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The ability of the red imported fire ant, Solenopsis invicta Buren, to spread naturally by flight or by budding from existing

colonies, as well as via transport of infested goods and materials, makes containing and eradicating this species particularly

challenging. In Australia, a national Program for the eradication of S. invicta has been in operation since its first discovery in
Queensland's capital city, Brisbane, in 2001. Since that time, 8 of the 9 known incursions of S. invicta into Australia have been
successfully eradicated, but the main Brisbane population persists and now covers more than 830,000 hectares in urban and
rural areas. As the infestation footprint has expanded, encompassing an increasing number and variety of business activities,
so too has the difficulty of devising and instituting effective movement controls on products that may harbor the ant. Here,
we discuss the risks and challenges posed by some of these products along with examples of dispersal events that have
occurred over the life of the Program. Knowledge of S. invicta’s biology and behavior is key to the development of effective
risk mitigation strategies.
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Graphical Abstract

Introduction

Social insects are among the worst invaders worldwide, and
ants feature prominently in global rankings of invasives (Lowe
et al. 2004, Bertelsmeier 2021). According to a recent study
(Wong et al. 2023), at least 520 ant species have been trans-
ported outside of their native range. This figure greatly exceeds
previous estimations of 252 (Bertelsmeier 2021) and 197 species
(McGlynn 1999). Of these 520 species, 60% naturalize; others
establish only indoors or not at all (Wong et al. 2023). The role
of human activities in assisting this ant diaspora is well docu-
mented (Suarez et al. 2005, Gippet et al. 2019, Lach 2021).

Among 19 species generally considered as truly invasive—
establishing beyond human habitation, and having direct eco-
nomic, social, and environmental impacts—Solenopsis invicta
generally ranks highest (eg. Gruber et al. 2021, Angulo et al.
2022). The first detections of S. invicta in Australia were in
2001 at the Port of Brisbane, Queensland and at Richlands, in
the west of Brisbane (Wylie et al. 2016). The National Fire Ant
Eradication Program (NFAEP, hereafter the Program) has been
in operation since that time. There have been 7 subsequent
incursions of this ant into Australia, all shown by genetic anal-
ysis to be new incursions. Eight of the nine known incursions
have now been eradicated, including the original Port of
Brisbane incursion, but the main Brisbane infestation—now
covering approximately 830,000 hectares—persists, as does
the effort to eradicate it.

Both social forms of S. invicta, monogyne (single queen) and
polygyne (multiple queens), are present in the southeast
Queensland population (Wylie et al. 2016). Monogyne colonies
spread predominantly by nuptial flight from their parent
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colonies; most newly mated queen alates fly less than 2 km but
in some instances can fly up to 5 km, or more with wind assis-
tance (Vogt et al. 2000, Gruber et al. 2021, Wylie et al. 2021).
Polygyne colonies mostly spread short distances by budding
off a new colony fragment containing a viable queen and a
cohort of workers from the parent colony. Generally, polygyne
colonies with their multiple queens—nearly 700 have been
recorded in a single mound in the United States (Glancey et al.
1975)—are considered of greater risk of spread by
human-mediated dispersal in soil and other carriers, as well as
by flooding (Wylie et al. 2024). Nevertheless, in Australia, the
Program has recorded the spread of both social forms via
human-mediated dispersal.

According to Gippet et al. (2019), human activities that
disperse and relocate insects beyond their native ranges can
be classified into 3 types of pathways: contamination, hitch-
hiking, and harvesting. The contamination pathway corre-
sponds to a commodity contaminated by insects either because
the commodity is the insect’s natural host or its immediate
environment (eg. spread of pine woolly adelgid in Africa in
infested nursery stock, Zwolinski 1989). In the hitchhiking
pathway, insects attach to an object not directly related to
their natural environment (eg. spread of gypsy moth in north
America via eggs laid on cars, trucks, or cargo, McFadden
and McMannus 1991). The harvesting pathway leads to
introductions either by intentional release or subsequent
escape from captivity (eg. introduction of East African low-
land honey bee into Brazil to improve honey production and
subsequent spread of hybrid ‘killer bees’ throughout the
Americas, Winston 1992).
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For S. invicta, human-mediated dispersal can occur via the
contamination pathway, such as transport of infested soil from
one location to another. It can also be dispersed via the hitch-
hiking pathway, for example transport in shipping containers
and vehicles (Collins et al. 1993, Wylie et al. 2020). Some at-risk
carriers can become infested with S. invicta via flights of newly
mated queens rather than from already established colonies.
According to Tschinkel (2006), “almost anything that moves
can provide a ride for fire ants,” and he lists 86 different prod-
ucts or items in which S. invicta has been intercepted at the
California Department of Food and Agriculture inspection sta-
tions (Tschinkel 2006). For this reason, combined with what
we have observed as part of the Australian Eradication Program,
we consider S. invicta to be primarily a hitchhiking species.

