
PROCEEDINGS
DELEGATES’ EDITION

www.wsq.org.au Event hashtag: #QWS2013

“Weeds - 
Everyone’s Business”

Editors: Marcelle O’Brien (Chair), Joseph Vitelli and David Thornby 

Outdoor Demonstration Sponsor

15-18 July 2013 | The Boat Club, Hervey Bay, Queensland

12th Queensland 
Weed Symposium

Platinum Sponsor 

   

   

   

Gold Sponsor 

Bronze Sponsors Technical Contributor

   

desert
channels
G R O U P

Platinum Sponsor 

Gold Sponsor 



 1

CONTENTS 
 
SESSION 1: WHO IS DOING WEED CONTROL? 

LANDCARE, FARMERS, AND PEST/WEEDS: A SNAPSHOT OF CURRENT ISSUES 
Brett de Hayr ........................................................................................................................ 4 
WEED SEED SPREAD – IT’S EVERYONE’S BUSINESS  
Peter Austin ......................................................................................................................... 7 
CALOTROPE (CALOTROPIS PROCERA): A WEED ON THE MOVE IN NORTHERN 
QUEENSLAND  
Shane Campbell, Laura Roden and Chris Crowley ........................................................... 11 
“TURN THE TAP OFF BEFORE YOU MOP UP THE SPILL” – PREVENTING THE SALE 
AND NATURALISATION OF ADDITIONAL WEED SPECIES IN QUEENSLAND  
Steve Csurhes ................................................................................................................... 15 
 

SESSION 2: WORKING TOGETHER 

BERRIES AND BUNNIES USING THE CARROT AND THE STICK 
Craig Magnussen and Harley West ................................................................................... 19 
SHARP ACTION IS VITAL 
Alexandra Kennedy ........................................................................................................... 23 
WORKING WITH THE LOCALS – THE HEALTHY HABITAT PROGRAM ON THE 
TOWNSVILLE COASTAL PLAIN 
Jaymie Rains ..................................................................................................................... 27 
SCIENCE, PEOPLE, LANDSCAPE; PREDICTING PEST AND WEED SPREAD IN THE 
QUEENSLAND MURRAY-DARLING BASIN 
Vanessa Macdonald, Janet Barker, Darren Marshall, Justine Murray and  
Rieks van Klinken .............................................................................................................. 31 
 
SESSION 3: WORKING SMARTER - DOING MORE WITH LESS 

MANAGING PLANT INVASIONS: STRATEGIC OPTIONS DEFINED 
J.R. Clarkson and A.C. Grice ............................................................................................. 35 
THE IMPORTANCE OF ACCURATE SURVEYING FOR IMPLEMENTING BEST 
PRACTICE WEED CONTROL METHODS WHILST WORKING TO EXTERNAL 
CONSTRAINTS 
Andrew Thompson ............................................................................................................. 39 
NATURAL AREA WEED MANAGEMENT: A FRAMEWORK FOR COST-EFFICIENT 
RESOURCE ALLOCATION 
Andrew Meiklejohn ............................................................................................................ 43 
AQUATIC WEED DISTRIBUTION DETERMINED BY UNDERLYING DIFFERENCES IN 
WATER AND SALINITY REGIMES 
Chris Kahler and Scott Fry ................................................................................................. 48 
 



 2

SESSION 4 

COMMUNICATION – EVERYONE’S BUSINESS 
Jenni Metcalfe .................................................................................................................... 52 
 
SESSION 5: TOOLS AND TECHNOLOGIES 
FACTORS INFLUENCING THE SUCCESS OF WEED CONTROL IN THE PRIVATE 
CONSERVATION SECTOR: TRADE-OFFS, TRIAGE AND TRIUMPHS 
Jim Radford, Murray Haseler, Leanne Hales, Paul Hales and Paul Young ....................... 56 
THE USE OF UNMANNED AERIAL VEHICLES (UAVs) FOR WEED CONTROL IN 
WESTERN QUEENSLAND 
Simon Wiggins and Desert Channels Queensland ............................................................ 60 
ROBOTIC AIRCRAFT AND INTELLIGENT SURVEILLANCE SYSTEMS FOR WEED 
DETECTION 
Calvin Hung and Salah Sukkarieh ..................................................................................... 64 
UPDATE OF BIOLOGICAL CONTROL RESEARCH FOR CAT’S CLAW CREEPER AND 
MADEIRA VINE 
Elizabeth Snow and Dhileepan Kunjithapatham ................................................................ 68 
WEED INVASION VIA A WEED SHAPED HOLE: INADVERTENTLY GIVING EXOTIC 
ALIEN INVADERS A LEG UP 
Marcus Bulstrode ............................................................................................................... 72 
 
SESSION 6: MANAGING THREATS 
BALANCING BIOFUELS AND BIOSECURITY: A CONTAINMENT STRATEGY TO 
MINIMISE THE WEED RISK TO QUEENSLAND FROM PONGAMIA 
Helen T Murphy, John Clarkson, Tony Grice and Darren Kriticos ..................................... 76 
GLYPHOSATE RESISTANCE IN THE CRYSTAL BALL: ARE NON-CROPPING 
INDUSTRIES IN QUEENSLAND AT RISK? 
David Thornby and Joseph Vitelli ...................................................................................... 80 
TROPICAL SODA APPLE, A NEW WEED THREAT MOO-VING NORTH 
Rod Ensbey and Philip Blackmore ..................................................................................... 84 
EXPANDING THE LIST OF AQUATIC HERBICIDES FOR USE IN AUSTRALIA – THE 
CONUNDRUM OF DO WE STOP, WELCOME OR REMAIN NEUTRAL ON ITS 
EXPANSION? 
Joseph Vitelli and Andrew Petroeschevsky ....................................................................... 89 
WEED SEED SPREAD BY VEHICLES 
Ikramullah Khan, Chris O’Donnell, Sheldon Navie, Doug George, Thi Nguyen and  
Steve Adkins ...................................................................................................................... 94 
 



 3

SESSION 7: TOOLS AND TECHNOLOGIES 
DOES FERTILISER HAVE A ROLE IN CONTROLLING GIANT RAT’S TAIL GRASS AND 
OTHER WEEDS IN PASTURES IN COASTAL CENTRAL QUEENSLAND? 
John Reeve and Bernie Shore ........................................................................................... 98 
KNOWLEDGE GAINED FROM DETAILED WEED MAPPING OF CONSERVATION 
RESERVES IN BRISBANE 
Sheldon Navie and Andrew Meiklejohn ........................................................................... 102 
THE ROLE OF PEST CENTRAL IN DELINEATION AND CONTROL OF HUDSON PEAR, 
CENTRAL QUEENSLAND 
Moya Calvert, John Reeve, Brad Gray and Martin Bonwick ............................................ 106 
HARNESSING THE POWER OF PEOPLE – PHONE APPS FOR NATIONAL WEED 
SURVEILLANCE 
Kym Johnson, Mathew Taylor, Geoff Norton and Greg Blackburn ................................... 110 
 
POSTERS 
DEVELOPMENT OF AN APP FOR WEEDS OF SOUTHERN QUEENSLAND (3RD 
EDITION) 
Christopher Love ............................................................................................................. 114 
PEST MANAGEMENT SOUTHERN DOWNS STYLE 
Craig Magnussen and James Eastwell ............................................................................ 118 
OLD WEED, NEW FOCUS - AFRICAN BOXTHORN AS A WEED OF NATIONAL 
SIGNIFICANCE 
Michael Noble .................................................................................................................. 122 

  
 



WOODY WEED 
SPECIALISTS

® ™ Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow. Dow 
AgroSciences Australia Limited ABN 24 003 771 659. 20 Rodborough Road Frenchs Forest 
NSW 2086 For more information call toll free 1800 700 096       

With over 50 years experience in Australian 
range and pasture markets and the broadest 
range of woody weed products, Dow 
AgroSciences can rightly claim the title  
of The Woody Weed Specialists

For more information call 1800 700 096  
or visit www.dowagrosciences.com.au

SP 04/203 PORTFOLIO AD A4 V1.indd   1 13/06/13   1:39 PM



Well-resourced
Well-skilled
Well-placed for growth
Arrow Energy is going further and we’re taking Queensland with us.

We’ve safely developed coal seam gas (CSG) since 2000. Our Moranbah Gas 
Project in central Queensland, Australia’s largest CSG gas field, has supplied gas 
to the domestic market since 2004. In 2006, we became the first to supply gas 
domestically from the Surat Basin in south-east Queensland.

Today Arrow has 5 gas fields in production in the Bowen and Surat basins, 
which deliver about 20% of Queensland’s gas supply. We own or have interests 
in 3 gas-fired power stations, capable of powering 800,000 homes.

In a little more than a decade, Arrow has become an internationally-backed, 
experienced industry leader, well-placed to deliver a multi-billion dollar CSG to 
LNG project for Australia.

Backed by global oil and gas giants, Shell and PetroChina, Arrow will safely and 
sustainably connect world markets with Queensland’s natural gas.

Importantly we’re committed to giving local businesses full, fair and reasonable 
opportunity to join the journey.

For more information, visit arrowenergy.com.au



Desert Channels GroupDesert Channels Group
… the weed control innovator:

•	•	 informationinformation
•	 survey
•	 planning
•	 control
•	 target mapping
•	 UAV
•	 control clusters

… the latest technology     … the latest technology     
& techniques & techniques 

   to get the job done   to get the job done

Follow the leader: 
contact DCG on 

07 4658 0600 or 
info@dcq.org.au

Powerlink’s commitment 
to managing weeds

    For more information on Powerlink’s activities, please call Powerlink’s 
FREECALL information line: 1800 635 369 (during business hours) 
or visit: www.powerlink.com.au

Powerlink understands weed management is a high 
priority for landowners and the wider community.
Our approach to declared plant (weed) management is guided 
by the Queensland Energy Network Environment Forum (QENEF) 
Biosecurity Guidelines. 
It includes:
3   Working cooperatively with landowners and councils to 

establish strategies to minimise the spread of weeds.
3	 	Developing	specific	weed	management	strategies	detailed	in	

the Environmental Management Plan (EMP) for each project.
3  Undertaking research into the spread of weeds and weed 

seed destruction.
3	 	Utilising	and	developing	weed	identification	tools	to	assist 

with on-ground weed management.

 
 

 

We have the answers to your weed control needs 
from glyphosate to residual herbicides for long term 

weed control made for Australian conditions. 

 

 

Call Ray Gurney 0427 766 304 
Northern Business Manager 
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LANDCARE, FARMERS, AND PEST/WEEDS:   
A SNAPSHOT OF CURRENT ISSUES 

 
Brett de Hayr 

Landcare Australia Limited 
PO Box 5666 West Chatswood NSW 1515 

 
 
The Landcare Movement in Australia began over 25 years ago and since that time it has 
continued to evolve in line with changes in society and with new and emerging issues. It is 
an ongoing challenge to recognise changes in society and how that impacts on the way 
issues are dealt with. This is particularly important when needing to voluntarily engage with 
the community to achieve change voluntarily or to engage them in addressing a particular 
issue. 
 
This presentation will focus primarily on farmers and land managers, their perceptions of 
Landcare, what their core issues are and who farmers rely on when it comes to both 
awareness and adoption of NRM and sustainable agriculture issues, including pest and 
weeds. 
 
It is important to note that Landcare now cannot be seen through the prism of any one 
organisation or in a traditionally linear approach. Since its inception Landcare has grown 
into a “Movement” which encompasses a range of organisations, groups and individuals 
that share a common ethic and has become entrenched in Australian society. 
 
Group-based delivery has been an important factor in the Landcare approach since its 
inception, but 25 years on and with significant changes in society is this still relevant for 
Australian farmers. 
 
Over the last two years, the National Landcare Facilitator (NLF) has undertaken a range of 
surveys targeting the attitudes of Australian farmers to these and a range of other 
associated issues. 
 
This work began in 2012 with surveys (phone and internet) of nearly 1,000 primary 
producers across the country and around 500 groups. These surveys were aimed at 
gauging the health of the Landcare movement and the attitudes of farmers towards 
Landcare. 
 
These surveys showed that 25 years since its inception, the Landcare movement is firmly 
embedded in the culture of Australian farming with 93% of farmers saying that they 
practiced Landcare on their farms and 73% said that they considered themselves to be 
part of the Landcare movement. 
 

 

 
 
Percentage of primary 
producers who said they 
practiced Landcare on 
their property. 

Figure 1: Implementation of Landcare on Australian farms 
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Percentage of primary producers that 
said they considered themselves to be 
part of Landcare 

Figure 2: Australian farmer identification as being part of the Landcare movement 
 
 
The surveys also found overwhelmingly that the individual farmers and groups surveyed 
(over 95%), felt that Landcare was still relevant to the future, but also sent a strong 
message about the need to continue innovation and evolution within the Landcare 
movement. Landcare was also seen as playing an important role in building social 
capacity, responding to challenges such as food security and climate adaptation and 
building stronger links between the city and the bush. 
 
Importance of Groups 
 
However the surveys also raised questions about the role of groups going forward with 
only 27% of the farmers surveyed saying that they were part of a local Landcare, producer 
or related group. When asked why this was the case - the predominant response was that 
they were not interested in being part of a group. This issue was the specific subject of 
follow up survey work which will be released at the conference in response to the question 
of - is group delivery still relevant, or has there been another shift occurring within the 
community that needs to be better understood? 
 
Priority Landcare Issues of Farmers 
 
When asked what the priority Landcare issues on their farms were – pest and weeds along 
with soil health rated the highest. The continued importance of pests and weeds as key 
issues for Australian farmers was reiterated throughout the survey and other work 
undertaken by the National Landcare Facilitator. 

 
Figure 3: Priority Landcare related issues of Australian Farmers 
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Social Capacity – Landcare’s community role: Over 60% of respondents to the phone 
survey said that Landcare had an important role in building social capacity in their local 
area/community. 
 
Role in responding to challenges – The survey also showed that nearly 80% of farmers 
considered Landcare had a major role in responding to challenges such as food security, 
environment and climate adaptation. 
 
Social media - This is a growing area of importance with nearly half of all farmers in the 
survey saying that they saw an opportunity for social media and internet-based tools for 
Landcare issues. This figure rose to 67% in the under 24s age group and was 30% in 
those over 65 years.  
 
The follow up survey conducted by the NLF this year also concentrated on issues 
relating to participation in groups and who farmers are influenced by when it comes 
to awareness and adaptation of NRM and sustainable agriculture issues. The survey 
also concentrated on issues around pests and weeds including the main drivers of 
farmer’s activity, levels of expenditure on key areas and use of management plans. 
These results were being collated at the time this paper was written and will be 
discussed at the conference.  
 
 
Full details of the 2012 NLF surveys can be found at www.landcarefacilitator.com  
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WEED SEED SPREAD – IT’S EVERYONE’S BUSINESS 
 

Peter Austin 
Arrow Energy Pty Ltd 

GPO Box 5262, Brisbane QLD 4001 
 
 
ABSTRACT 
 
Vehicle and machinery movements are one of the biggest threats to weed seed 
containment. Species like parthenium (Parthenium hysterophorus) and weedy Sporobolus 
grasses (Sporobolus spp.) have physical characteristics that allow them to be easily 
transported over long distances. Preventing this spread is one of the most cost-effective 
forms of weed control. Arrow Energy, as a property owner and coal seam gas company, 
recognises it has legislative obligations to manage declared pests and their spread.  
 
Weed species exist on Arrow’s exploration tenements in the Surat and Bowen basins. 
Furthermore, Arrow’s current vehicle/machinery fleet is more than 500, including the 
contractor fleet. The fleet ranges from mobile 18 tonne drill rigs, B-double trucks and 
caravans, to a vast number of four wheel drives, station wagons and utilities.  
 
So how does Arrow manage this weed seed risk? The solution - is making weed seed 
spread everyone’s business. This paper describes Arrow’s protocols, processes and 
implementation. It also raises community management issues and explores opportunities 
for greater cooperation and improved understanding. Prevention is better than cure.  
 
Keywords:  Arrow Energy, weed seed spread, management, protocols. 
 
 
INTRODUCTION 
 
Arrow Energy is owned by Shell and PetroChina.  Operating in Queensland, Arrow has a 
strong domestic business, supplying almost 20 per cent of Queensland’s gas, mostly to 
generate electricity. It is developing a strong primary industry portfolio, supporting rural 
assets with six productive farms, all managed for sustainable outcomes. In addition to its 
existing domestic gas and power business, Arrow is pursuing a coal seam gas (CSG) to 
liquefied natural gas (LNG) proposal to help meet growing international demand for 
cleaner energy. Arrow’s key priority is the safety of its employees, contractors and people 
of the communities in its operational footprint. Arrow’s current statistics include:  

 41,500 km2 exploration acreage 
 Approximately 300 exploration wells 
 Approximately 900 production wells 
 Gas reserves 9,500 PJ 
 1,200+ staff, 2,000+ contractors 
 Six properties = 20,000 hectares 

 
Arrow LNG project  
In describing Arrow’s weed seed risk, it is important to outline the scope and size of the 
proposed Arrow LNG project. Arrow is developing an investment proposal, for its 
shareholders’ final investment decision, that involves five sub projects (see Figure 1).
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Figure 1. Arrow LNG project map (2012) 
 
 
PROCEDURE PROCESS  
 
In Arrow’s recognition of its legislative obligations to manage declared pests, it has 
introduced a vehicle and machinery hygiene procedure to minimise the potential spread of 
weed reproductive material on vehicles, machinery, equipment and personal apparel 
(footwear and clothing).   
 
Access and approval conditions  
Access and approval conditions (AAC) are developed for each Arrow work site outlining 
land access, cultural heritage and ecology conditions that must be followed. The AAC is 
the primary document that outlines the level of cleandown for each vehicle/machinery 
entering that site. 
 
Arrow weed hygiene declaration 
Arrow has developed a weed hygiene declaration form to validate and provide evidence of 
the cleandown process. Drivers and operators are able to wash and clean their own 
vehicles and machinery.   
 
Certified full clean  
The certified full clean, requires a more intensive wash/clean process. When a certified full 
clean is required, vehicle/machinery must be washed, inspected and certified by an Arrow-
approved independent third party inspector.   
 
Validation – Arrow weed hygiene declaration and full clean certificate  
The Arrow vehicle and machinery weed hygiene declaration and full clean certificate can 
remain valid for up to 21 days if: 

 the vehicle/machinery remains clean; 
 the vehicle/machinery meets AAC site requirements; 
 the vehicle/machinery does not travel off formed, well maintained roads; 
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 the vehicle/machinery does not come into direct contact with weeds. 
 

When travelling from site A (camp) to site B (well pad) on a well maintained road, a vehicle 
weed hygiene declaration can remain valid (see Figure 2). 
 

 
Figure 2. Travelling between a camp and well pad  
 
Arrow weed seed inspectors and Arrow approved independent inspectors 
Arrow recognises its personnel, contractors and persons external to Arrow (Arrow 
approved Third party Inspector) as competent and qualified to inspect and sign off on 
Arrow weed hygiene declarations provided individuals have completed the AHCBIO201A 
unit (Inspect machinery for plant, animal and soil material, and clean machinery of plant, 
animal and soil material) or its equivalent, and have demonstrated knowledge and 
experience in weed and pest management.  
 
Investment 
Arrow has invested significantly in the development and utilisation of cleandown facilities, 
to support weed spread prevention. Table 2, outlines the location and type of facilities 
currently being utilised by Arrow and Origin Energy.   
 
Table 2. Cleandown facility locations (May 2013) 
Location   Type    Company 
Moranbah    Private x 2   Arrow 
Clermont   Public    Arrow 
Dalby    Private and Public  Arrow  
Chinchilla    Private and Public  Arrow  
Wandoan   Public    Arrow   
Talinga field   Private x 2    Origin 
Spring Gully   Private x 2    Origin 
Condabri field    Private x 2    Origin 
Reedy creek field  Private x 2    Origin     
 
 
OPPORTUNITIES AND CHALLENGES  
 
Cleandown facilities 
To achieve operational efficiencies Arrow is utilising a suite of facility types (permanent, 
portable and mobile). With the growth and expansion of the CSG industry, opportunities 
exist for greater collaboration with stakeholders (CSG companies, industry, and local 
government) on cleandown facilities. The collaborative benefits include efficiencies in 
assessing and improving the facility network and sharing infrastructure.  
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Inspection and cleandown standards  
Independent third party inspectors may be nominated to undertake an independent 
assessment for inspection and certification. Anecdotal information indicates that inspection 
and cleandown guidelines are not being met and consistency levels are not being 
maintained. This raises concerns over inconsistency with inspections and cleandowns 
within the industry and by landholders. So who is managing this? Who defines the role of 
the third party inspector and how they operate? Whilst there is a national competency 
course recognised and available – this one day course is regarded as insufficient training, 
to then commence operating and assessing cleandown measures. Having inspection and 
cleandown standards in place provides a benchmark and creates consistency with 
inspection and cleandown services for all – a level playing field. 
 
 
MOVING FORWARD 
 
Semi-permanent/temporary (portable) facilities   
Semi-permanent/temporary or portable facilities are improving in standard and design that 
can be customised to be ‘fit for purpose’, capable of being relocated to sites as necessary. 
 
Mobile units 
Mobile wash units (truck and trailer units) are being used for ‘in field’ cleandown.  Units 
can be customised to be ‘fit for purpose’ and fully self-contained to allow for water, air and 
vacuum operation and waste containment.    
 
 
CONCLUSION 
 
The context of this paper was to describe Arrow’s processes to fulfil its legislative 
obligations related to weed seed spread.  Arrow will continue to respect and work with 
landholders to address weed issues, recognising its importance to the communities in 
which it operates. Continued commitment from the CSG industry also demonstrates strong 
advocacy that ‘prevention is better than cure’. The challenge remains for all stakeholders 
(at all levels) to participate and take a proactive approach towards weed seed prevention.  
Regulating inspection and cleandown standards and adopting those requirements by all 
stakeholders can only enhance and support the end goal!  
 
 
REFERENCES 
 
Arrow Energy (2012). Pest Management Program – A strategy for weed and pest 
management. Arrow Energy Pty Ltd, Brisbane.  
 
Arrow Energy (2012) Procedures: Weed and Pathogen Management Procedure (99-H-PR-
0030); Vehicle and Machinery Hygiene Procedure (99-V-PR-0037). 
 
Queensland Government (2008). Queensland Weed Spread Prevention Strategy. 
Department of Primary Industries and Fisheries, Brisbane, Queensland. 
 
Petroleum Industry (2008). Pest Spread Minimisation Advisory Guide. June 2008. 
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CALOTROPE (CALOTROPIS PROCERA): A WEED ON THE MOVE IN 
NORTHERN QUEENSLAND 

 
Shane Campbell, Laura Roden and Chris Crowley 

Department of Agriculture, Fisheries and Forestry, Tropical Weeds Research Centre 
PO Box 187, Charters Towers, QLD 4820 

 
 
ABSTRACT 
 
Calotrope (Calotropis procera) is an exotic woody shrub threatening the biodiversity and 
productivity of the rangelands in central and northern Queensland. It is widespread 
throughout the Gulf of Carpentaria region but is spreading into new areas where many 
land managers are not familiar with it. A collaborative research project funded by MLA has 
been initiated to better understand its rate of spread, ecology and invasiveness, as well as 
to improve the range of effective control options. To date, foliar herbicide trials have 
identified a limited number of chemicals that are effective in certain seasons. Soil applied 
herbicides are demonstrating good efficacy when applied by hand or aerially and work is 
continuing to refine effective rates. The susceptibility of plants to being cut off at ground 
level and several depths below ground is being determined to quantify the potential of 
mechanical control options. A site affected by a dieback phenomenon is being monitored 
to determine the fate of plants over time. 
 
Keywords: Control, rangelands, rubber bush, woody weed  
 
 
INTRODUCTION 
 
Calotrope (Calotropis procera), a native of tropical and subtropical Africa and Asia (Grace 
2006), is spreading across large areas of northern Australia (Grace 2006), including 
northern Queensland (Figure 1). However, its current distribution is still only a small 
proportion of its potential distribution, which includes most of the rangelands of northern 
Australia (Grace 2006). 
 
Although calotrope is not a declared weed in Queensland under the Land Protection (Pest 
and Stock Route Management) Act 2002, many local governments, community groups and 
individual landholders are concerned about it. In the Gulf of Carpentaria region, 
infestations have thickened extensively in recent years. In other areas, such as middle 
reaches of the Burdekin catchment, calotrope is a new problematic weed.  

Prevention and early intervention are the most cost effective strategies for land managers 
to minimise any negative impacts caused by calotrope. There is a need for greater 
education and awareness of calotrope in susceptible areas, as it is a weed that is proving 
difficult and expensive to control once infestations become large and dense. In areas 
where it is in the early stages of invasion, it can gain a foothold before people recognise it 
as a problem. Distinguishing features of calotrope include large rounded leaves that have 
a waxy appearance and grey-greenish colour, flowers that are white with distinctive purple 
blotches at the tips, bladder-like pods that split open to release white-plumed seeds, and a 
milky sap (latex) that is released from plant parts when damaged (Grace 2006; Smith 
2011).  Plants can grow up to 6 m high as a spreading shrub or small tree with single or 
multiple stems. Calotrope seeds can be wind-dispersed and plants may appear far from 
watercourses and remain undetected for several years. 
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Figure 1. The estimated distribution of calotrope in Queensland in 2011/12. Refer to 
http://www.daff.qld.gov.au/4790_9824.htm for a description on how the distribution was 
derived. 
 
Thick infestations of calotrope are thought to negatively impact production and biodiversity 
(Grace 2006). Some authors believe it is a highly competitive plant capable of replacing 
pastures in good condition, whilst others consider it a weed of disturbed or degraded areas 
(Bastin et al. 2003; Grace 2006). The plant contains toxic compounds, although there are 
few reports of domestic animals dying from it (Grace 2006). At times animals will even 
heavily graze calotrope plants and help keep them in check.  
 
A minor use permit (PER12497) has been issued by the Australian Pesticides and 
Veterinary Medicines Authority for the control of calotrope in Queensland. This permit 
incorporates certain herbicides and application techniques (overall spray, basal bark and 
cut stump) trialled by Vitelli et al. (2008). More options, though, are needed to deal with the 
range of densities, infestation sizes and habitats where calotrope is growing. 
 
A better understanding of the invasiveness of calotrope and of its ecology, spread and 
control is important. Meat and Livestock Australia (MLA) is currently funding collaborative 
research by the Department of Agriculture, Fisheries and Forestry (Queensland), Charles 
Darwin University and the Northern Territory Department of Land Resource Management 
with input from a range of stakeholders. The next section provides an overview of the 
research within the MLA project to improve control options for calotrope. 
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IMPROVING CONTROL OPTIONS FOR CALOTROPE 
 
Herbicide control 
 
Beginning in April 2011, multiple herbicide trials were initiated to identify practical options 
to control isolated calotrope plants, increase the range and efficacy of foliar herbicides and 
test aerial applications of a granular herbicide for control of large, dense infestations.  
These trials will continue for two years after establishment to ensure the accuracy of 
mortality assessments.  Several follow-up trials were established in 2012 based on trends 
from the first set of trials. 
 
A trial began in June 2011 to test both frill and cut stump applications of a picloram gel 
(Vigilant Gel®) and glyphosate (Roundup PowerMAX®) applied neat for treatment of 
isolated plants. The picloram gel comes in an easy-to-carry tube; glyphosate can also be 
easily transported in a small spray pack.  For small to medium sized plants, either a 
tomahawk (for frilling) or cutting instruments such as a pruning saw (for cut stumping) can 
be used. Initial results were promising and further testing of the efficacy of diluted 
formulations of glyphosate-based products (Roundup® and Roundup® Attack) commenced 
in July 2012. 
 
Granular herbicides are also easily transported and applied with ground based 
applications. These are also being tested for control of isolated plants. In October 2011, 
the highest currently registered rates of tebuthiuron (Graslan*), hexazinone (250 g/L 
formulation) (Velpar® L), hexazinone (150 g/kg formulation) (Velmac®) and 
hexazinone/bromacil/diuron (Dymac®) were applied and will be compared with an 
untreated control. Preliminary findings from this work have led to additional trials to refine 
rates for the most promising tebuthiuron and hexazinone treatments. Monitoring of a Dow 
AgroScience aerial application trial using tebuthiuron on dense calotrope growing amonst 
gidyea (Acacia cambagei) regrowth is also being undertaken. Three rates of tebuthiuron 
were used initially with a second trial underway to refine rates.  
 
In April 2011, a trial was initiated to identify additional foliar spray options for treating 
calotrope. Either one or two rates of the currently available herbicides metsulfuron methyl 
(Brush-off®), 2,4-D amine (Amine 625), 2,4-D amine + metsulfuron methyl (Amine 625 + 
Brush-Off®), 2,4-D/picloram (Tordon™ 75-D), fluroxypyr (Starane™ Advanced), 
aminopyralid/fluroxypyr (Hotshot™), triclopyr (Garlon™600), triclopyr/picloram (Tordon* 
Double Strength), and glyphosate (both Roundup PowerMAX® and Roundup® Dual Salt 
Technology®) were applied. Four new chemicals (either from DuPont Australia or Dow 
AgroSciences) were also included. A second rate response trial, including a seasonality 
component, was later implemented. 
 
Pilot mechanical trial 
 
A pilot study commenced in October 2011 to determine the type of damage that 
mechanical techniques would need to impose to cause high mortality of calotrope.  
Medium-sized calotrope plants had their roots severed at 0, 10 or 20 cm below ground and 
their growth afterwards (number of stems, height, time to flowering and podding) is being 
compared against an untreated control. 
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Dieback monitoring 
 

Calotrope dieback has been observed at the project sites and appears to be pathogen 
related. Plants initially lose their leaves and the tips of stems die. Eventually whole 
branches die back. Wilkinson et al. (2005) reported on a leaf spot disease (Passalora 
calotropidis) in northern Queensland capable of causing such symptoms. Preliminary 
investigations are underway by the University of Queensland to confirm the cause of the 
dieback at several locations in northern Queensland. Six transects have also been 
established in a dieback affected area in the Gulf of Carpentaria to determine whether 
plants eventually recover or die. This will have significant implications on the population 
dynamics of infestations. 
 
CONCLUSION 
 

Past research indicated that a timeframe of two years is appropriate for accurately 
monitoring the effects of imposed treatments on calotrope (Vitelli et al. 2008). Therefore, 
several of the trials in the current research program will conclude over coming months.  
The initial foliar herbicide screening trial ended in May 2013 and the results are currently 
being analysed. Preliminary findings of current trials suggest that a broader range of 
control options will be identified for land managers by completion of the project. For any 
effective herbicide options, registration will be sought through the the AVPMA. 
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ABSTRACT 
 
At least half of Queensland’s major weed species are escaped garden ornamentals.  Hence, 
statutory restrictions on the import and post-border sale of potentially invasive plant species 
are an integral part of the fight against weeds. While a substantial number of weed species 
have naturalised in Queensland, a significant number of species that are major weeds 
overseas are currently absent. Many of these ‘high-risk’ species are traded as garden 
ornamentals overseas and are climatically well-suited to Queensland. The Queensland 
Department of Agriculture, Fisheries and Forestry has assessed thousands of potentially 
invasive weed species from around the world and has put in place pre-emptive regulations to 
prohibit the sale of more than 900 species of plants considered to have the potential to 
become major weeds in Queensland.  These post-border restrictions complement import 
restrictions applied at the national border to effectively remove the commercial incentive to 
smuggle the seeds of high-risk species into Queensland. Moreover, these restrictions block a 
primary invasion pathway for new weed species into Queensland. 
 
Keywords: invasive plants, garden, pest risk assessment. 
 
 
INTRODUCTION 
 
The number of naturalised plant species in Queensland is increasing at around 10-15 
species per annum. At least half of Queensland’s worst weeds are escaped garden 
ornamentals and at least 80% of recently naturalised species are garden ornamentals. 
Hence, the trade in garden ornamentals is clearly the primary invasion pathway for weeds.  
While there are numerous initiatives in place to minimise the problems caused by well 
established weeds (“the spill”), programs to “turn the tap off” tend to go un-noticed.   
 
