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PRICKLY ACACIA REELS UNDER THE IMPACT OF WEED PACTS 
 

Alun Hoggett and Peter Spence 
Desert Channels Group; alun@dcq.org.au; peter.spence@dcq.org.au 

 
 
ABSTRACT 
 
The DCQ Weed PACT initiative gained momentum during an explosion of prickly acacia 
(Vachellia nilotica) in favourable climatic conditions.  This presentation includes a detailed 
documentary video. 
 
Desert Channels Queensland (DCQ) collaborated in pioneering satellite weed mapping to 
build a regional picture of the prickly acacia problem; researched and developed drone 
and other control methods; and developed a social media based field mapping system. 
  
Weed PACTs bring together groups of adjoining properties under five-year plans that 
divide the labour and cost.  DCQ handles the toughest infestations and the landholders 
deal with the balance.   This approach fostered a strengthening commitment from graziers 
to stick with the plans.  The combination of plans and new control techniques matched to 
weed density and land type, dramatically reduced costs to graziers and funding agencies.  
The benefits now far outweigh the costs of weed control. 
 
DCQ tapped into changing legislation to have an Area Management Plan approved, and 
negotiated a special Australian Pesticides and Veterinary Medicines Authority permit.  
These allow them to efficiently tackle the critical, ultra-dense infestations along drainage 
depressions. 
  
The Weed PACT initiative attacks infestations along upper reaches of Lake Eyre Basin 
rivers, delivering a huge public benefit both inside the infested areas and in the productive 
channel country downstream.  DCQ has used YouTube news stories and field days to 
share the vision and successes of Weed PACTs, fuelling the enthusiasm of graziers, 
researchers, and governments to tackle what was once assumed an insurmountable 
problem for grazing businesses and for the future of the Lake Eyre Basin rivers. 
 
Keywords: prickly acacia, documentary, Weed PACT, Area Management Plan, 
eradication, Lake Eyre Basin 
 
 
DOCUMENTARY 
 
The documentary can be viewed on youtube.com/user/DesertChannels 
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TASKFORCE!  MANY HANDS MAKE LIGHT(ER) WORK OF WEEDS AND 
PESTS IN THE FAR NORTH 

 
Travis Sydes 

Far North Queensland Regional Organisation of Councils 
t.sydes@fnqroc.qld.gov.au 

 
 
SUMMARY 
 
In 2009 local governments of Far North Queensland began development of an MOU 
outlining a collaborative approach for delivering regional resource sharing in joint 
operations referred to as taskforces.  The agreement was specific to the management of 
natural assets in both disaster response and regionally significant issues like invasive 
species.  The concept borrowed from and built on operational taskforces from programs 
like the Siam weed and Four Tropical Weeds eradication programs and looked to even 
earlier examples such the Quilpie Mesquite Taskforce.  The agreement established a more 
formal framework for the nature of these partnerships and at the same time widened the 
scope of the operations to include not just national/state management objectives but to 
regional and local issues as well. 
 
The MOU evolved in a region where the benefits of resource sharing is well established 
with many significant achievements on the board in sharing common planning tasks, 
strategic directions and funding priorities.  It was a reasonably natural transition to a 
regional resource sharing agreement which aimed to maintain equity and mutual benefit 
for all partners. 
 
Collaborating to deliver large scale works in a short space of time allows progress to be 
made that would otherwise not be possible.  Resource sharing has multiple benefits such 
as; sharing of technical expertise between operational staff; education and awareness of 
locality/district specific issues; and an ability to undertake larger, time effective operations 
when required.  Six years on and the concept is still going strong and evolving; in this 
presentation we reflect on the challenges and successes of the arrangement (and 
recommend it unreservedly to others). 
 
Keywords: taskforce, resource sharing, local government, cost: benefit 
 
 
INTRODUCTION 
 
There was a history of bringing teams of “weedo’s” together to take on big jobs prior to the 
development of a formal arrangement around resource sharing in operational taskforces in 
the far north.  The national Siam Weed Eradication Program and later the Four Tropical 
Weeds Eradication Program made good use of collaborative operations to deliver a range 
of benefits from getting big jobs done in remote locations; to knowledge sharing, training 
and networking between operational staff.  Big initiatives like weed hygiene practice and 
protocols migrated from the national programs to other operators in the region and 
became the norm for best management practice.  This new capacity and the fresh lessons 
from the response to Tropical Cyclone Larry in 2006 drove home the need for this style of 
operation in both routine and disaster based response.  
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FORMALISING THE TASKFORCE CONCEPT 
 
Perverse as it may be the disruption and devastation of natural disasters often brings 
opportunity for reinforcing partnerships, promoting community spirit and to some extent 
stimulating the local economy.  The big wet of 2009 which inundated the Wet Tropics and 
flooded Ingham and districts of the lower Herbert (twice) with water levels not seen for 
over 10 years was no exception.  The velocity of the floods cleared a floating blanket of 
exotic grasses and water weeds from kilometres of creek lines and wetlands and as a 
result water was again showing in areas where it had not been seen for years.  After the 
initial disaster response had passed for the town, Hinchinbrook Shire Council and the 
catchment management group were quick to seize on the opportunity and made a regional 
to call to arms to assist in securing the advantage nature had provided.  A one-week 
residential taskforce operation was brought together which saw over 130 person days 
directed to the cause.  The taskforce operated on the principle of the host picking up the 
tab for accommodation, materials and logistics in return for in kind contribution of ground 
crews and equipment from the neighbouring shires.  It was on the successes and 
operational and logistical protocols developed, broken and learned from in this activity that 
a regional MOU between the now 10 participating local governments came about.  
 
The rest, as they say, is history, and with one to two taskforces hosted annually the 
partnership has now seen all up around $454,500 contributed in kind which (with 
preparation and organisation included) equates to almost 1,000 person days committed. 
On average the taskforce operations deliver a return of 6.6:1 on every dollar invested by 
the host. This does not include operational efficiency or site based benefits.  
 
 
DISCUSSION 
 
The MOU and its supporting material have continued to evolve since being formally 
adopted by all member councils in early 2010.  The delivery and management is supported 
by universal templates, codes of practice and reporting.  Priorities for operations (which 
aim to operate on a rotational basis) are agreed on by the relevant local government 
technical committee.  In recent operations the collaborative hosting of the taskforces has 
seen government agencies and NRM contribute and participate as crucial partners in 
delivering local and regional priorities.  A growing participation from Indigenous Ranger 
Groups and traditional owners has added another dimension to the projects being 
delivered as well. 
 
 
ACKNOWLEDGMENTS 
 
FNQROC and the author would like to thank the many local government staff and 
stakeholders from across the region that have contributed to, and participated in, the 
development and deployment of operational taskforces in the region. 
 
 
REFERENCES 
 
FNQROC, (2009). Regional Resource Sharing in Joint Operations (Natural Asset 
Management) - Memorandum of Understanding (2014 revision). (Far North Queensland 
Regional Organisation of Councils). 
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USING HELICOPTERS:  TAKING PRICKLY ACACIA CONTROL TO THE 
NEXT LEVEL 

 
Wayne Vogler and Emma Carlos  

Biosecurity Queensland, Department of Agriculture and Fisheries, Tropical Weeds 
Research Centre, P.O Box 187 Charters Towers, Queensland 4820, Australia. 

 
 

ABSTRACT 
 
Prickly acacia (Vachellia nilotica) infests more than 6.6 million hectares of predominantly 
Mitchell grasslands in western Queensland (Australian Weeds Committee 2012).  
Herbicide control has largely relied on treating individual plants by basal bark spraying or 
applying soil active herbicides.  This often requires searching for and treating plants that 
are scattered over large areas in remote locations.  
 
Helicopters have long been used for mustering livestock due to their manoeuvrability, 
ability to rapidly cover large distances and high level of visibility by the pilot.  Cloncurry 
Mustering Company have developed an innovative herbicide applicator which when fitted 
to a Robinson R22 helicopter delivers measured doses of granular herbicide from a chute 
located near the right hand skid within the pilot’s field of vision.  The combination of the 
helicopter and applicator allow the rapid detection and treatment of individual prickly 
acacia plants scattered across large landscapes.  
  
Through the Queensland Government initiated War on Western Weeds project, a trial was 
conducted in western Queensland to compare the cost and efficacy of helicopter-applied 
tebuthiuron with ground-applied tebuthiuron and basal bark spraying using Access™ and 
diesel. Results show that for prickly acacia densities of 35 plants per hectare (all plant 
sizes), the cost of helicopter applied tebuthiuron was similar to that of basal bark spraying 
at $1.46 and $1.45 per plant respectively whereas  ground applied tebuthiuron cost $0.92 
per plant. The implications of these findings for prickly acacia management are discussed. 
 
Keywords:  Prickly acacia, helicopter, herbicide, Mitchell grasslands, Queensland. 
 
 
INTRODUCTION 
 
Prickly acacia (Vachellia nilotica) infests more than 6.6 million hectares of predominantly 
Mitchell grasslands in western Queensland (Australian Weeds Committee 2012).  
Herbicide control of scattered prickly acacia plants has largely relied on treating individual 
plants by basal bark spraying using Access™ (240 g/L triclopyr and 120 g/L picloram) and 
diesel or the ground application of soil active herbicides such as Graslan™ (200 g/kg 
tebuthiuron) or Velpar® (250 g/L hexazinone) (Department of Agriculture Fisheries and 
Forestry 2014).  These methods of applying herbicides to scattered prickly acacia plants 
are labour intensive, have remained largely unchanged for many years (Department of 
Natural Resources Mines and Energy 2004) and often require searching for and treating 
plants that are scattered over large remote areas.  
 
Helicopters have been proven effective as a tool for mustering livestock across large areas 
(Anon. 2015) due to their manoeuvrability, ability to rapidly cover large distances and high 
level of visibility for the pilot.  To utilise the benefits of helicopters for control of prickly 
acacia, Cloncurry Mustering Company has developed a herbicide applicator which they fit 
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to a Robinson R22 helicopter.  The herbicide applicator delivers measured doses of 
granular herbicide beneath prickly acacia plants from a chute located near the right hand 
skid within the pilots field of vision.  The helicopter and applicator combination allow the 
rapid detection and treatment of prickly acacia plants scattered across large landscapes.  
 
As part of the Queensland Government initiated War on Western Weeds project we tested 
the application efficiency of the heli-drop herbicide application technique and compared it 
with the cost and application efficiency of the long established, proven herbicide 
application techniques of basal barking and ground-applied tebuthiuron.    
 
 
METHODS 
 
The field site was located within the Mitchell grasslands of north-west Queensland on 
‘Clareborough Station’ near Richmond. A lack of native trees, allowed Google Earth to be 
used to select twelve 20-hectare plots containing similar densities of larger (approx. >2.0 
m tall) prickly acacia trees from within a 2.5 km by 7.5 km area.  During October 2014 the 
prickly acacia plants in each plot were field counted and allocated to size classes 
according to plant height (<0.5, 0.5-1.0, 1.0-2.0, 2.0-4.0 and >4.0 m) prior to treatment 
application to allow post treatment assessment of application technique efficiency. 
  
Three replicates of each application technique (heli-drop Graslan™, ground-applied 
Graslan™, basal bark applied Access™ and diesel) and a control (no treatment) were 
randomly allocated to the 12 plots.  Treatments were applied in early November 2014 by 
commercial contractors including Cloncurry Mustering Company (the developers of the 
helicopter applicator) so that the cost of each application technique could be compared.  
All herbicides were applied at label rates with ground applications done using quad bikes. 
Post treatment assessments of all plants within each plot were undertaken in April 2015 to 
determine the proportion of untreated plants within each size class.  Herbicide efficacy was 
not assessed due to the slow action of Graslan™ as a result of below average rainfall 
received following treatment application.  Any new seedlings that emerged following the 
wet season were not included in the assessment. 
 
 
RESULTS 
 
The initial proportion of plants in each size class was similar across the treated plots 
indicating that herbicide application efficiency and cost differences were not influenced by 
prickly acacia population structure (Figure 1).  Visual observations indicated that the heli-
drop applicator placed almost all the tebuthiuron granules within a one metre radius of the 
base of each prickly acacia plant (Figure 2).  This demonstrated that the level of accuracy 
of the heli-drop applicator was similar to that of the ground-applied tebuthiuron despite the 
air turbulence of the helicopter and herbicide granules falling through the plant canopy.  
 
The total cost of the heli-drop application technique (including herbicide) was similar to that 
of basal bark herbicide application at $1.46 and $1.45 per plant respectively whereas 
ground-applied tebuthiuron cost $0.92 per plant (Table 1).  The man hours for the heli-drop 
technique were one sixth and one third of those required for basal bark and ground-
applied techniques respectively (Table 1), indicating significant labour savings.  
 
No trees above 4 m tall were missed by any herbicide application technique. There were 
small numbers of trees missed in the 1-2 and 2-4 m size classes although the number 
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missed was similar between herbicide application techniques. In the smaller tree size 
classes, the heli-drop application technique missed more trees than the other techniques 
with almost 12% missed in the < 0.5 m tall size class (Table 2). 
 

 
Figure 1. The mean percentage of plants of each size class for respective herbicide 
application techniques. The vertical bars represent +/- one standard error of the mean.  
 

 
Figure 2. Graslan pellets (identified by arrows) around the base of a prickly acacia tree 
following heli-drop application. 
 
Table 1. The total number of prickly acacia plants and associated treatment costs and 
man hours within each herbicide application method. 

Application 
Method 

Total Trees 
$/Tree 

Labour/Helicopter 
$/Tree Chemical $/Tree Total Man Hours 

Basal Bark 2299 0.67 0.78 1.45 26 

Ground 
Applied 

2314 0.31 0.61 0.92 12 

Helidrop  1791 0.96 0.50 1.46 4.15 

 
 
DISCUSSION 
 
The trial indicates that the heli-drop application technique is an efficient method for spot 
application of tebuthiuron on scattered prickly acacia within the Mitchell grasslands of 
western Queensland and other extensive landscapes.  Tebuthiuron was applied from the 
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air as accurately as hand applications from the ground, with most granules distributed 
within a one metre radius of the base of trees.  
 
Table 2. The mean percentage of prickly acacia plants within each size class missed by 
each herbicide application technique.  

Plant Height (m) Basal Bark 
Ground 
Applied Heli-drop 

<0.5 4.3 2.7 11.8 

0.5-1 0.0 1.1 4.8 

1-2 0.0 0.4 0.2 

2-4 0.9 1.0 1.2 

>4 0.0 0.0 0.0 
 
The heli-drop application technique is also cost-comparable with basal bark herbicide 
application although the ground-applied tebuthiuron is less costly.  However, when labour 
is not available the heli-drop technique provides a way of treating large areas of land with 
only one sixth of the labour requirements (Table 1).    
 
The ability from a helicopter to quickly identify prickly acacia plants larger than 0.5 m high 
is a distinct advantage compared to ground-based herbicide application which has to cover 
almost all the land area to find and treat prickly acacia.  This advantage is likely to be 
further enhanced when the landscape contains other woody vegetation such as native 
trees and shrubs which obscure the view of ground based herbicide applicators.   
 
Overall the heli-drop application technique provides an efficient option for the herbicide 
treatment of prickly acacia compared to ground-based herbicide application.  Although the 
cost maybe more than ground-applied tebuthiuron application, where available labour is 
limited the heli-drop technique allows land managers to treat prickly acacia in extensive 
landscapes in a timely manner.  
 
 
ACKNOWLEDGEMENTS 
 
The authors thank John and Susan Bellingham, Clareborough Station, Richmond for the 
use of their property for this trial.  Thanks also to Shane Campbell and Joe Scanlan for 
commenting on earlier versions of this paper.  
 
 
REFERENCES 
 
Department of Natural Resources Mines and Energy (2004). ‘Prickly Acacia National Case 
Studies Manual’. (Queensland Government, Brisbane). 
 
Department of Agriculture Fisheries and Forestry (2014).  ‘Fact Sheet – Prickly Acacia’. 
http://www.daff.qld.gov.au/plants/weeds-pest-animals-ants/weeds/a-z-listing-of-
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TOWARDS WEED DETECTION IN THE CLOUD 
 

Calvin Hung, Zhe Xu, Nasir Ahsan, Salah Sukkarieh 
Australian Centre for Field Robotics,  

Rose Street Building, J04, The University of Sydney, NSW 2006. 
 
 

ABSTRACT 
 
In recent years, aerial imagery has become readily available to individuals and small 
organisations at high spatial and temporal resolutions.  Recent advances in computer 
vision have enabled the development of automated algorithms for detecting weeds and 
other vegetation from this imagery.  In this paper, we propose a cloud-based service for 
automated weed detection that uses a multi-scale convolution neural network to classify 
objects in aerial data, and demonstrate the efficacy of this classifier on a range of weed 
species. 
 
Keywords: weed detection algorithms, cloud computing, unmanned aerial vehicles. 
 
 
INTRODUCTION 
 
In recent years, aerial imagery has become readily available to individuals and small 
organisations at high spatial and temporal resolutions.  Sources of such data include 
companies that specialise in providing aerial data and small unmanned aerial vehicles 
(UAVs) that are operated in-house.  This trend has led to interest in using aerial data to 
support decision making in agriculture (Grenzdörffer et. al. 2008, Zhang et. al. 2002), weed 
management (Hung et. al. 2015) and scientific research (Turner et. al. 2014). 
 
While techniques for collecting aerial imagery and geo-registering aerial data are well 
established, the interpretation of aerial data into semantically meaningful information can 
be a repetitive and error-prone task.  Recent advances in machine learning have enabled 
the development of automated algorithms that segment images into discrete objects and 
classify these objects– for example, differentiating between weeds from other vegetation.  
Examples of such work include that of Laliberte and Rango (2011), Peña et. al. (2013) and 
Reis et. al. (2013). 
 
As the adoption of aerial data for agriculture and ecological management increases, we 
anticipate that there will be a need for automated weed detection across many 
geographically dispersed organisations, each seeking to detect different species.  To 
address this need, we are working towards developing a cloud-based service in which 
individuals can upload aerial imagery and labeled examples of the target weed(s).  This 
service is based on a weed detection algorithm that can learn from examples provided by 
human experts.  This learning-based approach allows the same detection framework to be 
used on many different weed species. 
 
The efficacy of our learning-based approach to weed detection has been demonstrated on 
aerial images collected by a range of UAVs over a number of weed species, including 
woody weeds (Acacia nilotica, Parkinsonia aculeate and Prosopis pallida) (Hung 2013), 
alligator weed (Alternanthera philoxeroides) (Clements et. al. 2014), water hyacinth 
(Eichhornia crassipes), serrated tussock (Nassella trichotoma) and tropical soda apple 
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(Solanum viarum) (Hung et. al. 2015). Our previous results have shown classification 
accuracies of up to 95%. 
 
 
CLOUD-BASED WEED DETECTION 
 
Our proposed approach to cloud-based weed detection is shown in Figure 1.  First, a 
multi-scale convolution neural network classifier is trained using exemplar images of the 
target weed(s).  The classifier learns features of the image (for example, colour and 
texture) that differentiate the weed(s) from its surroundings.  Examples of training data are 
shown in Figure 2.  The classifier then uses these features to search for weeds in the 
aerial image dataset. The weeds that have been detected are segmented and their 
locations determined using geo-registration data. 
 

 
Figure 1: Our proposed cloud-based weed detection process. 
 

 
Figure 2: Example training data. This dataset encompasses four classes: alligator weed 
(yellow), persicaria, a native species with a similar appearance to alligator weed (red), 
grass (green) and water (blue). 
 
 
RESULTS 
 
In this section, we present results of our classifier from two trials.  The first trial targeted 
two woody weeds (Prickly Acacia and Parkinsonia).  A classification accuracy of 95% was 
achieved (Hung 2013).   Example classification results are shown in Figure 3.  The second 
trial targeted alligator weed and found that Alligator weed patches as small as 4m2 could 
be detected (Clements et. al. 2014).  Results from the second trial are shown in Figure 4. 
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Figure 3: Classification results for woody weed detection. The aerial dataset is shown on 
the left while the classification map is shown on the right. 
 

 
Figure 4: Classification results for alligator weed detection. The aerial dataset is shown on 
top while the classification map is shown on the bottom. 
 
 
CONCLUSION AND FUTURE WORK 
 
In this paper, we proposed a cloud-based weed detection service based on a multi-scale 
convolution neural network classifier.  Our future work will be focused on improving the 
weed detection classifier, developing  techniques for geo-registering aerial imagery that 
come from a range of sources with different localisation accuracies, scaling our processing 
pipeline for large volumes of data and deploying our solution to a commercial cloud-based 
computing platform. 
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ABSTRACT 
 
Arrow Energy (Arrow) is an integrated coal seam gas (CSG) company.  Arrow explores 
and develops gas fields, produces and sells CSG and generates electricity.  Arrow has 
been safely and sustainably developing CSG since 2000 and supplying it commercially 
since 2004, and now delivers almost 20 per cent of Queensland’s gas supply from its five 
CSG fields in the Bowen and Surat basins.  Arrow’s exploration tenements cover 
approximately 21,000km2 across Queensland.  Management and maintenance of these 
tenements presents unique weed management challenges. 
 
As a community member, landowner and responsible business, Arrow is committed to 
weed management and to consistently improving weed management systems.  Arrow has 
revised its Weed Management Framework with a focus on managing weed seed spread 
from high risk weed sites.  The revised framework encourages fit-for-purpose clean down 
solutions and promotes inspection rather than unnecessary washdown.  To record vehicle 
movements, Arrow has introduced a Vehicle Hygiene Log to meet the requirements of the 
Queensland Government’s Land Access Code 2010 as a record of washdown and 
mechanism for traceability (including an e-form version for smart phones and tablets).  To 
support the new framework, an interactive e-learning training video on vehicle inspection 
and cleandown has been developed.  This paper will discuss Arrow’s risk based approach 
to weed management, and tools and training developed to support the new process.  
 
Keywords: High risk weeds, access conditions, hygiene 
 
 
INTRODUCTION 
 
Arrow’s Health, Safety and Environment Management System (HSEMS) is a series of 
controlled documents that enable Arrow to effectively conduct its business in a way to 
cause no harm to the health and safety of people and no unforseen impacts to the 
environment.  The HSE standards form a key component of Arrow’s HSEMS.  There are 
ten standards for managing the environment with the Arrow Weed Management 
Framework (Figure 5) within the Land Management Standard.  The land management 
standard ensures land disturbance is managed to avoid or minimise environmental 
impacts and, where land is impacted by Arrow activities, it is returned to an agreed 
condition. 
 
Arrow undertook a unit technical cost review process during 2014.  An overwhelming 
response was received from across the business around existing Vehicle and Machinery 
Hygiene Processes highlighting the: 
 inefficiency and confusion around the process, and 
 high level of waste through unnecessary washdowns. 
 
An interdepartmental committee was formed and developed a new process with a focus of 
managing weed seed spread from high risk weed sites. The revised Vehicle and 
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Machinery Hygiene Procedure is one of the four documents that make up the Weed 
Management Framework (Figure 5).  
  

 
Figure 5: Arrow’s Weed Management Framework 
 
ARROW’S VEHICLE AND MACHINERY HYGIENE PROCEDURE 
 
The concept behind the revised procedure was to determine high risk weed areas in the 
sites we operate.  These areas are identified by site ecologists as they complete a site’s 
ecology survey.  The weed risk status is then recorded in the landholder access condition 
which is the key document for all staff and contractors accessing that site. 
 
Driving conditions are applied to different areas of weed risk, as below: 
 If carrying a load obtain a weed hygiene declaration. 
 Review site access conditions (AC) and check its weed risk status.  
 Identify site specific conditions for vehicle and machinery hygiene, such as regional 

management plans, and the conditions that must be followed. 
 Before going to site, assess whether vehicle is clean according to the vehicle hygiene 

inspection log (VHL). 
 On leaving site, determine if the activity is exempt.  If staying on formed roads, 

hardstand areas or tracks free of vegetation, there is no requirement to inspect, clean 
down or fill out the VHL, unless the vehicle is being given to someone else or handed 
back to the vehicle pool.   

 When travelling off road or in a low risk area, no action is required (no need to inspect 
and/or cleandown and fill out the VHL), unless the vehicle is being given to someone 
else or it is being handed back to the vehicle pool. 

 When travelling off formed roads in a high risk area, inspect and cleandown if required, 
and fill out the VHL. 

 When providing the vehicle to someone else or back to vehicle pool, inspect and clean 
down if required and fill out the VHL. 

 
VEHICLE HYGIENE GUIDING PRINCIPLES  
 
The guiding principles used to develop the procedure are: 
 The risk of introducing weeds when transporting loads to site will be minimised. 
 High risk weed areas have high risk weeds present.  Work tasks undertaken in high 

risk weed areas need to minimise the removal of the weed from site. 
 High risk weeds will be managed on site to reduce weed spread. 
 Site specific requirements will be identified in the access conditions. 
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 Vehicles and machinery will be inspected to determine if a cleandown is required 
before leaving a high risk site. 

 A range of clean down methods can be used, and they should be ‘fit for purpose’ 
based on the work task and site conditions. 

 When driving is confined to formed roads, hardstand areas or tracks free of vegetation, 
the risk of spreading weed seeds is minimal. 

 Records shall be kept for all vehicles and machinery operating on a site to 
demonstrate cleanliness and evidence of a written notice. 

 Personnel inspecting vehicles must have adequate training to inspect and cleandown 
a vehicle. 

 
 
COMPANY DISTRIBUTION 
 
Arrow employs approximately 700 staff, 30-40 secondees and engages over 100 different 
contractor companies with up to 1000 contractor employees operating across our sites 
each month.  Such scale makes changing a critical HSEMS company procedure very 
challenging.  Due to the scale, nature and distribution of our workforce, Arrow needed to 
develop a means to communicate the changes, train staff, record data and monitor 
compliance. 
 
 
CHALLENGES  
 
There have been many benefits associated with changing the process; however it has also 
highlighted key challenges to be considered during development and identified issues 
implementing system change at a large scale: 
 large staff and contractor volume and high staff turnover, 
 large scale data storage and management, 
 access condition requirements differing from company procedures, creating confusion, 
 a diverse workforce from different cultures and backgrounds, and 
 Changing entrenched culture. 
 
 
TRAINING 
 
As an assurance to the landholders we work with, Arrow is committed to ensuring staff and 
contractors are trained in our procedure and against unit of competency AHCBIO201A – 
Inspect and clean machinery for plant, animal and soil material.  We have developed an 
online e-learning training module with interactive videos.  E-learning is designed to 
promote interactions and provide experiences where learners use these higher order 
thinking skills to make a decision or solve a problem.  The online interactive training runs 
for 40 minutes and consists of five modules and assessment.  The modules cover learning 
material specific to the requirements of Arrow’s procedures while still aligning to the 
nationally accredited unit of competency for inspect and cleandown.  The interactive 
inspection and cleandown video demonstrates the process on an Arrow vehicle using a 
range of techniques and includes an interactive test for the learner to assess competence.  
Assessment of competency included in the interactive module requires 100% compliance 
with assessment questions.  
 
Benefits of the interactive training include; 
 consistent delivery across all facets of our business,  
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 training anywhere at any time,  
 training relevant to our work scope, fields, and the weeds and pathogens we deal with, 
 reduced training costs, and  
 a training tool that is available for staff to reference and refresh their knowledge. 
 
 
RESOURCE TOOLS 
 
Arrow has contracted global software company Acresta to develop an application for smart 
phone and tablets for staff and contractors to record and store their hygiene records more 
efficiently.  The software is programmed with drop downs including Arrow’s petroleum 
leases (PL) and authority to prospect areas (ATP), company and vehicle identification 
data.  Data can be stored on the device or downloaded from the database when 
connected to internet networks.  Data and reports can also be printed or emailed.  
 
 
REVIEW 
 
Assurance programs for this procedure include; 
 vehicle/machinery inspections and VHL spot checks, 
 frequency and currency of contractor training, 
 training and qualifications of staff and contractors, 
 compliance with regional or site specific plans, and 
 compliance with access conditions. 
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ABSTRACT (SUMMARY) 
 
The Australian Invasive Cacti Network (AICN) was formed in 2009, an outcome of the 
Invasive Cacti Forum held in Adelaide late that year.  The forum arose from concerns 
expressed by members of the Rangelands NRM Alliance who shared a common problem 
with invasive cacti, in particular members of the Opuntia and Cylindropuntia genera. 
 
The AICN has helped raise awareness of the issue of invasive cacti and highlighted the 
need for a coordinated response, including the declaration of the majority of the Opuntioid 
cacti species naturalised in Australia, as Weeds of National Significance.  
 
