Ecological restoration following the local eradication

of an invasive ant in northern Australia.

Benjamin D. Hoffmann*
1 CSIRO Sustainable Ecosystems, Tropical Ecosystezssd®ch Centre, Darwin, NT

0822, Australia.

Contact:

email: Ben.Hoffmann@csiro.au

Key words: exotic; invertebrates; managemepigidole megacephala; rehabilitation;

tramp ant; treatment



Abstract

There have been many management programs for wevasts, yet few have
achieved eradication. Of those that were successfuke have documented the
subsequent recovery of the affected ecologicakgsysHere | document the ecological
impact and eradication of a five ha infestationhaf African big headed aRheidole
megacephala from an intact habitat in northern Australia, adlvas the subsequent
recovery of the native ant fauna. Pre-treatmestjriipact ofP. megacephala on the
native ant fauna was clear. Native ant abundandesp@cies richness were almost
always significantly lower in infested comparediutonfested samples. Multivariate
analysis statistically separated sample grids firdested and uninfested areas.
Following treatment, n®. megacephala individuals were detected for two years and
it was therefore declared eradicated. Ecologicavery post treatment was also
clear. Twenty one months post-treatment, nativeahaohdance and species richness
within the treated (infested) area were always atmatways significantly greater than
in the pre-treatment sample, corresponding witlkshrenge in the control area
(uninfested area). Total species richness fronspiothe treated area was identical to
that from plots in the control area. Multivariateadysis showed no statistical
separation of the treated or control plots. Speatmess within lure plots displayed
no trend within the treated area relative to tkattinent boundary or locations away
from the treated area. This project demonstrates$ahsibility of eradicating this ant,
and that ecological systems are capable of reamyéoilowing removal of an exotic

invader.



| ntroduction

Eradication is the ultimate goal of invasive specreanagement.

Many ants are extremely successful invaders (Pad994; Baskin 2002), with
serious agricultural, social and environmental iotpghroughout the world (Williams
1994; Holway et al. 2002). As such, many pest acirisions have undergone
management over the past century. Efficacy tribbnd control products have
demonstrated that eradication is possible from Issgale plots (Majer and Flugge
1984; Reimer and Beardsley 1990), and there hase $@me documented
eradications of very small (<1 ha), young infestasi (Haines and Haines 1978;
Pascoe 2003; Lester & Keall 2005). However, arafits to date of regional-scale
eradications have failed, either due to the lossootrol of the spread of a species
(Haines et al. 1994; Buhs 2004), or because tradtmas stopped due to

environmental concerns of the toxicants being gad Schagen et al. 1994).

Recently, however, some modest-scale eradicatiavs been successfully

completed. In 1990, a two ha infestation of theléitire antWasmannia

auropunctata appeared to have been exterminated on Santadrel sl the Galapagos
(Abedrabbo 1994). The success of this project kbeéno another eradication attempt
of the same species on Marchena Island, coverirtga2@hich also appears to have
been successfully completed (Causton et al. 2005nerous isolated populations of
the Argentine anitinepithema humile covering approximately 12 ha were successfully
eradicated from parts of Bunbury, Western Austrdbavis et al. 1998). In 2004,

eradications of African big headed &fiel dole megacephala and Tropical fire ant



Solenopsis geminata covering 30 ha and 3 ha respectively within Kakbidtional
Park, Australia, were declared completed (Hoffm&f@'Connor 2004). Most
recently, a four h&. megacephala infestation has been reported eradicated from

Mokuauia islet, Hawaii, (Plentovich 2009).