The pen is mightier than the spray rig 
 
Statutory restrictions on the import and post-border sale of potentially invasive plant species 
are an invisible but vital part of the war on weeds. The Queensland Department of 
Agriculture, Fisheries and Forestry has assessed more than 8,000 potentially invasive weed 
species from around the world and has put in place pre-emptive regulations that prohibit the 
sale of more than 900 species that appear to pose the greatest threat. With the “stroke of a 
pen” there is a significant legislative barrier in place that will delay or prevent these species 
from adding to existing weed problems. Compared to the high cost of controlling widely 
naturalised weeds, pre-emptive legislation is cheap, provided it is supported by a modest 
surveillance and compliance effort. The majority of nurseries are keen to avoid high-risk 
species. 
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Evidence-based selection of targets 
 
In 1991-2, one of the first examples of evidence-based pest risk assessment was applied to 
select a top-priority list of more than 900 potential weeds, from a much larger list of candidate 
species published by Holm et al. (1979) (Csurhes unpublished). High-risk taxa were selected 
for restriction if they had three key traits: (1) a documented history as a major weed overseas 
or interstate (2) well-suited to tropical and subtropical climates in Queensland and (3) absent 
from Queensland (at the time of assessment). The initial list comprised seven genera and 20 
species (totalling more than 900 species). A decision was made to include entire genera if 
those genera contained multiple high-impact species, numerous biologically similar species 
and if there were significant taxonomic problems associated with identifying species within 
those genera. The process of target selection started in 1991 but has been ongoing as new 
information is collected from overseas and interstate literature. As such, the list of restricted 
species is dynamic. High-risk species are listed as Class 1 pest plants under the Queensland 
Land Protection (Pest and Stock Route Management) Act 2002 (and associated regulation), 
as below: 
 

 Acacia spp. (all non-native species except A. nilotica, A. farnesiana and Senegalia 
albizioides) (syn. Acaciella spp. and Senegalia spp.) 

 Alternanthera philoxeroides (alligator weed) 
 Asparagus asparagoides (bridal creeper) 
 Bassia scoparia (syn. Kochia scoparia) (kochia) 
 Cabomba spp. (other than C. caroliniana) (cabomba) 
 Cecropia spp. (Mexican bean tree) 
 Chromolaena spp. (Siam weed and congeners) 
 Chrysanthemoides monilifera subsp. rotundata (bitou bush) 
 Clidemia hirta (Koster’s curse) 
 Cylindropuntia spp. and hybrids (other than C. spinosior, C. fulgida and C. imbricata) 

(cholla cactus) 
 Eichhornia azurea (anchored water hyacinth) 
 Equisetum spp. (horsetails) 
 Gleditsia spp. (including all cultivars and varieties) (honey locust tree and congeners) 
 Gmelina elliptica (Badhara bush) 
 Gymnocoronis spilanthoides (Senegal tea plant) 
 Harrisia spp. (syn. Eriocereus spp.) (other than H. martinii, H. tortuosa, and H. 

pomanensis) (harrisia cactus) 
 Hedychium flavescens (yellow ginger) 
 Hygrophila costata (hygrophila) 
 Lagarosiphon major (lagarosiphon) 
 Limnocharis flava (limnocharis) 
 Ludwigia peruviana (Peruvian primrose) 
 Miconia spp. (miconia) 
 Mikania spp. (mikania vine, mile-a-minute) 
 Mimosa pigra (mimosa pigra) 
 Myrica faya (candleberry myrth) 
 Myriophyllum spicatum (Eurasian water milfoil) 
 Nassella neesiana (Chilean needle grass) 
 Nassella tenuissima (Mexican feather grass) 
 Nassella trichotoma (serrated tussock) 
 Neptunia oleracea and N. plena (water mimosa) 
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 Opuntia spp. (other than O. ficus-indica, O. stricta, O. aurantiaca, O. monacantha, O. 
tomentosa and O. streptacantha) (various cacti) 

 Pithecellobium dulce (Madras thorn) 
 Prosopis spp. and hybrids (other than P. glandulosa, P. pallida and P. velutina) 

(mesquites) 
 Salix spp. (except S. babylonica, S. humboldtiana, S. matsudana, S. x calodendron 

and S. x reichardtii) (willows) 
 Salvinia spp. (except S. molesta) (salvinia) 
 Sesbania punicea (red sesbania) 
 Stratiotes aloides (water soldiers) 
 Striga spp. (non-native species only) (parasitic witchweeds) 
 Thunbergia annua, T. fragrans and T. laurifolia (thunbergias) 
 Trapa spp. (floating water chestnuts) 
 Ulex europaeus (gorse) 
 Ziziphus spina-christi (Christ’s thorn) 

 
Approximately, 75% of Class 1 species are currently used and promoted on various overseas 
web-sites as “desirable” garden ornamentals. In the absence of restrictions, these species 
would have soon found their way into Queensland. 
 
Post-border restrictions support import restrictions applied at the national border and 
effectively remove the commercial incentive to smuggle the seeds of high-risk species into 
Queensland.  It is important to realise that, to be most effective, restrictions need to be 
applied uniformly in states and territories across Australia.  
 
Early detection and eradication: “win some, lose some” 
 
Despite restrictions imposed on the sale of Class 1 pests, about 41 species have 
subsequently been detected in Queensland over the past 20 years (Csurhes et al. 
unpublished).  Some species have been detected in nurseries, private gardens and botanic 
gardens (e.g. Sesbania punicea, Acacia karroo, Eichhornia azurea and Equisetum hyemale), 
whereas others have been detected as small populations.  Some species have been 
successfully eradicated, whereas others are current targets for longer-term eradication and/or 
high-level population suppression.  While some eradication programs may be perceived as 
“failures”, it is highly likely that expenditure directed at the early stages of invasion is 
generating an outstanding return on investment, possibly in the order of 38:1 (AEC 2006). 
 
 
CONCLUSION 
 
The spread of invasive species in our landscape is somewhat analogous to the spread of 
cancer in the human body. The best way to combat both problems is prevention and early 
detection/eradication. In the past, preventative weed management did not receive the 
attention it deserved and many opportunities for early control were lost.  Hopefully, pre-
emptive action to block the sale of taxa mentioned in this paper will deliver outstanding 
benefits for agriculture and the environment in Queensland. 
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ABSTRACT 
 
Stanthorpe Landcare and Southern Downs Regional Council (SDRC) have formed a 
partnership aimed at reducing two of the Granite Belt’s most widespread pests using 
landholder incentive programs.  This paper discusses how blackberry and rabbits are 
being controlled across the region. By using a combination of education, enforcement and 
financial incentive, we encourage landholders to undertake control activities on their 
properties. 
 
INTRODUCTION 
 
The Granite Belt, centred on the town of Stanthorpe, is an area of the Great Dividing 
Range in the Darling Downs region of Queensland. The cool, high country of the Granite 
Belt is located on Queensland's southern border and is the northern part of the New 
England Tablelands. 
 
Two of the oldest and most common pests in the Granite Belt are blackberry (Rubus 
anglocandicans, R. fruticosus agg.) and rabbits (Oryctolagus cuniculus). Each presents its 
own set of issues to land managers and the two can conspire together, with blackberry 
often providing harbourage for rabbits. 
 
THE PESTS  
 
Blackberry impacts on all land types and uses across the Granite Belt and without on-
going control, has the potential to invade natural areas and turn productive land into waste 
land.  SDRC has declared blackberry under its Local Laws and all landholders must take 
steps to control it on their land.  It is a Weed of National Significance. 
 
There is some conjecture over the declaration of blackberry as a Class 3 weed under the 
Land Protection (Pest and Stock Route Management) Act 2002, given its distribution, 
impacts and potential to invade clean areas in the region. It is believed that this declaration 
(as a Class 3) is based on the fact that blackberry does not have the potential to spread 
beyond the Granite Belt region in Queensland. However, it can be said that many of 
Queensland’s Class 1 species also only pose a threat to specific regions! 
 
Blackberry produces an abundance of fruit each year and its seeds are readily spread by 
birds and pest animals such as pigs and foxes. The plant also reproduces itself through 
suckering from its extensive root system and aerial layering of the long canes.  
 
Limited control options for blackberry in and around orchards is thought to account for its 
widespread distribution in the region. While orchards are still prolific across the region, 
they were much more so in days gone by – woody weed herbicides and tree crops do not 
mix!  Advances in herbicides and application techniques have alleviated the conflict 
somewhat. 
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Rabbits were first brought to Australia with the first fleet as a food source. They were kept 
in cages and did not establish. In the early 1800s, rabbits were successfully introduced to 
Tasmania and though by 1827 numbers were “in the thousands” did not pose a threat to 
the mainland. It was in 1859, that Thomas Austin, on behalf of the Victorian 
Acclimatisation Society, imported 24 rabbits to Barwon Park near Geelong.  
 
The mainland warmer winters, provided all year breeding opportunities, the inadvertent 
hybridising of the “grey rabbits” and the “domestic rabbits”, the lack of predators and the 
suitability of the cleared land for harbourage conspired to generate an explosion of rabbits. 
Within 10 years, two million rabbits a year were being trapped and shot without making 
any difference to the population. By 1902 they were in Western Australia.  
 
In 1950, the myxoma virus was released and brought a rapid decline in numbers, bringing 
the national population down to about 100 million. Because the virus relied on flies and 
mosquitoes to spread, the effectiveness did not extend to the drier parts of Australia. Over 
the decades, resistance to myxoma has increased with now about 40% being susceptible. 
Rabbit Haemorrhagic Disease (RHD), or Calici Virus, was introduced in 1995 to provide 
additional control. This disease was able to be spread through the arid areas and was very 
successful in reducing the rabbit population.  
 
There are pockets of rabbit populations that were not as successfully controlled by RHD. 
One of these is the Stanthorpe District, where it is thought that the cooler weather favours 
the naturally occurring non-pathogenic strains of calici. These strains can infer temporary 
immunisation against RHD. 
 
Rabbits have a variety of impacts. From towns to the bush, rabbits eat vegetables and 
garden plants; they undermine buildings and fences. They are a scourge to small crop 
growers.  Not so obvious are the impacts to graziers – each rabbit consumes about 100 g 
of dry matter a day; 12 rabbits about the same as a dry sheep; and 100 rabbits are 
estimated to consume the same amount of available feed as one head of cattle. Up to 50 
rabbits can inhabit one warren. Rabbits are a key threatening process. Rabbits are 
estimated to cost the country $600 million a year in lost production alone. The ecological 
cost of rabbits is vast. Studies have shown that they can dramatically alter the vegetative 
composition through selective browsing. Excessive grazing by rabbits has stripped the 
cover from the land and exposed the fragile Australian soils to large scale erosion. The 
impact on biodiversity is coast to coast. The eremophila plants, the bilby, native trees and 
shrubs have all been affected by the rabbit. 
 
Rabbits can be controlled long-term by destroying warrens through mechanical ripping.  
Indeed it is the best and most effective long term control available. When done correctly, it 
is done once and that’s it! However, it is not always practical or affordable. Situation and 
circumstance will always provide challenges. Other control methods such as baiting, 
trapping, shooting and fencing can also be effective and are affordable. As with many 
pests, the challenge lies in convincing landholders of the need and benefit to undertake 
rabbit control. 
 
Rabbits are Class 2 pests under the Land Protection Act in Queensland. They are legal to 
keep as pets in New South Wales. Rabbits are sometimes introduced across the border as 
people relocate and on-going education is key to reducing the instances of this occurring. 
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EDUCATION, ENFORCEMENT AND INCENTIVES 
 
SDRC’s Pest Management Plan is implemented through Annual Action Plans. These 
define where surveys on private lands are conducted, as well as the on-going control 
programs on Council lands. The Action Plans are broken down into four consecutive pest 
survey programs and each survey program targets several adjacent localities.   
 
Property inspections for declared pests are the main education tool employed by SDRC as 
they provide the opportunity for Council’s Local Laws (Pest Management) Officers to 
engage with landholders on their land. The Stanthorpe Landcare Facilitator also regularly 
undertakes inspections and provides advice to landholders on pest control. Field days and 
promotional stalls at shows and stock sales are undertaken by SDRC and Stanthorpe 
Landcare.   
 
SDRC, Landcare and the other organisations which are part of the Council’s Pest 
Management Working Group (AgForce, Darling Downs Moreton Rabbit Board (DDMRB), 
Queensland Murray Darling Committee (QMDC), Condamine Alliance and Main Roads) 
jointly fund monthly newspaper advertisements which target a different pest species. 
 
The booklet, Weeds of Southern Queensland (published by the Weed Society of 
Queensland) is another tool used by SDRC and Stanthorpe Landcare with free copies 
provided to landholders when inspections are carried out and to the public generally. 
 
A significant challenge is the diversity of land managers and land tenures across the 
district.  There are established primary producers, alongside rural residential as well as the 
ever-increasing number of people who are moving from the cities for a tree change. There 
are residents and absentees; owners and tenants; “conventional” producers and the 
growing number of “sustainable” producers who look to “no chemical” or “low chemical” 
solutions. In addition, some landholders are not aware of the need to undertake pest 
control or how to go about it.  Some are aware of the need, but need reminding! 
 
SDRC’s pest survey programs and the associated private property inspections result in the 
issue of pest control notices if a landholder is not deemed to have taken reasonable action 
to control pests on their land. Education is vital in improving pest management across the 
region, but in order to ensure it is undertaken, it is sometimes necessary to use 
enforcement.  The pest species, season and scale of infestation are all taken into account 
when directing landholders to undertake control works. 
 
Blackberry is relatively easy to control with herbicides, if applied correctly and under 
favourable seasonal conditions. Notices are regularly issued to landholders that are not 
controlling blackberry as it is deemed reasonable for all landholders to be undertaking 
control.   
 
Notices are issued to landholders where rabbit warrens are identified and no attempt to 
undertake control is being made. Rabbits will live in log piles, blackberry bushes and 
rubbish piles but not successfully breed there. Breeding occurs in warrens and their 
destruction is vital to reducing rabbit numbers and impacts. 
 
SDRC and QMDC have combined to deliver two incentive-based projects aimed at 
assisting landholders to control these pests, while achieving broader, catchment based 
outcomes. 
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The Severn River Catchment Blackberry Weed Incentive Project is a partnership between 
the two organisations whereby financial incentives are provided to landholders to control 
blackberry. Landholders issued with a pest control notice by SDRC can elect to participate 
in the scheme. Landholders in the scheme are reimbursed up to thirty per cent of the cost 
of control; including recognition of their costs, upon satisfactory completion of the 
directions on the pest control notice. Funding is made available from resources provide by 
the Australian Government’s Caring for Our Country Program. 
 
This project has been particularly successful in motivating non-compliant landholders, as 
well as rewarding compliant landholders to undertake blackberry control. The offer of a 
30% rebate can greatly soften the blow of receiving an enforcement notice! To act as a 
further incentive to landholders, SDRC hires spray equipment to landholders at very 
reasonable rates. This includes numerous QuikSpray units, both vehicle and tractor 
mounted models, thus removing the need for landholders to invest in costly equipment. 
 
Rabbit Research and Control Project is a larger partnership delivered through the 
Stanthorpe Landcare coordinator involving Queensland Government Biosecurity and the 
Darling Downs Moreton Rabbit Board, SDRC and QMDC. This project includes a research 
component investigating the genetics of rabbit populations within the project area and the 
effects on the landscape following rabbit removal. Project also involves an on-ground 
works component focused on the Cottonvale area and the Eukey area. Through the on 
ground works, landholders are supported to undertake warren ripping on a landscape 
scale. The project works in defined areas and is focused in removing the source 
populations. 
 
 
RESULTS 
 
The blackberry incentive scheme seems to be well-accepted in the community and the 
anecdotal feedback has been positive (Table 1). 
 
Table 1. Some statistics for the blackberry incentive scheme as at 4th June 2013. 

No. of notices 
issued 

No. of 
landholders who 
have accepted 
the offer 

No. of offers 
acquitted 

Value of QMDC 
contributions 
(30% rebate) 

Landholders 
contributions 
(70%) 

62 43 10 $9,125 $21,292 
 
Rabbit incentive scheme in the Eukey area, has engaged over 30 land managers, covering 
over 1,100 ha, destroying in excess of 1,000 established warrens with a QMDC 
contribution of more than $75,000. 
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ABSTRACT 
 
Chilean needle grass (Nassella neesiana) is an invasive weed that damages native 
grasslands, agricultural lands, recreational grounds, roadsides and backyards. While it has 
taken hold throughout New South Wales, Victoria and ACT, the only known infestation in 
Queensland can be found around Clifton in the Condamine catchment. Condamine 
Alliance has been helping the efforts of Biosecurity Queensland, Toowoomba Regional 
Council and the communities impacted by Chilean Needle grass to implement a suite of 
programs across the region. Chilean needle grass has an incredible ability to reproduce 
itself, producing well over 20,000 seeds per square metre, which can be easily transported 
by vehicles, machinery, livestock, fodder, clothing and footware.  As the activities of people 
are the main vector of spread it is vital that the community cares about the threat and 
knows how to prevent the spread. Condamine Alliance hosted the “Needlegrass Knockout” 
in Clifton to engage the community with a challenge to LEARN, SEARCH and WIN. The 
community response was extraordinary. Sixty-eight people participated in the event. 
Firstly, participants learned from Biosecurity Queensland and Toowoomba Regional 
Council Pest Officers how to identify Chilean needle grass and why it is so important. 
Secondly, the participants surveyed around the town, seeing Chilean needle grass in situ, 
learning to spot it, gaining an appreciation for the general occurrence, and tagging every 
identified Chilean needle grass plant. Thirdly, now accomplished weed spotters were 
rewarded for participating, prizes were given to participants for surveying the greatest area 
or tagging the most plants. 
 
 
INTRODUCTION 
 
The Condamine catchment has the undesirable distinction of hosting the only Chilean 
Needle grass infestations in Queensland. Condamine Alliance has been implementing a 
suite of initiatives to help manage the problem of Chilean needle grass in the Condamine 
catchment. 
 
As Chilean Needle grass is primarily translocated by human activities it is vital that the 
community is aware and motivated to act to prevent further spread of the noxious weed. 
Stimulating community involvement can often be the most challenging aspect of weed 
management programs but also the most important as community behaviour can 
potentially be the greatest source of weed spread and thereby provide the greatest 
opportunity for effective containment.  
 
With this is mind, Condamine Alliance developed the Needlegrass Knock-out. This event 
engaged with the community at the heart of the Chilean needle grass infestations to learn 
about Chilean needle grass, search for it in their town and win great prizes for 
participating. 
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Know your enemy  
 
Since it was first identified in Australia in 1934, this invader from South America has 
spread across the southeastern States. The Chilean needle grass (Nassella neesiana) is 
established in Victoria, New South Wales, ACT as well as Queensland. The Condamine 
catchment hosts the only Chilean needle grass infestations in Queensland. It is well 
established in and around the town of Clifton and has spread to surrounding farming 
country and towns including Toowoomba. 
 
Chilean needle grass is one of Australia’s worst weeds earning its rank as a Weed Of 
National Significance (WONS). This is a result of it extreme invasiveness, potential for 
spread and economic and environmental impacts.  
 
It is a perennial tussock-forming grass that grows in dense clumps of up to 1 m. They have 
high tolerance for harsh conditions such as heavy grazing or drought, and a great potential 
to reproduce. Prolific seeds are produced from the inflorescences, and as well the plant 
produces hidden seeds in the nodes (stem seeds) and also at the base of the flowering 
stems (basal seeds). Over 20,000 seeds can be produced per square metre in a single 
season and the seed bank can persist in the soil for many years waiting for rain. The 
flowering plant is unpalatable to stock.  
 
Chilean needle grass is a very aggressive competitor in agricultural, urban and natural 
environments. Infestations can impact native grasslands, woodlands, riparian zones and 
sown pasture, reducing biodiversity and the productivity of grazing lands, especially in 
summer when Chilean needle grass is flowering. The corkscrew shaped seeds can also 
cause injury to stock and will downgrade wool, by burrowing into gums, skin and hides.  
 
Chilean needle grass can be distinguished from September to December when flowering 
and seeding; the panicle seeds have distinct purple glumes and long light green awns and 
a nodding habit. This is an essential consideration for any management program as the 
Chilean needle grass is virtually indistinguishable from other tussock grasses when it is not 
flowering. The seeds spread effectively from human translocation, attaching to farm 
machinery, clothing and livestock, animal fodder and hay, mowing and earthmoving 
equipment. Chilean needle grass can also be spread by floodwaters. 
 
The map is not the territory  
 
Chilean needle grass is believed to have been introduced to the Clifton area over 10 years 
ago from the transportation of hay for stockfeed from an infested site in New South Wales 
to a small number of locations around Clifton, including the Clifton showgrounds. It is 
believed that it then spread from here to neighbouring properties and farms before being 
positively identified approximately 10 years ago.  
 
Since then Clifton Shire Council and since amalgamation Toowoomba Regional Council, 
Biosecurity Queensland, landholders and the community have been battling the weed with 
various programs and varying degrees of success in an attempt to eliminate known 
infestations and contain its spread.   
 
Chilean needle grass is a declared Class 1 pest plant in Queensland under the Land 
Protection (Pest and Stock Route Management) Act 2002. It is therefore a priority target 
for eradication from the State. Land owners must take reasonable steps to keep their land 
free of this pest.  
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Early detection is essential 
 
Condamine Alliance, through funding from the Australian Government’s Caring for our 
Country program and the Queensland Reconstruction Authority, has contributed to the 
fight against Chilean needle grass in the Condamine catchment.  
 
Early detection of new infestations is one of the most cost-effective strategies to controlling 
weeds. Hence, Condamine Alliance has implemented a suite of programs in collaboration 
with key stakeholders to increase community awareness, knowledge, skills, confidence 
and motivation to identify and report Chilean needle grass.  
 
Condamine Alliance suite of programs to help contain and manage Chilean needle grass 
in the Condamine catchment: 

 Participation in the Chilean needle grass Working Group; 
 Supporting landholders in the floodzone to survey for and control Chilean needle 

grass from the Queensland Reconstruction Authority Flood Recovery Program; 
 The development of a mobile phone App with the Atlas of Living Australia for 

citizens to report key weeds called NRM Plus. The App was piloted over the 
summer of 2012-2013 with participants looking for and reporting Chilean needle 
grass and Parthenium occurences; and 

 Weed Alert in the Condamine catchment trains and supports a network of 
community groups and individuals to recognise key weeds and report them to 
Condamine Alliance, based on the Queensland Government Weed spotter initiative. 
Condamine Alliance in turn reports to the relevant Council and Biosecurity 
Queensland. 

 
The Needlegrass Knockout 
 
Condamine Alliance decided to try something different to engage the community on this 
spiky issue. The Needlegrass Knockout was devised as an event to motivate residents in 
Clifton to take action on the Chilean needle grass issue. Prizes were on offer for people to 
compete to find the greatest number of needle grass plants in their town. There were also 
prizes to survey the greatest area.  
 
The event was widely publicised, with school visits, newsletter articles, informative and 
invitational mailouts to 1,700 residents and prominent signage around the town. If you 
were living in Clifton in the month of November 2012 you would surely have heard about 
the Needlegrass Knockout.  
 
Biosecurity Queensland and Toowoomba Regional Council Officers attended the event to 
provide participants with training in identifying Chilean needle grass and an information 
session on why it is so important for the weed to be contained and controlled. This training 
highlighted the importance of community participation and collaboration between all the 
stakeholders for Chilean needle grass to be contained.  
 
The Needlegrass Knockout event was conducted on a scorching Sunday the 2nd 
December 2012, when Chilean needle grass was in seed and easily distinguishable. 
Despite the heat, 68 residents arrived to compete. All were required to complete the 
training and were issued with detailed information about Chilean needle grass, tagging 
tape, a Needlegrass Knockout Participant Badge, a town map and a dedicated zone to 
survey. Participants spent one and a half hours scouring the town, looking for and tagging 
every Chilean needle grass plant and marking the survey areas and Chilean needle grass 
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locations on their maps. Condamine Alliance staff and the Biosecurity Queensland and 
Council officers were touring the town, available to participants to help them accurately 
identify Chilean needle grass as they surveyed. 
 
Prizes were awarded for: 

 Most Chilean needle grass plants found by an individual or a group; 
 Greatest area surveyed by an individual or a group; 
 Early registration and full participation; and 
 Most enthusiastic. 

 
 
RESULTS 
 

 Increased community awareness of Chilean needle grass from the implementation 
of an effective promotional campaign using a variety of tactics (brochure 1,700 
recipients, two media releases published in 10 newsletters, signage around the 
town, school visits, one radio interview, one television news story); 

 Increased ability of residents in Clifton to identify Chilean needle grass (training 
session with Toowoomba Regional Council and Biosecurity Queensland officers 
with 68 participants); 

 Increased knowledge of the residents in Clifton about what to do if they find what 
they think is a Chilean needle grass plant i.e. how to report it to Toowoomba 
Regional Council or Biosecurity Queensland; 

 Three quarters of the public areas in Clifton surveyed for Chilean needle grass; 
 68 residents participated in the event; 
 The competition aspect of the event motivated people to fully participate. 

Participants were only eligible to win prizes if they completed their registration, 
training and the surveys; 

 Participants were required to apply what they learned, reinforcing the new skill of 
identifying Chilean needle grass in situ; 

 250 Chilean needle grass sites were located in the Clifton township; 
 Participant feedback was very positive and people found that learning to identify the 

needle grass in situ was extremely valuable. 
 

Unexpected Outcomes 
 
The training session prior to the competition with Council and Biosecurity Queensland 
erupted into an open and constructive community discussion where residents raised their 
concerns to government officers and councillors about Chilean needle grass in their 
community and generated productive suggestions to collaborate to reduce the occurrence 
and impacts of Chilean needle grass. The community demonstrated a clear understanding 
of shared ownership of the problem and solutions.  
 
 
CONCLUSION 
 
The Needlegrass Knockout was a successful call to action to the Clifton community. 
Residents are now more aware of the threats and able to identify Chilean needle grass 
and know what to do about it. Condamine Alliance will continue to collaborate with key 
stakeholders to contain Chilean needle grass and work towards eradication. 
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ON THE TOWNSVILLE COASTAL PLAIN 
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ABSTRACT 
 
Healthy Habitat was developed to assist peri-urban landholders on the Townsville Coastal 
Plain better understand and manage black-throated finch habitat on their properties. 
 
In an area with historical difficulty in engaging peri-urban landholders, we were successful 
in engaging more than 290 landholders and establishing management plans for over 
24,000 hectares. Information sharing and funding opportunities were a priority.  
Workshops were held on a variety of topics including landscape protection, weed control, 
native grasses and soil types. 
 
The majority of the landholders involved simply wanted to identify weeds and learn how to 
get rid of them. Weeds ranged from seemingly insignificant lawn weeds to infestations of 
Class One weeds. Field officers spotted, identified and advised, using Best Management 
Practice, on over 160 species. 
 
Landholders experienced great successes with changed behaviours serving biodiversity 
improvement. The program’s community reference group has chosen an online 
information hub to provide ongoing access to relevant and up-to-date land management 
resources. This is currently under development. 
 
Healthy Habitat will leave the priority areas with a legacy of increased community 
connection, improved knowledge of native flora and fauna, weed control and biodiversity 
protection. Habitat protection will continue through the continued efforts of dedicated 
locals. 
 
 
HEALTHY HABITAT’S STORY 
 
Previous to 2009, NQ Dry Tropics had a predominantly rural focus. To broaden the 
company’s reach it was decided to engage with peri-urban landholders to improve their 
knowledge of sustainable land management and ultimately improve the biodiversity of the 
region using funding from Caring for Our Country. Using information from various 
biodiversity reports, three priority areas were chosen within the Townsville Coastal Plain 
due to their proximity to black throated finch (Poephila cincta cincta) habitat: Alligator 
Creek, Black River and Oak Valley. 
 
Also included in the identification of project focus areas was the input of the community, 
obtained through public workshops and interviews. During the delivery of the project 
community involvement, consultation and information provision were achieved through one 
on one engagement on properties, events and surveys. During evaluation of the project, 
community consultation occurred through reference groups and interviews with 
participants. 
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Using the company’s community engagement protocol, one on one engagement with 
landholders was selected as the most effective method of initiating behavioural change. 
Landholders with properties above 2 ha were surveyed to find their reasons for living out of 
town, what they wanted from their properties and what land management problems they 
saw for themselves. A public meeting was held in April 2010 for Alligator Creek; expecting 
approximately 15 people to show up. More than 75 people arrived. By May 2010 Black 
River was launched; then by 2011 Oak Valley was included in the program. It is believed 
the reason for such high involvement was the opportunity for funding, freely available 
information and inspiration within communities. 
 
The Healthy Habitat team realised that with a strong community engagement focus, there 
was a need to include expert land management advice. A number of highly qualified 
consultants were included in the mix. 
 
Landholders from the project areas registered their interest and any land management 
issues, and arranged a property visit. At the initial visit they were provided with a resource 
kit, the property discussed; its history, uses, land management problems, the community, 
and the land inspected first hand. If needed, the consultant would also come along and 
provide their expert advice. 
 
The program encountered a few problems. Delivery of the property reports to participants 
was sometimes delayed due to the overwhelming response from these landholders. Some 
participants found the process of applying for financial incentives difficult because forms 
and funding periods were seen as complicated and the funding uptake was partial with 
only 40% of available funds used for on-ground works. There were the usual changes in 
staff and continuity was a challenge. The program was limited by virtue of being 
completely voluntary for landholder registration and the weather caused delays with work 
and funding deadlines. However, participants still experienced great successes. 
 
The first round of the program wound down by the end of 2011. Since then the second 
funding round launched in all three areas, with a core group of staff focussed entirely on 
Healthy Habitat. This allowed for continuity and staff familiarity with the program, the 
priority areas, the landholders and properties. The program worked with a number of 
valued partners from all levels of government and local and regional businesses. 
 
In the second round, 157 landholders were provided with support to develop land 
management plans covering an area of 12,144 ha. Over $140,000 of funding was 
allocated enabling 95 of these participants to undertake actions assisting in the 
enhancement of native habitat. Core activities included: increasing native vegetation, 
managing weed infestations, improving pasture through better land management 
practices, and managing eroding areas along creek lines. Overall, the project involved 300 
landholders covering over 24,000 ha. This has been attributed to one on one property 
visits with landholders, information sessions and resources. 
 
The team used a variety of engagement techniques to ensure one on one contact 
including: face to face meetings, digital, electronic and print media. The program also 
expanded into local schools to extend the reach; bringing the Healthy Habitat message 
into the home. Currently there are 21 regional Healthy Habitat Schools. 
 
At the conclusion of each property’s funded project, participants were required to submit 
evidence of works completed. Their project diary, before and after pictures, and relevant 
invoices were required; and optionally, property maps, GPS locations of works or 
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monitoring data of changes in local fauna or pest species. This also enabled participants 
and staff to reconnect on each project and celebrate their successes and provide more 
advice for the future management of the property. 
 
The Healthy Habitat team has held many targeted workshops for participants to further 
their land management and biodiversity knowledge. The team asked participants all 
through the program how they could be helped; what workshops they would like to see 
and whether they felt their knowledge had improved with the team’s help. More than 250 
people have attended these events with a wide variety of topics covered. 
 
The Healthy Habitat team has produced a Seasonal Guide aimed at helping Dry Tropics 
landholders with their property management tasks according to local seasonal conditions.  
Regular newsletters were produced and sent to participants and other stakeholders telling 
them of the progress of others, interesting wildlife sightings and necessary weed alerts. 
 
As a legacy for the project, and after consultation with the program reference group, NQ 
Dry Tropics is developing a web-based information hub to provide new and existing 
landholders in the area with the knowledge and ability to produce their own land 
management plans. A Wiki site hosts the portals to each set of knowledge required to 
answer questions about a property, with links to appropriate sites for up-to-date and 
accurate information. Weeds and pests, grazing management, monitoring, mapping, 
revegetation and fire management are just some of the topics addressed. A template for 
the land management plan leads landowners to think about their property issues and how 
to better manage them. The Healthy Habitat extended family can also access information 
and share stories via the Townsville Healthy Habitat Group on Google+. 
 
As part of the one on one engagement, field officers saw a lot of weeds. Weeds are a 
major issue for participants. Many of the landholders knew their major weeds and often 
how to tackle them. They knew the Dry Tropics bad boys: chinee apple and lantana; 
although not many more. Many of the landholders would know a plant was a weed, but not 
which weed it was or how to treat it. The field officer would arrive on site and be dragged 
off to see a plant that had been bothering the landholder for years. This was their first 
chance to get an expert on site to help them identify their problems. 
 
