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Executive summary
1. INTRODUCTION
The National Red Imported Fire Ant Eradication Program (NRIFAEP) was established in 2001 in
response to the discovery of Solenopsis invicta (commonly known as red imported fire ant, or fire
ant 1) in western Brisbane and Fisherman’s Island. The activities of the NRIFAEP have largely
prevented the widespread environmental, social, health and economic impacts seen in other
countries where fire ants have invaded. The NRIFAEP is working to a Ten-Year Eradication Plan
(Ten-Year Plan) for the period 2017 to 2027.
The purpose of this review of the NRIFAEP’s scientific principles and controls was to determine
whether they provide a sound basis for addressing the risk, across all Australian jurisdictions, of
fire ants spreading through human assisted movements. The project was to include, but not
necessarily be limited to, the following:
• Undertaking a comprehensive review of materials capable of harbouring fire ants and assessing
the relative levels of risk of fire ant spread posed by the human assisted movement of these
identified materials.
• Assessing the effectiveness of measures currently in place to mitigate the risk of spread.
• Undertake a review of the scientific and grey literature, as well as seeking expert
entomological/biosecurity knowledge independent to the NRIFAEP, drawing on experiences
from other countries.
• Engaging with relevant stakeholders such as the NRIFAEP, peak industry bodies and interstate
regulators.
• Making recommendations for improvements or further research.
In addressing these responsibilities, CSIRO was provided with the following as General
Responsibilities:
• Review scientific principles and the literature that underpins them and provide
recommendations and advice.
• Review current fire ant carriers and movement controls in place within South East Queensland
and interstate and provide recommendations and advice applicable across all jurisdictions.
• Determine the risk associated with the movement of each fire ant carrier and provide advice on
appropriate mitigation.
• Report on the information provided by relevant stakeholders, interstate regulators and
international biosecurity groups and provide recommendations.

1

Although there are other species of fire ant in Australia (including the tropical fire ant, Solenopsis geminata Fabricius) the term ‘fire ant’ has been
used here and throughout the report to denote the red imported fire ant Solenopsis invicta.
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• Based on the findings, identify constraints and provide evidence-based recommendations and
advice for the future direction of the scientific principles and movement controls of carriers for
the Program.
• Report all findings and recommendations to the Program.
The project was undertaken in three integrated steps:
• Stakeholder consultation, including an online survey and follow-up telephone interviews.
• Review of the seven scientific principles that currently underpin the management and
movement controls for fire ant carriers and other aspects of the Ten-Year Plan.
• Qualitative and quantitative assessment of risks associated with the management and
movement of fire ant carriers, focussing on the controls enunciated in the Biosecurity Regulation
2016 vs 27 May 2020 (the Regulation) but also considering jurisdictional entry conditions and
industry-based accreditation programs.
An overview of the key findings is given below. Further detail about the review of scientific
principles is given in Section 3. Outcomes from the qualitative and quantitative assessments are
given in Section 4, with recommendations from the review listed in Section 5.
2. KEY FINDINGS
A register of 80 stakeholders provided the basis for the consultation. In the main, industry
feedback was obtained from peak bodies rather than individual producers or operators. Each of
the stakeholders received an invitation to participate in an online survey. Twenty-two (22) surveys
were submitted, with 17 of these requesting a follow-up telephone call. Discussions were held
with these, and with an additional 21 priority stakeholders who had not completed the survey.
Overall, written or verbal responses were logged from 43 of the 80 stakeholders (54%).
The review of scientific principles included a professional search of the published and grey
literature and rested on a systematic process of evaluation. The review found that whilst the
existing principles had served the NRIFAEP well, they could usefully be recast as 13 new scientific
principles. This process included the rewording of five of the original principles, the addition of
eight new principles and the deletion of one principle.
The qualitative and quantitative risk assessments were closely integrated and rested on the
outcomes from the review of scientific principles. The assessments focussed on the seven groups
of fire ant carrier given on the NRIFAEP website and led to the following key outcomes:
• Soil is one of the NRIFAEP’s highest-risk carriers and, overall, this risk is being managed
effectively through a combination of conservative movement controls and a system of
management practices. The latter has been enacted through the publication (under Section 107
of the Biosecurity Act 2014) of the Soil Movement Guideline. Security is provided to a large
extent through the overarching movement controls given in the Regulation. An evaluation of
compliance with these restrictions would be valuable.
• Potted plants are traded widely across Australia and, for some species, globally. Whilst potted
plants are recognised in Australia and overseas as a legitimate vector for the translocation of
tramp ants, their particular attraction to fire ant queens, or to mated female alates, is not well
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understood or quantified. A precautionary approach has been taken by the NRIFAEP, and the
controls that are in place appear to be appropriate in this context although could be tailored to
address the increased consequences associated with the movement of fire ants outside the
Biosecurity Zones (including to other jurisdictions). Chemical treatment, in particular, is versatile
and effective and offers more security and reliability than covered storage.
• Turf without chemical treatment in its growing phase is considered a high-risk carrier for fire
ants. The chemical treatment for growing turf is, however, highly effective and, assuming a high
level of compliance, the only identified risk was the inclusion of a mated female alate in the
superficial thatch – that is, away from higher concentrations of insecticide. Because harvested
rolls of turf cannot be stored for more than 48 hours (and significantly less in warmer weather)
they are not as vulnerable to post-harvest infestation as most other fire ant carriers.
• Hay is principally a livestock food and cannot be treated with most chemicals. In many on-farm
settings, hay can be difficult to store in a way that will reliably prevent infestation – in particular,
given long periods of storage. Disturbance can be used to some extent for cut hay, but not once
the hay has been baled. Both cut and baled hay are very attractive to fire ants and the
difficulties noted mean that hay is considered a high-risk carrier. This is particularly relevant to
the substantive movements outside the Biosecurity Zones and interstate. Chaffing and bagging
was considered a possible solution that may provide a commercially viable approach to the
management of high-risk movements of hay.
• Organic mulch and composted growing media include a wide range of products, from simple
composted bark chip mulches to highly processed growing media. These products are supplied
in both bulk and bagged form, including outside the Biosecurity Zones and interstate. Although
stockpiles of manufactured bulk mulch are in general smaller and more easily managed than
soil, they have a similar risk profile. This means that whilst the risks associated with the
movement of organic mulch or composted growing media are generally well managed, the
movement of bulk product outside the Biosecurity Zones and interstate is considered relatively
high risk. Bagged product is of substantially lower risk.
• Animal manure has a similar risk profile to organic mulch and composted growing media, and
conclusions about the security of bulk and bagged formats applied equally.
• Gravels, sand and non-soil aggregates are a subset of the broader range of ‘other fire ant
carriers’ that is included on the NRIFAEP website. Gravels, sands and non-soil aggregates are not
generally bagged, and are often used on major public works and development projects where
the large quantities involved are likely to impact on the feasibility of covering stockpiles or
disturbing them adequately. In contrast to soils, the Regulation permits the movement of
gravels, sand and non-soil aggregates outside the Biosecurity Zones if the regulated conditions
have been met. Given the likely attraction of stockpiles of gravels, sand and non-soil aggregates
to fire ants this results in the highest residual risk obtained from this review.
The risk assessment and stakeholder consultation also identified a number of themes that
spanned all, or a number of, the individual fire ant carriers. These were grouped as developments
in the science, regulatory and process issues, and priority data gaps.
• Developments in the science: of key importance is the shift from a population of fire ants that
was approximately 40% polygyne in 2001-02, to one that is now less than 1% polygyne – that is,
an effectively monogyne population. This has resulted from strategic targeting of polygyne
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colonies. The shift has a number of ramifications for the NRIFAEP, including: (a) a lower nest
density in any given setting, and less clustering of nests; (b) greater emphasis on dispersal by
airborne mated female alates, as monogyne colonies have only a single queen, and do not bud,
and monogyne alates are larger than polygyne alates and, with approximately 33% more fat
reserves, are more successful at colony establishment; (c) greater emphasis on the protection of
carriers from infestation by airborne mated female alates (although this is likely to depend on
the inherent attractiveness of individual carriers, and period for which they are exposed); (d)
reduced effectiveness of visual inspection, with a higher proportion of incipient nests; and (e)
reduced value of property freedom, as property boundaries do not provide protection from
ingress of airborne mated female alates.
• Regulatory and process: across all of the carriers, attention is needed to ensuring consistency
between the advice provided on the NRIFAEP website and the requirements of the Regulation.
For soils, this extends to the Soil Movement Guideline. In addition to this baseline requirement,
it was noted that the regulatory system for fire ant carriers operates at present without a
defined acceptable level of protection (ALOP) for movements within, between and outside the
Biosecurity Zones, and without explicit consideration of least-trade-restrictive controls. If the
NRIFAEP controls are to be harmonised with jurisdictional entry conditions, these enhancements
will be valuable and can be supported through ongoing Bayesian network modelling. Value was
also perceived by a range of stakeholders in utilising a systems-based approach to biosecurity.
This again can be evaluated through ongoing Bayesian network modelling.
• Priority data gaps: improved empirical data is required to better estimate some of the key risks
encountered in this review, and to better evaluate control effectiveness. This will be particularly
important if the NRIFAEP seeks to move toward a statement of ALOP and the application of
least-trade-restrictive controls. The quantities of each carrier that are moved within, between,
and outside of the Biosecurity Zones, should be established using (inter alia) Australian Bureau
of Statistics, Australian Bureau of Agricultural and Resource Economics and Sciences and
industry data. With the shift to an essentially monogyne population, research to better
understand the volume- and time-dependent risk of infestation of (in particular) airborne mated
female alates, given the proximity and density of fire ant nests, should be considered. A number
of the controls reviewed also lacked empirical verification. Disturbance is particularly important,
as it is a key control for a number of fire ant carriers. Disturbance extends to both the materials
processing methods (e.g. chipping, crushing, screening, shredding or washing) and to turning
(e.g. turning stockpiles with earthmoving equipment). The efficacy of disturbance is, however,
largely unknown. Studies should include the effect of disturbance activities on the separation of
a queen from her workers, as well as on the disruption of claustral chambers. Linked to this is
research to better understand the period for which queenless workers can survive, and their
ability to locate and adopt a new queen or a mated female alate. In making these observations,
it is acknowledged that research into most aspects of fire ant ecology and control is likely to
encounter technical and other difficulties, and that the temporal limits of the overarching TenYear Plan will need to be considered.
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3. REVIEW OF SCIENTIFIC PRINCIPLES
The review of scientific principles is detailed in Part I of this report.
A professional library search returned 2,485 references for the period 1950 to the current day.
These references were screened, and a further search undertaken to ensure comprehensive
coverage of the published and grey literature. Each study was then evaluated to determine the
level of its support for one or more of the NRIFAEP’s existing seven scientific principles. The
outcomes of this process were tabulated and formed the basis for further evaluation. Further
evaluation was framed on the correctness of the wording of each principle, the citation of
literature and an assessment of support for or against the principle.
The evaluation above led to a recasting of the NRIFAEP’s existing seven scientific principles to give
five reworded principles, eight new principles and one deleted principle. This resulted in a
renumbered list of 13 new scientific principles, as shown below. The first six of these principles
concern the species’ ability to infest goods and substrates. Principles 7 and 8 relate to risk of
spread within soil, while the ninth principle relates to detectability. The remaining four principles
are then concerned with fire ant survival.
The 13 new scientific principles, and the science that underpinned each, were taken forward as
the basis for the qualitative and quantitative risk assessments.
Principle 1:

Fire ants have a very high production of female alates

Principle 2:

Fire ants disperse naturally by nuptial flights, and nuptial flights can occur at any
time of the year

Principle 3:

Queens can naturally disperse by flight many kilometres from the nuptial nest

Principle 4:

Queen choice of where to land to establish a colony is not random

Principle 5:

Nuptial queens will attempt to initiate colonies under objects, not just in a hole
on open ground

Principle 6:

Fire ants can translocate

Principle 7:

Fire ant nest depth varies with colony age

Principle 8:

Queens are not located at any single location within a nest

Principle 9:

It takes approximately 21 days for a fire ant colony to establish

Principle 10:

After a queen’s fat reserves are exhausted, she is reliant on workers for
nutrition

Principle 11:

If a queen is lost from a colony, the colony will survive if another inseminated
queen is present or adopted

Principle 12:

Fire ants have Critical Thermal Limits

Principle 13:

Fire ants are susceptible to chemical and non-chemical treatments

4. RISK ASSESSMENT
The qualitative and quantitative risk assessment is detailed in Part II of this report.
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The qualitative assessment provided a pathway-based evaluation of the residual risk for each of
the seven groups of fire ant carriers, given the implementation of regulated controls. This
evaluation included feedback from stakeholders as to the feasibility and effectiveness of the
regulated controls. At the close of each assessment, additional controls described in the entry
conditions for individual jurisdictions or, as relevant to the carrier, industry-based accreditation
schemes, were also considered. The quantitative assessment looked at key parts of the risk
pathway in more detail, focussing on the evaluation of control effectiveness – alone or in
combinations. Key outcomes from the assessments and stakeholder consultations are given
below.
4.1. Outcomes for multiple fire ant carriers
In addition to the outcomes for individual fire ant carriers (below), the risk assessment and
consultation process identified a range of regulatory and process outcomes, and priority data
gaps, that applied across all or a range of carriers. The quantitative Bayesian network modelling
also yielded some overarching outcomes.
(a) Regulatory and process outcomes
• NRIFAEP spatial data: spatial data showing the location and density / clustering of fire ant nests
in the two Biosecurity Zones (currently, and through time) was not provided for this review
although it is understood to be a core management tool for the NRIFAEP.
• Harmonisation of the Regulation with the NRIFAEP website: the assessments for the seven
carrier groups highlighted areas where advice provided on the NRIFAEP website is not consistent
with the Regulation and, for soils, the Soil Movement Guideline. This may be detracting from the
effectiveness of the Regulation and from the level of compliance.
• Compliance with the Regulation: a number of stakeholders raised non-compliance as a
potential weakness in the NRIFAEP. In this context, a failure of compliance extends from an
accidental misapplication of a control to the situation where a control(s) is deliberately ignored.
Some stakeholders also perceived there to be a lack, or absence, of penalisation. Aside from an
evaluation of the implementation of chemical treatments on turf farms, compliance data was
not supplied for this review. A detailed analysis of compliance would be valuable to the ongoing
assessment of residual regulated risk and the feasibility of regulated controls. The analysis might
also lead to a strategy for the penalisation of non-compliance.
• Acceptable level of protection (ALOP): as a biosecurity program, the NRIFAEP have, to date,
applied the precautionary principle and available data to develop controls for the movement of
fire ant carriers. In order for these controls to be assessed as being technically justifiable and
least-trade-restrictive, however, the NRIFAEP could consider the enunciation of an acceptable
level of protection (ALOP) for movements into Zone 1, Zone 2 and outside the Biosecurity Zones
(including interstate movements). Having developed and formalised an ALOP, the NRIFAEP could
place more onerous conditions on movements that were considered of higher consequence –
notably, movements into Zone 1 or outside the Biosecurity Zones. Likewise, it may be possible to
relax some conditions for movements that are of lower consequence – notably, movements into
or within Zone 2.
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• Harmonisation of regulated controls with state and territory entry conditions and industrybased accreditation schemes: some of the stakeholders consulted in the course of this review
expressed the desire to harmonise the controls for fire ant carriers across: (a) the Regulation; (b)
the entry conditions specified by individual states and territories; and (c) the applicable industry
accreditation schemes (the ICA scheme and Biosecure HACCP). Harmonisation would greatly
simplify the movement of carriers outside the Biosecurity Zones, and this would help to
minimise any impact of the controls on commercial activities. Ideally, the harmonised controls
should build on improved empirical data (below), so as to be least-trade-restrictive, and should
be based on a statement of ALOP (above).
• Systems-based approach to biosecurity: the systems-based approach to biosecurity requires
the integration of controls, at least two of which should act independently, and can be useful in
situations where no single control is considered to be sufficiently effective. Examples of
independent modes of action include minimising exposure to fire ants, minimising the
vulnerability of a carrier to infestation, reducing the rate of infestation, and reducing the
likelihood of establishment of fire ants given their translocation in the carrier. The systemsbased approach to biosecurity is inherently suited to industry-based accreditation as a range of
management practices can be embedded and can act in a cumulative and synergistic fashion to
reduce the overall risk.
(b) Quantitative assessment outcomes
Quantitative analysis was undertaken using Bayesian networks to assess the ability of regulated
and other controls to reduce the likelihood of moving fire ants, to explore alternative
combinations of controls, and to help identify and prioritise knowledge gaps.
• Bayesian networks are graphical influence diagrams where explanatory variables are linked by
causal relationships to response variables. A generic modelling framework and methodology was
developed that could quantify the likelihood that at least one viable fire ant queen (see
following point) is released from the carrier at a destination property following movement off a
source property.
• This framework was used to separately evaluate two infestations scenarios in accordance with
two distinct dispersal strategies employed by the fire ant: (a) infestation by an established
queen with a sufficient number of workers, and the subsequent release of an established nest;
and (b) infestation by a mated female alate, and the subsequent release of an incipient nest
containing a new queen with immature offspring. Uncertainties in parameter estimates mean
that direct comparisons between the two scenarios are not appropriate at this time. The generic
modelling framework was tailored for each fire ant carrier and quantitative scenario analysis
was conducted.
• As expected, the likelihood of moving and releasing established fire ant queens and workers was
sensitive to the local density of nests. This likelihood could be reduced by controls such as
property inspection and baiting, which can provide confidence that the local (or property)
prevalence of established nests is lower than what could be expected without property-level
observations and pest management.
• Substantial uncertainty surrounds the likelihood of infestation through airborne mated female
alates (see Priority Data Gaps, below). In particular, this includes uncertainty about the relative
attractiveness of individual carriers, and the effect that this is likely to have on the timeReview of Red Imported Fire Ant Scientific Principles and Controls | xvii

dependent risk of infestation for any given volume of a carrier. The quantitative modelling
accommodated this uncertainty to an extent by including a ‘random’ and a ‘high’ exposure
scenario, both of which rested on infestation rates that were calculated from estimated
densities of established nests within the surrounding landscape and a ‘carrier surface area’ of
1,000 m2.
• The efficacy of a number of key controls, such as disturbance, secure storage or limiting holding
or storage times, was also uncertain. The quantitative scenario analysis showed, however, that
by combining multiple controls, residual likelihoods could often be greatly reduced even if each
individual control was only partially effective. The modelling also demonstrated that multiple
controls may be needed to effectively reduce the infestation risks posed by established nests
relocating into a carrier, and by mated female alates landing on and establishing an incipient
nest within a carrier, respectively.
• The modelling rested on a substantial number of uncertain assumptions and, whilst indicative,
these could be improved through the collection of empirical data (see Priority Data Gaps,
below). If more detailed modelling studies are undertaken in the future, structured expert
elicitation may also help to refine key parameter estimates. These parameters would include
aspects of the biology and ecology of fire ants, as well as the effectiveness of key controls.
• Bayesian network modelling is a powerful tool for comparatively evaluating the efficacy of
control scenarios and is well suited to progressive revisions as the quality of available data
improves.
(c) Priority data gaps
The risk assessment and stakeholder consultation identified a number of areas where empirical
data could be used to better estimate the magnitude of risks and the effectiveness of controls. In
drawing conclusions about these data gaps, however, it is acknowledged that research into most
aspects of fire ant ecology and control is likely to encounter technical and other difficulties, and
that the temporal limits of the overarching Ten-Year Plan will need to be considered. It is also
understood that as a biosecurity program, the NRIFAEP have, to date, applied the precautionary
principle and available data to develop controls for the movement of fire ant carriers.
Data gaps: science (biology and ecology)
• Infestation of carriers by airborne mated female alates: as a result of the shift from a mixed fire
ant population, to one that is effectively monogyne, there is a greater emphasis on the need to
protect carriers from infestation by airborne mated female alates. This includes the protection
of stockpiles (e.g. soil, mulch, manures and aggregates), potted plants and baled hay and straw.
There is, however, very little empirical evidence as to the time-dependent risk of infestation that
might be expected for each of these carriers given its volume, and the proximity and density of
monogyne fire ant nests. The current paucity of this data makes it difficult to be confident in
estimating the risks associated with, for example, fire ant nests on the property where the
carrier is stored as opposed to the risks arising from fire ant nests on neighbouring properties.
This in turn impacts on judgements of the value of, for example, property inspection and
property freedom. Aside from site-level considerations it is also currently difficult to be
confident about the relative attractiveness of different substrates or commodities, or the
effectiveness of controls such as covered storage. Although potentially complex, studies to
evaluate the infestation pressure placed on fire carriers from airborne mated female alates
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should be considered. Valuable inference could also be gained from existing data. This work
should encompass all fire ant carriers and should extend to an evaluation of the effectiveness of
the key controls.
• 24-hour threshold for carrier infestation: at numerous places within the Regulation, 24 hours is
considered a safe infestation threshold. Carriers that remain at a place for longer than 24 hours
are considered at risk from infestation with either a migrating queen and workers or an airborne
mated female alate. This review, however, found no empirical evidence to support this
threshold. Countering it, is some evidence from the United States that baled hay can become
infested by established nests in less than 24 hours. Conversely, the quantitative analysis
suggested that longer thresholds could be allowable in some cases. Evaluation of this threshold
would be valuable and might be included in the study of alate infestation pressure outlined
above.
• Ability of monogyne queenless workers to adopt a new queen: linked to the consideration of
disturbance (see below) is the importance of understanding: (a) the period for which a
queenless collection of monogyne workers (a colony fraction) is able to survive; and (b) the
ability of these workers to locate either their own queen, another queen that has been
separated from her workers, or a mated female alate. This has particular ramifications for the
management of stockpiled carriers such as soil, organic mulch and composted growing media,
and gravels, sands and non-soil aggregates.
Data gaps: controls
• Scale of carrier movement: an understanding of the quantities of fire ant carriers moved within,
between and outside the Biosecurity Zones will be required if the NRIFAEP intends to establish
an ALOP (above) and move toward transparently least-trade-restrictive measures (above).
Movement data will also be important if the NRIFAEP intends to revise and update the Bayesian
network modelling on an ongoing basis. To a greater extent, this data is likely to be held by, and
be available from, the relevant industry organisations. Additional data may be obtained from the
Australian Bureau of Statistics and the Australian Bureau of Agricultural and Resource Economics
and Sciences.
• Effectiveness of disturbance: disturbance is an activity that is included in the controls for many
of the fire ant carriers. The range of disturbance activities that may be specified includes
chipping, crushing, screening, shredding or washing (the materials-processing methods) and
turning (using earthmoving equipment). Broadly speaking, the materials-processing methods are
likely to be feasible where they are an existing component of the manufacture or management
of a particular commodity – e.g. the processing of sugarcane mulch. Turning is, in general, the
only feasible option for the disturbance of stockpiles. Given the shift from a mixed fire ant
population to one that is effectively monogyne, each of the specified disturbance methods must
be effective both in achieving: (a) the permanent separation of a queen from her workers; and
(b) the disruption of a claustral chamber. This review identified a single (informal) study that
examined the impact of the processing of sugarcane mulch on the survivability of meat ants. If
disturbance is to be included as a control going forward, then its efficacy should be evaluated for
each of the carriers to which it is applied.
• Effectiveness of fire ant resistant surfaces: these include concrete or bitumen, impermeable
barriers such as plastic sheeting, and chemically treated compacted ground. As opposed to
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primary research, this work could focus on a systematic analysis of the NRIFAEP’s detections
data in order to evaluate the comparative security offered by hard and chemical barriers.
• Effectiveness of temporary fire ant covers: these include shade cloth and tarpaulins, as barriers
against airborne mated female alates. This work should extend to an examination of the extent
to which temporary covers: (a) reduce the attractiveness of carriers; and/or (b) prevent the
ingress of mated female alates. This work should build on studies of the attractiveness of
particular carriers (above).
• Effectiveness of elevated storage: this includes a range of heights, from pallets through to
approximately 50 cm above the ground. This work should extend to an examination of the
extent to which elevation: (a) reduces the attractiveness of the carrier to airborne mated female
alates or its suitability as a substrate for the establishment of incipient nests; and/or (b) deters
the migration of a fire ant queen and workers.
• Vulnerability of chemical barriers to the passage of earthmoving equipment: this work should
focus on establishing the extent to which chemical barriers are degraded by differing intensities
of traffic by heavy earthmoving equipment – including tracked and skid-steered vehicles. It is
assumed that some data or qualitative evidence on this topic was supplied to the APVMA for its
permit evaluation procedure. That material should be reviewed, and a strategy developed for
the research required to provide improved surety in this area.
• Security of waste facilities. This work should focus on a standalone review of the management
of waste facilities within the Biosecurity Zones that receive fire ant carriers. The review would
centre on: (a) the management of movements of fire ant carriers out of waste facilities; and (b)
the extent to which fire ant populations may establish and amplify within waste facilities.
4.2. Outcomes for individual fire ant carriers
(a) Soils
Soils are one of the NRIFAEP’s highest-risk carriers and, overall, this risk is being managed
effectively through a combination of conservative movement controls and a system of
management practices. The latter has been enacted through the publication (under Section 107 of
the Biosecurity Act 2014) of the Soil Movement Guideline. Security is provided to a large extent
through the overarching movement controls given in the Regulation. An evaluation of compliance
with these restrictions would be valuable. The assessment led to the following key science-based,
controls-based and process-based outcomes.
• Science-based outcomes: Science-based outcomes: the dominant theme for the assessment of
soils and other carriers is the progressive shift from a mixed incursion of polygyne and
monogyne fire ants, to one that is almost completely monogyne. In the context of the
management and movement of soil, the ramifications of this are: (a) that nest densities are
likely to be relatively low in most settings, as monogyne colonies are inherently antagonistic in
defence of their foraging range; and (b) that airborne mated female alates will be the principal
method by which the monogyne fire ants are likely to disperse. These two outcomes mean that
whilst it will be important to minimise the likelihood of including a fire ant colony within
excavated soil, the greater concern will be to protect soil stockpiles from infestation by mated
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female alates and to minimise the likelihood that mated female alates will successfully establish
incipient nests. This likelihood increases markedly with the period of exposure.
• Controls-based outcomes: although the conservative movement controls within Section 68 of
the Regulation mean that the residual (regulated) risks associated with the management and
movement of soil are not greater than Medium, there was concern with the likely variability and
robustness of disturbance as a measure. This was highlighted in both the qualitative and
quantitative assessments, where the value of disturbance hinges on the fact that it has the
potential to mitigate against all infestation scenarios. The separation of a queen from both her
own workers, and workers from any other fire ant colonies within the soil, must, however, be
absolute, given that: (a) as few as 10 to 25 workers are believed to be sufficient to sustain a
queen; and (b) queenless workers can subsequently adopt a queen that has been separated
from her own workers. Likewise, a queen within a claustral chamber must be separated from
her brood. Whilst it would be possible to achieve this level of separation through mechanical
methods associated with materials processing (including screening, crushing and washing) the
value of turning soil using earthmoving equipment is more doubtful. It was noted that for the
latter to be effective, the process must be extremely thorough and comprehensive and that this
will be difficult for many operators and inspectors to assess. There are also settings where the
logistics of a complex site, or the size of stockpiles, will further detract from the feasibility of
turning. The period of stockpiling is also a key factor and, aside for the requirement for regular
disturbance, is not directly addressed in the Regulation. As a separate matter, it was noted that
the likelihood of translocating an established fire ant nest with excavated soil will be highest in
the situation where inspection has revealed a nest(s) onsite and DNI has been used. The reason
for this finding is principally that the presence of a nest increases the likelihood of additional
incipient nests within the vicinity, and these are not likely to be identified. Property inspection,
followed by baiting, will greatly increase confidence in a low (potentially zero) site density of
established nests. A final key concern in respect of controls is that operators are not currently
encouraged to treat the top 1 metre of soil as higher risk if the soil type is soft, loamy or sandy.
Although nests may extend deeper in these conditions, the queen is only likely to be at the
deepest part of a nest during exceptionally hot weather. In most other conditions, treating the
top 1 metre of soil as higher risk is likely to be an effective strategy for minimising the
translocation of a queen.
• Process-based outcomes: the Soil Movement Guideline should be clarified in respect of its
internal logic. It will also be important to harmonise the NRIFAEP requirements for the
management and movement of soil, as given on the NRIFAEP website, with those enunciated
within the Soil Movement Guideline. Collectively there is substantial ambiguity around the
legislated and recommended requirements for the management and movement of soil, and it
seems likely that this will be detracting from the effectiveness of the controls as implemented.
Of particular concern in this regard is the unauthorised movement of soil either from Zone 2 to
Zone 1, or outside the Biosecurity Zones, as either of these has the potential to jeopardise the
performance of the NRIFAEP and the achievement of its goals. In addition to resolving ambiguity
in the requirements for the management and movement of soils (above), it would also be useful
for the NRIFAEP to undertake an evaluation of the level of compliance with Section 68 of the
Regulation. This might include targeted surveillance and engagement, with a focus on higher-risk
settings (such as large and complex public works and development projects) and locations. A
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more specific outcome concerns the granularity of the quantitative modelling. For simplicity, this
focussed on the likelihood of at least one viable queen being released from 1,000 m2 of carrier
surface area. This metric could readily be adjusted to compare the risks associated with different
soil movement scenarios and settings, or to compare the risks associated with soils to those of
other fire ant carriers.
(b) Potted plants
Potted plants are traded widely across Australia and, for some species, globally. Whilst potted
plants are recognised in Australia and overseas as a legitimate vector for the translocation of
tramp ants, their particular attraction to fire ant queens, or to mated female alates, is not well
understood or quantified. A precautionary approach has been taken by the NRIFAEP, and the
controls that are in place appear to be appropriate in this context although could be tailored to
address the increased consequences associated with the movement of fire ants outside the
Biosecurity Zones (including to other jurisdictions). Chemical treatment, in particular, is versatile
and effective and offers more security and reliability than covered storage.
The assessment led to the following key science-based and controls-based outcomes.
• Science-based outcomes: one of the dominant themes of this review is a recognition of the
progressive shift from a mixed incursion of polygyne and monogyne fire ants to one that is
almost completely monogyne. Linked to this is a shift to airborne mated female alates as the
dominant source of infestation for most fire ant carriers. The effect of this shift is likely to be an
ongoing increase in the technical difficulty experienced in offering potted plants secure
protection from infestation. There will also be a decrease in the value of property freedom as a
standalone measure, as mated female alates can infest nursery stock from nests in neighbouring
properties; and a decrease in the effectiveness of property inspection as a standalone measure,
as many (possibly most) infestations will be limited to incipient nests.
• Controls-based outcomes: although the Regulation provides for a reasonable degree of
protection, the preferred arrangement (to be applied in both the Regulation and the
certification schemes) would be for separate conditions applied to,
– Plants offered for sale or distribution within the Biosecurity Zones
– Plants to be moved outside the Biosecurity Zones, including interstate movements
– Household plants to be moved within or outside of the Biosecurity Zones.
Plants moved within the Biosecurity Zones are reasonably well protected by the existing
regulated measures, while additional measures may be required for plants to be moved outside
the Biosecurity Zones (and including interstate movements). Mandated chemical treatment
would address this additional need. In both scenarios, however, applied research and additional
quantitative modelling may help to identify other approaches that also provide sufficient
protection. These may include the restriction of certain high-risk markets to commodities
considered to be of lower risk, such as seedling plugs and bare-rooted plants, as well as the
consideration of measures, or systems, aimed at minimising infestation within the nursery –
including property inspections and freedom (notwithstanding the caveats above), the use of
baiting programs, and a range of more general measures focussing on good biosecurity practice.
The BIP that is currently in place to support the movement of household plants (in containers of
less than 60 L) from a residence within the Biosecurity Zones to a place within the current zone,
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to another zone, or to a place in Queensland that is outside the Biosecurity Zones (BIPRIFA:20G003) is likely to provide sufficient protection for this pathway. This conclusion,
however, presupposed that residents within the Biosecurity Zones are aware of, and comply,
with the conditions outlined in the BIP. An evaluation of this assumption may be warranted, and
communications materials developed if awareness within the community is not high. Empirical
data would also be helpful in order to substantiate the assumption that the volume of plants
moving through this pathway is low. The feasibility and practicality of obtaining this data,
however, would need to be considered. If further mitigation is required by the NRIFAEP, then
the BIP could be extended to include a requirement that all such household potted plants
receive chemical treatment prior to movement. If this approach was followed, then the caveat
limiting the BIP to pots of less than 60 L could be removed
(c) Turf
Turf without chemical treatment in its growing phase is considered a high-risk carrier for fire ants.
The chemical treatment for growing turf is, however, highly effective and, assuming a high level of
compliance, the only identified risk was the inclusion of a mated female alate in the superficial
thatch – that is, away from higher concentrations of insecticide. Because harvested rolls of turf
cannot be stored for more than 48 hours (and significantly less in warmer weather) they are not as
vulnerable to post-harvest infestation as most other fire ant carriers.
The assessment led to the following key science-based, controls-based and process-based
outcomes.
• Science-based outcomes: the dominant theme for the assessment of turf and other carriers is
the progressive shift from a mixed incursion of polygyne and monogyne fire ants, to one that is
almost completely monogyne. In the context of the management and movement of turf, the
ramifications of this are: (a) that nest densities are likely to be relatively low, on both the nonproductive parts of infested turf farms (e.g. fence lines), and on adjoining farms, as monogyne
colonies are inherently antagonistic in defence of their foraging range; and (b) that airborne
mated female alates will be the principal method by which the monogyne fire ants are likely to
disperse. This gives rise to the key risk pathway for turf – the inclusion of a mated female alate
in the superficial thatch.
• Controls-based outcomes: the key vulnerability for turf is the fact that protection relies on a
single measure – chemical treatment within the growing cycle. A failure in compliance, or
accidental errors in the application of the chemical treatment, have the potential to result in
significant infestation and a significantly high-risk carrier. A further concern is the current
reliance on bifenthrin, although, in addition to chlorpyrifos, indoxacarb and fipronil have been
evaluated in the field and permit applications to the APVMA for the latter two treatments are
believed to be in train.
• Process-based outcomes: a review of the compliance of turf farms in the Biosecurity Zones with
the regulated conditions was scheduled for July 2020 and, given complications arising from the
Covid19 pandemic, is now believed to be scheduled for late 2020 or 2021. There may also be a
transition from regulation to industry-based accreditation – or to the provision of an
accreditation scheme as an alternative to regulation for the turf industry. Both developments
will help to ameliorate the key vulnerability of this carrier – that is reliance on a single, albeit
effective, point of control.
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(d) Hay
Hay is principally a livestock food and cannot be treated with most chemicals. In many on-farm
settings, hay can be difficult to store in a way that will reliably prevent infestation – in particular,
given long periods of storage. Disturbance can be used to some extent for cut hay, but not once
the hay has been baled. Both cut and baled hay are very attractive to fire ants and the difficulties
noted mean that hay is considered a high-risk carrier. This is particularly relevant to the
substantive movements outside the Biosecurity Zones and interstate. Chaffing and bagging was
considered a possible solution that may provide a commercially viable approach to the
management of high-risk movements of hay.
The assessment led to the following key science-based, controls-based and process-based
outcomes.
• Science-based outcomes: the dominant theme for the assessment of hay and other carriers is
the progressive shift from a mixed incursion of polygyne and monogyne fire ants, to one that is
almost completely monogyne. The key ramification of this is that airborne mated female alates
will be the principal method by which the monogyne fire ants are likely to disperse. In the
context of the management and movement of hay, the situation may be blurred to an extent by
the strength of attraction that baled hay appears to hold for established queens and workers.
This may mean that the protection of hay from migrating queens and workers will be relatively
more important than might be the case for some other carriers. This is not to diminish, however,
the importance of also protecting hay from airborne mated female alates.
• Controls-based outcomes: the Regulation includes measures to minimise the risks associated
with cut hay, and separate measures to minimise the risks for stored hay. The measures for cut
hay rely on minimising the time between raking and baling operations, focussing on the
disturbance inherent to each of these as a means by which to dislodge mated female alates that
have settled on the cut hay. Although valuable, the protocol is not likely to be completely
effective and will be difficult for some operators to achieve. The measures for baled hay rely on
secure covered storage which, given the weight of baled hay, will be at ground level or on
pallets. Again, whilst valuable, it will rarely be feasible to keep hay on farm in a fully-enclosed
shed and partial coverage is unlikely to protect the hay from infestation by mated female alates
– whether airborne or at ground level – for the frequently lengthy periods of storage. Chemical
treatments cannot be used except as a perimeter, as the hay is intended for animal food.
Collectively these considerations mean that there are few settings where baled hay could be
considered a safe product under the existing regulated conditions. Property inspection and
baiting will be useful strategies to minimise the density of fire ant nests in the proximity of baled
hay, and this in turn will reduce the likelihood of infestation from a queen and workers and, on
larger farms, will also be likely to reduce infestation from mated female alates. An additional
option is the use of chaffing and bagging of baled hay. The chaffing process (hammer-milling) is
likely to kill a high proportion of ants, and the further inclusion of bagging will lead to the
permanent separation of most surviving individuals and protection of the hay from infestation
as it moves onward through the supply chain. This strategy will not be cost-effective in all
settings but may offer an alternative for hay produced in Zone 2 and marked outside the
Biosecurity Zones.
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• Process-based outcomes: stakeholders identified that the production, distribution and purchase
of baled hay occurs largely outside other commercial supply chains, and that some operators do
not appear to have recognised the regulated controls. Extension activity within the sector was
advised and should be aimed at both from the producers and resellers of baled hay and the
consumers. In particular, pressure from consumers within and outside the Biosecurity Zones to
ensure that a record of regulatory compliance is maintained throughout the supply chain will
help to encourage producers and distributors to understand and comply with the Regulation.
(e) Organic mulch or composted growing media
Organic mulch or composted growing media includes a wide range of products, from simple
composted bark chip mulches to highly processed growing media. These products are supplied in
both bulk and bagged form, including outside the Biosecurity Zones and interstate. Although
stockpiles of manufactured bulk mulch are in general smaller and more easily managed than soil,
they have a similar risk profile. This means that whilst the risks associated with the movement of
organic mulch or composted growing media are generally well managed, the movement of bulk
product outside the Biosecurity Zones and interstate is considered relatively high risk. Bagged
product is of substantially lower risk.
The assessment led to the following key science-based, controls-based and process-based
outcomes.
• Science-based outcomes: the dominant theme for the assessment of organic mulch or
composted growing media and other carriers is the progressive shift from a mixed incursion of
polygyne and monogyne fire ants, to one that is almost completely monogyne. In the context of
the management and movement of organic mulch or composted growing media, the key
ramification of this is that airborne mated female alates will be the principal method by which
the monogyne fire ants are likely to disperse. This means that major concern will be to protect
stockpiles from infestation by mated female alates and to minimise the likelihood mated female
alates will successfully establish incipient nests.
• Controls-based outcomes: bagged product is likely to be substantially lower risk than bulk. This
is because: (a) the mechanised bagging process (which will include disturbance of the stockpile
by the loader, and agitation within the bagging hopper) is likely to disrupt most nests and
separate most queens from their workers; and (b) once disunited from their workers, most
queens are unlikely to be confined to the same bag, thus negating reuniting. Most bagged
product is also compressed, and may be vacuum sealed, and these additional steps are likely to
further reduce the survivability of any ants within the material. Bagged product is also generally
easier than bulk (stockpiles) to protect from infestation further along the supply chain. The
alternative to secure storage is disturbance, and there was concern in both the qualitative and
quantitative assessments as to the likely variability and robustness of this. The separation of a
queen from both her own workers, and workers from any other fire ant colonies, must be
absolute, given that: (a) as few as 10 to 25 workers are believed to be sufficient to sustain a
queen; and (b) queenless workers can subsequently adopt a queen that has been separated
from her own workers. Whilst it would be possible to achieve this level of separation through
mechanical methods associated with materials processing (including chipping, crushing,
screening, shredding and washing) the value of turning using earthmoving equipment is more
doubtful. It was noted that for the latter to be effective, the process must be extremely
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thorough and comprehensive and that this will be difficult for many operators and inspectors to
assess. Property inspection and baiting can effectively reduce the risk associated with the
relocation of an established queen and workers into a stockpile, although will not reduce the risk
associated with airborne mated female alates. Of the measures considered in the quantitative
modelling, only the chemical treatment of organic mulch or composted growing media can
reduce this risk. For some forms of product, chemical treatment will be a feasible proposition.
For others, heat treatment may be a suitable alternative, although efficacy data is needed to
better support the estimation and of residual risk.
• Process-based outcomes: the NRIFAEP requirements for the management and movement of
organic mulch or composted growing media should be harmonised with those enunciated within
the Regulation. Collectively there is some inconsistency and it seems likely that this will be
detracting from the effectiveness of the controls as implemented.
(f) Animal manure
Conclusions for the management and movement of animal manure were effectively the same as
those for organic mulch and composted growing media.
(g) Gravels, sands and non-soil aggregates
Gravels, sands and non-soil aggregates are a subset of the broader range of ‘other fire ant carriers’
that is included on the NRIFAEP website. Gravels, sands and non-soil aggregates are not generally
bagged, and are often used on major public works and development projects where the large
quantities involved are likely to impact on the feasibility of covering stockpiles or disturbing them
adequately. In contrast to soils, the Regulation permits the movement of gravels, sand and nonsoil aggregates outside the Biosecurity Zones if the regulated conditions have been met. Given the
likely attraction of stockpiles of gravels, sand and non-soil aggregates to fire ants this results in the
highest residual risk obtained from this review.
The assessment led to the following key science-based, controls-based and process-based
concerns.
• Science-based outcomes: the dominant theme for the assessment of gravels, sands and non-soil
aggregates, and other carriers, is the progressive shift from a mixed incursion of polygyne and
monogyne fire ants, to one that is almost completely monogyne. In the context of the
management and movement of gravels, sands and non-soil aggregates, the key ramification of
this is that airborne mated female alates will be the principal method by which the monogyne
fire ants are likely to disperse. This means that whilst it will be important to minimise the
likelihood of infestation by a migrating queen and workers, the greater concern will be to
protect stockpiles from infestation by mated female alates and to minimise the likelihood that
mated female alates will successfully establish incipient nests.
• Controls-based outcomes: the regulated management and movement controls for gravels,
sands and non-soil aggregates rest largely on two options: (a) appropriate covered storage,
whether off the ground or on a treated fire ant resistant surface; or (b) regular disturbance of
the stockpile. Both of these options are likely to be challenging on major public works and
development projects. Large and constantly-worked stockpiles cannot easily be covered, and
disturbance by turning, the only feasible alternative, is unlikely to provide for the
comprehensive separation of a queens from workers and disruption of a claustral chambers. In
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contrast to soils, gravels, sands and non-soil aggregates can be moved between and outside the
Biosecurity Zones if these regulated conditions are believed to have been met. This raises the
possibility of significant risk, ameliorated only by the fact that, in contrast to some other
carriers, such as potted plants, gravels, sands and non-soil aggregates are not often moved long
distances. Property inspection and baiting may be used the reduce the risk associated with the
relocation of a queen and workers, although will not address the risk associated with airborne
mated female alates.
• Process-based outcomes: the NRIFAEP requirements for the management and movement of
gravels, sands and non-soil aggregates should be harmonised with those enunciated within the
Regulation. Collectively there is some inconsistency and it seems likely that this will be
detracting from the effectiveness of the controls as implemented. Given the risk attached to this
carrier, it would also be useful for the NRIFAEP to undertake an evaluation of the level of
compliance with the Regulation – specifically, the extent to which gravels, sands and non-soil
aggregates are moved into Zone 1 (from Zone 2) or outside the Biosecurity Zones (from Zone 2
or Zone 1) with in complete or no compliance with the regulated conditions. This work should
focus on major public works and development projects where the risk is greater.
5. RECOMMENDATIONS
(a) Scientific principles and basic science
1. Scientific principles: that NRIFAEP adopts the 13 new scientific principles developed through
this review to underpin controls and their communication.
2. Shift to a monogyne population: that the NRIFAEP more widely communicates the significance
of the shift from a mixed population to one where greater than 99% of nests are now
monogyne and informs stakeholders if this proportion changes significantly in the future.
3. Data gaps (science): that the NRIFAEP considers the feasibility and design of research to better
understand the following aspects of the biology or ecology of fire ants.
a) Infestation of carriers by airborne mated female alates: this work should include stockpiles
(e.g. soil, mulch, manures and aggregates), potted plants and baled hay and straw. The
work should consider the relative attractiveness of each carrier, and the volume- and timedependent risk of infestation likely to be associated with a range of local nest densities.
b) 24-hour safety threshold for the exposure of fire ant carriers to migrating queens and
workers, and to mated female alates: this work should build on infestation of carriers by
mated female alates and extend to the migration of queens and workers. The work should
consider the breadth of fire ant carriers, noting that some are likely to be more or less
attractive to established queens and workers than mated female alates alighting from
nuptial flights.
c) Ability of monogyne queenless workers to adopt a new queen: this should include the
period for which queenless monogyne workers can survive, and their ability to locate
either their own queen, another queen that has been separated from her workers, or a
mated alate.
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(b) Regulatory and process
4. Harmonisation of the Regulation with the NRIFAEP website: that the NRIFAEP harmonises the
regulated controls for the management and movement of fire ant carriers with the wording on
the NRIFAEP website and (for soils) the Soil Movement Guideline.
5. Compliance with the Regulation: that the NRIFAEP undertakes a review and analysis of noncompliance (accidental and deliberate), both in terms of unregulated movement of high-risk
carriers between and from the Biosecurity Zones and misapplication of controls for individual
carriers. From the review, the NRIFAEP should make risk-informed recommendations about
the feasibility and auditability of controls and a strategy for enforcement of non-compliance.
6. Acceptable level of protection (ALOP): that the NRIFAEP considers the development of a
statement of the acceptable level of protection for movements within and outside of the
Biosecurity Zones and uses this to assist in the development, negotiation and communication
of effective and least-trade-restrictive controls.
7. Harmonisation of regulated controls with state and territory entry conditions and industrybased accreditation schemes: that the NRIFAEP seeks to harmonise its controls for the
management and movement of fire ant carriers with state and territory entry conditions and
industry-based accreditation schemes.
8. Systems-based approach to biosecurity: that the NRIFAEP considers more explicitly
integrating phytosanitary systems approaches into the movement controls for high-risk
carriers.
9. Quantitative modelling: that the NRIFAEP, or its government or industry stakeholders,
considers undertaking ongoing revisions of the quantitative models as the quality of available
data improves. Bayesian network modelling has been used in this assessment to help inform
the evaluation of controls for the fire ant carriers. The modelling rested on a substantial
number of uncertain assumptions and, whilst indicative, could be improved through a
structured expert elicitation process. The modelling could also be refined in respect of its
treatment of the volume of a carrier, allowing for customisation to particular settings or
scenarios.
10. Controls
That the NRIFAEP considers the feasibility and design of research to better estimate the efficacy of
the following key movement controls for fire ant carriers. Whilst it is acknowledged that research
into most aspects of fire ant ecology and control are likely to encounter technical and other
difficulties, and that the temporal limits of the overarching Ten-Year Plan will need to be
considered, better empirical data in key areas will be required in order to provide confidence that
regulated movement controls and interstate entry conditions are effective and least-traderestrictive. Quantitative modelling can be used to help determine how efficacious individual
controls need to be.
a) Scale of carrier movement: this should include the scale of carrier movements within,
between and outside the Biosecurity Zones.
b) Effectiveness of disturbance: this should include both the materials-processing forms of
disturbance (including chipping, crushing, screening, shredding and washing) and turning
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c)

d)

e)

f)

g)

h)

(the turning of stockpiles by earthmoving equipment). The work should extend to
consideration of the separation of a queen from her workers, and to the disruption of a
claustral chamber, and should cover each of the carriers for which disturbance is a key
control.
Effectiveness of fire ant resistant surfaces: this should include concrete or bitumen,
impermeable barriers such as plastic sheeting, and chemically treated compacted ground.
The work could focus on a systematic analysis of the NRIFAEP’s detections data in order to
evaluate the comparative security offered by hard and chemical barriers.
Effectiveness of temporary fire ant covers: this should include shade cloth and tarpaulins,
as barriers against airborne mated female alates. The work should extend to an
examination of the extent to which temporary covers reduce the attractiveness of carriers
or prevent the ingress of mated female alates. This work could build on studies of the
attractiveness of particular carriers (see recommendation 3(a) above).
Effectiveness of elevated storage: this should include a range of heights from pallets
through to approximately 50 cm above the ground. This work should extend to an
examination of the extent to which elevation deters the ingress of migrating queens and
workers, and the attractiveness of the carrier to airborne mated female alates or its
suitability as a substrate for the establishment of incipient nests.
Vulnerability of chemical barriers to the passage of earthmoving equipment: this should
focus on establishing the extent to which chemical barriers are degraded by differing
intensities of traffic by heavy earthmoving equipment – including tracked and skid-steered
vehicles.
Security of waste facilities: this should be a standalone review of the management of waste
facilities within the Biosecurity Zones that receive carrier materials. The work should focus
on management of movements of fire ant carriers out of waste facilities, and the extent to
which fire ant populations may establish and amplify within waste facilities.
Controls to reduce the density of fire ant nests or eliminate them entirely: this should
assess the value of controls such as property inspection, and baiting, that reduce the
density of fire ant nests on a property or eliminate them entirely. The work could focus on
additional quantitative modelling (see Recommendation 9) rather than de novo research.

(c) High-risk carriers
Building on the generic recommendations (see 1-10 above) the following apply specifically to (or
with special emphasis on) individual fire ant carriers.
11. Soil – key recommendations are that the NRIFAEP considers the following:
a) Clarifying the Soil Movement Guideline in respect of its internal logic and harmonisation of
its requirements with the NRIFAEP website.
b) Assessing the level of compliance with the Regulation and the Soil Movement Guideline,
including the extent of unregulated movements outside the Biosecurity Zones (see also
Recommendation 5).
c) Assessing the effectiveness of disturbance in the context of stockpiled soil (see also
Recommendation 10b).
d) In conjunction with improvements in the empirical data underpinning key aspects of the
biology of fire ants and key controls, undertaking additional quantitative modelling to help
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rationalise the movement controls for soils and to ensure that requirements are least trade
restrictive (see also Recommendation 6).
12. Potted plants – key recommendations are that the NRIFAEP considers the following:
a) Requiring chemical treatment for movements of potted plants outside the Biosecurity
Zones (including interstate movements).
b) Improving quantification of the movement of potted plants within and out of Biosecurity
Zones, including for different commodity and production types (see also Recommendation
10a).
c) Alongside industry, continuing to work towards controls that are effective and least trade
restrictive (as guided by ALOP and trade volumes), and tailored where beneficial to
different classes of potted plant and production, storage or retail settings (see also
Recommendation 6). This work should include the consideration of systems-based
protocols (see also Recommendation 8). The quantitative model would assist with this,
including the identification and prioritisation of further data gaps and the tailoring of
scenarios to different sizes of consignments or volume of trade (see also Recommendation
9).
d) Assessing the time-dependent risk of infestation of potted plants with fire ant queens and
workers, and with mated female alates (see also Recommendation 3a). This work should
consider the attractiveness of potted plants and the impact of nest density onsite and in
the surrounding area. The work should also consider the relative effectiveness of different
forms of temporary cover (see also Recommendation 10d).
13. Turf – key recommendations are that the NRIFAEP considers the following:
a) Assessing the level of compliance with the Regulation within the turf industry (this is
believed to be underway)
b) Continuing to investigate diversifying available chemistries, so as to limit the risk of
resistance.
c) Investigating the ability of mated female fire ant alates to survive in the superficial thatch
of treated harvest turf.
14. Hay – key recommendations are that the NRIFAEP considers the following:
a) Quantifying the movement of hay within, between and outside of the Biosecurity Zones
(see also Recommendation 10a) and assessing the level of compliance with the Regulation
(see also Recommendation 5). Any issues identified through this work should be reflected
in improvements of controls, strengthening of compliance and ongoing extension activities.
b) Assessing the time-dependent risk of infestation of baled hay with migrating queens and
workers, and with airborne mated female alates (see also Recommendation 3a) and
seeking to calibrate controls accordingly. The quantitative model would assist with this,
including the identification and prioritisation of further data gaps and the tailoring of
scenarios to different sizes of consignments or volume of trade (see also Recommendation
9).
c) Assessing the value and feasibility of chaffing and bagging as an option for situations where
the movement of hay is otherwise judged to represent an unacceptable risk. This might
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include the movement of hay from places in Zone 2 to places outside the Biosecurity
Zones.
d) Assessing the value of controls that reduce the density of fire ant nests on the property
where hay is produced (or eliminate nests entirely). These controls will primarily address
infestation with migrating queens and workers although, on larger farms, will also be likely
to reduce infestation from mated female alates (see also Recommendation 10h).
e) Investigating the typical density of fire ant nests in, and in the vicinity of, hay paddocks in
Biosecurity Zone 1 and Zone 2.
15. Organic mulch or composted growing media – key recommendations are that the NRIFAEP
considers the following:
a) Assessing the time-dependent risk of infestation of stockpiles of organic mulch or
composted growing media to mated female alates (see also Recommendation 3a).
b) Assessing the effectiveness of disturbance in the context of stockpiled organic mulch and
composted growing media (see also Recommendation 10b).
c) Pending the outcomes of (a) and (b), adopting bagging as a control for situations where
secure storage or disturbance are not judged to be reducing the risk of translocating fire
ants to an acceptable level. This may apply, in particular, to situations where organic mulch
or composted growing media is being moved outside the Biosecurity Zones.
16. Animal manure
Recommendations for animal manure follow those for organic mulch or composted growing
media.
17. Gravels, sands and non-soil aggregates – key recommendations are that the NRIFAEP
considers the following:
a) Improving quantification of the movement of gravels, sands and non-soil aggregates within
and out of Biosecurity Zones (see also Recommendation 10a).
b) Assessing the time-dependent risk of infestation of stockpiles of gravels, sands and non-soil
aggregates with mated female alates (see also Recommendation 3a).
c) Assessing the effectiveness of disturbance in the context of gravels, sands and non-soil
aggregates (see also Recommendation 10b).
d) Assessing the value of controls that reduce the density of fire ant nests on the property
where gravels, sands and non-soil aggregates are stockpiled (or eliminate nests entirely).
These controls will primarily address infestation with migrating queens and workers (see
also Recommendation 10h).
e) Pending outcomes of (a) to (d) above, assessing the feasibility and ramifications of
including gravels, sands and non-soil aggregates within the scope of Section 68 of the
Regulation.
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Part I

Review of scientific
principles
Review and evaluation of the seven scientific
principles that underpin the movement of fire ant
carriers
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1 Approach
1.1

Introduction

The approach used to construct the science review, being to find direct and indirect, qualitative
and quantitative studies supporting the principles and extract consistent, comparable information
and quality assessments from them, is known as ‘systematic mapping’ (James et al. 2016).
Systematic mapping uses transparent, consistent and repeatable methods to search for relevant
studies and describe the detail and nature of the evidence available. Systematic mapping is
therefore particularly suitable for assessing the science backing of questions or statements.
Following international guidelines for systematic review and mapping (Collaboration for
Environmental Evidence, 2013), a protocol was developed that is unbiased and can be followed
again in the future to update knowledge of the principles.
The review of scientific principles was undertaken in the three key steps shown in Figure 1 and the
bullets below. Although the process is seemingly linear, some aspects were interrelated and
involved multiple iterations.
1. Assimilation of literature, including
– Professional library search of the published and grey literature
– Embellishment of the library search through online search engines
– Classification of identified studies
– Evaluation of the strength of the evidence from the identified studies
2. Review of existing scientific principles, including
– Assessment of the correctness and consistency of wording
– Verification that the literature was comprehensively cited
– Evaluation of the correctness of the science
3. Development of revised scientific principles, including
– Mapping of the original seven scientific principles to a revised set of 13
•

Five reworded principles

•

Eight new principles

•

One deleted principle

– Development of explanatory text and quantitative limits for the revised principles.
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Figure 1 Approach to the review of scientific principles

1.2

Assimilation of literature

The professional library search returned 2,487 references for the period 1950 to the current day.
Search terms were very broad, as the purpose of this search was to capture as much of the
published and grey literature as possible. The search included, where available, PDF copies of the
articles. An EndNote database including these PDFs was provided to the project team.
Filtering, first based on titles, then abstracts, then full text, was based on inclusion criteria
established in step 2, leaving 311 articles. Additional literature searches were conducted to check
for literature directly linked to Solenopsis invicta, movement control and chemical efficacy that
may have been missed was undertaken.
To design the search strings to identify sources of evidence (step 4) we developed a ‘Program
Logic’ (Roughley, 2009) for each principle. Program Logics in this instance trace the relationships
between key wording in the principles and every core biological attribute that would contribute to
such wording being shown to be true or not. For example, to assess whether an orphaned colony
fragment could survive requires not only direct evidence of survival tests, but also indirect
evidence of whether there are theoretically possible opportunities or not that haven’t been
assessed, such as whether workers have reproductive organs and could therefore reproduce, and
whether orphaned colonies are receptive to queen adoption, and could therefore secure a new
reproductive individual, regardless of whether such studies demonstrated ongoing survival or not.
Any or all of these attributes could be measured and could constitute evidence of support or not.
The Program Logics helped to ensure we searched for and included sources that assessed the full
suite of possible biological attributes.
Search terms included:
• Solenopsis invicta, queen, nuptial flight, temperature, refection, shiny, disturbance, dig, move,
relocate, soil, nursery, hay, mulch, turf, chemicals and efficacy.
Search sites included:
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• Researchgate, Google Scholar, Wiley Online Library, Jstor, SpringerLink, ScienceDirect, Oxford
Academic and Web of Science.
Having obtained an exhaustive search of the published (total of 450) and grey literature, a
preliminary screening and evaluation process was undertaken to remove studies that were not
considered relevant. This process focussed first on titles, then abstracts and finally on the full text
of each article. For this subset of the literature, a reference trail was then followed to locate any
research not sourced from library and follow-up original searches.
The output from this exhaustive process was a comprehensive spreadsheet summary of relevant
fire ant literature totalling 154 pieces of literature.
Each study within this spreadsheet was then evaluated to determine the level of its support for
one or more of the seven NRIFAEP scientific principles. A table was created for each principle to
include the sourced literature and the key information in the description. Where the exact
wording was used from the paper, the quote is written in italics.
This evaluation included a determination of the following:
• Was the evidence provided direct or indirect?
• Was the evidence provided qualitative or quantitative?
• Was the evidence provided observational or experimental?
The cumulative output from this preliminary evaluation was science-quality table for each of the
seven scientific principles, with fields as shown in Figure 2 below.

Figure 2 Tabulated description of the science for each of the seven scientific principles

The final step in the preliminary assimilation of literature was to evaluate the strength of support
that each study provided for the relevant scientific principle(s) based on the combination of the
three dot points above. This evaluation followed the qualitative scale provided in Figure 3.
Principles could only be unequivocally demonstrated by evidence scored as Very high (Figure 3).
However, evidence with a score of Very High alone does not necessarily indicate that a principle
has been unequivocally demonstrated. Evidence needed for unequivocal determination is
principle-specific, with some principles only needing a single manipulative experiment, and others
requiring numerous observational reports. These requirements and the determinations are
detailed in the final qualitative assessment of all the evidence combined (Sections 2 and 3).
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Figure 3 Descriptors for evaluating the strength of support for each of the scientific principles

1.3

Review of existing scientific principles

With the literature and evaluated, each of the seven scientific principles was then reviewed.
This review rested on two preliminary questions:
1. Is the wording correct and consistent with a scientific principle?
2. Has the literature been comprehensively cited?
Following this was a systematic assessment of science underpinning each scientific principle. This
assessment first considered the scientific evidence in support of the principle, in tabular form.
Following this was a search for science that did not support the principle. Building on these two
outcomes was the evaluation itself. A final note detailed any scientific evidence believed to be
required in order to unequivocally demonstrate the principle.
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2 Review of scientific principles
2.1

Principle 1: survival of an established queen

Principle

An established fire ant queen will not survive without workers, so if a
queen is permanently separated from the majority of her workers, she
will perish.

Scientific rationale

It is likely that the minimum number of workers required for queen
survival throughout the life of the colony equates to the minimum
number of workers required during nest establishment (i.e. 10-25)
(Tschinkel, 2006). This is because when a newly-mated queen starts a
nest, she draws on her stored energy reserves to lay a first clutch of eggs
and is then tended by a small group of workers until the nest establishes.
However, when the queen starts egg laying in earnest, she does not
forage or feed herself but relies on her worker ants.
To mitigate the potential spread of fire ants in a fire ant carrier, the
separation of a queen from her workers needs to be such that workers
cannot subsequently relocate their queen after the disturbance has
taken place (SAG, 2019).

Practical measures
and examples

These measures are shared with principle 2.
Application of some form of risk mitigation is needed to disturb a fire ant
colony prior to movement of the carrier off site. Disturbance must be
sustained and vigorous enough to prevent the colony from recovering,
such as workers relocating their queen after the disturbance has taken
place.
Inadequate storage of the carrier will require some form of risk
mitigation (disturbance, chemical or heat) prior to movement off site.
Disturbance: for carriers that have been stockpiled, disruption of a fire
ant colony can be in the form of screening, shredding, complete turning,
grinding, crushing or chipping.
Stockpiles must be re-disturbed every 21 days to address the potential
for fly-ins and ensure any newly formed nest is adequately disrupted.
For example, for hay, which is a high-risk carrier, the final raking of the
hay and the subsequent raking plus baling are done within 24 hours of
each other; baled hay must also be removed from the paddock it was
baled in within 24 hours.
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2.1.1 Is the wording correct and consistent with a science principle?
No. Although it is technically correct, the sentence is overly long, essentially states the same detail
twice, and is a mixture of a biological detail, an action, and an implication. Additionally, the
principle only refers to an ‘established’ queen. The scientific literature clearly indicates that a
queen in the claustral stage will also die if she does not successfully rear minims or workers.
Likewise, there is an additional nuance whereby overwintered queens do not even attempt to
undergo a claustral stage, instead they must join an existing colony to survive, but these queens
also would not be referred to as ‘established’. These two additional scenarios are not adequately
captured in any of the other principles. Because of the numerous issues identified, this principle
was reworded to ‘After a queen’s fat reserves are exhausted, she is reliant on workers for
nutrition’. This rewording is important because it identifies that in the absence of worker
assistance, a queen will die if she does not have adequate fat reserves to rear brood, and it applies
to both nuptial queens and parasitic queens, the latter of which do not have enough fat reserves
to even survive the claustral period. Additionally, the principle applies not only to when queens
disperse from nuptial nests, but also in later circumstances should queens become separated from
workers by either natural or human-mediated means.

2.1.2 Has the literature been comprehensively cited?
Whilst it is understood that the derivation of this principle rested on appropriate references to the
published and grey literature, the only citation provided for the review was Tschinkel (2006). This
is a book summarising knowledge of S. invicta and, as such, a formal review of the literature was
required in order to correctly evaluate the principle.

2.1.3 Assessment of science underpinning the principle
[Please see overleaf]
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2.1.3.1 Science evidence supporting the principle
Table 1 After a queen’s fat reserves are exhausted, she is reliant on workers for nutrition
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Markin et al.,
1972

During this time (colony founding) the queen has no source of food and the entire
supply of nutrient for laying eggs and rearing the resulting larvae must come from
stores within her body... Average queen weight during colony founding reduced
from 14.72 mg immediately following the nuptial flight to 7.28 mg (49.46%)… Signs
of degeneration of the wing muscles could be seen within 4 days after the nuptial
flight, and by 20 days degeneration was usually complete.

Indirect

Quantitative

Manipulative

Low

Markin et al.,
1973

In a laboratory experiment, 15 of 20 paired nests merged with the workers of one
colony abandoning their queen and moving their brood in with the other colony.
The abandoned queen usually remained in the old nest and died within a few days.

Direct

Qualitative

Manipulative

Medium

Stringer et al.,
1976

Fifty-nine physogastric queens taken from established mounds in the field, and 50
de-alated females taken from a multiple queen colony, did not successfully found
colonies in the laboratory when they were held without worker ants. All the
physogastric queens were dead by 8 wk, and all the de-alated females were dead by
12 wk after initiation of the tests. When such queens were held with 25 or more
worker ants, survival of the queens was enhanced and colonies were established. In
contrast, 74% of 150 newly-mated queens did successfully found colonies within 8
wk in the laboratory.

Direct

Quantitative

Manipulative

Very high

Toom et al.,
1976a

Both total glycogen and glycogen/mg ant weight decreased steadily until eggs were
deposited. Thus, from 12 h following the nuptial flight until oviposition, the ant relied
heavily on glycogen stores as an energy source. The finding of 52 µg/mg body
weight (.78 mg/ant) in preflight queens in this study thus suggests that before
leaving the nest for the nuptial flight, the queen is actively synthesizing large
amounts of glycogen for subsequent use in both colony founding and in minim brood
maintenance.

Indirect

Quantitative

Observational

Low

Toom et al.,
1976b

Queens lost nearly 50% of their mass during the claustral period. A 10% increase in
body weight was found following the emergence of minims.

Direct

Quantitative

Observational

High
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Vinson et al.,
1980

From the mating flight through the various stages during which the queen rears the
brood, the crop dry weight and lipid content decreases, reaching a low level once the
queen has established a colony. Av. crop dry wt was 1.7976 mg at nuptial; 0.3817
mg when first brood pupated and 0.0543 mg in established queens. Av. lipid content
(% of total weight) in the crop was 98.2%, 91.4% and 39.7% respectively. The lipid
content of the oesophagous increased up through the queens rearing of their first
brood but is decreased in established queens. (63.8% at nuptial; 96.7% when first
brood pupated and 74.5% in established queens). The loss of weight in queens
during the 2 months claustral period indicates that the glands may play a role in
nutrition…. We also found that the fat body of post-pharyngeal glandectomized
queens were depleted (0.0712 mg at nuptial, 0.0865 mg when first brood pupated
and 0.0572 mg in established queens).

Indirect

Quantitative

Observational

Low

Vander Meer et
al., 1982

Triacylglycerols decline rapidly during the time of first brood development to the
lowest value obtained at 25 days after mating.… the majority of these hydrocarbons
and free fatty acids are [most likely] derived from the tissues themselves and not
from the gland or organ contents. It appears that the primary function of the gastral
crop is to ensure successful colony founding by having the necessary self-contained
food stores available for first brood development….Even after 120 days queens do
not significantly utilise their crop or thoracic crop for food storage, although they no
longer must feed their own brood and are being fed by workers.

Indirect

Quantitative

Observational

Medium

Bernasconi and
Keller, 1998

Queens exposed to the presence of a nest mate during the third week of colony
founding lost significantly less weight (21% ± 9%) than queens not exposed to a nest
mate (26% ± 8%).

Indirect

Quantitative

Manipulated

Low

Williams, 1990

Weights of newly-mated queens dropped to half (ca. 7 mgs) their initial body weight
during the first 30 days and then increased when minim workers appeared

Indirect

Quantitative

Observational

High

Stamps and
Vinson, 1991

Queens lost ~̴50% of their body weight in 5 wk to produce a mean of 6 minims, 11
pupae, 3 larvae, and 11 eggs.

Indirect

Quantitative

Observational

Low

Tschinkel,
1992a

Queens from losing or failed nests tended to abandon their nests and attempted to
enter successful ones, often following raiding trails to do so. This emigration was at
least as successful as non-emigration in ultimately achieving the status of
reproductrix of a successful nest (about 4%).

Direct

Quantitative

Observational

Medium
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Tschinkel,
1992b

The queens of losing nests abandoned their nest in 98 of the 238 raids (41%) and
entered the winning nest in 64 cases (27%). Their low weight (mean = 8.46 mg; sd =
2.07; n = 40), lack of fat, and sperm-filled spermathecae indicated that they were
post-claustral queens. On several occasions, such queens attempted to enter
incipient nests, succeeding without obstacle in some cases.

Direct

Quantitative

Observational

Low

Tschinkel,
1993a

Founding queens lost an average of 54% of body weight, 73% of fat weight and 67%
of total energy content by the end of the claustral period

Indirect

Quantitative

Observational

Low

Adams and
Tschinkel,
1995b

Examination of paint marks on queens in the winning colonies indicated queen
relocation in 40.6% of contests (n = 101) … queens moved to an opponent's nest site
where they replaced the original queens.

Direct

Quantitative

Manipulative

High

Balas and
Adams, 1996a

Of the nine introduced queens not bitten during the first hour, three died or were
expelled after 3 days, one usurped the resident queen, and in five cases both queens
were alive after 3 days.

Indirect

Quantitative

Manipulative

Low

Balas and
Adams, 1996b

The mean initial weight ± SD of queens was 15.2 ± 1.0 mg (n = 450). The mean
weight loss of queens during the claustral period was 5.9 ± 1.2 mg.

Indirect

Quantitative

Observational

Low

Balas and
Adams, 1996b

In 51 out of 60 cases, the queen separated from the brood died while the queen
placed with the brood survived without injury. In five cases, the separated queen
survived while the queen placed with the brood died. In the other four cases, both
queens survived for 3 weeks.

Direct

Quantitative

Manipulative

High

Tschinkel, 1996

Overwintered queens weigh 8-11mg and contain only 35-40% fat compared to
spring-reared queens which weigh 15-16mg and contain 45-50% fat.

Indirect

Quantitative

Observational

Low

Balas and
Adams, 1997

Most attempted usurpations were unsuccessful. Only 10 out of 52 (19.2%) migrating
queens successfully displaced queens in other nests. We observed the migration of
the queen in 34 of these 40 colonies. Queens eliciting low aggression were more
likely to usurp (7 of 21 trials) than queens eliciting high aggression (1 of 13 trials).
Usurpation success was greater if workers familiar with the migrating queen were
present in the colony she entered, but did not depend on relatedness…. When
introductions of migrating queens were delayed by 16 h after conclusions of brood
raids, the percentage of successful usurpations declined, whether or not workers
familiar with the migrating queen were present. These percentages were
significantly lower for both the familiar kin and unfamiliar nonkin treatments,

Indirect

Quantitative

Manipulative

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

compared with the similar treatments when migrating queens were introduced
immediately after a raid's conclusion
Tschinkel, 1998

At the end of the founding period, queens that start colonies individually weigh less
than queens that start colonies with multiple queens

Indirect

Quantitative

Manipulative

Low

Vander Meer
and Porter,
2001

Founding queens weighed only 66% of their original weight by 20 d after mating
(10.05 ± 0.92 mg).

Indirect

Quantitative

Observational

Low

Cassill, 2002

During the first phase of colony founding, newly mated queens employed several
compensatory strategies for rearing brood without worker assistance…. newly
mated queens spent 65% of their time engaged in brood care activities; queens
incubated with workers spent <1% of their time tending brood…. Queens avoided the
cost of foraging for food by rearing their first batch of offspring on body reserves in
the form of trophic eggs that queens laid, ingested and then regurgitated to larvae…
In the second phase of colony founding, after the first worker offspring hatched, the
adult:larva ratio was >1:1.

Indirect

Quantitative

Observational

Medium

Brent and
Vargo, 2003

Unlike solitary monogyne queens that produce 20–100 eggs during the first two
weeks following dealation, the females in this experiment [subject to hormone
regulation] produced, on average, over 230 eggs. Such a high rate of egg production
would quickly deplete a queen’s endogenous reserves.

Indirect

Quantitative

Manipulative

Low

Azizi et al., 2007

A novel protein in the hemolymph of newly collected mated queens observed 24 h
postmating was not present in the hemolymph of either virgin queens or in queens
2-14 d postmating… the protein might play a key role in flight muscle histolysis,
which queens use the products as a food reserve, for egg formation, and for
nurturing the first larval brood.

Indirect

Quantitative

Observational

Low

Helms and
Godfrey, 2016

Abdomens of claustral S. invicta averaged nearly double the weight of their parasitic
counterparts (5.331 ±0.91 mg versus 2.745 ±0.67). The average claustral queen,
would produce three times as many initial workers as the average parasitic queen
(31 versus 10 workers). Combining our [flight] results into a simple fitness tradeoff
model, we calculated that an average parasitic queen could produce only 1/3 as
many worker offspring as a claustral queen, but could fly 4 times as long

Indirect

Quantitative

Observational

Low
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2.1.3.2 Science evidence not supporting the principle
No science was found to counter the principle.

2.1.3.3 Assessment of the science evidence
There are numerous independent studies providing evidence of the principle, not only directly for
the outcome (death versus survival), but also indirectly for the underlying mechanisms (limited
body energy reserves and that queens do not feed themselves) and queen survival strategies
(adoption, usurpation, parasitism, reproductive output vs energy conservation trade-off). The
manipulative experiments by Stringer et al., (1976) and Balas and Adams (1996) are the works that
most demonstrate the principle, especially Stringer et al., (1976) which appears to be the only
study that has provided food to queens in survival tests. Proving that queens do not feed
themselves.
Although there are some great differences between the life-history strategies of monogyne and
polygyne queens or overwintered queens and spring-reared queens, the outcome is the same if
they are separated from workers, or if they fail to rear first brood workers, hence these numerous
scenarios are not considered separately. Notably, even in the absence of a manipulative
experiment, the principle can be indirectly demonstrated by calculations of energy (proxied by
weight) reserves available within any queen at any stage of her life relative to the cost of brood
production. About 25-35% of a claustral queen’s used energy, equivalent to 70% of her used dry
weight (approximately half her body weight), is converted to first offspring (between 5 and 35
minims). So any queen that for any reason does not have this equivalent amount of energy
reserves (weight) will not be able to produce brood to maintain her life in the absence of existing
workers.
Only a single study (Stringer et al., 1976) was found that demonstrated that an established queen
could indeed re-establish a colony with very few existing workers (25) and brood (25 pupae and
larvae), separating it from the likes of adoption trials which utilised large orphaned colonies. It was
surprising that the thresholds (e.g. number and age of workers relative to queen weight) has not
had a larger science focus. However, such quantification is not necessary to prove this principle,
nor for the development of protocols for movement control. The simple implication is that any
protocol(s) that aim to separate a queen from brood or workers must maintain complete
separation.
The intent of this principle is about the inability of a queen to survive if she is separated from a
colony, and also that she is not capable of starting a new colony if she either fails to start her own
colony, or is separated from an established colony. An alternative principle could have been: A
queen only has enough fat reserves to sustain herself and her first brood in the claustral period, or
less, but this wording does not reflect the absolute dependence of the queen upon workers for
survival. Similarly there could have been multiple other principles based around the indirect
evidence of the proposed principle covering the biochemical means that queens use stored
energy, strategies to limit energy use, strategies queens use to survive if they are workerless, that
fire ant colonies will adopt new queens, and that queens do not feed themselves, but none of
these have direct implications for movement control and are therefore considered best to be all
encompassing under the single proposed principle.
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2.1.3.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated and quantified.

2.1.4 Conclusions: principle 1
The principle was reworded to give New Principle 10, ‘After a queen’s fat reserves are exhausted,
she is reliant on workers for nutrition’.

2.2

Principle 2: establishment of fire ant colonies

Principle

It takes approximately 21 days for a fire ant colony to establish, so any
disturbance of the nest during this time is likely to result in death of the
new colony.

Scientific rationale

The claustral period (initial establishment of nest, first egg-laying, larval
stage, pupal stage and first foraging by emerging adults) lasts from 3-4
weeks depending on temperature. It is this claustral period that has the
most risk and highest fatality rates for fire ant: any disturbance, causing
separation of the queen from its workers during this time is likely to
result in death of the new colony (Tschinkel, 2006).

Practical measures
and examples

These measures are shared with principle 1.
Application of some form of risk mitigation is needed to disturb a fire ant
colony prior to movement of the carrier off site. Disturbance must be
sustained and vigorous enough to prevent the colony from recovering,
such as workers relocating their queen after the disturbance has taken
place.
Inadequate storage of the carrier will require some form of risk
mitigation (disturbance, chemical or heat) prior to movement off site.
Disturbance: for carriers that have been stockpiled, disruption of a fire
ant colony can be in the form of screening, shredding, complete turning,
grinding, crushing or chipping.
Stockpiles must be re-disturbed every 21 days to address the potential
for fly-ins and ensure any newly formed nest is adequately disrupted.
For example, for hay, which is a high-risk carrier, the final raking of the
hay and the subsequent raking plus baling are done within 24 hours of
each other; baled hay must also be removed from the paddock it was
baled in within 24 hours.
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2.2.1 Is the wording correct and consistent with a science principle?
No. Although it is technically correct, the sentence is a mixture of a biological detail, an action, and
an implication. This principle was reworded to ‘It takes approximately 21 days for a fire ant colony
to establish’.

2.2.2 Has the literature been comprehensively cited?
Whilst it is understood that the derivation of this principle rested on appropriate references to the
published and grey literature, the only citation provided for the review was Tschinkel (2006). This
is a book summarising knowledge of S. invicta and, as such, a formal review of the literature was
required in order to correctly evaluate the principle. Additional science underlying this principle is
provided in the analysis for Criterion 3 in Section 2.2.3.1. Notably, the underlying science detail is
that for the proposed new principle.

2.2.3 Assessment of science underpinning the principle
[Please see overleaf]
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2.2.3.1 Science evidence supporting the principle
Table 2 It takes approximately 21 days for a fire ant colony to establish
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

Wilson and
Eads, 1949

Lab experiment: Eggs in an incipient colony hatched in nine days. The larval period in
two incipient colonies covered nine days. Worker pupae in an incipient colony
transformed in six days. During this time, the temperature varied from 50°F. to 93°F.
with an approximate mean of 72°F.

Direct

Quantitative

Observational

High

Wilson, 1958

eggs hatch in about 9 days, the larvae change to pupae after about the same period,
and adults emerge from the pupae about a week later

Direct

Qualitative

Observational

Low

Fincher and
Lund, 1967

The queens began laying eggs within 48 hours after mating. The eggs hatched in 8-10
days, the larval stages lasted 9-12 days, and the pupal stage lasted 10-15 days for a
total life-history time requirement of 27-37 days.

Direct

Quantitative

Observational

High

Khan et al.,
1967

At a relative humidity of 75-85% and a temperature of 80-85°F, 22-28 days were
required for mated queens to rear the 1st adult minim workers

Direct

Quantitative

Observational

Very high

Markin et al.,
1972

In laboratory conditions, the first workers are produced in 20-24 days. This varied
from an average of 22.3 days at 29.5°C to 51.2 days at 24°C and 24.5 days at 35°C. The
longest time required for a queen to produce workers was 95 days at 24° C, and the
shortest was 13 days at 29.5°C. Under field conditions, the first workers were on the
surface foraging in 22-31 days.

Direct

Quantitative

Manipulative

Very high

Cupp et al.,
1973

Two sets of eggs hatched and progressed to minim pupae within 14 days. Twenty days
following insemination, 5 minim workers were first noted in one vial and 6 minims
were seen in the 2nd vial.

Direct

Quantitative

Observational

High

Banks et al.,
1981

The first worker ants will eclose in about 25 to 30 days in the laboratory maintained at
28°C.

Direct

Quantitative

Observational

High

Tschinkel,
1992a

Nests from each mating flight opened over a 10-14 day period… It seems likely that
even after completing claustral development, nests wait for certain conditions before
opening. The mean time from founding to nest opening varied from 16-48 days.

Indirect

Quantitative

Observational

Medium
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2.2.3.2 Science evidence not supporting the principle
No science to counter the principle was found. Although development times could greatly exceed
21 days, or be slightly less, these differences are temperature related, predictable and not counter
to the intent of the principle which is to demonstrate that there is a timeframe between when a
nuptial flight occurs and when the first workers are fully developed. Approximately 21 days is what
would be expected for colony development time within the climate around Brisbane.

2.2.3.3 Assessment of the science evidence
There are numerous independent studies providing direct quantification of the principle in a
variety of environmental conditions (temperatures) in both laboratory and field conditions. The
results are consistent and predictable in that at least 16 days is needed for colony establishment
and that warmer temperatures will reduce the colony establishment time relative to cooler
temperatures. The figure of 21 days is in line with the Queensland climate. The principle itself has
been unequivocally demonstrated and quantified. Notably, there appears to have been sufficient
quantification of the principle to develop sound protocols for movement control.
In addition to this principle which addresses a timeframe for conditions when colony development
is possible, there are also upper and lower temperature limits to colony development. These limits
are addressed in the reworded principle ‘Fire ants have Critical Thermal Limits’.

2.2.3.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated.

2.2.4 Conclusions: principle 2
This principle was reworded to give New Principle 9, ‘It takes approximately 21 days for a fire ant
colony to establish’.

2.3

Principle 3: high temperatures

Principle

High temperatures can either repel or kill fire ants, so carriers that are
heated to these temperatures are unlikely to harbour fire ants.

Scientific rationale

In a controlled environment experiment, fire ants became agitated and
attempted to leave their surroundings when the temperature reached
38.3C. At 46oC, the fire ants started to slow in movement, with death
occurring at 51oC (Bauer, 2014). In another study, fire ant upper critical
thermal limit has been recorded at 40.7oC (Cokendolpher and Phillips,
1990). In Texas, fire ant foraging activity reduced when temperatures
were above 40oC (Porter and Tschinkel, 1987).
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Practical measures
and examples

Heating to at least 40oC can disturb/repel a fire ant colony enough to get
the colony to disinfest the product temporarily. The product would need
to remain at or above this temperature for continued repellence.
To kill fire ants within a product, heating needs to be above 50oC to
ensure death of any fire ants present.
For example, composting methods that reach temperatures above 60oC
will kill any fire ants present. However, treatment or further risk
mitigation strategies may be needed around the piles/around the
outside due to these areas not reaching the required temperatures to
disinfest or kill any fire ants present.

2.3.1 Is the wording correct and consistent with a science principle?
No, even though it may be technically correct. The sentence is a mixture of a biological detail, an
action, and an implication, so rewording is needed to reduce it to the biological detail only.
Additional issues are that there is ambiguity with the term ‘high’ temperatures, the text ‘high
temperatures can either repel of kill fire ants’ is actually a consequence, and the same
consequences would also apply for cold temperatures. The underlying biological detail that needs
to be the principle is that fire ants are subject to Critical Thermal Limits. This principle was
reworded to ‘Fire ants have Critical Thermal Limits’.

2.3.2 Has the literature been comprehensively cited?
Whilst it is understood that the derivation of this principle rested on appropriate references to the
published and grey literature, the only citations provided for the review were three articles varied
substantively in their relevance and support for the principle as written. As such, a formal review
of the literature was required in order to correctly evaluate the principle. Additional science
underlying this principle is provided in the analysis for Criterion 3 in Section 2.3.3.1. Notably, the
underlying science detailed is that for the proposed new principle.

2.3.3 Assessment of science underpinning the principle
[Please see overleaf]
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2.3.3.1 Science evidence supporting the principle
Table 3 Fire ants have Critical Thermal Limits
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Wilson and
Eads, 1949

Lab experiment: Heat: Between 116.0°F and 116.6°F, activity suddenly ceased. The
jar was immediately cooled, but only about half of the workers recovered. Cold:
Freezer temperature remained at 32°F. Six days later, the ants were still recovering
fully when warmed. The temperature was then lowered enough to freeze solid all of
the earth. Four days later the ants recovered when warmed but died shortly
afterward.

Direct

Quantitative

Manipulative

Medium

USDA, 1958

No visible activity outside the mounds when the air temperature fell below 40°F or
rose above 90° in the shade. In dry, sandy soil in open sunlight at the latter
temperature the ants stopped all work on their mounds and retreated about 4
inches below the ground. When the air temperature approached 95°F in the shade,
the ants of a colony located in direct sunlight could be induced to emerge from the
mound only after vigorous disturbance, and they would stay out but a short time.
During several days of daily minima 22-32°F, ants inside the mounds were
completely inactivated below the ground level to a depth of 2 feet or more.

Indirect

Qualitative

Manipulative

Low

Markin et al.,
1972

No brood survived at or above 38°C or at and below 21°C.

Direct

Quantitative

Manipulative

Very high

O’Neal and
Markin, 1975

In lab study, queens held at 25, 30, 32 and 35°C laid eggs from which minim workers
developed successfully. At 38°C all the larvae had died by the fourth instar,
presumably due to dehydration. Queens held at 40°C died within 24 h of isolation,
before laying any eggs.

Direct

Quantitative

Manipulative

Very High

Francke et al.,
1985

Acclimation regime at 32°C, 22°C, and 12°C. At 0% R.H. experimental LD50 values
(exposure = 60 min) were between 42.4°C and 44.0°C and the LD95 values between
44.7°and 47.3°C. At 100% R.H. experimental LD50 values (exposure = 60 min) were
40.8°C and 42.3°C and the LD95 values 43.1°and 43.8°C (with no readings at 32°C)

Direct

Quantitative

Manipulative

Very High

Francke et al.,
1986

Supercooling temperatures (mean ± SD): Larvae workers -12.0 ± 3.3°C and
reproductives -10.9 ± 5.9°C. Pupae workers -21.4 ± 2.8°C, females -14.8 ± 4.6°C and

Direct

Quantitative

Manipulative

Very High
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

males -17.5 ± 4.3°C. Adults minor workers -9.4 ± 4.2°C, medium workers -8.0 ±
2.3°C, major workers -6.8 ± 0.9°C, females -9.7 ± 3.1°C and males -11.2 ± 3.6°C.
Porter and
Tschinkel, 1987

Workers foraged from 15 to 43°C

Indirect

Quantitative

Observational

Low

Taber et al.,
1987

The maximum difference over time among sample mean supercooling points was
less than 2 C° and the lowest mean supercooling point was slightly higher than -6°C.
We noted no ants that survived freezing.

