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ABSTRACT The little fire ant, Wasmannia auropunctata (Roger) (Hymenoptera: Formicidae), is an
invasive ant that forms supercolonies when it successfully invades new areas. W. auropunctata was first
reported in Hawaii in 1999, and it has since invaded a variety of agricultural sites, including nurseries,
orchards, and pastures. Amdro (hydramethylnon; in bait stations), Esteem (pyriproxyfen; broadcast
bait), and Conserve (spinosad; ground spray) were tested for their efficacy against W. auropunctata
in a rambutan, Nephelium lappaceuwm L. and mangosteen, Garcinia mangostana L., orchard by making
treatments every 2 wk for 16 wk. Relative estimates of ant numbers in plots was determined by transect
sampling using peanut butter-baited sticks. Significant treatment effects were observed on weeks
13-17, with reductions in ant counts occurring in the Amdro and Esteem treatments. During this
period, the reduction in ant numbers from pretreatment counts averaged 47.1 and 92.5% in the Amdro
and Esteem plots, respectively, whereas ant numbers in the untreated control plots increased by
185.9% compared with pretreatment counts. Conserve did not cause a reduction in ant counts as
applied in our experiment. No plots for any of the treatments achieved 100% reduction. Pseudococ-
cidae were counted on branch terminals at 4-wk intervals. The two predominant species, Nipaecoccus
nipae (Maskell) and Nipaecoccus viridis (Newstead) were significantly lower in the Amdro and Esteem
treatments on week 16 compared with controls. Many W. auropunctata were found nesting in
protected sites in the orchard trees, which may have compromised the ground-based control methods.
Absolute density estimates from shallow core samples taken from the orchard floor indicated the W.

auropunctata supercolony exceeded 244 million ants and 22.7 kg wet weight per ha.
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Hawaii has no native ants, but >40 species of alien ants
have been accidentally introduced (Krushelnycky et
al. 2005). The little fire ant, Wasmannia auropunctata
(Roger) (Hymenoptera: Formicidae), is an invasive
ant originating from Central and South America that
has spread throughout tropical and subtropical areas
of the world, particularly in the Pacific (Fabres and
Brown 1978, Wetterer and Porter 2003, Krushelnycky
et al. 2005). W. auropunctata was first reported in
Hawaii in 1999 near Pahoa on the island of Hawaii at
three sites covering an area of 12 ha, and it has now
spread to a variety of agricultural sites such as nurs-
eries, orchards, and pastures, covering a total of >100
ha (P. Conant, personal communication).

W. auropunctata workers are very small (1.5 mm in
length), pale orange, and slow moving, making the ant
difficult to detect at low levels. W. auropunctata forms
supercolonies when it invades a new area (Le Breton
et al. 2004), and once it is well established on more
than a few hectares it is difficult to eradicate (Wet-
terer and Porter 2003). W. auropunctata has apowerful
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sting that poses problems for domestic animals, wild-
life, agricultural workers, and others who come into
contact with infested plants (Wetterer and Porter
2003). Like many sugar-loving ants, W. auropunctata
will tend hemipterans such as mealybugs and soft
scales for their honeydew (Holldobler and Wilson
1990), which causes plant stress and can lead to in-
creased prevalence of these pests on fruit (Smith
1942).

Amdro (hydramethylnon) granular ant bait is the
primary pesticide used for control (Wetterer and Por-
ter 2003, Causton et al. 2005). Broadcast application of
Amdro was used successfully to eradicate W. au-
ropunctata populations on Santa Fe Island and March-
ena Island in the Galapagos (Abedrabbo 1994, Caus-
ton et al. 2005). In Hawaii, the original labeled use for
Amdro in fruit- or nut-bearing orchards was in bait
stations deployed at ~15.2-m (50-ft) intervals (every
other tree). A supplemental label was published af-
terward allowing for closer spacing of Amdro bait
stations in orchards. W. auropunctata has a short for-
aging distance (Lubin 1984); therefore, the bait sta-
tion approach may leave much of the ant population
unaffected (e.g., in drive rows and along borders) and
ready to reinvade trees when Amdro efficacy dimin-
ishes.
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Although W. auropunctata is slow to disperse by
natural means (Walsh et al. 2004), many agricultural
and natural areas in Hawaii will be invaded in the near
future through the movement of nursery stock, land-
scape and ornamental plants, farm equipment, and
harvested fruit, as well as through natural dispersal
(Le Breton et al. 2003). Information on the best con-
trol methods for W. auropunctata is critical as this ant
continues its spread into new areas. We conducted
field studies to determine the efficacy of currently
available ant control products against W. auropunc-
tata, and the effect of ant control on associated
Hemiptera in trees. Estimates of ant population den-
sities and biomass also were made.