One of the most significant pest ant species thatahlong history of management is
P. megacephala (Jarvis 1931; Broekhuysen 1948; Reimer & Beard$R@S0;

Hoffmann & O’Connor 2004). It is unclear when teecies first arrived in northern
Australia, but it was considered naturalized thioug Australia’s urban east coast by
the early 1900s (Tryon 1912). The ecological, adniral and social impacts &f
megacephala in northern Australia are serious and well knowwoffghann 1998;
Hoffmann et al. 1999; Vanderwoude et2000; Hoffmann & Parr 2008). However,
despite the threat it poses, formal managementregianal or national scale is
unrealistic. Nonetheless, management that previeaiisspread to, or eradicates them
from, remote locations is a real option and hasaaly been demonstrated to be

feasible (Hoffmann & O’Connor 2004).

In March 2005, an infestation 8f megacephala was identified at Dinggirriyet
(Brown’s creek) campsite on the Daly River (FigliyjeThere is no known infestation
of this species within an approximate 50 km ra@iuBinggirriyet, so this finding
prompted an eradication programme by the Malak-kedagers (the local
Indigenous land management group) in collaboratith the Commonwealth
Scientific and Industrial Research Organisatiorsdéibon a two year post-treatment
assessment process, the eradication programmerappdeve been a success, with

the apparent elimination of the infestation. Hed®¢ument the process undertaken to



achieve eradication, and report for the first tiimeany ant eradication the subsequent

ecological recovery of the native ant fauna.

Methods

Sudy site

Dinggirriyet campsite was situated within a sengidaous vine thicket, with low to
intermediate canopy heights (3-15 m) that are mastérlocked (>90% cover) and
almost no understorey (Russel-Smith 1991). Nortierstralia’s rain forest
vegetation types house relatively depauperatesamtas (Reichel & Andersen 1994),
and this site is almost annually inundated by fla@der for at least three months
during the tropical wet season. Consequently, #teve ant fauna is particularly poor

for Australian standards.

Eradication

The project was split into three phases: (i) a spphase determining the exact
distribution of the infestation and feasibility @fadication; (ii) treatment using toxic
baits; and (iii) post treatment monitoring. Integihinto the second and third phases
respectively were ecological surveys that aimeglu@antify: (a) the ecological impacts
of the infestation on the native ant fauna, anylfl{p subsequent ecological recovery

of the native ant fauna.

(1) Scoping phase
The mapping strategy to determine the extent ofrtfestation was based on this ant’s
unicoloniality (Holldobler & Wilson 1990). Reprodine queens oP. megacephala

rarely disperse by flying, and thus in the absesfdauman intervention, new queens



do not travel further than a few metres from theepacolony. In addition, the
distinction between individual colonies is vagusuléng in continuous multi-queen
infestations, which over time can cover tens todnads of hectares, yet with
distributional limits that can be accurately detered to within a few metres
(Vanderwoude et al. 2000; Hoffmann & O’Connor 20D4jean et al. 2008;

Hoffmann & Parr 2008).

The extent of the infestation was determined usiethods from related work
throughout northern Australia (Hoffmann et al. 1998nderwoude et al. 2000;
Hoffmann & O’Connor 2004). An approximate limit thfe infestation was first
determined by visually inspecting the presenck.ohegacephala moving away from
the campground until the ant could no longer ben@o his process was repeated
along informal transects spaced approximately 2fpart, which crossed the
perceived boundary radiating out from the campgdodimne exact limit of the
infestation was confirmed by attracting the antsgoonfuls of tuna placed every two
metres for a further 20 m from where the ants Mestobserved. The tuna lures were

inspected after approximately half an hour forghesence/absence ef

megacephala.

Due to the almost 100% canopy cover provided byw#getation over most of the
site, work was able to be conducted at all housuhout the day. In the few areas
where canopy cover was low, work was conducted é&tw-10 am and 4-6 pm when

temperatures did not restrict the activity of tun.



The systematic mapping of the infestation was cotetlwithin half a day in March
2005. Following the field examination we believedtteradication was a feasible
option and an action plan to treat and monitor ieedn success was developed and
costed. Funding for the project was subsequenttyomed by the federal Department
of Environment and Heritage through the Northerrriitey’s Natural Resource

Management Board.