Direct

Quantitative

Manipulative

Very High

Braulick et al.,
1988

At 37.8°C and 0% humidity, LT50 was 2.3h ± 0.05, LT90 was 3.0h ± 0.17 and LT99
was 3.9h ± 0.39 (minor workers). LT50 was 2.9h ± 1.93, LT90 was 6.7h ± 1.38 and
LT99 was 9.8 ± 0.94 (major workers). At 37.8°C, all minor workers died within five
hours. At 26.7° and 32.3°C, minor workers lived no longer than 13 and 8 hours,
respectively. The major worker caste of all species survived no longer than ten hours
at 37.8°C. At 26.7° and 32.3°C the major workers died within 37 hours.

Direct

Quantitative

Manipulative

Very High

Porter, 1988

Colony growth ceased below 24°C even though 17°C was the theoretical minimum
for brood development.

Direct

Quantitative

Manipulative

Very High

Cokendolpher
and Phillips,
1990

The CT values obtained at weekly intervals as colony maintenance temperatures
were reduced from 29° to 9°C showed significant reductions in both CTMAX and
CTMIN. The CT values averaged 40.7° and 3.6°C respectively.

Direct

Quantitative

Manipulative

Very High

Williams, 1990

Many more workers died at 35°C… and 91% of the colonies held at this temperature
died by 90 days…. highest queen mortality was at 35°C… All workers produced at
17°C died within a few days; so at this temperature no colonies were established.

Direct

Quantitative

Manipulative

Very High

Landry and
Phillips, 1996

Means of supercooling points ± SD of ants subject to four acclimation temperatures:
22°C, -6.4±2.0; 10°C, -6.0±1.3; 5°C, -6.2±1.8; 0°C, -6.9±2.6.

Direct

Quantitative

Manipulative

Very High

Phillips et al.,
1996

The LT50 of minor workers collected in far northwestern Texas is ~̴7 h; whereas, that
of minor workers from far southeastern Texas is ~̴ 5.5 h. These LT50s are significantly
different from the other 4 locations sampled from the middle of the transect

Direct

Quantitative

Manipulative

Very High

James et al.,
2002

Supercooling points (SCP) for three head capsule sizes of Solenopsis invicta: Small
(0.71 ± 0.005 mm) – SCP: -8.1 ± 0.43°C; Large (1.32 ± 0.009 mm) – SCP: -6.9 ± 0.21°C;

Direct

Quantitative

Manipulative

Very High
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Female alates (1.41 ± 0.003 mm) – SCP: -8.8 ± 0.42°C. Mortality was 100% for all
types after 7 d at -4°C.
Quarles et al.,
2005

Northernmost Texas colonies had higher mean supercooling points (-5.91 ± 0.21°C)
than the southernmost colonies (-16.49 ± 0.11°C). Colonies from central Texas had
intermediate mean supercooling points (-10.40 ± 0.19°C).

Direct

Quantitative

Manipulative

Very High

Tschinkel and
King, 2007

Plots containing 32 to 38 colonies were treated with hot water (70° to 85°C).
Treated colonies were killed.

Indirect

Quantitative

Manipulative

High

Hahn et al.,
2008

3 chilling rates: -35°C, which yielded an approximately linear cooling rate of 10°C/min from 28 to -25°C, tapering off in rate from -25 to -35°C, a controlled ramp
of-1°C/min from 28 to -35°C, and a controlled ramp of -0.1°C/min from 28 to -35°C.
There was a difference of ~̴3°C between the supercooling points of the smallest and
largest workers.

Direct

Quantitative

Manipulative

Very High

Bauer, 2014

The lowest temperature that a change was observed was at 115°F and the highest
temperature found that a fire ant could withstand was 125°F. The majority of
change occurred at 120°F. At this temperature, 90% of ants became motionless and
died.

Direct

Quantitative

Manipulative

Very High

Chen et al.,
2014

Chamber was set to 39°C, 40°C and 41°C, but, data logger readings were 37.9°C.
38.8°C and 39.2°C respectively. Large workers: mortalities between >37.88°C and
39.22°C. Small workers: mortalities between >25°C and 39.22°C. Female alates:
mortalities between >37.88°C and 39.22°C. Desiccation Stress (23.5% RH at 23°C):
LT50 values ranged from 13.7h to 15.9 h for small workers, and 42.8h to 47.4h for
large workers. Female alates mortality at 44.5, 63 and 68h.

Direct

Quantitative

Manipulative

Very High

Wendt and
Verble-Pearson,
2016

Three body sizes of Solenopsis invicta: Large (mean mass 0.003142 g) – CTmax
46.46°C; Medium (mean mass 0.001279 g) – CTmax 46.39°C; Small (mean mass
0.000466 g) – CTmax 45.93°C

Direct

Quantitative

Manipulative

Very High

Roeder et al.,
2018

Worker mean mass ± SE (0.237 ± 0.020 mg) – CTmax 49.0 ± 0.4°C

Direct

Quantitative

Manipulative

Very High
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2.3.3.2 Science evidence not supporting the principle
No science was found to counter the principle.

2.3.3.3 Assessment of the science evidence
There are numerous independent studies providing direct quantification of the principle in
laboratory and field conditions. The results are consistent and predictable. The principle itself has
been unequivocally demonstrated and quantified. Note that some of the indirect evidence of
thermal limitations relates to worker activity rather than death and these activity data have
different implications for movement control (detection) than the data for death (treatments).

2.3.3.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated and quantified.

2.3.4 Conclusions: principle 3
This principle was reworded to give New principle 12, ‘Fire ants have Critical Thermal Limits’.
A further principle was then added: New Principle 13, ‘Fire ants are susceptible to chemical and
non-chemical treatments’.

2.4

Principle 4: depth of nest chamber

Principle

While the main nest chamber of a newly established or young fire ant
colony in the ground is usually located within the top 1 metre of soil,
some chambers may be lower; therefore, there is still a risk of colony
spread due to disturbance and queen protection behaviour if the top
layer of soil is removed.

Scientific rationale

Markin et al., (1973) studied fire ant colonies and maturing mounds and
found the spongelike internal structure typical of the interior of mounds
extended down into the ground in the shape of an inverted cone. The
apex of the inverted cone would be approximately 60 cm below the soil
surface, with several large tunnels extending downwards an additional
metre or more at the approximate level of the water table.

Practical measures
and examples

Only at sites that have been surveyed and found to contain no
infestation of fire ants is there minimal risk of moving fire ants after the
top 1 metre of soil has been removed. Sites where there are infestation,
or are surrounded by infestation still poses a risk of spread regardless of
how much of the profile is removed. Sites where there is nearby
infestation or are known to be infested have a high-risk of moving fire
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ants and sufficient mitigation measures must be undertaken (*to be
discussed at the next SAG meeting).

2.4.1 Preliminary evaluation
2.4.2 Is the wording correct and consistent with a science principle?
No. But it is technically correct. The sentence is a mixture of a biological detail, an action, and an
implication, so rewording is needed to reduce it to the biological detail only. Additionally, the
principle only refers to established colonies, not the claustral stage. Yet claustral-stage colonies
are in the same soil depth (top 1 metre of soil) and also capable of being accidentally dispersed,
irrespective of the likes of queen protection behaviour. Notably, this additional scenario for
claustral-stage colonies is not adequately captured in any of the other principles. To capture the
full diversity of the biological details of nest depth in a single principle this principle was reworded
to ‘Fire ant nest depth varies with colony age’. Note that there is also high relevance with
proposed new principle 9.

2.4.3 Has the literature been comprehensively cited?
Whilst it is understood that the derivation of this principle rested on appropriate references to the
published and grey literature, only one article was cited and, as such, a formal review of the
literature was required in order to correctly evaluate the principle. Additional literature underlying
this principle is provided in the analysis for Criterion 3 in Section 2.4.4.1.

2.4.4 Assessment of science underpinning the principle
[Please see overleaf]
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2.4.4.1 Science evidence supporting the principle
Table 4 Fire ant nest depth varies with colony age
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Wilson and Eads,
1949

Excavation of mature colonies only. The deepest galleries found in the nests
excavated extended between fifty-one and sixty-five inches beneath the ground
level.

Direct

Quantitative

Observational

Medium

USDA, 1958

[Queens dig] a brood chamber 1 to 4 inches underground. Later referring to
established colonies: A few vertical tunnels have been found dug to depths of 5
feet or more

Direct

Qualitative

Observational

Low

Green, 1967

The burrow made by a queen is usually about two inches long. Most of them that
have been dug out, went down about one-half inch and then turned to go parallel
with the surface of the soil

Direct

Qualitative

Observational

Low

Adkins, 1970

the queen constructs a brood chamber under some material, such as a rock or
discarded plank, or else in a small crevice in the soil. If no protective covering is
available, the queen will construct the chamber one to four inches (25 to 100 mm)
under the surface of the ground… The actual depth of the mounds varies, but it is
not uncommon for them to have a depth of four to five feet (120 to 150 cm)

Direct

Qualitative

Observational

Low

Markin et al.,
1972

Queens construct a nest consisting of a vertical tunnel about 7 cm deep

Direct

Quantitative

Observational

Low

Markin et al.,
1973

by day 30, nests usually consisted of little more than the original burrow (implicitly
max 10cm depth due to the depth of the next timeframe). By 60 days, the nest
was 10-15cm deep. By 90 days, nests were 18-25cm deep. After 5 months, the
mound extended below ground 10-20cm and tunnels extended an additional 3040cm (i.e. up to 60cm deep). By 7 months when winter stopped colony growth,
nests were 69-90cm deep. By 3 years, mature nests extended down to the water
table, 170-250cm

Direct

Quantitative

Observational

Very high

Tschinkel, 1998

Laboratory experiment. Queen-dug founding chambers were usually 5-10cm deep
(mean =7.3cm)

Direct

Quantitative

Manipulative

Medium
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2.4.4.2 Science evidence not supporting the principle
No science was found to counter the principle.

2.4.4.3 Assessment of the science evidence
There are numerous independent studies providing direct evidence of the principle in both
laboratory conditions and field settings. Unsurprisingly the measurements of mature colonies are
only from field settings, but this does not detract from the science value. Likewise, most
supporting science is merely observational, but only observational data are needed to confirm this
principle. A limitation is that studies only mention soil type in extreme circumstances such as
when queens are unable to dig, so it is unclear how nest metrics would vary among soil types, (e.g.
sandy vs clay). At most, one paper (Tschinkel, 1998) detailed an experiment of nuptial-queen
nesting on hard vs soft soil, but due to a different science focus nothing was reported of incipient
nest depth differences. Regardless, this limitation is just of environmental variation, not of the
principle itself. The principle itself has been unequivocally demonstrated. Notably, there has been
sufficient quantification of the principle to develop sound protocols for movement control.

2.4.4.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated and quantified.

2.4.5 Conclusions: principle 4
This principle was reworded to give New principle 7, ‘Fire ant nest depth varies with colony age’.
A further principle was then added: New principle 8, ‘Queens are not located at any single location
within a nest’.

2.5

Principle 5: monogyne colonies without queen or alates

Principle

A monogyne colony fraction with no queens or alates is unlikely to cause
further infestation.

Scientific rationale

A small group of fire ant workers from a monogyne nest, separated from
their queen and nest-mates, is generally not a viable colony in its own
right. Usually, when a colony loses the queen (due to death, pesticide,
etc.), the colony dies (Tschinkel 2006). However, there are very rare
circumstances where a queenless colony can survive:
•

A virgin female alate in the nest may take up the role of queen and
produce eggs. However, as she is unfertilised, these eggs can only
develop into male alates (Tschinkel, 2006).

•

A newly-mated female alate may be adopted (Vander Meer and
Alonso, 2002).
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Practical measures
and examples

A small group of monogyne workers separated from their queen
presents a minimal spread risk to the Program.

2.5.1 Is the wording correct and consistent with a science principle?
No. This entire text is a consequence of biological details, not a biological detail itself. This
principle was modified to produce an entirely new principle.

2.5.2 Has the literature been comprehensively cited?
Whilst it is understood that the derivation of this principle rested on appropriate references to the
published and grey literature, only two citations were provided for the review. One of these was
Tschinkel (2006), a book summarising knowledge of S. invicta, while the second is an article
providing details of a scenario that results in the presented principle not holding true. A formal
review of the literature was required in order to correctly evaluate the principle.

2.5.3 Assessment of science underpinning the principle
Because of the numerous issues identified in Sections 2.5.1 and 2.5.2 we present this analysis with
the proposed new principle 11: ‘If a queen is lost from a colony, the colony will survive if another
inseminated queen is present or adopted’.

2.5.4 Conclusions: principle 5
This principle deleted as written, and recast as New Principle 11, ‘If a queen is lost from a colony,
the colony will survive another inseminated queen is present or adopted’.

2.6

Principle 6: establishment on impermeable surfaces

Principle

Fire ants will not establish on impermeable surfaces.

Scientific rationale

Fire ants won’t establish on a surface that is impermeable. However,
they can damage hard surfaces such as bitumen roads by excavating soil
underneath the road when nesting beside it (Banks et al., 1990), thus
bitumen or compacted earth is not deemed impermeable.

Practical measures
and examples

Storage of carriers that have the potential to harbour fire ants need to
be stored on an impermeable surface that has no cracks or damage to
prevent infestation from surrounding soil. If this surface is compacted
ground, then treatment is required in addition to any risk mitigation
strategies already in place.
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2.6.1 Is the wording correct and consistent with a science principle?
No. There is no biological detail in the principle, it is only a consequence of potentially many
biological details. There is also a semantic issue with the use of the word ‘impermeable’, which is
defined as ‘not allowing fluid to pass through’. For example, water can flow through granite, but a
queen ant is very unlikely to excavate a nest within solid granite. Yet plastic is impermeable, but
many ant species readily chew through plastic to access resources or establish nest space. Perhaps
a better word would be ‘impenetrable’. There is an additional semantic issue in that it is ‘colonies’
that establish, not the individuals. The term ‘Fire ants’ can refer to species, or individuals, but not
colonies. There are further issues of situation nuances such as the establishment of colony from a
queen undergoing a nuptial flight versus a colony arriving in goods being placed on a surface, and
by contrasting scenarios of when the surface is bare versus having goods sitting on the surface.

2.6.2 Has the literature been comprehensively cited?
Whilst it is understood that the derivation of this principle rested on appropriate references to the
published and grey literature, only one article was cited, and this was concerned with damage to a
hard surface by a colony that established near to the hard surface. The article does not provide
essential support to the principle as written. As such, a formal review of the literature was
required in order to correctly evaluate the principle.

2.6.3 Assessment of science underpinning the principle
To deal with all of these issues, an assessment was undertaken of the science underpinning the
modified principle: ‘Fire ants cannot establish or maintain colonies on impenetrable surfaces’.
[Please see overleaf]
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2.6.3.1 Science evidence supporting the principle
Table 5 Fire ants cannot establish or maintain colonies on impenetrable surfaces
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Markin et al.,
1971

… the freshly mated ants were unable to excavate more than a shallow trench in
the hard packed soil and ultimately all females were observed to have died,
presumably of desiccation.

Indirect

Quantitative

Observational

Low

2.6.3.2 Science evidence not supporting the principle
Table 6 Fire ants cannot establish or maintain colonies on impenetrable surfaces
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Green, 1967

If for some reason (such as too hard soil) the queens do not get their chambers
started in several hours, they may concentrate in large masses under objects on the
soil surface such as boards.

Indirect

Qualitative

Observational

Low

Banks et al.,
1981

As the queens descend from the flight, they can be easily collected from the surface
of parking lots, hard-surface roads, etc….queens can be found on hard surfaces
under pieces of paper or cardboard, tin cans, boards, etc.

Indirect

Qualitative

Observational

Low

Vinson and
Sorensen, 1986

[fire ants] nest under patio slabs, walks and roads, causing these structures to crack
and collapse when the ants leave.

Indirect

Qualitative

Observational

Low

Banks et al.,
1990

Removal of soil from beneath the roadway by RIFA caused the road to collapse
under vehicular traffic. The larger depressions were hazardous to vehicles and all
caused sufficient breakup of the asphalt surface to require repairs… Forty km along
the three roads averaged four depressions or potholes per km. On another highway:
damage by fire ants to silicone highway [expansion] joint sealant between newlycompleted concrete sections of highway. Open tunnels were invaded by fire ants
from nests on either [highway] shoulder and the ants chewed away a styrofoam

Direct

Qualitative

Observational

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

backer rod and made exit holes through the silicone to the surface… a total of about
555 penetrations in the 6930 m of sealant in each km of highway.
Vinson, 2013

I have seen fire ants under walkways that later collapsed (personal observation)… In
fact any area where the soil is covered with cement or asphalt to allow people or
cars to use may be susceptible to IFA damage round the edge or where seams
between these areas occur.

Direct

Qualitative

Observational

Low

Craddock, 2016

Fire ant colony found infesting a moored yacht recently arrived from the Caribbean.
Associated press release: https://www.scoop.co.nz/stories/SC0702/S00048/redimported-fire-ants-located-on-yacht.htm

Direct

Qualitative

Observational

Low

60 | CSIRO Australia’s National Science Agency

2.6.3.3 Assessment of the science evidence
There is no science underpinning this principle other than one incidental report of an observation
that queens died after failing to dig into a hard surface. There is ample incidental evidence that
potentially counters the principle, but this evidence is also weak. Notably there appears to never
have been a formal scientific test of anything that relates to this principle. At best, field
observations and laboratory experiments suggest that the queen’s highest priority upon choosing
a landing site is to escape predation, especially when on hard soils or impenetrable surfaces. If
nuptial queens are able to survive in these scenarios, they do so by prioritising sheltering under
objects rather than digging a hole (see text for New principle 5), and they do so in groups if
necessary. Notably there is no evidence that they cannot commence colony initiation in these
situations. But regardless of whether queens managed to excavate a burrow or not at a later time,
no documents detailing the success of establishing colonies in these instances were found.
Clearly though, the evidence of fire ant transport and incursions highlights that fire ants can
maintain colonies and establish in new locations within/on impenetrable surfaces where
interstitial spaces occur. This includes spaces within structures such as the yacht that was found in
New Zealand to contain a fire ant colony. Additionally, the principle remains confounded by the
logic that a suitable substrate (e.g. a pot of soil) can be placed on a completely impenetrable
surface (e.g. concrete) and a colony can maintain itself. An example of this is the detection of
probably two incursions of fire ants at Brisbane Port in May 2016 among containers placed on the
sealed surface of the port (sourced from emails supplied to the then Tramp Ant Consultative
Committee).
Ultimately, in addition to all of the issues listed above, it remains that there is no biological detail
in the principle. No matter how it is worded, this principle is an outcome, and even if the outcome
was supported by science it would be an outcome of potentially many biological details. It is these
biological details that would be the principles. However, no specific biological detail(s) were
identified that could be used as a basis to test the principle that fire ants are not able to establish
or maintain colonies on impenetrable surfaces.
Because of all of the issues stated above, the statement that ‘Fire ants cannot establish or
maintain colonies on impenetrable surfaces’ does not meet the criteria of being a principle. At
best, for the purpose of movement control, it could be said that in some specific circumstances,
impenetrable surfaces could help constrain fire ant colonisation.

2.6.3.4 Science needed to unequivocally demonstrate the principle
There is no science recommended to attempt to demonstrate this principle as the statement that
‘Fire ants cannot establish or maintain colonies on impenetrable surfaces’ does not meet the
criteria of being a principle.

2.6.4 Conclusions: principle 6
This principle was deleted.
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2.7

Principle 7: seasonality of nuptial flights

Principle

Nuptial flights can occur at any time of the year.

Scientific rationale

Although nuptial flights tend to occur in spring and early-mid summer
when air temperatures are between 23°C and 33°C, they can take place
at any time of the year. They have been observed flying at temperatures
as low as 15°C (Xu et al., 2009).
It appears that even during the colder seasons, if the temperatures are
high enough during the day, a nuptial flight may take place on the
second or third day following a rain event (Morrill, 1974). The general
consensus is that a minimum of 0.2 to 8.6 mm of rain must fall otherwise
the ground will be either too dry or too wet for claustral chamber
formation (Morrill, 1974b; Bass and Hays, 1979). Whitcomb et al., (1973)
also states that large flights tend to occur during periods of high
humidity following rainfall after weeks of drought early in the summer.

Practical measures
and examples

Nuptial flights are more frequent in spring to mid-summer, which means
treatment early in the treatment season (i.e. September to October) is
important. However, nuptial flights can occur at any time of year.

2.7.1 Is the wording correct and consistent with a science principle?
Yes. That said, the biological fact that nuptial flights occur is also required as an underlying
principle, not just when they occur. Notably, demonstrating the existence of nuptial flights uses
the same scientific input as demonstrating when they occur, so for brevity the two facts were
combined into a single principle. This principle was then reworded to ‘Fire ants disperse naturally
by nuptial flights, and nuptial flights can occur at any time of the year’. An alternative that changes
the focus from the species to the individuals could also be: ‘Fire ant queens disperse naturally by
nuptial flights, and nuptial flights can occur at any time of the year’ but this becomes slightly
problematic because budding also occurs, even though budding only serves local dispersal not
regional dispersal. Notably the science presented for a related principle (see below) that, ‘Queens
can naturally disperse by flight many kilometres from the nuptial nest’ also serves to demonstrate
the existence of nuptial flights.

2.7.2 Has the literature been comprehensively cited?
Whilst it is understood that the derivation of this principle rested on appropriate references to the
published and grey literature, only a minimal subset of this was provided. As such, a formal review
of the literature was required in order to correctly evaluate the principle. Additional science
underlying this principle is provided in the analysis for Criterion 3.

2.7.3 Assessment of science underpinning the principle
[Please see overleaf]
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2.7.3.1 Science evidence supporting the principle
Table 7 Fire ants disperse naturally by nuptial flights, and nuptial flights can occur at any time of the year
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Wilson and
Eads, 1949

In all but the youngest S. richteri colonies, the winged sexual forms are usually to be
found the year round. They are produced at least from March to September and are
apparently most abundant in late spring and early summer… swarming usually
occurs after a rain

Indirect

Qualitative

Observational

Low

Green, 1952

[Mississippi] Large flights of both sexes of the alate forms were observed on sunny
days in the early part of both summers… Following the flights there was a short
period during July when no alate forms could be found in the mounds although
sexual pupae were present. At all other times during the year, the alate forms of
both sexes could be found in the mounds

Direct and
indirect

Qualitative

Observational

Low

USDA, 1958

Sexually mature winged ants may be found at almost any time of the year.

Indirect

Qualitative

Observational

Low

Hays, 1959

Mating flights took place during all spring, summer, and autumn months, except
during drought periods and winged sexual forms were found in the mounds all year.
The greatest number of flying individuals were seen in the spring, although
substantial flights were seen during the other two seasons.

Direct

Qualitative

Observational

High

Green, 1962

[Mississippi] mating flights of male and female ants may occur … most months of
the year.

Direct

Qualitative

Observational

High

Green, 1967

[Mississippi] mating flights have been observed in all months

Direct

Qualitative

Observational

High

Rhoades and
Davis, 1967

mating flights were observed in all months except January in north Florida. Mating
flights were not observed during either very wet or very dry periods.

Direct

Quantitative

Observational

Very high

Markin et al.,
1971

[southeastern United States - Louisiana]- Solenopsis saevissima richteri, produced
nuptial flights during all months of the year.

Direct

Quantitative

Observational

Very high

Markin and
Dillier, 1971

[Mississippi] Alate forms were most abundant in early spring... Production of alate
forms decreased steadily during the summer and ceased around September.
Overwintering alates formed 1-2% of the colony biomass between November and
May

Indirect

Quantitative

Observational

Medium
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Rubens and
Martin, 1971

Solenopsis saevissima [Uruguay]: In the ant colonies males and females of the alate
forms may be found during the whole year with a maximum in the first fortnight of
December and a minimum during the months of May and June. The decline of sexed
forms in January is due to individual flights which begin at this period and last until
the middle of April

Direct

Qualitative

Observational

Low

Markin et al.,
1973

[Mississippi] Area treated 12 months earlier had been reinfested not only with
incipient colonies from spring nuptial flights but also by newer and smaller colonies
founded by later nuptial flights during the remainder of the summer.

Direct

Quantitative

Observational

Medium

Horton and
Hays, 1974

[South Carolina] alate forms are present in most colonies throughout the year and
small nuptial flights can occur whenever climatic conditions are favourable.

Direct and
Indirect

Quantitative

Observational

Medium

Markin et al.,
1974

[southeastern United States] Alates are present in the mound all year

Indirect

Quantitative

Observational

Medium

Morrill, 1974a

[Florida] Alate ants were captured each month. Heavy flights began in April and
continued through August, with a peak in June.

Direct

Quantitative

Observational

Very high

Roe, 1974

Numerous flights observed in mid May to late September.

Direct

Qualitative

Observational

High

Bass and Hayes,
1979

[South Carolina] Nuptial flights occur all year

Direct

Quantitative

Observational

Very high

Fletcher and
Blum, 1983

Virgin queen fire ants that overwintered in parental nests participated in mating
flights in early spring.

Direct

Quantitative

Observational

High

Banks et al.,
1985

Mato Grosso [Brazil] Observed winged sexuals in many colonies in every month
except August, September and December. Observed flights of fire ants in January,
February, April, May, June and November

Direct and
indirect

Qualitative

Observational

Medium

Vinson and
Sorensen, 1986

[Texas] …six to eight mating flights occurring between the spring and fall seasons. …
mating flights can take place in any month of the year

Direct

Qualitative

Observational

High

Milio et al.,
1988

Mating flights were induced outdoors using field-collected colonies. Colonies in
buckets of soil will send up alates if water is poured into containers. – i.e. flights can
be stimulated.

Indirect

Qualitative

Manipulative

Medium
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Tschinkel,
1992a

Mating flights occurred May, June and July.

Indirect

Quantitative

Observational

Medium

Tschinkel,
1993a

Queens were collected after 3 mating flights in May and June.

Direct

Quantitative

Observational

High

Tschinkel,
1993b

Enormous synchronized mating flights in late spring

Direct

Qualitative

Observational

Medium

Belton, 2002

Winged reproductives are produced for most of the year, with mating flights
occurring year round (W Thompson pers comm to A. Pascoe). A higher frequency of
mating flights has been observed in Australia in the summer (C. Vanderwoude pers
comm to T. Tana)

Direct

Qualitative

Observational

Low

Plowman, 2007

Forty three mating flights have been reported in the field by FACC staff and the
public between November 2001 and May 2005.

Direct

Quantitative

Observational

High

Plowman, 2007

Investigations of forty five ‘outliers’ (that is nests found outside the area under
treatment) discovered between November 2001 and November 2003 suggest that
56% were dispersed by natural means (either flight or budding)….At this point in the
eradication program, investigations of recently discovered fire ant mounds suggest
that most, if not all, have dispersed by flight

Indirect

Quantitative

Observational

Medium

Kim et al., 2009

ambient temperature, relative humidity, wind speed, barometric pressure, and
recent rain are significant factors that trigger or influence fire ant mating flights.

Indirect

Quantitative

Observational

Low

Xu et al., 2009

[Guangdong province, China] [nuptial flights] occur year-round as long as
temperatures are favorable, with the majority occurring in Spring and Summer

Direct

Quantitative

Observational

Very high

Chen et al.,
2010

[Guangzhou area, China] Nuptial flights recorded every month except June,
September and November

Direct

Quantitative

Observational

Very high

Ye et al., 2010

In Shenzhen, China, nuptial flights occurred in 10 months of the year from Sep 2005
to Aug 2006 (not in March or April)

Direct

Quantitative

Observational

Very high
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Helms and
Godfrey, 2016

We collected parasitic S. invicta queens in late winter and claustral S. invicta queens
in late spring and summer.

Indirect

Quantitative

Observational
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Medium

2.7.3.2 Science evidence not supporting the principle
No science was found to counters the principle. It was acknowledged that budding also occurs,
although budding only serves local dispersal, as opposed to regional dispersal which is the focus of
invasive species spread.

2.7.3.3 Assessment of the science evidence
There are numerous independent studies providing direct and indirect evidence of the principle
throughout its native and exotic range in both observational and manipulative studies.
Unsurprisingly the supporting evidence is overwhelmingly from field settings, but this does not
detract from the science value. Likewise, most supporting science is merely observational, but only
observational data are needed to confirm this principle. The most noteworthy finding of all works
combined is that appropriate temperature and rainfall are the trigger for nuptial flights, and flights
can occur whenever there are suitable temperature and rainfall. However, this information is not
provided in most instances as it is merely the mechanism underlying the principle, not evidence
for the principle itself. The only identified manipulative study confirmed the mechanism and
supports the principle. Many papers only detail explicit times of flights within a limited timeframe,
especially when the paper deals with a time-limited experiment, but when used collectively the
evidence is clear that flights will occur at any time when suitable environmental conditions are
met. The principle itself has been unequivocally demonstrated. Notably, there will be great
regional variances in the on-ground reality of this principle (e.g. no flights during the coldest
periods of winter in some places), but there are due to localised geographic and meteorologic
factors that affect ant activity, and are predictable. Most importantly, there appears to have been
sufficient quantification of the principle to develop sound protocols for movement control.

2.7.3.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated and quantified.

2.7.4 Conclusions: principle 7
This principle was reworded to give New principle 2, ‘Fire ants disperse naturally by nuptial flights,
and nuptial flights can occur at any time of the year’.
The following three further principles were then added:
• New principle 1 – Fire ants have a very high production of female alates
• New principle 3 – Queens can naturally disperse by flight many kilometres from the nuptial nest
• New principle 4 – Queen choice of where to land to establish a colony is not random
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3 New scientific principles
From the discussion in Sections 2.1 to 2.7 above it can be seen that the existing seven scientific
principles have been recast as:
• Five reworded principles
• Eight new principles
• One deleted principle.
This results in a renumbered list of 13 new principles, as shown in Table 8 below. The eight
additional principles (shaded cells in Table 8) are evaluated systematically in Sections 3.1 to 3.8.
Table 8 Mapping the seven existing principles to the 13 new principles
Existing principle

Principle 7
Nuptial flights can occur at any time of the
year

Action

New principle

Additional principle

Principle 1
Fire ants have a very high production of female
alates
Principle 2
Fire ants disperse naturally by nuptial flights,
and nuptial flights can occur at any time of the
year
Principle 3
Queens can naturally disperse by flight many
kilometres from the nuptial nest
Principle 4
Queen choice of where to land to establish a
colony is not random
Principle 5
Nuptial queens will attempt to initiate colonies
under objects, not just in a hole on open
ground
Principle 6
Fire ants can translocate
Principle 7
Fire ant nest depth varies with colony age

Reworded principle

Additional principle
Additional principle
No existing principle

Additional principle

No existing principle

Additional principle

Principle 4
While the main nest chamber of a newly
established or young fire ant colony in the
ground is usually located within the top 1
metre of soil, some chambers may be
lower; therefore, there is still a risk of
colony spread due to disturbance and
queen protection behaviour if the top layer
of soil is removed

Reworded principle

Principle 2
It takes approximately 21 days for a fire ant
colony to establish, so any disturbance of
the nest during this time is likely to result in
death of the new colony
Principle 1

Reworded principle
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Additional principle

Reworded principle

Principle 8
Queens are not located at any single location
within a nest
Principle 9
It takes approximately 21 days for a fire ant
colony to establish
Principal 10

Existing principle

Action

An established fire ant queen will not
survive without workers, so if a queen is
permanently separated from the majority of
her workers, she will perish
Principle 5
A monogyne colony fraction with no queens
or alates in unlikely to cause further
infestation
Principle 3
High temperatures can either repel or kill
fire ants, so carriers that are heated to
these temperatures are unlikely to harbour
fire ants
Principle 6
Fire ants will not establish on impermeable
surfaces

3.1

New principle
After a queen’s fat reserves are exhausted, she
is reliant on workers for nutrition

Additional principle

Reworded principle
Additional principle
Deleted principle

Principle 11
If a queen is lost from a colony, the colony will
survive if other inseminated queens are
present, or if an inseminated queen is adopted
Principle 12
Fire ants have Critical Thermal Limits
Principle 13
Fire ants are susceptible to chemical and nonchemical treatments
-

New principle 1

Principle

Fire ants have a very high production of female alates

Scientific rationale

Fire ants have a very high level of production of alates, such that when
conditions are suitable, this ant has the highest number of alates per unit
area of any ant species in the world. This is believed to be because fire
ants experience high reproductive failure (due to predation and intraspecies competition) and this is countered by colonies using high
reproductive output. It has been calculated that 10,000-20,000 female
alates attempted colonisation within a 1,200 m² study plot in one
summer. The risk of infestation from nuptial flights is therefore be
expected to be greater than by any other ant species, native or exotic,
even before additional factors like attractancy to human-enhanced
environmental conditions (disturbance/reflection: principle 8) are
considered.

3.1.1 Relevance of the principle
This principle is relevant because it highlights and somewhat quantifies the risk of fire ants
infesting property and goods by nuptial flights.

3.1.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.1.2.1 Science evidence supporting the principle
Table 9 Fire ants have a very high production of female alates
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Markin and
Dillier, 1971

It could be determined that during this time an average colony would have produced
an estimated 1500 females or 2500 males

Direct

Quantitative

Observational

Very high

Markin et al.,
1971

An estimated thousand or more alates were observed leaving a single colony… With
an average of 30 mounds per acre, a maximum of approx. 15,000 alates per acre
would be produced per flight. Over 13,000 alates were collected during the eight
nuptial flights.

Direct

Quantitative

Observational

Very high

Markin et al.,
1973

3 year old colonies averaged 1500-2500 sexual forms (extreme case over 5000
sexual forms).

Direct

Quantitative

Observational

Very High

Morrill, 1974a

Emergence of alate S. invicta in northern Florida averaged 187,000/acre/year.

Direct

Quantitative

Observational

Very high

Roe, 1974

Collected 22,177 S. invicta female alates and 24,477 males compared to 8,972 S.
xyloni female alates and 863 males from nuptial flights

Direct

Quantitative

Observational

Very high

Vargo and
Fletcher, 1986

total mean number of alates produced in 10 g colony fragments with 20, 1 and 0
queens was 1.4, 60.5 and 226 respectively.

Direct

Quantitative

Manipulated

Very high

Porter et al.,
1988

We estimate the hundreds of thousands of suitable founding queens (of both S.
invicta and S. geminata) were produced in the area during this three year study

Direct

Qualitative

Observational

Low

Tschinkel,
1992a

An estimated 10,000-20,000 queens attempted colonisation within a 1200m2 study
plot in one summer

Direct

Quantitative

Observational

Very high

Tschinkel,
1993b

Fire ant investment in sexuals is very high in comparison to the small number of
other species for which data are available.

Direct

Quantitative

Observational

Very high

Tschinkel, 1993c

In spring colonies invested 50% of their daily production in sexuals. Annually,
colonies invested 33% of production in sexuals

Direct

Quantitative

Observational

Very high
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Vinson, 1997

Mature colonies may produce 4,000-6,000 alates per year. With densities of colonies
ranging from 50-75 per hectare, the number of alate females produced can range
between 40,000 to 300,000.

Direct

Quantitative

Observational

Very high
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3.1.2.2 Science evidence not supporting the principle
No science was found to counter the principle.

3.1.2.3 Assessment of the science evidence
There are numerous independent studies providing direct evidence of the principle. All but one
study providing supporting evidence was observational, not manipulative, but only observational
data are needed to confirm this principle. Although additional science could be provided that
compares the production of alates by fire ants relative to other species, this is not necessary to
confirm the principle. The principle has been unequivocally demonstrated and quantified.

3.1.2.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated and quantified.

3.2

New principle 3

Principle

Queens can naturally disperse by flight many kilometres from the nuptial
nest

Scientific rationale

Most fire ant queens will fly less than about 1.5 km from their maternal
nest, but they may fly up to about 5 km under their own power – and
many more kilometres (13 km or more) with wind assistance – and
subsequently establish a colony. This can result in locations well outside
of an area populated by the ant becoming infested at any time (see
principle 2). Therefore, the risk of a location or substrate becoming
infested extends well past an infestation boundary.

3.2.1 Relevance of the principle
This principle is relevant because it highlights that alate queens are able infest locations far from
the nuptial nest and therefore far from an area that is considered to be infested. The implication is
that mitigation measures need to also be applied to properties and goods that are outside of the
infested area, but within flying distance of nuptial queens. As for principle 7: ‘Nuptial flights can
occur at any time of the year’, demonstrating that queens can fly many kilometres from the
nuptial nest also proves that nuptial flights occur, hence why a separate principle is not made to
demonstrate that nuptial flights occur.

3.2.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.2.2.1 Science evidence supporting the principle
Table 10 Queens can naturally disperse by flight many kilometres from the nuptial nest
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Wilson and
Eads, 1949

The relatively slow, regular spread of the imported fire ant in the main infested area
and the small number of isolated populations indicates that it is progressing mainly
by the nuptial flight of the queens. This is further substantiated by the fact that the
ants are moving most rapidly north, northeast, and east in the same general
direction of the prevailing winds

Indirect

Qualitative

Observational

Low

Hays, 1959

…with help of favourable winds, it could not hope to extend its range more than 4 to
6 miles per year.

Indirect

Qualitative

Observational

Low

Green, 1967

The spread to the north by natural means of queen flights has been aided by the
prevailing winds from the south at the time of the greatest queen flights in the
spring and early summer. Flights of mated queens will spread the ants under normal
conditions several miles each generation

Indirect

Qualitative

Observational

Low

Markin et al.,
1971

Ninety-nine percent of the queens were believed to have flown less than one mile
from the origin of their flight. However, evidence was found that in extreme cases
queens could fly or be carried by wind 7 to 10 miles. Boat operators reported
numerous queens sighted in the water at various distances of 3 to 5 miles from the
shore, following two nuptial flights on the mainland. The maximum distance
recorded by this means was a single queen… which landed and was captured on a
charter fishing boat 6 miles from the nearest point of land.

Direct

Quantitative

Observational

Very high

Banks et al.,
1973

Patterns of reinfestation definitely suggested that they resulted from mating flights
originating in colonies outside the [trial] areas… Intensive surveys failed to detect
any live colonies at distances of more than 12 miles. (i.e. queens can disperse up to
12 miles during nuptial flights)

Direct

Quantitative

Observational

Very high

Wojcik, 1983

We have several unpublished reports of RIFA ‘flying’ in excess of 20 miles across
water in North Carolina and to oil rigs in the Gulf of Mexico

Direct

Qualitative

Observational

Very high

Milio et al., 1988

During nuptial flight… female alates traveled with the prevailing ground wind
current.

Direct

Qualitative

Observational

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Vogt et al., 2000

based on estimated flight speed from the field (1.5 m/s-1), a queen could fly
approximately 5.4 km in one hour. But… the flight capability of S. invicta female
alates is limited to <5 km in the absence of wind.

Indirect

Quantitative

Observational

Low

Wuellner, 2000

Females took flight and could be seen flying 3–5 m above the ground. Sometimes
they dropped to the ground within sight, but most flew until they could no longer be
seen (~25 m).

Direct

Qualitative

Observational

Low

Helms and
Godfrey, 2016

The 900 second flight of the average claustral queen would mean a potential
colonization area of about 6 km². If the same flight relationships hold in both queen
types, the average parasitic queen could fly for 3,800 seconds and have a potential
colonization area of 102 km²—a 17-fold difference.

Indirect

Quantitative

Observational

Low

Wallace et al.,
2017

Using microsatellite analysis, movement records for genetically related nests within
the property boundaries could be determined. The longest flight of an incipient
relative queen was determined to be approximately 1,354 meters.

Direct

Quantitative

Observational

Very high
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3.2.2.2 Science evidence not supporting the principle
No science was found to counter the principle. Also, just as for the other principle dealing with
nuptial flights, it was acknowledged that budding also occurs but that this additional mode of local
dispersal does not void either principle.

3.2.2.3 Assessment of the science evidence
There are numerous independent studies providing direct and indirect evidence of the principle.
Notably, all supporting science is observational, not manipulative, but only observational data are
needed to confirm this principle. A substantial amount of indirect evidence could also have been
provided from the NRIFAEP using nest detections and subsequent genetic analysis to support this
principle, but this evidence was not considered necessary. A point of clarity is that it is unlikely
that founding queens are able to fly under their own power alone for the farthest distances
reported in the literature (20 miles; 33 kilometres) - rather, they rely on additional passive flight by
wind, but these extreme distances as still natural dispersal. The principle itself has been
unequivocally demonstrated. There also appears to have been sufficient quantification of the
principle to develop sound protocols for movement control.

3.2.2.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally observed, demonstrated and quantified.

3.3

New principle 4

Principle

Queen choice of where to land to establish a colony is not random

Scientific rationale

Queens appear to choose to land in locations that maximise their ability
to rapidly raise brood. These locations are open (typically disturbed) for
maximal solar insolation, and where possible, moist, to avoid death by
desiccation. Such locations are naturally more reflective than other
locations that are densely vegetated or dry. Incidentally, human activity
creates environments that are far more suitable for fire ant
establishment and survival than most natural environments in its exotic
range, as well as numerous products that are reflective and hence are
attractive to queens undergoing a nuptial flight. This results in queens
targeting areas and products/substrates associated with human activity.
Anything in the open is at risk of infestation by nuptial flight.
Only goods that are stored inside of a sealed building can be considered
to be not at risk of becoming infested. Minimising the presence of
surfaces that are attractive to queens (e.g. open water, metal, exposed
dirt/gravel, moist soil) will likely reduce the risk of infestation.
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3.3.1 Relevance of the principle
This principle is relevant because it highlights that alate queens do not attempt to colonise (infest)
random locations. As a result, locations and goods can be identified that are at higher risk than
random to become infested by fire ants, and mitigative measures to prevent infestation can be
implemented.

3.3.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.3.2.1 Science evidence supporting the principle
Table 11 Queen choice of where to land to establish a colony is not random
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Hays, 1959

The author has observed mated queen fire ants in his automobile upon a great
number of occasions. Once during a mating flight, eighteen were removed from an
automobile.

Indirect

Qualitative

Observational

Low

Markin et al.,
1971

….it appeared that the queens may be able to select the site at which they land.
Normally the highest concentration of both queens and the resulting new mounds
were on areas that were cleared of heavy vegetation, such as newly cultivated fields
or dirt roads.

Indirect

Quantitative

Observational

Low

Morrill, 1974b

Queens also disperse by landing on the surface of moving waters. During a small
localized flight, 64 male and 37 female alate ants were found on the surface of Lake
Talquin. About 2,000 alates found in log jams in the Ocklocknee River

Indirect

Quantitative

Observational

Low

Vinson and
Greenberg,
1986

It appears that these females are attracted to reflective surfaces… including trains
and trucks, where hundreds of mated queens have been collected (Vinson, personal
observations).

Indirect

Qualitative

Observational

Low

Vinson and
Greenberg,
1986

Swimming pools measuring 8 ft across and covered with tin foil or water collected
more queens after a mating flight than similar pools covered in soil or dark cloth.

Direct

Quantitative

Manipulative

Very High

Vinson and
Sorensen, 1986

large numbers of newly-mated queens can be found in swimming pools where they
have landed following a mating flight… Many are attracted to bodies of water

Direct

Qualitative

Observational

Low

Tschinkel, 1988

In the high pinelands, it is restricted almost completely to the vicinity of ponds
(density of about 26 nests per km) and occurs in high densities in the mown margins
of paved roads. It occupied heavily site-prepared and replanted pine and weedy
grass associated with heavy soil disturbance at a density of about 17 nests per km of
transect. Colony density is very high with greater disturbance such as
clearcutting/replanting, or the margins of graded dirt roads. The density of nests in
the replanted areas was about 25 nests per km of transect, much higher than in
mature flatwoods (about 5-8 nests per km). Most of the nests in mature flatwoods
were near roads.

Indirect

Quantitative

Observational

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Thorvilson et
al., 1992

Colonies were located either near the southfacing base of a 2-m-high brick wall, or
adjacent to roadside, concrete curbs … or in open lawns and grounds. Colonies found
near brick walls and roadside, concrete curbs were 89.5 and 80.2%, respectively, of
the numbers found at the same locations the previous fall. These percentages are
significantly greater than those of colonies found in open, more exposed areas
(40.0%). [But finding potentially confounded by temperature-related survival].

Indirect

Quantitative

Observational

Low

Tschinkel,
1992a

Estimated 10-20,000 attempted colonisation within a 1200m2 study plot in one
summer. Plot was only partially vegetated due to recent disturbance

Direct

Quantitative

Observational

Medium

Adams and
Tschinkel, 1995c

Queens that have mated and dropped their wings can be collected in large numbers
from parking lots

Direct

Qualitative

Observational

Medium

Vinson, 1997

Following mating, the females are attracted to reflective surfaces such as cars and
pools, where they land. Following a mating flight, these females or queens, which
may accumulate by the hundreds in the bed of a truck, can each independently begin
a new colony

Direct

Qualitative

Observational

Low

DeHeer et al.,
1999

Heavy queens… are attracted to open, disturbed habitat patches in great numbers
following mating flights. The proportions of Gp-9 BB queens landing on these
disturbed habitats are commonly an order of magnitude greater than the
proportions found exiting nests in the vicinity on days of mating flights.

Direct

Qualitative

Observational

Medium

Russell et al.,
2001

Significantly more colonies than expected were found on roadbeds (≤1.0 m from
paved surfaces) as compared with the remainders of rights-of-way and to adjacent
pastures.

Indirect

Quantitative

Observational

Medium

Cook et al.,
2003

Collected a total of 668 female alates and 40 male alates from a swimming pool,
four times from August 2000 to 2001

Indirect

Quantitative

Observational

Low

King, 2004

Fire ants were rare or absent in exhaustive surveys of undisturbed Florida
ecosystems but was common in, and often dominated, disturbed areas.

Indirect

Quantitative

Observational

Low

Zettler et al.,
2004

Fire ants were collected in clear-cuts as early as 3 months postcutting, and by the
end of the experiment, they were found in all four treatment sites. Of the alates
collected in clear-cuts, 25% were S. invicta queens.

Indirect

Quantitative

Observational

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

King and
Tschinkel, 2016

Fire ant queens clearly preferred founding colonies in roadside, plowed, and sandadded plots

Direct

Quantitative

Manipulative

Very high

Huang et al.
2020

Newly mated queens of S. invicta were found to nest preferentially in soil containing
more actinobacteria… Queens in such soil benefited from a higher survival rate.
Queens may choose nest sites presenting relatively low pathogen risk.

Indirect

Quantitative

Manipulative

Low
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3.3.2.2 Science evidence not supporting the principle
No science was found to counter the principle.

3.3.2.3 Assessment of the science evidence
There are numerous independent studies providing direct and indirect evidence of the principle.
Only the manipulative science actually proves this principle to be correct, and of the two
manipulative studies conducted, it is the work by King and Tschinkel (2016) that confirms the
principle relative to actual environmental occupancy patterns found for fire ants at the regional
level. Some uncertainty persists as to exactly why queens conduct this behaviour, but this
unclarity does not void the principle, nor the implications of the principle for movement control.
The principle itself has been unequivocally demonstrated. There also appears to have been
sufficient assessment of the principle to develop sound protocols for movement control.

3.3.2.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally observed, demonstrated and quantified.

3.4

New principle 5

Principle

Nuptial queens will attempt to initiate colonies under objects, not just in
a hole on open ground

Scientific rationale

Queens cease looking for a place to dig a nuptial hole if they can locate
an object to reside underneath or find a pre-made space. This is
especially so when the ground is hard. The intuitive reasoning for this
observation is that utilising such situations allows a queen to more
rapidly escape potential predation or desiccation. Even if a burrow
cannot be dug because the surface is impenetrable (e.g. concrete), there
is no obvious or logical reason why a queen cannot initiate a colony
underneath the object (just like a queen initiating a colony within a
laboratory test tube). Therefore, merely having goods/substrates sitting
on an impenetrable surface such as a concrete pad is not sufficient to
prevent establishment of fire ant colonies and the subsequent
infestation of goods/substrates. Impenetrable surfaces are only suitable
for preventing infestation from established colonies that would
otherwise be present under the ground/substrate.

3.4.1 Relevance of the principle
This principle is relevant because it demonstrates that brood chambers and new colonies aren’t
just established within holes in open/disturbed areas or within a penetrable surface, but also
under objects, potentially on an impenetrable surface. Such objects could also become potential
80 | CSIRO Australia’s National Science Agency

nest substrate when the colony has established, if they were the likes of bales and pots containing
a growing medium, and such objects could also be moved by people at a later date.

3.4.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.4.2.1 Science evidence supporting the principle
Table 12 Nuptial queens will attempt to initiate colonies under objects, not just in a hole on open ground
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

USDA, 1958

De-alate queens were found under rocks, boards, and other cover. They are… under
almost any object on the ground. Sometimes the brood chamber is excavated in the
soil under a stone, board, piece of tin, or similar object, but more often it is in the
open.

Direct

Qualitative

Observational

Very high

Green, 1967

If for some reason (such as too hard soil) the queens do not get their chambers
started in several hours, they may concentrate in large masses under objects on the
soil surface such as boards.

Direct

Qualitative

Observational

Very high

Adkins, 1970

the queen constructs a brood chamber under some material, such as a rock or
discarded plank, or else in a small crevice in the soil. If no protective covering is
available, the queen will construct the chamber one to four inches (25 to 100 mm)
under the surface of the ground.

Direct

Qualitative

Observational

Very high

Markin et al.,
1972

Usually the queen will start the nest under some solid object such as a piece of wood
or clods of dirt, but occasionally will construct it in open soil.

Direct

Qualitative

Observational

Very high

Banks et al.,
1981

Queens can be found on hard surfaces under pieces of paper or cardboard, tin cans,
boards, etc.

Direct

Qualitative

Observational

High

Vinson and
Greenberg,
1986

The queen typically selects sites under stones or small objects, but she may select a
site in the open

Direct

Qualitative

Observational

Very high

Vinson and
Sorensen, 1986

they [newly-mated queens] remove their wings and dig a small burrow in the soil,
usually under a leaf, rock or in a small crevice.

Direct

Qualitative

Observational

Very high

Tschinkel, 1998

Queens had a strong affinity for preformed holes and readily used these as their
initial founding chambers.

Direct

Qualitative

Manipulative

High
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3.4.2.2 Science evidence not supporting the principle
No science was found to counter the principle.

3.4.2.3 Assessment of the science evidence
Queens have clearly been observed initiating colonies in a variety of circumstances, be that in an
excavated hole, a pre-formed hole, and under objects that they may or may not subsequently dig
a brood chamber underneath. Nuptial brood chambers are not just excavated in the open,
especially when the substrate is hard or hot. This principle has been unequivocally demonstrated.

3.4.2.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated.
However, there is some work that could be done that would improve holistic science
understanding of this principle that could also potentially improve the wording of the principle.
First, there is some clear evidence that queens cease looking for a place to dig a nuptial hole if
they can locate an object to reside underneath or find a pre-made space. This is especially so when
the ground is hard. The intuitive reasoning for this observation is that utilising such situations
allows a queen to more rapidly escape potential predation or desiccation. However,
demonstrating whether or not queens prefer to initiate colonies under objects or in pre-made
space rather than in holes they dig themselves in the open has never been attempted. The
strongest evidence of preference comes from the laboratory trials of Tschinkel (1998) whereby
queens preferred to settle in very shallow pre-made holes than to dig a hole from the beginning.
Potentially, nuptial queens may be more likely to attempt to initiate a colony under an object than
in an open location, and this would have even stronger implications for movement control than
just the knowledge that queens are willing to attempt to initiate colonies under objects. To test
this, a manipulative study is required that gives queens the choice to dig a brood chamber either
under an object or in the open. Substrate hardness could be varied to determine if this also
influences a queen’s nest-initiation site choice. Confirmation could change the principle to
wording like: ‘Nuptial queens prefer to initiate colonies under objects rather than dig a hole on
open ground’.
Second, although there is sufficient evidence that queens will initiate colonies under objects,
regardless of whether they dig a brood chamber underneath the object or not, no paper has
followed such an event long enough to unequivocally demonstrate that viable colonies were
established. In comparison there is ample evidence that queens can establish colonies from holes
they dig in the open, just as colonies can be easily raised in a laboratory in just a test tube. To test
this, the trial detailed for the first point need only be continued long enough to quantify colony
establishment. Additional insight would be gained by demonstrating whether queens are capable
of establishing colonies under objects on penetrable and impenetrable surfaces (see original
principle 6). Confirmation could change the principle to wording like: ‘Nuptial queens can establish
colonies under objects or in a hole on open ground’.
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3.5

New principle 6

Principle

Fire ants can translocate

Scientific rationale

Fire ant colonies are capable of moving and being moved great distances
and remaining viable. They can move short distances in an immediate
vicinity within or between substrates (e.g. from one location in local soil
to another location within local soil, or from any human-modified
substrate to soil), be transported by flooding to farther regional locations
or be transported by human-assisted means to unlimited distances
globally. Regarding human-assisted transport, the species appears to be
capable of being transported on/within any product or substrate that
can be moved. The movement of practically anything has a risk of
dispersing fire ants.

3.5.1 Relevance of the principle
This principle is relevant because it is fundamental to the need for movement control,
demonstrating that fire ants are capable of being moved to a new location and surviving. The
principle is worded to include natural movement whereby the ants choose where and when they
move, as well as the situation where the ants don’t choose where and when they move, including
natural disturbance such as flooding and human-mediated dispersal. That the ants survive the
movement and maintain a viable colony is implicit in the wording that they ‘can’ move/relocate.

3.5.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.5.2.1 Science evidence supporting the principle
Table 13 Fire ants can translocate
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

Wilson and
Eads, 1949

According to numerous reliable sources, masses of ants floating comfortably in large
‘Rolling balls’ are commonly seen on the floodplains of swollen rivers. These are said
to travel many miles before lodging on objects above water.

Direct

Qualitative

Observational

Low

Green, 1952

Wherever it is possible, colonies move to drier ridges such as fence rows, terraces,
pond dams, ditch banks, stumps, or road banks. The ants may change the location of
the mounds quite often. One colony is known to have constructed three mounds in
twenty-four hours. Every colony in a locality may change the location of their mounds
in a single day, and then as suddenly reoccupy the old sites.

Direct

Qualitative

Observational

Medium

Culpepper,
1953

Then the survey method was changed to include the inspection of nurseries.
Emphasis was concentrated on nursery inspection principally because several
isolated infestations were found in nurseries far removed from the general
infestations in southeast Mississippi and southwest Alabama. Nursery inspection
revealed a tremendous increase in the areas infested in the southeastern States.
Isolated infestations were found in Arkansas, Georgia, South Carolina, North
Carolina, Tennessee, Louisiana, and Texas in areas far removed from known
infestations.

Indirect

Qualitative

Observational

Low

Favorite, 1958

When it is repeatedly disturbed or when its food supply becomes scarce, the colony
moves to a new location, usually within 25 feet of the original site. In the 24 hours
between discovery and treatment the colony had moved approximately 4 feet from
the original site.

Direct

Quantitative

Observational

High

USDA, 1958

Colonies on the damp flat moved from time to time, as noted by the abandoned
mounds… Some of them had obviously just moved from the road shoulder. Similar
situations elsewhere in southern Alabama showed a similar fire ant picture.
Sometimes the workers will locate a new source of food, or a slight external
disturbance to the mound may cause a colony to move. A colony may start
construction on several sites before it settles on one spot. The move may be as far as
30 feet, or no more than 3 feet.

Direct

Quantitative

Observational

High
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

Hays, 1959

In floods, the colony abandons the mound as soon as the water has reached the
topmost parts of the above ground portion…the worker castes forms a large ball
around the queen and float upon the surface of the water. If a more buoyant object is
encountered, the ants will climb upon it and wait until the flood has passed before
settling back to earth and building a new mound. During the flooding of the Alabama
River in 1957, a large number of colonies were seen floating downstream in balls,
upon logs, and on other debris. Several of these were seen to drift to the water’s
edge, migrate to the shore and begin new mounds

Direct

Qualitative

Observational

Medium

Hays and Hays,
1959

Imported fire ant colonies were observed to move for no apparent reason. The queen
and brood were transported along the trail of ants into a newly prepared mound.

Direct

Qualitative

Observational

Medium

Green and
Hutchins, 1960

Heavy rains… are known to float masses of [imported fire] ants from their mounds.
Residents in the area state that this occurs each spring

Indirect

Qualitative

Observational

Low

Stringer et al.,
1964

once the ants become aware that they have taken a poisoned bait, they will usually
cease feeding on it and move the colony.

Direct

Qualitative

Manipulative

Medium

Green, 1967

Colonies of ants frequently move by walking to new mound locations. Under
conditions of food scarcity, colony population pressure, or physical mound
disturbance, colonies have been known to move… several hundred feet.

Direct

Quantitative

Observational

Medium

Morrill, 1974b

11 clumps of 600-5,4000 ants found on Lake Iamonia had floated into weeds and
shrubs protruding above the water. Brood and alate females were found in a clump
of ants which had moved up on a tree trunk. Flooding had begun 14 days before the
search, and it is believed the ants had been on the surface since flooding began.

Direct

Quantitative

Observational

Low

Hung and
Vinson, 1978

Each year, numerous new isolated infestations, separated by up to several hundred
miles from the nearest known infestation, are recorded. The occurrence of these new
isolated pockets of fire ants is mainly due to the movement of infested soil on nursery
stock or soil transported for any purpose. USDA records showed that over 90% of new
infestations between 1945 and 1955 could be traced to nurseries that had received
untreated stock from other nurseries, particularly in the Mobile, Alabama, area

Indirect

Quantitative

Observational

Medium

Hays et al.,
1982

Few colonies remained in the same location for the entire year. Most colonies made
multiple moves during the 3-year study period. There were no consistent year-to-year
trends and no discernible stimuli

Direct

Quantitative

Observational

Very high
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

Lemke and
Kissam, 1988

Mound disturbances [by raking], in addition to insecticide treatments, had a
significant affect on relocation of colonies. The highest percentage of relocation
(59%) was in disturbed colonies that were treated with the aerosol. Colony
movement caused by the other insecticide applications after disturbance of the
mound was not significantly different from undisturbed treated colonies. Although no
significant difference was observed, in all cases the percent of treated colonies which
relocated was greater when they had been disturbed than when they were
undisturbed. All treatments including water caused a certain amount of colony
relocation regardless of whether the colony had been disturbed or not.

Direct

Quantitative

Manipulative

Very high

Tschinkel, 1988

I have seen abundant floating colonies on ponds in the Tallahassee area during at
least 4 years since 1970. Drifting to shore or falling water level allows the colonies to
re-establish a mound.

Direct

Qualitative

Observational

Medium

Lewis et al.,
1992

A colony… was discovered at a nursery during August 1988 in Santa Barbara county.
The colony was eradicated. It is likely that the colony… was founded by a newly
mated queen which hitchhiked on a vehicle or had already initiated a small colony in
soil, possibly around a root ball, and was not detected at the border.

Indirect

Qualitative

Observational

Low

Tschinkel, 1996

when colonies move, they typically move within their own territory. The abandoned
nest is therefore not available to other colonies without changes in the typically
stable territory boundary (unpublished data).

Indirect

Qualitative

Observational

Low

Kemp et al.,
2000

they move their colonies underneath pavement and alongside buildings to
overwinter.

Direct

Qualitative

Observational

Low

Weeks et al.,
2001

Our results show that hay bales become infested within the first 1-3 days, reaching
near peak infestation within a week. This infestation rate may be enhanced by
mound and colony disturbance through normal harvesting and baling practices.

Direct

Quantitative

Manipulative

Very High

Vanderwoude
et al., 2003

Initial delimitation identified the Port of Brisbane and an area in the south-west
centred around Richlands as two separate areas of infestation in Brisbane. Tracing
resulted in the detection of fire ants outside these areas, including a small
infestation near Cooroy, some 150 km north of Brisbane (associated with advanced
nursery stock), and a consignment of infested plants in Victoria.

Direct

Qualitative

Observational

Very High

Haight, 2006

Details many anecdotal accounts of hunters, boaters, swimmers, etc. encountering
rafting colonies.

Direct

Qualitative

Observational

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

Tschinkel, 2006

Pages 75-77 lists many products that have been infested with fire ants, information
sourced from government biosecurity inspections.

Direct

Qualitative

Observational

Low

Adams et al.,
2011

Colonies capable of successfully creating the raft structure floated from 12 hours to
12 days in undisturbed laboratory trials. The presence of brood within the colony was
found to increase raft longevity and success rate. All colonies with 4th instar larvae
were capable of rafting for longer periods (3-12 d, 7 ± 3.24 d mean + SD).

Direct

Quantitative

Manipulative

Very High

Wylie et al.,
2016

[a colony of fire ants] was detected post-quarantine in a crate of new mining
machinery from the USA in Roma, Queensland in 2009 (destined for Western
Australia)

Direct

Qualitative

Observational

Very high

Wallace et al.,
2017

With GP9 analysis… Several monogyne colonies were linked to multiple associated
mounds.

Indirect

Quantitative

Observational

Very High
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3.5.2.2 Science evidence not supporting the principle
No science was found to counter the principle.

3.5.2.3 Assessment of the science evidence
There are numerous independent studies providing direct and indirect evidence of the principle,
including multiple manipulative studies. Colony translocation and subsequent survival has been
adequately demonstrated for natural (walking, rafting) translocations within an immediate vicinity
through to distances far greater than foraging distance. The mere existence of fire ants outside of
its native range demonstrates the principle for human-mediated translocation. But in terms of
scientific demonstration, the documented findings of fire ants being transported in goods in
Australia (Vanderwoude et al., 2003; Wylie et al., 2016), including potted plants, are among the
strongest evidence that fire ant colonies can be translocated, although the subsequent destruction
of the colonies means that the opportunity was lost to demonstrate that the colonies would have
survived. Conversely, the many discoveries of established fire ant colonies are not able to be
definitively coupled with the exact mode (nuptial queen vs established colony), or with which
goods, that the species managed to translocate. But such coupling of knowledge is not necessary
to confirm the principle, nor to develop sound protocols for movement control.

3.5.2.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated.

3.6

New principle 8

Principle

Queens are not located at any single location within a nest

Scientific rationale

Fire ant queens are initially located at the deepest part of the nuptial
nest when nests are most shallow (<10 cm), but as the colony matures
and nest depth gets greater, the location of queens is determined by
temperature, not nest depth. The queens and brood are most typically
associated with relatively shallow depths so that they can exist within
relatively warm conditions to optimise reproductive output and minimise
development time. They are positioned above ground level in the nest
mound in the coldest environmental conditions. Therefore, the
movement of soil has great risk of moving queens, brood and workers,
regardless of colony age and especially in cold temperatures.

3.6.1 Relevance of the principle
This principle is relevant because it demonstrates that in only a very few instances (incipient nests
and very cold temperatures) would there be a high level of predictability of the exact location of
queens in soil. Naturally this principle only applies within soil, not goods.
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3.6.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.6.2.1 Science evidence supporting the principle
Table 14 Queens are not located at any single location within a nest
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Lyle and
Fortune, 1948

The ants live near the top of the mound during the winter but go down below the
ground level in the hottest part of the summer. The brood nest is usually near the
center of the mound and is moved up or down as the soil water level rises or falls.

Direct

Qualitative

Observational

Medium

Wilson and
Eads, 1949

egg-laying dealate queens have been found between one and five inches below the
surface of the mound, always near the center, and in four instances were located
with a portion of the brood.

Direct

Quantitative

Observational

Low

Green, 1967

The burrow made by a queen is usually about two inches long. Most of them that
have been dug out, went down about one-half inch and then turned to go parallel
with the surface of the soil

Direct

Qualitative

Observational

Low

Adkins, 1970

the queen constructs a brood chamber under some material, such as a rock or
discarded plank, or else in a small crevice in the soil. If no protective covering is
available, the queen will construct the chamber one to four inches (25 to 100 mm)
under the surface of the ground…

Direct

Qualitative

Observational

Low

Markin et al.,
1972

Queens construct a nest consisting of a vertical tunnel about 7 cm deep

Direct

Qualitative

Observational

Low

Tschinkel and
Howard, 1978

Under these conditions [cool days with clear sunshine], the queen, workers, and
brood were often located inside the warm, sunny regions of the mound.

Direct

Qualitative

Observational

Medium

Tschinkel, 1998

Queen-dug founding chambers were usually 5-10cm deep (mean =7.3cm)

Direct

Quantitative

Observational

Low

Kemp et al.,
2000

they move their colonies underneath pavement and alongside buildings to
overwinter.

Indirect

Qualitative

Observational

Low
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3.6.2.2 Science evidence not supporting the principle
No science was found to counter the principle.

3.6.2.3 Assessment of the science evidence
All evidence is in support of this simple principle, but the overall science quality is low. Naturally,
the queen is at the deepest part of a nest when the nest is at its incipient and young stages, but in
established nests the locations of queens varies from above ground-level within the mound when
temperatures are cold, to belowground-level under the mound when temperatures are warm.
However, only a single study (Lyle and Fortune, 1948) appears to have followed the annual cycle of
ant location within a nest, and this was merely qualitative and did not specifically mention queens.
Also, despite temperature and soil moisture being regularly described as mechanistic reasons why
queens, as well workers and brood, shift positions within a nest, there has not been a
manipulative study either in the field or in the laboratory that has attempted to demonstrate that
ant location within a nest can be varied, and that such movement is predictable. Should such work
be done, the principle could likely be changed to the better wording of ‘The location of the
queen(s) in the nest varies relative to temperature and soil moisture’ or ‘The queen(s) in the nest
are not necessarily located at the deepest location’. Such work would also give greater predictive
understanding of the principle that may allow for refining protocols for movement control. To
date queens have been reported from shallow soil depths, especially in cold conditions, but it
remains completely unknown how deep they may be found, especially in warm conditions. But
there has been sufficient quantification of the principle to develop sound protocols for movement
control. As a descriptive summary of the knowledge, fire ant queens are initially located at the
deepest part of the nuptial nest when nests are most shallow (<10 cm), but as the colony matures
and nest depth gets greater, the location of queens is determined by temperature and soil
moisture, not nest depth. The queens and brood are most typically associated with relatively
shallow depths so that they can utilise relatively warm conditions to optimise reproductive output
and minimise development time. They are positioned above ground level in the nest mound in the
coldest temperatures.

3.6.2.4 Science needed to unequivocally demonstrate the principle
There are numerous studies that could be conducted to strengthen the science and predictive
understanding of this principle. The most basic studies would be conducted in numerous locations
with varying climates quantifying the location of queens within colonies of varying ages and sizes
throughout an annual cycle. Higher-quality studies would manipulate environmental conditions
such as temperature and soil moisture, and quantify queen locations.

3.7
Principle

New principle 11
If a queen is lost from a colony, the colony will survive if another
inseminated queen is present or adopted.

92 | CSIRO Australia’s National Science Agency

Scientific rationale

Because an inseminated queen can potentially join an existing orphaned
colony, any potential management actions that could result in separation
of fertilised queens from workers and brood (e.g. mechanical actions)
must maintain permanence of that separation until all workers have
died. Notably, workers can live for months in the absence of a
management action that aims to kill (e.g. toxic chemical treatment). This
principle of queen adoption applies to both monogyne and polygyne
forms.

3.7.1 Relevance of the principle
This principle is relevant because it identifies that colonies, both monogyne and polygyne, have
survival strategies for when a queen is lost. The principle applies when a queen is lost by natural
(death by any means, physical separation by natural disturbance) or human-mediated means. The
principle also applies to entire colonies, colony fragments, or isolated workers.

3.7.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.7.2.1 Science evidence supporting the principle
Table 15 If a queen is lost from a colony, the colony will survive if other inseminated queens are present, or if an inseminated queen is adopted
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Wilson and
Eads, 1949

A queenless colony portion was established in a laboratory nest. Recently mated
queens were placed in the food chambers. When the workers in each nest found the
first queen, they became greatly excited… and induced her into the brood chambers.
Within several days, the two queens had begun to lay eggs. More queens were later
placed in the food chamber… after the same preliminary treatment [they were
killed].

Indirect

Qualitative

Manipulative

Low

Wilson and
Eads, 1949

A colony portion was established in a laboratory nest but only virgin queens were
present. Eggs appeared over a period of four weeks. During the first week, one of
the queens cropped her wings, but no proof was obtained that she had laid the eggs.
All of the eggs developed into males and the colony subsequently died out.

Direct

Qualitative

Manipulative

Very high

Rhoades and
Davis, 1967

Workers from small colonies will fuse: Others probably merged to form larger, more
successful colonies as ants from different colonies were readily accepted by each
other.

Indirect

Qualitative

Observational

Low

Markin et al.,
1973

In 15 of 20 such paired nests, the workers of one colony abandoned their own queen
and moved their brood in with the other colony.

Indirect

Quantitative

Manipulative

Low

Adams et al.,
1976

Our observations suggest that some mature colonies of Solenopsis may adopt newlymated queens after nuptial flights. We recently found workers of S. invicta
apparently caring for newly-mated queens under debris in the vicinity of established
nests

Indirect

Qualitative

Observational

Low

Stringer et al.,
1976

When such queens [physogastric and dealate] were held with 25 or more worker
ants and brood… colonies were established

Direct

Quantitative

Manipulative

Very high

Tschinkel and
Howard, 1978

When field colonies were orphaned, re-collection 8-10 weeks later showed that 61%
had replacement queens. Laboratory rearing and later spermathecal dissections of
these replacement queens established that 21% of the colonies had an inseminated
queen and produced worker pupae. The remainder of the orphaned colonies
produced all-male sexual broods only.

Direct

Quantitative

Manipulative

Very high
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Banks et al.,
1981

Occasionally the need arises to replace the queen in a colony when the original
queen has been lost (i.e. the laboratory colony will die if a queen is not reintroduced)

Direct

Qualitative

Manipulative

Medium

Fletcher and
Blum, 1981

We orphaned colonies containing sexually mature virgin females. Dealates began to,
appear within 24 hours. These few had enlarged ovaries containing numerous
oocytes. It seemed, therefore, that they had taken over the egg-laying function of
the mated queen... the workers would tolerate very few such virgin replacement
queens in the nest

Indirect

Quantitative

Manipulative

Low

Glancey et al.,
1983

Field and lab studies: When a colony of RIFA is disturbed and the queen or a
surrogate queen placed outside the nest, a series of observable behavioural
responses are elicited…. Attraction and clustering are considered to be the most
important of these behavioural responses since they indicate queen recognition… a
living queen is always returned to the nest.

Indirect

Quantitative

Manipulative

Medium

DeHeer and
Tschinkel, 1988

We surveyed a mature monogyne population for colonies headed by queens
incapable of independent colony founding (diploid-male-producing queens) in order
to estimate the frequency of colonies that are headed by queens that initiated
reproduction within established nests (adopted queens). Using the frequency of
diploid-male-producing queens among the recently mated queens in this population,
we estimated that the overall rate of queen replacement by adopted queens is about
0.7% per colony per year

Indirect

Quantitative

Observational

High

Glancey and
Lofgren, 1988

400 queens from a mating flight were marked with durable paint and released. None
were recaptured after one week, but 9 months later, 4 clearly-marked queens were
found in a nest 65 meters from their release point. This finding clearly points to
adoption.

Indirect

Quantitative

Observational

Low

Glancey and
Lofgren, 1988

37 of 107 fertile queens collected from 37 nests were found to have partially
histolyzed wing muscles and undeveloped ovaries. Mating flights had occurred a few
days prior to the queen collections, thus it was apparent that these queens were
newly adopted. In another survey, six days after another mating flight, ants were
collected from two nests. In Nest 1, 52 of 72 (74%) of the queens were adopted, and
in Nest 2, 12 of 22 (55%) were adopted.

Indirect

Quantitative

Observational

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Stamps and
Vinson, 1991

In more than half of the colonies, the abandoned queen gained access to the
victorious raiding colony upon defeat of her own colony

Indirect

Quantitative

Manipulative

Low

Tschinkel,
1992a

The losing queen left her founding nest in 41% of the 238 raids and entered the
winning nest in 27% of these raids… Nineteen of the 171 queens who left their
founding chamber entered another nest. Of the nineteen, nine were found in
vigorous nests, that is, in nests containing a queen, brood and a number of minims.

Indirect

Quantitative

Observational

Low

Adams and
Tschinkel,
1995a

During raids, queens sometimes moved to nearby nests where they joined or
usurped the original queen. Queen usurpation was especially likely on high-density
plots.

Indirect

Quantitative

Manipulative

Low

Adams and
Tschinkel,
1995b

Examination of paint marks on queens in the winning colonies indicated queen
relocation in 40.6% of contests (n = 101)

Indirect

Quantitative

Manipulative

Low

Balas and
Adams, 1996a

Introduced queens that were not bitten during the first hour were more likely to
survive 3 days than queens that were bitten... they were more likely to integrate
themselves into the colony or even displace the resident queen.

Indirect

Quantitative

Manipulative

Low

Balas and
Adams, 1996b

In experimentally manipulated colonies in which all the workers were daughters of
only one of the queens, the mother of the workers was no more likely to survive than
the unrelated queen. Queens were more likely to die or be expelled if paired with
heavier queens or if they lost more weight than their co-foundress during the
claustral period.

Indirect

Quantitative

Manipulative

Low

Tschinkel, 1996

Orphaning causes some [queens] to dealate and become uninseminated
replacement queens, usually preventing entry of unrelated, inseminated
replacement queens. Such colonies produce all-male broods. [this ultimately results
in the natural death of the colony]

Direct

Quantitative

Manipulative

Very high

Balas and
Adams, 1997

…in the 40 trials with a clear winner after 3 days, the probability of usurpation by the
migrating queen was less than 50%

Indirect

Quantitative

Observational

Low

Goodisman and
Ross, 1997

Found lower than expected nestmate queen relatedness by genetics. This is
consistent with continual acceptance of non-nestmate queens throughout a
colony’s lifetime.

Indirect

Quantitative

Observational

Low
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational Science
vs manipulative quality
assessment

Goodisman and
Ross, 1998

Queens in polygyne nests show nuclear and mitochondrial relatedness levels that
are statistically indistinguishable from zero. Our results suggest that nonnestmate
queen recruitment occurs at a high frequency

Direct

Quantitative

Observational

Low

Chen and
Vinson, 1999

Laboratory experiment. When the queen that attracted >70% of the workers was
removed, >70% of the workers responded to another queen.

Indirect

Qualitative

Manipulative

Low

Vander Meer
and Alonso,
2002

Queenless monogyne or polygyne worker groups were also not aggressive toward
newly mated queens. Queenless worker groups of both forms that adopted a
monogyne-derived newly mated queen became aggressive toward non-nestmate
workers and newly mated queens

Indirect

Quantitative

Manipulative

Low
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3.7.2.2 Science evidence not supporting the principle
No science as found to counter the principle.

3.7.2.3 Assessment of the science evidence
There are numerous independent studies providing direct and indirect evidence of the principle,
both for the outcome (death versus survival) and the mechanism (queen replacement either by
adoption or a change in hierarchy). Unfortunately, for the purposes of demonstrating this
principle, only Stringer et al., (1976) continued an experiment long enough to demonstrate colony
viability. All others were focused on short-term outcomes, mostly demonstrating the existence of
the mechanisms of queen adoption or queen hierarchies. Informally, the descriptions by Banks
(1981) of how they maintain longevity of laboratory colonies by adding supplementary queens,
also clearly demonstrates that the principle holds true. Conversely, multiple papers clearly showed
that the presence of unfertilised queens alone will result in colony death. This outcome is because
of the haplodiploid sex determination system of Hymenoptera, whereby females (workers and
queens) are diploid and originate from fertilized eggs whereas males are haploid and originate
from unfertilised eggs (arrhenotoky). Therefore, unfertilised queens are only able to produce
males. Most notably, both monogyne and polygyne colonies are capable of adopting new queens
if the colonies are orphaned, and all queen forms (spring-reared, overwintered, new dealates, old
dealates) can maintain the viability of existing colonies as long as they have been fertilised. Finally,
although many publications stated that fire ant workers are sterile (do not contain ovaries or
spermatheca), none actually cited a paper of a dissection that proves this morphological fact, nor
was such a publication identified.

3.7.2.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated and quantified. But a study
dissecting workers to demonstrate that they are sterile would be beneficial to give further indirect
evidence to the principle by means of a mechanism.

3.8

New principle 13

Principle

Fire ants are susceptible to chemical and non-chemical treatments

Scientific rationale

Fire ants are susceptible to many forms of treatment and treatment
products. Therefore, there are effective solutions to kill ants and ensure
that goods/substrates to be moved are ant-free. Notably there are great
variations in the mode and timeframes of effectiveness of the many
varied management possibilities, and their respective potential efficacies
and risks are affected differently relative to numerous other principles,
especially the likes of principle 11. These differences are especially great
between actions that aim to kill ants (e.g. use of toxic chemicals or hot
water) versus not kill ants (e.g. use of Insect Growth Regulators or
mechanical disturbance). It must be noted, however, the most effective
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control measure is to target and kill the queen/s so no more workers are
produced and the entire colony is eliminated.

3.8.1 Relevance of the principle
This principle is relevant because it demonstrates that there are many products and strategies
available that can either kill, or prevent infestation of fire ants.

3.8.2 Assessment of science underpinning the principle
[Please see overleaf]
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3.8.2.1 Science evidence supporting the principle
Table 16 Fire ants are susceptible to chemical and non-chemical treatments
Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

Lemke and
Kissam, 1988

The disturbance of the colony before treatment with Spectracide 2E did not
significantly affect control of treated colonies through 4 wk posttreatment. At 3 wk
posttreatment, the mortality of disturbed and undisturbed colonies treated with
Dursban was not significantly different. The other two treatments (Sevin 8OW and
Cessco Accudose Aerosol) were not as effective on disturbed colonies. It appears that
disturbing colonies prior to treatment with some insecticides can decrease the
efficacy of some applications.

Direct

Quantitative

Manipulative

Very high

Banks and
Lofgren, 1991

Pyriproxyfen caused 80-85% reductions in the colony size index of laboratory
colonies… within four weeks. All treated colonies… died within 6-7 months. Field
application of 0.5% Pyriproxyfen bait yielded 82.3 to 97.7% control 13 weeks after
treatment

Direct

Quantitative

Manipulative

Very high

Thorvilson et
al., 1992

Total of 207 active mounds drenched with the labeled rate of chlorpyrifos. 23% of the
treated mounds still contained active worker ants 2 wk after treatment, the baitformulated insecticide Amdro was broadcast at the labeled rate to kill the remaining
colonies. Despite efforts to eradicate the infestation the previous spring, an
inspection of the site revealed 277 colonies. All surviving colonies treated with
chlorpyrifos drench, followed 2 wk later by a broadcast application of Logic bait at
the labelled rate. Surviving colonies treated again with Logic. Only after persistent
treatments was the population eliminated.

Direct

Quantitative

Manipulative

Very high

Drees et al.,
1992

Spot applications of Logic (fenoxycarb) to the top of mounds were found to affect
developing brood in nearby mounds. A location at which 50% of the mounds were
affected was 0.63m. Maximum distance from treatment spot was between 3.1-6.1m.
Random check of 30 mounds outside the treatment area yielded four (13%) with no
worker brood. The remainder contained worker brood, but none contained
reproductive brood only.

Direct

Quantitative

Manipulative

Very high

Collins and
Callcott, 1998

granular baits containing from 3.0 to 30 µg/mg fipronil eliminated colonies in 8 to 11
weeks after treatment. A field trial showed that a 15µg/mg granular bait provided

Direct

Quantitative

Manipulative

Very high
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

over 80% colony mortality at 6 and 12 weeks after broadcast application in nongrazed pastures.
Sparks and
Diffie, 1998

Fipronil granules gave over 96% control of the active colonies throughout the 30week trial. All treatments (including Dursban 50WP and Amdro), significantly
reduced the number of active colonies

Direct

Quantitative

Manipulative

Very high

Vestal, 1998

Pasture areas were treated with Amdro at broadcast at a rate of one pound per acre.
Four weeks after this initial treatment, 90 percent of the mounds were inactive.

Direct

Quantitative

Manipulative

Very high

Weeks et al.,
2001

Following a single broadcast application of Amdro, the number of hay bales infested
with fire ants was significantly lower in treated plots compared to untreated plots.

Direct

Quantitative

Manipulative

Very high

Loftin et al.,
2003

Estimated percent reduction was 86, 61, and 40% for granular imidacloprid, granular
cyfluthrin and the 9.55 L/ha (130.7 oz/acre) liquid cyfluthrin/imidacloprid
formulation, at 1 day after treatment, respectively. By 65 days only the granular
fipronil treated plots had statistically significant fewer fire ants than the untreated
control.

Direct

Quantitative

Manipulative

Very high

Oi et al., 2004

Ant bait containing the insect growth regulator Methoprene was broadcast between
ponds. Fire ant nest densities declined 57% within 4 months. In contrast, nest
densities increased 86% in untreated areas. During the summer, fire ant populations
declined an average of 68% and increased 110% for treated and untreated areas,
respectively.

Direct

Quantitative

Manipulative

Very high

Furman, 2006

Advion™ containing indoxacarb was more effective than Advion™ containing JT333.
0.10%, 0.06%, and 0.045% were the most effective concentrations of indoxacarb,
and standard sized grit (~2 mm) was more effective than small sized grit (<1 mm). 10
g (2 Tbsp) of 0.045% Advion™ placed around the mound in a circle with a radius of
0.5-3.0 m was the most effective manner to treat individual fire ant mounds. Both
pre-baiting broadcast treatment and label-rate broadcast treatment with Advion™
resulted in 98-99% colony mortality. Amdro® treatments resulted in 87% colony
mortality.

Direct

Quantitative

Manipulative

Very high

Tschinkel and
King, 2007

Targeted removal of ant colonies in ecological experiments, using hot water (using
kiln with 70 to 85°C hot water). All colonies killed.

Direct

Quantitative

Manipulative

Very high
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Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

Wang et al.,
2012a

Details many active constituents trialled on fire ants. Applying methyl bromide at a
rate of 32 g/m3 for 4 hours, 29 g/m3 for 6 hours, or 26 g/m3 for 8 hours killed all S.
invicta in full sea-containers (Zhou et al., 2011). Beta-cypermethrin, deltamethrin,
fenvalerate and abamectin could kill all fire ants in flower seedlings, without
negative effects on the flowers (Zhan et al., 2005). Liquid nitrogen can be used as

Direct

Quantitative

Manipulative

Very high

a quarantine treatment for P. purpureum grass without any negative impact
on the animals that feed on it (Huang et al., 2009). Li (2009) found a one-in30,000-part dilution of 40% chlorpyrifos and 2.0% abamectin killed all fire ant
workers in turf.
Spinosad; 54 mg/kg of spinosad caused mortality of 65% within 8 days (Zeng et al.,
2006). α-terthienyl; treatments with 100 μg ml-1 had over 90% efficacy when the
treated workers were exposed to Ultraviolet Radiation A for 90 minutes (Liu et al.,
2011). Capsicum annuum (Sweet Pepper) oil strongly repelled S. invicta workers,
showing >90% repellency at a concentration of 1000 μl/ml (Wang et al., 2012b). An
ethanol extract of the shrub Lantana camara killed 100% of fire ant workers within
five days (Zhong et al., 2008). Derris hancei root powder mixture eliminated 95% of
fire ant nests within 21 days (Tian et al., 2010). Efficacy of fipronil powder is
enhanced by increasing soil moisture (Wang et al., 2012c).

Nelson, 2013

Efficacy test for Amdro Pro® and Distance®. One-year post treatment, neighborhoods
treated in 2010 continued to have fewer homes infested with RIFA relative to control
neighborhoods. RIFA abundance in neighborhoods treated in 2011 also declined
relative to controls.

Direct

Quantitative

Manipulative

Very high

Allen and Miller,
2015

The greatest percent reductions (90 days) were observed in the Advion/Top Choice
combination plots (100.0%), followed by Top Choice alone (96.4%). Advion and
MaxForce produced significantly lower foraging reductions at 90 days (61.2% and
27.5% respectively). At the conclusion of the test (day 360), significantly fewer ants
were collected in the Advion (777.7), Top Choice (972.8), and combination plots
(596.2) than in the control plots (1257.8). The Advion/Top Choice combination also
provided the most complete and rapid results by day 7, reducing foraging by 100%.

Direct

Quantitative

Manipulative

Very high

Chen, 2016

Toxicity and efficacy of two 2-tridecanone formulations were assessed against S.
invicta. Both formulations showed significant toxicity in laboratory bioassays. In a
field trial, at application rate of 5.28 mL/L and 14 days after mound drench

Direct

Quantitative

Manipulative

Very high

102 | CSIRO Australia’s National Science Agency

Source

Description

Direct or
indirect
evidence

Qualitative vs
quantitative

Observational
vs
manipulative

Science
quality
assessment

treatment, 100% control was achieved for formulation with PBO and 90% control for
the formulation without PBO.
Callcott and
King, 2017a

Rootball Injection Treatments: The injection only trials were variable and required 1
week to 4 weeks to eliminate colonies while the drench plus injection trials with both
bifenthrin (0.01-0.05 lb ai/100 gal water) and lambda-cyhalothrin (0.034-0.069 lb
ai/100 gal water) eliminated colonies within 1 week.

