
124   Plant Protection Quarterly Vol.26(4)  2011

Abstract
Yellow crazy ant (YCA) Anoplolepis 
gracilipes (Smith) is ranked among the 
world’s worst invasive species. Follow-
ing the detection of this ant on Good-
wood Island in northern New South 
Wales, Australia in 2004, an eradication 
program was initiated. The last detec-
tion was made in January 2006 and the 
declaration of freedom from the pest was 
made in January 2008, based on the tradi-
tional two-year period without a detec-
tion. However, although this eradication 
criteria is widely used, the two year time-
frame is an arbitrary period with little or 
no scientific basis. Here, in addition to 
describing the eradication, we present a 
scenario tree analysis of zero detections 
to predict the level of confidence that the 
pest would have been detected if it was 
still present. Following a two year peri-
od with no detections, the scenario tree 
analysis indicated that there was a prob-
ability of absence of 0.999 998 under an 
assumed incursion pressure of one incur-
sion every ten years. After eradication, 
the scenario tree analysis also indicated 
that as few as 20 randomly located visual 
inspections in the high risk area every 
three months was sufficient to main-
tain >0.95% probability of freedom. The 

analysis was also used to assess the mer-
its of different surveillance techniques. 

Introduction
Tramp ants are common stowaways on 
international freight, and are frequently 
found near airports, sea ports and facilities 
receiving imported commodities (Harris 
and Baker 2007). They create an insidious 
problem worldwide that threatens bio-
diversity especially in the Pacific Islands 
(Cranston 2010). Yellow crazy ant (YCA), 
Anoplolepis gracilipes (Smith), is a tramp 
ant with a world wide tropical and sub-
tropical distribution. YCA is a pest of ag-
riculture, domestic and natural environ-
ments (Young et al. 2001). YCA is one of the 
world’s 100 most invasive species (Anon. 
2008) and one of the world’s six worst ant 
invaders (Holway et al. 2002). Polygyny 
and the lack of intra-specific aggression 
among workers mean that the ants can 
form super-colonies or networks of closely 
connected colonies that, once established, 
monopolize the entire site to the exclu-
sion of other ant species (Vanderwoude 
and Abbott 2006). A small proportion of 
females in a colony become sexually repro-
ductive queens however colony dispersal 
is primarily by budding rather than nup-
tial flights. Dispersal over distances greater 

than a few metres is largely due to human 
assisted relocation of part of a colony con-
taining at least one queen (Vanderwoude 
and Abbott 2006). The life cycle has been 
estimated to take 76–84 days (Rao and Ver-
resh 1990).

YCA is notable for its frantic activity 
when disturbed, and characteristic erratic 
walking style on long legs and waving 
of long antennae (Anon. 2008). YCA has 
broad and agricultural impacts usually 
by displacing a broad range of creatures 
(Lewis et al. 1976, Haines et al. 1994, Hol-
way et al. 2002, Abbott 2005). YCA is a 
general scavenger and predator spraying 
formic acid on their prey. These victims 
include small isopods, myriapods, earth-
worms, molluscs, arachnids and insects 
in the litter and canopy of trees. YCA 
will also attack large land crabs, birds, 
mammals and reptiles (Lewis et al. 1976, 
O’Dowd et al. 1999).

The native range is suspected to be 
sub-Saharan Africa or Asia (Holway et al. 
2002). Although the distribution of YCA 
remained fairly static for much of the twen-
tieth century, the number of incursions 
at new locations has increased in recent 
decades (Vanderwoude and Abbott 2006). 
YCA has been found in Papua New Guin-
ea (Baker 1976, Young 1996), the Seychelles 
(Haines and Haines 1978), India (Rao et 
al. 1991), New Zealand (Gunawardana 
and Sarty 2007), China (Zheng et al. 2008), 
Christmas Island (O’Dowd et al. 1999, Slip 
2002) and is w idespread throughout the 
tropics (Way and Khoo 1992).