(i) Treatment phase

A single treatment was conducted over 1-4 Augu662asing the commercially
available formicide Amdr&. Amdro was chosen for use because: 1, it is akmelvn
and effective treatment product fermegacephala (Reimer & Beardsley 1990;
Zerhusen & Rashid 1992; Hoffmann & O’Connor 20®)its effects are very rapid
(approximately 24 hours) therefore minimizing thkelihood of further spread as well
as the project timeframe; 3, the active constitueydramethylnon, has an extremely
low toxicity to terrestrial vertebrates, and ragitdteaks down into harmless
metabolites after exposure to light (Meeel. 1982); and 4, the bait matrix (corn
granules with soybean oil) is only attractive teddarvesting ants which make up a
minority of the north Australian mesic ant faunaighel and Andersen 1996;
Andersen et al. 2007), comprising only three nafilkedole species in the study area.

Such a specific and short-lived product is idealuge within intact systems.

Due to the large size (five ha) of the infestatiamd the difficultly of traversing
through the dense vegetation, the site was sysi@attatsub-divided into parallel
treatment paths using long string lines. The bai gpread by hand using a team of

people aligned in a row walking along the treatnpaths. A five metre buffer zone



was also treated to ensure complete coverage.r/As fileasonably possible, the bait

was dispersed evenly through the site at the recmded rate of 2.5 kg / ha.

(i11) Post-treatment assessment phase

In the absence of standard protocols for determianmadication success (FAO 1998),
| consider here that eradication is indicated bylasence of the target species for two
years after treatment, as has been the minimundatanvithin most publications of
ant eradications (Hoffmann et al. in press). Pasdtinent surveys were conducted
after nine (May 2007) and 21 months (May 2008). fiilst detailed inspection
involved intensive surveys using attractant spolsndtituna (lures) throughout the
entire treatment area. Assessments were condugteziratically to cover the entire
area, but lures were placed randomly. We aimedte la lure density greater than the
nest density oP. megacephala within similar environments in northern Australia

per 8 nf; Hoffmann unpublished data). This was based omitlegical assumption
that foraging distance is related to nest denaitg, nests are unlikely to remain
undetected if the sampling intensity (density oéh) is greater than the average nest
density. Tuna lures were visually inspected aftenfnutes for the presence or
absence oP. megacephala. The location of each lure was recorded in GPSlaied
uploaded into a GIS. The team of 14 people condgdtie survey mostly had little if
any prior experience with ant identification, soanweffort was placed on adequate
training and supervision to ensure accurate ideatibn ofP. megacephala. To aid
identification, all people were provided with cattiat clearly displayed workers Bf
megacephala and other similar native species. Above all, Idad that there was
adequate supervision by those capable of idengfiyinmegacephala to avoid

misidentifications.



The second detailed assessment comprised all sumegsuring ecological recovery
detailed below. Ha&. megacephala been found persisting by any detection method at
any time post-treatment, only the specific areaaiemg infested as well as a five
metre buffer would have been re-treated using @ineesmethodologies in the initial

treatment.

Ecological impacts

Prior to treatment, two surveys were conductedgupitfall traps to investigate the
ecological impacts d?. megacephala, as well as to provide baseline data to assess
ecological recovery post-treatment. Pitfall trapgevplastic containers (internal
diameter of 42 mm), filled three quarters with 7686yl glycol as a preservative.

Traps were operated for 48 hours.

The first assessment used six grids of pitfallgrapree grids (11-3) within the

infested area and three (U1-3) within the surrongdininfested area (Figure 1). Grids
11 — I3 follow a presumed age gradient of oldestdongest infested respectively
along the widest area of intact environment ancev@eated 90, 40 and 10 m from
the invasion front. Twelve traps were used in egadh arranged in a three by four

array with 10 m spacing between traps.

