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Abstract

Quantifying the potential spread and density of an invading organism enables decision-makers to
determine the most appropriate response to incursions. We present two linked models that estimate
the spread of Solenopsis invicta Buren (red imported fire ant) in Australia based on limited data
gathered after its discovery in Brisbane in 2001. A stochastic cellular automaton determines spread
within a location (100 km by 100 km) and this is coupled with a model that simulates human-mediated
movement of S. invicta to new locations. In the absence of any control measures, the models predict
that S. invicta could cover 763 000–4 066 000 km2 by the year 2035 and be found at 200 separate
locations around Australia by 2017–2027, depending on the rate of spread. These estimated rates of
expansion (assuming no control efforts were in place) are higher than those experienced in the USA
in the 1940s during the early invasion phases in that country. Active control efforts and quarantine
controls in the USA (including a concerted eradication attempt in the 1960s) may have slowed spread.
Further, milder winters, the presence of the polygynous social form, increased trade and human
mobility in Australia in 2000s compared with the USA in 1940s could contribute to faster range
expansion.
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INTRODUCTION
Solenopsis invicta (red imported fire ant) is an aggressive
social species endemic to Brazil, Uruguay, Paraguay and
northern Argentina (Lofgren et al. 1975; Vinson & Sorensen
1986; Taber 2000), where it is not particularly abundant
(Porter et al. 1997). Much of tropical and subtropical regions
of the world appear suitable for this ant (Morrison et al. 2004).
Where it has established, it quickly expands its range (Lofgren
et al. 1975; Callcott & Collins 1996) and dominates the biota
in the landscape (Porter et al. 1997) to the detriment of other
fauna and humans. One of its greatest adaptive strengths is its
ability to survive in ruderal and disturbed habitats (Tschinkel
1987). Characteristics of S. invicta that enable it to survive in
such environments include: aggressive colony defence; a painful sting (Rhoades et al. 1977; Stablein & Lockey 1981; Starr
1985; Stafford 1996; Levy et al. 1998; Solley et al. 2002); the
relocation of the colony should conditions become unfavourable (or should better habitat be found elsewhere); dispersal
by flight and budding (radial expansion of colonies); the presence of monogyne and polygyne colonies; and dominance of
food resources (Tschinkel 1998). Solenopsis invicta can be
regarded as a perfect ‘weed species’ (Tschinkel 1987).
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In the 1930s, S. invicta was discovered in southern USA
near Mobile, Alabama where it probably arrived with soil
ballast from ships trading with South America (Vinson &
Sorensen 1986; Taber 2000). Once established, colonies spread
rapidly via flights of newly mated queens and by humanmediated translocation through the sale of nursery plants, soil
and turf. Newly mated queens can disperse up to 5 km from
the parent nest through flight (Vogt et al. 2000), although most
queens settle within 1 km (Markin et al. 1971). Humanmediated dispersal can result in far greater distances between
source and new infestations (Vinson 1997). It was not until
20 years after its initial introduction that Solenopsis invicta
was recognised as a serious pest and the US Congress funded
a large-scale attempt at eradication in 1957 (Vinson &
Sorensen 1986). This eradication program featured widespread
aerial baiting with heptachlor and then mirex (both organochlorine pesticides) as the active ingredients (Vinson &
Sorensen 1986), and ceased late in the 1960s when the registration for mirex was withdrawn. Solenopsis invicta now occupies much of southern USA (Callcott & Collins 1996) and has
established in California (e.g. Mescher et al. 2003), throughout
the West Indies (Davis et al. 2001) and in south-east Asia (see
newspaper report from 2005 – http://news.xinhuanet.com/
english/2005-03/13/content_2690287.htm accessed on 15
August 2005).
Substantial economic, environmental and health impacts
have been recorded in the southern states of the USA where
S. invicta has been present for about 70 years and this led to
doi:10.1111/j.1440-6055.2006.00517.x
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concerns about its potential impacts in Australia. In the state
of Texas (population ∼24 million), the total economic impacts
of S. invicta are estimated at US$1.2 billion annually (Lard
et al. 2002). The majority of these costs are borne by residential households. In the USA, over 80 deaths have been attributed to anaphylactic reactions to stings (Taber 2000).
Environmental impacts in the USA, while harder to quantify,
are substantial (Allen et al. 1994; Wojcik et al. 2001).
Solenopsis invicta was detected in the south-western suburbs (centred on Wacol) and at the air and sea ports of Brisbane,
Australia in February 2001. Subsequent delimiting surveillance
identified an infestation of more than 300 km2 (Vanderwoude
et al. 2004). Moloney and Vanderwoude (2002) examined the
likely environmental impacts of S. invicta on eastern Australia’s
fauna, should S. invicta continue to spread. Early work on
climatic suitability suggested that S. invicta could occur over
much of Australia, although more recent studies suggest a more
restricted suitability (Sutherst & Maywald 2005) due to aridity.
Even in these environments, areas along watercourses and any
areas with added water (e.g. irrigation or gardens) would be
at risk (Morrison et al. 2004). However, the rate at which
S. invicta might spread in the absence of control is unknown.
Irrespective of the area suitable for S. invicta, an estimate of
the likely rate of spread was required to assess the potential
economic impact of S. invicta in Australia.
This paper describes the use of a cellular automaton model
to predict the potential rate of spread of the more dispersed
population of S. invicta in Brisbane’s south-western suburbs
(henceforth referred to as Wacol). This model is combined
with an estimate of the number of new locations that may
occur within the rest of Australia to provide an overall rate of
unconstrained spread.