YCA has been intercepted in Australian 
ports at least 161 times since 1988. Approxi-
mately 40% of interceptions have been in 
New South Wales (NSW) ports. Nationally, 
the number of interceptions has increased 
and the last five years accounted for 93% 
of all interceptions recorded from 1988 to 
2002 (Hughes 2008). Multiple breaches and 
incursions have occurred on the Austral-
ian mainland (Department of Environment 
and Heritage 2006). YCA was first recorded 
in East Arnhem Land in the early 1980s 
(Majer 1984) and currently has spread 
across an area of approximately 2500 km2 
(Young et al. 2001, Hoffman and Saul 2010). 
It has been suggested that the original in-
cursion occurred in the 1950s (Hoffman 
and Saul 2010). There have been many 
small establishments of YCA in Queens-
land including suburbs of Cairns, Brisbane, 
Caboolture, Hervey Bay and Townsville 
(Anon. 2008, Brown 2008a,b). In NSW, 
YCA was reported as being detected at 
Mullumbimby and Port Botany (Sydney), 
however despite extensive surveys, no fur-
ther YCA were detected. These reports are 
regarded as incursions but non-establish-
ments (Dominiak et al. 2010). YCA has not 
been reported from any of the other Aus-
tralian states (Shattuck and Barnet 2001). 
In Queensland, small incursions might 
be eradicated and the two year period 
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without a positive YCA detection has been 
used as the basis of eradication for three 
sites in Cairns (Brown 2008c). This two year 
period has also been applied to other exotic 
pests and diseases (Jones 1991, Froud 2003, 
Pascoe 2003, Vanderwoude et al. 2010). In 
NSW during July 2004, YCA were found 
near an Australian Quarantine Inspection 
Service (AQIS) mosquito monitoring trap 
located at Goodwood Island wharf (Do-
miniak et al. 2010). Local residents claimed 
the pest had been present for several years. 
In 2005, invasion of YCA into NSW was 
listed as a Key Threatening Process under 
the Threatened Species Conservation Act 1995. 
YCA is listed as a notifiable pest under 
Proclamation P172 of the Plant Diseases Act 
1924. Hughes (2008) reported that climatic 
modelling indicated that YCA was capable 
of inhabiting most of northern and north-
eastern Australia, and down the east coast 
of Queensland into coastal and inland parts 
of northern NSW. Goodwood Island is in 
the lower reaches of the desirable climatic 
zone for YCA establishment. Further south 
and in New Zealand, YCA was detected at 
the Port of Auckland in 2003 (Froud 2003) 
and twice in 2005 (O’Connor 2005a).

This paper describes the NSW response 
to YCA detected at Goodwood Island, the 
eradication program undertaken to elimi-
nate the pest, and the use of scenario tree 
analysis of zero detections to provide con-
fidence that the pest was actually absent.

Materials and methods
Location – Goodwood Island 
Goodwood Island is a river delta island 
located approximately 5 km from the 
mouth of the Clarence River, on the far 
north coast of NSW, Australia. The island 
is very flat and generally no more than 
two metres above sea level. It is approxi-
mately 7 km long and varies in width from 
0.3 to 2 km. Sugarcane production is the 
dominant land use and covers two-thirds 
of the western (upstream) end of the is-
land. Remnant native vegetation occurs 
on the eastern one third. Road access to the 
island is from the northern side. There are 
approximately ten private residences and 
a caravan park on the island. Recreational 
fishermen launch boats from any acces-
sible areas along the southern shoreline. 
The towns of Iluka and Yamba are five 
kilometres downstream on opposite banks 
at the mouth of the river.

The Port of Yamba is a commercial 
wharf located midway along the island’s 
southern shore and handles import and 
export trade to Norfolk and Lord Howe 
Islands, and other Pacific destinations. 
Treated hardwood poles are shipped from 
Goodwood Island wharf to various Pacific 
nations including New Zealand and the 
Philippines. 

Goodwood Island wharf is categorized 
as a secure site by NSW Maritime Au-
thority. Access is restricted and gates are 

locked at all times. The surveillance and 
eradication program was undertaken with 
the full cooperation of the Port of Yamba 
authorities and stevedoring operations. 
This cooperation ensured site access, clean 
up of the site, awareness and monitoring 
against further spread and on-going pas-
sive surveillance for YCA. 

Survey methods and schedule
Surveys were of two types (Table 1). A 
visual inspection involved an inspection 
of an area, sampling any suspect ants. No 
food lures were used and no GPS coordi-
nates were taken. The other method was 
the use of attractive baited monitoring 
traps, using tuna cat food, jam or peanut 
butter as food lures; fish meal has been 
observed to be the most effective YCA at-
tractant. Sarty et al. (2007) reported a pref-
erence for tuna cat food between October 
to March, and a carbohydrate preference 
for the cooler months. Baited sites were 
reinspected within four hours of food lure 
deployment and GPS coordinates taken. 
Intense surveys (on a 5 m grid) were con-
ducted near the infested area to assess the 
populations in the known infested area. 
Delimiting surveys using visual inspec-
tions to define the perimeter of the infes-
tation were conducted on a broader grid, 
from 100–300 m, depending on site acces-
sibility through cane fields. 

Foraging activity of YCA declines in 
temperatures below 25°C (O’Dowd et al. 
1999). On most occasions, YCA surveys 
were conducted when the maximum daily 
temperature was above this level. In No-
vember 2004, ant activity was high but de-
clined markedly after fipronil baiting. The 
wharf area was inspected intensely and 
regularly. The entire Goodwood Island 
was surveyed in March 2005. The neigh-
bouring Gourd Island was inspected in 
October 2005. Goodwood Island and sur-
rounds were intensely surveyed in Febru-
ary 2006 and again in subsequent years 
(Table 1).

