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1.

Introduction

Argentine ants (Linepithema humile) have been established in New Zealand since 1990
(Green, 1990), and are a major pest for householders and a recognised threat to biodiversity
and horticulture (Harris, 2002; Vega & Rust, 2001; Ward et al., 2010). They have now spread
into many towns and cities throughout the North Island and northern South Island, primarily
through accidental human-mediated dispersal of propagules (Ward et al., 2005).
Many thousands of dollars are spent annually on the control of Argentine ants in New
Zealand, but the effectiveness of this control is sometimes questionable. Some wellcoordinated operations, such as at Tiritiri Matangi, have achieved successful population
control (Harris, 2002; Harris et al. 2002). However, in residential areas where the
supercolony is spread over numerous properties and treatment is often piece-meal, with a
range of products and at a range of times, the results can be poor and provides short-term
relief at best.
The treatment most often recommended by regional and government authorities in New
Zealand (e.g. MAF, 2008) is toxic baiting in mid-summer using Xstinguish™ Argentine ant
bait, which contains 0.01% Fipronil. The bait is relatively fast acting and does not have a
long field life, so a critical factor for a successful operation is rapid uptake through the whole
infestation. In order to achieve this, the recommended approach is to use high densities of
baits (2 x 2 m grid over the whole infestation) in mid-summer, when ant activity levels are
very high. A follow-up baiting is recommended 6–8 weeks later to treat survivors and newly
emerged ants (MAF, 2008).
A recent review of literature (Toft, 2010) found there were two major schools of thought
around the timing of Argentine ant baiting operations:
1) maximising efficiency of bait dispersal through a colony by delivery during the peak
period of worker abundance in mid to late summer (e.g., Krushelnycky et al., 2004);
or
2) maximising potential impact of baiting through targeting reproductive brood in spring
(e.g., Cooper et al., 2008; Nelson and Daane, 2007).
The current recommendations for the use of Xstinguish™ clearly fall into the first school of
thought, and there have been a number of successful control operations using this approach in
mid-summer (e.g. Harris et al., 2002). Being restricted to baiting only in mid-summer
presents significant coordination challenges for managing the pest at a regional scale, and the
success of control programmes is made more vulnerable to the effects of abiotic factors, such
as weather events (especially summer droughts) and the availability of personnel. The midsummer period is also the time many people are on holidays, so it can be more difficult to get
a coordinated baiting approach in residential areas during this time.
If Argentine ants could be successfully baited in spring, it would provide more management
options and would also target the new season’s queen larvae. If successful, this could nip the
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annual expansion phase in the bud by severely reducing the number of new queens in the
summer and providing sustained suppression of ant numbers for the rest of the year (Toft,
2010). Seasonal dietary preferences indicate a bait containing protein, such as Xstinguish™,
will be best suited for baiting during the reproductive phase (Rust et al., 2000). Dietary
preference studies in Nelson have also indicated that proteins are readily taken by Argentine
ants in early October (Toft, 2010). However, it is not certain that bait uptake in spring will be
efficient enough to enable good control with Xstinguish™, due to the population of ants
being lower than mid-summer and foragers moving slower in the cooler temperatures.
Regional Councils contracted Entecol Ltd to conduct field research on the effectiveness of
spring baiting using Xstinguish™ and to assess whether the uptake of a protein-based bait
could be improved by pre-feeding with carbohydrate to attract foragers to the area where bait
is to be laid and to ensure the workers energy resources have been met to enable more
efficient gathering of protein.

2.

Objectives



Evaluate pre-feeding with a non-toxic sweet bait as a technique for improving the uptake
of protein-based toxic baits in spring.



Assess the effectiveness of baiting in early spring using a protein-based bait to target
developing reproductives and providing suppression of Argentine ant numbers over the
following summer.

3.