The second assessment used three transects (@dn8jlly located over, and
positioned perpendicular to, the perceived edgbefnvasion front (Figure 1). A
single pitfall trap was placed every five metresngl each transect, extending 20m

into and away from the limit d?. megacephala’s distribution. Both assessments
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using pitfall trap were conducted 1 day prior atment, and 26 months post

treatment.

A third method was used post-treatment to assedsgcal recovery of the ant fauna,
due to the low numbers of ants collected in thiabitraps, as well as to enhance
confidence of eradication. Forty one plots (heerakferred to as lure plots), 22 from
within the treated area and 19 from the surroundimgeated area were positioned
randomly throughout the intact vine-thicket wittwaated and untreated areas (i.e. not
the campsite, dry drainage lines or river bankkg distance from each lure plot’s
centroid to the closest edge of the prior invagiont were measured in GIS to
provide a measure of time since invasion (i.e.glatther from the invasion front had
been infested witP. megacephala longer than plots closer to the invasion front) an
hence a potential gradient of prior ecological istp&una lures (spoonful size of
tuna) were used in a three by four array with Spaceg between lures. After 30
minutes, all ants within three centimeters of acé were identified and a species list

was pooled for each lure plot.

Ants were identified to species, and a full coll@ctof voucher specimens is held at
the CSIRO Tropical Ecosystems Research Centre iwiDaFor simplicity, the only
other exotic ant species fourRRhratrechina longicornis, is considered together with

the native species as only two individuals weréected.

Analyses
Univariate analyses in studies of invasions sudhiasoften suffer from inherent

pseudoreplication in that the invasion is not iegikd, so statistical samples are not
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from independent treatments (Hurlbert 1984). Cousgrtly, analyses of such studies
also typically suffer from low statistical poweralto the small number of statistical
samples utilised in order to minimise pseudorepbce(Krushelnycky & Gillespie
2008). However, within comparative mensurative expents such as this, (as
opposed to manipulative experiments) the issuesefigoreplication is less about the
replication of treatments, and more about the apagstriction of the samples within
the treatment areas, as well as the level of isnlaif the samples to each other
(Hurlbert 1984). In other words, pseudoreplicaimmore relevantly defined as
where all samples within a single ‘treatment’ aplected within a restricted range of
the possible area, as opposed to throughout tlagegtaange of space. As such,
pitfall traps rather than grids or transects wenesadered as statistical samples within
infested or uninfested zones in order to improeedtfatistical power of tests. This is
justified because the use of either plots or tegpstatistical samples does not resolve
the fundamental issue of having only a single itafiésn (treatment), sampling was
conducted throughout the greatest possible exfantaxt environment within the
infested area, as well as along the boundariesamdunding uninfested areas,

and because both sampling distances between &apddr transects and 10 m for
plots) allow traps to be considered independenpsasrfrom the scale of an ant as
most ant species forage only within a few metrethefest (Holldobler & Wilson

1990).

Unpaired t-tests were conducted when comparingnattics between infested and
uninfested areas within a sample time, and paitedttwere conducted for analyses

between the two sample times of 2006 and 2008.sécirdata were shifted in all
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cases prior to analysis so that the most distalroence ofP. megacephala occurred

at the 0 m mark.

Ant abundance data were combined in a multivanadéenation to explore differences
in composition and structure of the ant communitiesveen infested and uninfested
grids pre- and post baiting using Primer (Clarke &orley 2001). A similarity matrix
of grids was constructed from the abundance daé#l aht species (excludirfg
megacephala) using a Bray-Curtis Association Matrix. Plots wé¢nen ordinated
using non-metric multidimensional scaling. ANOSIRh@lysis of Similarity) was
used to test for clustering of grids accordingtested and uninfested and sample
time. ANOSIM uses non-parametric permutation proces applied to (Bray-Curtis)
similarity matrices based on rank similarities betw samples. ANOSIM returns an
R-statistic which gives a measure of how spatidiéginct groups are, with values
ranging from -1 to 1, most commonly O to 1. Theselothe R-value is to 1 the more
separated the groups are in ordination space, \&hibdue close to zero indicates no
separation of groups (Clarke and Warwick 2001)iriprove statistical power, the
uninfested plots of both sample times were utiliseall analyses. SIMPER analysis
was used to determine which species provided thatgst contributions to the
ordination. This analysis was conducted for the l&vloodination rather than for
discriminating contributions to differing clustesgplots because there was no

statistical differentiation in the 2008 sample atedmined by ANOSIM.