Ant identification and tracing possibly 
infested consignments
Suspect samples were sent to the Agricul-
tural Scientific Collections Unit (ASCU) 
of Orange Agricultural Institute, Orange, 
NSW, for identification. ASCU identifi-
cation staff have been trained to interna-
tional standards to identify YCA and had 
considerable experience following the red 
imported fire ant surveillance program 
(Dominiak et al. 2007, 2010). Deliveries 
from Goodwood Island were traced to tim-
ber and transport businesses, and waste 
transfer stations in Grafton and Maclean, 
the two largest Clarence River towns up-
stream of Goodwood Island. Surveys at 
these locations did not detect the pest.

Eradication procedures
Surveys of Goodwood Island, the sur-
rounding islands and mainland, revealed 
that YCA was restricted to a riparian cor-
ridor about 150 m along and 100 m behind 
the wharf area. Subsequently a public 
awareness campaign was conducted in the 
district and remained active for the dura-
tion of the program. Official declaration of 
YCA as a notifiable pest under the NSW 
Plant Diseases Act 1924 required land-own-
ers and occupiers to report any detections 
(New South Wales Gazette 2004).

Permits for Presto® (active ingredients 
0.01% fipronil) and IGR Grain Protectant® 
(5 g kg−1 s-methoprene) were obtained 
from the Australian Pesticides and Veteri-
nary Medicines Authority. In September 
2004, chemical treatments of the infested 
area at Goodwood Island were com-
menced. Mowing road verges and remov-
ing waste improved general access for bait 
applicators. Bait stations, each containing 
approximately 100 g of fipronil ant bait 
(Presto), were placed within the wharf pe-
rimeter fence. Fipronil bait was broadcast 
on land adjoining the wharf but no fipron-
il bait was placed within five metres of the 
river. There were subsequent broadcast 
applications with fipronil bait on the land 

Table 1. Summary of numbers of sites baited and visually inspected in the 
three risk areas from September 2005 to March 2010.
Month Visual inspection Bait Number 

of positive 
detections

High 
risk

Medium 
risk

Low 
risk

High 
risk

Medium 
risk

Low 
risk

Sept 2005 187 1

Nov 2005 40 0

Jan 2006 80 1

Feb 2006 201 98 265 0

Mar 2006 58 0

July 2006 20 0

Nov 2006 115 0 0

Apr 2007 98 0 0

Mar 2008 296 0 0

Mar 2010 200 0
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adjoining the wharf at weekly intervals 
between November 2004 and May 2005. 
S-methoprene bait was broadcast monthly 
in summer and autumn and three monthly 
in winter to treat areas within 5 m of the 
river. 

In December 2004, a population was 
found in a rock wall, but due its proximity 
to the water, could only be treated with S-
methoprene bait and fipronil bait stations. 
This rock wall population, and another at 
the far eastern end of the wharf area, per-
sisted for several months. In January 2005, 
the uptake of bait was estimated to be 95% 
in the wharf area and 80% in the rock and 
waterfront area. 

Targeted treatment was required on 30 
January 2006 when NSW Maritime Port 
Services Officer discovered a large YCA 
nest under a pile of discarded telegraph 
poles near the eastern end of the wharf. 
A licensed pest exterminator was con-
tracted to work with the port authority to 
treat each pole and the ground beneath 
it as each pole was moved so that an im-
mediate kill of ants in the exposed nests 
could be achieved. The control treatment 
occurred on 31 January 2006 and the poles 
were piled on site and burnt on 8 February 
2006. This was the last detection of YCA 
on Goodwood Island and the last pesticide 
treatment. The summary of surveillance 
using visual inspections and baited moni-
toring stations is provided in Table 1.

Statistical analyses
Two methods of assessing eradication are 
presented below. 

Method 1: Eradication – International 
Standards for Phytosanitary Measures 
(ISPM) The International Plant Pro-
tection Convention has established In-
ternational Plant Protection Convention 
No. 9, the guidelines for pest eradication 
programs (International Plant Protection 
Convention 1998). This describes four 
main components of a pest eradication 
program which may be accepted in claim-
ing that a pest is not longer present in an 
area. Surveillance, containment and treat-
ment are the three main activities entailed 
in the eradication process, followed by 
verification of absence. 

The Guidelines recommend that the 
verification procedure should use criteria 
established at the beginning of the pro-
gramme and be supported by adequate 
documentation of program activities and 
results. Section 3.3 states that: 

‘the minimum period of time of pest 
freedom to verify eradication will vary 
according to the biology of the pest, but 
should take into consideration factors 
such as sensitivity of detection technolo-
gy, ease of detection, life cycle of the pest, 
climatic effects and efficacy of treatment’. 

For the Goodwood Island YCA infesta-
tion, a period of two years of nil detections 

through active surveillance was adopted 
as the minimum requirement. The last 
detection of YCA occurred on 31 Janu-
ary 2006 and hence the two year period 
elapsed on 31 January 2008. 

