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Summary   A delimiting survey for Chromolaena 
odorata (Siam weed) in Australia was conducted by the 
Queensland Department of Natural Resources, Mines 
and Water (NRMW). The survey was undertaken in 
response to an Australian Weeds Committee review 
in late 2003 of the nationally cost-shared Siam weed 
eradication program. The survey began on 28 May 
2005, following endorsement by the Australian Weeds 
Committee of the Project Plan for National Delimiting 
Survey for Siam Weed (the National Plan). The survey 
was completed in November 2005.

The survey was a coordinated program between 
State and Territory agencies and Local Governments 
with input from community groups, industry and 
landholders in areas with a high/medium probability 
of Siam weed infestation. The aim of the project was 
to determine the full extent of Siam weed infestation 
in Australia at a quantified confidence level. This 
would allow more rigorous analysis of the potential 
to eradicate Siam weed from Australia. 

This paper demonstrates a change in approach to 
weed survey in Australia through discussion of the 
issues, planning, methods and outcomes of a national 
delimiting survey involving active and passive survey 
techniques.

Keywords    Siam weed,  Chromolaena odorata, 
 delimiting survey.

INTRODUCTION
Chromolaena odorata (L.) R.M.King and H.Robinson 
is a serious weed species with a widespread global 
distribution between the Tropics of Capricorn and 
Cancer. Siam weed thrives in disturbed habitats and has 
the capacity to completely dominate sites it invades. 
An infestation of this weed was first discovered in the 
Tully region of North Queensland in 1994 and the weed 
has been the subject of an eradication program since 
then. As the program progressed, localised delimita-
tion surveys refined boundary definitions with up to 
11 small outliers discovered surrounding two main 
loci. An additional infestation was discovered in the 
city of Thuringowa near Townsville in 2003 as well 
as three other outliers (including Mt Garnet and 
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Innot Springs) on the western side of the coastal ranges 
inland of Tully in North Queensland.

This paper details the major components and 
outcomes of the national delimiting survey for Siam 
weed throughout the weed’s potential distribution in 
Australia and its Territories (refer Figure 1). The sur-
vey project was managed and implemented by Land 
Protection Services, NRMW. 

SURVEY DESIGN
The survey used a risk management-based approach 
to the task of delimiting Siam weed in Australia taking 
into account the relative risks presented by all sources, 
pathways and destinations. The survey also provided an 
update of the status and management of Siam weed on 
Cocos Keeling Islands, including analysis of the risk 
of spread from the islands to mainland Australia. The 
operational aspects of the survey included both active 
and passive survey methods in an integrated approach 
based on seven sections that dealt with the main issues 
of planning and implementing a delimiting survey. 
These are now discussed further.

Figure 1.   Potential and current distribution of Siam 
weed in Australia.
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Survey boundaries   The extent of survey was largely 
set by using McCall’s (2004) CLIMEX model, which 
identified those parts of Australia with moderate or 
better growth potential for this species. Areas under 
current control for Siam weed were excluded while 
areas currently being surveyed by the North Australian 
Quarantine Service (NAQS) were also not investigated 
as part of this national survey.

Pathway analysis   Twelve key pathways were identi-
fied as important to distribution of Siam weed. These 
were: stock movements, machinery activity, slashing, 
sand/gravel sales, movement of people and light vehi-
cles, sale or purchase of hay, military activity, water, 
timber extraction, movement of native and feral fauna, 
bushwalkers and backpackers, seed sales and wind.

Risk assessment   Lists the relative risks of likely 
destinations of Siam weed propagules from: i) loca-
tions beyond the Australian border, such as Timor; ii) 
possible secondary spread from the currently infested 
areas in the Tully river area in the Wet Tropics Region 
in Queensland; and iii) locations of possible secondary 
spread from the currently infested areas in the Thurin-
gowa area in the Dry Tropics Region in Queensland. 
Expert opinion from operational and research staff 
was sought in order to quantify each risk relative to 
others. These opinions formed the basis for deciding 
how to manage each risk.

Risk management   The suitability of sites, pathways 
of spread and the likelihood of spread were combined 
to form an overall indication of risk. From this as-
sessment, the most appropriate survey methods were 
identified for all areas where Siam weed might occur. 
A prioritised list of tasks was then developed.

