were recorded in uninfested patches com-
pared with 56 in infested patches (Appendix), and
mean species richness per trap was significantly
higher in uninfested patches (Table 2). However,
these trends of higher values in control patches occur
only in a minority of the sites sampled: Boonah,
Bardon and Ipswich (Table 2). Simpson’s diversity
(which simultaneously takes into account trap catch
richness and abundance of individual species) did not
differ between infested and uninfested patches
(Table 2). In subterranean traps, patch invasion status
had no effect on ant abundance, species richness or
species diversity (Appendix; Table 2). The above
described trends did not change when analyses were
limited to the most common species with contribution
>6% in each of the trap types used (data not shown).
The higher species richness in control patches for
pitfall but not subterranean catches is illustrated by
the rarefaction curves (Fig. 1). The rarefaction curves
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Table 1 Functional groups used to examine ant functional composition, following Andersen (1995, 1997)

Functional group Characteristics

Major taxa in study region

Dominant
dolichoderinae

From a global perspective, dominant ants are those at the top of the Iridomyrmex, Anonychomyrma
dominance hierarchies of the most productive ant communities,

and such ants are characteristically dolichoderines

Generalised
myrmicinae

This group comprises the cosmopolitan genera Pheidole,
Monomorium and Crematogaster, which are among the most
abundant ants throughout the warmer regions of the world. From a

Pheidole, Monomorium (nigrius, laeve,
and carinatum groups),
Crematogaster

global perspective they can be considered subdominant to

Dominant Dolichoderinae
Opportunists

These are unspecialised, poorly competitive species, often with wide Nylanderia, Rhytidoponera,
habitat distributions. They predominate only at sites where stress

Papararatrechina, Leptomyrmex

or disturbance severely limits ant productivity and diversity, and
consequently where behavioural dominance is low

Subordinate
camponotini

Camponotus and allied genera are ubiquitous in ant communities;
they tend to be behaviourally submissive to dominant

Camponotus, Polyrhachis, Opisthopsis

dolichoderines, and many are ecologically segregated from them
due to their large body size, nocturnal foraging, and/or arboreal

habits

Hot-climate
specialists
thermophilia

Cold- and tropical- These are taxa whose distributions are heavily centred on the
ground-layer of temperate and tropical forests respectively. The
abundance of dominant dolichoderines is generally low in these

climate
specialists

These are taxa occurring primarily or exclusively in arid regions, and Melophorus, Meranoplus
exhibit highly specialised behaviour such as granivory or extreme

Notoncus, Prolasius, Stigmacros,
Monomorium (leae gp.)

habitats, and aside from their habitat tolerances, Cold- and
Tropical-Climate Specialists are typically unspecialised ants

Cryptic species

These are small to minute species, predominantly myrmicines and

Solenopsis, Carebara, Hypoponera

ponerines, that nest and forage primarily within soil, litter and
rotting logs. They are ecologically removed from the mainstream

ant community

Specialist
predators

This group comprises medium-sized to large, highly active predators Myrmecia, Leptogenys
with well developed sight, and most have powerful stings

also indicate that sampling of the regional subterra-
nean fauna was reasonably complete, but that many
epigaeic species were not collected.

Multivariate analysis (using NMDS) showed no
overlap in species composition in samples from
pitfall and subterranean traps (ANOSIM: R = 0.615,
P < 0.001; Fig. 2a, b). Species composition also
varied significantly with landscape type (riparian vs.
non-riparian), for both pitfall (ANOSIM: R = 0.498,
P =0.001) and subterranean samples (ANOSIM:
R = 0.158, P = 0.002). ANOSIM revealed statisti-
cally significant but modest differences in overall
species composition between infested and uninfested
patches for both pitfall and subterranean samples
(Table 2). In both trap types there were statistically
significant ANOSIM differences at four individual
sites, two each from riparian and non-riparian hab-
itats. The differences were twice as high for pitfall

(4.7%) compared with subterranean traps (2.3%).
This trend of minimal invasion effect was observed
irrespective of landscape condition or trap type used
(Fig. 2).