Direct

Quantitative

Manipulative

Very high

Callcott and
King, 2017b

Rootball Drench Treatments: The bifenthrin rootball drench treatment was effective
throughout the 16 week trial at excluding IFA colonies from infesting the treated
rootballs. Ants preferred to die in the test arena rather than move into the treated
rootball. The lambda-cyhalothrin drench treatment was effective at excluding IFA
from infesting the treated rootball at 1 week after treatment.

Direct

Quantitative

Manipulative

Very high

Callcott et al.,
2017

Balled-and-Burlapped (B&B) Drench Treatments: Bifenthrin: Numerous trials at
various rates of application show that a dose rate of 0.1 lb ai/100 gal water applied
twice in a single day with one rotation or flip between the drench applications is very
effective against potential invasion of a root ball by a newly mated queen for up to 6
months. Outcomes for 0.1 lb bifenthrin + 0.00625 lb imidacloprid were similar to the
0.1 lb bifenthrin rate alone against potential invasion by a newly mated queen.

Direct

Quantitative

Manipulative

Very high

Callcott et al.,
2017

Balled-and-Burlapped (B&B) Drench Treatments: Lambda-cyhalothrin: 0.136 lb
ai/100 gal in a 1F1 application regimen provided 100% control of alate females for 6
mth in one trial, while the 0.069 lb rate provided 100% control for 4 mths in two
trials. Treatment of rootballs using 0.034 lb ai/100 gal provided 100% elimination of
IFA using both a single drench application and a traditional twice daily over 3
consecutive days drench regimen without flipping/rotating.

Direct

Quantitative

Manipulative

Very high

Callcott et al.,
2017

Balled-and-Burlapped (B&B) Drench Treatments: Chlorpyrifos: drenching the root
ball twice in one day with a rotation between the drench applications (1f1), or
drenching twice a day for two consecutive days (with a rotation between days-2f2),
provided more consistent mortality to alate females over a 2 month period, than the
traditional 3 day drenching regimen (6nf). Trials using fragmented IFA colony trials
artificially introduced onto B&B root balls, chlorpyrifos treated root balls (0.125 lb
ai/100 gal) provided 88% elimination of IFA using a single drench application (22/25
reps) and 80% after 14 days when using a traditional twice daily over 3 consecutive
days drench regimen without flipping/rotating (12/15 reps). Rotating (flipping) the

Direct

Quantitative

Manipulative

Very high
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root ball between drench applications increased efficacy of treatments against alate
females
Graham, 2017a

Efficacy tests of combinations of liquid contact insecticides against fire ants: Bait +
Aloft GC SC combo, Bait + tank mix of Bif and Carb, Bait + tank mix of Bif and
Lambda-cy, Tank mix of Bif and Carb. With the exception of the Bait+Aloft treatment,
none ever obtained over 90% control.

Direct

Quantitative

Manipulative

Very high

Graham, 2017b

Efficacy tests of a combination of a fire ant bait and combinations of liquid and
granular contact insecticides. Bait + Aloft GC SC combo, Bait + tank mix of Bif and
Carb, Bait + Taurus Trio G, Taurus Trio G. All treatments, other than the Taurus Trio G
only treatment achieved greater than 90% control

Direct

Quantitative

Manipulative

Very high

Loftin and
Hopkins, 2017a

Imported Fire Ant Quarantine Treatments in Commercial Grass Sod: 1 application
Advion® 0.045% bait (1.5 lb./A) + 1 application of Taurus® Trio G at 87 lb/acre
applied 7 days after bait, 1 application of Taurus® Trio G at 87 lb/acre and 1
application Advion® 0.045% bait (1.5 lb./A) + 1 application of tank mix Onyx Pro at
13.9 oz./A + Sevin SL at 128 fl oz/A applied 7 days after bait. All insecticide
treatments significantly reduced the number IFA colonies in treated plots
throughout the study duration. The Advion® plus Taurus® Trio G and the Taurus®
Trio G treatments provided six and seven weeks of control with no active colonies).

Direct

Quantitative

Manipulative

Very high

Loftin and
Hopkins, 2017b

Imported Fire Ant Quarantine Treatments in Commercial Grass Sod: 1 application
Advion® 0.045% bait (1.5 lb./A) + 1 application of Taurus® Trio G at 87 lb/acre
applied 7 days after bait, 1 application Advion® bait (1.5 lb./A) + 1 application of
Aloft GS SC (3.32 SC) (14.4 oz./A) applied 8 days later and 1 application Advion®
0.045% bait (1.5 lb./A) + 1 application of tank mix Onyx Pro at 13.9 oz./A +Sevin SL at
128 fl oz/A applied 7 days after bait.

Direct

Quantitative

Manipulative

Very high

Direct

Quantitative

Manipulative

Very high

Only two treatments resulted in no active colonies – Advion bait/ bifenthrin-carbaryl
tank mix and the Advion/Aloft treatments. For the Advion bait/bifenthrin-carbaryl
tank mix treatment, the 3 DALA evaluation was the only evaluation in which no
active colonies were observed. The Advion bait/Aloft GC treatment had no active
colonies present in any plots from 14 -28 DALA.
Vander Meer
and Milne, 2017

Used Distance [Pyriproxyfen 0.5% by weight] and Erasant [Pyriproxyfen 0.5% by
weight] applied at 680 g/0.4 ha; 8.5 g AI/ha. At 13 wk post-treatment, Distance
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Direct

Quantitative

Manipulative

Very high

positive control had four of eight colonies classified as dead, based on lack of worker
brood production, whereas the Erasant bait had eight of eight classified as dead.
Chen et al.,
2018

Measured the repellent effects of the food additives ethyl anthranilate and butyl
anthranilate against nesting by fire ant workers. Results demonstrated that
extremely low concentrations of these compounds can prevent fire ant nesting in
pots. The tested compounds remained active at concentrations < 100 𝛍𝛍L/L.
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3.8.2.2 Science evidence not supporting the principle
No science was found to counter the principle.

3.8.2.3 Assessment of the science evidence
There are numerous independent studies providing direct evidence of the principle for many
treatment products and delivery methods. Notably only research involving modern chemicals that
are currently in use or being tested, was included, and not the many chemicals that are now
banned from use in the likes of the USA and Australia, such as Mirex, chlordane, heptachlor and
DDT. In one instance (Wang et al., 2012a), the one paper that gives a detailed account of the
works of many others (in Chinese) was cited, testing many products rather than sourcing and
citing the many original works. Also note that no attempt was made to make this list of science
evidence exhaustive. No doubt there are many other published papers and unpublished reports
that could be cited, likely with other products and active compounds, as well as delivery
techniques. Our intent has been to show that there are a large number of products and methods
that have proven to be highly efficacious killing fire ants. Notably, treatments that merely aim to
suppress fire ants, such as biological control using phorid flies, were not included as they have no
utility for ensuring goods are free of fire ants for movement control.

3.8.2.4 Science needed to unequivocally demonstrate the principle
None needed. This principle has been unequivocally demonstrated and quantified.
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4 Conclusions Part I: review of scientific principles
The evaluation above led to a recasting of the existing seven scientific principles to give:
• Five reworded principles
• Eight new principles
• One deleted principle.
This resulted in a renumbered list of 13 new principles.
The 13 numbered new principles have been taken forward as scientifically justified points of
reference in the evaluation of management and movement controls in Part II. It is recommended
that the NRIFAEP also adopt the 13 new controls for this purpose. Although not included in this
review, the 13 new principles should also provide a suitable scientific basis for technical activities
within the broader eradication campaign.
The 13 new principles and their scientific rationale are given in below.
Principle 1
Fire ants have a very high
production of female alates

Principle 2
Fire ants disperse naturally by
nuptial flights, and nuptial
flights can occur at any time of
the year

Principle 3

Fire ants have a very high level of production of alates, such
that when conditions are suitable, this ant has the highest
number of alates per unit area of any ant species in the world.
This is believed to be because fire ants experience high
reproductive failure (due to predation and intra-species
competition) and this is countered by colonies using high
reproductive output. It has been calculated that 10,000-20,000
female alates attempted colonisation within a 1,200 m² study
plot in one summer. The risk of infestation from nuptial flights
is therefore greater than would be expected from any other
ant species, native or exotic, even before additional factors like
attractancy to human-enhanced environmental conditions
(disturbance/reflection: principle 8) are considered.
Nuptial flights by fire ants generally occur one or two days
following rainfall and suitable conditions include the ambient
air temperature between 23-32°C, relative humidity at 80% or
higher, wind speeds between 8-24 km/h and the change in
barometric pressure can trigger or influence nuptial flights.
Because nuptial flights can occur at any time of year when
conditions are suitable, infestation of goods can happen at any
time. There is no period when it can be stated that goods will
not be infested with nuptial queens.
Most fire ant queens will fly less than about 1.5 km from their
maternal nest, but they may fly up to about 5 km under their
own power – and many more kilometres (13 km or more) with
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Queens can naturally disperse
by flight many kilometres from
the nuptial nest

wind assistance – and subsequently establish a colony. This
can result in locations well outside of an area populated by the
ant becoming infested at any time (see principle 2). Therefore,
the risk of a location or substrate becoming infested extends
well past an infestation boundary.

Principle 4

Queens appear to choose to land in locations that maximise
their ability to rapidly raise brood. These locations are open
(typically disturbed) for maximal solar insolation, and where
possible, moist, to avoid death by desiccation. Such locations
are naturally more reflective than other locations that are
densely vegetated or dry. Incidentally, human activity creates
environments that are far more suitable for fire ant
establishment and survival than most natural environments in
its exotic range, as well as numerous products that are
reflective and hence are attractive to queens undergoing a
nuptial flight. This results in queens targeting areas and
products/substrates associated with human activity. Anything
in the open is at risk of infestation by nuptial flight.

Queen choice of where to land
to establish a colony is not
random

Only goods that are stored inside of a sealed building can be
considered to be not at risk of becoming infested. Minimising
the presence of surfaces that are attractive to queens (e.g.
open water, metal, exposed dirt/gravel, moist soil) will likely
reduce the risk of infestation.
Principle 5
Nuptial queens will attempt to
initiate colonies under objects,
not just in a hole on open
ground

Principle 6
Fire ants can translocate
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Queens cease looking for a place to dig a nuptial hole if they
can locate an object to reside underneath or find a pre-made
space. This is especially so when the ground is hard. The
intuitive reasoning for this observation is that utilising such
situations allows a queen to more rapidly escape potential
predation or desiccation. Even if a burrow cannot be dug
because the surface is impenetrable (e.g. concrete), there is no
obvious or logical reason why a queen cannot initiate a colony
underneath the object (just like a queen initiating a colony
within a laboratory test tube). Therefore, merely having
goods/substrates sitting on an impenetrable surface such as a
concrete pad is not sufficient to prevent establishment of fire
ant colonies and the subsequent infestation of
goods/substrates. Impenetrable surfaces are only suitable for
preventing infestation from established colonies that would
otherwise be present under the ground/substrate.
Fire ant colonies are capable of moving and being moved great
distances and remaining viable. They can move short distances
in an immediate vicinity within or between substrates (e.g.

from one location in local soil to another location within local
soil, or from any human-modified substrate to soil), be
transported by flooding to farther regional locations or be
transported by human-assisted means to unlimited distances
globally. Regarding human-assisted transport, the species
appears to be capable of being transported on/within any
product or substrate that can be moved. The movement of
practically anything has a risk of dispersing fire ants.
Principle 7
Fire ant nest depth varies with
colony age

Fire ant queens are initially limited to the maximal depth of
the nuptial chamber but as the colony ages and the nest
deepens, the queens position is relative to temperature and
soil moisture, not nest depth. Incipient nests, which are the
most difficult to detect, are the easiest to accidentally
transport with the movement of soil because they are the
shallowest (<10 cm). Young colonies could easily be
transported in their entirety with the movement of just a few
centimetres of topsoil.
Depth of an established nest will increase with the age of the
colony and may be greater than one metre. Combined with
principle 8, even mature colonies can potentially be moved in
their entirety when conditions are cold and the ants are
situated near the soil surface, or potentially above the soil
surface within the mound. Naturally this principle only applies
within soil, not goods.

Principle 8
Queens are not located at any
single location within a nest

Principle 9
It takes approximately 21 days
for a fire ant colony to
establish

Fire ant queens are initially located at the deepest part of the
nuptial nest when nests are most shallow (<10 cm), but as the
colony matures and nest depth gets greater, the location of
queens is determined by temperature, not nest depth. The
queens and brood are most typically associated with relatively
shallow depths so that they can exist within relatively warm
conditions to optimise reproductive output and minimise
development time. They are positioned above ground level in
the nest mound in the coldest environmental conditions.
Therefore, the movement of soil has great risk of moving
queens, brood and workers, regardless of colony age and
especially in cold temperatures.
Until the first workers develop, a fire ant infestation consisting
only of a newly mated queen will be hidden within a substrate
and be undetectable. At the very least 16 days is needed for
the first workers to develop, but a timeframe of 51 days has
been recorded. But even when the first workers (minims) fully
develop, they won’t forage above ground immediately, so
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additional time is needed for them to be visible without
disturbance. Therefore, visual inspection of goods alone won’t
detect incipient nests.
Because no individuals are foraging in this period, treatments
using baits that require foraging workers to take the product
back to the nest won’t work. Because the life of an incipient
queen is dependent upon her successfully rearing her first
brood (see principle 10), a queen is very unlikely to abandon
her incipient colony in the absence of catastrophic disturbance
(physical, chemical or thermal). Such catastrophic disturbance
includes the complete separation of soil/substrate that
permanently separates a queen from her brood, chemical
treatments that encompass the entire substrate, or the
heating/cooling of a substrate beyond Critical Thermal Limits
(see principle 12) of the ants.
Principle 10

Because the life of an incipient queen is dependent upon her
successfully rearing her first brood, a queen is very unlikely to
After a queen’s fat reserves
are exhausted, she is reliant on abandon her incipient colony in the absence of catastrophic
disturbance (physical, chemical or thermal). Such catastrophic
workers for nutrition
disturbance includes the complete separation of soil/substrate
that permanently separates a queen from her brood, chemical
treatments that encompass the entire substrate, or the
heating/cooling of a substrate beyond Critical Thermal Limits
(see principle 12) of the ants.
Because an inseminated queen can potentially join an existing
colony (Principle 11), any potential separation of a queen from
her brood or workers, or from any other existing colony, must
be permanent. Permanence can only be achieved by spatial
separation (e.g. rigorous disturbance of a large mass of
substrate, or bagging), or by death.
Principle 11
If a queen is lost from a
colony, the colony will survive
if another inseminated queen
is present or adopted

Principle 12

110 | CSIRO Australia’s National Science Agency

Because an inseminated queen can potentially join an existing
orphaned colony, any potential management actions that
could result in separation of fertilised queens from workers
and brood (e.g. mechanical actions) must maintain
permanence of that separation until all workers have died.
Notably, workers can live for months in the absence of a
management action that aims to kill (e.g. toxic chemical
treatment). This principle of queen adoption applies to both
monogyne and polygyne forms.
Because ants of all stages have Critical Thermal Limits, both
upper and lower, it is possible to conduct temperature-based
treatments on products to ensure that ants cannot persist

Fire ants have Critical Thermal
Limits

within the products. The challenge will be to be able to
conduct such treatments without affecting the goods to be
transported. Notably for such temperature treatments, it is
the entire nesting substrate (or product) that needs to be
sustained at a temperature level for a given time, not just
exposure to the same ambient temperature, because the
temperatures of substrates and product can be greatly
different to ambient temperature.
In addition to the critical temperatures that are the thresholds
of death for fire ants (CTmax and CTmin) there are also
temperatures at which fire ants either actively does not forage
or is incapacitated. It was found the optimum air temperature
for foraging activity ranges between 21 and 29°C, with workers
not foraging when surface temperatures are below 15°C and
above 38°C.
Therefore, visual inspection of goods alone based on
temperature won’t necessarily ensure detection of incipient or
established nests. Notably ambient temperature and the
temperature of the entire nesting substrate (or product) can
have very different measurements simultaneously and this
must be taken into account when producing protocols.

Principle 13
Fire ants are susceptible to
chemical and non-chemical
treatments

Fire ants are susceptible to many forms of treatment and
treatment products. Therefore, there are effective solutions to
kill ants and ensure that goods/substrates to be moved are
ant-free. Notably there are great variations in the mode and
timeframes of effectiveness of the many varied management
possibilities, and their respective potential efficacies and risks
are affected differently relative to numerous other principles,
especially the likes of Principle 11. These differences are
especially great between actions that aim to kill ants (e.g. use
of toxic chemicals or hot water) versus not kill ants (e.g. use of
Insect Growth Regulators or mechanical disturbance). It must
be noted, however, the most effective control measure is to
target and kill the queen/s so no more workers are produced
and the entire colony is eliminated.
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Part II Assessment of
management and
movement controls
for fire ant carriers
Evaluation of the regulation, science, stakeholder
feedback and program data, and a qualitative and
quantitative assessment of risks, for the
management or movement of high-risk fire ant
carriers
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5 Approach
5.1

Introduction

Part II of the report opens with an evaluation of the effectiveness of regulated controls for the
movement of fire ant carriers, as well as controls cited in the relevant industry accreditation
schemes and state and territory entry conditions. The evaluations are generic, in the sense that
they do not consider the relevance or feasibility of each control in the context of the individual fire
ant carriers.
Following this are qualitative and quantitative assessments for the management and movement of
individual fire ant carriers. A description of the major groups of fire ant carriers is provided in
Section 5.2 below.
The assessment for each of the major group of carriers followed the format below (Figure 4):
• Discussion of the regulated management and movement controls for that carrier
• Evaluation of stakeholder feedback about the regulated management and movement controls
for the carrier
• Description of the pathway between the sourcing of the carrier, its storage and/or sale, and its
movement to a point of destination
• Qualitative assessment of the risks associated with the pathway
• Quantitative assessment that investigates key assumptions from the qualitative assessment and
examines additional control scenarios – including those drawn from the regulation of interstate
movements
• Conclusions about the risk profile for the carrier.
Part II of the report concludes with an overview of issues that spanned all or a range of the fire ant
carriers.
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Figure 4 Approach to the evaluation of fire ant carriers

5.2

Referencing and citations

New scientific principles: throughout the risk assessment, a direct reference to one of the 13 new
scientific principles (Section 4), or its scientific rationale, is denoted using the syntax ‘SP’ and the
number of the principle – for example, “More female alates are produced by fire ants than any
other native or exotic ant species (SP1) and, for this reason, the risk of infestation from mated
female alates on nuptial flights is greater than would be expected from other ant species”. Where
a scientific principle is referenced in this way, the primary literature has not been cited. The
primary literature underpinning each of the 13 new scientific principles is given in the tables within
Sections 2 to 3.
NRIFAEP materials: a broad range of materials was provided by the NRIFAEP to guide and inform
this review. These materials included NRIFAEP operational documents, such as scientific advice
statements and significant detection reports, as well as photographic and video evidence of fire
ants infesting particular carriers. A selection of correspondence was also provided, including
correspondence with industry and Ministerial correspondence. In addition to these materials was
a range of reports from studies examining aspects of fire ant ecology or control. At the request of
the NRIFAEP, citations of these materials (other than those that are also in the public domain)
have been generalised and the materials themselves are not described in either footnotes or the
list of references (page 289).

5.3

Categorisation of fire ant carriers

Under Biosecurity Regulation 2016 vs 27 May 2020 (the Regulation) the term ‘fire ant carrier’ is
defined as:
a) baled hay or straw; or
b) material that is a product or by-product of mining or quarrying; or
Examples—chitters, coal fines, coal stone, decomposed granite, gravel, overburden
c) material that is a product or by-product of the processing of an animal, or something that
comes from an animal; or
Examples—solid waste produced by processing an animal at an abattoir, animal manure
Review of Red Imported Fire Ant Scientific Principles and Controls | 115

d) material that is a product or by-product of the processing of a plant, or something that
comes from a plant; or
Examples—mulch, sawdust, green waste, compost
e) a potted plant; or
f) soil; or
g) a thing that has soil, or an organic soil substitute, attached to it.
Examples—turf, an advanced plant with soil on its roots that has been removed from the
ground for re-planting, and appliance that soil or another growing medium is attached to.
With this providing the overarching scope of the review, the qualitative and quantitative risk
assessments in Sections  to 13 focused on the seven major groups of fire ant carrier described on
the NRIFAEP website. The examples of particular substrates provided by NRIFAEP in the review’s
contract documentation were then inserted into these major groups.
The outcome of this process is shown below:
1. Soil, including
• Fresh soil
• Fill
• Clay
• Scrapings
• Any other material (other than gravels and sands) removed from the ground at a site where
earthworks are being carried out.
2. Potted plants, including
• Potted plants
• An advanced plant with soil on its roots that has been removed from the ground for re-planting
• An appliance that soil or another growing medium is attached to.
3. Turf
4. Hay, including
• Baled lucerne hay
5. Mulch, including material that is a product or by-product of the processing of a plant, or
something that comes from a plant, such as
• Mulch
• Composted materials
• Sawdust
• Green waste
• Compost.
6. Animal manure
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7. Other fire ant carriers, including material that is a product or by-product of mining or
quarrying such as
• Gravels
• Sands
• Chitters
• Coal fines
• Coal stone
• Decomposed granite
• Overburden.

5.4

Consultation with stakeholders

A register of 80 stakeholders provided the basis for stakeholder consultation. In the main, industry
feedback was obtained from peak bodies rather than individual producers or operators. A
breakdown of the stakeholder grouping represented in the register is given in Table 17.
Table 17 Summary of stakeholder groups
Row Labels

Number on the register

Business

1

Certification body

2

Individual

1

Local Government

9

NRIFAAEP-Reviewer

2

NRIFAEP-SAG

8

NRIFAEP-SC

9

Peak Body / Association

32

SDQMA

9

State Government

7

Total

80

Each of these 80 stakeholders received an invitation to participate in an online survey. Twenty-two
(22) surveys were submitted, with 17 of these requesting a follow-up telephone call. Discussions
were held with these, and with an additional 21 priority stakeholders who had not completed the
survey. Overall, written or verbal responses were logged from 43 of the 80 stakeholders (54%).

5.5

Pathways for the for the management and movement of fire ant
carriers

The qualitative and quantitative assessments for fire ant carriers rested on graphical
representations of the steps between sourcing each commodity and utilising it at the point of
destination (termed pathways). In broad terms, these pathways described the likelihood that a fire
ant queen and workers, or a mated female alate, present in the commodity, will survive
undetected at each step, or that the commodity would become infested.
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5.6

Qualitative assessment of risks

5.6.1

Risk assessment endpoints

The qualitative risk assessment focussed on establishing the likelihood that a fire ant queen and a
sufficient number of workers, or a mated female alate, will be released from the carrier upon
utilisation at its point of destination.
This likelihood statement was applied to three possible release scenarios:
• Release within Biosecurity Zones 2
• Release within Biosecurity Zones 1
• Release outside the Biosecurity Zones.
These three scenarios represented three levels of consequence and, thus, three levels of risk, as
explained below.

5.6.2

Scales for the qualitative risk assessment

Qualitative likelihoods were assessed using the scale shown in Table 18.
The consequences of releasing a fire ant queen and workers, or a mated female alate, from the
carrier upon utilisation at its point of destination will be incrementally more severe if the point of
destination lies in Biosecurity Zone 2, Biosecurity Zone 1 or outside the Biosecurity Zones,
respectively. This is reflected in the risk estimation scale (or matrix) shown in Table 19.
Although it was not the purpose of this review to establish an acceptable level of risk for the
NRIFAEP, recommendations focus on areas of risk estimated to be greater than Low.
Table 18 Likelihood scale
Likelihood

Description

Negligible

There is not a real chance or possibility that the outcome will occur

Very unlikely

The outcome is rare, and only occurs in exceptional circumstances

Unlikely

The outcome is uncommon, although known to occur in a range of circumstances

Possible

The outcome may occur

Likely

The outcome is expected to occur in most circumstances
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Table 19 Risk estimation scale

Consequences
Zone 2

Zone 1

Outside zones

High

High

Extreme

Possible

Medium

High

High

Unlikely

Low

Medium

High

Very unlikely

Low

Low

Medium

Negligible

Low

Low

Low

Likelihood

Likely

5.7

Quantitative assessment of risk

5.7.1

Introduction

The quantitative risk assessment evaluated the likelihood that at least one viable fire ant queen is
released from the carrier at a destination property following movement off a source property.
Here and throughout the quantitative assessment, the term ‘viable queen’ was used to denote an
established queen with a sufficient number of workers (approximately 10 to 25; Tschinkel, 2006), a
new queen with brood, or a mated female alate. Unlike the qualitative assessment, the
consequences of moving a viable fire ant queen off a source property and releasing it from the
carrier at a destination property were not considered.
We adopted a scenario analysis approach to evaluating the likelihood of releasing at least one
viable fire ant queen. Evaluated scenarios included:
a) The same major groups of fire ant carrier that were identified in Section 5.2 and used to
conduct the qualitative assessments
b) Two infestation scenarios in accordance with two distinct dispersal strategies employed by the
fire ant (Section 5.7.4)
c) A range of external conditions influential to risk, such as the expected prevalence of fire ants at
the source property, or the suitability of the carrier for fire ant infestation (Appendix C.2)
d) The different controls that can be applied to a fire ant carrier to mitigate risk, focusing on
regulated controls but also including some of the measures included in industry-based
accreditation programs and interstate entry conditions (Sections 7 to 13, Appendices C.3 to
C.7).

5.7.2

Application of Bayesian network models to fire ant carriers

We implemented the quantitative assessment using a Bayesian network (BN) modelling approach.
A brief introduction to BN models in the context of risk assessment is provided in Appendix C.1. A
separate BN model was developed for each of the groups of fire ant carrier, based on a common
conceptual framework (described below) and a general modelling methodology and assumptions
(detailed in Appendix C.2). However, each risk model stands on its own and integrated the specific
controls relevant to each carrier. A description and evaluation of each BN model is provided in the
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quantitative assessment section for each carrier (Sections  to 13), complemented by
supplementing information in Appendices C.3 to C.7.

5.7.3

Generic conceptual framework for the quantitative model

The quantitative assessments were based on a generic conceptual framework that was common
to all groups of fire ant carrier (Figure 5). The risk assessment starts with the sourcing of the
carrier at a source property and ends with the carrier’s movement off-site for the purpose of
utilisation, storage or disposal at a destination property. The risk assessment may also include
storage of the carrier at the source property following sourcing but prior to moving it off-site
(Figure 5).
In the generic conceptual framework, the source and destination property are located in a
landscape that is infested by fire ants to a certain extent (assumptions see Appendix C.2.1). The
baseline scenario (i.e. without any controls) assumes that the prevalence of fire ant nests will be
the same on the source and destination property as it is in the landscape.
During sourcing, the carrier may be exposed to infestation by fire ant queens from both the
property and the surrounding landscape (assumptions see Appendix C.2.2). We distinguished
between
a) Carriers that are an embedded subset of the property (e.g. soil, turf) and may therefore
already contain a fire ant nest prior to being sourced and moved, depending on the fire ant
prevalence on the property; and
b) Non-embedded carriers that are located on the property (e.g. potted plants, hay, manure) are
exposed to a fire ant queen relocating into, or landing on, the carrier from the property, or the
surrounding landscape.
The likelihood of a carrier being infested with a viable fire ant queen is dependent on its exposure
but also on the suitability of the carrier for infestation and survival of fire ant queens (i.e. only a
portion of all queens that the carrier is exposed to may be able to infest and survive in the carrier,
due to its inherent characteristics and a range of other factors, assumptions see Appendix C.2.4).
Following infestation, the risk framework further involves the survival of a viable fire ant queen in
the carrier through to it being moved off the property to a destination. At this point, the viable fire
ant queen may be released from the carrier and establish in the environment at the destination
property and, ultimately, in the surrounding landscape.
If the carrier is also stored on the property following sourcing, the likelihood that it is infested by a
viable fire ant queen during storage may be affected by either or both: (a) the survival of a fire ant
queen that is already present in the carrier as it comes into storage; or (b) the exposure of the
carrier to infestation by a fire ant queen relocating into, or landing on, the carrier from the
property, or from the surrounding landscape during storage (all stored carriers fall into the nonembedded carrier category). As above, the risk pathway further involves the survival of a viable
queen in the stored carrier through to it being moved off the property to a destination, where the
queen may be released from the carrier.
Controls by a person moving a fire ant carrier may mitigate risk at different points in this
framework with varying levels of efficacy (Assumptions see Appendix C.2.3), including, in
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particular: (a) reduce the fire ant prevalence on the source property; (b) reduce the exposure of
the carrier to infestation either during sourcing or storage; or (c) the treatment of an infestation in
the carrier before, during or after sourcing or storage to reduce survival. Controls that reduce the
risk that a viable fire ant queen will be released from the carrier following movement, or that it
will establish and spread in the environment at the destination property and the surrounding
landscape, were not considered in the quantitative assessment.

Figure 5 Schematic view of the generic quantitative model
Notes: Schematic ‘bird’s eye view’ of the generic risk framework used in the quantitative assessments. This framework
was translated into a separate BN model for each carrier group that also considered the specific controls that can be
applied to the carrier to mitigate risk at different points.

5.7.4

Fire ant infestation scenarios

We distinguished between two infestation scenarios in accordance with two distinct dispersal
strategies employed by the fire ant. As noted above, when assessing the likelihood that a viable
fire ant queen infests, survives in and is released from the carrier, ‘viable’ may refer to either of
the following two scenarios.
a) An established queen with a sufficient number of workers – in this case, the risk framework
involves:
• For an embedded carrier, an established fire ant nest that is already present in the carrier prior
to being sourced and moved; or
• For a non-embedded carrier, a fire ant queen with a sufficient number of workers relocating into
the carrier from its surroundings on the property; and
• The survival and release of the established nest.
b) A new queen with immature offspring – in this case risk framework involves
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• For an embedded carrier, an incipient nest that is already present in the carrier prior to being
sourced and moved; or
• For a non-embedded carrier, a mated female alate landing on the carrier following a nuptial
flight from the surrounding landscape and establishing an incipient nest in the carrier; and
• The survival of the new queen with her immature offspring in the carrier; and
• The release of the incipient nest from the carrier.
An ‘incipient nest’ may be at various stages of development, starting with a claustral chamber that
contains the new queen and the eggs, larval or pupal stages of her offspring, through to a
functioning nest containing the new queen and minims (Figure 6). For the purpose of the
quantitative assessment, the main distinguishing feature between an established nest and an
incipient nest is that an incipient nest, regardless of developmental stage, is assumed to remain
exclusively below ground. Hence, incipient nests, unlike established nests, are not vulnerable to
any controls that rely on visual detection or the uptake of bait by fire ant workers foraging above
ground (Figure 6). Because external conditions at the property or landscape levels, and controls,
may affect the risk assessment for established queens or new queens differently, the BN models
were parameterised, and scenario analyses conducted separately, for each of these two
infestation scenarios. This distinction is reflected in all subsequent discussions of model
assumptions and analysis results.

Figure 6 Developmental stages for fire ant infestation scenarios
Notes: Developmental stages associated with the two infestation scenarios explored in the quantitative analysis. A
delineation was made between: (a) established nests containing an established queen with sufficient above-ground
foraging workers, and (b) incipient nests containing a new queen with immature offspring at various developmental
stages, although remaining exclusively below ground.

122 | CSIRO Australia’s National Science Agency

6 Fire ant control strategies
6.1

Introduction

This section provides an evaluation of the effectiveness of regulated controls for the movement of
fire ant carriers, as well as controls cited in the relevant industry accreditation schemes and state
and territory entry conditions. The evaluations are generic, in the sense that they do not consider
the relevance or feasibility of each control in the context of the individual fire ant carriers.
Qualitative and quantitative carrier-focussed evaluations of the controls are provided in Sections 7
to 13.
With minor modifications, the controls were categorised according to the risk framework outlined
in van Klinken et al. (2019) (Table 20) as follows:
• Reduce the exposure of the carrier
– Property freedom or low pest prevalence
– Pest avoidance
– Pest exclusion
– Pest management
• Reduce the suitability of the carrier as a substrate or a microenvironment
• Reduce the level of infestation within the carrier
– Inspect consignments of the carrier
– Remove the pest from the carrier
– Kill the pest within the carrier
• Reduce establishment and spread of the pest
– Implement Biosecurity Zones
– Safe disposal of the carrier
Table 20 Summary of key movement controls for fire ant carriers, grouped by risk-reduction objective
Controls

Queens and workers
and/or mated female
alates

Production stage

Program

Carriers applied to

Property freedom or low pest
prevalence: surveillance with
exclusion of property if conditions
aren’t met.

Queens and
workers

Source, store

ICA, State entry
conditions,
HACCP,
Regulations (soil)

Potted plants,
soil, mulch, turf,
hay

Pest avoidance: minimise the time
that carriers are stored or
stockpiled (mostly 24 hours)

Both

Store

Regulations

All

Pest avoidance: bare-rooting

Both

Source

Regulations;
State entry
conditions

Potted plants

Reduce the exposure of the carrier
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Controls

Queens and workers
and/or mated female
alates

Production stage

Program

Carriers applied to

Both

Source

Regulations

Soil

Pest exclusion: fire ant resistant
surfaces

Queens and
workers

Store

Regulations,
HACCP (mulch)

All

Pest exclusion: covering fire ant
carriers

Mated female
alates

Store

Regulations,
HACCP

All

Pest exclusion: storing fire ant
carriers above the ground

Queens and
workers

Store

Regulations

All

Pest exclusion: chemical perimeter
treatment

Queens and
workers

Store

Regulations,
HACCP (mulch)

All

Pest exclusion: bagging of carriers

Both

Store

State entry
conditions

Hay (chaffed)

Pest management: baiting
(prophylactic or in response to an
identified infestation)

Queens and
workers

Source

Regulations

Soil

Source, store

State entry
conditions

Potted plants

Queens and
workers

Source,
destination

State entry
conditions,
HACCP, ICA

Potted plants

Both

Store

State entry
conditions,
HACCP (mulch)

Mulch, soil

Queens and
workers

Source

Regulations

Soil

Kill pest: chemical treatment (cover
spray, drenching etc)

Both

Source

Regulations

Turf, potted
plants, hay

Kill pest: fumigation

Both

Source, store

State entry
conditions

Mulch, soil, hay

Kill pest: disturbance

Both

Source, store

Regulations,
HACCP

Soil, mulch,
manure, hay,
other carriers

Kill pest: disturbance and bagging

Both

Source

State entry
conditions

Hay (chaffed)

Both

Destination

Regulations

Soil

Pest avoidance: remove top 1 m of
soil

Reduce the suitability of the carrier as a substrate or a microenvironment
Restrict sales to tissue culture or to
seedlings in plugs or cells

Both

Reduce the level of infestation within the carrier
Inspect consignments of the
carrier: (and rejection or treatment
of carrier category if RIFA found)
Kill pest: heat treatment

Kill pest: chemical treatment
through DNI

Reduce establishment risk
Poor destination habitat: disposal
at a waste facility

For each of the identified the control measures, the following attributes were considered:
• The regulatory or accreditation program(s) in which it is used
• The fire ant carrier(s) to which it is relevant
• Key variations in the way that the control has been specified
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• The feasibility of the control from an implementation standpoint
• The effectiveness of the control, in the context of an essentially monogyne population of fire
ants
• Key areas where empirical data is required to further evaluate the control.
The evaluation of controls rested to a large extent on recognition of the transition in southeast
Queensland from a fire ant population that was almost 40% polygyne in 2001 to one that is now
less than 1% polygyne – that is, a population that is essentially monogyne (NRIFAEP, 2018). This
transition has largely been the result of the targeted control of polygyne nests through chemical
treatment (Wylie et al., 2020). In comparison, in countries without targeted controls for fire ants,
the prevalence of polygyne colonies is considerably higher – for example, 24-92% in Taiwan (Yang
et al., 2009), 15-54% in the United States (Porter et al., 1991; Porter, 1992) and in China the
majority of colonies are polygyne (Yang et al., 2012).
The monogyne and polygyne forms of fire ant differ in their physical characteristics and ecology,
and these have substantive ramifications for their control – notably:
• A lower nest density in any given setting, and less clustering of nests
• Greater emphasis on dispersal by airborne mated female alates, as
– Monogyne colonies have only a single queen, and do not bud
– Monogyne colonies produce approximately 30% more female alates than polygyne colonies
– Monogyne alates are larger than polygyne alates and, with approximately 33% more fat
reserves, are more successful at colony establishment.
• Greater emphasis on the protection of carriers from infestation by airborne mated female alates
(although this is likely to depend on the inherent attractiveness of individual carriers, and period
for which they are exposed), and a reduced effectiveness of conventional property boundaries
• A higher proportion of incipient nests, resulting in a reduced effectiveness of controls that rely
on the identification and removal of nests.
In substantiation of these key points: Mescher et al. (2003) described the polygyne form as
characterised by a naturally limited (airborne) dispersal ability. The relative size of monogyne and
polygyne alates was reported by Keller and Ross (1993), and Ross and Keller (1995), who noted
that mature winged monogyne queens weigh on average 48% more than the polygyne form, and
that this was mostly (70% of the difference) due to their greater abdominal fat reserves.
Additionally, Porter et al. (1988) noted that although polygyne colonies do have mating flights, the
newly mated female alates have fewer body reserves and are substantially less capable of
successfully founding a colony than their monogyne counterparts. Polygyny strongly diminishes a
colony’s reproductive potential. Multiple queens pheromonally inhibit the production of sexuals,
and polygyne colonies consequently produce about 30% fewer winged queens than monogyne
colonies (Vargo and Fletcher, 1987). In common with other polygyne forms of ant, polygyne fire
ants rely more heavily on budding as their key means of dispersal (Fletcher, 1983; Greenberg et al.
1985; Porter et al. 1988).
Fire ants have a very high level of production of female alates, such that when conditions are
suitable, the monogyne form of this ant has the highest number of alates per unit area of any ant
species in the world. For this reason, the risk of infestation of queens from nuptial flights is greater
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than would be expected from other ant species, native or exotic (SP1). Although nuptial flights can
occur at any time of year, the most favourable conditions include an ambient temperature in the
range of 23 to 32°C, relative humidity 80 to 96% and one to two days following a rainfall event of
approximately 0.06 to 5 mm (SP2). While most mated female alates (as much as 99%) will fly less
than about 1.5 km from their birth nest, they are considered able to fly up to about 5 km under
their own power – and as far as 13 km if assisted by wind (SP3). This means that a freshly prepared
excavation site is principally at risk from infestation by airborne alates released from nests within
about 1.5 km of the site, and at any time of the year.
The propensity for monogyne fire ants to disperse by airborne mated female alates (SP1, 2 and 3)
leads to a higher prevalence of incipient nests than would be expected with a polygyne or mixed
population. Incipient nests are generally beneath objects or underground (SP5) and are not
detected by visual inspection. Once established, however, monogyne fire ants will vigorously
defend their foraging range and, whilst this varies with the quality and quantity of available food,
nests are not generally less than approximately 8 to 10 m apart (Adams, 2003) – essentially less
than half the density that might be expected of polygyne nests in a similar setting (Macom and
Porter, 1996).

6.2

Reduce the exposure of the carrier

6.2.1 Inspection to establish or verify property freedom or low pest prevalence
Property inspections and property freedom underpin ICA40 (Property Freedom of Plants for Red
Imported Fire Ant) and are included (either independently or by reference to ICA40) as a
component of many of state and territory entry conditions for fire ant carriers. Under these
protocols, properties must be free from infestation in order for product to be certified. Site
inspection is included as an option within the Soil Movement Guideline, although is not otherwise
a regulated control for the movement of fire ant carriers.
Under ICA40, an Authorised Inspection Person must inspect the property prior to the initial
application for accreditation and at intervals of not greater than every 28 days thereafter. Broadly,
the 28-day scheduled protocol is carried through to the requirements for individual carriers. This
schedule appears to have been matched to the (approximately) 21-day period required for the
establishment of an incipient nest (SP9), noting that a conspicuous mound is not generally
produced until several months (SP7) after a mated female alate commences laying her first batch
of eggs (Drees and Vinson, 1993).
Property inspection under ICA40 is only undertaken by an Authorised Inspection Person and
comprises an inspection of all production and non-production areas within the property boundary
– including any ornamental gardens or lawn areas, water storage areas, recently introduced plants
or equipment, and the property boundary itself. The entire source property must be inspected on
the same day. Inspection includes an examination of likely fire ant nest sites, including around or
under any equipment, machinery, raw materials or other items stored in contact with the ground,
and in potted plants. Any ants found during the property inspection that are suspected to be fire
ants are collected and submitted to Biosecurity Queensland for identification.
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The NRIFAEP Ten-Year Plan describes the outcome of trials conducted in Taiwan by NRIFAEP staff
that found that approximately 80% of established nests could be detected by visual inspection.
This could be increased to close to 100% through the use of odour-detection dogs. If at least one
detection identifies a property as infested (i.e. not free), then the confidence that can be
attributed to claimed freedom will be higher in higher-density areas. Conversely, however, higherdensity areas are more likely to experience ongoing infestation through airborne mated female
alates (SP1, 2 and 3).
Scheduled inspection by trained inspectors can be a valuable component of a systems-based
approach that is aimed at providing confidence that established nest densities are absent from the
site, or that densities are low. The limitation of property inspection, however, is that it does not
identify incipient nests – whether in the carrier or consignment, or elsewhere on the property. As
noted above, incipient nests may remain undetectable for several months. Although untested, it
also seems probable that the identification probability for established nests (approximately 80%)
may be lower for some places within an infested property (e.g. large growing beds, where
infestation may establish within the draining substrate and subsequently expand to individual
potted plants) or for some carriers (e.g. stored hay, where infestation may extend into or beneath
individual bales) (SP6).

6.2.2 Pest avoidance: minimise the time that carriers are stored or stockpiled
Minimising the time that carriers are stored or stockpiled is a core component of the Regulation.
The period that is used as a hinge in almost every setting is 24 hours, with the assumption that fire
ants are unlikely to infest materials that are exposed for less than this.
Whilst this is a reasonable position to take from a practical standpoint, there appears to be very
little empirical evidence to support it. Importantly, the time-dependent infestation pressure
experienced by a carrier will vary with its innate attractiveness to fire ants (SP4), the density of
established nests in the local area, and whether infestation in a given setting is likely to be
primarily by a migrating queen and workers (SP6) or by an airborne mated female alate (SP1, 2
and 3). A range of other more specific factors is also likely to be relevant.
Further research to better understand infestation pressure from mated female alates is
particularly pertinent, as this scenario underpins dispersal of fire ants under the transition to an
effectively monogyne population. Although the difficulties attached to such research can readily
be appreciated, innovative designs may nevertheless be possible through the participation of the
broader Australian and international research communities.

6.2.3 Pest avoidance: bare-rooting
Bare-rooting is not a regulated control, although appears on the NRIFAEP website as a
consideration for the movement of potted plants.
Bare-rooting is generally limited to deciduous trees and shrubs during their dormant winter
months. If performed thoroughly, and if the bare-rooted plants are not subsequently stored with
their roots under loose soil (to prevent air-drying), it is likely to be effective as a mitigation against
the translocation of fire ants. If plants are stored with their roots in soil, then it is conceivable that,
with further root bagging at the point of purchase, remnant soil would be sufficient to enable the
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inclusion of a fire ant queen and a sufficient number of workers (SP6), or a mated female alate
(SP4).

6.2.4 Pest avoidance: remove top 1 metre of soil
This control is described only in the Soil Movement Guideline and is relevant only to soils.
The control involves removing the top 1 metre of soil at a site, undertaking the necessary
excavation and then replacing the original top 1 metre of soil. The method is not recommended
(within the Soil Movement Guideline) for areas where the soil type is soft, loamy or sandy as fire
ant nests can extend further than 1 metre below the surface in areas with these soil types (SP7).
The top 1 metre of soil must not be mixed with soil to be removed from the site. If it cannot be
placed back into the excavation, soil must either be retained on site or removed to a waste facility
(Section 6.5) within the same Biosecurity Zone. Given the scale of the earthworks required to
employ this risk mitigation strategy, the strategy is only considered practical (within the Soil
Movement Guideline) for large excavations.
Monogyne fire ant populations have a higher prevalence of incipient nests than polygyne or mixed
populations. Incipient nests are not deeper than a few centimetres (SP7) and are thus likely to be
included in their entirety in most excavations. Although the depth of an established nest will vary
with its age, and may exceed 1 metre (SP7), the location of the queen within the nest is not fixed
(SP8). In particular, queens will tend to be located in the more superficial part of the nest during
cooler weather and may even migrate into the above-ground mound (SP8). Thus, a reasonably
shallow excavation undertaken in cooler conditions may include a queen, even if the nest itself is
mature and significantly deeper.
Given the relatively high likelihood that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be located at a shallow depth or, in the
case of an established nest, in an above-ground mound, the requirement for the separate
treatment of the first 1 metre of excavated soil is likely to provide significant protection. This
protection is also likely to persist in many settings when the soil is soft, loamy or sandy, although
operators are dissuaded (in both the Soil Movement Guideline and on the NRIFAEP website) from
applying the measure under these conditions. The retention of high-risk topsoil onsite will help to
protect against the movement of fire ants from that site, although will not guard against the
persistence of an onsite infestation. 2 If the waste facility is secured, then the removal of high-risk
topsoil to such a facility will achieve this.
There are no substantial data gaps for this control.

6.2.5 Pest exclusion: fire ant resistant surfaces
The storage of fire ant carriers on a fire ant resistant surface applies as part of the regulated
conditions for the secure storage of all fire ant carriers. The requirement for storage of stockpiles

2

It is acknowledged that this is not a direct objective of the regulated movement controls for fire ant carriers
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of composted growing media and organic plant mulch on a fire ant resistant surface is also a
component of Biosecure HACCP ECCPRIFA21.
Under the Regulation, the term ‘fire ant resistant surface’ is defined as extending to the following:
• Concrete or bitumen that does not contain cracks through which fire ants could access the soil
• An impermeable barrier (e.g. plastic sheeting at least 200 microns thick)
• An area of compacted ground, other than sand, that has been treated with an appropriate
chemical product.
Of these three options, an area of compacted ground (other than sand) that has been treated with
an appropriate chemical product, is likely to be the most secure. Concrete or bitumen are likely to
be effective if undamaged. However, the practical reality will commonly be that cracks or tears in
the surface are present and, in these circumstances, fire ants will be able to establish a nest
beneath the carrier or infest the carrier from a nest beneath it. A similar logic applies to plastic
sheeting, with the additional caveat that one of the stakeholders consulted during this review had
observed fire ants chewing through plastic sheeting. A range of materials (including documented
evidence, photographs and video) were provided by the NRIFAEP for this review, and some of
these showed fire ants infesting carrier materials stored on imperfect hard surfaces. Particular
cases included the infestation of potted plants on a tiled surface within a nursery, with patent
cracks between tiles; the infestation of a large potted plant stored on a concrete base; and the
infestation of baled straw stored on impermeable black rubber strips, with gaps between the
strips.
In addition, in some settings it is also possible that hard surfaces, such as concrete or bitumen,
may provide attractive protection for fire ants. Thorvilson et al. (1992) found colonies near brick
walls and roadside, concrete curbs (89.5 and 80.2%, respectively), were significantly greater in
comparison to colonies found in open, more exposed areas (40.0%). These microhabitats provided
greater insolation and consequently warmer soil temperatures than those in open areas, allowing
colony survival during winter where the weather otherwise seemed detrimental to colonisation.
This isolated population was eradicated by repeated broadcast applications of Amdro and Logic
bait and chlorpyrifos drenching.
For these reasons, an area of compacted ground (other than sand) that has been treated with an
appropriate chemical product, was considered to be the most secure. Bifenthrin has been
approved by the APVMA for this purpose, and approval is understood to have rested on (inter alia)
a rigorous assessment of its efficacy (SP13). Notwithstanding this, it would be useful to undertake
a systematic analysis of the NRIFAEP’s detections data in order to evaluate the comparative
security offered by hard and chemical barriers.

6.2.6 Pest exclusion: covering fire ant carriers
The covering of fire ant carriers applies as part of the conditions for the secure storage of all of the
regulated fire ant carriers. Here, covered storage is defined as ‘in a shed or under a shade cloth or
tarpaulin’. Covered storage of stockpiles of composted growing media and organic plant mulch is
also a component of Biosecure HACCP ECCPRIFA21.
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To varying degrees, covering fire ant carriers aims to: (a) reduce the attractiveness of the carrier to
(in particular) airborne mated female alates; and (b) prevent mated female alates, or a queen and
workers, from accessing the carrier. In respect of these two objectives, the review of Scientific
Principles and Controls (Part I) drew the conclusions that reflective surfaces (in particular) are
inherently more attractive and that only goods that are stored inside of a sealed building can be
considered to be not at risk of becoming infested (SP4). Matt shade cloth and tarpaulins are likely
to reduce the attractiveness of reflective substrates, or substrates that for other reasons maybe
targeted by airborne mated alates. An example of this effect was provided in the work of Vinson
and Greenberg (1986) who found that swimming pools covered with tin foil collected more mated
female alates than pools covered with dark cloth.
Storing carriers in fully enclosed sheds or greenhouses will generally only be practicable if this is a
routine part of their management. Such environments should, however, provide full protection
against both mated female alates (SP1, 2, 3 and 4) and migrating fire ant queens and workers
(SP6). Although airborne alates are the key means by which monogyne fire ants disperse (SP1, 2,
3), some carriers (e.g. baled hay) are known to have a strong attraction for established queens and
workers. The degree to which partially enclosed sheds are protective will depend on the strength
of this attraction, the period of storage (Section 6.2.2) and the local infestation pressure. The longterm storage of baled hay, for example, is likely to require more complete coverage than the
short-term storage of potted plants.
Ultimately, little empirical data is available to evaluate the degree of protection afforded by sheds
(whether partially or fully enclosed) or temporary covers such as tarpaulins or shade cloth.
Experiments undertaken to obtain this data should reflect the Australian context (in particular, the
essentially monogyne fire ant population), as well as the range of fire ant carriers to which the
control is applied.

6.2.7 Pest exclusion: storing fire ant carriers above the ground
The storage of fire ant carriers above the ground applies as part of the conditions for the secure
storage of all of the regulated fire ant carriers. Here, above-ground storage is described as
‘keeping the carrier in a truck or trailer or on an elevated platform’. Storage of composted growing
media and organic plant mulch above the ground is also a component of Biosecure HACCP
ECCPRIFA21.
The key difficulty with this control is the lack of specificity as to the height above ground that a
carrier should be held at. Taken to the extent of the height of a truck or trailer, protection from a
migrating queen and workers (SP6), or a mated female alate (SP1, 2, 3 and 4), is likely to be
sufficient. Scientific advice provided by the NRIFAEP, however, suggested that (in the context of
hay), 20 to 30 cm will be adequate. This advice specifically excluded the use of pallets. The
NRIFAEP website qualifies the advice with the statement that, “Pallets are not considered an
adequate form of off-ground storage as the material can easily fall through gaps and form an
untreated 'bridge', potentially allowing fire ants to infest the material. Off-ground storage must be
able to prevent infestation”. The only other identified quantitative reference was found in the
2010 Approved Risk Management Plan (ARMP) template that was implemented under Part 2 of
the Plant Protection Regulation 2002, which required that high-risk items be stored with a
minimum of 50 cm ground clearance at the lowest point.
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Above-ground storage appears to offer two key benefits: (a) physical separation of the carrier
from fire ants invading at ground level, or from a fire ant nest beneath the carrier; and (b)
visualisation of the underneath of the carrier as an aid to the early detection of infestation. In both
cases, 50 cm would seem to be a useful minimum height, and one that is not too difficult to
implement for smaller carrier volumes or lighter carriers. It should be noted, however, that there
is no empirical evidence to substantiate this choice. It should also be noted that the elevation of a
carrier will only help to protect it from infestation at ground level (SP5 and 6) – it will not mitigate
against infestation from airborne mated alates (SP1, 2, 3 and 4). The review did not find any
literature related to the behaviour of fire ants to suggest they would climb carriers high off the
ground containing suitable nesting material (e.g. from the ground up a nursery table to infest
potted plants). They only references found of fire ant colonies favouring higher ground is away
from rain-wash areas and puddles (Tschinkel and Howard, 1983) and during flooding (Tschinkel,
1988; Haight, 2006), with rafting clumps of mated queens, workers and brood detected on weeds,
shrubs and a tree trunk (Morrill, 1974b).

6.2.8 Pest exclusion: chemical perimeter treatment
Chemical perimeter treatment is included as part of the conditions for the secure storage of all of
the regulated fire ant carriers. Chemical perimeter treatment of stockpiles of composted growing
media and organic plant mulch is also a component of Biosecure HACCP ECCPRIFA21. Bifenthrin
has been approved by the APVMA for use as a perimeter treatment for stored fire ant carriers. A
strip of 30 cm is required under the APVMA permit, and this specification is reiterated within the
Regulation.
The 30 cm chemical barrier is likely to provide an effective mitigation against the ingress of a
colony migrating at ground level, provided the barrier is completely intact. Stockpiles that are
regularly worked using heavy earthmoving equipment, however, are unlikely to have an intact
chemical barrier. This was emphasised in the APVMA permit, which states that, “Pesticide barriers
that have been physically disturbed by landscaping, excavation etc. will need to have the pesticide
re-applied to restore continuity of the barrier”. The position has also been underlined by the
NRIFAEP in scientific advice provided to (for example) a resource recovery site on which processed
soils, sand, mulch and aggregates were stockpiled.
The data underpinning the APVMA’s decision on this matter was not provided. If this data does
not include empirical evidence as to the extent to which the integrity of a chemical barrier is lost
through the movement of earthmoving vehicles, then it would be useful to undertake relevant
trials and analyses. It must be reiterated, however, that barrier treatments only mitigate against
the ingress of fire ants at ground level (SP13) – they do not deter airborne mated female alates.

6.2.9 Pest exclusion: bagging of carriers
Bagging is not a regulated control, and only appears in the Victorian entry conditions for chaffed
hay. Bagging is, however, widely used as a commercial strategy for organic mulch and composted
growing media, for animal manure and for chaffed hay. To a minor extent, bagging may also be
employed in the retail sale of small quantities of some gravels, sands and non-soil aggregate.
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Across these commodities, bagged product is considered of substantially lower risk than bulk
product. Bagging may greatly reduce infestation burden as: (a) the material is disturbed within the
hopper; (b) the separation of most queens and workers is permanent, given the low likelihood that
they will be placed together in the same bag; and (c) bagged product is generally compressed and
vacuum sealed, reducing the survivability of individual ants. In addition, bagged product is easier
to protect in storage by excluding both established nests and mated female alates. The residual
concern for bagged product is that a mated female alate, or a new queen with brood, may remain
viable if the disturbance procedure is not sufficiently rigorous to kill the ant or disrupt the claustral
chamber. Although not supported by any empirical evidence, it seems plausible that most alates
or chambered new queens that have survived the bagging process would then remain viable
within the bag and be released when the product was opened.

6.2.10 Pest management: baiting (prophylactic or in response to an identified infestation)
Baiting, in this context, refers to the treatment of an area with a product that has been approved
by the APVMA for this purpose. Formulations include Pyriproxyfen (5g/kg), Hydramethylnon
(3.65g/kg and Pyriproxyfen 2.5g/kg), Hydramethylnon (7.3g/kg) and Indoxacarb (0.45 g/kg). 3
Baiting undertaken by the NRIFAEP uses corn grit soaked in a mixture of soybean oil and an insect
growth regulator (IGR) – either methoprene or pyriproxyfen. 4
The Soil Movement Guideline includes the instruction to, “Treat the site with an appropriate
product to prevent fire ants becoming established in the area to be excavated”. This was taken to
mean a fire ant bait, although the possibility that treatment may have referred instead to the
treatment of the site with bifenthrin to create a fire ant resistant surface (Section 6.2.5) is also
acknowledged. Baiting does not appear in the industry accreditation materials or in the state or
territory entry conditions for fire ant carriers. It does, however, appear in the 2010 Approved Risk
Management Plan, or ARMP, template (in reference to property monitoring), and in the 2015
ARMP template (in reference to the management of poultry litter).
Baiting is an effective strategy for minimising the local prevalence of established nests, as
intoxicated foraging workers will return to the nest where body-grooming and exchange of food
among nest-mates transfers the insecticide throughout the colony – including to the immature
ants and to the queen (SP13). Appendices to the NRIFAEP Ten-Year Plan describe the efficacy of
methoprene and pyriproxyfen. In field trials conducted in the US on methoprene (0.5% active
ingredient), with one application, efficacy rates ranged between 66% and 98% (average 83% over
several studies). The time taken to reach maximum efficacy ranged from 4 to 8 months (the 98%
efficacy was achieved over eight months). In the review of Scientific Principles (Part I) it was
reported that Oi et al. (2004) had found that IGR bait (methoprene) led to a decline in nest density
of 57% over 4 months – noting that nest density increased by 86% in untreated areas during the
same period. Over a complete summer, these authors found that fire ant populations declined by
an average of 68% and increased 110% for treated and untreated areas, respectively. In field trials
with one application of pyriproxyfen, efficacy rates ranged between 86.9% and 100% (average

3

See: https://www.business.qld.gov.au/ (accessed 13-10-20)

4

See: https://www.qld.gov.au/environment/plants-animals/animals/pests-diseases/fire-ants/ (accessed 11-10-20)
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95% over five studies). The time taken to reach maximum efficacy ranged from 2–9 months, but in
a few studies, efficacy rates of 95 to 100% were achieved in 2–6 months. Pyriproxyfen is relatively
stable in sunlight with a half-life of 3–16 days (NRIFAEP unpublished data, 2011).
A higher level of confidence in achieving eradication of a confirmed infestation is achieved through
multiple rounds of treatment and combining the confidence obtained from each treatment, and
by accounting for other factors such as weather and foraging activity (Ten-Year Plan). Individual
bait formulations appear to vary in respect of their suitability to and tolerance for certain
environmental conditions, although Biosecurity Queensland recommends that baits be applied to
dry ground and more than 24 hours before forecast rain. Methoprene is permitted for use up to
the edge of waterways, whereas pyriproxyfen cannot be applied within 8 m of water when using
ground-based equipment. Methoprene is used for the aerial baiting regime (Appendices to the
Ten-Year Plan). Using a simple mathematical model, the Ten-Year Plan concluded that to achieve
an acceptable 99% confidence that fire ants have been destroyed in the area after six rounds of
treatment, the efficacy provided by each round of treatment may be as low as 53.6% (Appendices
to the Ten-Year Plan) (SP13).
Notwithstanding these results, the key constraint to IGR baits is that the workers (minims) from
incipient nests do not generally forage above ground immediately, and that these nests will not be
affected (SP9). This is particularly pertinent in the light of the transition to an essentially
monogyne population, as monogyne fire ants disperse through mated female alates (SP1, 2 and 3)
and a proportion of these will then establish incipient colonies.

6.3

Reduce the suitability of the carrier as a substrate or a
microenvironment

Some carriers may be restricted in their commercial presentation in ways that render them less
suited (or unsuitable) to the translocation of fire ants. For example, hay can be plastic-wrapped to
create silage, and the heat generated through the process of fermentation within the wrapped
bale, in combination with the acidic anaerobic conditions, are then likely to kill most fire ants. The
market for silage is, however, more limited. Similarly, some nurseries may sell plantlets, or plugs,
obtained through the use of micropropagation (tissue culture) and sterile media. Apropos of this,
it was noted that the entry conditions for two states included, as exemptions, ‘commercial
seedling plugs/cells’. In this case, the rationale for an exemption may that the microenvironment
of plugs was judged to be unsuited to fire ants, or that the production of plugs (in particular,
through micropropagation) was judged to offer negligible risk of infestation.
Information supporting the consideration of these and other commercial presentations was not
provided, and it is suggested that these might be assessed on a case-by-case basis.

6.4

Reduce the level of infestation within the carrier

6.4.1 Inspect consignments of the carrier
The inspection of consignments of potted plants underpins ICA39 (Inspection and Treatment of
Plants for Red Imported Fire Ant) and is included (either independently or by reference to ICA39)
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as a component of many of state and territory entry conditions for fire ant carriers. Inspection of
consignments is not a regulated control for the movement of fire ant carriers.
Under ICA39, inspections are carried out by Authorised Inspection Persons. Plants are inspected as
close as practicable, and not more than 48 hours prior to, the time of despatch from the facility.
Plants are assembled at the inspection facility prior to inspection and may be categorised into lots
based on their risk of being infested with fire ants. Factors to consider include species, size of
plants or pots, and the source or site of production. Each category of plants in a consignment is
listed on the inspection record.
All categories of plants intended for certification are then inspected thoroughly. Each plant must
be inspected individually, including examination of the above-ground portions of the plants and
their containers/media for ant activity.
A sample of the plants is then removed from their containers to check for ant activity or nests in
the growing media. Plants are selected at random, and sampled according to the following:
Number of Plants in Consignment

Number of Plants to be Inspected

1-5

All plants

6-30

Every third plant and not less than 5 plants

31-100

Every fifth plant and not less than 10 plants

101 or more

The square root of the number of plants in the category
(rounded up to the nearest whole number)

For large containerised plants, where it is impractical to remove the plant from the container, each
container has a portion or core of media removed and the remainder of the media disturbed to
check for ant activity or nests.
Any category of plants found on inspection to be infested, or suspected of being infested, with fire
ants will be regarded as nonconforming and rejected for certification. Importantly, however, other
consignments from the same facility can be cleared and sent forward. Any risk that might
otherwise be attached to this is ameliorated by the fact that all plants are also treated under
ICA39 (chlorpyrifos) (SP13).
Biosecure HACCP ECCPRIFA03 (plants with soil or growing media attached) also requires the
inspection of consignments. The protocol in this case is that fire ant host material must be
inspected and found to be free of fire ant at the rate or 600 units or all units if the consignment is
less than 600 units by an Authorised Inspection Person, not more than 48 hours prior to despatch.
Similarly, ECCPRIFA21 (composted growing media and organic plant mulch) requires that, where
the host material has not been packaged securely, it is inspected for fire ants by an Authorised
Inspection Person within 48 hours prior to despatch.
Although with some variations to the precise specifications (in general, within 48 hours of
despatch), inspection of consignments is a requirement for many of the fire ant carriers under
most of the state and territory entry conditions.
The inspection of consignments of potted plants is likely to be effective for established fire ant
nests, but not for incipient nests or individual mated female alates (SP5). Removing a sample of
pots from a consignment and examining the pot and below-ground parts of the plant, is not likely
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to be an efficient strategy for either established or incipient nests, as most infestations will affect a
very low proportion of pots. That notwithstanding, it is likely that an established nest would be
detected in a pot that was examined in this way (SP5).

6.4.2 Kill the pest within the carrier: heat treatment
Heat treatment is a requirement of Biosecure HACCP ECCPRIFA21 (composted growing media and
organic plant mulch) which mandates that the host material is composted to achieve a
temperature of 65.5oC immediately prior to storage and handling. With some variations (e.g. 70oC
for 5 minutes) similar conditions are given in a range of the state and territory entry conditions for
mulch. Heat treatment is not a regulated control.
Heat treatment applied such that it exceeds fire ant Critical Thermal Limits (SP12) will be an
effective method of ensuring that a carrier is free of viable fire ants. This will include a queen and
workers, as well as a new queen and brood in a claustral chamber or a mated female alate. In this
way, heat treatment may be feasible alternative to chemical treatment for some carriers. A key
caveat, however, is that the heat treatment must be applied to the entire carrier as fire ant
colonies may otherwise be able to move within it and thus evade lethal temperatures.

6.4.3 Kill the pest within the carrier: chemical treatment
Chemical treatments can be applied directly to identified nests (direct nest injection, or DNI) or to
carrier substrates (e.g. the growing media included with potted plants).
DNI is specified within the Soil Movement Guideline, but does not appear elsewhere in the
regulated controls, the controls attached to industry-based accreditation schemes, or the controls
given in the state and territory entry conditions for fire ant carriers. The NRIFAEP Ten-Year Plan
states that Australian efficacy data indicates DNI to be almost 100% effective in destroying a fire
ant colony (SP13). It also has the additional advantage of not being subject to fire ant foraging
activity and the temperature and other environmental considerations attached to that. The
constraint to DNI is that the nest must first be identified. Whilst the identification rate for
established fire ant nests is quite high (approximately 80% - see Section 6.2.1), incipient nests will
not be detected.
Chemical treatments can also be applied to carrier substrates. In general, this will be prophylactic.
Chemical treatment of carrier substrate is a key regulated control for a number of fire ant carriers
and is particularly important to potted plants and turf. Bifenthrin has been approved by the
APVMA for this purpose, and approval is understood to have rested on (inter alia) a rigorous
assessment of its efficacy. Importantly, this will include efficacy in killing a queen and workers, as
well as a new queen and brood in a claustral chamber or a mated female alate. The APVMA is also
concerned with the safety of chemicals, including human health, non-target species and broader
environmental impacts. Chemical treatment is also a core component of ICA39, although in that
case the chemical specified is chlorpyrifos (SP13).
Chemical treatment is particularly useful as a final step in a movement protocol – that is, a control
that can be applied after the completion of other risk mitigation steps, in settings where the
translocation of fire ants will have very marked consequences and risks cannot be effectively
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mitigated through other means. Reliance of chemical treatments, however, predisposes that
compliance will be high and that resistance to the chemical can be managed.

6.4.4 Kill the pest within the carrier: fumigation
Fumigation with methyl bromide is a component of several of the state and territory entry
conditions – in particular, those for mulch and for baled hay. There is, however, marked variation
in the timing of fumigation, with one protocol specifying despatch within 48 hours and the balance
of protocols within 28 days. Fumigation is not a regulated control and is not included in the
industry-based accreditation schemes.
Whilst the cost and practicality of methyl bromide fumigation will be questionable in many
settings (in particular, for large consignments), it is likely to be effective in removing any fire ants
that have infested the bales. Importantly, this will include efficacy in killing a queen and workers,
as well as a new queen and brood in a claustral chamber or a mated female alate. Zhou et al.
(2011), for example, found that methyl bromide applied at a rate of 32 g/m3 for 4 hours, 29 g/m3
for 6 hours, or 26 g/m3 for 8 hours was effective in killing all stages of fire ant in shipping
containers.

6.4.5 Kill the pest within the carrier: disturbance
Disturbance is a key control within the Regulation for both soil and the ‘relevant fire ant carriers’.
Disturbance is also cited in the Biosecure HACCP ECCPRIFA21 (for composted growing media and
organic plant mulch). Disturbance is relevant to materials that can be considered a nesting
substrate for fire ants. Although the control is focussed on stockpiled materials, disturbance is also
relevant when substrate is blended within a hopper for practices such as the repotting of plants
(Section 8), the bagging of product (Sections 11 and 12) or the raking of cut hay (Section 10).
Across these applications, there are two ways in which disturbance can be carried out. The
materials processing methods are those that can be considered an integral part of the
manufacture of a processed product. These include practices such as crushing, chipping,
shredding, screening and washing. In addition to these is a method that is described as ‘turning’
and, in the context of stockpiles, will be undertaken using earthmoving equipment. Turning also
occurs when materials are blended in a hopper or when cut hay is raked prior to baling.
Given the shift from a mixed fire ant population to one that is effectively monogyne, each of the
specified disturbance methods must be effective both in achieving: (a) the permanent separation
of a queen from her workers; and (b) the disruption of a claustral chamber. An established queen
need only reunite with as few as 10 to 25 of her workers in order to survive and be able to
reinitiate a viable colony. Although this range is commonly attributed to Tschinkel (2006), 5 that
reference states that the number of minims within the first brood is quite variable and may range
between none and about 35. No data was provided by Tschinkel to support this. Both Markin et al.
(1973) and O’Neal and Markin (1975), however, report an average of 16 minims. In addition to
this, the NRIFAEP noted that: (a) a fire ant queen will lay about 20 to 30 eggs at a time and so, at a

5

Including in the appendices to the NRIFAEP Ten-Year Plan and in the seven scientific principles provided for this review
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minimum, a batch of that size can be regarded as sufficient for her survival; and (b) when a
(polygyne) queen leaves a nest to start anew colony, she is generally accompanied by about 20 to
30 workers (Wylie per comm, 2020). 6 As the overarching intent of the statement is to convey in
general terms the ‘very small’ number of workers required by a fire ant queen, the range ’10 to 25’
has been retained and has been attributed to Tschinkel (2006) from this point in the review
forward.
In addition to this, a queenless collection of worker ants may adopt an isolated queen that has
been separated from her brood and workers, or a mated female alate (SP11). A queenless body of
worker ants can subsist without a queen for several months, leaving a substantial window for the
discovery and adoption of a new queen (SP11). Disruption of an incipient nest can result from
harm to the claustral chamber, or from the separation of a new queen from her brood and
minims. Whilst the brood and minims will not survive, the queen may be able to unite with
queenless workers and thus receive nutrition (SP10) and survive to continue egg laying and the
establishment of a new colony (SP11).

6.4.5.1 Disturbance as a result of materials processing
A range of fire ant carriers may include rigorous disturbance as a component of their manufacture.
In particular this includes some processed organic mulches and composted growing media (e.g.
bagged sugarcane mulch), chaffed hay and, in some settings, quarried gravels, sands and non-soil
aggregates.
Disturbance undertaken using crushing, chipping, shredding, screening and washing is likely to be
effective in separating a queen from her workers and disrupting a claustral chamber. In many
situations, a high proportion of individual fire ants will also be killed. This was evidenced in two
trials undertaken in 2017 by Rocky Point Mulching, in partnership with the Queensland Museum
(first trial) and the Queensland University of Technology (second trial) and reported to the
NRIFAEP. In these trials, meat ants were subjected to the process used by Rocky Point Mulching to
manufacture bagged sugarcane mulch from sugarcane bales – as described above. In the first trial,
a single damaged ant was found alive. In the second trial, all ants were killed.
The trials above confirmed the likely effectiveness of rigorous disturbance undertaken as a
component of materials processing. The trials could be repeated, however, using fire ant nests and
claustral chambers and could be extended to the crushing, screening and washing of quarried
materials.

6.4.5.2 Disturbance by turning
There are three key applications of disturbance by turning: (a) the disturbance of stockpiled
materials; (b) the disturbance that occurs when substrate is blended in a hopper; and (c) the
special case of raking cut hay. Across these applications, the effectiveness of disturbance in
achieving either the permanent separation of a queen from her workers, or the disruption of a
claustral chamber, has not been established. In this context, effectiveness will stem from the

6

Ross Wylie, Science Leader, NRIFAEP (19-08-20)
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rigour of the disruptive process, as well as from the feasibility of its application in practical settings
– in particular, the comprehensive turning of large stockpiles with earthmoving equipment.
Because disturbance by turning is an important element of the Regulated control of a range of fire
ant carriers, this was considered a key data gap.

6.5

Reduce establishment and spread of the pest

Biosecurity Zones play a key role in the eradication of fire ants, but also provide a framework for
limiting the consequences of translocating fire ants with the movement of fire ant carriers.
Sections 68 and 69 of the Regulation restrict the movement of fire ant carriers in the absence of
other controls.
Both Section 69 of the Regulation, and the Soil Movement Guideline, identify a ‘waste facility’ as a
secure destination for high-risk movements. In addition to mitigating against the consequences of
translocating fire ants, restricting carrier movements to a waste facility should reduce opportunity
for pest establishment and spread. Under the Waste Reduction and Recycling Act 2011 (as
referenced in the Regulation) a waste facility is a facility for the recycling, reprocessing, treatment,
storage, incineration, conversion to energy, sorting, consolidation or disposal (including by
disposal to landfill) of waste. Although it was not within the scope of this review to investigate and
evaluate the security offered by licensed waste facilities within the Biosecurity Zones, it seems
reasonable that, as the regulated recipients of high-risk materials, some specific controls should be
in place to govern the management of these materials. There are two key concerns: (a) that highrisk materials (fire ant carriers) can subsequently be moved from waste facilities to other places
within or outside the Biosecurity Zones (albeit under regulated conditions); and (b) that the waste
facilities themselves have the potential to act as a point of amplification of fire ants and a source
of mated female alates for surrounding areas.
The selection and specification of controls that could be applied to waste facilities should follow
from a standalone review of their significance in respect of the two scenarios described above.
Such controls should be processes that can be accommodated within the operation of the
facilities, and not detract from the role they play as recipients of high-risk materials. Chemical
treatment of materials received may be plausible. IGR baits may also provide a feasible means by
which the establishment of fire ant nests within the facilities can be minimised. Scheduled
comprehensive inspection and DNI may also be used (SP13).
For the balance of this review it has been assumed that a waste facility is a secure waste facility.
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7 Management and movement of soil
7.1

Management and movement controls

Under the Regulation, the definition of soil extends to include clay, fill, material removed from the
ground at a site where earthworks are being carried out (e.g. building rubble or rocks) and
scrapings. 7
Part 5, Section 68 of the Regulation explains that, in respect of moving soil from the Biosecurity
Zones: 8
• A person must not move soil from a place (the original place) in a fire ant biosecurity zone to
another place outside the biosecurity zone, unless
a) the original place is in fire ant biosecurity zone 1 and the other place is in fire ant
biosecurity zone 2, or
b) the person moves the soil under a biosecurity authorisation.
Given that subsequent sections of the Regulation (69, 71, 71A and 72) specifically exclude soil,
Section 68 is the sole regulated safeguard for the management and movement of soil as a fire ant
carrier.
This situation was addressed in 27 May 2020 with the release of Version 1 of a Soil Movement
Guideline, which notes that:
‘The Biosecurity Regulation 2016 outlines a number of risk mitigation measures that can be
employed to minimise the likelihood of moving fire ants from one location to another in
known fire ant carriers. The risk mitigation measures outlined in the Biosecurity Regulation
2016 are not comprehensive however and may not suit all circumstances. The program has
developed this guideline to outline additional measures that can be employed by individuals
and businesses to minimise the likelihood of moving live fire ants in soil and satisfy their
obligations under the Biosecurity Act 2014’.
The Soil Movement Guideline was established under Section 107 of the Biosecurity Act 2014 and is
intended to provide guidance to individuals and businesses about how to discharge their
obligations in relation to the management and movement of soil. Although the wording of the Soil
Movement Guideline is, in general, couched in soft terms such as, ‘it is recommended that …’,
advice has been received from NRIFAEP that its provisions are mandated and legally enforceable.
In broad terms, the Soil Movement Guideline provides three layers of protection for the
management and movement of soil:

7

Materials that are a product or by-product of mining or quarrying (e.g. chitters, coal fines, coal stone, decomposed granite, gravel and overburden)
are classified under the Regulation as ‘other fire ant carriers’ and are not a form of soil. In addition to this, the NRIFAEP website delineates soil
from soil blends or processed soils (soils that undergo screening, crushing or blending with other materials, such as mulch).

8

Note that Chapter 6 Part 4 of the Biosecurity Act 2014 allows that a Biosecurity Instrument Permit may authorise non-compliance with a
Biosecurity Zone regulatory provision.
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1. If activities such as disturbance will not be practical, then inspect 2 weeks prior, and chemically
treat if fire ants found, and bait 9 the area to minimise the likelihood of including live fire ants
2. Consider soil that has been excavated from the first 1 metre as higher risk, and manage
accordingly
3. Store (stockpile) soil in a way that will minimise the likelihood of infestation
a) Fire ant resistant surface, and
b) 30 cm chemical perimeter (barrier), and
c) Covered (shed, under a shade cloth or tarpaulin), and
d) Disturbed every 21 days, and within 24 hours of movement.
Although the text within the Soil Movement Guideline is not completely unambiguous, the intent
appears to be that operators should ensure that each of these three levels of control is enacted, to
the extent that it is practical to do so, during the excavation, storage and movement of soil. There
is also an additional requirement that, throughout the process of excavating, storing, transporting
and disposing of soil, operators must keep a written record. This may include dated, written
records of the measures taken to reduce risk, and the details of where the soil has been taken
from or to, photographs, site plans and surveyor's records, and receipts and records of treatment
applied by a licensed pest manager. These records must be kept for a minimum of 2 years.
1 Treatment of soil before excavation: the Soil Movement Guideline advocates the pre-treatment
of an area in situations such as smaller scale soil excavations and movements where disturbance
(below) may not be practical. Here, a licensed pest manager should be engaged two weeks prior to
the anticipated excavation date. The pest manager will then inspect the area to be excavated and,
if fire ants are found, will report them and undertake direct nest injection (DNI) of any fire ant
nests using Fipronil. If a nest is not found, then the site should be treated with an appropriate bait
in order to prevent fire ants becoming established in the area to be excavated. For residential
properties, it will be sufficient to pre-treat the area to be excavated using a household pesticide
that is recognised by the Australian Pesticides and Veterinary Medicines Authority (APVMA) as an
appropriate product for treating fire ants.
2. Taking soil from a depth of greater than 1 metre: this involves removing the top 1 metre of soil
at a site, undertaking the necessary excavation and then replacing the original top 1 metre of soil.
This method is not recommended for areas where the soil type is soft, loamy or sandy as fire ant
nests can extend further than 1 metre below the surface in areas with these soil types. The top 1
metre of soil must not be mixed with soil to be removed from the site. If it cannot be placed back
into the excavation, it must either be retained on site or removed to a waste facility within the
same Biosecurity Zone. Given the scale of the earthworks required to employ this risk mitigation
strategy, the strategy is only considered practical for large excavations.

9

The exact words from the Guideline are, “Treat the site with an appropriate product to prevent fire ants becoming established in the area to be
excavated”. Treatment, in this context was understood to mean baiting – with the assumption being that the bait would be an insect growth
regulator that is gathered by worker ants and returned to the nest. It is possible, however, that treatment in fact referred to the treatment of the
site with bifenthrin. If this is true, then assumptions about the reduced efficacy of ‘treatment’ for incipient nests would not hold and conclusions
from both the qualitative and quantitative assessments would change.
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3. Storing soil appropriately: appropriate storage of soil requires that the soil is,
• On a surface that is considered fire ant resistant, for example
– Concrete or bitumen that does not contain cracks through which fire ants could access the soil,
or
– An impermeable barrier (e.g. plastic sheeting at least 200 microns thick), or
– An area of compacted ground, other than sand, that has been treated with an appropriate
chemical product before the soil is put on the area; and
• An appropriate barrier chemical has been used to create a 30 cm wide chemical perimeter
around the area where the soil is being stored, and
• If practical, covered in a way that prevents the soil becoming infested by fire ants (i.e. in a shed,
under a shade cloth or tarpaulin), and
• Stockpiles must be disturbed every 21 days, and 24 hours prior to moving the material to
another location. The aim of the disturbance is to separate the queen from her workers without
whom she cannot survive. In this context, ‘disturbance’ of soil involves subjecting the material to
any combination of the following:
– Vigorous and thorough turning of the soil (e.g. repeatedly turning a soil stockpile with machinery
before it is loaded for transport offsite)
– Screening the soil (e.g. sieving the soil through a screening bucket or grate before it is loaded for
transport offsite)
– Crushing the soil (e.g. processing the soil through a crushing machine before it is loaded for
transport offsite)
– Washing the soil (e.g. processes that involve washing sand to remove impurities or
contaminants).
In closing, it should also be noted that both the logic and the detail of the advice provided on the
NRIFAEP website in respect of the management and movement of soils, differs materially in some
places from that provided in the Soil Movement Guideline. Although the NRIFAEP website is taken
in some other places of this review to the authoritative public face of the Program, the Soil
Movement Guideline will be deferred to in the context of soils.

7.2

Stakeholder consultation

Of the 20 stakeholders who provided a written opinion of the effectiveness of the regulated
controls for the management and movement of soil, one considered them very effective, seven
effective, 10 somewhat effective and two ineffective (Figure 7).
Comments obtained from the online survey and/or follow-up telephone conversations tended to
focus on the practical implications of migrating from a system based on ARMPs and Biosecurity
Instrument Permits (BIPs) to one where individuals simply affirm that they have complied with the
Regulation. ARMPs and BIPs were seen to enable supplier and contractor compliance to be easily
visualised and appraised, and this is useful to organisations such as local councils who receive fire
ant carriers from a range of suppliers. ARMPs and BIPs also translate readily to work instructions
and can be used to underpin the management of key fire ant carriers in depots and on work sites.
The sentiment was that much of this had been lost in transitioning to a regulation, which exists in
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the background as a legal instrument but does not otherwise provide a structure for the day-today administration of controls. This topic is reported as it was a dominant theme during the
stakeholder consultation, although not technically within the scope of this review.
Aside from this general comment, regulated conditions for the management and movement of
soils were generally considered to be workable – although not always easily accommodated.
Difficulties were particularly noted by managers of large and complex works, with numerous
excavations. This stems in part from the broad regulatory definition of soil, which includes building
rubble, rocks and scrapings and, thus, encompasses the excavated spoil from most civil works
projects.
Criticism of the regulated conditions spanned a range of issues, including the perceived
ineffectiveness of inspection, and an absence of penalisation for wrongdoing, and the difficulty
associated with proving effective disturbance. There was also recognition of the importance of
airborne mated female alates as a key means of dispersal, and the view that secure storage and
disturbance are unlikely to provide effective mitigation against the ongoing infestation of
stockpiles.
In respective of this, there appeared to be broad agreement that the prohibition on the movement
of soil outside the Biosecurity Zones is an important component of the Regulation.

Figure 7 Stakeholder evaluation of regulated controls for soil

7.3

Risk assessment pathway

The pathway diagram in Figure 8 provides a schematic overview of the steps between the
excavation of soil and the release of a fire ant queen and workers, or a mated female alate, into a
new environment.
In the context of the Regulation, the definition of soil extends to include clay, fill, material
removed from the ground at a site where earthworks are being carried out (e.g. building rubble or
rocks) and scrapings. The definition excludes soil blends or processed soils (i.e. soils that undergo
screening, crushing or blending with other materials, such as mulch) (Section 11); as well as
materials that are a product or by-product of mining or quarrying (e.g. chitters, coal fines, coal
stone, decomposed granite, gravel and overburden) (Section 13).
In view of the restrictions imposed by these caveats, there are two ways that excavated soil may
be used or disposed of.
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• Onsite replacement of soil after completion of works
• Disposal to landfill and similar.
Soil will not be distributed interstate.
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Figure 8 Pathway for the management and movement of soil
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7.4

Qualitative assessment of risk

7.4.1 Excavation of soil
This step describes the likelihood that a viable fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be included in soil at the point of
excavation.

7.4.1.1 Risk factors
Following the regulated definition of soil, an excavation can include digging and removing
undisturbed soil (which may be any permutation of sands, silts and clays); as well as the
demolition and extraction of constructed materials, leading to the stockpiling of fill, building
rubble, rocks and scrapings. Of the two scenarios, a fire ant colony or colony fraction (including a
queen and a sufficient number of workers, a queen in a claustral chamber, or a mated female
alate) is more likely to be included in an excavation of undisturbed soil than rocks or building
rubble. Excavations of undisturbed soil can range from relatively small-scale residential projects,
through to major public works and development projects, with implications for both the likelihood
of including fire ants and the feasibility and effectiveness of controls.
Excavations are generally undertaken in two steps:
a) The removal of grass, built structures and other surface materials
b) The excavation of the soil itself.
The first step [a] (Figure 9) is important as it will render the site to be excavated highly attractive
to mated female alates, which favour disturbed, open, moist and reflective areas (SP4). If there is a
period of more than 24 hours between the removal of surface grass and materials and
commencement of the excavation, then the area may be colonised by a fire ant queen and
workers, or by an airborne mated female alate.
Colonisation of a prepared excavation site by a mated female alate is particularly relevant as the
fire ant population in southeast Queensland is now almost entirely monogyne (Section 6.1). This
was evidenced in an incursion to Hope Island, as documented by the NRIFAEP in 2018. The
infestation included in excess of 400 mounds spread across a number of disturbed sites being
developed for residential housing, a golf course and other commercial purposes. There was no
evidence of human-assisted movement, yet a direct mother-daughter link was established with
colonies in Pimpama, approximately 5 km to the north. Genetic analysis was also used in 2013 to
trace an incursion on a large expanse of disturbed ground at the Port of Gladstone to two mated
female alates (Wylie et al., 2020).
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Figure 9 Site preparation and the removal of grass and other surface materials
Source: https://www.aiobackyardsolutions.com.au

The second step [b] (Figure 10) is focussed on the excavation itself, and the likelihood that a fire
ant colony or colony fraction will be included with the excavated soil. The propensity for
monogyne fire ants to disperse by airborne mated female alates (SP1, 2 and 3) is again relevant as
this leads to a higher prevalence of incipient nests than would be expected with a polygyne or
mixed population. Incipient nests are not deeper than a few centimetres (SP7) and are thus likely
to be included in their entirety in most excavations. Established fire ant nests are likely to be more
prevalent on a site in Zone 2 than Zone 1, as the suburbs within Zone 1 have received repeated
broad-scale treatments or eradication activities in line with carrier movement controls and
sanctions to reduce human-assisted spread of fire ants. This notwithstanding, the density of
monogyne nests will generally be less than half of that which might be expected of polygyne nests
(Section 6.1).
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Figure 10 Excavation of soil on a typical public works and development project
Source: http://knightcivil.com.au

A viable colony fraction from an established nest need only include the queen and as few as 10 to
25 workers (Section 6.4.5). Although the depth of an established nest will vary with its age, and
may exceed 1 metre (SP7), the location of the queen within the nest is not fixed (SP8). In
particular, queens will tend to be located in the more superficial part of the nest during cooler
weather and may even migrate into the above-ground mound (SP8) (Section 6.1). Thus, a
reasonably shallow excavation undertaken in cooler conditions may include a queen, even if the
nest itself is mature and significantly deeper.