Operationally, the AICN is targeting the release of a cochineal biocontrol for Coral Cactus 
(Cylindropuntia fulgida var. mamillata).  This biocontrol has had significant success in 
Southern Africa and will potentially assist many communities battling one of the worst 
invasive cacti. 
 
The AICN maintains a website, has a contact database of more than 100 national and 
international members and is looking to build on its current successes.  The AICN aims to 
increase its membership, provide added value through its website and lead the 
development of best practice management guides for the most significant Opuntia and 
Cylindropuntia.  Resourcing the AICN has relied on the support of its members and 
significant support from the members of the Rangelands NRM Alliance.  To deliver 
increased outcomes the AICN is looking for other partners to add value to its activities. 
 
As awareness increases, reports of invasive cacti are increasing from widespread 
locations around Australia.  Continued vigilance, followed by best practice control is more 
important than ever. 
 
Keywords: Opuntia, Cylindropuntia, Australian Invasive Cacti Network, Rangelands. 
 
 
INTRODUCTION 
 
The Australian Invasive Cacti Network is a group of people from around Australia 
supported by international networks, who are working to reduce the threat of invasive cacti 
to our biodiversity and primary production. 
 
Concerned that there was no coordinated approach to an increasing weed cacti problem 
across the rangelands, the Rangelands NRM Alliance undertook surveys of its member 
groups.  This survey identified invasive cacti, in particular the Opuntioids as a major threat 
to Australia’s rangelands, which represents 80% of Australia’s land mass (Forrest et al. 
2010, Chuk 2010).  In several regions where there were extensive infestations the costs of 
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chemical control often exceeded the value of the land.  It was also found that for most 
species of cacti there were limited or no currently effective bio-control agents. 
 
The Alliance contacted the South Australian State Opuntia Taskforce and it was agreed 
that a national meeting should be convened.  The first National Invasive Cacti Forum was 
held in Adelaide in early December 2009.  Representatives from the pest management 
community, scientists and biosecurity agency staff heard presentations on invasive cacti 
from most states of Australia along with information on taxonomy and biocontrol research 
both within Australia and South Africa.  
 
One of the outcomes of the forum was the agreement to form a national body, the 
Australian Invasive Cacti Network (AICN), to raise awareness of cacti as a significant 
threat to biodiversity and production along with providing a forum for exchange of 
information on the taxonomy, biology and control of invasive cacti.  The network works 
closely with biosecurity agencies, research institutions, natural resource management 
groups and land managers.  The network is open to all people or organisations with an 
interest in ridding Australia of weedy cacti. 
 
 
INVASIVE CACTI IN AUSTRALIA 
 
Introduced cacti are highly invasive plants belonging to the Cactaceae family.  Some of the 
worst are the Opuntioids which include the three genera: Austrocylindropuntia; 
Cylindropuntia; and Opuntia, originating from the Americas (Johnson et al. 2009).   
Multiple species were introduced to Australia with the earliest recorded introductions with 
the first fleet to support cochineal dye production (Raghu and Walton 2007), with later 
introductions for stock fodder, garden ornamentals or hedges (Chuk 2010). 

The most significant, and famous introduction is Prickly Pear (Opuntia stricta) which was 
introduced into pastoral districts in the 1840s.  By 1900, over four million hectares in 
Queensland and New South Wales were infested by prickly pear.  With rapid spread, the 
pest had invaded over 24 million hectares by 1925 (Hosking et al. 1988, Qld. DAFF 2014). 
The widespread impact and rapidity of spread prompted significant effort into investigating 
biocontrol options, commencing in 1912.  18 insects and one mite were introduced into 
Queensland with the most successful and well known biocontrol agent being the 
Cactoblastis moth (Cactoblastis cactorum) and four cochineal bugs (Qld. DAFF 2013).  

The biocontrol agents were so effective that by the 1930’s they had successfully reduced 
all large infestations of Prickly Pear and the agents were being used on other sites across 
the world.  However, by this time other cacti species had started to establish throughout 
Australia and although biocontrol agents remain, not all agents impact on all species, 
leaving significant gaps in the effectiveness of the current biocontrol agents impacting on 
the full range of Opuntioids. 
 

Opuntioids impact on Australia’s environmental, agricultural and social values, as well as 
posing a risk to animal and human safety (Holtkamp 2006).  They are a complex and 
diverse group of plants that are difficult to accurately identify and challenging to manage 
due to the large number of species, their spiny nature and tendency to often be located in 
remote and inaccessible areas (Australian Weeds Committee 2012). 
 
At least 27 species of opuntioid cacti have naturalised throughout Australia (Australian 
Weeds Committee 2012).  The initial survey conducted by the Rangelands NRM Alliance 
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and the ongoing work of the AICN has identified infestations in every mainland state and 
territory and correspondingly species are declared in each mainland state and territory.  
Some species, such as the edible Indian Fig (Opuntia ficus-indica) and common prickly 
pear, are commonly found in backyards and peri-urban areas.  More concerning, however, 
is the occurrence of species in remote and sparsely populated rangeland areas. 
 
Opuntioid cacti present a threat to grazing industries through their ability to form dense 
infestations that can reduce access to feed and hinder mustering activities.  Their spiny 
habit can injure stock, damage fleeces and hides and affect the safe handling of affected 
animals for shearing purposes.  The risk of spine injury also applies to native wildlife, 
either through impalement or the lodgement of spiny segments in limbs, hides and mouths, 
leading to immobilisation and a painful death.  Dense infestations of cacti can impede 
movement of native wildlife through corridors and limit access to refuges.  Competition 
from opuntioids can also limit the growth of native vegetation, including small shrubs and 
groundcovers. 
 
While awareness of the impacts of invasive cactus has increased since 2012, cacti remain 
popular garden plants and are readily available through formal and informal sales outlets. 
 
 
ACHIEVEMENTS 
 
The AICN has been actively working to raise the profile of the issue of invasive cacti as a 
threat to biodiversity and primary production.  There are now more than 100 members of 
the Network from all mainland states of Australia and internationally.  Presentations have 
been made to national conferences and visits made to a number of areas where invasive 
cacti are a problem.  A coordinated approach has been undertaken to provide comment 
and support for biocontrol activities, strategic planning and national policy. 
 
In 2011 the State governments of South Australia, New South Wales and Queensland 
collaborated to make an application for the Opuntioid cacti to be considered as Weeds of 
National Significance (WONS) and this led to the WONS classification in early 2012.  This 
group includes all species of Opuntia (with the exception of the Indian Fig) and all 
members of the Cylindropuntia and Austrocylindropuntia.  
 
The National Strategic Plan for Opuntioid Cacti was published in 2012.  This plan identifies 
the priority activities needed to prevent new infestations from occurring; manage existing 
infestations; and increase the capacity of people to manage opuntioid cacti.  
 
 
FUTURE PRIORITIES 
 
The AICN will continue to advocate for a nationally coordinated program focusing on:  
 Refine species’ distribution, including high risk areas at risk of future invasion; 
 Improve understanding of opuntioid weed biology, ecology and taxonomy to inform risk 

management and strategic control programs; 
 Provide training and resources to improve species’ identification; 
 Collate and distribute information on best practice management techniques; 
 Control of priority sites, including new infestations, outliers and containment 

approaches to reduce further spread; and 
 Promote further research into biological control agents for control of core infestations 

including targeting the release of a cochineal biocontrol for Coral Cactus 
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The AICN will be working to increase its membership and encourage its members to raise 
the profile of the Opuntioid cacti with the aim of increasing efforts to manage the range of 
species by both community and government.  To assist the AICN we will be looking for 
increased support and resources to enable its ongoing coordination role and awareness 
raising activities.  The AICN will be seeking funds to develop comprehensive management 
guides as exists for other Weeds of National Significance and will continue to highlight the 
impacts and commensurate benefits of coordinated national activity. 
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ABSTRACT  
 
Development of effective state-wide weed management strategies requires the 
incorporation of social, economic, legislative and environmental considerations across 
both immediate and long-term timeframes.  Linear features such as rail, road, 
telecommunications and other corridors traverse a wide number of land uses and property 
managers.  With these, edge effects, weed creep and external influences are significant, 
requiring a proactive approach to weed management both for environmental and social 
purposes. 
 
The development of a robust, yet adaptable program of holistic vegetation management 
across entire regional networks ensures weed spread is minimised, safety is maintained 
and assets and budgets are managed responsibly despite broad climatic, geographical 
and biological variations.  Centrogen has developed a unique and carefully considered 
model to manage vegetation impacting large-scale assets across varied climatic zones to 
consistent standards.  
 
Key aspects of this management model include: 

- Consistency of outcomes across the network  
- Responsiveness to seasonal and annual climatic variations 
- Flexibility to move resources between zones in particularly wet or dry years 
- Extensive and ongoing weed mapping and treatment strategy review.  

 
Supported by case studies from current client projects, this paper discusses the process of 
information gathering, mapping, analysis and consultation to develop effective strategies, 
support and contingencies for effective large-scale asset management across regional 
Queensland. 
 
Keywords: Asset, vegetation, weeds, mapping, infrastructure, corridor  
 
 
INTRODUCTION 
 
An integrated suite of considerations and options best addresses comprehensive 
management planning across significant land expanses such as the Queensland-wide rail, 
road or infrastructure corridors.  It is Centrogen’s finding that a package including the 
following specifications and communication tools best promotes a consistent and effective 
approach to vegetation and weed management across the varied climatic, land use and 
jurisdictional zones of these networks. 
 
Vegetation management options 
 
Discussion of possible options available for vegetation management as well as the 
benefits and considerations associated with each technique in relation to the land use of 
the corridor section. 
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Vegetation management specifications 
 
Recommended treatment options for Vegetation Management for each asset type, the 
required outcome of each treatment and associated intervention periods to ensure 
appropriate asset maintenance. 
 
Vegetation management strategy 
 
A summary of data sequestration undertaken in the planning process, as well as region-
specific information on current work practices, issues and management considerations as 
obtained from Asset Managers.   This section should also include a summarised projected 
works program for each region as a guide for asset managers to meet recommended 
vegetation management specifications. 
 
 
CONSIDERATIONS 
 
Centrogen employs a unique approach to large-scale vegetation management, based on 
intervention triggers rather than treatment frequencies.  This outcome-focussed program 
ensures that specifications relating to weed or vegetation density, height, maturity or other 
predetermined aspects are consistently achieved, enabling flexibility of treatments across 
areas of variable growth rates, land uses, accessibility and conservation requirements. 
 
 
APPROACH 
 
Data collection and analysis 
 
Extensive data collection and analysis forms the backbone of this comprehensive 
approach.  Using Geographic Information Systems (in this case MapInfo), areas are 
defined across the infrastructure network with respect to locality, climate, terrain, 
vegetation type, usage and accessibility to inform management recommendations. 
 
Centrogen uses publicly available remotely sensed imagery and vector spatial data to 
access a cross section of imagery dates, times and resolution.  Baseline information 
including the extent and nature of current vegetation treatment areas is first established. 
Existing treatment areas are visually digitised from raster sources such as QLD Globe, 
BING imagery and Google Maps, and resulting polygons attributed according to treatment 
method (e.g. mowing, slashing, chemical treatment, fire management etc.). 
 
Land use information is then overlaid with spatial data to attribute areas with management 
considerations.  These may include highly populated or urban sections of the managed 
corridor, intersection points between infrastructure types which require consideration of 
Line of Sight provisions for safety, or activity status of the infrastructure itself – whether the 
corridor is currently in use or has been decommissioned. 
 
In consultation with the client, point, line and polygon data representative of key 
management features is then incorporated. This may include areas of weed sightings, 
monitoring points, vehicle clean down sites, and social or culturally significant areas. 
Jurisdictional variations such as local government areas, statutory management areas, 
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pest exclusion zones and other considerations are then overlaid spatially, contributing to 
the developing management picture. 
External weed and pest data is sourced and included in the geographical tapestry. 
Physical or environmental data is then added.  Bioregional data, climate or rainfall 
information can be attributed against particular management polygons and correlated to 
informed assumptions on vegetation growth rates, densities and potential treatment 
options. 
 
Finally local knowledge and priorities are included and noted against spatial information. 
These may include sections where local agreements see neighbouring landholders 
maintain tracts of land in return for access provisions, areas of particular public concern, 
physical access constraints or local preferences for the use of fire management for 
example. 
 
Compiling and analysing this suite of information enables accurate calculation of 
categorised treatment areas, and provides for accurate contractor quotation of the works.  
 
Ground-truthing and verification 
 
It should be noted that although preliminary mapping can be undertaken using the best 
publicly available satellite imagery, extensive consultation with Network Asset Managers 
should be performed to ascertain their site-specific needs across the regional network.  
 
Ground-truthing of satellite imagery is completed both physically, and by utilising the 
detailed knowledge of the network representatives to confirm the treatment types that 
particular signature patterns observed on imagery represented on-ground.   
 
Vegetation management specifications 
 
To achieve consistent outcomes across varied geographical regions, a suite of 
specifications is developed.  These specifications prescribe intervention triggers, the timing 
of which varies depending on growth factors such as species and rainfall.  
 
In general, specifications for management of large-scale infrastructure corridors could be 
expected to contain provisions for the following activities in the urban and non-urban 
environments: 

 Slashing of corridor vegetation 
 General asset maintenance (e.g. fences or signage) 
 Maintenance of specific sites  
 Tree/shrub removal 
 Declared weeds 
 Access tracks 
 Firebreaks 
 Fence lines 
 Road, rail or corridor intersection vegetation management 
 Pedestrian crossing vegetation management 

 
Outcome 
 
Collation and analysis of information throughout the planning phase, when combined with 
vegetation management best practice and experience produces detailed regional or site-
specific summaries for consideration in conjunction with prescribed specifications.  An 



 25

example of one such summary produced for a rail corridor in Queensland is included for 
reference below (Figure 1). 
 

 
Figure 1. Example management summary for Babinda to Tully rail corridor section. Dark 
green on the Gantt chart indicates months in which it is most likely treatment will be 
required when considered against the prescribed specification for each activity. Cells 
shaded in pale green indicate months in which the corresponding activity may be required 
to meet specifications. 
 
 
CONCLUSION 
 
Adherence to a consistent suite of specifications across the entire network ensures 
consistency of outcomes and enables independent management of network sections.  The 
client can be confident that vegetation will be managed to a similar standard regardless of 
location, and contractors have the flexibility to manage funds across their section of 
responsibility in accordance with local growth variations, scheduling activities in 
accordance with intervention triggers rather than rigid numbers of treatments.  This 
approach fulfils the need for visual amenity, safety, environmental responsibility and 
financial diligence across even the largest vegetation maintenance project. 
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INTRODUCTION 
 
The aim of the trial is to see what changes can be made to the competitive advantage that 
Sporobolous spp have in a grazed environment.  Our two remaining Central Queensland 
sites are quite different in soil type, natural fertility, pasture and rainfall.  The Byfield site is 
a coastal Wallum soil and the Miriam Vale is an undulating Iron Bark Forest soil.  The third 
site has been omitted due to inundation. The average annual rainfall at Byfield is 1600 mm 
and 900 mm at Miriam Vale.  In both situations there is a history of improved grasses 
planted.  At each location a different grass or legume species has naturalised and now 
dominates.  The natural soil fertility can be represented by the Phosphorous (P) levels in 
parts per million (ppm) as a reflection of the likely cattle performance.  The Byfield site has 
an unimproved P level of 5 ppm and the Miriam Vale site 15 ppm of P. 
 
As explained at the previous Queensland Weed Symposium (Reeve and Shore, 2013) the 
level of fertilizer applied to each site was enough to substantially lift the soil levels of 
Phosphorous and Nitrogen.  These elements, at this stage of the trial, are the major 
limiting elements to the volume and quality of pasture produced in dryland tropical 
pastures.  The longer the trial goes; attention will need to be paid to a range of other 
elements, e.g. Potassium and Sulphur. 
 
 
RESULTS  
 
The results after the first 12 months of treatment are represented in the following Figures 
(1 and 2) and Tables (1 and 2). 
 

  
Figure 1. Treated (left) and fertilised (right) Miriam Vale 2014. 
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Figure 2. A. Biomass of fertilised and unfertilised grasses, 2014-2015, B. Crude Protein levels of grasses and Sporobolous spp, 
2014-2015, C. Dry Matter Digestibily of grasses and Sporobolous spp, 2014-2015. 

A 

CB 



 28

Table 1. Rainfall and days stocked, Miriam Vale 2014-2015. 
 Year 1 Miriam Vale Year 2 Miriam Vale 

Fertilised Unfertilised Fertilised Unfertilised 

Paddock size 2 ha 2 ha 2ha 2ha 

Herbicide Taskforce pellets 15 kg/ha on 23/09/13 
Taskforce liquid 4L at rate of 2L/2000L water 

in October 2014 
Only Sporobolus areas 

Fertiliser 
900 kg Urea + 250 

kg DAP on 16/01/14 
N/A 

900 kg Urea + 250 
kg DAP in January 

2015 
N/A 

Total Rainfall 302 mm 515.5 mm 

Rainfall period 29/09/13 – 17/02/14 15/12/14 – 19/4/15 

Rainfall days 25 days 30 days 

No. head 8 steers 8 steers 24 steers 24 steers 

Grazing period 72 days 24 days 22 days 12 days 

 
Table 2. Rainfall and days stocked, Byfield 2014-2015. 

 
Year 1 Byfield Year 2 Byfield 

Fertilised Unfertilised Fertilised Unfertilised 

Paddock size 2 ha 2 ha 2 ha 2 ha 

Herbicide Taskforce pellets 15 kg/ha on 15/04/14  

Fertiliser 
900 kg Urea + 250 

kg DAP on 16/05/14 
N/A 

900 kg Urea+250kg 
DAP on 20/6/15 

N/A 

Total Rainfall 310 mm 1100 mm 

Rainfall period 01/06/14 to 30/12/14 01/01/15 to 30/06/15 

No. head 15 mixed cattle  15 mixed cattle  

Grazing period Continuous    

Observations 
Condition Score of 

cattle improved by 3 
 

Condition score 
improvement 
maintained. 

Dramatic increase in 
legume growth 

 

 
 
DISCUSSION 
 
From Figure 2, we can see that fertilized blocks have a higher pasture yield, improved 
protein and digestibility.  This explains the extra grazing days and the differences that 
include some grazing of the fertilized Sporobolous spp.  As this is a dryland trial, the 
rainfall total and pattern has a major effect on the results.  Stocking of the sites occurred 
after sufficient rain, to give a measureable difference in the two blocks - fertilized and 
unfertilized.  The common feature of the two sites is the similarity in anecdotal results 
despite having very different rainfall and soil type. 
 
Miriam Vale 
 
The fertilized and unfertilized blocks are separated with the number of days grazing 
recorded for each.  For the first year, eight steers were grazed on the two blocks. The 
fertilized block was grazed for 72 days and the unfertilized 24 days.  Both paddocks had 
been treated with granular taskforce in September 2013 and a follow up treatment 
occurred in October 2014. 
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The monitoring of grazing days has allowed for an estimate of likely financial loss/gain of 
the trial.  The initial evidence suggested that the fertilizer cost would be recouped and a 
profit likely.  This will be reviewed at the conclusion of the three years.  The site was 
fertilized again in January 2015 and grazing has begun.  There is only very isolated 
Sporobolous spp plants now present in the fertilized block and 20 % in the unfertilized 
block.  The pasture is 100% Signal Grass (Brachiaria decumbens). 
 
Byfield 
 
The two blocks are not separated and they are grazed continuously by 15 mixed cattle.  
Therefore the condition of the cattle and the change in the pasture mix are the variables in 
this site.  The cattle preferentially graze the fertilized site however there is some evidence 
of the Sporobolous spp also being grazed.  Worthy of note is the dramatic increase of a 
grazing legume in the fertilised block, Wynn Cassia (Chamaecrista rotundifolia), a known 
competitor for Sporobolous spp. This legume is an active summer grower but is not grazed 
by cattle often until winter; therefore it can grow over clumps of Sporobolous spp grasses 
in the summer.  This was not anticipated prior to the commencement of the trial.  Clearly 
the chemical does not hamper legumes and this very common legume responds well to 
Nitrogen and Phosphorous fertilizer without pasture spelling.  This could be quite relevant 
to large areas of coastal Queensland.   
 
This site was heavily affected by Cyclone Marcia in February 2015 and pasture mix still 
shows a population of Sporobolous spp in both blocks.  There may be a few reasons for 
this; the response to the granular product seems more varied on this site than Miriam Vale, 
but it must be remembered that this is a high clay Wallum soil.  The Wynn Cassia now 
seems to dominate the fertilized block, as the cattle have preferentially not grazed it.  The 
results after next 12 months at Byfield will be quite different to those at the Miriam Vale 
Site. 
 
 
CONCLUSION 
 
We have deliberately not included cattle weights in this exercise because at this time we 
are more focussed on the change in the Sporobolous spp than we are in live weight gains.  
This is a three year demonstration to highlight the scope of control options for Sporobolous 
spp grasses.  There is a visual difference in volume and quality of pasture because of the 
response to the fertilizer.  The two sites are so different that a range of other sites may 
warrant investigation.  After one full year of grazing, a significant field day, media releases, 
and more field days planned there seems to be interest in an option that includes making 
chemical treatment not the only control technique available. 
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RESTORATION OF LOWER BEECHMONT CONSERVATION AREA 
 

Joshua Gray 
Ecosure 

 
ABSTRACT 
 
Facilitating the recovery of native vegetation in a degraded area by utilising weather 
events and annual weeds has promoted natural regeneration with good results.  Lower 
Beechmont Conservation Area (LBCA), in the Gold Coast hinterland is 789 hectares in 
size, is owned by the City of Gold Coast and is managed as a conservation reserve.  The 
current area being restored by Ecosure is approximately 30 ha and predominantly lies 
within regional ecosystem RE 12.3.11 (Open forest on alluvial plains).  Weed species 
present include annual weeds such as fleabane, ragweed, cobbler’s pegs and thick head.   
Perennial woody weeds include Lantana, wild tobacco, Easter cassia (in large numbers), 
devils fig, and castor oil plant.  Vines also pose a threat to the site and species being 
controlled include Madeira vine, cat’s claw creeper, white passionfruit, corky passionfruit, 
moth vine, blue morning glory, white morning glory and Dutchman’s pipe.  Restoring the 
floodplain has been challenging due to seasonally high volumes of water washing soil and 
organic matter from the area.  Encouraging selected annual and perennial weeds to grow 
on the floodplain prior to the wet season has prevented soil loss and promoted native plant 
germination.  Wild tobacco trees have been utilised to assist with the development of 
forest.  Once native vegetation has established to a certain point, the tobacco bush was 
stem injected and retained in situ allowing a perch for birds.  After working this area for two 
years natural regeneration is occurring and through the use of annual weeds, flood events 
are having less impact on the recovery of this section of the site. 
 
 
INTRODUCTION 
 
Lower Beechmont Conservation Area (LBCA) is located within the Gold Coast Hinterland 
owned and managed by the City of Gold Coast Council for conservation purposes.  LBCA 
is approximately 789 ha, complementing the Mt Nathan and Clagiraba Reserves to the 
north contributing to the State Biodiversity Corridor extending from Canungra east to 
Nerang National Park eventually connecting the coast via Coombabah Lakelands 
Conservation Area.  The current area being worked by Ecosure is approximately 30 ha 
and predominantly occurs within Regional Ecosystem 12.3.11 (Open forest on alluvial 
plains), an ‘Of Concern’ system.  Annual rainfall for the area usually exceeds 1500 mm.  
 
One of the major threats to the health of native vegetation is invasion by weeds.  
Uncontrolled wild fire is an additional threat to the conservation area particularly as high 
intensity fires in this landscape is likely to result in further weed invasion.   Seasonal 
flooding occurs during the wetter months (February  to May) impacting on the study area 
through a loss of top soil, erosion, a loss of seedlings as well as the dormant seed that 
may have been present within the soil.   
 
 
METHODS 
 
Due to the complexity of the site and the large levels of weed species present (Table 1) 
coupled with seasonal weather events, a number of restoration techniques were required 
to assist the regeneration of the area.   
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Table 1. Main weed species present at Lower Beechmont Conservation Area. 

 Common name Botanical name Status 
Woody weeds castor oil plant Ricinus communis Not declared 

 Easter cassia Senna pendula var. glabrata Environmental 
 giant devils fig Solanum chrysotrichum Environmental 
 lantana Lantana camara Class 3 + WONS 
 Paddy’s lucerne Sida rhombifolia Not declared 
 wild tobacco Solanum mauritianum Environmental 
    

Vines corky passionfruit Passiflora suberosa Environmental 
 Dutchman’s pipe Aristolochia elegans Class 3 
 edible passionfruit Passiflora edulis Environmental 
 Madeira vine Anredera cordifolia Class 3 
 morning glory Ipomoea indica Environmental 
 white passionfruit Passiflora subpeltata Environmental 
    

Grasses broad leaved paspalum Paspalum mandiocanum Environmental 
 Johnson grass Sorghum halepense Environmental 
 molasses grass Melinis minutiflora Environmental 
 Setaria Setaria sphacelata Environmental 
    

Herbs annual ragweed Ambrosia artemisiifolia Class 2 
 blue billygoat weed Ageratum houstonianum Environmental 
 cobblers pegs Bidens pilosa Environmental 
 crofton weed Ageratina adenophora Environmental 
 fireweed Senecio madagascariensis Class 2 
 fleabane Conyza bonariensis Environmental 
 mist flower Ageratina riparia Environmental 
 Polka dot plant Hypoestes phyllostachya Environmental 
 Singapore daisy Sphagneticola trilobata Class 3 

 
Spot spraying using Solo® knapsacks equipped with hollow cone nozzles (to ensure the 
herbicide used would exclusively target weeds) was undertaken by teams of highly skilled 
bush regenerators with good plant identification skills.  Spraying of weeds underneath and 
around drip lines (outer most line where water would drip from the tree canopy) of trees 
was done to promote the germination of seed in the seedbank as it was likely birds and 
flying foxes had deposited seed during visits to feed on fruit or perch on branches.  
Bahco® P16 loppers were used along with Felco® secateurs and a boning knife to 
conduct the control of woody weeds and vines using the cut, scrape and paint method.  A 
poison pot on a stand was utilised with a paint brush to accurately apply herbicide to the 
cut stump and scraped area of the plant.  Utilising a paint brush to apply herbicide was the 
most practical and efficient method to control the amount of herbicide applied to the 
desired plant resulting in no off target damage.  
  
When preparing an area for spraying whether it was an initial spray or follow up 
maintenance, some minor hand removal of weeds was conducted, mostly when weeds 
were tall and if they were easy to remove.  Mostly preparation occurred with the weeds 
being pushed back from smaller native vegetation so the desirable plant would easily be 
identified when spraying.  At other times, this was done during maintenance activities as 
the team moved through the site. 
 
The herbicides selected for all stages of the weed control process were chosen to ensure 
minimal environmental harm i.e. low or no withholding periods, and the least impact to 
humans, animals and the adjacent waterway (Table 2).   
 
 
THE PROBLEM 
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The site is considered to have good capacity for regeneration even though there has been 
extensive clearing and intensive farming which has resulted in significant compacted areas 
especially on the alluvial soils, and significant weed infestations including large areas of 
extremely dense weeds. These issues coupled with regular flood events previously 
resulted in a loss of topsoil and cover has severely impacted the ability of seed to 
germinate. In fact, it is highly likely that soil seed banks were washed away along with any 
other seed that may have been deposited via avifauna, wind or water.  Whilst working on 
the site after flood events it was observed that topsoil had been washed away, areas 
stripped bare of native seed, and the low infiltration of water into compacted soil areas was 
also prohibiting native plant growth.  During the drier months the soil would dry out forming 
cracks which is uncommon at this location.  With a lack of native plant growth, weeds such 
as giant Devils fig, morning glory, and large patches of annual ragweed and exotic grasses 
colonised the site.  The low level of soil health resulted in stunted native seedlings with 
those that germinated appearing slow to grow and develop.  This was in stark contrast to 
the same species occurring in other parts of the site.  It was through these observations 
that we realised we had to modify our weed control approach.  Simply continuing to kill 
weeds in this area was not benefiting the recovery of the area.  
 