Materials and Methods

The experiments in this study were conducted at
Honualani Orchard, Papaikou, HI (elevation 362 m,
coordinates 19° 47.31' N and 155° 07.61’ W) from May
to December 2006. The 6.0-ha (15-acre) orchard con-
tained blocks of rambutan Nephelium lappaceum L.
(Nephelium: Sapindaceae) and mangosteen Garcinia
mangostana L. (Garcinia: Clusiaceae) trees planted in
an 8.5- by 9.1-m (28- by 30-foot) grid. Trees were 15
yr old and ~4-5 m in height.

Insecticide Treatments. W. auropunctata is distrib-
uted throughout Honualani Orchard, and the bound-
ary of the supercolony extends well beyond the pe-
rimeter of the orchard. The experiment used a
randomized block design with four treatments repli-
cated four times; replicates were divided between two
orchard blocks, one with only rambutan trees, and one
with only mangosteen trees. Each orchard block was
~1.2 ha (3 acres) and separated by windrows of eu-
calyptus trees (Eucalyptus robusta Smith) and fishtail
palms (Caryota mitis Lour.). (The fishtail palms orig-
inated from a W. auropunctata-infested nursery, and
are the probable origin of the W. auropunctata at this
site.) Each treatment within a block was applied to a
4 by 4 grid of trees, and all data were taken from the
four trees in the center. Plot size and the number of
replicates were designed to use the entire orchard
area.

Specific ant insecticide treatments tested during
this study were Amdro (BASF Co., Triangle Park, NC)
in Perimeter Patrol System Bait Stations (B&G Equip-
ment, Jackson, GA) placed at one station per tree,
Esteem (Valent Co., Walnut Creek, CA) bait broad-
cast application, Conserve SC (Dow AgroSciences,
Indianapolis, IN) spray application, and an untreated
control. Each of the formicides has a different formu-
lation, active ingredient, and mode of action. Amdro
granules (hydramethylnon) contain a slow-acting
metabolic inhibitor dissolved in oil. Workers carry the
oil back to the colony where it is shared with other
workers, the brood, and queens, eventually killing the
entire colony. Taniguchi et al. (2003) reported that
Amdro in bait stations maintained effectiveness for 12
wk against big-headed ant, Pheidole megacephala (F.).
Esteem Ant Bait (pyriproxyfen) is a juvenile hormone
analog registered for broadcast application. Esteem
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interferes with growth and development of immature
stages, and it causes reduced reproduction or sterility
in queens (Ishaaya and Horowitz 1992, Vail et al.
1996). The colony declines as worker ants age and die
and are not replaced; therefore, colony destruction
can take 1-3 mo. W. auropunctata feeds on Amdro and
Esteem granules, but it does not carry them back to the
nest (P.A.F., unpublished data). Conserve SC (spi-
nosad) is applied as a spray and is intended for use
against mounding fire ants such as Solenopsis invicta
Buren (Oi and Oi 2006). Conserve is a contact insec-
ticide that causes excitation of the insect nervous
system.