7.4.1.2 Relevant controls
The Soil Movement Guideline explains that in situations where ‘activities such as disturbance’ are
not practical, then the site should be inspected by a licensed technician two weeks prior to
excavation, and chemically treated if fire ants found. The area should also be treated (baited). A
record of this activity should be maintained.
Soil removed from less than 1 metre depth should also be treated as higher risk. This includes
either replacing the soil within the completed excavation, disposing of the soil on-site or disposing
of the soil in a waste facility (Section 6.5). The Soil Movement Guideline explains that this
approach is not recommended for areas where the soil type is soft, loamy or sandy as fire ant
nests can extend further than 1 metre below the surface in areas with these soil types.

7.4.1.3 Strength and practicality of controls
Surveillance of the site by an experienced operator two weeks prior to excavation is likely to
detect approximately 80% of established nests (Section 6.2.1) – incipient nests, however, are not
likely to be identified (SP9). This is potentially problematic, as monogyne colonies disperse through
mated female alates and the establishment of (initially incipient) nests. The treatment of
established nests by DNI is likely to be effective (SP13), although it should be reiterated that
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incipient nests are not likely to be detected (SP9) and will not therefore be treated (Section 6.4.3).
The treatment of the site with an approved bait will also be effective against established nests, as
intoxicated foraging workers will return to the nest where body-grooming and exchange of food
among nest-mates transfers the insecticide throughout the colony – including to the immature
ants and to the queen. The workers (minims) within incipient nests, however, do not generally
forage above ground immediately and these nests will not be affected (SP9) (Section 6.2.10).
Given the relatively high likelihood that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be located at a shallow depth or, in the
case of an established nest, in an above-ground mound, the requirement for the separate
treatment of the first 1 metre of excavated soil is likely to provide significant protection. This
protection is also likely to persist in many settings when the soil is soft, loamy or sandy, although
operators are dissuaded (in both the Soil Movement Guideline and on the NRIFAEP website) from
applying the measure under these conditions. The retention of high-risk topsoil onsite will help to
protect against the movement of fire ants from that site, although will not guard against the
persistence of an onsite infestation. 10 The removal of high-risk topsoil to a waste facility (Section
6.5) will achieve this.

7.4.1.4 Conclusions: excavation of soil
The excavation and removal of undisturbed soil is likely to be of higher risk than the demolition
and extraction of constructed materials and the stockpiling of fill, building rubble, rocks and
scrapings. This risk will be heightened in Zone 2, where the density of fire ant nests is greater. The
shift to an essentially monogyne population increases the likelihood of incurring incipient nests on
the site, and the likelihood that preliminary site preparation will attract airborne mated female
alates. Excavations that encounter an established nest need only include the queen and as few as
10 to 25 workers for that colony fraction to be viable. The segregation of soil excavated from a
shallow depth (less than 1 m), and its replacement in the excavation or removal to a waste facility
(Section 6.5), will in most settings remove a substantial part of the risk. Inspection and treatment
may be beneficial, but only in regard to established nests.

7.4.2 Stockpiling excavated soil
This step describes the likelihood that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will remain viable and undetected in a soil
stockpile up until the point where the soil is moved from the site.

7.4.2.1 Risk factors
The likelihood attached to this step reflects three groups of considerations:
a) The infestation of a soil stockpile by either a fire ant queen and workers, or by a mated female
alate

10

It is acknowledged that this is not a direct objective of the regulated movement controls for fire ant carriers
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b) The survival of a queen and workers, a queen in a claustral chamber, or a mated female alate,
within the stockpile up until its removal from the site
c) The detection of the infestation.
Infestation [a] may result either from the migration of a queen and workers, or from a recentlymated female alate alighting from a nuptial flight. In either case, infestation pressure is likely to be
higher in Zone 2 than Zone 1. Virtually all of the fire ant colonies in southeast Queensland are
monogyne and, as monogyne colonies do not bud, this form of fire ant relies principally on nuptial
flights as its method for dispersal (Section 6.1). Airborne mated female alates target disturbed,
open, moist and reflective areas (SP4), and stockpiled soil would be considered highly attractive.
Although less likely, infestation can also result from the migration of a fire ant queen and workers
(SP6). Most soil types (including the broader definition that includes clay, building rubble and
rocks) would be attractive to a migrating colony, with a preference for moistened substrate that
was noted in a 2006 NRIFAEP investigation into fire ant nesting behaviour. A level of disturbance is
also important, as evidenced in a 2013 NRIFAEP investigation into infestations of fire ants in
market gardens which found that active and ongoing disturbance was a factor in all but six of 44
infested sites.
The survival of a queen and workers, a queen in a claustral chamber, or a mated female alate,
within a soil stockpile [b] will not be threatened unless the stockpile is being subjected to
substantive ongoing disturbance. This can result from the regulated controls (below) or from the
ongoing remodelling of the stockpile with earthmoving equipment. The latter may make it difficult
for returning foraging workers to locate the queen and colony and provide for its sustenance.
Disturbance with earthmoving equipment may also lead to the disruption of nests and the physical
separation of the queen from her workers, or the disruption of a claustral chamber. This will not,
however, be completely reliable as a mitigation as scientific advice provided by the NRIFAEP
indicates that fire ant nests have been detected in stockpiles managed in this way.
An established fire ant nest within and around stockpiles of soil will be reasonably visible, and able
to be detected [c] by trained and experienced observers (with approximately 80% success) if the
stockpiles are inspected closely (Section 6.2.1). A mated female alate within a claustral chamber,
however, or a later-stage incipient nest, is not likely to be detected (SP9).

7.4.2.2 Relevant controls
The Soil Movement Guideline explains that the appropriate storage of soil requires that the soil is:
• On a surface that is considered fire ant resistant, for example
– Concrete or bitumen that does not contain cracks through which fire ants could access the soil,
or
– An impermeable barrier (e.g. plastic sheeting at least 200 microns thick), or
– An area of compacted ground, other than sand, that has been treated with an appropriate
chemical product before the soil is put on the area; and
• An appropriate barrier chemical has been used to create a 30 cm wide chemical perimeter
around the area where the soil is being stored, and
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• If practical, covered in a way that prevents the soil becoming infested by fire ants (i.e. in a shed,
under a shade cloth or tarpaulin), and
• Stockpiles must be disturbed every 21 days, and 24 hours prior to moving the material to
another location. The aim of the disturbance is to separate the queen from her workers without
whom she cannot survive. In this context, ‘disturbance’ of soil involves subjecting the material to
any combination of the following:
– Vigorous and thorough turning of the soil (e.g. repeatedly turning a soil stockpile with machinery
before it is loaded for transport offsite)
– Screening the soil (e.g. sieving the soil through a screening bucket or grate before it is loaded for
transport offsite)
– Crushing the soil (e.g. processing the soil through a crushing machine before it is loaded for
transport offsite)
– Washing the soil (e.g. processes that involve washing sand to remove impurities or
contaminants).
Note that the NRIFAEP website also allows for soil to be stored off the ground, although would
seem likely to be a less prevalent and practical option. Where soil is stored directly on the ground,
the treatment is specified as 80 g/L bifenthrin. There is also an additional requirement that the
treated area be free of material that could form a bridge to the soil.
Note also that the NRIFAEP website stipulates that storage requirements only apply to soil kept for
more than 24 hours. This requirement is not included within the Soil Movement Guideline.

7.4.2.3 Strength and practicality of controls
The controls outlined above focus on two key actions:
a) The prevention of infestation through secure storage
b) The disruption of fire ant nests (including claustral chambers and incipient nests) through
disturbance activities.
Covering stockpiled soil [a] (Figure 11) may help to reduce its attractiveness to airborne alates,
although will not mitigate against a migrating colony at ground level (Section 6.2.6). Storage within
an enclosed shed is likely to be a robust option although unlikely to be practical on many sites
where soil is excavated and stockpiled. A range of options is offered by way of a barrier between
the stockpiled soil and the ground underlying. Compacted soil that has been treated with
bifenthrin will provide a robust barrier to fire ants (Section 6.2.5). A 30 cm barrier treatment is
likely to provide an effective mitigation against the ingress of a colony migrating at ground level,
provided the barrier is completely intact. Stockpiles that are regularly disturbed using heavy
earthmoving equipment, however, are unlikely to have an intact chemical barrier (Section 6.2.8).
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Figure 11 Covering a soil stockpile
Source: https://www.alcocovers.com

Disturbance [b] (Figure 12) is intended to either separate a queen from her workers or to disrupt a
queen and brood within a claustral chamber (Section 6.4.5). There is, however, very little empirical
evidence for the efficacy of disturbing either an established or incipient nest, and for the rigour of
different disturbance methodologies. The Soil Movement Guideline specifies two broad groups of
methods for the disturbance of soil. The first includes screening, crushing and washing. These
methods are likely to be effective, although generally confined to a materials-processing setting.
Turning is the second form of disturbance, and qualified as vigorous and thorough turning of the
soil. Because this is generally effected using the earthmoving machinery that was used to create
the soil stockpile, it is also generally feasible on most worksites. Turning is not likely, however, to
achieve the same level of disturbance as the materials-processing methods (screening, crushing
and washing). The incomplete efficacy of disturbance by turning was noted in scientific advice
provided to a landscape supplies retailer, ‘High turn-over of product would reduce the risk of fire
ant establishment in product, however product subject to longer storage, particularly on earthen
ground requires an added level of risk mitigation’. The advice given in this example was to
supplement regular disturbance with the use of baits.
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Figure 12 Remodelling (disturbing) stockpiled soil

As a final note, whilst the logic of a 21-day interval for disturbance of a stockpile is fundamentally
sound when referenced against the period required for colony establishment (SP9), it is also likely
that on some larger or more complex projects this requirement may not be performed
consistently, or across all soil stockpiles. In support of this, scientific advice provided by the
NRIFAEP in 2018 in the context of a major resource recovery centre (waste facility) included the
statement that, ‘The size of some of the stockpiles in the images provided are large, raising doubt
that all stockpiles have been receiving the full level of disturbance required by the Permit’.

7.4.2.4 Conclusions: stockpiled soil
Stockpiled soil will provide a suitable nesting substrate for fire ants and is likely to attract
infestation from either a migrating colony or from a recently-mated female alate. This risk will be
heightened in Zone 2, where the density of fire ant nests is greater. Stockpiling soil on a chemically
treated barrier will remove some of the risk associated with existing or migrating colonies.
Likewise, covering the stockpile will remove some of the risk associated with airborne alates.
Storing the stockpile in an enclosed shed will provide effective mitigation against both migrating
colonies and alates, although is unlikely to be practical in most settings. Removing the soil
stockpile within 24 hours is advocated on the NRIFAEP website, but not in the Soil Movement
Guideline, and is likely to be effective in reducing the risk of infestation from either migrating
colonies and recently-mated female alates.
The disturbance of a stockpile of soil at the prescribed interval, and within 24 hours of its
movement offsite, is likely to minimise the persistence of an established or incipient colony if it is
performed in a manner that is thorough and comprehensive. There is, however, the possibility
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that isolated queens and queenless colonies of workers may unite, or that mated female alates
will either continue to lay eggs within the disturbed stockpile or will be protected from the
disturbance activity by nesting in a protected location. Whilst the effectiveness and feasibility of
the different methods for disturbance are likely to vary, there is an underlying paucity in the
empirical information to support or challenge either the separation of a queen and workers or the
disruption of a queen and brood in a claustral chamber.

7.4.3 Transport of soil
This step describes the likelihood that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will persist in soil that has been
transported from a stockpile.

7.4.3.1 Risk factors
The considerations underpinning this likelihood are in most respects similar to those underpinning
the likelihood in Section 7.4.2 above – albeit without the addition of a mitigation step. Here, the
process of loading and transportation can be expected to result in the separation of some queens
from their workers, and the disruption of some claustral chambers. It is also likely that a
proportion of workers will be foraging beyond the stockpile at the time that the soil is loaded, and
that these workers will consequently be separated from the queen. The subsequent unloading of
soil from a truck bin or alternative vehicle will be likely to compound the disturbance.

7.4.3.2 Relevant controls
There are no measures in the Soil Movement Guideline specifically directed at this step. The
disturbance created by loading, transport and unloading is however expected to impact on a
queen or mated female alate.

7.4.3.3 Strength and practicality of controls
There are no reasons why the disturbance linked to the transport and deposition of soil would be
less than expected, other than in the situation where only smaller amounts of soil are moved.
There is, however, less need to move small amounts of soil (as opposed to relocating it on site)
and an improved ability to scrutinise contents of the soil stockpile at the point of transport.

7.4.3.4 Conclusions: transported soil
The disruption of fire ant nests as a result of the disturbance that will inevitably accompany
loading, transport and unloading of soil, is not a planned mitigation but is nevertheless likely to
reduce the survival of viable fire ant nests.
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7.4.4 Disposal or utilisation of soil
This step describes the likelihood that a translocated fire ant queen and workers, a queen in a
claustral chamber, or a mated female alate, that is released into the environment with the
deposition or utilisation of soil, will establish a new colony.

7.4.4.1 Risk factors
With consideration of the disruptive effects of unloading the soil dealt with in Section 7.4.2 and
7.4.3 above, there are no remaining substantive barriers to the establishment of fire ants – should
a queen and workers, a queen in a claustral chamber, or a mated female alate, have survived to
this point. This is not to dismiss a range of site-specific factors that are likely to be relevant –
including, for example, any ongoing disruption of the deposited soil by earthmoving equipment or
an absence of moisture or other requirements. This might be particularly likely if the soil had been
moved to a waste facility (Section 6.5) where site remodelling is a constant and ongoing process.

7.4.4.2 Relevant controls
The key measures (Biosecurity Regulation 2016) for this step are: (a) the requirement for record
keeping; and (b) regulated restrictions on the movement of soil within, between and beyond the
Biosecurity Zones.
The requirement for record keeping will help the owners or managers of a stockpile, or regulatory
authorities, to identify any at-risk consignments of soil and to move to prevent viable fire ants
from leaving the point of deposition or to limit the extent of their establishment. Although this is a
critical part of the protective apparatus, it is difficult to assign an estimate to its protective efficacy
as in each case the implications of effective or ineffective record keeping would be very different.
Regulated restrictions on the movement of soil mean that:
• Soil originating from a place in Zone 1 can be moved to a place (including a waste facility) in
Zone 1 or Zone 2 without a BIP
• Soil originating from a place in Zone 2 can be moved to a place (including a waste facility) in
Zone 2 only without a BIP
• Soil can only be moved from either of the Biosecurity Zones to a place outside the zones with a
BIP.
Although regulation of the movement of soils between Biosecurity Zones will have an impact on
the likelihood that fire ants are also moved, the chief effect of this policy will be to alter the
consequences of such a movement. Zone 1 represents an area progressing toward eradication,
while Zone 2 is a containment area. The establishment of fire ants in a place in Zone 1, as a result
of the movement of soil, would have greater consequences for the NRIFAEP than an establishment
in Zone 2 and, for this reason, soil from Zone 2 – which will carry an inherently higher risk – cannot
be moved to Zone 1.
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7.4.4.3 Strength and practicality of controls
On some large and complex projects, it may be difficult for individual operators to retain records
of soil movements that are sufficiently complete to enable consistent identification of at-risk
consignments. This observation is most likely to occur to major public works and development
projects, where a number of earthmoving and disposal contractors may be involved. It is also
possible that some operators may mistakenly move soil from Zone 2 to Zone 1 (or even outside
the Biosecurity Zones), as the boundaries for the zones are not implemented through any form of
physical controls. Although it is not suggested that physical controls should be implemented, the
matter was evidenced in a 2020 Significant Detection Report which concluded that soil was likely
to have been brought onto a house site at Tamborine Mountain, outside the Biosecurity Zones.

7.4.4.4 Conclusions: disposal or utilisation of soil
There are unlikely to be any substantive barriers to the establishment of fire ants, given the
translocation of a fire ant queen and workers, a queen in a claustral chamber, or a mated female
alate, with relocated soil. Restrictions on the movement of soil that are encoded in the Regulation
will primarily limit the consequences of translocating fire ants. This is reflected in the risk matrix
given in Table 19 (Section 5.6).

7.4.5 Outcomes: qualitative risk assessment
Regulated movements of soil: the movement of soil within the Biosecurity Zones is considered by
the NRIFAEP to be of substantive risk for the spread of fire ants, 11 and the assessment in Sections
7.4.1 to 7.4.4 confirms that position.
In addition to the regulated movement controls, the Soil Movement Guideline offers the following
three levels of protection:
1. If activities such as disturbance will not be practical, then inspect 2 weeks prior, and chemically
treat if fire ants found, and bait the area to minimise the likelihood of including live fire ants
2. Consider soil that has been excavated from the first 1 metre as higher risk, and manage
accordingly
3. Store (stockpile) soil in a way that will minimise the likelihood of infestation
a) Fire ant resistant surface, and
b) 30 cm chemical perimeter (barrier), and
c) Covered (shed, under a shade cloth or tarpaulin), and
d) Disturbed every 21 days, and within 24 hours of movement.
Collectively, these mitigations will substantially reduce the likelihood of moving fire ants. The most
significant protection is likely to be offered by segregating and managing soil excavated from the
first 1 metre of the excavation; and by ensuring that stockpiles of soil are moved within 24 hours.

11

NRIFAEP website
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The latter is not included within the Soil Movement Guideline, although is described on the
NRIFAEP website. Management of stockpiles maintained for periods in excess of 24 hours in a
manner that will effectively prevent infestation from a migrating colony, or an airborne mated
female alate, may be challenging – in particular, on large and complex construction or public
works sites. Disturbance is likely to be effective in a materials-processing setting, where methods
such as screening, crushing and washing can be applied. The rigour applied to turning soil using
earthmoving equipment will, however, be variable and inherently difficult for operators and
inspectors to assess. Spanning all methods for disturbance is a lack of empirical evidence
supporting the separation of queen from workers, or the disruption of a claustral chamber.
On balance, and with consideration to the high volume of materials this carrier represents, it is
possible 12 that the regulated movement of soil excavated in Zone 2 will result in the translocation
of a viable fire ant queen and a sufficient number of workers, a queen in a claustral chamber, or a
mated female alate, and the establishment of a new infestation. This conservative assessment
takes into consideration the higher density of nests in Zone 2. Accepting this, it is unlikely 13 that
the regulated movement of soil excavated in Zone 1 will result in the establishment of a new
infestation.
These likelihoods were combined with the consequences of establishment in Zone 2, Zone 1 and
outside the Biosecurity Zones, using the matrix given in Section 5.6 (Table 19). It can be seen that
the regulated movement of soil from Zone 2 is of medium risk. The movement of soil from Zone 1
is of low risk where that movement is to Zone 2, and of medium risk where the movement is to
Zone 1 (Table 21).
Table 21 Residual regulated risks for soil

To Zone 2

To Zone 1

From Zone 1
Likelihood is Unlikely

Low

Medium

From Zone 2
Likelihood is Possible

Medium

n/a

Outside the
Biosecurity Zones
n/a
n/a

Considerations for interstate movements: under the Regulation, soil cannot be moved out of the
Biosecurity Zones. That notwithstanding, only Victoria and South Australia will accept
consignments of soil. Plant Health Certificates for such consignments are provided by government
inspectors on an individual basis. Entry conditions for these states encompass growing media and
mulch, as well as soil, and these conditions are in general targeted at those commodities.
• Property inspection (at an interval of less than 28 days), leading to property freedom
• Property history of introductions

12

The outcome may occur (Table 18)

13

The outcome is uncommon, although known to occur in a range of circumstances (Table 18)
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– Source property freedom
– Chemical treatment of materials
– Secure storage of materials
• Treatments
– Heat treatment (minimum temperature of 65.5℃ using steam or dry heat)
– Cold treatment (freezing to at least ‐20℃ for not less than 24 hours)
– Methyl bromide fumigation
• Secure storage and handling
– Produced in a manner to prevent infestation or destroy all life stages of fire ants
– Secure storage after final treatment
– Supplied in the original sealed bag or container in which it was first commercially packed
These conditions are discussed in Section 11.

7.5

Quantitative assessment of risk

7.5.1 Model structure
When applying the generic conceptual framework for the quantitative model described in Section
5.7 to the management and movement of soil, the quantitative risk assessment started with the
excavation of soil at a source property and ended with the movement of the excavated soil off-site
(usually for its disposal at a waste facility, but potentially also for the purpose of utilisation, or
further storage, at a destination property). Soil may also be stockpiled at the source property
following excavation but prior to moving it off-site (Figure 13).
Prior to excavation, soil belongs to the category of carriers that are an embedded subset of a
property. A stockpile of excavated soil, however, belongs to the category of non-embedded
carriers that are located on a property. It follows that there are four exposure and infestation risks
associated with the management of soil:
• The soil may already contain an established fire ant nest prior to being excavated;
• The soil may already contain an incipient fire ant nest prior to being excavated;
• If the excavated soil is subsequently stockpiled, an established queen with a sufficient number of
workers (approximately 10 to 25; Tschinkel, 2006) may relocate into the stockpile from its
surroundings on the property;
• If the excavated soil is subsequently stockpiled, a mated female alate may land on the stockpile
following a nuptial flight from the surrounding landscape and may establish an incipient nest
within the stockpile.
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Figure 13 Simplified BN model for soil
Notes: Simplified depiction of the BN model used to quantitatively assess risk associated with management and
movement of soil (i.e. the likelihood that at least one viable fire ant queen is released from the soil at a destination
property following movement off a source property).

7.5.2 Controls
A range of controls aimed at different points in this risk model (Figure 13) were examined. 14 Some
of these controls can affect multiple of the exposure and infestation risks associated with the
management and movement of soil, while others affect only one.
• Property inspection (two weeks prior to the anticipated excavation date)
– If any nests have been found, direct nest injection (DNI) using Fipronil
– If no nests have been found, prophylactic baiting across the property
• Excavating soil at a depth of greater than 1 metre
• Physical disturbance at the time of excavation
If the excavated soil is subsequently stored as a stockpile:
• Limiting storage time
• Secure storage, including
– A secure physical and/or chemical barrier
– Covering
• Regular physical disturbance every 21 days and least 24 hours before the material is moved

14

In the case of soils (as opposed to some other fire ant carriers) the assessment focussed on regulated controls.
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Further details about each of these evaluated controls, including assumptions about their efficacy
(using two alternative scenarios: effective and moderately effective) and the effect of storage time
on the exposure of stockpiled soil to infestation are provided in Appendix C.3.

7.5.3 Scenario analysis
The influence of the different controls, and alternative assumptions about their efficacy, on
reducing the residual likelihood that at least one viable fire ant queen survives in excavated (and
where applicable, stockpiled) soil through to movement and eventual release, was explored using
scenario analysis. The quantitative results are summarised below, noting that the specific risk
estimates are highly dependent on (often uncertain) assumptions (Appendix C.2), and may be
most usefully compared relative to each other by orders of magnitude, rather than taken as true
quantitative estimates of risk. In the quantitative assessment, the release likelihood was estimated
for 1,000 m2 of carrier surface area. A threshold of 1% likelihood that at least one viable fire ant
queen will be released was used to denote and highlight an unacceptable level of risk.

7.5.3.1 Nests already present in the soil prior to being excavated
The likelihood of releasing at least one established nest that was already present in the soil prior
to excavation was much lower in Zone 1 (1.9%) than in Zone 2 (30%) where pest pressure is
expected to be higher (Table 22). Residual risk was greatly reduced if no nests are found during
even moderately effective inspection (where 50% of nests are detected), with the release
likelihood in Zone 1 soil already reduced to 0.5% without application of any controls. Baiting
combined with physical disturbance during excavation resulted in very low residual risk for the
release of an established nest from soil sourced in either zone. Even moderately effective baiting
or physical disturbance on their own reduced residual risk below 1%. However, if nests were found
during inspection, a combination of the two regulated controls (disturbance and excavation at
depth) was required to reduce risk below 1% in Zone 2. The application of DNI had limited effect
as not all established nests will be detected. If there is certainty that either disturbance or
excavation at depth is highly effective, application of either control by itself reduced residual risk
to zero regardless of initial densities. An alternative approach to managing risks on properties in
Zone 2 or where fire ants have been observed following inspection would be to implement longterm fire ant management, such as through (effective) repeat baiting at key times of the year. This
may be appropriate on large properties or major works projects. These results held true even if
landscapes were severely infested (such as parts of the USA), giving confidence in the robustness
of findings.
The likelihood of releasing at least one incipient nest that was already present in the soil prior to
excavation was more difficult to assess as data about their densities was not located. If it is
assumed that densities of incipient nests are similar to those of established nests (as we have
done in this scenario analysis), the effect and requirement of controls would be the same as for
established nests (Table 22). However, it must be noted that any controls requiring the detection
of nests or the uptake of baits by foraging workers will not affect the likelihood of moving and
releasing an incipient nest already present in the soil (scenarios marked as N/A in Table 22).
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Table 22 Residual likelihood (%) that at least one queen is released from excavated soil
Scenarios

Inspection (50% eff.),
observation (low)

Inspection (50%
eff.),
observ. (none)

No
inspection

Established queen (nest)
Zone 1
Zone 2
Severe
No controls
Disturbance (mod.)
No controls
Baiting (mod.)
Disturbance (mod.)
Baiting (mod.) +
disturbance OR
excavat. depth
(mod.)
No controls
DNI
Baiting (mod.)
Disturbance (mod.)
Disturbance (mod.) +
DNI
Disturbance (mod.) +
excavat. depth
(mod.)
Disturbance (eff.) OR
excavat. depth (eff.)
Baiting (eff.)

New queen (incipient nest)
Zone 1
Zone 2
Severe

1.9%
0.2%
0.5%
0.1%
0.1%
0.0%

30.0%
3.9%
3.8%
0.4%
0.4%
0.0%

91.0%
54.1%
5.0%
0.5%
0.5%
0.1%

1.9%
0.2%
0.5%
N/A
0.1%
N/A

30.0%
3.9%
3.8%
N/A
0.4%
N/A

91.0%
54.1%
5.0%
N/A
0.5%
N/A

10.5%
9.4%
1.1%
1.0%
0.9%

21.3%
19.0%
2.1%
2.1%
1.9%

50.5%
45.4%
5.1%
5.1%
4.5%

10.5%
N/A
N/A
1.0%
N/A

21.3%
N/A
N/A
2.1%
N/A

50.5%
N/A
N/A
5.1%
N/A

0.1%

0.2%

0.5%

0.1%

0.2%

0.5%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

N/A

N/A

N/A

Notes: Residual likelihood (%) that at least one viable fire ant queen is released from excavated soil resulting from
established or incipient nests that had already been present in the soil prior to being excavated. A range of control
scenarios were compared for soils obtained from Zone 1, Zone 2 and a hypothetical “severely infested” landscape
(such as parts of the USA). Controls in bold approximate regulated controls. Release likelihoods were estimated for
1,000 m2 of carrier surface area. Likelihoods ≥ a 1% threshold for regulated controls in Zone 1 or 2 indicate a potential
vulnerability.

7.5.3.2 Relocation of an established nest into stockpiled soil
Without application of any controls, the likelihood of releasing at least one established nest that
has relocated into the stockpile within the first 24 hours was less than 1% in Zone 1, compared to
19.7% in Zone 2 (Table 23). Moderately effective disturbance after 24 hours was insufficient to
reduce residual risk below 1% in Zone 2. Property inspection (even if moderately effective, i.e.
detecting 50% of nests) can provide some confidence in low pest prevalence, and when combined
with moderately effective disturbance this reduced the likelihood of a stockpile being infested by a
relocating established nest to 0.4% in Zone 2 (Table 23). Effective storage on a secure surface and
with a well-maintained perimeter was effective irrespective of pest pressure. However, where that
storage and/or chemical barrier is not well-maintained (and hence moderately effective), this was
again insufficient to reduce residual risk in Zone 2, where pest pressure is expected to be higher
than in Zone 1 in the absence of evidence indicating otherwise.

7.5.3.3 Infestation of stockpiled soil by a mated female alate
The likelihood of releasing at least one incipient nest that was established by a mated female alate
landing on the stockpile following a nuptial flight can be expected to be proportional to the pest
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pressure in the surrounding landscape. As pest pressure has not been quantified, we compared a
‘random exposure’ scenario (assuming that mated female alates descend randomly) and a ‘high
exposure’ scenario (assuming that mated female alates are attracted to the stockpile, see
Appendix C.2.2). Without controls, the infestation risk posed by mated female alates was below
1% for soil stockpiled for 24 hours, even under the ‘high exposure’ scenario in Zone 2 (Table 23). In
Zone 1, after 91 days storage, residual risk remained below 1% under the ‘random exposure’
scenario but increased to 7.3% under the ‘high exposure’ scenario. In Zone 2, after 91 days
storage, infestation risk from mated female alates was always high, even when assuming ‘random
exposure’ (17.3%). In a severely infested landscape, residual risk was estimated to increase to
77.2% (Table 23). In each of those cases, moderately effective disturbance, or moderately effective
covering, was insufficient to reduce the likelihood of moving and releasing an incipient nest from
the stockpiled soil below 1%. Effective covering or disturbance was required. Greater confidence
about whether high efficacy can be achieved using physical disturbance, or secure cover, may be
needed. Alternative management options may include the safe disposal of soil or reducing storage
time. Better quantification of the infestation pressure by mated female alates in different
landscapes (Zone 1 and Zone 2), or at particular properties, will help to refine the precision and
accuracy of the model’s parameters and may result in a downward revision of risk estimates.
Table 23 Residual likelihood (%) that at least one queen is released from soil stockpile
Scenarios

3 months storage

21 days storage

24h
stor
e

Established queen (nest)
Zone 1 Zone 2 Severe

New queen (incipient nest)
Zone 1
Zone 2
Zone 2
Severe
(high)
(rando
(high)
(rando
m)
m)
0.0%
0.0%
0.8%
0.0%
0.0%
0.0%
0.1%
0.0%

No controls
Disturbance (mod.)

0.8%
0.1%

19.7%
2.8%

81.2%
48.2%

Zone 1
(rando
m)
0.0%
0.0%

No controls
Disturbance (mod.)
Inspection (50%
eff.), observation
none
Inspection (50%
eff.), observation
none + disturbance
(mod.)
Barrier (mod.)
Barrier (eff.)
No controls
Disturbance (mod.)
Covering (mod.)
Covering (mod.) +
disturbance (mod.)
Covering (eff.)

1.9%
0.2%
0.5%

30.0%
3.9%
3.8%

91.0%
54.1%
5.0%

0.0%
0.0%
N/A

0.9%
0.1%
N/A

0.9%
0.1%
N/A

23.1%
3.1%
N/A

46.5%
4.7%
N/A

86.8%
50.1%
N/A

0.1%

0.4%

0.5%

N/A

N/A

N/A

N/A

N/A

N/A

3.9%
5.4%
0.0%
0.0%
as for 21 days

N/A
N/A
7.3%
1.3%
1.3%
0.1%

N/A
N/A
17.3%
2.3%
2.3%
0.2%

N/A
N/A
60.0%
21.4%
21.4%
2.74

N/A
N/A
77.2%
37.9%
37.9%
3.8%

N/A
N/A
97.0%
78.8%
78.8%
38.0%

0.0%

0.0%

0.0%

0.0%

0.3%

0.2%
0.0%

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
0.7%
0.1%
0.1%
0.0%

N/A

N/A

N/A

0.0%

Severe
(high)
37.5%
3.8%

Notes: Residual likelihood (%) that at least one viable fire ant queen is released from soil following infestation of a
stockpile stored in Zone 1, Zone 2 and a hypothetical ‘severely infested’ landscape by established queens or mated
female alates respectively. For the infestation scenario ‘new queen (incipient nest)’ we further distinguished between
a random exposure and a high exposure scenario reflecting different assumptions about pest pressure (Appendix C.2).
See Table 22 legend for further details.
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7.5.4 Outcomes: quantitative risk assessment
The quantitative modelling provided separate assessment outcomes for two infestation scenarios.
(Section 5.7.4):
• The movement and release of at least one viable established queen with a sufficient number of
workers (resulting from either an established nest that was already present in the soil prior to
excavation or an established queen and workers that have relocated into a stockpile of soil).
• The movement and release of at least one viable new queen with immature offspring (resulting
from either an incipient nest that was already present in the soil prior to excavation or a mated
female alate that has landed on a stockpile of soil and established an incipient nest within).
Uncertainties in parameter estimates for both infestation scenarios (in particular, for the
infestation of a stockpile by mated female alates) mean that assessment outcomes should only be
viewed in the context of each scenario. Direct comparisons between the scenarios are not
appropriate at this time. For simplicity this analysis estimated the likelihood of at least one viable
queen being released from 1,000 m2 of carrier surface area. This could be readily adjusted in
future assessments.
Quantitative scenario analyses suggest that regulated controls were generally likely to meet
program objectives of limiting fire ant movement within the Biosecurity Zones, but in some cases
could be simplified. Further scrutiny of key parameters, such as the disruption of colonies and
queen mortality associated with disturbance, the security of covered storage, and the exposure of
soil to infestation by mated female alates, would help to better quantify the level of risk. Risk of
fire ant movement and release, even in the absence of controls, was considerably lower for soils
excavated or stockpiled in Zone 1 than in Zone 2 because pest pressure from established fire ant
nests, and the resulting time-dependent carrier exposure to viable fire ant queens, was expected
to be, on average, much lower. The greatest residual risk occurred when nests were found during
property inspections (because other nests remain undetected, and undetectable incipient nests
cannot be controlled by baiting), and where soil was stored for long periods (increasing the
likelihood of being infested by mated female alates).

7.6

Conclusions: soils

In summary: soil is one of the NRIFAEP’s highest-risk carriers and, overall, this risk is being
managed effectively through a combination of conservative movement controls and a system of
management practices. The latter has been enacted through the publication (under Section 107 of
the Biosecurity Act 2014) of the Soil Movement Guideline. Security is provided to a large extent
through the overarching movement controls given in the Regulation. An evaluation of compliance
with these restrictions would be valuable.
The discussion and assessment in Sections 7.1 to 7.5 highlighted a range of key science-based,
controls-based and process-based outcomes, and a number of areas where data gaps are
impacting on either the assessment of risk or its control.
Science-based outcomes: the dominant theme for the assessment of soils and other carriers is the
progressive shift from a mixed incursion of polygyne and monogyne fire ants, to one that is almost
completely monogyne. In the context of the management and movement of soil, the ramifications
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of this are: (a) that nest densities are likely to be relatively low in most settings, as monogyne
colonies are inherently antagonistic in defence of their foraging range; and (b) that airborne mated
female alates will be the principal method by which the monogyne fire ants are likely to disperse.
These two outcomes mean that whilst it will be important to minimise the likelihood of including a
fire ant colony within excavated soil, the greater concern will be to protect soil stockpiles from
infestation by mated female alates and to minimise the likelihood that mated female alates will
successfully establish incipient nests. This likelihood increases markedly with the period of
exposure.
Controls-based outcomes: although the conservative movement controls within Section 68 of the
Regulation mean that the residual (regulated) risks associated with the management and
movement of soil are not greater than Medium, there was concern with the likely variability and
robustness of disturbance as a measure. This was highlighted in both the qualitative and
quantitative assessments, where the value of disturbance hinges on the fact that it has the
potential to mitigate against all infestation scenarios. The separation of a queen from both her
own workers, and workers from any other fire ant colonies within the soil, must, however, be
absolute, given that: (a) as few as 10 to 25 workers are believed to be sufficient to sustain a
queen; and (b) queenless workers can subsequently adopt a queen that has been separated from
her own workers. Likewise, a queen within a claustral chamber must be separated from her brood.
Whilst it would be possible to achieve this level of separation through mechanical methods
associated with materials processing (including screening, crushing and washing) the value of
turning soil using earthmoving equipment is more doubtful. It was noted that for the latter to be
effective, the process must be extremely thorough and comprehensive and that this will be
difficult for many operators and inspectors to assess. There are also settings where the logistics of
a complex site, or the size of stockpiles, will further detract from the feasibility of turning. The
period of stockpiling is also a key factor and, aside for the requirement for regular disturbance, is
not directly addressed in the Regulation. As a separate matter, it was noted that the likelihood of
translocating an established fire ant nest with excavated soil will be highest in the situation where
inspection has revealed a nest(s) onsite and DNI has been used. The reason for this finding is
principally that the presence of a nest increases the likelihood of additional incipient nests within
the vicinity, and these are not likely to be identified. Property inspection, followed by baiting, will
greatly increase confidence in a low (potentially zero) site density of established nests. A final key
concern in respect of controls is that operators are not currently encouraged to treat the top 1
metre of soil as higher risk if the soil type is soft, loamy or sandy. Although nests may extend
deeper in these conditions, the queen is only likely to be at the deepest part of a nest during
exceptionally hot weather. In most other conditions, treating the top 1 metre of soil as higher risk
is likely to be an effective strategy for minimising the translocation of a queen.
Process-based outcomes: the Soil Movement Guideline should be clarified in respect of its internal
logic. It will also be important to harmonise the NRIFAEP requirements for the management and
movement of soil, as given on the NRIFAEP website, with those enunciated within the Soil
Movement Guideline. Collectively there is substantial ambiguity around the legislated and
recommended requirements for the management and movement of soil, and it seems likely that
this will be detracting from the effectiveness of the controls as implemented. Of particular
concern in this regard is the unauthorised movement of soil either from Zone 2 to Zone 1, or
outside the Biosecurity Zones, as either of these has the potential to jeopardise the performance
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of the NRIFAEP and the achievement of its goals. In addition to resolving ambiguity in the
requirements for the management and movement of soils (above), it would also be useful for the
NRIFAEP to undertake an evaluation of the level of compliance with Section 68 of the Regulation.
This might include targeted surveillance and engagement, with a focus on higher-risk settings
(such as large and complex public works and development projects) and locations. A more specific
outcome concerns the granularity of the quantitative modelling. For simplicity, this focussed on
the likelihood of at least one viable queen being released from 1,000 m2 of carrier surface area.
This metric could readily be adjusted to compare the risks associated with different soil movement
scenarios and settings, or to compare the risks associated with soils to those of other fire ant
carriers.
Priority data gaps: the risk assessment and stakeholder consultation identified a number of areas
where empirical data could be used to better estimate the magnitude of risks and the
effectiveness of controls. In making recommendations about these data gaps, however, it is
acknowledged that research into most aspects of fire ant ecology and control is likely to encounter
technical and other difficulties, and that the temporal limits of the overarching Ten-Year Plan will
need to be considered. It is also understood that as a biosecurity program, the NRIFAEP have, to
date, applied the precautionary principle and available data to develop controls for the movement
of fire ant carriers. These caveats notwithstanding, key areas for further research and evaluation
include:
• Quantitative analysis of the time-dependent risk of infestation of stockpiles through airborne
mated female alates, given the spatial location and density of established nests within the
surrounding landscape. This would inform an estimate of the instantaneous likelihood of
infestation, as well as evaluation of the impact of the period of storage or stockpiling. This work
would have direct relevance to stockpiles of soils, although would also be useful in
understanding the risk profiles for most other fire ant carriers.
• The impact of disturbance on: (a) the separation of a queen from her workers; and (b) the
disruption of a claustral chamber. This work should focus on both materials-processing methods
(including screening, crushing and washing) and the turning of stockpiles using earthmoving
equipment.
• The period and ability of queenless workers to adopt a new queen. This work should encompass
a range of disturbance methods and should be evaluated using a quantitative research design.
The analysis would significantly improve understanding of the efficacy of disturbance as a
control measure for fire ants, and its resilience to minor deviations from prescribed practices.
• The degree of protection from infestation by mated female alates afforded by differing levels of
physical coverage – specifically, whether soil is stockpiled in a closed shed, or under a shade
cloth or tarpaulin).
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8 Management and movement of potted plants
8.1

Management and movement controls

Under the Regulation, potted plants are grouped with fire ant carriers excluding: (a) soil; and (b) a
separate category of ‘relevant fire ant carriers. 15 Other fire ant carriers within the same category
as potted plants include turf and hay. The definition of a potted plant within the Regulation is ‘a
plant grown in a growing medium in a container’.
In broad terms, the Regulation provides two levels of protection against the movement of fire ants
with potted plants.16
• First, Section 69 provides the generic measures that apply to all fire ant carriers other than soil.
These include restrictions on the movement of the carrier between and outside of the
Biosecurity Zones. There is also a caveat permitting movement if the carrier has been held for
less than 24 hours.
• An individual wishing to go beyond these measures may either apply for a BIP or consider the
alternatives given in Section 71(2) and (3).
– Section 71(2) provides conditions for the covered on-ground or off-ground storage of potted
plants.
– As an alternative to these conditions, Section 71(3) provides conditions for the chemical
treatment of potted plants.
– Individuals complying with either section 71(2) or (3) are exempt from the requirements of
Section 69, and may move potted plants within, between or outside the Biosecurity Zones.
Relevant text from these sections of the Regulation is shown below.
Part 5 Section 69: Moving a fire ant carrier other than soil from or within a fire ant biosecurity
zone
1. A person must not move a fire ant carrier, other than soil, from a place (the original place) in a
fire ant biosecurity zone to another place, within or outside the biosecurity zone, unless
a) the other place is a waste facility in the same fire ant biosecurity zone as the original place
and the person moves the carrier directly to the waste facility, or
b) if the original place is in fire ant biosecurity zone 1—the other place is a waste facility in fire
ant biosecurity zone 2 and the person moves the carrier directly to the waste facility, or
c) the person ensures the carrier has been at the original place for less than 24 hours, before
moving the carrier, or

15

Relevant fire ant carriers include animal manure, material that is a product or by-product of mining or quarrying, or material that is a product or
by-product of the processing of a plant – for example, mulch, sawdust, green waste, compost

16

Note that Chapter 6 Part 4 of the Biosecurity Act 2014 allows that a Biosecurity Instrument Permit may authorise non-compliance with a
Biosecurity Zone regulatory provision.
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d) the person moves the carrier under a biosecurity authorisation, or
e) the person
i.

takes reasonable steps to ensure the carrier has been kept at the original place in a way
that complies with section 71(2) and (3); and

ii.

keeps a written record of the steps taken to ensure the carrier is dealt with as
mentioned in subparagraph (i).

Part 5 Section 71: Keeping a fire ant carrier other than soil in a fire ant biosecurity zone
1) This section applies to—
a) a person who puts or otherwise deals with a fire ant carrier, other than soil, in a place
within a fire ant biosecurity zone and allows it to remain at the place for at least 24 hours,
or
b) the owner of a place in a fire ant biosecurity zone who allows a fire ant carrier, other than
soil, to remain at the place for at least 24 hours.
2) The person must ensure—
a) the carrier is covered in a way that prevents fire ants from infesting the carrier; and
Example—
keeping the carrier in a shed or under a shade cloth or tarpaulin
b) the carrier is kept—
i.

above ground level, or

Example—
keeping the carrier in a truck or trailer or on an elevated platform
ii.

at ground level on a fire ant resistant surface; and

c) if paragraph (b)(ii) applies—the area where the carrier is stored is treated with an
appropriate barrier chemical to create a 30 cm wide chemical perimeter around the area.
3) However, the person need not comply with subsection (2) for a carrier that is turf or a potted
plant, if the person—
a) ensures the carrier is treated with an appropriate chemical product; and
b) keeps a written record, stating the chemical product used and the way it was used for the
treatment, is kept.
3A) Also, the person need not comply with subsection (2) if—
a) the carrier is a relevant fire ant carrier under section 71A; and
b) the person complies with that section in relation to the carrier.
4) In this section—
appropriate barrier chemical means an appropriate chemical product used to create a chemical
barrier.
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appropriate chemical product means a chemical product for use on, or in relation to, fire ants.
fire ant resistant surface means—
a) concrete or bitumen that does not contain cracks through which fire ants could access a fire
ant carrier on the concrete or bitumen, or
b) a barrier that cannot be penetrated by fire ants, or
Example—
plastic sheeting at least 200 microns thick
c) an area of compacted ground, other than sand, that has been treated with an appropriate
chemical product before a fire ant carrier is put on the area.
treated, with an appropriate chemical product, means treated in a way—
a) stated in the instructions on the approved label for the chemical product, or
b) authorised by a permit issued by APVMA.
The NRIFAEP website includes an additional strategy that is not in the Regulation:
• Bare-root the plant and re-pot it at the final destination.
• Without the soil, plants are NOT considered a high-risk material and can be moved without
further treatment.
This addition appears to speak directly and independently to item (g) of the definition of a fire ant
carrier within the Regulation:
g)

a thing that has soil, or an organic soil substitute, attached to it.
Examples—

• turf
• an advanced plant with soil on its roots that has been removed from the ground for re-planting
• an appliance that soil or another growing medium is attached to
In-and-of itself, this addition is not problematic. However, the definition of a potted plant that is
given in the Regulation – and to which Section 71(3) is directed – is, ‘a plant grown in a growing
medium in a container’. A bare-rooted plant does not fit within this definition, although will be
included in the qualitative and quantitative assessments that follow.

8.2

Stakeholder consultation

Of the 17 stakeholders who provided a written opinion of the effectiveness of the regulated
controls for the management and movement of potted plants, three considered them very
effective, seven effective, four somewhat effective and three ineffective (Figure 14).
Comments obtained from the online survey and/or follow-up telephone conversations were quite
diverse. Some operators of large and complex municipal nurseries felt that the regulated controls
were not trivial, although practicable and likely to be effective. These individuals also tended to
speak to the relatively low cost of chemical treatment. Opposing these views, however, were
views that hinged on an overarching objection to the transition from an arrangement based on
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ARMPs, as implemented under Part 2 of the Plant Protection Regulation 2002, to the
requirements of Part 5 of the Biosecurity Regulation 2016, and the implications this has had for
intrastate and interstate movements of potted plants and other nursery produce – in particular,
organic mulch and composted growing media (Section 10). This topic is reported here as it was a
dominant theme during the stakeholder consultation, although not technically within the scope of
this review.
Specific complaints about the controls focussed to a large extent on the cost, practicality, safety
and environmental implications of chemical treatment. Reference was made to the ARMP
template that had been used prior to implementation of the Regulation, and the 2010 version of
this template was provided by stakeholders in support of this. Evaluation of this 2010 template
revealed, however, that chemical treatment had also been mandated under the 2010 ARMP. Item
8 of the 2010 ARMP, for example, stated that:
After inspection, a BQCC Biosecurity Officer may deem storage surfaces to be any of the
following:
• APPROVED as being adequate to prevent High Risk Items stored on the property being infested
by Fire Ants and no treatment of High-Risk Items is required, or
• NOT APPROVED and mandatory treatment of all High-Risk Items is directed by a BQCC
Biosecurity Officer prior to movement off site, or
• CONDITIONAL APPROVAL – A combination of approved storage surfaces and mandatory
treatments as directed by a BQCC Biosecurity Officer prior to movement off site. Details are to be
recorded on the site plan.
The following treatments are mandatory for High Risk Items where a Biosecurity Officer has not
approved storage conditions. Any application or disposal of chemical must be in accordance with
label requirements.
12.1 BIFENTHRIN GRANULAR (potted plants)
…
12.2 HEAT TREATMENT OF BULK HIGH RISK ITEMS
…
12.3 CHLORPYRIFOS LIQUID (Pot Plant drenching)
…
12.4 CYFLUTHRIN LIQUID (Pot Plant drenching)
…
12.5 CHLORPYRIFOS GRANULAR (SUSCON GREEN) (Potting media)
…
The conditions for secure storage described in the 2010 ARMP were also very similar to those in
the Regulation. Property inspections were included in the 2010 ARMP, and these are not given in
the Regulation. This is, however, a relaxation of conditions rather than the imposition of new
conditions. As a biosecurity instrument, the ARMPs were intended to provide a systems approach
and could also be tailored to some extent to the characteristics of an individual business, and both
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of these characteristics were viewed as positive attributes given that the risks posed by all
businesses will not be identical. Core elements, however, such as secure storage and chemical
treatment, appeared to have been mandated for all businesses under the 2010 ARMP, and it is
these core elements that have been carried through to the Regulation.
On balance, there did not appear to be substantive differences in the difficulty or likely cost of the
conditions required in respect of the management and movement of potted plants under the 2010
ARMP, and those required under the Regulation. The NRIFAEP then provided the later 2015 ARMP
template. This version of the ARMP was considerably briefer and did not include the 2010
provisions discussed above.
In addition to matters surrounding the transition from ARMPs to the Regulation, questions were
raised as to the disparity between the controls for the movement of domestic (household) potted
plants as opposed to commercially-grown plants. Apropos of this, the current BIP template
explains that, ‘Residents may move potted plants (non-commercial) with a volume less than 60
litres per pot to any location within Queensland as mentioned in the Biosecurity Instrument Permit
(PDF) (PDF, 2MB). The permit requires you to inspect the plants for fire ants before the movement
and to report suspect ants to the National Red Imported Fire Ant Eradication Program’. There is no
requirement for secure storage of household potted plants, or for chemical treatment. There was
also some concern about the specificity of the Regulation in respect of the chemical that is
endorsed, with the view expressed that use of a single chemical is likely to result in the
development of resistance and that a single chemical may not be appropriate for applications. In
response to this it is recognised, however, that each APVMA permit application (including
renewals) will include evidence substantiating the appropriateness of the chemical for a particular
application and its continued efficacy in the field.

Figure 14 Stakeholder evaluation of regulated controls for potted plants

8.3

Risk assessment pathway

Potted plants are generally propagated and grown out to commercial specifications in a
production nursery. The nursery sector grows more than 10,000 cultivars in containers varying in
size from 10 mm x 10 mm, 50 mm x 50 mm tubes, 140 mm containers and up to 1000 L bags.
Some plants (e.g. some palms) are grown in ground and removed for potting prior to sale.
Containers vary from hard plastic pots, trays, punnets, tubes and plugs (small tubes) through to
soft plastic bags, peat and coir containers, plastic woven bags and biodegradable plastics. From
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production nurseries, potted plants may be sold to wholesale and retail nurseries, or to
landscapers, florists, developers, builders, municipal councils, garden maintenance companies and
a range of other end users – including, in some cases, directly to households. Potted plants are
also sold from production nurseries directly into the horticulture, forestry and resources (for
rehabilitation) sectors.
Potted plants purchased by wholesalers (Greenlife markets) may then be sold to retailers; or to a
range of broadscale users such as landscapers, developers and municipal councils. Potted plants
purchased by retailers, whether directly from a production nursery or from a wholesaler, are
typically sold to households. Retailers in this context can include dedicated garden centres, as well
as the big-box hardware chains and other more generalist shops. Importantly, large parts of this
complex and varied supply chain exist outside the Biosecurity Zones – including interstate and, in
some cases, overseas markets.
From the standpoint of risks and controls for the potential movement of fire ants, the supply chain
can be simplified to production nurseries, wholesale or retail establishments, and domestic,
commercial or municipal end users. A rendition of this simplified supply chain is provided in Figure
15.

170 | CSIRO Australia’s National Science Agency

Figure 15 Pathway for the management and movement of potted plants
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8.4

Qualitative assessment of risk

8.4.1 Production nursery
This step describes the likelihood that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be included with a potted plant at the
point that it leaves a production nursery.

8.4.1.1 Risk factors
Although production nurseries supply a wide range of potted plant species to a similarly wide
range of markets, the production cycle can be conceptualised as a germination and grow-out
period, and a subsequent period when the market-ready plants are either displayed for sale or
assembled as consignments for distribution.
• The germination and grow-out phases take place in the production area of the nursery. This may
include undercover growing benches and uncovered growing beds. As the germinated plants
grow, they will be repotted (using manual procedures, semi-automation or automated
procedures) and are likely to be moved through different parts of the production area.
• When they have reached their commercial specifications, potted plants will be taken from the
production area and moved to the sale or despatch area of the nursery. Part or all of this area
will typically be uncovered, although exceptions to this are also commonplace.
Superimposed on this simplification of the production cycle (sometimes termed, cropping cycle) is
a wide range in the size and sophistication of production nurseries and the breadth and needs of
the particular plant species and industries they cater for.
From the standpoint of risks and controls for fire ants, the key parts of the production cycle can be
considered separately.
• Production area
– Growing benches
– Repotting area
– Growing beds
• Sale or despatch area.
Germination and grow-out in the production area: potted plants on undercover growing benches
(Figure 16) are most likely to be exposed to infestation directly through the presence of fire ants in
the soil or growing media. This may be produced and stockpiled on-site within the production
nursery or purchased from a separate supplier. The risks associated with the storage of soil, and
organic mulch and composted growing media, are discussed in Sections  and 11 (respectively).
Although growing media does not have a fixed composition, it will generally contain materials such
as peat moss, perlite or vermiculite, wood or bark chips, coco coir and a slow-release fertiliser.
Growing media provides a well-aerated environment and, for most plants, will be maintained in a
moist state. Although studies specifically directed at the suitability of growing media as a nesting
substrate for fire ants were not identified, a 2004 trial conducted by the NRIFAEP found that fire
172 | CSIRO Australia’s National Science Agency

ants showed no preference for soil over coarse-grade bentonite clay; while a 2006 trial reported
the same result for moistened gravel – noting in the latter case that the fire ants were able to live
and carry on normal activities such as brood rearing and tending the queen within the moistened
gravel substrate. Gravels and sands are considered within Section 13.

Figure 16 Covered growing benches
Source: https://www.greenlifestructures.com.au

The risk associated with infested growing media is likely to be ameliorated to a substantial degree
through the cycle of re-potting that characterises the growing cycle of most nursery stock.
Industry advice was to effect that plants are handled and repotted up to 14 times before reaching
their commercial specification (McDonald pers comm, 2020). 17 Re-potting generally occurs in an
undercover area and may be set on a concrete or equivalent hardstand. Repotting can be
undertaken using manual, semi-automated or fully-automated procedures. Semi-automated or
automated procedures offer less opportunity for visual inspection, although do provide an
additional degree of mechanised disturbance as the growing media is processed through the
hopper.
Potted plants can be sold as seedlings, or plugs, directly from the undercover growing benches
(Section 6.3). Alternatively, they may be moved to uncovered growing beds (Figure 17). Growing
beds typically include a well-drained substrate beneath the potted plants, with an impermeable
barrier separating the substrate from the underlying soil. Potted plants may again be exposed to

17

John McDonald, National Biosecurity Manager, Greenlife Industry Australia – qualified through reference to a Summary Report on Improvements
in Supply Chain Efficiencies and Logistics for the Nursery and Garden Industry (2009)
Review of Red Imported Fire Ant Scientific Principles and Controls | 173

infestation through the growing media, although the greater risk is likely to be infestation from a
recently-mated female alate alighting from a nuptial flight (SP1, 2and 3) or from a migrating queen
and workers (SP6). As noted in Section 6.1, virtually all of the fire ant colonies in southeast
Queensland are monogyne and, as monogyne colonies do not bud, this form of fire ant relies
principally on nuptial flights as its method for dispersal. Airborne mated female alates target
disturbed, open, moist and reflective areas (SP4) and, although largely untested, this is likely to
include the gravel substrate that underlies most uncovered growing beds. Having landed, a mated
female alate may nest directly within the substrate or chose refuge beneath a plant container
(SP5). Although less likely in most settings, infestation can also result from the migration of a fire
ant queen and workers (SP6). Whether through airborne mated female alates or a migrating
queen and workers, infestation pressure is likely to be higher in Zone 2 than Zone 1.

Figure 17 Uncovered growing beds
Source: https://robohub.org

Display or distribution of market-ready potted plants: once plants have reached their commercial
specification, there will not be any further repotting, and the plants will be moved to a sale or
despatch area. This may be covered or uncovered or may include a range of separate covered and
uncovered areas. During this part of the cycle, the plants may again be at risk from a recentlymated female alate alighting from a nuptial flight (SP1) or from a migrating queen and workers
(SP6). A recently-landed mated female alate may find shelter amongst palletised potted plants, or
plants stored on racks, as well as beneath plastic sheeting. If the area is on a hardstand, alates may
also be able to nest within a protected niche in material such as spilled media, or mulch, or move
from that material through seep holes into the soil or media of a potted plant. This was evidenced
in a video submitted to QDAF in 2019, which showed a situation where soil spill and trash
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accumulated beneath stored potted plants had provided a substrate for fire ants prior to their
movement from this up into the pots themselves. It should be noted, however, that despite some
documented examples of the infestation of market-ready potted plants, the particular attraction
of this commodity to fire ant queens or to mated female alates is not known.

8.4.1.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures at this step in the pathway apply equally to any
subsequent step where potted plants are managed within the Biosecurity Zones. As noted in
Section 8.1, these measures describe a range of options, each of which may be more suited to a
particular setting. Options include to:
• Move the potted plants from the location within 24 hours of arrival, or
• Cover the potted plants in a way that prevents infestation (e.g. a shed or under shade cloth or a
tarpaulin), and either
– keep the potted plants off the ground, or
– keep the potted plants on the ground on a fire ant resistant surface and with a 30 cm chemical
perimeter, or
• Treat the potted plants, with options including the use of granular insecticide, drenching or
dipping.
Note that the NRIFAEP website includes an additional strategy that is not in the Regulation, which
is to bare-root the plant and re-pot it at the final destination.

8.4.1.3 Strength and practicality of controls
Because the regulated controls outlined above are presented as alternatives (options), they can be
adopted in different ways in different parts of the production area, as well as in the sale or
despatch.
Within the production area, potted plants at different points in the growing cycle may be kept on
covered growing benches or in uncovered growing beds. Plants on covered growing benches are
likely to be most easily managed through the options relating to secure storage. The
characteristics, benefits and constraints of storage above ground, or at ground level on a fire ant
resistant surface, are discussed in Sections 6.2.7 and 6.2.5, respectively. Of note in respect of the
latter, is that if cracks or tears in the surface are present, or its treatment is not enacted precisely
as directed, then potted plants stored at ground level are likely to provide an attractive setting for
infestation by a queen and workers (SP5). This was again evidenced in the video submitted to
QDAF in 2019, which showed fire ants infesting potted plants on a hard surface. This surface
appeared to have been tiled and, if the case, patent cracks are likely. It is not known whether this
surface had received a perimeter treatment. It can be seen in video, however, that soil spill and
trash had accumulated beneath the plants and provided a substrate for fire ants prior to their
movement from this up into the pots themselves. Although not within a production nursery, video
evidence from a 2020 Significant Detection Report of an infestation at Tamborine Mountain shows
fire ants (including alates and brood) infesting the concrete base beneath a large potted plant and
extending up into the pot itself. Chemical treatments (Section 6.4.3) may be feasible for plants on
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growing benches (whether on or above the ground) and are particularly relevant where the
benches are not covered. Granular formulations can be added to growing media – in particular,
where semi-automated or automated repotting machinery is used. If this approach is followed,
then care will be needed to ensure that the period between repotting does not exceed the
retreatment period. In some settings, liquid insecticide treatments can also be applied through
drenching or dipping. Where this approach is followed, the APVMA permit conditions and
application rates must be adhered to.
Potted plants within the production area that are in uncovered growing beds will in general need
to be managed using chemical treatments. Granular formulations can be applied in growing media
(as above), or plants may be drenched using liquid formations. Both are likely to be effective if
applied according to the registered or permitted specifications (SP13).
The choice of secured storage or chemical treatment within the sale or despatch area is again
likely to be based on whether the area is covered. Some sales and despatch areas include a mix of
covered and uncovered areas and may use a combination of secure storage and treatment. There
is also likely to be range (between nurseries) in respect of the security offered by different
approaches to the covering of plants, including measures such as shade cloth or tarpaulins (Figure
18, as discussed Section 6.2.6). If chemical treatment is used, then either liquid or granular
preparations may be applied.
Although not a component of the regulated conditions for the management and movement of
potted plants, most production nurseries will regularly inspect nursery stock or their premises
more broadly (Section 6.2.1). An established fire ant nest within and around potted plants in a
production nursery will be reasonably visible, and able to be detected by trained and experienced
observers if the plants are being handled individually. For example, the nest shown in the video
submitted to QDAF in 2019 (above), which depicts fire ants infesting potted plants on a hard
surface, would have been apparent to most nursery workers handling or moving those plants. In
the period between the management practices that require the handling and inspection of
individual plants, however, it is conceivable that an established nest would not be observed.
Likewise, an incipient nest is not likely to be detected (SP9). In respect of this, a NRIFAEP appraisal
of intrastate and interstate movement of potted plants, mulch and growing media noted that, ‘a
newly-mated queen would not be revealed by handling and inspecting a potted plant’. Likewise,
the outcomes of a Scientific Advisory Group meeting (6 February 2019) noted that, ‘Handling and
inspecting pots will not reveal the presence of a mated queen in her closed chamber nor will it
disrupt that chamber’. Placed in context of the nursery production cycle, the highest risk scenario
is likely to be an incipient nest within market-ready potted plants that have been assembled for
display (sale) or distribution. This is because potted plants at this stage of the cycle are not likely to
receive any further individual attention.
Finally, the standalone option for bare-rooting that appears on the NRIFAEP website, but not in
the Regulation, also warrants some consideration. This practice is generally limited to deciduous
trees and shrubs during their dormant winter months. If performed thoroughly, and If the barerooted plants are not subsequently stored with their roots under loose soil (to prevent air-drying),
it is likely to be effective as a mitigation against the translocation of fire ants. If plants are stored
with their roots in soil then it is conceivable that, with further root bagging at the point of
purchase, remnant soil would be sufficient to enable the inclusion of a fire ant queen and a
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sufficient number of workers, or a mated female alate. For these reasons, the statement on the
NRIFAEP website that, ‘Without the soil, plants are NOT considered a high-risk material and can be
moved without further treatment’ should be viewed with some caution.

8.4.1.4 Conclusions: production nursery
The environment within production nurseries can be conceptualised as falling into two
compartments: (a) a production area where plants are germinated and grown out to commercial
specifications; and (b) a retail or distribution area. Production areas within many production
nurseries may then be divided into covered areas with growing benches and uncovered growing
beds. The risks and controls are likely to differ within each compartment. The prior infestation of
growing media is particularly relevant to potted plants on covered growing benches, whereas the
potted plants in growing beds, or market-ready plants awaiting sale or distribution, are more likely
to be infested by airborne mated female alates or by a migrating queen and workers. As they are
described in the Regulation, controls for production nurseries are likely to be variably effective.
Covered storage, in particular, will be more effective in the context of permanent (ultimately
closed) structures, while the effectiveness of temporary structures such as shade cloth and
tarpaulins, is not well understood. Chemical treatment has few uncertainties and will provide
more surety if plants are to be moved into Zone 1 or outside the Biosecurity Zones. Underpinning
most aspects of this evaluation, however, is additional uncertainty in respect of the particular
attraction of potted plants to fire ant queens or to mated female alates and the impact this will
have on the time-dependent risk of infestation.

8.4.2 Wholesale or retail nursery
This step describes the likelihood that that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be included with a potted plant at the
point that it leaves a wholesale or retail nursery.

8.4.2.1 Risk factors
Potted plants in a wholesale or retail setting may be infested at the point of purchase from a
production nursery (Section 8.4.1) or may be exposed to infested growing media (Section 11).
Potted plants in a wholesale or retail setting may also be exposed to airborne mated female alates
(SP1 and 2) or to a migrating queen and workers (SP6).
Wholesale and retail nurseries (Figure 18) generally include a maintenance and repotting area and
sale or despatch area. The maintenance and repotting area is usually undercover, and may be set
on a concrete or alternative hardstand. Plants are not stored in this area and infestation (other
than through infested growing media) is not likely. The sales or despatch area is generally covered
in part, with the balance uncovered. This area may also include hardstand, although is more
typically based on a substrate such as crushed brick or gravel. Factors influencing the likelihood
that potted plants will be infested while displayed for sale or awaiting despatch are largely the
same as those for the sale and despatch area within a production nursery (Section 8.4.1). Likewise,
factors associated with the effectiveness of inspection of nursery stock and premises are likely to
be the same as for a production nursery.
Review of Red Imported Fire Ant Scientific Principles and Controls | 177

Figure 18 Retail nursery in a big-box hardware store
Source: https://www.timeout.com

8.4.2.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures applicable to this step in the pathway are the
same as those described in Section 8.4.1.

8.4.2.3 Strength and practicality of controls
The choice of secure storage or chemical treatment is again likely to be based at least in part on
whether the plants concerned are kept undercover, and whether the cover provided is a
permanent (ultimately closed) structure or a temporary arrangement with (for example) shade
cloth or a tarpaulin. This was discussed in in Section 8.4.1. The detection of fire ants in potted
plants in a wholesale or retail settings will rest on the same principles as discussed in the context
of the display or distribution area within a production nursery. Although an issue of compliance
with general biosecurity obligations (GBOs), as opposed to the Regulation, it is conceivable that
some nursery establishments might seek to avoid the stigma and inconvenience associated with a
confirmed detection of fire ants and remove or destroy identified nests without declaring them.
This course of action might then leave other nests undetected within a batch of potted plants, and
able to be moved further along the supply chain.

8.4.2.4 Conclusions: wholesale or retail nursery
The exposure of potted plants within a wholesale or retail nursery to infestation with fire ants will
be broadly the same as the exposure of potted plants within the display or distribution area within
a production nursery. The regulated controls are also the same. Both are discussed in Section
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8.4.1. These controls either focus on covering the plants and ensuring appropriate on-ground or
off-ground storage, or on chemical treatment – which may include either insecticide granules,
drenching or dipping. As noted in Section 8.4.1, chemical treatment is likely to have fewer
uncertainties and will provide more surety.

8.4.3 Final point of purchase
This step describes the likelihood that that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be released into the environment
following the final purchase of a potted plant.

8.4.3.1 Risk factors
The key considerations for the release of fire ants into the environment, following the purchase
and relocation of potted plants, are the extent to which purchased plants will be handled and
inspected, and the settings in which the plants may be placed.
Relatively few purchased potted plants will be relocated in a domestic or commercial setting
without repotting or planting. Although fire ants are not large, they are macroscopic, and their
generally aggressive nature means that an established queen and workers within a potted plant is
not likely to remain unnoticed during the process of repotting or planting. There is also substantial
awareness about fire ants within the Biosecurity Zones, and most consumers are likely to report
the discovery of ants within the pot of a purchased plant. As noted in Section 8.4.1, however, this
observation does not necessarily hold for a mated female alate, or a single queen with brood
within a claustral chamber.
If fire ants remain undetected through the process of repotting or planting they may not then be
placed in a location conducive to establishment. This applies, in particular, to indoor plants, as well
as to some hanging plants and plants in highly urbanised or commercial settings. In these
situations, a queen and workers may be more likely to leave the plant and seek a more suitable
nesting location and, during this, are likely to be visible. A new queen is not likely to migrate until
the colony includes full sized workers (SP9).

8.4.3.2 Relevant controls
The only regulated (Biosecurity Regulation 2016) measure that applies to this step is the
underlying restriction in Section 69 on the movement of damaged or aged potted plants to waste
facilities (Section 6.5) within the Biosecurity Zones. Under this restriction, waste plants can only be
moved (without a BIP) directly from a place in Zone 1 to a waste facility in Zone 1 or 2; or from
Zone 2 directly to a waste facility in Zone 2.
The chief effect of the restriction will be to alter the consequences should fire ants be included
with plants that are disposed of in this way. This is because Zone 1 represents an area progressing
toward eradication, while Zone 2 is a containment area. The establishment of fire ants in a place in
Zone 1, as a result of the disposal of plants, would have greater consequences for the NRIFAEP
than an establishment in Zone 2 and, for this reason, potted plants from Zone 2 cannot be
disposed of within Zone 1.
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Note however, that the restriction in Section 69 does not apply for potted plants that have been
stored for <24 hours or have complied with either Section 71(2) or (3).

8.4.3.3 Strength and practicality of controls
Although an issue of compliance with general biosecurity obligations (GBOs), as opposed to the
Regulation, it is conceivable that some operators may mistakenly move waste potted plants from
Zone 2 to Zone 1 (or even outside the Biosecurity Zones), as the boundaries for the zones are not
implemented through any form of physical control. 18

8.4.3.4 Conclusions: final point of purchase
In most settings, there are unlikely to be any substantive barriers to the establishment of fire ants
given the translocation and release of a queen and a sufficient number of workers, a queen in a
claustral chamber, or a mated female alate, with the utilisation of potted plants. Restrictions on
the movement of damaged or aged (waste) potted plants that are encoded in Section 69 of the
Regulation will primarily limit the consequences of translocating fire ants. This is reflected in the
risk matrix given in Table 19 (Section 5.6).

8.4.4 Movements of potted plants from a residential property
Although external to the pathway illustrated in Figure 15, it was noted that a standardised BIP
(BIP-RIFA:20G003) exists to regulate the movement of potted plants in containers of less than 60 L
from a residential place within a fire ant Biosecurity Zone to anywhere in Queensland. The
condition for such movements is that the potted plant must be inspected for any ant activity prior
to movement offsite. If any ants suspected of being fire ants are detected, Biosecurity Queensland
must be notified within 24 hours, and no movement of potted plants may occur until further
advised by a Biosecurity Queensland inspector. All contractors and sub-contractors involved with
moving the potted plants, prior to the movement, must have read and understood this BIP and
must ensure that it is followed.
It was noted in Section 8.4.3.1 above that although fire ants are not large, they are macroscopic,
and their generally aggressive nature means that an established queen and workers within a
potted plant is not likely to remain unnoticed during inspection of a potted plant. This refers both
to the inspection undertaken prior to moving, and broader ongoing inspection that will in most
cases accompany watering, feeding and other routine plant maintenance practices. The same
cannot be said, however, for a mated female alate or a single queen with brood within a claustral
chamber.
The above notwithstanding, the volume of potted plants that will be moved from a household
within a Biosecurity Zone is (when compared with the volume of plants sold) likely to be quite low.
Although empirical data was not provided to substantiate this, it is logical to suppose that only a
small fraction of the potted plants sold to households in the Biosecurity Zones will then be moved

18

This is an observation – it is not suggested that physical controls should be placed on the boundaries of Biosecurity Zones

180 | CSIRO Australia’s National Science Agency

to another household. Most will be planted or will live the term of their life with the house that
purchased them.
On balance, the BIP that is currently in place to manage this minor extension of the pathway
would seem to provide a simple and effective solution. Any residual risk is likely to be low. This
evaluation presupposes that residents within the Biosecurity Zones are aware of, and comply, with
the conditions outlined in the BIP. An evaluation of this assumption may be warranted, and
communications materials developed if awareness within the community is not high. Empirical
data would also be helpful in order to substantiate the assumption that the volume of plants
moving through this pathway is low. If, in addition to these actions, further mitigation is required
by the NRIFAEP, then the BIP could be extended to include a requirement that all household
potted plants receive chemical treatment. If this approach was followed, then the caveat limiting
the BIP to pots of less than 60 L could be removed.

8.4.5 Outcomes: qualitative risk assessment
Regulated movements of potted plants: there are differing views as to the magnitude of the risk
posed by the movement of potted plants.
• On the one hand, potted plants are considered by the NRIFAEP and by most interstate and
global trading partners to be an important fire ant carrier. Suhr et al., (2019), for example,
examined 14,140 interception records (1986-2010) and found that the most common vectors for
tramp ants were (in order) live trees, plants and cut flowers; wood and wood products; edible
vegetables; and edible fruits and nuts. Similarly, a review of Australian interception records for
tramp ants (2000-2015) showed that of 37 species that have entered Australia, 14 (including the
tropical fire ant, Solenopsis geminata Fabricius) have been found in imports of nursery stock (Xu
et al., 2020). This demonstrates that the pathway itself is realistic, although does not prove how
individual species entered Australia. Very early in the program, a fire ant nest was detected by
tracing the movement of pot plants from an infested commercial premise to Cooroy, 150 km
away from Brisbane, and another such movement occurred with a consignment of infested
plants to Victoria (Vanderwoude et al., 2003).
• Balancing this, however, is a paucity of empirical evidence demonstrating the particular
attractiveness of potted plants as a nesting environment for either migrating fire ant queens and
workers, or mated female alates, and the time-dependent risk of infestation likely to be
associated with a given density of nests within a nursery or in the surrounding landscape.
Although the same can be said of most fire ant carriers, it is particularly germane to potted
plants as there is not otherwise an obvious and compelling biological reason to underscore a
strong attraction for fire ants to this commodity.
The above notwithstanding, fire ants have been identified within nurseries in the Biosecurity
Zones, and within potted plants specifically. An informal analysis of detections of fire ants on or
adjacent to nurseries since 2001 was provided by the NRIFAEP. This period encompassed the years
both prior to and following the promulgation of Biosecurity Regulation 2016. Data for the NRIFAEP
analysis (above) were obtained from the NRIFAEP Fire Ant Management System (FAMS) and its
predecessor, the Fire Ant Information System (FAIS), and were cross-checked by inspection of job
histories. Assistance was also provided by the NRIFAEP’s Compliance Section.
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The NRIFAEP analysis indicated that in the 16 years between 2002 and 2018 there had been just
six detections of fire ants located within potted plants – that is, infestations specifically involving
fire ants located within a pot. CSIRO were advised by the NRIFAEP that three of the six nurseries
that had reported infestations within potted plants (above) were also moving potted plants
interstate.
The NRIFAEP analysis revealed the following additional points:
• 35 nurseries are known to have had infestations of fire ants between 2007 and 2020. This is
likely to be an underestimate of the total number since 2001, due to incomplete data pre- 2007
(i.e. paper records and data migration gaps).
• 192 infestations have been recorded on these 35 nursery properties since 2007. In 2020 alone,
seven nurseries have detected and treated infestations.
• Some nurseries have been infested on several occasions. One nursery has been found to be
infested on eight separate occasions between July 2017 and July 2020 and has not been
considered free of fire ants for most of that period.
• A total of 1,014 positive fire ant samples have been recorded on 235 properties immediately
adjacent to nurseries, with numbers ranging from one to 62 colonies. Some of these nurseries
were not known to be infested themselves, although had infestation on adjacent (usually vacant
or disturbed) land and were considered at risk of spread from those infestations.
Although not specifically substantiated through NRIFAEP data, it was maintained by NRIFAEP that
there has been a marked increase over time in the number of infestations on nurseries and on
properties adjacent to nurseries.
In broad terms, the Regulation provides two levels of protection against the movement of fire ants
with potted plants.
• First, are generic measures that apply to all fire ant carriers other than soil. These include
restrictions on the movement of the carrier between and outside of the Biosecurity Zones. There
is also a caveat permitting movement if the carrier has been held for less than 24 hours.
• An individual wishing to go beyond these measures may either apply for a BIP, or consider two
further alternatives
– Covered storage of potted plants, with conditions for on-ground and off-ground arrangements
– Chemical treatment.
Individuals complying with either of these options (covered storage or chemical treatment) may
move potted plants within, between or outside the Biosecurity Zones. Importantly, these options
must be applied each time that a plotted plant is held in a new location within a nursery for more
than 24 hours – including each time that it moves from germination through to commercial
specifications within a production nursery.
The measures directed at secure storage of potted plants are intended to prevent infestation
through either a migrating queen and workers, or a mated female alate. Chemical treatment, on
the other hand, is intended to kill any ants and nests, after the fact. The specification of the two
strategies as alternatives, or options, may lead to a vulnerability for the carrier. This applies, in
particular, to the measures directed at secure covered storage, as their effectiveness is more
difficult be confident in when implemented across a wide range of types of cover and nursery
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settings. Chemical treatment, on the other hand, is likely to be effective if used in accordance with
the registered or permitted (APVMA) specifications. The potential weakness notwithstanding, the
advantage of flexibility within the protocol is that different approaches are likely to be better
suited to either the covered or open parts of production, wholesale or retail nurseries.
On balance, and with consideration to the low rate of reported detections (above), it is unlikely19
that the regulated movement of potted plants in Zone 2 will result in the translocation of a queen
and a sufficient number of workers, a queen in a claustral chamber, or a mated female alate, and
the establishment of a new infestation. This conservative assessment takes into consideration the
higher density of nests in Zone 2. Accepting this, it is very unlikely 20 that the regulated movement
of potted plants from Zone 1 will result in the establishment of a new infestation.
These likelihoods were combined with the consequences of establishment in Zone 2, Zone 1 and
outside the Biosecurity Zones, using the matrix given in Section 5.6 (Table 19). It can be seen that
the regulated movement of potted plants from Zone 1 is of low risk unless to a place outside the
Biosecurity Zones. Movements from Zone 2 are of low, medium or high risk where the destination
is a place in Zone 2, Zone 1 or outside the Biosecurity Zones, respectively (Table 24).
Table 24 Residual regulated risks for potted plants

To Zone 2

To Zone 1

Outside the
Biosecurity Zones

From Zone 1
Likelihood is Very unlikely

Low

Low

Medium

From Zone 2
Likelihood is Unlikely

Low

Medium

High

Considerations for interstate movements: in principle, consignments of potted plants that are to
be moved interstate may be certified using a Plant Health Assurance Certificate, a BioSecure
HACCP Biosecurity Certificate or a Plant Health Certificate – noting that all states and territories do
not recognise the relevant Interstate Certification Assurance (ICA) protocols or BioSecure HACCP
Entry Condition Compliance Procedures (ECCP’s).
The two ICAs specific to fire ants and relevant to potted plants are ICA39 (Inspection and
Treatment of Plants for Red Imported Fire Ant) and ICA40 (Property Freedom of Plants for Red
Imported Fire Ant). The relevant Biosecure HACCP ECCP is ECCPRIFA03 (RIFA host material, which
is defined in this protocol as ‘plants with soil or growing media attached’) and captures the entry
conditions for New South Wales, South Australia and Victoria.
Across the two ICAs, and the BioSecure HACCP ECCP, combinations of the following key measures
are applied in systems configurations to the interstate movement of potted plants.
• Inspection of consignments

19

The outcome is uncommon, although known to occur in a range of circumstances (Table 18)

20

The outcome is rare, and only occurs in exceptional circumstances (Table 18)
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– Not more than 48 hours before despatch
– Above-ground portion of the plant
– A sample of plants removed from pots to examine below-ground portion and growing media
• Chemical treatment of consignments
• Property inspection (at an interval of less than 28 days), leading to property freedom
• Property history of introductions
– Plants to be included in an outgoing consignment
– Other fire ant carriers.
The inspection of consignments of potted plants is likely to be effective for established fire ant
nests, but not for incipient nests or individual mated female alates (Section 6.4.1). Removing a
sample of pots from a consignment and examining the pot and below-ground parts of the plant, is
not likely to be an efficient strategy for either established or incipient nests, as most infestations
will affect a very low proportion of pots. That notwithstanding, it is likely that an established nest
would be detected in a pot that was examined in this way.
The chemical treatment of consignments is likely to be an effective strategy, in particular when
employed at the end of a system of measures (Section 6.4.3). ICA39 and the ECCPRIFA03 protocol
referenced under the Biosecure HACCP arrangement, mandate dipping or drenching – as opposed
to insecticide granules. The efficacy of dipping or drenching is not questioned, although the
practical advantages of granular treatments may make chemical treatment a more feasible option
in some settings. Granular applications were underscored in the 2010 version of the nursery
industry’s ARMP.
Property inspections and property freedom (Section 6.2.1) are a key part of both ICA40 and
ECCPRIFA03. Whilst the scope of this activity is systematic and comprehensive, visual inspections
will not identify incipient nests. It is also doubtful that visual inspection will be reliable in some
parts of a production nursery – in particular, large growing beds. In this setting, the potted plants
are placed on a draining substrate (gravel or similar) with an impermeable barrier (plastic
sheeting) beneath. Fire ant nests that have become established within this substrate, and have
invaded individual potted plants, may be difficult to detect without very careful attention to each
individual plant.
Attention to fire ant carriers brought onto the property is a key part of both ICA40 and the
ECCPRIFA03 protocol referenced under the Biosecure HACCP arrangement. In the case of ICA40,
the focus is only on plants included with a consignment to be certified, that have been introduced
from another property. ECCPRIFA03 takes a broader view, ensuring that ‘purchased materials or
other items brought on to the property (such as soil, media, plants, machinery and other
equipment) are free of RIFA’. This broader view will be substantially more effective as a measure
to minimise the introduction of fire ants to the property being certified. The narrower focus on
plants within a particular consignment will, however, provide a direct measure of protection for
that consignment. An alternative (preferred) strategy would be to prohibit the introduction of any
fire ant carriers from a known infested property.
Consignments of potted plants that are not certified using a Plant Health Assurance Certificate or a
BioSecure HACCP Biosecurity Certificate must obtain a Plant Health Certificate. This is issued on an
individual basis, either because the exporting business has not obtained accreditation under the
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ICA or Biosecure HACCP scheme, or because the state or territory concerned does not accept one
or both of those certificates for this commodity.
Plant Health Certificates are issued by a government inspector against the importing state or
territory’s entry conditions. For potted plants, these conditions vary amongst the states and
territories, as shown in Table 36 of Appendix A (Interstate controls). The state and territory entry
conditions include some of the measures given in ICA39 or 40, or in ECCPRIFA03 (above). There
are, however, some measures that are not in these protocols, including:
• Secure storage of the consignment to minimise the likelihood of infestation in transit
• Storage at a distance of more than 5 m from any untreated plants
• Re-potting the plant in media that includes a chemical treatment, within 48 hours of export
• Re-inspection on arrival in the importing state or territory, including tapping each pot sharply at
least 3 times.
Although not specified, secure storage is taken to include covering the consignment (Section
6.2.6) and preventing ingress of ants from the ground (Section 6.2.5). Some of the conditions that
cite this measure also specify that secure storage must be implemented immediately following the
final inspection and treatment. Implemented in this way, the measure is likely to provide valuable
additional security to a system – in particular, when chemical treatments do not have a marked
residual efficacy.
Storage of a consignment at a distance of more than 5 m from any untreated plants is not likely to
be effective, as infestation by either a migrating queen and workers or a mated female alate can
occur across a significantly greater distance than this. Additionally, a space of 5 m is likely to be
difficult to implement from a practical standpoint in many despatch settings.
Re-potting plants within 48 hours of export with chemically-treated media (Section 6.4.3) is likely
to be effective as a mitigation measure, although may be problematic for some market-ready
plants.
Re-inspection of potted plants on arrival in the importing state or territory will only be effective in
detecting established nests (Section 6.2.1). Sharply tapping the container will elicit aggressive
behaviour from the worker ants within an established colony. A mated female alate or incipient
nest, however, is not likely to be detected. Inspection on arrival may also have the indirect benefit
of enabling some other measures to be verified before the plants are released from quarantine.
This applies, in particular, to measures implemented to minimise the likelihood that a
consignment will be infested in transit (above).
These and other controls were considered in the quantitative assessment.

8.5

Quantitative assessment of risk

8.5.1 Model structure
When applying the generic conceptual framework for the quantitative model described in Section
5.7 to the management and movement of potted plants, the quantitative risk assessment started
with the production of potted plants at a source property (e.g. a production nursery) and ended
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with the movement of the potted plants off-site, usually for the purpose of utilisation, sale or
further storage at a destination property. Potted plants may also be stored at the source property
following production but prior to moving the potted plants off-site (Figure 19). There is
considerable diversity among types of potted plants, in the production systems in which they are
grown, and how they are moved through production and retail (Section 7.4).
We focused on modelling two exposure and infestation risks associated with the management of
potted plants, irrespective of whether they are in the production or retail phase. Different
scenarios, as they would relate to different production, storage or retail settings, were then
comparatively explored via scenario analysis (see below):
• An established queen with a sufficient number of workers (10 to 25; Tschinkel, 2006) may
relocate into the potted plants from their surroundings on the property.
• A mated female alate may land on the potted plants following a nuptial flight from the
surrounding landscape and establish an incipient nest on or in a pot. If pots are subsequently
held for over 5 months those nests will become established and, therefore, will become
detectable and susceptible to bait uptake by foraging workers. Although this transition was not
explicitly modelled, a long-term storage scenario was included to capture the maximal number
of incipient nests likely to occur in a pot before they become established.
Potted plants may also become infested if viable fire ant queens are included in the potting media
that is used during production. This pathway was not included in the quantitative risk model.
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Figure 19 Simplified BN for potted plants
Notes: Simplified depiction of the BN model used to quantitatively assess risk associated with management and
movement of potted plants (i.e. the likelihood that at least one viable fire ant queen is released from the potted
plants at a destination property following movement off a source property).