Model description
Within the first 6 months after discovery, it was not possible
to develop a biologically based model of potential spread of
S. invicta within Australia as there was little information available about the species in this environment. More detailed
models of the number of colonies (as has been done in the

USA – Korzukhin & Porter 1994; Stoker et al. 1994; Killion
& Grant 1995; Adams 1998) were not suited to the analysis
of large-scale spread as these were of a finer resolution than
suitable to estimate large-scale spread at one location or the
spread across Australia. An alternative approach was required.
Cellular automaton models have been used extensively to
model spatial dynamic phenomena, including forest dynamics
(Lett et al. 1999); epidemic propagation (Sirakoulis et al.
2000); fire spreading (Hargrove et al. 2000); urban growth
(White et al. 2000b); and land use and land cover change
(White et al. 2000a; Soares-Filho et al. 2002). This type of
model was considered most appropriate for projecting spread
in a short period with limited data.
Two models were developed to examine two scales of interest. First, an estimate was made of the number of locations
(defined as an area of 100 km by 100 km) within which some
S. invicta might be found (presuming no control of spread).
Moody and Mack (1988) have shown that as the number of
new infestations increases, the overall rate of spread of invasive organisms accelerates. This was based on a logistic
growth model. Second, the increase in area (number of 1 km
by 1 km grid cells) and density (number of colonies of
S. invicta per grid cell) within a location was modelled using
a cellular automaton model. These combined to provide an
estimate of the total extent of S. invicta.
Number of locations

The number of locations where S. invicta would be found was
estimated using a simple growth model that included densitydependent (dd) and density-independent (di) components of
increase (see Fig. 1a).
Locations(total) = Locations(dd) + Locations(di)
where:
1 - Locations ˆ
Location(dd ) = Random(0,1) ¥ Ê
¥
Ë Max_Locations ¯
Ê Locations ˆ
Á
˜
Ë Doubling_time ¯

Fig. 1. Simulations were made of (a) the number of locations within Australia which may have Solenopsis invicta after certain time
steps (years). (b) At each location, the number of cells with S. invicta was calculated based on (c) the state of the focal cell and the
number of surrounding cells with S. invicta. (a) The number of locations (each 100 km by 100 km) where S. invicta could be found is
calculated from logistic equation. Three rates of increase were simulated. (b) Within a location, the number of cells (1 km by 1 km)
of different densities of S. invicta is calculated from cellular automaton. White is free of ants; black is dense category. Three rates of
increased were simulated. (c) After each time step (1 year) in each simulation, the density of S. invicta in each cell at the location is
determined by the current condition of the cell and the number of neighbouring cells with S. invicta (six in example above).
”2006 Australian Entomological Society
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and
Locations(di) = Random(0,1) × 2
where:
Random(0,1) is a uniform random variable between zero and
one;
Locations are the number of locations (100 km by 100 km) at
which S. invicta is found [both Locations(dd) and Locations(di) were rounded to the nearest whole number];
Max_Locations is the number of possible locations (areas of
100 km by 100 km) within Australia;
Doubling_time is number of years for a doubling in the number of locations (values used: 2, 3 and 4).
This model was stochastic in that it specified a probability
for both components leading to establishment of new locations. It was not spatially explicit; the simplifying assumptions
were that all suitable locations within Australia were equally
likely to be invaded by S. invicta and that most of the continent
was suitable. The increase in the number of locations was
represented by the two components of spread – one that was
density-independent representing new locations resulting from
long-distance, anthropogenic-mediated dispersal, and one that
was density-dependent representing new locations that were
associated with existing locations of S. invicta.
The lowest, highest and median of 30 simulations were
chosen to represent low, high and moderate rates of expansion
of locations in Australia.
Spread within locations