Delivery rates applied were Amdro at 10 g per bait
station at 25’ X 25’ distance apart for a total of 1.52
Ib/acre; Esteem at the maximum label rate of 2 1b/
acre; and Conserve SC applied at a concentration of 1
fl oz/gallon of water applied using a Fimco 25-gallon
lawn and garden sprayer (Fimco Industries, North
Sioux City SD) with a 2.1 GPM pump at 30 psi and a
two-nozzle (Teejet Spraying Systems Company Noz-
zle 110° XRTJET 11606VS) insecticide boom sprayer.
Treatments were applied at 2-wk intervals for 16 wk
from June to October 2006. The biweekly treatment
schedule was deemed necessary due to the warm, high
rainfall conditions typical of east Hawaii.

W. auropunctata densities were estimated weekly in
each treatment plot by using transect and tree sam-
pling. A preliminary experiment indicated that W.
auropunctata is active and foraging 24 h per day and
that activity is reduced during rainy periods, as was
reported by Clark et al. (1982). Therefore, all sampling
was done during mid-morning (8:00 a.m.-11:00 a.m.)
under sunny to partly cloudy conditions. Transect
sampling used peanut butter (Peter Pan Creamy Pea-
nut Butter, ConAgra Foods, Irvine CA) baited jumbo
craft sticks (Forster Inc., Wilton, ME) placed at 2-m
intervals along a transect between two trees across the
drive row (six points total) in each plot. The baited
sticks were retrieved and ants counted 30 min after
placement. Tree sampling involved wrapping a piece
of 5.08-cm (2 in.)-wide packaging tape (3M Masking
tape, Skilcraft, Cincinnati, OH) around the trunk of
each of the four trees at the center of each plot at knee
height to detect ant trails moving up and down the
tree. The two sampling methods were used to estimate
the activity of ants within and between rows and the
presence or absence of ants in trees. After the 16-wk
period of ant control treatments, plots were monitored
for another 9 wk (weeks 17-25) to examine ant pop-
ulation recovery.

Hemipterans (mealybugs and scale insects) were
sampled in the tree canopy every 4 wk by randomly
selecting one branch terminal (0.5 m in length) from
two trees in each plot and inspecting for insects. The
number and species of Hemiptera were recorded for
each terminal.

Ant Population Size Estimate. Seventy-five shal-
low-core thatch and soil samples were collected ran-
domly from three different habitat types. Twenty-five
samples were taken from the untreated orchard, 25
samples were taken from a grass pasture adjacent to
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the experimental orchard, and 25 samples were taken
from within the orchard windbreaks. Each sampling
area was chosen randomly from a map of the field area,
and then the specific sampling sites were determined
haphazardly by throwing a rock within that area. The
sample was collected with a 16-cm-diameter plastic
sample cup (shallow core sample area 201 cm?) by
excavating under the cup with a trowel to a depth of
2 cm. W. auropunctata is typically found near the soil
surface, and it does not build mounds (Clark et al.
1982; P.A.F., unpublished data). Samples were placed
in the freezer for 24 h, allowed to thaw for another
24 h, and then dried in a dehumidifier for 24 h before
examination. Worker ants, eggs, larvae, and queens
were separated and counted on a white sheet of paper.
Average numbers were used to extrapolate the num-
ber of ants per acre for each habitat type.

Recently collected live ants were chilled in a freezer
(—2°C) and weighed in groups of 20 individuals to
estimate wet weight. Ants were then dried for 48 h at
50°C and weighed in groups of 100 individuals to
estimate dry weight.

Statistical Analysis. Data were the average number
of ants counted on six peanut butter-baited sticks
along a transect for each plot on each sampling date.
To make comparisons between treatments in the field
control experiment, data were transformed and sub-
jected to analysis of variance (ANOVA). The analysis
of ant count data were partitioned into the effects of
sampling date, ant control treatment, and the date X
treatment interaction. Ant counts for each treatment
were corrected for differences in pretreatment den-
sities by dividing post- and pretreatment counts |[i.e.,
mean number of ants at time (x) / mean number of ants
at time 0]. After examination of residual plots, the data
were transformed by [log (ant count time (x)/ant
count time 0) X 1.198] by using the Box-Cox proce-
dure to normalize the distribution and stabilize error
variance (SAS Institute 2002). Hemiptera counts were
log (x + 1) transformed to normalize the data and
stabilize error variance after examination of residual
plots. The analysis of hemipteran count data were
partitioned into the effects of sampling date, ant con-
trol treatment, and the date X treatment interaction.
Orchard type (rambutan or mangosteeen) was used as
a blocking factor in all analyses. Means separations in
all experiments were done using the Tukey’s honestly
significant difference (HSD) test at P < 0.05. Descrip-
tive statistics were calculated for ant density and bio-
mass estimates.