Key components of any pest eradication Program are the
capability and capacity to detect, to kill, and to contain the
pest. For S. invicta, each of these components has its own chal-
lenges, mainly associated with climatic variables and/or S.
invicta behavior. For example, mound building by S. invicta is
greatly reduced during high summer temperatures making
visual detection more difficult. Heavy rainfall can affect the
efficacy of baits or delay the timing of critical treatment rounds.
The ability of alate reproductives of S. invicta to fly long dis-
tances makes containing natural spread a particular challenge
which the Program addresses by multiple broadscale treatments
with insect growth regulator baits over wide treatment bands
(currently 5 to 10 km) beyond the observed extent of infesta-
tion, taking advantage of S. invicta’s documented flight capa-
bilities and spread habits. This strategy has had demonstrated
success, both at scale (Wylie et al. 2016, Wylie and McNaught
2019) and as part of “outbreak scenario” responses for con-
tainment and management (NFAEP unpublished data).
However, human-mediated dispersal can undermine these con-
tainment efforts and spread the pest well beyond operational
boundaries, thereby undermining eradication success.

Risk mitigation strategies are critical to reducing the risk of
long distance movement that may result in entry and establish-
ment of S. invicta into new environments, and to limit the scale
and magnitude of impacts (EFSA Panel on Plant Health 2023,
Hussain et al. 2025). Ideally, evidence of high risk carriers and
dispersal pathways would be collected and recorded scientifi-
cally. The nature of invasive pest biosecurity, however, is that
many detections are made incidentally by those with limited
formal training and/or experience in pest biosecurity
(Epanchin-Niell et al. 2021), limiting the quality and quantity
of data collected. Indeed, research on initial dispersal is an
understudied component of the invasion process, despite under-
standing initial dispersal arguably being of greatest importance
to successful eradication (Puth and Post 2005). While anecdotal
data may indicate a potential dispersal pathway, the credibility
of such data may be called into question, particularly in
instances where corroborative data is not well reflected in the
peer-reviewed literature, or other credible source materials (see
Leach et al. 2021). As such, the lack of reliable data describing
dispersal pathways can complicate risk analysis efforts, where
credibility of data is a foundational element (Schreider et al.
2010), increasing the likelihood of risk analysts inadvertently
underestimating actual risk in practice. In this paper we discuss
the eradication Program’s experience with the anthropogenic
movement and dispersal of S. invicta in Australia and provide
examples. Some of the difficulties for the Program in developing
effective risk mitigation measures are also outlined.

The Historic Global Spread of S. invicta and
Suspected Carriers

Hussain et al. (2025) summarized the current global invasion
status of S. invicta. Here, we highlight the role that known or
suspected carriers play in the spread of the ant into new regions.

The Americas

S. invicta has developed a reputation as an inveterate traveler,
particularly in recent years. Its first recorded international foray
from its native South America was to Mobile, Alabama in the
southern United States in 1933 (Buren et al. 1974). It travelled
by cargo ship, most likely in soil ballast although the exact
carrier was never determined. In the United States, beginning
after the Second World War, and in conjunction with the hous-
ing boom of the period, the spread of S. invicta was largely due
to the movement of turf and woody ornamental plants used in
landscaping (Lockley 1996). By 1953, the ant had spread to
10 southern States in the United States, and quarantine restric-
tions on the interstate movement of fire ant carriers were intro-
duced in 1957. Today, S. invicta infests over 140 million
hectares over 15 US States (Tang et al. 2025).

Starting about 1980, S. invicta began spreading through the
West Indies, with the earliest records from Puerto Rico and the
US Virgin Islands (Wetterer 2013). It is now known from 28
West Indian islands. Importation of turf from Florida, notably
for the establishment of golf courses, is believed to be an
important mode of spreading S. invicta in the West Indies
(Wetterer 2013).

Although S. invicta had been found in Texas counties bor-
dering the Rio Grande River in 1991, it was not until 2004
that the ant was discovered on the Mexican side of the river
(Sanchez-Pefia et al. 2009). Given that some colonies in Texas
were on the bank of the river, spread could have been by natural
flight, human-mediated dispersal, or by rafting.

Asia

In Taiwan, the first confirmed cases of S. invicta were from
Taoyuan City in 2003 and then in Chiayi County in 2004, with
the original port of entry believed to be at or near Taoyuan
International Airport (Chen et al. 2006; Yang et al. 2009).
Ascunce et al. (2011) concluded that the Taoyuan infestation
originated from the southern United States, and Chiayi from
California. In 2014, a new infestation was discovered in Grand
Kinmen Island which lies just a few kilometers east of the
Chinese port city of Xiamen, and in 2018 in a container yard
at the seaport of Kaohsiung; genetic analysis indicated that
China was the origin of both infestations (Yang et al. 2009,
Wylie et al. 2020).

In China, S. invicta was confirmed in Wuchuan in 2004, and
Yang et al. (2012) placed the immediate source of the ants to
be somewhere near Texas, United States. Long-distance spread
of the ant within China was attributed to transport via nursery
stock, waste plastics, tyres, turf, and animal fodder (Wang et al.
2013, Zhang and Hou 2014). Currently, S. invicta has been
detected in 542 counties in 13 provinces (Wang et al. 2023).
In 232 counties, the mode of spread was attributed to turf and
plant seedlings.