Field officers have a wealth of information at their disposal to help landholders identify and 
then manage their weeds. To assist in understanding, each Land Management Plan 
included common names and species name; some information on chemical control 
methods (e.g. herbicides, dosage rates) and whether there were alternative controls (e.g. 
mechanical, biological); links to DAFF fact sheets and information sites; and a photo. 
These lists were tailored to each individual property and prioritised according to severity of 
outbreak, declaration status and other property specific factors. The landholder ended up 
with a hit-list for their weeds. 
 
In twelve months of the second funding round, field officers identified over 160 species of 
weeds and advised Best Management Practice control methods. 
 
Participants were eligible to use their funding to purchase herbicides and spray equipment 
to better manage weeds on their properties. A voucher system was used in partnership 
with local agribusinesses for most of these purchases. Grants were also used to hire 
contractors to spray or mechanically remove weeds if necessary. Following the weed 
control, grants were also available for revegetation projects. 
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The project has contributed to some immediate outcomes, including financial incentives 
and extension services to support landholders to protect, rehabilitate and manage priority 
areas of identified native habitat for biodiversity purposes. Over 8,000 ha of native habitat 
and vegetation have been managed to reduce critical threats to biodiversity, and the semi-
rural communities have the capacity to continue increasing native habitat in the priority 
areas. Habitat management guidelines for the black-throated finch in the Brigalow Belt 
North Bioregion are integrated with activities being undertaken on ground. 
 
Landholders have also changed the way they tackle pest and weed issues. A number of 
local networks have been strengthened and landholders are now working towards a more 
landscape scale approach, determined by the classifications for their bioregion.  
Neighbours are talking to each other about combining their weed control efforts.  
Increasingly landholders are making contact with NQ Dry Tropics to request access to 
support and information. 
 
Where to now? The second round of funding is complete, with on-ground projects being 
finalised. The third round is due to open later this year. The Healthy Habitat team 
continues to revise the project to provide optimal outcomes for landholders and for 
regional biodiversity.  The team looks forward to round three once again exceeding project 
expectations. Healthy Habitat will leave a legacy on the Townsville Coastal Plain of 
improved knowledge, better community capacity and connections. 
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ABSTRACT 
 
Based on the principle that prevention is the most effective form of management, 
identifying where species are most likely to invade is a key tool in preventing weed spread. 
The Queensland Murray-Darling Committee (QMDC) and CSIRO have combined expert 
knowledge and spatial information to produce maps identifying ‘hot spot’ areas. Education 
and awareness of identified ‘hot spot’ areas highlight where in the landscape to look for 
weeds and prepare for rapid response. This joint project aims to inform land managers at a 
local to regional scale where these high priority weeds are most likely to invade within the 
Queensland Murray-Darling Basin. 
 
The project involves combining science in the form of GIS and modelling, with field and 
research experts with hands-on experience in managing the weeds. The project output is a 
series of maps of habitat suitability and susceptibility produced through a participatory 
modelling approach. Currently the model has been run for lippia, parthenium weed, 
parkinsonia, rabbits and Chilean needle grass.  
 
The strength of this modelling includes the ability to run different scenarios to clearly show 
the impact factors like management and soil type have on the potential for a species to 
spread. The results inform land managers with an “on the ground” focus and assist them to 
plan their investment in weed prevention. The model is an evolving tool that can be 
consistently updated with new spatial data and new ecological information and allows easy 
adaptation for new weed threats. 
 
Keywords: suitability, susceptibility, hot spot, predictive modelling, investment, mapping. 
 
 
INTRODUCTION 
 
Pest mapping has been widely undertaken across Queensland, looking at current 
distribution. With the recognition of the soil/climate/plant relationships and the limited 
predictive pest distribution mapping, the Queensland Murray-Darling Committee (QMDC) 
recognised the need for predictive mapping that had the ability to put scientific rigour and 
spatial data behind anecdotal observations. It was on this basis that models and maps 
were developed for a range of species. 
The maps and models are used to identify ‘hot spot’ areas for lippia, parthenium weed, 
parkinsonia, rabbits and Chilean needle grass within the Queensland Murray Darling Basin 
(QMDB). The information generated increases the efficiencies of pest management plans, 
by identifying the most appropriate management options in particular areas, whether that 
is prevention, eradication or containment. The models also identify best-bet management 
techniques. 
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THE PROCESS 
 
Since 2009 QMDC has partnered with researchers from CSIRO Ecosystem Sciences to 
develop the models and maps. Bayesian networks were used as a tool for the landscape 
modelling across the QMDB. This method highlights the relationships between cause and 
effect. 
The tool identifies: 

 Habitat suitability – models predict the full potential distribution of a species, 
assuming it isn’t dispersal-limited. It takes into account all the resources and 
conditions required for the species to become established and subsequently persist.  
Habitat suitability modelling is widely used to help inform the management of 
invasive species. The approach focuses on the environmental factors of the habitat 
suitability for each species, be it climate, soil, land use, inundation and land 
management practices. 

 Habitat susceptibility- the risk of invasion due to the combination of suitable 
habitat, proximity to current infestations and dispersal ability. This utilises current 
distribution data and takes into account all relevant dispersal mechanisms and 
pathways such as flood waters and movement of vehicles and machinery. 

The process for the five priority species included expert workshops, development of ‘first 
cut’ models and maps, follow-up workshops and refining of the models and maps. 
 
Expert Workshops 
Historically models are based on available spatial data however in this process we 
combined spatial data with the views, opinions and learnings of a range of individuals with 
experience in managing each individual weed or pest species. An expert panel was 
formed for each species and the participants represented the following sectors across the 
QMDB: 

 Research; 
 State Government (primarily by Biosecurity Queensland); 
 Local government (planning & on-ground works); 
 Landcare and Regional NRM Bodies; 
 Individual landholders.  

 
The workshops provided an opportunity for detailed discussions on ecology, distribution, 
impacts and management. These discussions led to agreement on definitions of suitability 
and susceptibility for each species and identified key environmental variables for their 
establishment, persistence and introduction. This information formed the basis of the 
development of the models. 
 
Development of models and maps 
Models were developed for each species using Bayesian belief networks (BBNs). The 
models incorporated all the variables identified that contributed to the establishment, 
persistence and introduction of each species (Murray et al. 2012). For the purpose of the 
model the variables were prioritised and assigned states. Figure 1 shows the Chilean 
needle grass model.  
 
In this model, slashers are identified as a key variable for introduction and the three states 
assigned to this variable are likely, unlikely and exceptional (extremely unlikely). The 
definition of these three terms pertains to the distance that slashing occurs from a known 
source, for example it is likely that seed will be introduced if slashing occurs within 20 km 
of a known source, unlikely that seed will be introduced if slashing occurs between 20-40  



 33

 
Figure 1. BBN model for Chilean needle grass depicting the probability of habitat 
suitability and susceptibility given different combination of environmental variables and 
management options. 
 
km from a known source and exceptional that seed will be introduced if slashing occurs 
further than 40 km from a known source. 
 
Once the models were completed, habitat suitability and susceptibility maps were derived 
for the QMDB. ‘Best fit’ spatial data were sourced for each variable.  The maps predict the 
likelihood of each species occurring in the QMDB (high, moderate and low). ‘Hot spots’ for 
each species are easily identifiable once maps are generated. Figure 2 below shows the 
predicted habitat suitability of parthenium weed. This map demonstrates that habitat 
suitability for parthenium weed is widespread across the QMDB and is strongly influenced 
by soil type and proximity to waterways.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Habitat suitability map for parthenium weed in the QMDB. 
 
Follow-up workshop  
‘First cut’ models and maps were presented back to the original panel of experts. This 
provided an opportunity to review maps and see if the results were realistic and reflected 

Low 
Medium 
High 
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opinions and experiences. This was also an opportunity to identify if more current or 
appropriate spatial data had become available. From here final models and maps were 
refined and final versions produced. 
 
What are the outputs? 

1. A set of dynamic models and ‘hot spot’ maps that can be updated as new or 
improved spatial layers become available. 

2. For each species, a sensitivity analysis identifies the variable that is most influential 
on the habitat suitability and susceptibility in the QMDB. For example the 
‘continuous cropping’ variable had the biggest influence on Chilean needle grass 
habitat suitability, indicating that cultivation has a negative impact on the ability of 
Chilean needle grass to establish and persist. 

3. A variety of QMDB-wide scenarios for each species have been developed to 
highlight how varying management influences habitat suitability and susceptibility. A 
scenario run for Chilean needle grass demonstrates that habitat suitability can be 
reduced from highly suitable to moderately suitable when favourable management 
practices are adopted such as slashing regimes, spraying and rotational grazing. 

4. The capacity to run more scenarios at different geographical scales for each of the 
species and a modelling process that could be used for other species. 

 
USING THIS PREDICTIVE TOOL INTO THE FUTURE 
 
The outputs from this tool provide valuable information for weed and pest investment and 
planning from sub-catchment to QMDB-wide scale. They provide a basis for identifying 
‘Hot Spot’ (or priority) areas for control and establishing containment lines for species that 
are rapidly spreading. 
 
At a practical on-ground level, the maps identify where to look in the landscape when 
conducting surveys. At a broader scale the information could potentially determine pest 
classification in the QMDB. 
 
The outputs can be used with a high level of confidence as  

 The process has combined science, spatial data and actual on-ground 
experience; 

 The mapping uses more input layers than standard processes; 
 The outputs have been reviewed by experts; and 
 The process allows for updating the outputs as new data becomes available. 

 
QMDC will specifically use this information to partner with land managers in planning, 
education, awareness and control programs in areas that demonstrate a high return on 
investment within the QMDB. 
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ABSTRACT 
 
Prevention, eradication, containment and impact reduction (asset protection) are widely 
advocated as strategic objectives for weed control programs. However, while these terms 
are widely applied, they are often not clearly defined, making evaluation of success 
difficult, if not impossible. We present definitions for each of these terms which should 
provide a more consistent and objective basis for assessing the likelihood of success if a 
targeted, integrated and sustained program is initiated. A case is also made for an 
evidence-based “do nothing” approach to some weeds in certain situations. 
 
Keywords:  prevention, eradication, containment, asset protection, definition. 
 
INTRODUCTION 
 
The terms prevention, eradication, containment and impact reduction (asset protection) 
are widely used to describe strategic options for dealing with plant invasions (Grice 2009).  
An alignment between strategic options and the phases of the invasion process is often 
portrayed using overlays on a graph of the area invaded against the time since invasion, 
the classic invasion curve, thus suggesting that the position on the curve indicates which 
control strategy should be implemented. However, many other factors such as the original 
source of the plant, its biology, dispersal processes and pathways, seed longevity and 
potential for reinvasion must be considered before an informed judgement can be made 
regarding which strategy should be adopted. Recent studies by Grice et al. (in prep) have 
shown that these terms, particularly containment, are often used without clear definition, 
implying that an intuitive definition is adequate. The importance of monitoring and review 
of progress towards predefined objectives have been shown to be vital to effective weed 
management programs (Clarkson et al. 2012a) but the lack of an unambiguous definition, 
especially one with a clear spatial component, can make it all but impossible to determine 
if progress towards the desired objective is being achieved. Having previously produced 
what we consider to be an explicit definition of containment which addresses these 
biological issues and includes a spatial component (Grice et al. 2012), we present 
definitions for the other strategic options. 
 
Land managers are usually faced with more issues than they have time or resources to 
deal with.  It is usually necessary to prioritise what should be done and, perhaps more 
importantly, what will not be done. We argue that deciding to “do nothing” is a valid 
response to dealing with some weeds in certain situations and, for this reason, we offer a 
definition for this option. 
 
 
PREVENTION 
 
“Prevention is deliberate action taken to prevent a species reaching a predefined area 
where it does not currently occur.” 
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Because of the significant costs and practical difficulties in dealing with invasive species, 
prevention, which aims to exclude species from an un-invaded region, is more cost 
effective and environmentally desirable than actions taken after invasion (Leung et al. 
2002). As a result, a range of pre- and post-border weed risk assessment systems (WRA) 
has been developed (Downey et al. 2011). Pre-border WRA systems can inform 
quarantine authorities whether species should be permitted or denied entry to particular 
jurisdictions. Post-border systems are useful in identifying high risk species but must be 
supported by other management strategies within the species’ invaded range if they are to 
be effective. 
 
 
ERADICATION 
 
“Eradication is deliberate action taken to remove all individuals of a species including all 
propagules from a predefined area.” 
 
Eradication is a management strategy that has considerable appeal and one which has 
been discussed widely in the literature (e.g. Zamora et al. 1989, Panetta 2007). It is 
sometimes wrongly equated to killing or removing individuals at one point in time with little 
or no consideration given to the consequences of new individuals arising from the soil 
seed bank or other reserves of propagules (e.g. corms, bulbs, aerial tubers etc.) or the 
reintroduction of propagules from outside the area treated.  Eradication can be attempted 
at many scales, from a single property (Clarkson et al. 2012b) to nation-wide (Erbacher et 
al. 2008). Panetta (2007) used the term “extirpation” to denote local, as opposed to global, 
elimination of a species, although we suggest “local eradication” may be more readily 
understood by land managers and weed control practitioners. 
 
 
CONTAINMENT 
 
“Containment is deliberate action taken to prevent establishment and reproduction of a 
species beyond a predefined area.” 
 
Containment has been used to refer to a management strategy that aims to either prevent 
spread of invasive species from an invaded region; exclude species from an uninvaded 
region (Panetta and Cacho 2012); ‘slow-the-spread’ of an invasive species (Sharov et al. 
2002); provide an interim response during which decisions are made regarding the costs 
and benefits of eradication, control or no management (Hulme 2006); or prevent 
commercially useful species from spreading outside areas where they are intentionally 
cultivated (Grice et al. 2008). It is often presented as a “fall-back” position when 
eradication is deemed not feasible (Chandresena 2005) although recent studies (Fletcher 
et al. in prep) have shown that often this cannot be justified. 
 
 
REDUCTION OF IMPACTS (ASSET PROTECTION) 
 
“Reduction of impacts is deliberate action taken to reduce the impacts of a species on 
nominated assets in a predefined area.” 
 
Weed species that are widespread are unlikely to be amenable to eradication or 
containment.  For these species, it may be necessary to concentrate efforts on reducing 
impacts to protect certain assets.  Assets however, can be defined in many ways and 
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something prized and highly valued by one sector may not be accepted as such by 
another.  Unlike crop yield and livestock production which can be measured in economic 
terms, the value of healthy landscapes, biodiversity and cultural assets is less easily 
quantified and, although attempts are being made to value these resources, the final 
decisions concerning this are inevitably socio-political and embedded within a particular 
cultural context (Wallace 2007). Success of this strategy must be measured in terms of 
outcomes not inputs and desired thresholds should be set before on-ground management 
commences. 
 
 
DO NOTHING 
 
“Do nothing is an informed and deliberate decision to take no action to deal with a species 
in a predefined area.” 
 
It is impossible to do everything everywhere and any attempt do so inevitably results in 
nothing being done very well anywhere. To do nothing is an option which should be 
considered for certain species in particular situations.  In some instances the impact of the 
species may not warrant action; in others, resources may be limited and other species 
may demand priority. However, it is imperative that the decision to do nothing is be based 
on all available data including information on the biology of the species, its dispersal 
characteristics and its potential impacts across relevant land uses. It is important that the 
consequences of doing nothing are well understood and accepted; that periodic review is 
undertaken to detect any changes in impact and distribution; and there is a willingness to 
reconsider the original decision if monitoring shows conditions have changed. This could 
be described as watchful waiting. It is not a totally passive response and demands a small 
share of available resources. 
 
 
CONCLUSION 
 
Application of these simple definitions will help in deciding the appropriate objective for a 
particular situation and guide both how it might be attempted and how it should be 
assessed. 
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BEST PRACTICE WEED CONTROL METHODS WHILST WORKING TO 
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ABSTRACT 
 
In an ideal world, it would always be possible to conduct weed control and bush 
regeneration without external constraints. However, common constraints, such as 
temporal and monetary budgets, can often dictate how much work is completed in an area, 
thus limiting the extent of rehabilitation work that can take place.  Significant leaps in 
workplace health and safety, and detailed site specific work method statements have been 
important steps for ensuring the welfare of workers is protected.  Conversely though, this 
can sometimes mean that the ideal method for weed control is no longer possible. 
 
This presentation looks at the benefits of accurate surveying to determine the extent of 
weed infestations and how surveying as part of the project inception phase can maximise 
the results of weed control and site rehabilitation despite external constraints. Two 
examples will be used to demonstrate how initial surveying have allowed projects to be 
completed in the most practical way whilst ticking financial, safety, temporal and weed 
management boxes. The first example is the surveying and control of declared weeds on 
three separate sites as part of the Australia Pacific Liquefied Natural Gas on the Western 
Downs. The second example is the ongoing weed control and habitat rehabilitation at the 
Department of Defence’s Canungra Field Training Area in the Gold Coast Hinterland. 
 
 
CASE 1: CONDABRI CENTRAL, MILES AIRPORT AND REEDY CREEK 
 
Condabri Central and Reedy Creek are two Gas Gathering and Water Treatment Facilities 
that form part of the Australia Pacific Liquefied Natural Gas project on the Western Downs.  
Condabri Central is located just 18 km south of Miles where it borders the Miles Airport, 
whereas Reedy Creek is 120 km northwest of Miles.   
 
Naturecall Environmental was engaged to conduct surveys for State declared weeds and 
provide appropriate management recommendations on any species present.  A total area 
of 519 ha was surveyed on foot via parallel transects, ensuring that no area was excluded.   
The information gathered formed the basis for suitable management options for each area 
and allowed field staff to locate infestations for treatment.   
 
Survey results and management options 
 
With the exception of two individual annual ragweed (Ambrosia artemisiifolia) plants found 
at Condabri Central, which were removed during the survey, the remaining declared 
weeds observed across all sites were the common pest pear (Opuntia stricta) and velvety 
tree pear (Opuntia tomentosa). Generally speaking, both cacti (referred from here onwards 
as prickly pear) were widespread across both sites and for the most part were found in 
medium to high density. The findings of this survey provided the client with a significant 
level of weed control management to be completed before stripping of the land could 
begin. 
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The Workplace Health and Safety (WHS) requirements of the project initially provided an 
obstacle, which required Naturecall Environmental to conduct the survey on foot. The 
preference was to use quad bikes or similar, however the level of safety documentation 
and training needed would have provided a delay to the start of the project and it was 
decided to commence the surveys immediately on foot. Following the completion of the 
surveys, Naturecall Environmental provided its client with the following three options for 
the treatment of prickly pear.  
 
Chemical treatment 
The proposed chemical treatment was the use of Grazon™ Extra (300 g/L triclopyr, 100 
g/L picloram, and 8 g/L aminopyralid) to be applied to the plants as a foliar spray or cut 
and paint methods. This treatment was not favoured as it did not provide an immediate 
result and did not guarantee 100% success. 
 
Manual treatment 
Manual treatment of Prickly pear involved digging the entire plant out of the ground and 
removing it from site. Due to the difficulty in locating plants in long grass prickly pear 
smaller than 50 cm in height were considered unsuitable for manual removal.  Instead, 
these smaller prickly pears were treated via mechanical removal, thus ensuring that all 
Prickly pears would be removed from the sites. This approach was considered favourable 
for the reason that it provided an immediate result. Prickly pears were collected in plastic 
rubbish bins and later transferred into the appropriate woven polypropylene bags at the 
local waste facility in order to comply with both project WHS and local council 
requirements. 
 
Mechanical treatment 
Mechanical treatment involved using a scraper to strip prickly pear less than 50 cm in 
height, along with the top 100 mm of topsoil, and taking with it any remaining vegetation 
such as grasses and small shrubs. In order to mitigate fatigue, this method was also used 
to treat prickly pear of all heights in areas where the density was significantly high. The 
removed plant matter and soil was stockpiled and treated as contaminated with declared 
weed plant matter and seeds. This stockpile is managed for weed regrowth and rotated 
annually to encourage seeds to germinate. 
 
Project summary 
 
Surveying was important as it revealed that there was only two species which required 
treatment and this meant that methods and timeframes could be decided upon quicker.  
Furthermore, the survey provided an understanding of the lie of the land which allowed 
decisions on treatment to be made with confidence. The justification for using a 
combination of manual and mechanical methods was to minimise potential WHS incidents 
arising from manual removal and to guarantee the total removal of all prickly pear from the 
worksite. The chosen method guaranteed that all prickly pears were removed from the 
work area, with the stockpile size being minimised by the prior removal of prickly pear 
greater than 50 cm.  
 
 
CASE 2: CANUNGRA FIELD TRAINING AREA (CFTA) 
 
Naturecall Environmental has been conducting bush regeneration, weed control and 
revegetation at CFTA since 2010 in order to return areas of disturbed bush to a setting 
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more reminiscent of the local vegetation structure. Naturecall Environmental used a large 
area in order to conduct an assessment on the most efficient, economical and 
environmentally friendly methods for the treatment of lantana (Lantana camara). 
 
Methodology 
 
Prior to conducting field work, the infestation area was surveyed to gain an understanding 
of the size and density of the treatment area. Surveys were also useful in determining 
which treatment method was most suitable for each area. As this site was an addition to 
the usual site maintenance roster, the amount of time that could be spent at this site was 
limited by both budget and temporal constraints, thus increasing the importance of initial 
surveying to reduce the risk of delays. The control methods used included cut stump, 
manual breakdown (where thickets were broken into smaller manageable pieces to ground 
level), foliar spray and splatter gun. Based on the treatment methods conducted, 
Naturecall Environmental recorded the following results. 
 
Treatment results 
 
Table 1 shows that for this exercise when time is a limiting factor, it is more efficient to use 
the splatter gun technique than other methods when compared with similar sites. The use 
of the splatter gun covered more than twice as much area per unit of time than the second 
most efficient method: foliar spray.   
 
Table 1. Most efficient treatment methods with respect to time. 
Method Time as a multiple of splatter gun 
Splatter gun 1 
Foliar spray 2.24 
Cut stump 9.13 
Manual breakdown 30.91 
 
When using volume of herbicide as a limiting factor, the results show that the foliar spray 
method covers more area per unit volume of herbicide than the other methods (Table 2).  
Approximately 11% more herbicide active is required to treat the same sized area when 
using the splatter gun method compared with the foliar spray method. 
 
Table 2. Most efficient treatment methods with respect to volume of herbicide. 
Method Volume of herbicide as a multiple of foliar spray 
Foliar spray 1 
Splatter gun 1.11 
Cut stump 2.26 
Manual breakdown 3.06 
 
Project summary 
 
The results show that in order to treat dense thickets of lantana efficiently it is better to 
select either the splatter gun or foliar spray methods due to significantly less time and 
herbicide needed. Despite requiring 11% more herbicide active as an input, the splatter 
gun method is more economical overall as it requires less than half the labour. Tables 1 
and 2 however do not take into account other factors such as the amount of native 
regeneration which may be occurring in an area, or the amount of follow up treatments 
required. On a given site it is very likely that a combination of any of these or other 
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methods may be required in order to meet time and budget constraints whilst maximising 
environmental outcomes. As such, an initial site survey can be a crucial part of the project 
in order to determine which methods are to be used where. 
 
 
CONCLUSION 
 
External constraints which are encountered on a project such as monetary and time 
budgets, WHS policies and procedures, and temporary inaccessibility mean that it is not 
always possible to carry out a project in an ideal manner. Although it may be an initial cost 
to the project, a detailed site survey is important to help achieve maximum results onsite 
and ensure that the project is not held up later by circumstances which could have been 
prevented. The examples from projects on the Western Downs and in southeast 
Queensland exhibit how taking the time to conduct site surveys allowed for the 
continuation of works when faced with external constraints. 
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A FRAMEWORK FOR COST-EFFICIENT RESOURCE ALLOCATION 
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ABSTRACT 
 
Brisbane City Council (BCC) manages a natural area estate of over 9,500 ha, boasting a 
surprising diversity of vegetation communities, plants and animals. Their location within an 
urban/peri-urban environment and long history of disturbance (such as timber getting, 
grazing and recreation) means that weeds are one of the greatest ongoing threats to 
condition and biodiversity.     
 
The Wipe-Out-Weeds (WOW) project is BCC’s flagship natural area weed control/habitat 
restoration project and has been running since 2002. Previously WOW sites have been 
prioritised using a number of criteria such as: condition and value of the area; threat posed 
by the species in question; and likelihood of successful management. A review of the 
project concluded that more cost efficient environmental outcomes would be achieved by 
focusing on larger, less weedy natural areas. 
 
In order to achieve this, the following process has been implemented: 

1. The reserves have been tiered according to size: Tier 1: >150 ha; Tier 2: 50 ha-150 
ha; Tier 3: <50 ha.  

2. A detailed weed survey is undertaken of the entirety of the reserve.  
3. A four year management plan is created using the survey results. 
4. The site can then be re-surveyed in order to monitor the outcomes of the weed 

control efforts. 
 
The implementation of this process has led to an increase in the area under active 
management from 320 ha in 2009-10 to 1095 ha in 2012-13. With work also being re-
aligned into the most valuable, best condition natural areas that have the greatest 
regenerative capacity. 
 
Keywords: habitat restoration, weeds, Brisbane, survey, natural area, invasive. 
 
INTRODUCTION 
 
Invasive plants (weeds) are acknowledged as one of the greatest threats to Australia’s 
biodiversity (Coutts-Smith and Downey 2006). Weeds are known to alter the structure and 
function of ecosystems leading to a loss of habitat suitability for native species (Catford et 
al. 2011).  
 
Given the threat posed by weeds to protected areas, it is understandable that significant 
resources are targeted at mitigating their impact. However, attempts at restoring natural 
areas through weed control often deliver mixed results (Downey et al. 2010). In some 
cases, relatively small levels of intervention can result in significant outcomes. While large 
amounts of time and money can be spent on other sites for little or no long-term gain. For 
the purposes of this paper, a successful restoration is considered be one that results in a 
self-sustaining ecosystem where the assemblage, structure and function reflects that 
observed in a reference ecosystem (Chenoweth EPLA & Bushland Restoration Services, 
2012). 
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BACKGROUND 
 
Brisbane City Council (BCC) manages a natural area estate of over 9,500 ha, boasting a 
surprising diversity of vegetation communities, plants and animals. Their location within an 
urban/peri-urban environment and long history of disturbance (such as timber getting, 
grazing and recreation) means that weeds are one of the greatest ongoing threats to 
condition and biodiversity. The Wipe-Out-Weeds project is BCC’s flagship natural area 
weed control / habitat restoration project and has been running since 2002.  
 
An evaluation of the existing prioritisation process was undertaken in 2009-10. The 
evaluation found that there were significant differences in the success of various sites.  
Under the existing process, sites were nominated by staff and then put through a 
prioritisation process. The evaluation concluded that the process was flawed at the initial 
nomination stage. This is due to the fact that there appeared to be observer bias toward: 
sites with very high weed density; and sites that were small and in fairly urban 
environments (i.e. sites with higher visibility / more frequent use).  
 
As a result, it was concluded that the framework for deciding on where to invest our 
resources need to: remove the initial observer bias from the process; re-focus our 
resources on larger reserves to ensure return on investment; incorporate a systematic 
survey to ensure that scattered infestations of high threat species are detected; and 
facilitate monitoring of outcomes. 
 
In order to achieve this, the following framework has been implemented: 

1. Tier the reserves on size to allocate funding proportionally 
2. Undertake systematic weed surveys in priority areas 
3. Use the results of these surveys to develop a management plan that focuses on 

early intervention and sets measurable goals 
4. Undertake a re-survey to quantify outcomes of intervention  

 
 
TIERING 
 
All natural area reserves in Brisbane were ordered by size. On analysis, there was a 
distinct cut-off between sizes that was used to determine the following tiering: Tier 1: >150 
ha; Tier 2: 50 ha-150 ha; and Tier 3: <50 ha.  
 
The existing program was reviewed against the newly developed tiering, which confirmed 
the follow: 

• Funding was disproportionally allocated to Tier 3 and smaller sites. 
• The cost per hectare was over three times greater in Tier 3 than in Tier 1 reserves. 
 

 
SYSTEMATIC WEED SURVEYS 
 
The implementation of a systematic survey regime is essential for: removing observer bias 
(people tend to report very weedy sites); early detection/rapid response (survey picks up 
scattered infestations of high threat weed species); allowing for the development of whole-
of-reserve weed management plans; providing exceptional maps that allow for 
visualisation of weed impacts and vectors across an area; and acting as a ‘before’ snap 
shot, allowing for objective measurement of site outcomes. 
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A pilot program was implemented in 2010 using a modified version of the Blue Mountains 
City Council weed survey methodology. The methodology was modified to improve 
efficiency, by removing the need to define polygons based on vegetation communities 
through the use of 50 m x 50 m grid cells. 
 
The current methodology is as follows: define survey area; position a 50 m x 50 m grid 
across the survey area; record all exotic species within each grid on a five point scale 
(absent – 0%; scattered – <5%; low – 6-25%; medium – 26-50%; high – 51-75%; very high 
– >75%); record structural indicators in each grid (vegetation community; canopy height; % 
canopy cover; % small tree; % shrub cover; % ground cover).  
 
Karawatha forest north survey results 
 
Results from the weed survey undertaken in Karawatha Forest in April 2013 are shown in 
Figure 1. The results are shown using colour coding for cumulative weed cover (the sum of 
cover of all weed species in a grid) and a numeral denoting the number of exotic species 
per grid (i.e. weed species richness). 

 
Figure 1: Results of weed survey in Karawatha Forest 2013 
 
The map clearly shows a number of things: 

1. A very obvious ‘edge effect’ along the northern and eastern boundary of the 
reserve. 

2. A large area of reserve that is weed-free (it is very important for managers to know 
where weeds are not present). 

3. An area where it appears that weeds have colonised after disturbance (construction 
of infrastructure) and are spreading downstream into more intact vegetation.  

 
Results from the weed survey can also be used to single-out individual species of high 
threat. The survey detected a number of scattered infestations of madeira vine (Anredera 
cordifolia). Detection of this species while at a scattered density allows for cost-effective 
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management. In fact, the savings from detecting this infestation early as opposed to 10 
years from now has essentially covered the cost of the survey. 
 
Boondall re-survey (using pilot methodology) 
 
Boondall Wetlands, in north-eastern Brisbane, was the site of the original pilot survey 
undertaken in 2010. In the pilot survey methodology, polygons were defined by vegetation 
and weed communities (similar to Blue Mountains survey methodology). Weed densities 
were also only recorded on a four point scale: scattered; low; medium; high.  
 
Management at this site focused on vine species, particularly mile-a-minute (Ipomoea 
cairica). The site was re-surveyed in 2013 after a number of years of weed control. The 
results from this survey (Figure 2) have been able to objectively show the success of work 
undertaken at this site. Figure 2 shows that the density of I. cairica has been reduced 
across most of the site by either one or two points on a four point density scale. Areas 
shown as dark green on the map have been reduced from a density of medium (>50%) to 
scattered (<5%), a clear reduction over two years. 
 

 
Figure 2. Difference in density of Mile-a-minute (Ipomoea cairica) 2010-2013. 
 
 
CONCLUSION 
 
Implementing this framework has shifted our activities toward core natural areas. These 
areas tend to have: high conservation value; lower cost per hectare of management; and 
increased likelihood of successful outcomes. This process has also resulted in a significant 
increase in the area under management from about 300 ha in 2009-10 to over 1,000 ha in 
2012-13. 
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The survey methodology allows for rapid and cost-effective survey of large areas. Results 
from the surveys provide critical information to plan weed management activities. Re-
surveys provide an objective measure of the outcomes of intervention and are a critical link 
in the adaptive management cycle.  
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ABSTRACT 
 
In the intensively farmed and hydrologically altered lower Burdekin and Haughton region of 
north Queensland, wetland weed control efforts to date have been successful in reclaiming 
wetland values such as fish production and waterfowl use. However, in many instances 
these restored systems do not appear to have high resilience and weed control efforts will 
need to be ongoing. NQ Dry Tropics investigated the underlying environmental factors 
driving conditions in a variety of coastal wetlands throughout the region. The 
environmental factors most strongly influencing the abundance of problem weeds related 
to salinity and wetting/drying regimes. The results of the investigation show that it may be 
possible to manipulate these factors to strengthen the resilience of wetland systems and 
control some of the major weeds. Wetland management efforts must acknowledge the 
impacts ecological drivers such as these have in shaping wetland state or condition 
(weediness) in order to set realistic goals and to have bigger and longer term impacts 
using limited project resources. 
 