Table 2. Herbicides used at Lower Beechmont Conservation Area. 
Trade Name Manufacturer Active ingredient Purpose 
Associate® Nufarm 600g/kg Metsulfuron methyl Selective herbicide
Weedmaster® Duo Nufarm 360 g/L Glyphosate Non-selective herbicide
Pulse® Nufarm 1020 g/L Polyether modified polysiloxane Penetrant 
EnviroDye Red SST Australia Diazo Distuff marker dye 
 
 
THE SOLUTION 
 
Facilitating the recovery of native vegetation usually involves the control of all herbaceous 
weeds, mainly via spraying, as they directly impact the ability of native plants to germinate 
and grow.  In these areas we left selected herbaceous weeds and allowed them to go 
“woolly”.  These weeds were selected on their growth habit, ability to assist restoration by 
conditioning the soil and improving soil structure as well as to stabilise the area.  Paddies 
lucerne was left to grow sporadically so its deeper tap root could assist with the de-
compaction of the soil.  Over a period of time the roots broke through the hard ground, 
increasing water permeability of the soil.  Annual ragweed, mistflower and cobblers pegs 
were left during the dryer months to create a living ‘green’ layer similar to a cover crop as 
used in agriculture.  This trapped moisture within the soil layer and by doing this, assisted 
the infiltration of water into the soil.  It also provided cover for the native seedlings from 
frost (of which there were several harsh frosts during this time) which gave the seedlings a 
‘kick-start’ during the warmer and wetter months.  It should be noted that the annual 
ragweed was controlled prior to it flowering and setting seed due to its status as a class 2 
weed.  
 
Some weeds were left to grow during the winter months and others were retained during 
January/February pending weather conditions and meteorological predictions.  Through 
the wetter months the areas that were retained as ‘woolly’ (i.e. containing herbaceous 
weeds) appeared to better hold the soil together during flood events and trap native seed 
being washed down from higher in the catchment.  Through February or after a flood event 
occurred, a thorough approach to weed control and ecological restoration management 
was undertaken where weeds were selectively controlled.  Many native seedlings were 
found germinating underneath the weed layer so some hand weeding was required to 
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clear around the native seedlings to assist identification.  Once these plants were 
uncovered, spraying was conducted through the whole site.  By spraying these weeds 
when they were more mature (i.e. with greater height), they again assisted the continued 
development of the soil by acting as mulch.  The mulch layer assisted further by trapping 
seed that was washed down in subsequent rain events and as the weeds broke down, the 
health of the soil improved.   
 
Selected wild tobacco trees (Solanum mauritianum) were left to provide perches for birds, 
specifically the brown cuckoo-dove (Macropygia amboinensis) as these birds feed on a 
variety of fruits from native trees, shrubs and vines.  The birds are also very attracted to 
the wild tobacco fruits and so when feeding they tend to drop other seed.   Weeds such as 
exotic grasses and woody weeds were controlled underneath the wild tobaccos so the 
germination of native plants could be better facilitated.  The wild tobacco trees also 
provided shade and trapped moisture within the understory.  Once the native vegetation 
had established within the drip-lines, the wild tobacco trees were stem injected and left in 
situ to continue to provide perches for birds.  In some situations the dead wild tobacco 
trees were pulled down to create sediment traps as some of the stands were in a high flow 
area.  This provided another source of trapping native seed and topsoil being washed from 
upstream.  It should be noted that not all wild tobaccos were left and that many were 
controlled during primary and secondary weed control work.  Only a select amount were 
retained to assist native plant recovery as some light is still required to ensure the 
seedbank is stimulated to germinate.  In addition, we wanted to ensure they were replaced 
with native vegetation and were not interested in the development of a tobacco forest 
which has been observed on other sites.  
 
Within the direct impact zone of the creek (approx. 3 m from the water) weeds were left to 
take the brunt of the high water flows.  This assisted in reducing erosion and trapping 
native seed being washed from further upstream.   Areas where native raspberries (Rubus 
spp.) germinated, circles were sprayed around the bushes to eliminate the competitive 
pressure of weeds.  This facilitated the expansion of the native shrub while ensuring the 
area remained as stable as possible.  Once the patches of Rubus established, the plants 
attracted birds feeding on the fruit and via the deposition of more seed in their scats, we 
believe the birds have further assisted the establishment of native plants and reinstated 
the recruitment process.    
 
 
CONCLUSION 
 
Regular weed control maintenance continues on this site.  Approximately five maintenance 
visits will be required over the next 12 months though as native vegetation continues to 
germinate and grow, we believe a further reduction in maintenance will occur next year.   
Wild tobacco trees are still being utilised in the area and with native recruitment occurring, 
a continued and slow reduction of the wild tobacco trees will continue.  The impact of flood 
events is decreasing on site and as native seed and sediment is being deposited, more 
native plant recruitment is occurring. The rate of plant growth within the area has 
increased and where pioneer species were germinating but with minimal growth, they are 
now growing more rapidly. 
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QUEENSLAND PLANTS BECOMING WEEDS IN OTHER PARTS OF THE 
STATE 
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The IVM Group, PO Box 545, Varsity Lakes, Qld 4227. 
 
 
ABSTRACT  
 
There are many plants native to certain parts of Queensland that are becoming naturalised 
well beyond their native ranges.  A few high profile cases are well-known, such as 
Queensland Umbrella Tree (Schefflera actinophylla) and Cadaghi (Corymbia torelliana).  
In reality, there are a significant number of plant species that fit into this category.  The 
Queensland Herbarium, according to its 2014 plant census, currently recognises a total of 
21 plants as being naturalised beyond their native range in Queensland.  However, there 
are many more native species becoming weedy in Queensland than are currently 
recognised, due to the fact that the required research has not been carried out.  The actual 
figure is probably somewhere between 40 and 60 species, which is similar to that 
recognised by many other state herbaria.  This paper will list those species which may 
require formal re-classification as being naturalised beyond their native range in 
Queensland.  It will also outline the reasons why so many native species are becoming 
weedy outside their native ranges in Queensland and give some examples that are not 
currently well known or recognised. 
 
Keywords: native plants, naturalised flora, native range, invasion. 
 
 
INTRODUCTION 
 
The geographical ranges of plants are not static, and can change quite significantly over 
time in response to changes in climatic and other factors.  It is thought that these 
distribution changes were usually relatively slow, in the past, often taking hundreds or 
thousands of years to occur.  However, the ranges of some species of the native flora of 
Queensland have been extended quite significantly by human activities over the last 200 
years.  Species have been spread to other parts of the state, to other parts of Australia, 
and to other parts of the world.  This tendency towards the anthropogenic extension in the 
ranges of native species seems to have increased in the last 50 years, and is no doubt 
due to a massive increase in the movement of people and produce brought about by 
mechanisation and the use of vehicular transport.  This relatively recent phenomenon is 
also occurring to a greater or lesser degree in all of the other states of Australia. 
 
A few high profile cases are well-known, such as Queensland Umbrella Tree (Schefflera 
actinophylla) and Cadaghi (Corymbia torelliana).  Both of these species, which are native 
to the coastal districts of far northern Queensland, have become widely naturalised in the 
coastal districts of southern Queensland.  However, many other native plant species have 
also spread beyond their native ranges in Queensland.  In most cases these species are 
not yet regarded as a problem by the wider ecological community, usually because they 
are in much earlier stages of naturalisation and are not yet widespread or common beyond 
their natural ranges. 
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The Queensland Herbarium currently recognises a total of 21 plants as being naturalised 
beyond their native range in Queensland (Bostock and Holland 2014).  This data is 
provided below in Table 1. 
 
Table 1. Native plants currently recognised as being naturalised beyond their native range 
in Queensland (Source: Census of the Queensland Flora 2014, Queensland Herbarium). 
Species Native Range Naturalised Range 
Acacia colei var. colei BK, GN, MI, SK CO 
Acacia conferta BN, DD, LE, MA, MI, NK, PC, WA, WB CO, MO 
Acacia dietrichiana BK, DD, LE, MA, MI, NK, PC, SK, WA MO 
Acacia elachantha BK, GN, GS, MI, NK, SK, WA CO 
Acacia fimbriata BN, DD, LE, MA, MO, PC, WB NK 
Acacia hemsleyi BK, GN, MI, PC CO, NK 
Acacia macradenia BK, DD, LE, MA, MI, NK, SK, WA CO, MO, WB 
Acacia podalyriifolia BN, DD, LE, MA, MO, PC, WB CO, NK 
Acacia spectabilis BN, DD, MA, WA MO, PC 
Albizia lebbeck CO BK, BN, LE, MI, MO, 

NK, PC, SK, WB 
Aleurites moluccanus CO, NK,  MO 
Buckinghamia celsissima CO, NK MO 
Corymbia torelliana CO, NK DD, MO, PC, SK 
Dioscorea bulbifera var. bulbifera CO, NK, SK,  BN, MO, WB 
Diplazium dietrichianum CO, NK MO 
Ficus benjamina var. benjamina CO, NK, SK MO 
Ipomoea aquatica# CO, GN, NK, SK MO, PC, WB 
Laportea interrupta CO, NK MO 
Millettia pinnata# BK, CO, NK, SK MO 
Piper umbellatum CO, NK, SK MO 
Schefflera actinophylla CO, NK, PC, SK BK, MO, WB 
# Naturalised populations occurring in Queensland may be derived from overseas forms of these species, 
and may not have come from other parts of Queensland. 
 
However, it is thought that are many more instances of native species becoming weedy in 
Queensland than are currently recognised.  For example, ecological researchers and 
managers in south-eastern Queensland are well aware that Alexandra Palm 
(Archontophoenix alexandrae) – a native of coastal central and northern Queensland - is 
widely naturalised in south-eastern Queensland.  While the Queensland Herbarium does 
have several specimens from south-eastern Queensland, it currently recognises these as 
representing “native” populations. 
 
This paper will investigate and try to identify other plant species that should be recognised 
as becoming naturalised beyond their native ranges in Queensland. 
 
 
MATERIALS AND METHODS 
 
To investigate whether species were naturalised beyond their native ranges herbarium 
records for all of the native plant species in Queensland were examined (i.e. approximately 
8000 species).  This was done using electronic information available from the state and 
national herbaria, including the Census of the Queensland Flora (Bostock and Holland 
2014) and the online database of the Atlas of Living Australia (2015). 
 
Any species that seemed to have outlying herbarium records that were outside the rest of 
the range of the species were investigated further.  In many cases these outlying records 
simply represented disjunct natural populations.  However, in some cases further reading 
of the published information about these species and/or the notes taken by the collectors 
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of the specimens strongly suggested that they represent naturalised populations.  The 
findings from this research are presented below in the results section. 
 
RESULTS 
 
Table 2 lists those species that should also be regarded as naturalised beyond their native 
range in Queensland, based on the research that has been conducted.  It includes a total 
of 19 taxa, which would almost double the number of taxa that are currently recognised. 
 
For example, according to scientific publications, northern olive (Chionanthus ramiflorus) 
has a natural distribution in Queensland that covers Cape York Peninsula, north-eastern 
Queensland and southwards as far as coastal central Queensland.  However, there are 
several recent herbarium records from the Moreton district in south-eastern Queensland. 
Evidence suggests that these populations are naturalised and are derived from cultivated 
individuals of this species in nearby areas (Carole Bristow, Cliveden Reserve Bushcare 
Group, pers. comm.). 
 
Table 2. Native plants that should be regarded as naturalised beyond their native range in 
Queensland. 
Species Native Range Naturalised Range 
Abelmoschus ficulneus BK, CO, LE, MI, NK, PC, SK MO 
Acacia holosericea var. holosericea BK, CO, GN, LE, MI, NK, PC, SK, WA MO, WB 
Acacia leptocarpa BK, CO, NK, PC, SK, WB MO 
Archontophoenix alexandrae CO, NK, PC, SK MO 
Chionanthus ramiflorus CO, NK, PC, SK MO 
Cordyline manners-suttoniae CO, LE, NK, PC, SK MO 
Cotula australis BN, DD, LE, MA, MO, PC, WB CO 
Cyperus distans BN, CO, LE, NK, PC, SK, WB MO 
Dysphania melanocarpa CO, DD, GS, LE, MA, MI, NK, SK, WA MO 
Fatoua villosa# CO MO, WB 
Molineria capitulata CO MO 
Nephrolepis biserrata BK, CO MO 
Nephrolepis hirsutula BK, CO, NK, PC, SK MO 
Nephrolepis obliterata CO, NK, PC, SK MO, WB 
Nicotiana velutina BK, GN, GS, MA, MI, WA MO 
Phyllanthus urinaria BK, CO, NK MO 
Sesbania brachycarpa BK, GN, MI, WA MO, NK 
Terminalia arenicola CO, NK, PC, SK, WB MO 
Terminalia catappa CO, NK PC 
# Naturalised populations of these species occurring in Queensland could be derived from overseas forms, 
and not plants native to other parts of Queensland. 
 
There are also a number of other species that could also be added to this list, which are 
provided in Table 3.  However there is less evidence for these species (i.e. herbarium 
specimens are lacking) or the range extension is not as significant.  For example, 
according to the Flora of Australia, Banks' grevillea (Grevillea banksia) occurs patchily in 
Queensland from Yeppoon south to about Ipswich (Makinson 2000).  However, there are 
populations around Brisbane and on Stradbroke Island (slightly outside the native range of 
this species) that are thought to be derived from cultivated specimens. 
 
 
DISCUSSION 
 
This research suggests that the number of plants that are regarded as being naturalised 
beyond their native range in Queensland is greatly underestimated.  It seems that at least 
40 species should now be included in this category.  This would also bring Queensland 
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closer into line with other states, where many more species fit into this category.  For 
example, 50 taxa are currently recognised as being naturalised beyond their native ranges 
in Victoria (Walsh and Stajsic 2007). 
Table 3. Native plants possibly naturalised beyond their native range in Queensland. 
Species Native Range Naturalised Range 
Acacia bancroftiorum BK, BN, DD, LE, MA, MI, MO NK, PC, SK, WA, WB MO 
Acacia leichhardtii BN, DD, LE, MO MO 
Acacia mangium CO, NK, PC, SK MO 
Acacia simsii BK, BN, CO, NK, PC, SK MO 
Agathis robusta CO, NK, WB MO 
Araucaria bidwillii BN, CO, MO, WB MO 
Calotis hispidula BK, BN, DD, GN, GS, LE, MA, MI, MO, PC, SK, WA MO 
Grevillea baileyana CO, NK MO 
Grevillea banksii BN, CO, MO, NK, PC, SK, WB MO 
Grevillea venusta PC MO 
Sclerolaena birchii BN, DD, GS, LE, MA, MI, MO, PC, SK, WA MO 
 
The research has highlighted that most of these species have been spread by deliberate 
cultivation outside their native range, with dispersal into nearby areas being facilitated by 
birds or wind.  A minority of the species were spread by agricultural activities (i.e. cropping 
activities or movement of contaminated wool) – but these do not always seem to persist. 
 
It is important to recognise that this naturalisation is occurring, because such species can 
cause just as significant or even more significant problems than species introduced from 
overseas.  For example, because native species are often more closely related, they tend 
to hybridise more readily with other species when they are spread to new areas.  This can 
pollute the gene pool of the locally native species, and be especially damaging to the 
survival of threatened species. 
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ABSTRACT 
 
The Flinders Shire Council-led Good Neighbour Program (GNP) was established in 2014 
as a practical and collaborative approach to reduce the spread of pests and weeds, 
especially prickly acacia.  The GNP includes key elements that facilitate the establishment 
of weed free property boundary buffers; use of weed hygiene practices and vendor 
declarations; and, enhances participation in pest animal management.  The GNP is 
designed to give ownership of pest management to landholders and five catchment 
groups, with full support from the Flinders Shire Council and co-ordination of effort from 
other agencies such as Desert Channels Queensland, Southern Gulf Catchments and 
Queensland Department of Agriculture and Fisheries.  Despite severe drought stalling 
progress, weeds have already been controlled on 430km of property boundary and 28km 
of watercourse through a GNP case study involving 13 properties.  
 
 
INTRODUCTION 
 
The idea to develop a ‘Good Neighbour’ policy within the Flinders Shire Pest Management 
Plan came about because of increasing conflict between landholders within the shire in 
regard to prickly acacia management or lack thereof as the case may be.  An aeroplane 
flight over the Mitchell grass plains of north west Queensland graphically tells the story as 
property boundaries are often easily identifiable because of the demarcation between 
those land managers that are controlling the pest and those that are not.  This observation 
gives rise to two leading questions: 
 
1. Why is there such a disparity between the land management practices of neighbouring 

landholders? 
2. Why is it that fences appear to be so good at containing the spread of the pest?  
 
The answer to the first question is complex, but basically comes down to a combination of 
historical circumstance, and attitude.  It is well documented that the Queensland 
Department of Primary Industry promoted the propagation of the tree for shade and fodder 
well over half a century ago, and that a lot of landowners took up the offer.  It wasn’t until 
the combination of a series of high rainfall years coupled with the rapid changeover from 
sheep to cattle, literally allowed an explosion of prickly acacia, especially on the cracking 
clay soils where it can quickly get a tap root down into semi permanent moisture, allowing 
it to survive and thrive where very few other tree species are able to.  
 
Economic circumstances in the pastoral industry have not been particularly rosy over the 
past three or four decades, and the cost of eradication in a lot of cases appears to be more 
than the land is worth.   Weed control is often well down the list of priorities for a struggling 
pastoralist.  During this period, some land managers decided to take up the challenge to 
control prickly acacia, and some didn’t.  Those that didn’t do anything, rarely thought about 
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the consequence for their neighbours.  As well as this, little thought was given to 
preventing the transportation of seed in cattle’s stomachs from property to property.  
 
The answer to the second question has two parts; the first is that cattle are the main vector 
for the spread of prickly acacia seed and the fences mostly control the cattle, and 
secondly, the land manager on the clean side of the fence spends a lot of time and effort 
keeping it that way (Figure 1). 
 

 
Figure 1.  A property boundary in Flinders Shire. Note that the creek in the distance poses 
a weed seed risk as it flows from left to right. 
 
 
A POLITICAL CLIMATE FOR WEEDS 
 
The Queensland Government has always steered away from enforcement of any pest 
management choosing instead to use a softly, softly approach.  Much good work was done 
over the years to advise landowners of the detrimental effects on productivity of their land 
by prickly acacia, and work was done to identify the best and most cost effective methods 
of control.  Containment lines were drawn up, and some funds were made available from 
various state and national programs to do some control.  Some properties and groups of 
properties got on top of the problem, many didn’t.  At the end of the day, the decision 
whether to do anything or not ultimately was left to the landholder. 
 
Around two decades ago, the Queensland Government began handing more and more 
responsibility for pest management to local government, and only passed a small amount 
of funding to go with that responsibility.  Some local governments were better equipped to 
handle the situation than others, but in general did not have the resources to effectively 
administer pest management programs to the extent needed.  It has been estimated by 
one natural resource management body that the extent of prickly acacia infestation has 
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doubled in North West Queensland over the last fifteen years. (P. Spence 2015).  It is 
clear that nothing was working! 
 
 
A NEW APPROACH NEEDED 
 
It was becoming evident that the only containment lines that were really working were 
property boundaries where a landholder was motivated to keep his own patch clean.  They 
carried poison with them at all times, quarantined cattle returning from neighbours and 
generally spent a lot of time and effort keeping the pest at bay.  At times this would lead to 
resentment and conflict between neighbours, with the infested neighbour saying I can’t 
afford to eradicate, no one is making me do so, therefore why should I do anything? 
 
Thus the idea of a Good Neighbour Program was proposed at a Flinders Shire Weeds 
Advisory Group meeting back in 2012.  After considerable debate and planning, the Shire 
was divided into 5 catchment management groups to break down the scale of the problem 
and a series of workshops were held during 2013 to float the idea and develop a workable 
policy.  These workshops were supported by Queensland Department of Agriculture and 
Fisheries (QDAF), Southern Gulf Catchments, Desert Channels Queensland and Agforce.  
Nearly half the landholders in the shire were represented at the workshops and the 
concept was well accepted by those attending. 
 
Implementation of the program has been limited because of the severity of the drought 
which continues to dominate landowner’s lives; however some good progress has been 
made with some surprising results being achieved. 
 
Major support has come from QDAF’s War on Western Weeds initiative led by Nathan 
March, which has recently completed a case study on the GNP, with some very positive 
findings for the future implementation of the program.  In particular, weeds have been 
controlled on 430km of property boundary and 28km of watercourse within the 13 
participating properties.  The report on the case study is now available. 
 
 
KEY ELEMENTS OF THE GNP 
 
The GNP is initially a voluntary program that landholders will participate in by signing a 
Participation Agreement that will give ownership of containing the spread of weeds from 
property to property to the landholders.  Aimed initially at prickly acacia, the GNP will 
eventually apply to all pest management referred to in the Flinders Shires Pest 
Management Plan.  The principles of the Participation Agreement are:  
 

1. Maintain a declared weed free buffer zone of a minimum of 10m from boundaries, 
10m either side of the bank for 250m upstream in defined watercourses from a 
boundary, 10m either side of gazetted roads, public access roads and power 
lines. These buffer zones are to be reviewed annually. 

2. All stock routes are to be kept free of declared weeds. 
3. Landholders agree to provide a Weed Hygiene Declaration for all stock leaving 

the property and request one for stock entering the property, and use best 
practice measures to minimise the spread of weed seed by livestock. 

4. Participate in wild dog control programs, catchment group projects and funding 
applications. 
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5. Complete a Property Boundary Management Plan and commit to achieving its 
objectives. 

 
It is anticipated that a large percentage of landowners will participate in the program in due 
course (Figure 2).  Incentives for funding and other assistance will make it a rewarding 
journey, and like all journeys; it starts with a small step.  There will be a lot of refinement 
and modifying to do, one size will not fit all situations. 
 

 
Figure 2. Same boundary, after one landholder ‘heard’ about the GNP and decided to take 
action. 
 
Essentially it is all about changing attitudes and demonstrating that weeds, especially 
prickly acacia can be prevented from spreading from property to property with a lot less 
effort than was previously thought.  By starting at the property level, catchment and 
regional results will also be achieved. 
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ABSTRACT 
 
Port Macquarie-Hastings Council actively manages 90 bushland reserves in its natural 
areas portfolio, with the majority situated at the urban and peri-urban interface of a rapidly 
growing region. Currently into its sixth year of operation, the Bushland Management 
Program has increased its scope, capability and level of activity, even in a challenging 
environment of dwindling sources of funding.  Much of this can be attributed to the strong 
multidisciplinary partnership developed between Council and Port Macquarie Landcare 
Group.  It now contributes a volunteer-hour in-kind contribution to surpass Council’s full 
time bushland management program, approaching twenty thousand hours per annum.  
 
In 2012 Port Macquarie Landcare Group (Landcare) obtained Environmental Trust funding 
for a 6-year project to undertake ecological restoration of over 50 hectares of unmanaged 
bushland.  The Group’s executive demonstrated a willingness to adopt novel and 
sometimes comparatively radical restoration methods, seek diverse partnerships and pull 
together a vast range of stakeholders and the broader community to get the job done.  
This project represents a case study of local government facilitating Landcare (a role 
traditionally performed by a regional NRM body).  Port Macquarie-Hastings Council 
(Council) has provided the scientific and technical assistance in areas such as natural area 
restoration, ecology, stormwater and flood management, large tree removal and bushfire 
management.  This model of cooperation between local government and Landcare 
demonstrates the power of local ownership of issues through to solutions when working on 
community-wide environmental projects and win-win synergies for Council land 
management issues and improved biodiversity conservation.  
 
Keywords: community partnerships, Landcare, volunteers, local government, bushland 
 
 
INTRODUCTION 
 
In the past few decades, major government funding initiatives, such as the Decade of 
Landcare, and the establishment of the Natural Heritage Trust and Caring for Our Country 
programs has seen Landcare efforts generally well-funded and supported through 
government bodies such as the Catchment Management Authorities.  This saw an 
increase in the number of Landcare groups, Landcare members and their enthusiasm for 
undertaking large projects.  Recent funding cuts and changes, such as the Million Trees 
Program and Green Army initiatives, have effectively diverted money away from some 
Landcare Group activities.  It may be that the ‘golden funding days’ have gone with more 
Landcare groups with grand project designs now seeking funding from a ‘shrinking purse’.  
Of course, Landcare groups driven by people power and passion will continue to operate 
despite cycles of government funding, but the scale of the projects will no doubt vary.  
Lessons learnt from the days of quick and big funding spends could however assist with 
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better project design and application in today’s tighter fiscal circumstances.  Major 
previous criticisms of NRM expenditure included:  
1. The lack of serious monitoring and evaluation, particularly for biodiversity conservation 

outcomes;   
2. Missed opportunities for knowledge-sharing and synergism across the industry with 

similar current and future stakeholders; and  
3. Lack of on-going support once the funded-phase was complete. Addressing these 

three failings through a multi-disciplinary and inter-agency approach ensures that 
Landcare groups are best able to achieve their objectives even with limited funding. 

 
Across Australia, local government areas contain large patches of public bushland, which 
ultimately Councils are responsible for maintaining.  Within these areas, local governments 
must control their noxious weeds, conduct asset protection works for reducing bushfire 
risks and address resident’s numerous concerns over weeds, feral animals, drainage 
issues and unappealing bushland aesthetics (particularly driven by bushland dumpings, 
weed encroachment and vandalism).  Many areas of public bushland are the last vestiges 
of natural habitat in the urban context, and given Australia’s tendency to build houses on 
the most productive areas also ensures that they are also often productive habitat for 
fauna.  Unfortunately, the productivity of these areas also means they are prone to weeds, 
particularly given the increasing urban context (backyard weeds, increased nutrients etc).  
Such issues are expensive to address and often sit lower in a Council’s priority list, 
compared to, for example, the pressure from residents to address issues such as roads. 
 
Local governments contain a diversity of staff, including environmental officers, stormwater 
and drainage engineers, waste disposal officers, bushfire management officers, bushland 
regenerators, administrative staff and communications personnel.  Local governments 
have local knowledge and expertise and are located proximate to the bushland areas they 
administer.  They have databases and systems for communicating with residents.  It is 
virtually a ‘no-brainer’ that Local Councils are well-placed to support the efforts of 
Landcare in managing public bushland reserves, and in return, greatly increase the 
environmental and visual amenity, and reduce the liability, of public bushland.   
 
In the words of the Murrumbidgee Landcare Inc., “The ‘bang for your buck benefits of 
investing in Landcare are well documented.  Estimates, including from ABARE show that 
for every $1 invested by government, the Landcare community and land holders respond 
with between $2.80 and up to $12.00.  Why wouldn’t you invest in Landcare?”.  
 
A dynamic partnership between Port Macquarie-Hastings Council and Port Macquarie 
Landcare has demonstrated the way that two agencies, both with a passion for managing 
the biodiversity values of urban public bushland, can work together to effectively undertake 
large scale projects using limited resources while simultaneously ensuring: 1. A long-term 
commitment, 2. A multi-disciplinary approach and 3. Good monitoring and evaluation.  
  
 
A CASE STUDY 
 
The context 
 
Port Macquarie Landcare is the largest community conservation group in the LGA with 
around 170 members, whose activities centre on around 160 hectares of the greater 
township’s Bushland Reserves.  Throughout any given month, 80 of its members are 
active in the field and fieldwork goes on five days a week.  They are well regarded by 
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Council for their energy and organisation and achieve great results not only measured by 
ecological health, but as measured in community satisfaction surveys and their prominent 
civic profile.  Council’s involvement on the other hand is as the principal public landowner 
and manager of Reserves, and as such has a commitment to preserving and enhancing its 
natural areas.  It operates two fulltime Bushland Management Teams totalling six staff and 
four other field-based Invasive Species Officers, who also support Landcare’s efforts.  
 
In 2012, Council and Landcare commenced partnership in a six-year Environmental Trust 
project to rehabilitate 55.5 hectares of forested urban waterways in the greater township.  
Concomitant with the Landcare proposal, other changes were underway within Council 
and these also improved conditions for the grant application to succeed (under the terms 
of that particular round of funding, Council was ineligible to apply, but it made perfect 
sense for Landcare to apply and Council provide in-kind support).  
 
An organisation-wide approach 
 
For the previous two years (and ongoing), Port Macquarie-Hastings Council was 
undertaking a tenure-blind approach to noxious and environmental weed management in 
the local government area.  Confronted with the accumulated legacy of a ‘silo’ mentality, 
NRM officers took the challenge up to various managers across the organisation and laid 
down the case for the ‘why’, ‘how’ and ‘who’ of weed management.  The premise was 
straightforward enough: weeds are an organisation-wide liability, not just a NRM issue. 
Irrespective of whose land they fell upon (e.g. parks and gardens, environmental land, 
drainage corridors), if it was Council land they needed to be addressed.  In the first 
instance, just simply to be legally compliant, and more broadly to achieve the strategic 
objectives which the organisation had committed to (e.g. top-down catchment approach).   
 