Ant functional group composition varied substan-
tially with invasion status, especially more so for
surface active (pitfall) ants (Xz =7.49; P <0.005;
Table 3, Fig. 3). For pitfall traps only, all indices of
ant functional composition (abundance, number per
trap, richness and diversity) were higher in uninfested
(control) relative to M. unguis-cati infested patches
(Table 3). Overall, Opportunists were more abundant
in infested (60% total ants) compared with uninfested
(34%) patches, whereas the reverse was true for
Dominant Dolichoderinae (6.1% cf. 23.6%), Gener-
alised Myrmicinae (22.5% cf. 32.5%), Hot-climate
Specialists (0.0% cf. 2.4%) and Subordinate Camp-
onotini (1.6% cf. 3.7%; Fig. 3). Multivariate analysis
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Fig. 1 Rarefaction curves showing soil ant species accumu-
lation for surface-active (epigaeic) and subterranean (hypo-
gaeic) communities in Macfadyena unguis-cati infested and
non-infested (control) patches

across all eight sites showed no significant effect of
invasion status on functional group composition of
the pitfall trap ants (ANOSIM: R = 0.162, P = 0.08)
or for subterranean ants (ANOSIM: R = —0.17,
P = 0.72; Fig. 4). However at the individual site
level, significant effects of invasion status on func-
tional group composition was seen at two of the eight
sites for pitfall traps (Boonah and Bardon, ANOSIM:
P < 0.05 in both cases; Table 3) and at four of the
eight sites for subterranean traps (Boonah, Canungra,
Carindale and Ipswich [ANOSIM: 0.01 < P < 0.05;
Table 3])—suggesting a possible site specific pattern.

Discussion

Invasion by M. unguis-cati results in a dramatic
change in vegetation structure in infested areas, and
this would be expected to have a very marked impact
on invertebrate biodiversity (Crisp et al. 1998; Belnap
and Phillips 2001; Wenninger and Inouye 2008;
Heleno et al. 2008; Ostoja et al. 2009). However, our
study revealed relatively weak impacts on ant com-
munities. There was a tendency for ant abundance
and species richness to be lower in infested patches,
and overall species composition was different
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Fig. 2 MDS ordination of Macfadyena unguis-cati infested
(closed-symbols) and non-infested (open-symbols) vegetation
patches based on ants presence/absence data collected in pitfall
and subterranean traps across eight sites in Brisbane-Gold coast
greater region, SE QLD, Australia. See Table 2 for tests of
invasion effect within and across sites using ANOVA and
ANOSIM. The dash-loops separate the pitfall from the
subterranean traps, within which each site is represented with
two points (infested and non-infested patches). Stress value is
0.18. ANOSIM values for pairwise tests are: surface/subterra-
nean ants: R = 0.615; P < 0.001; riparian/non-riparian habi-
tats, R = 0.359, P = 0.01

between infested and uninfested patches. However,
these differences were relatively small, and did not
occur consistently across sites. Variation in time
since M. unguis-cati invasion of the study sites could
affect level of impact of the weed and thus trends
observed (Carpenter and Cappuccino 2005); how-
ever, we lack data on the history of our investigated
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Plant invasion effect on soil ant assemblage

(a) Pitfall trap
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Fig. 3 Functional group profiles of ants sampled from
Macfadyena unguis-cati infested and non-infested (control)
patches. Data have been pooled for all eight sites. Data are
proportion of total species represented by each functional
group. Using observed (raw) data, the functional group
distribution differs significantly between infested and non-
infested patches for surface active ants (32 = 7.49; P < 0.005)
but not for subterranean ants (32 = 0.49; P < 0.55). Within
each functional group, the significant level of the y2 test is also
indicated as follows: TP < 0.10; *P < 0.05. Abbreviations are:
CCS cold climate specialists, CS cryptic species, DD dominant
dolichoderinae, GM generalised myrmicinae, HCS hot climate
specialists, OPP Opportunists, SC subordinate camponotini, SP
specialist predators, 7CS Tropical climate specialists