 
AQUATIC WEEDS AND WEEDINESS IN THE LOWER BURDEKIN REGION 
 
The lower Burdekin and Haughton region in north Queensland extends from the base of 
Mount Elliott approximately 50 km south-east of Townsville to near the base of Mount 
Inkerman, approximately 13 km south-east of Home Hill. Wetlands are common on the 
coastal plain as well as along the many distributary channels of the delta, which mark the 
past alignment of Burdekin and Haughton River channels. Many of the regional wetlands 
are recognised in the Directory of Important Wetlands, have Ramsar listing or host species 
listed in international migratory species agreements (JAMBA and CAMBA) (DEHP 
2013(a), DSEWPC 2013). Wetland condition decline, and in particular weediness, in the 
region has been well documented in recent years (Perna and Burrows 2005; Veitch and 
Burrows 2007; Veitch et al. 2008). Many of the wetland investigations have focussed on 
deepwater or lacustrine wetlands, which have been seen to decline during living memory, 
with floating aquatic weeds heavily blanketing the surface (Perna and Burrows 2005). 
These floating weed mats (including water hyacinth (Eichhornia crassipes), Salvinia 
(Salvinia molesta), and water lettuce (Pistia stratiotes)) are thick enough in places to allow 
woody vegetation to establish and to support the weight of people and even motorcycles 
(Tait 2013). Fish passage and habitat values of these heavily weed impacted wetlands can 
be severely degraded (Perna and Burrows 2005). Emergent and semi-aquatic weeds 
cause similar problems, with exotic grasses such as Olive hymenachne (Hymenachne 
amplexicaulis), aleman grass (Echinochloa polystachya), and the robust native herb 
cumbungi (Typha domingensis and T.orientalis), establishing first as dense stands in 
shallower water. These infestations alter native plant and animal (especially waterfowl) 
habitat and create physical and chemical barriers (via low dissolved oxygen (DO) 
conditions) to fish passage in the same way as floating weed mats do (Veitch et al. 2008). 
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Aquatic weed control efforts to date 
 
Successful weed control programs have made important improvements to fish habitat and 
passage in treatment areas. Many of these programs have been strategic in nature while 
others have focused on locally significant or popular wetlands. Weed mats have been 
removed physically using mechanical floating harvesters (Perna et al. 2012a) or controlled 
by chemical means, leading to near immediate increases in DO levels and later, fish 
counts (Perna and Burrows 2005). Emergent weeds are controlled in places, especially in 
water distribution channels where blockages impact on delivery obligations. Other 
wetlands such as Horseshoe Lagoon, regularly have floating and attached emergent 
weeds controlled, primarily to maintain ecological function. Some of these weed control 
programs have required a large amount of initial effort and now only require maintenance 
level attention. Others, however, will need significant, regular intervention for the 
foreseeable future in order to maintain desired values. If future large-scale, intensive on-
going weed control projects are to be successful and more self-sustaining management 
established, an understanding of the drivers of local wetland weediness is required. 
 
Working smarter - why are our wetlands weedy? 
 
Caring for our Country (CfoC) funding was used to adopt a landscape scale approach to 
investigate drivers of weediness, incorporating both desktop data collection using recent 
land unit mapping (Kahler 2010) and wetland mapping produced through the Queensland 
Wetland Program (DEHP 2013(b)). Field collection of various water and site specific 
parameters was carried out over one wet season (Connolly et al. 2012) and findings 
entered into a database. 
 
Characteristics of weedy wetlands 
 
Results of the investigation confirm some assumptions and site specific observations 
gathered by field officers and researchers in the past (Veitch et al. 2008), and show that 
landscape level approaches, in this case using Land Zones (Morgan 2009; Wilson and 
Taylor 2012) can predict a wetland’s susceptibility to weediness. Wetlands with naturally or 
artificially extended wetting periods were more likely to suffer invasion by floating weeds 
(deepwater or lacustrine wetlands, typically Land Zone 3 areas) or emergent attached 
weeds (shallow or palustrine wetlands, typically Land Zone 1 and 5 areas) (Connolly et al. 
2012). Floating weeds were more common in freshwater bodies (Land Zone 3) than in 
brackish or saline ones (Land Zones 1 and 5). 
 
 
HOW WE CAN DO MORE WITH LESS 
 
Of all the crop production areas in Queensland, the lower Burdekin and Haughton regions 
are perhaps unique in that, although being climatically seasonally dry, problems are 
developing due to an excess of water, both on the surface and in the aquifer (Williams et 
al. 2009; Perna et al. 2012b). Manipulation of water supply to surface and groundwater 
systems in the region has a history dating back to the mid 1960s (Williams et al. 2009) and 
impacts to the naturally seasonally dry wetlands are now widespread. Restoring 
hydrological seasonality (periods of ‘drying down’) to some wetlands by controlling 
supplementary surface water is achievable without affecting water supply to croplands. 
This should alter conditions to favour the predominantly native plants adapted to regular 
wetting and drying regimes. 
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Lower Burdekin Water is working to better control flows, and has a goal of developing a 
healthy ecology within and around hydrologically altered channels and wetlands in its 
region. NQ Dry Tropics will work with Lower Burdekin Water to identify priority systems 
where an environmental driver based approach could assist in strategic weed 
management. The tidal influence of many coastal wetlands in the region has also been 
reduced through construction of bunds intended to prevent or limit seawater intrusion. In 
one local wetland, re-establishing tidal intrusion by bund removal alone was effective in 
killing eight hectares of para grass (Urochloa mutica) and other similar opportunities are 
being investigated. In cases where the ecological drivers cannot be manipulated and 
important environmental values require protection or restoration; ongoing, targeted weed 
control could be used to create “windows in space and time” (Grice et al. 2010). In one 
wetland we intend using herbicide to clear weeds from known deep water areas and the 
channels which link them to restore or maintain ecological function at critical times, such 
as periods of fish migration or waterfowl breeding. Finally, we aim to exploit water depth 
preferences of attached emergent weeds, trialling excavation of deep channels within 
infested areas to allow fish passage. 
 
 
OPPORTUNITIES AND HURDLES 
 
Funding for system wide projects through CFoC and other federal and state initiatives is 
being sought; however, strict funding guidelines may make some important projects 
ineligible. As an example, a recent funding application provided for control of exotic weed 
species, potentially excluding projects focussing on control of native species such as 
Typha spp. Collaborative governance will be critical to the success of any projects aimed 
at making systemic improvements to water supply and wetland systems. To this end, NQ 
Dry Tropics is committed to maintaining strong working relationships with stakeholders 
such as water utilities, community and cane grower groups, consultants and researchers, 
and local, state and federal government agencies. 
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ABSTRACT 
 
Invasive plants threaten farmers’ livelihoods, our biodiversity and Australia’s conservation 
values. However, for many people weeds are boring and many ignore the threats and 
possible solutions. People are disengaged with weeds for a variety of cultural, social, 
institutional and economic reasons. This paper proposes storytelling as a method for 
initiating people’s engagement with weeds. It proposes seven top tips for telling great 
weed stories: talk about people’s mistakes as well as their successes; make stories 
personal and relevant; check the stories are relevant to listeners; engage the whole 
community in sharing stories; use simple, active colloquial language; tell stories in different 
places and through different media; and be visual in your storytelling. 
 
Keywords: science communication, storytelling, science engagement, lantana. 
 
 
INTRODUCTION: WEEDS A PEOPLE PROBLEM  
 
Since Europeans colonised Australia, they have introduced plants, some of which have 
become invasive and classified as weeds. Weeds are essentially a people problem 
(Kliepeis et al. 2009). People introduced plants that have become weeds; people have 
spread those weeds through industry and transporting; and people have disturbed the 
landscape meaning that weeds can better establish and dominate (Mason et al. 2005). 
While climate, soil type and landscape disturbance determine which areas are most 
vulnerable to invasion, people set the conditions for allowing invasion to happen: ‘it is not 
species but sociobiological networks that are invasive’ (Robbins 2004). 
 
The impacts of weeds on farmers’ livelihoods through control costs and lost production is 
estimated to be $4 billion a year (http://www.daff.gov.au/natural-
resources/invasive/weeds). The cost of weeds to the environment through lost biodiversity 
and ecosystem degradation is thought to be even more. These costs don’t appear to be 
decreasing over time, despite efforts nationally and locally to control and manage weeds. 
 
The main barriers to weed control are seen (Kliepeis et al. 2009) to be cultural, social, 
institutional and economic. People’s actions help to create these barriers, but they also 
can be harnessed to overcome them. However, many people are disengaged from weeds 
despite various national and regional awareness campaigns. Ten reasons for this 
disengagement are: 

1. Fragmentation of land tenure in some agricultural regions of Australia with 
increasing numbers of ‘tree-changers’ who are less motivated by the need to 
manage weeds (Kliepeis et al. 2009); 

2. Lack of social capital within communities with the ability and capacity to manage 
weeds (Kliepeis et al. 2009); 

3. The single weed species approach to managing weeds, rather than a whole of 
landscape approach, which can lead to fragmented efforts (Mason et al. 2005); 

4. Lack of local community coordination in weed management; 
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5. Lack of enforcement of weed control regulations (Mason et al. 2005; Coutts et al.  
2013); 

6. Lack of awareness of importance of weed management, especially by urban people 
(Mason et al. 2005); 

7. Failure to provide early access to relevant information (Coutts et al. 2013) 
8. Failure to provide appropriate incentives for people to act (Coutts et al. 2013) 
9. The cost of weed management is greater than the perceived benefits of control 

(Coutts et al.  2013; Greiner et al. 2009); and 
10. Failure to understand the goals of people in relation to weed management and their 

perceptions of risk (Greiner et al. 2009). 
 

STORYTELLING TO ENGAGE PEOPLE IN WEED MANAGEMENT  
 

Things need to be done differently if we are to engage people in weed management. If we 
just keep doing the same things, we’ll keep getting the same results. One way to engage 
and motivate people in weed management is through the art of storytelling, an art which is 
becoming a little lost in the outpourings of bureaucratic management, so beloved of the 
natural resource management profession. 
 
The 2001 Australian award-winning movie Lantana opened with a women’s corpse hidden 
amongst the dense branches of lantana, a weed common in suburban Sydney and listed 
as one of Australia’s top 20 Weeds of National Significance. 
 
Dense, impenetrable thickets of lantana take over bushland, pastures and forestry 
plantations. Lantana adds fuel to fires and is toxic to grazing animals. The Global Invasive 
Species Information Network identifies lantana as among the top ten invasive plant 
species in the world, and it makes the IUCN’s list of the world’s 100 worst alien invaders 
(Bhagwat et al. 2012). Lantana is estimated to cover five million hectares in Australia, 
mostly on the eastern coast in Queensland and New South Wales. 
 
Lantana, the movie, does not tell the story of weed invasion. However, I believe its name 
does provide a metaphor for the problems that the weed brings to Australian landscapes. 
The movie is set in suburban Sydney and follows a set of complex and entangled 
relationships, which are sometimes impenetrable.  It is a story that engages the viewer on 
many levels. Likewise, lantana the weed can engage people through stories about the: 

 History of introduction and spread of the weed, and people’s role in causing the 
weed to spread 

 Impacts of the weed on real people and places 
 Different people’s experiences with the weed, and their motivations for controlling it 

or not 
 People’s perceptions of the weed 
 People’s practices in managing the weed and preventing its spread – including 

mistakes 
 
Good stories create conversations and can lead to real actions. 
 
Good storytelling relies on strong narratives that help the reader or listener to identify or 
empathise with the characters in the story. Good storytelling is all about people. Good 
storytelling grips people’s imagination. It motivates and excites them. I still remember a 
Melbourne journalist telling a bunch of scientists at a media skills workshop: “I’m interested 
in just about any science story you have to throw at me. But don’t talk to me about weeds; 
they’re just plain boring”. Clearly our weed stories are not exciting people. 
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Much of the communication I have looked at with regard to promoting awareness, 
knowledge and action around lantana appears to be about facts and figures (e.g. see the 
resources on: http://www.weeds.org.au/WoNS/lantana/resources.htm#bl), and not about 
people. And this is the key to telling good stories – they are about people. 
 
SEVEN TIPS FOR TELLING GOOD WEED STORIES 
 
1. Talk about people’s mistakes as well as their successes. Good stories have drama, 

emotion and conflict. 
When I tried to find an example to illustrate this tip, I found the following in Anon 
(2002): 

‘Lantana - the perfumed and colourful garden plant - has a leading role in an 
environmental horror story with a plot unfolding quietly around us…“Lantana is up 
there with my Ten Top Terrors for the natural environment,”.   

This story lead got me excited, but what followed was a lot of facts and figures on the 
impact of lantana. There were no stories of people dealing with this problem and telling 
us about their challenges, actions and mistakes. 

 
2. Make stories personal and relevant to those you want to listen to them. Get people to 

talk in the first person about their own weed experiences. 
This is exactly what the Cambooya Landcare ‘lantana busters’ do on the Darling 
Downs in south east Queensland: 

‘A group of retirees are removing lantana by hand, clearing a couple of acres of 
overrun scrub next to the Ramsay State School.  
The trick is to remove the weed from the root to ensure there’s no chance of 
rejuvenation. And that can be pretty physical work. 
 

Enter Euan Maclean. 
A couple of weeks ago, Euan, the gadget man of the group, wrote a guest blog about 
his labour saving inventions. The root blade, for example, is an adapted shovel 
designed specifically to lever a lantana plant from the earth.  

“The narrow concave sharpened mouth of Root Blade,” Euan explains, “focuses the 
force of the thrust enough to sever plant roots and lodges the tip below the plant.”’ 
(Downloaded from: https://open.abc.net.au/posts/euan-maclean-and-the-lantana-
busters-43ac9bw/in/tags/landcare.modal).  
 

3. Check that stories are relevant to the listener. This might mean finding out about 
listeners’ current perceptions, concerns and motivations with regard to weeds. 
For example, Greiner et al. (2009) found that promoting a set of best management 
practices for weed control did not engage as many farmers as it was thought it might. 
The reason? Those proposing the best management practices did not understand the 
personal goals behind how farmers made their land management decisions. This could 
have been overcome by getting farmers to share their goals and aspirations for their 
farms through personal stories. 

 
4. Engage the whole community in telling local stories about weeds. Let people share 

their own experiences with others for mutual learning. 



 55

Weeds cross boundaries and fences, and people have different experiences with 
weeds. It is vital that whole communities are engaged in weed management, and one 
of the best ways of initiating this is by sharing stories. 

 
5. Use simple, active colloquial language to tell stories. Avoid fluent “stakeholder speak”. 

‘Stakeholders’ are not real people, and ‘implementing agreed weed control frameworks’ 
means nothing to most people. Use conversational rather than bureaucratic language 
to tell stories. 

 
6. Tell stories in different places and through different media. Try sharing weed stories in 

locations where your listeners feel most comfortable. 
For example, while ‘preaching to the converted’ at field days is important, it’s even 
more important to reach those people who are currently disengaged with weeds. This 
might mean sharing stories at the supermarket or a sporting event. 
 

7. Be visual in your storytelling. Paint pictures with your words that stimulate people’s 
imagination. Illustrate your stories with video, photos and info-graphics. 
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ABSTRACT  
 
Private conservation organisations have a strategic and significant role in reversing 
biodiversity decline in Australia. Bush Heritage Australia is a national not-for-profit 
conservation organisation that aims to secure and protect Australia’s biodiversity and 
natural landscapes. Land management is our core business and as such, combating 
established and emerging invasive weeds is a high priority across our reserve and 
partnership portfolio. This paper will explore three key themes in weed control in the 
context of the private conservation sector: i) the management nexus between fire, grazing 
(feral, domestic and native) and weeds; ii) weed triage – balancing investment in weed 
control, severity of impact and mitigation success; and iii) the implications of changes in 
government priority in regards to declared weeds and our regulatory obligations. Drawing 
on practical examples from our reserves, this paper demonstrates how Bush Heritage has 
mobilised a volunteer workforce and is pro-actively using fire to control Siam weed 
(Chromolaena odorata) on Yourka Reserve; is using strategic grazing to reduce fuel loads 
and fire risk to reduce buffel grass (Cenchrus ciliaris) infestation in Brigalow woodlands on 
Goonderoo Reserve; has had contrasting success on restricting spread of buffel grass and 
Johnson grass (Sorghum halepense) in grasslands on Carnarvon Reserve; and has 
eliminated para grass (Urochloa mutica) from one wetland on Edgbaston Reserve.   
 
Keywords: Bush Heritage, triage, fire, Siam weed, grader grass, buffel grass. 
 
 
INTRODUCTION  
 
Bush Heritage Australia is a national not-for-profit conservation organisation that aims to 
secure and protect Australia’s biodiversity and natural landscapes. We currently own 35 
properties across Australia totalling nearly 1 million ha (including >550,000 ha in 
Queensland), and work with a diverse range of partners to secure conservation outcomes 
on land owned and managed by others. We aim to contribute to a comprehensive, 
adequate and representative National Reserve System (Australian Government 2009). A 
priority for investment, therefore, is often the protection and restoration of poorly-
conserved ecosystems characteristic of the fertile, deeper soils of lower slopes and 
riparian valleys. These areas have high conservation value because they often support a 
higher diversity and abundance of native species, as well as serving as drought refuges 
and nurseries for species to bolster populations in the wider landscape.  However, these 
ecosystems are also the most valuable for agricultural purposes due to their productivity 
and soil profile and, for the same reasons, are the most susceptible to infestation by 
weeds, and especially those that are favoured by soil disturbance caused by heavy hoofed 
stock or machinery. 
 
Combating established and emerging invasive weeds is therefore of critical importance to 
Bush Heritage as we strive to improve the condition of our reserves and partner properties. 
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Across our reserve portfolio, our reserve managers use the usual variety of techniques 
(herbicides, physical removal, strategic burning or grazing), and often more than one in 
combination or sequence, to contain, and hopefully, eradicate a wide variety of weeds. 
However, a strategy to control one weed species may inadvertently favour or promote 
another at the same site, raising the spectre of conflicting priorities and expectations. 
Thus, key decision points in weed management are when to commence and cease control 
activities, and what level of investment and effort is appropriate for the prevailing risk: 
these decisions need to be informed by assessment of current status and projections of 
future spread and persistence of the species (i.e. trajectory). Property management 
planning therefore requires a clear exposè of the potential ecological and financial costs 
and benefits, and contingencies for changes in circumstances. In this paper, we use case 
studies to illustrate decision-making that considers spatial context and scale, status and 
trajectory, risk and investment. The examples include triage style decisions in the nexus of 
multiple driving factors and multiple responding species.  
 
 
A FRAMEWORK FOR INVESTMENT IN WEED CONTROL 
 
As Bush Heritage tends to protect more intact ecosystems, the properties we manage 
typically have areas of varied condition and trajectory depending on the land use history, 
terrain and soils. Management objectives, expectations and responses vary with them.   
Overlying this is often also variation in access for management and context considerations 
for fire management, including the interests of neighbours, which affect the cost of 
mitigation activities.  
 
The decision to invest in weed control activities should take into account the current 
condition of the ecosystem, the rate of weed spread (i.e. trajectory of condition change), 
the level of investment required to shift the trajectory towards a desired state, the risk 
inherent in failing to take action, and the risk of perverse outcomes (Figure 1). Investment 
should increase with increasing risk and decreasing condition but requires regular 
monitoring of ecosystem condition to ensure the trajectory is progresing in the desired 
direction. Thus, relatively low levels of investment may be appropriate in poor condition 
ecosystems if the risk of deterioration is low; correspondingly, ongoing investment in good 
condition ecosystems is worthwhile if there is an unacceptable risk that weed spread will 
increase with the removal of the mitigatation activities (Figure 1). Of course, in reality, 
much of this is unknown until it is tried and property planning needs to be responsive and 
flexible to changing conditions and externalities. 
 
Combating Siam weed on Yourka Reserve 
 
Siam weed (Chromolaena odorata) is native to central and southern America. It is 
recognised as one of the world’s worst weeds, and a significant threat to fertile tropical wet 
ecosystems (National Siam Weed Eradication Program). After being accidentally 
introduced to the Tully area in the 1960s, the majority of the Siam weed infestations are 
now restricted to two regions: the Tully/Johnstone catchments and the Townsville region. 
Originally, the Commonwealth instituted the National Siam Weed Eradication Program with 
the aim of completely eradicating Siam weed from Australia. As part of this program, 
eradication activity was already taking place at Yourka when Bush Heritage acquired the 
property in 2008.  
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Figure 1. Conceptual framework for investment decisions in weed control along the three 
axes of risk, status and trajectory, and investment quantum. Lines indicate condition 
trajectories. Investment is more likely to be cost-effective in the shaded area. 
 
Bush Heritage contributed to the eradication program through staff and volunteer time, 
with a focus on manual removal and herbicide spraying, and in 2012 received a grant 
through the Commonwealth’s Biodiversity fund to supplement the existing state 
government investment. However, following a Commonwealth review of the status of Siam 
weed, the objective of the control program shifted from eradication to containment and 
impact mitigation, with concomittant reductions in funding and resourcing. In response to 
this, Bush Heritage revised its management goals to focus on containment. 
 
This marked a turning point in the fight against Siam weed as previous efforts had not 
dented the distribution or spread of Siam. In fact, increased survey effort continued to 
reveal new Siam infestations, particularly in the upper catchments, which were treated due 
to their potential as a seed source for downstream infestations. We turned to fire to 
increase the impact of control measures, using a helicopter to set targeted fires over more 
than 16,500 ha to burn the weed. This had the desired effect of removing lantana and 
understory species, as well as knocking back Siam weed, but more importantly, improved 
access, thereby increasing the efficacy of herbicide control. However, fire and track 
upgrades promoted the growth and spread of grader grass (Themeda quadrivalvis). The 
threat posed by grader grass to the key conservation values on the property – the riparian 
valleys and surrounding fertile flats – is now comprable to that of Siam weed, causing a re-
think on priorities and re-allocation of resources to survey and control grader grass while 
maintaining Siam containment measures and impact management within the riparian 
valleys and fertile flats. Hanging over all this is the proposal for a mine in the midst of the 
Siam infestation area, potentially increasing soil disturbance and spread of both weed 
species. The triage decision now becomes: do we focus on one weed species to the 
detriment of the other, restrict weed control to key areas on the reserve, or work on an 
integrated model that addresses both weeds but with lower expectations of eradication 
and containment? 
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Restoring brigalow woodland on Goonderoo Reserve 
 
Nature reserves are often pilloried as a source of feral animals and weeds, but the reverse 
can be just as true.  Buffel grass (Cenchrus ciliaris) is treasured by pastoralists for fodder 
and soil stabilisation but is a major threat to natural values when it forms thick swards. Hot 
fires promote the growth and seeding of buffel grass and need to be avoided to reduce 
spread.  At Goonderoo Reserve in the Brigalow Belt, different paddocks have different 
levels of buffel infestation, necessitating a different approach in each paddock. In the 
regenerating brigalow (Acacia harpophylla) woodlands, fire would be catastrophic because 
it would promote buffel and kill regenerating and mature brigalow plants. With limited 
options for direct control, we are using cattle to reduce buffel fuel loads and fire hazard 
while we wait for the regenerating brigalow to provide an overstorey that will eventually 
shade out the buffel grass. In paddocks with thick infestations, control is aimed at 
preventing spread rather than eradication. This represents a relatively low cost strategy 
with a long-term aim of reducing weed infestation in certain areas and preventing spread in 
others.  
 
Restoring grasslands on Carnarvon Reserve 
 
The native bluegrass (Dicanthium spp.) grasslands on the valley floors of Carnarvon 
Reserve are threatened by both Johnson grass (Sorghum halepense) and buffel grass. 
Initial control efforts aimed at Johnson grass were successful in reducing infestation, and 
containing satellite populations. Investment was scaled back accordingly. Efforts to contain 
buffel were less successful with gradual spread away from disturbed sites. However, 
following three years of above average rainfall and flooding, both buffel and Johnson grass 
increased and dispersed. Subsequent Johnson grass control measures have once again 
been successful in the valley grasslands themselves but there is now a more widespread 
seed source meaning that within our strategy to minimise and contain the weed in the 
grasslands, we have to account for a widespread seed source. This effectively becomes a 
cost-benefit decision whereby we can treat a certain area of grassland for weed control but 
accept this cost will be ongoing due to the widespread seed source. 
 
Para grass removal at Edgbaston 
 
The difficulty of weed control is sometimes best illustrated by our successes. We have 
successfully eliminated para grass (Urochloa mutica) from one spring at Edgbaston 
Reserve through repeated intensive efforts to manually remove the weed, using a number 
of volunteer groups. This of course, does not guarantee against future re-infestation, but 
illustrates that sometimes expectations and planning need to be curtailed to small victories 
in targeted areas with high conservation values. 
 
 
REFERENCES  
 
Australian Government (2009). Australia’s Strategy for the National Reserve System 2009 
– 2030. (Commonwealth of Australia, Canberra). 



 60

THE USE OF UNMANNED AERIAL VEHICLES (UAVS) FOR WEED 
CONTROL IN WESTERN QUEENSLAND 

 
Simon Wiggins1 and Desert Channels Queensland2 
1PBE Pty Ltd, PO Box 163, Longreach, QLD 4730 

292 Galah St, Longreach, QLD 4730 
 

 
 
ABSTRACT 
 
Desert Channels Queensland and PBE Pty Ltd have been evaluating the cost 
effectiveness and success of weed control techniques using an unmanned aerial vehicle 
(UAV) for chemical application. Initial results from spray and granular chemical application 
using the Yamaha RMAX, a UAV, have been recorded on the two properties with specific 
trial sites. The two sites were chosen due to their relative geographic closeness, location 
on the headwaters of major watercourses, heavy infestations of a range of weed species 
at various growth stages, known history of weed control and variability in soil type and 
slope. The UAV, a visual line of sight aircraft, was selected due to payload, endurance and 
manoeuvrability considerations and the ability to disperse both spray and granular 
chemicals.  
 
The initial focus of the UAV was on control of prickly acacia (Acacia nilotica), which at both 
sites has formed dense stands of mature trees with colonisation occurring in paddocks and 
along adjacent watercourses. This evaluation was not developed as a chemical evaluation 
trial but has focused on evaluating control methodologies using the UAV and the relative 
cost/benefits, given its use as a novel form of control.  
 
This paper identifies learnings, successes and constraints of the UAV control methodology 
and highlights the potential role for further application.  
 
Keywords: prickly acacia, weed control, UAV, unmanned. 
 
 
INTRODUCTION 
 
The investment to undertake effective weed control for prickly acacia (Acacia nilotica) 
continues to increase well in-excess of the respective growth in private and public 
investment. This disparity means that increasingly smaller areas are able to be controlled 
with existing techniques, while the area affected by prickly acacia continues to expand. 
This poses a significant concern to land managers and government bodies to continually 
fund woody weed control in Australia. 
 
As a result, Desert Channels Queensland asked PBE Pty Ltd, a company based in 
Western Queensland, to participate in a trial of the efficiency and effectiveness of a range 
of emerging weed control techniques. One of these, the use of an unmanned aerial vehicle 
(UAV) designed for aerial application of agricultural chemicals, occurred in western 
Queensland over the months of April and May 2013. The use of the UAV is the first 
application of its kind in Australia and consequently required the use of innovative 
techniques to apply both foliar and granular chemicals to prickly acacia trial sites. The 
aircraft was chosen as it has the ability to be quickly configured for both foliar and granular 
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application of chemicals. The aircraft is 3.9 m long, has a take-off weight of 100 kg and an 
endurance of 40 minutes. (See Figure 1). 
 

 
 
Figure 1. UAV operated by PBE Pty Ltd configured for foliar spraying. 
 
The properties used to trial the UAV are Mountain Dam and Sesbania.  Both are located 
within the Diamantina Catchment, two hours north of Winton, western Queensland and 
both have significant prickly acacia infestations of varying ages and densities.  
 
The use of the UAV is part of an integrated control program to improve the effectiveness 
and efficiency of prickly acacia control. Prioritisation for the UAV has been to target high 
and ultra-high density sites, such as along depression lines, watercourses and at water 
points where other techniques that had either prohibitive costs or an expectation of limited 
success, as well as at sites that are inaccessible or had work place health and safety 
issues.  
 
 
INITIATING THE UAV FOR WOODY WEED CONTROL 
 
Sites for the UAV were identified using the Landsat mapping and tasking was prioritised 
based on location, weather conditions and the chemical control to be undertaken. All sites 
were geo-referenced, soil type identified and hazards and risks determined for each site.  
 
The largest site tasked for the UAV for application of granular chemicals was 24 ha but 
sites were generally in the order of 5 – 10 ha and the largest area tasked for foliar 
application was a depression line 3 km long and covering 15 ha. These sites were tasked 
to the UAV due to the relatively small size, density and discrete locations. In addition the 
locations were often associated with hazards that precluded other application techniques 
such as terrain, stock and emergent native vegetation. On other parts of the properties, 
particularly those where the prickly acacia density is stable, other control techniques such 
as mechanical and hand application of chemical occurred.    
 
Chemical Dispersal Trials 
 
Dispersal tests for both the foliar and granular chemical application were conducted along 
with flight performance testing. The lack of previous applicable flight data, conversion 
tables and applicable load charts meant that significant time was spent setting up payloads 
and testing application rates before operational flight testing could be planned. This testing 
involved flights along known routes at measured distances to calibrate load discharge.  
 
Granular pellets were dispersed to manufacturer specifications based on soil type with 
dispersal rates continuously monitored throughout the application period. The highest rate 
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of application used was 15 kg/ha with the aircraft distributing a 6 m swath from two 
distribution hoppers. The time to apply the chemicals varied depending on the amount of 
manoeuvring required but averaged 13 flight min/ha.   
 
Foliar chemicals presented the greatest challenges. The variable canopy height, stem 
density and foliar density all affected chemical dispersal. Speed control along with height 
above the canopy was determined as the two critical flight parameters to be managed. 
Water sensitive paper was placed in the lower branches of test vegetation and these 
parameters varied until an acceptable patterning was achieved on the lower branches. As 
with the application of granular chemicals, the level of manoeuvring required affected the 
area covered. In particular, in depression lines and along watercourses the average was 
20 flight min/ha. 
 
 
INITIAL RESULTS FROM THE UAV 
 
The trial occurred in April 2013 and therefore any results are only preliminary at this stage. 
However initial findings suggest that the application of chemicals using the UAV is 
effective, resulting in 99% of targets sprayed with no evidence of shadowing or missed 
spraying. Given the stem density at the sites the UAV was tasked with, this was greater 
than expected. Plants missed occurred due to protection from mature parent trees, rather 
than poor flying. Similarly, with the granular pellets, they were able to be applied 
consistently at their target densities. 
 
The advantage of the UAV, when compared to other application techniques, would appear 
at this stage to be linked to application directly from above. In relation to foliar sprays this 
means application directly onto and through the canopy aided by mechanical turbulence 
from the rotors. From preliminary observations, this appears to be much more effective 
than land based misters and sprays, which often have shadow effects on the non-
misted/sprayed side of the plant. 
 
Effectiveness 
 
While not a chemical trial, it is difficult to determine effectiveness without reviewing results 
at least in some context. The UAV used the aerial foliar application of fluroxpyr with 
adjuvants and dye.  Three age groups were tested and these were all in the dense and 
ultra-dense ranges (greater than 1000 stems/ha). 
 
In the first age group (juveniles), mass germination sites associated with mechanical 
disturbance were sprayed as were mass germination sites associated with water 
inundation in depression lines. Ages were less than two years and there was no evidence 
at this stage of flowering. See Figure 2. 
 
The second age group was semi-mature plants along depression lines, at watering points 
and in watercourses. These plants were typically around 2 m, in the density range of 
500/1000 stems/ha, and at the time of spraying were starting to flower.  
 