Method 2: Scenario-tree analysis to dem-
onstrate freedom Surveillance data for 
the period September 2005 to March 2010 
was analysed using scenario-tree analysis 
(Martin et al. 2007). Scenario tree analysis 
provides a logical and transparent frame-
work for quantifying the probability of de-
tection (and consequently probability that 
the population/area is free) of a pest or 
disease if it was present at a specified level 
(design prevalence) in a defined popula-
tion or geographic area. The method al-
lows for adjustment of infestation and de-
tection probabilities based on variations in 
risk of pest occurrence and for targeting of 
surveillance towards higher risk locations. 
It also allows for incorporation of histori-
cal data, discounted for the probability of 
new incursions occurring over time and 
the combination of data from multiple sur-
veillance activities (components).

Based on figures provided by Good-
wood Island authorities of produce im-
ported annually, we estimated that the 
expected incursion rate for YCA in 2004 
was one incursion per year. Therefore, for 
the first scenario, the monthly probability 
of introduction was assumed to be 1/12 = 
0.083 (i.e. one incursion per year) while the 
second scenario assumed one incursion 
every 10 years (1/120 = 0.0083 per month). 

The first scenario simulated the high-
risk situation that occurred prior to the 
incursion in 2004, whereas the second 
scenario simulated the more realistic 
situation for the period considered, with 
measures in place to reduce the likelihood 
of further incursions, following the initial 
detection. A ‘site’ size of 25 m2 was used 
for both baiting and visual detection com-
ponents. The prior probability of freedom 
(or pest absence) at the start of the surveil-
lance period was set at 0.5.

For this analysis, the surveillance area 
was divided into high risk (the immedi-
ate port area), medium risk (the rest of 
Goodwood Is.) and low risk (the adjoin-
ing islands and mainland coast). Separate 
scenario trees were developed for both 
baiting and visual inspections and data 
were analysed for monthly time periods. 
Model outputs included component sensi-
tivities (probability of detection if infesta-
tion was present at the design prevalence 
or above) for each detection component 
(baiting and visual inspection), as well as 
an overall system sensitivity (probability 
that YCA would be detected if present 
at the design prevalence) and probabil-
ity of freedom (probability that YCA was 
not present at the design prevalence) for 
each month during the surveillance pe-
riod. When calculating the probability of 

freedom for each month, the prior prob-
ability of freedom was the posterior prob-
ability of freedom for the previous month, 
discounted by the probability of introduc-
tion during the current month. Model 
inputs were provided as probability dis-
tributions, to represent uncertainty about 
their true values, resulting in correspond-
ing distributions of values for model out-
puts. The scenario tree model was devel-
oped using Excel (Microsoft Corporation) 
and PopTools (Hood 2006) and was run 
for 1000 iterations.

Results
The surveillance undertaken during the 
period of interest in the three risk areas is 
summarized in Table 1. Stylized diagrams 
of the scenario trees for baiting and visual 
detection components are shown in Figure 
1 and inputs for the model are summa-
rized in Table 2. 

Monthly values for component sensi-
tivity for baiting (undertaken exclusively 
in the high-risk area) ranged from 0.89 to 
1.0, depending on the number of baited 
sites, whereas component sensitivity for 
visual inspection ranged from 0.18 to 1.0, 
depending on the number and location of 
inspections. Overall probability of area 
freedom was virtually 1 in any month 
when baiting was undertaken, but de-
clined in months with no baiting activity, 
because of the probability of a new incur-
sion occurring (see Figure 2). The decline 
in probability of freedom was rapid for 
the higher-risk first scenario, but more 
gradual for the second scenario, where 
the probability of an incursion was much 
lower (Figure 2).

The second last YCA was detected in 
September 2005 and the mean system sen-
sitivity (probability of detection) at this 
time was >0.999 for both scenarios. Fol-
lowing continued surveillance, the prob-
ability of absence was 0.978 in December 
2005. In the following month January 2006, 
the last YCA was detected. After surveil-
lance for 14 months, the probability of ab-
sence in April 2007 was 0.9996 for scenario 
2. By the two year period in March 2008, 
the probability of absence was 0.999 998 
and following additional inspections in 
March 2010, the probability of absence 
was 0.999 942, for scenario 2. 

Discussion
In terms of eradication, the two-year pe-
riod with zero detections at Goodwood 
Island through both baited and visual 
surveys fulfils standard eradication re-
quirements (Jones 1991, Froud 2003, Pas-
coe 2003). The small size of the infestation 
may have minimized the chance of colony 
survival when subjected to the stress of 
chemical treatments. The likelihood of 
eradication was enhanced because the 
locality appears to be in the lower range 
of climatic suitability for establishment of 
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YCA (Harris and Baker 2007). Holway et 
al. (2002) reported colony expansion by 
budding alone ranged from 37–402 m y−1 
in the Seychelles and this method of colo-
nization alone greatly limits colony expan-
sion. We infer that the combination of the 
two chemicals were successful in eradi-
cating this YCA colony in this particular 
environment.