Results

The fauna
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ExcludingP. megacephala, seventeen species of ant were collected in pitegds, or
observed at tuna lures throughout the course gbtbiect. Two undescribdeheidole
species comprised the majority of the native fagpatributing 61% and 21% of the
total catch (excluding. megacephala) in grids and 72% and 13% in transects. In
2006,P. megacephala abundance in infested samples was not statistiddfisrent

from native ant abundance in uninfested samplé®ih the grids (Unpaired t-test, t =
3.05 p = 0.761; Figure 2a) and the transects (Wagaitest, t = 1.01 p = 0.32; Figure

3a).

Ecological impacts

In the 2006 samples, native ant abundance wadisaymty lower in infested
compared to uninfested samples in both the gridgpéited t-test, t = 4.7, p < 0.0001;
Figure 2a) and transects (Unpaired t-test, t =,5030.0001; Figure 3a). Species
richness too was lower in all infested samples ameghto uninfested samples,
significantly so within the grids (Unpaired t-test 4.11, p = 0.0001 for grids and t =
1.47 p = 0.15 for transects) (Figure 2b). Totalksgerichness within the infested

grids was just over half of that in the uninfesgeidls (seven versus 11).

The relationship oP. megacephala abundance with native ant abundance and species
richness was always negative, but only the regyassi ant abundance from transect
samples proved significant {R 0.223, p = 0.012). All other regression analysere

confounded by consistently low native species ahnoe or species richness.
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Multivariate analysis showed clear separation efittiested grids in 2006 and
uninfested grids of both sample times, which was atatistically significant

(ANOSIM: Global R =0.92, p = 0.012; Figure 5).

The eradication

The first post-treatment assessment utilized 16l4@8 over 48,243 frgiving an
average lure density of one per 2.9 rSome areas could not be adequately assessed
due to safety issues (e.g. along cliff edges bdbielevaterways, some impenetrable
vegetation clumps) so the lure density of the d&tea sampled would have been
slightly greater. Indeed direct counts of flagshivitthree random 10 x 10 m grids
conducted during work to assess work quality galeeadensity of one per 0.9°m

No P. megacephala were detected in this survey, nor were any deteatedy time

for two years post-treatment using any detectiothote Consequently, | declaréd

megacephala eradicated.

Ecosystem recovery

Both average native ant abundance and speciessgshn the treated (previously
infested) area were always greater in the 2008 Emngpmpared to the 2006 samples
from both grids and transects, but only specidmess in transects did not increase
significantly (Figures 2,3; Table 1). Total speaiefiness from the grids in the treated
area was identical to that from grids in the ursitdd area (both eight species) in the
2008 sample. Simultaneously, there was no visibkatistical change in these ant
metrics within the uninfested area between 20062808 (Table 1) other than species
richness in transects which was lower in 2008. Jieat abundance of two of the

threePheidole species post-treatment (70% of total abundanceamitie three treated
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plots), which were the species most likely to Hecé&d by the treatment, indicates
that there was either little or no adverse nondamgpacts, and that effects of

megacephala were greater and longer lasting than any advees¢nient effects.