The third group, mature plants associated with difficult to access sites that had variable 
densities, were at the early stages of flowering and were targeted as they represented 
seed trees. 
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Long term monitoring will continue on the treated sites to determine the actual kill rate. 
This will be combined with monitoring of the sites treated with granular herbicide following 
sufficient rain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Initial signs of control following foliar spray over a mass germination site 
(juveniles). Time elapsed was 21 days since treatment. 
 
Efficiency 
 
In comparison to the ground application of herbicide, the results from the time trials 
indicated a potential four-fold efficiency gain using the UAV. In addition, a significant 
reduction in occupational health and safety (OH&S) issues was found, such as reduced 
workers interaction with spray drift and reduction in manual work. 
 
In relation to using the UAV for application of granular herbicides (tebuthiuron), it was 
found that there is approximately a 10-fold efficiency improvement in ground application, 
as well as the reduction in OH&S issues and the use of vehicles. 
 
 
CHALLENGES AND FUTURE REFINEMENT OF UAVs FOR WEED CONTROL 
 
There is no doubt that this type of operation will become more common in the future. 
There are however challenges yet to be fully overcome. These include being able to 
maintain skill and dedication in flying such aircraft. This is still maturing and lessons are 
being learnt in flying and applying chemical in relation to certain hazards. In addition, using 
such equipment in western Queensland requires certain adaptations to deal with climatic 
extremes, such as heat and dust.  
 
 
CONCLUSION 
 
The ability of the UAV to operate with such precision, to turn on and off distribution of 
chemicals so easily, its high manoeuvrability and low noise levels, all make this type of 
craft appealing for weed control. The use of the UAV will be trialled on other weed species 
in a range of environmental conditions and in the surveying for weeds, such as the 
invasive cacti of western Queensland, in difficult and hazardous sites. 
 
This paper will be updated within six months on kill rates achieved and relative costs for 
controls undertaken. If you would like further information contact Desert Channels 
Queensland, Longreach. 
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ABSTRACT  
 
This paper presents a summary of the autonomous weed detection R&D program at the 
Australian Centre for Field Robotics (ACFR) over the past seven years. The ACFR has 
used various aerial robots on various detection and mapping projects, targeting weeds 
including prickly acacia (Acacia nilotica), parkinsonia (Parkinsonia aculeata), mesquite 
(Prosopis pallida), wheel cacti (Opuntia robusta) and alligator weed (Alternanthera 
philoxeroides), and extending it to include pests such as detecting Red Imported Fire Ants 
(RIFA) mounds, in various parts of Australia. The algorithm research at ACFR leads to 
various intelligent detection and mapping software systems for accurate terrain mapping, 
vegetation segmentation and detection of different invasive species. 
 
Keywords: Weed detection, pest detection, robotic aircraft, intelligent systems. 
 
 
INTRODUCTION 
 
Over the last seven years the Australian Centre for Field Robotics (ACFR) at the 
University of Sydney has been developing robotic air vehicles and intelligent software 
systems for environment monitoring with particular emphasis on weed detection and 
eradication. 
 
In particular, the work has focussed on developing air systems that can not only fly fixed 
flight paths but also use information gained from on-board sensing systems to determine 
optimal flight routes in real-time to maximise map and weed classification quality.  These 
sensing systems comprise of visual, infrared, and hyperspectral reflectance and include 
machine learning algorithms that can build accurate terrain maps, vegetation segmentation 
and detect different weed species once trained. Both aquatic and terrestrial weeds were 
part of the studies reported here. 
 
This paper will discuss these projects including the development and testing of the 
surveillance system for environment monitoring. The paper will also discuss the current 
system that is being trialled for operational use in weed monitoring, and future work in the 
area. 
 
 
PROJECT SUMMARIES 
 
ACFR has applied the weed/pest detection research on four different applications (Figure 
1). Each involves different species in various environmental settings. 
 
The woody weed detection project focused on the detection and mapping of prickly acacia 
(Acacia nilotica), parkinsonia (Parkinsonia aculeata) and mesquite (Prosopis pallida) in 
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central Queensland (Bryson et al. 2010; Hung et al. 2012). These weeds cause significant 
damage to the environment by out-competing native species and reduce productivity in the 
farming industry through difficulty in land access and cattle mustering. 
 
The cacti detection project focused on the wheel cacti (Opuntia robusta) in large area of 
rangelands in South Australia (Bryson and Sukkarieh 2011).  The wheel cacti are drought 
resistant and have recently been listed in the Weeds of National Significance hit-list. 
 
The aquatic weed detection project focused on alligator weed (Alternanthera 
philoxeroides). Alligator weed is considered one of the worst weeds due to its ability to 
grow both in water and on land. Alligator weed has infested small part of waterways in 
New South Wales, Queensland and Victoria and can cause significant amount of damage 
to the environment, primary industry and water infrasture if it is not controlled. 
 
The RIFA Mound Detection project focused on the detection of Red Imported Fire Ants 
(RIFA) mounds near port of Brisbane (Hung and Sukkarieh 2012). RIFA can threaten local 
species, the bites can cause fatal allergic reaction in some people and the RIFA mounds 
can disrupt agricultural production. 
 

 
Woody Weeds Cacti Alligator Weed RIFA Mounds 

Figure 1. Pest detection project targets 
 
 
METHODOLOGY 
 
The aerial data were collected mostly using the robotic platforms in ACFR. In each mission 
a region of interest with suspected pest infestation is defined. The robotic platforms then 
follow the predetermined flight trajectory to collect aerial images of the entire region of 
interest. The aerial images consist of standard Red, Green and Blue (RGB) images. For 
the RIFA detection mission we were also given the Infra-red (IR) and thermal bands. We 
used image analysis algorithms to detect and map the target distribution using the 
collected aerial images. 
The robotic platforms and the detection algorithms are described in the following sections. 
 
Platforms 
 
Three ACFR aerial robotics platforms have been used in the weed detection missions 
(shown in Figure 2Error! Reference source not found.): a Hovering Unmanned Aerial 
Vehicle (HUAV), a scaled-down autonomous J3 Cub and a hexacopter. All platforms are 
equipped with camera to obtain aerial images, GPS and IMU for navigation and onboard 
computer for control. In addition the HUAV is equipped with a spraying system for the 
optional control and eradication missions. 
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HUAV J3 Cub Hexacopter 

Figure 2. ACFR aerial robotic platforms used in pest detections  
 
Algorithms 
 
The intelligent software detection algorithms developed for these projects followed the 
same overall pipeline with interchangeable sub-components. The main stages of the 
piplelines are image-pre-processing, feature extraction/learning and finally detection, 
classification and segmentation (shown in Figure 3). 

 
Figure 3. Detection Algorithm Overview 
 
The aim of image pre-processing is to format the data that simplifies the analysis in later 
stages. Techniques such as noise removal, data normalisation and whitening, and the use 
super-pixel to group similar neighbouring pixels have been used.  
The next stage is to obtain features either through selection or learning. Features are 
compact representations of the data. A classification algorithm typically performs better 
using the statistics extracted using the features instead of using the original data. In these 
projects standard vision features such as colour (RGB, hyper-spectral and multi-spectral 
channels), texture (defined by banks of Gabor filters, Laplacian pyramids) and shape (tree-
crown template) have been used.  In addition we have also explored the state-of-the-art 
feature learning techniques to obtain features that outperformed the standard feature set. 
The last stage is to perform classification based on the feature responses. In the training 
step the classifiers take the feature response with the training label to learn a classification 
model, this is followed by an evaluation step before the algorithms can be applied to the 
rest of the dataset. In these projects we have applied various classifiers including logistic-
regression classifier, support vector machines (SVM), LogiBoost and Gaussian process 
classifier. 
 
Table 3. Summary of classification and segmentation results. 
Woody Weed Detection Cacti Detection 

 
Achieved an overall accuracy of 95%. 
(Hung 2013, p. 126) 

Achieved an overall accuracy of 84%. 
(Bryson and Sukkarieh 2011) 
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Alligator Weed Detection RIFA Mound Detection 

  
Preliminary results from the Victoria field 
trial 2013. 

Achieved an overall accuracy of 89%. 
(Hung and Sukkarieh 2012) 

 
 
RESULTS AND DISCUSSION 
 
The classification and segmentation results of the projects are shown in Table 3. 
 
 
CONCLUSIONS AND FUTURE WORK 
 
In the past seven years ACFR has developed a system for the environmental surveying 
missions, from the aerial robots used to collect the aerial imagery autonomously, to the 
intelligent software pipeline to detect and map the target weed/pest from the aerial images. 
This system has been applied to four different projects in various parts of Australia and the 
research has shown state-of-the-art detection and classification results that could be 
beneficial to the local communities. 
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ABSTRACT 
 
Cat’s claw creeper and Madeira vine are Weeds of National Significance. Both invasive 
vine species threaten riparian and rainforest ecosystems in Queensland. New biological 
control agents for both these species have recently been approved for release in Australia. 
The leaf mining jewel beetle Hylaeogena jureceki that feeds on cat’s claw creeper was 
approved for release in August 2012, while the leaf-feeding Madeira vine beetle 
Plectonycha correntina was approved in May 2011. Approximately 11,000 H. jureceki 
beetles have been released at 23 sites in Queensland. Approximately 35,000 P. correntina 
beetles have been released at 86 sites in Queensland. The Madeira vine beetle is 
persisting at 58% of sites that have been monitored and feeding damage is evident at 
some sites. The cat’s claw beetle can be found at all monitored release sites and has 
completed development to provide a second generation at most sites. These insects are in 
addition to the leaf-tying moth Hypocosmia pyrochroma and the tingid Carvalhotingis 
visenda, both released to attack cat’s claw creeper in 2007. This paper provides an 
overview of rearing and release techniques and the spread and efficacy of these insects. 
Community groups have a role in the rearing and release of biological control insects, 
providing more rapid spread and establishment. 
 
Keywords: Hylaeogena jureceki, Plectonycha correntina, biological control, Madeira vine 
(Anredera cordifolia), cat’s claw creeper (Dolichandra unguis-cati). 
 
 
INTRODUCTION 
 
Cat’s claw creeper (Dolichandra unguis-cati) and Madeira vine (Anredera cordifolia) are 
two ‘Weeds of National Significance’ that threaten riparian and rainforest ecosystems in 
Queensland. These vines are often located in inaccessible locations that are not suitable 
for mechanical or chemical control methods, making them good candidates for biological 
control. The two biological control insects discussed in this paper, Plectonycha correntina 
Lacordaire (Coleoptera: Chrysomelidae) and Hylaeogena jureceki Obenberger 
(Coleoptera: Buprestidae) are both in the early stages of release programs. The leaf 
mining jewel beetle H. jureceki was approved for release on cat’s claw creeper in August 
2012 and the leaf-feeding Madeira vine beetle P. correntina was approved for release in 
May 2011. H. jureceki is the third agent released against cat’s claw creeper in Australia. 
The leaf-tying moth Hypocosmia pyrochroma and the tingid Carvalhotingis visenda were 
both released in 2007.  
 
This paper gives an overview of the rearing and release techniques and early observations 
regarding the spread and efficacy of these insects. 
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MATERIALS AND METHODS 
 
The insects 
 
Both the larval and adult stages of these insects are leaf feeders, with the larvae of H. 
jureceki being leaf-miners. P. correntina is multivoltine and has a life span ranging from 
20-130 days. Females lay 289-1613 eggs (mean ±SEM: 771±155; n=8) during a lifetime in 
batches of 1-35 eggs (Snow et al. 2012). After 5-6 days incubation, the emergent larvae 
take 9-16 days to complete development before pupating in the soil for a further 19-21 
days (Cagnotti et al. 2007).  
 
Hylaeogena jureceki adults are long lived (up to 314 days) and feed predominantly on new 
leaflets. Females lay eggs on the outer margins of the undersides of basal leaves with 
eggs taking 12-17 days to hatch (Williams 2003). The neonates enter the leaf, mine 
through the leaf for 14-24 days and then pupate in a disc-like pupal case for 11-24 days. 
The pupal case can remain in the leaf or drop to the ground. Average duration of 
development is 55.4±0.2 days (range 52-63) (Dhileepan et al. 2013).  
 
Mass rearing method 
 
Madeira vine  
Plectonycha correntina beetles were reared in air conditioned glasshouse (22-27°C) 
facilities at the Ecosciences Precinct in Brisbane. Beetles were reared in enclosed cages 
(90 x 90 x 40 cm and covered with polyester voile fabric 45 gsm) containing 6-8 Madeira 
vine plants in 14 cm pots. Potting mix was spread on the cage floor as a pupation medium. 
Fifty adults were placed in each cage for approximately two weeks until an adequate 
number of egg batches were laid. Removing adults reserves foliage for newly emerged 
larvae. Larvae usually require supplementary feeding with cut foliage as they consume 
large amounts of leaves during this stage. Newly-emerged adults were harvested 
approximately 42 days after culture was established. Adult beetles were taken to the field 
using small plastic containers lined with absorbent paper and filled with Madeira vine 
cuttings. Containers were ventilated using a mesh layer between the container and the lid 
with a hole cut in the centre.  
 
Cat’s claw creeper 
Hylaeogena jureceki beetles were reared in the same air conditioned glasshouse facilities 
as P. correntina, using the same type of cages. Cages were filled with approximately 20 
cat’s claw creeper plants and 60 adult beetles were then added. Adults were removed 
after approximately 30 days to preserve foliage for larvae. Adult beetles were harvested 
approximately 60 days after the culture was established. 
 
Adult beetles were collected using a vacuum aspirator and taken to the field in small 
plastic containers filled with cat’s claw creeper cuttings. Containers were ventilated using a 
mesh layer between the container and the lid with a hole cut in the centre.  
 
Releases  
 
Releases were generally made in any areas infested by the weeds that were not 
candidates for herbicide spraying or mechanical removal of weeds. Decisions were often 
made in consultation with local councils. 
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Madeira vine  
Single releases were mostly used for Madeira vine infestations, however larger 
infestations were treated multiple times. Adult beetles were released at a single point so 
that dispersal time and distance could be measured if required. Cuttings with insects were 
then draped onto Madeira vine. 
 
Cat’s claw creeper 
Both single and multiple releases (over a number of weeks/months) were made at cat’s 
claw creeper sites. Sites were categorised as riparian areas (most common) and non-
riparian areas. These categories will be used for later comparative analysis of 
establishment success rates. Cuttings with adult beetles were draped over cat’s claw vine 
and the remaining insects gently tapped out onto the vine. 
Monitoring 
 
Searches were conducted at release sites for 10-minute intervals. The number of adults, 
larvae (and larval mines for jewel beetles) and egg batches (for Madeira vine) were 
counted during search. Outer edges of weed infestations were also searched, where 
possible, for signs of insect dispersal. 
 
 
RESULTS 
 
Madeira vine 
 
The average (± SEM) number of beetles from a cage was 498±58. Approximately 35,000 
Madeira vine beetles have been released at 86 sites in Queensland to date. The number 
of insects released at each site varied depending on availability and ranged between 50-
1000 beetles. Plectonycha correntina was recovered from 58% of sites (n=31) that were 
checked during April and May 2013. 
 
Cat’s claw creeper 
  
The average (± SEM) number of beetles from a cage was 632±89. Approximately 11 000 
H. jureceki beetles have been released at 23 sites in Queensland since August 2012. The 
number of insects released at each site ranged between 50-1590 beetles (depending on 
availability). Pupal cases were dispersed at sites during early releases. All life stages of H. 
jureceki were observed at all sites surveyed during April and May 2013. A preliminary 
estimate of insect dispersal at one site was around 60 m over an eight month period.  
 
 
DISCUSSION 
 
Early indications are that both of these insects will probably establish in Queensland. The 
Madeira vine beetle has now overwintered twice since initial release in 2011. While the 
insect has not been recorded at all release sites, many of these sites have heavy 
infestations of Madeira vine and are very difficult to access (in terms of terrain and canopy 
height) so insects may be present but were not observed. The presence of the insect may 
become more obvious at these sites in future.  
 
All stages of H. jureceki have been found at all cat’s claw creeper release sites and long-
term establishment of this insect appears highly likely. The beetle also appears to have 



 71

spread at release sites and hopefully this will translate to widespread distribution of this 
insect over a short time period.  
 
The tingid has severely damaged foliage at some sites and appears well established in 
most areas. The leaf-tying moth does not appear to have established, however release 
sites are still being monitored for signs of the larvae. Widespread establishment and 
subsequent impact from biological control agents may take up to 10 years in some cases 
[e.g. the rubber vine moth Euclasta walleyi (Mo et al. 2000) and Zygogramma bicolorata 
on Parthenium hysterophorus (Dhileepan et al. 1996). 
 
More rapid spread and establishment of P. correntina and H. jureceki can be achieved 
through the involvement of landcare groups, regional councils, schools and community 
groups commencing mass rearing and release programs. Some Landcare groups and 
individuals in south-east Queensland have already begun rearing programs for both 
beetles. This approach has been very effective in boosting the numbers and spread of 
insects such as the tingid (Dhileepan et al. 2010). 
 
 
REFERENCES 
 
Cagnotti, C., McKay, F. and Gandolfo, D. (2007). Biology and host specificity of 
Plectonycha correntina Lacordaire (Chrysomelidae), a candidate for the biological control 
of Anredera cordifolia (Tenore) Steenis (Basellaceae). African Entomology 15(2): 300-309. 
 
Dhileepan, K., Madigan, B. Vitelli, M., McFadyen, R., Webster, K. and Trevino, M. (1996). 
A new initiative in the biological control of Parthenium. In: Proceedings of the Eleventh 
Australasian Weeds Conference (ed. RCH Shepherd) pp. 309-312. Weed Science Society 
of Victoria, Melbourne. 
 
Dhileepan, K., Trevino, M., Bayliss, D., Saunders, M., Shortus, M., McCarthy, J. and 
Snow, E.L. (2010). Introduction and establishment of Carvalhotingis visenda (Hemiptera: 
Tingidae) as a biological control gents for cat’s claw creeper Macfadyena unguis-cati 
(Bignoniaceae) in Australia. Biological Control 55: 58-62. 
 
Dhileepan, K., Taylor, D.B.J., Lockett, C. and Trevino, M. (2013).  Cat’s claw creeper leaf-
mining jewel beetle Hylaeogena jureceki Obenberger (Coleoptera: Buprestidae), a host-
specific biological control agent for Dolichandra unguis-cati (Bignoniaceae) in Australia. 
Australian Journal of Entomology 52: 175-181. 
 
Mo, J., Trevino, M. and Palmer, W.A. (2000). Establishment and distribution of the rubber 
vine moth, Euclasta walleyi Popescu-Gorj and Constantinescu (Lepidoptera: Pyralidae) 
following its release in Australia. Australian Journal of Entomology 39: 344-50. 
 
Snow, E., Palmer, W.A. and Senaratne, K.A.D. (2012). The release of Plectonycha 
correntina, a leaf feeding beetle for the biological control of Madeira vine. In: Proceedings 
of Eighteenth Australasian Weed Conference (ed V Eldershaw) pp. 339-342. Weed 
Science Society of Victoria, Melbourne. 
 
Williams, H.E. (2003). Release of the Brazilian leaf-mining jewel beetle, Hylaeogena 
(Hedwigiella) jureceki, from quarantine in Pretoria, for biological control of the invasive 
weed, Macfadyena unguis-cati, in South Africa. Report to the National Department of 
Agriculture, South Africa. 



 72

WEED INVASION VIA A WEED SHAPED HOLE: 
 INADVERTENTLY GIVING EXOTIC ALIEN INVADERS A LEG UP 

 
Marcus Bulstrode 

School of Earth and Environmental Sciences, James Cook University, Cairns, Queensland 
 
 
ABSTRACT 
 
The condition of riparian vegetation across most parts of Australia shares a common trend: 
one of general decline. Riparian zones in Australia are exposed to increasing pressure 
from agriculture and urban expansion. Disturbed natural systems can provide lowered 
levels of resistance to invasion by exotic alien species. This situation is exacerbated when 
the disturbed state persists for extended time periods. Weed invasion coupled with invader 
‘transformer’ characteristics can remove the capacity for natural vegetation communities to 
perform critical ecosystem function such as renewal through regeneration. Transformer 
weed species possess the ability to change the character, form, or nature of ecosystems 
over substantial areas and substantially modify pre-existing disturbance regimes.  
 
Weed management practices, such as non-selective herbicide use along the 
cropping/riparian interface, creates prolonged periods of disturbance. This type of weed 
management creates a ‘weed-shaped hole’ which is vulnerable to colonisation by other 
invasive species, including transformer plant species, which may drastically alter the 
‘natural’ successional pathway. 
 
This paper examines the effect of weed management practices for high biomass grasses 
(i.e. Guinea grass) on successional pathways in riparian zones of the Wet Tropics.  It also 
examines systems where the transformer weed Sphagneticola trilobata (Singapore Daisy) 
dominates riparian zones and its impact on riparian ecosystems and succession.  
 
Through considering resilience, disturbance, vulnerability, invasion and transformation, this 
paper investigates the core features of invasion by transformer weeds, including: 
processes causing a reduction in ecosystem condition, traits and attributes of the invader 
class, and vegetation community transformation. 
 
Keywords: riparian vegetation, Singapore daisy, transformer, regeneration, novel 
ecosystems. 
 
 
INTRODUCTION 
 
The rainforests of Queensland’s Wet Tropics region have been severely cleared and 
fragmented by agriculture and urbanisation (NWC 2010). Decades of inappropriate and 
poor management of the region’s water courses sees many catchments now exhibiting 
degraded riparian vegetation (Lewis and Brodie 2011; Hunter and Walton 2008). Riparian 
vegetation provides the interface between aquatic and terrestrial environments providing a 
range of important landscape functions including, habitat for wildlife, hydrologic regulation, 
filtration of sediments and nutrients, bank and bed stabilisation, water temperature 
regulation, and provision of aquatic habitats and productivity (Hancock et al. 1996). 
 
Due to their linear nature and high edge:area ratio, riparian forests are particularly 
predisposed to disturbance and weed invasion originating from the surrounding matrix.  In 
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the Wet Tropics, riparian vegetation also experiences high levels of natural disturbance 
from cyclones.  Due to the increasingly fragmented state of tropical forests, invasive plants 
are now becoming a major issue for management and conservation (Murphy 2008). 
Rainforests of the Wet Tropics region show a remarkable ability to recover from severe 
natural disturbance but this self-repair may be compromised by synergies such as forest 
fragmentation and weed invasion (Turton 2012). Transformer weeds are a small subset of 
invasive plant species that can initiate profound ecological change. The transformer weed 
Singapore daisy provides insights into new and novel successional pathways in 
Queensland’s Wet Tropics region as well as internationally. Novel ecosystems produced 
by transformers reduce biodiversity and provide permanently species depauperate climax 
states. 
 
The standard weed management practice along thousands of kilometres of riparian edge 
in the Wet Tropics region is to blanket spray from end to end. Due to the use of 
nonselective herbicides, most native tree recruits within managed zones are sprayed down 
during weed maintenance (generally every few months). This weed control effort is often 
directed towards high biomass grasses (HBG) such as Guinea grass (e.g. Panicum 
maximum, Megathyrsus maximus), particularly by the sugar cane industry. Guinea grass is 
a significant environmental and cropping pest. These grasses often reach three metres in 
height, obscuring regenerating native trees and facilitating tree mortality from overspray 
during weed control activities. What has not been well understood is that though Guinea 
grass has a direct negative effect on riparian areas, perhaps more importantly, so does its 
control.   
 
Performing weed control on disturbed riparian areas using nonselective herbicide is likely 
to develop a weed-shaped hole. This ‘hole’ in the natural vegetation and its management 
presents a reduced capacity for the site to progress along natural successional pathways 
towards a previous climax state. By their very design, herbicides that kill all plants should 
keep a site, particularly when sprayed multiple times per year, in a state of constant 
colonisation followed poison-induced mortality. If the same management regime continues 
over extended time periods then these highly disturbed sites are vulnerable to colonisation 
by other invasive species. If the eventual invader is a transformer weed then the original 
activity that created the weed-shaped hole is no longer relevant to the future state of the 
site. The invader, through controlling competitor survivorship, can now determine a novel 
successional pathway towards an altered, future climax state (Figure 1).  
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. The conceptual model of declining riparian vegetation due to disturbance (here 
indicated by fire but can be substituted with herbicide) followed by subsequent invasion, 
transformation and species reduction.  
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Figure 2 shows a theoretical framework of the impact of invasion on successional 
pathways which incorporate the transformer pathway. This is a somewhat novel addition to 
previously articulated successional pathways. The research outlined here aims to clarify 
the role of human and natural disturbance on invasion by transformer weeds and 
subsequent impacts on the ability of natural systems to regenerate. 
 
 

 
Figure 2. A theoretical framework incorporating the transformer successional pathway. 
 
Study region 
The study area for this research is Australia’s Wet Tropics bioregion, an area of 
approximately two million ha extending from 15° S to 18° S. The region’s key primary 
industries are sugar cane, bananas and grazing. Of particular relevance to this research is 
the coastal lowlands which experiences high annual rainfall and are intensely cropped. 
 
 
MATERIALS AND METHODS 
 
To identify prolonged disturbance mechanisms, four properties with riparian vegetation 
(two sugar cane, one grazing, one revegetated wetland) have each had three replicates (5 
m x 3 m) of three treatments established. Treatments include weed control with Roundup 
Biactive® 360 g/l glyphospate @ 1 L/100 L water (nonselective), Verdict™ 520 g/L 
haloxyfop @ 2.5 mL/100 L water (monocot specific), and a control (allowing full weed 
growth). To understand an alien invader, the transformer weed S. trilobata is being 
evaluated at many sites across the region for morphological variation, growth habit, plant 
health, reproduction method, herbicide control (using Associate® 600 g/Kg metsulfuron 
methyl @ 10 g/L water), light (PAR, Red/Far Red), soil moisture tolerance, as well as intra-
species competition within large infestations.  
 
 
DISCUSSION/RESULTS/CONCLUSION 
 
Selective herbicide trials on Guinea grass commenced one year ago as part of a pilot 
study, this site is now exhibiting significant native tree germination with no herbicide 
induced mortality observed in native tree seedlings. Species commonly found in the 
treated areas after the grass has decomposed are pioneer species such as Homalanthus 
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novoguineensis and Macaranga mallotoides. Though this study has some time to run, 
early results appear to support the theoretical model. The trial shows, that in sites not 
currently invaded by transformer weeds, the native vegetation community can respond 
through native tree germination, and over time this should lead to vegetation succession 
with prospects for enhanced biodiversity outcomes in production landscapes. 
 
Observations of S. trilobata infestations reveal that there is no native tree recruitment 
present within patches (sometimes hectares in area). This supports the transformer 
pathway of the theoretical framework (Figure 2), indicating that only human intervention 
can now return these areas to previous succession pathways.  A comprehensive review of 
the literature reveals that little work has been done on the propagation method of S. 
trilobata and this study indicates that it is probably asexual; though seed is produced (up to 
43 per flower). S. trilobata is present in all Wet Tropics catchments with many kilometers of 
riparian edge now transformed (e.g. Russell Catchment). 
 
Management implications 
 
Changes to current weed management practices are needed. The availability of selective 
herbicides allow for the implementation of targeted management programs that both 
reinstate riparian ecosystem function and reduce target weed load over time. If weed 
control practices leave sites vulnerable, then more profound weed invasions can occur. 
These new invaders may transform ecological systems from ones that have the capacity 
for self-repair to ones where repair requires costly human interventions. 
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ABSTRACT 
 
Biofuel crops offer potential benefits to a world adjusting to the challenges of climate 
change and declining fossil fuel stocks. However the plant attributes that make plants ideal 
biofuel crops are frequently the same as those that make them invasive. Pongamia, or 
diesel tree (Millettia pinnata, formerly known as Pongamia pinnata), is a small leguminous 
tree with a broad natural distribution across Asia including northern Australia. The seeds of 
Pongamia contain oil useful for the manufacture of biodiesel and the species is currently 
being widely promoted and planted in Queensland. While Pongamia has been assessed 
as posing a low weed risk for Queensland, we discuss here several factors that increase 
the invasion potential. We outline the elements of a containment strategy which balances 
the increasing demand for biofuels with the ecological and economic consequences of the 
plant’s escape from cultivation. 
 
 
INTRODUCTION 
 
Interest in biofuels is increasing in Australia due to volatile and rising oil prices, the need to 
reduce greenhouse gas emissions, and the recent introduction of a price on carbon.  
Pongamia (Millettia pinnata (L.) Panigrahi) is an arboreal legume in the family Fabaceae.  
The seeds of Pongamia contain oil rich in C18:1 fatty acid; the oil has traditionally been 
used for lanterns and cooking stove fuel (Scott et al. 2008). Pongamia is currently being 
widely promoted in Queensland as a source of biodiesel. Pongamia’s native range extends 
through the Indian sub-continent to central and south-east Asia into northern Australia.  
The species is considered widely naturalised including in China, Japan and the United 
States (Murphy et al. 2012).  
 
The plant attributes that make for ideal biofuel crops are frequently the same attributes that 
make a plant invasive (Buddenhagen et al. 2009). Biosecurity Queensland determined that 
Pongamia posed a low risk to Queensland based primarily on the fact that there is 
currently no evidence that the species has significant negative impacts as a weed 
elsewhere in the world, and that it is considered native in Queensland (Csurhes and  
Hankamer 2010). However, Pongamia is being widely planted outside its natural range in 
Australia and the outputs of climate modelling indicate that Pongamia has the potential in 
the future to naturalize across much of the continent (Kriticos et al. 2013). Furthermore, 
the source of plantation stock comes from the germplasm of very vigorous individuals from 
the Indian sub-continent or elsewhere, not from the Australian population (Murphy et al. 
2012). The Queensland weed risk assessment highlights the risk involved with the 
importation of Pongamia germplasm that introduces new genetic material into the 
Australian Pongamia population, possibly enhancing its fecundity, adaptability and 
invasion potential. Currently there is no restriction on import of Pongamia from outside 
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Australia due to it being considered a native species here. However, the taxonomy of 
Millettia is poorly studied and the nomenclature unclear (Adema 2000; Clarkson 2012); 
Adema (2000) noted the variability observed in the species and expressed the view that 
“further field studies may show the existence of more taxa”.  
 
Most significantly, there is currently no established industry or demand for Pongamia oil in 
Australia. As a result, it is inevitable that there will be some abandonment of plantations 
due to their being commercially unviable.  Despite the claims of some Pongamia seedling 
suppliers, there is significant uncertainty regarding many aspects of the production system 
including the oil yield, the relationship between environment (location), genetics and yield, 
and the harvesting and oil extraction methodology, and a substantial investment in R&D is 
required to reduce the risk to investors of financially unviable plantations (Murphy et al. 
2012). Given the increasing number of growers investing in Pongamia plantations in 
Queensland and across Australia, and the high level of uncertainty associated with its 
future commercial viability, it is prudent to consider a strategy for minimising the future 
ecological and economic consequences of its escape from cultivation.   
 
 
A CONTAINMENT STRATEGY 
 
Containment is defined as “a deliberate action taken to prevent establishment and 
reproduction of a species beyond a predefined area” (Grice et al. 2012). Species vary 
greatly in how readily they may be contained based on their life-history characteristics, the 
distribution of suitable habitat, their value for production, and aspects of the production 
system (Grice et al. 2010). Grice et al. (2010) suggest that species with high reproductive 
output, a capacity for long-distance dispersal and high recruitment probabilities are difficult 
to contain.  Pongamia is claimed to have high reproductive output, but since the seeds are 
the commodity, an efficient production system will not generate much excess seed.  Long-
distance dispersal may occur via water, however the likelihood of this occurring can be 
minimised to a large degree with appropriate management. Survivorship of seedlings 
without management (i.e. weed control and irrigation) is thought to be low (Murphy et al. 
2012). Also in its favour is that Pongamia is intensively managed (as opposed to 
extensively managed, e.g. pasture species) making containment more feasible. We 
suggest Pongamia makes a relatively good candidate for effective containment to 
plantations and below we identify the elements required of an effective containment 
strategy and actions that might be implemented to achieve this.  
 
 Element Action 
1 Sourcing material – This element 

aims to reduce the likelihood of new 
genetic material being introduced to 
the Australian Pongamia population. 

 Germplasm, cuttings or seeds for 
Pongamia should be sourced from 
existing native Australian stocks.   