Methods

3.1

Effect of pre-feeding on protein bait uptake

Trials on the effect of pre-feeding on bait uptake were done at three sites, at least 60 metres
apart, in an Argentine ant infestation at Wakapuaka, Nelson. In late September 2010, each of
the three sites were set-up with a line of 25 stations, positioned 4 m apart and marked with
small flags. The length of pre-feeding applied at each station was either nil (control), 1 day, 2
days, 3 days, 4 days, or 7 days, with five stations assigned for each treatment. The treatment
assigned to any particular station was chosen at random by picking marked bottle-tops from a
paper bag.
The pre-feeding units consisted of a 25 ml plastic screw-top vial filled with a 30% sucrose
solution. A slot was cut in the top of the pottle and a 25 mm wide wick, made from woven
Kevlar®, was inserted to the bottom of the pottle, with 50 mm protruding from the top (Fig.
1). This wicking system enabled an easy flow of sugar solution for the ants, prevented issues
with ants drowning in the solution, and protected the reservoir of solution from rain dilution
or being spilled by larger animals. The length of wick allowed for many ants to feed at once.
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Figure 1: Argentine ants feeding at on sugar water at a pre-feeding unit.

The pre-feeding stations that were out for longer than one day were checked at each
subsequent visit to the sites and topped up with fresh sugar solution if necessary to ensure a
constant supply of pre-feed.
The experiment was designed so that the pre-feeding period of all stations ended on the same
day. On this day (1st October), the pre-feed units were removed and immediately replaced
6

with a white 10×10 cm ceramic tile. Each tile had the site and station number written in one
corner. Approximately 2 g of Inform ant monitoring bait was placed in the middle of each
tile. Inform is protein-based paste bait that is non-toxic and known to be attractive to a wide
range of ant species, including Argentine ants.
Recruitment of ants to the bait was assessed at 30 minutes and 90 minutes by taking a digital
photograph of the tile. The photographs provide an instantaneous count of the number and
species of ants present within the square margins of each tile. Data on the recruitment of ants
to the stations were summed for each pre-feeding period/site, log-transformed, and then the
means compared with ANOVA.

3.2

Effectiveness of toxic baiting in spring – Nelson

We selected 4 pairs of baited and non-baited sites. The largest treatment area was an
infestation at Port Nelson, comprising about 500 m of roadside in an industrial area along
most of the southern side of Rogers Street. The comparison site was a smaller area of
infestation at the corner of Carkeek and Graham Street. The other paired sites were all traffic
islands, with two islands on Panorama Drive, Wakatu, and four islands on Croucher Street,
Richmond. The baited island at Panorama Drive is about 40 m long and an average of about
2.5 m wide, while the unbaited island is about 80 m long and 3 m wide. Both are covered in
lawn with a series of small trees planted along the centre. The Croucher St islands are all
about 2 m wide and range from about 30 – 45 m long. They are covered in landscaping bark
with areas of small ornamental groundcover plantings and a series of small trees down the
centre line.
On 12th October 2010 (one day before baiting), we did pre-treatment ant counts at all sites
using a transect line of 16 ceramic tiles positioned 2 m apart, which had Inform ant bait
placed in the centre. The tiles were left for 1 hr and then photographed as per the pre-feeding
trial method above.
On 13th October we baited all the treatment sites with Xstinguish™ Argentine ant bait. The
bait was laid between 10.45 am and 2.30 pm, to ensure it was the warmest part of the day.
The weather was clear and sunny with a light breeze. Small (1 – 2 g) blobs of bait were laid
using in a grid pattern of 2 × 2 m, or 1 × 1 m where there were higher densities of ant activity
in bark gardens. Bait was sheltered beneath groundcover plants, a piece of bark, leaf, small
stone, or other available debris to prevent it from drying too fast (as per standard baiting
protocols with Xstinguish™). For the treated traffic islands, we also baited the strip of
roadside verge on both sides of the road directly opposite the traffic island in an attempt to
reduce the speed at which the traffic island would be re-invaded from surrounding areas.
The ant population at each site was monitored using the same baited-tile counts after 1 week,
2 weeks, 4 weeks, 8 weeks, and 13 weeks.
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3.3