Multivariate analysis of the ant fauna shows the&@beated grids positioned much
closer to the uninfested plots than the 2006 sasnpligh the infested grid within the
longest-infested zone (1) maintaining greatestmositional dissimilarity. Most
importantly there was no statistical separatiotheftreated or uninfested grids in
2008, (ANOSIM: Global R = 0.29, p = 0.11; Figure hdicating that their respective
faunas are similar. These results indicate that@bsiin the treated area between 2006
and 2008 represent substantial ecological recoaey were due to removal Bf
megacephala, not to differing environmental conditions duritige two sample times.
SIMPER analysis indicated that the patterns ofotftgnation were predominantly
(98%) attributed to the four most abundant spetiesmg twoPheidole species (77%
and 6% contribution), the arboreal Green treeCmaebphylla smaragdina (8%) and a

Paratrechina species (7%).

Species richness within lure plots further suggesbvery of the affected system, as
there was no trend within the treated area relatiibe treatment boundary or to
locations away from the treated area (Figure 5¢ [k of trend outside of the
treated area also confirms that there was no usgereenvironmental gradient

influencing ant diversity.

Discussion
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No eradication effort can ever be fully certaintthat even one viable population
persists. | do, however, claim to have foundPhaegacephala within two years post-
treatment using multiple methods that should haenbmore than sufficient in
detecting any remaining populations. Thereforegligve that. megacephala has

been eradicated.

Although the area involved was quite small (fivg, lthis successful outcome is
significant for two reasons. First, most eradiga@gtempts on invasive ants have
failed (Hoffman et al. in press), so this is on@poly a handful of projects that
demonstrate that this task is achievable. Faatfitgeeincing eradication success and
failure have already been reviewed multiple timMdgdrs et al. 2000; Hoffmann &
O’Connor 2004; Mack & Lonsdale 2002; Simberloff 20®offmann et al. in press),
so | limit discussion of this first point to whabélieve are the two most important key

factors relating to this project.

First, of all of the tramp ant species (Passer& ), 9%ersonally regarB.

megacephala as the easiest to eradicate. This relative eatigeito numerous factors.
While many invasive ant species require experttiieation in the laboratory, this
species can be readily identified in the field frbra hundreds of oth&heidole
species outside of threegacephala complex by its distinct soil workings and general
morphology, particularly its laterally enlarged ppstiole. Its strong unicoloniality
and high nest densities produce sharp distriblimmdaries, making infestation
delimitation very easy and accurate. This unicabtyi coupled with the lack of a
nuptial flight severely limits its localized ratpread, and makes its distribution from

an initial point of introduction highly predictabléviost importantly, this ant is highly



17

susceptible to readily available products, andeasahstrated here, even by a single

treatment.

Second is the lack of non-target issues. Probdlglgteatest hindrance to the success
of invasive ant management is the concerns ovettargiet impacts. Eradication
methods or attempts have been deemed inappropls&@here due to the delicate
nature of the infested habitat and the likely imipam non-target species. Examples
include the use of fire and organo-chlorides in@aapagos Islands (Abedrabbo
1994) and the landscape scale baiting in areasropbpulation density oA.

gracilipes on Christmas island (Marr et al. 2003). In otheses, projects achieving
effective control or widespread eradication havenb&topped due to deregistration of
the active treatment compound, because of wider@mmental implications, prior to
the development of an acceptable and effectiveratize treatment product (van
Schagen et al. 1994; Buhs 2004). This project legefrom no concerns of non-
target impacts despite being conducted within gelgrintact environment. The bait
used was quite target specific, the active toxicaed was relatively environmentally

friendly, and there were no native species of paldr concern.

The second significance of this project is thaprior completed ant eradication has
ever demonstrated rehabilitation of the native &éaukt most, prior work has noted the
persistence or rapid increases in the abundancer@in native ant species post-
treatment (Abedrabbo 1994; Hoffmann & O’Connor 200dpersisting differences of
taxonomic group metrics between treated and umtlesteas (Marr et al. 2003).
Regardless, these studies all notably demonstratdlanket coverage of a toxicant

over a large area does not necessarily eradidadatadpecies, probably most likely
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because highly invasive ant species are largelgrsupat dominating and usurping
resources, including toxic baits (Human & Gordo®@;%Holway 1999; Marr et al.