2 Locating plantations in the 
landscape – Pongamia may be 
able to naturalise and persist in 
microsites with favourable soil 
moisture that are otherwise 
projected to be unsuitable.  This 
element aims to reduce the 
likelihood of spread from plantations 
and the impacts on protected areas. 

 Pongamia should not be planted within 
200 m* of gullies, creeks, riparian 
zones and seepage lines 

 Pongamia plantations should not be 
established within 200 m of 
conservation reserves. 

*Here we assume a maximum dispersal distance 
of 200 m, though dispersal mechanisms for 
Pongamia are not clear and buffer zones will need 
to be modified based on any new knowledge. 
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3 Management of plantations – An 
efficient production system would 
aim to remove all seed from 
Pongamia trees for oil extraction.  
However, there is always the 
possibility some seed will be left 
behind or will fall before harvest; this 
element aims to reduce the 
likelihood of seed being transported 
or establishing off the plantation.  
 

 A healthy grass sward should be 
maintained in a 200 m buffer around 
the plantation and in the inter-rows. 

 Sufficient ground cover and soil 
condition should be maintained in a 200 
m buffer around the plantation to 
minimise the risk of seed being 
dispersed during heavy rain. 

 Plantations should be fenced to 
minimise risk of stock dispersing seed. 

 Harvesting machinery should be 
cleaned in accordance with standard 
weed seed hygiene procedures before 
being moved off-site. 

4 Transport from plantation for 
processing –This element aims to 
reduce the potential for spread of 
seed off-plantation during transport 
to a processing facility. 

 Trucks carrying plant material should 
be covered during transport. 

 Trucks carrying seed should be 
thoroughly cleaned before leaving the 
processing facility. 

5 Surveillance and monitoring – this 
element aims to ensure the 
containment actions in elements 2 – 
4 are effective and to rapidly detect 
any breaches in the strategy. The 
containment strategy itself must be 
adaptive and regularly reviewed to 
take into account new data and 
knowledge. 
 

 Regular monitoring should be 
conducted of the plantation buffer area, 
fence lines and adjacent areas. 

 Regular surveillance should be 
conducted of any adjacent creeks, 
riparian habitat, gullies etc. 

 Plants detected outside the plantation 
areas should be controlled immediately 

 The source of any individuals occurring 
outside the plantation area should be 
investigated and remedial actions 
determined. 

6 Plantation closure and 
rehabilitation – Implementation of 
Parts 1 to 3 of the containment 
strategy outlined here will minimise 
the risk of invasion following 
abandonment. However, policy 
instruments that mandate the clean-
up of unviable plantations are also 
required to mitigate this risk.   

 At the cessation of production all 
Pongamia trees should be destroyed.  

 Control should be undertaken for as 
long as necessary to exhaust the seed 
bank, and until natural vegetation/crop 
or pasture, has re-established. 

 The plantation area should be 
rehabilitated to prevent soil erosion. 

 
 
CONCLUSION 
 
Biofuel crops offer potential benefits in mitigating and adapting to the effects of climate 
change and declining fossil fuels. However prudent risk management requires balancing 
such benefits with measures to reduce the impacts on biodiversity, other production 
systems and livelihoods. It is likely many Governments and market sectors that utilise 
biofuels in the future will require the demonstration of quantitative, robust and 
independently verified (or certified) sustainability credentials (Lee et al. 2011). Pongamia 
growers who wish to supply oil to processing facilities that supply these market sectors 
may then be required to participate in an Industry body under a Code of Practice that 
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incorporates a containment strategy. In addition, the recent Australian legislation to extend 
the period for excise relief for biofuels requires that in order to qualify, the biofuels must 
meet ISO sustainability standards. The Pongamia industry would benefit from establishing 
an Industry body and developing a containment strategy embedded in a Code of Practice 
early so that they are not left trying to retrofit industry practice once these standards are 
introduced (Murphy et al. 2012). The Leucaena Code of Practice is an example of an 
Industry initiative aimed at balancing sustainability and biosecurity with productivity of 
Leucaena pastures for beef production (http://www.leucaena.net). Establishment of an 
industry body similar to the Leucaena Network would be a valuable step in the 
development of the Pongamia industry. 
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ABSTRACT 
 
The risk of glyphosate resistance in non-cropping situations is poorly documented. In order 
to get a better understanding of this risk in Queensland, we modified the Department of 
Agriculture, Fisheries and Forestry Glyphosate Resistance Toolkit to deal with non-
cropping situations, collected data from over 140 workshop participants on their patterns of 
herbicide use, and used the modified toolkit to score each participant’s risk. The collated 
information provided us with a way to test for risk variations between regions and industry 
types, and gave an insight into the participants’ level of knowledge about resistance and 
what factors restrict their choices around sustainable herbicide use.  
 
Water, railway and aviation infrastructure authorities, and local governments were using 
the highest-risk strategies for weed management (from the point of view of glyphosate 
resistance). Most industry sectors tested had a high degree of variation in risk levels: some 
managers in each sector reported using low-risk strategies, and some reported using high-
risk strategies. No consistent differences were found between northern, central, and south-
eastern Queensland. 
 
Identifying sectors at high risk of resistance will allow us to develop and deliver strategies 
for more sustainable glyphosate use, tailored to those sectors that most need help. Having 
identified high-risk situations, we can work towards ensuring that a range of chemical and 
non-chemical weed control methods are available in those situations and that weed 
managers have the knowledge and flexibility needed to use them effectively.   
 
Keywords: glyphosate resistance, risk assessment, weeds 
 
 
INTRODUCTION 
 
In broadacre cropping, the effect of weed management decisions on the development of 
herbicide resistance is well known, with populations of over 200 crop weed species now 
identified as resistant to at least one herbicide (Heap 2013). Although a number of factors 
influence the evolution of resistance in weed populations, evidence suggests that the most 
important factor is weed management; in particular, the overreliance on a single herbicide 
mode of action. The situation in non-cropping sectors is exacerbated: herbicide options are 
often fewer than in cropping; financial and human resources are more limited; and physical 
access to weeds at the optimal time for control is often hindered. Losing the use of one or 
two herbicides could spell disaster in this sector. In many non-cropping situations, 
however, the implications of herbicide resistance for weed management hasn’t attracted a 
lot of thought or analysis. 
 
Glyphosate is the most widely used herbicide in the world, killing a wide range of perennial 
and annual weed species (Duke and Powles 2008). In addition to its use in agriculture, 
glyphosate is used for weed control in other sectors including roadsides, utility easements, 
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pastures, native vegetation areas, parks and gardens and industrial premises. Thus its 
loss through resistance is commensurately important. At the time of writing, glyphosate 
resistance had been confirmed in flaxleaf fleabane (Conyza bonariensis) in six roadside 
sites in Queensland (Preston 2013) which, though significant, is substantially fewer than 
the 24 populations of glyphosate-resistant weeds (fleabane and awnless barnyard grass, 
Echinochloa colona) confirmed as glyphosate-resistant in Queensland cropping. We 
suspect, however, that many more non-cropping weed populations are at high risk of 
glyphosate resistance. To test our suspicions, and to inform non-cropping sectors about 
their risks, we surveyed the weed control strategies of a range of Queensland non-
cropping industries and organisations, and analysed their responses to determine the level 
of risk in different industry sectors across three regions in Queensland. 
 
 
MATERIALS AND METHODS 
 
Management risk assessment 

We adjusted an established risk assessment protocol (Werth et al. 2011) for use in non-
cropping situations by developing values for weed control methods not previously included 
in the protocol. In brief, the glyphosate resistance risk score is calculated as the number of 
glyphosate applications minus values for the number and efficacy of non-glyphosate 
tactics used (Table 1). 
 
Table 1. List of parameters used in assessment equations 
Description Parameter  Value 
Glyphosate application Ag 1.0 (per appl.) 
Other herbicide application Ko -0.95 
Slashing Ks -0.70 
Physical removal Kp -0.99 
Burning Kb -0.90 
Seed harvest Kh -0.90 
Mulching Km -0.80 
Tillage Kt -0.95 
Other practices Kz -0.50 
 
Management risk (Rm) for glyphosate resistance is calculated as in Equation 1: 
 
Rm = Ag + Σ K(x).K(x)a.K(x)f          1 
 
where variables with the form K(x) are all the variables labelled K in Table 1. K(x)a are 
adjustment factors (ranging from 0.95 to 0.45) to account for less than 100% efficacy  
achieved by non-glyphosate applications for each non-glyphosate control method used; 
and variables K(x)f are multipliers for the number of applications of each tactic per year. 
 

Surveys 

We surveyed non-cropping weed managers in face-to-face workshops and online via 
Surveymonkey. We held eight workshops across three Queensland regions (Northern, 
Central, and South-Eastern) in August 2011, in which we asked participants to complete a 
survey on their weed management practices. The survey included information on selection 
factors for glyphosate resistance in a specific area of land nominated by the respondent. A 
total of 141 responses over 15 industry sectors were collated into a database for analysis. 
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RESULTS 
 
Sector risks 
 
The mean management risk score allows comparison between the weed management 
strategies of various industry sectors (Table 3). Although some sectors only had a few 
responses, there was a wide range of average risk levels, as well as a wide range of 
scores within sectors. Water authorities, railways, aviation and local government had 
average risk scores above 2.0, indicating high risk of resistance. Use of the original 
protocol on cropping systems found average scores for the riskiest cropping phases – 
where several populations have developed resistance – to be 1.5 (Werth et al. 2011). 
 
Table 3. Management risk scores for industry sectors responding to a weed management 
practice survey. Scores >0 indicate increasing tendency to select glyphosate resistance. 

Sector 
Average 
risk score Minimum Maximum Range # responses 

Water Authority 5.8 5.2 6.4 1.2 2 
Rail 3.0 -4.0 4.4 8.4 6 
Aviation 2.9 1.1 3.7 2.6 3 
Local govt 2.6 -5.6 10.1 15.7 53 
National Parks 1.8 -1.4 5.0 6.4 16 
Forestry 1.6 -1.1 4.7 5.7 9 
Defence 1.7 1.5 2.0 0.5 3 
Education 1.4 0.6 1.9 1.3 3 
NRM/Catchment Mgt 1.4 -0.7 3.3 4.0 9 
Volunteer orgs 1.1 -1.2 4.4 5.6 6 
Grazing 1.0 -1.6 3.3 4.9 3 
Horticulture 1.0 -2.4 4.3 6.8 7 
Contractor/consultant 0.5 -4.7 3.3 7.9 6 
Transport/Main Roads 0.5 0.0 2.0 2.0 4 

 
Regional variations    
 
Regional variations in herbicide use patterns for the five best-represented sectors from the 
survey are shown in Table 4. Central Queensland reported an average somewhat lower 
(and with less variability) for local governments than for similar bodies in northern and 
south-east Queensland, but reported the highest-risk practices in horticulture and forestry. 
Northern Queensland national parks and catchment management sectors were higher risk 
than those in other parts of the state, while south-east Queensland reported markedly 
lower risk in these sectors than other regions, but had the highest-scoring managers on 
average in local government. While mean scores were often substantially different, low 
sample numbers and high within-region variability meant that these differences were rarely 
statistically significant. No overall significant effect of sector or region, or interactions 
between them, was found. 
 
Current glyphosate usage and industry knowledge 
 
Glyphosate was found to be the most frequently used herbicide (64%) by survey 
participants. Most participants (86%) apply glyphosate more than once annually, with 10% 
applying glyphosate nine times or more per annum on the same parcel of land. Twenty-
nine percent of respondents recorded glyphosate usage for >15 years in their 
organisations, and only 26% of participants reported keeping consistent, formal records of 
weed control applications. Most participants (84%) had low levels of understanding of the 
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drivers of herbicide resistance, and few (25%) would find it easy to implement alternative 
control methods. The survey also identified 214 weeds that are regularly targeted for 
control, of which 22 recorded a high risk score for resistance.  
 
Table 4. Management risk scores for five key industry sectors, analysed by region 
Industry Sector Average risk score per region (no. of 

responses) 
Risk score range within region 

North Central South-East North Central South-East 
Local Government 2.8 (14) 1.9 (19) 3.1 (20) 14.6 4.9 14.4 
National Parks 2.4 (11) 1.3 (1) 0.3 (4) 4.6 0.0 2.9 
NRM/Catchment 
Management 

2.7 (3) 1.2 (2) 0.5 (4) 5.4 3.7 1.0 

Horticulture 0.3 (3) 1.6 (4) n/a (0) 5.4 4.3 n/a 
Forestry 1.6 (3) 2.0 (2) 1.4 (4) 4.3 0.0 5.8 
All Sectors Total 2.1 (47) 1.5 (45) 2.1 (49) 14.6 9.1 14.4 
 
 
DISCUSSION 
 
The sector mean scores provided us with information on where more education, better 
weed management strategies, and a wider range of control options are most needed. 
Priority sectors include water, rail, and aviation infrastructure management, and local 
governments. Contractors, consultants, graziers, horticulture and Department of Transport 
and Main Roads operations appear to be at low risk at present. However, high variation 
within almost all sectors suggests that it is important that enterprises and organisations 
assess their own individual risk profile, and respond accordingly. Even in high-risk sectors 
like local government and water authorities, low-risk weed management is being carried 
out by some organisations, and therefore remains an achievable goal. The barriers of 
knowledge, resources and opportunity to improved sustainability of weed management 
that we observed in the survey may not be distributed evenly among sectors, but will need 
to be addressed by all. 
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ABSTRACT 
 
Tropical soda apple (TSA) Solanum viarum, is an aggressive, prickly, perennial shrub 1–2 
m high. It invades open to semi-shaded areas including pastures, forests, riparian zones, 
roadsides, recreational areas, horticulture and cropping areas.  Its foliage is unpalatable to 
livestock; it competes with pasture species and reduces carrying capacities. 
 
It was first identified in Australia in the upper Macleay Valley near Kempsey in Northern 
NSW in August 2010. It is, however, believed to have been present in this area for a 
number of years. Subsequent surveys found infestations at Taree, Grafton, Bellingen, 
Macksville, Coffs Harbour, Bonalbo, Casino and Wauchope. The smaller infestations have 
been eradicated and the larger areas are subject to active ongoing control programs. In 
2011 a small number of plants were discovered in the Namoi and Border Rivers-Gwydir 
catchments associated with the movement of cattle from infested coastal areas. 
Infestations were traced to properties near Tamworth, Gunnedah and Inverell.  
 
A NSW Tropical Soda Apple Taskforce has been established to oversee coordinated 
management and awareness programs in the regions. This paper provides an overview of 
the NSW response to tropical soda apple, including a review of the identification, spread, a 
summary of the detection, planning and coordination of control activities in NSW and an 
update on the current and future programs to manage this weed. This program 
demonstrates the importance of state and local government partnerships in effectively 
managing weeds of state and national significance. 
 
Keywords: tropical soda apple, new incursion, identification, tracing 
 
 
INTRODUCTION 
 
Tropical soda apple (TSA) is a native of north eastern Argentina, south eastern Brazil, 
Paraguay and Uruguay. It was first recorded in Florida in 1987 and by 1990 was known to 
infest 10,000 ha and 500,000 ha by 1995. By 2007 it had spread to nine other south 
eastern states in the USA where it is now a Federal Noxious Weed. TSA is an upright, 
branching, perennial shrub growing to 2 m in height. It has broad-based, straight, cream-
coloured prickles to 12 mm long scattered on most plant parts. Mature fruit are yellow and 
golf ball-size (20–30 mm in diameter) and can contain up to 200-400 small brown seeds 
about 3 mm across. The seeds of the plant are sticky and readily adhere to most surfaces 
such as animal hooves and coats. When immature they are pale green with dark green 
veins, like immature water melons. In the USA plants produce an average of 45,000 
seeds. The sweet smell of mature fruit attracts animals and seeds pass through the 
digestive tract unharmed and will germinate in dung. TSA reproduces via seed and can 
regenerate from root material. The fruit is highly palatable when ripe and readily eaten by 
animals with major vectors of spread including cattle, feral pigs and deer as well as birds. 
Movement by water through flood events also contributes to downstream spread. 
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THE 2010 INCURSION AND RESPONSE 
 
In early 2010, local graziers brought a new weed to the attention of Kempsey Shire 
Council (KSC), concerned over its rapid spread during the past two years. A plant sample 
was sent to the National Herbarium at the Royal Botanic Gardens, Sydney where it was 
identified as Solanum viarum. This was the first recording of TSA in Australia. Following 
the positive identification in August 2010, KSC and the New England Weeds Authority 
(NEWA) led the way in a delimiting survey. The initial infestation covered approximately 50 
ha along a 100 km stretch in both council areas in the upper Macleay catchment.  
 
After considerable media attention and awareness, later in 2010 and during 2011, new 
TSA infestations were being found in neighbouring council areas. These were associated 
with cattle grazing enterprises, cattle movements and saleyards. Significant infestations 
were found in the Coffs Harbour, Clarence Valley and Far North Coast Weeds (Casino, 
Bonalbo, Lismore, Murwillumbah) Council areas. Small infestations were also found near 
Taree, Wauchope, Macksville, Bellingen, Gunnedah, Inverell, Tamworth, and these have 
since been eradicated. 
 
At many of the TSA sites, the weed had been previously observed but misidentified as 
Devil’s apple, Solanum capsicoides or Apple of Sodom, Solanum linnaeanum and was 
only later to be confirmed as TSA. It is suspected that TSA was present at some of the 
sites for up to four years prior to its initial identification, either being misidentified or going 
unnoticed. It was not until the NSW North Coast experienced a succession of mild winters 
and wetter than average years that the establishment of TSA appeared to increase 
exponentially. There has been ongoing debate as to how TSA may have arrived in the 
area, possibly from overseas travellers, imported cattle, or as an ornamental plant.  
 
As part of the response, meetings were held with Councils and NSW Department of 
Primary Industries (NSW DPI) to plan the initial control activities. Subsequently, council 
staff from three regions; the Mid North Coast, Northern Inland and North Coast regional 
weeds committees, joined forces using their highly developed rapid response capability to 
implement a major control campaign in the Macleay valley. The campaign consisted of two 
control passes. The initial sweep was in November 2010, with a follow up in February 
2011. The programs provided complimentary treatments for TSA across all land tenure, 
including private landowners, council roads and along riparian zones.  
 
Further north in the Coffs Harbour, Clarence, Bonalbo and Casino areas, the respective 
councils undertook their own control programs. Each affected landowner in all areas 
received at least one complimentary control treatment for TSA.  
 
Planning and Funding 
 
NSW DPI led the way with the formation of the NSW Tropical Soda Apple Taskforce. The 
taskforce oversees and coordinates the management, awareness, planning, and external 
funding programs for TSA. Membership is made up from councils, Regional Weed 
Committees, Livestock Health and Pest Authority, NSW Farmers and NSW DPI.   
 
NSW DPI also undertook herbicide evaluation trials and obtained an APVMA permit. 
Permit 12942 allows for the use of Grazon Extra, Grazon DS, glyphosate mixed with 
metsulfuron methyl, for use in NSW and Queensland. Further results have shown that 
Grazon Extra, containing aminopyralid gives the most effective long term results.  
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DPI undertook a weed risk assessment that resulted in TSA being declared a Class 2 
noxious weed under the NSW Noxious Weeds Act 1993. This requires “the weed to be 
eradicated from the land and the land must be kept free of the plant.” 
 
The NSW Invasive Species Plan (ISP) provides the strategic framework for managing new 
weed incursions and high priority species. The TSA incursion and response are high 
priorities within the plan, particularly relevant with plan objectives 2.1 Timely detection of 
new incursions; and 2.2 Rapid responses to eradicate or contain new invasive species. 
The ISP is implemented through a NSW Government grant program known as the Weeds 
Action Program (WAP), which is administered by the DPI. In 2010-11 financial year $8.8 
million was allocated, mainly to councils, through the WAP.  
 
The three affected regions were allocated a total of $2.3 million for their overall noxious 
weed programs, in which TSA was one of the highest priorities. The respective councils 
more than matched the allocated WAP funds. A further $30,000 was allocated from the 
DPI new incursion fund and $15,000 from the Northern Rivers Catchment Management 
Authority.  
 
NSW DPI with the support of the taskforce developed and submitted a National 
Environmental Biosecurity Response Agreement (NEBRA) application for Federal funding 
and a cost sharing arrangement. This application was unsuccessful.  
 
After failing to secure NEBRA funding for a potential national eradication program, the TSA 
Taskforce decided that respective councils with the support of their regional groups and 
DPI would continue to manage the TSA infestations as high priority Class 2 noxious weed. 
This involves regular inspections of known properties, inspections of high risk sites in 
surrounding areas and enforcing landowner’s responsibilities under the NSW Noxious 
Weeds Act 1993.  The immediate aim is to: 
1. Eradicate TSA from the rare and isolated sites, and  
2. Contain and reduce the area where TSA is more common, with the long-term aim of 

eradication in NSW.  
 
 
CONTAINING THE SPREAD 
 
Cattle and feral animals appear to be the main vectors of TSA spread. Birds, such as 
currawongs and white cockatoos have also been observed eating the fruit. Proper hygiene 
and quarantine practices should be implemented at all times when dealing with stock to 
reduce the risk of spread. Weed Officers and landowners should check cattle camps, 
yards and feral animal/wildlife haunts for new infestations. Particular care should be taken 
to remove/control all plants in flood prone areas. Where possible it is also recommended 
that the fruit be removed from TSA plants after treatment. Fruit on mature plants will 
remain viable after plants have been sprayed and stock and feral animals have been 
observed eating the fruit from dead plants. 
 
Cattle sale yards are high-risk sites for TSA, with many saleyards in northern NSW found 
to have TSA established in or near them. The stockpiling and use of manure from these 
sites has been a significant issue for saleyards managers. Once it has been contaminated 
with TSA it should not be moved from the site. The best practice for manure use at 
saleyards is to stockpile and treat emerging TSA seedlings and/or carefully spread the 
manure on holding paddocks within the saleyards complex. These sites need to be 
monitored and treated till the TSA seed is exhausted.  
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TRACING CATTLE MOVEMENTS 
 
The National Livestock Identification Scheme (NLIS) is Australia’s scheme for the 
identification and tracing of livestock. NSW DPI has coordinated two NLIS traces, the first 
in October 2011 following the initial detection and a second in October 2012. The first 
tracing process identified 26,762 cattle movements from infested properties using data 
going back six years. This resulted in 1,048 properties of interest that had received cattle 
from infested properties across 57 Local Government areas in NSW. This process also 
identified nine properties of interest in Victoria and 25 in Queensland. The appropriate 
interstate authorities were promptly alerted to the weeds presence. 
 
NSW DPI wrote to all affected Councils providing them with the details of the properties of 
interest seeking their cooperation to inspect and report back their findings. Councils 
willingly participated in this process and have included many of these properties in their 
routine inspection programs. Three new TSA sites were found through this tracing 
process, at Holbrook in southern NSW, Tamworth and Inverell in the north. These plants 
have been eradicated and the sites will receive ongoing monitoring. 
 
 
CONCLUSION 
 
Initial control activities for TSA in NSW have been very effective in reducing density of 
infestation in the upper Macleay valley and greatly reducing spread from this catchment to 
other areas. Eradicating outlying infestations in other parts of the State has also been a 
major achievement. The importance of early detection of new incursions and a rapid 
response to any new discoveries has been highlighted by success of this part of the 
program. The use of NLIS data as a tool to trace movements of cattle from infested areas 
has greatly assisted the timely and efficient discovery of outlying infestations. However, 
on-going efforts are needed to ensure TSA continues to be detected and eradicated from 
isolated sites and to further reduce the containment area within the upper Macleay valley, 
parts of the Clarence valley and the Richmond River catchment.  
 
The NSW Tropical Soda Apple Taskforce is continuing to work towards the eradication of 
this species from NSW and Australia. This program demonstrates the importance of 
effective partnerships between State and local government.  
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ABSTRACT 
 
The nation’s capacity to effectively manage aquatic weeds is hindered by a lack of 
available tools, in particular registered herbicides. Herbicides are acknowledged as the 
primary control tool and a vital component of most integrated aquatic weed management 
strategies. In Australia, weed managers have been limited to the use of 17 registered or 
approved (under minor use permit) herbicides. Thirteen herbicides are available for 
aquatic areas, three for irrigation and drainage channels and one for estuaries and inlets. 
Many of these herbicides have been used since the 1950s. The advent of aquatic plant 
resistance to existing herbicides heightens the need for additional herbicides for aquatic 
weeds management. 
 
This project engaged relevant experts from state and federal agencies involved in aquatic 
weed management, to identify suitable herbicides for use in aquatic systems and review 
data limiting herbicide approval in Australia. Twelve active ingredients were identified with 
new formulations and chemistry that pose reduced risk to aquatic organisms and 
potentially improve the control of many floating, submerged and semi-terrestrial aquatic 
weeds within Australia. In addition, use of an expanded range of herbicides could delay 
aquatic plants developing herbicide resistance, which is exacerbated when using only a 
few herbicides. 
 
Keywords: aquatic herbicides, risk assessment 
 
 
INTRODUCTION 
 
Aquatic weeds, particularly non-native invasive species, are serious threats to ecosystems 
in Australia. The proliferation and continued spread of these weeds restricts water 
movement in irrigation canals, reduces biodiversity, threatens endangered flora and fauna, 
increases sedimentation rates in reservoirs, degrades water quality, increases mosquito 
breeding habitat and causes major economic losses to agriculture, recreation, fisheries, 
water suppliers and property values. In addition, species such as cabomba (Cabomba 
caroliniana) can form dense populations that pose safety problems for swimmers and 
boaters. Current annual expenditure in Australia is estimated at over $7.3 million for 
mechanical and chemical control (NAWMG 2008). Despite this expenditure for the 
containment of aquatic weeds, submerged aquatic species such as cabomba, semi-
aquatic species such as alligator weed (Alternanthera philoxeroides) and floating species 
such as water hyacinth (Eichhornia crassipes) continue to spread. 
 
Alternative non-chemical control options for aquatic weeds that are operationally or 
economically viable are limited, placing greater emphasis on the use of herbicides. Aquatic 
weed managers must minimise adverse environmental impacts when using chemicals to 
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control weeds. In Australia, the Australian Pesticides and Veterinary Medicines Authority 
(APVMA) and the Department of Sustainability, Environment, Water, Population and 
Communities (DSEWPaC) regulate chemical use, with State/Territory governments also 
regulating chemical use in their jurisdictions. Currently, 17 herbicides (2,4-D, acrolein, 
amitrole, carfentrazone, calcium dodecylbenzene sulfonate (CDBSA), copper, dichlobenil, 
diquat, diuron, endothal, fluazifop-P as butyl, glyphosate, guar gum, haloxyfop, orange oil 
and simazine) are registered or approved under a minor use permit for aquatic use in 
Australia (Infopest 2012). 
 
Weed resistance to herbicides is an emerging issue in aquatic plant management. The 
intensive use of fluridone in the mid 1980s for whole-lake and large scale management of 
Hydrilla (Hydrilla verticillata) in the USA resulted in fluridone-resistant Hydrilla, requiring up 
to six-fold higher application rates for control (Michel et al. 2004). Cross-resistance in 
aquatic plants has also been shown with diquat-resistant duckweed (Lemna minor) being 
cross-resistant to paraquat. Such resistance strengthens the need for additional 
management tools and new herbicides for weed management. 
 
This project sought new and safer aquatic herbicides, methods for improved efficacy and 
efficiency of existing herbicides, strategies to reduce adverse effects of herbicides on 
aquatic ecosystems and, in the long-term, an integration of methods that will overall 
reduce reliance on chemicals. 
 
 
MATERIALS AND METHODS 
 
Review of state and federal legislation  
Current legislation for chemical use in aquatic situations in Australia (both state and 
federal) and the USA, Canada, New Zealand and Europe was reviewed. Key individuals 
from state and federal agencies involved in aquatic weed management participated in a 
workshop to outline aquatic weed issues, including the development of a list of herbicides 
that could be used in aquatic systems, a review of data limiting their approval in Australia 
and a risk analysis of chemicals used in potential aquatic herbicides. A network reference 
group was established from the participants to help develop a list of herbicides that could 
be used in aquatic environments.    
 
Sifting the aquatic herbicide list  
Trigger values (ANZECC 2000), the environmental risk quotient (RQ) (EPHC 2009) for 
singular application of chemicals and the Pesticide Toxicity Index (PTI) (Munn et al. 2006) 
for the application of multiple chemicals were used to summarise complex information on 
potential herbicides into simple numerical or textual ratings for resource managers. 
 
The ANZECC trigger values help determine the suitability of water quality for human use, 
food production or aquatic ecosystem health. Water quality that does not meet the 
guidelines would trigger management action involving a more accurate investigation into 
the safety of that particular water use and the need to remedy the problem. Currently, only 
22 herbicides have assigned trigger values and of these, only nine chemicals (2,4-D, 
acrolein, amitrole, bensulfuron, diquat, diuron, glyphosate, metsulfuron and simazine) have 
relevance to aquatic weed management in Australia. Trigger values were calculated for 
additional herbicides of interest for aquatic use. 
 
The RQ is the ratio between the Predicted Environmental Concentration (PEC) of the 
active ingredient in the aquatic environment and an Effect Level (EL) (RQ = PEC/EL). The 
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effect level or endpoint is the acute toxicity level for the most relevant sensitive species. 
Two measures are used: an LC50 (the concentration of a pesticide where 50% of the 
organisms die) or EC50 (the concentration of a pesticide at which 50% of the test organism 
exhibits a response; typically this involves an effect on growth or behaviour, such as 
immobilisation). The RQ is used to assess whether the value exceeds any predetermined 
threshold levels of concern and if the risk is acceptable, unacceptable or requires 
management in order to make the risk acceptable.  
 
The PTI is a simple method for evaluating the potential toxicity to aquatic organisms for 
chemicals that co-occur in the water, using the concentration addition model. It is a useful 
tool to compare or rank the potential toxicity of multiple chemicals that are proposed to 
treat water bodies containing a complex suite of weeds from different taxa in different 
profiles within the water column. A limitation of the PTI is the assumption that chemical 
toxicity is additive among chemicals and that there are no chemical interactions that 
increase overall toxicity. This situation may not always apply in aquatic systems with 
chemical mixtures having different modes of action.  
 
The ecotoxicology database (ECOTOX) (USEPA 2012), created and maintained by the 
USEPA and the Australasian Ecotoxicology Database (Warne et al. 1998), was the main 
source of toxicity endpoints for aquatic organisms used in the project. The main EC50 
endpoint used for crustaceans, insects, invertebrates and molluscs was immobilisation and 
for Lemna spp., EC50 endpoints were based on population effects measured as changes to 
growth and photosynthesis. EC50 for algae were derived from population and growth 
effects measured as changes in abundance, biomass, density, population growth rates, 
population changes and photosynthesis. The LC50 endpoint for each of the nine taxonomic 
groups (algae, amphibians, crustaceans, fish, insects, invertebrates, molluscs, plankton 
and plant (refers to Lemna spp. only)) was based on empirical mortality data. The number 
of species with chemical toxicity data within each taxonomic group was respectively 57, 
12, 90, 103, 23, 19, 28, 1 and 3 species. No taxonomic group contained data on all 38 
chemicals reviewed. Chemicals with toxicity data within each taxonomic group varied from 
2 to 37 chemicals (24 chemicals for algae, 12 for amphibians, 31 for crustaceans, 37 for 
fish, 10 for insects, 2 for invertebrates, 10 for molluscs and 8 chemicals for the Lemna 
spp.). The review resulted in a total of 1235 entries (not included in this report due to the 
size). 
 