In Japan, S. invicta was first discovered in Amagasaki in
2017 in a shipping container that originated from Guangzhou,
China (Igarashi 2018). By the end of July 2019, 42 independent
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incursions had been detected in 14 prefectures, all except one
being associated with containers from China. The exception
was a detection of S. invicta at Narita International Airport
near Tokyo in airfreight that arrived from Texas, United States
in August 2018 (Hashimoto et al. 2019, 2025).

Also in 2017, fire ants were discovered in South Korea at
Busan’s Gamman Port (Lyu et al. 2017). Since that time, S. invicta
has been found at container terminals at 2 other ports associated
with cargo containers shipped from China (Shim 2018). In 2018,
an infestation was found at a construction site in the inland city
of Daegu, in landscape rocks believed to have been imported
from Guangzhou, China to decorate the grounds of an apartment
complex (Shim 2018). As discussed by Wylie et al. (2020), there
is believed to be at least an incipient population of S. invicta at
2 of India’s ports of entry, Mumbai and Kolkata.

Oceania

As 0f 2025, there have been 9 genetically distinct incursions of
S. invicta into Australia (Table 1). The first official detections
were 2 separate incursions of S. invicta into Brisbane, Australia
in February 2001: the Port of Brisbane incursion was associated
with a shipping container from Florida, USA, while the
south-west incursion was considered to be via a consignment
of ceramic pots from Texas, USA (Wylie et al. 2016, Wylie and
McNaught 2019). Of the 7 subsequent incursions, 3 have been
from the United States, 3 from Argentina, and 1 from China.
Six of those incursions were at ports of entry and associated
with the transport of infested containers, but the exact carriers
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are unknown; 1 is believed to have been construction equip-
ment and another the external motor housing of a refrigerated
container. Other quarantine interceptions of S. invicta in
Australia which did not result in establishment include a ship-
ment of refrigerators from China, mining equipment from
Texas, United States, and a vehicle from India.

New Zealand has had 3 incursions of S. invicta: Auckland
International Airport in 2001, Port of Napier in 2004, and at
Whirinaki in 2006 (Christian 2009). The exact mode of entry
is unknown, but all 3 S. invicta detections have been destroyed.

Risk Profile Summaries for High-Risk Carriers
for S. invicta

In Australia, S. invicta is listed in the National Priority List of
Exotic Environmental Pests, Weeds and Diseases and is managed
under the Commonwealth’s National Environmental Biosecurity
Response Agreement (DAFF 2025). It is also a key threatening
process to Australia’s biodiversity under the Environment
Protection and Biodiversity Conservation Act 1999 (EPBC) Act
and is regulated under various State biosecurity laws. In
Queensland, it is classified as Category 1 restricted matter under
the Biosecurity Act 2014 (Qld). As such, there are guidelines
and regulations that place biosecurity obligations (the general
biosecurity obligation) on both individuals and companies to
take all reasonable and practical measures to minimize or pre-
vent the spread of fire ants (Queensland Government 2025).
This places the onus on individuals and companies to discharge

Table 1. List of known incursions and postquarantine detections of S. invicta into Australia

Likely country
Year  Detection of origin Suspected carrier/s Location Status
2001  Incursion United States Shipping container/s (goods Port of Brisbane, Queensland ~ Last nest found Feb 2005;
unknown) declared eradicated in 2012
2001 Incursion United States Shipment of ceramic pots Richlands, Brisbane, Eradication in progress
Queensland
2004 Postquarantine Unknown Unknown Port of Brisbane, Queensland ~ Destroyed
detection
2006 Incursion Argentina Shipping container/s (goods Yarwun, Queensland Last nest found Sept 2006;
unknown) declared eradicated in 2010
2009  Postquarantine United States Shipping container/s (goods Lytton, Brisbane, Queensland  Destroyed
detection unknown)
2011  Postquarantine United States Mining equipment Roma, Queensland Destroyed
detection
2013  Incursion United States Shipping container/s (goods Port of Gladstone, Queensland Last nest found Sept 2014;
unknown) declared eradicated in 2016
2014 Incursion Argentina Refrigerated container Port Botany, New Last nest found Dec 2014; area
South Wales freedom declared 2016
2015 Incursion United States Shipping container/s (goods Brisbane Airport, Queensland  Last nest found Sept 2015;
unknown) declared eradicated in 2019
2015  Postquarantine China Shipment of refrigerators Melbourne, Victoria Destroyed
detection
2016  Incursion Argentina Shipping container/s (goods Port of Brisbane, Queensland ~ Last nest found May 2016;
unknown) declared eradicated 2019
2017  Postquarantine India Imported vehicle Adelaide, South Australia Destroyed
detection
2019 Incursion China Shipping container/s (goods Port Freemantle, Western Last nest found 2019; declared
unknown) Australia eradicated in 2022
2021  Incursion United States Shipping container/s (goods Port of Brisbane, Queensland ~ Declared eradicated in 2024
unknown)
2025 Postquarantine China Shipping container/s (goods Sydney, New South Wales Destroyed

detection

unknown)
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their general biosecurity obligation not to move live S. invicta
ants or nests, to report any suspected occurrence of the ant, and
to comply with movement restrictions in accordance with the
Biosecurity Regulation 2016 (QIld). Failure to do so may result
in financial penalties for noncompliance, or a prohibition on the
movement of the product. Broadly, a fire ant carrier is any ani-
mal or plant, or part of an animal or plant, or any other thing
capable of moving biosecurity matter from one place to another.
Individual profiles for some of the higher risk products and
mitigation challenges are discussed in more detail below.