Effectiveness of toxic baiting in spring – Hawke’s Bay

Another assessment of spring baiting was undertaken in the Hawke’s Bay by staff from
Hawke’s Bay Regional Council. Two traffic islands were baited and paired with nearby
untreated areas of roadside. The traffic island at Rangiora measured about 20 × 15 m and was
all grass except for a few large Phoenix palms. The untreated site at Rangiora was 35 m away
from the treated island. The traffic island at Omahu was at the centre of a large roundabout,
and is about 40 m diameter. It is encircled by two lanes of heavy traffic and has native plants
in the centre and grass around the periphery. The paired untreated site at Omahu is a roadside
verge about 100 m away.
The relative population of ants at the sites was monitored in exactly the same way as they
were in Nelson, using tiles baited with Inform. Xstinguish™ was laid in a 2 × 2 m grid on the
traffic islands on 3 November 2010. At Rangiora, an area of roadside immediately adjacent to
the traffic island was also baited in an attempt to slow reinvasion from outside areas. Counts
were done before baiting and at 1 week, 2 weeks, 4 weeks, and 10 weeks after baiting. On
some of the counts we found a few tiles where the monitoring bait had disappeared (possibly
from birds), so these tiles were removed from the analysis.

4.

Results

4.1

Effect of pre-feeding on bait uptake

Most of the sugar solution pre-feed stations were well utilised by Argentine ants at the study
sites, with only a few stations at the margins of the infestation in site 1 that had no evidence
ants feeding on them, and it is probable that ants were not foraging in that area at all. Our onsite observations were that many of the pre-feed stations were rapidly discovered by
Argentine ants and had numerous workers feeding on them within 10 - 30 minutes.
On 1st October, when the protein-based bait was placed at all stations and the pre-feed
removed, the weather was fine with light winds and the daytime air temperature reached a
high of 16.5 ºC. After just 30 minutes there was a good level of acceptance of the bait by
Argentine ants, with one station having 209 ants on the tile. Over 10% of stations had more
than 100. After 90 minutes, more than 20% of tiles had over 100 ants on them and 75% had
at least 50 ants. Only 4 stations had no Argentine ants after 90 minutes, and these were all at
site 1, on the margins of the infestation.
There was no difference between pre-feed treatments in the numbers of ants feeding at the
protein-based bait after either 30 minutes (P = 0.797) or 90 minutes (P = 0.747). The mean
number of ants feeding at protein-based baits after 90 minutes was highest at stations where
there had been pre-feeding for one day (Fig. 2), but this difference was not statistically
significant and mostly due to one station recording 422 ants on the tile, 60% greater than the
next highest count.
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Effect of pre-feeding on bait uptake
Mean no. ants per bait tile (+/- 1 s.e.)
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Figure 2: Effect of pre-feeding time on the mean number of ants per baited tile. The bait
was Inform, a non-toxic protein-based monitoring bait.

4.2

Effectiveness of toxic baiting in spring – Nelson

On the day of baiting, the weather was sunny with light winds and reached a daytime high of
19.9 ºC. We observed good uptake of the bait by Argentine ants at all treated sites when we
checked a few baits that had been out less than an hour previously.
The mean counts of all baited sites (as a group) and all un-baited sites were not different
before baiting (P = 0.221), but the baited sites had significantly fewer ants than the nonbaited sites at 1 week, 2 weeks, 4 weeks, 8 weeks, and 13 weeks (all with P < 0.001).
The largest treatment area was at Port Nelson, and this also achieved the best control. It went
from an average of 76 ants per tile before baiting (the highest of any site), to just 3 ants in
total after one week, and no ants recorded on any week after that (Fig. 3a). The non-baited
site at Port Nelson also experienced a decline in ant populations for 8 weeks after baiting, and
reached a low of 1.44 ants per tile, but the population was back to the level it started after 13
weeks (Fig. 3a). This decline coincided with an extended drought over November and early
December, with no significant rain until near Christmas.
Unfortunately, the baited and non-baited traffic islands at Panorama Drive had very different
populations of Argentine ants before baiting occurred, with the baited site having many more
ants in residence (Fig. 3b). One week after baiting the population of the two islands were both
9

a
Mean count per tile (+/- 1 s.e.)