Eradication of a non endemic spe-
cies is often declared either on an ad hoc 
basis or on setting arbitrary thresholds 
that the species is not present (Regan et 
al. 2006). Traditional methods of statisti-
cal analysis do not have the ability to as-
sess zero counts, so simulation techniques 
have been developed to interpret nil trap 
catches in fruit fly eradication programs 
(Clift and Meats 2004, Barclay et al. 2005). 
The scenario tree analysis provides virtual 
certainty that YCA would be detected if 
present and consequently that the area 
is ‘free’ of YCA, at a level of one infested 
site for every 10 000 sites (each 25 m2) in 
the surveillance area at the time of most 
inspections. This is mainly because of 
the large amount of baiting undertaken, 
primarily in the high-risk area. However, 
ongoing surveillance, particularly in the 
high-risk area, is essential to maintain 
this level of assurance in the absence of 
measures to minimize the risk of re-intro-
duction. Alternatively, if measures are in 
place to minimize the likelihood of addi-
tional incursions, lower levels of surveil-
lance on a periodic basis would be suffi-
cient to maintain a high probability of con-
tinuing freedom. For example, as few as 20 
randomly located visual inspections in the 
high risk area every three months (assum-
ing no detections) is sufficient to rapidly 
achieve and maintain >0.95% probability 
of freedom (results not shown).

Another important outcome of this ap-
proach was the confirmation of the much 
greater value of baiting or inspections in 
the high risk area compared to the low and 
medium risk areas. For example, 299 vis-
ual inspections in the medium (201) and 
low (98) risk areas resulted in a compo-
nent sensitivity of 0.177, compared to only 
20 inspections in the high-risk area with a 
component sensitivity of 0.675. This differ-
ence reflects the much higher level of risk 
(mean 500 000 fold) associated with the 
high risk port area, relative to the low risk 
area of adjoining islands and mainland. 
The model was sensitive to estimated rela-
tive risk among areas, with mean system 
sensitivity reduced from >0.999 to about 
0.73 for reductions in relative risk for me-
dium and high risk areas by 10-fold and 
100-fold respectively. 

The recent detections of YCA in Aus-
tralia and New Zealand has prompted 
many Pacific Rim countries to improve 
awareness and surveillance methods 
of BioSecurity agencies to minimize the 
chance of other Pacific countries becoming 
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Figure 1. Diagrammatic representation of scenario trees for bait detection 
(left) and visual inspection (right) for yellow crazy ants (tree structure is 
replicated below each of the Site Infestation Status nodes but not shown to 
simplify the diagrams).

Table 2. Input parameters for a scenario-tree model for estimating system 
sensitivity and probability of freedom for visual inspection and baiting for 
yellow crazy ants at Goodwood Island. Parameters were input either as a 
fixed (most likely) value or as a Pert probability distribution (a smoothed 
triangular distribution defined by specified minimum, most likely and 
maximum values and commonly used to express uncertainty about expert 
opinion).

Parameter description 
Distribution 
type

Distribution parameters

Minimum
Most 
likely Maximum

Design prevalence (proportion of 
sites infested)

Fixed value 0.0 001

Bait detection sensitivity 
(probability of detection by baiting 
given that the baited site is infested)

Pert 0.7 0.85 0.95

Visual Inspection sensitivity at bait 
negative sites

Pert 0.05 0.1 0.2

Visual inspection sensitivity 
(without baiting)

Pert 0.6 0.8 0.9

Proportion of sites high risk Fixed value 0.00 04

Proportion of sites medium risk Fixed value 0.064 

Proportion of sites low risk Fixed value 0.936  

Relative risk for high risk area Pert 200 000 500 000 1 000 000

Relative risk for medium risk area Pert 5 000 10 000 15 000

Relative risk for low risk area Fixed value 1
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infested by tramp ants. Ant identifica-
tion training and enhanced surveillance 
techniques have been provided for many 
Pacific nations to improve the chances of 
early detection (O’Connor 2005b, Guna-
wardana and Sarty 2007). The Interna-
tional Plant Protection Convention revised 
phytosanitary measures, scientific needs 
of organizations and their capacity to 
minimize the introduction of invasive ant 
species (Newman 2004). Subsequently the 
Pacific Invasive Ant Surveillance program 
was developed, focusing on high-risk sea 
and airport surveillance in Pacific island 
countries (Sarty 2007). 

For the immediate future, the two year 
period of zero detections is likely to re-
main the international standard for declar-
ing area freedom. However, the scenario 
tree method of analysing zeros may be-
come a future standard for providing sta-
tistical confidence of pest absence. What 
remains unclear is the appropriate level of 
confidence for surveillance. The standard 
insect disinfestation probability is Probit 
9 or 0.999 97. Bliss (1934) originally de-
scribed the Probit method of transforming 
the percentage of pests killed by a pesti-
cide. This method is a demonstrated ac-
ceptable level for some pests such as fruit 
fly (Meats and Clift 2005). However, is the 
Probit standard an appropriate standard 
for evaluating surveillance of zero popu-
lation levels. At Goodwood Island, the 
probability of absence immediately be-
fore the second last and the last detections 
was 0.999 and 0.978 respectively. These 
are clearly inadequate as YCA was subse-
quently detected. After 14 and 26 months 
of inspections the probability of absence 
(0.999 6 and 0.999 998 respectively) com-
pared well with the Probit 9 standard 
(0.999 97). While Probit 9 is a standard for 

fruit fly disinfestation, is Probit 9 an ap-
propriate standard for surveillance? 