Results

Insecticide Treatments. Pretreatment ant counts
were variable, but ANOVA showed there were no
significant differences among treatments (F = 0.34,
df = 3, P = 0.80) (Fig. 1A); however, ant densities
were considerably lower in the Amdro plots than the
other plots, which made it difficult to evaluate the
efficacy of this treatment compared with the other
treatments (see later discussion). ANOVA on the
change in ant densities [time (x)/time 0] during
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weeks 1-16 when the ant controls were applied was
significant for the effects of sampling date (F = 2.6,
df = 13, P = 0.003), ant control treatment (F = 7.2,
df = 3, P = 0.0001), and the sampling date X ant
control treatment interaction (F = 2.0, df = 39, P =
0.002). There was also a significant block effect for
orchard type (F = 37.8,df =1, P = 0.0001). Due to the
significant interaction effect, means separations anal-
ysis focused on weekly treatment comparisons by us-
ing blocking as a factor.

Means separations on ant control treatment effects
were significant for weeks 13-17 (Fig. 1A and B), with
reductions in ant counts occurring in the Amdro and
Esteem treatments. On each of the sampling dates
during this period, the Esteem treatment was signifi-
cantly different than the control and Conserve treat-
ment but not the Amdro treatment; the Conserve
treatment was not significantly different from the con-
trol or the Amdro treatment, and the Amdro treatment
was not significantly different than any of the other
treatments (P < 0.05; Tukey’s HSD test).

Mean pretreatment ant counts were 11.8, 22.9, 27.2,
and 31.7 for the Amdro, Esteem, Conserve, and un-
treated control plots, respectively. Because ANOVA
was done on the relative increase or decrease in ant
counts [time (x)/time 0] and ant counts initially were
lower in the Amdro, Esteem and Conserve treatments
(particularly the Amdro treatment) compared with
the untreated control (Fig. 1A), the effectiveness of
the formicide treatments in terms of statistical signif-
icance may have been partially obscured. For exam-
ple, between weeks 13 and 17, the reduction in ant
numbers from pretreatment counts averaged 47.1 and
92.5% in the Amdro and Esteem plots, respectively,
whereas ant numbers in the untreated control plots
increased by 185.9% compared with pretreatment
counts (Fig. 1B). The increase in ant counts in the
untreated control plots reflected the favorable con-
ditions for population growth during the summer. Ant
counts during weeks 13 to 17 in the untreated control
plots were =10 times higher than in the Amdro plots;
yet, the relative change from pretreatment counts
plots were not significant. The numbers of ants in the
Esteem and Amdro plots were similar during this pe-
riod, but the Esteem treatment was significantly dif-
ferent from the control because its pretreatment
counts were twice that of the Amdro treatment; there-
fore, the relative change was greater. Conserve did not
cause a reduction in ant counts as applied in our
experiment. No plots for any of the treatments
achieved a 100% reduction. Variable ant counts and
low replication also reduced the power of the exper-
iment to detect significant differences among treat-
ments. Nevertheless, the low numbers of ants in the
Amdro and Esteem treatments on weeks 13-17 while
ant numbers were increasing in the untreated controls
underscores the potential for these ant baits to sup-
press little fire ant in the field.