Port Nelson
120
100
80
60

Baited

40

Not Baited

20
0
Before

1 Week

Mean count per tile (+/- 1 s.e.)

b

2 Weeks

4 Weeks

8 Weeks

13 Weeks

Panorama Drive, Nelson
14
12
10
8

Baited

6

Not Baited

4
2
0
Before

c

1 Week

2 Weeks

4 Weeks

8 Weeks

13 Weeks

Mean count per tile (+/- 1 s.e.)

Croucher Street, Richmond
45
40
35
30

Baited 1

25

Baited 2

20
15

Not Baited 1

10

Not Baited 2

5
0
Before

1 Week

2 Weeks

4 Weeks

8 Weeks

13 Weeks

Figure 3: Argentine ant abundance before and after toxic baiting at (a) Port Nelson, (b)
Panorama Drive, and (c) Croucher St.
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very low, and the baited site was reduced to nil after 2, 4 and 8 weeks. After 13 weeks (and
after the drought) there were a few ants back on the baited traffic island, but the non-baited
island recorded a major increase in population (Fig. 3b).
The two pairs of baited and non-baited islands on Croucher St all had similar populations of
Argentine ants prior to baiting, but the baited islands had much fewer ants for 8 weeks after
baiting (Fig. 3c). After 13 weeks, one of the baited islands experienced a major increase in
ant population and we believe this represented a reinvasion from the adjacent non-baited
island or from non-baited areas and properties on either side. The other baited island
remained at very low population levels after 13 weeks (Fig. 3c). The non-baited traffic
islands at Croucher St showed a similar pattern to the non-baited site at Port Nelson, showing
a decline coinciding with the extended drought.
The mean percentage reduction of ant populations amongst all baited sites at Nelson was
more than 99% for at least 8 weeks after baiting and, if we exclude the one re-invaded traffic
island at Croucher St, remained at about 98% after 13 weeks (Fig. 4). The non-baited sites
also had a significant drop in ant abundance (probably related to the drought) reaching a peak
of about 72% reduction after four weeks, but returned to higher abundance after 13 weeks
(Fig. 4). The non-baited island at Panorama Drive was not included in the percent change
data shown because there were very few ants present before baiting, and even an average
count of just 5 ants per tile after 13 weeks represented a population growth of 1540%,
meaning this was an extreme outlier in the data set.

Mean percent change (+/- 1 s.e.)
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Figure 4: Percent change (relative to before counts) in ant populations across Nelson sites.
The data does not include the Panorama Drive non-baited site that was an outlier,
and week 13 of the Croucher St site that was reinvaded from across the road.
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Figure 5: Argentine ant abundance before and after toxic baiting at Hawke’s Bay sites.
4.3

Effectiveness of toxic baiting in spring – Hawke’s Bay

At Omahu, the baited site declined from an average of 7.6 ants per tile before baiting to nil
for the next 4 weeks after baiting, and just 0.25 ants per tile after 10 weeks (Fig. 5a). This is
equivalent to a 97% reduction after 10 weeks. The non-baited site at Omahu had a much
lower population of ants than the baited site at the start of the trial, but experienced a large
increase in numbers after 4 weeks (Fig. 5a).
The situation at the Rangiora sites was reversed, with the baited site starting with much fewer
ants than the non-baited site (Fig. 5b). No ants were detected at the baited site 1 week after
baiting, and just 6 ants in total after 2 weeks, but there was a massive increase in abundance
after 4 weeks (Fig. 5b). It was noted during the 4-week count that a large trail of ants was
moving through an underground stormwater pipe from the other side of the road and onto the
traffic island, so the sudden increase in abundance was almost certainly the result of invasion
on to the site. As in Omahu, the non-baited site at Rangiora experienced a sudden increase in
ant abundance after 4 weeks as well (Fig. 5b), indicating this early December period was one
of significant population growth and spread.
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5.

