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Summary   The primary aim of this project is to 
collate information from case histories of weed 
eradications (local, regional or national) to support 
the development of eradication plans for weeds. 
Information on strategies, timeframes and costs for 
previous weed eradications will be used to develop 
practical information on how to implement eradica-
tion programs. Together with information from fi eld 
surveys of the current extent of 10 priority agricultural 
sleeper weeds in Australia, these case histories will 
be used to assess feasibility of eradication of the 10 
sleeper weeds and to estimate timeframes and costs 
for their eradication. The results will be made available 
to States and other key interested parties to inform 
the development of weed eradication campaigns for 
agricultural sleeper weeds and other weed incursions 
at local or regional scales. 
Keywords    Eradication,  sleeper weeds.

INTRODUCTION
Eradication is defi ned as the complete and permanent 
removal of all wild populations from a defi ned area by 
a time-limited campaign (Bomford and O’Brien 1995). 
A time limit is important because if a campaign is open 
ended it is really continuing control. Eradication of a 
newly introduced pest is seen as a favourable option if 
a pest will: a) increase the cost of production; b) pose 
health risks; c) cause extensive environmental dam-
age; d) lead to quarantine and export restrictions; and 
e) increase the use of chemicals and other expensive 
controls (Myers et al. 1998). 

Attempting to eradicate populations that are 
restricted in distribution is usually much more cost-
effective than long-term control and may have a high 
probability of success, particularly if potential inva-
sives are treated during their establishment or ‘lag 
phase’ (Soria et al. 2002). Sleeper weeds are in the 
‘lag phase’ of establishment, before rapid proliferation 
and spread occurs. Sleeper weeds are similar to recent 
incursions, but differ in that they have been present as 
naturalized populations for some time but have been 
prevented from spreading by some environmental 
constraint. Examples of sleeper weeds in Australia 
include pampas grass (Cortaderia selloana (Schult. 
& Schult.f.) Aschers & Graebner), a sleeper weed 
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for over 100 years before becoming a major weed in 
the 1970s (Rawlings 1994), and giant sensitive plant 
(Mimosa pigra L.), which was introduced to Darwin 
in the late 1800s and was a minor weed until the 1970s 
(Lonsdale et al. 1989). 

There are few systematic data on the success-
ful eradication of pest plants because the task is so 
complex and eradication of a plant often cannot be 
claimed as easily as with animal pests due to longev-
ity of the seed bank (Simberloff 1997). Attempting to 
collate the literature on plant eradications is diffi cult 
as it is scattered and uncertain, and the use of the term 
‘eradication’ is not consistent (Simberloff 2003).

At the time of writing, this project is a work in 
progress, so results are limited.

MATERIALS AND METHODS
Data collection   Information on successful and un-
successful weed eradication programs from Australia 
and overseas was sought from literature, the world 
wide web, and weed managers. A request for suitable 
case studies was posted on two weeds list-servers, and 
respondents were emailed a survey that they completed 
and returned. Ideally only completed eradication pro-
grams were to be included, but these were so few, 
that eradication programs close to expected comple-
tion were also included. This is because sites where 
an infestation has been destroyed usually need to be 
monitored for many years due to longevity of the seed 
bank. Eradication campaigns were either on a local, 
regional or national scale, and populations were suf-
fi ciently isolated that reintroduction was unlikely.

Information on total cost of eradication programs 
was often unavailable. When number of person days 
committed to a program was available, this was used 
to estimate labour cost based on the mid-range salary 
of a technical fi eld assistant plus on-costs.

Field assessment of sleeper weeds   Ten priority 
sleeper weeds were previously identifi ed in Cunning-
ham et al. (2003). They were determined based on 
their potential distribution in Australia and impact on 
agriculture, as well as the feasibility of eradication. 
These weeds and the states of Australia in which they 
are found are:
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• Asystasia gangetica ssp. micrantha (Nees) En-
sermu (NSW);

• Baccharis pingraea L. (VIC);
• Centaurea eriophora L. (SA);
• Crupina vulgaris Cass. (SA);
• Eleocharis parodii Barros. (NSW);
• Nassella charruana (Arechav.) Barkworth (VIC);
• Oenanthe pimpinelloides L. (VIC, SA);
• Onopordum tauricum Willd. (VIC);
• Piptochaetium montevidense (Spreng.) Parodi 

(VIC); and
• Rorippa sylvestris L. (TAS, SA).
Managed through the CRC for Australian Weed Man-
agement, fi eldwork was conducted by state agencies 
or independent consultants to determine the current 
extent of the 10 weeds.