Risk of S. invicta Dispersal via Soil and Mitigation
Challenges

In a hierarchy of potential carriers for spreading S. invicta, soil
ranks as the highest, because (i) it is the insect’s natural habitat,
(ii) it is a product with a high frequency and volume of trans-
port in everyday commerce, and (iii) mitigating the risk asso-
ciated with bulk soil transport is difficult.

There are numerous reports internationally of human-mediated
dispersal of S. invicta with soil, for example, in China (Siddiqui
etal. 2024), in Taiwan (Lin et al. 2021), and in the United States
(Hung and Vinson 1978). All that is needed for S. invicta to
establish a new colony at the destination is either the transport
of a mated queen from an existing colony along with 10 to 25
of her workers (Tschinkel 2006), or a new queen in her claustral
(egg laying) chamber, or a newly mated alate queen yet to com-
mence egg laying. In Queensland, soil movement associated with
the establishment of housing and industrial estates, roadworks
and landscaping has been implicated in multiple new detections
of S. invicta beyond biosecurity zone boundaries.

Clearly, larger scale movements and transport of soil from
infested areas, whether from stockpiles or from soil excavations,
represent a significant risk of accidental dispersal but even small
quantities of soil harboring a viable colony have potential for
relocation of the pest. Generally, soil is a high volume/low value
product which makes mitigating measures such as fumigation
or treatment with an insecticide financially infeasible in most
cases. As discussed in more detail later in this paper, visual
inspection provides no guarantee that a product is free of
S. invicta. For soil moving within a biosecurity zone, the Program
has a range of measures that apply both to pre-excavation and

to the safe storage of soil, and requires vigorous mechanical
disturbance (eg. screening, crushing, turning) just prior to move-
ment (Beckett et al. 2020) (see Table 2). While the intent of the
disturbance is clear viz., to separate the queen from her workers
or to disrupt a claustral nest, what constitutes “vigorous” dis-
turbance is somewhat subjective and the degree of efficacy has
not been scientifically demonstrated. In addition, this method
may not be as effective for polygyne colonies, given the increased
chance of a viable colony fragment (ie. a queen and a cohort of
workers) surviving the disturbance. For these reasons, soil
remains a high-risk product and the movement of soil beyond
biosecurity boundaries is generally prohibited.

Risk of S. invicta Dispersal via Nursery Stock and
Potted Plants and Mitigation Challenges

The role of potted plants as a carrier and mechanism for the
dispersal of a wide range of insect pests and fungal diseases is
well documented, both internationally and domestically (eg.
see Suarez et al. 2005, Migliorini et al. 2015), and this includes
invasive ant species. A study by Suhr et al. (2019) examined
14,140 interception records (1986 to 2010) at Australian ports
and found that the most common vectors for invasive ants
were: live trees, plants and cut flowers; wood and wood prod-
ucts; edible vegetables; and edible fruits and nuts. Most inter-
ceptions included live ants (90%); castes were unknown for
86.6% of interceptions, but those interceptions for which they
were recorded included a variety of forms including workers,
and alate (winged) and dealate queens.

Similarly, a review of Australian interception records for
tramp ants (2000 to 2015) showed that of the 37 ant species
that have entered Australia, 14—including the tropical fire ant,
Solenopsis geminata (Fabricius, 1804)—have been found in
imports of nursery stock (NFAEP unpublished data). As such,
this carrier represents a risk for human-mediated dispersal for
S. invicta.

The national Program’s first experience with the long-distance
movement of S. invicta in nursery stock was in 2001 when
tracing from an infested commercial premise resulted in the
detection of a small infestation near Cooroy, some 150 km
north of Brisbane (associated with advanced nursery stock that
contained viable colonies), and a consignment of infested plants

Table 2. Summary of risk assessments for each carrier type and the mitigation measures currently in place in southeast Queensland. Risk estimates for

each carrier taken from Virtue (2025)

Unrestricted risk

Carrier estimate

Mitigation measures

Unprocessed soil Extreme

Rigorous mechanical disturbance (eg. screening, crushing, turning) just prior to

movement.

Nursery stock and potted plants (container Low
plant production and retail nurseries)

Storage of products with overhead covering as well as mechanical or chemical
barrier/s, plus chemical treatment of soil and growing media (which can include

dipping, drenching and spraying or incorporating insecticide granules).

Removal of bales from the field immediately after baling, plus safe storage

(covered and off the ground) or fumigation of bales where economically feasible.

Products stored covered and off the ground or on a fire ant resistant surface, plus
application of an appropriate chemical barrier and perimeter treatment, along

with regular mechanical disturbance of stockpiles.