The ant control treatments applied to the ground
did not eliminate ants in the trees. Tape sampling of
tree trunks showed the presence of ant trails on 100%
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(A) Mean ant counts * SEM from transect sampling during weeks 0-25. Ant control treatments were applied every

2 wk for 16 wk; no ant control treatments were applied from weeks 17-25. An asterisk (*) denotes a significant ant control
treatment effect. (B) Mean percentage of increase or decrease in ant counts on each sampling date (time x) relative to
pretreatment counts (time 0). Data were log,, transformed; 2.0 on the y-axis is 100% or no change, 1.0 is 10% of pretreatment
ant counts (90% reduction), and 3.0 is a 10-fold increase over pretreatment counts. On all weeks showing significant treatment
effects (weeks 13-17), the reduction in ants relative to pretreatment counts was significantly greater in the Esteem plots than
in the Conserve and control plots, but not significantly different from the Amdro plots (P < 0.05; Tukey’s HSD test) (see

Results).

of trees used in the experiment on all sampling dates
(data not shown).

Ant numbers in the Amdro and Esteem plots re-
covered after the ant control treatments were stopped
after week 16 (Fig. 1A). At week 25, ant counts were
similar and not significantly different for any of the
treatments (F = 0.25, df = 3, P = 0.86), indicating that
the effects of the ant control treatments had com-
pletely dissipated (Fig. 1A and B).

Hemiptera Sampling, Four Hemiptera species were
found during sampling of branch terminals: one dias-
pidid scale, Ceroplastes rubens (Maskell), and three
pseudococcids, Nipaecoccus nipae (Maskell), Nipaeco-
ccus viridis (Newstead), and Planococcus citri (Risso).
N. nipae was the most prevalent species (80.8%), fol-
lowed by N. viridis (13.7%). C. rubens and P. citri were

uncommon in all plots on all dates (mean number of
individuals <2.5), so they were dropped from further
analysis. C. rubens, like all armored scales, does not
secrete honeydew; therefore, it should not have been
affected by the ant treatments. ANOVA on log-trans-
formed pseudococcid counts (N. nipae and N. viridis,
only) during the ant control experiment was signifi-
cant for the effect of week (F=2.3,df =1, P = 0.05),
and ant control treatment (F = 4.5, df = 3, P = 0.005),
but not for the week X treatment interaction (F = 1.8,
df = 3, P = 0.14). The block effect for orchard type
(rambutan or mangosteen) was highly significant (F =
33.6, df = 1, P < 0.001) as mealybug densities were
generally higher in the rambutan than the mangosteen
blocks. Means separations analysis focused on
monthly treatment comparisons using blocking as a
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Table 1. Mean number of Pseudococcidae sampled (= SEM) from branch terminals
Wk
Treatment
0 4 8 12 16

Amdro 29.3 (14.3)a 16.4 (6.3)a 9.6 (4.9)a 8.6 (3.8)b 154 (2.0)ab
Esteem 31.6 (9.9)a 2757 (10.2)a 14.7 (1.6)a 9.0 (2.9)ab 8 (4.0)b
Conserve 15.0 (32)a 30.4 (9.1)a 9.4 (2.7)a 5.5 (2.2)ab 22 5 (8.3)ab
Control 379 (19.5)a 25.4 (14.3)a 15.8 (9.5)a 16.5 (7.2)a 37.4 (6.0)a

Means within a column followed by the same letter are not significantly different (P > 0.05; Tukey’s HSD test). Data were log transformed

before analysis. Pseudococcidae included N. nipae and N. viridis.

factor. The Amdro treatment was significantly differ-
ent from the control treatment on week 12, and the
Esteem treatment was significantly different from the
control treatment on week 16 (P < 0.05; Tukey’s HSD
test) (Table 1). Ant counts were significantly reduced
in the Esteem plots at week 16 (Fig. 1B), suggesting
ant control may have reduced the number of mealy-
bugs on branch terminals (presumably due to in-
creased predation or parasitism). Although presence/
absence sampling of tree trunks showed that ants were
present on all tree trunks throughout the experiment,
the actual number of ants foraging in the trees and
tending mealybugs may have been reduced in the ant
control treatments.