sites, and hence cannot explore this line of argument
further. Invasion by M. unguis-cati did have a greater
impact on epigaeic compared with subterranean ants as
we hypothesized, and perhaps as reflected in the greater
habitat transformation above- compared with below-
ground. Riparian and non-riparian habitats supported
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Fig. 4 MDS ordination of Macfadyena unguis-cati infested
(closed-symbols) and non-infested (open-symbols) patches
across eight sites based on ant functional groups in pitfall
(circles) and subterranean traps (triangles). The dash-loop
separates the pitfall trap catch from the subterranean ones,
within which each site is represented with two points (infested
and non-infested patches). Stress value is 0.07. ANOSIM
values for pairwise tests are: pitfall traps- infested/control
patches R = 0.162; P = 0.08; subterranean traps- infested/
control patches, R = 0.017, P = 0.72

different ant communities—confirming the greater
role of moisture and perhaps soil texture in the
distribution and abundance of arthropods (Wenninger
and Inouye 2008), but M. unguis-cati invasion did not
have different impacts within these habitats.

Macfadyena unguis-cati invasion had a significant
impact on functional group composition, with several
functional groups having reduced abundance in
infested patches. Largest reductions occurred in
Dominant Dolichoderinae, which are strongly asso-
ciated with open habitats (Andersen 1995; Hoffmann
and Andersen 2003). Hot-Climate Specialists are
even more strongly thermophilic than the Dominant
Dolichoderinae, and they were completely absent
from infested patches. In contrast, the abundance of
Opportunists increased markedly in infested patches.
This can be attributed to the broad habitat tolerances
of these species, and their release from competition
with Dominant Dolichoderinae (Andersen 1995;
Hoffmann and Andersen 2003). However, as was
the case for species-level responses, impacts of
M. unguis-cati invasion on ant functional groups
were minimal and inconsistent among sites.

We only sampled during one time of the year
(spring), and greater impacts of M. unguis-cati
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invasion might have been detected if we had sampled
at other times. However, seasonal rates of ant activity
are high during spring in this subtropical region
(Vanderwoude et al. 1997), so most of the species
would have been active during our sampling effort.
Moreover, the Oxley site was intensively surveyed
for surface-active invertebrates on three occasions
during the summer prior to our study, and again only
a weak difference (P = 0.09) in species composition
could be detected between M. unguis-cati invaded
and non-invaded patches (Anita Kusumaningsih and
OO Osunkoya unpublished data, 2008). We therefore
believe that our results are robust.

A relatively small impact of M. unguis-cati
invasion on ant diversity would not have been so
surprising if it were just a case of species character-
istic of uninfested patches being replaced by species
characteristic of denser vegetation types (cf. Sax
2002), but this was not the case in our study. It is
quite conceivable that M. unguis-cati monocultures
provide sufficient habitat complexity and productivity
to support a diverse ant fauna. For example, the
network of fleshy subterranean tubers (see Osunkoya
et al. 2009) with their accompanying soil surface-
running and inter-twined stems and leaf tendrils of
several layers (at times up to 20 cm thick), coupled
with accumulated decomposing litter, potentially
creates a variety of micro habitats suitable for ants.
The leaves of M. unguis-cati are also higher in
nitrogen content compared to those of native species
(Osunkoya et al. 2010b), a nutritional trait that is
known to promote insect abundance (Bowdish and
Stiling 1998; Wenninger and Inouye 2008) and
thereby food supplies for ants. Nonetheless, it is very
surprising that M. unguis-cati invasion had such a
limited impact on ant species composition, given that
ant taxa are known to be highly sensitive to
environmental change (Andersen and Majer 2004).

Our findings are similar to those from a study of
the impacts of the invasive Gamba grass (Andropo-
gon gayanus) on ant biodiversity in tropical Australia

(Parr et al. 2010). Gamba grass can transform grass-
layer structure in invaded savannas, but Parr et al.
(2010) could detect no impacts on epigaeic inverte-
brate assemblages, including none on ant abundance,
species richness or species composition. This lack of
response was attributed to the impact of Gamba grass
invasion on habitat structure being primarily on
vertical rather than horizontal complexity, so that
conditions for ground-active invertebrates are not as
affected as might appear. Invasion by M. unguis-cati
clearly has an impact on horizontal habitat structure
by reducing open spaces, and this was reflected by
some changes in ant epigaeic functional group
composition. However, it is possible that induced
changes in horizontal habitat structure in M. unguis-
cati invaded landscape are far more limited, as
explained above.