Baled hay and baled plant materials Moderate

Organic mulch, compost, animal manure Moderate
(bulk loose materials/stockpiles)

Turf Extreme

Nontraditional carriers (machinery Moderate

involved in earthmoving or agricultural
pursuits where contamination possible)

Chemical treatment of turf prior to harvesting.
Washdown/brushdown decontamination of equipment where soil or
contaminants are present.
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in Victoria, more than 1350 km south of Brisbane (Vanderwoude
etal. 2003). Both infestations were destroyed before they could
establish (Wylie et al. 2016). In 2023, a live queen alate was
found loose among a consignment of potted plants sent to
Melbourne, Victoria from a nursery in Queensland. In 2024,
a single worker S. invicta was discovered in plant material sent
from Queensland to Tasmania via the postal service.

Between 2007 and 2023, 53 of the 455 nurseries (almost
12%) within the known infested area have had S. invicta infes-
tation recorded on their property (NFAEP unpublished data).
This is likely an underestimation of the total number since
2001, due to incomplete data pre-2007. At several nurseries,
infestations have been detected in potted plants, and at others,
S. invicta nests were located near potted stock stored at ground
level. Some of these nurseries have experienced infestation on
several occasions.

The principal measures that apply to the safe movement of
nursery stock out of biosecurity zones are storage of the stock
in a manner that prevents infestation by S. invicta prior to
movement, or chemical treatment of associated soil/growing
media (dipping, spraying or drenching of potted stock or incor-
porating insecticide granules in growing media) (see Table 2).
Bare-rooted plants are not considered a high-risk material and
can be moved without further treatment. Safe storage entails
mechanical or chemical barriers to prevent incursion from
ground colonies of S. invicta, as well as overhead covering to
prevent incursions from alate (winged) mated reproductive S.
invicta queens. Seedling plants in concrete floored, elevated
bench, and covered production areas of nurseries are at little
risk of infestation, but stock placed in open areas to ‘sun-harden’
before sale, sometimes for several months, are potentially at
risk of infestation by alate queens although the magnitude of
such risk is yet to be quantified (Virtue 2025). In the United
States, female alates have been observed congregating under
pots in a Florida nursery and entering the drain holes at the
bottom of pots, a behavior consistent with their reported habit
of finding harborage when seeking a place to establish a new
nest (David Oi pers. comm.). For stock stored without cover,
chemical treatment of the containerized soil/growing media
provides effective protection. Unlike many other potential car-
riers of S. invicta, such chemical treatment is considered finan-
cially affordable, estimated by industry sources at approximately
A$0.01 per 2L volume pot (Greenlife Queensland pers comm.).
Note that this is the chemical cost only and does not include
other costs such as labor and administration.

Risk of S. invicta Dispersal via Baled Hay and
Similar Baled Plant Materials and Mitigation
Challenges

As a carrier, baled hay presents a risk of movement and trans-
location of ants given that it provides colonies with shelter,
temperature regulation, and a potential food source. In the
United States, bales left in the field and therefore in contact
with the soil can become infested with S. invicta extremely
quickly—within 1 d of being baled (Weeks et al. 2001, Drees
etal. 2013). Cut and baled hay may also be infested by airborne
mated female alates (Beckett et al. 2020).

There are numerous records of hay being infested with S.
invicta in the United States (Poolaw 2017), but relatively few
proven instances to date in Australia. In 2019, a consignment
of baled hay destined for drought affected areas of Queensland,
was intercepted before delivery and found to be infested with
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S. invicta, confirmed by an odor detection dog (Queensland
Country Life 2019). In 2020, live fire ant workers and alates
were documented to have been moved out of Queensland’s
biosecurity zone in bales of sugarcane mulch. The movement
was reported to the national program within 24 h of the mate-
rial arriving at the receiving location and swift action was taken
that prevented establishment or further spread. A similar move-
ment in sugar cane mulch occurred in 2021. Given that hay is
used primarily as animal feed, chemically treating the bales to
remove or prevent infestation may not be feasible or desirable,
except for baled products intended for mulch. Fumigation is
effective but, in most cases, logistically difficult and expensive
for this product. As such, removing bales from fields immedi-
ately after baling, and storage in a covered, off-ground location
is the most feasible method to help prevent S. invicta infestation
(see Table 2). Hay producers within Queensland’s restricted
area must comply with regulations for the safe harvesting and
storage of hay, otherwise the product is prohibited from leaving
the property. Producers under quarantine or with inadequate
storage facilities may be prevented from maximizing the price
they receive and face increased costs of production. Moreover,
quarantine restrictions around movement of baled hay out of
the restricted area also impact the supply chain and can have
severe implications for primary producers during drought.

Risk of Dispersal via Organic Mulch, Compost, and
Animal Manure and Mitigation Challenges

Organic mulch or composted growing media contains a wide
range of products, from simple composted bark chip mulches
to highly processed growing media. While these products are
not likely to be infested at the point of production, stockpiles
of final product will be attractive to a migrating queen and
workers, or to a mated female alate—particularly where the
density of fire ant nests is high (Beckett et al. 2020). Bagged
products are considered a substantially lower risk than bulk
products because the mechanized bagging process is likely to
disrupt most nests and separate most queens from their work-
ers (Beckett et al. 2020).