For any pest or surveillance situation, 
scenario tree analysis may help identify 
the more effective surveillance methods, 
and identify what method and frequency 
of surveillance would provide a higher 
level of confidence for absence. The sce-
nario tree analysis could be used to pre-
dict the number of inspections required 
to maintain a specific level of confidence 
for an assumed incursion pressure. Any 
method to shorten the period of trade 
restriction and provide confidence that 
a pest is absent will be a positive contri-
bution to global trade. There have been 
advances in statistical methods of analys-
ing zero detections in animal industries 
(Martin et al. 2007, Sutherst and Bourne 
2009). Ramsey et al. (2009) used the Baye-
sian approach to estimate the degree of 
confidence in the success of the feral pig 
eradication program when no more pigs 
were detected. Solow et al. (2008) used a 
Bayesian model to predict when to termi-
nate an eradication program based on the 
probability that all individuals had been 
removed. Regan et al. (2006) used an eco-
nomic model to predict when the expected 
costs of surveillance outweighed the ex-
pected benefits. In relation to plant pests, 
modelling has started on the invasion and 
eradication of invasive weeds (Cacho et al. 
2006) and some insect pests such as fruit 
fly (Clift and Meats 2004). However more 
plant and insect based pest models need to 
be developed to provide confidence in the 
analysis techniques. 

Acknowledgments
The assistance of the public in report-
ing and enabling surveillance to be un-
dertaken on private land is gratefully 

acknowledged. The assistance of staff 
from NSW Department of Primary In-
dustries, Department of Environment and 
Conservation, Australian Pesticides & 
Veterinary Medicines Authority, Queens-
land Department of Primary Industries is 
greatly appreciated. The useful guidance 
provided by Kirsti Abbott and Ben Hoff-
mann is gratefully acknowledged. Tony 
Martin provided valuable comments on 
an earlier version of the manuscript.

References
Abbott, K. (2005). Supercolonies of the 

invasive yellow crazy ant, Anoplolepis 
gracilipes, on an oceanic island: forager 
activity patterns, density and biomass. 
Insectes Sociaux 52, 266-73.

Anon. (2008). Yellow crazy ants. Pest alert. 
http://www.dpi.qld.gov.au/cps/rde/
dpi/hs.xsl/4790_8654_ENA_HTML.
htm, (accessed 9 September 2008).

Baker, G.L. (1976). The seasonal life cycle 
of Anoplolepis (Jerdon) (Hymenoptera: 
Formicidae) in a cacao plantation 
and under brushed rain forest in the 
northern district of Papua New Guinea. 
Insectes Sociaux 23, 253-61.

Barclay, H.J., Hargrove, J.W., Clift, A.D. 
and Meats, A.W. (2005). Procedures 
for declaring pest free status. In ‘Sterile 
insect technique: principles and practice 
in area-wide management’, eds V. 
Dyck, J. Hendrichs and A.S. Robinson, 
pp. 363-86. (Springer. Dordrecht, The 
Netherlands).

Bliss, C.I. (1934). The method of probits. 
Science 39, 38-9.

Brown, G. (2008a). Yellow crazy ants found 
at Bentley Park. News release 06 May 
2008. http://www.dpi.qld.gov.au/
cps/rde/dpi/hs.xsl/30_10352_ENA_
HTML.htm, (accessed 9 September 
2008).

Brown, G. (2008b). Townsville crazy ant 
infestation prompts swift response. 
News release 18 June 2008. http://
www.dpi.qld.gov.au/cps/rde/dpi/
hs.xsl/30_10886_ENA_HTML.htm, 
(accessed 9 September 2008).

Brown, G. (2008c). Yellow crazy ants 
eradicated on three industrial 
properties. News release 25 March 2008. 
http://www.dpi.qld.gov.au/cps/rde/
dpi/hs.xsl/30_9951_ENA_HTML.htm, 
(accessed 9 September 2008).

Cacho, O.J., Spring, D., Phelong, P. and 
Hester, S. (2006). Evaluating the 
feasibility of eradicating an invasion. 
Biological Invasions 8, 903-17.

Clift, A.D. and Meats, A.W. (2004). 
When does zero catch in a male lure 
trap mean no tephritid flies in the 
area? Proceedings, Symposium 6th 
International Symposium on fruitflies 
of economic importance, Stellenbosch, 
South Africa, ed. B.N. Barnes pp. 183-
8. (Isteg Scientific Publications, Irene, 
South Africa).

Figure 2. System sensitivity and probability of area freedom from yellow 
crazy ants based on analysis of combined baiting and visual inspection data 
for high (1 per year) and low (1 per 10 years) probability of introduction for 
the period September 2005 to March 2008.