 
RESULTS 
 
Sifting the aquatic herbicide list 
 
Thirty-eight herbicides are either registered or under a minor use permit for use in aquatic 
areas globally. To enable short listing of chemicals for potential use in Australia, index 
values were established from the three different measures for all 38 chemicals. Two thirds 
of these actives are available in Australia though not necessarily registered for use in 
aquatic systems. Only five herbicides overlap between the US and Australia: 2,4-D, 
carfentrazone, copper, diquat and glyphosate. In the US, eight additional actives were 
identified as registered for use in aquatic environments (AERF 2005), with a further three 
actives under an experimental use permit issued by the US-EPA (Haller and Stocker 
2003). Period of registration in the US for these aquatic herbicides ranges from years to 
decades (endothal 1959, fluridone 1986, triclopyr 2002, imazapyr 2003, penoxsulam 2007, 
imazamox 2008, flumioxazin 2010 and bispyribac 2010) (Netherland 2010).  
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DISCUSSION 
 
The use of indices or trigger values has a definite advantage as a communication tool. 
However, misuse could greatly reduce their usefulness. Indices are influenced not only by 
the concentration endpoints, but also by multiple aspects of the study design, such as the 
number of chemicals applied, detection limits, sampling frequency and timing of 
applications (Anderson 2008). As reporting tools, the indices provide a tool for screening 
for toxicity risk, and a mechanism that can determine if a sample is likely to be more or 
less toxic than another sample. Actual toxicity cannot be inferred from the indices as they 
are based on short-term laboratory experiments using EC50 or LC50 endpoints. They do not 
take into account long-term effects such as endocrine disruption or carcinogenicity. Also, 
environmental factors such as dissolved oxygen, dissolved organic carbon, pH, 
temperature, suspended sediment or dissolved organic carbon can modify the toxicity and 
availability of the chemical (Munn et al. 2006). Toxicity endpoints need to be updated 
regularly. Despite the limitations of the indices and trigger values, the use of short-term 
(acute) toxicity endpoints such as EC50 (sub-lethal response) or LC50 (mortality) and the 
predicted chemical concentration to be applied provide a mechanism to compare all 38 
chemicals currently in use or trialled for aquatic environments world wide. 
 
A further ten actives currently available in Australia (bensulfuron methyl, bentazone, 
clethodim, clomazone, flumioxazin, imazamox, imazapyr, quinclorac, sulfometuron and 
triclopyr) are potential candidates for trialling in aquatic environments, provided that an 
appropriate aquatic formulation is used and that environmental risk is managed. The 
chemicals bispyribac and penoxsulam would also provide a low risk or a risk that could be 
mitigated through management. Six chemicals (acrolein, copper, diuron, oxadiazon, 
oxyfluorfen and terbutryne) are the least preferred for use in aquatic systems based on the 
relative toxicity ratio. 
 
More-in depth knowledge on each herbicide is needed to address potential issues limiting 
approval in Australia. 
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ABSTRACT 
 
Material collected from five vehicle wash down sites in central Queensland and in all four 
seasons, showed that on average 335,000 viable seeds (including those of parthenium 
weed, Parthenium hysterophorus L.) were removed from vehicles in just one week. Further 
studies were conducted to investigate the role of one kind of vehicle in the spread of weed 
seeds. A large number of viable seed were found on utility vehicles and in each of the four 
seasons of the year. The largest number of seeds per vehicle was found in the autumn 
with the lowest number in winter. Ninety species, coming from 26 families, the majority 
alien to Australia, were found on the vehicles. The early implications from this present 
study are that roadside wash down facilities can remove large amounts of weed seed from 
vehicles and many types of vehicles are capable of collecting, carrying and presumably 
distributing large numbers of viable weed seeds. These seeds are carried on many parts 
of the vehicle at all times throughout the year. 
 
Keywords: Weed seeds, vehicle, southeast Queensland, management, Parthenium 
hysterophorus. 
 
 
INTRODUCTION 
 
Weed seed spread will occur by a number of biotic and abiotic mechanisms. Currently 
there are ca. 3.2 million vehicles, each capable of carrying, and therefore spreading, weed 
seeds in Queensland. The aims of the study were to initially quantify the amount of seed 
removed from vehicles at a range of road side wash down facilities, in each season of the 
year, then to investigate the role of a work vehicle used by a utility company in south-east 
Queensland in the potential spread of weed seeds. 
 
 
OUTCOMES 
 
Wash-down facilities 
 
The spread of weed seed (including parthenium weed seed) on vehicles was studied over 
a three year period. Material washed off vehicles, taken from five sites in Central 
Queensland, at four different times of the year (autumn, winter, spring and summer) was 
analysed for its viable seed content (Table 1). The seeds found included both monocot 
(grasses, sedges) and dicot (broadleaf) species. The viable monocot seed outnumbered 
the dicot seed two to one with parthenium weed seed representing ca. 2% of the total. The 
highest number of parthenium weed seeds was found in the summer. These data confirm 
the long held belief that one mode of parthenium weed seed spread is by vehicles. 
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Table 1. The number of viable seeds found in each 100 kg of sludge removed from the 
wash down pit of five facilities (Clermont, Injune, Rolleston, Springsure and Monto), during 
four seasons (summer, autumn, winter and spring) and over three years (2007, 2008 and 
2009). The results are mean values of total seeds, grass and sedge seeds, broadleaf 
seeds and parthenium weed seeds (± one standard error of the mean) taken from at least 
five replicate collections.  
 

 All seeds Grass & Sedge 
seeds 

Broadleaf 
seeds 

Parthenium 
weed seeds 

Site 

Clermont 5,582 ± 865 2,019 ± 328 3,564 ± 581 80 ± 22 
Injune 5,249 ± 532 2,585 ± 3,38 2,664 ± 315 7 ± 7 
Springsure 4,503 ± 792 3,080 ± 814 1,423 ± 230 48 ± 25 
Rolleston 6,957 ± 1,911 2,984 ± 767 3,974 ± 1,297 599 ± 310 
Monto 1,293 ± 332 9,781 ± 256 3,146 ± 603 19 ± 19 

Season 
Summer 7,491 ± 2,918 5,714 ± 2,650 1,777 ± 338 24 ± 20 

Autumn 6,184 ± 733 3,714 ± 405 2,471 ± 536 37 ± 21 

Winter 5,290 ± 938 2,344 ± 538 2,946 ± 603 640 ± 45 

Spring 8,472 ± 1,268 3,912 ± 669 4,560 ± 700 396 ± 202 

Year 
2007 10,175 ± 791 3,657 ± 334 6,518 ± 590 137 ± 35 
2008 7,480 ± 1161 4,542 ± 941 2,938 ± 420 193 ± 92 
2009 2,834 ± 607 1,988 ± 584 846 ± 146 82 ± 62 

 
The total number of viable seeds found in the sludge samples collected from the five wash 
down facilities, in central Queensland over the four seasons, in the three years of the study 
averaged out to be 6,750 per 100 kg or 67 viable seeds per kg (Table 1). There were no 
detailed records kept but it has been reported that on average between three to five 
tonnes of dry sludge collects within the sumps of these wash down facilities each week. 
This means a typical wash down facility is removing up to ca. 335,000 viable seeds from 
vehicles per week. Furthermore, 61 % of these seeds (200,000) are from introduced 
species and about half of these seeds (34% of total or 100,000 seeds) are from weeds of 
Queensland. Since an average of 60 vehicles (ca. 30 large and 30 small vehicles) are 
observed to use a typical wash down facility each week, this means a typical vehicle might 
be carrying ca. 3,400 viable seeds, 1,200 of which are weed seeds. Large trucks and 
vehicles that use unsealed road surfaces probably carry a much greater proportion of 
seeds than do vehicles that only drive on sealed surfaces. 
 
Utility vehicles 
 
Approximately 200 viable seeds were found on each vehicle when averaged across 
season. These seed represented 90 species, coming from 26 families (Table 2) of which 
66% were alien to Australia and 80% were alien to Queensland. The greatest number of 
seeds were found in the autumn (47%) and followed by summer (23%), and lowest 
number of seeds were found in winter (14%); (Figure 1). There was variation among the 
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species found and their attachment position on the vehicle (data not shown). Among these 
seeds found on vehicles in all seasons, the maximum number of species came from the 
Asteraceae or Poaceae (Table 2). 
 
Table 2. The families and number of species from those families that were found on utility 
vehicles used for routine field work for one week around southeast Queensland. 

Family Number of species in each season in of the year 

 Autumn Winter Spring Summer 

Asteraceae  14 7 3 8 
Poaceae  14 11 7 8 
Cyperaceae  3 2 1 1 
Apiaceae 2    
Brassicaceae 2 1  2 
Caryophyllaceae 2    
Chenopodiaceae  2 2   
Fabaceae  2 2 2 1 
Polygonaceae  2 1   
Portulacaceae  2 2 2 1 
Verbenaceae  3 1 2 3 
Amaranthaceae  1 1 1 3 
Campanulaceae  1    
Clusiaceae  1    
Crassulaceae  1    
Euphorbiaceae  1 2 5 2 
Gentianaceae  1    
Lamiaceae  1    
Onagraceae  1    
Oxalidaceae  1 1 1 1 
Plantaginaceae  1   1 
Solanaceae  1 1   
Aizoaceae     1 
Moraceae     1 
Rubiaceae     1 

Total 59 34 23 33 
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Figure 1. Percentage of all the viable weed seed found attached to utility vehicles in 
different season of the years. In each season, the amount of mud found on vehicles was 
different, viz. autumn 850 g, winter 700 g, spring 630 g and summer 950 g.  
 
 
CONCLUSIONS 
 
The initial conclusions of this study are that many types of vehicles are likely to be carrying 
weed seeds within the Queensland countryside and that roadside wash-down facilities 
play an important role in removing some of this seed. As an example of one kind of 
vehicle, utility vehicles were shown to carry a large number of weed seeds coming from a 
large number of families. Most seed was found in autumn but significant amounts of seed 
were also found in the other three seasons. Vehicle hygiene plays a critical role in 
thwarting the spread of weed seeds. 
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INTRODUCTION 
 
In combating pasture weeds in coastal Central Queensland since 1970, we have identified 
competition as an important factor. Where weeds have no competition from desirable 
pasture plants they thrive. 
 
Recent experience in the Bundaberg area showed that fertiliser use on pasture containing 
weedy Sporobolus species (i.e. giant rat’s tail grass) followed by a high stocking rate of 
cattle, removed the weed’s advantage. The experience suggests that more knowledge 
about the effect of fertiliser at high levels on dryland pastures will help us manage a whole 
range of weeds. The aim of this paper is to summarise local observations involving the use 
of above-maintenance levels of fertiliser to improve pasture production in coastal Central 
Queensland, and thereby combat weeds. 
 
A good starting point is the relationship between improved soil fertility after fertiliser 
application and grazed pasture production. In most areas of Queensland with greater than 
900 mm rainfall, the two main soil elements nitrogen and phosphorous control grass 
growth. However, the ability for these elements to enhance grass growth depends on the 
genetic potential of the grasses concerned. For example, Australian native grasses 
generally do not have the genetic potential to respond to improved soil fertility enough to 
warrant the cost. To utilise the extra grass following fertilisation also requires manipulation 
of stocking rates (cattle and/or horses).  
 
Knowledge of fertiliser and grass responses in tropical pastures as opposed to temperate 
pastures, and consideration of financial return gained through increased animal liveweight, 
while creating greater competition for weeds, will also be important considerations. Our 
proposed work for 2013/14 involves three trial plots in coastal Central Queensland 
investigating the potential for high levels of nitrogen fertiliser to control weedy Sporobolus 
species. 
 
 
FERTILISER AND GRASS 
 
In understanding the relationship between fertiliser use and grass production there is a 
principal that needs to be considered. Liebig's Law of the Minimum states that growth is 
controlled not by the total amount of resources available, but by the scarcest resource. 
Before pasture can respond to addition of elements such as nitrogen, certain levels of 
other elements are required. For example, phosphorous in soil needs to be above about 
30 ppm before pasture can respond to nitrogen application. 
 
How does this relate to weed control? If we fertilise an improved pasture (e.g. Rhodes 
grass in Bundaberg) with phosphorous and nitrogen we can expect a grass response of up 
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to 40 kg dry matter (DM)/kg of nitrogen applied. If we use only phosphorous, or only 
nitrogen, we may see no response at all. With a response of 40 kg DM/kg of nitrogen then, 
depending on the amount of nitrogen and phosphorous applied a large increase in pasture 
biomass per hectare is possible. A rule of thumb is often two to three times more grass per 
hectare (Figures 1 and 2). Along with increased biomass of grass there is an improvement 
in the quality of grass in energy and protein. The greater pasture biomass competes more 
strongly for other resources such as space, soil moisture and light limiting weed growth. 
 
 

 
Figure 1. Variation in grass growth response, with fertiliser applied (grass on left) and no 
fertiliser applied (grass on right). 
 
 
BEEF PRODUCTION FROM FERTILISED PASTURE  
 
Evidence supporting the use of nitrogen on grass in Central Queensland comes 
from pasture production from fertilised grass in rainfalls from 625 mm to 1660 mm. 
The dry matter response varied from 17-40 kg DM/kg nitrogen with most values 
ranging from 25-40 kg DM/kg nitrogen applied (Teitzel et al. 1991). 
 

Relationship Between Nitrogen Supply, Summer Rainfall 
and Pasture Grass Yield
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Figure 2. Grass yield (t/ha DM) response to fertiliser application rates in different 
summer rainfall areas. Modified from Teitzel et al. (1991). 
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Published beef production information is for different rainfalls and pasture types to that 
of coastal Central Queensland (Teitzel et al. 1991). However, the indicated liveweight 
gain responses are greater than those derived from local information (Reeve, 
unpublished data, 1995). 
 
The likely results from fertilising a mix of improved grasses in coastal Central Queensland 
are summarised by two case studies (Table 1). Both case studies assume sufficient 
phosphorous levels in the soil. The level of liveweight gain, in both cases, is above what is 
normally expected from that pasture. Furthermore, if nitrogen costs $0.35/kg ($700/tonne 
of urea) then a profit at prices above $1.40/kg liveweight should be achieved. Current 
cattle prices vary from $1.20-$2.50/kg liveweight.  
 
Table 1. Productivity of pasture fertilised with nitrogen for two case studies in coastal 
central Queensland (Reeve 1995). 
Parameters Case Study 1 Case Study 2 
1 kg nitrogen           25 kg DM pasture 

response 
35 kg DM pasture 
response 

180 kg nitrogen/ha             4,500 kg DM 6,300 kg DM 
Pasture eaten     50%; 2250 kg DM 

consumed 
80%; 5040 kg DM 
consumed 

10% conversion     225 kg liveweight gain 504 kg liveweight gain 
 
 
DISCUSSION  
 
Recent interest in managing weeds with fertilised pasture is due to two issues. The 
introduction of a pelletised herbicide for ease of application of flupropanate on a large 
scale, especially aerially, and the example from Bundaberg where local government pest 
officers noted a good result from fertilising Rhodes grass pastures containing weedy 
Sporobolus species (Anderson 2012).  
 
Bray (2004) showed that Sporobolus species were susceptible to competition, particularly 
as seedlings. He also reported the need for healthy competitive pastures for several years 
to reduce the potential for re-invasion by Sporobolus species. There has also been a study 
showing what happens to cattle gut fill in Queensland, as forage availability and quality 
changes (Panjaitan et al. 2008). The better quality the feed, the bigger the gut fill and the 
longer the feed stays in the rumen, so digestibility is higher and explains why we get 
improved liveweight gain, with better quality tropical pasture. This is of significance for 
tropical pastures as they have relatively low digestibility compared to temperate grasses 
and cultivated fodder crops. 
 
The opportunity exists to match pasture production knowledge with a new weed treatment 
option in such a way as to reduce the cost of weed control, while possibly showing a profit 
in the short, as opposed to long term. 
 
There is no doubt that more intensive management will be needed to ensure the success 
of this option, so it may not suit everybody. However, we believe application of fertiliser 
offers a viable alternative to long-term pasture spelling and limited livestock production in 
older coastal pastures. 
 
The real benefit from this system comes in the case where the landowner tries to maintain 
a certain stocking level as part of his enterprise. There is good evidence to show that 
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growing his own pasture instead of seasonally buying fodder to fill an annual feed gap will 
reduce costs substantially (Chopping 2013). In addition, hand-feeding livestock with fodder 
brought onto a property often increases the risk of weed introduction. Therefore, careful 
consideration of high input pastures has many advantages. 
 
The aim of this project is to find three sites in below 900 mm rainfall areas that have 
significant Sporobolus weed species present, with some improved pastures but no recent 
history of fertiliser use. The sites will also need to be able to vary the stocking rate to suit 
the grass response to the fertiliser. Two hectare blocks will be sufficient to show a physical 
and livestock difference over a 12 month period. We plan to identify some four hectare 
blocks, treat half with flupropanate herbicide and fertiliser and treat half with flupropanate 
herbicide only. After waiting for a significant pasture response to the applied fertiliser, the 
two blocks will be stocked at an agreed rate with cattle liveweight gain measured over 
time. 
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ABSTRACT 
 
Detailed weed mapping surveys have been conducted in several conservation reserves in 
Brisbane.  During these surveys, the distribution of all declared and environmental weeds 
has been mapped in the reserves using GPS-enabled PDA devices and GBM Mobile 
mapping software. The outputs of these surveys have shown clear patterns in the 
concentration of weeds within these reserves, and in many cases also indicate how the 
weeds are being dispersed. This data provides hard evidence that, in many cases, 
confirms previously held beliefs about the invasion and establishment of invasive species 
in conservation areas. It has also been used by Brisbane City Council to inform 
management decisions (i.e. prioritise control, develop weed management plans, prevent 
future spread, etc.).  In many cases, the surveys have also detected small infestations of 
declared weeds or emerging environmental weeds, which has enabled their targeted 
control and reduced their potential impacts in these reserves in the future. 
 
Keywords: weed mapping, dispersal, invasion, conservation reserves. 
 
 
INTRODUCTION 
 
There are currently over 8,000 ha of conservation reserves present within the bounds of 
Brisbane City Council (BCC). These reserves are managed by council for nature 
conservation, biodiversity protection and sustainable visitor access. Like most reserves in 
the suburban areas of Australia, these assets are at a high risk of invasion from weeds 
due to the higher disturbance and invasion pressures from surrounding areas (e.g. 
cultivation of garden ornamentals, dumping of waste, vehicular transport etc.). Hence, the 
effective control of invasive species is an important part of managing these reserves in 
order to prevent their degradation over time. 
 
As a consequence, BCC has been developing and refining a method of surveying reserves 
over the last three years in collaboration with Technigro. Several surveys have been 
undertaken that determined which declared and environmental weed species are present 
in the reserves, to what extent they have invaded, and where they are located. The data 
obtained during these and future surveys will enable BCC to prioritise weed issues and 
develop strategies to most effectively manage these areas with the limited funds available.  
The surveys are now being implemented as part of the “Wipe Out Weeds” program.  
 
MATERIALS AND METHODS 
 
In each case, the conservation reserve was divided up into numerous smaller 
“Management Areas” or “polygons”, each with an average area of about 2,500m2. For 
some of the surveys the “polygons” were of a pre-determined standard size, while for other 
surveys they varied and were created as the survey was conducted. The area contained in 
each “polygon” was searched for weed species and the native vegetation contained in it 
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was also observed. The presence of any declared and environmental weeds were entered 
into a hand-held GPS enabled PDA. For each weed species, its density and life stage (i.e. 
immature, vegetative, flowering or fruiting) was also recorded. In addition, a number of 
other vegetation parameters were collected for each of the “polygons” including vegetation 
type, canopy height, canopy cover, shrub cover and ground cover. The total weed cover 
was also estimated for each “polygon”. 
 
Once all of the data was collected, it was downloaded onto a computer and analysed. 
Maps of the distribution of particular weed species in each of the reserves were created, 
along with maps showing the total cover of all weed species. Reports were also produced 
indicating potential threats from new or emerging weed species, or high priority weed 
species (e.g. Class 1 declared weeds). 
 
RESULTS 
 
An example of the results obtained from these surveys is given in the map provided in 
Figure 1. This map shows the total weed density in the North Section of Brisbane Koala 
Bushlands in April 2013. Such maps can be used to target control efforts more effectively 
or strategically. For example, efforts can be concentrated in those areas of the reserve 
where the weeds are most prevalent or, if resources are very limited, outlying infestations 
can be controlled in order to contain weeds to certain core infestations within the reserve. 
 

 
Figure 1. Weed density in the North Section of Brisbane Koala Bushlands in April 2013. 
 
DISCUSSION 
 
While this data is extremely useful, another important outcome of these surveys is the 
opportunity they give us to determine where the weeds are coming from (i.e. weed 
invasion pathways and processes), and therefore how the invasion of some species may 
be stopped or slowed. By closely examining the distribution of weeds in the reserves, 
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having a good knowledge of their dispersal mechanisms, and seeing the reserve as a 
whole, while conducting the surveys in the field, it becomes more obvious how individual 
weed species are invading particular areas. Even though it may be impossible to prevent 
some of these invasion mechanisms or processes from continuing to occur, there may be 
the opportunity to put management plans in place that prevent or reduce the ongoing 
impacts of other invasion mechanisms. 
 
The first priority in any weed control program should always be prevention. While there are 
often already significant weed issues in these conservation areas, it is important to 
understand why and how they have become infested in order to prevent the situation 
becoming worse. By limiting or removing the pathways for invasion of weeds into the site, 
a great deal of money and effort can be saved in the future. Also, prior to launching any 
control measures, it is vital to understand these pathways so that any measures used are 
likely to have the greatest long-term benefits (i.e. there less value in spending funds to 
eradicate a weed species from an area if it is likely to re-invade very quickly). 
 
Numerous invasion pathways have been observed during the surveys conducted over the 
last three years. Some commonly encountered examples are outlined below. 
 
Deliberate dumping of garden waste and spread from old habitations 
 
A significant amount of garden waste and rubbish has been dumped in some of the 
reserves, particularly along their margins. While much of this may have ceased in recent 
times, due to the construction of fences and gates, small infestations of environmental 
weeds have already become established at many of these dumping sites. Some reserves 
also contain old houses or farms that have remnant populations of garden or pasture 
plants. These small satellite infestations are possible sites from which weeds can then 
spread more widely into the surrounding bushland, and highlight the need for adequate 
fencing of reserves to prevent the impacts resulting from illegal dumping activities. 
 
Invasion from adjacent suburban properties 
 
Those parts of the reserves that back onto suburban housing estates are often heavily 
infested with a large variety of weed species. Invasion into these areas may occur through 
vegetative spread of plants directly into the reserves, the dumping of garden waste over 
back fences, or the deliberate cultivation of plants inside the boundary of reserves. 
 
Invasion from external transport and utility corridors 
 
The movement of weeds along roads, railway lines and utility corridors is a very common 
weed invasion process. Weeds are spread along these corridors by vehicles using them 
and also by those undertaking management activities along them (e.g. slashers and 
graders). They then move from the corridors into the conservation areas adjoining them. 
Results from the surveys conducted so far indicate that invasive grasses are most 
commonly introduced into reserves in this manner. Species can also be introduced from 
very long distances by this mechanism. For example, small infestations of species which 
are mainly found in the northern and inland parts of the state have been detected. Hence, 
the parts of reserves along transport corridors should be monitored regularly for new 
invasions so they can be removed before they become well established. 
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Invasion from internal roads and tracks 
 

In some cases, the density of weed species is much greater along and near the internal 
tracks that traverse the reserves. Every vehicle that enters the site to conduct 
management activities can be carrying weed seeds along these tracks, and so can any 
machinery that is used to construct or maintain them. Some species do not usually spread 
very far from the tracks, while others spread very quickly into adjoining areas of the 
reserve. This highlights the importance of good vehicle hygiene, which should be 
employed by all staff and contractors entering the site. 
 
Spread by slashers and mowers 
 

Many conservation reserves also border parks and turfed areas that are regularly mown or 
slashed. Invasive species can be spread from other parts of the region into the reserves 
on contaminated slashing or mowing equipment, and can then move throughout the 
reserve by secondary mechanisms.  Dyschoriste (Dyschoriste depressa) is a species that 
is regularly introduced into conservation reserves in this manner. Buffer areas can be used 
to reduce the spread of weeds from disturbed parts of reserves into intact areas. 
 
Wind-borne invasion from ornamental and street trees in surrounding areas 
 

Some plants are spreading into the conservation areas after being cultivated as street or 
ornamental trees in the streets surrounding the reserves. Two common examples of this 
are slash pine (Pinus elliottii) and cadaghi (Corymbia torelliana), but there are many 
others. Hence, it is important to choose wisely when deciding which species should be 
grown in streets surrounding conservation areas. 
 
Water-borne invasion along creeks and waterways 
 

Weeds are also commonly spread into reserves via creeks and other waterways, with 
seeds and plant fragments coming from upstream when local flooding occurs. Species 
such as Mexican petunia (Ruellia tweediana), taro (Colocasia esculenta) and cat’s claw 
creeper (Dolichandra unguis-cati) are commonly spread into reserves in this manner. 
 
Invasion through animal-ingested seed 
 
Birds are probably the main agent of this type of invasion, but bats and other animals can 
also be involved. This is probably the most important and difficult to manage process of 
invasion of environmental weeds in conservation areas. Weed species that are spread by 
this method are usually difficult to locate, as they can appear anywhere in the reserve that 
fruit-eating birds may frequent. The majority of the most problematic species invading 
conservation reserves in Brisbane are spread in this manner. 
 
Spread by external attachment to animals 
 
Seeds are also commonly spread by native and feral animals, either on their hides or on 
mud attached to them. Weed species with seeds that have awns, prickles or burrs tend to 
be most commonly spread after becoming lodged in animal hides. 
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ABSTRACT 
 
Biosecurity Queensland (Department of Agriculture, Fisheries and Forestry) became 
aware of Hudson pear infestations at Cracow in Central Queensland in 2011. Numerous 
treatment visits have been undertaken since then with a goal of eradication. Eradication is 
feasible given that from the outset, Pest Central has been consistently used to collect data 
on survey and treatment effort; and makes it possible to undertake delimitation of the 
infested area. Lessons learned from previous eradication programs are taken on board 
with this program. 
 
 
INTRODUCTION 
 
Hudson pear (Cylindropunita rosea and C. tunicata) is a class 1 declared pest plant in 
Queensland; it is considered to be a threat to humans and animals mainly because the 
spines can cause injuries; and if allowed to spread it can dominate understorey vegetation 
across diverse landscape types (State of Queensland 2012). Biosecurity Queensland 
commenced controlling Hudson pear in Cracow in 2011. After considerable consultation 
with the local community and based on several vehicle and on-foot surveys and 
surveillance work using Pest Central, Biosecurity Queensland considers that the infested 
area is restricted to the areas surrounding the township. 
 
Background 
At Cracow, the local landowners and the Banana Shire Local Government Officers had 
been treating what they called Cracow pear for 20 years. It was deemed to be a local 
problem and part of their environment. The existence of Hudson pear in Queensland was 
highlighted at the 10th Queensland Weed Symposium (Love 2009); subsequently Cracow 
pear was confirmed by Biosecurity Queensland in 2011 as Cylindropunita tunicata, or 
Hudson pear, a Class 1 weed.  
 
The invasive potential of Hudson pear at Cracow is significant due the location of the town 
in the top end of the Fitzroy Catchment. Cracow was a thriving gold mining town from mid 
1930s to the early 1970s. The town is surrounded by hilly timbered and partially cleared 
grazing blocks. As the town depopulated in the 1970s, the incidence of escaped 
ornamental plants increased, the worst of these being Hudson Pear. Anecdotal evidence 
suggests that it spread by animal movement, mainly attached to native marsupials, and 
that it persisted through the dry years of the 1980s and 1990s. The community of 
approximately 40 people are very aware of the human and livestock risks associated with 
the cactus and most people had some experience with control. 
 
When the significance of the problem was identified in 2011, Biosecurity Queensland 
officers began contacting locals to gain an understanding of the weed extent, and to start 
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building a co-operative working relationship primarily to gain access to areas where the 
weed is present. They commenced a treatment regime and started recording survey and 
treatment activities using Pest Central. Pest Central is an internet-based mapping system 
that deploys field units for data collection, which link to a centralised ‘cloud-based’ 
database for data storage, sharing, management and analysis. 
 
 
MATERIALS AND METHODS 
 
To date we have visited the infestation site on seven occasions, from October 2011, to 
March 2013. We used survey length (on foot, in metres) as a measure of ‘survey effort’; 
against the number of treatments undertaken. The eradication goal is to reduce ‘treatment 
effort’ to zero whilst maintaining consistent ‘survey effort’. 
 
Whilst conducting surveys and treatments, each officer carries a Personal Digital Assistant 
that has been installed with Pest Central mobile. Pest Central is activated at the start of 
each session, and GPS tracking is enabled; at the end of each session, tracking is 
stopped and the survey form is completed. The form includes attributes such as the weed 
species name, date, and the way the survey was carried out (on foot, by vehicle etc.). 
 
When the target species is found, it is treated. The officer then records the treatment 
details in Pest Central. This is recorded as a point using the GPS location, and the 
attributes recorded include the name, date, and method (chemical or physical). The next 
record remembers the previous entry so that subsequent entries are not time-consuming. 
Survey data that had been conducted by vehicle was not included in this data analysis. 
 
At the end of each site visit, the data is sent to the Pest Central ‘cloud’ database where it 
was accessed using the Pest Central Office application. We exported the data into ESRI 
software for more detailed analysis.  
 
 
RESULTS 
 
To May 2013, 130.2 km have been traversed on foot and 1,438 treatments have been 
recorded (Table 1). The first four visits were largely experimental treatment visits (using 
Metsulfuron which proved ineffective and then physical removal using salad tongs before 
the extent of the infestation was better understood). 
 
Table 4. Survey length (m) and treatments per site visit. 

Period 
Total length 

(m) 
No. 

Treatments (T) T/m % T/m 
Oct-11 (1 day, 2 people)  2,252  29 0.0128774 1.288 
Dec-11 (3 days, 1 person)   3,639  10 0.0027480 0.275 
Apr-12 (2 days, 1 person)  2,619    4 0.0015273 0.153 
Sep-12 (3 days, 5 people) 21,389 128 0.0059844 0.598 
Nov-12 (5 days, 6 people) 48,313 355 0.0073479 0.735 
Jan-13 (1 day, 1 person)    6,827   26 0.0038084 0.381 
Mar-13 (3 days, 4 people) 45,162 886 0.0196183 1.962 
 
The percentage treatment per metre of survey track has been plotted onto a time graph, 
shown in Figure 1. Figure 1 indicates that percentage treatment per surveyed metre is 
increasing (r2 = 0.66). Whilst data collection was consistent, the parabolic curve may be 
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explained partly because different officers record treatment information differently, and 
because the purpose of each site visit changes (from primarily treatment work to 
community engagement work). The visits where the primary aim was to treat Hudson pear, 
are circled. 

y = 2E-05x2 - 1.5622x + 32061
R2 = 0.6622
P < 0.025
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Figure 4: Graph showing the polynomial relationship trend between the percentage 
treatment per meter of survey track. 
 
From the work that has been undertaken so far, a local strategy map (Figure 2a) was built 
using expert advice from local stakeholders. It identifies infested zones, clean zones, 
historically treated, low risk but unsurveyed zones and unsurveyed suspect zones. Figure 
2b is a buffer zone that spatially identifies potential spread by animal movement. 
 

                   
Figures 5a, 2b: Strategy maps showing the different infestation zones surrounding 
Cracow, and the survey, treatment and infestations current to March 2013. 
 
 
DISCUSSION 
 
The data is showing that as more area is searched, more treatments are being undertaken 
(Figure 1). The curve will most likely continue upwards until the full extent of infested area 
is known; this is known as delimitation (Panetta and Lawes 2005). When the delimited 
area is reached then treatment effort should decrease in proportion to survey effort. If 
delimitation has not been clearly defined then discovery of another large, separate 
infestation site will cause proportional treatment effort to again increase. Jeffery (2012) 
stated that determining the full extent of an infestation is the most difficult part of an 
eradication program, yet this needs to be known early to determine whether or not 
eradication is feasible. We do not know yet whether the Cracow infested area has been 
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defined; as Hudson pear may have been introduced to the area as early as the 1950s, it is 
possible that undetected infestations exist further afield. 
 
The strategy map (Figure 2a) spatially defines the desired management regime 
surrounding Cracow. This helps participants and stakeholders understand the process for 
moving towards eradication. Figure 2b defines the potential spread of Hudson pear 
outwards from known infestations by animal movement, and aids the survey and planning 
process. 
 
A number of features about this program give us optimism; (i) Survey and treatment effort 
are routinely being recorded into Pest Central; (ii) We have consistent and reliable data 
over the progress of the campaign; (iii) The program has keen interest and active support 
from the Evolution Mining operation which is a major employer in the Cracow district; (iv) It 
has support from the local community as they have good knowledge of the plant, having 
treated it locally for many years; (iv) The plant does not spread by seed.  Less positively, 
Hudson pear does spread easily by wildlife and humans because of the barbed spines. 
 