In the United States, anecdotal observations suggest that
decorative mulches around ornamental plantings near homes
and public areas may reduce activity of S. invicta or may be
repellent to colonies. Thorvilson and Rudd (2001) tested finely
ground, commercially available mulches, both dry and moist,
of red cedar, pine bark, red cypress, cypress, and hardwood
bark for repellency against laboratory and field colonies of S.
invicta. Red cedar mulch showed some repellency; however, in
general, small quantities of the mulches were not deterrent to
S. invicta as measured by recruitment of foragers to food
sources. The authors cautioned that the mulches used in the
experiment were highly modified and not representative of
landscaping use. In Tennessee, Long (2003) recommends lim-
iting the use of mulch in gardens as fire ants are attracted to
compost piles and mulch for warmth and moisture. In
Queensland, the Program has recorded numerous instances of
S. invicta nests in gardens or around street tree plantings land-
scaped with organic mulch. Nests have also been found in
stockpiles, usually around the cooler edges of the pile.

Summerlin et al. (1984) studied the frequency and intensity
with which S. invicta invaded fresh cattle droppings in Texas,
USA. A total of 465 droppings were collected and 307 were
found to be infested with varying numbers of fire ants.
Observations of cattle droppings revealed that S. invicta was
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an active predator of larvae of the horn fly, Haematobia irritans
(L.), and eggs and larvae of another fly, Orthellia caesarion
(Meigen). The ants were observed invading cattle droppings
within 10 min of defecation. Hu and Frank (1996) observed
the formation of S. invicta colonies in cowpats within a week
after the pats were deposited. Apart from fly larvae, these ants
also reduced the populations of staphylinid, hydrophilid and
carabid beetles that are predators of horn flies. In Queensland,
S. invicta was frequently found in “cow pats” during
“ground-truthing” for the remote sensing surveillance project
which used thermal imaging as a primary detection tool
(NFAEP unpublished data, Wylie et al. 2021) and has been
found in stockpiles of cow manure (NFAEP unpublished data).
Fire ants are known to forage in, and nest in, poultry houses
and can infest poultry litter, which is a mixture of poultry
excreta, feathers, broken eggs, spilled feed, sawdust, wood
shavings (or other absorbent carbonaceous material), and is
host to numerous arthropod species which are a food source
for 8. invicta (Tomberlin and Drees 2007). In a small laboratory
trial in Queensland, §. invicta were found to nest in damp
poultry litter (NFAEP unpublished data) and poultry litter was
implicated as the carrier material that gave rise to an outlier
detection in 2021 (NFAEP unpublished data).

Stockpiles of mulch, compost and animal manure are at risk
of S. invicta infestation even if their core retains an inhibitory
temperature because the cooler edges of the pile will rapidly
become suitable nesting substrate (Beckett et al. 2020).
Mitigating measures generally entail covering a stockpile in a
way that prevents S. invicta from infesting it (eg. in a shed or
under a shade cloth or tarpaulin), and either keeping it off the
ground or at ground level on a fire ant resistant surface with
an appropriate chemical barrier and perimeter treatment (see
Table 2). Mitigation challenges include a difficulty in ade-
quately covering large stockpiles and in maintaining chemical
barriers. For these reasons, regular mechanical disturbance of
stockpiles is the approach generally adopted, the aim being to
disrupt any fire ant colonies that may have established, sepa-
rating the queen from her workers ensuring her demise, or to
disrupt a queen and brood within her claustral chamber
(Beckett et al. 2020).

Risk of Dispersal viaTurf and Mitigation Challenges

The cycle of production on turf farms creates an environment
that is inherently attractive to fire ants, viz., open, sunny, and
grassed areas that are mown, watered and fertilized, as well as
disturbed ground that remains bare postarvest until the next
crop comes through. Australian turf is lifted with approxi-
mately 2 to 3 cm of soil and, in principle, may include a fire
ant queen and enough workers, a new queen in an incipient
nest, or a recently landed mated female alate (Beckett et al.
2020). Chemical treatment of turf prior to harvesting, as
required under the regulation, reduces the likelihood that a fire
ant queen or incipient nest is moved with the turf (Table 2).
There is, however, a risk that a recently mated female alate that
has not commenced nesting may land on rolls or squares of
harvested turf prior to dispatch, thereby avoiding areas with
higher concentrations of insecticide (superficial thatch and the
top few millimeters of soil). A recent detection in New South
Wales was the first time a newly mated queen had been found
directly in the turf rolls before the turf was laid (Pauline
Lenancker pers. comm.). Because harvested turf cannot be

stored for more than 48 h before it begins to deteriorate, it is
not as vulnerable to postharvest infestation as most other fire
ant carriers. A failure in compliance or accidental errors in the
application of the chemical treatment have the potential to
result in a significant infestation and a significantly high-risk
carrier (Beckett et al. 2020).

The attraction of turf farm environments to mated female
alates on nuptial flights was corroborated in an investigation
in 2017 by the Program into the apparent persistence of fire
ant infestations on turf farms. Microsatellite analysis was used
to determine relationships between S. invicta nests found on
farms in the study over a 3- to 5-yr period. Results showed that
nests on the 8 farms included in the study were mostly mono-
gyne, with microsatellite analysis recording a series of direct
or indirect relationships between sampled nests. Importantly,
in this analysis, there were no recorded instances of nest sur-
vival during the study period (NFAEP unpublished data). These
results suggested that the persistent infestation was not the
result of survivors of chemical treatment but rather new infes-
tations from mated female alates produced from nests located
on adjacent land. It also showed a tendency for alates from a
parent nest on, or proximal to, a turf farm to recolonize other
parts of the same site.