To meet the grant’s commitments, other areas of Council were needed for their technical 
input including: ecology, natural resource planning, invasive species management, 
bushfire management, stormwater management, roads and infrastructure, parks and 
recreation and communications/publicity.  Although Landcare was the lead agency for 
administrative purposes, the grant had been structured so that Council’s ecologist would 
undertake the role of internal and external stakeholder liaison.  
 
Landcare creativity - stretching the dollars 
 
Even with a field work force of 80 volunteers, some creative techniques have been applied 
to extend the value of Landcare’s efforts.  These include, but are not limited to: 
1. Utilising community event days to plant trees: 4,500 have been planted to date, with 

the most recent event drawing 90 volunteers from the wider community.  This was 
prefaced with an extra 80 hours of site preparation (total 350 hours);  

2. Partnering with the Department of Corrective Services and using weekend community 
service to help with weed control and revegetation activities (approx. 1,600 hours);  

3. Receiving Work For The Dole job-seekers to partner with Landcare volunteer regulars 
as part of the federal government’s skilling program.  This has lead directly to 
employment offers of participants;  

4. The use of a forestry tritter to break down large areas of woody weeds.  This technique 
had been tried and tested in similar forest types in the New South Wales far-north 
coast and an opportunity to use the technique locally was suggested by Council’s 
ecologist (the results are being monitored as part of the MERI component of the 
project).  Whilst the financial costs of using such techniques (viewed conservatively as 
‘unorthodox’ by many) have been substantial (many thousands of dollars), the benefits 
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are likewise significant: volunteers are spared a mundane and repetitive task; 
volunteers are not exposed to unnecessary hazards, and; the desired ecological 
response to the aggressive disturbance was realised (e.g. native seedling germination, 
instantaneous mulch bed); 

5. Partnering Asset Protection Zone creation with bushland regeneration efforts; 
6. Using Council’s Bushland Management Team to support the efforts of Landcare for 

specific tasks (e.g. specialised spraying, training days etc);  
7. Conducting urban noxious weed inspections on properties backing urban bushland 

reserves by Council.  Done to reduce ‘point source’ infestations into reserves; 
8. Ensuring drainage area rehabilitation projects work in with Landcare projects; 
9. Specific funding by Council for removal of large noxious street trees.  While the money 

is insufficient to treat the whole LGA, it has been focused on removing weedy trees 
(primarily Camphor Laurels) from areas that are the focus of Landcare works.  

 
Lessons learned 
  
Community consultation is vital, to not just inform but to engage, consult and educate.  
This is a well-rehearsed mantra for anyone involved in community dealings, but is one all 
too easy to stray from.  Whichever way you look at it, this is probably the most salient 
reminder that you cannot please all of the people all of the time.  Landcare is an amazing 
movement full of passionate people, but they still need technical and operational support 
from trained personnel, e.g. weed identification, best techniques for different weeds.  
Landcare teams - particularly when using Work for the Dole and CSO teams - provide an 
excellent resource for primary and secondary phases, but as the easily recognisable bulk 
of the weed load (e.g. Lantana) is reduced, work is better suited to experienced Landcare 
personnel or Council’s Bushland Management Team. 
  
A philosophical change is needed towards reducing the weed load across catchments.  
Council can play a leading role in this, e.g. planting locally native/ low risk species.  There 
are daily reminders of this with Landcare volunteers endlessly removing ornamental plants 
which have escaped cultivation, often from municipal plantings.  Landcare volunteer efforts 
deserve greater recognition by the community and Council.  The latter is best placed to 
take the lead and inform the community of a job well done.  In turn, this simple gesture 
empowers Landcare volunteers.  This more supportive relationship would be aided by 
appointing a permanent Landcare Support Officer.  
 
Positives and Negatives 
 
The project so far has overwhelmingly been a success story and in summary the highlights 
include; win-win outcomes for all parties; community engagement about environmental 
conservation; increased ‘eyes on the ground’ in bushland reserves; the community feel 
better about Landcare ‘taking on’ areas knowing there is a Council commitment to ensure 
that the work will continue above and beyond Landcare.  
 
Some areas to improve in include: the drive and enthusiasm of Landcare risks stalling 
once in the ‘wheels of bureaucracy’, including access to specialist staff and waiting while 
due processes are carried out; the ever-stretching rubber band of support to Landcare 
invariably costs other Bushland Reserves in terms of time and effort spent there (there are 
repercussions to being the ‘yes man’, and these can come in the form of other neglected 
sites); finally there can be the simple toll on people – particularly the volunteers – of such 
an onerous work schedule – more should be done to ease the load on people who help 
out as a matter of charity, but this is often more easily said than done.  
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ABSTRACT 
 
An AgForce Queensland survey of 176 beef cattle producers and grain growers in 2013 
indicated the average annual expenditure on weed control was $44 400.  Expenditure 
included an average of 47 days labour, herbicides, diesel or other spray additives, spray 
equipment and mechanical control.  Regional differences reflect the prevalence of weed 
infestations with North, Central and South East Queensland bearing the higher incidence 
of wood weeds, non-productive pasture grasses and weedy forb infestations. 
 
Queensland producer annual costs were 60% greater than survey results from the 2013 
National Landcare Survey, which indicated Australian producers spend $15 756 annually 
on weed control.  This variation in annual expenditure possibly reflects larger property 
sizes and greater prevalence of woody and pasture weeds in tropical and sub-tropical 
Queensland.  The main methods of integrated weed control used by respondents to the 
AgForce survey were herbicides (80%), grazing management (43%), mechanical control 
(39%), and fire (25%). 
 
In addition to weed control, Queensland producers spend considerable time on weed 
prevention.  On each property, an average of 30 days per year was required for weed 
surveillance, quarantining new stock, treating new outbreaks, machine wash downs and 
other weed prevention procedures.  These precautionary practices helped reduce weed 
seed spread.  Only 20% used record-keeping practices such as Voluntary Weed Hygiene 
Declarations and Wash Down Certificates to help minimise risk of weed seed spread onto 
properties by machinery, vehicles and fodder. 
 
An average annual input expenditure of $44 400 for weed management was a large, 
ongoing, financial commitment by Queensland producers and grain growers maintaining 
agricultural landscapes for productivity and biodiversity, especially within the constraints of 
low profit margins for agriculture.  Benchmarking property costs for weed control helps 
quantify future opportunities to reduce this input cost and highlights the cost efficiency for 
weed prevention, wherever possible. 
 
Keywords: weed costs, prevention, property costs, producer expenditure. 
 
 
INTRODUCTION 
 
Weed management and prevention continue to be a major input cost to most Queensland 
broadacre grazing and grain enterprises.  Recent changes to Australian and State 
Government biosecurity legislation is placing more emphasis on landholders being 
responsible for preventing and managing weeds on their land.  This is becoming 
increasingly difficult due to globalisation, transport efficiencies, community perceptions 
about weed control options, reduced community awareness of agricultural weed issues 
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and managing for co-existence of land uses.  Government, natural resource management 
and industry peak body resources for compliance, weed research, cost-effective weed 
management and biocontrol options are all declining.  Benchmarking existing property 
costs for weed control and prevention are essential when considering improvements 
towards future input costs for agricultural production and emphasising the cost:benefits of 
diligent weed prevention. 
 
 
SURVEY RESULTS 
 
In 2013, AgForce conducted a Survey Monkey® web survey of producer members across 
Queensland to ascertain the annual cost of weed management to properties.  Of the 176 
survey respondents, 75% were beef cattle producers; 19% were broad acre grain growers 
or mixed beef/grain enterprises, 4% were sheep producers and 2% were lucerne hay 
producers.  Survey respondents were from South East Queensland (46%), North 
Queensland (28%), Central Queensland (20%) where woody weeds, pasture and crop 
weeds were a greater issue to land management than South West Queensland (6%). 
 
Weed Prevention 
 
Queensland producers spend an average of 30 days per year on weed prevention 
activities including surveillance, machinery wash down and controlling isolated outbreaks 
(Table 2).  Only 23% of survey respondents use Voluntary Weed Hygiene Declarations or 
Washdown Certificates as processes to help minimise weed seed spread by equipment, 
fodder and stock.  Although these record-keeping forms are not widely used, most 
producers indicated they implement best practice for weed prevention such as:- 
 

 Only purchase fodder from known clean areas. 
 Fodder fed out to stock in specific areas and regularly checked for weeds.  
 Incoming stock quarantined for seven days in a holding paddock. 
 Only use property equipment and fodder.   
 Machinery used outside the property was washed prior to returning. 
 Wash down procedures for contractors and farm workers. 
 Only muster when the ground was dry, to minimise weed seeds spreading in mud. 

 
Some survey respondents discussed impediments to minimising weed seed spread such 
as:- 

 Difficult to insist wash down of vehicles entering property when shire road runs 
through property. 

 Hard to manage weed spread from contractors and companies who have full 
access to property. 

 
Annual cost of weed management 
 
Survey results indicate an average, annual, weed control expenditure of $44 400 per 
property for Queensland beef producers and grain growers (Table 1).  This includes 47 
days labour at an annual cost of $19 700 (Table 1 and 2).  Herbicides, spray additives, 
spray equipment and machinery for weed control cost between $23 000 to $27 000 
annually.  Average costs of these items were $24 700.  Regional differences do occur.  
Additional costs for treating vast areas of woody weeds such as prickly acacia (Vachellia 
nilotica), rubber vine (Cryptostegia grandiflora) or invading pasture weeds such as giant 
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rats tail grass (Sporobolus spp.) can add an additional $16 000 or more to the annual 
weed budget for a property. 
 
Table 1. The average annual cost per property for weed management. Survey results from 
176 Queensland producers.   
Herbicides $ 8 600 
Diesel or additives $ 4 600 
Spray equipment $ 4 500 
Mechanical control $ 7 000 
Labour (47 days) $19 700 
TOTAL annual weed expenditure per property $44 400 
 
Table 2. Proportion of property area treated for weeds each year 
Region 

Average 
property 

area 
(hectares) 

Area treated 
for weeds 
annually 

(hectares) 

Percentage 
property 

area treated 
for 

weeds/year 

Time spent 
on weed 

prevention/ 
year (days) 

Time spent 
on weed 

management/ 
year 

SE Qld 2 200 450 30% 26 43 
North Qld 22 400 2 000 20% 38 53 
Central Qld 16 700 8 100 22% 24 50 
SW Qld 6 650 2 700 30% 12 25 
QLD 
Average 

10 400 ha 2 300 ha 25% 30 days 47 days 

 
Producers estimate they are treating approximately 25% of their property area each year 
for weeds, regardless of the vast range in property sizes from smaller properties in South 
East Queensland to very large enterprises in North Queensland (Table 2).  
 
The 2013 National Landcare Survey of 500 producers estimated the national average 
expenditure on weed management per property was $15 756 (de Hayr 2013).  This 2013 
AgForce survey indicates weed management expenditure by Queensland broadacre 
producers was 60% more than the national average.  Although there were regional 
differences in weed extent, weed expenditure and time spent managing weeds across 
Queensland agricultural properties, an average annual expenditure of $44 400 is a huge 
ongoing, stewardship commitment to maintain agricultural landscapes for productivity and 
biodiversity.   Future opportunities to prevent weed establishment, reduce input costs and 
increase weed management efficiency are essential for Queensland and Australian 
agriculture. 
 
Productivity losses arising from weed infestations 
 
In addition to annual costs for weed control, producers estimated a 34% reduction in stock 
carrying capacity due to established weed infestations.  Dense infestations of weeds such 
as giant rats tail grass and lippia (Phyla canescens), where growth of productive pasture 
grasses was totally prevented, reduced carrying capacity to zero.  Dense prickly acacia 
outcompeting pasture grasses, reduced carrying capacity by 50%. 
 
Weeds of concern to Queensland broadacre producers 
 
Over 75 weed species were listed by producers as the five main weeds of concern for 
management on their properties.  Weed priorities depend on region and agricultural 
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commodity.  Woody weeds dominate the north, whereas weedy non-productive grasses 
were the main issue for the south east and pest cacti concerned south west Queensland.  
Non-declared weeds such as feathertop Rhodes grass (Chloris virgata) and flaxleaf 
fleabane (Conyza bonariensis) were the main broadacre cropping weeds.  Weeds most 
frequently listed by the 176 producers responding to the survey are listed in Table 3. 
 
Table 3.  Weeds of concern depend on region and agricultural commodity.  

Commodity North Qld Central Qld  South East Qld  South West Qld 

Beef producers 

Prickly acacia Giant rats tail grass Giant rats tail grass Cacti (tiger pear, tree 
pear) 

Rubber vine Parkinsonia African love grass Mother of millions 
Chinee apple Harrisia cactus Fleabane Harrisia cactus 
Parthenium Parthenium  Mother of millions Parthenium  
Parkinsonia Rubber vine Noogoora burr and 

Bathurst burr 
 

Lantana Lantana Lantana  

Grain growers 

n/a Feather top Rhodes Feather top Rhodes Feather top Rhodes 
 Parthenium Fleabane Fleabane 
 Fleabane Fireweed  
  Barnyard grass  

 
Weed control methods  
 
Foliar applied herbicides were the most common method used by 83 per cent of producers 
responding to the survey (Figure 1).  Forty per cent of producers integrate weed 
management using herbicides with various modes of action, grazing management (beef) 
or crop rotation (grains), mechanical methods and fire. 

 
REFERENCES 
 
De Hayr, B. (2013) National Landcare Survey Results 2013. 
http://www.landcareonline.com.au/wp-content/uploads/2013/10/Final-2013-NLF-Survey-
Results-Summary.pdf 
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Fire

Herbicides - foliar spray

Herbicides - pre-emergent or post-emergent

Mechanical - slashing

Crop rotation

None

Figure 1.  The main weed management methods used by producers.
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RIPARIAN SPREAD OF PRICKLY ACACIA SEEDS AND IMPLICATIONS 
FOR CATCHMENT MANAGEMENT 
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ABSTRACT 
 
Strategies to manage prickly acacia (Vachellia nilotica) on a catchment basis are often 
advocated and could be improved through a better understanding of water-related seed 
movement.  Experiments were conducted to determine the buoyancy of prickly acacia 
seeds and pods.  Subsequent field studies were also conducted to measure the 
downstream establishment of immature plants that originated from upstream seed 
sources.  Data on the location of plants in relation to a seed source were collected along 
three creeks and trends in seedling decline relative to distance from source were 
determined.  While seeds had no intrinsic buoyancy, pods were found to float for up to 12 
days (average 5 days) in agitated water.  An end to seed deposition was not observed 
during the creek surveys, nor could one be reliably estimated.  However, most seed 
deposition occurred within 7 km of a seed source and, along one creek, immature plants 
were observed as far as 15.2 km downstream before this survey was discontinued.  This 
research enables a more strategic approach to managing prickly acacia establishment 
within riparian areas and potentially safeguarding downstream areas from invasion.  
Results will also enable a more holistic approach to managing all prickly acacia seed 
vectors.  
 
Keywords:  Prickly acacia, catchment management, Mitchell grasslands, Queensland. 
 
 
INTRODUCTION 
 
Prickly acacia (Vachellia nilotica) is a significant weed of western Queensland and there 
have been serious attempts to reduce its spread since the 1990s.  While livestock have 
been implicated as the primary dispersal vector (Spies and March, 2004), the role of 
flowing water as a secondary vector has received little attention.  Strategies to manage 
prickly acacia on a catchment basis are often advocated and could be improved through a 
better understanding of water-related seed movement.  
  
This trial investigated prickly acacia seed and pod buoyancy.  Subsequent field studies 
also quantified downstream establishment of immature plants from upstream seed 
sources.  
 
 
METHODS 
 
Buoyancy trial 
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Prickly acacia seeds (n = 100) were placed into water to establish buoyancy.  Prickly 
acacia pods also were placed into water to establish buoyancy.  Pods (of similar size; n = 
10) were placed into a bucket containing 3.75 L of tap water. Water was either agitated by 
placing buckets on electric rockers or left on a solid surface so that it was still.  Still and 
agitated water were considered as treatments, each with four replicates.  Daily 
observations were made to record the number of pods that had lost buoyancy.  Pods were 
deemed to have lost buoyancy when no part of the pod touched the water surface.  The 
effect of water movement (still vs agitated) was tested against the proportion of pods that 
remained buoyant over time.  Logistic regression analysis was used to assess the effect of 
time and water agitation on pod buoyancy using Genstat 16.  Residual plots were 
inspected to confirm model fit and adjusted r2 values are presented for fitted models to 
indicate strength of relationships.  
 
Riparian movement survey 
 
Three creeks in the Hughenden area of north west Queensland were surveyed for 
immature prickly acacia plants: Warianna Creek, East Warianna Creek and Scrubby 
Creek.  Creeks were located on properties selected because they had a known prickly 
acacia source population upstream, lack of domestic stock on the property moving out of 
infested areas and, no other seeding trees on the property that were downstream of the 
source.  The downstream areas had been free of seeding trees for a substantial number of 
years resulting in high confidence that all immature plants found along the creeks during 
the surveys could only be growing in the location due to water movement of seed from the 
upstream source population.  All immature plants along each creek were counted and their 
distance from the upstream source recorded.  Creek surveys were to end either when a 
likely endpoint was reached (where no immature plants had been found downstream for a 
distance that reflected the rate and pattern of seedling decline), or were discontinued when 
there was no longer confidence that the source of immature plants was from the original 
upstream population.  Data is presented as a percentage of the total number of immature 
plants observed in a creek.   Non-linear regression was used to assess whether distance 
alone could be used to model the accumulation of immature plants and to estimate an 
endpoint to seed movement, with residual plots used to assess the fit of the regression 
model.  
 
 
RESULTS 
 
Prickly acacia seeds demonstrated no buoyancy, sinking immediately when placed in 
water.  Prickly acacia pods did demonstrate buoyancy; in both still and agitated water 
buoyancy decreased with time but this was more rapid in agitated water compared to still 
water  (p<0.001; Figure 6.).  This meant that all pods in agitated water had sunk after 12 
days, but in still water the last pod took 18 days to sink.   
 
All three creek surveys were discontinued when there was no longer confidence that the 
source of immature plants found was from the original source population; this happened 
after 3.5 km in Warianna Creek; 8.25 km in East Warianna Creek and 15.25 km in Scrubby 
Creek.  Regression models did not adequately describe the accumulation of immature 
plants with distance from the source, and because no endpoint was reached in the field, 
no prediction could be made in relation to the likely maximum downstream distance of a 
seed movement.  However, the patterns of immature plant accumulation in the first 250-
500 m showed a similar, very steep rise in all three creeks (Figure 7).  While accumulation 
of immature plants slowed after this point, only along Scrubby Creek did the rate of 
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accumulation reach a plateau (Figure 7.).  This plateau began approximately 7 km 
downstream, with the remaining 3% of immature plants occurring in the next 8 km. 

 
Figure 6. Reduction in buoyancy of prickly acacia pods over time in still (broken line) and 
agitated (solid line) water. 

 
Figure 7. Patterns of prickly acacia seedling accumulation downstream of a known seed 
source along three creeks. 
 
 
DISCUSSION 
 
The riparian movement survey demonstrated that the number of immature prickly acacia 
plants is highest in first 250-500 m of an upstream seed source, and steadily continues to 
accumulate for at least 7 km downstream.  While we did not observe, and could not 
estimate reliably, an endpoint to downstream seed movement, along one creek, we did 
find immature plants as far as 15.2 km downstream before the survey was discontinued. In 
addition to distance from an upstream source, river features and complex flood and 
infestation characteristics are likely attributes that would influence the movement of seed 
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and thus accumulation of immature plants from an upstream source.  Thus, it is likely that 
regression models did not fit our data because important factors like this could not be 
incorporated. 
 
Based on our measurements of pod buoyancy, pod movement has the potential to be 
substantially longer than what was observed during our creek surveys.  In agitated waters, 
even the average flood progress in the Diamantina River, estimated at 12.5 km per day 
(Morton et al. 1995) could mean pod movement of up to 150 km downstream.  This cannot 
be ruled out as a possibility.  However, anecdotal information collected by the authors from 
landholders on the Thomson, Diamantina and Flinders rivers could not substantiate any 
observed instance of such long distance flood dispersal of pods to date. 
 
Floods occur infrequently in the semi-arid and arid river systems which are associated with 
major prickly acacia infestations in western Queensland.  While cattle movement remains 
the primary vector for spread of prickly acacia seed both within and between properties, it 
is clear from this research that catchment strategies aimed at containing this weed and 
safeguarding downstream areas should also incorporate riparian spread as a contributing 
vector.  Given that such events generally coincide with periods of higher pod production, 
the optimum time for systematic riverine surveys aimed at detecting immature plants from 
seed dispersed by these waters would be one to two years following such events.  This 
timing allows plants time to grow to a size that maximises their chance of detection, but 
also minimises the risk of these plants setting seed, as it takes approximately two years for 
prickly acacia to reach maturity. 
 
The survey observations and anecdotal information suggest that containment strategies 
intended to protect downstream catchment areas from prickly acacia may largely be 
achieved through a control focus on riverine channels from known seed sources to at least 
15 km.  An additional buffer length that reflects river and upstream infestation 
characteristics would also be prudent, to further minimise risk of missing other plants 
established after water movement.  Conversely, the results also indicate that control of 
infestations greater than 15 km upstream from the last known seed source within the 
riparian area (e.g. mature prickly acacia) may provide negligible catchment protection to 
downstream areas. 
   
The results may also contribute to the application of ‘Good Neighbour’ buffer zones 
between adjoining properties.  Flinders Shire Council currently advocates weed free 
buffers of 250 m on watercourses.  For the three creeks studied, this accounted for 
between 31% and 61% of seedlings found. 
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SALVINIA IN THE DOGWOOD 
 

Carissa Hallinan 
Western Downs Regional Council 

 
SUMMARY 
 
Salvinia molesta exists within the Dogwood Creek in Miles.  This is the only 'known' 
infestation within the Queensland Murray Darling Basin and is approximately 20 kilometres 
in length and includes smaller tributaries and lagoons in between.  Initially, managing the 
infestation was overwhelming, becoming fragmented due to lack of knowledge of the 
weed, access difficulties, unknown locations, the nature of the weed to spread, weather 
conditions and of course the blinding desire to be rid of Salvinia.  The development of a 
management team, the formation of partnerships, research and the trialling of control 
methods resulted in the development and implementation of Councils five year Salvinia 
Eradication Strategy.  The Salvinia is an eradication target because of its potential for 
environmental harm and also due to the greater potential for spread if it reaches the 
Balonne system.  We are 18 months into a five year strategy and 99% of Salvinia has 
been removed from four of the five Priority Zones.  Mechanical harvesting, hand picking, 
chemical control, physical barriers, biological control, the persistence of staff and a strong 
commitment to the Strategy has been the key to success thus far.  A strategic, coordinated 
and consistent control program -- determined by an adequate allocation of resources, 
seizing opportunities, making the most of weather conditions and people power. 
 
 
SALVINIA IN THE DOGWOOD CREEK - MILES 
 
The area of infestation extends from the 'Top Weir' (behind Miles Depot) in the North to 
approximately five kilometres below the Gil Weir in the South.  The Dogwood creek 
infestation was identified in 2013.  Its pathway of spread to that location was presumably 
by either of two methods; 
(1) Spread from the Chinaman’s Lagoon (infestation identified and treated in 2001) area 

by either flood waters or by people collecting bait, vegetation etc. and transporting it to 
the waterway, or 

(2) Released into the waterway by another method, whether that be by contaminated 
vehicles, boats, bait from another area of QLD.  

Predictive mapping of Salvinia indicates that it has the potential to spread down the 
Murray-Darling system.  Dogwood creek has many intermittent pools and dry stretches 
downstream of the current infestation, which tempers the downstream spread and 
provides opportunity for a considered management response.  If Salvinia reaches the 
Balonne River system where the Dogwood terminates, there will be much less capacity to 
contain the spread as there are many more permanent waterholes and regular connectivity 
with innumerable off stream wetlands that would make eradication very difficult and 
expensive.   
 
 
SALVINIA ERADICATION STRATEGY 
 
Almost 12 months after the identification of the Dogwood Creek infestation, Council 
endorsed their Salvinia Eradication Strategy and five year action plan. The Strategy was 
developed with input from Western Downs Regional Council (WDRC), Biosecurity 
Queensland (BQ) and the Queensland Murray Darling Committee (QMDC) and was based 
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on research, technical advice and the results of the control efforts and experimentation 
implemented thus far.  The Strategy outlines the procedures to be undertaken in order to 
achieve successful control and eradication of Salvinia from the WDRC area.  A top down 
approach was adopted, five priority zones were identified along with a five year action 
plan. 

 
Figure 1. Identified Priority Zones for Eradication.  
 
On-ground Staff, Partnerships and Community Engagement. 
 
Councils Rural Services committed two full-time staff and the availability of all other 
officers, when needed, to the management of the Salvinia.  Support and resources have 
also been provided by BQ, QMDC, the State Emergency Service (SES), Murilla Landcare 
and community volunteers in the form of information extension and on-ground assistance 
with chemical application, boom construction and maintenance and monitoring.  The 
QMDC Rangers have provided assistance with teams varying from two to ten people on a 
needs basis, depending on when concentrated and strategic chemical applications 
occurred.  Community engagement has included information and awareness field days at 
Gil Weir; on-site visits to every landholder within the infested zone, media releases, 
newspaper articles and planned information displays within the town of Miles.  Signage 
has been installed at Gil Weir recreational area and the adjacent Boat ramp, identifying the 
Salvinia, its declaration and also the presence of floating booms in the waterway. 
 
Control Measures 

Containment 
Upon identifying the extent of the infestation, Rural Service Officers with assistance from 
QMDC Rangers installed floating booms above and below the existing infestation, at inlets 
of tributary waterways and at various stages along Dogwood Creek for containment and 
management purposes.   
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Mechanical 
Council contracted Aquatic Weed Harvester Australia to harvest the 'bulk' of Salvinia from 
the Dogwood and Paddy's Creek.  The HV2600 Harvester removed between 200 and 250 
tonne of weed from the system in November 2013. The harvester had an 'immediate' 
visible result and reduced the quantity of weed and plant matter in the system.  We later 
learned that the removal by harvesting is more advantageous during the cooler months of 
the year, before rapid weed growth commenced.  Two harvesters returned to the project in 
May 2014 to remove the bulk of the growth achieved during the summer months.  One 
harvester remained from August 2014 through to January 2015. 
 
Temporary Barrier 
At the junction of where Priority Zones three and four meet, a temporary barrier of earth 
and rock was created within Paddy’s Creek and the water pumped from zone three to four 
(Head waters to main stream). The aim of the barrier was to reduce the total surface area 
of water and Salvinia for treatment. As the water receded, the Salvinia dried or was 
chemically treated. 
 
Chemical 
Rural Service staff implemented a coordinated spray regime continuously since the 
identification of the infestation, with the assistance of BQ, the QMDC Rangers and the 
Chinchilla and Miles SES units.  Equipment utilised included boats with spray units, vehicle 
spray units, backpacks and canoes.  As the Gil Weir section of the Dogwood Creek 
supplies the only water for the township of Miles, chemical application needed to be 
monitored carefully.  Round-up® Biactive™ and Weedmaster® Duo – are both registered 
for use in this situation.  Despite being registered for use in town water supplies, these 
chemicals are not to be utilised within 500 metres above or below the pumping station 
whilst the creek is not flowing.  Therefore, a one kilometre stretch of infestation was unable 
to be treated initially with chemical. 
 
Seasonal conditions during the 2014/15 spring and summer were prime for the 
regeneration of Salvinia, with the weed doubling in volume every two to three days.  Even 
after the application of the glyphosate 'Bioactive' chemicals, the Salvinia had the ability to 
regenerate, although more slowly.  The chemical application was merely slowing weed 
regeneration down but not completely stopping it. In consultation with its Water 
Department, Council strategically controlled sections (completely 'drop' sections) of 
Salvinia with the application of the chemical Immerse®.  This chemical, while not 
'registered' for use town water supplies, produced more immediate and effective results.  
All applications of Immerse® occurred within tributaries and areas downstream of the 
pumping station. The chemical Immerse® with the additive of Kerosene has been highly 
effective with signs of weed distress and knockdown usually occurring within 24 hours. 
Unfortunately, Immerse® went out of production and since exhausting its supply there 
have been good results achieved with glyphosate with Bonus® surfactant. 
 