Survey rigour   Survey method designs that provide 
a >95% probability of detecting Siam weed when it 
is present were developed. Likely sizes of target plant 
populations were determined based on likely histories 
and a tool for predicting survey effectiveness was 
developed. This tool can be used to either predict effec-
tiveness or determine the details of transect width and 
travel speed for a predetermined effectiveness. Like-
wise, passive survey methods needed to be evaluated 
to ensure a sufficient population base was adequately 
reached in order for an infestation, if present, to be 
discovered and reported. The plan details both the 
survey tool and evaluation program.

Survey methodology   A list of tasks and methods to 
accomplish each task was developed and costed. This 
included active and passive survey components.

Budget   The program budget for 04/05 – 05/06 was 
$420,000 (Nationally cost shared). Budget components 
included development of delimitation methodology 
($50,000), salaries ($176,000) and operational costs 
($258,000)

IMPLEMENTATION
The implementation project had four key components 
and outcomes:
1. Aerial survey of infested and adjoining catch-

ments;
2. Passive surveillance through media and commu-

nications coverage;
3. Trace forward surveys within catchment; and
4. Trace forward surveys beyond catchment.
These are now discussed in more detail.

Aerial survey   The known infested catchments (Wet 
Tropics, in the Tully area, and Dry Tropics, near 
Townsville) and those immediately surrounding them, 
were seen as presenting the greatest risk of harbour-
ing infestations of Siam weed. This was supported 
by historical data and ‘trace forward’ intelligence. 
Accordingly, the initial stages of the implementation 
project focused heavily on these areas. Aerial surveys 
of the Wet Tropics area were undertaken during the 
weed’s peak flowering flush in that region in June 
2005. An uneven flowering flush precluded reliable 
aerial survey of the Dry Tropics area at that time. 
This area was eventually surveyed in stages from late 
October-November 2005 when local weed populations 
exhibited more prominent identifiable leaf coloration 
that provided an acceptable confidence level for detec-
tion. Given that the target survey unit was a 20 m2 patch 
of Siam weed, open cane fields were excluded from 
the aerial flight paths. Surveys concentrated on wa-
terways, disturbed land, roads and open forest. Aerial 
operators were also instructed to survey any obvious 
breaks in the closed forest canopy when traversing 
rainforest habitat. Catchments to the west of the main 
range were also targeted due to the presence of Siam 
weed at sites such as Innot Hot Springs, Mt Garnet and 
infestations adjoining the High Range training facility 
west of Townsville. Given the above considerations, 
the survey team adopted the use of helicopters for all 
aerial surveys of infested and adjoining catchments. 
All data was recorded in a central repository.

Passive surveillance   There were two main objectives 
to the communication strategy. The first was to ensure 
that Siam weed did not exist in those places that had 
been surveyed. The second was to target areas where 
ground surveys could not be physically undertaken 
due to the vast areas with a low likelihood of presence 



635

Fifteenth Australian Weeds Conference

that had to be covered. In order to achieve these objec-
tives a multifaceted communications approach was 
formulated to target various stakeholder groups. The 
communication strategy incorporated paid television 
advertising, direct mail outs, letterbox drops, public 
relations events, and press and radio coverage on 
media releases to raise awareness of Siam weed and 
to encourage widespread reporting of any suspected 
Siam weed infestations.

Trace forward surveys within catchments   Trace 
forward surveillance was conducted in accordance 
with the Project Plan for National Delimiting Survey 
for Siam Weed (the National Plan), selecting the most 
relevant high risk source-pathway-destination catego-
ries for each catchment area and the most appropriate 
trace forward and action response. Risk assessment 
played a key role in classifying what pathways would 
be the target of intensive trace forward work. Much 
of this risk assessment was extrapolated from the 
original delimitation survey planning document. Time 
and budget constraints were the other determinants of 
the intensity of each trace forward investigation. Us-
ing a risk matrix for all source-pathway-destination 
categories, the project team attempted to systemati-
cally investigate the history, movements and players 
involved for each of the identified sources and path-
ways. 

Trace forward surveys beyond infested catch-
ments   The remainder of Australia was surveyed 
using a combination of physical and passive methods, 
according to the degree of risk that each destination 
posed. The most likely pathways identified were mili-
tary movements pre-1985, machinery, container and 
seed imports into Australia, as well as island hoppers 
and bushwalkers. The project team worked closely 
with AQIS, Northern Australia Quarantine Strategy 
and the Department of Defence to identify the highest 
risk pathways so that a reasonable survey effort could 
be achieved. These activities were categorised and 
the project team was able to systematically contact 
and evaluate the need to further undertake targeted 
activities.