This model represented the spread of S. invicta at one location
as a stochastic, cellular automaton (see Fig. 1b). The key features of the system were:
1
The location was represented by a two-dimensional
array (100 by 100) of identical grid cells (each 1 km
by 1 km).
2
The state of each cell consisted of one of four ‘density
classes’ of S. invicta (absent; present; common; and
dense).
3
A neighbourhood of eight cells around the cell of
interest influenced the probability that the focal cell
(Fig. 1c) would change state (i.e. a Moore neighbourhood; Hogeweg 1988). The number of neighbouring
cells that contained S. invicta was tallied; this influenced the likelihood that the density class of S. invicta
in the focal cell would change.
4
The probabilities of change were represented in nine
transition matrices, with one matrix for each neighbourhood category (zero neighbourhood cells with
S. invicta; one neighbourhood cell with S. invicta; …;
all eight neighbourhood cells with S. invicta). These
transition matrices were the ‘rules’ that determined the
future state of the cell, given the current state of the
cell and the condition of the neighbourhood.
5
All cells were simultaneously updated at each time
step (1 year) (time type 2 sensu Ruxton & Saravia
1998).

3

To initialise the model we needed to know the density of
S. invicta within each of these cells. In June 2001, S. invicta
was positively reported in 45 grid cells in the Wacol area.
These were allocated to states (density classes) as follows:
1
Present – only one or two properties identified as having S. invicta. This was equivalent to 1–10 colonies
per grid cell (29 cells).
2
Common – several properties per grid cell with confirmed S. invicta. This represented 10–1000 colonies
per grid cell (11 cells).
3
Dense – >10 properties with confirmed S. invicta.
There would be >>1000 colonies per grid cell (5 cells).
4
Absent – All remaining cells at the location (9955)
were free of S. invicta.
In this cellular automaton, the state of a system (also called
the state vector) was the proportion of the system in each of
four specified density classes. The state of each cell in the
modelled system depended on the state of the cell at the
previous time-step and a set of probabilities of change from
one class to another, as influenced by the presence of S. invicta
in the neighbourhood (see Fig. 1c). Those probabilities were
assumed to be constant over time. This can be represented
mathematically as:
S(t) = {P}(i) × S(t − 1)
where:
S(t) is the state vector at the current time (t);
S(t−1) is the state vector at the previous time (t – 1);
{P}(i) is the appropriate probability matrix. This is a square
matrix that contained the probability of change from every
class to every other class for neighbourhood (i).
Two sets of nine matrices were developed – one representing a low rate of growth within the location and the other a
high rate of growth. As well, the model was constructed so
that at each time step (1 year), a low or a high rate of growth
could be selected with a known probability. Thus, a mid-rate
was computed by selecting a low rate for 50% of the time and
a high rate for the other 50%. All other probability combinations were possible. Multiple simulations were run to obtain
mean changes over time – 30 simulations were used.
The key transition probabilities were the probability of
staying in the same state (Fig. 2) and of changing to the state
with a greater density of S. invicta (Fig. 3). The probabilities
that a cell may change by more than one class (e.g. changing
from Present to Dense; or from Common to Absent) were very
low; these are not shown in Figures 2 and 3. Another key
probability was that of a cell free of S. invicta, and surrounded
by other cells that were empty, becoming occupied (i.e. Absent
to Present category). This probability was very low (0.0001);
small increases in this probability caused large increases in the
rate of spread, due to the invasion of a cell from which further
expansion can take place. This is a common feature of systems
being invaded (e.g. Moody & Mack 1988).
We derived the transition matrices (i.e. all the probabilities
of change from one density category to another) after examining the number and condition of cells that existed in Wacol
and from information on the biology and spread of S. invicta
”2006 Australian Entomological Society
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in the USA. It was not possible to derive these probabilities
mathematically, given that only one set of observations was
available in May 2001. Some refinements to the original set
of matrices were required to obtain a good fit between
expected and observed number and distribution of density
classes reported up to the time that the modelling was performed (see Fig. 4 for a comparison of observed and predicted
distributions).
For each cell at each time step, the appropriate transition
matrix was selected (dependent on the number of neighbouring cells which contained S. invicta). A uniform random number on the interval of zero to one was generated and this was
compared with the values in the selected transition matrix for
that density class to determine the new density class of the cell.
One of the model assumptions was that S. invicta was well
established at Wacol in 1996. Similarly, a commencement time
for S. invicta in the USA had to be chosen to compare the rates
of spread on the two continents. Solenopsis invicta was
reported in the USA in about 1930, and Solenopsis richteri, a
closely related species, was also present (Taber 2000). Prior
to Buren’s revision (1972, 1974 quoted in Hung et al. 1977)
”2006 Australian Entomological Society
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Fig. 2. The probabilities of each density class remaining the
same in each time step for all neighbourhoods for (a) low rate of
spread and (b) high rate of spread. (The Dense class not shown
as probability for both low and high spread rates exceeded 0.998).