Biological 
The main form of biological control of Salvinia is a weevil known as Cyrtobagous Salvinia 
(Salvinia weevil).  Due to the inability to chemically treat the sections of Salvinia around 
the Council pumping station, the Salvinia weevil was released as a means of implementing 
'some' control in that area.  The Salvinia weevil larvae feed on the new growth buds and 
tunnel into the rhizome.  Tunnelling weakens the Salvinia, reducing its ability to grow and 
compensate for bud loss.  Adult weevils also affect plant growth by feeding on the buds.   
Although effective in tropical areas, the Salvinia weevil can take longer to properly 
establish in Southern Queensland.  Depending on the size of the infestation and the 
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environmental conditions, the time taken for weevils to control Salvinia varies from one to 
three years - maybe more in cooler areas.  In order for the weevil to be an effective tool, a 
population of 'healthy' Salvinia must be maintained.  Our aim was to use the biological 
control (once established) as an integrated management tool, which feeds on new weed 
growth and is then followed up with chemical application. Initially the Salvinia weevil 
survival rates experienced were very low however, the management team persisted to 
introduce further batches until finally results were identified and a population of weevils 
confirmed.  Several large areas within tributaries demonstrated signs of weevil impact, 
browning and the Salvinia eventually dropping out of the system. 
 
 
CHALLENGES 
 
The main challenges with the management of the Salvinia infestation at Gil Weir have 
been: 

1. The water in the Dogwood and Paddy's creek is the only source of town water for 
Miles.  Therefore, only registered chemicals for use in such water can be used in most 
areas of the infestation.  These chemicals, whilst effective in the long-term or in cooler 
months when the weed is dormant, are not as effective or show 'immediate signs of 
impact' as other 'non-registered' chemicals when growth is more vigorous.   

2. Inconsistency with the success of the chemical application.  In some instances the 
weed was not dying or taking longer to show signs of dying.   

3. Hot, dry conditions, experienced throughout spring and summer, are perfect for 
Salvinia to regenerate, which despite having adequate resources on the ground, 
makes it difficult to have or see an impact on the infestation.  Understanding that the 
aim should be to 'contain' and 'maintain' during summer seasonal conditions has been 
the greatest learning curve for on-ground staff. 

4. Flooding and flows in the creek.  We quickly established flood mitigation and 
emergency control procedures. 

5. Availability of appropriate and necessary equipment for immediate and responsive 
action.  Access to an 'in survey' boat with appropriate spray tank and equipment has 
proven difficult to source.   

6. Equipment downtime.  Breakages on machinery, particularly weed harvesters, limits 
the effectiveness of any eradication campaign, particularly during peak control periods. 

7. Impact on Staff - The treatment, control and management of Salvinia has been the 
sole activity implemented by some Rural Service staff.  The mistake made was 
believing that the infestation was going to be easily managed and maintained in a 
relatively short timeframe.  However, the reality now known and understood is that this 
program requires years of management, but if coordinated and implemented 
strategically and in partnership with others, eradication is achievable.  

 
THE WINNING COMBINATION 
 
A good strategy, partnerships (WDRC, QMDC and BQ), seizing opportunities and utilising 
all available methods of control are the winning ingredients for success.  Table 1 identifies 
the control measures implemented over the last 12 months. 
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Table 1. Management Activities implemented over last 12month period. 
Timeframes Priority Zones Control Measures/Results 
August – 
December 

Zones 1 and 2 Chemical, Physical and Mechanical control. 

 Zone 3 Temporary Barrier and Chemical control. 
 Zones 4 and 5 Biological Control 
  Salvinia weevil present throughout entire system by 

December. 
January 2015 Zones 1 and 2 Hand Removal 
 Zone 3 Salvinia Weevil releases 
 Zone 4 Harvesting of mat on weir pool combined with Salvinia 

weevil. 
Salvinia infestation reduced by 95% 

February 2015 Zones 1 to 4 Hand removal, boom management and Salvinia Weevil.  
Hand Removal and monitoring occurring in monthly 
cycles. 

March 2015 Zones 1 to4 Salvinia 99% removed due to harvesting, hand picking, 
chemical control, biological control and flood events. 

 Zone 5  Weevil active and chemical treatment where necessary. 
July 2015 Zones 1 to 4 Hand picking continues on a monthly cycle.  Last cycle 96 

grams of Salvinia removed. 
 
 
CONCLUSION 
 
In excess of 2000 tonnes of Salvinia has been removed from Dogwood Creek and 
tributaries.  The commitment to a coordinated and strategic program, combined with 
partnerships, people power, harvesting, flood events, Salvinia weevil, hand removal and 
chemical control has seen a 99% reduction in the Salvinia within the system.  On-ground 
actions and monitoring still continue as now is not the time for complacency. 
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A DECADE OF INVASION: CHANGES IN THE INVASIVE NATURALISED 
FLORA OF SOUTH EAST QUEENSLAND 

 
Melinda Laidlaw 

Queensland Herbarium, Department of Science, Information Technology and Innovation,  
Brisbane Botanic Gardens, Mt Coot-tha Rd, Toowong 4066 

 
 
ABSTRACT 
 
The increasing pace of species movement and variability of climate has resulted in 
changes to the invasive species in south east Queensland.  In 2002, 1060 naturalised 
species were recorded in south east Queensland (Batianoff and Butler 2002).  From this, a 
ranked list of the 200 most invasive and common environmental weeds of south east 
Queensland’s remnant areas was published by the Queensland Herbarium.  These 
invasive and highly invasive species were then ranked according to two data sources; the 
frequency with which they were recorded in detailed vegetation surveys and the frequency 
of their representation in the Herbarium.  The number of south east Queensland 
subregions within which each species was distributed was also considered.  In 2002, the 
highest ranking invasive species were assessed to be lantana (Lantana camara), 
groundsel (Baccharis halimifolia), mother of millions (Bryophyllum delagoense), cat’s claw 
creeper (Dolichandra unguis-cati), Madeira vine (Anredera cordifolia), asparagus fern 
(Asparagus africanus), Chinese elm (Celtis sinensis), camphor laurel (Cinnamomum 
camphora), broad-leaf pepper tree (Schinus terebinthifolius) and salvinia (Salvinia 
molesta).  All of these species remain significant environmental weeds but updated data a 
decade later will enable us to examine the impact of additional naturalised species, and 
climate and landscape changes have had on these invasive species rankings. 
 
Keywords: naturalised species, south east Queensland, Queensland Herbarium 
 
 
INTRODUCTION 
 
The Queensland Herbarium collection holds more than 900,000 specimens of 
Queensland’s native and non-native naturalised flora.  Naturalised species are those 
which are considered to have successfully established populations outside their native 
range by reproducing there without cultivation or other human intervention (Bostock and 
Holland 2014).  Specimens of naturalised species allow weed outbreaks to be tracked 
through both space and time.  Today, south east Queensland is home to approximately 
80% of Queensland’s naturalised, non-native species.  Reasons why this might be are 
various but include our mid-latitude location.  Largely frost-free conditions allow some 
tropical species to extend to the sub-tropics, while some temperate species are able to find 
cooler niches in SEQ at high altitudes and along drainage lines.  The bioregion receives 
good rainfall, around 1000 mm per year, which falls on variable topography and soils.  
Coupled with increasing human population size and its associated ecosystem disturbance 
and weed propagule pressure, south east Queensland supports a diverse community of 
invasive plant species. 
 
In 2002, the Queensland Herbarium published an ‘Assessment of invasive naturalized 
plants in south east Queensland’ (Batianoff & Butler 2002) aimed at identifying and ranking 
Queensland’s worst environmental weeds at the time.  Preliminary results of rates of 
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species accumulation in the decade following this initial study, based on Herbarium 
records, are presented here. 
 
 
MATERIALS AND METHODS 
 
In this study, Queensland Herbarium specimen records were examined to extract 
naturalised species data for south east Queensland between 1863 and 2013.  Records 
with a spatial precision of >1600m were excluded from the analysis, as were records 
lacking a collection date.  A comprehensive analysis of weed invasion in SEQ utilising 
collection records, vegetation survey data and invasiveness rankings based on expert 
opinion is currently underway. 
 
 
RESULTS 
 
The number of plant species naturalising in SEQ has averaged at around 77 species per 
decade since the first collections in 1863 (Figure 1).  By 2013, 1078 species were 
recorded as naturalised in SEQ and the 30 years to 2013 have seen the greatest rise in 
naturalised species accumulation, with 304 new naturalisations (Figure 1).  The 107 
species newly naturalised to SEQ in the decade to 2013 are presented in Table 1.  These 
recently naturalised species are from 46 families, the most diverse of which are 
Acanthaceae (9 species), Poaceae (8 species), Asteraceae (8 species), Amaranthaceae 
(6 species) and Fabaceae (6 species). 
 

 
Figure 1. 150 years of weed naturalisation in south east Queensland. 
 
 
DISCUSSION 
 
Considerable resources are currently directed towards preventing the incursion and 
spread of weeds with serious environmental and economic problems impacts in south east 
Queensland.  Despite these efforts, however, the number of naturalisations continues to 
climb.  Many of the newly naturalising plants in Queensland are initially recorded as 
cultivated plants.  For example, of the newly naturalised species in the 2013-14 financial 
year (6 species), half were already known to occur in Queensland as cultivated 
specimens.  For new ‘doubtfully naturalised’ species (plants with populations occurring 
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outside of cultivation, but that are not yet considered to be naturalised (established) in 
Queensland) in the 2013-14 financial year (9 species), 6 were already known to be 
cultivated in the state.  Reducing the impacts of invasive species in south east Queensland 
continues to be challenged by the diversity and abundance of naturalising cultivated 
plants. 
 
Table 1. Species recorded as naturalised in south east Queensland for the first time 
between 2003 and 2013. 

 

Family Species Family Species

Acanthaceae Asystasia gangetica  (L.) T.Anderson subsp. gangetica Fabaceae Aeschynomene americana  L. var. americana

Asystasia gangetica  subsp. micrantha  (Nees) Ensermu Arachis pintoi  Krapov. & W.C.Greg.

Barleria repen s Nees Pachyrhizus erosus  (L.) Urb.

Dicliptera chinensis  (L.) Juss. Pueraria phaseoloides  (Roxb.) Benth.

Hygrophila polysperma  (Roxb.) T.Anderson Vigna adenantha  (G.Mey.) Marechal, Mascherpa & Stainier

Ruellia solitaria  Vell. Zornia latifolia  Sm.

Strobilanthes hamiltoniana  (Steud.) Bosser & Heine Hydrocharitaceae Limnobium laevigatum  (Humb. & Bonpl. ex Willd.) Heine

Thunbergia fragrans  Roxb. Iridaceae Aristea ecklonii  Baker

Thunbergia mysorensis  (Wight) T.Anderson ex Bedd. Neomarica northiana  (Schneev.) Sprague

Alismataceae Echinodorus cordifolius  (L.) Griseb. subsp. cordifolius Romulea rosea  var. australis (Ew art) M.P.de Vos

Amaranthaceae Alternanthera brasiliana  (L.) Kuntze cv. Rubiginosa Lamiaceae Clerodendrum splendens  G.Don

Amaranthus albus  L. Plectranthus ciliatus  E.Mey.

Amaranthus dubius  Mart. ex Thell. Lauraceae Persea americana  Mill.

Amaranthus retroflexus  L. Lythraceae Cuphea hyssopifolia  Kunth

Celosia argentea  L. Magnoliaceae Michelia champaca  L.

Iresine herbstii  Hook. Malvaceae Abutilon pictum  (Gillies ex Hook. & Arn.) Walp.

Apiaceae Cryptotaenia canadensis  (L.) DC. Hibiscus mutabilis  L.

Apocynaceae Acokanthera oblongifolia  (Hochst.) Codd Marantaceae Ctenanthe lubbersiana  (E.Morren) Eichler ex Petersen

Gomphocarpus fruticosus  (L.) W.T.Aiton Melastomataceae Melastoma candidum  D.Don

Rauvolfia tetraphylla  L. Meliaceae Cedrela odorata  L.

Araceae Dieffenbachia seguine  (Jacq.) Schott Mimosaceae Calliandra surinamensis  Benth.

Monstera deliciosa  Liebm. Leucaena leucocephala  (Lam.) de Wit

Asteraceae Bidens subalternans  DC. Mimosa pudica  L.

Cosmos sulphureus  Cav. Neptunia oleracea  Lour.

Elephantopus scaber  L. Neptunia plena  (L.) Benth.

Enydra fluctuans  Lour. Moraceae Broussonetia papyrifera  (L.) Vent.

Erigeron karvinskianus  DC. Ficus elastica  Roxb. ex Hornem.

Gazania linearis  (Thunb.) Druce Ficus religiosa  L.

Roldana petasitis  (Sims) H.Rob. & Brettell Musaceae Musa acuminata  Colla

Thymophylla tenuiloba  (DC.) Small var. tenuiloba Oleaceae Fraxinus griffithii  C.B.Clarke

Basellaceae Basella alba  L. Phyllanthaceae Phyllanthus debilis  Klein ex Willd.

Bignoniaceae Saritaea magnifica  (Sprague ex Steenis) Dugand Pinaceae Pinus clausa  (Chapm. ex Engelm.) Vasey ex Sarg.

Tecoma stans  var. velutina  A.DC. Pinus radiata  D.Don

Boraginaceae Cordia myxa  L. Pinus taeda  L.

Brassicaceae Sisymbrium erysimoides  Desf. Poaceae Cynodon plectostachyus  (K.Schum.) Pilg.

Caesalpiniaceae Bauhinia monandra  Kurz Eragrostis trichophora  Coss. & Durieu

Peltophorum pterocarpum  (DC.) Backer ex K.Heyne Nassella neesiana  (Trin. & Rupr.) Barkw orth

Phanera yunnanensis  (Franch.) Wunderlin Paspalum virgatum  L.

Senna siamea  (Lam.) H.S.Irw in & Barneby Phyllostachys bambusoides  Siebold & Zucc.

Caprifoliaceae Viburnum odoratissimum  var. awabuki  (K.Koch) Zabel Setaria pumila  (Poir.) Roem. & Schult.

Cecropiaceae Cecropia peltata  L. Urochloa distachya  (L.) Nguyen

Commelinaceae Dichorisandra thyrsiflora  J.C.Mikan Urochloa ramosa  (L.) R.D.Webster

Convallariaceae Aspidistra elatior  Blume Polygonaceae Fagopyrum esculentum  Moench

Convolvulaceae Merremia quinquefolia  (L.) Hallier f. Pontederiaceae Heteranthera reniformis  Ruiz & Pav.

Cucurbitaceae Coccinia grandis  (L.) Voigt Pontederia cordata  L.

Cucurbita pepo  L. Rosaceae Pyrus calleryana  Decne.

Sechium edule  (Jacq.) Sw . Rubus niveus  Thunb.

Cyperaceae Cyperus aromaticus  (Ridl.) Mattf. & Kuek. Solanaceae Brunfelsia australis  Benth.

Dracaenaceae Dracaena fragrans  (L.) Ker Gaw l. Cestrum nocturnum  L.

Sansevieria trifasciata  Prain Solanum viarum  Dunal

Euphorbiaceae Acalypha herzogiana  Pax & K.Hoffm. Tamaricaceae Tamarix aphylla  (L.) H.Karst.

Euphorbia serpens  Kunth Verbenaceae Verbena litoralis  Kunth

Pedilanthus tithymaloides subsp. smallii  (Millsp.) Dressler Zingiberaceae Alpinia zerumbet  (Pers.) B.L.Burtt & R.M.Sm.

Zingiber zerumbet  (L.) Sm.
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ABSTRACT 
 
Bitou bush (Chrysanthemoides monilifera ssp. rotundata) threatens coastal ecosystems of 
high conservation, cultural and recreational value.  In 1981 when bitou bush was declared 
a class 1 pest in Queensland the infestation size was estimated at roughly 700ha.  Due to 
the nature of landscapes at risk,  difficulties in accessing sites and recognising land 
boundaries in the field a collaborative approach to management is needed.  Efforts to 
control bitou bush have evolved into multi-agency control teams working along the coast of 
southern Queensland with a common goal – to eradicate bitou bush.  The project is 
coordinated by Biosecurity Queensland with input from at least eleven other stakeholders. 
Control teams spend upwards of ten weeks annually working on bitou bush management 
at coastal sites.  The coordinated control effort has resulted in a huge decline in bitou bush 
infestations and field teams are now at the stage of searching for and destroying individual 
plants. 
 
The continuing success of the project is attributed to: 

 The pest potential of bitou bush in Queensland was recognised early and control 
work began before it was widely established 

 Multi-agency control teams are able to work across multiple land tenures 
 Dedicated field staff who are consistently prepared to go above and beyond during 

survey work 
 Continued commitment of stakeholder resources over a long period 
 A central coordination point for the project 
 Availability of accurate mapping and distribution data  

 
In a battle of weeds vs people this is an example of people forming a united front to face a 
common enemy. 
 
 
INTRODUCTION 
 
Bitou bush is a native of southern Africa.  A member of the daisy (Asteraceae) family, it is 
a perennial evergreen shrub growing up to 3 m high and over 6 m wide.  It is climatically 
well suited to large areas of southern Queensland, particularly coastal areas.   
 
While bitou bush predominately flowers between April and July it can produce flowers all 
year.  Peak fruiting occurs between June and September.  The fleshy fruits are consumed 
and dispersed by birds, foxes and potentially even lizards and macropods.  Seeds can 
remain viable in both fresh and salt water with ocean currents believed to play an 
important role in spreading bitou bush in along the coast (Winkler et al. 2008).  Bitou bush 
is highly invasive with the ability to establish in undisturbed plant communities.  Where it 
establishes in coastal areas it forms dense monocultures outcompeting and replacing 
native vegetation.  This in turn alters habitats displacing food plants used by native fauna.   
 



 64

First recorded near Newcastle in 1908, bitou bush is believed to have been introduced via 
ship ballast.  It was subsequently planted to stabilise coastal sand dunes following 
disturbance from 1940 to 1960 and was not recognised as a problem until the late 60s   
(Winkler et al. 2008).  Bitou bush has invaded over 80% of NSW coastline with 
containment lines being established in northern and southern NSW to prevent further 
spread. 
   
The first Queensland herbarium records of bitou bush were from a site at Coolangatta in 
1970.  In 1981 it was the first weed to be declared under Queensland legislation purely for 
environmental reasons.  In the early 80s it is estimated that there were approximately 700 
ha supporting bitou bush at scattered locations along the southern Queensland coast.  
Control work began at Inskip Point in 1982 with further control programs being initiated at 
other affected areas along the Queensland coast in following years. 
 
 
CURRENT MANAGEMENT ACTIVITIES 
 
Early isolated control efforts at sites along the Queensland coast have evolved over the 
years into the current multi-agency control program.  The multi-agency management 
program is centrally led and coordinated by Biosecurity Queensland’s bitou bush project 
manager.  The project receives national recognition for the success with bitou bush 
containment and progress towards eradication.  When the management program began in 
the early 1980s 90% of plants had to be treated with herbicides due to their large size with 
infestations at South Stradbroke Island needing aerial herbicide application due to the 
level of invasion.  Substantial amounts of time were spent on treatment and control.   
 
Under the current management program a search and destroy technique is used to survey 
all known areas of bitou bush infestation in Queensland annually with many key areas 
being inspected and treated twice annually.  Approximately 10 weeks are spent each year 
in a combined effort surveying the southern Queensland coast and controlling bitou bush 
in the field.  Today the majority of field time is used surveying to locate plants with only 
minimal amounts of time needed for treatment.    Due to the progress towards eradication 
and the survey frequency the majority of plants located are seedlings which can easily be 
physically removed.    
 
Inspection and control techniques vary between sites and are often dependent on access 
and resources available.  The majority of control work is scheduled for autumn months 
when field conditions are more favourable and plants are likely to be in flower and be more 
easily seen.  Inspections are carried out by field teams on foot, by helicopter, by vehicle, 
by vessel or by quad bike depending on the site.  To safely access some sites abseiling 
has been required with another site requiring use of a cherry picker and traffic control for 
road closures.   
 
Most sites have the following characteristics in common:  
 

 Access if often difficult and can be restricted by tides 
 Vegetation is thick and difficult to move and see through 
 Survey sites cover a number of different land tenures 
 There are no obvious land boundaries in the field 
 Biting insects, reptiles, unstable ground, weather conditions and dense vegetation 

present safety hazards for staff 
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To effectively coordinate limited resources and overcome some of the difficulties in the 
field, control teams are made up of staff from multiple agencies working under the direction 
of a team leader in a coordinated fashion.  They cover multiple land tenures in their search 
grids with all staff generally working side by side on all land tenures in their project area.  A 
project health and safety risk assessment is circulated to all participating staff prior to field 
work for their input and information. 
 
Search tracks and bitou bush sites are electronically mapped and any plants located are 
treated on site.  Treatment usually involves physical removal, but may also involve 
herbicide application where larger plants are located.  Survey and control data is 
maintained centrally on Biosecurity Queensland’s pest central data base and is shared 
with project partners along with an annual progress report. 
 
 
FUTURE CHALLENGES 
 
As numbers of active bitou bush sites continue to decline with the at risk area remaining 
relatively high, the cost of locating and destroying each active site rises significantly.  It 
becomes easy for land managers to see this as a large cost in comparison with other more 
visible/immediate priorities.  However, it is important not to lose site of the invasive 
potential of bitou bush and the high value sites under threat.  
  
With a large number of participating project partners all with their own competing priorities 
for limited resources, this remains an important message to sell.  Eradication is a long term 
goal requiring long term commitment.  To date project partners have remained enthusiastic 
and committed to the project’s overall goal of eradication.  Let’s hope we can maintain our 
united front to beat this common environmental enemy. 
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ABSTRACT 
 
The budmite, Aceria lantanae, native to tropical America, causes gall formation of 
developing flowers in susceptible forms of Lantana camara (lantana).  It was first released 
in Australia in 2013, following host specificity testing and field release in South Africa.  
Testing found galls readily formed on the pink-edged red-, red-, orange-, and white-
flowering lantana forms.  However, very few galls developed on the common pink-
flowering forms.  A CLIMEX model suggests that most coastal areas from north 
Queensland to the New South Wales border would be climatically suitable for the budmite.  
The field-release program consists of placing small pieces of 3-6 mature galls in the 
growing tips of the susceptible forms of lantana, preferably in areas sheltered from wind, 
with high humidity.  The releases have been conducted on grazing land, National Parks, 
State Forests and roadside verges.  Over 1500 galls have been released at 108 sites from 
north Queensland to northern New South Wales.  Galls have been seen at up to 23 sites 
but, at some, populations of the budmite did not survive the winter of 2014.  At one site in 
Brisbane, over 250 galls were seen along a 30-metre transect.  Currently, galls are present 
at 10 sites but establishment at more recent release sites has not yet been confirmed.  
Field releases and monitoring are continuing.  It is hoped that A. lantanae will help reduce 
flowering and seed set in lantana and thereby reduce the spread of the weed. 
 
Keywords: biocontrol, budmite, gall formation 
 
 
INTRODUCTION 
 
The bud mite, Aceria lantanae is native to tropical America from Florida to Brazil, including 
the Caribbean (Flechtmann and Harley 1974, Urban et al. 2001).  It affects newly 
developing flower buds, causing them to deform thus reducing seed production.  Host 
specificity testing of A. lantanae in South Africa showed that galls developed on only L. 
camara and no other species were affected.  Preference and performance trials in South 
Africa showed that all weedy flowering forms of lantana were affected (Mpedi and Urban 
2005).  Aceria lantanae was introduced into Australia in 2012, following additional host 
specificity testing on 18 species, including Australian native and exotic weedy plants.  It 
was then tested against a range of lantana forms in Australia prior to its field release, to 
facilitate the rearing and release program.  This paper reports on that testing and the field 
release program which began in 2013. 
 
 
MATERIALS AND METHODS 
 
Susceptibility Investigations 
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Pink-, red-, pink-edged red- (PER), orange- and white-flowering forms of lantana were 
sourced as cuttings throughout Queensland and New South Wales and grown in 
environmentally-controlled glasshouses.  To determine the lantana forms most susceptible 
to A. lantanae, bud mites were transferred individually from “mature” galls to growing tips, 
whilst viewed microscopically, or by placing small pieces of “mature” galls in-situ into the 
nodes of growing tips.  Galls were deemed “mature” when bud mites began congregating 
on the surface prior to gall senescence.  At least three replications of each lantana form 
were tested. 
 
CLIMEX model 
 
A CLIMEX model using locations of A. lantanae in its native range was developed to 
determine the likely regions for field establishment in Australia. 
 
Field releases 
 
Releases commenced in autumn of 2013 on grazing properties, National Parks, State 
Forests, roadside verges and creek banks.  Over 1500 galls were released at 108 sites 
from north Queensland, along the east coast to northern New South Wales.  Most releases 
were conducted in spring and summer as gall induction occurs best under high humidity 
and on actively growing plant tissue.  Releases in Queensland consisted of placing small 
pieces of gall on susceptible forms of lantana, preferably at sites with high humidity and 
sheltered from wind to enhance bud mite establishment.  Releases consisted of 3-6 galls 
per site and repeat releases over time were undertaken to optimise gall development.   
 
 
RESULTS 
 
Lantana susceptibility testing 
 
Gall development occurred 2-8 weeks following inoculation with bud mites or gall pieces.  
Not every inoculation resulted in gall formation even on a plant of the same form and from 
the same location.  Most forms of lantana except the common pink flowering form were 
susceptible.  Results of trials are provided in Table 1. 
 
CLIMEX Model 
 
A CLIMEX model suggests that most coastal areas from far north Queensland to the New 
South Wales border would be climatically suitable for the bud mite (Figure 1). 
 
Field releases 
 
Galls have been seen at up to 26 sites in southeast Queensland and were first observed at 
Mt Coot-tha in Brisbane in October 2013.  Over 250 galls at this site were observed over a 
30-metre road frontage within six months.  By September 2014, galls were present at only  
10 sites in southeast Queensland due to poor winter survival.  In north Queensland, 
approximately 840 galls were released from the Whitsunday region to Kuranda on the 
Atherton Tablelands at 22 sites during 2014.  Galls have been seen at only Kuranda on 
pink-edged red forms, but many release sites are still to be checked.  
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Table 1.The susceptibility of lantana forms to A. lantanae in the glasshouse. 
Lantana sample Colour No. replications No. plants galled % galled 
NQ     
Malanda Pink 5 0 0 
Malanda PER 15 11 73 
Charters Towers Pink 6 3 50 
Townsville Pink 3 1 33 
Townsville Orange 7 4 57 
Airlie Beach Pink 7 0 0 
CQ     
Rockhampton Pink 6 6 100 
Rockhampton PER 3 3 100 
SEQ     
Mount Coot-tha PER 9 5 56 
Camp Mountain Pink 7 0 0 
Brookfield PER 18 11 61 
Mount Crosby Red 14 4 29 
Mount Crosby PER 7 4 57 
Kenmore Orange 8 3 38 
Carina Pink 5 5 100 
Fernvale White 5 5 100 
NSW     
Kempsey Red 6 2 33 
Kempsey PER 20 11 55 
Richmond Pink 8 0 0 
Richmond PER 21 14 67 
Ulladulla Pink 9 0 0 

 
 

 
Figure 1. CLIMEX model for A. lantanae in Queensland and New South Wales.  The 
higher the Environmental Index (EI) value, the more climatically suitable the region is for A. 
lantanae. 
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DISCUSSION 
 
Aceria lantanae has a preference for red-, orange-, white-, and pink-edged red-flowering 
forms of lantana over the pink-flowering form.  Preference for particular flower forms of 
lantana has been observed previously for lantana biocontrol agents (e.g. Tomley and 
Riding 2002, Day et al. 2003).  When selecting release sites in Queensland, areas of 
predominantly pink flowering lantana were avoided. 
 