RESULTS
Aerial survey   Approximately 75 hours of helicopter 
flight time was undertaken during the aerial component 
of the survey. There were no 20 m2 units of Siam weed 
found as part of the aerial surveys.

Passive surveillance   A communication platform 
was created that successfully encouraged the broader 
community to report suspect sightings or infestations 

of Siam weed. Approximately 25 reports were inves-
tigated and no Siam weed was identified.

Trace forward surveys within catchments   Several 
suspicious leads were generated as a result of this com-
ponent of the survey. Each lead, source and pathway 
was investigated as part of this trace forward survey 
component but no new Siam weed sites were found.

Trace forward surveys beyond infested catchments   
As a result of personal, media and telephone contact, 
no Siam weed was found outside the catchments where 
Siam weed was known to occur.

DISCUSSION
Survey protocols   The suggested survey methodol-
ogy outlined in the National Plan included several 
components that have not been followed through to 
implementation. Following its endorsement by the 
Australian Weeds Committee, the team had less than 
four weeks to plan and initiate the whole project. 
Within these time constraints it was decided that the 
suggested survey approach, with its inherent trials, 
would have been costly in terms of time and resources. 
The survey team also adopted the use of helicopters for 
all aerial surveys of infested and adjoining catchments 
due to their superior manoeuvrability and capacity to 
access difficult sites. 

In noting that the survey approach had been en-
dorsed as part of the agreed National Plan, the team 
had to be mindful that any alternative regime would 
need to be equally effective. Based on the nature of 
the varying terrain within, and between, the target 
catchments, and based on the extensive surveillance 
experience of staff, survey protocols were adopted as 
outlined below. 

Transect-based surveys   For 20 m2 targets (catch-
ments associated with the Wet Tropics – Tully-Innis-
fail-Bingil Bay infestations):
• 600 m wide transects to be used for open coun-

try. Open country is clear, substantially treeless 
vegetation. Within these catchments, all open 
grazing land would be surveyed in this manner, 
and intensive cropping would not be surveyed;

• 300 m wide transects, to be used in open forest 
situations.

For mature plant targets (Dry Tropics Catchments 
– Townsville / Thuriongowa):
• 300 m wide transects, to be used for open coun-

try;
• 150 m wide transects, to be used in open forest 

situations.
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Creek surveys   All waterways were surveyed from 
both sides.

Roads and utility access lines   Roads and utility 
access lines were surveyed to the extent to detect 
either 20 m2 targets or mature plants. It was known 
that infestations extended into open forest country, 
so the survey transects in these areas were placed to 
ensure these vegetation types were covered in transect 
patterns. 

Positive sightings   Where positive sightings were 
made, transect surveys were conducted immediately 
within a 1 km radius around the infestation. In the 
case of sightings on creek lines the aerial crews also 
followed the waterways at least 10 km upstream and 
downstream from the last sighting to determine if any 
further plants were present. This method also had the 
benefit of determining the possible source/cause of 
the infestation. Specimens from field sites were for-
warded to the Queensland Herbarium for taxonomic 
analysis. 

Data collection   The team used a Robertson 44 
helicopter to conduct all aerial surveys. Apart from 
the pilot, each survey run contained two trained ‘spot-
ters’ and, where possible, a third passenger to compile 
field notes. For each flight, data was collected using 
two Garmin 76 GPS loggers. Two units were used to 
ensure reliability of data capture. Regular way-points 
were recorded to document the survey transects for 
each flight. The location of positive sightings was 
also recorded and confirmed with follow up ground 
surveys. All flight data was downloaded, mapped and 
analysed. In addition to the flight data, the survey 
took into account basic information on the geography 
of the various catchments, including vegetation, land 
use and climatic data.

Cocos Keeling Islands   Key stakeholders for Co-
cos Keeling Island were contacted and interviewed 
to gauge the status of Siam weed on the islands. In 
response to requests from key stakeholders for Siam 
weed information, all stakeholders were provided with 
Siam weed extension material for distribution to their 
respective organisations.

CONCLUSION
The survey did not locate any major new areas of Siam 
weed, but did locate some previously unknown areas 
within catchments already known to contain Siam 
weed. The results of the survey confirmed that the 
methodology used was sound. NRMW has submit-
ted a three year business plan to Natural Resource 
Management Ministerial Council for a continued 
national cost-shared eradication program given that 
the total distribution after survey was not more than 
50% beyond current estimates.
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