8.5.2 Controls
A range of controls aimed at different points in this risk model (Figure 19) were examined. These
controls can affect one or multiple of the exposure and infestation risks associated with the
management and movement of potted plants.
Regulated movement controls:
• Holding the potted plants for less than 24 hours
• Secure storage of potted plants, with conditions for on-ground (with secure perimeter) and offground arrangements (if held for more than 24 hours)
• Chemical treatment (if held for more than 24 hours)
Controls present in other protocols, or potential controls that were also considered:
• Only allowing protocols to be applied to potted products that are considered ‘lower risk’, such as
seedling plugs
• Property inspection
• Prophylactic baiting across the property
• Inspection during the production process with chemical treatment if fire ant nests are found
• Bare-rooting prior to removal from nursery
• Inspection of the consignment on arrival, and rejection if fire ant nests are found
We did not model pest freedom at the property or consignment level as poor detection efficacy of
incipient nests makes this very difficult to confirm. Further details about each of these evaluated
controls, including assumptions about their efficacy (using two alternative scenarios: effective and
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moderately effective) and the effect of holding time on the exposure of potted plants to
infestation are provided in Appendix C.4.

8.5.3 Scenario analysis
As for other fire ant carriers, the influence of the controls, and alternative assumptions about their
efficacy, on reducing the residual likelihood that at least one viable fire ant queen survives in
potted plants through to release at destination, were explored via scenario analysis. Due to
caveats related to uncertain model parameters (in particular, the efficacy of controls, exposure to
mated female alates or established colonies, etc., Appendix C.2), results are most usefully
compared relative to each other by orders of magnitude, rather than taken as true quantitative
estimates of risk. Release likelihood was estimated for 1,000 m2 of carrier surface area. For potted
plants, this could be interpreted as either a single consignment, which may be unrealistic, or as an
assessment of cumulative risk over multiple consignments. A threshold of 1% likelihood that at
least one viable fire ant queen will be released was used to denote and highlight an unacceptable
level of risk.

8.5.3.1 Relocation of an established nest into the potted plants
Without controls, the likelihood of releasing at least one established nest that has relocated into
1,000 m2 of potted plants was significant within the first 24 hours in Zone 2 (19.7%) and reached
1.9% in Zone 1 after 21 days. Secure storage of pots, or correct application of an effective
pesticide, effectively managed this risk (Table 25). However, there are at least two reasons why
this unmanaged risk may be an overestimate. Firstly, unprotected pots would need to offer
attractive conditions for established monogyne nests within foraging distance. Some potted
products, such as seedling plugs, are expected by some to offer a relatively poor nesting
environment. Assumptions about the suitability of the pot environment affected risk considerably,
although a relatively high infestation likelihood remained in our model if pots were considered
moderately suitable for fire ant infestation and survival (Table 25). Secondly, our default scenario
assumed that pots are exposed to an a priori estimate of property-level established nest densities
in Zone 1 and Zone 2. This is unlikely to be the case because of ongoing pest management
practices and active and passive surveillance that occurs in most nurseries – in particular,
production nurseries. In our model, the likelihood of releasing at least one established nest
became negligible if no nests are found despite very effective property inspection (99% detection
rate). This may occur through a combination of active and passive property inspection by trained
staff. However, the infestation risk posed by relocating established nests was high if at least one
nest was found during inspections (Table 25). A moderately effective baiting program on its own
was insufficient to reduce this infestation risk in nurseries located in Zone 2. However, when
combined with even moderately effective inspection (50% detection rate) it was sufficient,
provided no nests are found. A combination of moderately effective inspection (even if one or few
nests are found), moderately effective baiting and a secure physical and/or chemical barrier
(moderately effective, i.e. allowing for some breaches) reduced residual risk to close to zero –
even if it is assumed that potted plants are a suitable nesting environment. Many factors can
therefore be expected to reduce the infestation risk posed by established nests relocating into
pots within an integrated production system, even in the absence of complete security
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(impenetrable surface, well maintained perimeter) or chemical treatment.
Table 25 Residual likelihood (%) that at least one queen is released from potted plants (a)
Scenarios

Zone 1

No controls
Suitability of pot environment (high)
Suitability of pot environment (mod.)
Suitability of pot environment (poor)
Suitability of pot environment (high)
Suitability of pot environment (mod.)

19.7%
2.8%
0.0%
30.0%
3.9%

81.2%
48.2%
0.4%
91.0%
54.1%

0.0%

0.0%

0.5%

0.2%
0.0%
0.2%

3.9%
0.0%
3.9%

54.1%
0.0%
54.1%

0.0%

0.0%

0.0%

0.5%

3.8%

5.0%

Property inspection (90% eff.), observation (none)

0.2%

1.5%

2.0%

Property inspection (99% eff.), observation (none)

0.0%

0.1%

0.1%

Property inspection (50% eff.), observation (low)
Property inspection (99% eff.), observation (low)
Baiting (mod.)

10.5%
10.0%
0.2%

21.3%
10.2%
3.9%

50.5%
10.8%
54.1%

Baiting (eff.)
Baiting (mod.) + property inspection (50% eff.), observation (none)
Baiting (mod.) + property inspection (50% eff.), observation (none) +
barrier (mod.)
Baiting (mod.) + property inspection (50% eff.), observation (low)
Baiting (mod.) + property inspection (50% eff.), observation (low) +
barrier (mod.)
Baiting (mod.) + property inspection (50% eff.), observation (none) _
barrier (mod.), suitability of pot environment (mod.)
Baiting (mod.) + property inspection (50% eff.), observation (low) +
barrier (mod.), suitability of pot environment (mod.)

0.0%
0.1%
0.0%

0.1%
0.4%
0.0%

5.4%
0.5%
0.1%

1.0%
0.1%

2.1%
0.2%

5.1%
0.5%

0.0%

0.0%

0.0%

0.0%

0.0%

0.1%

21 days

24
hours

0.8%
0.1%
0.0%
1.9%
0.2%

21 days

Suitability of pot environment (poor)
Regulated controls
Barrier (mod.), suitability of pot environment (mod.)
Barrier (eff.), suitability of pot environment (high)
Chemical (mod.) OR bare-rooting (mod.), suitability of pot
environment (high)
Chemical (eff.) OR bare-rooting (eff.), suitability of pot
environment (high)
Other controls, suitability of pot environment (high) unless otherwise indicated
Property inspection (50% eff.), observation (none)

21 days

Established queen (nest)
Zone 2
Severe

Notes: Residual likelihood (%) that at least one viable fire ant queen is released from potted plants following
infestation by established queens during production, storage or retail. A range of management scenarios are
compared for potted plants from Zone 1, Zone 2 and a hypothetical ‘severely infested’ region (such as parts of the
USA). Controls in bold approximate regulated movement controls. Release likelihoods were estimated for 1,000 m2 of
carrier surface area. Likelihoods ≥ a 1% threshold for regulated controls in Zone 1 or 2 indicate a potential
vulnerability.

8.5.3.2 Infestation of potted plants by a mated female alate
Incipient nests are generally not expected to be detectable for the first 3 to 5 months. Without
controls, the likelihood of releasing at least one incipient nest that was established by a mated
female alate within 1,000 m2 of potted plants following a nuptial flight was very low after 24
hours, and still below 1% under most scenarios after 21 days (except under the ‘high exposure’
scenario in Zone 2). The likelihood of a mated female alate infesting potted plants exceeded 1%
after 5 months holding time in most scenarios, except if the suitability of the pot environment was
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assumed to be poor for fire ant infestation and survival. As expected, all residual risk could be
avoided through effective covering or chemical control. However, moderately effective covering or
chemical control was not sufficient to reduce risk below 1% except under the ‘random exposure’
scenario in Zone 1. Conversely, if pot environments were assumed to be only moderately suitable,
the infestation risk for pots that are not covered securely for a prolonged period of time (5
months) was below 1% except under the ‘high exposure’ scenario in Zone 2.
The infestation risk posed by mated female alates must be interpreted with care. Our model
examined the likelihood of at least one viable queen being released from 1,000 m2 of carrier
surface area. In practice, for potted plants this is better viewed as a cumulative risk and needs to
be calibrated to the scale of production and trade in relevant potted plant products. As little
evidence to show that mated female alates are specifically attracted to potted plants was
identified, it is possible that our ‘random exposure’ scenario is more appropriate. Under this
scenario risk remained below 1% even in Zone 2, unless exposure time was prolonged (5 months
in our model), the suitability of the pot environment is high, and controls are only moderately
effective.
Table 26 Residual likelihood (%) that at least one queen is released from potted plants (b)
Scenarios

21 days

24
hours

No controls
Suitability of pot environment (high)
Suitability of pot environment (mod.)
Suitability of pot environment (poor)
Suitability of pot environment (high)
Suitability of pot environment (mod.)

5 months

5
month

Suitability of pot environment (poor)
Suitability of pot environment (high)
Suitability of pot environment (mod.)
Suitability of pot environment (poor)
With controls
Suitability of pot environment (high),
covering (mod.)
Suitability of pot environment (mod.),
covering (mod.)
Suitability of pot environment (high),
covering (eff.)
Suitability of pot environment (mod.),
chemical (mod.)
Suitability of pot environment (high),
chemical (eff.)

New queen (incipient nest)
Zone 2
Zone 2
Severe
(random)
(high)
(random)

Zone 1
(random)

Zone 1
(high)

Severe
(high)

0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%
0.9%
0.1%

0.0%
0.0%
0.0%
0.9%
0.1%

0.8%
0.1%
0.0%
23.1%
3.1%

0.0%
0.0%
0.0%
46.5%
4.7%

37.5%
3.8%
0.0%
86.8%
50.1%

0.0%
0.9%
0.1%
0.0%

0.0%
8.2%
1.6%
0.0%

0.0%
21.6%
2.9%
0.0%

0.0%
65.0%
25.5%
1.0%

0.0%
84.4%
46.7%
0.4%

0.5%
98.0%
85.0%
42.4%

0.0%

1.6%

2.9%

25.5%

46.7%

85.0%

0.1%

0.2%

0.3%

3.3%

4.7%

46.3%

0.0%

0.0%

0.0%

0.0%

0.0%

0.4%

0.1%

1.6%

2.9%

25.5%

46.7%

85.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.4%

Notes: Residual likelihood (%) that at least one viable fire ant queen is released from potted plants following
infestation by mated female alates during production, storage or retail. We distinguished between a random exposure
and a high exposure scenario reflecting different assumptions about pest pressure (Appendix C.2). See Table 25 legend
for further details.

8.5.4 Outcomes: quantitative risk assessment
The quantitative modelling provided separate assessment outcomes for two infestation scenarios.
(Section 5.7.4):
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• The movement and release of at least one viable established queen with a sufficient number of
workers that have relocated into the potted plants.
• The movement and release of at least one viable new queen with immature offspring that has
landed on the potted plants (as a mated female alate) following a nuptial flight and established
an incipient nest on or in the pot.
Uncertainties in parameter estimates for both infestation scenarios (in particular, for the
infestation of potted plants by mated female alates) mean that assessment outcomes should only
be viewed in the context of each scenario. Direct comparisons between the scenarios are not
appropriate at this time. For simplicity this analysis estimated the likelihood of at least one viable
queen being released from 1,000 m2 of carrier surface area, which could be interpreted in
different ways and may be unrealistic for potted plant consignments. The implications of this
assumption should be considered and, where necessary, model calibration updated in future
assessments. For example, the model could be adjusted to make volume user-defined, thereby the
relationship between trade volume and risk to be explored. This would be relevant to comparing
commercial and residential movement of pots for example.
The quantitative scenario analyses for potted plants compared the potential benefits of a range of
controls, together and in combination. However, results should be interpreted with care until
parameterisation can be refined with empirical data. Nonetheless, results suggest that the
likelihood of moving and releasing a fire ant nest from potted plants following infestation by either
established queens or mated female alates can be high if no controls are applied.
Established nests may relocate into potted plants rapidly (within 24 hours). However, the
likelihood of this occurring can be effectively managed through chemical treatment, bare-rooting
or an effective secure barrier (physical and/or chemical) that prevents fire ants from relocating
into the potted plants. Where such a barrier is only partially effective (e.g. cracks in surface or
insecure perimeter) infestations by established nests could potentially be managed within the
nursery production system through passive and active surveillance by trained staff and the
application of moderately effective baiting. However, risks will always be elevated in production,
storage or retail areas where low nest densities are being recorded.
The infestation risk posed by mated female alates landing on potted plants following a nuptial
flight from the surrounding landscape, and establishing an incipient nest within the potted plants,
are more difficult to manage in the absence of chemical control or an effective form of covering.
They are also, however, more difficult to estimate. Our analysis suggests that the likelihood of at
least one viable queen being released from 1,000 m2 of potted plants can become high after
extended holding times (e.g. 5 months), especially if fire ant prevalence (e.g. Zone 2) or infestation
rates (e.g. ‘high exposure’ scenario) are elevated.

8.6

Conclusions: potted plants

In summary: potted plants are traded widely across Australia and, for some species, globally.
Whilst potted plants are recognised in Australia and overseas as a legitimate vector for the
translocation of tramp ants, their particular attraction to fire ant queens, or to mated female
alates, is not well understood or quantified. A precautionary approach has been taken by the
NRIFAEP, and the controls that are in place appear to be appropriate in this context although
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could be tailored to address the increased consequences associated with the movement of fire
ants outside the Biosecurity Zones (including to other jurisdictions). Chemical treatment, in
particular, is versatile and effective and offers more security and reliability than covered storage.
The discussion and assessment in Sections 8.1 to 8.5 highlighted a range of key science-based and
controls-based, and a number of areas where data gaps are impacting on either the assessment of
risk or its control.
Science-based outcomes: one of the dominant themes of this review is a recognition of the
progressive shift from a mixed incursion of polygyne and monogyne fire ants to one that is almost
completely monogyne. Linked to this is a shift to airborne mated female alates as the dominant
source of infestation for most fire ant carriers. The effect of this shift is likely to be an ongoing
increase in the technical difficulty experienced in offering potted plants secure protection from
infestation. There will also be a decrease in the value of property freedom as a standalone
measure, as mated female alates can infest nursery stock from nests in neighbouring properties;
and a decrease in the effectiveness of property inspection as a standalone measure, as many
(possibly most) infestations will be limited to incipient nests.
Controls-based outcomes: although the Regulation provides for a reasonable degree of
protection, the preferred arrangement (to be applied in both the Regulation and the certification
schemes) would be for separate conditions applied to:
• Plants offered for sale or distribution within the Biosecurity Zones
• Plants to be moved outside the Biosecurity Zones, including interstate movements
• Household plants to be moved within or outside of the Biosecurity Zones.
Plants moved within the Biosecurity Zones are reasonably well protected by the existing regulated
measures, while additional measures may be required for plants to be moved outside the
Biosecurity Zones (and including interstate movements). Mandated chemical treatment would
address this additional need. In both scenarios, however, applied research and additional
quantitative modelling may help to identify other approaches that also provide sufficient
protection. These may include the restriction of certain high-risk markets to commodities
considered to be of lower risk, such as seedling plugs and bare-rooted plants, as well as the
consideration of measures, or systems, aimed at minimising infestation within the nursery –
including property inspections and freedom (notwithstanding the caveats above), the use of
baiting programs, and a range of more general measures focussing on good biosecurity practice.
The BIP that is currently in place to support the movement of household plants (in containers of
less than 60 L) from a residence within the Biosecurity Zones to a place within the current zone, to
another zone, or to a place in Queensland that is outside the Biosecurity Zones (BIP-RIFA:20G003)
is likely to provide sufficient protection for this pathway. This conclusion, however, presupposed
that residents within the Biosecurity Zones are aware of, and comply, with the conditions outlined
in the BIP. An evaluation of this assumption may be warranted, and communications materials
developed if awareness within the community is not high. Empirical data would also be helpful in
order to substantiate the assumption that the volume of plants moving through this pathway is
low. The feasibility and practicality of obtaining this data, however, would need to be considered.
If further mitigation is required by the NRIFAEP, then the BIP could be extended to include a
requirement that all such household potted plants receive chemical treatment prior to movement.
192 | CSIRO Australia’s National Science Agency

If this approach was followed, then the caveat limiting the BIP to pots of less than 60 L could be
removed.
Priority data gaps: the risk assessment and stakeholder consultation identified a number of areas
where empirical data could be used to better estimate the magnitude of risks and the
effectiveness of controls. In making recommendations about these data gaps, however, it is
acknowledged that research into most aspects of fire ant ecology and control is likely to encounter
technical and other difficulties, and that the temporal limits of the overarching Ten-Year Plan will
need to be considered. It is also understood that as a biosecurity program, the NRIFAEP have, to
date, applied the precautionary principle and available data to develop controls for the movement
of fire ant carriers. These caveats notwithstanding, key areas for further research and evaluation
include:
• Quantitative analysis of the suitability of pots in various configurations as a suitable nesting
environment for fire ants. This evaluation would span the range from plugs through to plants in
large containers and would also consider the typical arrangement of pots (as relevant to their
sizes) in punnets, on trays, etc, as found in most management systems, and their locations (e.g.
on ground or benches).
• Quantitative analysis of the time-dependent risk of infestation of potted plants at each stage of
their production cycle by fire ant queens or by mated female alates, given the spatial location
and density of established nests within the property and surrounding landscape. This would
inform an estimate of the instantaneous likelihood of infestation, as well as evaluation of the
impact of the period of storage. This work would have direct relevance to nursery stock,
although would also be useful in understanding the risk profiles for most other fire ant carriers.
• The degree of protection from infestation by mated female alates afforded by differing levels of
physical coverage – specifically, whether potted plants are stored in a closed shed, or under a
shade cloth or tarpaulin.
• Improved quantification of the movement of potted plants within, between and outside the
Biosecurity Zones.
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9 Management and movement of turf
9.1

Management and movement controls

Under the Regulation, turf is grouped with fire ant carriers excluding: (a) soil; and (b) a separate
category of ‘relevant fire ant carriers’.21 Other fire ant carriers within this category thus include
potted plants and hay.
The regulated conditions for potted plants were outlined in Section 8.1 and are in all respects
identical to those that apply to turf. As was the case for potted plants, the NRIFAEP website
provides a simplification of these regulated conditions. These follow the outline given for potted
plants, with some detail specific to the chemical treatment of turf (conditions for the storage of
turf are identical to those for potted plants).
Treatment focusses on the use of 80 g/L bifenthrin, for which the APVMA has allowed a minor-use
permit (expires 31 December 2021). Two consecutive treatments of bifenthrin should be applied
seven days apart. Turf should be irrigated immediately after each application. The turf should not
be lifted for at least 28 days after the second application. The use of bifenthrin in this way coveys
12 weeks of protection. If the treated turf is not harvested, then it should be retreated seven
weeks after the second treatment to maintain ongoing protection.

9.2

Stakeholder consultation

Of the 10 stakeholders who provided a written opinion of the effectiveness of the regulated
controls for the management and movement of turf, two considered them very effective, four
effective, three somewhat effective and one ineffective (Figure 20).
Relatively few comments were received about the regulation of turf from the online survey, or the
follow-up interviews, as the short shelf-life of the harvested product means that it has a
comparatively direct supply chain with few additional points of handling. That notwithstanding, it
was noted by one local council operator that the movement from a system based on ARMPs and
BIPs, to one based simply on a requirement for compliance with the Regulation, has made it more
difficult to verify the veracity of mitigation undertaken by some turf suppliers. Interstate
regulators also expressed concerns about turf as carrier for fire ants whose importance to ongoing
spread may have been underestimated in the past.
Notably, one of the two respondents who considered the regulated controls to be very effective
was also arguably the respondent closest to both the production of turf and its industry. This
individual had observed significant infestation pressure from peripheral (boundary) fire ant nests,
without evidence of infestation of the turf itself. This was taken to demonstrate the effectiveness
of the chemical treatment against both migrating queens and workers, and airborne mated female

21

Relevant fire ant carriers include animal manure, material that is a product or by-product of mining or quarrying, or material that is a product or
by-product of the processing of a plant – for example, mulch, sawdust, green waste, compost
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alates. There was also the opinion, however, that the same treatment regime implemented under
a certification arrangement (as opposed to regulation) would be more effective and more
equitable across the industry. Under the current regulated arrangement, large turf farms are
perceived as receiving unequal attention in respect of compliance.

Figure 20 Stakeholder evaluation of regulated controls for turf

9.3

Risk assessment pathway

The pathway diagram in Figure 21 provides a schematic overview of the steps between growing
and harvesting turf and the laying of purchased turf rolls in domestic or commercial settings. The
process is simpler than for most other fire ant carriers, as the supply chain has few steps and
treatment options are, for practical reasons, limited largely to chemical treatment.
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Figure 21 Pathway for the management and movement of turf
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9.4

Qualitative assessment of risk

9.4.1 Harvested turf
This step describes the likelihood that that a viable fire ant queen and a sufficient number of
workers, a queen in a claustral chamber, or a mated female alate, will be included with turf at the
point that it is harvested.

9.4.1.1 Risk factors
Australian turf is lifted with approximately 2 to 3 cm of soil (Figure 22) and, in principle, may
include a fire ant queen and a sufficient number of workers, a new queen in an incipient nest or a
recently landed mated female alate. Turf harvested within Zone 1 has a lower likelihood of
infestation than turf harvested from Zone 2, as the suburbs within Zone 1 have received repeated
broad-scale treatments or eradication activities in line with carrier movement controls and
sanctions to reduce human-assisted spread of fire ants.

Figure 22 Harvested turf rolls
Source: https://www.qtpa.com.au

Although the less likely scenario, an established fire ant queen and workers may be included with
harvested turf as her location within the nest is not fixed (SP8). In cooler conditions, fire ant
queens will migrate to the shallower part of an established nest and may move into the aboveground mound (SP8). Importantly, a fire ant queen needs only 10 to 25 workers to survive (Section
6.4.5). Whilst the fire ant population within southeast Queensland is essentially monogyne, and
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noting that the density of established monogyne nests is generally less than half of that which
might be expected of a polygyne population in the same setting (Section 6.1), strips of harvested
turf taken along the length of typical field within an infested turf farm that has not received
chemical treatment (below) would be likely to include parts of established nests – and some of
these fractions may include a queen and a sufficient number of workers.
More likely, however, in the context of a monogyne population, is the inclusion of a new queen
within an incipient nest or a recently landed mated female alate. The latter was the scenario
considered more likely in a 2020 NRIFAEP evaluation of alternative quarantine treatments for turf,
although incipient nests may not be deeper than the 2 to 3 cm included with harvested turf
(SP7and 8). As monogyne colonies do not bud, this form of fire ant relies principally on nuptial
flights as its method for dispersal (Section 6.1). Airborne mated female alates target disturbed,
open, moist and reflective areas (SP4), and the consistently disrupted environment resulting from
a repeated regime of fertilisation, turf growth, irrigation, mowing and harvesting, will be highly
attractive. The attraction of turf to mated female alates on nuptial flights was corroborated in a
2017 NRIFAEP evaluation of the apparent persistence of fire ant infestations on turf farms. This
study attributed new nests on the farms concerned to airborne mated female alates, as opposed
to resistance in existing nests. Microsatellite analysis was used to generate movement records for
genetically related nests within and across sites on the farms in the study. The longest flight of a
mated female alate was found to be approximately 1,354 m (1.35 km).
This study (above) also found that mated female alates tended to recolonise areas with existing
mounds. This can create the impression of a persistent infestation and may also mean that a prior
history of infestation on a particular farm can elevate the likelihood of ongoing colonisation from
mated female alates on nuptial flights. Compliance with regulated requirements for chemical
treatment is discussed further in the following section, although is also relevant here as a record
of poor, or suboptimal, compliance may substantially increase the burden of viable mated female
alates within turf at the point of harvest. A key recommendation of the study was that samples of
cut turf should be sent for pesticide concentration analysis to determine if the farm was
undertaking treatment in accordance with the APVMA permit.

9.4.1.2 Relevant controls
Although a range of control options is given within the Regulation, the only practical measure that
can be applied to this step in the pathway for turf is chemical treatment.
APVMA has issued a permit for bifenthrin (80 g/L), which extends to turf applications, as well as
potted and containerised plants and commercial high-risk items subject to product storage
requirements within fire ant restricted area, including, landscaping materials, waste soil, hay and
straw – noting that animal feed commodities must not be contaminated. The specific conditions
for turf are shown below:
• Apply a minimum of 350 L mixture/ha per treatment using boom spray. Apply as per best
practice, using appropriate nozzle size and boom/nozzle height from turf surface to achieve
optimum results.
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• TWO consecutive treatments must be applied, with a minimum interval of 7 days between
treatments (i.e. apply the first treatment then the second treatment 7 days later). A maximum
interval of 14 days between applications is advised.
• Two bifenthrin treatments provide 12 weeks protection after the 28-day exposure period. If the
treated turf has not been cut and moved off-site within 12 weeks (after the 28-day exposure
period) then full retreatment is required, i.e. 2 treatments 7 days apart.
• Apply immediately prior to irrigation. On the same day, and immediately after application, the
treated area must be irrigated as per standard practice.
• DO NOT allow contaminated run-off from treated areas to enter water bodies.
• DO NOT apply to soils that are excessively wet or immediately prior to or after heavy rain to
avoid run-off of the pesticide.
• Treated turf MUST be left for at least 28 days (the exposure period) prior to cutting, lifting and
movement, i.e. do not harvest until 28 days after treatment.
• Once the 28-day exposure period has elapsed, the treatment provides 12 weeks protection
during which turf may be cut, lifted and moved.
• DO NOT feed turf and/or clippings to poultry and livestock.
As of May 2020, bifenthrin (80 g/L) has been promoted by the NRIFAEP as the appropriate
chemical option. There are no longer any references on the NRIFAEP website in respect of the use
of chlorpyrifos as a treatment for fire ants in turf.

9.4.1.3 Strength and practicality of controls
The approval of bifenthrin (80 g/L) as a treatment for turf is relatively recent. A 2020 NRIFAEP
evaluation of alternative quarantine treatments for turf notes that the NRIFAEP has managed
three APVMA permits for the treatment of fire ants on turf farms:
• Chlorpyrifos (500 g/L) used at an application rate of 2L product/ha was the preferred treatment,
due to cost and ease of application.
• A recent investigation into the efficacy of this usage pattern, however, yielded questionable
results, and a permit for an application rate of 9 L/ha was issued. This usage pattern aligned with
efficacy data and application rates used in the United States.
• The increased application rate of chlorpyrifos was reported to have caused several ill effects to
turf farm workers, however, so the NRIFAEP recommended the industry shift to using bifenthrin
(80 g/L) at an application rate of 3L/ha as standard practice.
Given the unfavourable results of the chlorpyrifos trial (above) industry expressed a desire for
further investigation of the efficacy of bifenthrin. There have also been concerns over practical
aspects of the bifenthrin protocol, including the requirement for dual applications and the 28-day
withholding period for harvest. Reassurance as to the toxicity of bifenthrin to operators was also
sought.
In early 2019 a turf farm within the Biosecurity Zones was identified for the purpose of a pilot
study to verify the efficacy of bifenthrin and to trial alternatives. Four active ingredients, including
indoxacarb, fipronil, bifenthrin and chlorpyrifos, were examined under an APVMA research permit.
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All products trialled offered sufficient protection to effectively mitigate the risk of moving a newlymated queen that had commenced establishment of a nest. The study also concluded, however,
that there remained a possibility that a recently-mated female alate may be collected during
harvest and moved to a new location before she has had a chance to establish a nest. It was
surmised that the alate would then be likely to survive in the new location, as there would be
greater opportunity for her to move off the treated turf and into a receptive substrate, thereby
reducing her exposure to the toxicant. This is examined further in Section 9.4.3.
A 2020 NRIFAEP evaluation of alternative quarantine treatments for turf notes that given current
uncertainty about the longevity of chlorpyrifos on the market, no further investigation into this
product will be made. Permit applications will, however, be made for indoxacarb and fipronil, and
an amendment to the bifenthrin permit will also be submitted to allow a more practical treatment
protocol. This new protocol will allow the use of a single application at 1.8 L/ha. Critical use
comments recommended for inclusion in the new permit include the following:
• Turf MUST be treated at least 48 hours prior to lifting and movement.
• The treated area must be irrigated, following standard practice, as soon as practicable, after
treatment application.
• DO NOT allow contaminated run-off from treated areas to enter water bodies.
• To mitigate risk of run-off, DO NOT apply to soils that are excessively wet, or immediately prior
to, or after, heavy rain.
• Turf must be moved off site within 12 weeks (i.e. 84 days) of treatment, otherwise re-treatment
is required.
• DO NOT feed turf and/or clippings to poultry and/or livestock.
The current permit will remain active until a new permit has been granted by the APVMA.
Prior to these (recent) developments, correspondence from the turf industry appeared to focus
largely on the control of known infestations – as opposed to the treatments required under the
Regulation. Complaints about the regulated treatment protocol (then, chlorpyrifos) focussed on
the difficulty associated with preventing runoff from entering waterbodies. This issue remains
pertinent to bifenthrin. Additional complaints about a perceived impact on the health of operators
(regardless of personal protective equipment, PPE) were directed specifically at the amended high
rate of application of chlorpyrifos.
It is envisaged that the new protocol for bifenthrin will increase the compliance of turf farms with
the regulated requirements. Compliance was evaluated during an investigation of three turf farms
with apparently persistent infestations.22 Of the 19 compliance checks undertaken between 2005
and 2017, six (approximately 32%) were negative. Three of these negative results were obtained
from planned audits (as opposed to unplanned spot checks). The sample is not random and,
indeed, was focussed on farms with a known record of intractable infestation. It does, however,
serve to illustrate that regulated protocols are not in all cases adhered to. The NRIFAEP stated that

22

Investigation into persistent RIFA infestations on turf farms Project Report October 2017 edocs ref 7476710.DOCX
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all turf farm will receive compliance checks in July 2020. Given complications arising from the
Covid19 pandemic, this is now believed to be scheduled for late 2020 or 2021.

9.4.1.4 Conclusions: harvested turf
In view of the shallow depth of the harvest excavation, and the demonstrated effectiveness of
bifenthrin when applied according to the approved protocol, there is a very little likelihood that a
fire ant queen and a sufficient number of workers will be included within turf rolls at the point of
harvest. There is, however, a likelihood that a recently-mated female alate that has not
commenced nesting will be captured during the harvest process. This is more likely for turf farms
in Zone 2 than those in Zone 1.

9.4.2 Onsite preparation and transport of turf rolls
This step describes the likelihood that a newly-mated fire ant alate infests turf rolls during onsite
assimilation of a consignment or transport.

9.4.2.1 Risk factors
The key factor affecting the likelihood that turf rolls will be infested during onsite preparation or
transport is period of exposure. Importantly, turf rolls are extremely susceptible to overheating
and the onset of root rot if stored for more than approximately 48 hours before laying. This risk is
heightened in warm weather. To counter this, turf is generally harvested, rolled, loaded and
transported directly to the place where it is to be laid.

9.4.2.2 Relevant controls
The regulated (Biosecurity Regulation 2016) requirement is that turf stored for a period exceeding
24 hours must be treated unless it is covered in a way that prevents infestation. It must also be
kept either off the ground, or on a fire ant resistant surface with a 30 cm chemical perimeter.
The alternative to these conditions, for turf that is kept for more than 24 hours, is chemical
treatment. Because turf will be chemically treated prior to harvest with a product that will protect
it post-harvest, the conditions for secure storage will not be required.

9.4.2.3 Strength and practicality of controls
As noted above, the combination of a very short shelf life and the residual efficacy of chemical
treatment will mean that secure storage is not required. This is fortunate as most forms of cover
will be harmful to the viability of turf rolls. If required, the exception to this may be storage
overnight within a secure shed.

Review of Red Imported Fire Ant Scientific Principles and Controls | 201

9.4.2.4 Conclusions: onsite preparation and transport of turf rolls
As turf is rarely stored for a period exceeding 24 hours, and chemically treated, there is very little
likelihood of infestation with either a queen and a sufficient number of workers, or with a mated
female alate.

9.4.3 Laying of purchased turf rolls
This step describes the likelihood that a viable newly-mated fire ant alate will be released into the
environment when purchased turf is laid.

9.4.3.1 Risk factors
The key factors affecting this likelihood are the ability of a mated female alate to survive on or in a
turf roll, to escape detection during transport and at the point of laying, and to leave the harmful
environment of the chemically treated turf and establish in a new setting.
Environmental conditions within or on fresh turf rolls are likely to be conducive to the survival of a
mated female alate. Rolled turf stored in warm weather will rapidly commence a process of
bacterial composting, and this process will also result in a rapid decline in the quality and viability
of the turf itself. For this reason, the period from harvest to laying is minimised – in particular,
during warmer weather. If the regulated protocol has been followed, however, then the deeper
thatch and soil will include chemical residue that is lethal to fire ants. An alate that incurs this
chemical is not likely to survive.
Although macroscopic, individual mated female alates would be difficult to identify on the exterior
turf rolls. It is also likely that mated female alates will have moved from the exposed exterior of
the roll to the more protected environment within it. The strip of turf comprising each roll is in
general approximately 1.7 m, and for only about half of this length is the root surface exposed and
visible. For smaller applications, rolls may be handled individually and inspected more closely. In
other cases, rolls are palletised and are loaded and unloaded mechanically.
The final consideration is the ability of a mated female alate to negotiate a path away from the
chemically-treated laid turf and locate a suitable nesting site. In some very large turf applications,
it is conceivable that this process would defeat some alates. In smaller (residential) applications,
however, a mated female alate would be more likely to leave the laid turf and establish a nest in
the local environment. A number of the NRIFAEP Significant Detection Reports supplied for review
included turf within the list of possible causal carriers, although none appeared to have
demonstrated this pathway conclusively.

9.4.3.2 Relevant controls
The only regulated measure that applies to this step is the underlying restriction on the movement
of damaged turf to waste facilities (Section 6.5) within the Biosecurity Zones. Under this
restriction, waste turf can only be moved (without a BIP) directly from a place in Zone 1 to a waste
facility in Zone 1 or 2; or from Zone 2 directly to a waste facility in Zone 2.
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The chief effect of this policy will be to alter the consequences should fire ants be included with
turf that is disposed of in this way. This is because Zone 1 represents an area progressing toward
eradication, while Zone 2 is a containment area. The establishment of fire ants in a place in Zone 1,
as a result of the disposal of turf, would have greater consequences for the NRIFAEP than an
establishment in Zone 2 and, for this reason, turf from Zone 2 cannot be disposed of within Zone
1.

9.4.3.3 Strength and practicality of controls
Although an issue of compliance with general biosecurity obligations (GBOs), as opposed to the
Regulation, it is conceivable that some operators or individuals may mistakenly move waste turf
from Zone 2 to Zone 1 (or even outside the Biosecurity Zones), as the boundaries for the zones are
not implemented through any form of physical controls.23 It is also conceivable that some turf
suppliers, retailers or individual purchasers might seek to avoid the stigma and inconvenience
associated with a confirmed detection of fire ants and remove identified rolls without declaring
them. This course of action might then leave other fire ants or nests undetected within a batch of
turf.

9.4.3.4 Conclusions: laying of purchased turf rolls
Other than the persistent effect of chemical treatment, there are no controls or management
actions likely to reduce the ability of a mated female alate to remain viable and undetected up to
the point that the turf is laid. Once laid, the mated female alate will need to escape the residual
toxic effect of the chemical treatment and locate a suitable nesting site. This may be more difficult
on larger applications, where the area of treated turf may be substantial.

9.4.4 Outcomes: qualitative risk assessment
Regulated movements of turf: turf is unusual amongst the fire ant carriers in that it is seldom
stored for a sufficient period to be at risk from infestation. This, and the residual effect of chemical
treatment mandated for growing turf, mean that the caveat in Section 71(2) for the secure storage
of turf will rarely (if ever) be invoked. As of May 2020, bifenthrin (80 g/L) is the sole treatment
advocated by the NRIFAEP. Bifenthrin applied in accordance with APVMA’s instructions has been
found to be an effective treatment for farmed turf.
Given the efficacy of chemical treatment applied to growing turf, the key risk pathway is
considered to be the inclusion of a mated female alate in the superficial fraction of the thatch and
away from lethal concentrations of residual insecticide. A mated female alate within this part of
the thatch will not be readily detectable. Although some mated female alates may not be able to
escape the effects of the chemical treatment, either during transport or once the turf is laid,
others are likely to find a protected nesting site and will be able to initiate an infestation.

23

This is an observation – it is not suggested that physical controls should be placed on the boundaries of Biosecurity Zones
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On balance, and in view of the lethality of chemical treatment, it is very unlikely 24 that the
regulated movement of turf in Zone 2 will result in the translocation of a mated female alate and
the establishment of a new infestation. This conservative assessment takes into consideration the
higher density of nests in Zone 2. Accepting this, there is a negligible 25 likelihood that the
regulated movement of turf from Zone 1 will result in the establishment of a new infestation.
These likelihoods assume full compliance with the Regulation. Failure to treat growing turf as
instructed is likely to result in a substantially higher-risk commodity.
These likelihoods were combined with the consequences of establishment in Zone 2, Zone 1 and
outside the Biosecurity Zones, using the matrix given in Section 5.6 (Table 19). It can be seen that
the regulated movement of turf is of low risk for all movements other than from Zone 2 to a place
outside the Biosecurity Zones (Table 27).
Table 27 Residual regulated risks for turf

To Zone 2

To Zone 1

Outside the
Biosecurity Zones

From Zone 1
Likelihood is Negligible

Low

Low

Low

From Zone 2
Likelihood is Very unlikely

Low

Low

Medium

Considerations for interstate movements: consignments of turf can be exported from the
Biosecurity Zones to New South Wales, Victoria and South Australia under a Plant Health
Certificate. The requirements of individual states vary, encompassing the following groups of
controls:
• Property freedom
• Introduction of fire ant carriers
• Inspection of turf
• Secure storage
• Chemical treatment.
Property freedom (Section 6.2.1) is in the context of turf is specified as a single inspection within
28 days of consigning. Whilst likely to be an effective strategy for the detection of established fire
ant nests, visual inspections will not detect incipient nests – whether in turf or elsewhere on the
property. Additionally, property freedom will not guard against the infestation of turf farms
through airborne mated female alates from surrounding properties.
Attention to fire ant carriers brought onto the property will be a valuable component of property
biosecurity and property freedom. The protocols that include this requirement allow the
introduction of carriers from known infested properties, provided that those carriers have

24

The outcome is rare, and only occurs in exceptional circumstances (Table 18)

25

There is not a real chance or possibility that the outcome will occur (Table 18)
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received an approved treatment. An alternative (preferred) strategy would be to prohibit the
introduction of any fire ant carriers from a known infested property.
The inspection of consignments (Section 6.4.1) variably includes the caveats that this is
undertaken within 48 hours of despatch and / or before release from quarantine in the importing
state. Visual inspection is not likely to be an effective strategy for fire ants in turf as: (a) infestation
is most likely to be due to mated female alates, which are not likely to be detected; and (b) and
fire ants present are likely to have moved to the interior of individual turf rolls.
Secure production and handling is included in most of the entry conditions and expressed in
broad terms of ‘a manner to prevent infestation’. Rolled turf, however, has an extremely short
shelf life (generally less than 48 hours) and for this reason will rarely be stored. One protocol
required that turf be secured until entry into the importing state (that is, stored securely in
transit), and this requirement will be useful as exposed rolled turf on a delivery vehicle is
otherwise likely to be attractive to airborne alates.
Two states have a requirement for chemical treatment (Section 6.4.3), and one of these included
a specific reference to chlorpyrifos – noting that this is no longer the treatment advocated for turf.
The requirement for chlorpyrifos was accompanied by the caveat that treatment occur within 48
hours of the despatch of a consignment. This requirement is in direct opposition to the schedule
for bifenthrin, where treatment must be at least 48 hours before lifting and movement. It seems
likely that the disparity between these protocols would result in some confusion. That detail aside,
chemical treatment using an approved (APVMA permitted) product will be one of the most
valuable options for minimising the infestation of turf rolls with fire ants.
These and other controls were considered in the quantitative assessment.

9.5

Quantitative assessment of risk

No quantitative analysis was conducted for turf as it is treated either treated chemically and is
then low risk, or not treated and is high risk. There are limited scenarios for alternative controls
available. Storage time is also limited owing to the need to quickly lay it. Nonetheless, a BN could
be readily adapted to explore those, including the effect of low pest pressure.

9.6

Conclusions: turf

In summary: turf without chemical treatment in its growing phase is considered a high-risk carrier
for fire ants. The chemical treatment for growing turf is, however, highly effective and, assuming a
high level of compliance, the only identified risk was the inclusion of a mated female alate in the
superficial thatch – that is, away from higher concentrations of insecticide. Because harvested rolls
of turf cannot be stored for more than 48 hours (and significantly less in warmer weather) they are
not as vulnerable to post-harvest infestation as most other fire ant carriers.
The discussion and assessment in Sections 9.1 to 9.5 highlighted a range of key science-based,
controls-based and process-based outcomes, and a number of areas where data gaps are
impacting on either the assessment of risk or its control.
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Science-based outcomes: the dominant theme for the assessment of turf and other carriers is the
progressive shift from a mixed incursion of polygyne and monogyne fire ants, to one that is almost
completely monogyne. In the context of the management and movement of turf, the ramifications
of this are: (a) that nest densities are likely to be relatively low, on both the non-productive parts
of infested turf farms (e.g. fence lines), and on adjoining farms, as monogyne colonies are
inherently antagonistic in defence of their foraging range; and (b) that airborne mated female
alates will be the principal method by which the monogyne fire ants are likely to disperse. This
gives rise to the key risk pathway for turf – the inclusion of a mated female alate in the superficial
thatch.
Controls-based outcomes: the key vulnerability for turf is the fact that protection relies on a single
measure – chemical treatment within the growing cycle. A failure in compliance, or accidental
errors in the application of the chemical treatment, have the potential to result in significant
infestation and a significantly high-risk carrier. A further concern is the current reliance on
bifenthrin, although, in addition to chlorpyrifos, indoxacarb and fipronil have been evaluated in
the field and permit applications to the APVMA for the latter two treatments are believed to be in
train.
Process-based outcomes: a review of the compliance of turf farms in the Biosecurity Zones with
the regulated conditions was scheduled for July 2020 and, given complications arising from the
Covid19 pandemic, is now believed to be scheduled for late 2020 or 2021. There may also be a
transition from regulation to industry-based accreditation – or to the provision of an accreditation
scheme as an alternative to regulation for the turf industry. Both developments will help to
ameliorate the key vulnerability of this carrier – that is reliance on a single, albeit effective, point
of control.
Priority data gaps: the key area for additional research identified through this assessment
concerned the ability of mated female alates to survive in the superficial thatch of treated harvest
turf. This work will help to establish whether this putative pathway is likely to be a strong and
substantial one, or a very occasional occurrence. In making this recommendation, however, it is
acknowledged that most research into aspects of fire ant ecology and control is likely to encounter
technical and other difficulties, and that the temporal limits of the overarching Ten-Year Plan will
need to be considered.
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10

Management and movement of hay

10.1

Management and movement controls

Under the Regulation, hay is grouped with fire ant carriers excluding: (a) soil; and (b) a separate
category of ‘relevant fire ant carriers.26 Other fire ant carriers within this category thus include
potted plants and turf.
The regulated conditions for potted plants were outlined in Section 8.1 and, for the reason above,
are in most respects identical to those that apply to hay. Two exceptions apply:
• Part 5, Section 71(3) of the Regulation, which allows for chemical treatment to be used in the
place of certain storage requirements for a fire ant carrier other than soil, only applies to potted
plants and to turf – it does not apply to hay. This presumably reflects the fact that the approved
chemical treatment (bifenthrin) cannot be applied to material that will be grazed or consumed
by animals.
• Addressing for this exception, the Regulation includes Section 72 (Producing hay in a fire ant
Biosecurity Zone). Here it is mandated that the person must ensure that:
a) cut hay is baled within 24 hours after the hay is finally raked; and
b) the final raking of the hay, and the raking before the final raking, are done within 24 hours
of each other; and
c) baled hay is removed from the paddock it was baled in within 24 hours after being baled.
The NRIFAEP website provides a simplification of the regulated conditions for hay. With respect to
the receipt of baled materials produced in a Biosecurity Zone, the NRIFAEP website also notes that
receivers should ask the questions outlined below. The legal status of this request is unclear, as
this is not a requirement under the Regulation. There is, however, a more general requirement
under the Biosecurity Act 2014 to report evidence of supplier non-compliance with this or any
other relevant regulations.
Questions for suppliers:
• Do you know how the material was produced?
• Have the bales been left in a paddock for more than 24 hours?
• How have the bales been stored?
• Have the bales been stored or treated in accordance with the Biosecurity Regulation 2016?

26

Relevant fire ant carriers include animal manure, material that is a product or by-product of mining or quarrying, or material that is a product or
by-product of the processing of a plant – for example, mulch, sawdust, green waste, compost
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10.2

Stakeholder consultation

Of the 12 stakeholders who provided a written opinion of the effectiveness of the regulated
controls for the management and movement of hay, one considered them very effective, five
effective, five somewhat effective and one ineffective (Figure 23).
Although hay appeared to be perceived by most as one of the higher-risk fire ant carriers, and in
particular as regards the role of airborne mated female alates, it is not commonly handled outside
the stock food supply chain and relatively few individuals had a firm or developed view as to the
practicality of the regulated controls. More than one individual from the regulatory community
expressed concern, however, about the sale of hay through roadside and other informal avenues,
and without proper compliance with the Regulation or attention to the risks associated with (in
particular) infestation with airborne mated female alates. Extension activity within the rural sector
was considered (by stakeholders) likely to be useful in this regard.
The timing of operations for the production hay under the Regulation is also very tight, and one
stakeholder believed that the NRIFAEP needed to ensure that its response to enquiries about hay
could be actioned sufficiently quickly to enable production to continue. Further information was
needed about the secure transport of hay, and there have been questions within the industry
about the situations where bifenthrin can be used.

Figure 23 Stakeholder evaluation of regulated controls for hay

10.3

Risk assessment pathway

The pathway diagram in Figure 24 provides a schematic overview of the steps between growing
and cutting hay, and its delivery to a consumer. Although the Regulation does not specifically
define ‘hay’ or ‘baled hay’, the assessment below is restricted to baled lucerne hay. It is noted that
other forms of hay (for example, oaten and pasture hay) are also commonly produced.
The pathway for lucerne hay may include a retailer (either a feed merchant, or an individual /
company who sources consignments of hay for consumers), or hay may move directly from farm
to consumer. Mitigation focusses on the additional requirements for growing hay in a Biosecurity
Zone, and requirements for storage. Hay cannot be chemically treated as it is used primarily as an
animal feed.
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Figure 24 Pathway for the management and movement of hay
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10.4

Qualitative assessment of risk

10.4.1 Cutting, raking and baling of hay
This step describes the likelihood that a fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be present in baled hay at the point of
baling and prior to its removal from the field.

10.4.1.1 Risk factors
When (lucerne) hay is cut for baling, a stalk approximately 7 to 10 cm in length remains. The cut
hay lies across the stalks, allowing for air drying (Figure 25). Although foraging fire ants may be
present on the cut stalks or hay, there is a minimal likelihood of directly encountering a (generally
subterranean) mature queen unless a large mound is disturbed by mowing or raking. A viable
colony fraction from an established nest need only include the queen and as few as 10 to 25
workers (Section 6.4.5). Although the depth of an established nest will vary with its age (SP7), the
location of the queen within the nest is not fixed (SP8). In particular, queens will tend to be
located in the more superficial part of the nest during cooler weather and may even migrate into
the above-ground mound (SP8).

Figure 25 Raking hay prior to baling
Source: https://www.abc.net.au

Cut hay may also be infested by an airborne mated female alate. The fire ant population within
southeast Queensland is essentially monogyne and, as monogyne colonies do not bud, this form of
fire ant relies principally on nuptial flights as its method for dispersal (Section 6.1). Airborne mated
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female alates target disturbed, open, moist and reflective areas (SP4), and cut hay will be
attractive. A mated female alate that lands on cut hay may be disturbed by raking and settle to
ground. Alternatively, however, the alate may be included when the raked hay is baled. Although
modern bales are tightly compressed, a proportion of alates would be likely to survive this process
within the spaces or recesses between stalks.
The generally short range of nuptial flights (Section 6.1) means that the contamination of cut hay
with recently-mated female alates is most likely to arise from nests within the hay farm or on land
close to it. Consequently, the infestation history of a farm and its surrounds will be an important
factor in the likelihood that cut hay from that farm is infested. In addition to this, there is evidence
(from a 2017 NRIFAEP report on the persistence of fire ants on turf farms, as opposed to hay
farms) that alates may favour an area that includes treated nests. If this pattern applies also to hay
farms, then the farm’s treatment history will be a relevant consideration. Hay cut within Zone 1
has a lower likelihood of infestation than hay cut in Zone 2, as the suburbs within Zone 1 have
received repeated broad-scale treatments or eradication activities in line with carrier movement
controls and sanctions to reduce human-assisted spread of fire ants.
Once the cut and raked hay has been baled it is likely to become additionally attractive to both a
migrating queen and workers and a mated female alate. In the field, hay bales may provide a
variety of microclimates which many arthropods find appealing; such as thermoregulation sites,
flood refuges, moisture under bales during drought, and the presence of both shady and sunny
areas along the sides. Fire ants, specifically, are known to move colonies next to upright-exposed
structures for improved thermoregulation and to escape localised flooding events (Weeks et al.,
2001). Results from the United States, for example, indicate that hay bales become infested within
the first 1 to 3 days, reaching near peak infestation within a week (Weeks et al., 2001).

10.4.1.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures at this step in the pathway focus on minimising
the likelihood that cut hay will be infested by a recently-mated female alate – specifically:
• The final raking of the hay, and the raking before the final raking, must be completed within 24
hours of each other
• Cut hay must be baled within 24 hours after the hay is finally raked
• Baled hay must be removed from the paddock it was baled in within 24 hours after being baled.

10.4.1.3 Strength and practicality of controls
The Regulation allows for a maximum of 72 hours between the second to final raking and the
removal of bales from the paddock. On larger farms, this schedule may be difficult to comply with.
As hay is often cut, raked and/or baled by contractors, or contracting teams, equipment must be
moved between farms and schedules on different farms may compete for the time of the same
operator. Rainfall and other climatic factors also play a role in the timing of cutting, raking and
baling, and the accommodation of these may be problematic.
Notwithstanding the practical difficulties outlined above, the security offered by each allocated
24-hour period, or the total period of 72 hours, is not beyond question (Section 6.2.2). In the
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context of cut and baled, the principle underpinning this strategy is that each 24-hour period will,
in general, be insufficient for the attraction of a migrating queen and workers or an airborne
mated female alate – and that any fire ants that do settle on the cut or raked hay will then be
dislodged by the subsequent round of raking or baling. Although trial data to support or refute this
strategy were not identified, it is conceivable that: (a) if hay is cut, raked and baled in weather well
suited to nuptial flights – and if there are fire ant nests within an area of up to about 1.5 km (SP3)
– then during each 24-hour period a number of mated female alates are likely to identify the cut,
raked or baled hay as a suitable nesting place; and (b) that the action of raking and baling is not
likely to dislodge or destroy all of these mated female alates. It is also conceivable that a queen
and a sufficient number of workers will infest baled hay within the final 24-hour period. As noted
above, research in the United States indicates that hay bales become infested within the first 1 to
3 days, reaching near peak infestation within a week (Weeks et al., 2001).

10.4.1.4 Conclusions: cutting, raking and baling of hay
Given that hay is cut 7 to 10 cm above the ground, it is not likely that a fire ant queen and a
sufficient number of workers will be included within bales at the point of baling. The scenarios of
higher concern are that a recently-mated female alate that has not commenced nesting will be
captured during the baling process; or that a mated female alate, or a queen and workers, will
infest hay bales prior to their removal from the paddock. Either event is more likely for farms in
Zone 2 than those in Zone 1.

10.4.2 On-farm storage of hay
This step describes the likelihood that a fire ant queen and a sufficient number of workers, or a
recently-mated female alate, will infest hay during on-farm storage and will remain undetected.

10.4.2.1 Risk factors
Although the key concern remains that hay will be infested with a recently-mated female alate
settling after a nuptial flight, it is also likely that baled hay will be attractive to a fire ant queen and
workers. As noted in Section 10.4.1, fire ants are known to move colonies next to upright-exposed
structures for better colony thermoregulation and to escape localised flooding events (Weeks et
al., 2001). If storage is for a sufficient period (hay may be stored for more than 12 months in some
settings), then the nest may extend upward into the lower bales.
Hay cut and stored within Zone 1 has a lower likelihood of infestation than hay cut in Zone 2, as
the suburbs within Zone 1 have received repeated broad-scale treatments or eradication activities
in line with carrier movement controls and sanctions to reduce human-assisted spread of fire ants.
Although macroscopic, individual alates are not likely to be detected on the exterior of a stack of
baled hay. It is also likely that most alates will move from the exposed exterior of the stack to a
more protected interior environment within it and would not be visible without unstacking and
inspecting each bale. It is less likely that the stack will be infested with a queen and workers
although, if this was the case, then whilst more visible as a collective the colony is likely to migrate
quickly from the exterior of the stack.
212 | CSIRO Australia’s National Science Agency

If hay is stored for a prolonged period then a mated female alate, and/or a queen and workers,
will either establish a nest within the stack or move from it to a more suitable nesting site.
Photographic evidence provided by the NRIFAEP of fire ant infestations linked to baled hay (round
bales – Figure 26) appeared to suggest that the fire ants had moved from the bales to the ground
adjacent and nested there. Once a nest becomes established in a site adjacent stored hay, it is
more likely to be discovered (SP9) – as was the case for the nests in the photographs below.

Figure 26 Fire ant nest adjacent to round bales
Source: NRIFAEP

10.4.2.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures at this step include:
• Do not store baled hay for more than 24 hours on farm, or
• Cover the baled hay in a way that prevents infestation (e.g. a shed or under shade cloth or a
tarpaulin), and either
– keep the baled hay off the ground, or
– keep the baled hay on the ground on a fire ant resistant surface and with a 30 cm chemical
perimeter.

10.4.2.3 Strength and practicality of controls
Because the measures outlined above are options, or alternatives, for the management of baled
hay on-farm, each must be sufficiently robust in its own right in order to provide protection
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against the infestation of potted plants with fire ants and/or their persistence within the carrier to
subsequent steps in the pathway.
The reliability of storing hay for a maximum of 24 hours was questioned in Section 10.4.1 above.
Although not infallible, this measure is likely to provide a reasonable degree of protection – in
particular from contamination with a queen and workers.
The requirement for covering baled hay in a way that prevents contamination with a recentlymated female alate may be difficult to achieve unless the hay is stored in a completely enclosed
shed. Most Australian haysheds are not fully-enclosed (Figure 27). This was highlighted in scientific
advice provided in 2018 to a group of hay producers. The query included the question, ‘What
actually constitutes covered?’. To this, the NRIFAEP responded that (sic), ‘Hay stores that have at
least the upper surface covered by either a shed roof or tarp is considered as covered for the time
being. A covering in this case is intended to prevent a mated queen ant from flying in and landing
onto a special fire ant carrier (in this case, hay), entering it, and thus commencing the process of
nest establishment. Ideally, the hay would be completely covered/enclosed within an enclosed
shed. However, given that fire ants are not currently established at high densities such that every
hay store in the Biosecurity Zone is likely to be encountered by mated queens in flight, a degree of
incomplete coverage can be considered as still providing an acceptable level of risk mitigation’.
This pragmatic advice accepts that simply covering the top of a stack of baled hay with a tarpaulin
will not prevent contamination by recently-mated female alates.

Figure 27 Three-sided hay shed
Source: https://www.abc.net.au

The additional requirement that hay is stored either above ground (Section 6.2.7), or at ground
level on a fire ant resistant surface (Section 6.2.5) and with a 30 cm chemical perimeter (Section
6.2.8), is intended to provide protection against contamination with a queen and workers. The
Regulation clarifies ‘above ground level’ with the example of a truck or trailer, or an elevated
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platform. Taken to this extent, protection from a queen and workers is likely to be sufficient. The
height is not specified, however, and it is conceivable that baled hay stored above ground but not
far from it would remain accessible to a queen and workers or to a mated female alate – in
particular as stalks and other debris are likely to collect beneath the stack and provide a bridge to
it.
If hay is stored at ground level, then, as noted, this must be on a fire ant resistant surface and with
a 30 cm chemical perimeter. If the surface is selected and maintained in accordance with these
provisions, then this alternative is likely to be effective. However, the practical reality may be that
cracks or tears in the surface are present, or that its treatment is not enacted precisely as directed,
and in these circumstances baled hay stored at ground level is likely to provide an attractive
setting for infestation by a queen and workers (SP5). This is particularly relevant to hay (as
opposed to some other carriers with similar requirements) as hay may be stored for extended
periods – including up to or exceeding 12 months. An example of this was given in the
photographic evidence provided by the NRIFAEP of fire ants in baled straw. Here the bales had
been stored on impermeable black rubber strips and the photographs clearly showed fire ant
nests in the gaps between these strips (Figure 28).
Finally, although an issue of compliance with general biosecurity obligations (GBOs), as opposed to
the Regulation, it is conceivable that some hay suppliers might seek to avoid the stigma and
inconvenience associated with a confirmed detection of fire ants and remove infested bales
without declaring them. This course of action might then leave fire ants or nests in other bales
undetected within a stack, and able to be moved further along the supply chain.
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Figure 28 Fire ant nest (purple spray) beneath rubber matting
Source: INRIFAEP

10.4.2.4 Conclusions: on-farm storage of hay
Unless baled hay is either cleared within 24 hours or stored in a fully enclosed shed, it will be
difficult to be confident that it has not become infested by either a migrating fire ant queen and
workers or a mated female alate. The likelihood of either event will be higher in Zone 2 than in
Zone 1, and significantly higher again if the farm is infested or if infestation exists on neighbouring
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farms. Whilst a mated female alate or incipient nest will be difficult to detect, the frequently long
period over which hay is stored will mean many nests will progress to the point of establishment
and will then be detectable.

10.4.3 Retail storage of hay
This step describes the likelihood that a fire ant queen and a sufficient number of workers, or a
recently-mated female alate, will infest hay during retail 27 storage and remain undetected.

10.4.3.1 Risk factors
Although this step in the pathway broadly represents a retail setting, as opposed to the farm on
which hay was produced (Section 10.4.2), most ecological and other considerations relevant to the
infestation of hay stored on farm are likely to be similar. In particular, this applies to the proximity
and prevalence (density) of undetected fire ant nests in the area and the infestation and
treatment history of the establishment. As a point of difference, however, most feed stores will
keep baled hay and other valuable (generally bagged) products in a fully enclosed shed. This is
likely to mitigate much (possibly all) of the risk of infestation through airborne alates. A migrating
queen and workers, however, may in some settings still access the hay and establish a nest.
Another consideration for feed stores is the fact that hay and other commodities (including some
other fire at carriers, such as straw or mulch) are generally sourced from a range of suppliers. This
may result in a heightened likelihood of incurring an infestation with fire ants, and the spread of
ants from one carrier to another or between purchased consignments of a carrier.
Factors relevant to the detection of fire ants in baled hay in a retail setting will also be essentially
the same as those discussed in the context of the source farm (Section 10.4.2), with the exception
baled hay kept within retail premises is rarely stored for an extended period. This means that a
nest formed by a queen and workers, or a mated female alate, may not become visible until after
the infested hay has left the establishment.

10.4.3.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures at this step include:
• Do not store baled hay for more than 24 hours on farm, or
• Cover the baled hay in a way that prevents infestation (e.g. a shed or under shade cloth or a
tarpaulin), and either
– keep the baled hay off the ground, or
– keep the baled hay on the ground on a fire ant resistant surface and with a 30 cm chemical
perimeter.

27

Hay is commonly retailed by: (a) livestock feed stores; or (b) individuals or companies who source consignments from a range of suppliers, store
the hay on-farm, and sell to consumers. The environment in which the latter [b] operate is essentially the same as that on a hay farm. This step in
the pathway therefore focusses on the former [a] – that is, retail feed stores.
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10.4.3.3 Strength and practicality of controls
The vulnerability of measures applicable to this step in the pathway are the same as those
described in Section 10.4.2 above, with exceptions being that secure storage is generally feasible
in a retail setting and that storage is rarely for an extended period.

10.4.3.4 Conclusions: retail storage of hay
As feed stores and other retail settings commonly keep hay and other valuable (generally bagged)
feeds within a fully enclosed shed, the risk posed by airborne mated female alates is likely to be
substantially lower than on the source farm. The risk posed by migrating queens and workers
remains, although mitigated to a large extent. Hay, however, and any other fire ant carriers
stocked by the store, are likely to be purchased from a range of suppliers, and this may introduce a
risk of cross-infestation within the store. As most of these considerations are largely independent
of local density of fire ant nests, feed stores in Zone 1 are unlikely to be exposed to a substantially
lower risk than feed stores in Zone 2. It is not likely that a recently-mated female alate, or a queen
and workers, will be detected on or within a stack of baled hay, during the period prior to the
establishment of a nest (approximately 1 month). Once this period is exceeded, the likelihood that
the nest will remain undetected will diminish.

10.4.4 Delivery of hay to a consumer
This step describes the likelihood that a fire ant queen and a sufficient number of workers, or a
mated female alate, will be released into the environment when hay is unloaded at the
destination and either stored or used.

10.4.4.1 Risk factors
It was noted in Section 10.4.2 above that, although macroscopic, a queen and workers, or an
individual mated female alate, will be difficult to identify on or within baled hay. A further relevant
consideration is the ability of either a queen and workers, or a mated female alate, to negotiate a
path away from the baled hay and to locate a suitable nesting site. This would not present a
barrier in most settings, as borne out in a range of photographic evidence supplied by the NRIFAEP
that shows baled hay to be the carrier responsible for the translocation of fire ants to a place
outside the Biosecurity Zones.

10.4.4.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures for this step are: (a) the requirement to ask
vendors about the management of hay; and (b) regulated restrictions on the movement of hay
within, between and beyond the Biosecurity Zones.
Recipients are required to ask vendors:
• Do you know how the material was produced?
• Have the bales been left in a paddock for more than 24 hours?
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• How have the bales been stored?
• Have the bales been stored or treated in accordance with the Biosecurity Regulation 2016?
The benefit of these questions is unlikely to be substantial. The legal status of this request is also
unclear, as this is not a requirement under the Regulation. There is, however, a more general
requirement under the Biosecurity Act 2014 to report evidence of supplier non-compliance with
this or any other relevant regulations.
In addition to this, is the underlying restriction on the movement of spoiled hay to waste facilities
(Section 6.5) within the Biosecurity Zones. Under this restriction, spoiled hay can only be moved
(without a BIP) directly from a place in Zone 1 to a waste facility in Zone 1 or 2; or from Zone 2
directly to a waste facility in Zone 2.
The chief effect of this policy will be to alter the consequences should fire ants be included with
spoiled hay that is disposed of in this way. This is because Zone 1 represents an area progressing
toward eradication, while Zone 2 is a containment area. The establishment of fire ants in a place in
Zone 1, as a result of the disposal of spoiled hay, would have greater consequences for the
NRIFAEP than an establishment in Zone 2 and, for this reason, hay from Zone 2 cannot be disposed
of within Zone 1.

10.4.4.3 Strength and practicality of controls
Although an issue of compliance with general biosecurity obligations (GBOs), as opposed to the
Regulation, it is conceivable that some consumers might seek to avoid the stigma and
inconvenience associated with a confirmed detection of fire ants and remove identified bales
without declaring them. This course of action might then leave other fire ants or nests undetected
within the consignment of hay.

10.4.4.4 Conclusions: delivery of hay to a consumer
In most settings, there are unlikely to be any substantive barriers to the establishment of fire ants,
given the translocation of a queen and workers, or a mated female alate, with baled hay.

10.4.5 Outcomes: qualitative risk assessment
Regulated movements of hay: once cut, hay is attractive to fire ants and exposed to infestation.
Bifenthrin (80 g/L) cannot be used except as a barrier treatment, as baled hay is an animal food.
Baled hay is often stored on farms for extended periods (up to and exceeding 12 months) and
farm facilities will seldom extend to fully enclosed shedding. Likewise, elevating stored hay (other
than on pallets) is likely to be problematic on most farms as haystacks are substantial and
extremely heavy. Hay is also transported widely, both within Queensland and interstate. Longdistance movements are most common during extended periods of local or regional drought.
Collectively, these factors lead to a commodity that is a competent and widely distributed fire ant
carrier, and one that is challenging to render relatively safe. Numerous materials provided by the
NRIFAEP illustrate fire ant infestations resulting from the movement of infested baled hay.
Infestation may in these instances have included queens and workers or mated female alates.
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In view of this, it is possible 28 that the regulated movement of baled hay from a source in Zone 2
will result in the translocation of fire ants and the establishment of a new infestation. This
conservative assessment takes into consideration the higher density of nests in Zone 2. Accepting
this, it is unlikely 29 that the regulated movement of hay from Zone 1 will result in the
establishment of a new infestation.
These likelihoods were combined with the consequences of establishment in Zone 2, Zone 1 and
outside the Biosecurity Zones, using the matrix given in Section 5.6 (Table 19). It can be seen that
the regulated movement of hay from Zone 1 is of low, medium or high risk when the place of
destination is in Zone 2, Zone 1 or outside the Biosecurity Zones, respectively. Movements within
Zone 2, but beyond this are of high risk (Table 28).
Table 28 Residual regulated risks for hay

To Zone 2

To Zone 1

Outside the
Biosecurity Zones

From Zone 1
Likelihood is Unlikely

Low

Medium

High

From Zone 2
Likelihood is Possible

Medium

High

High

Considerations for interstate movements: consignments of hay can be exported from the
Biosecurity Zones to New South Wales, Victoria, South Australia, Tasmania and Western Australia
under a Plant Health Certificate. The requirements of individual states vary, encompassing the
following groups of controls:
• Property freedom
• Introduction of fire ant carriers
• Inspection of consignments
• Secure storage
• Chemical treatment
• Hammer milling.
Property freedom (Section 6.2.1) is in the context of hay specified as a single inspection within 28
days of consigning. Whilst likely to be an effective strategy for the detection of established fire ant
nests, visual inspections will not detect incipient nests – whether in hay or elsewhere on the
property.
Attention to fire ant carriers brought onto the property will be a valuable component of property
biosecurity and property freedom. The protocols that include this requirement allow the
introduction of carriers from known infested properties, provided that those carriers have

28

The outcome may occur (Table 18)

29

The outcome is uncommon, although known to occur in a range of circumstances (Table 18)
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received an approved treatment. An alternative (preferred) strategy would be to prohibit the
introduction of any fire ant carriers from a known infested property.
The inspection of consignments (Section 6.4.1) variably includes the caveats that this is
undertaken by the certifying official, or by the owner; as well as on farm, or before release from
quarantine in the importing state. Visual inspection is not likely to be an effective strategy for fire
ants in hay that has been stored for less than a month. Fire ant nests in hay stored for more than a
month may have had the opportunity to become established and, thus, more visible on inspection.
Secure production and handling (Sections 6.2.5, 6.2.6, 6.2.7 and 6.2.8) is included in most of the
entry conditions and expressed in broad terms of ‘a manner to prevent infestation’. This can be
achieved for baled hay that is stacked within an enclosed shed; either off the ground, or on the
ground on a fire ant resistant surface with a chemical barrier. Taken to these lengths, infestation
by either a migrating queen or an airborne mated female alate is not likely.
Chemical treatment (Section 6.4.3) may be with either the APVMA-approved chemical (bifenthrin)
or by fumigation with methyl bromide. The practicality of treatment with an APVMA-approved
chemical is questionable, as most baled hay that is transported interstate will be for the purpose
of stock feed. The practicality of methyl bromide fumigation is also questionable, given the size of
most consignments. That said, if fumigation can be undertaken then it is likely to be effective in
removing any fire ants that have infested the bales. There is also a marked variance in the timing
of fumigation, with one protocol specifying despatch within 48 hours and the balance of protocols
within 28 days.
Hammer milling was also required in one protocol. Conditions are attached to this, including that
the product is sieved at 50 and 3 mm, vacuum bagged, and the bags inspected for tears at a rate of
one bag in every 50. Hammer milling is an innovative solution and will be effective as a means to
both destroy live ants and ensure the separation of queens from their workers. The latter will be
aided by bagging. The machinery required for hammer milling is commonplace, and large amounts
of hay can be milled, meaning that this is likely to be a practical proposition in many settings.
These and other controls were considered in the quantitative assessment.

10.5

Quantitative assessment of risk

10.5.1 Model structure
When applying the generic conceptual framework for the quantitative model described in Section
5.7 to the management and movement of hay, the quantitative risk assessment started with the
cutting and baling of hay in a paddock at a source property and ended with the movement of the
baled hay off-site (usually for its utilisation as animal feed, or further storage, at a destination
property). Baled hay may also be stored (usually in a shed) at the source property following cutting
and baling but prior to moving it off-site (Figure 29).
At both the point of cutting and baling, and during storage, hay belongs to the category of nonembedded carriers that are located on a property. It follows that there are four exposure and
infestation risks associated with the management of hay:
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• An established queen with a sufficient number of workers (10 to 25; Tschinkel, 2006) may
relocate into the cut and baled hay, while in the paddock, from its surroundings on the property
• A mated female alate may land on the cut and baled hay, while in the paddock, following a
nuptial flight from the surrounding landscape and establishing an incipient nest within the hay
• If the baled hay is subsequently stored, an established queen with a sufficient number of
workers (10 to 25; Tschinkel, 2006) may relocate into the stored hay from its surroundings on
the property
• If the baled hay is subsequently stored, a mated female alate may land on the hay following a
nuptial flight from the surrounding landscape and establish an incipient nest within the hay.

Figure 29 Simplified BN model for hay
Notes: Simplified depiction of the BN model used to quantitatively assess risk associated with management and
movement of hay (i.e. the likelihood that at least one viable fire ant queen is released from a consignment of hay at a
destination property following movement off a source property).

10.5.2 Controls
A range of controls aimed at different points in this risk model (Figure 29) were examined. These
controls can affect one or multiple of the exposure and infestation risks associated with the
management and movement of hay.
Regulated movement controls:
• Limiting holding time of hay while on the paddock, including
– The final raking of the hay, and the raking before the final raking, are done within 24 hours of
each other
– Cut hay is baled within 24 hours after the hay is finally raked
– Baled hay is removed from the paddock within 24 hours after being baled
• Secure storage, including
– A secure physical and/or chemical barrier
– Covering
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Controls present in other protocols, or potential controls that were also considered:
• Property inspection
• Prophylactic baiting across the property
• Hammer milling (denoted chaffing in the qualitative assessment)
Further details about each of these evaluated controls, including assumptions about their efficacy
(using two alternative scenarios: effective and moderately effective) and the effect of holding time
on the infestation of cut and baled hay (while in the paddock) and baled hay (during storage) are
provided in Appendix C.5. We did not model the effect of raking (assuming that the regulated
regime is effective in preventing fire ants from establishing a nest in the cut bail prior to baling) or
inspection of hay consignments on arrival and rejection if fire ants are found (Appendix C.5, Table
51).

10.5.3 Scenario analysis
As for other fire ant carriers, the influence of the controls, and alternative assumptions about their
efficacy, on reducing the residual likelihood that at least one viable fire ant queen survives in hay
through to release at destination, were explored via scenario analysis. Due to caveats related to
uncertain model parameters (in particular, the efficacy of controls, exposure to mated female
alates or established colonies, etc., Appendix C.2), results are most usefully compared relative to
each other by orders of magnitude, rather than taken as true quantitative estimates of risk.
Release likelihood was estimated for 1,000 m2 of carrier surface area and a threshold of 1%
release likelihood was used to denote and highlight an unacceptable level of risk.

10.5.3.1 Baled hay in the paddock
Bales are required to be moved from the paddock within 24 hours. Our quantitative model
suggests that, without controls, the likelihood of releasing at least one established nest that has
relocated into 1,000 m2 of baled hay within that time is substantial (19.7%) in Zone 2 (Table 29).
This was determined by the expected prior likelihood distributions among four fire ant density
categories in different landscape zones, with pest pressure expected to be considerably higher in
Zone 2 than in Zone 1 in the absence of evidence indicating otherwise (see Appendix C.2).
However, providing confidence that fire ant nests are in fact absent or at low densities via
property (paddock) inspection reduced the residual risk of infestation by an established nest to
zero, even when detection efficacy was only 50% and bales were held in the paddock for 72 hours
(provided no nests were found). Similarly, prophylactic baiting prior to cutting in Zone 1 and Zone
2 greatly reduced risk of infestation by an established queen, although provided insufficient
protection if the paddock was located in a severely infested landscape.
By comparison, the likelihood of releasing at least one an incipient nest that was established by a
mated female alate landing on baled hay while in the paddock following a nuptial flight remained
low for the first three days in both Zone 1 and Zone 2. However, if baled hay is held in the paddock
for a prolonged period of time (21 days in our model), in Zone 2, the likelihood of being infested
by a mated female alate increased considerably (to 23.1% under the ‘high exposure’ scenario).
There were no controls that could be applied to mitigate against this elevated infestation risk
posed by mated female alates under prolonged holding times. In this scenario (held in paddock for
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21 days in Zone 2), the infestation risk posed by established nests relocating into the hay could
also no longer be sufficiently addressed by either prophylactic bating (moderately effective) or
property inspection (50% of nests detected) (Table 29).

10.5.3.2 Baled hay in storage
Without controls, the model assumed the same residual risks for baled hay in storage as in the
paddock. The likelihood of releasing an established nest that has relocated into stored hay within
the first 24 hours was high in Zone 2. However, as for bales in the paddock, this risk could be
greatly reduced through even moderately effective inspection (50% of nests detected) or baiting
(Table 29). Secure storage reduced the infestation risks posed by both established nests relocating
into the hay and by mated female alates establishing an incipient nest within the hay to zero, even
after long-term storage (one year in our model). If fully secure storage cannot be achieved (and
efficacy is consequently assumed to be moderate), there was a considerable residual risk under
any scenario where pest pressure, and associated carrier exposure rates, were expected to be high
(3.9% in Zone 2 and 54.1% in a severely infested landscape for both established nests and mated
female alates, even under the ‘random exposure’ scenario; 1.9% in Zone 1 for mated female alates
under the ‘high exposure scenario’). Providing confidence that fire ant nests are in fact absent or
at low densities through property inspection considerably reduced the residual risk for infestation
with an established nest, although did not affect the likelihood of mated female alates landing on
and establishing an incipient nest within the baled hay during prolonged storage.

10.5.3.3 Combined risk: baled hay on the paddock (24 hours) and baled hay in storage (one
year)
Under this scenario (which is not consistent with the Regulation), it was assumed that baled hay
was stored insecurely, with no substantial physical and/or chemical barriers preventing
established nests relocating into the hay and no effective covering preventing infestation by
mated female alates. In this setting, the use the ‘hammer milling’ (chaffing), which may be
expected to cause high mortality, was explored. If this method is highly effective (resulting in 99%
mortality) it would result in very low risk in both Zone 1 and Zone 2, except if the ‘high exposure to
mated female alates’ scenario was assumed in Zone 2 (residual risk 1.2%) (Table 29).
Table 29 Residual likelihood (%) that at least one queen is released from hay
Scenarios

72 hours

24 hours

Baled hay on the paddock
No controls
Inspection (50%
eff.), observation
none
Baiting (mod.)
No controls
Inspection (50%
eff.), observation
none

Established queen (nest)
Zone 1 Zone 2 Severe

Zone 1
(rando
m)

Mated female alate (incipient nest)
Zone 1
Zone 2
Zone 2
Severe
(high)
(rando
(high)
(rando
m)
m)

Severe
(high)

0.8%
0.0%

19.7%
0.0%

81.2%
0.0%

0.0%
N/A

0.0%
N/A

0.0%
N/A

0.8%
N/A

0.0%
N/A

37.5%
N/A

0.0%
0.9%
0.0%

0.8%
21.4%
0.0%

39.0%
84.0%
0.0%

N/A
0.0%
N/A

N/A
0.0%
N/A

N/A
0.0%
N/A

N/A
1.0%
N/A

N/A
0.5%
N/A

N/A
48.5%
N/A
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Established queen (nest)
Mated female alate (incipient nest)
Baiting (mod.)
0.0%
0.9%
42.5%
N/A
N/A
N/A
N/A
N/A
No controls
1.9%
30.0%
91.0%
0.0%
0.9%
0.9%
23.1%
46.5%
Inspection (50%
0.5%
3.8%
5.0%
N/A
N/A
N/A
N/A
N/A
eff.), observation
none
Baiting (mod.)
0.2%
3.9%
54.1%
N/A
N/A
N/A
N/A
N/A
Baled hay in storage
No controls
0.8%
19.7%
81.2%
0.0%
0.0%
0.0%
0.8%
0.0%
Inspection (50%
0.0%
0.0%
0.0%
N/A
N/A
N/A
N/A
N/A
eff.), observation
none
Baiting (mod.)
0.0%
0.8%
39.0%
N/A
N/A
N/A
N/A
N/A
No controls
1.9%
30.0%
91.0%
1.9%
10.0%
30.0%
75.0%
91.0%
Cover (mod.) +
0.2%
3.9%
54.1%
0.2%
1.9%
3.9%
30.0%
54.1%
barrier (mod.)
Inspection (50%
0.1%
0.4%
0.5%
N/A
N/A
N/A
N/A
N/A
eff.), observation
none
Covering (eff.) +
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
barrier (eff.)
Combined risk: baled hay on the paddock (24 hours) and baled hay in storage (one year)
No controls
1.9%
30.0%
91.0%
1.9%
10.0%
30.0%
75.0%
30.7%
Hammer milling
0.2%
3.9%
54.1%
0.2%
1.9%
3.9%
30.0%
14.5%
(mod.)
Hammer milling
0.0%
0.0%
0.5%
0.0%
0.0%
0.0%
1.2%
0.1%
(eff.)

24 hours + 1
year

1 year

24 hours

21 days

Scenarios

N/A
88.8%
N/A

N/A
37.5%
N/A

N/A
100.0%
91.0%
N/A

0.5%

46.3%
30.7%
12.9%

Notes: Residual likelihood (%) that at least one viable fire ant queen is released from hay following infestation by
established queens or mated female alates, in the paddock or during storage, respectively. Control options are
compared for Zone 1, Zone 2 and a hypothetical ‘severely infested’ landscape. For the infestation scenario ‘new queen
(incipient nest)’ we further distinguished between a random exposure and a high exposure scenario reflecting
different assumptions about pest pressure (Appendix C.2). Controls in bold approximate regulated controls. Release
likelihoods were estimated for 1,000 m2 of carrier surface area. Likelihoods ≥ a 1% threshold for regulated controls in
Zone 1 or 2 indicate a potential vulnerability.

10.5.4 Outcomes: quantitative risk assessment
The quantitative modelling provided separate assessment outcomes for two infestation scenarios.
(Section 5.7.4):
• The movement and release of at least one viable established queen with a sufficient number of
workers that have relocated into the cut and baled hay in the paddock or into the stored hay
usually in a shed.
• The movement and release of at least one viable new queen with immature offspring that has
landed on the cut and baled hay in the paddock or on the stored hay usually in a shed (as a
mated female alate) following a nuptial flight and established an incipient nest within the hay.
Uncertainties in parameter estimates for both scenarios (in particular, for the infestation by mated
female alates) mean that outcomes should only be viewed in the context of each scenario. Direct
comparisons between the scenarios are not appropriate at this time.
Quantitative scenario analyses suggest that the greatest risk for baled hay in the paddock
stemmed from established nests relocating into the hay. However, this risk can be greatly reduced
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by providing confidence that established nests are absent or at a low density (through property or
paddock inspection), or through prophylactic baiting prior to cutting.
If the baled hay is subsequently stored, residual risks can be managed by a secure physical and/or
chemical barrier (to prevent established nests relocating into the hay) and effective covering (to
prevent mated female alates landing on and establishing an incipient nest within the hay). Where
storage conditions are not fully secure (e.g. in a typical hay shed), the infestation risk posed by
relocating established nests can also be minimised by providing greater confidence about low fire
ant densities through property inspection. However, the infestation risk posed by mated female
alates can only be mitigated by limiting storage time. Where prolonged storage is required, and
secure covering is not feasible, alternative controls are needed. The use of hammer milling
(chaffing) was explored and offered good protection if high efficacy is assumed. The analysis did
not consider the follow-on effect of bagging, which generally accompanies chaffing. Bagging leads
to permanent separation of small quantities of hay and, given the higher value of the chaffed
product, is generally followed by secure storage.

10.6

Conclusions: baled hay

In summary: baled hay is principally a livestock food and cannot be treated with most chemicals.
In many on-farm settings, hay can be difficult to store in a way that will reliably prevent infestation
– in particular, given long periods of storage. Disturbance can be used to some extent for cut hay,
but not once the hay has been baled. Both cut and baled hay are very attractive to fire ants and
the difficulties noted mean that hay is considered a high-risk carrier. This is particularly relevant to
the substantive movements outside the Biosecurity Zones and interstate. Chaffing and bagging
was considered a possible solution that may provide a commercially viable approach to the
management of high-risk movements of hay.
The discussion and assessment in Sections 10.1 to 10.5 highlighted a range of key science-based,
controls-based and process-based outcomes, and a number of areas where data gaps are
impacting on either the assessment of risk or its control.
Science-based outcomes: the dominant theme for the assessment of hay and other carriers is the
progressive shift from a mixed incursion of polygyne and monogyne fire ants, to one that is almost
completely monogyne. The key ramification of this is that airborne mated female alates will be the
principal method by which the monogyne fire ants are likely to disperse. In the context of the
management and movement of hay, the situation may be blurred to an extent by the strength of
attraction that baled hay appears to hold for established queens and workers. This may mean that
the protection of hay from migrating queens and workers will be relatively more important than
might be the case for some other carriers. This is not to diminish, however, the importance of also
protecting hay from airborne mated female alates.
Controls-based outcomes: the Regulation includes measures to minimise the risks associated with
cut hay, and separate measures to minimise the risks for stored hay. The measures for cut hay rely
on minimising the time between raking and baling operations, focussing on the disturbance
inherent to each of these as a means by which to dislodge mated female alates that have settled
on the cut hay. Although valuable, the protocol is not likely to be completely effective and will be
difficult for some operators to achieve. The measures for baled hay rely on secure covered storage
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which, given the weight of baled hay, will be at ground level or on pallets. Again, whilst valuable, it
will rarely be feasible to keep hay on farm in a fully-enclosed shed and partial coverage is unlikely
to protect the hay from infestation by mated female alates – whether airborne or at ground level –
for the frequently lengthy periods of storage. Chemical treatments cannot be used except as a
perimeter, as the hay is intended for animal food. Collectively these considerations mean that
there are few settings where baled hay could be considered a safe product under the existing
regulated conditions. Property inspection and baiting will be useful strategies to minimise the
density of fire ant nests in the proximity of baled hay, and this in turn will reduce the likelihood of
infestation from a queen and workers and, on larger farms, will also be likely to reduce infestation
from mated female alates. An additional option is the use of chaffing and bagging of baled hay.
The chaffing process (hammer-milling) is likely to kill a high proportion of ants, and the further
inclusion of bagging will lead to the permanent separation of most surviving individuals and
protection of the hay from infestation as it moves onward through the supply chain. This strategy
will not be cost-effective in all settings but may offer an alternative for hay produced in Zone 2 and
marked outside the Biosecurity Zones.
Process-based outcomes: stakeholders identified that the production, distribution and purchase
of baled hay occurs largely outside other commercial supply chains, and that some operators do
not appear to have recognised the regulated controls. Extension activity within the sector was
advised and should be aimed at both from the producers and resellers of baled hay and the
consumers. In particular, pressure from consumers within and outside the Biosecurity Zones to
ensure that a record of regulatory compliance is maintained throughout the supply chain will help
to encourage producers and distributors to understand and comply with the Regulation.
Priority data gaps: the risk assessment and stakeholder consultation identified a number of areas
where empirical data could be used to better estimate the magnitude of risks and the
effectiveness of controls. In making recommendations about these data gaps, however, it is
acknowledged that research into most aspects of fire ant ecology and control is likely to encounter
technical and other difficulties, and that the temporal limits of the overarching Ten-Year Plan will
need to be considered. It is also understood that as a biosecurity program, the NRIFAEP have, to
date, applied the precautionary principle and available data to develop controls for the movement
of fire ant carriers. These caveats notwithstanding, key areas for further research and evaluation
include:
• The typical density of fire ant nests in, and in the vicinity of, hay paddocks in Zone 1 and Zone 2.
• Quantitative analysis of the time-dependent risk of infestation of cut and baled hay by airborne
mated female alates, given the spatial location and density of established nests within the
surrounding landscape. This would inform an estimate of the instantaneous likelihood of
infestation, as well as evaluation of the impact of the period of storage. This work would have
direct relevance to cut and baled hay, although would also be useful in understanding the risk
profiles for most other fire ant carriers.
• The degree of protection from infestation by mated female alates afforded by differing levels of
physical coverage – specifically, whether hay is stored in a closed shed, and open shed or under
a temporary cover such as a tarpaulin.
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• Evaluation of the efficacy of chaffing on the separation and survivability of fire ants in baled hay.
This work could include an economic component, and an evaluation of the feasibility of chaffing
at scale and the marketability of chaffed product within and outside the Biosecurity Zones.
• Improved quantification of the movement of hay within, between and outside the Biosecurity
Zones.
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11 Management and movement of organic mulch
and composted growing media
11.1

Management and movement controls

Under the Regulation, mulch is considered a ‘material that is a product or by-product of the
processing of a plant’ and so grouped with other ‘relevant fire ant carriers’. These include animal
manure (Section 12) and gravels sands and non-soil aggregates (Section 13). The qualitative and
quantitative assessments that follow focus on organic mulch and composted growing media.
The logic of the regulated conditions for mulch (and other ‘relevant fire ant carriers’) is that
persons are referred first to Part 5 Section 69 of the Regulation. This provides requirements for
the disposal of fire ant carriers other than soil, and a carve-out to exempt persons from further
measures if the carrier is held for less than 24 hours. Persons who are holding the carrier for
longer than 24 hours, and are not disposing of it, are then referred to Section 71(2) which provides
conditions for storage.
An exemption to Section 71(2) is available for relevant fire ant carriers in Section 71(3a), which
directs the person to complying with a standalone Section 71A: Keeping a relevant fire ant carrier
in a fire ant biosecurity zone.
• Section 71A is broadly concerned with the regular disturbance of the carrier (at least every 21
days, and at least 24 hours before the carrier is moved) and record keeping attesting to this.
• Disturbing can include chipping, crushing, screening, shredding, turning or washing.
Importantly, however, persons are not required to comply with Section 71A (disturbance) if they
have instead complied with the more generic Section 71(2) (secure storage).
The text for Section 71A is given below (emphasis added):
Part 5 Section 71A: Keeping a relevant fire ant carrier in a fire ant biosecurity zone
1. This section applies to a person who puts or otherwise deals with a relevant fire ant carrier in a
place within a fire ant biosecurity zone, unless the person complies with section 71(2) for the
carrier.
2. The person must—
a) ensure the relevant fire ant carrier is disturbed—
i.

at least every 21 days while the carrier is kept at the place; and

ii.

at least 24 hours before the carrier is moved to another place; and

b) keep a written record stating how and when the relevant carrier was disturbed.
3. In this section—
disturb, in relation to a relevant fire ant carrier, means carrying out 1 or more of the
following—
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a) chipping the carrier;
b) crushing the carrier;
c) screening the carrier, including, for example, by passing the carrier through a screening
bucket, grate or other sieve;
d) shredding the carrier;
e) turning the carrier;
f) washing the carrier.
relevant fire ant carrier means—
a) animal manure; or
b) material that is a product or by-product of mining or quarrying; or
Examples—
chitters, coal fines, coal stone, decomposed granite, gravel, overburden
c) material that is a product or by-product of the processing of a plant, or something that
comes from a plant.
Examples—
mulch, sawdust, green waste, compost
The rendition of these conditions on the NRIFAEP website is not consistent with the Regulation. In
reference to the storage of mulch, the website states (emphasis added) that: ‘If the mulch will
remain on the property for more than 24 hours, you must use the following storage options’. It is
only in the following section (disturbance) that this is clarified with the statement (emphasis
added) that, ‘Anyone storing mulch must either comply with the storage requirements above or
disturb any stockpiles periodically to prevent fire ants becoming established within the stockpile’. It
seems likely that a proportion of individuals will misunderstand these contradictory directions.
Following the discussion about disturbance there is then (on the NRIFAEP website) a final section
providing advice about perimeter treatments. Under the Regulation, however, such treatment is
only required if the storage options in Section 71(2) are adopted instead of the disturbance
options in Section 71A. Again, it seems likely that some individuals will misconstrue this direction.