To date, the bud mite has been seen at up to 26 sites but many release sites still need to 
be checked for establishment.  The budmite is still being reared and will continue to be 
released in suitable areas.  It is anticipated with time, that the budmite will be released 
throughout Queensland in all climatically suitable sites and on susceptible lantana forms. 
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ABSTRACT 
 
Bellyache bush, Jatropha gossypiifolia L. (Euphorbiaceae), is a serious and expanding 
weed of tropical regions of central and northern Queensland, particularly riparian and 
subriparian habitats. Conventional control methods are often not cost effective due to the 
need for repeated treatments. Bellyache bush has been a target for biological control since 
1997. One agent has been released (Agonosoma trilineatum), but it failed to establish.  A 
renewed biocontrol effort, involving exploration in South America has identified a leaf-
mining moth (Stomphastis sp.) as a prospective biological control agent for bellyache 
bush. Stomphastis sp. has been imported into our quarantine facility for biological studies 
and host specificity testing. Preliminary results suggest that Stomphastis sp. can complete 
development on bellyache bush and congener J. curcas only. The leaf-miner has a short 
generation time and high fecundity, which bodes well for its future as a biocontrol agent.  
Other agents are under consideration also. A leaf, fruit and stem-webbing moth 
(Morosaphycita morosalis) collected in India has also been imported into quarantine for 
further studies.  Host specificity testing of a strain of the Jatropha rust (Phakopsora 
jatrophicola) from Trinidad has been completed in the UK. Further studies on the rust will 
be conducted in Trinidad to ascertain susceptibility of two non-target species found to be 
moderately susceptible in quarantine tests. A shoot and leaf-galling midge (Prodiplosis 
longifila) from Bolivia and a leaf-feeding midge (Prodiplosis sp. near longifila) from 
Paraguay are also being considered, but further assessment of their native field host range 
is needed before being brought into quarantine in Australia for host specificity testing.   
 
Keywords:  Jatropha gossypiifolia, Euphorbiaceae, Gracillariidae 
 
 
INTRODUCTION 
 
Bellyache bush, Jatropha gossypiifolia L. (Euphorbiaceae) is a serious weed of dry tropical 
regions of northern Australia, particularly riparian and subriparian habitats, and has been 
declared a Weed of National Significance (Australian Weeds Committee 2012; Bebawi et 
al. 2007).  In Queensland, bellyache bush is found in the Burdekin, Fitzroy, Walsh, Palmer, 
Flinders and Gregory River catchments, the headwaters of Lake Eyre Basin, as well as 
scattered populations throughout central Queensland (Randall et al. 2009).  Bellyache 
bush forms dense thickets, reducing the usefulness of land for grazing purposes.  It also 
reduces biodiversity, affects fire regimes and increases erosion along creek and river 
banks (Csurhes 1999, Bebawi et al. 2007).  Conventional chemical and mechanical control 
methods are often not economically viable due to the need for repeated treatments to 
control high seedling recruitment.  Biological control is thus an important component of 
long-term management strategies for bellyache bush in Australia.  Bellyache bush has 
been a target for biological control since 1997.  Native range surveys in Mexico, central 
and northern South America, and the Caribbean resulted in the release of the seed 
feeding jewel bug (Agonosoma trilineatum), which failed to establish (Heard et al. 2012).  
Leaf rust, Phakopsora jatrophicola Cummins, was also identified and host specificity 
testing was initiated at CABI in the UK (Seier et al. 2009, 2014; Pollard and Seier 2015).  
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As part of a renewed biological control effort, more recent exploration efforts have focused 
on South America, specifically south of the equator.  Exploratory field surveys were 
conducted on Jatropha species in Peru, Bolivia and Paraguay in 2012 and 2013 
(Dhileepan et al. 2014).  A total of 11 insect species, one mite species and the leaf rust 
were observed. Of these species, a yet to be described leaf-mining moth (Stomphastis 
sp.), a shoot and leaf-galling midge (Prodiplosis longifila), and leaf-feeding midge 
(Prodiplosis sp. near longifila) (both Diptera: Cecidomyiidae) have been identified for 
further studies.   A leaf, fruit and stem-webbing moth (Morosaphycita morosalis) collected 
in India has also been identified for further studies.  In this paper we discuss current 
research on these potential biocontrol agents and the leaf rust P. jatrophicola.   
 
 
RESULTS AND DISCUSSION 
 
Stomphastis sp. (Lepidoptera: Gracillariidae) 
 
Similar to Stomphastis thraustica (Meyrick), a well-known pest of J. curcas and J 
gossypiifolia in Asia and Africa, the jatropha leaf miner, Stomphastis sp., is currently being 
described as a new species (Dhileepan et al. 2014).  Stomphastis sp. is widespread on J. 
gossypiifolia in Peru and Bolivia and causes severe leaf damage.  During exploratory 
surveys, the leaf miner was rarely seen on J. curcas and was never seen on the closely 
related species Ricinus communis L. (castor oil plant).  It is considered to be the most 
promising of the species collected from Jatropha spp. during recent surveys (Dhileepan et 
al. 2014).  Stomphastis sp. was imported from Peru into our quarantine facility at the 
Ecosciences Precinct in Brisbane in November 2014 and a colony established.  
 
Adult Stomphastis sp. are small (less than 1 cm long) and live for an average of 10 days 
under quarantine conditions.  Eggs are oviposited singly on bellyache bush leaves, usually 
on the underside of the leaves next to a leaf vein.  Newly emerged larvae mine directly into 
the leaf from the egg and remain in the leaf as they develop.  If enough larvae are present, 
mines can completely destroy a leaf, reducing photosynthetic area of the plant.  Mature 
larvae exit the leaves and locate a suitable place to pupate, usually on the leaves but they 
may also pupate on other substrates such as branches and cage walls.  Occasionally, 
larvae may pupate within the leaf.  A generation from adult to adult takes around 22 days. 
 
No-choice host specificity testing of Stomphastis sp. has begun in quarantine and is 
complete for 10 test plant species: Jatropha curcas, J. podagrica Hook., J. multifida L., 
Aleurites moluccana (L.) Willd., Baloghia inophylla G.Forst. P.S.Green, Croton verreauxii 
Baill., Macaranga tanarius (L.) Müll.Arg., Antidesma bunius (L.) Spreng., Ricinus 
communis L. and Bridelia exaltata F.Muell.  Eggs have been laid on many of these 
species, however larval development has only occurred on bellyache bush and J. curcas; 
damage to non-target species other than J. curcas has been limited to first instar mines.  
Host specificity testing of a further 24 plants species is underway.  The leaf-miner has a 
short generation time and high fecundity, which bodes well for its future as a biocontrol 
agent.  We anticipate completing host specificity testing by the end of 2016.  If the insect is 
found to be host specific an application to release will be made.  
 
Morosaphycita morosalis (Lepidoptera: Pyrallidae) 
 
A leaf, fruit and stem-webber, Morosaphycita morosalis, has been collected on bellyache 
bush growing in India, where it was observed to be highly damaging.  A colony of this 
insect was established in our quarantine facility in June 2015.  Adult females lay eggs in 
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batches on bellyache bush leaves, petioles and branches. Larvae are gregarious and 
move around the plant in search of food.  They are voracious feeders and predominantly 
feed on leaves but also on stems and fruit.  Host specificity testing of bellyache bush 
congeners and members of the Euphorbiaceae family has been initiated.  
  
Prodiplosis longifila and Prodiplosis sp. near longifila (Diptera: Cecidomyiidae) 
 
In Bolivia, a cecidomyiid gall midge, Prodiplosis longifila Gagné, induced galls in shoot-
tips, emerging leaves, petioles, and stems on Jatropha clavuligera Müll.Arg, resulting in 
shoot-tip dieback (Dhileepan et al. 2014).  In quarantine and field studies, the insect also 
produced galls on J. gossypiifolia.  Prodiplosis longifila is a polyphagous pest of various 
crops (e.g. Citrus spp., Asparagus officinalis L., Solanum spp., Phaseolus spp., Capsicum 
chinense Jacq., and Ricinus communis L.) in the neotropics (e.g. Gagné 1986, 2010), yet 
there was no evidence of cecidomyiid damage of any kind on R. communis during field 
surveys (Dhileepan et al. 2014).  A field susceptibility trial involving several of the recorded 
crop hosts of P. longifila (tomato, potato, citrus, capsicum and castor oil plant) is in 
progress in Bolivia.  If results suggest that the insect is host specific, it will be imported into 
quarantine in Australia for further testing. 
 
In Paraguay, a second cecidomyiid, Prodiplosis sp. near longifila caused shoot-tip dieback 
on J. gossypiifolia, but did not induce galls (Dhileepan et al. 2014).  This insect will be 
subject to field trials once the trials with P. longifila have been completed. 
 
Phakopsora jatrophicola (Pucciniales: Phakopsoraceae) 
 
Phakopsora jatrophicola (a leaf rust), is widespread in the native range of bellyache bush 
and the level of damage is high.  A strain collected in Trinidad was found to be most 
virulent to the bellyache bush varieties growing in Australia (Seier et al. 2014; Pollard and 
Seier 2015).  Host testing of 42 plant species on the strain from Trinidad has recently been 
completed under quarantine conditions in the UK by CABI (Pollard and Seier 2015).  Two 
non-target species native to Australia (Beyeria viscosa Labill. and Aleurites moluccana (L.) 
Willd.) were found to be moderately to weakly susceptible to the rust (Seier et al. 2014; 
Pollard and Seier 2015).  Some congeners of bellyache bush were also found to be 
susceptible to the rust, but these are either weeds themselves (J. curcas) or uncommon 
ornamental species (Seier et al. 2009, 2014; Pollard and Seier 2015).  The susceptibility of 
the two native non-target species (B. viscosa and A. moluccana) will be assessed under 
natural field conditions in Trinidad later in 2015.  
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ABSTRACT 
 
Native to the Americas, parkinsonia (Parkinsonia aculeata) is a declared weed in all states 
and territories, and is considered a weed of national significance.  Inhabiting semi-arid and 
tropical rangelands, it has the ability to form dense thickets in riparian habitats and 
floodplains impacting negatively on both the environment and the pastoral industry.   
Parkinsonia has been a target for biological control in Australia since 1983, resulting in the 
introduction of three insect species between 1989 and 1995; a sap-sucking bug (Rhinacloa 
callicrates Herring) and two seed-feeding beetles (Mimosetes ulkei (Horn), and 
Penthobruchus germanii Pic).  The seed-feeding bruchid, P. germaini, is widely 
established across northern Australia, while R. callicrates appears to be quite common in 
Queensland.  CSIRO recommenced native range surveys to identify potential control 
agents in 2002. Several species identified in Mexico and Argentina were imported into 
CSIRO’s quarantine facilities in Brisbane to conduct host-specificity studies to determine 
the risk associated with releasing these insects into the Australian environment.  In late 
2012 and 2014, approval was given for the release of two closely related leaf-feeding 
moths, Eueupithecia cisplatensis, and Eueupithecia sp.2.  A national mass-rearing and 
release program involving State and Territory agencies and regional NRM groups is now 
well underway.  The program focuses on the creation of nursery sites in key areas in 
Queensland, the Northern Territory, and Western Australia with the aim of establishing 
self-sustaining populations of these agents across northern Australia. 
 
Keywords:  Biological control, parkinsonia, Eueupithecia cisplatensis 
 
 
INTRODUCTION 
 
Parkinsonia (Parkinsonia aculeata) is believed to have been introduced into Australia in 
the 1890’s and early 1900’s for use as an ornamental in towns and as a shade tree around 
homesteads and bores in northern Australia (Smith 2002; Deveze 2004).  It is now a 
serious weed widespread through Western Australia (WA), the Northern Territory (NT), 
and Queensland (QLD).  As parkinsonia is adapted to a wide range of soil types, it is 
predicted that it will continue to spread through watercourses and adjoining areas 
throughout the semi-arid and tropical rangelands of northern Australia (Deveze 2004; van 
Klinken et al. 2009).  Growing as a shrub/small tree parkinsonia can form dense, thorny 
thickets in riparian habitats and floodplains where it out competes native trees and shrubs.  
These thickets make mustering difficult, impede access to water, provide a refuge for feral 
animals such as pigs, damage soil structure and contribute to soil erosion.  
 
 
HISTORY OF BIOCONTROL OF PARKINSONIA IN AUSTRALIA 
 
A joint project on parkinsonia biocontrol involving QLD, NT and WA government agencies, 
commenced in 1983.  Native range surveys were conducted, principally in the USA and 
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northern Mexico, from 1983 to 1987.  Three insects, the sap-sucking mirid Rhinacloa 
callicrates Herring and two seed-feeding bruchids, Mimosestes ulkei (Horn) and 
Penthobruchis germaini Pic, were identified as potential biocontrol agents, imported into 
quarantine by the Queensland Government for further testing and later approved for 
release.  Rhinacloa callicrates and M. ulkei were imported from the USA, and released in 
1989 and 1993 respectively.  Although self-sustaining populations of the mirid established 
in Queensland, populations in the Northern Territory and Western Australia failed to 
establish.  This mirid feeds on leaves and shoots of parkinsonia resulting in tiny white 
spots where photosynthetic tissue is destroyed.  In its native range very high populations 
have been observed to cause distortion of growth and cessation of flowering. Recent 
surveys in Qld suggest it is far more widespread than first thought (Kelli Pukallus – pers. 
obs.).  Mimosestes ulkei was initially believed to have established in the field after its 
release in 1993.  Females oviposit on almost-mature or mature pods on both the tree and 
the ground.  Young larvae enter the seed pod where their development is completed by 
feeding on the mature seed.  It has the potential to contribute to the destruction of 
parkinsonia seeds, however, it has not been observed in the field for over ten years 
despite intensive and widespread sampling.   The second of the seed-feeders, P. germaini 
from Argentina was released in 1995.  It is well established and can be found readily and 
at times in high densities.  Like M. ulkei, development is completed within the seed pod 
with round exit holes the most obvious indication of the presence of the bruchids.  This 
species predates 2-30% of the annual production of parkinsonia seeds (van Kllinken and 
Flack 2008). 
 
With a greater understanding of the invasion history of parkinsonia through genetic 
studies, CSIRO began more expansive native range surveys through Central and South 
America from the early 2000’s.  Based on the results of the unpublished USDA surveys by 
Hugo Cordo in Argentina and Paraguay, the early surveys of Woods (1988) in USA, 
Mexico and Costa Rico, and the more recent surveys by CSIRO (Heard et al., unpub. 
data), ca. 350 insect herbivores and one pathogen species have been identified.  Most 
potential agents were rejected on the basis of rarity, the lack of potential impact, or lack of 
specificity to the genus Parkinsonia.  Several of the remaining species have been imported 
into Australian quarantine for further evaluations which has recently resulted in the release 
of two closely related leaf-feeding geometrid moths, Eueupithecia cisplatensis Prout and 
Eueupithecia sp.2 (Fig. 1). 
 

 
Figure 1. Eueupithecia cisplatensis (a) adults, and (b) genitalia of Eueupithecia 
cisplatensis (UU) and Eueupithecia sp. 2 (UU2). 
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UU AND UU2, THE LATEST TOOLS IN THE BIOCONTROL OF PARKINSONIA IN 
AUSTRALIA 
 
Following detailed host-specificity testing of Eueupithecia cisplatensis, and Eueupithecia 
sp.2 (nicknamed ‘UU’ and ‘UU2’, respectively), approvals from Department of Agriculture 
and the Department of the Environment were given for their release in 2012 and 2014 
respectively.  Mass-rearing and releases of both species are now well underway. 
 
UU, was first released into WA in late 2012 with releases in Qld and the NT beginning in 
early 2013.  UU2 was discovered serendipitously during the host-specificity studies of UU. 
Specimens of UU were sent to the Bavarian State Collection of Zoology in Munich, 
Germany, where a second cryptic species of Eueupithecia was diagnosed.  This species 
shows striking differences in female and male genitalia and CO1 gene sequence.  The 
CO1 gene differs by ca. 4%, a difference that indicates UU2 to be a distinct species from 
UU.  No other significant and constant differential features in external morphology or 
colour patterns of adults or larvae have been found.  Further surveys in Argentina 
discovered the distinct distribution of the two species, with UU and UU2 occurring in the 
southeast and northwest of northern Argentina respectively.  Releases of UU2 began in 
Qld and WA in October 2014 with releases in the NT to commence in 2016; releases of 
both species will continue through to 2017. 
 
Both UU and UU2 damage the plant during the larval development stage. As larvae 
develop, they eat the pinnules (leaflets) and parts of the rachises (leaf stalks) thus 
reducing the plants’ ability to photosynthesise.  This impacts the health of the plant, 
affecting growth and reducing the weed’s reproductive output, and potentially leaving it 
more susceptible to disease such as the soil-borne pathogens associated with dieback. 
 
 
MASS-REARING AND RELEASES OF UU AND UU2  
 
Biocontrol agents typically take many years to establish and build up populations to the 
level required to inflict detectable damage to the target population.  The potential success 
of introducing these new agents into Australia is dependent upon establishing self-
sustaining populations in key areas in Qld, NT, and WA.  To achieve this, a national 
program involving State and Territory agencies and regional NRM groups began in 2012.  
 
Releases are being done in a strategic and systematic manner to maximise the potential 
for these agents to establish self-sustaining populations.  In Queensland, where the largest 
releases of agents has been made to date, an important release strategy is to match 
release locations with the climate that each species appears to be adapted to in its native 
range.  Using this rationale, UU is currently being released at coastal parkinsonia 
infestations, and sites to the east of the Great Dividing Range (GDR), while UU2 is being 
released to the west of the GDR in the drier and semi-arid regions.  Additional 
physiological studies are underway on these insects with a view to developing bioclimatic 
models to guide future release efforts in QLD, WA and the NT. 
 
Releases are being made on the healthiest parkinsonia plants available to give the insects 
the best chance of establishment, however, plant quality differs from site to site, and 
season to season.  Poor plant quality and predation from ants, spiders, and wasps are 
factors that must be overcome to achieve establishment.  To combat this, the 
establishment of nursery sites is seen as a vital strategy.  Rather than ‘one-off’ releases at 
numerous sites, the aim of nursery sites is to generate multiple releases and ‘flood’ these 
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sites with large numbers of the agents until establishment is achieved.  With the help of 
local collaborators suitable parkinsonia infestations were selected based on the size of the 
infestation, quality of the plants, locality and access, and the likelihood of other 
management practices.  Larvae and/or pupae are provided from mass-rearing hubs 
located in Brisbane (CSIRO Biosecurity), Charters Towers (Queensland Government 
Department of Agriculture and Fisheries, Tropical Weeds Research Centre), and Darwin 
(Northern Territory Government Department of Land Resource Management, Weed 
Management Branch).  To date, over 600,000 UU and 125,000 UU2 have been released 
across northern Australia, with populations of UU established at 18 release sites in Qld 
and at 3 sites in NT, and possibly at one site in WA.  UU appears to be naturally dispersing 
at several of these sites, with detections occurring up to 5km away from the immediate 
release area.  Monitoring of UU2 sites will commence in 2015. 
 
 
CONCLUSION 
 
The effects of UU and UU2, will only be determined in years to come.  Establishing self-
sustaining populations of these species is the first target that must be achieved.  
Monitoring to date suggests that UU has established at ca. 20 sites.  With additional 
releases of both species, we anticipate these insects to be part of the integrated weed 
management toolbox for the rangelands of Queensland and northern Australia.  
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ABSTRACT 
 
Prickly acacia (Vachellia nilotica ssp. indica) is a multipurpose tree native to the Indian 
subcontinent.  In Australia, this tree is a Weed of National Significance and is widely 
distributed throughout the grazing areas of western Queensland.  Biological control of 
prickly acacia has been in progress since the early 1980s, with limited success to date. 
Three prospective biological-control agents, a scale insect (Anomalococcus indicus), a 
green leaf-webber (Phycita sp. B) and a leaf-weevil (Dereodus denticollis) have been 
imported, from India, into quarantine in Brisbane.  Host specificity testing for the scale 
insect is nearing completion.  Among the 71 non-target species tested so far, the scale 
insect completed development on 15 species and, among them, four species sustained 
development comparable to prickly acacia.  However, this may be an artefact of the 
laboratory conditions.  Suitability of these non-target test plant species for development of 
the scale insect is therefore currently being studied under field choice conditions in India. 
For the green leaf-webber, host specificity tests have so far been completed in quarantine 
for 12 test plant species.  The leaf-webber has completed development on five of these 
plant species.  Host specificity tests are in progress for a further seven species, with 
development occurring on five of them.  However, erratic and inconsistent egg laying in 
quarantine by the green leaf-webber is hampering the colony maintenance and host 
specificity testing.  The leaf-weevil, imported into quarantine on multiple occasions from 
India, is yet to be successfully cultured in quarantine.  Several attempts on culturing leaf 
weevil have been made with no success.  Future research will focus on agents from 
Ethiopia. 
 
Keywords: Anomalococcus, Phycita, Dereodus, Vachellia nilotica,  
 
 
INTRODUCTION 
 
Prickly acacia, Vachellia nilotica subsp. indica (Benth.) Kyal. & Boatwr., is a Weed of 
National Significance in Australia (Dhileepan 2009).  It can be found extensively 
throughout the grazing areas of western Queensland and has the potential to further 
extend its distribution throughout northern Australia (Mackey 1997).  Prickly acacia trees 
form dense impenetrable thickets, restricting stock access to watercourses, compete with 
native pasture species, and prevent growth of native plants beneath the canopy.  In 
Queensland, prickly acacia costs primary producers about $9 million AUD per year in lost 
pasture production (Dhileepan 2009). 
 
Biological control of prickly acacia has been in progress since the early 1980s, with limited 
success to date.  Five insect agents have been released, two from Pakistan and three 
from Kenya.  Of these five, only two, the seed-feeding bruchid Bruchidius sahlbergi 
(Schilsky) from Pakistan and the leaf-feeding geometrid Chiasmia assimilis (Warren) from 
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Kenya and South Africa have established.  The leaf-feeding geometrid has demonstrated 
significant impact to prickly acacias however its distribution is restricted to coastal regions 
of northern Queensland (Dhileepan et al. 2014).  The bruchid has had little impact. 
 
Surveys were conducted in India to identify new agents that may be better adapted for the 
arid environment of western Queensland (Dhileepan et al. 2013).  Three prospective 
biological-control agents, a scale insect (Anomalococcus indicus Ayyar), a green leaf-
webber (Phycita sp. B) and a leaf-feeding weevil (Dereodus denticollis Boheman) were 
identified and have been imported, into quarantine facilities at the Ecosciences Precinct in 
Brisbane for host specificity testing.  This paper describes host specificity tests that are 
underway in quarantine for scale insects and green leaf-webber with preliminary results, 
and ongoing attempts on establishing green leaf-webber and leaf-weevil colonies. 
 
 
MATERIALS AND METHODS 
 
Host specificity testing was conducted under quarantine conditions.  Potential host ranges 
were initially investigated using a no-choice larval development test.  Batches of test plants 
were screened as they became available with a minimum of five replicates for each plant 
species.  Test plant species that showed evidence of feeding damage and development 
were subjected to choice tests.  
 
For Phycita sp. B, ten newly hatched larvae were introduced onto potted test plants (with 
prickly acacia as controls).  Plants were monitored daily to determine ensuing 
development and survival.  For A. indicus, initially 20 gravid females were attached to each 
test plant (using gel caps).  This number was reduced to 15 gravid females when the 
quarantine colony became established.  Plants were checked monthly for three months, as 
this is how long it takes the scale to develop on prickly acacia.  If non-target plant species 
supported scale development for this duration they were retained until the scale either died 
or completed its development.  
 
Choice tests consisted of a prickly acacia plant (as a control) and several non-target test 
plant species confined within a cage and exposed to adult insects (either the leaf-webber 
moth or the scale insect).  The plants were monitored for resultant eggs, larvae or nymphs 
and all life stages and development were recorded.  When required, further no-choice and 
choice continuation trials were conducted to test the suitability of any non-target test plants 
to sustain the insect agent over multiple generations.  Field choice trials for A. indicus were 
initiated in India in January 2014 and are in progress. 
 
 
RESULTS 
 
Anomalococcus indicus 
  
No-choice host specificity tests have been completed for 71 non-target plant species.  The 
scale insect has completed development on 15 species, and four of which sustained 
development comparable to prickly acacia.  However, this may be an artefact of the 
laboratory conditions where the scale is effectively placed on a non-target host.  Of the 15 
non-target test plant species that supported the scale insect development, seeds of native 
Australian species were exported to India to further test their susceptibility under natural 
field conditions.  A trial to study the field susceptibility of some of these Australian native 
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test plant species that supported development of the scale insect under quarantine 
conditions is in progress in India. 
 
Several complications have ensued with the field trials in India.  Four field choice trials 
were initiated across two sites between December 2014 and February 2015.  One of these 
sites experienced uncharacteristically wet weather and flooded.  This trial site was 
abandoned with all further effort put in the primary site.  Out of the 10 non-target test plant 
species grown for the choice test there was very high mortality among the Australian 
native species.  Fresh seeds have been imported and are being germinated to continue 
this trial. 
 
Phycita sp. B 
 
No-choice host specificity tests have so far been completed for 12 test plant species, and 
of which the leaf-webber has completed development on five species.  No-choice tests on 
a further seven species are in progress, with development occurring on five plant species. 
Of the plant species tested, only four non-target test plant species showed sustained 
development and survival of the leaf-webber comparable to prickly acacia.  Oviposition 
choice tests have been initiated for the 10 non-target test plant species that supported 
larval development, among which; egg laying has only been recorded on Neptunia major 
(Benth.) Windler.  Erratic and inconsistent egg laying in quarantine by the green leaf-
webber has impeded colony maintenance and host specificity testing.  Dissection of dead 
female moths from cages with failed colonies revealed that they either were not 
reproductively mature (i.e. no mature eggs present in ovaries) or had not mated (i.e. no 
spermatophore present in bursa copulatrix).  The cause for this is not currently known. 
 
Dereodus denticollis 
 
The leaf-weevil has been imported into quarantine on multiple occasions from India.  It has 
yet to be successfully cultured in quarantine as details on oviposition sites and larval host 
are unknown.  Until recently, very few eggs have been laid under quarantine conditions. 
However, a change in culturing practices has led to a dramatic increase in egg production.  
Weevils housed in glass jars, equipped with cut foliage, lay their eggs on the bottom of the 
jar once the foliage starts to wilt and dry.  Previous culturing methods utilised cages with 
potted plants watered regularly and therefore not under any stress.  Hence, it is probable 
that the process of the foliage drying acts as a cue to stimulate egg laying in this species.  
Larvae have been introduced to prickly acacia roots in various mediums (sand, potting 
mix, dirt, filter paper) with no evidence of feeding or survival past a few days.  A semi-
artificial diet has been trialled, but no feeding was observed.  The possibility for a 
completely synthetic diet is currently being considered. 
 
 
DISCUSSION 
 
The genus Acacia sensu lato, is the largest genus of flowering plants in Australia with over 
950 endemic species.  The close affinity of prickly acacia to the Australian native Vachellia 
and Acacia species makes biological control efforts more difficult (Dhileepan et al., 2014).  
Any potential biological control agent for prickly acacia in Australia needs to be species 
specific in order to pose no significant risk to Australian native species.   
 
The scale insect (A. indicus) is a high impact agent that has showed high specificity for V. 
nilotica (prickly acacia) in the field in India.  During a four-year field survey (2008-2012) in 
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India, this insect was only documented on V. nilotica subsp. indica and V. nilotica subsp. 
cupressiformis (J.L.Stewart) Ali & Faruqi. and not on other host plant species (Dhileepan 
et al. 2013).  Despite this insect being able to complete development and survive on a few 
non-target plant species under quarantine conditions, the high level of host specificity in its 
native range suggests it is worth pursuing more thorough and convincing field tests to 
reject or validate the quarantine results.  
 
Host specificity testing of the leaf-webber moth (Phycita sp, B) has been on hold since 
December 2014 due low numbers of moths and low and inconsistent egg lay.  In India, the 
leaf-webber is a seasonal moth with peak egg laying occurring in winter, between October 
and January.  It is anticipated that additional live material will be imported in October 2015. 
The quarantine glasshouse was originally setup to mimic Australian summer conditions; 
lights were operated on a 14-hour light, 10-hour dark cycle.  This is not consistent with 
southern Indian winter conditions, where the insect was collected, and may be the root 
cause of the continued failure attempts in rearing this insect.  If unsuccessful, work on the 
leaf-webber moth will be abandoned in favour of pursuing other promising insect agents 
from Ethiopia. 
 
As the leaf-feeding weevil (Dereodus denticollis) is now laying eggs consistently under 
quarantine conditions, effort can be directed to establishing larval development.  Again, if 
this is not successful in the near future, resources need to be directed to other potential 
agents. 
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ABSTRACT 
 
Eight Cylindropuntia species have naturalised in Australia.  All have serious 
environmental, agricultural and recreational impacts.  The cochineal, Dactylopius 
tomentosus was introduced into Australia to control C. imbricata in 1925, but does not 
control other Cylindropuntia spp.  Studies have found that different biotypes of D. 
tomentosus vary in their efficacy on different Cylindropuntia hosts and could potentially be 
used to target other Cylindropuntia species.  Approval to field release the ‘cholla’ biotype 
of D. tomentosus to specifically target C. fulgida var. mamillata (coral cactus) is anticipated 
by late 2015.  The host range of the cholla biotype is restricted to the Cylindropuntia genus 
and showed rapid establishment on coral cactus.  The sustained feeding of one fecund 
female and her progeny in glasshouse trials killed potted plants of coral cactus within 18 
weeks.  The cholla biotype will feed on other Cylindropuntia species naturalised in 
Australia, but at a lower rate and with less damage, so we recommend that the cholla 
biotype be released on only coral cactus.  Other Cylindropuntia species will be targeted for 
biocontrol once the most effective D. tomentosus biotype for each has been determined. 
 