Population Size and Biomass Estimates. W. au-
ropunctata densities varied among the three habitats
sampled (Table 2). Ant densities were higher, and
there were higher percentages of samples with evi-
dence of active reproduction (i.e., eggs, larvae, and
queens), in the orchard and windbreak habitats than
the pasture habitat. The upper range counts for each
habitat showed significantly larger aggregations of
ants in the orchard and windbreak than in the pasture,
although low range counts were similar across habi-
tats. The orchard habitat had the highest mean num-
ber of ants at 491.1 per 201-cm? soil core sample, or an
estimated 24,443 ants per m> (244.3 million/ha). The
wet weight of a W. auropunctata worker was estimated
as 0.093 mg, and the dry weight as 0.032 mg. W. au-
ropunctata worker biomass in the orchard therefore
was estimated as 2.3 ¢ wet weight/m* and 0.78 g dry
weight/m?,

Discussion

Esteem was the most effective treatment in this
experiment, but a reduction in ant counts in the Es-

teem plots did not occur until week 12. A delay in
substantial colony mortality is typical for insect
growth regulators, as the bait acts on the immatures
stages and queens, and worker numbers decrease only
by attrition without replacement. However, none of
the pesticide treatments applied in this study achieved
100% reduction of ants in any of the plots. In all
treatments, ant populations recovered to pretreat-
ment levels within 9 wk of cessation of ant control
treatments. These results may reflect the sheer size
and distribution of the ant population. W. auropunc-
tata had achieved high densities at Honualani Or-
chards (estimated 24,443 ants per m?) and in the
surrounding area when the experiment was con-
ducted. The population density estimate in the or-
chard was almost certainly an underestimate. High
numbers of ants were found foraging and nesting in
trees, particularly on moss-covered trunks, and trees
were not sampled as part of the ant population density
estimate. Given the prevalence of nesting sites on the
tree trunks, and the large surface area of the tree
canopy, actual ant densities may have been >two-fold
greater than the estimates from ground sampling.

The population density estimates for W. auropunc-
tata of >20,000 individuals per m? is considerably
higher than densities estimated for many other genera
of mounding ants, probably due to W. auropunctata’s
small size (reviewed in Macom and Porter 1996) ; how-
ever, the estimate for W. auropunctata biomass of
0.78 g dry weight/m? was similar to estimates for other
ant genera. For example, polygyne red imported fire
ant colonies in Florida had an average density of 4,100
individuals per m* and a mean biomass of 1.30 g dry
weight/m? (Macom and Porter 1996).

It is not clear from our experiment whether the
ground-based ant control affected ants in the tree
canopy. It is also not known whether recovery of ant

Table 2. Ant population density and biomass estimates from ground sampling
Habitat Mean no. ants Count % sam ples with Estimated no.ﬁants Wet wt per
tpo (+ SEM) extromes? evidence of per ha (X 10°) or ha (kg)®
yp - reproduction” m? (X 10%) a ke
Orchard 491.1 (+194.8) 11-4794 32 244 22.7
Windbreak 474 (£92.3) 22-1821 48 236 21.9
Pasture 186.6 (*=33.4) 12-564 24 93 8.6

N = 25 for each habitat type; the area of each sampling unit was 201 cm2.

“ Highest and lowest numbers of ants sampled.
b Samples containing eggs, larvae, and adult females.
© Average wet weight of workers was 0.093 mg.
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populations on the ground after the ant control treat-
ments were terminated at week 16 was due to popu-
lation growth from within the plots, reinvasion by ants
residing in the tree canopies, or reinvasion from
boundary areas. Future studies will focus on the for-
aging habits of W. auropunctata, particularly in the
tree canopy. Pasture and grassland habitats seem to
support lower ant population densities than orchards
and windbreaks, perhaps due to limited arboreal nest-
ing sites and food resources.

No information is available on the effect of Amdro
bait station spacing and density against W. auropunc-
tata, or on the possibility for applying bait in trees.
Currently, broadcast application of Esteem is permit-
ted, but broadcast application of Amdro is not. One of
the disadvantages of Amdro is that it decomposes
quickly (Vander Meer et al. 1982), and it cannot be
applied during or soon after rainfall, which is prob-
lematic in east Hawaii where rainfall averages >300
cm/yr. Persistent sprayable ant baits or ant baits for-
mulated in waterproof pastes would be ideal for use in
orchards with arboreal ants.