11.2

Stakeholder consultation

Of the 13 stakeholders who provided a written opinion of the effectiveness of the regulated
controls for the management and movement of organic mulch and composted growing media,
three considered them very effective, two effective, six somewhat effective and two ineffective
(Figure 30).
One of the respondents commented on the lack of precision and transparency inherent in the
term ‘mulch’. Gravels and crushed brick, for example, are commonly used as mulch and yet are
considered within the category of ‘other fire ant carriers’ (Section 13). As noted above, the
approach taken within this review was to recast ‘mulch’ as ‘organic mulch and composted growing
media’.
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There was also recognition amongst respondents as to the risk profile associated with (in
particular) stockpiled organic mulch and composted growing media. The volume of product moved
both intrastate (including outside the Biosecurity Zones) and interstate is generally high, and
stockpiles can be considerable. On larger projects or depots, there are also logistic and practical
difficulties associated with secure storage. These include a difficulty in adequately covering large
stockpiles, and in maintaining the integrity of chemical barriers beneath stockpiles or as perimeter
treatments. For these reasons, disturbance is the approach that is generally adopted in these
settings. Disturbance, however, is not viewed as uniformly effective or well defined. Disturbance is
also inherently difficult for an operator or inspector to assess, and this is considered problematic
by those (individuals or regulatory agencies) receiving large amounts of organic mulch and
composted growing media.
On a more specific level there are concerns about the particular risk associated with the large
amount of sugarcane mulch that is transported interstate – although the key respondent who
raised this issue also noted that the processing methodology employed in the production and
bagging of sugarcane mulch (as opposed to baled mulch) is likely to disunite queens from workers,
and to destroy most/all individual fire ants. The insecticidal properties of the tannins intrinsic to
some wood chip and bark chip mulches (including those that are commonly used in growing
media) were noted, although it should also be acknowledged that these properties are lost when
the chips are boiled or composted – that is, that stockpiles of processed chips are no longer
resistant to fire ant infestation.

Figure 30 Stakeholder evaluation of regulated controls for mulch

11.3

Risk assessment pathway

The pathway diagram in Figure 31 provides a schematic overview of the steps between the
production of organic mulch and composted growing media and its utilisation.
• Organic mulch may include a broad range of raw materials, and may be managed, moved and
marketed in either bulk or bagged form.
– Bark is the bark of a tree or the tough outer layer of the trunk, chipped up and screened. This
mulch should be aged or composted prior to use, as it may contain toxic tannin and other
compounds.
– Tree-harvested mulch is obtained from processing entire trees. Tee tree mulch is the key
example of this and obtained after processing the tee for its medicinal oil.
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– Green-waste mulch is generally sourced from the waste industry, and a blend of chipped plant
materials.
– Wood chip mulch is the chipped timber of hardwood trees. This mulch should be aged or
composted prior to use, as it may contain toxic tannin and other compounds.
– Sugarcane mulch is manufactured (including dust extraction) from finely shredded sugarcane,
and may be supplied in bags, bales or rolls.
– Straw and lucerne hay (Section 10) are also used as organic mulch.
• Compost may contain a single substrate (e.g. composted bark) or may be a composite product
manufactured from a wide range of materials (e.g. chicken and cow manure, blood and bone,
fish meal, seaweed extract, gypsum, iron, zeolite, trace elements and humates). Composting is
also used in the production of growing media. Sawdust, woodchips and pine bark, for example,
are generally composted prior to inclusion in growing media as this removes some of the toxic
components – in particular, natural tannins (phenols) and the preservatives such as copper
chrome and arsenate (CCA) that are used to protect pine.
• Although growing media does not have a fixed composition, it will generally contain materials
such as peat moss, perlite or vermiculite, wood or bark chips, coco coir and a slow-release
fertiliser. Growing media provides a well-aerated environment and, for most plants, will be
maintained in a moist state. Growing media may be managed, moved and marketed in either
bulk or bagged form. There is an Australian Standard (AS3743-2003) for bagged retail potting
mix.
For simplicity, compost and growing media are henceforth termed ‘composted growing media’.
From its place of production, organic mulch and composted growing media may be sold in bulk or
bagged form to production, wholesale and retail nurseries; or to landscapers, florists, developers,
builders, municipal councils, garden maintenance companies and a range of other end users –
including, in some cases, directly to households. Product that is purchased by wholesalers may
then be sold to retailers; or to a range of broadscale users such as landscapers, developers and
municipal councils. Product purchased by retailers, whether directly from its source or from a
wholesaler, will typically be sold to households. Retailers in this context can include dedicated
garden centres, as well as hardware chains and other more generalist shops. Importantly, large
parts of this complex and varied supply chain exist outside the Biosecurity Zones – including
interstate.
From the standpoint of risks and controls for the potential movement of fire ants, the supply chain
can be simplified to the production of bulk or bagged organic mulch or composted growing media;
wholesale or retail sale; and domestic, commercial or municipal end users. A rendition of this
simplified supply chain is provided in Figure 31.
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Figure 31 Pathway for the management and movement of organic mulch and composted growing media
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11.4

Qualitative assessment of risk

11.4.1 Production and supply of organic mulch and composted growing media
This step describes the likelihood that bagged or bulk organic mulch or composted growing media
will be infested by a fire ant queen and a sufficient number of workers, or by a mated female
alate, at the place of production.

11.4.1.1 Risk factors
Organic mulch or composted growing media can be infested at the place of production by either:
(a) infestation of raw materials; and/or (b) infestation during production and prior to (bulk or
bagged) distribution.
This group of commodities can be grouped as:
a) Bark, wood chip, tree-harvested and green-waste mulches
b) Sugarcane mulch
c) Compost and composted growing media.
Each group has differing considerations as regards the infestation of raw materials and the impact
of processing in the manufacture of commercial product.
In their natural state, the raw materials for bark, wood chip, tree-harvested and green-waste
mulches are not likely to be infested. In addition, the vigorous process of converting the raw
materials into organic mulch (chipping and blending) would be likely to disrupt most nests and kill
most of the ants themselves. Stockpiles of raw chipped and blended materials are also unlikely to
be infested, as these materials contain tannins that are toxic to fire ants and other insects. Most
bark, wood chip, tree-harvested and green-waste mulches are subsequently composted to remove
these tannins. If sawdust from treated pine is a raw material, then boiling is used to remove the
preservative (copper chrome and arsenate, CCA). Composting and boiling will destroy any fire ants
that are present. The Biosecure HACCP Manual notes that individual compost windrows must be
turned at least weekly, after they reach an internal temperature of at least 55oC, and must be
maintained at 55oC or above for at least three consecutive days before turning the whole
windrow. The windrow must be subject to at least three complete turns before composting is
complete. Where boiling is used, individual batches must attain a temperature of at least 60oC for
30 minutes.
Stockpiles of the processed (composted or boiled) bark, wood chip, tree-harvested and greenwaste mulches will, however, be suitable nesting substrate. Even if the core of a stockpile of
composted product retains an inhibitory temperature, the cooler edges of the pile will rapidly
become suitable nesting substrate. The versatility of fire ants in respect of nesting substrate was
illustrated in a 2004 NRIFAEP trial which found that fire ants showed no preference for soil over
coarse-grade bentonite clay. A 2006 NRIFAEP trial reported the same result for moistened gravel –
noting in the latter case that the fire ants were able to live and carry on normal activities such as
brood rearing and tending the queen within the moistened substrate. Evidence of fire ant nests in
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mulch can be seen in video footage supplied by the NRIFAEP and in various photographs placed on
the NRIFAEP website.30
Infestation of stockpiles may result either from the migration of a queen and workers, or from a
recently-mated female alate alighting from a nuptial flight. Virtually all of the fire ant colonies in
southeast Queensland are monogyne and, as monogyne colonies do not bud, this form of fire ant
relies principally on nuptial flights as its method for dispersal (Section 6.1). Airborne mated female
alates target disturbed, open, moist and reflective areas (SP4), and stockpiled bark, wood chip,
tree-harvested and green-waste mulches will be considered attractive. Although less likely,
infestation can also result from the migration of a fire ant queen and workers (SP6). The distance
over which a queen and workers is likely to travel will be less than that of an airborne mated
female alate (SP6) and, for this reason, the presence and density of nests on-site or on adjoining
properties will be important. In either case, infestation pressure is likely to be higher in Zone 2
than Zone 1, as the suburbs within Zone 1 have received repeated broad-scale treatments or
eradication activities in line with carrier movement controls and sanctions to reduce humanassisted spread of fire ants.
The survival of a queen and workers, a queen in a claustral chamber, or a mated female alate,
within a stockpile of bark, wood chip, tree-harvested and green-waste mulch is not likely to be
threatened unless the stockpile is being subjected to ongoing disturbance. This can result from the
regulated controls (below) or from the ongoing remodelling of the stockpile with earthmoving
equipment. The latter may make it difficult for returning foraging workers to locate the queen and
colony and provide for its sustenance. Disturbance with earthmoving equipment may also lead to
the disruption of nests and the physical separation of the queen from her workers, or the
disruption of a claustral chamber. However, as noted in NRIFAEP Science Advice, this will not be
completely reliable as a mitigation as nests have been detected in stockpiles managed in this way.
An established fire ant nest within and around stockpiles of organic mulch or composted growing
media will be reasonably visible, and able to be detected by educated or trained observers if the
stockpiles are inspected closely (with approximately 80% success; Section 6.2.1). The nests shown
in video footage supplied by the NRIFAEP and various photographs placed on the NRIFAEP
website, 31 for example, would be readily identifiable. An incipient infestation consisting only of a
newly mated female alate and brood, however, is not likely to be detected (SP9).
Relatively less bark, wood chip, tree-harvested and green-waste mulch is likely to be sold in
bagged form than is the case for some other mulches and composted growing media. That
notwithstanding, bagged mulch is likely to be of substantially lower risk (Section 6.2.9). Scientific
advice has been given by the NRIFAEP in support of the effect of bagging of bark and wood chip
mulches, in correspondence between the NRIFAEP and New South Wales.
Sugarcane mulch is generally sold as a processed product, and in that form has a distinct risk
profile (Figure 32). Sugarcane stalk is cut and baled (generally large square bales) and then stored
on farm. Even if managed according the Regulation, these bales may be infested with a queen and

30

See: https://www.qld.gov.au/environment/plants-animals/animals/pests-diseases/fire-ants/fire-ants-top5-places (accessed 18-08-20)

31

See: https://www.qld.gov.au/environment/plants-animals/animals/pests-diseases/fire-ants/fire-ants-top5-places (accessed 18-08-20)
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workers, a queen in a claustral chamber, or a mated female alate. Sugarcane mulch can be sold in
this baled form (Figure 32) and has been linked to the translocation of fire ants. This was described
in a Significant Detection Report provided by NRIFAEP, with photographic evidence of the resulting
infestation. Returning to the processed form of sugarcane mulch: the baled stalk is hammered
through two 30 mm screens and sieved through a rotating drum screen where any material 3 mm
or under is removed. The mulch then passes past suction pipes, to remove any further small
particles, before moving through a series of augers. Processed mulch is then compressed bidirectionally into a vacuum-sealed bag.

Figure 32 Baled and processed sugarcane mulch
Source: http://www.gardenscapes.com.au and https://rockypoint.com.au/products/sugarcanemulch/

The process is rigorous and likely to kill most or all fire ants that might have been present in the
baled stalk. This was evidenced in two trials undertaken in 2017 by Rocky Point Mulching, in
partnership with the Queensland Museum (first trial) and the Queensland University of
Technology (second trial) and reported to the NRIFAEP. In these trials, meat ants were subjected
to the process used by Rocky Point Mulching to manufacture bagged sugarcane mulch from
sugarcane bales – as described above. In the first trial, a single damaged ant was found alive. In
the second trial, all ants were killed.
Once bagged, sugarcane mulch will be protected from infestation by either a migrating queen and
workers, or an airborne mated female alate.
The manufacture of composted growing media from its components follows a mechanised
process of blending. Although the raw and composted materials of growing media may, if
stockpiled, be exposed to infestation with fire ants, it is not likely that nests or ants would survive
the further disruption and agitation associated with the manufacture of the growing media.
Likewise, it is not likely that fire ants would survive the production of compost, or the composted
components of growing media.
Once manufactured, however, stockpiles of compost and composted growing media will be
vulnerable to infestation from a migrating queen and workers, or from a mated female alate. The
factors relevant to this were discussed above in referenced to stockpiled bark, wood chip, treeharvested and green-waste mulch. Product that is bagged is considerably lower risk, for the
reasons outlined in reference to both bark, wood chip, tree-harvested and green-waste mulch and
sugarcane mulch.
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11.4.1.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures at this step include:
• Section 71(2): Covering the organic mulch or composted growing media in a way that prevents
fire ants from infesting it (e.g. in a shed or under a shade cloth or tarpaulin), and either keeping
it off the ground (e.g. in a truck or trailer or on an elevated platform) or at ground level on a fire
ant resistant surface. If the organic mulch or composted growing media is kept at ground level
then the area where it is stored must be treated with an appropriate barrier chemical to create a
30 cm wide chemical perimeter.
• Section 71A: The alternative to secure storage (above) is regular disturbance, at least every 21
days while the organic mulch or composted growing media is kept at the place and at least 24
hours before it is moved to another place. A written record stating how and when the organic
mulch or composted growing media was disturbed, must be maintained. In this context,
disturbance can include chipping, crushing, screening, shredding, washing or turning.

11.4.1.3 Strength and practicality of controls
Although the principles underpinning the effectiveness of secure storage will be essentially the
same as discussed in the context of stockpiled soil (Section 7.4.2), the key difference between
excavated soil, and commercially-produced organic mulch and composted growing media, is that
the commercial products have significant value and are generally maintained in controlled
conditions. This will typically include cement bays that can be easily accessed by earthmoving
equipment. In some cases, these bays will be roofed. In other cases, removable covers would at
least be more practical than likely for many stockpiles of excavated soil.
Bagged product will generally be stored under cover and off the ground, as the bags themselves
are not necessarily waterproof. The Regulation clarifies ‘above ground level’ with the example of a
truck or trailer, or an elevated platform (Section 6.2.7). Taken to this extent, protection from a
migrating queen and workers, or a mated female alate, is likely to be sufficient. Bulk organic mulch
and composted growing media will generally be stored at ground level and, if disturbance (below)
is not applied, then it must be on a fire ant resistant surface (Section 6.2.5). If the surface is
selected and maintained in accordance with the Regulation, then this alternative is likely to be
effective. However, the practical reality may be that cracks or tears in the surface are present, or
that its treatment is not enacted precisely as directed, and in these circumstances organic mulch
and composted growing media stored at ground level are likely to provide an attractive setting for
infestation by a queen and workers (SP5). Likewise, one of the stakeholders contacted in this
review had observed fire ants to have chewed through thick plastic sheeting. A 30 cm barrier
treatment (Section 6.2.8) will be an effective mitigation against the ingress of a migrating colony,
provided the barrier is completely intact. Stockpiles that are regularly disturbed using heavy
earthmoving equipment, however, are unlikely to have an intact chemical barrier.
Regular disturbance (Section 6.4.5) is the alternative to secure storage and is intended to either
separate a queen from her workers or to disrupt a queen and brood within a claustral chamber.
This notwithstanding, there is very little empirical evidence for the efficacy of disturbing either an
established or incipient nest, and for the rigour of different disturbance methodologies. The
Regulation specifies two broad groups of methods. The first includes chipping, crushing, screening,
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shredding and washing. These methods are likely to be effective, although generally confined to a
materials-processing setting and not likely to be feasible as an approach to the ongoing
management of stockpiles of organic mulch and composted growing media. Turning is the second
form of disturbance and the equipment required will be available on most sites where mulch is
produced and stockpiled. Turning is not likely, however, to achieve the same level of disturbance
as the materials-processing methods (chipping, crushing, screening, shredding and washing). The
incomplete efficacy of disturbance by turning was noted in scientific advice provided to a
landscape supplies retailer, ‘High turn-over of product would reduce the risk of fire ant
establishment in product, however product subject to longer storage, particularly on earthen
ground requires an added level of risk mitigation’. The advice given in this example was to
supplement regular disturbance with the use of baits (Section 6.2.10).
As a final note, whilst the logic of a 21-day interval for disturbance of a stockpile is fundamentally
sound when referenced against the period required for colony establishment (SP9), it is also likely
that on some larger or more complex projects this requirement may not be performed
consistently, or across all stockpiles. In support of this, scientific advice provided by the NRIFAEP in
2018 in the context of a major resource recovery centre (waste facility) included the statement
that, ‘The size of some of the stockpiles in the images provided are large, raising doubt that all
stockpiles have been receiving the full level of disturbance required by the Permit’.

11.4.1.4 Conclusions: production and supply of organic mulch and composted growing
media
Although organic mulch or composted growing media is not likely to be infested at the point of
production, stockpiles will be attractive to a migrating queen and workers, or to a mated female
alate. The risk of infestation of stockpiles will be heightened in Zone 2, where the density of fire
ant nests is greater. Stockpiling on a chemically treated barrier will remove some of the risk
associated with migrating colonies. Likewise, covering stockpiles will remove some of the risk
associated with airborne mated female alates. Bagged product should be considered a
substantially lower risk than bulk. Storing stockpiles or bagged product in an enclosed shed will
provide effective mitigation against both migrating colonies and mated female alates. Regular
disturbance undertaken by turning a stockpile with earthmoving equipment may not be effective
and will be difficult for both an operator and inspector to assess. Removing stockpiles within 24
hours is likely to be effective in minimising the risk of infestation from either migrating colonies or
mated female alates.

11.4.2 Wholesale and retail sale of organic mulch and composted growing media
This step describes the likelihood that a fire ant queen and workers, or a mated female alate, will
infest organic mulch or composted growing media at the point of wholesale or retail sale.

11.4.2.1 Risk factors
A proportion of the mulch offered for wholesale or retail sale – and most of the retailed compost
and growing media – is in bagged form. Bagged product is significantly less likely to be infested
than bulk product (Section 6.2.9). Factors relevant to the exposure of bulk organic mulch or
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composted growing media in a wholesale or retail setting will be essentially the same as those
discussed in the context of stockpiles in the place of manufacture (Section 11.4.1). In this setting,
stockpiles may be at risk from infestation by a migrating queen and workers, or by a mated female
alate.

11.4.2.2 Relevant controls
The regulated (Biosecurity Regulation 2016) measures applicable to this step in the pathway are
the same as those described in Section 11.4.1.

11.4.2.3 Strength and practicality of controls
The effectiveness or practicality of the measures discussed in Section 11.4.1 apply equally here.

11.4.2.4 Conclusions: wholesale and retail sale of organic mulch and composted growing
media
Bagged organic mulch or composted growing media is significantly less likely to be infested in a
wholesale or retail setting than bulk product. The exposure of bulk (unbagged) organic mulch or
composted growing media will be broadly the same as the exposure of stockpiles in the place of
manufacture. The regulated controls are also the same. Both are discussed in Section 11.4.1.
These controls focus on covering the stockpiles and ensuring appropriate on-ground or off-ground
storage; or disturbing stockpiles every 21 days while the mulch is kept at the place and at least 24
hours before it is moved to another place.

11.4.3 Utilisation of organic mulch and composted growing media
This step describes the likelihood that a viable fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be released into the environment
when organic mulch or composted growing media is used.

11.4.3.1 Risk factors
In most settings, there are unlikely to be any substantive barriers to the establishment of fire ants
given the translocation and release of a queen and a sufficient number of workers, a queen in a
claustral chamber, or a mated female alate. This applies equally to bagged and bulk product and
was evidenced in video footage supplied by the NRIFAEP, which showed a fire ant nest beneath
mulch that had been applied in a landscape setting. Photographs from two separate Significant
Detection Reports were also provided and are reproduced in Figure 33. This is not to dismiss a
range of site-specific factors that are likely to be relevant – including, for example, any ongoing
disruption of the deposited mulch, by hand or by earthmoving equipment, or an absence of water
or other requirements.
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Figure 33 Fire ant nests within mulch at its point of use
Source: NRIFAEP

11.4.3.2 Relevant controls
The only regulated (Biosecurity Regulation 2016) measure that applies to this step is the
underlying restriction on the movement of spoiled product to waste facilities (Section 6.5) within
the Biosecurity Zones. Under this restriction, organic mulch or composted growing media can only
be moved (without a BIP) directly from a place in Zone 1 to a waste facility in Zone 1 or 2; or from
Zone 2 directly to a waste facility in Zone 2.
The chief effect of this policy will be to alter the consequences should fire ants be included with
product that is disposed of in this way. This is because Zone 1 represents an area progressing
toward eradication, while Zone 2 is a containment area. The establishment of fire ants in a place in
Zone 1, as a result of the disposal of organic mulch or composted growing media would have
greater consequences for the NRIFAEP than an establishment in Zone 2 and, for this reason, mulch
from Zone 2 cannot be disposed of within Zone 1.

11.4.3.3 Strength and practicality of controls
On some large and complex projects, it may be difficult for individual operators to retain records
of the movement of mulch that are sufficiently complete to enable consistent identification of atrisk consignments. This observation is most likely to occur to major public works and development
projects, where a number of earthmoving and disposal contractors may be involved. It is also
possible that some operators may mistakenly move mulch from Zone 2 to Zone 1 (or even outside
the Biosecurity Zones), as the boundaries for the zones are not implemented through any form of
physical control.32

32

This is an observation – it is not suggested that physical controls should be placed on the boundaries of Biosecurity Zones

240 | CSIRO Australia’s National Science Agency

11.4.3.4 Conclusions: utilisation of organic mulch and composted growing media
In most settings, there are unlikely to be any substantive barriers to the establishment of fire ants
– given the translocation of a viable fire ant queen and a sufficient number of workers, a queen in
a claustral chamber, or a mated female alate, with the utilisation of organic mulch or composted
growing media. Restrictions on the movement of damaged or aged (waste) product that are
encoded in the Regulation will primarily limit the consequences of translocating fire ants. This is
reflected in the risk matrix given in Table 19 (Section 5.6).

11.4.4 Outcomes: qualitative risk assessment
Regulated movements of mulch and growing media: these products are sold in two
fundamentally different forms: bagged and in bulk. Bagged product carries a substantially lower
risk (Section 6.2.9). In broad terms, the Regulation provides two levels of protection against the
movement of fire ants with organic mulch or composted growing media.
• First, are generic measures that apply to all fire ant carriers other than soil. These include
restrictions on the movement of the carrier between and outside of the Biosecurity Zones. There
is also a caveat permitting movement if the carrier has been held for less than 24 hours.
• An individual wishing to go beyond these measures may either apply for a BIP, or consider two
further alternatives
– Covered storage of organic mulch and composted growing media, with conditions for on-ground
and off-ground arrangements
– Regular disturbance of stockpiles.
Because the second of these two options cannot be applied to bagged product, this must be
stored appropriately. Individuals complying with either of the two options (covered storage or
regular disturbance) may move mulch and growing media within, between or outside the
Biosecurity Zones.
The measures directed at secure storage of product are intended to prevent infestation through
either a migrating queen and workers, or a mated female alate. Regular disturbance, on the other
hand, is intended to disunite queens from their workers, or disrupt a claustral chamber. The use of
the two strategies as options or alternatives may lead to a vulnerability for the carrier. This
applies, in particular, to the disruption of stockpiles, which can only be achieved through turning
(as opposed to the more rigorous materials-processing methods, such as chipping, crushing,
screening, shredding and washing) and is only likely to be completely effective if undertaken in an
extremely diligent and comprehensive manner (Section 6.4.5). The secure storage of the bulk form
of these products may be more practical to achieve than for bulk soil, as the products themselves
have a high value and are generally stockpiled in concrete bays and are frequently undercover, or
able to be covered. The secure storage of bagged product will also be relatively simple to
accommodate in most settings.
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On balance, it is unlikely33 that the regulated bulk movement of unbagged organic mulch or
composted growing media from Zone 2 will result in the translocation of a viable fire ant queen
and a sufficient number of workers, a queen in a claustral chamber, or a mated female alate, and
the establishment of a new infestation. This conservative assessment takes into consideration the
higher density of nests in Zone 2. Accepting this, it is very unlikely 34 that the regulated movement
of these products in bulk from Zone 1 will result in the establishment of a new infestation.
In bagged form, the risks associated with these products are substantially lower. For movements
originating in Zone 2, it is very unlikely 35 that bagged product will result in the translocation of a
viable fire ant queen and a sufficient number of workers, a queen in a claustral chamber, or a
mated female alate, and the establishment of a new infestation. This likelihood becomes
negligible 36 for movements originating in Zone 1.
These likelihoods were combined with the consequences of establishment in Zone 2, Zone 1 and
outside the Biosecurity Zones, using the matrix given in Section 5.6 (Table 19). It can be seen that
the regulated movement of organic mulch or composted growing media in bulk form from Zone 2
to a place outside the Biosecurity Zones is of high risk, and of medium risk if from Zone 1. The risks
associated with bagged product are lower, although the movement of bagged product from Zone
2 to a place outside the Biosecurity Zones is of medium risk (Table 28).
Table 30 Residual regulated risks for mulch and growing media

To Zone 2

To Zone 1

Outside the
Biosecurity Zones

Bulk from Zone 1
Likelihood is Very unlikely

Low

Low

Medium

Bulk from Zone 2
Likelihood is Unlikely

Low

Medium

High

Bagged from Zone 1
Likelihood is Negligible

Low

Low

Low

Bagged from Zone 2
Likelihood is Very unlikely

Low

Low

Medium

Considerations for interstate movements: consignments of organic mulch or composted growing
media that are to be moved interstate may be certified using a BioSecure HACCP Biosecurity
Certificate (New South Wales and Victoria) or a Plant Health Certificate (all jurisdictions other than
the Northern Territory).

33

The outcome is uncommon, although known to occur in a range of circumstances (Table 18)

34

The outcome is rare, and only occurs in exceptional circumstances (Table 18)

35

The outcome is rare, and only occurs in exceptional circumstances (Table 18)

36

There is not a real chance or possibility that the outcome will occur (Table 18)

242 | CSIRO Australia’s National Science Agency

The BioSecure HACCP ECCPRIFA21 for composted growing media and organic plant mulch provides
significantly the most comprehensive and systems-based approach, including and extending the
conditions required by New South Wales and Victoria.
Across BioSecure HACCP ECCPRIFA21 (Entry Condition Compliance Procedure for composted
growing media and organic plant mulch) and the individual jurisdictional entry conditions, the
groups of strategies listed below have been specified.
• Property freedom
• Introduced fire ant carriers from an infested property
• Inspection of consignments
• Secure production and handling to prevent infestation
• Disturbance of stockpiles
• Heat treatment
• Chemical treatment.
Property freedom (Section 6.2.1) is specified either as a single inspection within 28 days of
consigning or as a regular schedule at a 28-day inspection interval. Whilst likely to be an effective
strategy for the detection of established fire ant nests, visual inspections will not detect incipient
nests – whether in organic mulch or composted growing media or elsewhere on the property.
Attention to fire ant carriers brought onto the property will be a valuable component of property
biosecurity and property freedom. The protocols that include this requirement allow the
introduction of carriers from known infested properties, provide that those carriers are treated
with either methyl bromide or heat (below). An alternative (preferred) strategy would be to
prohibit the introduction of any fire ant carriers from a known infested property.
The inspection of consignments (Section 6.4.1) variably includes the caveats that this is
undertaken within 48 hours of despatch and that the despatch area is included. In principle, both
of these caveats will be valuable and should be included. That notwithstanding, the visual
inspection of bagged consignments will be limited to ensuring the integrity of bags and the
absence of obvious fire ant nests. The visual inspection of bulk (unbagged) consignments will be of
limited value.
Secure production and handling (Sections 6.2.5, 6.2.6, 6.2.7 and 6.2.8) are included in most of the
entry conditions, with specific requirements ranging from on-ground and above-ground particulars
similar to those in the Regulation, to bagging (Section 6.2.9) and wrapping and a requirement for
covered transport of bulk product. There are also requirements for secure storage to be
implemented immediately following heat treatment (Section 6.4.2) and for product to remain in
its consigned bag or container up until its release from quarantine in the importing state. Secure
production and handling will significantly reduce the risks associated with the movement of
organic mulch or composted growing media. All of the strategies offered will achieve this to some
extent, with the most significant gains likely from bagging or wrapping, and from covered
transport.
The disturbance of stockpiles (Section 6.4.5) by turning, mixing, grinding, screening, shredding or
chipping was only required in the BioSecure HACCP ECCP, and there with the qualifier that it be
undertaken at no more than a 28-day interval. Whilst an effective strategy in principle,
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disturbance will only be completely effective in isolating a queen or disrupting a claustral chamber
if it is undertaken in a manner that is extremely thorough and rigorous.
All of the protocols included a requirement for heat treatment (Section 6.4.2), and this and
chemical treatment (below) are the most obvious differences between the interstate controls and
those mandated under the Regulation. There was a slight variance in the conditions for heat
treatment, with thresholds either a minimum of 65.5oC or 70oC for 5 minutes. Likewise, the
methods for heating included steam or dry heat, as well as composting. All of these variants are
likely to be completely effective in destroying any fire ants in the product. Heating was in general
followed with a requirement for secure storage and handling (above). In one protocol the efficacy
of heating was elevated by requiring that it occur immediately prior to (within 48 hours of)
consignment of the product.
Most of the jurisdictional entry conditions included a requirement for chemical treatment (Section
6.4.3). This was most commonly methyl bromide fumigation (with variable specifications about
the depth of product in the fumigation chamber, and the need to monitor gas concentration),
although one protocol included an option for insecticide granules (2 g/kg of bifenthrin applied at a
rate of 8.4 kg of granules per cubic metre, not more than 3 months prior to consignment).
Chemical treatment was not, however, included in the BioSecure HACCP ECCP. Chemical
treatment by either methyl bromide or granular insecticides is likely to be effective in destroying
any fire ants in the product. Chemical treatment was in all cases offered as an alternative to heat
treatment and, as such, was also in general followed with a requirement for secure storage and
handling (above). In one protocol the efficacy of treatment was elevated by requiring that it occur
immediately prior to (within 48 hours of) consignment of the product.
These and other controls were considered in the quantitative assessment.

11.5

Quantitative assessment of risk

11.5.1 Model structure
When applying the generic conceptual framework for the quantitative model described in Section
5.7 to the management and movement of organic mulch and composted growing media (in the
following referred to as ‘mulch’), the quantitative risk assessment started with the production of
mulch at a source property and ended with the movement of the mulch off-site (usually for the
purpose of utilisation, or further storage, at a destination property). Mulch may also be stored as a
stockpile at the source property following production but prior to moving it off-site (Figure 34).
Both during production and storage, mulch belongs to the category of non-embedded carriers that
are located on a property. In the quantitative assessment, it was assumed that, during production,
mulch remains free of a fire ant infestation. For mulches that are produced using a composting or
boiling process, it was assumed that heat has effectively killed any fire ants present. For mulches
that are produced from raw materials that are brought onto the property, it was assumed that any
fire ant infestation has been effectively killed by the person producing and moving the raw
materials. This simplifying assumption could be revisited in the future and the BN updated
accordingly. The assessment focused on the two exposure and infestation risks associated with the
management of stockpiled mulch:
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• An established queen with a sufficient number of workers (10 to 25; Tschinkel, 2006) may
relocate into the stockpile from its surroundings on the property;
• A mated female alate may land on the stockpile following a nuptial flight from the surrounding
landscape and establish an incipient nest within the stockpile.
The quantitative assessment did not consider bagged mulch, and the effect that bagging is likely to
have on the risk profile for this carrier.

Figure 34 Simplified BN model for organic mulch and composted growing media
Notes: Simplified depiction of the BN model used to quantitatively assess risk associated with management and
movement of mulch (i.e. the likelihood that at least one viable fire ant queen is released from a consignment of mulch
at a destination property following movement off a source property).

11.5.2 Controls
A range of controls aimed at different points in this risk model (Figure 34) were examined. Some of
these controls can affect multiple of the exposure and infestation risks associated with the
management and movement of mulch, while others affect only one.
Regulated movement controls:
• Limiting storage time to 24 hours
• Secure storage, including
– A secure physical and/or chemical barrier
– Covering
• Regular physical disturbance every 21 days, and least 24 hours before the material is moved
Controls present in other protocols, or potential controls that were also considered:
• Property inspection
• Prophylactic baiting across the property
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• Heat or chemical treatment (both were included in the BN model (Figure 34), but only chemical
treatment was assessed)
• Inspection of the consignment on arrival, and rejection if any nests are found (included in the BN
model (Figure 34), but not assessed).
Further details about each of these evaluated controls, including assumptions about their efficacy
(using two alternative scenarios: effective and moderately effective) and the effect of storage
time on the exposure of stockpiled mulch to infestation are provided in Appendix C.6.

11.5.3 Scenario analysis
As for other fire ant carriers, the influence of the controls, and alternative assumptions about their
efficacy, on reducing the residual likelihood that at least one viable fire ant queen survives in a
stockpile of mulch through to release at destination, were explored via scenario analysis. Due to
caveats related to uncertain model parameters (in particular, the efficacy of controls, exposure to
mated female alates or established colonies, etc., Appendix C.2), results are most usefully
compared relative to each other by orders of magnitude, rather than taken as true quantitative
estimates of risk. Release likelihood was estimated for 1,000 m2 of carrier surface area and a
threshold of 1% release likelihood was used to denote and highlight an unacceptable level of risk.
All scenarios assumed that mulch is a good substrate for fire ants.

11.5.3.1 Relocation of an established nest into stockpiled mulch
Without controls, the likelihood of releasing at least one established nest that has relocated into
1,000 m2 of stockpiled mulch was significant within the first 24 hours in Zone 2 (19.7%) and
reached 1.9% in Zone 1 and 30% in Zone 2 after 3 months of storage (Table 31). Property
inspection (even if moderately effective, i.e. detecting 50% of nests) can provide some confidence
in low pest prevalence and, in our modelling, reduced the likelihood of rapid infestation within 24h
occurring to zero (provided no nests were found). Secure storage using an effective physical
and/or chemical barrier reduced the infestation risk from relocating established nests to zero,
even after long-term storage (3 months). Effective disturbance also reduced the risk to relatively
low levels (0.9% in Zone 2), although if pest pressure is severe then disturbance was not a
sufficient standalone control (Table 31). If disturbance was assumed to be only moderately
effective or storage barriers only partially secure, a considerable residual risk of 3.9% remained in
Zone 2 after 3 months of storage. However, when a moderately effective disturbance regime or
partially secure storage was combined with property inspection (in this case we assumed a higher
90% detection rate, but results were not very dissimilar at 50%), then infestation was much less
likely to occur. An alternative approach to managing residual risks from established nests
relocating into a stockpile in Zone 2 may be an effective (long-term, repeated) baiting program.

11.5.3.2 Infestation of the stockpiled mulch by a mated female alate
Without controls, the likelihood of releasing at least one incipient nest that was established by a
mated female alate landing on a stockpile of mulch following a nuptial flight was close to zero in
the first 24 hours of storage, except under the ‘high exposure’ scenario in Zone 2 where it was
0.75%. However, this risk could be much higher if fire ant infestations in the landscape were
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severe (Table 31). After 3 months of storage, the likelihood of stockpile infestation by a mated
female alate became significant in Zone 1 under the ‘high exposure’ scenario (7.3%), and in Zone 2
even under the ‘random exposure’ scenario (17.3%). All risk could be avoided through effective
covering or, in most scenarios, by effective disturbance. However, where this is not possible,
moderately effective disturbance or covering was not sufficient to reduce risk below 1% except
under the ‘random exposure’ scenario in Zone 1. Combining both controls (moderately effective
disturbance and moderately effective covering) effectively reduced residual risk below 1% in all
but the ‘high exposure’ scenario in Zone 2. If long-term storage is required, greater confidence
about whether a high disturbance efficacy or fully secure storage can be achieved may be needed.
Chemical treatment provides an alternative, highly effective standalone treatment for controlling
the infestation risk posed by both established nests relocating into a stockpile, and by mated
female alates landing on and establishing an incipient nest within a stockpile, in all scenarios,
provided it is properly applied. Heat treatment may be a similarly effective control option but was
not specifically assessed here.
Table 31 Residual likelihood (%) that at least one queen is released from stockpiled mulch

3 months storage

24h
storage

Scenarios

Established queen (nest)
Zone 1 Zone 2 Severe

Mated female alate (incipient nest)
Zone 1
Zone 2
Zone 2
Severe
(high)
(rando
(high)
(rando
m)
m)
0.00%
0.00%
0.75%
0.00%
N/A
N/A
N/A
N/A

37.50%
N/A

No controls
Inspection (50%
eff.), observation
none
No controls
Disturbance (mod.)
Disturbance (eff.)
Covering (mod.) +
barrier (mod.)
Covering (eff.) +
barrier (eff.)
Covering (mod.) +
barrier (mod.) +
disturbance (mod.)
Inspection (90%
eff.), observation
none)
Inspection (90%
eff.), observation
(none) +
barrier (mod.) OR
disturbance (mod.)
Baiting (eff.)
Chemical (mod.)

0.78%
0.00%

19.70%
0.00%

81.20%
0.00%

Zone 1
(rando
m)
0.00%
N/A

Severe
(high)

1.90%
0.19%
0.00%
0.19%

30.00%
3.90%
0.90%
3.90%

91.00%
54.10%
45.00%
54.10%

0.68%
0.07%
0.00%
0.07%

7.30%
1.33%
0.00%
1.33%

17.30%
2.34%
0.00%
2.34%

60.00%
21.40%
0.83%
21.40%

77.20%
37.90%
0.34%
37.90%

97.00%
78.80%
33.90%
78.80%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.34%

0.02%

0.89%

30.60%

0.00%

0.00%

0.23%

2.74%

3.79%

38.00%

0.1%

0.8%

1.0%

N/A

N/A

N/A

N/A

N/A

N/A

0.0%

0.1%

0.1%

N/A

N/A

N/A

N/A

N/A

N/A

0.0%
0.19%

0.1%
3.90%

5.0%
54.10%

N/A
0.07%

N/A
1.33%

N/A
2.34%

N/A
21.40%

N/A
37.90%

N/A
78.80%

Chemical (eff.)

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.3%

Review of Red Imported Fire Ant Scientific Principles and Controls | 247

Notes: Residual likelihood (%) that at least one viable fire ant queen is released from mulch following infestation of a
stockpile by established queens or mated female alates respectively. Control options are compared for Zone 1, Zone 2
and a hypothetical ‘severely infested’ landscape. For the infestation scenario ‘new queen (incipient nest)’ we further
distinguished between a random exposure and a high exposure scenario reflecting different assumptions about pest
pressure (see Appendix C.2) Controls in bold approximate regulated controls. Release likelihoods were estimated for
1,000 m2 of carrier surface area. Likelihoods ≥ a 1% threshold for regulated controls in Zone 1 or 2 indicate a potential
vulnerability.

11.5.4 Outcomes: quantitative risk assessment
The quantitative modelling provided separate assessment outcomes for two infestation scenarios.
(Section 5.7.4):
• The movement and release of at least one viable established queen with a sufficient number of
workers that have relocated into a stockpile of mulch.
• The movement and release of at least one viable new queen with immature offspring that has
landed on a stockpile (as a mated female alate) following a nuptial flight and established an
incipient nest within.
Uncertainties in parameter estimates for both scenarios (in particular, for the infestation by mated
female alates) mean that outcomes should only be viewed in the context of each scenario. Direct
comparisons between the scenarios are not appropriate at this time.
Quantitative scenario analyses suggest that, when effective, regulated controls for mulch were
generally likely to meet program objectives. Property inspection can effectively reduce the
infestation risk posed by established nests relocating into a stockpile by improving confidence that
established nests in the immediate vicinity are absent or at a low density. If mulch is stored for 3
months, then the infestation risk posed by mated female alates landing on and establishing an
incipient nest within a stockpile was significant under most scenarios. A highly effective
disturbance regime, fully secure storage or a chemical end-point treatment were needed to keep
risks below an (arbitrary) 1% threshold. Combining two controls aimed at mated female alates and
incipient nests (i.e. covering and disturbance), even if each is only moderately effective, may also
be sufficient except if pest pressure is severe.

11.6

Conclusions: organic mulch and composted growing materials

In summary: Organic mulch or composted growing media includes a wide range of products, from
simple composted bark chip mulches to highly processed growing media. These products are
supplied in both bulk and bagged form, including outside the Biosecurity Zones and interstate.
Although stockpiles of manufactured bulk mulch are in general smaller and more easily managed
than soil, they have a similar risk profile. This means that whilst the risks associated with the
movement of organic mulch or composted growing media are generally well managed, the
movement of bulk product outside the Biosecurity Zones and interstate is considered relatively
high risk. Bagged product is of substantially lower risk.
The discussion and assessment in Sections 11.1 to 11.5 highlighted a range of key science-based,
controls-based and process-based outcomes, and a number of areas where data gaps are
impacting on either the assessment of risk or its control.
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Science-based outcomes: the dominant theme for the assessment of organic mulch or composted
growing media and other carriers is the progressive shift from a mixed incursion of polygyne and
monogyne fire ants, to one that is almost completely monogyne. In the context of the
management and movement of organic mulch or composted growing media, the key ramification
of this is that airborne mated female alates will be the principal method by which the monogyne
fire ants are likely to disperse. This means that major concern will be to protect stockpiles from
infestation by mated female alates and to minimise the likelihood mated female alates will
successfully establish incipient nests.
Controls-based outcomes: bagged product is likely to be substantially lower risk than bulk. This is
because: (a) the mechanised bagging process (which will include disturbance of the stockpile by
the loader, and agitation within the bagging hopper) is likely to disrupt most nests and separate
most queens from their workers; and (b) once disunited from their workers, most queens are
unlikely to be confined to the same bag, thus negating reuniting. Most bagged product is also
compressed, and may be vacuum sealed, and these additional steps are likely to further reduce
the survivability of any ants within the material. Bagged product is also generally easier than bulk
(stockpiles) to protect from infestation further along the supply chain. The alternative to secure
storage is disturbance, and there was concern in both the qualitative and quantitative
assessments as to the likely variability and robustness of this. The separation of a queen from both
her own workers, and workers from any other fire ant colonies, must be absolute, given that: (a)
as few as 10 to 25 workers are believed to be sufficient to sustain a queen; and (b) queenless
workers can subsequently adopt a queen that has been separated from her own workers. Whilst it
would be possible to achieve this level of separation through mechanical methods associated with
materials processing (including chipping, crushing, screening, shredding and washing) the value of
turning using earthmoving equipment is more doubtful. It was noted that for the latter to be
effective, the process must be extremely thorough and comprehensive and that this will be
difficult for many operators and inspectors to assess. Property inspection and baiting may
effectively reduce the risk associated with the relocation of an established queen and workers into
a stockpile, although are less likely to reduce the risk associated with airborne mated female
alates. Of the measures considered in the quantitative modelling, only the chemical treatment of
organic mulch or composted growing media can reduce this risk. For some forms of product,
chemical treatment will be a feasible proposition. For others, heat treatment may be a suitable
alternative, although efficacy data is needed to better support the estimation and of residual risk.
Process-based outcomes: the NRIFAEP requirements for the management and movement of
organic mulch or composted growing media should be harmonised with those enunciated within
the Regulation. Collectively there is some inconsistency and it seems likely that this will be
detracting from the effectiveness of the controls as implemented.
Priority data gaps: the risk assessment and stakeholder consultation identified a number of areas
where empirical data could be used to better estimate the magnitude of risks and the
effectiveness of controls. In making recommendations about these data gaps, however, it is
acknowledged that research into most aspects of fire ant ecology and control is likely to encounter
technical and other difficulties, and that the temporal limits of the overarching Ten-Year Plan will
need to be considered. It is also understood that as a biosecurity program, the NRIFAEP have, to
date, applied the precautionary principle and available data to develop controls for the movement
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of fire ant carriers. These caveats notwithstanding, key areas for further research and evaluation
include:
• Quantitative analysis of the time-dependent risk of infestation of organic mulch and composted
growing media by airborne mated female alates, given the spatial location and density of
established nests within the surrounding landscape. This would inform an estimate of the
instantaneous likelihood of infestation, as well as evaluation of the impact of the period of
storage. This work would have direct relevance to organic mulch and composted growing media,
although would also be useful in understanding the risk profiles for most other fire ant carriers.
• The degree of protection from infestation by mated female alates afforded by differing levels of
physical coverage – specifically, whether organic mulch and composted growing media is stored
in a closed shed, and open shed or under a temporary cover such as a tarpaulin.
• Improved quantification of the movement of organic mulch and composted growing media
within, between and outside the Biosecurity Zones.
• The impact of disturbance on: (a) the separation of a queen from her workers; and (b) the
disruption of a claustral chamber. This work should focus on both materials-processing methods
(including chipping, crushing, screening, shredding and washing) and the turning of stockpiles
using earthmoving equipment.
• The period and ability of queenless workers to adopt a mated female alate. This work should
encompass a range of disturbance methods and should be evaluated using a quantitative
research design. The analysis would greatly improve understanding of the efficacy of
disturbance as a control measure for fire ants, and its resilience to minor deviations from
prescribed practices.
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12

Management and movement of animal manure

12.1

Management and movement controls

Animal manures that are commonly stockpiled, and used as a mulch or fertiliser in domestic,
nursery, horticulture and other settings, include poultry manure, cow manure, horse manure,
sheep manure and, to a minor extent, manure from herbivorous zoo animals.
• Poultry manure is collected from intensive poultry establishments (broiler and layer) and is
generally aged and pelletised, and distributed in either bulk or bagged form.
• Cow manure is collected principally from beef cattle feedlots and dairies, and is generally aged
or composted, and bagged for retail sale.
• Horse manure is collected from agistment facilities, showgrounds and racetracks, and by
individuals keeping one or more horses in confined urban or peri-urban settings. Horse manure
is also generally aged, but more commonly moved in bulk (unbagged) form and may be supplied
directly without entering the retail chain.
• Sheep manure is used to a lesser extent as sheep are less commonly confined sufficiently to
enable the ready supply and collection of bulk manure. Sheep saleyards are an exception to this,
as are some large sheep-yards or shearing sheds and occasional sheep feedlots. Sheep manure is
generally aged or composted, and distributed in bagged form.
• Manures from herbivorous zoo animals are generally collected and moved offsite, and
subsequently stockpiled, aged or composted, and bagged for retail sale.
Pig manure is plentiful, is readily available in southern Queensland, and has a high nutrient value,
but is less commonly used as a fertiliser in urban or peri-urban settings as the odour is unpleasant.
Animal manure is one of the group of materials classified under the Regulation as a ‘relevant fire
ant carrier’. This group also includes material that is a product or by-product of mining or
quarrying, or material that is a product or by-product of the processing of a plant – for example,
mulch, sawdust, green waste, compost. Although solid waste produced by processing an animal at
an abattoir (for example, blood and bone meal) is included within the broader regulated definition
of fire ant carriers, it is not identified as a form of relevant fire ant carrier.
The logic of the regulated conditions for mulch and other ‘relevant fire ant carriers’ is that persons
are referred first to Part 5 Section 69 of the Regulation. This provides requirements for the
disposal of fire ant carriers other than soil, and a carve-out to exempt persons from further
measures if the carrier is held for less than 24 hours. Persons who are holding the carrier for
longer than 24 hours, and are not disposing of it, are then referred to Section 71(2) which provides
conditions for storage.
An exemption to Section 71(2) is available in Section 71(3) for the management of potted plants
and turf, in the form of chemical treatment. A further exemption from Section 71(2) is then
available for relevant fire ant carriers in Section 71(3a), which directs the person to complying with
a standalone Section 71A: Keeping a relevant fire ant carrier in a fire ant biosecurity zone.
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• This section is broadly concerned with the regular disturbance of the carrier (at least every 21
days, and at least 24 hours before the carrier is moved) and record keeping attesting to this.
• Disturbing can include chipping, crushing, screening, shredding, turning or washing.
Importantly, however, persons are not required to comply with Section 71A (disturbance) if they
have instead complied with Section 71(2) (storage).
The text for Section 71A is given below (emphasis added):
Part 5 Section 71A: Keeping a relevant fire ant carrier in a fire ant biosecurity zone
1. This section applies to a person who puts or otherwise deals with a relevant fire ant carrier in a
place within a fire ant biosecurity zone, unless the person complies with section 71(2) for the
carrier.
2. The person must—
a) ensure the relevant fire ant carrier is disturbed—
i.

at least every 21 days while the carrier is kept at the place; and

ii.

at least 24 hours before the carrier is moved to another place; and

b) keep a written record stating how and when the relevant carrier was disturbed.
3. In this section—
disturb, in relation to a relevant fire ant carrier, means carrying out 1 or more of the
following—
a) chipping the carrier;
b) crushing the carrier;
c) screening the carrier, including, for example, by passing the carrier through a screening
bucket, grate or other sieve;
d) shredding the carrier;
e) turning the carrier;
f) washing the carrier.
relevant fire ant carrier means—
d) animal manure; or
e) material that is a product or by-product of mining or quarrying; or
Examples—
chitters, coal fines, coal stone, decomposed granite, gravel, overburden
f) material that is a product or by-product of the processing of a plant, or something that
comes from a plant.
Examples—
mulch, sawdust, green waste, compost
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The rendition of these conditions on the NRIFAEP website is not consistent with the Regulation. In
reference to the storage of animal manure, the website states (emphasis added) that: ‘If the
animal manure will remain on the property for over 24 hours, it must be covered and stored either
on or off the ground’. It is only in the following section (disturbance) that this is clarified with the
statement (emphasis added) that, ‘Anyone storing animal manure must either comply with the
storage requirements above or disturb any stockpiles periodically to prevent fire ants building nests
within the stockpile’. It seems likely that a proportion of individuals will misunderstand these
contradictory directions.
Following the discussion about disturbance there is then (on the NRIFAEP website) a final section
providing advice about perimeter treatments. Under the Regulation, however, such treatment is
only required if the storage options in Section 71(2) are adopted instead of the disturbance
options in Section 71A. Again, it seems likely that some individuals will misconstrue this direction.

12.2

Stakeholder consultation

Of the eight stakeholders who provided a written opinion of the effectiveness of the regulated
controls for the management and movement of animal manures, one considered them very
effective, two effective, four somewhat effective and one ineffective (Figure 35).
The general view amongst stakeholders was that the regulated controls for the management and
movement of animal manure were practical and achievable in most settings, although with some
difficulty. There was, however, little, if any, substantiation of this view.
One respondent believed that semi-commercial operations, such as roadside stalls with bagged
manures, presented a significant risk for the program. There was also a concern around the
management of animal manure on farms within the Biosecurity Zones.
Another respondent believed that fire ants had been identified in both manure stockpiles and
bags, although conceded that the latter was more likely to have been an infestation through a tear
in the base of the bag – as opposed to fire ants being present within the sealed bag itself.
There were no further substantive comments.

Figure 35 Stakeholder evaluation of regulated controls for animal manures
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12.3

Risk assessment pathway

The pathway diagram in Figure 36 provides a schematic overview of the steps between the
sourcing of animal manure and its delivery to a consumer. Although the supply chains for the
various forms of animal manure differ to some extent, most will be stockpiled at their source (or in
a primary point of assimilation) for the purpose of ageing or composting and may then be further
processed or bagged. Manures that are not bagged may be supplied directly to the place of
utilisation; or may be supplied in bulk form to be stockpiled for further distribution. At each point
of stockpiling (where the pile remains for more than 24 hours), the mitigations for this carrier
must be applied. Manures that have been processed (e.g. pelletised poultry manure) and bagged
for retail sale (including disturbance, followed by high pressure packaging or vacuum sealing) are
considered a substantially lower risk. This position was reflected in scientific advice provided by
the NRIFAEP to a free-range poultry farm in 2018.
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Figure 36 Pathway for the management and movement of animal manure
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12.4

Qualitative assessment of risk

12.4.1 Production and supply of organic mulch and composted growing media
This step describes the likelihood that bagged or bulk animal manure will be infested by a fire ant
queen and a sufficient number of workers, or by a mated female alate, at the place of its
assimilation or processing as a commodity.

12.4.1.1 Risk factors
Animal manure may be distributed for use directly from the place where it has been collected and
stockpiled, or it may be moved to a place that provides for commercial distribution in bulk form
and/or bagging.
The litter from intensive animal establishments will provide a suitable nesting substrate for fire
ants, both within the facility from where it will be collected and in stockpiles. This has been
observed by the NRIFAEP, and was corroborated in 2001 in a small NRIFAEP experimental study
which showed that fire ants would nest in damp (poultry) manure and would forage in both dry
and damp manure. Infestation is less likely for manure collected in Zone 1 than Zone 2, as the
suburbs within Zone 1 have received repeated broad-scale treatments or eradication activities in
line with carrier movement controls and sanctions to reduce human-assisted spread of fire ants.
Infestation of stockpiles may result either from the migration of a queen and workers, or from a
recently-mated female alate alighting from a nuptial flight. Virtually all of the fire ant colonies in
southeast Queensland are monogyne and, as monogyne colonies do not bud, this form of fire ant
relies principally on nuptial flights as its method for dispersal (Section 6.1). Although less likely,
infestation can also result from the migration of a fire ant queen and workers (SP6). The distance
over which a queen and workers is likely to travel will be less than that of an airborne mated
female alate (SP6) and, for this reason, the presence and density of nests on-site or on adjoining
properties will be important. In either case, infestation pressure is likely to be higher in Zone 2
than Zone 1, as the suburbs within Zone 1 have received repeated broad-scale treatments or
eradication activities in line with carrier movement controls and sanctions to reduce humanassisted spread of fire ants.
The survival of a queen and workers, a queen in a claustral chamber, or a mated female alate,
within a stockpile of animal manure will not be threatened unless the stockpile is very dry and
desiccated (e.g. some stockpiles of poultry manure) or being subjected to ongoing disturbance.
This can result from the regulated controls (below) or from the ongoing remodelling of the
stockpile with earthmoving equipment. The latter may make it difficult for returning foraging
workers to locate the queen and colony and provide for its sustenance. Disturbance with
earthmoving equipment may also lead to the disruption of nests and the physical separation of the
queen from her workers, or the disruption of a claustral chamber. However, as noted in NRIFAEP
Science Advice, this will not be completely reliable as a mitigation as nests have been detected in
stockpiles managed in this way.
Bagged animal manure is likely to be of substantially lower risk (Section 6.2.9). Scientific advice has
been given by the NRIFAEP in support of the effect of bagging (in this case, bark and wood chip
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mulches) in correspondence between the NRIFAEP and New South Wales. However, it was also
noted that scientific advice to the contrary had been provided by the NRIFAEP in respect of a semicommercial supplier of composted horse manure. Here, the assessor concluded that bagging the
product would not reduce the risk of translocating fire ants. It seems likely that the particular
circumstances of the semi-commercial operation influenced this opinion.
An established fire ant nest within and around stockpiles of animal manure will be reasonably
visible, and able to be detected by educated or trained observers if the stockpiles are inspected
closely (with approximately 80% success) (Section 6.2.1). Although in mulch, as opposed to animal
manure, the fire ant nests shown in video footage supplied by the NRIFAEP, and in various
photographs placed on the NRIFAEP website, would be readily identifiable. The NRIFAEP has
identified fire ant nests in manure stockpiles. An incipient infestation consisting only of a newly
mated female alate and brood, however, is not likely to be detected (SP9) (Section 6.2.1).

12.4.1.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures at this step include:
• Section 71(2): Covering the animal manure in a way that prevents fire ants from infesting it (e.g.
in a shed or under a shade cloth or tarpaulin), and either keeping it off the ground (e.g. in a truck
or trailer or on an elevated platform) or at ground level on a fire ant resistant surface. If the
animal manure is kept at ground level then the area where it is stored must be treated with an
appropriate barrier chemical to create a 30 cm wide chemical perimeter.
• Section 71A: The alternative to secure storage (above) is regular disturbance, at least every 21
days while the animal manure is kept at the place, and at least 24 hours before it is moved to
another place. A written record stating how and when the manure was disturbed, must be
maintained. In this context, disturbance can include chipping, crushing, screening, shredding,
washing or turning.

12.4.1.3 Strength and practicality of controls
Although the principles underpinning the effectiveness of secure storage will be essentially the
same as discussed in the context of stockpiled soil (Section 7.4.2), the key difference between
excavated soil, and animal manures is that commercial products such as animal manures have
significant value and are generally maintained in controlled conditions. This will typically include
cement bays that can be easily accessed by earthmoving equipment. In some cases, these bays will
be roofed. In other cases, removable covers would at least be more practical than likely for many
stockpiles of excavated soil.
Bagged product will generally be stored under cover and off the ground, as the bags themselves
are not necessarily waterproof. The Regulation clarifies ‘above ground level’ with the example of a
truck or trailer, or an elevated platform (Section 6.2.7). Taken to this extent, protection from a
migrating queen and workers, or a mated female alate, is likely to be sufficient. Bulk animal
manure will generally be stored at ground level and, if disturbance (below) is not applied, then it
must be on a fire ant resistant surface (Section 6.2.5). If the surface is selected and maintained in
accordance with the Regulation, then this alternative is likely to be effective. However, the
practical reality may be that cracks or tears in the surface are present, or that its treatment is not
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enacted precisely as directed, and in these circumstances manure stored at ground level is likely to
provide an attractive setting for infestation by a queen and workers (SP5). Likewise, one of the
stakeholders contacted in this review had observed fire ants to have chewed through thick plastic
sheeting. A 30 cm barrier treatment (Section 6.2.8) will be an effective mitigation against the
ingress of a migrating colony, provided the barrier is completely intact. Stockpiles that are
regularly disturbed using heavy earthmoving equipment, however, are unlikely to have an intact
chemical barrier.
Regular disturbance (Section 6.4.5) is the alternative to secure storage and is intended to either
separate a queen from her workers or to disrupt a queen and brood within a claustral chamber.
This notwithstanding, there is very little empirical evidence for the efficacy of disturbing either an
established or incipient nest, and for the rigour of different disturbance methodologies. The
Regulation specifies two broad groups of methods. The first includes chipping, crushing, screening,
shredding and washing. These methods are likely to be effective, although generally confined to a
materials-processing setting and not likely to be feasible as an approach to the ongoing
management of stockpiles of animal manure. Turning is the second form of disturbance and the
equipment required will be available on most sites where mulch is produced and stockpiled.
Turning is not likely, however, to achieve the same level of disturbance as the materials-processing
methods (chipping, crushing, screening, shredding and washing). A bobcat, for example, is used to
periodically turn the horse manure stockpiles shown in Figure 37. The incomplete efficacy of
disturbance by turning was noted in scientific advice provided to a landscape supplies retailer,
‘High turn-over of product would reduce the risk of fire ant establishment in product, however
product subject to longer storage, particularly on earthen ground requires an added level of risk
mitigation’. The advice given in this example was to supplement regular disturbance with the use
of baits (Section 6.2.10).
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Figure 37 Stockpiles of horse manure on a riding establishment
Source: NRIFAEP

12.4.1.4 Conclusions: production and supply of animal manure
Animal manure may be infested at the point of production. In addition, stockpiles will be attractive
to a migrating queen and workers or to a mated female alate. The risk of infestation of stockpiles
will be heightened in Zone 2, where the density of fire ant nests is greater. Stockpiling on a
chemically treated barrier will remove some of the risk associated with migrating colonies.
Likewise, covering stockpiles will remove some of the risk associated with airborne mated female
alates. Bagged product should be considered a substantially lower risk than bulk. Storing stockpiles
or bagged product in an enclosed shed will provide effective mitigation against both migrating
colonies and mated female alates. Regular disturbance undertaken by turning a stockpile with
earthmoving equipment may not be effective and will be difficult for both an operator and
inspector to assess. Removing stockpiles within 24 hours is likely to be effective in minimising the
risk of infestation from either migrating colonies and mated female alates.

12.4.2 Wholesale or retail sale of animal manure
12.4.2.1 Risk factors
This step describes the likelihood that a fire ant queen and workers, or a mated female alate, will
infest animal manure at the point of wholesale or retail sale.

Review of Red Imported Fire Ant Scientific Principles and Controls | 259

12.4.2.2 Relevant controls
A proportion of the animal manure offered for wholesale or retail sale is in bagged form. Bagged
product is significantly less likely to be infested than bulk product. Factors relevant to the
exposure of bulk manure in a wholesale or retail setting will be essentially the same as those
discussed in the context of stockpiles in the place of manufacture (Section 12.4.1). In this setting,
stockpiles may be at risk from infestation by a migrating queen and workers, or by a mated female
alate.

12.4.2.3 Strength and practicality of controls
The effectiveness or practicality of the measures discussed in Section 12.4.1 apply equally here.

12.4.2.4 Conclusions: wholesale or retail sale of animal manure
Bagged animal manure is significantly less likely to be infested in a wholesale or retail setting than
bulk product (Section 6.2.9). The exposure of bulk (unbagged) manure will be broadly the same as
the exposure of stockpiles in the place of manufacture. The regulated controls are also the same.
Both are discussed in Section 12.4.1. These controls focus on covering the stockpiles and ensuring
appropriate on-ground or off-ground storage; or disturbing stockpiles every 21 days while the
manure is kept at the place and at least 24 hours before it is moved to another place.

12.4.3 Utilisation of animal manure
This step describes the likelihood that a viable fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be released into the environment
when animal manure is used.

12.4.3.1 Risk factors
In most settings, there are unlikely to be any substantive barriers to the establishment of fire ants
given the translocation and release of a queen and a sufficient number of workers, a queen in a
claustral chamber, or a mated female alate. This applies equally to bagged and bulk product. This
is not to dismiss a range of site-specific factors that are likely to be relevant – including, for
example, any ongoing disruption of the deposited manure, by hand or by earthmoving equipment,
or an absence of water or other requirements.

12.4.3.2 Relevant controls
The only regulated (Biosecurity Regulation 2016) measure that applies to this step is the
underlying restriction on the movement of spoiled product to waste facilities (Section 6.5) within
the Biosecurity Zones. Under this restriction, animal manure can only be moved (without a BIP)
directly from a place in Zone 1 to a waste facility in Zone 1 or 2; or from Zone 2 directly to a waste
facility in Zone 2.
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The chief effect of this policy will be to alter the consequences should fire ants be included with
product that is disposed of in this way. This is because Zone 1 represents an area progressing
toward eradication, while Zone 2 is a containment area. The establishment of fire ants in a place in
Zone 1, as a result of the disposal of animal manure would have greater consequences for the
NRIFAEP than an establishment in Zone 2 and, for this reason, mulch from Zone 2 cannot be
disposed of within Zone 1.

12.4.3.3 Strength and practicality of controls
Animal manures are not generally moved on the same scale as organic mulch and composted
growing media, and it would be unusual for difficulties to arise in the context of the logistics of
major public works and development projects. It is, however, possible that some operators may
mistakenly move mulch from Zone 2 to Zone 1 (or even outside the Biosecurity Zones), as the
boundaries for the zones are not implemented through any form of physical control. 37

12.4.3.4 Conclusions: utilisation of animal manure
In most settings, there are unlikely to be any substantive barriers to the establishment of fire ants
– given the translocation of a viable fire ant queen and a sufficient number of workers, a queen in
a claustral chamber, or a mated female alate, with the utilisation of animal manure. Restrictions
on the movement of damaged or aged (waste) product that are encoded in the Regulation will
primarily limit the consequences of translocating fire ants. This is reflected in the risk matrix given
in Table 19 (Section 5.6).

12.4.4 Outcomes: qualitative risk assessment
Regulated movements of animal manure: these products are sold in two fundamentally different
forms: bagged and in bulk. Bagged product carries a substantially lower risk (Section 6.2.9). In
broad terms, the Regulation provides two levels of protection against the movement of fire ants
with animal manures.
• First, are generic measures that apply to all fire ant carriers other than soil. These include
restrictions on the movement of the carrier between and outside of the Biosecurity Zones. There
is also a caveat permitting movement if the carrier has been held for less than 24 hours.
• An individual wishing to go beyond these measures may either apply for a BIP, or consider two
further alternatives
– Covered storage of manure, with conditions for on-ground and off-ground arrangements
– Regular disturbance of stockpiles.
Because the second of these two options cannot be applied to bagged product, this must be
stored appropriately. Individuals complying with either of the two options (covered storage or
regular disturbance) may move animal manures within, between or outside the Biosecurity Zones.

37

This is an observation – it is not suggested that physical controls should be placed on the boundaries of Biosecurity Zones
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The measures directed at secure storage of product are intended to prevent infestation through
either a migrating queen and workers, or a mated female alate. Regular disturbance, on the other
hand, is intended to disunite queens from their workers, or disrupt a claustral chamber. The use of
the two strategies as options or alternatives may lead to a vulnerability for the carrier. This
applies, in particular, to the disruption of stockpiles, which can only be achieved through turning
(as opposed to the more rigorous materials-processing methods, such as chipping, crushing,
screening, shredding and washing) and is only likely to be completely effective if undertaken in an
extremely diligent and comprehensive manner. The secure storage of the bulk form of these
products may be more practical to achieve than for bulk soil, as the products themselves have a
high value and are generally stockpiled in concrete bays – frequently undercover, or able to be
covered. The secure storage of bagged product will also be relatively simple to accommodate in
most settings.
On balance, it is unlikely38 that the regulated bulk movement of animal manure from Zone 2 will
result in the translocation of a viable fire ant queen and a sufficient number of workers, a queen in
a claustral chamber, or a mated female alate, and the establishment of a new infestation. This
conservative assessment takes into consideration the higher density of nests in Zone 2. Accepting
this, it is very unlikely 39 that the regulated movement of these products in bulk from Zone 1 will
result in the establishment of a new infestation.
In bagged form, the risks associated with these products are substantially lower. For movements
originating in Zone 2, it is very unlikely 40 that bagged product will result in the translocation of a
viable fire ant queen and a sufficient number of workers, a queen in a claustral chamber, or a
mated female alate, and the establishment of a new infestation. This likelihood becomes
negligible 41 for movements originating in Zone 1.
These likelihoods were combined with the consequences of establishment in Zone 2, Zone 1 and
outside the Biosecurity Zones, using the matrix given in Section 5.6 (Table 19). It can be seen that
the regulated movement of organic mulch or composted growing media in bulk form from Zone 2
to a place outside the Biosecurity Zones is of high risk, and of medium risk if from Zone 1. The risks
associated with bagged product are lower, although the movement of bagged product from Zone
2 to a place outside the Biosecurity Zones is of medium risk (Table 32).

38

The outcome is uncommon, although known to occur in a range of circumstances (Table 18)

39

The outcome is rare, and only occurs in exceptional circumstances (Table 18)

40

The outcome is rare, and only occurs in exceptional circumstances (Table 18)

41

There is not a real chance or possibility that the outcome will occur (Table 18)
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Table 32 Residual regulated risks for manure

To Zone 2

To Zone 1

Outside the
Biosecurity Zones

Bulk from Zone 1
Likelihood is Very unlikely

Low

Low

Medium

Bulk from Zone 2
Likelihood is Unlikely

Low

Medium

High

Bagged from Zone 1
Likelihood is Negligible

Low

Low

Low

Bagged from Zone 2
Likelihood is Very unlikely

Low

Low

Medium

Considerations for interstate movements: only NSW has entry conditions for animal manure, and
these only since December 2019, when animal manure was included within the definition of
organic mulch. Interstate controls for organic mulch are discussed in Section 11.4.3.4.

12.5

Quantitative assessment of risk

A quantitative risk assessment was not specifically developed for manure as it is broadly similar to
organic mulch and composted growing media (Section 11.5).

12.6

Conclusions: animal manure

The conclusions and recommendations for the management and movement of animal manure are
effectively the same as those for organic mulch and composted growing media (Section 11.6).
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13 Management and movement of other fire ant
carriers
13.1

Management and movement controls

The NRIFAEP website describes three categories ‘other fire ant carriers’:
• Blended materials, for example soil blends or processed soils (soils that undergo screening,
crushing or blending with other materials, such as mulch)
• A product or by-product of mining or quarry works (e.g. gravels)
• A product or by-product of the processing of a plant, or something that comes from a plant (e.g.
sawdust and compost).
Soil was considered in Section , with a focus was on the management and movement of
excavated soil. This included clay, fill, building rubble, rocks and other material removed from the
ground at a site where earthworks are being carried out, and scrapings. Processed soil blends,
whilst considered by the NRIFAEP to be ’other fire ant carriers’, are better managed as a form of
organic mulch and composted growing media (Section 11). This category also includes most
products and by-products of the processing of a plant.
In view of the above, the assessment focusses on the following:
• Gravels
• Sands
• Chitters
• Coal fines
• Coal stone
• Decomposed granite
• Overburden.
For simplicity, this group has been abbreviated as gravels, sands and non-soil aggregates.
Under the Regulation, these commodities are considered ‘relevant fire ant carriers’. The controls
applicable to relevant fire ant carriers were described in Section 11.1 (Mulch) and reiterated in
Section 12.1 (Animal Manure). The logic of these regulated conditions for relevant fire ant carriers
is that persons are referred first to Part 5 Section 69 of the Regulation. This provides requirements
for the disposal of fire ant carriers other than soil, and a carve-out to exempt persons from further
measures if the carrier is held for less than 24 hours. Persons who are holding the carrier for
longer than 24 hours, and are not disposing of it, are then referred to Section 71(2) which provides
conditions for storage.
An exemption to Section 71(2) is available for relevant fire ant carriers in Section 71(3a), which
directs the person to complying with a standalone Section 71A: Keeping a relevant fire ant carrier
in a fire ant biosecurity zone.
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• This section is broadly concerned with the regular disturbance of the carrier (at least every 21
days, and at least 24 hours before the carrier is moved) and record keeping attesting to this.
• Disturbing can include chipping, crushing, screening, shredding, turning or washing.
Importantly, however, persons are not required to comply with Section 71A (disturbance) if they
have instead complied with Section 71(2) (storage).
The text for Section 71A is given below (emphasis added):
Part 5 Section 71A: Keeping a relevant fire ant carrier in a fire ant biosecurity zone
1. This section applies to a person who puts or otherwise deals with a relevant fire ant carrier in a
place within a fire ant biosecurity zone, unless the person complies with section 71(2) for the
carrier.
2. The person must—
a) ensure the relevant fire ant carrier is disturbed—
i.

at least every 21 days while the carrier is kept at the place; and

ii.

at least 24 hours before the carrier is moved to another place; and

b) keep a written record stating how and when the relevant carrier was disturbed.
3. In this section—
disturb, in relation to a relevant fire ant carrier, means carrying out 1 or more of the
following—
a) chipping the carrier;
b) crushing the carrier;
c) screening the carrier, including, for example, by passing the carrier through a screening
bucket, grate or other sieve;
d) shredding the carrier;
e) turning the carrier;
f) washing the carrier.
relevant fire ant carrier means—
g) animal manure; or
h) material that is a product or by-product of mining or quarrying; or
Examples—
chitters, coal fines, coal stone, decomposed granite, gravel, overburden
i) material that is a product or by-product of the processing of a plant, or something that
comes from a plant.
Examples—
mulch, sawdust, green waste, compost
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The rendition of these conditions on the NRIFAEP website is not consistent with the Regulation. In
reference to the storage of other fire ant carriers, the website states (emphasis added) that: ‘If the
materials will remain on the property for more than 24 hours, you must use 1 of the following
storage options’. It is only in the following section (disturbance) that this is clarified with the
statement (emphasis added) that, ‘Anyone storing 'other' high-risk materials' must either comply
with the storage requirements above or disturb any stockpiles periodically to prevent fire ants
becoming established in the stockpile’. It seems likely that a proportion of individuals will
misunderstand these contradictory directions.
Following the discussion about disturbance there is then (on the NRIFAEP website) a final section
providing advice about perimeter treatments. Under the Regulation, however, such treatment is
only required if the storage options in Section 71(2) are adopted instead of the disturbance
options in Section 71A. This un-regulated requirement for treatment, alongside disturbance, is
also evidenced in a number of the scientific advice reports that were provided by the NIRFAEP – to
the extent that, where treatment is impractical, insect growth regulator (IGR) baits are required.
Similar conditions were also be found in the ‘unusual’ BIPs for one-off movements that were
provided by the NRIFAEP for the purpose of this review. Again, it seems likely that some
individuals will misconstrue this direction.

13.2

Stakeholder consultation

Of the 14 stakeholders who provided a written opinion of the effectiveness of the regulated
controls for the management and movement of other fire ant carriers, one considered them very
effective, four effective, seven somewhat effective and two ineffective (Figure 38).
The key complaint for this category of fire ant carriers was the lack of clarity as to what the
category itself specifically included. It was pointed out by one stakeholder that, taken as written,
items such as cotton clothing and tinned peaches (both, technically, products or by-products of
the processing of a plant) would fall within the scope of the regulated definition.
This overarching concern notwithstanding, most respondents had interpreted the category in a
practical context to be occupied largely with quarried materials. This was consistent with the
interpretation used in this review. For these materials, the broad view was that the regulated
controls were not as rigorous (or otherwise aligned with) those given for soil, and that the reason
for this has not been supplied by the NRIFAEP.
In respect of the controls themselves, there was concern that some practices (e.g. secure storage)
were difficult to achieve at scale, or that the protocols were not otherwise being followed. This
was seen as an application in which self-regulation was not effective.
There was also a view that the practice of working or remodelling stockpiles deterred or destroyed
fire ants, as fire ant nests had been observed at the periphery of sites but not in the area where
stockpiles were being remodelled. Balancing this, however, was the alternative view that constant
infestation pressure from airborne alates negated the effectiveness of on-ground mitigations such
as secure storage and disturbance.
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Because these materials are often quarried and utilised within rural holdings (albeit in minor
quantities), there was also some uncertainty as to whether movement was only concerned with
movement of the carriers to another place or property.

Figure 38 Stakeholder evaluation of regulated controls for other fire ant carriers

13.3

Risk assessment pathway

The pathway diagram in Figure 39 provides a schematic overview of the steps between the
sourcing of gravels, sands and non-soil aggregates and their utilisation or disposal. The pathway
diagram is a stylisation, in the sense that the supply chain for each of the individual substrates will
differ. Some, such as gravel and sand, can be considered primary materials, and these are
generally sourced, stockpiled, distributed and utilised in a predictable way. Others, such as
crushed concrete, may be obtained from a recycling works, and stockpiled there for further
distribution.
Running across these disparate supply chains, however, is the overarching role that stockpiles of
gravels, sands and non-soil aggregates may play as an attractant to migrating fire ants or mated
female alates, and a substrate in or beneath which nests may be constructed. This common thread
carries through to the mitigations for this carrier, which focus on minimising the likelihood of
infesting a stockpile or maximising the separation of the queen from her workers, or the
disruption of a claustral chamber.
Although there is a physical similarity between soils, and gravels, sands and non-soil aggregates,
there is also an important difference in the approach to the regulation of their respective
management and movement controls:
• The management of soils follows a protocol with three key levels of protection (Section 7.1),
including:
1. If activities such as disturbance will not be practical, then inspect 2 weeks prior, and chemically
treat if fire ants found, and bait the area to minimise the likelihood of including live fire ants
2. Consider soil that has been excavated from the first 1 metre as higher risk, and manage
accordingly
3. Store (stockpile) soil in a way that will minimise the likelihood of infestation
a) Fire ant resistant surface, and
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b) 30 cm chemical perimeter (barrier), and
c) Covered (shed, under a shade cloth or tarpaulin), and
d) Disturbed every 21 days, and within 24 hours of movement.
Although the text within the Soil Movement Guideline is not completely unambiguous, the intent
appears to be that operators should ensure that each of these three levels of control is enacted,
to the extent that it is practical to do so, during the excavation, storage and movement of soil.
• The management of gravels, sands and non-soil aggregates, on the other hand, consists of two
options:
1. Appropriate storage, whether off the ground or on a treated fire ant resistant surface, or
2. Disturbance of the stockpile.
The first option provides for protection against infestation, while the second provides protection
against the establishment of a nest. Importantly, however, only one of the two approaches need
be applied in any given setting.
The difference in the approach to management and movement controls for soils, as opposed to
gravels, sands and non-soil aggregates, does not appear to rest on an obvious difference in the
suitability of the two carriers as substrates for fire ant nests. A 2002 NRIFAEP trial showed that
both gravel and crusher dust were suitable nesting substrates for fire ants. Likewise, a 2004
NRIFAEP trial found that fire ants showed no preference for soil over coarse-grade bentonite clay;
while a 2006 NRIFAEP trial reported the same result for moistened gravel – noting in the latter
case that the fire ants were able to live and carry on normal activities such as brood rearing and
tending the queen within the moistened gravel.
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Figure 39 Pathway for the management and movement of other fire ant carriers
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13.4

Qualitative assessment of risk

13.4.1 Production and supply of gravels, sands and non-soil aggregates
This step describes the likelihood that gravels, sands and non-soil aggregates will be infested by a
fire ant queen and a sufficient number of workers, or by a mated female alate, at the place of its
assimilation of processing as a commodity.

13.4.1.1 Risk factors
As noted above, some of these commodities, such as gravel and sand, can be considered primary
materials and these are generally sourced, stockpiled, distributed and utilised in a predictable way.
Others, such as crushed concrete, may be obtained from a recycling works, and stockpiled there
for further distribution. Each of these commodities, however, is broadly suitable as a nesting
substrate for fire ants – provided that there is moisture and a source of nutrition within the
browsing range of workers. A 2002 NRIFAEP trial showed that both gravel and crusher dust were
suitable nesting substrates for fire ants. Likewise, a 2004 NRIFAEP study found that fire ants
showed no preference for soil over coarse-grade bentonite clay; while a 2006 NRIFAEP study
reported the same result for moistened gravel – noting in the latter case that the fire ants were
able to live and carry on normal activities such as brood rearing and tending the queen within the
moistened gravel. Neither of these trials was large or sophisticated, and appeared to have been
intended as preliminary proof-of-concept works.
Infestation of stockpiles may result either from the migration of a queen and workers, or from a
recently-mated female alate alighting from a nuptial flight. Virtually all of the fire ant colonies in
southeast Queensland are monogyne and, as monogyne colonies do not bud, this form of fire ant
relies principally on nuptial flights as its method for dispersal (Section 6.1). Airborne mated female
alates target disturbed, open, moist and reflective areas (SP4), and stockpiled gravels, sands and
non-soil aggregates will be considered attractive. Although less likely, infestation can also result
from the migration of a fire ant queen and workers (SP6). The distance over which a queen and
workers is likely to travel will be less than that of an airborne mated female alate (SP6) and, for
this reason, the presence and density of nests on-site or on adjoining properties will be important.
In either case, infestation pressure is likely to be higher in Zone 2 than Zone 1, as the suburbs
within Zone 1 have received repeated broad-scale treatments or eradication activities in line with
carrier movement controls and sanctions to reduce human-assisted spread of fire ants.
The survival of a queen and workers, a queen in a claustral chamber, or a mated female alate,
within a stockpile of gravels, sands and non-soil aggregates will not be threatened unless the
stockpile is being subjected to ongoing disturbance. This can result from the regulated controls
(below) or from the ongoing remodelling of the stockpile with earthmoving equipment. The latter
may make it difficult for returning foraging workers to locate the queen and colony and provide
for its sustenance. Disturbance with earthmoving equipment may also lead to the disruption of
nests and the physical separation of the queen from her workers, or the disruption of a claustral
chamber. This will not, however, be completely reliable as a mitigation as nests have been
detected by the NRIFAEP in stockpiles managed in this way.
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An established fire ant nest within and around stockpiles of gravels, sands and non-soil aggregates
will be reasonably visible, and able to be detected by educated or trained observers if the
stockpiles are inspected closely (with approximately 80% success) (Section 6.2.1). An incipient
infestation consisting only of a newly mated female alate and brood, however, is not likely to be
detected (SP9).

13.4.1.2 Relevant controls
Regulated (Biosecurity Regulation 2016) measures at this step include:
• Section 71(2): Covering gravels, sands and non-soil aggregates in a way that prevents fire ants
from infesting it (e.g. in a shed or under a shade cloth or tarpaulin), and either keeping them off
the ground (e.g. in a truck or trailer or on an elevated platform) or at ground level on a fire ant
resistant surface. If gravels, sands and non-soil aggregates are kept at ground level then the area
where they are stored must be treated with an appropriate barrier chemical to create a 30 cm
wide chemical perimeter.
• Section 71A: The alternative to secure storage (above) is regular disturbance, at least every 21
days while gravels, sands and non-soil aggregates are kept at the place and at least 24 hours
before they are moved to another place. A written record stating how and when the gravels,
sands and non-soil aggregates were disturbed, must be maintained. In this context, disturbance
can include chipping, crushing, screening, shredding, washing or turning.