Our study has shown that ant communities are
surprisingly resilient to invasion by M. unguis-cati, at
least for ground foraging and hypogaeic groups. It is
very possible that many other faunal groups are not
so resilient, especially those that are affected more
strongly by vertical habitat structure (e.g. birds).
However, our results serve as a warning against
making assumptions about invasion impacts based on
visual appearances, and highlight the need for studies
that directly assess the effects of invasive species as a
foundation for prioritising conservation management
(see also Sax 2002).
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Appendix

See Table 4 below.

Table 4 Ant species collected in pitfall and subterranean traps in M. unguis-cati infested and uninfested (control) patches

Species name Functional  Pitfall trap Subterranean trap Total
rou
group Infested  Control =~ Total  Infested  Control  Total
Sub-family Myrmeciinae
Myrmecia nigrocincta SP 2 11 11
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Table 4 continued
Species name Functional  Pitfall trap Subterranean trap Total
group Infested  Control  Total  Infested Control  Total
Sub-family Aenictinae
Aenictus turneri TCS 1 1 2 2
Aenictus sp. A TCS 2 2
Sub-family Cerapchyiinae
Sphinctomyrmex sp. A CS 1 1 1
Sub-family Ponerinae
Anochetus graeffei SP 2 2 2
Hypoponera sp. A CS 1 1 1
Hypoponera sp. B CS 1 1 1
Leptogenys anitae SP 1 1 1
Leptogenys sjostedti SP 5 5 10 10
Mesoponera australis SP 1 1 1
Sub-family Ectatomminae
Rhytidoponera impressa OPP 85 22 107 1 1 108
R. metallica OPP 20 46 66 1 1 67
R. victoriae OPP 102 85 187 8 8 16 203
Rhytidoponera sp. D (spoliata gp.) OPP 21 7 28 28
Sub-family Heteroponinae
Heteroponera sp. A (imbellis gp) CCS 1 1 2 1 2 3 5
Heteroponera sp. B (imbellis gp) CCS 1 1
Sub-family Myrmicinae
Aphaenogaster longiceps OPP 2 5 7 7
Carebara sp. A CS 5 3 8 31 39 70 78
Carebara sp. B CS 5 1 6 9 7 16 22
Colobostruma biconvexa Sp 1 1 2 2
Crematogaster sp. nr. laeviceps GM 2 2 2
Crematogaster sp. A (australis complex) GM 2 1 3 3
Crematogaster sp. C (queenslandica gp.) GM 2 2 1 1 3
Eurhopalothryx sp. A CS 1 1 1
Eurhopalothryx sp. B CS 1 1 1
Lordomyrma punctiventris TCS 1 1 1
Mayriella sp. B (abstinens complex) TCS 1 1 1
Mayriella spinosior TCS 4 4 1 1 2 6
Monomorium sp. A (leae gp.) CCS 2 5 7 1 8
Monomorium sp. B (leae gp.) CCS 1 1 2 2 3
Monomorium sp. C (nigrius gp) GM 4 2 6 6
Monomorium sp. D (carinatum gp) GM 7 7 7
Monomorium sp. E (laeve gp.) GM 3 2 5 5
Monomorium sp. F (carinatum gp.) GM 2 2 2
Monomorium sp. G (laeve gp.) GM 1 1 1
Monomorium sp. H (hildebranti gp.) CS 1 1 2 2
Orectognathus versicolor Sp 1 1 1
Pheidole sp. A (variabilis gp.) GM 44 102 146 10 9 19 165
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Table 4 continued