2003), thereby largely preventing native speciasigg access to the toxic baits.

Rehabilitation is important, not only in the seon$ecological integrity, but also to
prevent succession of another exotic species lr@@tological gap left by the
eradicated species (Myers et al. 2000). Indeedegacephala eradications have
resulted in subsequent invasion®ygeminata in both Hawaii and northern Australia
(Plentovich et al. 2009; Hoffmann unpublished datdéhile not formally quantified, |
did note an increase in the occurrence of the trBrapk crazy anParatrechina
longicornis through some of the treated area, however, tlgsiep is not known to

have environmental consequences of concern.

Two biological aspects of this invasion are notatwarFirst,P. megacephala
abundance levels pre-treatment were equivalemo®et of the native ants, not
significantly greater as is often the case witls imt (Hoffmann et al. 1999;
Hoffmann & Parr 2008) and other invasive ant sge@Rorter & Savignano 1990; Le
Breton et al. 2003; Abbott 2005; DiGirolamo & FO@U5), at least in the early stages
of invasion. Unfortunately, nothing can be saidvrthis study of why invasive ants
often attain much greater population densities thative ants, and why it didn’t occur
here. Second?. megacephala clearly has superior competitive abilities compared
nativePheidole species. This is clear becausanegacephala was associated with a
markedly reduced native ant fauna which was coragnsedominantly (82%) of two

nativePheidole species.
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Conclusions

This project contributes to a growing body of wddmonstrating the feasibility of ant
eradications. Moreover, it has also demonstratatigtological systems are capable

of recovering following removal of an exotic invadé/hile there is no doubt that this
system was relatively simple thereby enabling rapabvery, complex systems are
regularly documented to regenerate following ghety of disturbance (Rosenberg et

al. 1986; Spellerberg 1993; Andersen et al. 20Q@jule et al. 2007), and the same
should be possible following removal of exotic ai@s/en the demonstrated

simplicity of eradicating this ant coupled with @leenvironmental benefits,
management of this species, particularly in coretém areas, should be regarded as a

realistic option.
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Figure 1. Location of Dinggirriyet campsitehei dole megacephal a infestation (area
between rivers and solid black line) and the styiays (11-3 and UI1-3) and transects

(T1-3).
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Figure 2. Abundance &. megacephala (filled circles) and native ant species (open

circles) along three transects crossing the infiestdooundary (0 m) in 2006 (A) and

2008 (B).
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Figure 3. Average abundance (+/- SE) (graph A)speties richness (graph B) per
pitfall trap of Pheidole megacephala (grey column) and native ants from grids within
the infested (black columns) and uninfested (wbilemns) areas in 2006 and 2008.

Numbers at the tops of columns in graph B are gyaties richness.
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Figure 4. Two-dimensional non-metric multidimensibscaling ordination of ant
species-level abundance data collected in infe$ted3; circles) and uninfested

(diamond) grids in 2006 (open symbols) and 200 ¢isymbols). Stress = 0.04
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Figure 5. Ant species richness found at tunadurays in 41 plots within (negative

distances) and away (positive distances) fromnfestation boundary in 2008.



31

Table 1. Paired t-tests of native ant abundanceiahdess per pitfall trap between

the 2006 and 2008 samples in treated (n = 36 ds@d 16 in transects) and control

samples (n = 36 in grids and 11 in transects).

Metric

t P

Treated samples

Abundance in grids
Abundance in transects
Species richness in grids
Species richness in transects

Control samples

Abundance in grids
Abundance in transects
Species richness in grids
Species richness in transects

4.03 0.0003
3.74 0.002
3.11 0.004
0.52 0.61

1.09 0.28
0.08 0.936
0.86 0.4

3.460.006