0

0.2

0.4

0.6

0.8

1

Sep
-0

5

Dec
-0

5

M
ar

-0
6

Ju
n-

06

Sep
-0

6

Dec
-0

6

M
ar

-0
7

Ju
n-

07

Sep
-0

7

Dec
-0

7

M
ar

-0
8

Ju
n-

08

Sep
-0

8

Dec
-0

8

M
ar

-0
9

Ju
n-

09

Sep
-0

9

Dec
-0

9

M
ar

-10

M
ea

n 
P

fr
ee

/C
S

e

Pfree (Scenario 1) Pfree (Scenario 2) System sensitivity



Plant Protection Quarterly Vol.26(4)  2011   129

Cranston, P.S. (2010). Insect biodiversity 
and conservation in Australasia. Annual 
Review of Entomology 55, 55-75.

Department of Environment and Heritage 
(2006). Threat abatement plan: to reduce 
the impacts of tramp ants on biosecurity 
in Australia and its territories. 
Commonwealth of Australia.

Dominiak, B.C., Gillespie, P.S., Kerr, M., 
Kelly, E.J. and McLennan, R. (2007). 
Search for red imported fire ants So-
lenopsis invicta Burren (Hymenoptera: 
Formicidae) in New South Wales, Aus-
tralia during 2003/2004. Plant Protection 
Quarterly 22, 14-16.

Dominiak, B.C., Worsley, P., Gillespie, 
P.S., Löcker, H., Kerr, M. and Shattuck, 
S.O. (2010). Search for red imported fire 
ant Solenopsis invicta Burren in New 
South Wales from 2004–2006. Plant Pro-
tection Quarterly 22, 15-18.

Froud, K. (2003). Public help important to 
pest investigators. Biosecurity 45, 8.

Gunawardana, D. and Sarty, M. (2007). 
The battle for the Pacific: keeping inva-
sive ants at bay. Biosecurity 77, 4-5.

Haines, I.H., Haines, J.B. and Cherrett, J.M. 
(1994). The impact and control of the 
crazy ant, Anoplolepis gracilipes (Jerd.) 
in the Seychelles. In ‘Exotic ants: biol-
ogy, impact and control of introduced 
species’, ed. D.F. Williams, pp. 206-18. 
(Westview, Boulder, Co, USA). 

Haines, I.H. and Haines, J.B. (1978). Col-
ony structure, seasonality and food re-
quirements of the crazy ant, Anoplolepis 
longipes (Jerd.) in the Seychelles. Eco-
logical Entomology 3, 109-18.

Harris, R.J. and Baker, G. (2007). Relative 
risk of invasive ants (Hymenoptera: 
Formicidae) establishing in New Zea-
land. New Zealand Journal of Zoology 34, 
161-78.

Hoffmann, B.D and Saul, W. (2010). Yel-
low crazy ant (Anoplelepis gracilipes) in-
vasions within undisturbed mainland 
Australian habitats: no support for 
biotic resistance hypothesis. Biological 
Invasions 12, 3093-108.

Holway, D.A., Lach, L., Suarez, A.V., 
Tsuntsui, N.D. and Case, T.J. (2002). 
The causes and consequences of ant in-
vasions. Annual Review of Ecology and 
Systematics 33, 181-233. 

Hood, G.M. (2006). PopTools version 2.7.5. 
Available on the internet. URL http://
www.cse.csiro.au/poptools.

Hughes, L. (2008). Invasion of the yel-
low crazy ant – key threatening proc-
ess listing. http://www.environment.
nsw.gov.au/determinations/Yellow
CrazyAntKtp.htm (accessed 9 Septem-
ber 2008).

Lewis, T., Cherrett, J.M., Haines, J.B. 
and Mathias, P.L. (1976). The crazy 
ant (Anoplolepis gracilipes (Jerd.) (Hy-
menoptera, Formicidae) in Seychelles, 
and its chemical control. Bulletin of En-
tomological Research 66, 97-111.

International Plant Protection Convention 
(1998). International Standards for Phy-
tosanitary Measures: ISPM No.9 guide-
lines for pest eradication programmes. 
https://www.ippc.int/servlet/Binary
DownloaderServlet/13734_ISPM_9_E.
pdf?filename=1146658260733_ISPM9.
pdf&refID=13734 (accessed 5 May 2008).

Jones, D.R. (1991). Successful eradication 
of citrus canker from Thursday Island. 
Australasian Plant Pathology 20(3), 89-91.

Majer, J.D. (1984). Recolonisation by 
ants in rehabilitated open-cut mines 
in northern Australia. Reclamation and 
Revegetation Research 2, 279-98.

Martin, P.A.J., Cameron, A.R., Barfod, K., 
Sergeant, E.S.G. and Greiner, M. (2007). 
Demonstrating freedom from disease 
using multiple complex data sources 
1: case study—classical swine fever in 
Denmark. Preventable Veterinary Medi-
cine 79, 98-115.