13.4.1.3 Strength and practicality of controls
Gravels, sands and non-soil aggregates are used on construction and other civil works projects and
are frequently managed and moved in considerable quantities. In these settings, stockpiles may be
substantial, and covered storage is unlikely to be feasible. In the context of landscaping supplies,
however, these materials will be stockpiled in much smaller quantities – including in cement bays
that can be easily accessed by earthmoving equipment. In some cases, these bays will be roofed.
In other cases, removable covers would at least be more practical than likely for many stockpiles
of excavated soil.
Gravels, sands and non-soil aggregates are heavy, and would rarely be stored off the ground.
Stored at ground level, the product must be on a fire ant resistant surface (Section 6.2.5). If the
surface is selected and maintained in accordance with this provision, then this alternative is likely
to be effective. However, the practical reality may be that cracks or tears in the surface are
present, or that its treatment is not enacted precisely as directed, and in these circumstances
organic mulch and composted growing media stored at ground level are likely to provide an
attractive setting for infestation by a queen and workers (SP5). Likewise, one of the stakeholders
contacted in this review had observed fire ants to have chewed through thick plastic sheeting. A
30 cm barrier treatment will be effective mitigation against the ingress of a migrating colony,
provided the barrier is completely intact (Section 6.2.8). Stockpiles that are regularly worked using
heavy earthmoving equipment, however, are unlikely to have an intact chemical barrier. This was
emphasised in the APVMA permit, which states that, “Pesticide barriers that have been physically
disturbed by landscaping, excavation etc. will need to have the pesticide re-applied to restore
continuity of the barrier”. The position has also been underlined by the NRIFAEP in scientific advice
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provided to (for example) a resource recovery site on which processed soils, sand, mulch and
aggregates were stockpiled.
Regular disturbance is the alternative to secure storage and is intended to either separate a queen
from her workers or to disrupt a queen and brood within a claustral chamber (Section 6.4.5).
There is, however, very little empirical evidence that identifies the rigor required for different
disturbance methodologies to ensure the effective disruption of an established or incipient nest.
The materials processing methods (in particular, crushing, screening and washing) may be
included as process steps in the sourcing and preparation of gravels, sands and aggregates and, in
this context, are likely to be effective in disrupting a queen and workers or a claustral chamber.
Turning is more likely to be used to manage stockpiles (Figure 40) and is not likely to achieve the
same level of disruption. The incomplete efficacy of disturbance by turning was noted in scientific
advice provided in reference to a site used for the distribution of containers containing
refrigerated goods, ‘High turn-over of product would reduce the risk of fire ant establishment in
product, however product subject to longer storage, particularly on earthen ground requires an
added level of risk mitigation’. The advice given in this example was to supplement regular
disturbance with the use of baits (Section 6.2.10).

Figure 40 Stockpiles of sands and aggregate on the Gold Coast Pacific Motorway upgrade
Source: https://infrastructuremagazine.com.au

As a final note, whilst the logic of a 21-day interval for disturbance of a stockpile is fundamentally
sound when referenced against the period required for colony establishment (SP9), it is also likely
that on some larger or more complex projects this requirement may not be performed
consistently, or across all stockpiles. In support of this, scientific advice provided by the NRIFAEP in
2018 in the context of a major resource recovery centre (waste facility) included the statement
that, ‘The size of some of the stockpiles in the images provided are large, raising doubt that all
stockpiles have been receiving the full level of disturbance required by the Permit’.
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13.4.1.4 Conclusions: production and supply of gravels, sands and non-soil aggregates
Stockpiled gravels, sands and non-soil aggregates will be suitable nesting substrates for fire ants
and are likely to attract infestation from either a migrating colony or from a mated female alate.
This risk will be heightened in Zone 2, where the density of fire ant nests is greater. Stockpiling on
a chemically treated barrier will remove some of the risk associated with migrating colonies.
Likewise, covering the stockpile, if practicable, will remove some of the risk associated with mated
female alates. Removing the soil stockpile within 24 hours is likely to be effective in minimising the
risk of infestation from either migrating colonies or mated female alates. The disturbance of
stockpiles at the prescribed interval, and within 24 hours of its movement offsite, is likely to
minimise the persistence of an established or incipient colony if it is performed in a manner that is
extremely thorough and comprehensive. There is the possibility, however, that isolated queens
and queenless colonies of workers may unite; or that mated female alates will either continue to
lay eggs within the disturbed stockpile or will be protected from the disturbance activity by
nesting in a protected location. Whilst an established fire ant within, or at the periphery of, a
stockpile of gravels, sands and non-soil aggregates may be detected, the same is not true for an
incipient nest.

13.4.2 Wholesale and retail sale of gravels, sands and non-soil aggregates
This step describes the likelihood that a fire ant queen and workers, or a mated female alate,
infest gravels, sands and non-soil aggregates during storage at a wholesaler or retailer or depot.

13.4.2.1 Risk factors
Although this step in the pathway broadly represents a retail setting or a depot – as opposed to
the place where gravels, sands and non-soil aggregates were assembled for distribution (Section
12.4.1 above) – most ecological and other considerations relevant to the infestation of stockpiles
are likely to be similar. In particular, this applies to the proximity and prevalence (density) of
undetected fire ant nests in the area, and the infestation and treatment history of the
establishment.

13.4.2.2 Relevant controls
The measures applicable to this step in the pathway are the same as those described in Section
12.4.1.

13.4.2.3 Strength and practicality of controls
The vulnerability of measures applicable to this step in the pathway are the same as those
described in Section 12.4.1.
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13.4.2.4 Conclusions: wholesale and retail sale of gravels, sands and non-soil aggregates
The exposure of stockpiles of gravels, sands and non-soil aggregates within a wholesale or retail
setting will be broadly the same as their at the place where they were first assembled for
distribution (Section 12.4.1). The regulated controls are also the same.

13.4.3 Utilisation of gravels, sands and non-soil aggregates
This step describes the likelihood that a viable fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, will be released into the environment
when gravels, sands and non-soil aggregates are delivered and used.

13.4.3.1 Risk factors
One of the characteristics of gravels, sands and non-soil aggregates is that they are frequently restockpiled at the point of use. These can be small stockpiles in residential or minor works settings,
or large stockpiles on major civil developments and municipal works. Materials are taken from
these stockpiles and used in the manner required. This assessment is concerned with the
translocation of fire ants through the movement of carriers. Thus, whilst stockpiles may, in either
setting, attract a migrating fire ant queen and workers, or a mated female alate, this has not been
considered. Of relevance, however, is the ability of a translocated fire ant queen and workers, a
queen in a claustral chamber, or a mated female alate, to establish a nest in or adjacent to the
stockpile, or to move from the stockpile into the environment.
Aside from the disruptive effects of unloading the gravels, sands and non-soil aggregates, there
are not likely to be any remaining substantive barriers to the establishment of fire ants. This is not
to dismiss a range of site-specific factors that are likely to be relevant – including, for example, any
ongoing disruption of stockpiles, by hand or earthmoving equipment, or an absence of water or
other requirements.

13.4.3.2 Relevant controls
The only regulated (Biosecurity Regulation 2016) measure that applies to this step is the
underlying restriction on the movement of product to waste facilities (Section 6.5) within the
Biosecurity Zones. Under this restriction, gravels, sands and non-soil aggregates can only be
moved (without a BIP) directly from a place in Zone 1 to a waste facility in Zone 1 or 2; or from
Zone 2 directly to a waste facility in Zone 2.
The chief effect of this policy will be to alter the consequences should fire ants be included with
product that is disposed of in this way. This is because Zone 1 represents an area progressing
toward eradication, while Zone 2 is a containment area. The establishment of fire ants in a place in
Zone 1, as a result of the disposal of gravels, sands and non-soil aggregates would have greater
consequences for the NRIFAEP than an establishment in Zone 2 and, for this reason, mulch from
Zone 2 cannot be disposed of within Zone 1.
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13.4.3.3 Strength and practicality of controls
Gravels, sands and non-soil aggregates are not perishable, and cannot spoil, and are not generally
disposed of in a waste facility in the way that some organic mulches may be.
On some large and complex projects, however, it may be difficult for individual operators to retain
records of the movement of gravels, sands and non-soil aggregates, that are sufficiently complete
to enable consistent identification of at-risk consignments. This observation is most likely to occur
to major public works and development projects, where a number of earthmoving and disposal
contractors may be involved. It is also possible that some operators may mistakenly move these
commodities from Zone 2 to Zone 1 (or even outside the Biosecurity Zones), as the boundaries for
the zones are not implemented through any form of physical control. 42

13.4.3.4 Conclusions: utilisation of gravels, sands and non-soil aggregates
In most settings, there are unlikely to be any substantive barriers to the establishment of fire ants
– given the translocation of a viable fire ant queen and a sufficient number of workers, a queen in
a claustral chamber, or a mated female alate, with the delivery and utilisation of gravels, sands
and non-soil aggregates. Restrictions on the movement of product that are encoded in the
Regulation will primarily limit the consequences of translocating fire ants. This is reflected in the
risk matrix given in Table 19 (Section 5.6).

13.4.4 Outcomes: qualitative risk assessment
Regulated movements of gravels, sands and non-soil aggregates: this assessment focussed on
gravels, sands and non-soil aggregates. Under the Regulation, these materials are considered
‘relevant fire ant carriers’. The regulated management and movement controls for relevant fire
ant carriers rest largely on two options: appropriate covered storage, whether off the ground or
on a treated fire ant resistant surface; or regular disturbance of the stockpile. This is substantially
less rigorous than the controls required for soil, and yet there is not an obvious difference in the
risks attached to the two substrates – in particular, when stockpiled. The situation is made more
concerning by the observation that both secure storage and regular disturbance are likely to be
challenging on major public works and development projects where stockpiles and materials
movements are frequently substantial.
In view of this, it was considered likely 43 that the regulated movement of materials from Zone 2
will result in the translocation of a viable fire ant queen and a sufficient number of workers, a
queen in a claustral chamber, or a mated female alate, and the establishment of a new infestation.
This conservative assessment takes into consideration the higher density of nests in Zone 2.
Accepting this, it is possible 44 that the regulated movement of these products in bulk from Zone 1
will result in the establishment of a new infestation.

42

This is an observation – it is not suggested that physical controls should be placed on the boundaries of Biosecurity Zones

43

The outcome is expected to occur in most circumstances (Table 18)

44

The outcome may occur (Table 18)
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These likelihoods were combined with the consequences of establishment in Zone 2, Zone 1 and
outside the Biosecurity Zones, using the matrix given in Section 5.6 (Table 19). It can be seen that
the regulated movement of gravels, sands and non-soil aggregates from Zone 2 to Zone 2 or Zone
1, or to a place outside the Biosecurity Zones, is of high or extreme risk, respectively. The
movement of gravels, sands and non-soil aggregates from Zone 1 is of lower risk (Table 33).
Table 33 Residual regulated risks for gravels, sands and non-soil aggregates

From Zone 1
Likelihood is Possible
From Zone 2
Likelihood is Likely

To Zone 2

To Zone 1

Outside the
Biosecurity Zones

Medium

High

High

High

High

Extreme

Considerations for interstate movements: none of the states and territories have entry conditions
for soil blends or processed soils, gravels, sands, chitters, coal fines, coal stone, decomposed
granite and overburden.

13.5

Quantitative assessment of risk

13.5.1 Model structure
In line with the qualitative assessment, the quantitative assessment of ‘other’ carriers focussed on
gravels, sands and non-soil aggregates. We adopted a similar quantitative risk assessment model
as for the management and movement of soils (see Section 7.5). However, unlike for soils, for
simplicity we assumed that during sourcing (normally quarrying), the gravels, sands and non-soil
aggregates remain free of a fire ant infestation. In the quantitative assessment, we focused on the
two exposure and infestation risks associated with the storage of the quarried gravels, sands and
non-soil aggregates as a stockpile following quarrying but prior to moving it off-site (Figure 41):
• An established queen with a sufficient number of workers (10 to 25; Tschinkel, 2006) may
relocate into the stockpile from its surroundings on the property
• A mated female alate may land on the stockpile following a nuptial flight and establish an
incipient nest within the stockpile.
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Figure 41 Simplified BN model for gravels, soil and other non-soil aggregates
Notes: Simplified depiction of the BN model used to quantitatively assess risk associated with management and
movement of gravels, soil and other non-soil aggregates (GSA) (i.e. the likelihood that at least one viable fire ant
queen is released from the GSA at a destination property following movement off a source property).

13.5.2 Controls
We examined the following two regulated controls:
• Secure storage, including
– A secure physical and/or chemical barrier
– Covering
• Regular physical disturbance every 21 days and least 24 hours before the material is moved
A range of other non-regulated controls may be available, especially those aimed at managing fire
ant prevalence or gathering observational evidence at the property level (e.g. prophylactic
baiting or inspection). These controls were included in the BN model (Figure 41) but were not
assessed here (refer to the scenario analysis for the management and movement of soils in
Section 7.5). Further details about each of the evaluated controls are provided in Appendix C.7,
noting that all assumptions were the same as for the management and movement of soil
(Appendix C.3).

13.5.3 Scenario analysis
As for other fire ant carriers, the influence of the controls, and alternative assumptions about their
efficacy, on reducing the residual likelihood that at least one viable fire ant queen survives in a
stockpile of gravels, sands or non-soil aggregates through to release at destination, were explored
via scenario analysis. Due to caveats related to uncertain model parameters (in particular, the
efficacy of controls, exposure to mated female alates or established colonies, etc., Appendix C.2),
results are most usefully compared relative to each other by orders of magnitude, rather than
taken as true quantitative estimates of risk. Release likelihood was estimated for 1,000 m2 of
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carrier surface area and a threshold of 1% release likelihood was used to denote and highlight an
unacceptable level of risk.
Without controls, the likelihood of releasing at least one established nest that has relocated into
1,000 m2 of stockpiled gravels, sands and non-soil aggregates was significant within the first 24
hours in Zone 2 (19.7%) and reached 1.9% in Zone 1 and 30% in Zone 2 after 3 months (Table 34).
Residual risk in Zone 2 remained relatively high even after disturbance (assumed moderately
effective), although all risk could be avoided through secure storage and a chemical barrier. Other
potential controls, such as property level inspection or prophylactic baiting may also reduce the
infestation risk posed by relocating established nests (see scenario analysis for soils in Section 6.5).
Importantly, the residual risk was sensitive to the suitability of the carrier for infestation and
survival by established fire ant queens, with risks being very low if the particular stored gravels,
sands and non-soil aggregates were in fact a poor fire ant carrier (e.g. due to absence of moisture),
even in the absence of controls.
Without controls, the likelihood of releasing at least one incipient nest that was established by a
mated female alate landing on a stockpile following a nuptial flight was negligible after 24 hours,
but became significant after 3 months in Zone 1 under the ‘high exposure’ scenario (7.3%), and in
Zone 2 even under the ‘random exposure’ scenario (17.3%). All risk could be avoided through
effective covering. However, where covering is not possible, moderately effective disturbance was
not sufficient to reduce residual risk below 1% in Zone 2. Results were sensitive to the suitability of
the carrier for infestation and survival by established fire ant queens, with the residual risk
following moderately effective disturbance being greatly reduced if suitability was moderate
(Table 34).
Table 34 Residual likelihood (%) that at least one queen is released from sand, gravel and non-soil aggregates
Scenarios

3 months storage

24h
stor
e

Established queen (nest)
Zone 1 Zone 2 Severe

Mated female alate (incipient nest)
Zone 1
Zone 2
Zone 2
Severe
(high)
(rando
(high)
(rando
m)
m)
0.0%
0.0%
0.8%
0.0%

No controls,
suitability (high)

0.8%

19.7%

81.2%

Zone 1
(rando
m)
0.0%

No controls,
suitability (high)
No controls,
suitability (mod.)
No controls,
suitability (poor)
Disturbance
(mod.), suitability
(high)
Disturbance
(mod.), suitability
(mod.)
Barrier (mod.),
suitability (high)
Barrier (eff.),
suitability (high)
Covering (mod.),
suitability (high)

1.9%

30.0%

91.0%

0.0068%

7.3%

17.3%

60.0%

77.2%

97.0%

0.2%

3.9%

54.1%

0.0007%

1.3%

2.3%

21.4%

37.9%

78.8%

0.0%

0.0%

0.5%

0.0%

0.0%

0.0%

0.8%

0.3%

33.9%

0.2%

3.9%

54.1%

0.1%

1.3%

2.3%

21.4%

37.9%

78.8%

0.0%

0.4%

5.4%

0.0%

0.1%

0.2%

2.7%

3.8%

38.0%

0.2%

3.9%

54.1%

N/A

N/A

N/A

N/A

N/A

N/A

0.0%

0.0%

0.0%

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

0.1%

1.3%

2.3%

21.4%

37.9%

78.8%
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Severe
(high)
37.5%

Scenarios
Covering (eff.),
suitability (high)

Established queen (nest)
N/A
N/A
N/A

0.0%

Mated female alate (incipient nest)
0.0%
0.0%
0.0%
0.0%

0.3%

Notes: Residual likelihood (%) that at least one viable fire ant queen is released from sand, gravel and non-soil
aggregates following infestation by established queens or mated female alates respectively. Control options are
compared for Zone 1, Zone 2 and a hypothetical “severely infested” landscape. For the infestation scenario ‘new
queen (incipient nest)’ we further distinguished between a random exposure and a high exposure scenario reflecting
different assumptions about pest pressure (see Appendix C.2) Controls in bold approximate regulated controls.
Release likelihoods were estimated for 1,000 m2 of carrier surface area. Likelihoods ≥ a 1% threshold for regulated
controls in Zone 1 or 2 indicate a potential vulnerability.

13.5.4 Outcomes: quantitative risk assessment
The quantitative modelling provided separate assessment outcomes for two infestation scenarios.
(Section 5.7.4):
• The movement and release of at least one viable established queen with a sufficient number of
workers that have relocated into a stockpile of gravels, sands and non-soil aggregates.
• The movement and release of at least one viable new queen with immature offspring that has
landed on a stockpile (as a mated female alate) following a nuptial flight and established an
incipient nest within.
Uncertainties in parameter estimates for both scenarios (in particular, for the infestation by mated
female alates) mean that outcomes should only be viewed in the context of each scenario. Direct
comparisons between the scenarios are not appropriate at this time.
Quantitative scenario analyses suggest that there is considerable residual risk from storing gravels,
sands and non-soil aggregates (when assessing the likelihood of at least one viable queen being
released from 1,000 m2 of carrier surface area) where effective secure storage is not possible. This
relates to both infestation risks posed by established nests relocating into a stockpile that has not
been securely protected by a physical and/or chemical barrier, and by mated female alates landing
on and establishing an incipient nest within a stockpile that has not been effectively covered, for
extended periods (e.g. 3 months). Risk was most significant for the management and movement of
gravels, sands and non-soil aggregates stockpiled in Zone 2, where pest pressure from established
fire ant nests, and the resulting time-dependent carrier exposure to viable fire ant queens, was
expected to be, on average, much higher than in Zone 1 in the absence of evidence indicating
otherwise. If the particular stored gravels, sands and non-soil aggregates are in fact a poor or
moderately suitable fire ant carrier, this risk profile changed considerably.

13.6

Conclusions: other fire ant carriers

In summary: gravels, sand and non-soil aggregates are a subset of the broader range of ‘other fire
ant carriers’ that is included on the NRIFAEP website. Gravels, sands and non-soil aggregates are
not generally bagged, and are often used on major public works and development projects where
the large quantities involved are likely to impact on the feasibility of covering stockpiles or
disturbing them adequately. In contrast to soils, the Regulation permits the movement of gravels,
sand and non-soil aggregates outside the Biosecurity Zones if the regulated conditions have been
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met. Given the likely attraction of stockpiles of gravels, sand and non-soil aggregates to fire ants
this results in the highest residual risk obtained from this review.
The discussion and assessment in Sections 13.1 to 13.5 highlighted a range of key science-based,
controls-based and process-based outcomes, and a number of areas where data gaps are
impacting on either the assessment of risk or its control.
Science-based outcomes: the dominant theme for the assessment of gravels, sands and non-soil
aggregates, and other carriers, is the progressive shift from a mixed incursion of polygyne and
monogyne fire ants, to one that is almost completely monogyne. In the context of the
management and movement of gravels, sands and non-soil aggregates, the key ramification of this
is that airborne mated female alates will be the principal method by which the monogyne fire ants
are likely to disperse. This means that whilst it will be important to minimise the likelihood of
infestation by a migrating queen and workers, the greater concern will be to protect stockpiles
from infestation by mated female alates and to minimise the likelihood that mated female alates
will successfully establish incipient nests.
Controls-based outcomes: the regulated management and movement controls for gravels, sands
and non-soil aggregates rest largely on two options: (a) appropriate covered storage, whether off
the ground or on a treated fire ant resistant surface; or (b) regular disturbance of the stockpile.
Both of these options are likely to be challenging on major public works and development
projects. Large and constantly-worked stockpiles cannot easily be covered, and disturbance by
turning, the only feasible alternative, is unlikely to provide for the comprehensive separation of a
queens from workers and disruption of a claustral chambers. In contrast to soils, gravels, sands
and non-soil aggregates can be moved between and outside the Biosecurity Zones if these
regulated conditions are believed to have been met. This raises the possibility of significant risk,
ameliorated only by the fact that, in contrast to some other carriers, such as potted plants,
gravels, sands and non-soil aggregates are not often moved long distances. Property inspection
and baiting may be used the reduce the risk associated with the relocation of a queen and
workers, although will not address the risk associated with airborne mated female alates.
Process-based outcomes: the NRIFAEP requirements for the management and movement of
gravels, sands and non-soil aggregates should be harmonised with those enunciated within the
Regulation. Collectively there is some inconsistency and it seems likely that this will be detracting
from the effectiveness of the controls as implemented. Given the risk attached to this carrier, it
would also be useful for the NRIFAEP to undertake an evaluation of the level of compliance with
the Regulation – specifically, the extent to which gravels, sands and non-soil aggregates are moved
into Zone 1 (from Zone 2) or outside the Biosecurity Zones (from Zone 2 or Zone 1) with in
complete or no compliance with the regulated conditions. This work should focus on major public
works and development projects where the risk is greater.
Priority data gaps: the risk assessment and stakeholder consultation identified a number of areas
where empirical data could be used to better estimate the magnitude of risks and the
effectiveness of controls. In making recommendations about these data gaps, however, it is
acknowledged that research into most aspects of fire ant ecology and control is likely to encounter
technical and other difficulties, and that the temporal limits of the overarching Ten-Year Plan will
need to be considered. It is also understood that as a biosecurity program, the NRIFAEP have, to
date, applied the precautionary principle and available data to develop controls for the movement
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of fire ant carriers. These caveats notwithstanding, key areas for further research and evaluation
include:
• Quantitative analysis of the time-dependent risk of infestation of gravels, sands and non-soil
aggregates by airborne mated female alates, given the spatial location and density of
established nests within the surrounding landscape, and accounting for differences in carrier
suitability for infestation and nest establishment. This would inform an estimate of the
instantaneous likelihood of infestation, as well as evaluation of the impact of the period of
storage. This work would have direct relevance to gravels, sands and non-soil aggregates,
although would also be useful in understanding the risk profiles for most other fire ant carriers.
• The degree of protection from infestation by mated female alates afforded by differing levels of
physical coverage – specifically, whether gravels, sands and non-soil aggregates are stored in a
closed shed or under a temporary cover such as a tarpaulin.
• The impact of disturbance on: (a) the separation of a queen from her workers; and (b) the
disruption of a claustral chamber. This work should focus on both materials-processing methods
(including chipping, crushing, screening, shredding and washing) and the turning of stockpiles
using earthmoving equipment.
• The period and ability of queenless workers to adopt a new queen. This work should encompass
a range of disturbance methods and should be evaluated using a quantitative research design.
The analysis would greatly improve understanding of the efficacy of disturbance as a control
measure for fire ants, and its resilience to minor deviations from prescribed practices.
• Improved quantification of the movement of gravels, sands and non-soil aggregates within,
between and outside the Biosecurity Zones.
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14 Conclusions Part II: management and movement
controls for fire ant carriers
The qualitative and quantitative assessments in Part II, and the broader consultation with
stakeholders and the NRIFAEP, identified a range of key conclusions that can loosely be
categorised as relating to:
• Management of individual fire ant carriers
• Developments in the science
• Regulatory and process
• Priority data gaps.

14.1

Management of individual fire ant carriers

The qualitative and quantitative risk assessments were closely integrated and rested on the
outcomes from the review of scientific principles. The assessments focussed on the seven groups
of fire ant carrier given on the NRIFAEP website and led to the key outcomes below.
• Soil is one of the NRIFAEP’s highest-risk carriers and, overall, this risk is being managed
effectively through a combination of conservative movement controls and a system of
management practices. The latter has been enacted through the publication (under Section 107
of the Biosecurity Act 2014) of the Soil Movement Guideline. Security is provided to a large
extent through the overarching movement controls given in the Regulation. An evaluation of
compliance with these restrictions would be valuable.
• Potted plants are traded widely across Australia and, for some species, globally. Whilst potted
plants are recognised in Australia and overseas as a legitimate vector for the translocation of
tramp ants, their particular attraction to fire ant queens, or to mated female alates, is not well
understood or quantified. A precautionary approach has been taken by the NRIFAEP, and the
controls that are in place appear to be appropriate in this context although could be tailored to
address the increased consequences associated with the movement of fire ants outside the
Biosecurity Zones (including to other jurisdictions). Chemical treatment, in particular, is versatile
and effective and offers more security and reliability than covered storage.
• Turf without chemical treatment in its growing phase is considered a high-risk carrier for fire
ants. The chemical treatment for growing turf is, however, highly effective and, assuming a high
level of compliance, the only identified risk was the inclusion of a mated female alate in the
superficial thatch – that is, away from higher concentrations of insecticide. Because harvested
rolls of turf cannot be stored for more than 48 hours (and significantly less in warmer weather)
they are not as vulnerable to post-harvest infestation as most other fire ant carriers.
• Hay is principally a livestock food and cannot be treated with most chemicals. In many on-farm
settings, hay can be difficult to store in a way that will reliably prevent infestation – in particular,
given long periods of storage. Disturbance can be used to some extent for cut hay, but not once
the hay has been baled. Both cut and baled hay are very attractive to fire ants and the
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difficulties noted mean that hay is considered a high-risk carrier. This is particularly relevant to
the substantive movements outside the Biosecurity Zones and interstate. Chaffing and bagging
was considered a possible solution that may provide a commercially viable approach to the
management of high-risk movements of hay.
• Organic mulch and composted growing media include a wide range of products, from simple
composted bark chip mulches to highly processed growing media. These products are supplied
in both bulk and bagged form, including outside the Biosecurity Zones and interstate. Although
stockpiles of manufactured bulk mulch are in general smaller and more easily managed than
soil, they have a similar risk profile. This means that whilst the risks associated with the
movement of organic mulch or composted growing media are generally well managed, the
movement of bulk product outside the Biosecurity Zones and interstate is considered relatively
high risk. Bagged product is of substantially lower risk.
• Animal manure has a similar risk profile to organic mulch and composted growing media, and
conclusions about the security of bulk and bagged formats applied equally.
• Gravels, sand and non-soil aggregates are a subset of the broader range of ‘other fire ant
carriers’ that is included on the NRIFAEP website. Gravels, sands and non-soil aggregates are not
generally bagged, and are often used on major public works and development projects where
the large quantities involved are likely to impact on the feasibility of covering stockpiles or
disturbing them adequately. In contrast to soils, the Regulation permits the movement of
gravels, sand and non-soil aggregates outside the Biosecurity Zones if the regulated conditions
have been met. Given the likely attraction of stockpiles of gravels, sand and non-soil aggregates
to fire ants this results in the highest residual risk obtained from this review.

14.2

Developments in the science

14.2.1 Shift to a monogyne population
The NRIFAEP has worked throughout to a strategic imperative based on targeting the polygyne
form of fire ant. This is because the polygyne form occurs at a significantly higher nest density
than the monogyne form, and because polygyne nests are significantly harder to kill. The outcome
of this policy has been a shift from a population that was approximately 40% polygyne in 2001-02,
to one that is now less than 1% polygyne – that is, effectively monogyne.
The monogyne and polygyne forms of fire ant differ in their physical characteristics and ecology,
and these have substantive ramifications for their control – notably:
• A lower nest density in any given setting, and less clustering of nests
• Greater emphasis on dispersal by airborne mated female alates, as
– Monogyne colonies have only a single queen, and do not bud
– Monogyne colonies produce approximately 30% more female alates than polygyne colonies
– Monogyne alates are larger than polygyne alates and, with approximately 33% more fat
reserves, are more successful at colony establishment.
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• Greater emphasis on the protection of carriers from infestation by airborne mated female alates
(although this is likely to depend on the inherent attractiveness of individual carriers, and period
for which they are exposed), and a reduced effectiveness of conventional property boundaries
• A higher proportion of incipient nests, resulting in a reduced effectiveness of controls that rely
on the identification and removal of nests.
The shift from a mixed fire ant population to one that is effectively monogyne does not appear to
have been widely communicated by the NRIFAEP, either within the regulatory community or to
industry, and has significant ramifications for the risks associated with the movement of fire ant
carriers and for the controls that address these risks.

14.3

Regulatory and process

14.3.1 NRIFAEP spatial data
Spatial data showing the location and density / clustering of fire ant nests in the two Biosecurity
Zones (currently, and through time) was not provided for this review although it is understood to
be a core management tool for the NRIFAEP.

14.3.2 Harmonisation of the Regulation with the NRIFAEP website
The assessments for the seven carrier groups highlighted areas where advice provided on the
NRIFAEP website is not consistent with the Regulation and, for soils, the Soil Movement Guideline.
This may be detracting from the effectiveness of the Regulation and from the level of compliance.

14.3.3 Compliance with the Regulation
A number of stakeholders raised non-compliance as a potential weakness in the NRIFAEP. In this
context, a failure of compliance extends from an accidental misapplication of a control to the
situation where a control(s) is deliberately ignored. Some stakeholders also perceived there to be
a lack, or absence, of penalisation. Aside from an evaluation of the implementation of chemical
treatments on turf farms, compliance data was not supplied for this review. A detailed analysis of
compliance would be valuable to the ongoing assessment of residual regulated risk and the
feasibility of regulated controls. The analysis might also lead to a strategy for the penalisation of
non-compliance.

14.3.4 Acceptable level of protection (ALOP)
As a biosecurity program, the NRIFAEP have, to date, applied the precautionary principle and
available data to develop controls for the movement of fire ant carriers. In order for these controls
to be assessed as being technically justifiable and least-trade-restrictive, however, the NRIFAEP
could consider the enunciation of an acceptable level of protection (ALOP) for movements into
Zone 1, Zone 2 and outside the Biosecurity Zones (including interstate movements). Having
developed and formalised an ALOP, the NRIFAEP could place more onerous conditions on
movements that were considered of higher consequence – notably, movements into Zone 1 or
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outside the Biosecurity Zones. Likewise, it may be possible to relax some conditions for
movements that are of lower consequence – notably, movements into or within Zone 2.

14.3.5 Harmonisation of regulated controls with state and territory entry conditions and
industry-based accreditation schemes
Some of the stakeholders consulted in the course of this review expressed the desire to harmonise
the controls for fire ant carriers across: (a) the Regulation; (b) the entry conditions specified by
individual states and territories; and (c) the applicable industry accreditation schemes (the ICA
scheme and Biosecure HACCP). Harmonisation would greatly simplify the movement of carriers
outside the Biosecurity Zones, and this would help to minimise any impact of the controls on
commercial activities. Ideally, the harmonised controls should build on improved empirical data
(Section 14.4), so as to be least-trade-restrictive, and should be based on a statement of ALOP
(Section 14.3.4).

14.3.6 Systems-based approach to biosecurity
The systems-based approach to biosecurity requires the integration of controls, at least two of
which should act independently, and can be useful in situations where no single control is
considered to be sufficiently effective. Examples of independent modes of action include
minimising exposure to fire ants, minimising the vulnerability of a carrier to infestation, reducing
the rate of infestation, and reducing the likelihood of establishment of fire ants given their
translocation in the carrier. The systems-based approach to biosecurity is inherently suited to
industry-based accreditation as a range of management practices can be embedded and can act in
a cumulative and synergistic fashion to reduce the overall risk.

14.3.7 Bayesian network modelling
Quantitative analysis was undertaken using Bayesian networks to assess the ability of regulated
and other controls to reduce the likelihood of moving fire ants, to explore alternative
combinations of controls, and to help identify and prioritise knowledge gaps.
• Bayesian networks are graphical influence diagrams where explanatory variables are linked by
causal relationships to response variables. A generic modelling framework and methodology was
developed that could quantify the likelihood that at least one viable fire ant queen (see
following point) is released from the carrier at a destination property following movement off a
source property.
• This framework was used to separately evaluate two infestations scenarios in accordance with
two distinct dispersal strategies employed by the fire ant: (a) infestation by an established
queen with a sufficient number of workers, and the subsequent release of an established nest;
and (b) infestation by a mated female alate, and the subsequent release of an incipient nest
containing a new queen with immature offspring. Uncertainties in parameter estimates mean
that direct comparisons between the two scenarios are not appropriate at this time. The generic
modelling framework was tailored for each fire ant carrier and quantitative scenario analysis
was conducted.
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• As expected, the likelihood of moving and releasing established fire ant queens and workers was
sensitive to the local density of nests. This likelihood could be reduced by controls such as
property inspection and baiting, which can provide confidence that the local (or property)
prevalence of established nests is lower than what could be expected without property-level
observations and pest management.
• Substantial uncertainty surrounds the likelihood of infestation through airborne mated female
alates (see Priority Data Gaps, below). In particular, this includes uncertainty about the relative
attractiveness of individual carriers, and the effect that this is likely to have on the timedependent risk of infestation for any given volume of a carrier. The quantitative modelling
accommodated this uncertainty to an extent by including a ‘random’ and a ‘high’ exposure
scenario, both of which rested on infestation rates that were calculated from estimated
densities of established nests within the surrounding landscape and a ‘carrier surface area’ of
1,000 m2.
• The efficacy of a number of key controls, such as disturbance, secure storage or limiting holding
or storage times, was also uncertain. The quantitative scenario analysis showed, however, that
by combining multiple controls, residual likelihoods could often be greatly reduced even if each
individual control was only partially effective. The modelling also demonstrated that multiple
controls may be needed to effectively reduce the infestation risks posed by established nests
relocating into a carrier, and by mated female alates landing on and establishing an incipient
nest within a carrier, respectively.
• The modelling rested on a substantial number of uncertain assumptions and, whilst indicative,
these could be improved through the collection of empirical data (Section 14.4). If more detailed
modelling studies are undertaken in the future, structured expert elicitation may also help to
refine key parameter estimates. These parameters would include aspects of the biology and
ecology of fire ants, as well as the effectiveness of key controls.
• Bayesian network modelling is a powerful tool for comparatively evaluating the efficacy of
control scenarios and is well suited to progressive revisions as the quality of available data
improves.

14.4

Priority knowledge or data gaps

The risk assessment and stakeholder consultation identified a number of areas where empirical
data could be used to better estimate the magnitude of risks and the effectiveness of controls. In
making recommendations about these data gaps, however, it is acknowledged that research into
most aspects of fire ant ecology and control is likely to encounter technical and other difficulties,
and that the temporal limits of the overarching Ten-Year Plan will need to be considered. It is also
understood that as a biosecurity program, the NRIFAEP have, to date, applied the precautionary
principle and available data to develop controls for the movement of fire ant carriers.

14.4.1 Data gaps: science (biology and ecology)
• Infestation of carriers by airborne mated female alates: as a result of the shift from a mixed fire
ant population, to one that is effectively monogyne, there is a greater emphasis on the need to
protect carriers from infestation by airborne mated female alates. This includes the protection
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of stockpiles (e.g. soil, mulch, manures and aggregates), potted plants and baled hay and straw.
There is, however, very little empirical evidence as to the time-dependent risk of infestation that
might be expected for each of these carriers given its volume, and the proximity and density of
monogyne fire ant nests. The current paucity of this data makes it difficult to be confident in
estimating the risks associated with, for example, fire ant nests on the property where the
carrier is stored as opposed to the risks arising from fire ant nests on neighbouring properties.
This in turn impacts on judgements of the value of, for example, property inspection and
property freedom. Aside from site-level considerations it is also currently difficult to be
confident about the relative attractiveness of different substrates or commodities, or the
effectiveness of controls such as covered storage. Although potentially complex, studies to
evaluate the infestation pressure placed on fire carriers from airborne mated female alates
should be considered. Valuable inference could also be gained from existing data. This work
should encompass all fire ant carriers and should extend to an evaluation of the effectiveness of
the key controls.
• 24-hour threshold for carrier infestation: at numerous places within the Regulation, 24 hours is
considered a safe infestation threshold. Carriers that remain at a place for longer than 24 hours
are considered at risk from infestation with either a migrating queen and workers or an airborne
mated female alate. This review, however, found no empirical evidence to support this
threshold. Countering it, is some evidence from the United States that baled hay can become
infested by established nests in less than 24 hours. Conversely, the quantitative analysis
suggested that longer thresholds could be allowable in some cases. Evaluation of this threshold
would be valuable and might be included in the study of alate infestation pressure outlined
above.
• Ability of monogyne queenless workers to adopt a new queen: linked to the consideration of
disturbance (see below) is the importance of understanding: (a) the period for which a
queenless collection of monogyne workers (a colony fraction) is able to survive; and (b) the
ability of these workers to locate either their own queen, another queen that has been
separated from her workers, or a mated female alate. This has particular ramifications for the
management of stockpiled carriers such as soil, organic mulch and composted growing media,
and gravels, sands and non-soil aggregates.

14.4.2 Data gaps: controls
• Scale of carrier movement: an understanding of the quantities of fire ant carriers moved within,
between and outside the Biosecurity Zones will be required if the NRIFAEP intends to establish
an ALOP (above) and move toward transparently least-trade-restrictive measures (above).
Movement data will also be important if the NRIFAEP intends to revise and update the Bayesian
network modelling on an ongoing basis. To a greater extent, this data is likely to be held by, and
be available from, the relevant industry organisations. Additional data may be obtained from the
Australian Bureau of Statistics and the Australian Bureau of Agricultural and Resource Economics
and Sciences.
• Effectiveness of disturbance: disturbance is an activity that is included in the controls for many
of the fire ant carriers. The range of disturbance activities that may be specified includes
chipping, crushing, screening, shredding or washing (the materials-processing methods) and
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turning (using earthmoving equipment). Broadly speaking, the materials-processing methods are
likely to be feasible where they are an existing component of the manufacture or management
of a particular commodity – e.g. the processing of sugarcane mulch. Turning is, in general, the
only feasible option for the disturbance of stockpiles. Given the shift from a mixed fire ant
population to one that is effectively monogyne, each of the specified disturbance methods must
be effective both in achieving: (a) the permanent separation of a queen from her workers; and
(b) the disruption of a claustral chamber. This review identified a single (informal) study that
examined the impact of the processing of sugarcane mulch on the survivability of meat ants. If
disturbance is to be included as a control going forward, then its efficacy should be evaluated for
each of the carriers to which it is applied.
• Effectiveness of fire ant resistant surfaces: these include concrete or bitumen, impermeable
barriers such as plastic sheeting, and chemically treated compacted ground. As opposed to
primary research, this work could focus on a systematic analysis of the NRIFAEP’s detections
data in order to evaluate the comparative security offered by hard and chemical barriers.
• Effectiveness of temporary fire ant covers: these include shade cloth and tarpaulins, as barriers
against airborne mated female alates. This work should extend to an examination of the extent
to which temporary covers: (a) reduce the attractiveness of carriers; and/or (b) prevent the
ingress of mated female alates. This work should build on studies of the attractiveness of
particular carriers (above).
• Effectiveness of elevated storage: this includes a range of heights, from pallets through to
approximately 50 cm above the ground. This work should extend to an examination of the
extent to which elevation: (a) reduces the attractiveness of the carrier to airborne mated female
alates or its suitability as a substrate for the establishment of incipient nests; and/or (b) deters
the migration of a fire ant queen and workers.
• Vulnerability of chemical barriers to the passage of earthmoving equipment: this work should
focus on establishing the extent to which chemical barriers are degraded by differing intensities
of traffic by heavy earthmoving equipment – including tracked and skid-steered vehicles. It is
assumed that some data or qualitative evidence on this topic was supplied to the APVMA for its
permit evaluation procedure. That material should be reviewed, and a strategy developed for
the research required to provide improved surety in this area.
• Security of waste facilities. This work should focus on a standalone review of the management
of waste facilities within the Biosecurity Zones that receive fire ant carriers. The review would
centre on: (a) the management of movements of fire ant carriers out of waste facilities; and (b)
the extent to which fire ant populations may establish and amplify within waste facilities.
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Interstate controls for fire ant carriers
Commercial consignments of fire ant carriers can be moved interstate using one of three
arrangements:
• Plant Health Assurance Certificate is issued on the basis of compliance with the Interstate
Certification Assurance Scheme (ICA)
– ICA39: Inspection and Treatment of Plants for Red Imported Fire Ant
– ICA40: Property Freedom of Plants for Red Imported Fire Ant
• BioSecure HACCP Biosecurity Certificate is issued to a business accredited through the Nursery
Industry Accreditation Scheme (NIASA)
– ECCPRIFA03: RIFA host material (plants with soil or growing media attached)
– ECCPRIFA21: Composted Growing Media and Organic Plant Mulch.
• Plant Health Certificate is issued by a government inspector on an individual basis

A.1

Plant Health Assurance Certificate

The Interstate Certification Assurance (ICA) Scheme is a national scheme administered by all of
Australia’s states and territories. The scheme enables a business to be accredited by a state or
territory plant quarantine authority to issue Plant Health Assurance Certificates for its produce.
Once a business is accredited, it assumes responsibility for specified treatments, inspections or
other processes. Quarantine authorities carry out audits on the business to ensure that it
continues to meet its obligations and to maintain accreditation.
The two ICA schemes relevant to fire ants are ICA39 (Inspection and Treatment of Plants for Red
Imported Fire Ant) and ICA40 (Property Freedom of Plants for Red Imported Fire Ant). ICA39 is the
simpler of the two, requiring the inspection of the above-ground portion of all plants, and the
depotting of a random sample of plants from each category within a consignment, and the
chemical treatment of all plants. ICA40 requires the regular inspection of a property (less than 28day interval), the evaluation of any plants from a consignment that have been brought from
another property, and the inspection of the above-ground portion of all plants in the consignment.
a) ICA39: Inspection and Treatment of Plants for Red Imported Fire Ant
Plants certified under ICA39 will have met the requirements for both inspection and treatment.
Inspections are carried out by Authorised Inspection Persons who have completed an approved
course in the detection and identification of fire ants. Accredited businesses will maintain a record
to demonstrate that each Authorised Inspection Person has successfully completed such a course.
Plants are to be inspected as close as practicable, and not more than 48 hours prior to, the time of
despatch from the facility. Plants are assembled at the inspection facility prior to inspection and
may be categorised into lots based on their risk of being infested with fire ants. Factors to consider
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include species, size of plants or pots, and the source or site of production. Each category of plants
in a consignment is listed on the inspection record.
All categories of plants intended for certification are then inspected thoroughly by the Authorised
Inspection Person. Each plant must be inspected individually, including examination of the aboveground portions of the plants and their containers/media for ant activity.
A sample of the plants will then be removed from their containers to check for ant activity or nests
in the growing media. Plants are selected at random, and sampled according to the following:
Number of Plants in Consignment

Number of Plants to be Inspected

1-5

All plants

6-30

Every third plant and not less than 5 plants

31-100

Every fifth plant and not less than 10 plants

101 or more

The square root of the number of plants in the category
(rounded up to the nearest whole number)

For large containerised plants, where it is impractical to remove the plant from the container, each
container will have a portion or core of media removed and the remainder of the media disturbed
to check for ant activity/nests.
Any ants found during the inspection procedure that are suspected to be fire ants will be collected
and carefully examined. The nominated Certification Controller for the business will be
immediately advised of any new detection or suspected detection of fire ants. Any category of
plants found on inspection to be infested, or suspected of being infested, with fire ants will be
regarded as nonconforming and rejected for certification.
Treatment is undertaken using a mixture containing:
• 0.4 mL of a concentrate containing 500 g/L chlorpyrifos per litre of water; and
• A commercial wetting agent at the rate specified on the product’s registered label applied as
either
– A dip by fully immersing the container/root-ball in the treatment mixture until all air bubbles are
expelled from the media, or
– A drench that saturates the media and comprises a minimum of 1/5 or 20% of the volume of the
container/root-ball.
b) ICA40: Property Freedom of Plants for Red Imported Fire Ant
Plants certified under ICA40 will have been sourced directly from a property that has complied
with the following protocol.
Property inspection: an Authorised Inspection Person (see ICA39 above for this requirement) must
inspect each source property covered by the ICA for the presence of fire ants:
• Prior to the business’s initial application for accreditation, and
• At intervals of not greater than every 28 days thereafter.
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Property freedom inspections are only undertaken by an Authorised Inspection Person. The
name(s) of each Authorised Inspection Person will be recorded by the business operating at that
property.
Property Freedom Inspections comprise an inspection of all production and non-production areas
within the property boundary, and include any ornamental gardens or lawn areas, water storage
areas (including dams or ponds or watercourses), any recently introduced plants or equipment,
and the property boundary itself. The entire source property is to be inspected on the same day.
Inspection includes an examination of likely fire ant nest sites, including around or under any
equipment, machinery, raw materials or other items stored in contact with the ground, and in
potted plants.
Any ants found during the property inspection that are suspected to be fire ants will be collected
and submitted to Biosecurity Queensland for identification.
ICA40 also includes conditions for the certification of plants that have been sourced from another
property, and for the inspection of consignments.
Plants sourced from another property: an accredited business that wishes to certify and despatch
plants under ICA40, where the plants have been grown on another property within the last 12
weeks, must ensure:
a) the plants are supplied by a business accredited ICA40, or
b) the plants are supplied by a business accredited under a fire ant property freedom
accreditation arrangement, or
c) the plants are supplied by a business which is outside a fire ant freedom area (Biosecurity
Zone), and
d) each delivery of plants supplied by the other business for certification is accompanied by:
– a valid Area/Property Freedom Declaration for fire ants, or
– a valid Plant Health Assurance Certificate issued by a business accredited for fire ant Property
Freedom or Area Freedom, and
e) the identification of the plants and their supporting declaration details are maintained from
receival through to certification and despatch.
The accredited business that initially grew the plants must provide the certifying business with a
valid Area/Property Freedom Declaration for fire ants with each lot (consignment) of plants
delivered to the certifying business. An Area/Property Freedom Declaration is not required where
plants grown for 12 weeks prior to certification are covered under the scope of the ICA
arrangement of the certifying business.
Consignment inspection: all consignments of plants certified for property freedom from fire ants
must be inspected by an Authorised Inspection Person prior to certification. Every unit in the
consignment must be inspected. Consignments must be inspected as close as practicable, and not
more than 48 hours prior to, the time of despatch from the facility. Inspections must include
examination of the above-ground portions of the plants and their containers/media for ant
activity. The surface of the media must be inspected during detailing and preparation if the
consignment is despatched within 48 hours of this inspection.
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Ants found during inspections that are suspected to be fire ants must be collected and forwarded
to Biosecurity Queensland within one working day of their detection.

A.2

BioSecure HACCP Biosecurity Certificate

BioSecure HACCP is the national nursery industry on-farm Biosecurity Program for production
nurseries, growing media manufacturers and Greenlife markets. The program is designed to assist
Nursery Industry Accreditation Scheme (NIASA) accredited businesses to assess their current and
future pest, disease and weed risks.
The BioSecure HACCP program is framed on the principles of Hazard Analysis Critical Control Point
(HACCP) which is a world recognised systematic and preventive approach to risk management
addressing hazards through anticipation and prevention, rather than end-product inspection and
testing. BioSecure HACCP is a set of guidelines that provides businesses with methods to identify
biosecurity risks and implement controls at critical points within their business system.
To gain and maintain BioSecure HACCP certification, a business must be NIASA Accredited and
undergo two independent audits on an annual basis to ensure the integrity of their BioSecure
HACCP program is maintained. BioSecure HACCP provides a system that assists production
nurseries manage both the endemic common pests confronted daily as well as confirming
freedom of quarantine pests or the early detection of exotic plant pests. BioSecure HACCP on-farm
system content includes:
• Identification of pathways for plant pests
• Control points within the cropping system
• High health procedures to reducing risks
• Recoding process for managing risks
• Electronic document management
• Traceability processes in place.
Once BioSecure HACCP Certified, the business has formal recognition of its commitment to
managing on-farm biosecurity. It also assists these businesses in meeting their broader biosecurity
obligations and improving their overall pest, disease and weed management systems. BioSecure
HACCP Certified production nurseries have the opportunity to implement specific Entry Condition
Compliance Procedures (ECCPs) for pests of quarantine concern and self-certify consignments for
interstate trade through the Audit Management System (AMS).
Two BioSecure HACCP ECCPs are of relevance to the movement of fire ant carriers from the
Biosecurity Zones:
• ECCPRIFA03: Entry Condition Compliance Procedure for Red Imported Fire Ant (RIFA) in respect
of plants with soil or growing media attached for New South Wales, South Australia and Victoria
• ECCPRIFA21: Entry Condition Compliance Procedure for Red Imported Fire Ant (RIFA) in respect
of composted growing media and organic plant mulch for New South Wales and Victoria.
ECCPRIFA03 is the ECCP approved as meeting the entry conditions of New South Wales, South
Australia and Victoria in respect of ‘RIFA host material’ – which is defined in this context as ‘plants
with soil or growing media attached’ – that that has been commercially produced by a NIASA
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accredited growing media supplier on a property that has been confirmed free of fire ants and is
operating under BioSecure HACCP Certification.
This procedure covers the certification of RIFA host material grown within 5km of a known
infestation of fire ants and found free of fire ants under a 14-day property inspection program and
a consignment inspection program, or treated under an insecticide regime.
The specific requirements of ECCPRIFA03 are:
1. The fire ant host material is grown and packed:
a) on a property that ensures that purchased materials or other items brought on to the
property (such as soil, media, plants, machinery and other equipment) are free of fire ant
(RE: BioSecure HACCP A1.7 – Incoming plant quarantine, and BioSecure HACCP A1.2 –
Growing media, and BioSecure HACCP A1.6 – Visitor procedure); and
b) the property has been inspected within 14 days prior to the despatch date by an
Authorised Inspection Person and found free of fire ant (RE: BioSecure HACCP A1.8 - Pest,
disease and weed crop monitoring procedure and BioSecure HACCP A1.9 – Site surveillance
procedure); and
2. The fire ant host material is inspected and found to be free of fire ant at the rate or 600 units
or all units if the consignment is less than 600 units (RE: BioSecure HACCP A1.12 - Despatch
inspection procedure) by an Authorised Inspection Person not more than 48 hours prior to
despatch from the property; and
3. If the property has received or shared fire ant host material from another property that is
within 5 kilometres of a known infestation of fire ant within 12 weeks prior to despatch of the
consignment:
a) the consignment must be treated using an approved treatment; or
b) the owner or occupier of the property shall confirm that the fire ant host material that was
received or shared has been confirmed free of fire ant (e.g. BHBC, PHAC, Declaration, PHC)
by providing evidence of the following:
i.

BioSecure HACCP Certified and authorised under this ECCP; or

ii.

accredited under a government Area/Property Freedom Certification; or

iii.

accredited under Part A of ICA-40 Operational Procedure; or

iv.

inspected by a government inspector and found free of fire ant.

ECCPRIFA21 is the ECCP approved as meeting the entry conditions of New South Wales and
Victoria in respect of composted growing media and organic plant mulch that has been
commercially produced by a NIASA accredited growing media supplier on a property that has been
confirmed free of fire ants and is operating under BioSecure HACCP Certification.
This procedure covers the certification of organic plant mulch and growing media produced within
5km of a known infestation of fire ants and found free of fire ants under a 28-day site surveillance
program, a treatment, storage and handling program, and a pre-despatch inspection program for
host material not enclosed within fire ant impermeable wrapping following treatment.
The specific requirements of ECCPRIFA21 are:
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Site surveillance
1. All parts of the property where the host material is stored, handled and consigned are
inspected at 28-day intervals by an Authorised Inspection Person with no fire ants detected
(RE: BioSecure HACCP A1.9 – Site surveillance procedure).
Treatment
2. The host material is composted (RE: BioSecure HACCP A1.3.1 - Composting Growing Media) or
heated to achieve a temperature of 65.5 degrees Celsius immediately prior to storage and
handling.
Storage and handling
3. The host material is stored and handled in a manner that prevents infestation by fire ant by:
a) enclosing the host material in fire ant impermeable wrapping; or
b) storing the host material above ground level; or
c) storing the host material at ground level on a fire ant resistant surface and:
i.

treating and maintaining an unbroken 30 cm wide strip around the perimeter of fire ant
resistant surface using an appropriate chemical product; and

ii.

disturbing the growing media or mulch at least every 28 days that the host material
remains at the place.

Pre-consignment inspection
4. Within 48 hours prior to despatch:
a) the despatch storage area is inspected for fire ants by an Authorised Inspection Person
with no fire ants detected (RE: BioSecure HACCP A1.9 – Site surveillance procedure); and
b) where the host material has not been packaged in the manner described in 3(a) the host
material is inspected for fire ants by an Authorised Inspection Person with no fire ants
detected (RE: BioSecure HACCP A1.12 – Despatch Inspection Procedure).
Packaging
5. The host material is packed for consignment in a way that prevents infestation by fire ants by:
a) packing the host material into sealed bags; or
b) by ensuring the host material is covered during transport.
Documentation requirement: BHBC.
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A.3
A.3.1

Plant Health Certificate
Soil

Table 35 State and territory entry conditions for soil

State or Territory

Conditions

NSW

No conditions for soil.
Section 92: Agricultural and earth moving equipment
1. A person may import into the State agricultural or earth moving equipment from a tramp ant infested area if
paragraphs (a) and (b) are satisfied and the equipment is accompanied by a Plant Health Certificate that certifies these
conditions have been met:
a) it is free from soil and other tramp ant material, and
b) 48 hours prior to despatch, it was inspected and found to be free of tramp ants.

VIC

Condition 36C - Fire Ant: Earth Material including Landscaping Materials within 5km of an infestation - Agriculture
Any material originating from an area covered by an Area Freedom Certificate declaring area freedom from red imported
fire ants (RIFA) may enter Victoria without restriction, otherwise‐
the movement into Victoria of any earth or landscaping material (including growing media and organic mulch), from a
property within 5km of a RIFA outbreak is prohibited unless:
1. the host material was sourced from a property –
a) which has been inspected within the last 28 days and found free of fire ants; and
b) which has not shared host material with another property known to be infested with fire ant unless that host
material has been given approved treatment; and
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State or Territory

Conditions
c) where the host material has been stored in a manner to prevent infestation; and
d) where the host material has been inspected and found free of fire ants; or
2. in the case of any earth and landscaping material including growing media and organic mulch –
a) was treated by ‐
i.

heating the entire mass to a minimum temperature of 65.5℃ using steam or dry heat; or

ii.
fumigating with a product containing 1000 g/kg methyl bromide, at the rate of 48 g/m3 at 21℃ for at least
24 hours; or
iii.

in the case of diagnostic samples, freezing to at least ‐20℃ for not less than 24 hours; and

b) was produced, stored, handled and consigned in such a manner that would prevent infestation or destroy all life
stages of fire ants; and
c) remains packed in the original sealed bag or container in which it was first commercially packed.
Documentation requirement: PHC, PHAC or Plant Health Declaration.
Verification Requirement: Host material imported into Victoria which is required by to be accompanied by a certificate or
declaration, must be –
a) presented to an Inspector for inspection; or
b) verified by a person accredited to do so by the Department of Jobs, Precincts and Regions.
Condition 36D - Fire Ant: Agricultural equipment and packages within 5km of an infestation
Any equipment or used package originating from an area covered by an Area Freedom Certificate declaring area freedom
from red imported fire ants (RIFA) may enter Victoria without restriction, otherwise‐
the movement into Victoria of any agricultural equipment or used package which has contained any plant, plant product
or host material from a property within 5km of a RIFA outbreak is prohibited unless:

310 | CSIRO Australia’s National Science Agency

State or Territory

Conditions
1. sourced from a property –
a) which has been inspected within the last 28 days and found free of fire ants; and
b) which has not shared host material with another property known to be infested with fire ant unless that host
material has been given approved treatment; and
c) where the host material has been stored in a manner to prevent infestation; and
d) where the host material has been inspected and found free of fire ants; or
2. cleaned free of soil and organic matter by –
a) brushing; or
b) high pressure water; or
c) steam; and
d) inspected and found free of soil, organic matter and fire ants.
Documentation requirement: PHC, PHAC or Plant Health Declaration.
Verification Requirement: Host material imported into Victoria which is required by to be accompanied by a certificate or
declaration, must be –
a) presented to an Inspector for inspection; or
b) verified by a person accredited to do so by the Department of Jobs, Precincts and Regions.

SA

The movement into South Australia of any host material including containerised plants, growing media, soil, organic
mulch, turf, hay, straw, agriculture machinery or used containers is prohibited from Queensland unless certified as having
met the following requirements:
Note: Bare rooted plants washed free of soil and commercial seedling plugs/cells are exempt.
A. Properties within 5kms of a known outbreak of the pest Solenopsis invicta
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State or Territory

Conditions
Condition 1: Property Freedom
1.1 The property has been inspected and accredited by an officer of the State Department responsible for
agriculture or officer of an approved national scheme as being inspected and found free of RIFA; and
1.2 The property has been inspected within the past four weeks by an officer of a State Department responsible for
agriculture or by an approved inspection person trained and accredited by the State Department responsible for
agriculture under an approved ICA arrangement or an approved national scheme and no RIFA detected; and
1.3 The property does not share host material with another property known to be infested with RIFA unless that
host material has been given an approved treatment; and
1.4 The host material has been inspected by a trained authorised inspection person under an approved ICA/CA or
approved national scheme and found free of RIFA; and
1.5 The host material has been stored in a manner to prevent infestation.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate (ICA40) or BioSecure HACCP
Biosecurity Certificate.
Condition 4: Growing media, Organic Mulch and Soil*
4.1. Treated with Methyl Bromide fumigation at a rate of 48 g/m³ at 21ºC for 24 hours; or
4.2. Heat treated to bring the entire mass to a maximum of 65.5ºC; and
4.3. Stored, handled and consigned after treatment so as to prevent infestation with RIFA; or
4.4. Produced, stored, handled and consigned in such a manner that would prevent infestation or destroy all life
stages of RIFA.
The growing media, organic mulch and/or soil must be packed in the original sealed bag or other container in which they
were commercially packed. *NOTE: Also refer to Condition 20.
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State or Territory

Conditions
Proof: Accompanied by a Plant Health Certificate, Plant Health Assurance Certificate, BioSecure HACCP Biosecurity
Certificate or CA12 Laboratory documentation.
Condition 3: Agricultural Machinery, Equipment and Used Containers
3.1. The machinery, equipment or container has been inspected and found free of RIFA; and
3.2. Cleaned free of organic matter and soil by brushing, using high pressure water or steam.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate or CA12 documentation.

NT

No conditions

TAS

Soil and Turf are not permitted entry into Tasmania as freedom from soil is a condition of entry for any item.
NOTE: THIS IMPORT REQUIREMENT CURRENTLY APPLIES TO PLANTS, PLANT PRODUCTS AND OTHER PRESCRIBED MATTER
IMPORTED FROM THE STATE OF QUEENSLAND.
Vectors of Red Imported Fire Ant include: plants with attached growing media, growing media, organic mulch, soil and
turf, hay, straw, agricultural equipment and used containers;
•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-39 (Inspection and Treatment of Plants
for Red Imported Fire Ant), satisfy Clause I of this Import Requirement;

•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-40 (Property Freedom of Plants for Red
Imported Fire Ant), satisfy Clause II of this Import Requirement.

PROOF: Consignments must be accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate
A person must not import, or cause to be imported, any vector1 of red imported fire ant (Solenopsis invicta Buren), except
in accordance with the following:
Vectors from within 5 kilometres of a known infestation of red imported fires ant (RIFA):
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State or Territory

Conditions
a) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material:
(i) originates from a property that has been inspected and accredited by an authorised officer of the Queensland
Department of Primary Industries (QDPI) as being free of RIFA; and
(ii) the property has been inspected within the past four weeks by an authorised officer of the QDPI or a person
accredited by the QDPI under an approved ICA arrangement and no RIFA detected; and
(iii) the property does not share vector material with another property known to be infested with RIFA unless that
vector material has been given an approved treatment.
or
b) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material has been given one of the following approved treatments:
(ii) for agricultural equipment and used containers:
• the equipment or containers have been inspected and found free of RIFA; and
• the equipment or containers have been cleaned free of organic matter and soil by brushing, use of a highpressure air/water hose or steam cleaning.

WA

Soil is not permitted
27d

(QLD) Red Imported Fire Ant (RIFA) - Machinery

Relates to Solenopsis invicta
1. In this item ‘landscaping materials’ includes a non-liquid mixture of organic or inorganic material in which plants may grow, soils,
potting mixtures and mulches;
‘RIFA’ means Red Imported Fire Ant (Solenopsis invicta).
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State or Territory

Conditions
2. N/A.
3. N/A.
4. N/A.
5. N/A.
6. N/A.
7. For machinery or containers from a place less than 5 km from a property infested with RIFA to be certified by the
Department of Agriculture in the State or Territory in which the machinery or containers originated as having been
inspected and found to be free from RIFA.
8. N/A.
9. For plants, landscaping material or hay or straw, machinery or containers to be certified or verified in writing as having
been produced, treated, stored, handled, consigned or inspected and found to be free from RIFA in accordance with a
protocol approved by the Director General.
10. Subitems (3), (4), (5) and (6) do not apply if subitem (9) applies.
11. On arrival in Western Australia plants with soil or planting medium attached originating from a property less than 5 km
from a property infested with RIFA to be inspected by an inspector for RIFA and found to be free from RIFA after each
container is tapped sharply at least 3 times. [Item 27 inserted in Gazette 31 Oct 2003 p. 4556-9.]
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A.3.2

Potted plants

Table 36 State and territory entry conditions for potted plants

State or Territory

Conditions

NSW

Section 89: Potted plants
1. A person may import into the State from a tramp ant infested area a ‘potted plant’ if paragraphs (a) to (d) are satisfied
and the ‘potted plant’ is accompanied by an ‘acceptable biosecurity certificate’ that certifies conditions (a) to (c) have
been met:
a) in the period starting 28 days before despatch, the ‘potted plant’ was treated with an APVMA approved chemical
for the control of tramp ants in accordance with all label directions and permit conditions,
b) within 48 hours before despatch, the ‘potted plant’ was inspected and found to be free of tramp ants, and
c) immediately following treatment and inspection, the ‘potted plant’ was stored and handled in a manner that
prevents infestation by tramp ants, and
d) the ‘potted plant’ remains in conditions that prevent infestation by tramp ants until they arrive in New South
Wales.
2. A person may import into the State from a known tramp ant infested area a potted if the potted plant is dealt with in
accordance with ICA scheme procedure ICA-40 ‘Property Freedom of Plants for Red Imported Fire Ant’ and is
accompanied by a Plant Health Assurance Certificate certifying that the requirements of that procedure have been
met.
3. A person may import into the State from a known tramp ant infested area a potted if the potted plant is dealt with in
accordance with Biosecure HACCP Entry Conditions Compliance Procedure Number: ECCPRIFA03 and is accompanied
by a Biosecure HACCP Biosecurity Certificate certifying that the requirements of that procedure have been met.
4. In this clause,
a) acceptable biosecurity certificate in subclause (1) means:
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State or Territory

Conditions
i.

a Plant Health Certificate, or

ii.

a BioSecure HACCP Biosecurity Certificate issued in accordance with BioSecure HACCP Entry Condition
Compliance Procedure Number: ECCPRIFA03, or

iii.

a Plant Health Assurance Certificate issued in accordance with the ICA procedure ICA-39 ‘Inspection and
Treatment of Plants for Red Imported Fire Ant.’

b) potted plant means a plant in a container that was grown in growing media, and includes that container, that plant
and that growing media.
Section 90: Re-potted plants
1. A person may import into the State from a tramp ant infested area a re-potted plant if paragraphs (a) to (b) are
satisfied and the re-potted plant is accompanied by a Plant Health Certificate that certifies these conditions have been
met:
a) the plant is sourced from a property outside a tramp ant infested area as evidenced by an Area Freedom Certificate
currently in force, and
b) in the period starting 48 hours before importation, the plant is re-potted in growing media that has been treated
with an APVMA approved chemical for the control of tramp ants in accordance with all label directions and permit
conditions.
2. In this clause, ‘re-potted plant’ means a ‘potted plant’ (described in clause 88(4)(b)) that is re-potted in growing media,
and includes that container, that plant and that growing media.
VIC

Condition 36B - Fire Ant: Plants within 5km of an infestation
Any plants originating from an area covered by an Area Freedom Certificate declaring area freedom from red imported fire
ants (RIFA), may enter Victoria without restriction, otherwisethe movement into Victoria of any plants (excluding tissue culture, bare rooted plants and seedlings in plugs/cells) from a
property within 5km of a RIFA outbreak is prohibited unless the plants:
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State or Territory

Conditions
1. were grown or sourced from a propertya) which has been inspected within the last 28 days and found free of fire ants; and
b) which has not shared host material with another property known to be infested with fire ant unless that host
material has been given approved treatment; and
c) where the host material has been stored in a manner to prevent infestation; and
d) where the host material has been inspected and found free of fire ants; or
2. in the case of containerised, potted and root balled plants, trees and propagules, bea) stored in an isolated secure area, more than 5m from plants that have not been treated in accordance with subclause (b); and
b) treated not less than 48 hours prior to despatch, in accordance with any label instructions and AVPMA permit i.

for food plants and fruit trees, with fruits removed, treated with –
A.
30 - 40 ml of a 500 g/L chlorpyrifos concentrate per 100 L of water as either a drench treatment, or
by full immersion in a prepared dip; or
B.

ii.

16 ml of a 12.5 g/L cyfluthrin concentrate per 10 L of water as a drench treatment; or

for ornamental nursery plants, other than food plants or fruit trees, treated with –
A.
30 - 40 ml of a 500 g/L chlorpyrifos concentrate per 100 L of water as either a drench treatment, or
by full immersion in a prepared dip; or
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B.

16 ml of a 12.5 g/L cyfluthrin concentrate per 10 L of water as a drench treatment; or

C.

2 g/kg bifenthrin granular insecticide at 10-25 ppm per cubic metre of growing media; or

D.
and

100 g/kg chlorpyrifos granular insecticide (suSCon Green) at 1 kg per cubic metre of growing media;

State or Territory

Conditions
c) inspected and found free of fire ants.
Documentation requirement: PHC, PHAC under ICA-39 or ICA-40 or Plant Health Declaration. In the case of clause 2 above,
certificates must be emailed to plant.standards@agriculture.vic.gov.au or faxed to the Department on 03 8401 4902.
Verification Requirement:
Host material imported into Victoria which is required by to be accompanied by a certificate or declaration, must be –
a) presented to an Inspector for inspection; or
b) verified by a person accredited to do so by the Department of Jobs, Precincts and Regions.

SA

The movement into South Australia of any host material including containerised plants, growing media, soil, organic
mulch, turf, hay, straw, agriculture machinery or used containers is prohibited from Queensland unless certified as having
met the following requirements:
Note: Bare rooted plants washed free of soil and commercial seedling plugs/cells are exempt.
A. Properties within 5kms of a known outbreak of the pest Solenopsis invicta
Condition 1: Property Freedom
1.1 The property has been inspected and accredited by an officer of the State Department responsible for
agriculture or officer of an approved national scheme as being inspected and found free of RIFA; and
1.2 The property has been inspected within the past four weeks by an officer of a State Department responsible for
agriculture or by an approved inspection person trained and accredited by the State Department responsible for
agriculture under an approved ICA arrangement or an approved national scheme and no RIFA detected; and
1.3 The property does not share host material with another property known to be infested with RIFA unless that
host material has been given an approved treatment; and
1.4 The host material has been inspected by a trained authorised inspection person under an approved ICA/CA or
approved national scheme and found free of RIFA; and
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State or Territory

Conditions
1.5 The host material has been stored in a manner to prevent infestation.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate (ICA40) or BioSecure HACCP
Biosecurity Certificate.
Condition 2: Containerised, Potted and Root-balled Plants and Trees
Containerised plants must either be sourced from a property free of RIFA (see above requirement) or are subject to the
following requirements:
2.1. The plants have been inspected and found free of RIFA; and
2.2. Isolated in a secure area, greater than 5 metres from plants that have not been treated in accordance with 2.3 or
2.4 and within 48 hours prior to despatch, treated in accordance with either 2.3 or 2.4:
2.3. For food plants and fruit trees (with fruit removed);
1) treated in accordance with label instructions and AVPMA permit with 30 - 40 mls of a 500 g/L chlorpyrifos
concentrate per 100 L of water as either
a) a drench treatment, or
b) by full immersion in a prepared dip, or
2) treated in accordance with label instructions and AVPMA permit with 16 mls of a 12.5 g/L cyfluthrin concentrate
per 10 L of water as a drench treatment.
2.4. For ornamental nursery plants (other than food plants or fruit trees);
1) treated in accordance with label instructions and AVPMA permit with 30 - 40 mls of a 500 g/L chlorpyrifos
concentrate per 100 L of water as either
a) a drench treatment, or
b) by full immersion in a prepared dip, or
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State or Territory

Conditions
2) treated in accordance with label instructions and APVMA permit with 16 mls of a 12.5 g/L cyfluthrin concentrate
per 10 L of water as a drench treatment, or
3) treated in accordance with label instructions and APVMA permit with a 2 g/kg bifenthrin granular insecticide at 1025 ppm per cubic metre of growing media; or
4) treated in accordance with label instructions and APVMA permit with a 100 g/kg chlorpyrifos granular insecticide
(suSCon Green) at 1 kg per cubic metre of growing media.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate (ICA39).

NT

Condition 1: Ants in Potting Mix or Turf
Plants that are grown in potting mix must not be introduced into the Northern Territory unless accompanied by a
government certificate or assurance certificate stating:
a) the plant was inspected before it was transported to the Northern Territory and found to be free of the pests,
OR
b) the place where the plant originated from is more than 5km from the boundary of an area infested with the pest.
Plants must be accompanied by a:

TAS

•

Plant Health Certificate or a Plant Health Assurance Certificate (Refer 1.6.1).

•

Permit for introduction of turf (Refer 1.6.3).

•

All plants and plant products must be labelled correctly (Refer 1.8).

•

Copies of all certificates and plant lists must be forwarded to NT Quarantine prior to sending the consignment (Refer
3.1).

15: Clause I Red Imported Fire Ant - Vectors ICA-39: Inspection and Treatment of Plants for Red Imported Fire Ant
15: Clause II Red Imported Fire Ant - Vectors ICA-40: Property Freedom of Plants for Red Imported Fire Ant
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State or Territory

Conditions
NOTE: THIS IMPORT REQUIREMENT CURRENTLY APPLIES TO PLANTS, PLANT PRODUCTS AND OTHER PRESCRIBED MATTER
IMPORTED FROM THE STATE OF QUEENSLAND.
Vectors of Red Imported Fire Ant include: plants with attached growing media, growing media, organic mulch, soil and
turf, hay, straw, agricultural equipment3 and used containers;
•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-39 (Inspection and Treatment of Plants
for Red Imported Fire Ant), satisfy Clause I of this Import Requirement;

•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-40 (Property Freedom of Plants for Red
Imported Fire Ant), satisfy Clause II of this Import Requirement.

PROOF: Consignments must be accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate
A person must not import, or cause to be imported, any vector1 of red imported fire ant (Solenopsis invicta Buren), except
in accordance with the following:
Vectors from within 5 kilometres of a known infestation of red imported fires ant (RIFA):
a) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material:
(i) originates from a property that has been inspected and accredited by an authorised officer of the Queensland
Department of Primary Industries (QDPI) as being free of RIFA; and
(ii) the property has been inspected within the past four weeks by an authorised officer of the QDPI or a person
accredited by the QDPI under an approved ICA arrangement and no RIFA detected; and
(iii) the property does not share vector material with another property known to be infested with RIFA unless that
vector material has been given an approved treatment.
or
b) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material has been given one of the following approved treatments:
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State or Territory

Conditions
(i) for containerised plants in potting medium or with potting medium attached:
• the plants and container have been inspected and found free of RIFA; and
• the potting medium has been treated:
a. with bifenthrin 2g/kg granules at 16 to 61g/10L potting medium (permit 9796), or in accordance with
APVMA permits 13916 or 13959, within 60 days of export; or
b. with Chlorpyrifos 100g/kg granules at 750 g/m3 potting mix (SuSCon Green® label), or in accordance with
APVMA permit 14256, within 180 days of export; or
c. within 10 days of export to Tasmania, with:
i. full immersion or drenching of the container and root ball in a solution of bifenthrin 80g/L at 25ml/100L
potting medium (permit 10043), with a commercial wetting agent; or
ii. full immersion or drenching of container and root ball in a solution of chlorpyrifos 500g/L at 40ml/100L
potting medium (permit 13504) with a commercial wetting agent; or
iii. drenching with cyfluthrin in accordance with APVMA permit 12073; and
• once treated, the plants have been isolated in a secure area (that is greater than 5 metres from plants
that have not been treated), prior to consignment.
(ii) …

WA

27a

(QLD) Red Imported Fire Ant (RIFA) - plants

Relates to Solenopsis invicta
1. In this item - ‘landscaping materials’ includes a non-liquid mixture of organic or inorganic material in which plants may
grow, soils, potting mixtures and mulches; ‘RIFA’ means Red Imported Fire Ant (Solenopsis invicta).
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State or Territory

Conditions
2. For plants with soil or planting medium attached originating from a property that has never been infested with Red
Imported Fire Ant or from a property that has been infested but declared by the Director General as having eradicated
Red Imported Fire Ant to be certified as:
a) The property has been inspected by the exporting state or territory's quarantine authority and found free from
RIFA within the last 9 months; and
b) The property has been inspected in the past 28 days by a person authorised under a quality assurance
arrangement and found free from RIFA; and
c) No plant material has been received on the property during the past 12 weeks other than that from another
property approved by the exporting States quarantine authority as free from RIFA; and
d) All plants and potting medium in the consignment have been inspected within 48 hours of export by a person
authorised under a quality assurance arrangement and found free from live ants
3. For plants with soil or planting medium attached, landscaping material or hay or straw originating from a property 5
km or more from a property infested with RIFA a) to be certified by the Department of Agriculture in the State or Territory in which the plants, landscaping material
or hay or straw originated as originating from a property that is more than 5 km from any known infestation of
RIFA; or
b) to be accompanied by a declaration by the person exporting the plants, landscaping material or hay or straw to
Western Australia that it originates from a property that has been accredited by an authorised officer of the
Department of Agriculture of the State or Territory in which it originates as being more than 5 km from any known
infestation of RIFA.
4. For plants, landscaping material or hay or straw, machinery or containers to be certified or verified in writing as having
been produced, treated, stored, handled, consigned or inspected and found to be free from RIFA in accordance with a
protocol approved by the Director General.
5. Subitem (2) does not apply if subitem (4) applies.
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State or Territory

Conditions
6. On arrival in Western Australia plants with soil or planting medium attached originating from a property less than 5 km
from a property infested with RIFA to be inspected by an inspector for RIFA and found to be free from RIFA after each
container is tapped sharply at least 3 times.
27e

(QLD) Red Imported Fire Ant (RIFA) - Containers

Relates to Solenopsis invicta
1. In this item ‘landscaping materials’ includes a non-liquid mixture of organic or inorganic material in which plants may grow, soils,
potting mixtures and mulches;
‘RIFA’ means Red Imported Fire Ant (Solenopsis invicta).
2. N/A.
3. N/A.
4. N/A.
5. N/A.
6. N/A.
7. For machinery or containers from a place less than 5 km from a property infested with RIFA to be certified by the
Department of Agriculture in the State or Territory in which the machinery or containers originated as having been
inspected and found to be free from RIFA.
8. N/A.
9. For plants, landscaping material or hay or straw, machinery or containers to be certified or verified in writing as having
been produced, treated, stored, handled, consigned or inspected and found to be free from RIFA in accordance with a
protocol approved by the Director General.
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State or Territory

Conditions
10. Subitems (3), (4), (5) and (6) do not apply if subitem (9) applies.
11. On arrival in Western Australia plants with soil or planting medium attached originating from a property less than 5 km
from a property infested with RIFA to be inspected by an inspector for RIFA and found to be free from RIFA after each
container is tapped sharply at least 3 times. [Item 27 inserted in Gazette 31 Oct 2003 p. 4556-9.]
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A.3.3

Turf

Table 37 State and territory entry conditions for turf

State or Territory

Conditions

NSW

Section 91: Turf
A person may import into the State turf from a tramp ant infested area if paragraphs (a) to (e) are satisfied and the turf is
accompanied by a Plant Health Certificate certifying that conditions (a)-(d) have been met:
a) the turf was treated with an APVMA approved chemical for the control of tramp ants in accordance with all label
directions and permit conditions, and
b) the turf must be harvested between 2 and 28 days of treatment described in paragraph (a); and
c) immediately after harvesting, the turf was handled and stored in a manner that prevents infestation by tramp ants,
and
d) within 48 hours before despatch, the turf was inspected and found to be free of tramp ants, and
e) the turf remains in conditions that prevent infestation by tramp ants until it arrives in New South Wales.

VIC

Condition 36F - Fire Ant: Turf within 5km of an infestation
Any turf originating from an area covered by an Area Freedom Certificate declaring area freedom from red imported fire
ants may enter Victoria without restriction, otherwise‐
the movement into Victoria of turf from a property within 5km of a RIFA outbreak is prohibited unless:
1. the host material was sourced from a property –
a) which has been inspected within the last 28 days and found free of fire ants; and
b) which has not shared host material with another property known to be infested with fire ant unless that host
material has been given approved treatment; and
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State or Territory

Conditions
c) where the host material has been stored in a manner to prevent infestation; and
d) where the host material has been inspected and found free of fire ants; or
2. treated by cover spraying, at least 48 hours before lifting, with a solution of containing 500g/l of chlorpyrifos at the
rate of 2L/ha; and despatched within 28 days of treatment.
Documentation requirement: PHC, PHAC or Plant Health Declaration.
Verification Requirement:
Host material imported into Victoria which is required by to be accompanied by a certificate or declaration, must be –
a) presented to an Inspector for inspection; or
b) verified by a person accredited to do so by the Department of Jobs, Precincts and Regions.

SA

The movement into South Australia of any host material including containerised plants, growing media, soil, organic
mulch, turf, hay, straw, agriculture machinery or used containers is prohibited from Queensland unless certified as having
met the following requirements:
Note: Bare rooted plants washed free of soil and commercial seedling plugs/cells are exempt.
A. Properties within 5kms of a known outbreak of the pest Solenopsis invicta
Condition 1: Property Freedom
1.1 The property has been inspected and accredited by an officer of the State Department responsible for
agriculture or officer of an approved national scheme as being inspected and found free of RIFA; and
1.2 The property has been inspected within the past four weeks by an officer of a State Department responsible for
agriculture or by an approved inspection person trained and accredited by the State Department responsible for
agriculture under an approved ICA arrangement or an approved national scheme and no RIFA detected; and
1.3 The property does not share host material with another property known to be infested with RIFA unless that
host material has been given an approved treatment; and
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State or Territory

Conditions
1.4 The host material has been inspected by a trained authorised inspection person under an approved ICA/CA or
approved national scheme and found free of RIFA; and
1.5 The host material has been stored in a manner to prevent infestation.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate (ICA40) or BioSecure HACCP
Biosecurity Certificate.
Condition 6: Turf
Turf for domestic and commercial purposes requires prior written approval outlined in a Plant Health Import Certificate
before it can enter the State.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate and a Plant Health Import
Certificate

NT

Condition 1: Ants in Potting Mix or Turf
Plants that are grown in potting mix must not be introduced into the Northern Territory unless accompanied by a
government certificate or assurance certificate stating:
a) the plant was inspected before it was transported to the Northern Territory and found to be free of the pests,
OR
b) the place where the plant originated from is more than 5km from the boundary of an area infested with the pest.
Plants must be accompanied by a:
•

Plant Health Certificate or a Plant Health Assurance Certificate (Refer 1.6.1).

•

Permit for introduction of turf (Refer 1.6.3).

•

All plants and plant products must be labelled correctly (Refer 1.8).
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State or Territory

Conditions
•

Copies of all certificates and plant lists must be forwarded to NT Quarantine prior to sending the consignment (Refer
3.1).

TAS

Not permitted

WA

Not permitted
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A.3.4

Hay

Table 38 State and territory entry conditions for hay

State or Territory

Conditions

NSW

Section 88: Hay or straw bales
A person may import into the State hay or straw bales from a known tramp ant infested area if paragraphs (a) to (d) are
satisfied and the hay or straw bales are accompanied by a Plant Health Certificate that certifies conditions (a), (b) and (c)
have been met:
a) the hay or straw bales have been inspected and found to be dry and free of all soil, and
b) the hay or straw bales have been treated with an APVMA approved chemical for the control of tramp ants in
accordance with all label directions and permit conditions, and
c) immediately following treatment, the hay or straw bales have been handled and stored in a manner that prevents
infestation by tramp ants, and
d) the hay or straw bales remain in conditions that prevent infestation by tramp ants until they arrive in New South
Wales.

VIC

Condition 36E - Fire Ant: Hay and straw within 5km of an infestation
Any material originating from an area covered by an Area Freedom Certificate declaring area freedom from red imported
fire ants (RIFA) may enter Victoria without restriction, otherwise‐
the movement into Victoria of any hay or straw from a property within 5km of a RIFA outbreak is prohibited unless:
1. the host material was sourced from a property –
a) which has been inspected within the last 28 days and found free of fire ants; and
b) which has not shared host material with another property known to be infested with fire ant unless that host
material has been given approved treatment; and
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State or Territory

Conditions
c) where the host material has been stored in a manner to prevent infestation; and
d) where the host material has been inspected and found free of fire ants; or
2. treated by:
a) fumigation with a product containing 1000 g/kg methyl bromide at a rate of 48 g/m3 at 21℃ for at least 24 hours,
and
b) stored, handled and consigned after treatment so as to prevent infestation with fire ants, and
c) inspected and found free of fire ants, and
d) despatched within 28 days of treatment; or
3. processed by hammer milling where ‐
a) the property has been inspected not less than seven days prior to consignment and found free of fire ant, and
b) the material is –
i.

passed through a mesh of not more than 50mm in size, and

ii.

passed over a mesh of not more than 3mm in size to remove small particulates, and

iii.

immediately bagged into vacuum sealed bags; and

iv.

inspected at the rate of 1 in 50 bags to ensure they are properly sealed.

Documentation requirement: PHC, PHAC or Plant Health Declaration.
Verification Requirement: Host material imported into Victoria which is required by to be accompanied by a certificate or
declaration, must be –
a) presented to an Inspector for inspection; or
b) verified by a person accredited to do so by the Department of Jobs, Precincts and Regions.
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State or Territory

Conditions

SA

The movement into South Australia of any host material including containerised plants, growing media, soil, organic
mulch, turf, hay, straw, agriculture machinery or used containers is prohibited from Queensland unless certified as having
met the following requirements:
Note: Bare rooted plants washed free of soil and commercial seedling plugs/cells are exempt.
A. Properties within 5kms of a known outbreak of the pest Solenopsis invicta
Condition 1: Property Freedom
1.1 The property has been inspected and accredited by an officer of the State Department responsible for
agriculture or officer of an approved national scheme as being inspected and found free of RIFA; and
1.2 The property has been inspected within the past four weeks by an officer of a State Department responsible for
agriculture or by an approved inspection person trained and accredited by the State Department responsible for
agriculture under an approved ICA arrangement or an approved national scheme and no RIFA detected; and
1.3 The property does not share host material with another property known to be infested with RIFA unless that
host material has been given an approved treatment; and
1.4 The host material has been inspected by a trained authorised inspection person under an approved ICA/CA or
approved national scheme and found free of RIFA; and
1.5 The host material has been stored in a manner to prevent infestation.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate (ICA40) or BioSecure HACCP
Biosecurity Certificate.
Condition 5: Hay/Straw (and similar baled products)
5.1. Treated with Methyl Bromide fumigation at a rate of 48 g/m³ at 21ºC for 24 hours; and
5.2. Stored in a manner that would prevent infestation of RIFA; and
5.3. Inspected by the owner and found free of RIFA; and
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State or Territory

Conditions
5.4. Consigned within 28 days.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate.

NT

No conditions

TAS

NOTE: THIS IMPORT REQUIREMENT CURRENTLY APPLIES TO PLANTS, PLANT PRODUCTS AND OTHER PRESCRIBED MATTER
IMPORTED FROM THE STATE OF QUEENSLAND.
Vectors of Red Imported Fire Ant include: plants with attached growing media, growing media, organic mulch, soil and
turf, hay, straw, agricultural equipment3 and used containers;
•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-39 (Inspection and Treatment of Plants
for Red Imported Fire Ant), satisfy Clause I of this Import Requirement;

•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-40 (Property Freedom of Plants for Red
Imported Fire Ant), satisfy Clause II of this Import Requirement.

PROOF: Consignments must be accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate
A person must not import, or cause to be imported, any vector1 of red imported fire ant (Solenopsis invicta Buren), except
in accordance with the following:
Vectors from within 5 kilometres of a known infestation of red imported fires ant (RIFA):
a) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material:
(i) originates from a property that has been inspected and accredited by an authorised officer of the Queensland
Department of Primary Industries (QDPI) as being free of RIFA; and
(ii) the property has been inspected within the past four weeks by an authorised officer of the QDPI or a person
accredited by the QDPI under an approved ICA arrangement and no RIFA detected; and
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State or Territory

Conditions
(iii) the property does not share vector material with another property known to be infested with RIFA unless that
vector material has been given an approved treatment.
Or
b) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material has been given one of the following approved treatments:
…
(iv) for hay and straw:
• the hay or straw has been fumigated with Methyl Bromide at the rate of 48 grams per cubic metre at
21ºC for 24 hours; and
• stored, handled and consigned after treatment so as to prevent infestation with fire ant.