Keywords: biotype, efficacy trial, biological control, Cylindropuntia species  
 
 
INTRODUCTION 
 
The genus Cylindropuntia (Cactaceae) comprises 33 species and occurs naturally from 
south western and southern USA to Mexico (Rebman and Pinkava 2001).  Eight 
Cylindropuntia spp. have naturalized in Australia and have serious agricultural, 
environmental and recreational impacts.  Spines of some species are capable of 
penetrating car tyres and can cause serious injury to stock, contaminate wool and hides 
and hinder mustering.  Vegetative spread is the most common form of dispersal, due to 
the easily detachable segments which attach readily to animals, humans and vehicles. 
Once these segments come into contact with soil, they are capable of forming roots and 
thus new infestations. 
 
Current control strategies generally involve herbicide applications and physical removal.  
However, these techniques are both expensive and hazardous due to cactus spines.   
Biological control of some Cylindropuntia species has been successful in the Republic of 
South Africa (RSA) and Australia (Hosking et al. 1988, Klein 2011).  Dactylopius 
tomentosus (‘imbricata’ biotype) was imported into Australia in 1925 as a biocontrol agent 
for rope pear (C. imbricata) and is widespread and damaging wherever it occurs.  
However, it does not attack other Cylindropuntia species to the same extent.  Mathenge et 
al. (2009) and Jones et al. (2015) have shown that D. tomentosus collected from different 
Cylindropuntia species show clear differences in their impact on different Cylindropuntia 
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hosts.  These host-adapted populations are referred to as biotypes and are only 
distinguishable by their feeding and development preferences (Mathenge et al. 2009).  
 
The different biotypes could potentially be used to target other Cylindropuntia species in 
Australia.  The first (‘cholla’ biotype) of six biotypes of D. tomentosus is anticipated to be 
released in the field to specifically target coral cactus (C. fulgida var. mamillata).  This 
paper reports on the host specificity and efficacy of the cholla biotype and the release plan 
for Queensland in controlling coral cactus. 
 
 
SUMMARY OF MATERIALS AND METHODS 
 
Populations of the cholla biotype were originally sourced from cholla cactus (C. cholla in its 
native range at Loretto and La Paz, Baja California Sur, Mexico.  It was released and 
established in the RSA as a biological control agent for chain fruit cactus (C. fulgida var. 
fulgida).  The population in quarantine in Brisbane was sourced in November 2012 from 
chain fruit cactus in Musina, Limpopo Province, RSA. 
 
Host specificity trials and efficacy trials 
 
Host specificity was determined by testing 17 plant species from three families all within 
the order Caryophylles, using no-choice crawler survival studies (Jones et al. 2015).   
Efficacy trials were conducted to determine the extent to which the cholla biotype reduced 
the vigour of the test plants and if the plant was killed.  One fecund female and her 
associated egg mass was transferred to each test plant and the eggs were left to incubate 
and crawlers allowed to develop to maturity (Jones et al. 2015). 
 
 
SUMMARY OF CHOLLA BIOTYPE IMPACT 
 
Host specificity, efficacy trials and release impact of cholla biotype in South Africa 
 
Host range of the cholla biotype was confined to the Cylindropuntia genus as no crawlers 
advanced to the second instar when reared on plants outside of this genus.  The cholla 
biotype showed a wide host range within the Cylindropuntia only failing to reach maturity 
on the Australian C. rosea provenances (white spined Hudson pear Grawin).  The cholla 
biotype had the highest development success on coral cactus (67.5%) (Table 1).  
Populations of the cholla biotype on coral cactus and rope pear caused the death of these 
plants within 18 weeks while brown spined Hudson pear (C. tunicata) and candle cactus 
(C. kleiniae) died within a year.  The effectiveness of the cholla biotype to reduce the 
vigour of the Cylindropuntia species tested in this efficacy trial is summarised in Table 1. 
 
Table 1. Host range and impact of cholla biotype on the naturalised Cylindropuntia species 
in Australia. 
Cylindropuntia spp.  Development success 

(%) 
Summary of effectiveness 

Coral cactus (C. fulgida var. mamillata) 67 Plant died under 20 weeks 
Rope pear (C. imbricata) 46 Plant died under 20 weeks 
Brown spined Hudson pear Cracow (C. tunicata) 42 Plant died after 20 weeks 
Candle cactus (C. kleiniae) 37 Plant died after 20 weeks 
Pencil cactus (C. leptocaulis) 13 Colony did not survive 
Snake cactus (C. spinosior) 11 Colony did not survive 
Jumping cactus (C. prolifera) 3 Colony did not survive 
White spined Hudson pear Grawin (C. rosea) 0 Colony did not survive 
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The release of the cholla biotype for the biological control of chain fruit cactus in the RSA 
proved to be highly successful.  All the inoculated plants became heavily infested and the 
small plants were dying.  Two years after the initial release, an 87 ha infestation of chain 
fruit cactus was colonised by this biotype.  Most of the small plants were dead and only a 
few plants with woody stems survived (Paterson et al., 2011).   
 
 
RELEASE PLAN IN AUSTRALIA 
 
Selected release sites 
 
Approval to field release is expected by late 2015 and mass rearing of the cholla biotype 
colony will take approximately three months before enough material can be released.  
Field releases will occur in all regions where coral cactus is known to be present.  Four 
coral cactus sites have been identified for monitoring establishment of the biotype and its 
impact.  The four sites differ in density of plants, age/size of plants and vegetation 
composition.  Once the cholla biotype has established at the initial release sites, an area 
can be set aside to act as a nursery site as a source for further releases at other coral 
cactus infestations.  
 
Key establishment indicators measured 
 
Monitoring at the study sites will assess establishment and impact of the cochineal insect 
on the plants from the perspectives of a) individual plants and b) the infestation site as a 
whole.  For individual plants, the proportion of the plant infested by the insect over time 
and the impact on the health of the plant will be recorded.  For the infestation site as a 
whole, the rate and direction of spread will be recorded, the maximum distance between 
individual plants that crawlers migrate and the impact of the insect on the infestation will be 
determined. 
 
 
DISCUSSION 
 
The cholla biotype will develop on Cylindropuntia species other than coral cactus, but the 
impact will not be as damaging.  Releasing the cholla biotype on less preferred hosts may 
compromise the effectiveness of the biocontrol program due to hybridization between the 
D. tomentosus biotypes.  Hybridisation of the biotypes will change the host specialisation 
and could reduce its virility.  Therefore, we recommend that the cholla biotype be released 
on only coral cactus.  Releases on other Cylindropuntia species will occur once the most 
effective D. tomentosus biotype for each has been determined. 
 
 
REFERENCES 
 
Hosking, J.R., McFadyen R.E. and Murray, N.D. (1988). Distribution and biological control 
of cactus species in eastern Australia. Plant Protection Quarterly 3: 115-123. 
 
Jones, P.K., Holtkamp, H., Palmer, W.A. and Day, M.D. (2015). The host range of four 
biotypes of Dactylopius tomentosus (Lamarck) (Hemiptera: Dactylopiidae) and their 
potential as biological control agents of Cylindropuntia spp. (Cactaceae) in Australia. 
Biocontrol Science and Technology 25(6): 613-628. 
 



 86

Mathenge, C.W., Holford, P., Hoffmann, J.H., Zimmermann, H.G., Spooner-Hart, H. and 
Beattie, G.A.C. (2009). Distinguishing suitable biotypes of Dactylopius tomentosus 
(Hemiptera: Dactylopiidae) for biological control of Cylindropuntia fulgida var fulgida 
(Caryophyllales: Cactaceae) in South Africa. Bulletin of Entomological Research 99(6): 
619-627. 
  
Paterson, I.D., Hoffmann, J.H., Klein, H., Mathenge, C.W., Neser, S. and Zimmermann 
H.G. (2011). Biological control of Cactaceae in South Africa. In Moran, V.C., Hoffmann, 
J.H. and Hill, M.P. (eds). Biological Control of Invasive Alien Plants in South Africa (1990-
2010). African Entomology 19(2): 230-246. 
 
Rebman, J.P. and Pinkava, D.J. (2001). Opuntia cacti of north America – an overview. 
Florida Entomologist 84: 474-483. 
  



 87

SOMETIMES SUCCESS IS INVISIBLE – STATUTORY RESTRICTIONS ON 
THE SALE OF POTENTIALLY INVASIVE PLANTS IN QUEENSLAND 

 
Steve Csurhes 

Biosecurity Queensland, Queensland Department of Agriculture and Fisheries, GPO Box 
267, Brisbane Qld 4001 

 
 
ABSTRACT 
 
Queensland remains free from some notorious weed species that cause substantial damage 
to agriculture and the environment overseas.  Examples include a range of non-native acacia 
species, several species of horsetails (Equisetum spp.), kochia (Bassia scoparia), red 
sesbania (Sesbania punicea), water soldiers (Stratiotes aloides), floating water chestnuts 
(Trapa spp.), spiked pepper (Piper aduncum) and a range of cactus species (Opuntia and 
Cylindropuntia spp.).  Most of these species are sold as garden ornamentals overseas and, 
in the absence of existing restrictions, it is highly likely they would be sold in Queensland.  
The current Land Protection (Pest and Stock Route Management) Act 2002, soon to be 
replaced by the Biosecurity Act, provides a legislative barrier to the sale of more than 900 
highly invasive plants and addresses the primary invasion pathway for new weeds. 
Moreover, post-border restrictions on sale also strengthen Commonwealth border restrictions 
by removing the commercial incentive to smuggle seeds of these species into the country.  
While failure in the world of incursion management is all too visible, success is often invisible. 
 
Keywords: weed, invasive, biosecurity. 
 
 
INTRODUCTION 
 
Currently, there are more than 1000 naturalised plant species in Queensland, with about 10-
15 additional species recorded as ‘naturalised’ or ‘doubtfully naturalised’ each year.  While 
most are relatively low-impact or benign, a certain proportion have major impacts on 
agricultural profits and native plant communities.  At least 80% of recently naturalised species 
are garden ornamentals, suggesting the latter is a primary invasion pathway for new weeds.  
Despite an expanding list of weedy species, the problem could be much worse in the 
absence of pre-emptive border (national) and post-border (state) restrictions on entry and 
sale of potentially invasive species.   
 
Legislation is a vital part of the war against weeds 
 
Despite being inconspicuous, statutory restrictions on the import and post-border sale of 
potentially invasive plant species are a vital part of the war on weeds.  The Queensland 
Department of Agriculture and Fisheries has assessed more than 8000 potentially invasive 
weed species from around the world and has prohibited the sale of species that appear to 
pose the highest risk.  Compared to the cost of controlling widely naturalised weeds, pre-
emptive legislation is cheap.  
 
Evidence-based selection of targets 
 
In 1991-92 a process of evidence-based pest risk assessment was applied to select a top-
priority list of 7 entire genera and 20 species, from a much larger list of ‘weeds of the world’ 
published by Holm et al. (1979) (Csurhes unpublished).  High-risk taxa were selected if they 
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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).  These species were listed as ‘Class 1’ pests under 
the Queensland Land Protection (Pest and Stock Route Management) Act 2002 (and 
associated regulation), thereby prohibiting entry and sale.   
 
Since initial listing as Class 1 pests, at least 43 taxa have been detected in Queensland and 
subsequently targeted for pre-emptive control.  Some of these have spread quickly, whereas 
others appear vulnerable to complete eradication.  Examples include several species of 
miconia, Siam weed, alligator weed and red witchweed.  Despite these incursions, a range of 
notorious weed species remain absent from Queensland, including: 
 

 A range of Acacia species (syn Acaciella spp., Vachellia spp. and Senegalia spp.) 
 Bassia scoparia (syn. Kochia scoparia) (kochia) 
 Eichhornia azurea (anchored water hyacinth) 
 Equisetum spp. (horsetails) 
 Myrica faya (candleberry myrth) 
 Nassella tenuissima (Mexican feather grass) 
 Nassella trichotoma (serrated tussock) 
 A range of Opuntia and Cylindropuntia spp.  
 Piper aduncum (spiked pepper) 
 A range of Prosopis spp. and hybrids (mesquites) 
 Salvinia spp. (except S. molesta) (salvinia) 
 Sesbania punicea (red sesbania) 
 Stratiotes aloides (water soldiers) 
 Striga spp. (non-native species only, other than S. asiatica) (parasitic witchweeds) 
 Trapa spp. (floating water chestnuts) 
 Zizyphus spina-christi (Christ’s thorn) 

 
All of the taxa listed above have significant impacts overseas.  For example, several species 
of Striga are estimated to cost in the order of $1-7B per annum in Africa (impacts include 
control costs and lost yield of sorghum, corn, rice and sugar crops).  While one non-native 
Striga species, S. asiatica (red witchweed), has sparingly naturalised in Queensland, there 
are several congeners that pose an equal, if not greater risk.  Striga hermonthica (purple 
witchweed), in particular, is a high-risk species with the potential to contaminate sorghum and 
corn crops and possibly affect export trade.  Similarly, various species of Equisetum cause 
millions of dollars damage to certain crops and pastures, generally in poorly drained sites, in 
numerous countries across much of the northern hemisphere.  These species are notoriously 
difficult to control as they are very primitive plants, have no true leaves, have deep rhizomes 
and are resistant to many modern herbicides.  Piper aduncum ranks as one of the worst 
weeds of Papua New Guinea, where it forms dense thickets.  Sesbania punicea causes 
significant damage to natural freshwater wetlands in South Africa, where it has been targeted 
for biological control.  Several species of Trapa cause major problems in freshwater lakes in 
North America.   
 
Approximately, 75% of Class 1 species are used and promoted on various overseas web-
sites as “desirable” garden ornamentals.  In the absence of restrictions, these species would 
probably have found their way into Queensland by now. 
 
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 
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Queensland.  To be most effective, however, restrictions need to be applied uniformly in 
states and territories across Australia.  
 
The benefits of exclusion, early detection and eradication 
 
While some prevention and eradication programs may be perceived as “failures”, it is highly 
likely that expenditure directed at the early stages of invasion has generated an outstanding 
return on investment, possibly in the order of 38:1 (AEC 2006).  Moreover, the benefits 
generated by pre-emptive restrictions on sale are likely to be substantial. 
 
 
CONCLUSION 
 
While initiatives to control widespread and well-known weeds tend to enjoy high profiles, 
initiatives to prevent the naturalisation of high-risk potentially invasive plant species tend to 
go un-noticed and the benefits are invisible.  Regardless, pre-emptive action to block the sale 
of taxa mentioned in this paper could deliver outstanding benefits for agriculture and the 
environment in Queensland. 
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ABSTRACT 
 
The Australian Pesticides and Veterinary Medicines Authority (APVMA) administer a 
permit scheme that allows for the legal use of chemicals that differ from label instructions 
or where no registered use pattern exists for that product.  To date, minor use 
environmental weeds permits (PER5385 [13/11/2002-30/06/2004]; PER7485 [1/7/2004-
30/6/2009] and PER11463 [1/7/2009-30/06/2015]) issued for use in Queensland have 
provided a vehicle for the off-label use of various chemical formulations to control 
environmental weeds in non-agricultural, bushland, forests, wetlands, coastal and adjacent 
areas.  With the permit due to expire on 30 June 2015, there was an opportunity to review 
and modify the permit to better fit the emerging weed management needs within 
Queensland.   To ensure an adequate review and comment period to interested groups, 
an extension to PER11463 has been lodged with the APVMA. 
 
To facilitate initial discussions, a number of changes to the existing environmental weeds 
permit are suggested.   The proposed changes would see: 1) the weed situations 
extended to include domestic and public service areas, commercial and industrial areas, 
pastures, native forests, roadsides, rights of way, vacant lots and wastelands; (2) the 
inclusion of an additional 13 actives and 79 new plant families; (3) a greater list of active 
rates and formulations totalling almost 2000 trade names and (4) an increase in the use of 
the splatter gun, stem injection and cut stump applications.  The revised permit, if 
approved, would fill critical gaps in the control of environmental weeds by state and local 
government staff and contractors, volunteer groups working on bushland regeneration and 
preservation, and landowners. 
 
Keywords: environmental weeds, minor use permit, herbicides 
 
 
INTRODUCTION 
 
Herbicides are a primary method used for the control of weeds growing in a myriad of 
situations.  Generally, herbicides operate by disrupting plant growth (Vitelli and Pitt 2006). 
Before an agricultural or veterinary chemical product can be sold, supplied, distributed or 
used in Australia, it must go through a rigorous assessment process operated by the 
Australian Pesticide Veterinary and Medical Authority (APVMA) to safeguard human 
health, the environment and trade and that uses are effective (Norden 2007). 
 
Herbicides are labelled to indicate which weeds are susceptible to the herbicide, the 
appropriate application method and any withholding period, if applicable, for crops or other 
products that could come into contact with the herbicide.  Labels also describe situations in 
which the herbicides may be applied.  The APVMA recognises that the cost to register 
chemicals for use on emerging or minor environmental weeds, outweighs the economic 
returns to chemical manufacturers and has implemented a range of reforms and initiatives 



 91

to enhance the registration of minor and emergency use permits whilst still maintaining the 
high standards of safety and efficacy set by the APVMA (Norden 2007).   
 
Environmental Weeds Australia’s lucid identification key app lists over 1020 plant species 
that are either significant or emerging environmental weeds in Australia (Lucid 2015).  
Over 95% of the weeds listed do not appear on herbicide labels (Infopest 2015).  The 
minor use environmental weeds permit (PER5385 [13/11/2002-30/06/2004]; PER7485 
[1/7/2004-30/6/2009] and PER11463 [1/7/2009-30/06/2015]), issued for use in 
Queensland, provided control options for many of the weeds not listed under their species’ 
names on herbicide registrations.  An extension to PER11463 (PER11463 2015) has been 
lodged with APVMA to allow for a review.  
 
The aim of this paper is to seek input from Queensland Weed Symposium delegate’s and 
members of the Queensland Weed Society on ways to improve PER11463.  The 
symposium provides an excellent opportunity to review and modify the permit, capturing 
emerging weed management needs within Queensland for the application for its renewal 
to APVMA. 
 
 
RESULTS AND DISCUSSION 
 
Expanding the situations listed  
 
Herbicide labels and minor use permits describe situations in which herbicides may be 
applied. The current situations covered under PER11463 (non-agricultural areas, 
bushland, forests, wetlands, coastal and adjacent area) have been criticised by natural 
resource management groups as too restrictive.  Examples of non-food situations 
described by APVMA for weed control are (APVMA 2015):  
 

 Agricultural non-crop areas – includes land associated with farmland but not used 
for regular cultivation and/or grazing. 

 Aquatic areas – includes irrigation channels, streams, lakes, dams, and drainage 
ditches. 

 Bushland/native forests – includes natural forest areas used for recreational/scenic 
purposes, and national parks. 

 Commercial and industrial areas - includes factories, factory land, industrial sites, 
parking lots, fuel tank farms, outside chemical storages. 

 Commercial forests – includes plantations grown specifically for timber production. 
 Domestic and public service areas - includes houses, residential subdivisions, 

schools, hospitals, restaurants, hotels, motels, cafes, rubbish tips and playground 
and recreational areas such as golf courses, municipal parks and gardens 

 Fallow land. 
 Native pastures. 
 Non-crop areas – includes areas of land not being used or intended to be used for 

cropping or grazing. These include areas around farm buildings, along fences and 
roadsides, rights-of-way, storage areas, vacant lots, cemeteries and wastelands. 

 Ornamentals. 
 Pastures – forage grown specifically for the purpose of being grazed by, or fed to, 

livestock. Pastures include Lucerne, medics, clovers and grasses, whether for 
grazing or seed crops. 

 Turf areas - includes commercial turf farms, sports ovals, bowling greens, general 
lawn areas. 
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Proposed extensions to the use situation for PER11463 would include domestic and public 
service areas, commercial and industrial areas, native forests, roadsides, rights of way, 
vacant lots, wastelands and dunal areas. 
 
Clarifying the weeds covered 
 
Plant-growth forms (bulbs, herbs, shrubs, trees and vines), broad plant-type categories 
(annual grasses, broadleaf weeds, pasture weeds, perennial grasses and woody weeds) 
and families (for example Asteraceae) have all been used to describe the weeds covered 
under PER11463.  The intent is to still provide the permit user flexibility in controlling new 
emerging environmental weeds but guide the permit user to a more effective herbicide 
option.  For example, fluroxypyr, used to control woody weeds, vines and trees and 
environmental weeds belonging to Asteraceae, Araceae, Commelinaceae, Euphorbiaceae, 
and Solanaceae families.  The proposed changes would see the addition of 79 plant 
families. 
 
Permitted actives increased  
 
Currently twelve herbicide actives (Group A – fluazifop, haloxyfop; Group B – imazapyr, 
metsulfuron; Group I – 2,4-D, aminopyralid, dicamba, fluroxypyr, MCPA, picloram, 
triclopyr; and Group M – glyphosate) belonging to four mode of action groups are available 
under PER11463 for the control of over 1000 environmental weed species.  The current 
available product list is further restricted by only permitting a limited number of 
formulations such as 360 and 450 g/L glyphosate products.  
 
Additional actives would provide environmental weed managers with more effective 
treatments for their situation, reduce off-target damage and provide a wider range of 
herbicide modes of action, thereby assist in managing the risks of herbicide resistance.  To 
facilitate this, the number of actives proposed under a new minor use permit version of 
PER11463 is to include an additional 13 actives covering nine mode of action groups 
(Group A, B, C, F, I, J, L, N and Q). 
 
Where possible, the permit will expand the product range for actives.  For example, 
glyphosate products permitted under the permit would state: all registered products 
approved for use in aquatic situations containing glyphosate at a level of either 360, 450, 
470, 480, 490, 495, 500, 510, 517, 535, 540 or 570 g/L or 700 g/kg as their only active 
constituent; all registered products containing glyphosate at a level of either 360, 450, 470, 
480, 490, 495, 500, 510, 517, 535, 540, 570, 600 or 625 g/L as their only active 
constituent; and, all registered products containing glyphosate at a level of either 680, 690, 
700, 720, 800,840, 875 or 900 g/kg as their only active constituent.  
 
Application methods extended 
 
An increase in the use of the splatter gun, stem injection and cut stump applications for 
various actives is also proposed.  For example, the current permit suggests the use 
fluroxypyr for the control of woody weeds using a low volume/high concentrate drench or 
gas-powered gun.  Including the use of splatter guns with glyphosate, fluroxypyr, 
metsulfuron methyl/aminopyralid or triclopyr/picloram would better reflect current 
application needs in sensitive areas.  Additional benefits for low volume application are a 
more efficient method of application when treating environmental weeds in difficult to 
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access terrains, a reduction in the need to transport large volumes of water, which has 
benefits for operator health and safety, and a potential reduction in runoff and overspray. 
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ABSTRACT 
 
New weeds are detected in Queensland each year.  Many are relatively benign, but on 
average 1-2 species each year are significant threats.  Early detection of threats opens the 
door to successful preventative control, including eradication and spread prevention at 
property, regional and state scales.  Much like dealing with skin cancer, we don’t want to 
excise every freckle – we need to focus our attention on species that pose major threats.  As 
a service to Local Governments and others, Biosecurity Queensland offers help with ‘weed 
risk assessment’ – an evidence-based method for pin-pointing the highest risk species.  To 
date, more than 220 species of emerging weed threats have been identified in Queensland 
and these have been ranked using ‘weed risk assessment’.  Information on these species is 
being made available on-line.  We are well-placed to focus finite resources on species that 
pose significant threats to our long-term agricultural productivity.  However, we need to build 
on past success and maintain active community involvement in surveillance initiatives such 
as ‘weedspotters’ and the concept of early detection.  Currently, the ‘weedspotters’ initiative 
has more than 1000 members and is growing strongly. 
 
Keywords: emerging weed, invasive, biosecurity, early detection. 
 
 
INTRODUCTION 
 
Each year, additional weed species are detected for the first time in Queensland.  The 
majority are garden ornamentals.  These species are subject to a process of evidence-based 
‘risk assessment’ to highlight species that are major pests in other countries, in areas where 
climate is comparable to that experienced in Queensland.  On average, only 1-2 species per 
annum are major weeds elsewhere and deemed to pose significant risks.  Weed risk 
assessment is a tool that enables us to rank and prioritise long lists of candidate species, so 
that finite response resources can be targeted at species that appear to pose the greatest 
threats to Queensland.   The process is somewhat analogous to triage applied to casualties 
of war.     
 
Listing and ranking emerging weed threats 
 
For the past 25 years, the Department of Agriculture and Fisheries has maintained a list of 
species considered to be ‘emerging weed threats’.  Species qualify for the list if they appear 
to be relatively localised (i.e. in an early stage of population development) and if they appear 
to be forming dominant or pure stands in non-crop habitats (mainly pasture and conservation 
reserves).  Species are nominated by various agencies and people, including local 
government staff, national parks rangers, quarantine officers and biosecurity staff.  Currently, 
225 plant species are listed and 71 of these species have histories as significant pests 
elsewhere (generally overseas, but also interstate).  Thirty seven of these species are 
currently listed as declared pests under the Queensland Land Protection (Pest and Stock 
Route Management) Act 2002 and all 71 species will be included as ‘biosecurity matter’ 
under the proposed Queensland Biosecurity Act, due to come into force no later than June 
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2016.  As defined in the latter Act, all people will have a ‘general biosecurity obligation’ to 
take reasonable and practical steps to minimise biosecurity risk, whenever they know, or 
ought to know, that such risk exists.  Pest risk assessments, containing detailed information 
on a range of high-risk emerging pest threats, are available on-line 
(https://www.daf.qld.gov.au/plants/weeds-pest-animals-ants/educational-resources-and-
careers/publications/pest-risk-assessments). 
 
At present, about 34 high-risk weed species are being actively targeted for eradication, 
although this number may change, depending on the outcome of a current assessment of 
eradication feasibility.  Local and state governments work in partnership with various other 
agencies and groups to manage these species.  For example, in 1979, bitou bush 
(Chrysanthemoides monilifera subsp. rotundata) was formally detected for the first time in 
Queensland (Csurhes 2010).   Since this species was a major weed in New South Wales and 
appeared well-suited to the climate experienced in southeast Queensland, it was declared as 
a pest and targeted for eradication (in combination with efforts to raise public awareness 
about its identification and need for control).  Bitou bush continues to be subject to high-level 
population suppression in southeast Queensland and is also a target of biological control.  
Without early intervention, there is no doubt that bitou bush would have formed dense stands 
over extensive areas of coastal southeast Queensland by now.  Similarly, Heterotheca 
grandiflora (telegraph weed) has been reduced from an initial infestation of 200 – 300 
hectares to very low numbers.  Other successful examples of early detection include 
Equisetum hyemale, Acacia robusta, Acacia karroo (Syn. Vachellia karroo), Acacia 
xanthophloea (Syn. Vachellia xanthophloea), Miconia calvescens, Cecropia spp. and 
Limnocharis flava.   Many other species have been detected early and are subject to on-
going suppression, outcomes that have delayed or avoided significant impacts.   Of course, 
some species have proved difficult to eradicate or contain, despite concerted efforts by 
multiple agencies and landholders.  
 
Hence, surveillance and early detection, combined with evidence-based prioritisation has 
focussed resources on a range of ‘high-risk’ threats.   While declaration is one response to 
risk, other responses are also important, such as public awareness, listing under local laws 
and, in some cases, biological control. 
 
The importance of early detection 
 
Successful preventative control is most likely to be achieved when an invasive species is 
detected early - while its population is very small - much like skin cancers are best treated in 
their early stages.  Once an invasive species spreads over a large area, its population 
becomes highly resilient, quickly recovering after episodic control.  In the case of weeds, 
there are very few examples of successful eradication for species that infest more than 1000 
hectares.  One exception is the eradication of Bassia scoparia in Western Australia, which 
was eradicated from an area of 2,480 hectares.  Most cases of successful eradication from 
around the world involve small search areas, often less than 10 hectares (Csurhes et al. 
unpublished), mainly since sufficient resources are rarely made available to complete the 
task. 
 