Risk of Dispersal via Items Not Classified as Fire
Ant Carriers

The United States experience with movement of fire ants in a
range of unlikely products (Tschinkel 2006) is reflected in
Australia, most recently in 2025 with a long-distance move-
ment (approximately 1000 km) of S. invicta via a consignment
of palletized bricks from an infested area of Brisbane to a mine
site in central Queensland. There the ants had established nests,
prompting a major eradication response from the Program.
Machinery and vehicles, of themselves, are not classified as fire
ant carriers except where they have been actively involved in
earthmoving or agricultural pursuits where potentially contam-
inated product such as soil or hay may be attached. In these
cases, washdown/brushdown decontamination is required
(Table 2). Goods may be inadvertently infested with S. invicta
when transported on pallets or in containers that have been in
ground contact, usually for prolonged periods, in infested areas
and in which the ants have built a nest.

Discussion

Tschinkel (2006) observed that “mankind is the fire ant’s best
friend,” alluding to the role that human-mediated dispersal has
played in the spread of S. invicta internationally and domesti-
cally. In 2001, at the beginning of Australia’s efforts to eradi-
cate this pest, the Program benefited greatly from the United
States experience with S. invicta in framing a response to detec-
tion, treatment and containment. Of note was the rapid spread
of S. invicta via product movement to 10 southern States in the
US before quarantine controls were introduced in 1957. There
was thus an imperative to quickly develop and implement risk
mitigation measures to prevent similar spread in Australia. In
developing these measures, the intent was to exploit known
aspects of S. invicta’s behavior and biology, while also incor-
porating what would be both practical and economically fea-
sible for businesses and stakeholders to comply with.
Fortunately, in this regard, S. invicta is a relatively well studied
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insect, in contrast to some other highly invasive and emerging
ant invaders in Australia such as the Browsing ant Lepisiota
frauenfeldi where aspects of their biology and behavior are less
understood (Hoffmann et al. 2023).

Initially in Queensland, businesses dealing with known fire
ant carriers were encouraged to apply for an approved risk
management plan (ARMP), administered by the Program, that
allowed them to move their product freely if compliant with
stipulated guidelines. A key requirement of an ARMP was that
the property had been visually inspected and found to be free
of fire ants (“property freedom”). While visual surveillance
remains an important and affordable primary measure for
detecting the presence of S. invicta, it cannot guarantee that a
property or product is “fire ant free.” An incipient (newly
established) fire ant colony may show no visible signs of its
existence through soil disturbance for 3 to 5 months after
founding (Tschinkel 2006). As well, in high summer tempera-
tures the ants retreat deeper into the soil profile and their above
ground mounds weather away leaving no trace of fire ant pres-
ence. Thus, property freedom based principally on visual sur-
veillance and reactive treatment, for an ant that may be
undetectable by this method for several months of a year, is
insufficient to entirely mitigate the risk of movement of fire ants
in any carrier. This finding has been confirmed many times and
in multiple situations by the Program’s fire ant odor detection
dogs, that regularly detect fire ants where there are no visible
above-ground signs. ARMPs were discontinued in 2016 and
the focus switched from property freedom to product freedom.

Visual surveillance also has its shortcomings for confirming
product freedom. With nursery stock, for example, it is often
argued by industry proponents that the multiple handling of
potted plants in nursery production systems would reveal the
presence of fire ants. This may be the case for an established
infestation in a potted plant, but not for a newly mated queen
in her claustral chamber or an incipient nest with a handful of
workers. Likewise, visual inspection of stockpiles of soil, mulch
or mined products, or of baled plant products and turf is likely
to be ineffective. Instead, under the regulation, product freedom
for fire ants generally relies on either chemical treatment, or
vigorous mechanical disturbance such as grinding, crushing,
shredding, tumbling, washing, or storage of product in a man-
ner to prevent infestation. A combination of these measures
can also provide greater confidence of product freedom than
visual surveillance can provide alone.

Australian States and Territories vary in their movement
controls/entry conditions for the movement of S. invicta carri-
ers out of fire ant biosecurity zones in Queensland to other
jurisdictions. This can create unnecessary complexities for busi-
nesses moving such products and a national pest risk analysis
(PRA) for S. invicta is underway, seeking nationally harmo-
nized risk management measures (Virtue 2025). A PRA is a
formal process of assessing the likelihood and potential conse-
quences of a pest, to determine the risk it poses and what, if
any, risk management measures are needed to reduce this risk
to an appropriate level of protection (ALOP), defined in
Australia as being to a very low level, but not to zero (Virtue
2025). A PRA is, quite rightly, heavily evidence based but if
such evidence is, for a variety of reasons, difficult to collect,
does this equate to very low risk?