WA

27b (QLD) Red Imported Fire Ant (RIFA)- Hay and Straw
Relates to Solenopsis invicta
1. In this item ‘landscaping materials’ includes a non-liquid mixture of organic or inorganic material in which plants may grow, soils,
potting mixtures and mulches;
‘RIFA’ means Red Imported Fire Ant (Solenopsis invicta).
2. N/A .
3. N/A .
4. N/A.
5. N/A.
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State or Territory

Conditions
6. For hay or straw originating from a property that has been infested or is less than 5 km from a property infested with
RIFA to be certified that a) the originating property has been inspected in the preceding 3 months and found to be free from RIFA;
b) the hay or straw was fumigated with methyl bromide at the rate of 48 g/m3 at 21 C for 24 hours;
c) the fumigation was monitored and gas concentration at the end of the fumigation was not less than 15 g/m3;
d) the hay or straw was stored, handled and consigned after treatment in a manner so as to prevent infestation with
RIFA; and
e) the hay or straw was consigned within 48 hours of fumigation.
7. N/A.
8. For plants with soil or planting medium attached, landscaping material or hay or straw originating from a property 5
km or more from a property infested with RIFA a) to be certified by the Department of Agriculture in the State or Territory in which the plants, landscaping material
or hay or straw originated as originating from a property that is more than 5 km from any known infestation of
RIFA; or
b) to be accompanied by a declaration by the person exporting the plants, landscaping material or hay or straw to
Western Australia that it originates from a property that has been accredited by an authorised officer of the
Department of Agriculture of the State or Territory in which it originates as being more than 5 km from any known
infestation of RIFA.
9. For plants, landscaping material or hay or straw, machinery or containers to be certified or verified in writing as having
been produced, treated, stored, handled, consigned or inspected and found to be free from RIFA in accordance with a
protocol approved by the Director General.
10. Subitems (3), (4), (5) and (6) do not apply if subitem (9) applies.
11. N/A.
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A.3.5

Mulch

Table 39 State and territory entry conditions for mulch

State or Territory

Conditions

NSW

Section 87: Organic mulch (but not hay or straw bales) or soil
1. A person may import into the State from a tramp ant infested area organic mulch (but not hay or straw bales) or soil if
paragraphs (a) to (c) are satisfied and the organic mulch or soil is accompanied by an ‘acceptable biosecurity
certificate’ that certifies the conditions in (a) and (b) have been met:
a) the organic mulch or soil has been treated so that all parts of the mass have been brought to a minimum
temperature of 65.5° Celsius, and
b) immediately following treatment the organic mulch or soil has been handled and stored in a manner that prevents
infestation by tramp ants, and
c) the organic mulch or soil remains in conditions that prevent infestation by tramp ants until it arrives in New South
Wales. (2) In this clause, acceptable biosecurity certificate means: (a) a Plant Health Certificate, or (b) a BioSecure
HACCP Biosecurity Certificate issued in accordance with the entry conditions specified in ‘BioSecure HACCP Entry
Conditions Compliance Procedure Number: ECCPRIFA21.’

VIC

Condition 36C - Fire Ant: Earth Material including Landscaping Materials within 5km of an infestation - Agriculture
Any material originating from an area covered by an Area Freedom Certificate declaring area freedom from red imported
fire ants (RIFA) may enter Victoria without restriction, otherwise‐
the movement into Victoria of any earth or landscaping material (including growing media and organic mulch), from a
property within 5km of a RIFA outbreak is prohibited unless:
1. the host material was sourced from a property –
a) which has been inspected within the last 28 days and found free of fire ants; and

Review of Red Imported Fire Ant Scientific Principles and Controls | 337

State or Territory

Conditions
b) which has not shared host material with another property known to be infested with fire ant unless that host
material has been given approved treatment; and
c) where the host material has been stored in a manner to prevent infestation; and
d) where the host material has been inspected and found free of fire ants; or
2. in the case of any earth and landscaping material including growing media and organic mulch –
a) was treated by ‐
i.

heating the entire mass to a minimum temperature of 65.5℃ using steam or dry heat; or

ii.
fumigating with a product containing 1000 g/kg methyl bromide, at the rate of 48 g/m3 at 21℃ for at least
24 hours; or
iii.

in the case of diagnostic samples, freezing to at least ‐20℃ for not less than 24 hours; and

b) was produced, stored, handled and consigned in such a manner that would prevent infestation or destroy all life
stages of fire ants; and
c) remains packed in the original sealed bag or container in which it was first commercially packed.
Documentation requirement: PHC, PHAC or Plant Health Declaration.
Verification Requirement: Host material imported into Victoria which is required by to be accompanied by a certificate or
declaration, must be –
a) presented to an Inspector for inspection; or
b) verified by a person accredited to do so by the Department of Jobs, Precincts and Regions.
SA

The movement into South Australia of any host material including containerised plants, growing media, soil, organic
mulch, turf, hay, straw, agriculture machinery or used containers is prohibited from Queensland unless certified as having
met the following requirements:
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State or Territory

Conditions
Note: Bare rooted plants washed free of soil and commercial seedling plugs/cells are exempt.
A. Properties within 5kms of a known outbreak of the pest Solenopsis invicta
Condition 1: Property Freedom
1.1 The property has been inspected and accredited by an officer of the State Department responsible for
agriculture or officer of an approved national scheme as being inspected and found free of RIFA; and
1.2 The property has been inspected within the past four weeks by an officer of a State Department responsible for
agriculture or by an approved inspection person trained and accredited by the State Department responsible for
agriculture under an approved ICA arrangement or an approved national scheme and no RIFA detected; and
1.3 The property does not share host material with another property known to be infested with RIFA unless that
host material has been given an approved treatment; and
1.4 The host material has been inspected by a trained authorised inspection person under an approved ICA/CA or
approved national scheme and found free of RIFA; and
1.5 The host material has been stored in a manner to prevent infestation.
Proof: Accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate (ICA40) or BioSecure HACCP
Biosecurity Certificate.
Condition 4: Growing media, Organic Mulch and Soil*
4.1. Treated with Methyl Bromide fumigation at a rate of 48 g/m³ at 21ºC for 24 hours; or
4.2. Heat treated to bring the entire mass to a maximum of 65.5ºC; and
4.3. Stored, handled and consigned after treatment so as to prevent infestation with RIFA; or
4.4. Produced, stored, handled and consigned in such a manner that would prevent infestation or destroy all life
stages of RIFA.
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State or Territory

Conditions
The growing media, organic mulch and/or soil must be packed in the original sealed bag or other container in which they
were commercially packed. *NOTE: Also refer to Condition 20.
Proof: Accompanied by a Plant Health Certificate, Plant Health Assurance Certificate, BioSecure HACCP Biosecurity
Certificate or CA12 Laboratory documentation.

NT

No conditions for mulch specifically – NT conditions only concern growing media within a pot.

TAS

NOTE: THIS IMPORT REQUIREMENT CURRENTLY APPLIES TO PLANTS, PLANT PRODUCTS AND OTHER PRESCRIBED MATTER
IMPORTED FROM THE STATE OF QUEENSLAND.
Vectors of Red Imported Fire Ant include: plants with attached growing media, growing media, organic mulch, soil and
turf, hay, straw, agricultural equipment and used containers;
•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-39 (Inspection and Treatment of Plants
for Red Imported Fire Ant), satisfy Clause I of this Import Requirement;

•

Consignments that meet Interstate Certification Assurance (ICA) protocol ICA-40 (Property Freedom of Plants for Red
Imported Fire Ant), satisfy Clause II of this Import Requirement.

PROOF: Consignments must be accompanied by a Plant Health Certificate or a Plant Health Assurance Certificate
A person must not import, or cause to be imported, any vector1 of red imported fire ant (Solenopsis invicta Buren), except
in accordance with the following:
Vectors from within 5 kilometres of a known infestation of red imported fires ant (RIFA):
a) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material:
(i) originates from a property that has been inspected and accredited by an authorised officer of the Queensland
Department of Primary Industries (QDPI) as being free of RIFA; and

340 | CSIRO Australia’s National Science Agency

State or Territory

Conditions
(ii) the property has been inspected within the past four weeks by an authorised officer of the QDPI or a person
accredited by the QDPI under an approved ICA arrangement and no RIFA detected; and
(iii) the property does not share vector material with another property known to be infested with RIFA unless that
vector material has been given an approved treatment.
or
b) must be accompanied by a Plant Health Certificate or Plant Health Assurance Certificate from the State or Territory
of origin stating that the vector material has been given one of the following approved treatments:
….
(iii) for growing media and organic mulch, the material has been:
• fumigated with Methyl Bromide at the rate of 48 grams per cubic metre at 21o C for 24 hours; and
• stored, handled and consigned after treatment so as to prevent infestation with fire ant;
or
• heat treated so as to bring the entire mass to a minimum temperature of 65.5oC; and
• stored, handled and consigned after treatment so as to prevent infestation with fire ant.
or
• produced, stored, handled and consigned in such a manner that would prevent infestation or destroy all
life stages of the RIFA; and
• packed in the original sealed bag or other container in which it was commercially packed

WA

27c

(QLD) Red Imported Fire Ant (RIFA) - Landscaping material

Relates to Solenopsis invicta
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State or Territory

Conditions
‘landscaping materials’ includes a non-liquid mixture of organic or inorganic material in which plants may grow, soils,
potting mixtures and mulches;
‘RIFA’ means Red Imported Fire Ant (Solenopsis invicta).
2. N/A .
3. N/A.
4. N/A.
5. For landscaping material originating from a property that has been infested or is less than 5 km from a property
infested with RIFA to be certified a) that the originating property has been inspected in the preceding 3 months and found to be free from RIFA; and
b) either i.

that I.

the material was fumigated with methyl bromide at the rate of 48 g/m3 at 21 C for 24 hours;

II.

the material was not more than 300 mm deep during the fumigation;

III.
the fumigation was monitored and gas concentration at the end of the fumigation was not less than
15 g/m3;
IV.
the material was stored, handled and consigned after treatment in a manner so as to prevent
infestation with RIFA; and
V.
ii.

that I.

342 | CSIRO Australia’s National Science Agency

the material was consigned to Western Australia within 48 hours of fumigation;
the material was heat treated to a core temperature of at least 70 C for at least 5 minutes;

State or Territory

Conditions
II.
the material was stored, handled and consigned after treatment in a manner so as to prevent
infestation with RIFA; and
III.

the material was consigned to Western Australia within 48 hours of treatment;

or
iii.

that I.
the material has been mixed with a registered granular insecticide at a rate of 8.4 kg of granules per
cubic metre of landscaping material;
II.

the granules contain 2 g/kg of bifenthrin; and

III.
the mixture of landscaping material and granules was made not more than 3 months before the
landscaping material was consigned to Western Australia.
6. N/A.
7. N/A.
8. For plants with soil or planting medium attached, landscaping material or hay or straw originating from a property 5
km or more from a property infested with RIFA a) to be certified by the Department of Agriculture in the State or Territory in which the plants, landscaping material
or hay or straw originated as originating from a property that is more than 5 km from any known infestation of
RIFA; or
b) to be accompanied by a declaration by the person exporting the plants, landscaping material or hay or straw to
Western Australia that it originates from a property that has been accredited by an authorised officer of the
Department of Agriculture of the State or Territory in which it originates as being more than 5 km from any known
infestation of RIFA.
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State or Territory

Conditions
9. For plants, landscaping material or hay or straw, machinery or containers to be certified or verified in writing as having
been produced, treated, stored, handled, consigned or inspected and found to be free from RIFA in accordance with a
protocol approved by the Director General.
10. Subitems (3), (4), (5) and (6) do not apply if subitem (9) applies.
11. On arrival in Western Australia plants with soil or planting medium attached originating from a property less than 5 km
from a property infested with RIFA to be inspected by an inspector for RIFA and found to be free from RIFA after each
container is tapped sharply at least 3 times. [Item 27 inserted in Gazette 31 Oct 2003 p. 4556-9.]

A.3.6

Animal manure

Table 40 State and territory entry conditions for animal manure

State or Territory

Conditions

NSW

December 2019 amendment: Manure as organic mulch
Under amended entry conditions effective 13 December, manure is included in the definition of organic mulch. Organic
mulch (but not hay or straw) from a known tramp ant infested area is required to meet the following before entering
NSW:
The organic mulch:
1. has been treated so that all parts of the mass have been brought to a minimum temperature of 65.5°C,
2. has been handled and stored in a manner that prevents infestation by tramp ants immediately following treatment,
3. remains in conditions that prevent infestation by tramp ants until it arrives in New South Wales, and
4. is accompanied by Plant Health Certificate or BioSecure HACCP Biosecurity Certificate certifying that conditions 1 and 2
above have been met.

344 | CSIRO Australia’s National Science Agency

State or Territory

Conditions

VIC

Not permitted.

SA

No conditions

NT

No conditions

TAS

No conditions

WA

No conditions.

A.3.7

Other fire ant carriers

Table 41 State and territory entry conditions for other fire ant carriers

State or Territory

Conditions

NSW
VIC
SA
NT
TAS
WA
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Stakeholder consultation
B.1

Stakeholder consultation instruments

B.1.1

Email sent to stakeholders

Dear [stakeholder],
You are invited to contribute to a review of the red imported fire ant (RIFA) scientific principles and controls
that currently underpin the movement of fire ant carriers within, between and beyond Queensland’s
designated Biosecurity Zones. The review is being undertaken by the Commonwealth Scientific and
Industrial Research Organisation (CSIRO).
One element of this review is a brief survey, to help us to understand the views of individuals and
organisations about the scientific principals and controls for fire ant carriers.
It is voluntary to take part in this survey and you can withdraw at any time. Your name, workplace and
responses will be provided to Queensland Department of Agriculture and Fisheries (QDAF). All information
provided by you will be treated confidentially. If you would like your responses to remain anonymous, then
we will comply with this. If the survey’s results are used by CSIRO for the purpose of additional scientific
articles the data will aggregated, and no individuals will be identified.
The survey should take approximately 15 minutes to complete. There will be an option at the end of the
survey to request a follow-up telephone call.
To start the survey, please click on the link below.

B.1.2

Survey questionnaire

[Introductory text]
You are invited to contribute to a review of the red imported fire ant (RIFA) scientific principles and controls
that currently underpin the movement of high-risk materials within, between and beyond Queensland’s
designated Biosecurity Zones. The survey is conducted by the Commonwealth Scientific and Industrial
Research Organisation (CSIRO). The study will include an evaluation of the published and unpublished
literature, and a structured assessment of risks and controls. Ultimately, we will make recommendations to
our client, the Queensland Government Department of Agriculture and Fisheries (QDAF), about the security
of existing controls and any alternative or additional controls that should be considered. These
recommendations will then be relayed to the Steering Committee for the National RIFA Eradication
Program (NRIFAEP).
What will I be asked to do?
Completing the survey will take approximately 15-30 minutes. After completing the survey, you may
request a follow-up telephone call to discuss your responses. Your participation is completely voluntary,
and you are free to withdraw by stopping the survey at any time. If you decide to withdraw from the
survey, any responses you have provided up to that point will be deleted. You may also skip any question
you do not wish to answer. If any topic is raised in the follow-up telephone call that you prefer not to
discuss, you only need to tell the interviewer and the topic will not be pursued. Similarly, you are free to
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stop the follow-up telephone call at any time. If you wish to withdraw after submitting the survey or
completing the telephone call, simply notify the researcher listed below and your data will not be used. You
may withdraw from this study at any time up until presentation of a Draft Report of the project.
How will the results of the study be used?
The primary purpose of the information we collect through the survey and follow-up telephone call is to
help inform our review of RIFA scientific principles and controls and our assessment of the risks associated
with the movement of high-risk materials. This work will be collated in a project report and provided to
QDAF. Following the completion of the project, we may seek QDAF’s permission to publish the study’s
methodology and/or outcomes in a scientific journal. If we pursue this option, we will restrict the report to
aggregate data and will not release your personal details or responses.
All information provided by you will be treated confidentially. Your name and workplace will be provided to
QDAF with your responses to our questions. If you would like your responses to remain anonymous, there
will be an option on the questionnaire to request this. Any data collected as part of this study will be
securely stored as per CSIRO’s record-keeping procedure.
What if I have any questions about this study?
If you have any questions about this project, please feel free to contact the project leader, Dr. Sam Beckett,
at Sam.Beckett@data61.csiro.au.
This study has been approved by CSIRO’s Social Science Human Research Ethics Committee in accordance
with the National Statement on Ethical Conduct in Human Research (2007). Any concerns or complaints
about the conduct of this study can be raised with the Manager of Social Responsibility and Ethics on (07)
3833 5693 or by email at csshrec@csiro.au.
If you consent to take part in this survey, please click the ‘Next’ button below to begin.
Section 1: Demographic information

o
o
o
o
o
o
o

Name
Email
Mobile
Organisation
Position in organisation
What is your organisation’s interest in red imported fire ants?
I would like my name and affiliations to be kept anonymous

Section 2: Scientific Principles
The following questions are about the red imported fire ant (RIFA) scientific principles that contributed to
the development of the carrier controls. We would like to know your opinion on the principles that are of
interest to you.
Principle 1: “An established fire ant queen will not survive without workers, so if a queen is permanently
separated from the majority of her workers, she will perish.”
•

What is your view on this scientific principle?
Correct
Uncertain
Not correct
No opinion (skip to the next principle)

•

What is the support for your opinion? ____________________________
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•
•

Do you have any suggested changes to the principle? ___________________________
Do you have any scientific references or evidence that you believe to counter the principle? ___

Principle 2: “It takes approximately 21 days for a fire ant colony to establish, so any disturbance of the nest
during this time is likely to result in death of the new colony.”
•

What is your view on this scientific principle?
Correct
Uncertain
Not correct
No opinion (skip to the next principle)

•
•
•

What is the support for your opinion? ____________________________
Do you have any suggested changes to the principle? ___________________________
Do you have any scientific references or evidence that you believe to counter the principle? ___

Principle 3: “High temperatures can either repel or kill fire ants, so carriers that are heated to these
temperatures are unlikely to harbour fire ants.”
•

What is your view on this scientific principle?
Correct
Uncertain
Not correct
No opinion (skip to the next principle)

•
•
•

What is the support for your opinion? ____________________________
Do you have any suggested changes to the principle? ___________________________
Do you have any scientific references or evidence that you believe to counter the principle? ___

Principle 4: “While the main nest chamber of a newly established or young fire ant colony in the ground is
usually located within the top 1 metre of soil, some chambers may be lower; therefore, there is still a risk of
colony spread due to disturbance and queen protection behaviour if the top layer of soil is removed.”
•

What is your view on this scientific principle?
Correct
Uncertain
Not correct
No opinion (skip to the next principle)

•
•
•

What is the support for your opinion? ____________________________
Do you have any suggested changes to the principle? ___________________________
Do you have any scientific references or evidence that you believe to counter the principle? ___

Principle 5: “A monogyne colony [a colony with only one active queen] fraction with no queens or alates
[winged adults] is unlikely to cause further infestation.”
•

What is your view on this scientific principle?
Correct
Uncertain
Not correct
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No opinion (skip to the next principle)
•
•
•

What is the support for your opinion? ____________________________
Do you have any suggested changes to the principle? ___________________________
Do you have any scientific references or evidence that you believe to counter the principle? ___

Principle 6: “Fire ants will not establish on impermeable surfaces.”
•

What is your view on this scientific principle?
Correct
Uncertain
Not correct
No opinion (skip to the next principle)

•
•
•

What is the support for your opinion? ____________________________
Do you have any suggested changes to the principle? ___________________________
Do you have any scientific references or evidence that you believe to counter the principle? ___

Principle 7: “Nuptial [mating] flights can occur at any time of the year.”
•

What is your view on this scientific principle?
Correct
Uncertain
Not correct
No opinion (skip to the next principle)

•
•
•

What is the support for your opinion? ____________________________
Do you have any suggested changes to the principle? ___________________________
Do you have any scientific references or evidence that you believe to counter the principle?

Section 3: The following questions are about fire ant carriers. We would like to know your opinion on those
that are of interest to you.
Fire ant carrier 1: Soil
•

Is soil a fire ant carrier of interest to you?
Yes
No (skip to the next carrier)

•

National Red Imported Fire Ant Eradication Program (NRIFAEP) controls for soil.

o Please describe your experience with NRIFAEP controls for the storage or movement of
soil. __________*
o How effective do you think the controls are for managing risk of spreading fire ants?
1=Very effective, 2 = effective, 3= somewhat effective, 4 = ineffective
Why do you think so? __________*

o How practical do you find the controls to implement?

1= Simple and easy, 2 = achievable but some difficulty, 3 = very difficult, 4 = impossible
Why do you think so? __________*

•

o Do you have any comments on the science underpinning the controls for soil? ______
o Do you have any additional comments about the controls for soil? ___________
The following questions are about the Biosecurity Instrument Permits (BIPs) for soil
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o Please describe the nature of your experience with BIPs issued for the storage or
movement of soil. _______________________
o Do you have any comments on practical aspects of implementing the BIPs issued for
soil? _____________
o Do you have any comments on the science underpinning the BIPs issued for soil? ____
Fire ant carrier 2: Potted plants
•
•

Are potted plants a fire ant carrier of interest to you?
Yes
No (skip to the next carrier)

•

National Red Imported Fire Ant Eradication Program (NRIFAEP) controls for potted plants

o Please describe your experience with NRIFAEP controls for the storage or movement of
potted plants. __________*
o How effective do you think the controls are for managing risk of spreading fire ants?
1=Very effective, 2 = effective, 3= somewhat effective, 4 = ineffective
Why do you think so? __________*

o How practical do you find the controls to implement?

1= Simple and easy, 2 = achievable but some difficulty, 3 = very difficult, 4 = impossible
Why do you think so? __________*

•

o Do you have any comments on the science underpinning the controls for potted
plants? ______
o Do you have any additional comments about the controls for potted plants?
___________

The following questions are about the Biosecurity Instrument Permits (BIPs) for potted plants.

o Please describe the nature of your experience with BIPs issued for the storage or
movement of potted plants. _______________________
o Do you have any comments on practical aspects of implementing the BIPs issued for
potted plants? _____________
o Do you have any comments on the science underpinning the BIPs issued for potted
plants? ____

Fire ant carrier 3: Turf
•

Is turf a fire ant carrier of interest to you?
Yes
No (skip to the next carrier)

•

National Red Imported Fire Ant Eradication Program (NRIFAEP) controls for turf

o Please describe your experience with NRIFAEP controls for the storage or movement of
turf. __________*
o How effective do you think the controls are for managing risk of spreading fire ants?
1=Very effective, 2 = effective, 3= somewhat effective, 4 = ineffective
Why do you think so? __________*

o How practical do you find the controls to implement?

1= Simple and easy, 2 = achievable but some difficulty, 3 = very difficult, 4 = impossible
Why do you think so? __________*

o Do you have any comments on the science underpinning the controls for turf? ______
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•

o Do you have any additional comments about the controls for turf? ___________
The following questions are about the Biosecurity Instrument Permits (BIPs) for turf

o Please describe the nature of your experience with BIPs issued for the storage or
movement of turf. _______________________
o Do you have any comments on practical aspects of implementing the BIPs issued for
turf? _____________
o Do you have any comments on the science underpinning the BIPs issued for turf? ____

Fire ant carrier 4: Hay
•

Is hay a fire ant carrier of interest to you?
Yes
No (skip to the next carrier)

•

National Red Imported Fire Ant Eradication Program (NRIFAEP) controls for hay

o Please describe your experience with NRIFAEP controls for the storage or movement of
hay. __________*
o How effective do you think the controls are for managing risk of spreading fire ants?
1=Very effective, 2 = effective, 3= somewhat effective, 4 = ineffective
Why do you think so? __________*

o How practical do you find the controls to implement?

1= Simple and easy, 2 = achievable but some difficulty, 3 = very difficult, 4 = impossible
Why do you think so? __________*

•

o Do you have any comments on the science underpinning the controls for hay? ______
o Do you have any additional comments about the controls for hay? ___________
The following questions are about the Biosecurity Instrument Permits (BIPs) for hay

o Please describe the nature of your experience with BIPs issued for the storage or
movement of hay. _______________________
o Do you have any comments on practical aspects of implementing the BIPs issued for
hay? _____________
o Do you have any comments on the science underpinning the BIPs issued for hay? ____

Fire ant carrier 5: Animal manure
•

Is animal manure a fire ant carrier of interest to you?
Yes
No (skip to the next carrier)

•

National Red Imported Fire Ant Eradication Program (NRIFAEP) controls for animal manure

o Please describe your experience with NRIFAEP controls for the storage or movement of
animal manure. __________*
o How effective do you think the controls are for managing risk of spreading fire ants?
1=Very effective, 2 = effective, 3= somewhat effective, 4 = ineffective
Why do you think so? __________*

o How practical do you find the controls to implement?

1= Simple and easy, 2 = achievable but some difficulty, 3 = very difficult, 4 = impossible
Why do you think so? __________*
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•

o Do you have any comments on the science underpinning the controls for animal
manure? ______
o Do you have any additional comments about the controls for animal manure?
___________

The following questions are about the Biosecurity Instrument Permits (BIPs) for animal manure

o Please describe the nature of your experience with BIPs issued for the storage or
movement of animal manure. _______________________
o Do you have any comments on practical aspects of implementing the BIPs issued for
animal manure? _____________
o Do you have any comments on the science underpinning the BIPs issued for animal
manure? ____

Fire ant carrier 6: Mulch
•

Is mulch a fire ant carrier of interest to you?
Yes
No (skip to the next carrier)

•

National Red Imported Fire Ant Eradication Program (NRIFAEP) controls for mulch

o Please describe your experience with NRIFAEP controls for the storage or movement of
mulch. __________*
o How effective do you think the controls are for managing risk of spreading fire ants?
1=Very effective, 2 = effective, 3= somewhat effective, 4 = ineffective
Why do you think so? __________*

o How practical do you find the controls to implement?

1= Simple and easy, 2 = achievable but some difficulty, 3 = very difficult, 4 = impossible
Why do you think so? __________*

•

o Do you have any comments on the science underpinning the controls for mulch?
______
o Do you have any additional comments about the controls for mulch? ___________
The following questions are about the Biosecurity Instrument Permits (BIPs) for mulch

o Please describe the nature of your experience with BIPs issued for the storage or
movement of mulch. _______________________
o Do you have any comments on practical aspects of implementing the BIPs issued for
mulch? _____________
o Do you have any comments on the science underpinning the BIPs issued for mulch?
____

Fire ant carrier 7: Other high-risk carriers
These include:

 blended materials, for example soil blends or processed soils (soils that undergo screening,
crushing or blending with other materials, such as mulch)
 a product or by-product of mining or quarry works (for example, gravels)
 a product or by-product of the processing of a plant, or something that comes from a plant (for
example, sawdust and compost).
•

Are any of these other high-risk fire ant carriers (above) of interest to you?
Yes
No (skip to the end of the survey)
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•

National Red Imported Fire Ant Eradication Program (NRIFAEP) controls for other high-risk fire ant
carriers

o Please describe your experience with NRIFAEP controls for the storage or movement of
other high-risk fire ant carriers. __________*
o How effective do you think the controls are for managing risk of spreading fire ants?
1=Very effective, 2 = effective, 3= somewhat effective, 4 = ineffective
Why do you think so? __________*

o How practical do you find the controls to implement?

1= Simple and easy, 2 = achievable but some difficulty, 3 = very difficult, 4 = impossible
Why do you think so? __________*

•

•

•

o Do you have any comments on the science underpinning the controls for other highrisk fire ant carriers? ______
o Do you have any additional comments about the controls for other high-risk fire ant
carriers? ___________

The following questions are about the Biosecurity Instrument Permits (BIPs) for other high-risk fire
ant carriers

o Please describe the nature of your experience with BIPs issued for the storage or
movement of other high-risk fire ant carriers. _______________________
o Do you have any comments on practical aspects of implementing the BIPs issued for
other high-risk fire ant carriers? _____________

Do you have any comments on the science underpinning the BIPs issued for other high-risk fire ant
carriers?

Follow up telephone call
o Would you like a follow-up phone call?
Yes
No (skip to “Thank You” page)
o Please indicate who you would like us to call
 Yourself
 Someone else in your organisation
• Name
• Email
• Mobile
• Position in organisation
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Quantitative risk assessment –
supplementing information
C.1

Introduction to Bayesian network models

Bayesian networks (BNs) are a general, flexible modelling tool and have been applied in diverse
contexts, ranging from business processes to biological invasions (Fenton and Neil, 2013; Smith et
al., 2012). BNs can be used in either a statistical data-driven, or a process-based knowledgesupported modelling framework (Boets et al., 2015). In the following, the focus is on processbased BN models as this is the most appropriate method in data-constrained situations such as
this risk assessment.
BN models are graphical influence diagrams, in which explanatory variables (‘parent nodes’) are
linked by causal relationships to response variables (‘child nodes’). Causal effects and interactions
between multiple influential parent nodes are quantified in conditional probability tables (CPTs)
behind each child node in the network. Each network node must have at least two mutually
exclusive states, which exhaustively capture its total range of numerical values or discrete
conditions. Based on evidence or beliefs about the state of each influential parent node, the
conditional probability that the child node takes a certain state can be calculated. Due to their
probabilistic properties, BN models are well-suited to assessing risk under uncertainty (Fenton &
Neil, 2013).
There are several steps when developing a process-based BN model for the purpose of a risk
assessment (e.g. Froese et al., 2019).
First, the aims of modelling must be carefully defined. This includes defining ‘risk’ and developing a
conceptual model of the risk system being assessed. In a BN model this can be translated into a
structural framework of child nodes. Next, any factors influencing risk as defined above must be
identified and clearly defined. In a BN model these are the parent nodes that are linked to
different child nodes throughout the risk system. Third all causal relationships between risk factors
(‘parent nodes’) and risk responses (‘child nodes’) must be formalised in a fully structured
influence diagram, including interactions between multiple influential network nodes (Figure 42).
Finally, each network must be assigned with discrete states, representing levels of risk in child
nodes and alternative conditions influencing risk in parent nodes, and each state must be
unambiguously defined. Developing such an influence diagram can be one of the most difficult and
important aspects of the assessment, as the resulting model structure will strongly affect model
behaviour, and a thorough conceptual understanding of the entire risk system is required. This
step is usually informed by a comprehensive review of the theoretical and empirical literature and
consultation with expert that are closely familiar with the risk system being assessed.
Next, the conceptual model (influence diagram) must be translated into a quantitative model by
parameterising the CPTs behind each child node. This requires quantifying the effect each parent
node has on any child node it influences, and the variability in this effect depending on the parent
node’s state. CPTs can be parameterised from empirical evidence, expert knowledge or
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mathematical functions. Model parameterisation can be particularly challenging when the
network includes many interactions because a conditional probability distribution must be
specified for each combination of states in all parent nodes linked to a child node. Where evidence
or knowledge is not available or informative, CPTs may also be parameterised from qualitatively or
quantitatively derived assumptions.
Finally, model behaviour can be evaluated via scenario or sensitivity analyses. Sensitivity analyses
evaluates how sensitive the modelled risk responses (i.e. the risk levels in child nodes) are to
changes in the states of each influential risk factor (i.e. which risk factors are most important?).
Scenario analysis evaluates the modelled risk responses given a particular, plausible and
meaningful, combination of states in all influential parent nodes (i.e. what risk level is predicted
given evidence or beliefs about risk factors?). Where an independent dataset is available
(empirical evidence or expert knowledge), the predictive accuracy of model outputs may also be
evaluated. Based on the results of model evaluation, both the conceptual model (influence
diagram) and the parameterised quantitative model can be iteratively updated and refined. The
ability to iteratively test hypotheses by repeating the process of model development, evaluation
and updating is a particular strength of the BN modelling approach.

Figure 42 Schematic of a process-based Bayesian network
Notes: Schematic of a process-based Bayesian network used in the context of a risk assessment (in this case weed
invasion risk). Risk response variables (‘child nodes’) are shown as rectangular boxes; influencing explanatory variables
or risk factors (‘parent nodes’) are shown as parallelograms.

C.2

General modelling methodology and assumptions

C.2.1

Fire ant prevalence

We quantified risk as the likelihood that the carrier is exposed to viable fire ant queens, and that
viable fire ant queens infest and survive in the carrier, at a certain density level. Only at the
endpoint of the risk assessment did we measure the likelihood that at least one viable fire ant
queen is released from the carrier. We tracked fire ant densities throughout the risk assessment
for two reasons:
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a) The risk of at least one fire ant queen surviving in the carrier through to movement and
eventual release is ultimately dependent on carrier exposure, which in turn is dependent on
the ‘pest pressure’ from established fire ant nests at the source property or surrounding
landscape (i.e. the number of mated female alates that are available within nuptial flight
distance to land on the carrier, and the number of established queens with a sufficient number
of workers (10 to 25; Tschinkel, 2006) that are available within foraging distance to relocate
into the carrier); and
b) The efficacy of many controls is density-dependent; this means that at high pest pressure or
infestation levels, controls may suppress or reduce exposure, infestation or survival level
rather than completely eliminate all viable fire ant queens from the carrier; moreover, some
controls are likely to work less effectively at higher density levels (see below).
There was little evidence beyond anecdotal information available to define pest pressure at the
property or landscape level. For the purpose of parameterising BN models, we distinguished
between four discrete states corresponding to the following density levels (measured as nests per
hectare and separated by orders of magnitude):
• None: Fire ant nests very unlikely present
• Low: 1-10 nests per hectare
• Moderate: 11-100 nests per hectare
• High: 101-1000 nests per hectare.
We further specified an expected ‘prior’ likelihood distribution among these four density
categories for four ‘landscape zones’ (Table 42). These landscape zones loosely aligned with fire
ant prevalence in the Biosecurity Zones specified under the Regulation, but due to the high level of
uncertainty in our assumptions they may be generically interpreted as alternative pest pressure
scenarios rather than accurate representations of the Biosecurity Zones (Table 42). These prior
likelihood distributions may be conceptualised using the following guiding question: “Out of 100
random 1 hectare properties in the landscape zone of interest, how many properties are expected
to have no fire ant nests, and how many properties are expected to have a low (1-10), moderate
(11-100) or high (101-1000) nest density?”
Table 42 Expected prior likelihood distributions for density categories and landscape zones
Landscape zone

None

Low

Moderate

High

Outside BZs

Generic interpretation

99.9

0.1

0

0

Negligible pest pressure

Biosecurity zone 1

90

9

1

0

Low pest pressure

Biosecurity zone 2

25

50

24

1

Severely infested

0

10

40

50

Uncertain pest pressure, locally elevated
densities or fire ant free
Very high pest pressure, e.g. as observed
in some heavily infested areas of the
USA

Notes: Expected prior likelihood distribution among four fire ant density categories for four different landscape zones.
A generic interpretation of the zones in terms of pest pressure levels is also provided.

In the absence of observational evidence, we assumed that the prior likelihood distributions at the
landscape level were also reflected at the level of individual properties (then referring to expected
uncertainty about true fire ant prevalence rather than the expected number of properties in each
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density category). Observational evidence from property inspections may be used in our model to
update the expected prior likelihood distribution at the landscape level under consideration of
detection rates (Table 43). If no nest is found, this may increase confidence that pest pressure is
lower than what could be expected without such observational evidence. If one or several nests
are found, the modifying effect of such evidence depends on the observation finding (low,
moderate or high densities) and the prior expectation. Detection rates may vary significantly
according to inspection methods, skills or timing. We assumed a range of scenarios, ranging from
50% (i.e. for every detected nest there is one undetected nest) to 99%. Detection rates of 50%
(approached by a person with fire ant training) and 80% (approached by a professional fire ant
inspector) were assumed to be most realistic. Detection rates of 90% or 99% were included to
explore the benefits of conducting repeat surveys and practicing passive surveillance by trained
staff (Table 43).
Finally, we assumed the same density categories and expected prior likelihood distributions for
both infestation scenarios: established nests and incipient nest. However, because incipient nests
are fully contained below ground and hence not detectable by inspection, the expected landscape
prior can generally not be updated by observational evidence at the property level for the new
queen infestation scenario. Further, for the established queen infestation scenario we did not
differentiate between monogyne and polygyne colonies, although evidence suggests that this
would significantly affect fire ant nest densities (Macom and Porter 1996). As discussed in the
following section, when estimating carrier exposure to viable fire ant queens, we implicitly
assumed a monogyne population structure.
Table 43 Conditional probability table for fire ant prevalence at the property level
Landscape
prevalence
(expected)
None

Property
prevalence
(observed)
None

Property inspection
(detection rate)

None

Low

Moderat
e

High

None

None

99% detected

100

0

0

0

90% detected

100

0

0

0

None

None

80% detected

100

0

0

0

None

None

50% detected

100

0

0

0

None

None

Not inspected

100

0

0

0

None

Low

99% detected

0

100

0

0

None

Low

90% detected

0

100

0

0

None

Low

80% detected

0

100

0

0

None

Low

50% detected

0

100

0

0

None

Low

Not inspected

100

0

0

0

None

Moderate

99% detected

0

0

100

0

None

Moderate

90% detected

0

0

100

0

None

Moderate

80% detected

0

0

100

0

None

Moderate

50% detected

0

0

100

0

None

Moderate

Not inspected

100

0

0

0

None

High

99% detected

0

0

0

100

None

High

90% detected

0

0

0

100

None

High

80% detected

0

0

0

100

None

High

50% detected

0

0

0

100

None

High

Not inspected

100

0

0

0
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Landscape
prevalence
(expected)
Low

Property
prevalence
(observed)
None

Property inspection
(detection rate)
99% detected

Low

None

90% detected

Low

None

Low

None

Low

Moderat
e

High

99

1

0

0

90

10

0

0

80% detected

80

20

0

0

None

50% detected

50

50

0

0

Low

None

Not inspected

0

100

0

0

Low

Low

99% detected

0

100

0

0

Low

Low

90% detected

0

100

0

0

Low

Low

80% detected

0

100

0

0

Low

Low

50% detected

0

100

0

0

Low

Low

Not inspected

0

100

0

0

Low

Moderate

99% detected

0

0

100

0

Low

Moderate

90% detected

0

0

100

0

Low

Moderate

80% detected

0

0

100

0

Low

Moderate

50% detected

0

0

100

0

Low

Moderate

Not inspected

0

100

0

0

Low

High

99% detected

0

0

0

100

Low

High

90% detected

0

0

0

100

Low

High

80% detected

0

0

0

100

Low

High

50% detected

0

0

0

100

Low

High

Not inspected

0

100

0

0

Moderate

None

99% detected

99

1

0

0

Moderate

None

90% detected

90

10

0

0

Moderate

None

80% detected

80

20

0

0

Moderate

None

50% detected

50

50

0

0

Moderate

None

Not inspected

0

0

100

0

Moderate

Low

99% detected

0

99

1

0

Moderate

Low

90% detected

0

90

10

0

Moderate

Low

80% detected

0

80

20

0

Moderate

Low

50% detected

0

50

50

0

Moderate

Low

Not inspected

0

0

100

0

Moderate

Moderate

99% detected

0

0

100

0

Moderate

Moderate

90% detected

0

0

100

0

Moderate

Moderate

80% detected

0

0

100

0

Moderate

Moderate

50% detected

0

0

100

0

Moderate

Moderate

Not inspected

0

0

100

0

Moderate

High

99% detected

0

0

0

100

Moderate

High

90% detected

0

0

0

100

Moderate

High

80% detected

0

0

0

100

Moderate

High

50% detected

0

0

0

100

Moderate

High

Not inspected

0

0

100

0

High

None

99% detected

99

1

0

0

High

None

90% detected

90

10

0

0

High

None

80% detected

80

20

0

0

High

None

50% detected

50

50

0

0

High

None

Not inspected

0

0

0

100
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Landscape
prevalence
(expected)
High

Property
prevalence
(observed)
Low

Property inspection
(detection rate)

None

Low

Moderat
e

High

High

Low

99% detected

0

90% detected

0

99

1

0

90

10

0

High

Low

80% detected

0

80

20

0

High

Low

50% detected

0

50

50

0

High

Low

Not inspected

0

0

0

100

High

Moderate

99% detected

0

0

99

1

High

Moderate

90% detected

0

0

89

11

High

Moderate

80% detected

0

0

78

22

High

Moderate

50% detected

0

0

44

56

High

Moderate

Not inspected

0

0

0

100

High

High

99% detected

0

0

0

100

High

High

90% detected

0

0

0

100

High

High

80% detected

0

0

0

100

High

High

50% detected

0

0

0

100

High

High

Not inspected

0

0

0

100

Notes: Conditional probability table for the child node ‘fire ant prevalence at the property level’ under consideration
of the parent nodes ‘expected prior prevalence at the landscape level’, ‘observed prevalence at the property level’
(both measured as nest density categories), and ‘property inspection efficacy’ (measured as nest detection rates).

C.2.2

Carrier exposure to viable fire ant queens

Translating the pest pressure from established fire ant nests at the source property or surrounding
landscape into the number of viable queens that a carrier is exposed to was a crucial challenge of
BN model parameterisation because:
a) This ultimately determined the likelihood that at least one viable fire ant queen infests,
survives in and is released from the carrier and the need for controls aimed at mitigating
against this risk, and
b) Empirical evidence, expert knowledge or anecdotal information was scarce.
Hence, we parameterised models based on a series of uncertain assumptions. The effect of these
assumptions was explored through scenario analysis and they may be updated in future work if
additional evidence becomes available and knowledge gaps are filled. Analogous to fire ant nest
densities at the landscape and property levels (see above), we distinguished between four discrete
states corresponding to the following queen density levels in a carrier:
• None: Viable fire ant queens very unlikely present in the carrier
• Low: 1-10 viable fire ant queens
• Moderate: 11-100 viable fire ant queens
• High: 101-1000 viable fire ant queens
We further distinguished between exposure of embedded carriers and non-embedded carriers.
For embedded carriers, exposure to established or incipient nests already present in the carrier
prior to being sourced and moved was a function of fire ant prevalence at the property level. We
made the simplifying assumption that that the number of viable queens that the carrier is exposed
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to equals 1/10 (10%) of the number of expected or estimated nests on the property. This upper
exposure limit would be consistent with a standardised carrier surface area of 1,000 m2 (i.e. 10%
of the 1-hectare property size to which nest density categories were standardised). We note that
carrier exposure is dependent on carrier volume but considered this generalisation as reasonable
for the purposes of this risk assessment. This exposure rate further implicitly assumed a monogyne
population structure, where carrier exposure is limited to only one established queen with
sufficient workers per established nest within foraging distance on the property. We assumed the
same exposure rate for the new queen (incipient nest) infestation scenario. However, in this case
any controls aimed at reducing fire ant prevalence on the source property had no effect on an
embedded carrier’s exposure to incipient nests, because any incipient nests already present in the
carrier prior to being sourced and moved can neither be detected nor removed by property level
controls such as baiting (Table 44).
Table 44 Conditional probability table for carrier exposure
Infestation
scenario
Established queen

Property
prevalence
na

Property prevalence
(incl. controls)
None

Established queen

na

Low

Established queen

na

Moderate

Established queen

na

High

New queen

None

New queen

None

Low

High

0

Moderat
e
0

100
90

10

0

0

0

100

0

0

0

0

100

0

Na

100

0

0

0

Low

na

90

10

0

0

New queen

Moderate

na

0

100

0

0

New queen

High

na

0

0

100

0

0

Notes: Conditional probability table for the child node ‘carrier exposure’ (embedded carriers, measured as viable
queen density categories) under consideration of the parent nodes ‘infestation scenario’ and ‘estimated prevalence at
the property level’ (both measured as nest density categories). For the new queen scenario, any controls mitigating
against property prevalence have no effect.

For non-embedded carriers, exposure to a fire ant queens relocating into, or landing on, the
carrier from the property or the surrounding landscape was a function of fire ant prevalence at the
property level and exposure time.
Exposure to established queens with a sufficient number of workers that are available within
foraging distance relocating into the carrier was based on the same assumption as for embedded
carriers, i.e. the carrier is exposed to 1/10th (10%) of the number of expected or estimated
(monogyne) nests on the property. Property-level prevalence of established fire ant nests may be
determined by the expected landscape prior or updated by property-level observational evidence
or controls. As for embedded carriers, this upper exposure limit would be consistent with a
standardised carrier surface area of 1,000 m2 or may alternatively be more generally interpreted in
terms of carrier attractiveness to fire ant infestation (i.e. 10% of established nests on the property
may be attracted to relocating into the carrier irrespective of its volume). We further assumed
that if a carrier is exposed to fire ants for 21 days and no controls aimed at mitigating against
exposure have been applied, all established nests that are available within foraging distance to
relocate into the carrier will have relocated into the carrier. Finally, we assumed that most of
these established nests will have relocated into the carrier within the first 24 hours due to its
inherent attractiveness. At high fire ant densities, exposure during the initial 24 hours will be
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higher (1/2 of available established nests) than at moderate (1/3 of available established nests) or
low (1/4 of available established nests) densities due to density-dependent factors such as
competition and increased foraging activity. Conversely, if the carrier is exposed to fire ants for
more than 21 days, this will not lead to additional infestations because all established nests that
are available within foraging distance have already relocated into the carrier.
Exposure to mated female alates landing on the carrier following a nuptial flight from the
surrounding landscape, and establishing an incipient nest within the carrier, was calculated based
on daily exposure rates. We assumed that exposure is conditional on fire ant prevalence at the
property level rather than at the landscape level, so that any observational evidence about fire ant
prevalence from property inspections may be taken into account. However, unlike for exposure to
established nests, any controls aimed at reducing property-level fire ant prevalence had no effect
on a non-embedded carrier’s exposure to mated female alates. We conservatively assumed that
all nests [n] that were expected (from the landscape prior) or estimated (from the landscape prior
updated by observational evidence) to be present on a property had historically been established
by mated female alates within a one year timeframe. From these assumptions we derived an
average daily exposure rate [n / 365]. As these assumptions are highly uncertain, we distinguished
between two exposure scenarios that can be interpreted as reflecting alternative levels of carrier
attractiveness or beliefs about the ‘true’ likelihood of mated female alates landing on a carrier
following a nuptial flight:
a) A ‘random exposure’ scenario assumed that the carrier is exposed to only a fraction [1/10th] of
all mated female alates that had historically established a nest on the property; this scenario
would be consistent with a standardised carrier surface area of 1,000 m2 and resulted in a daily
exposure rate [(n / 365) / 10].
b) A ‘high exposure’ scenario assumed that the carrier is highly attractive to mated female alates
and is thus exposed to all mated female alates that had historically established a nest on the
property; this scenario resulted in a daily exposure rate [n / 365].

C.2.3

Efficacy of controls

Controls by a person moving a fire ant carrier may be aimed at different points in the conceptual
framework described in Section 5.7.3, including fire ant prevalence at the property level, carrier
exposure either during sourcing or storage; or the level of fire ant infestation and survival in the
carrier before, during or after sourcing or storage.
Data or knowledge about the efficacy of a specific control levelled at a particular carrier was scarce
and could rarely be used to directly inform potential differences in control efficacy for the two
infestation scenarios: established queen (nest) and new queen (incipient nest). Hence we
generated a range of generic ‘efficacy levels’ based on kill/survival rates that could be explored in
the quantitative assessments via scenario analysis (Table 45). For each control included in a BN
model for a specific carrier, two of these generic efficacy scenarios were selected representing:
• Effective control, corresponding to best practice application of the control in line with the
Regulation and assuming a level of efficacy that is at the high end of what could reasonably be
expected, and
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• Moderately effective control, representing a “what if?” scenario that corresponded to either
suboptimal application, partial compliance, or uncertainty or lack of evidence about the true
efficacy of the control, resulting in a level of efficacy that may in some instances be at the low
end of what could reasonably be expected, and in other instances reflect what can realistically
be expected.
For simplicity, these generic efficacy scenarios were distinguished by orders of magnitude, except
for scenarios that also included a density-dependent component, where the simple order of
magnitude distinction at low densities was further modified to reflect poorer control efficacy at
moderate or high densities (Table 45). For controls that depend on the direct detection of
established nests, more than two scenarios reflecting different detection rates may be explored in
our models (see discussion above and Table 45). However, such controls were not applicable to
the new queen (incipient nest) infestation scenario because of their restricted detectability.
Table 45 Generic control efficacy scenarios
Scenario

% killed

Survival rate

Survival description

Effective

99.9%

0.001

1 in 1000 queens (nests) survive

Effective

Low: 99.9%
Mod: 99.5%
High: 99%
99%

Low: 0.001
Mod: 0.005
High: 0.01
0.01

At low densities, 1 in 1000 queens (nests) survive
At mod. densities, 1 in 200 queens (nests) survive
At high densities, 1 in 100 queens (nests) survive
1 in 100 queens (nests) survive

Low: 99%
Mod: 95%
High: 90%
90%

Low: 0.01
Mod: 0.05
High: 0.1
0.1

At low densities, 1 in 100 queens (nests) survive
At mod. densities, 1 in 20 queens (nests) survive
At high densities, 1 in 10 queens (nests) survive
1 in 10 queens (nests) survive

Moderately effective*

Low: 90%
Mod: 80%
High: 70%
80%

Low: 0.1
Mod: 0.2
High: 0.3
0.2

At low densities, 1 in 10 queens (nests) survive
At mod. densities, 1 in 5 queens (nests) survive
At high densities, 1 in 3.33 queens (nests) survive
1 in 5 queens (nests) survive

Moderately effective*

50%

0.5

1 in 2 queens (nests) survive

Ineffective (no control)

0%

1.0

All queens (nests) survive

Effective*
Effective

Moderately effective*
Moderately effective

Notes: One option from each scenario is selected each control included in a BN model (specified in the relevant
section for each carrier), except for controls that depend on the direct detection of established nests where multiple
detection rate scenarios may be explored (* marked by an asterisk).

In the BN models, application of a control at either an effective or moderately effective level
modified nest densities (for controls applied to a property) or densities of viable queens (for
controls applied to a carrier itself). For example, the likely density of viable queens surviving in a
carrier following application of a control aimed at reducing survival depended on the likely density
of viable fire ants in the carrier prior to application of the control and the assumed efficacy (kill
rate) of the control. An automated R script (R Core Team 2020) to calculate post-control
conditional probability tables is provided in Figure 43.
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## set queen (nest) density category intervals
l <- 1:10
m <- 11:100
h <- 101:1000
## generate random sample of pre-control densities (n=100,000) in given interval
random <- sample(h, 100000, replace = TRUE) #replace h with m or l as required
summary(random)
## calculate post-control densities in random sample given a certain survival rate
survival <- 0.001 #replace survival rate as required
result <- random*survival
summary(result)
## calculate percentage of post-control densities in each density category interval
grouped <- cut(result, breaks=c(0, 0.99, 10, 100, 1000), labels = c("n", "l",
"m","h"))
summary(grouped)/1000

Figure 43 R script used to calculate conditional probability tables
Notes: R script used to calculate conditional probability tables describing likely post-control densities of fire ant
queens in a carrier, or fire ant nests on a property, given information about the pre- control density and the efficacy of
the control.

C.2.4

Carrier suitability

Besides the application of a control at either an effective or moderately effective level, the BN
model assumed no additional mortality or otherwise reduction in viability of either established or
new queens throughout the risk pathway from carrier exposure to release from the carrier.
However, the likelihood of a carrier being infested with a viable fire ant queen was not solely
determined by its exposure to viable queens from the property and the surrounding landscape,
but also on the inherent suitability of the carrier for infestation and survival by viable fire ant
queens. We use the same generic assumptions about queen survival rates as described above for
the efficacy of controls and distinguished between three discrete states corresponding to the
following suitability levels and associated survival rates (measured as viable queens and separated
by orders of magnitude):
• Poor: 1 in 100 queens to which the carrier is exposed can remain viable (1%)
• Moderate: 1 in 10 queens to which the carrier is exposed can remain viable (10%)
• High: Any queen to which the carrier is exposed can remain viable (100%)
The resulting conditional probability table is provided below (Table 46).
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Table 46 Conditional probability table for carrier infestation
Carrier suitability

Carrier exposure

None

Low

Moderate

High

Unsuitable

None

100

0

0

0

Unsuitable

Low

100

0

0

0

Unsuitable

Moderate

99

1

0

0

Unsuitable

High

0

100

0

0

Moderately suitable

None

100

0

0

0

Moderately suitable

Low

90

10

0

0

Moderately suitable

Moderate

0

100

0

0

Moderately suitable

High

0

0

100

0

Suitable

None

100

0

0

0

Suitable

Low

0

100

0

0

Suitable

Moderate

0

0

100

0

Suitable

High

0

0

0

100

Notes: Conditional probability table for the child node ‘carrier infestation’ (measured as viable queen density
categories) under consideration of the parent nodes ‘carrier exposure’ (measured as viable queen density categories)
and ‘carrier suitability’.
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C.3

Quantitative assessment for soils

A range of controls aimed at different points in the risk model for soil (Figure 13) were examined.
In the case of soils (as opposed to some other fire ant carriers) the assessment focussed on
regulated controls. Some of these controls can affect multiple of the exposure and infestation risks
associated with the management and movement of soil, while others affect only one.
• Disturbance at the time of excavation to limit survival of viable fire ant queens in the soil by
separating established queens from workers, or new queens from immature offspring. In this
context, disturbance can include crushing, screening, washing or turning.
• Property inspection (two weeks prior to the anticipated excavation date) to gather observational
evidence about fire ant prevalence at the property level (with caveats related to variable
detection rates depending on inspection methods, skills or timing, and the general nondetectability of incipient nests).
– If any nests have been found, direct nest injection (DNI) using Fipronil to directly kill nests in the
soil that is to be excavated.
– If no nests have been found, prophylactic baiting across the property to provide confidence that
established nests are absent or at low densities or narrowly targeted baiting to kill an infestation
already present in the soil that is to be excavated.
• Excavating soil at a depth of greater than 1 metre to mitigate against the likelihood of including
a viable fire ant queen in the excavated soil.
If the excavated soil is subsequently stored as a stockpile:
• Limiting storage time to avoid, or limit the number of, established queens and workers
relocating into, or new queens landing on the stockpile.
• Secure storage, including
– A secure physical and/or chemical barrier to prevent exposure to established queens with a
sufficient number of workers from relocating into the stockpile;
– Covering to prevent exposure to new queens landing on the stockpile from surrounding
landscape and establishing an incipient nest within the stockpile.
• Regular physical disturbance every 21 days and least 24 hours before the material is moved to
another place (see above disturbance at the time of excavation).
Assumptions about the efficacy of each of the regulated controls (using two alternative scenarios:
effective and moderately effective) are provided in Table 47. Storage time scenarios for the
quantitative assessment of the management and movement of soils, and corresponding exposure
rates for new queens and established queens respectively, are shown in Table 48.
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Table 47 Assumed efficacy of controls for soil
Control

Infestation scenario

Inspection
• property

New queen (nest)

N/A

• incipient nests remain exclusively below ground and are not detectable

Established queen
(nest)

0% (not inspected)
50%, 80%, 90%, 99% detection rate

Baiting
• property
• infestation carrier

New queen (nest)

N/A

Established queen
(nest)

99%

90%

Excavation depth a
• infestation carrier

New queen (nest)

99% (poor suitability)

90% (mod. suitability)

DNI
• infestation carrier

New queen (nest)

N/A

Established queen
(nest)

0% (not inspected)
50%, 80%, 90%, 99% detection rate

New queen (nest)

99.9%

• detection rates may vary significantly according to inspection methods,
skills or timing; 50% is realistic for inexperienced operators; 80% is
realistic for an experienced NRIFAEP operator in a one-off survey; 90%
or 99% were included to explore the benefits of conducting repeat
surveys and practicing passive surveillance by trained staff
• incipient nests remain exclusively below ground and are not vulnerable
to bait uptake by foraging workers
• found little data on the efficacy of baiting; assumed it is unlikely to
result in an efficacy > 99% (1 in a 100 queens surviving) even if applied
using best practice, with a more realistic scenario achieving a 90% kill
rate
• assumed that effective mitigation will result in poor suitability of the
excavated soil irrespective of soil type, and poor soil suitability is
associated with a 1% queen infestation and survival rate; moderately
effective mitigation will result in moderate suitability of the excavated
soil which is associated with a 10% queen infestation and survival rate
• incipient nests remain exclusively below ground and are not vulnerable
to controls relying on nest detection
• assumed that DNI is 100% effective for any detected nests to which it is
applied; efficacy depends on inspection; four detection rate scenarios
could be explored, ranging from 50% to 99%
• assumed covering is highly effective if fully sealed and impermeable
(e.g. an enclosed shed), i.e. only 1 in 1000 new queens may find a way
into the stockpile and establish an incipient nest; efficacy drops
significantly if the covering is a tarpaulin or similar (1 in 10 new queens
may get in)
• established colonies may relocate into the stockpile from ground- or
below-ground level
• new queens may land on the stockpile following a nuptial flight

Covering
• exposure carrier

Effective (% killed)

Mod. effective (% killed)

Established queen
(nest)

Established queen
(nest)
New queen (nest)

90%

N/A
N/A

Rationale and interpretation
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Control

Infestation scenario

Effective (% killed)

Mod. effective (% killed)

Barrier (storage
and/or chemical)
• exposure carrier

Established queen
(nest)

Low: 99.9%
Mod: 99.5%
High: 99%

Low: 90%
Mod: 80%
High: 70%

Disturbance
• survival carrier

New queen (nest)

99%

90%

Established queen
(nest)

Low: 99%
Mod: 95%
High: 90%

Low: 90%
Mod: 80%
High: 70%

Rationale and interpretation
• assumed that efficacy is density dependent because at high nest
densities the likelihood of a colony circumventing the barrier may be
higher (e.g. due to competition or higher foraging activity); for a wellmaintained physical and chemical barrier the likelihood of barrier
breaches is low (between 1 in 1,000 and 1 in 100); for incomplete or
poorly maintained barriers, this increases significantly
• incipient nests are especially vulnerable to disturbance due to their
limited capacity to regroup and rebuild following separation; however
they may also be difficult to physically separate esp. during the claustral
period; there are likely large differences in efficacy depending on
method, and we found little evidence about ‘true’ efficacy; the effective
scenario may be interpreted as regular disturbance every 21d and 24h
before movement and the mod. effective scenario as either irregular
application (e.g. disturbance only once 24h prior to movement) or
suboptimal application, what could realistically be expected
• principles and interpretations as for incipient nests, but established
nests are less vulnerable to disturbance because queens and workers
may regroup and rebuild following separation; if there are several
established nests in the carrier, they may regroup in different
configurations, so at higher densities disturbance is likely to work less
effectively

Notes: Assumed efficacy of controls applied to the fire ant carrier group ‘soil’ to mitigate risk at different points along the risk pathway. For each control we define two scenarios
with varying efficacy: effective (i.e. best practice application), and moderately effective (e.g. limited compliance or, sub-optimal application). For many controls, efficacy may also
vary by infestation scenario (i.e. new queen with immature offspring or established queen with sufficient workers) or is aimed only at one of the scenarios (marked as NA for the
non-applicable infestation scenario). A rationale and interpretation behind each assumption is also provided.
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Table 48 Assumed effect of storage time on the exposure of stockpiled soil to infestation
Control

Infestation scenario

24 hours

21 days

3 months

Storage time
• exposure
carrier

New queen (nest) a

Daily rate * 1

Daily rate * 21

Daily rate * 91

Established queen
(nest)

Low: max / 4
Mod: max / 3
High: max / 2

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Notes: Assumed effect of storage time on the exposure of stockpiled soil to infestation by established queens or new
queens respectively. For the management and movement of soil we specified three storage time scenarios (24 hours,
21 days and 3 months.

Review of Red Imported Fire Ant Scientific Principles and Controls | 369

C.4

Quantitative assessment for potted plants

A range of controls aimed at different points in the risk model for potted plants (Figure 19) were
examined These controls can affect one or multiple of the exposure and infestation risks
associated with the management and movement of potted plants.
Regulated movement controls:
• Holding the potted plants for less than 24 hours.
• Secure storage of potted plants, with conditions for on-ground (with secure perimeter) and offground arrangements (if held for more than 24 hours).
• Chemical treatment (if held for more than 24 hours).
Controls present in other protocols, or potential controls that were also considered:
• Only allowing protocols to be applied to potted products that are considered ‘low risk’, such as
seedling plugs
• Property inspection to gather observational evidence about fire ant prevalence at the property
level (with caveats related to variable detection rates depending on inspection methods, skills or
timing, and the general non-detectability of incipient nests)).
• Prophylactic baiting across the property to provide confidence that established nests are absent
or at low densities.
• Inspection of all pots during the production process (e.g. whilst repotting) with chemical
treatment of the consignment if fire ant nests are found; we only included this in one step, but
in practice it could be done multiple times through a potted plants life cycle.
• Bare-rooting prior to removal from nursery.
• Inspection of the consignment on arrival, and rejection if fire ant nests are found.
We did not model pest freedom at the property or consignment level as poor detection efficacy of
incipient nests makes this very difficult to confirm. Assumptions about the efficacy of each of the
controls (using two alternative scenarios: effective and moderately effective) are provided in Table
49. Holding time scenarios for the quantitative assessment of the management and movement of
potted plants, and corresponding exposure rates for mated female alates and established queens
respectively, are shown in Table 50.
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Table 49 Assumed efficacy of controls for potted plants
Control

Infestation scenario

Chemical treatment
• survival carrier
Covering
• exposure carrier

Barrier (storage
and/or chemical)
• exposure carrier

Baiting
• property

Effective (% killed)

Mod. effective (% killed)

New queen (nest)

99.9%

90%

Established queen
(nest)
New queen (nest)

• efficacy of systemic chemicals (bifenthrin) has been proven; a moderate
efficacy scenario (90%) may represent poor application or situations
where application is challenging (e.g. root systems of large trees)

99.9%

90%

• If the potted plants are grown in largely enclosed situations (such as
glasshouses and greenhouses), we assume only 1 in 1000 new queens
may be able to breach the covering; efficacy drops significantly if the
covering is more open, such as shade cloth (1 in 10 new queens)
• established colonies may relocate into the carrier from ground- or
below-ground level
• new queens may land on the carrier following a nuptial flight

Established queen
(nest)
New queen (nest)
Established queen
(nest)

N/A
N/A
Low: 99.9%
Mod: 99.5%
High: 99%

New queen (nest)
Established queen
(nest)

Low: 90%
Mod: 80%
High: 70%

N/A
99%

90%

Inspection
• property

New queen (nest)

N/A

Established queen
(nest)

0% (not inspected)
50%, 80%, 90%, 99% detection rate

Inspection
(repotting) +
treatment

New queen (nest)

N/A

Rationale and interpretation

• assumed that efficacy is density dependent because at high nest
densities the likelihood of a colony circumventing the barrier may be
higher (e.g. due to competition or higher foraging activity); for a wellmaintained physical and chemical barrier the likelihood of barrier
breaches is low (between 1 in 1,000 and 1 in 100); for incomplete or
poorly maintained barriers, this increases significantly
• incipient nests remain exclusively below ground and are not vulnerable
to bait uptake by foraging workers
• prophylactic baiting involves applying at bait across the property at least
twice a year during ant foraging times and was assumed to kill 99% of
nests; a 90% mortality scenario may reflect inadequate application or
poor bait performance (e.g. bait break-down under wet conditions)
• incipient nests remain exclusively below ground and are not detectable
• detection rates may vary significantly according to inspection methods,
skills or timing; 50% is realistic for inexperienced operators; 80% is
realistic for an experienced NRIFAEP operator in a one-off survey; 90%
or 99% were included to explore the benefits of conducting repeat
surveys and practicing passive surveillance by trained staff
• incipient nests would start becoming detectable if potted plants are
stored for at least 5 months, but as established nests; we did not
explicitly model this transition
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Control

Infestation scenario

• infestation carrier

Established queen
(nest)

0% (not inspected)
50%, 80%, 90%, 99% detection rate

Inspection (on
arrival) and
rejection
• release carrier

New queen (nest)

NA

Established queen
(nest)

Not assessed

Bare-rooting
• survival carrier

New queen (nest)

Suitability of pot
substrate

Established queen
(nest)
New queen
Established queen

Effective (% killed)

99.9%

Mod. effective (% killed)

90%

High: 100%; moderate: 10%; poor 1% of potential

Rationale and interpretation
• repotting is highly disruptive so we expect established nests will be
readily identified by experienced operators; a range of detection rates
(80%, 90%, 99%) were included to capture variation in expertise,
reporting and effectiveness of the response (chemical treatment or
redirection of the consignment)
• incipient nests would start becoming detectable if potted plants are
stored for at least 5 months, but as established nests
• detection of a nest results in rejection of the consignment; efficacy will
depend on density-dependent detection probabilities, size and nature of
the consignment and sampling methodology; this was too complex to
implement in the available time for the present study; a standard
approach to calculate detection probabilities is described in ISPM31
• fire ants nest in the potting substrate, not the plant itself; bare-rooting
involves washing off all soil or potting substrate, this is expected to be
highly effective for both incipient and established nests.
• There is an expectation that “potted plant” products will differ in their
suitability for nest establishment by new queens and for relocation by
established queens with sufficient workers. Factors such as size,
substrate and micro-climate may be important. We found no data on
this but include it to allow scenario analysis to be undertaken. A “highly
suitable” substrate is ideal and would include plants grown in large pots
or in the ground. A substrate with “poor suitability” might include
seedling plugs in plants grown under saturated conditions, although we
are not aware of data to support this.

Notes: Assumed efficacy of controls applied to the fire ant carrier group “potted plants” to mitigate risk at different points along the risk pathway. For each control we define
scenarios with varying efficacy: typically effective (i.e. best practice application), and moderately effective (e.g. limited compliance or, sub-optimal application). For many controls,
efficacy also varies by infestation scenario (i.e. new queen with immature offspring or established queen with sufficient workers) or is only aimed at one of the scenarios (marked
as NA for the non-applicable infestation scenario). A rationale and interpretation behind each assumption is also provided.
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Table 50 Assumed effect of holding time on the infestation of potted plants
Control

Infestation scenario

24 hours

21 days

5 months

Holding time
• exposure
carrier

New queen (nest)

Daily rate * 1

Daily rate * 21

Daily rate * 152

Established queen
(nest)

Low: max / 4
Mod: max / 3
High: max / 2

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Notes: Assumed effect of holding time (in production, storage or retail settings) on the exposure of potted plants to
infestation by established queens or new queens respectively. For the management and movement of potted plants
we specified three holding time scenarios (24 hours, 21 days and 5 months). The assumptions behind calculations of
exposure rates for non-embedded carriers are detailed in Section 5.6.
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C.5

Quantitative assessment for hay

A range of controls aimed at different points in the risk model for hay (Figure 29) were examined.
These controls can affect one or multiple of the exposure and infestation risks associated with the
management and movement of hay.
Regulated movement controls:
• Limiting exposure time of hay while on the paddock, including
– The final raking of the hay, and the raking before the final raking, are done within 24 hours of
each other; and
– Cut hay is baled within 24 hours after the hay is finally raked; and
– Baled hay is removed from the paddock within 24 hours after being baled.
• Secure storage, including
– A secure physical and/or chemical barrier to prevent exposure to established queens with a
sufficient number of workers from relocating into the stored hay;
– Covering to prevent exposure to mated female alates landing on the stored hay from
surrounding landscape and establishing an incipient nest within the stored hay.
Controls present in other protocols, or potential controls that were also considered:
• Property inspection to gather observational evidence about fire ant prevalence at the property
level (with caveats related to variable detection rates depending on inspection methods, skills or
timing, and the general non-detectability of incipient nests)).
• Prophylactic baiting across the property to provide confidence that established nests are absent
or at low densities;
• Chaffing (hammer milling) of hay to limit survival of any viable fire ant queens present in the
hay.
Assumptions about the efficacy of each of the controls (using two alternative scenarios: effective
and moderately effective) are provided in Table 51. Holding time scenarios for the quantitative
assessment of baled hay (while in the paddock) and stored hay (e.g. in a shed), and corresponding
exposure rates for mated female alates and established queens respectively, are shown in Table
52. We did not model the effect of raking (assuming that the regulated regime is effective in
preventing fire ants from establishing a nest in the cut bail prior to baling) or inspection of hay
consignments on arrival and rejection if fire ants are found (Table 51).
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Table 51 Assumed efficacy of controls for hay
Control

Infestation scenario

Inspection
• property

New queen (nest)

N/A

• incipient nests remain exclusively below ground and are not detectable

Established queen
(nest)

0% (not inspected)
50%, 80%, 90%, 99% detection rate

Baiting
• property

New queen (nest)

N/A

• detection rates may vary significantly according to inspection methods,
skills or timing; 50% is realistic for inexperienced operators; 80% is
realistic for an experienced NRIFAEP operator in a one-off survey; 90%
or 99% were included to explore the benefits of conducting repeat
surveys and practicing passive surveillance by trained staff
• incipient nests remain exclusively below ground and are not vulnerable
to bait uptake by foraging workers
• found little data on the efficacy of baiting; assumed it is unlikely to
result in an efficacy > 99% (1 in a 100 queens surviving) even if applied
using best practice, with a more realistic scenario achieving a 90% kill
rate
• established nests (with queen) are not expected to occur in cut hay; the
risk of new queens establishing nests in cut hay prior to baling was
considered low, and further reduced by raking and baling

Established queen
(nest)

Raking
• survival carrier
Covering
• exposure carrier

Barrier (storage
and/or chemical)
• exposure carrier

Effective (% killed)

99%

New queen (nest)
Established queen
(nest)
New queen (nest)

Mod. effective (% killed)

90%

Not assessed

99.9%

Established queen
(nest)
New queen (nest)

Rationale and interpretation

90%

• assumed covering is highly effective if fully sealed and impermeable
(e.g. an enclosed shed), i.e. only 1 in 1000 new queens may find a way
into the carrier and establish an incipient nest; efficacy drops
significantly if the covering is a tarpaulin or similar (1 in 10 new queens
may get in)
• established colonies may relocate into the carrier from ground- or
below-ground level
• new queens may land on the carrier following a nuptial flight
• assumed that efficacy is density dependent because at high nest
densities the likelihood of a colony circumventing the barrier may be
higher (e.g. due to competition or higher foraging activity); for a wellmaintained physical and chemical barrier the likelihood of barrier
breaches is low (between 1 in 1,000 and 1 in 100); for incomplete or
poorly maintained barriers, this increases significantly

N/A
N/A

Established queen
(nest)

Low: 99.9%
Mod: 99.5%
High: 99%

Low: 90%
Mod: 80%
High: 70%

New queen (nest)

99%

90%
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Control

Infestation scenario

Effective (% killed)

Mod. effective (% killed)

Chaffing (hammer
milling)
• survival carrier

Established queen
(nest)

Inspection (on
arrival) and
rejection
• release carrier

New queen (nest)

NA

Established queen
(nest)

Not assessed

Rationale and interpretation
• considered as a mortality treatment that would impact incipient and
established nests equally, irrespective of density; this contrasts with a
disturbance treatment where established nests at higher densities are
more likely to regroup and rebuild; efficacy is illustrative as we had no
data on this
• incipient nests would start becoming detectable if the carrier is stored
for at least 5 months, but as established nests
• detection of a nest results in rejection of the consignment; efficacy will
depend on density-dependent detection probabilities, size and nature of
the consignment and sampling methodology; this was too complex to
implement in the available time for the present study; a standard
approach to calculate detection probabilities is described in ISPM31

Notes: Assumed efficacy of controls applied to the fire ant carrier group “hay” to mitigate risk at different points along the risk pathway. For each control we define two scenarios
with varying efficacy: effective (i.e. best practice application), and moderately effective (e.g. limited compliance or, sub-optimal application). For many controls, efficacy may also
vary by infestation scenario (i.e. new queen with immature offspring or established queen with sufficient workers) or is aimed only at one of the scenarios (marked as NA for the
non-applicable infestation scenario). A rationale and interpretation behind each assumption is also provided.
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Table 52 Assumed effect of holding time on the exposure of baled and stored hay
Control

Infestation scenario

24 hours

72 hours

21 days

(a) Holding time
(baled hay on
the paddock)
• exposure
carrier

New queen (nest)

Daily rate * 1

Daily rate * 3

Daily rate * 21

Established queen
(nest)

Low: max / 4
Mod: max / 3
High: max / 2

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

(b) Storage time
(baled hay in
storage)
• exposure
carrier

New queen (nest)

Daily rate * 1

Low: max / 4 + 2
days of remainder
Mod: max / 3 + 2
days of remainder
High: max / 2 + 2
days of remainder
Daily rate * 21

Established queen
(nest)

Low: max / 4
Mod: max / 3
High: max / 2

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Daily rate * 365

Notes: Assumed effect of holding time on the exposure of (a) baled (while on the paddock) and (b) stored (e.g. in a
shed) hay to infestation by established queens or new queens respectively. For exposure of baled hay while on the
paddock, we specified the three scenarios: 24 hours, 72 hours and 21 days; for exposure of stored hay, we specified
the three scenarios: 24 hours, 21 days and 1 year. The assumptions behind calculations of exposure rates for nonembedded carriers are detailed in Appendix C.2. Parameterisation for hay was supported by a US study of colonisation
rates into bales by established nests in a heavily infested paddock (Weeks et al., 2001).

Review of Red Imported Fire Ant Scientific Principles and Controls | 377

C.6

Quantitative assessment for organic mulch and composted
growing media

A range of controls aimed at different points in the risk model for mulch (Figure 34) were
examined. Some of these controls can affect multiple of the exposure and infestation risks
associated with the management and movement of mulch, while others affect only one.
Regulated movement controls:
• Limiting storage time to 24 hours to avoid, or limit the number of, established queens and
workers relocating into, or new queens landing on the stockpile;
• Secure storage, including
– A secure physical and/or chemical barrier to prevent exposure to established queens with a
sufficient number of workers from relocating into the stockpile;
– Covering to prevent exposure to new queens landing on the stockpile from surrounding
landscape and establishing an incipient nest within the stockpile;
• Regular physical disturbance every 21 days and least 24 hours before the material is moved to
another place to limit survival of viable fire ant queens in the soil by separating established
queens from workers, or new queens from immature offspring; in this context, disturbance can
include chipping, crushing, screening, shredding, washing or turning.
Controls present in other protocols, or potential controls that were also considered:
• Property inspection to gather observational evidence about fire ant prevalence at the property
level (with caveats related to variable detection rates depending on inspection methods, skills or
timing, and the general non-detectability of incipient nests)).
• Prophylactic baiting across the property to provide confidence that established nests are absent
or at low densities;
• Heat or chemical treatment (as required for interstate movement); both controls were included
in the BN model (Figure 34), but due to their similar effects as a mortality ‘end-point’ treatment
that directly kills both established and new queens, only chemical treatment was assessed here;
• Inspection of the consignment on arrival, and rejection if any nests are found; this control was
also included in the BN model (Figure 34), but not assessed.
Assumptions about the efficacy of each of the controls (using two alternative scenarios: effective
and moderately effective) are provided in Table 53. Storage time scenarios for the quantitative
assessment of the management and movement of mulch, and corresponding exposure rates for
mated female alates and established queens respectively, are shown in Table 54.
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Table 53 Assumed efficacy of controls for organic mulch and composted growing media
Control

Infestation scenario

Inspection
• property

New queen (nest)

N/A

• incipient nests remain exclusively below ground and are not detectable

Established queen
(nest)

0% (not inspected)
50%, 80%, 90%, 99% detection rate

Baiting
• property

New queen (nest)

N/A

• detection rates may vary significantly according to inspection methods,
skills or timing; 50% is realistic for inexperienced operators; 80% is
realistic for an experienced NRIFAEP operator in a one-off survey; 90%
or 99% were included to explore the benefits of conducting repeat
surveys for example.
• incipient nests remain exclusively below ground and are not vulnerable
to bait uptake by foraging workers
• found little data on the efficacy of baiting; assumed it is unlikely to
result in an efficacy > 99% (1 in a 100 queens surviving) even if applied
using best practice, with a more realistic commercial scenario achieving
a 90% kill rate
• assumed covering is highly effective if fully sealed and impermeable
(e.g. and enclosed shed or bagged product), i.e. only 1 in 1000 new
queens may find a way into the carrier and establish an incipient nest;
efficacy drops significantly if the covering is a tarpaulin or similar (1 in 10
new queens may get in)
• established colonies may relocate into the carrier from ground- or
below-ground level, bagging may also prevent access by established
nests, but in our model this was dealt with under “barrier” (effective
scenario)
• new queens may land on the stockpile following a nuptial flight

Covering
• exposure carrier

Effective (% killed)

Mod. effective (% killed)

Established queen
(nest)

99%

90%

New queen (nest)

99.9%

90%

Established queen
(nest)

N/A

Barrier (storage
and/or chemical)
• exposure carrier

New queen (nest)

N/A

Established queen
(nest)

Low: 99.9%
Mod: 99.5%
High: 99%

Low: 90%
Mod: 80%
High: 70%

Disturbance
• survival carrier

New queen (nest)

99%

90%

Rationale and interpretation

• assumed that efficacy is density dependent because at high nest
densities the likelihood of a colony circumventing the barrier may be
higher (e.g. due to competition or higher foraging activity); for a wellmaintained physical (may also include bagged product) and chemical
barrier the likelihood of barrier breaches is low (between 1 in 1,000 and
1 in 100); for incomplete or poorly maintained barriers, this increases
significantly
• incipient nests are especially vulnerable to disturbance due to their
limited capacity to regroup and rebuild following separation; however
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Control

Infestation scenario

Established queen
(nest)

Heat treatment
• survival carrier
Chemical treatment
• survival carrier
Inspection (on
arrival) and
rejection
• release carrier

New queen (nest)
Established queen
(nest)
New queen (nest)
Established queen
(nest)
New queen (nest)
Established queen
(nest)

Effective (% killed)

Mod. effective (% killed)

Low: 99%
Mod: 95%
High: 90%

Low: 90%
Mod: 80%
High: 70%

Not assessed
(efficacy assumed similar to chemical treatment)
99.9%

90%

NA
Not assessed

Rationale and interpretation
they may also be difficult to physically separate esp. during the claustral
period; there are likely large differences in efficacy depending on
method, and we found little evidence about ‘true’ efficacy; the effective
scenario may be interpreted as regular disturbance every 21d and 24h
before movement and the mod. effective scenario as either irregular
application (e.g. disturbance only once 24h prior to movement) or
suboptimal application, what could realistically be expected
• principles and interpretations as for new queens, but established nests
are less vulnerable to disturbance because queens and workers may
regroup and rebuild following separation; if there are several
established nests in the carrier, they may regroup in different
configurations, so at higher densities disturbance is likely to work less
effectively
• considered as a mortality treatment that would impact incipient and
established nests equally, irrespective of density; efficacy is illustrative
as we had no data on this treatment method
• efficacy of systemic chemicals (bifenthrin) has been proven; a moderate
efficacy scenario (90%) may represent poor application or situations
where application is challenging
• incipient nests would start becoming detectable if the carrier is stored
for at least 5 months, but as established nests
• detection of a nest results in rejection of the consignment; efficacy will
depend on density-dependent detection probabilities, size and nature of
the consignment and sampling methodology; this was too complex to
implement in the available time for the present study; a standard
approach to calculate detection probabilities is described in ISPM31

Notes: Assumed efficacy of controls applied to the fire ant carrier group “mulch” to mitigate risk at different points along the risk pathway. For each control we define two
scenarios with varying efficacy: effective (i.e. best practice application), and moderately effective (e.g. limited compliance or, sub-optimal application). For many controls, efficacy
may also vary by infestation scenario (i.e. new queen with immature offspring or established queen with sufficient workers) or is aimed only at one of the scenarios (marked as NA
for the non-applicable infestation scenario). A rationale and interpretation behind each assumption is also provided.
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Table 54 Assumed effect of storage time on the exposure of stockpiled mulch to infestation
Control

Infestation scenario

24 hours

21 days

3 months

Storage time
• exposure
carrier

New queen (nest)

Daily rate * 1

Daily rate * 21

Daily rate * 91

Established queen
(nest)

Low: max / 4
Mod: max / 3
High: max / 2

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Notes: Assumed effect of storage time on the exposure of stockpiled mulch to infestation by established queens or
new queens respectively. For the management and movement of mulch we specified three storage time scenarios (24
hours, 21 days and 3 months). The assumptions behind calculations of exposure rates for non-embedded carriers are
detailed in Appendix C.2.
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C.7

Quantitative assessment for gravels, sands and aggregates

The following two regulated controls aimed at different points in the risk model for gravels, soil
and other non-soil aggregates (Figure 41) were examined:
• Secure storage, including
– A secure physical and/or chemical barrier to prevent exposure to established queens with a
sufficient number of workers from relocating into the stockpile;
– Covering to prevent exposure to new queens landing on the stockpile from surrounding
landscape and establishing an incipient nest within the stockpile;
• Regular physical disturbance every 21 days and least 24 hours before the material is moved to
another place to limit survival of viable fire ant queens in the soil by separating established
queens from workers, or new queens from immature offspring. In this context, disturbance can
include chipping, crushing, screening, shredding, washing or turning.
A range of other non-regulated controls may be available, especially those aimed at managing fire
ant prevalence or gathering observational evidence about fire ant prevalence at the property level
(e.g. prophylactic baiting or property inspection). These controls were included in the BN model
(Figure 41) but were not assessed here (refer to the scenario analysis for the management and
movement of soils in Section 7.5). Assumptions about the efficacy of each of the regulated
controls (using two alternative scenarios: effective and moderately effective) are provided in Table
55. Storage time scenarios and corresponding exposure rates for mated female alates and
established queens respectively are shown in Table 56. All assumptions were the same as for the
management and movement of soil (Section 7.5).

382 | CSIRO Australia’s National Science Agency

Table 55 Assumed efficacy of controls for gravels, sands and on-soil aggregates
Control

Infestation scenario

Covering
• exposure carrier

New queen (nest)

Barrier (storage
and/or chemical)
• exposure carrier

Disturbance
• survival carrier

Effective (% killed)

Mod. effective (% killed)

99.9%

90%

• assumed covering is highly effective if fully sealed and impermeable, i.e.
only 1 in 1000 new queens may find a way into the stockpile and
establish an incipient nest; efficacy drops significantly if the covering is a
tarpaulin or similar (1 in 10 new queens may get in)
• established colonies may relocate into the stockpile from ground- or
below-ground level
• new queens may land on the stockpile following a nuptial flight
• assumed that efficacy is density dependent because at high nest
densities the likelihood of a colony circumventing the barrier may be
higher (e.g. due to competition or higher foraging activity); for a wellmaintained physical and chemical barrier the likelihood of barrier
breaches is low (between 1 in 1,000 and 1 in 100); for incomplete or
poorly maintained barriers, this increases significantly
• incipient nests are especially vulnerable to disturbance due to their
limited capacity to regroup and rebuild following separation; however
they may also be difficult to physically separate esp. during the claustral
period; there are likely large differences in efficacy depending on
method, and we found little evidence about ‘true’ efficacy; the effective
scenario may be interpreted as regular disturbance every 21d and 24h
before movement and the mod. effective scenario as either irregular
application (e.g. disturbance only once 24h prior to movement) or
suboptimal application, what could realistically be expected

Established queen
(nest)
New queen (nest)

N/A
N/A

Established queen
(nest)

Low: 99.9%
Mod: 99.5%
High: 99%

Low: 90%
Mod: 80%
High: 70%

New queen (nest)

99%

90%

Rationale and interpretation
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Control

Infestation scenario
Established queen
(nest)

Effective (% killed)

Mod. effective (% killed)

Low: 99%
Mod: 95%
High: 90%

Low: 90%
Mod: 80%
High: 70%

Rationale and interpretation
• principles and interpretations as for new queens, but established nests
are less vulnerable to disturbance because queens and workers may
regroup and rebuild following separation; if there are several
established nests in the carrier, they may regroup in different
configurations, so at higher densities disturbance is likely to work less
effectively

Notes: Assumed efficacy of controls applied to the fire ant carrier group “gravels, sands and on-soil aggregates” to mitigate risk at different points along the risk pathway. For each
control we define two scenarios with varying efficacy: effective (i.e. best practice application), and moderately effective (e.g. limited compliance or, sub-optimal application). For
many controls, efficacy may also vary by infestation scenario (i.e. new queen with immature offspring or established queen with sufficient workers) or is aimed only at one of the
scenarios (marked as NA for the non-applicable infestation scenario). A rationale and interpretation behind each assumption is also provided.
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Table 56 Assumed effect of storage time on the exposure of stockpiled gravels, sands and on-soil aggregates
Control

Infestation scenario

24 hours

21 days

3 months

Storage time
• exposure
carrier

New queen (nest)

Daily rate * 1

Daily rate * 21

Daily rate * 91

Established queen
(nest)

Low: max / 4
Mod: max / 3
High: max / 2

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Low: 10% (max)
Mod: 10% (max)
High: 10% (max)

Notes: Assumed effect of storage time on the exposure of stockpiled gravels, sands and on-soil aggregates to
infestation by established queens or new queens respectively. For the management and movement of gravels, sands
and on-soil aggregates we specified three storage time scenarios (24 hours, 21 days and 3 months). The assumptions
behind calculations of exposure rates for non-embedded carriers are detailed in Appendix C.2.
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