1

Fig. 3. The probabilities of each density class increasing to the
next level of occupancy by Solenopsis invicta in each time step
for all neighbourhoods for (a) low rate of spread and (b) high rate
of spread. A, Absent; C, Common; D, Dense; P, Present. (The
Dense class not shown as this class cannot increase in density).

these two species were considered to be light and dark forms
of Solenopsis saevissima; this presents some difficulties. For
the purposes of comparing the actual rate of expansion in the
USA and the potential rate of expansion in Australia, we
assumed that S. invicta was well established in the USA in
1940 and used this as the starting point for model comparisons.
In the USA, the area infested with S. invicta continues to
increase (Levia & Frost 2004; Morrison et al. 2005), despite
a program of eradication in the 1960s and subsequent ongoing
control measures (Lofgren et al. 1975; Vinson & Sorensen
1986).
Total area

The total area within which S. invicta could be found, given
uncontrolled spread, was calculated from the number of locations and the number of cells within each of these locations
that contained ants. This is not a simple multiplication of two
curves, as there is a different starting time for each location
and the area of S. invicta at that location depended on how
long the location had been infected.

Spread of Solenopsis invicta in Australia
(a) Change in number of locations
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Fig. 4. Actual and simulated number of cells (1 km by 1 km)
with Solenopsis invicta of different density classes in Wacol, using
three different growth rates (100% low; moderate (50% low−50%
high); and 100% high).
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RESULTS
Number of locations
Simulations indicated that S. invicta would have spread to 200
locations (where a location is 100 km by 100 km) by 2017 for
the high growth rate scenario, by 2023 for the moderate
growth rate and by 2027 for the low growth rate (Fig. 5a). (By
way of comparison, the whole of Queensland contains 173
locations.) It was predicted that, with a moderate growth rate,
the most rapid period of increase in the number of locations
would occur between 2020 and 2035. These general patterns
of growth seemed reasonable to us (the authors) and to others
who were dealing with such pest incursions (T. Kompas, Australian Bureau of Agricultural and Resource Economics, pers.
comm. 2001).

Within locations
To assess the applicability of the model of growth rate at a
single location, the cellular automaton was run for 5 years
from end of 1996 to the present with a starting condition of
one grid cell of 100 ha in the ‘present’ category at Wacol.
These simulations were then compared with the surveillance
data at Wacol, as of the 30 June 2001. There was good general
agreement between the known density classes of S. invicta and
the simulated results from the low and moderate cases (Fig. 4).
The modelled and observed distributions for June 2001 were
not significantly different (χ2 = 0.26; P = 0.878).
A typical simulation result was compared with the actual
distribution in June 2001 in Figure 6, with the simulated
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Area (km2)

Three rates of increase of number of locations and three
growth rates within a location were combined to produce nine
possible scenarios for the area of S. invicta in Australia. This
provided an envelope of possibilities for the actual areas of
S. invicta that could be expected if no control were exercised
in Australia.
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Fig. 5. (a) Simulated number of locations (100 km by 100 km)
with Solenopsis invicta in Australia, showing the difference
between three rates of increase. (b) Area of S. invicta within one
location.

results being similar in pattern to the observations. The actual
number of grid cells with S. invicta at Wacol was unknown at
the time the model was constructed. The number of known
infested cells increased slightly after model development.
Thus, the ‘actual’ situation was a slight underestimate of the
real number in 2001. The moderate case was the ‘most likely’
case.
The model was run forward using May 2001 as the starting
point for the simulations of future spread within the location
(Fig. 7a). This indicated that by 2012, over two-thirds of the
Brisbane location would have S. invicta if there were no control undertaken (Fig. 7b).