As the size of an infestation increases, the cost of eradication increases rapidly.  Waldendorp 
and Bomford (2004) concluded that eradication cost increases sharply with increasing area of 
infestation.  Their regression analysis estimated an average cost of $4,270 for eradicating an 
infestation with a net area less than 0.1 ha, $19,700 for an area of 1 ha and $1,052,500 for 
an area of 400 ha.  Of course, the probability of eradication varies considerably across 
species, depending on a range of complex factors, such as total search area, terrain (site 
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access), species’ biology (growth rate, fecundity, seed dispersal vectors and seed longevity) 
and whether sufficient resources and commitment are maintained over many years. 
 
Early detection is elusive 
 
There are many examples of weeds being formally identified and recognised for the first time 
after they have been present in an area for many years, and, in some cases, decades.  For 
example, the honey locust tree (Gleditsia triacanthos) was planted to provide cattle fodder 
and as an garden ornamental in Queensland as early as 1907.  It was not until 1955, 
however, that concern was first raised at its propensity to be an undesirable plant (“a weed”).  
Similarly, the infamous prickly pear cactus (Opuntia inermis/stricta) was cultivated in gardens 
some 41 years prior to the first reports of it causing problems on agricultural land.   There are 
numerous theories for this so-called “lag phase” between initial cultivation and subsequent 
expression of a weed problem and propagule pressure probably plays an important role in 
the time a species takes to develop noticeable populations.  Regardless, there is a clear 
need to detect new weeds as rapidly as possible – before the “window of opportunity” for 
eradication closes. 
 
A relatively recent initiative designed to achieve more rapid detection of emerging weed 
threats is the community-based Queensland ‘weedspotters’ project, a joint initiative co-
funded by the Queensland Herbarium and Biosecurity Queensland (the latter partially funded 
by local governments).  The ‘weedspotters’ project aims to provide information and training to 
volunteers scattered across the state, hopefully improving their capacity to detect high-risk 
weed species in the field.  Currently, the project is expanding rapidly with more than 1000 
volunteers and numerous new weed species being detected. 
 
 
CONCLUSION 
 
The management of emerging weed threats is challenging, due primarily to the large number 
of species being detected and cryptic nature of many species in their early stages of 
population development.  Regardless, there are clear opportunities for early detection and 
eradication.  Early, preventative action offers substantial returns on investment and, despite 
some past failures, the benefits generated by successful cases of eradication (and high-level 
population suppression) greatly exceeds all costs. 
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ABSTRACT 
 
Prickly acacia (Vachellia nilotica subsp. indica) is a serious weed in western Queensland 
and cattle are considered a significant spread vector.  Precluding cattle from grazing 
prickly acacia pods that have dropped to the ground is often recommended to prevent 
further seed spread.  However, the viability of seed in pods before they fall from trees is 
unclear.  We described the developmental features of prickly acacia pods and seed to 
identify key visual cues that indicated viability.  Pods generally mature and fall from 
October to January, so we collected pods between July and November 2014 to document 
the transition from non-viable to viable seed.  Pods were collected fortnightly (n=50) from 
near Julia Creek and Charters Towers and features such as pod and seed colour, size and 
hardness were recorded.  All seeds were then set aside to dry before viability testing.  
More than 40% of seeds collected in the first week of the study (23rd July 2014) were 
viable.  As the colour of pods and seeds on trees changed from green to grey/brown, 
viability of seeds increased.  The best indicators of non-viable seeds were pod thickness 
and the hardness of seeds; flat pods and soft seeds were rarely viable.  However, as soon 
as pods began to thicken and seeds harden, even if seeds were still green, seeds were 
potentially viable.  Thus, stock movement from paddocks where this change is observed in 
prickly acacia pods should account for the possibility that cattle may have viable seed in 
their gut. 
 
Keywords: pod fall, spread prevention, woody weed 
 
 
INTRODUCTION 
 
Prickly acacia (Vachellia nilotica subsp. indica) is a serious agricultural and environmental 
weed, particularly throughout the Mitchell (Astrebla) grasslands of central-west and north-
western Queensland.  Cattle have been recognised as one of the main contributors to 
short and long distance spread of prickly acacia.  Cattle are highly attracted to prickly 
acacia pods and, once ingested, a high proportion of seed survives the digestive process 
(Kriticos et al. 1999).  With cattle having access to vast areas of the landscape (Radford et 
al. 2001), both at a paddock scale and a wider regional scale when transported between 
properties, their potential to deposit seed away from parent populations is substantial.  
  
Cattle dispersal of prickly acacia seed is generally discussed in relation to when pods have 
dropped to the ground and most available to cattle (for example, Kriticos et al. 1999, 
Radford et al. 2001).  As a result, management recommendations relating to prickly acacia 
spread by cattle will often include managing stock movements during the pod fall period 
(Mackey 1996).  In Australia, this period is generally considered to occur between October 
and December.  However, cattle can also consume pods while they are on the tree 
(Kriticos et al. 1999).  Although there is anecdotal suggestions that green pods removed 
from trees will not germinate (in Spies and March 2004, page 46), to our knowledge, this 
has not been confirmed scientifically. 
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Our study aimed to describe prickly acacia pods and seed as they developed on trees and 
to identify the point when seeds became viable.  In the event that seeds were viable before 
pod fall, our study also aimed to identify the key visual cues that indicated seed viability.  
Such information would assist land managers in better assessing risks associated with 
podding trees and would allow for more informed decisions relating to cattle movement.  
 
 
MATERIALS AND METHODS 
 
Prickly acacia pods were taken from trees at sites near Charters Towers and Julia Creek 
in north and north-west Queensland, between July and November 2014.  Fifty pods were 
collected from each site on a fortnightly basis, in order to capture the transition from non-
viable to viable seed over time.  Collections continued until no pods remained on trees; 
dropped pods were not collected off the ground.  The key visual features for each pod and 
two seeds from each pod were described.  Pod features described included: pod colour, 
thickness, flexibility, texture and presence/absence of fluid; seed features included: seed 
colour, hardness, texture, presence/absence of a light coloured circle and whether seed 
was free or attached within a pod.  All pods and seeds were set aside at room temperature 
and allowed to dry before viability testing.  
 
Viability testing of seed from within each pod took place 27 weeks after each collection.  
All seeds were scarified and placed in Petri dishes containing two Whatman no. 1 filter 
papers, which were kept moist throughout the duration of testing.  Dishes were incubated 
at 30oC/20oC day/night regime with alternating 12 hours of light and dark.  Viable seed, 
identified when the radicle was ≥2 mm, was counted daily.  
 
Seed viability was calculated for each pod, as a proportion of the total number of seeds 
per pod.  To identify which seed and pod features were associated with viable and non-
viable seed, we calculated average seed viability separately for each of the pod and seed 
features that were described. 
 
 
RESULTS 
 
Pods developed at different rates at the Julia Creek site compared to the Charters Towers 
site.  At Julia Creek, pods began dropping from trees in September, and by mid-October 
all pods had dropped from trees.  In comparison, in mid-October the majority of pods were 
still green and remained on trees at Charters Towers.  In the first week of the study (23rd 
July 2014), more than 40% of seeds collected from Julia Creek were viable.  In Charters 
Towers, viable seed did not appear until mid-October. 
  
Pods from the same tree and seeds from the same pod developed at different rates.  
Changes in pod and seed colour reflected a gradient of increasing seed viability (Figure 1).  
As pods changed from green to grey/tan, viability of seed increased.  Completely green 
pods demonstrated almost no viability, but pods that were mostly green with only small 
patches of grey had an average of 34% viable seed inside them.  Similarly, as seeds 
transitioned from green to brown, viability increased (Figure 1).  However, not all 
completely green seed was non-viable; on average 24% of seed that was plump, hard and 
completely green was viable.  Completely green seed that was still flat demonstrated 
minimal viablity (<1%).   
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Figure 1. Average seed viability (%) as colour of pods (top) and seeds (bottom) change 
with development. 
 
Other pod and seed features that we described demonstrated a gradient of increasing 
viability also, however many of these features did not clearly distinguish between non-
viable or viable seed (Table 1).  
  
Table 1. Pod and seed features and associated average viability (%) of seeds within pods 
or of seeds that demonstrated these features.  Sample size is given (n). 

Feature Description Viability (%) n 
Pod    
Fluid Contains fluid when broken 22 451 
 No obvious fluid, but not completely dry 66 12 
 Dry; no fluid when broken 75 85 
Flexibility Bends tip to tip without breaking 22 447 
 Breakage when bending tip to tip 73 22 
 Snaps completely when bent 73 79 
Texture Smooth, velvety texture  22 445 
 Smooth and rough parts 73 21 
 Rough, wrinkled texture 74 82 
Thickness Flat 0.1 121 
 Ambiguity between flat or fat 5 26 
 Fat 42 401 
Seed    
Texture Smooth and shiny 8 156 
 Sticky 32 304 
 Dry 73 76 
Circle Light coloured circle absent 21 427 
 Light coloured circle present 66 117 
Hardness Soft (easily squished between fingers) 0.8 200 
 Hard (not easily squished between fingers) 50 345 
Attachment Seed attached to inside of pod 23 464 
 Seed loose in pod (rattles when shaken) 75 81 
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DISCUSSION 
 
Prickly acacia seed can be viable well before pods drop from trees, and this risk can arise 
much earlier than the normally stated pod fall period of October to January.  This 
dramatically expands the timeframe that stock hygiene and movement practices need to 
be considered, in relation to prickly acacia spread.   
   
Aside from pod colour, the best indicators of non-viable seeds were the thickness of pods 
and the hardness of seeds; flat pods and soft seeds were rarely viable.  As soon as pods 
begin to thicken and seeds harden, even if both are still green, seeds are potentially 
viable.  These pod and seed features offer land managers the most reliable visual cues to 
use when determining ‘in pod’ seed viability.  Future studies on whether drying pods 
before viablity testing had an impact on seed development and viablity in this study, will 
help refine the risk of viability. Regardless, when pods are fattening, and just as they begin 
to turn grey, stock movement should take into account the possibility that cattle have 
viable seed in their gut.  
 
It is yet unknown whether seeds that are viable when they are green, or when they come 
from pods that are turning grey, remain viable after passing through the digestive tract of 
cattle.   However, with such variable rates of pod development both at a regional and an 
individual tree level, it is doubtful whether such information will be useful at an operational 
level.  Vigilant monitoring of prickly acacia during podding will allow management of stock 
movement and effective hygeine practices to occur during the entire time that seed on 
trees is potentially viable.  
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INTRODUCTION 
 
Belonging to the Acanthaceae family, the genus Thunbergia contains some 100 species of 
annuals, perennials and shrubs.  Thunbergia commemorates Carl Peter Thunberg (1743-
1828), a Swedish student of Linnaeus, physician and botanist, noted for his botanical 
exploration of the East Asian region. 
 
Thunbergia originated in northern India and its large colourful flowers, borne in abundance 
for most of the year, have ensured its promotion as an ornamental in many tropical and 
subtropical and warm-temperate areas, including North and South America.  Thunbergia 
was introduced to Australia as garden ornamentals in 1950’s but escaped into native 
vegetation.  This species was popular with gardeners due to their attractive dazzling white 
tubular white flowers with five broad petal lobes borne singularly or in pairs on stalks and 
climbing habit. Flowering occurs throughout the year. 
 
The four species of thunbergia declared under the Land Protection (Pest and Stock Route 
Management) Act 2002 in Queensland are: 
 

 Thunbergia laurifolia – laurel clockvine (Class 1) 
 Thunbergia annua (Class 1) 
 Thunbergia fragrans (Class 1) – White lady 
 Thunbergia grandiflora – blue trumpet vine or blue sky vine (Class 2) 

 
 
PROBLEM 
 
Thunbergia fragrans commonly known as “White Lady” or “White Clock Vine” was in 
nursery trade for a long time.  It was first detected as naturalised around the Whitsunday 
Region of Queensland in 2005 and around Mackay in 2007 where it has been growing for 
many years.  The plant declaration (Class 1) requires landholders to control declared 
plants on their land and water under their control.  Thus Thunbergia is not to be planted in 
Queensland. 
 
 
BIOLOGY 
 
Thunbergia fragrans is an erect woody perennial twining vine, to 15 m high depending on 
support, reproducing tubers, roots and seeds.  The root system is tuberous and upper 
branches are grooved.  Leaves are 3-12 cm long, opposite, dark green above and paler 
below, ovate to triangular shape and 4 cm wide, margins with small teeth and non-winged 
stalks 0.5 – 7 cm long.  Flowers are 4-6 cm across, joined petals, 2-3 cm long tube with 
outer surface hairy.  Flowers are all year around and not fragrant.  Fruit is globe shaped 
capsule with a terminal beak to 2 cm long with four seed inside.  Seeds are black in colour, 
circular with a hollow on one side about 0.6 mm wide.  The inflorescence consists of one 
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or two white flowers arising in leaf axils.  This plant is spread in Queensland by vegetative 
material including the movement of root pieces by earth working equipment such as road 
graders, flood waters and wind. 
 
  
IMPACTS 
 
This species will climb and blanket native vegetation with the weight often pulling down 
mature trees.  The smothering habit also dramatically reduces light levels to lower level 
vegetation which limits natural growth and kills many native plants.  In agricultural areas it 
infests roadsides, pastures and headlands of cane fields where it forms impenetrable 
thickets. 
 
 
RESULTS 
 
Surveillance is being carried out by Biosecurity Queensland within the Central Region. 
There were about 55 new garden infestations located around the Mackay area during the 
last 12 months.  Major infestations were located at West Mackay, Bucasia, Shoal Point, 
Mount Pleasant and Andergrove.  All the owners were provided with control options and 
information leaflet to identify, manage and remove the plant from their garden.  The 
recommended herbicide to manage this species is Imazapyr (e.g. Imazapyr 250g/L).  Most 
of the property owners (95%) appreciated the advice provided by Biosecurity Queensland. 
Currently land owners are removing the Class 1 Thunbergia fragrans from their gardens. 
The survey is being continued.   
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ABSTRACT 
 
Parthenium (Parthenium hysterophorus) was accidently introduced into Queensland in the 
1950s and has since spread over 9.4% of the state (WoNS 2012).  This annual herb 
rapidly grows after rainfall, particularly in locations where summer rainfall exceeds 500 
mm, with flowering occurring 6-8 weeks after germination (Navie et.al 1996).  Under field 
conditions in northern Queensland, one plant is capable of producing over 100,000 seeds 
per plant (Dhileepan 2012).  
 
A biological control program for parthenium started in Queensland in 1977, and to date; 
two rust fungi and 9 insect agents have been released (Dhileepan & McFadyen 2012b).  
Establishment has been confirmed for the majority of agents, but not all have achieved 
widespread distribution or rapid establishment.  For example, Smicronyx lutulentus 
(Coleoptera: Curculionidae) released in 1981, was thought not to have established until it 
was found in the mid1990s (Dhileepan & McFadyen 2012b).  Until recently, two agents 
were thought to be non-established in northern Queensland: Stobaera concinna 
(Homoptera:Delphacidae) and Carmenta sp. nr. ithacae (Lepidoptera: Sesiidae).  This 
paper documents the history behind the releases and noted establishment of these two 
insects in northern Queensland. 
 
Keywords: Parthenium hysterophorus, Stobaera concinna, Carmenta sp. nr. ithacae 
 
 
AGENT INFORMATION 
 
Release and establishment of Stobaera concinna (Homoptera: Delphacidae) 
 
The small, polyvoltine, sap-feeding plant hopper from Mexico was imported into Australia 
in 1982, in the hopes of finding a vector for a phyllody disease that affected the flower 
heads of parthenium (McClay 1985).  The lifecycle of S. concinna takes 30-56 days to 
complete, and during this time both the adults and five nymphal instars will feed on all 
above ground parts of the parthenium plant, causing yellowing and distortion to leaves 
(Calvert et.al 1987, Dhileepan & Strathie 2009).  During pre-release trials in Mexico, S. 
concinna obtained high evaluation scores (Harris Score 18-22 and Goeden Score 42-48), 
suggesting that it should make an impact on parthenium populations once introduced into 
Queensland (McClay 1985).  However, this was not the case. 
 
Adults and nymphs of the plant hopper were released at eight sites in northern 
Queensland from 1984 – 1985 (Table 1), but monitoring for two years after releases, found 
no signs of establishment.  The only recorded establishment in Queensland was in 
southeast Qld in 1991, on annual ragweed (Ambrosia artemisiifolia) (McFayden 1992).  
Failure was thought to be due to absence of a diapause stage, with long periods in drier 
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months when no green parthenium was available (Dhileepan & McFayden 2012a), climatic 
conditions (McFayden 1992) or predation from spiders and ants (Dhileepan & McFayden 
2012b).   The first detection of established populations in northern Queensland was in 
2011.   Subsequent surveillance has shown S. concinna is widespread, spanning 360 km 
of the Burdekin river system and surrounds.  The seven recorded locations range from 
near Greenvale (130 km north of Charters Towers) to Home Hill (130 km east of Charters 
Towers).  The dispersal is up to 154 km from the nearest release site, and detections of 
adults and nymphs have occurred throughout succeeding years (Table 1). 
 
Table 1. Release and detection data for Stobaera concinna in northern Queensland. 

 
Release 

date 

 
  Release location 

  
Detection 

date 

 
Detection location 

Distance from 
nearest 
release 

location (km) 
 
11/1/1984 

Black Wattle Ck,  
“Plain Ck”, Belyando  
S21.49867, E146.657 

 28/4/2011
23/5/2012 
23/5/2013 
27/5/2014 

“Cardigan”, Burdekin River 
S20.220221, E146.645186 

70 

6/2/1984 “Kenilworth”, Mt Coolon 
S21.43115, E147.18821 

 4/9/2012 Clarke River, Bluewater 
S19.21729, E145.42821 

140 

3/2/1984 “Annandale”, Nebo 
 S21.93338, E148.27656 

 4/9/2012
3/6/2013 

Fanning River, Bivouac 
Junction camp site 
S19.982807, E146.43324 

90 

7/2/1984 “Teewarrina”, Cape River  
S20.9753, E145.96967 

 4/9/2012 Fletcher Ck, Fletcher 
S19.80907, E146.06656 

130 

14/5/1984 “Scartwater”, Cape River 
S21.07248, E146.82396 

 4/9/2012 “Fletchervale”, Fletcher 
S19.73302, E145.90805 

94 

18/7/1985 Burdekin River, Millaroo  
S20.05, E147.28333 

 27/9/2012 Burdekin R, HomeHill 
S19.6361, E147.405496 

47 

8/8/1985 Cape River Meatworks, 
Pentland  
S20.476111, E145.475  

 4/9/2012 Marble Ck, Greenvale 
S19.09574, E145.26761 

154 

3/9/1985 Vine Ck, “Mt Hope”, Belyando
S21.410644, E146.801205 

    

 
Release and establishment of Carmenta sp. nr ithacae (Lepidoptera: Sesiidae)  
 
This clearwing moth originates from Mexico and was imported into Australia in 1996.  Adult 
moths live for 3-12days, with females capable of laying 64-235 eggs on the leaf surfaces.  
The hatched neonates enter the stems through the leaf axis and tunnel down the stem, 
feeding on the taproot and crown, weakening the plant.  Pupation occurs at this location, 
completing the lifecycle in approximately 10 weeks (Dhileepan & Strathie 2009).  
 
Releases were undertaken at nine sites in northern Queensland from 1999 – 2000, using 
adults or potted plants infested with larvae/pupae (Table 2, Dhileepan et.al 2012).  Field 
observations after releases indicated that C. sp.nr ithacae failed to establish in northern 
Queensland, but it was detected in central Queensland in 2004 (Dhileepan et.al 2012).  A 
follow-up colony was started in north Queensland in 2009, with one additional release 
undertaken at “Felspar” (DEEDI 2009).  Failure to establish in northern Queensland was 
thought to be due to lack of release numbers and only one year of releases, compared to 
three years in central Queensland, or due to excessive rainfall conditions (Dhileepan et.al 
2012).  However since 2012, C. sp. nr ithacae has been detected at five locations in 
northern Queensland, spanning 90 km of the Burdekin River.  The majority are within 35 
km of Charters Towers, but detections also occurred on “Caerphilly”, located 120 km south 
of Charters Towers and within 34 km of the nearest release site. C. sp. nr ithacae 
populations have persisted over recent years at several sites (Table 2).  
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Table 2. Release and detection data for Carmenta sp. nr ithacae in northern Queensland. 

 
Release 

date 

 
Release location 

 
Detection 

date 

 
Detection location 

Distance from 
nearest  
release 

location (km) 
 
12/03/1999 
20/01/2000 
14/03/2000 

“Cardigan”, Burdekin River 
S20.22188, E146.64850 
 
S20.22043, E146.64501 

 
25/05/2012 
31/07/2012 
23/05/2013 
27/05/2014 

“Cardigan”, Burdekin River 
S20.21997, E146.64515 

 
 

<1km 

 
31/03/1999 

“Granite”, Charters Towers 
S19.89507, E146.25397 23/05/2014 

15/02/2015 
27/05/2015 

Burdekin River, Fletcher 
S19.806317, E146.06915 
S19.806873, E146.06461 
S19.80866, E146.05637 

5 

 
20/04/1999 

“Lassie Ck”, Herveys Range 
S19.34564, E145.83693  

04/06/2013 

Blowhard Ck, “Caerphilly”, 
Cape River    
S21.040407, E146.5432 

34 

 
20/04/1999 
25/11/1999 

“Gainsford”, Fletcher 
S19.81181, E146.02374 
S19.8125, E146.0235 

27/05/2014 
03/06/2015 

Fanning River, Bivouac 
Junction camp site 
S19.983371, E146.4331 

2 

 
07/06/1999 

“Hillgrove”, Basalt River 
S19.62807, E145.87713  

27/05/2015 

Allingham Ck, 
“Fletchervale”  
S19.76424,  E145.92981 

12 

 
07/06/1999 

“Lochlea”, The Lynd 
S18.83384, E144.62433 

   

 
30/11/1999 
8/12/1999 
23/03/2000 
26/07/2000 

“Plain Ck”, Belyando 
S21.4885, E146.6685 
 
S21.53348, E146.66275 
S21.491, E146.6429 

   

 
24/01/2000 
21/04/2009 

“Felspar”, Basalt River 
S19.78807, E145.22093 
S19.81119, E145.30783 

   

 
31/03/2000 
07/06/2000 

“Lindsay Park”, Sellheim 
S19.99511, E146.41656 

   

 
 
DISCUSSION 
 
Determining the establishment and effectiveness of a biological control agent is hard to 
achieve within a short time frame of a release program.  Julien (2006) has suggested that 
success or failure cannot be truly assessed until 10 years or more has passed.  For 
Stobaera concinna and Carmenta sp. nr. ithacae, it has taken 27 and 13 years 
respectively, for establishment to be noted in northern Queensland.  Climatic conditions 
such as rainfall, temperature, humidity and light all influence the interactions between the 
biological control agent and target weed.  The conditions during the release stage of a 
program cannot be predicted once a program is initiated.  Both agents were initially 
detected from annual parthenium surveys at previous release sites, initiated in 2007 from 
MLA funding.  These findings in northern Queensland show that additional labour and 
funding commitments should be built into biological control programs to allow periodic 
monitoring for extended periods in order to accurately determine establishment of agents, 
and to overcome problems associated with climatic conditions during the release period.  
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ABSTRACT 
 
Prior to 2012, three biological control agents had been released to control parkinsonia 
(Parkinsonia aculeata), a Weed of National Significance, in Australia.  The leaf-feeding 
looper, Eueupithecia cisplatensis (Lepidoptera: Geometridae) known as UU, is the latest 
biological agent to be released.  With funding support from MLA, UU was imported from 
Argentina by CSIRO in 2010 to Brisbane, and following rigorous host testing, was 
approved for release in 2012.  Field releases commenced in early 2013 and this paper 
documents the release efforts and establishment of UU within Queensland. 
 
Keywords: Eueupithecia cisplatensis, UU, Parkinsonia aculeata 
 
 
BIOLOGY AND REARING - Eueupithecia cisplatensis (UU)  
 
The larval stage of the leaf-feeding looper, Eueupithecia cisplatensis (Lepidoptera: 
Geometridae), UU, is highly camouflaged and feeds on the pinnules (leaflets) and rachises 
(midrib), defoliating and reducing the plant’s vigour and growth.  This increases the plants 
susceptibility to disease, and has the potential to reduce flower and seed production.  
Under glasshouse conditions (averaging 25-30°C), UU completes its life cycle in ca. four 
weeks, spending five days as eggs, 17 days as larvae (comprising four larval instars) and 
four days as pupae, before emerging as adults.  These timelines extend during periods of 
cooler weather.  Adults are sexually mature upon emergence, are able to mate and lay 
eggs within a day and live on average for seven days.  
 
Mass rearing of UU is conducted at two facilities in Queensland: the Department of 
Agriculture and Fisheries; Tropical Weeds Research Centre (TWRC) in Charters Towers; 
and CSIRO’s EcoSciences Precinct in Brisbane.  However since December 2014, TWRC 
has taken sole responsibility for the mass rearing and releasing of UU in Queensland, to 
allow CSIRO to focus on Eueupithecia cisplatensis sp.2 (UU2), which was recently 
approved for release in Australia. 
 
 
FIELD RELEASES 
 
Field releases are made using one of three techniques: eggs laid on paper towel are 
attached to branch tips; larvae (various stages) positioned on branches cut from rearing 
plants and attached to branch tips; and adults or pupae housed in open ended structures 
that are hung from branches.  Releases of pupae are the preferred release method 
because they are the life history stage that is most robust to handling and transport to field 
sites.  They are easy to collect from the mass rearing cages and are quick to release in the 
field.   
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Ideal release sites have a medium to high density of parkinsonia, with green, actively 
growing leaves and branch tips.  Plant condition can vary seasonally, with pinnules 
yellowing and dropping in colder months or during prolonged dry periods.  Sites are 
selected to have plants of optimal quality for UU, and are not likely to be subjected to other 
forms of parkinsonia management (e.g. mechanical removal or herbicide application).  
 
Whilst many releases have been made by QDAF and CSIRO, UU are also disseminated at 
field days or sent to collaborators via post/courier. Several landholders and managers of 
grazing properties, local governments, mining companies and Queensland Government 
Departments (Parks and Wildlife Service, Environment and Heritage Protection and 
Agriculture and Fisheries) have made releases.  This has resulted in UU being released in 
parkinsonia infestations located on both public and private land.  Release sites encompass 
watercourses (rivers, creeks, and gullies), flood plains and swamps, dam surrounds, 
reclaimed land and grazing paddocks.   
 
The numbers of all UU life stages released between early 2013 and June 2015 total 
124,297 pupae, 2,907 adults and 435,680 eggs/larvae (calculated from one female 
producing 60 eggs or counting individual larvae).  Releases have occurred at multiple sites 
spanning six regions in Queensland (Table 1).  There are three sites in the Gulf of 
Carpentaria, 24 sites in Central Queensland and 29 sites in northern Queensland 
encompassing eight Burdekin, five Cape River (120 km south of Charters Towers), 14 
Charters Towers (within 100 km radius of the town centre) and two Townsville sites.  
Releases will continue at new sites within each region over the coming years. 
 
Table 1.  Queensland UU release numbers 2013-2015  

Region 
Number of 
releases 

Numbers released 
Pupae                Adults                Eggs/Larvae 

Gulf of Carpentaria 4   11,380 
Central Qld 48 28,162 47 87,100 
Burdekin 20 15,493 172 31,620 
Cape River 12 13,138 315 52,980 
Charters Towers 89 59,320 2,274 238,200 
Townsville 7 8,184 99 14,400 
TOTALS 180 124,297 2,907 435,680 

 
 
MONITORING AND ESTABLISHMENT 
 
Monitoring is conducted by using the beat-sheet method, which involves beating the tree 
with a large wooden stick to dislodge the larvae onto a drop sheet.  Larvae are 
occasionally seen on the tree, but due to their camouflage, damage to the leaf surface and 
pinnule absence is what is seen more frequently.  Pupal casings are found on paper towel 
left from releases, or along rachis and at junctions of branches.  
 
To date, UU has been detected at 20 of the 56 release sites in Queensland, with a spread 
of up to 5 km from the original release area and detections occurring at sites up to nine 
months after a release.  UU has demonstrated an ability to persist throughout seasonal 
weather extremes and extended periods with limited food due to poor parkinsonia 
condition (e.g. 2014-15 drought).  This suggests that UU populations are persisting 
independent of the release efforts at these sites.  Ongoing monitoring will examine the 
efficacy of UU as a biological control agent.  This will involve documenting establishment 
at more of the release sites, and measuring changes in parkinsonia infestations and UU 
populations. 
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