The Cracow Hudson pear infestation is an eradication target and so far shows potential to 
reach that goal. Good delimitation is a major key to success and this will involve continued 
community involvement as well as continued consistent use of Pest Central to maintain 
data collection. 
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ABSTRACT 
 
Smart phone and tablet technologies have taken the world by storm. These tools are now 
available to all demographics and it is predicted that 87 percent of Australians will own a 
smart phone by 2015. The power and accessibility of this technology provides an 
unprecedented opportunity to access new audiences and improve two-way information 
flow. This includes the potential for in-field plant identification and mapping systems which 
can be deployed to tens of thousands of users. The University of Queensland’s QAAFI-
Biological Information Technology (QBIT) group has developed an easy to use 
identification tool covering all Australian declared plants and a large proportion of 
Queensland’s non-declared environmental weeds. Currently in prototype form, the Weed 
Detector mobile app is based on the Lucid plant identification platform and has the 
capacity to guide users through the identification of plant species, collect GPS and 
photographic information and link to state and national weed mapping systems. The app is 
supported by detailed diagnostic photographs and more than 2,000 weed information 
sheets which are fully integrated into the tool so it can be used in areas where there is no 
internet access. This paper discusses the potential of this and other mobile technologies to 
revolutionise the way we look at weed surveillance… ensuring that weeds really do 
become everyone’s business. 
 
Keywords: Weed identification, mobile technologies, weed mapping, weed surveillance. 
 
 
INTRODUCTION 
 
Mobile technologies such as smart-phones and tablets have only been available to the 
general consumer since the launch of Apple’s iPhone in 2007 (Donnelly 2011); yet, in just 
five years, they have become a common and almost essential part of every-day life for a 
large proportion of the population. For the first time in history, people have 24-7 access to 
the internet, their social networks and systems that can be used for anything from 
entertainment to medical diagnostics. This all-encompassing integration with the digital 
world has the potential to influence every sphere of society (Deloitte Access Economics 
2013) and affords great opportunities for improved performance and service in workplace 
environments (Donnelly 2011). In addition, these tools provide the opportunity for the 
general community to participate and have a voice in large-scale issues and social causes. 
Easy to use ‘apps’ and social media networks mean there are fewer barriers to 
involvement and effective two-way communication channels can be created.  
 
There is growing recognition within business and government run organisations that social 
media and mobile-accessible systems need to be established to keep pace with consumer 
and client service expectations. This will be an ever-evolving field, but already mobile 
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technologies provide unprecedented opportunities for improvements in information access 
and increased involvement in passive surveillance for new and emerging species. 
 
 
WHY ARE APPS THE WAY OF THE FUTURE? 
 
‘Apps’ is the commonly used colloquialism for applications. These are software programs 
which can interrogate a web server and present formatted information to the user (White 
2010). In other words, they provide easy access to web based information in a format that 
is suitable to a mobile phone or tablet. The real attraction is the ease of use. Apps appear 
as icons on the phone or tablet screen and provide direct access to the information or 
tools. Games and entertainment apps are the most commonly downloaded, but focus is 
shifting to systems that enable the delivery of new and improved services (Adapptor 2012). 
 
Australian mobile phone subscriptions hit 24.3 million in June 2012 – well over one per 
person (Australian Communications and Media Authority, 2012) and it is forecast that 87 
percent of Australians will own a smart phone by 2015, up from 45 percent in 2011 
(Telsyte/AIMIA 2012). In addition, Australians now spend more time using apps than the 
desktop and web combined (Adapptor 2012). This demonstrates a strong and rapid growth 
in the mobile technology sector, with the potential for heavy reliance on these tools for 
digital information in the future. According to Deloitte Access Economics (2013), a key 
difference with the mobile technology movement is that it is being driven by people – by 
consumers and employees. This is the reverse of previous decades where technological 
developments came from government and big business research agencies. In this 
instance it is government and big business that are being forced to keep pace with 
consumer demand. 
 
 
A MOBILE SOLUTION – WHAT CAN IT OFFER? 
 
In recent years, agricultural and NRM extension services have been significantly reduced 
and there has been increased reliance on web-based systems to deliver information to the 
general public. Although there is a wealth of information available, the move to 
predominantly web-based communication assumes that the public are actively seeking 
information. Not only is this un-true in many instances, but there is also significant 
evidence to suggest that knowledge alone is a poor driver of behaviour change (Kollmuss 
and Agyeman 2002).   
 
More recent approaches to environmental and social communication such as community-
based social marketing are more pragmatic and recognise the need to understand 
behavioural norms to identify and overcome barriers to behaviour change (McKenzie-Mohr 
2000). New mobile technologies have the potential to address many of the barriers to 
community participation in weed surveillance and optimise early detection of new and 
emerging weeds. The capacity for ‘one click’ submission of records means that mobile 
apps could be extremely easy to use and act as a vehicle for increased community 
awareness, making the process of reporting weeds more attractive. Such a system would 
also enable administrators to rapidly update key information and distribute alerts directly to 
the public – enhancing the perception of social inclusion by providing a direct line of 
communication between weed managers and those actively involved in weed detection.   
 
Natural resource management and agricultural sectors are traditionally considered slow to 
take up new technologies. However, this trend is changing, with regional Australians 
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showing increased levels of involvement in the online environment (Australian 
Communication and Media Authority 2012). A range of agricultural apps are available and 
in use by the Australian agricultural sector and lists have been compiled by Condamine 
Alliance: http://www.condaminealliance.com.au/links#apps; and the NSW Department of 
Primary Industries: http://www.dpi.nsw.gov.au/agriculture/broadacre/videos/useful-apps. 
 
Locally relevant weed-related apps include: The University of Queensland’s Environmental 
Weeds of Australia; WSQ’s Weeds of Southern Queensland; GRDC’s Weeds: The Ute 
Guide; and Condamine Alliance’s NRM Plus. The Weeds of South East Queensland app is 
also due for release in the near future. Many of these tools provide the capacity to 
accurately identify weeds based on user-friendly identification keys and diagnostic images. 
However, the next step is to integrate identification, mapping, reporting and relevant 
management information into one, seamless system. 
 
Currently in prototype form, the Weed Detector mobile app has been developed to achieve 
just this. It will work from the same Lucid identification platform as the Weeds of SE Qld 
and Environmental Weeds of Australia apps; however it will have the added advantage of 
enabling the collection of GPS and photographic information, as well as other agreed 
metrics. The Weed Detector app will also enable administrators to rapidly update key 
information and distribute alerts directly to the public. It is proposed that submitted data 
should be organised and stored in a national repository (linked to the Atlas of Living 
Australia), in addition to being integrated with state databases.   
 
The weed database developed for the University of Queensland’s Lucid identification key 
comprises more than 2,000 species, including the complete list of National alert species, 
declared weeds from all states and territories and a large number of non-listed weeds. It is 
supported by detailed diagnostic photographs and more than 2,000 weed information 
sheets. However, additional species can be added to the system as required. 
 
To reduce the strain on herbarium services, it is proposed that a range of support systems 
are negotiated with weed management administrators. These could include the 
prioritisation of submissions based on species and distribution and the generation of 
automatic alerts when potential priority samples are submitted; the establishment of a 
network of local administrators to provide first tier identification support based on 
submitted photographs; rating of sample submissions (of low-priority weeds) based on the 
expertise of the submitter; and the capacity for administrators and key partners to request 
regular reports or interrogate the system periodically for information on target species.  
 
 
CONCLUSION 
 
Both the Intergovernmental Agreement on Biosecurity (COAG 2012) and the Australian 
Weeds Strategy (NRMMC 2006) state that improving Australia’s biosecurity status through 
rapid detection and reporting of priority invasive plants is the responsibility of all 
Australians. However, the vast majority still lack the skills and awareness to contribute. It is 
now technologically possible to create an integrated solution to weed identification and 
reporting that can be deployed to tens of thousands of users via the smart phone or tablet, 
linking individuals to information and expert systems normally only available to large 
institutions such as herbariums and government departments. In return, it allows those 
responsible for strategic weed management to tap into the general population, increasing 
the capacity for passive surveillance well beyond the level we’ve previously had access to.   
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While mobile apps are not the panacea to all our problems – they will require effective and 
imaginative promotion and will not necessarily lead to active involvement in management; 
they do open up new and exciting avenues for communication and engagement. It is likely 
that mobile technology will continue to grow in popularity and that consumers will 
increasingly expect organisations to provide services and systems that are supported by 
these tools. By taking advantage of these opportunities and truly harnessing the power of 
people, we have the potential to change the face of weed surveillance in Australia. 
 
 
REFERENCES 
 
Australian Communications and Media Authority (2012). ‘Communications report 2011-12’ 
http://www.acma.gov.au/WEB/STANDARD/pc=PC_600070. 
 
Adaptor (2012). ‘2012 – The year Australian mobile apps get down to business’. 
http://adapptor.com.au/2012/01/2012-the-year-australian-mobile-apps-get-down-to-
business/. Posted 6 Jan 2012. 
 
COAG (2012). Intergovernmental Agreement on Biosecurity: An agreement between the 
Commonwealth of Australia, state and territory governments to strengthen the national 
biosecurity system.  http://www.coag.gov.au/node/47. (Council of Australian Governments, 
Canberra). 
 
Deloitte Access Economics (2013). ‘Mobile Nation: The economic and social impacts of 
mobile technology’. http://www.deloitte.com/view/en_AU/au/insights/browse-by-
service/economics/47f2e0e7791bc310VgnVCM2000003356f70aRCRD.htm. (Deloitte 
Access Economics Pty Ltd). 
 
Donnelly, L. (2011). ‘The effect of smart phones on work-life balance’. 
http://www.academia.edu/2074574/The_effect_of_Smartphones_on_work_life_balance. 
(Griffith College, Dublin). 
 
Flurry (2011). ‘Holiday 2011: Breaking the one billion app download barrier’. 
http://blog.flurry.com/bid/79928/Holiday-2011-Breaking-the-One-Billion-App-Download-
Barrier.  Posted 2 Jan, 2012. 
 
Kollmuss, A. and Agyeman, J. (2002). Mind the gap: why do people act environmentally 
and what are the barriers to pro-environmental behaviour?  Environmental Education 
Research 8(3): 239-260. 
 
McKenzie-Mohr, D. (2000). Fostering sustainable behavior through community-based 
social marketing.  American Psychologist 55: 531-537. 
 
NRMMC (Natural Resource Management Ministerial Council) (2006). Australian Weeds 
Strategy – A national strategy for weed management in Australia. (Australian Government 
Department of the Environment and Water Resources, Canberra ACT). 
 
Telsyte/AIMIA (2012). ‘Digital nation 2012’. http://www.blurb.com/books/2735692-digital-
nation-2012. 
 
White, M. (2010). Information anywhere, any when: The role of the smart phone. Business 
Information Review 27(4): 242-247. http://bir.sagepub.com/content/27/4/242.full.pdf+html. 



 114

DEVELOPMENT OF AN APP FOR WEEDS OF SOUTHERN 
QUEENSLAND (3RD EDITION) 

 
Christopher Love 

Dow AgroSciences Australia Ltd, PO Box 1843, Milton QLD 4064 
(on behalf of the Weed Society of Queensland Inc.)  

 
 

ABSTRACT 
 
Since the publication of the 3rd edition of the Weeds of Southern Queensland in June 
2011, 88,500 hard copies have been printed. With the advancement in electronic and 
digital technology, the decision was made by the executive of the Weed Society of 
Queensland Inc. in May 2012 to contract out the development of the Weeds of Southern 
Queensland into an ‘app’ (application software). Proceeds from the sale of the first reprint 
of the book were used to fund the digital project. 
 
All the weed identification information and herbicide control options for the 132 weeds in 
the book were included in the app in the “Weed Finder” along with a search facility and 
filter by growth habit. All the Weed Management Techniques are also included in the app 
along with further reading links as well as instructions on how to use the app. 
 
The app is available on Apple iPad and iPhone devices as well as Android phone and 
tablet devices for the price of $1.99 per download. 
 
Keywords: Weeds of Southern Queensland, app, iPad, iPhone, Android, tablet. 
 
 
INTRODUCTION 
 
The Weed Society of Queensland Inc. (www.wsq.org.au) has 340 members interested in 
the management of weeds. In 2010, a working group was formed from Society members 
to update the popular publication, Weeds of Southern Queensland. Information on weed 
descriptions, herbicide recommendations, weed management techniques and photos were 
gathered on 132 weeds relevant to agricultural through to environmental situations in 
southern Queensland. Barker (2011) describes the process that the working group when 
through to publish the book, Weeds of Southern Queensland 3rd edition (Weed Society of 
Queensland Inc. 2011). 
 
After the initial 60,000 copies of Weeds of Southern Queensland 3rd edition (Weed Society 
of Queensland Inc. 2011) were published, there have been two reprints, with 24,500 
copies printed in January 2012 and a further 4,000 copies printed in March 2013. The 
intention is not to print any more hard copies of this edition; however, copies are still for 
sale at the Queensland Herbarium, Toowong. 
 
 
DEVELOPMENT OF APP 
 
Why an app? 
 
With the digital age upon us and the ever increasing adoption of Smartphone and tablet 
technology, the decision was made by the Weed Society of Queensland executive in May 
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2012 to support a motion to transform the Weeds of Southern Queensland 3rd edition 
(Weed Society of Queensland Inc. 2011) book into an app. As treasurer of the Weed 
Society of Queensland for 11 out of the past 14 years, the retained earnings of the society 
have increased from $81,680 in 2002/03 to $220,200 in 2011/12, so the society was in a 
position to spend some funds on a worthwhile project to benefit members and the 
community as a whole. 
 
The process 
 
A contract was signed with a communications company in Sydney to develop the 
framework for the app using the electronic files and images that were created or sourced 
by the working group to publish the 3rd edition of the book. This was a great starting point 
and with the layout of the book in mind, the initial “mock-up” of the app was developed and 
this was approved by the executive before progressing. In July 2012, a face-to-face 
meeting was arranged with the app designer to further refine the layout and make sure all 
the images and text was accurate before the framework design was commissioned. 
 
Once the initial app was developed, with all the information linked to the 132 weeds, many 
hours were spent checking all the “links” within the app to make sure all the information 
was correct and that all the links worked. Sounds easy, however, the first “edit” file created 
had over 100 changes that were required. 
 
It was not until 19 October 2012 that the initial demonstration of the app was made to the 
Weed Society of Queensland executive in Toowoomba. The immediate response from the 
executive was “extremely positive” and the feedback obtained from that meeting enabled 
further refinement of the app features, including enlarging of the photo of each weed. 
 
Layout 
 
The following pictures give an idea of the layout of the app. Figure 1 shows the welcome 
page to the app. 

 
Figure 1. Front page of the Weeds of Southern Queensland App on an iPad. 
 
Figure 2 shows the “Weed Finder” page, where there is a filter to select the growth habit of 
the weed that is of interest or trying to find; this is the same as the six sections for the 
purpose of weed identification in the book. There is also an additional search filter to select 
by the declared class one, two or three pest plant status or whether the weed is native or a 
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Weed of National Significance (WoNS). The additional WoNS species that were 
announced in 2012 have been added to the app and are marked by a gold star.  
 

 
Figure 2. Weed Finder page of the Weeds of Southern Queensland App on an iPad. 
 
Figure 3 shows the cover for the “Weed Management” page. The descriptions and photos 
of the different management techniques in the book are exactly the same for the app. The 
other pages in the app are “Further Reading” and “Instructions” to use the app. 
 

 
Figure 3. Weed Management page of the Weeds of Southern Queensland App. 
 
 
LAUNCH 
 
The official launch of the Weeds of Southern Queensland App was conducted by Jerry 
Coleby-Williams, ABC Television Gardening Australia presenter. It was held on 30 
November 2012, just prior to the 38th Annual General Meeting, Weed Society of 
Queensland, Queensland Herbarium, Brisbane Botanic Gardens, Toowong. 
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Since the launch, there has been an email sent to all Weed Society members advising the 
App is available to download for $1.99 to Android tablet and phone devices from Google 
Play Store (2013) and for Apple iPad and iPhone users from the iTunes App Store (2013). 
 
There has also been an article published in the Weed Society of Queensland newsletter, 
Weedshine (Love 2013), to inform members about this activity and to spread the word. 
The Weed Society of Queensland Inc. has been able to monitor the number of app 
downloads since the launch; with Table 1 showing the number of downloads up to the end 
of April 2013. 
 
Table 1. Downloads of the Weeds of South Queensland App. 
Month Apple iPhone Apple iPad Android Phone Android Tablet 
December, 2012 - - 19 8 
January, 2013 - - 8 4 
February, 2013 80 52 15 4 
March, 2013 45 23 15 2 
April, 2013 10 9 5 - 

 
So far there have been around 300 downloads and feedback so far from people using the 
App has been positive – the next step will be to add more weeds to the current app 
framework and extend the scope of the app to cover weeds of non-crop areas from all 
parts of Queensland. 
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ABSTRACT 
 
Southern Downs Regional Council (SDRC) is committed to the strategic management of 
pests to protect and enhance the industry, biodiversity and amenity of the region. SDRC 
currently spends approximately $1.4 million on pest management annually. 
 
Council has implemented a rolling program of inspections of private property and control 
works on its own land, as well as undertaking education activities aimed at promoting best 
practice control techniques. 
   
SDRC maintains approximately 100 km of dingo check fences and the SDRC area 
encompasses large areas of the Darling Downs Moreton Rabbit Board rabbit fence. 
 
Keywords: pests, education, compliance, planning, partnerships. 
 
 
INTRODUCTION 
 
SDRC is centred on the city of Warwick and the town of Stanthorpe and includes the 
smaller towns of Wallangarra, Leyburn, Killarney and Allora, as well as numerous villages. 
The SDRC was formed in 2008 from the amalgamation of the former Warwick and 
Stanthorpe Shire Councils. 
 
The predominant land use in the region is agriculture – sheep and cattle grazing and 
cropping including grains, orchards, vineyards and vegetables. Land use, soil types, 
climate and elevation all differ significantly across the region. Accordingly, the major pests 
vary from one end of the region to the other. African boxthorn (Lycium ferocissimum) is a 
serious weed of the black soils in the northern end, while blackberry (Rubus 
anglocandicans, R. fruticosus agg.) is the most widespread weed in the southern end, 
through the Granite Belt. Velvety tree pear (Opuntia tomentosa) is common through much 
of the region and several class 1 species occur, such as honey locust, bridal creeper and 
Chilean needle grass.   
 
Blackberry and firethorn (Pyracantha angustifolia) have been declared under Council’s 
Local Laws and St. John’s Wort (Hypericum perforatum) and green cestrum (Cestrum 
parqui) are in the process of being declared.  
 
 
PEST MANAGEMENT STRUCTURE 
 
As with all local governments in Queensland, SDRC manages pests within its region under 
the auspices of the Land Protection (Pest and Stock Route Management) Act 2002 and 
Local Government Act 2009, particularly weeds declared under Council’s local laws. There 
are several committees and planning processes that inform Council’s approach to pest 
management. 
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SDRC Pest Management Working Group 
 
SDRC’s Pest Management Working Group is an advisory body established to inform 
Council.  It is chaired by a Councillor and comprised of Councillors, management and 
operational staff, Biosecurity Queensland, AgForce Queensland, Regional NRM 
(Queensland Murray Darling Committee (QMDC) and Condamine Alliance), Landcare, 
Darling Downs Moreton Rabbit Board (DDMRB), Queensland Parks and Wildlife Service, 
Community Wild Dog Management Advisory Committee, Main Roads, and Queensland 
Rail. The group meets quarterly to action pest management issues from a whole of 
community perspective by informing the development, implementation and review of 
Council’s Pest Management Plan. 
 
SDRC work in with Department of Transport and Main Roads and Queensland Rail to plan 
pest management activities to ensure they are coordinated with Council’s annual action 
plans. 
 
SDRC has formed partnerships with QMDC, Condamine Alliance and Biosecurity 
Queensland to target Weeds of National Significance and class 1 and 2 pests in strategic 
containment and eradication projects. 
 
Southern Downs Community Wild Dog Management Advisory Committee 
 
This community driven committee was established in 2011 to address growing wild dog 
impacts.  It is chaired and convened by community representatives and its role is to 
provide advice, through the SDRC Pest Management Working Group, to Council to 
achieve this. The committee coordinates wild dog control across the region. 
 
The committee is currently developing an operational plan and is considering incorporation 
to enable it to seek project funds. 
 
Stanthorpe Dingo Fence Committee 
 
This committee was established in 1986 after the Queensland Government handed 
maintenance of wild dog check fences over to local government. The former Stanthorpe 
Shire had approximately 93 km of fence and the former Warwick Shire had approximately 
seven km. 
 
Council contracts maintenance of the fences out and the Stanthorpe Dingo Fence 
Committee provides advice to Council on required maintenance and improvements. 
 
Pest Management Plan 
 
SDRC’s Pest Management Working Group is the vehicle for the development, 
implementation and review of Council’s pest management plan. The plan is currently 
specific to our own local government area, but there is the opportunity for a regional 
approach to pest management planning with the recent formation of the Southern Inland 
Queensland Regional Pest Management Group. This group, convened by Biosecurity 
Queensland covers the local government areas of Southern Downs, Toowoomba, 
Goondiwindi and Western Downs Regional Councils. A SDRC Councillor also sits on the 
Toowoomba Regional Council Pest Management Working Group. 
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Annual Action Plans 
 
Annual action plans are drafted by operational staff and are broken down into four 
concurrent pest survey programs (under the Land Protection (Pest and Stock Route 
Management) Act 2002), based on the predominant pest species in those areas, seasonal 
conditions and other factors influencing identification and treatment. 
 
The plans document the localities Local Laws (Pest Management) Officers will survey for 
declared pests on private property and control declared pests on council lands. Statutory 
notification is provided to landholders by way of personalised written correspondence and 
has proven much more successful than advertising the programs in newspapers. 
Landholders contact us to request technical advice and inspections and often alert us to 
the location of the worst infestations! Allowance is given in each pest survey program to 
undertake reinspections of properties issued with compliance notices in prior pest survey 
programs. 
 
Control on Council lands (roads, reserves etc.) generally mirrors the survey areas on 
private land and provides a further incentive for landholders to control their own pests, 
when they see weeds outside the gate dying. Landholders often approach our officers 
when they are working to seek technical advice. 
 
Compliance 
 
Landholders not considered to be making a reasonable effort to control declared pests on 
their land are issued with either a Local Law Notice or a pest control notice (Land 
Protection (Pest and Stock Route Management) Act 2002) (sometimes both), directing 
them to undertake certain control measures.  Compliance directions and timeframes are 
tailored depending on the species and seasonal considerations. For example, landholders 
are generally given twelve months to treat blackberry as it is dormant for the winter 
months.  Property sizes and hence the scale of pest control varies greatly across the 
region – from small rural residential blocks of a couple of acres, up to grazing properties 
measured in tens of thousands of hectares.  These considerations are factored into the 
directions imposed on landholders, with the aim of being practical and reasonable.  To 
date, no enter and clear action has been undertaken for non-compliance. 
 
Assistance 
 
SDRC assists landholders by holding field days to demonstrate best practice control 
techniques and offers equipment (QuikSpray units – vehicle and tractor mounted, tree 
spears and pneumatic shears) for hire at very reasonable rates. 
 
 
MAPPING 
 
SDRC is trialling a new pest mapping protocol that aims to take advantage of new 
technology and make surveying and treatment record keeping more efficient. Local Laws 
(Pest Management) Officers have been issued with mobile devices that enable remote 
data capture as well as access to Council databases. 
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Software 
 
No commitment has been made to purchasing data capture software as yet, but a mobile 
app, Fulcrum is being trialled, with promising results. The free trial has been impressive 
and there is further functionality available once subscribed. Approximate costs are $100 
per month, which includes five log-ins and support. The app is fully customisable and we 
believe we will be able to easily design forms to enable control operators to log spray 
records in the field. 
 
Fulcrum captures GPS to a cloud server, even when out of mobile telephone service. Data 
is synchronised to a PC account when in mobile service. 
 
SDRC officers are using Quantum GIS, which is free and at this stage runs only on PCs 
and tablets, for mapping and further data manipulation. It is similar to an ESRI GIS and is 
compatible with ESRI shape files and MAPINFO tab files. 
 
Devices 
 
Officers have been issued with Samsung Galaxy Note 2 mobile devices. These are larger 
than a mobile phone and smaller than a tablet, but large enough for easy data capture in 
the field and compact enough to also use as a mobile telephone. They are an Android 
device and the range of apps available to enhance data collection seems endless. Council 
systems are in the process of being improved to enable mobile connectivity. 
 
Data Sharing 
 
Memorandums of understanding are in place between SDRC and the relevant Regional 
NRM bodies to share declared pest data. 
 
 
RESULTS AND CONCLUSIONS 
 
The SDRC approach to pest management has proven effective thus far, judging by 
feedback received by the community. The personal approach to pest survey programs, in 
particular has been beneficial, as has giving consideration to allowing reasonable 
compliance directions and timeframes. 
 
The pest management structure in place in the SDRC is key to achieving results. The 
committees and advisory groups in place ensure the community are informed and their 
views represented. Council is well-placed to make decisions based on advice from these 
groups. 
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AFRICAN BOXTHORN AS A WEED OF NATIONAL SIGNIFICANCE 
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PO Box 303, Devonport TAS 7315 

 
 
ABSTRACT 
 
African boxthorn (Lycium ferocissimum) is a native of southern Africa and was introduced 
to Australia in the mid-1800s for use as a hedgerow shrub. The species is a densely 
branched, perennial shrub with branches that end in sturdy thorns. It is now found in every 
Australian jurisdiction except the Northern Territory.  
 
African boxthorn displaces native vegetation in both coastal and inland situations, reducing 
biodiversity values. It infests grazing and natural areas in southern Queensland and in all 
other states. It excludes stock from grazing and water access, and harbours pests 
including rabbits, foxes, starlings, and fruit fly (via its fruit).   
 
In 2012 African boxthorn was declared a Weed of National Significance (WoNS). Since 
declaration of African boxthorn as a WoNS, knowledge-sharing workshops have been 
undertaken across Australia. An African Boxthorn Weed Management Guide and National 
Strategic Plan were completed in 2012. A National Best Practice Manual and research 
report on biological control feasibility are due for completion in mid-2013.  
 
The legacy of these outputs is that for the first time, a national sharing of knowledge and 
best practice management for African boxthorn are in place. There is a new focus on an 
old weed.  
 
 
INTRODUCTION 
 
African boxthorn (Lycium ferocissimum) was deliberately introduced to Australia over 150 
years ago. It originates from harsh landscapes of southern Africa, and has readily adapted 
to Australian inland and coastal places. It is a widespread weed in Australia and its 
impacts here are many and diverse. 
 
Declaration of African boxthorn as a WoNS and Caring for Our Country investment in 
national coordination for African boxthorn have provided a first opportunity for national 
gathering and compilation of knowledge on African boxthorn biology, distribution, impacts 
and management. This paper summarises some of the findings and results of the national 
focus on African boxthorn. 
 
 
BIOLOGY AND DISTRIBUTION 
 
African boxthorn is a densely branched, perennial shrub growing typically 2-3 m in height, 
though up to 5 m. Its branches end in sturdy thorns, and it has small fleshy leaves and 
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flowers that are coloured white to lilac. Boxthorn has small fruit that ripen into an orange-
red berry.  
 
It is a member of the plant family Solanaceae, and originates in South Africa and Lesotho 
in southern Africa (Kriticos et al. 2011). It was deliberately introduced to Australia as a 
hedge plant by the mid-1800s, and is now found in every Australian jurisdiction except the 
Northern Territory.  
 
African boxthorn has readily adapted to a wide range of conditions in Australia including a 
broad range of soils, salt laden wind exposed situations, and semi-arid environments. It 
has become widely established across coastal and inland non-tropical Australia. 
 
Plant dispersal is almost entirely by seed (Parsons and Cuthbertson 2004; Muyt 2001). 
African boxthorn mostly flowers and seeds in summer, but can do so year round. Fruits are 
consumed by animals including birds and foxes, and the seeds are viable when later 
excreted. Dispersal by a range of native and non-native birds makes eradication or even 
containment of infestations challenging to achieve.  
 

 
Figure 1. African boxthorn is a thorny shrub with small fleshy leaves, white and lilac 
flowers, and fruit that ripen into an orange-red berry.  
 
 Figure 2. Current African boxthorn distribution in Australia. 
 
Unlike the situation in other states, African boxthorn appears to be currently restricted to 
inland areas in Queensland, and is not a coastal weed. Distribution in Queensland 
appears worst in the Darling Downs. However, it is also found in the South East (near 
Ipswich for example), further north to the Burnett, and according to records, also up to 
Longreach. 
 
 
IMPACTS OF AFRICAN BOXTHORN IN AUSTRALIA 
 
African boxthorn is a declared weed in all Australian jurisdictions except Western Australia. 
Initial WoNS research found African boxthorn to be one of only five weed species found in 
at least half of the surveyed regions across the country (Thorp and Lynch 2000).  



 124

 
African boxthorn is especially of concern for its impacts upon: 

 The natural environment (e.g. displacing native vegetation and degrading fauna 
habitat); 

 Grazing lands (e.g. reducing access to pasture and water points, and harbouring 
pest animals like rabbits and foxes); and  

 Cropping and horticulture (e.g. boxthorn fruit acts as a host for fruit fly, the common 
house fly, and potentially potato/tomato psyllid (Bactericera cockerelli) should it 
enter Australia)(Parsons and Cuthbertson 2004; Lefoe 2013). 

  
The large thorns on African boxthorn can be hazardous to native fauna such as shorebirds 
that can become ensnared. In rural situations the spines present a risk to the eyes of 
stock, especially when feed is limited and stock graze in and around boxthorn plants.  
 
 
MANAGEMENT OF AFRICAN BOXTHORN 
 
African boxthorn management is complex and requires an integrated approach. As it is 
spread with the movements of native and non-native fauna, the landscapes and situations 
where it is found are many and varied.  
 
Careful planning for management of African boxthorn is necessary as in some cases it 
may be providing important fauna refuge. In some situations, the refuge is provided to 
threatened species such as with the critically endangered orange-bellied parrot 
(Neophema chrysogaster).  
 
It is important to consider potential implications of management of African boxthorn where 
it grows in the vicinity of cultural and/or historic heritage sites. In some instances, such as 
in coastal Tasmania, African boxthorn is growing on and near middens and other cultural 
heritage that may be impacted by management activities.  
 
A range of chemical and mechanical management techniques are used in controlling 
African boxthorn. It is an extraordinarily tough and resilient plant, and frequently several or 
more follow-ups are required to achieve a kill of plants.  
 
Little investigation of African boxthorn biological control feasibility for Australia has been 
undertaken. This has been made a high priority and a feasibility study is currently 
underway. 
 
No matter which control technique is used on African boxthorn infestations, a program of 
follow-up management is absolutely essential. The only successful African boxthorn 
management projects are the ones that have programmed in years of follow-up 
management. 
 
 
SHARING AND IMPROVING NATIONAL MANAGEMENT KNOWLEDGE 
 
Since declaration of African boxthorn as a WoNS in 2012, strategy and management 
workshops have been undertaken across Australia. An African Boxthorn Weed 
Management Guide (Magnussen 2012) and National Strategic Plan (Australian Weeds 
Committee 2013) were completed in 2012.  
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An African Boxthorn National Best Practice Manual is currently being completed. It takes in 
knowledge and experience from African boxthorn managers around Australia, and seeks 
to provide a single point of reference for future African boxthorn projects. The previously 
mentioned research report on biological control feasibility for African boxthorn in Australia 
is due for completion in 2013.  
 
The WONS African Boxthorn Coordinator can be contacted via email at 
Michael.Noble@dpipwe.tas.gov.au 
 
 
CONCLUSION 
 
Since its introduction to Australia in the nineteenth century, African boxthorn has continued 
to spread through a diversity of Australian landscapes. It impacts on a range of 
environmental, economic and social values. 
 
In various parts of Australia, land managers have learnt much about the biology and 
management of African boxthorn.  
 
With it being declared a WoNS, and with the recent gathering and compilation of 
knowledge from around Australia, land managers now have the material to make better- 
informed African boxthorn management decisions and investments. They have this due to 
a new focus on an old weed. 
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