Analysis   Data from the eradication programs were 
compiled for analysis. The analysis involved standard-
ising the measurement of effort between the eradica-
tion attempts and then using regression to model the 

required effort (cost) as a function of other infesta-
tion attributes (e.g. net area of infestation). In this 
analysis, the uncompleted eradication programs were 
incorporated using standard techniques for censored 
dataA. Censored data in this context occur when an 
eradication program is monitored or ongoing, and the 
fi nal cost of eradication will be higher than the current 
presented values.

RESULTS
Twenty weed eradication case studies were found 
with suffi cient data for analysis (Table 1). Of these, 
eight were successfully completed eradications, 11 
involved sites where monitoring was still required or 
some re-treatment was necessary, and one case study 
was from a failed eradication attempt. The majority 
of case studies comprised eradication attempts on a 
local scale. Net infested areas (i.e. the area treated) 
from successful or ongoing eradications ranged from 
0.001 to 3300 ha, with most being <100 ha. Number 
of infestations ranged from 1 to >800 with a maximum 

Table 1.   Infestation details for eradication case studies. C = completed, M = monitored, O = ongoing, F = failed.

Species
No. of 

infestations
Net area 

(ha)
Gross area 

(ha)

Max. 
distance 

(km)

Program 
duration 

(yrs)
Total cost 

($) Locatione

Centaurea trichocephala C 1 <1 <1 0 5 1,380b USA
Eupatorium serotinum C 2 0.5 <5 1 18 9,842b QLD
Helenium amarum C 2 <50 50 1.6 39 72,835b QLD
Hieracium pilosella ssp. 
nigrescens C 1 0.005 <1 0 1 394c TAS
Jatropha curcas C 1 0.25 ? 0 5 4,331b NT
Pueraria phaseoloides C 1 0.04 <10 0 4.5 2,953b Galapagos
Salvinia molesta C 1 3.6 <10 0 10 30,460 NT
Eichhornia crassipes* C 6 2.354 450 7 8,800 NT
Andropogon virginicus M 3 0.001 198 0.5 6 196b NSW
Bassia scoparia M 52 3277 ? 850 8 494,581 WA
Cenchrus echinatus M 90 63.6 441 2.3 10 1,995,000 Hawaii
Eichhornia crassipes a M 1 2 0 20 >11,500 NT
Alternanthera philoxeroides O >800 1 ? <50 8 800,000 VIC
Citharexylum gentryi O ? 171 >1200 ? 2 141,338b Galapagos
Cleome rutidosperma O 7 <10 ? 28 2 42,000 NT
Hypochoeris radicata O 12 15 198 0.5 8 9,158b NSW
Pasalum unvillei O 12 1 198 0.5 15 2,953b NSW
Rubus glaucus O ? 5 100 ? 2 13,904b Galapagos
Spartina angelica O 7 75 590 280 5 >1,000,000 TAS
Chondrilla juncea F >700 3400 130,000 ? 28 56,000,000d WA

a The monitored site of E. crassipes has been separated from the completed sites of E. crassipes* for analysis to make use 
of additional data.
b Total cost estimated from number of person days and rate of $196.85 per day (technical fi eld assistant salary plus on-
costs).
c Cost was minimal as it was incorporated into road works, but is approximated as two person days of effort.
d Total cost based on a conservative estimate, averaged at $2m per year from 1973 to 2002. 
e States and territories of Australia plus other locations.
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distance between infestations of 900 km. Total cost of 
successful or ongoing eradications ranged from $200 
to $2,000,000 over 1 to 39 years.

The correlation between net area of infestation 
and total cost of eradication (Figure 1) was highly 
signifi cant (P <0.001). Three species had high costs 
relative to their net area of infestation but a couple of 
factors could account for this. All three infestations 
had been present for a long time (53, 30 and 70 years) 
compared with the mean of all species (21 years), and 
one species had a high number of individual infesta-
tions (>800) compared with the mean of all species (59 
infestations). The only species for which eradication 
failed, covered a larger net area and gross area (i.e. 
area over which the weed was distributed) than any 
of the other 19 species and also had a large number 
of infestations (>700).