Within Australia
The simulations indicated that S. invicta could cover 2 million
km2 within Australia by 2028, 2037 and 2048 for the high–
high, medium–medium and low–low scenarios, respectively
(Fig. 8a). This was quite different from Figure 5a, which
”2006 Australian Entomological Society

6

J C Scanlan and C Vanderwoude

(a)

(b)

Fig. 6. Simulation of Solenopsis invicta spread in Wacol. (a) The distribution of cells in May 2001; (b) simulated distribution of cells
in 2001 (white – Absent; light grey – Present; dark grey – Common; black – Dense).

(a)

(b)

Fig. 7. Growth of Solenopsis invicta in Wacol starting in 2001. (a) Distribution in 2001; (b) simulated distribution in 2012 if no
control undertaken (white – Absent; light grey – Present; dark grey – Common; black – Dense).

shows that 200 locations (each 10 000 km2) could contain
some S. invicta before 2026 in all growth rate scenarios. This
is because Figures 5a, and 8a represent quite different scales
and densities. A location was regarded as having S. invicta if
one or more of the 10 000 grid cells had ants present; the
actual area represented only those grid cells (1 km by 1 km)
in which S. invicta was present.
Data for the USA (Callcott & Collins 1996) were compared
with the results from our simulation modelling (Fig. 8a). The
data from the USA were superimposed onto the simulated data
for Australia by having the same ‘starting year’. The results
from the USA were similar to a moderate–moderate simulation (moderate rate of increase in number of locations com”2006 Australian Entomological Society

bined with moderate rate of growth within one location),
although spread in the USA was initially higher than is simulated here (Fig. 8b). However, the area of S. invicta in the USA
approaches an asymptote of 1.1 million km2 whereas in Australia, this figure was exceeded within 20–40 years, depending
on which scenario was examined.

DISCUSSION
This modelling suggests that, if uncontrolled, S. invicta could
invade over half of Australia within 35 years, using the moderate growth estimates and assuming no control measures were

Spread of Solenopsis invicta in Australia
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Fig. 8. (a) Total area of Solenopsis invicta under three different
scenarios over a 50-year period. This is compared with data from
the USA (Callcott & Collins 1996) where the initial introduction
of S. invicta was assumed to be in 1940. (b) Simulated data for
Australia compared with data from the USA when the initial date
of establishment in the USA varied from 1935, 1940 and 1945.

taken. The area of 100 km by 100 km centred on Wacol would
have about 80% occupancy of S. invicta by 2016, 15 years
after the initial discovery.
Knowledge of the potential spread of an invasive species,
based on best available data, is vital for making sound decisions regarding pest management. For example, the decision
to eradicate, suppress or maintain a pest population at a stable level needs to be considered in light of the likely costs
of the various management options and an estimate of
the economic impact the invasive organism might have. In
the case of S. invicta, analyses of the economic impacts
in the USA, where S. invicta is well established, were used
in conjunction with our estimates of population growth to