Spinosad, the active ingredient in Conserve, is
known to be toxic to various ants (e.g., Oi and Oi
2006), but it showed limited effectiveness in our ex-
periment. This was probably due to orchard manage-
ment factors rather than poor efficacy. The grass in the
orchard was often 10-15 c¢m in height, which likely
reduced penetration of the spray to the thatch and soil
where ants reside. Conserve sprays aimed at the tree
canopy against exposed foraging ants may be a useful
tactic to supplement baits for population suppression.

Eradication of introduced W. auropunctata was
achieved from 3- and 20-ha areas on Santa Fe Island
and Marchena Island (Causton et al. 2005), respec-
tively, in the Galapagos using broadcast applications of
Amdro. Several factors may explain the greater suc-
cess in controlling W. auropunctata in these islands
compared with the current study. Marchena Island
and Santa Fe Island are arid and principally covered
with dry eroded soil with areas of dry forest (Causton
et al. 2005); also, the species of trees did not provide
good nesting sites for the ants. Therefore, the treated
habitats in the Galapagos probably supported less
dense populations of W. auropunctata than the wet site
in Hawaii where our study was conducted. However,
Amdro applications on Marchena Island were made to
areas described as having dense vegetation. On
Marchena Island, Amdro was applied three times at
3-mo intervals and broadcast at more than two times
the labeled rate due to the dense vegetation (Causton
et al. 2005). In the current study, Amdro was applied
in widely spaced bait stations, and the experimental
design left many areas untreated including control
plots and windbreaks within the orchard, and pasture
and macadamia trees in the surrounding habitat,
which may have allowed constant immigration into
treated plots, despite the limited dispersal of W. au-
ropunctata. Also, Amdro and the other ant control
treatments were applied for only 4 mo in our study,
albeit more frequently than in the Galapagos studies,
and they may have had greater success in eliminating
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ants if the treatments were continued for a longer
time.

W. auropunctata invasion can change the diversity
of ants and other fauna (Lubin 1984, Clark et al. 1982,
Le Breton et al. 2003). No other ant species beside W.
auropunctata was observed at Honualani Orchard dur-
ing our study. Ants commonly found in tropical fruit
orchards in east Hawaii and in the areas surrounding
the infested area used in this study are the bigheaded
ant, Pheidole megacephala (F.); Technomyrmex albipes
(Smith), and Anoplolepis gracilepis (Jerdon) (P.A.F.,
unpublished data). W. auropunctata is apparently dis-
placing these ants.

The premium price afforded by exporting fruit and
vegetable crops from Hawaii has resulted in a rapid
expansion in acreage, and the number of small farmers
exporting fruits and vegetables is growing rapidly.
Many of these crops are harvested by hand. W. au-
ropunctata is small, cryptic, and has a painful sting. In
some cases, agricultural workers refuse to harvest
from W. auropunctata-infested trees or orchards,
which is a critical issue for farms that rely on hand
harvesting. W. auropunctata is also of quarantine con-
cern, because the presence of ants on exported fruits
and vegetables from Hawaii can cause rejection and
return shipment to Hawaii (Costa et al. 2005, Follett
and Taniguchi 2007). Packinghouses may refuse ship-
ments from infested orchards. Rejection of a single
export shipment due to ants can be devastating finan-
cially to the small farmer.

Future studies should focus on the foraging behav-
ior of W. auropunctata supercolonies in orchards and
other agricultural environments so that bait stations or
other baiting strategies can be deployed most effec-
tively. Granule size may be an important factor in bait
effectiveness (Hooper-Bui et al. 2002). W. auropunc-
tata feeds on Amdro and Esteem bait granules without
removing the granules to carry them back to their
nests. Smaller granule size might result in transport to
nests leading to greater efficacy. Other formicides
such as fipronil are highly effective against ants in
general (e.g., Klotz et al. 2007), but they are not cur-
rently registered for agricultural uses in Hawaii.
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