Twelve fi eld surveys for the 10 sleeper weeds 
were carried out (two of the weed species occurred in 
two States). Five of these weeds were characterized 
by a relatively high number of small infestations. In 
nine cases the total gross infested area was less than 
10 ha (Table 2). Net areas were considerably smaller 
and only one infestation had a net area greater than 
10 ha. Field surveys of C. vulgaris, E. parodii and 
P. montevidense could not locate these weeds at the 
previously known sites. 

DISCUSSION
Criteria and principles to determine success of a weed 
eradication program have previously been identifi ed 
(e.g. Groves and Panetta 2002, Panetta and Timmins 
2004). One criterion relates to the total area of the 
population. Rejmánek and Pitcairn (2002) collated 
complete information on eradication effort for 18 ex-
otic weed species in the State of California. They found 
that eradication of infestations smaller than one hectare 
is usually possible, and that about ⅓ of all infestations 

between 1 ha and 100 ha, and ¼ of infestations between 
101 and 1000 ha have been eradicated. 

Examples of successful plant eradication cam-
paigns share common features – they usually involved 
very small plant populations and only one or a few 
infestations; detection was relatively early in the in-
cursion and the decision to destroy the infestation(s) 
was swift; and repeated fi eld operations reduced the 
species below levels of detection, even if complete 
eradication could not always be demonstrated (Mack 
and Lonsdale 2002).

Of the eight successful case studies, seven were 
for species with a net infestation area of less than 4 ha. 
The net infestation of the eighth species, H. amarum, 
is undefi ned but would be less than its gross area of 
50 ha. This is still well below the mean net area (194 
ha) for all 19 species. Generally the results support the 
theory that a small net area of infestation increases the 
likelihood of a successful eradication and reduces the 
cost. However, if infestations have been present for a 
long time, costs are likely to be higher. One species 

Figure 1.   Relationship between the total cost of eradi-
cation programs and the total net area of infestations 
expressed as the log of the values.

Table 2.   Infestation details for agricultural sleeper weeds.

Species No. of infestations
Total grossa infested 

area (ha)
Total netb infested 

area (ha)
Max. infestation 

distance (km)

A. gangetica ssp. micrantha 48 6.5 3.8 40
B. pingraea 1 4 0.4 0
C. eriophora 40 8.5 4.1 4.5
N. charruana 5 50.02 6.004 10
O. pimpinelloides (SA) 241 84.2 34.2 19
O. pimpinelloides (VIC) 1 0.007 0.002 0
O. tauricum 3 10.073 0.52 350
R. sylvestris (TAS) 19 1.4 0.1 40
R. sylvestris (SA) 17 0.0294 0.0113 2.1

a Area over which weeds were distributed and which would have to be surveyed in return trips between treatments.
b Area over which treatment would have to be applied.
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for which there is an ongoing eradication program, A. 
philoxeroides, has both a high number of infestations 
and has been present for a long time. These factors may 
well be responsible for the relatively high costs of this 
program to date, but the small area of infestation of 
this species (1 ha) is likely to improve the chances of 
eradication being achieved.

Preliminary results from the agricultural sleeper 
weed surveys suggest that while the total areas infested 
by these weeds may be relatively small, the number of 
individual infestations could pose logistical problems 
should eradication be attempted (Cunningham et al. 
2003, Panetta and Timmins 2004). Clearly the spatial 
distribution of the infested area will be critical – where 
individual infestations are in close proximity to each 
other, there would be little additional time and effort in-
volved in moving between infestations in order to treat 
them. Other factors will come into play in determining 
eradication feasibility. These include the accessibility 
of the infestations (generally high for weeds in agri-
cultural contexts), the tenure(s) of the land on which 
the infestations occur and potential seed longevity. 
With regard to the last two factors, A. gangetica ssp. 
micrantha poses some interesting problems, in that 
most of its infestations occur within private gardens 
and there is evidence that its seeds are relatively long-
lived (Graham Prichard pers. comm.).
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FOOTNOTE
A The regression was fi tted using Buckley-James 

distribution-free least squares which allows for 
right-censoring.