7

estimate likely future economic impacts of this species during its population growth phase (T. Kompas pers. comm.
2001). Without an accurate estimate of the rate of range
expansion, such economic impacts are difficult to predict
and the decision to eradicate or manage a pest on an economic basis becomes problematical.
In 2001, our estimates of rates of spread were used to
develop a cost:benefit analysis of a control program for
S. invicta (T. Kompas pers. comm. 2001) and provided the
economic basis for the Australian response to the discovery of
S. invicta. A large eradication campaign jointly funded by the
Commonwealth government and Australian States was initiated in 2001 (Vanderwoude & McCubbin 2002; Vanderwoude
et al. 2004).
In addition to providing a means of estimating the spread
of S. invicta, the modelling approach developed here could be
used to predict rates of population decline based on results of
a management program. The transition matrices could be modified to reflect the control rates being achieved by the program
and these used to estimate the likely number of infested properties remaining at the end of each treatment cycle. Such a
modified model could predict the time frames required for
eradication, given the details of how alternative control campaigns alter the transition probabilities.
The projections reported here are based on much of the
Australian continent being suitable for S. invicta. Recent studies suggest that aridity could limit the distribution to wetter
environments within inland Australia (Morrison et al. 2004;
Sutherst & Maywald 2005). The inclusion of these issues
within our model would lead to slower predicted rates of
expansion.
Solenopsis invicta has several dispersal mechanisms.
Short-range dispersal of the polygyne form is predominantly
by budding. This form of dispersal is generally over short
distances of several metres and promotes rapidly increasing
density and future reproductive capacity. This spread mechanism was represented in the model by the change in density
class of cells adjacent to existing cells with S. invicta.
Medium-range dispersal results from flights of newly mated
queens and is more common to the monogyne form, with new
independent nests established at distances of up to 5 km (or
possibly greater when assisted by wind) from the natal nest.
This means of spread was represented by the possibility that,
within a location, any cell without S. invicta and not adjacent
to a cell with S. invicta had a (low) probability of having
S. invicta in the next time step. Long-range dispersal depends
on the human-mediated transport of goods harbouring viable
fire ant colonies, for example, the original incursions of
S. invicta to Brisbane and the USA. The rapid spread of
S. invicta throughout the southern USA, even across hostile
habitat to California, is ample evidence of the capacity of this
species to travel as a result of human commerce. The recent
discoveries of S. invicta in Malaysia (Na & Lee 2001) and
Taiwan are other examples. This was represented in the model
by an increase in the number of locations with S. invicta. The
inclusion of all major forms of dispersal is necessary in any
model of invasive organisms.
”2006 Australian Entomological Society
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Large-scale experimentation to validate the results of this
model is not possible due to the management decisions
taken to control S. invicta in Australia. However, the results
can be compared with historical records of spread in southern USA. The predictions for Australia suggest that
S. invicta (uncontrolled) would spread more quickly than in
the USA (see Fig. 8b), although the impact of control activities in that country is not known. This may be possible for a
number of reasons. First, in the USA S. invicta has been
subject to continual active control and quarantine efforts.
During the 1960s, this comprised a concerted eradication
program with stringent movement controls. Second, the climate in Australia, and especially Queensland, does not have
the same extremes of cold experienced by many areas in
southern USA. Therefore, it is possible that population
growth will be more rapid as winters may have a smaller
negative impact on individual colonies (Sutherst & Maywald
2005). Third, the number and speed of long-distance road
movements are greater in Australia in the 2000s than would
have been the case in the 1940s in the USA, leading to a
higher potential rate of spread. Finally, both the monogyne
and polygyne social forms of S. invicta were found in
Brisbane. The polygyne form is more invasive and easier to
spread via human commerce (Vinson 1997; Kintz-Early
et al. 2003), as the probability of transporting a colony
fragment containing a viable queen is proportional to the
number of queens in a colony. Polygyne colonies were first
reported in the USA in 1973 (Glancey et al. 1973) and considered unusual at that time. The polygyne form in the USA
spread rapidly after it was first reported in the mid-1970s
(Fritz & Vander Meer 2003).
When S. invicta was first found in Australia, it was not
possible to develop a mechanistic model of the spread of
S. invicta and validate model predictions against observations.
However, the method we employed (even though based on
imperfect data and understanding) allowed for estimates of all
three dispersal mechanisms to be modelled. It ‘captured’
expert knowledge from a variety of sources including quarantine officers as well as biologists and provided the best available estimate of the rate of spread at the time.
This study provides a method for estimating the potential
spread for a recently discovered organism for which there is
little biological information. The sensitivity of the rate of
spread to various assumptions can be tested. This enables an
objective analysis of the costs and benefits of control to be
performed.
Our modelling approach provided a useful step in the process of making decisions in the face of considerable uncertainty about the management of S. invicta in Australia. When
invasive species are located in a new country or far from
existing infestations, decisions have to be made about appropriate control measures to take. The general approach taken
here was to combine estimates of the number of new locations
with the rate of spread within those locations. Such an
approach could be applied to any invasive organism and provides a framework within which to reduce uncertainty as further information comes to light for the invasive species.
”2006 Australian Entomological Society
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