Discussion

We found no apparent advantage in pre-feeding with carbohydrate bait in spring. The uptake
of protein-based baits in early October appeared excellent, whether there had been prefeeding at the station or not. Length of pre-feeding time also made no difference. It is
possible that pre-feeding may be advantageous where ant populations are low or sparsely
distributed, but we found no evidence of this in our trial. Two stations near the edge of the
infestation had no ants on the protein baits after 90 minutes even though there had been prefeeding at those stations for seven days.
The uptake of Xstinguish™ in our spring-baiting efficacy tests appeared very good, and this
is borne out by the level of control achieved, with every site baited experiencing greater than
96% reduction after 7 days, and averaging more than 99% reduction.
Most of the sites we used for these trials were traffic islands as they were small enough to
bait in their entirety, and we hoped the roads that surrounded them would act as barriers to
slow down the reinvasion from the surrounding population. In Nelson, only one of the baited
sites had a significant recovery of ant populations during the course of the study, and this was
after 13 weeks. It was at one of the Richmond traffic islands and we believe this was a case of
reinvasion from the populations the surrounded it. Similarly, one of the baited traffic islands
in Hawke’s Bay was reinvaded after 4 weeks, and in this case there was clear evidence of
ants moving through a stormwater pipe to the island.
The biggest site to be baited was at Port Nelson. At this site we were confident that the ants
were restricted to one side of the road and that we could bait most of the infestation, with
reinvasion only likely from the untreated comparison site about 100 m away. The level of
control achieved at Port Nelson was excellent, with no ants recorded on monitoring baits 13
weeks after treatment.
The level of control achieved with one application of Xstinguish™ in early October was
certainly as good, or even better, than similar trials undertaken in mid-summer (e.g. Harris et
al., 2002). There are also a number of advantages to baiting in spring:
1. Targeting of nests during the period when new-season queens are still in the larval
stage should offer prolonged control and reduced reproductive capacity.
2. The ant colonies will have only started moving out from their winter aggregation sites
and not yet spread into the full extent of their summer populations, so bait
applications can be more targeted.
3. Ant populations are controlled before the time of highest abundance in native insect
communities (summer), potentially offering improved environmental benefits from
the control.
4. In suburban areas it may be easier to coordinate baiting activity in spring, before
people go on summer holidays.
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5. If coordinated baiting occurs in spring, residents will have a much longer period with
reduced ant numbers than if they waited for mid-summer, which also means it is lesslikely some properties will bait early.
6. Xstinguish™ Argentine ant bait will be slower to dry out in spring conditions, making
it palatable for longer.
7. Baiting is more comfortable for participants in spring temperatures.
The main risk for spring baiting will be having a cold front dropping temperatures to a level
where foraging activity is very low. However, this would usually be avoidable with reference
to a weather forecast. Argentine ants will forage efficiently at or above 15 ºC (Markin, 1970;
Krushelnycky et al., 2005; Abril et al., 2007; Toft, 2010), and this will be a readily obtainable
daytime temperature over much of New Zealand in October.
During this trial, the Nelson region experienced an unusually prolonged dry period from late
October to mid December. There was a very noticeable decline in Argentine ant activity at
the non-baited sites that coincided with the drought. Dry conditions are well known to inhibit
Argentine ant populations (Menke & Holway, 2006) and we would expect bait uptake to have
been much lower if it had been put a few weeks later. Droughts are more commonly
experienced over the summer months and is another reason baiting operations for Argentine
ants might better be undertaken in spring.

6.





7.

Conclusions
Excellent, sustained control of Argentine ants can be achieved using spring applications
of Xstinguish™ ant bait.
Spring baiting of Argentine ants potentially offers a range of biological, environmental
and logistic advantages over mid-summer baiting.
Baiting operations in spring still require a coordinated approach to bait as much of the
infestation as possible to reduce the rate of reinvasion.
Pre-feeding is not necessary and does not improve the uptake of protein-based baits in
spring.
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