Meats, A.M. and Clift, A.D. (2005). Zero 
catch criteria for declaring eradication 
of tephritid fruit flies: the probabilities. 
Australian Journal of Experimental Agri-
culture 45, 1335-40.

Newman, S. (2004). Invasive alien species 
and the International Plant Protection 
Convention. Biosecurity 49, 6.

New South Wales Government Gazette 
(2004). Proclamation [P 156]. October 
2004. 8327.

O’Connor, S. (2005a). National invasive 
ant programme update. Biosecurity 60, 
14-15.

O’Connor, S. (2005b). Chinese and Hong 
Kong delegations seek fire ant advice. 
Biosecurity 60, 24. 

O’Dowd, D.J., Green, P.T. and Lake, P.S. 
(1999). Status, impact and recommend -
ations for research and management 
of exotic invasive ants in Christmas 
Island National Park, Darwin, NT. 
Environment Australia. 50 pp.

Pascoe, A. (2003). Red imported fire ant 
response stood down. Biosecurity 45, 7.

Ramsey, D.S.L., Parkes, J. and Morrison, 
S.A. (2008). Quantifying eradication 
success: the removal of feral pigs 
from Santa Cruz Island, California. 
Conservation Biology 23(2), 449-549. 

Rao, N.S. and Veeresh, G.K. (1990). 
Management of crazy ant Anoplolepis 
longipes (Jerdon). Indian Journal of Plant 
Protection 18, 105-8.

Rao, N.S., Veeresh, G.K. and Viraktamath, 
C.A. (1991). Dispersal and spread 
of crazy ant Anoplolepis longipes 
(Jerdon) (Hymenoptera Formicidae). 
Environmental Ecology 9(3), 682-6.

Regan, T.J., McCarthy, M.A., Baxter, 
P.W.J., Panetta, F.D. and Possingham, 
H.P. (2006). Optimal eradication: when 
to stop looking for an invasive plant. 
Ecology Letters 9, 759-66.

Sarty, M. (2007). The battle for the Pacific: 
keeping invasive ants at bay. Biosecurity 
77, 4-5.

Sarty, M., Abbott, K.L. and Lester, P.J. 
(2007). Community level impacts of 
an ant invader and food mediated 
coexistence. Insectes Sociaux 54, 166-73.

Slip, D.J. (2002). Control of the invasive 
exotic yellow crazy ant (Anoplolepis 
gracilipes) on Christmas Island, Indian 
Ocean. In ‘Turning the tide: the 
eradication of invasive species, IUCN 
SSC Invasive Species Specialist Group’, 
pp. 406-14. (IUCN, Gland, Switzerland 
and Cambridge, UK).

Shattuck, S.O. and Barnett, N.J. (2001). 
Australian ants online. http://
www.ento.csiro.au/science/ants/
formicinae/anoplolepis/anoplolepis.
htm, (accessed 9 September 2008).

Solow, A., Seymour, A., Beet, A. and 
Harris, S. (2008). The untamed shrew: 
on the termination of an eradication 
programme for an introduced species. 
Journal of Applied Ecology 45, 424-7.

Sutherst, R.W. and Bourne, A.S. 
(2009). Modelling non-equilibrium 
distributions of invasive species: a tale 
of two modelling paradigms. Biological 
Invasions 11, 1231-7.

Vanderwoude, C. and Abbott, K. (2006). 
Consultant’s report on yellow crazy ant 
infestations in Queensland. Flybusters 
Insect Control (New Zealand) Ltd.

Vanderwoude, C., Onuma, K. and Reimer, 
N. (2010). Eradicating Wasmannia 
auropunctata (Hymenoptera: Form-
icidae) from Maui, Hawaii: the use of 
combination treatments to control an 
arboreal invasive ant. Proceedings of the 
Hawaiian Entomological Society 42, 23-31. 

Way, M.J. and Khoo, K.C. (1992). Role 
of ants in pest management. Annual 
Review of Entomology 37, 479-503.

Young, G.R. (1996). An association 
between the crazy ant Anoplolepis 
longipes (Jerdon) (Hymenoptera: 
Formicidae) and the coconut spathe 
moth Tirathaba rufivena (Walker) 
(Lepidoptera: Pyralidae) on coconut 
palms in the Morobe Province of Papua 
New Guinea.1. Surveys to determine 
the extent of crop loss and the incidence 
of natural enemies of the moth. Papua 
New Guinea Journal of Agriculture, 
Forestry and Fisheries 39 (2), 1-6.

Young, G.R., Bellis, G.A., Brown, G.R. 
and Smith, E.S.C. (2001). The crazy 
ant Anoplolepis gracilipes (Smith) 
(Hymenoptera: Formicidae) in East 
Arnhem Land, Australia. Australian 
Entomologist 28 (3), 97-104.

Zheng, J., Mao, R. and Zhang, R. (2008). 
Competitive interactions between 
yellow crazy ant and the red imported 
fire ant (Hymenoptera: Formicidae). 
Journal of Entomological Science 43(3), 
331-6.