Species name Functional  Pitfall trap Subterranean trap Total
group Infested  Control  Total  Infested Control  Total
Pheidole sp. B (pyriformis gp.) GM 70 70 2 2 72
Pheidole sp. C (variabilis gp.) GM 98 117 215 9 8 17 232
Pheidole sp. D (ampla gp.) GM 80 30 110 4 2 6 116
Pheidole sp. F (Group K) GM 6 6 1 1 7
Pheidole sp. G (ampla gp.) GM 54 175 229 1 2 3 232
Pheidole sp. H (variabilis gp.) GM 2 2 2
Pheidole sp. 1 (pyriformis gp.) GM 1 1 1
Solenopsis sp. A CS 1 1 35 18 53 54
Solenopsis sp. B CS 27 40 67 53 41 94 161
Solenopsis sp.C CS 10 21 31 31
Solenopsis sp. E CS 4 4 4
Strumigenys sp. A (godeffroyi gp.) CS 1 1 1
Tetramorium simillimum* OPP 1 1 1
T. turneri OPP 9 9 9
Unidentified genus spA CS 1 1 13 3 16 17
Sub-family Dolichoderinae
Anonychomyrma sp. A (nitidiceps gp.) DD 1 1 1
Dolichoderus scrobiculatus CCS 13 13 13
Iridomyrmex purpureus DD 173 173 173
L. septentrionalis DD 26 90 116 2 2 118
L. suchieri DD 46 128 174 174
Leptomyrmex mjobergi OPP 1 1 1
L. nigriventris OPP 1 1 1
L. rufipes OPP 17 11 28 28
Ochetellus sp. A (glaber gp) OPP 14 10 24 24
Ochetellus sp. B (glaber gp) OPP 1 37 38 38
Tapinoma sp. A OPP 22 58 80 1 3 4 84
Tapinoma sp. B OPP 7 7 7
Tapinoma sp. C OPP 3 5 8 8
Tapinoma sp. D OPP 1 1 1
Technomyrmex sophiae OPP 15 36 51 51
Sub-family Formicinae
Camponotus aeneopilosus SC 1 22 23 23
C. loweryi SC 1 6 7 7
Camponotus sp. B (Group F) SC 1 1 1
Camponotus sp. A (novaehollandiae gp.)  SC 11 8 19 19
Camponotus sp. E (novaehollandiae gp) SC 2 2 2
Melophorus sp. A (hirsutus gp.) HCS 1 1 1
Melophorus sp. B (mjobergi gp.) HCS 2 2 2
Melophorus sp. C (Group L) HCS 1 1 1
Notoncus sp. A (enormis gp.) CCS 13 29 42 1 1 43
Nylanderia rosae OPP 52 27 79 6 9 88
Nylanderia sp. A (obscura gp.) OPP 186 134 320 13 16 336
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Table 4 continued

Species name Functional  Pitfall trap Subterranean trap Total

group Infested  Control  Total  Infested Control  Total

Opisthopsis pictus SC 6
O. rufithorax SC 2
Paraparatrechina sp. C (minutula gp.) OPP 9 13 22 3 2 5 27
Paraparatrechina sp. E (minutula gp.) OPP 11 11 12
Paraparatrechina sp. H (minutula gp.)* OPP 3 3 3
Paratrechina longicornis OPP 148 40 188 5 2 7 195
Polyrhachis ammon SC 8 8 8
P. daemeli SC 1 1 1
P. hookeri SC 3 1 4 4
P. lydiae SC 1 1 1
P. phryne SC 1 1 1
P. rufifemur SC 1 2 3 3
P. vermiculosa SC 1 1 1
Polyrhachis sp. B (cleopatra complex) SC 2 2
Prolasius sp. A (Group A) CCS 8 8
Prolasius sp. B (nitidissimus gp.) CCS 1 1 1
Prolasius sp. C (nitidissimus gp.) CCS 3 3 3
Prolasius sp. D (Group A) CCS 2 2 2
Stigmacros epinotalis CCS 9 9 1 1 10
S. pusilla CCS 3 1 4 4
Stigmacros sp. A (intacta gp) CCS 8 6 14 14

Total abundance 1,193 1,657 2,850 224 190 414 3,264

No. species 56 76 91 27 29 36 100

Data are total abundances pooled across eight sites surveyed. The functional group of each species is also given (see Fig. 3 for
meanings of abbreviations). Asterisks (*) beside names imply introduced species
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