In Australia, there have been hundreds of instances where
human-mediated dispersal of S. invicta in carriers has been
demonstrated or implicated where S. invicta has been detected

Wylie et al.

well beyond what would have been possible by natural disper-
sal. Many of these were reported to the Program by members
of the public, and linked to new residential or commercial
developments, roadworks, or landscaping, with possible car-
riers being turf, soil (both natural and manufactured), mulch,
and nursery plants. The Program responds to these ‘outliers’
with surveillance, treatment, genetic analysis, and tracing activ-
ities to detect possible sources. Where multiple potential car-
riers are involved, it is not always possible to distinguish or
exonerate individual carriers. This has resulted in relatively low
numbers of “proven” instances of S. invicta being moved in
individual carriers which greatly influences the results of a PRA.
The consequences of spread of this pest in Australia are
extreme, as generally acknowledged. When weighing up avail-
able options for risk mitigation measures based on likelihood/
probabilities, it is instructive to consider that the current
830,000 ha infestation in southeast Queensland originated
from just a few S. invicta queens as shown by genetics (NFAEP
unpublished data).

Measures adopted by Australia to prevent or limit the spread
of 8. invicta in products have evolved over the past 24 years with
increasing knowledge of the biology and behavior of the ant and
the Program’s experience with fire ant carriers. For ant species
in general, nesting habits play a key role in determining the
probability of that species establishing in a new location. For
example, an analysis of interception records of nonnative ants
at ports-of-entry in the United States found that ground nesting
species are more likely to establish than arboreal species (Suarez
et al. 2005). They attributed this to a comparative shortage of
nest sites for arboreal ants in new environments, often because
of that ant species’ preferences for types of trees. Establishment
is also dependent on other conditions prevailing at the destina-
tion site, such as inhospitable terrain (lack of food, water or
shelter), adverse climatic conditions, and inspection or pest man-
agement regimes in place to detect or prevent successful estab-
lishment. Another consideration with human-mediated dispersal
is the ability of the ant species to survive the stresses associated
with the transport process. In all these regards, S. invicta has
demonstrated its ability to survive and establish even in the
harshest conditions. Australian examples include establishment
at the Port of Gladstone, Queensland in a site composed of
reclaimed sand and coral fragments and a “hard stand” of com-
pressed crusher dust and gravel (Wylie et al. 2021), and
long-distance transport from the United States in the external
motor housing of a refrigerated container to establish at Port
Botany in Sydney, New South Wales. Both incursions have since
been eradicated (Wylie and McNaught 2019).

S. invicta’s complex reproductive strategies make it one of
the most challenging of the invasive ant species to control,
delimit and contain. In general, other invasive ants—in partic-
ular the yellow crazy ant (Anoplolepis gracilipes), the little fire
ant or electric ant (Wasmannia auropunctata), and the
Argentine ant (Linepithema humile)—reproduce via budding
and no longer disperse via nuptial flights (Holway et al. 2002).
S. invicta, however, has both monogyne and polygyne social
forms, each with their own risks and spread pathways. Within
the remaining S. invicta population in southeast Queensland,
most colonies are monogyne, with a small proportion of the
population being polygyne (Wylie et al. 2021). Monogyne col-
onies can have a very high production of female alates and the
risk of infestation of products in the open and unprotected
should not be underestimated. Despite their lower overall
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presence in the southeast Queensland population, polygyne S.
invicta colonies, with their multiple queens, pose a significant
risk of spread via human-mediated dispersal. Moreover, poly-
gyne colonies can produce monogyne queen alates which
increases the spread risk of any polygyne population overall.
This increased risk, combined with the fact that polygyne pop-
ulations tend to reach higher nest densities (Porter et al. 1991),
and can take longer to treat and destroy (McNaught et al.
2014), means that any known polygyne S. invicta infestation
should be considered a treatment priority and particular atten-
tion paid to the investigation of product movement from a
polygyne site.

There are many other ways in which the Program exploits
aspects of S. invicta biology and behavior when designing risk
mitigation strategies. For example, knowledge that fire ants
have critical thermal limits means that composting or heating
can be used to disinfest some products prior to movement
where logistically feasible. After an S. invicta queen’s fat
reserves are exhausted she is reliant on workers for nutrition
and survival, and this is the principle behind vigorous distur-
bance of product stockpiles before movement to separate the
queen from her workers and ensure that any colony fragment
is not viable. A nuptial queen’s choice of where to land to
establish a new colony is not random and there appears to be
a preference for disturbed land types, such as new residential
or commercial developments (Tschinkel 1993, NFAEP unpub-
lished data). Businesses moving product from such sites are
required to institute a program of regular broadcast bait treat-
ment to mitigate risk.

S. invicta continues its spread throughout the world, primar-
ily via human-mediated dispersal. When compared to other
countries across S. invicta’s introduced range, the legislated
movement and storage control measures in place in Australia
have played a crucial role in largely containing the ant and
slowing its rate of outward spread from the southeast
Queensland incursion over time (Wylie et al. 2020, Queensland
Government 2025). After 24 years, and despite several new
incursions and outlier detections, the ant is still contained in a
relatively small area of Australia (less than a million hectares).
For countries newly invaded or at risk of invasion by S. invicta
(see Wylie et al. 2020, Gruber et al. 2021), the importance of
implementing measures to reduce the risk of human-mediated
dispersal of infested carriers, keeping open prospects of erad-
ication and minimizing environmental and economic impacts,
cannot be overstated.
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